
For the best experience, open this PDF portfolio in
 
Acrobat X or Adobe Reader X, or later.
 

Get Adobe Reader Now! 

http://www.adobe.com/go/reader




WT Operations Division Procedure
NASA Ames Research Center


Document #:


A027-9863-XB1


Rev.:


2


Title:
SDS Documentation Control Procedure


Page #:


1 of 7
Original signed by:  Herbert J. Finger, Chief, Wind Tunnel Systems Br. (FOI) 5/8/98


CHECK THE MASTER LIST at      http://mdl   
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


REVISION HISTORY


REV Description of Change Author Effective
Date


0 Initial Release T. Giles 4/98


1 Removed Reference to AO Quality Manual


Changed format and added Section 5.


H. Finger 9/99


2 Update to reflect new server procedure and
change to pdf drawing storage.


T. Giles 1/00


REFERENCE DOCUMENTS
Document Number Document Title
ANSI/ASQC 9001-1994
(Section 4.5)


Document Control


1. Purpose


The purpose of this procedure is to provide documentation control for the Standard
Data System (SDS) Drawings.  This entails the implementation of a documentation
review procedure, drawing format standards, tracking and release procedures, as well as
server access control procedures for the SDS drawings.


2. Scope


This procedure applies to all instrumentation engineers and technicians supporting the
SDS Data System.


3. Definitions and Acronyms


3.1. DCC Document Control Coordinator


3.2. DSE Designated System Engineer


3.3. ERB Engineering Review Board


3.4. SDS Standard Data System


3.5. Drawings SDS drawings include, but are not limited to: electrical
block diagrams, cable fabrication drawings, system block
diagrams, cable routing diagrams, simple and complex
projections, panel layout diagrams, simple mechanical
fabrication diagrams, floor layouts, constructions
drawings, wiring diagrams, fiber optical layout diagrams,
schematic diagrams, printed circuit boards, as well as any
illustrative or informative drawings.
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4. Flowchart


4.1. SDS Document Control Procedures
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4.2. SDS Document Release Procedures


Log-off all SDS users 
from SDS files
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obsolete drawings 


Upload new or 
updated drawings


Start


SDS Document Release Procedures
Flowchart #2
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5. Responsibilities


5.1. Engineering drawing developers shall:


• Develop drawings in accordance with the standards outlined in Section 6.1 of
this document.


• Place the drawings under document control in accordance with Sections 6.2
and 6.3 of this document.


5.2. The Designated System Engineer (DSE) shall:


• Review and approve the technical content of all drawings associated with
his/her system


• Place his/her email address in the document’s Approval Block (or verbally
inform the DCC to do so).


• Notify the DCC that the document is ready for release.


5.3. The Document Control Coordinator (DCC) shall:


• Assist all users to carry out the procedure defined by this document.
• Insert the DSE’s e-mail address in the document’s Approval Block if


requested to do so.
• Place (“release”) the approved document on the SDS Documentation


Server.
• Act as the database administrator for the SDS Documentation Server.


6. Procedure


To release SDS drawings for general use, two approvals are required.  The first is by
the Designated System Engineer (DSE) to review and approve of the technical content
of the drawing.  The second approval is by the Document Control Coordinator (DCC)
to ensure the implementation of the drawing format standards and tracking information
(i.e., appropriate drawing numbers and revision number/letters).


To indicate a DSE’s approval of a drawing, the DSE will place his/her e-mail name into
the DSE approval block, or by verbally informing (and allowing) the DCC to insert the
DSE’s e-mail name into the approval block.


After the DSE approval, and with the proper implementation of the drawing standards,
SDS drawings are uploaded to the computer server.  Files placed onto the SDS
Documentation server are considered to be the formal approval from the DCC.  In
addition to uploading new or updated drawings, the Master Revision list is also updated
at this time.


During server updates, all users are locked out and are unable to access any SDS
drawing files.  Afterwards, access is enabled and the drawings are considered to be
released (the files are in a read-only format).  The Document Control Coordinator under
password protection performs changes to the SDS Documentation Server.


Flowchart #1 (see Section 4.0) illustrates the review process for releasing SDS
drawings.
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6.1. Implementation of Drawing Standards


The Drawing Standards for SDS documentation shall consist of three elements:
the drafting standard, the computer file standards, and the identification and
tracking of drawings.  The DCC ensures the consistent implementation of the
following drawing standards.


6.1.1. Drawing Standards


6.1.1.1. Drafting Standards


The SDS drafting standards are based upon common industrial
practices, common software applications, and ANSI Y32.2-
1975, which are applicable when using drafting or drawing
software.


6.1.1.2. Format


All SDS drawings shall have:


1) A border with zoning in the margins;


2) A title block which includes appropriate government
identification, facility and device identification, as well as the
date of release, drafter’s name, scale, drawing number,
revision, sheet number, and file name;


3) An extended revision block which provides space for the
future revision numbers, description of change, date, and
drafter’s initials, and


4) The words “Document uncontrolled when printed, check
master listing for current revision before using” in a visible
location upon the drawing.


6.1.1.3. Information Presentation


Information shall be presented in a clear and informative manner,
free of ambiguity, with descriptions and references appropriate
to wind tunnel terminology.  Information flow shall be from left to
right (i.e., tunnel sensors on the left and the recording
instrumentation on the right of the sheet).


6.1.2. File Standards


The SDS drawings are stored in a PDF (portable document format) and
may be viewed and printed with Adobe Reader 3.0 or greater.
However, submitted electronic drawings must be compatible with
ClarisDraw or be translatable files.


6.1.2.1. ClarisDraw Format


Any drawing incorporated into the SDS domain shall be
converted to the ClarisDraw file format.  Any imported drawing
from ClarisCAD, MacDraw, MacDraft, etc., shall be converted,
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using the appropriate translation programs, to ClarisDraw.  The
technical context, under no circumstances, shall be changed in
the final converted format.


6.1.2.2. Layer Management


All drawings shall have at least 3 layers labeled as: Border,
Drawing, and Text (bottom to top).  Additional layers may be
added for the construction of geometric objects, as a further
logical separation of objects, or as optional views.


6.1.2.3. Drawings per file


Only one drawing shall be saved per file.  No multiple drawings
per file are allowed.  Also, if alternative or optional configurations
are required for a particular drawing, then they shall be saved as
separate files with unique drawing numbers.  In the case of
multiple “sheet x of y” numbering system, each drawing will
have a unique number.


6.1.3. Identification and Tracking Standards


All released drawings shall include a unique identification number.  The
number shall be formatted according to the SDS Drawing Number
Configuration sheet and individual drawing numbers will be assigned by
the Documentation Control Coordinator.  This numbering system uniquely
identifies each drawing to a specific SDS site (a system), subsystem,
equipment, device, or component.


6.1.3.1. Revision number


Each drawing shall have a revision letter included in the title
block.  New drawings shall start with the letter “A” and increase
one letter per update.  As drawing revisions are change, the
Master Revision List shall also be updated.


6.1.3.2. Linking numbers to other drawings.


Where appropriate, each drawing may have linking drawing
numbers to other related drawings, either up or down the
drawing tree number structure.  This is for reference only and not
a mandatory requirement.


6.2. Release Procedures


By definition, drawings placed on the SDS Documentation Server shall be
considered released and current.  The drawings shall be placed in folders
organized by logical structure, that is: by site, subsystem, and device.


Flowchart #2 (See Section 4.0) illustrates the release process.


6.2.1. Updating process


Prior to any updates, the SDS Documentation server will log-off and
disconnect all users to the SDS documentation folders. Afterwards, the
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new drawings and/or updates are copied to the appropriate folder(s).  As
a courtesy to SDS users, a “What’s New” text file is updated describing,
in general terms, what has changed within the file structure.


6.2.2. Master Revision List of Drawings


The Master Revision List shall contain the drawing name, drawing
number, revision number, date, as well as other information, such as sheet
number (if more than one sheet) and file name.  This list will be kept
current as to the latest drawing revisions.


Each site’s Master Revision List may be found in the top-level folder
labeled General within each site’s folder.  This file is also in a read-only
format.


6.3. Server Access


6.3.1. Sever Location and Access


For Mac users, the SDS drawings are located on a server at:
AppleTalk Zone: A02/N227


with the file server name of:
SDS Documentation Server


and select:
SDS Drawings


from the Apple window.


For Mac, Unix, and PC users, the SDS drawings are available, via the
web, at:  http://128.102.93.245


6.3.2. Site Folders


Within the site folders are ten (subsystem) folders labeled: General,
Balance, Pressure, Digital, Analog, Tunnel, Temperature, Networks,
Facilities, and Paros.  Within these ten folders can be found further folders
categorizing the various equipment, such as: block diagrams, racks, wiring,
and/or specific equipment types depending upon the subsystem.


Of special note, the General folder is the depository for the latest Master
Revision list as well as high level block diagrams of SDS, WICS, and
general wind tunnel system interfaces and functional block diagrams.


7. Metrics


There are no metrics for this procedure.


8. Quality Records


There are no Quality Records for this procedure.


9. Form(s)


There are no forms for this procedure.
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1.0 Purpose


The purpose of this work instruction is to describe how worklist (action)
items are created and resolved for the Standard Data System (SDS) used in
the 12 Foot PWT and the Unitary wind tunnels using the web-based
software application SamePage.


It also addresses the priority of the worklist item, which will help determine
its relative importance to other concurrent worklist items.


The users of this procedure are:


FO Submitters of SDS action items
Reviewers of status of Worklist items.


FOI Management: Branch Level and Group Leaders
SDS Project Leader
SDS Software Task
SDS Hardware Group
Computations Group programmers and technicians
Instrumentation Group engineers and technicians


Other Customer Representatives
NASA Principal Investigators
External Engineers and Technicians.


2.0 Definitions


AOI_SDS SamePage database     group     that the submitter assigns all
worklist items.  As a minimum, this group consists of SDS
Project Lead, and the hardware and software contractor
leads.


ARCLAN Ames Research Center Local Area Network


Checkout The process to verify system response.  Satisfies ISO-9001
4.4.7 (Design Verification).


Crew Training Test specific training necessary for safe test operation.
Scheduled by the Test Engineer and required for all
operating personnel.


DAS Data Acquisition System; normally the Standard Data
System (SDS).


DocumentationAll physical records pertaining to worklist requirements,
planning, design review, etc.


ECD Estimated Completion Date (Provided by the SDS Group)


Integrated Validation of design on a production SDS system to
Testing demonstrate proper operation of combined hardware and


software systems.


External All organizations other than NASA.
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Facility The test site and associated hardware.


HW Hardware


RCD Requested Completion Date (Provided by Submitter)


SDS Standard Data System


SDSWL SDS Worklist - Project title used in SamePage database and
required for all SDS Worklist items.


SW Software


stakeholder The job classification that the worklist item effects the
greatest.  For enhancements, the priority should be derived
from the stakeholder’s perspective.  Ideally, the stakeholder
is also the submitter.


submitter The individual that creates the worklist item.  May also be
referred to as the customer or requester.


3.0 Reference Documents


SDS Release Development Procedure (A027-9863-XM2)


Data Management Manual (A027-9761-XB1)


High Speed Tunnel User Guide (A027-9391-XB2)


ANSI/ASQC 9001-1994 sections 4.4 (Design Control)


SamePage Users Guide


4.0 Tools Required


• SamePage account access.  See SDS Project Leader for new accounts.


• Access to ARCLAN connected Internet browser.
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5.0 Instruction Details


5.1 Creating an SDS Worklist Item (Submitter)


5.1.1     Login Process   


Login to your SamePage Web account using an Internet browser located on
a computer connected to the ARCLAN network.  Contact Code FOI SDS
Project Leader in order to establish a new account (Username and
password).  See Figure 1.


The SamePage Login screen can be accessed with the following URL
description:


Web Site    :  http://odysseus.arc.nasa.gov/cgi-bin/wf_50010_odysseus.arc.nasa.gov


Figure 1:  SamePage Login Screen
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5.1.2      Access to the Action Item Application    


After you have successfully logged on to the system, select the Action Item
option from the Applications pull down menu and select “Go”.  Now select
the "Add Action Item” from the Page pull down menu and select “Go”.  See
Figure 2.


Figure 2:  SamePage: Action Item Query Screen (Main Action Item Screen)
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5.1.3      Addition of a new Worklist Item (See Figure 3)   


5.1.3.1 Task:  Provide a one-line description of your proposed worklist
item.


5.1.3.2 Priority: Indicate either Critical, Major, Medium, or Minor.  See
Appendix 6.1 for description of SDS Worklist priorities.


5.1.3.3 RCD:  Requested Completion Date (mm/dd/yy).


5.1.3.4 Assignee:  Select Group:  AOI_SDS.  If the submitter sends worklist
items directly to individuals, they should be transferred back to the
AOI_SDS group.


5.1.3.5 Assignee:  Select Transferable so worklist can be directly assigned to
the appropriate SDS group member.


5.1.3.6 Verification or Task Completion:  Select originator approves.


5.1.3.7 Tagging:  Select None
Project:  Type in: SDSWL    (SDS Worklist)


5.1.3.8 Who Views/Comments:  Click box for all can view.


5.1.3.9 Explanatory Notes:  Please provide the following info, if appropriate:


• Detailed description of your proposed worklist item


• Priority details


• Justification of your requested completion date


• Indicate the job function that  benefits the most by this worklist
item (stakeholder)


• Indicate whether proposed task will impact the quality of SDS
data.  Explain.


5.1.3.10 Press the “Submit” button to add worklist item to the database.  An
Email message to the assignee will automatically be sent.







SDS Worklist Work Instruction


A027-9863-XM1 6  Original - 4/98


Figure 3: SamePage:  Add Action Item Screen
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5.2 Initial processing of the SDS Worklist Item (SDS Project Leader)


Additional information can be added to the worklist item using a “New
comment thread” from the individual worklist item screen.  Figure 4
illustrates a sample worklist item.  The “New Comment Thread” window
can be accessed from the bottom of this window.


Figure 4:  SamePage Individual Action Item Summary Screen


• Contact Submitter to clarify request, as required.


• Contact Submitter to establish the priority score for the worklist item.
(See Appendix 6.3).  The score will aid the SDS group in prioritizing
multiple projects.


• Contact Submitter to verify the requested completion date.


• Tentative assignments to the contractor leads will be documented.
Impacts to other projects such as off-line diagnostics, documentation,
training will also be noted.


• Worklist item now resides on the SDS worklist queue of pending
projects until it is activated for completion.
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Figure 5:  SamePage:  “New Comment Thread”  Additional info appended to item.


5.3 SDS Worklist Item Activation (SDS Project Leader)
(Moved off the worklist queue to active work status) (See Figure 6)


5.3.1 Worklist items are activated by the SDS Project Manager based on
numerous factors such as: subjective priority score, Submitters
priority and requested completion date, management feedback and
directive, and user community feedback.


5.3.2 Additional information will be added to the worklist item using a
“Update Project” from the individual worklist item screen.  The
worklist item will be assigned a planned release version at this
time.


5.3.3 Update Project window:  Project Activation: Requirements Phase.
See SDS Release Development Procedure for detailed descriptions
of the different phases of a worklist item.
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5.3.4 Select “Plain Text” format.


5.3.5 More Details window may contain additional information such as a
Requirements Meeting date with the Submitter, clarification of
requested worklist item and completion date, etc.


5.3.6 Done percentages are tied directly to the completion of the phases of
the worklist item (See SDS Release Development Procedure).


5.3.7 The Estimated Completion Date (ECD) may be filled in at this point
if all of the information is available.  Otherwise, it is filled out at the
conclusion of the requirements phase.


5.3.8 Tag selection:  There are three possible tag assignments:


* Select Green Box to indicate an active SDS Worklist Project that
has an impact    on SDS Data Quality.


* Select Yellow Triangle to indicate an active SDS Worklist Project
that     has “No” impact    on SDS data quality and does not follow
the structured SDS Release Procedure.


* None.  An SDS Worklist item with no tag indicates that the
project is on the queue and not selected for completion at the
current time.


5.3.9 Worklist item will be reassigned to the HW or SW group leads
based on the following criteria regarding the scope of the work:


Hardware only    :  Transfer to Contractor HW Group Lead


Software only    :  Transfer to Contractor SW Task Manager


HW & SW      :  Project will continue to be assigned to AOI_SDS group
allowing both group leads to provide updates.  A second action
item may also be generated as a way to handle these joint
assignments.


Note:  The Civil Servants in the SDS group will receive their worklist
assignments directly from the SDS Project Lead.


5.3.10 The HW or SW only tasks maybe assigned to pertinent members of
these subgroups as identified by the contractor group leader .
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Figure 6: SamePage:  Worklist Item Activation (Reqr.  Phase) “Add Update”
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Figure 7: SamePage:  Summary List for Individual Worklist Item


5.4 SDS Worklist Item Completion Phases


5.4.1 All Worklist items must pass through the phases or states indicated
in the SDS Release Development Procedure.  These phases are
typical of most hardware and software related projects.  Exceptions
to these phases should be noted in the Design and Development
Plan (Design Phase).


5.4.2 Objective Evidence of successful completion of the worklist phases
are recorded in the database by using the text input windows in the
“New Comment Thread”, or “Add Update” windows.


5.4.3 Phase #0:  Queue:  Actions that occur during this phase are outlined
in sections 5.1 and 5.2.


5.4.4 Phase #1: Requirements
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5.4.5 Phase #2: Design


5.4.6 Phase #3: Implementation and Checkout


5.4.7 Phase #4: Validation


5.4.8 Phase #5: Applications


5.4.9 Phase #6: Deployment


5.5 SDS Worklist Item Requirements & Design Changes


Requirements Changes must be entered using the “Add Update” screen by
the Submitter.  The desired change will be evaluated and approved by the
SDS Project Leader and SDS Group prior to implementing the change.
Depending on the magnitude of the change, items from the various
completion phases may have to be repeated to include the change.


Design Changes may result based on results from the checkout and
validation phases.  These design changes must be reviewed prior to
implementation.  Depending on the magnitude of the change, items from
the various completed phases may have to be repeated to include the
change.
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6.0 Appendix


6.1 SDS Worklist Priorities Definitions


Critical: Test Requirement, Management Mandate
Problem Report: Severity Level #1


Major: Problem Report: Severity Level #2
Enhancement (Major)


Medium: Problem Report: Severity Level #3
Enhancement (Medium)


Minor: Problem Report:  Severity Level #4, #5
Enhancement (Minor)


6.2 SDS Worklist Project Types


Test Requirement   :  A worklist item that is required to support a pending
wind tunnel test.


Problem Report: Severity Level #1    : Catastrophic HW/SW problem that
causes total failure of the system or unrecoverable data loss.  No work
around (Fix) capability.  Examples:  System crash, corrupt data, etc.  Very few
problems of this magnitude make it to the worklist due to their urgency.
They are usually covered by the test dependent TDR process.


Problem Report: Severity Level #2    :  HW/SW problem that severely impairs
system functionality.  A work-around (Fix) exists, but it is unsatisfactory.
Examples:  Crash or database lockup that can be fixed by rebooting system,
printer off-line, etc.


Problem Report: Severity Level #3    :  Problem that causes failure in non-
critical part of the system.  A satisfactory work-around (Fix) exists.  Problem
could be documented and left in system.  Customer dissatisfaction may
result due to problem.


Problem Report: Severity Level #4    :  Problem of minor significance.  A work-
around (Fix) exists or impairment is slight.  Customer maybe unaware of
the existence of problem.


Problem Report: Severity Level #5    :  Very minor problem.  A work-around
exists or problem can be ignored.  Examples:  Documentation spelling error.


Enhancement (Major, Medium, Minor)   :  The initial Submitter priorities for
enhancements will be somewhat subjective.  In determining the priority,
the Submitter should consider the following types of improvements that
would result from the proposed enhancement:


* Customer Visibility:  Potential exceeds expectations?
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* Reduction of staff loading.


* Potential long-term budget savings.


* Increase in test productivity.  (All phases of test)


* Data Quality Improvement


* Reliability Improvement


Management Mandated Task    : SDS worklist items that are added to the
active task list without regard to the priority (e.g.: Training, ISO-9001 tasks,
facility buildup, long term projects, software version upgrades).


Comments   :  Some worklist items can be classified as a Problem Report or an
enhancement.  For these, you can run through the scoring for each and it is
the submitter’s preference in the classification.


6.3 SDS Worklist Priority Scoring


6.3.1     Problem Reports   : Score range: 2-20.


Severity Level #1: Score: 20


Severity Level #2: Score: 14


Severity Level #3: Score: 8


Severity Level #4: Score: 4


Severity Level #5: Score: 2


6.3.2     Enhancement Reports   : Score Range: 0 to 23


Question #1    : (Customer Visibility) Will wind tunnel customer see this
enhancement?  (Pick one).


A. Yes, required for test.  Convert to Test Requirement 6.3.3


B Yes, exceeds requirements.  (Customer delighted):  Score:  5


C. Yes, potential indirect impact.  Score:  3


D. No, not visible to customer.  Score:  0


Question #2    :  (Resources: Personnel) Will enhancement reduce Code FO
staff loading?  (Yes or No)


If yes, what staff requirement will be reduced and how much?


During what phase of the test will this reduction take place: test
preparation, model prep checkout, test operations, post test support, or
SDS development.  Personnel resource savings need to be a direct result
of the enhancement (e.g.: Reduction of IT workload by automating
reference pressure tracking).  For enhancements that improve reliability,
do not use personnel savings resulting from less troubleshooting.
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Subjective score: 0 - 3


Question #3    :  (Resources: Budget) Outside of personnel cost and tunnel
occupancy costs, will enhancement save funding?  (e.g.: Reduced footprint,
less maintenance., etc.)


If yes, estimate cost savings in dollars.


Is cost savings a one time savings and/or periodic (FY) savings?


Subjective score: 0 - 3


Question #4    :  (Efficiency) Does the enhancement increase operational test
productivity?


If yes, how does it increase productivity and estimate time savings?
Time savings in test operations, installation, and model prep checkout
should be weighed greater than pre-test and post test savings due to the
increased customer visibility.  Scores should also be higher for overall
savings to the process critical path.


Subjective score:  0 - 4


Question #5    :  (Data Quality) Does the enhancement increase data quality?


If yes, what systems are effected and quantify or describe data quality
improvement.  Enhancements that increase hardware accuracy and
increased preventative systems (e.g.: verification and validation
improvements) will receive points for data quality.


Subjective score:  0 - 4


Question #6    :  (Reliability) Does the enhancement increase system
reliability?


If yes, what systems are effected and quantify or describe reliability
improvement.  The worklist item would minimize potential problem
reports.  Based on problem report magnitude (#1 to #5), select the score 0
- 4, respectively.


Subjective score:  0 - 4


6.3.3     Test Requirement    (No score)


6.3.4       Management Mandated Task     (No score)
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1.0 Purpose 
The purpose of this procedure is to provide instructions on how modifications 
to the Standard Data System (SDS) are implemented in the 12’ PWT and the 
Unitary Plan Wind Tunnels.  These changes may involve hardware and 
software system or a combination of the two. 
This procedure applies to the entire process of creating a new SDS release and 
the subsequent design, testing, and closure of the worklist items that make up 
the release.  It also applies to all worklist items that are implemented within a 
given release window. 
 
The users of this procedure are: 
 
FOI  SDS Project Leader 


SDS Software Sterling Task 
SDS Hardware Group (Calspan) 
Computations Group programmers and technicians, and 
Instrumentation Group engineers and technicians. 


2.0 Definitions 


AOI_SDS This is a group of SamePage accounts that consists of at least the SDS 
Project Lead and Contractor leads.  All new worklist items are initially 
assigned to this group. 


Checkout The process to verify system response.  (Satisfies ISO-9001 4.4.7 - Design 
Verification.) 


Crew Test specific training necessary for safe test operation.  Scheduled 
Training by the Test Engineer and required for all operating personnel. 


DAS Data Acquisition System, normally the Standard Data System (SDS). 


Integrated Validation of design on a production SDS system to demonstrate 
Testing proper operation of combined hardware and software systems. 


External All organizations other than NASA. 


Facility The test site and associated hardware. 


Release Reference to a data system software release for SDS. 


Release This is the entire time frame between software releases. 
Window 


SamePage A commercial action item tracking software package used to collect and 
track SDS Worklist items. 


SDS Standard Data System 







SDS Release Development Procedure 


 


 


A027-9863-XM2  Original  - 5/98 
 


Stakeholder The job classification that the worklist item effects the greatest.  For 
enhancements, the priority should be derived from the stakeholder’s 
perspective. 


Submitter The individual that creates the worklist item.  May also be referred to as 
the customer or requester. 


3.0 Reference Documents 
SDS Worklist Work Instruction (A027-9863-XM1) 
Data Management Manual (A027-9761-XB1) 
High Speed Tunnel User Guide (A027-9391-XB2) 
ANSI/ASQC 9001-1994 sections 4.4 (Design Control) 
SamePage Users Guide 


4.0 Tools Required 
• SamePage account access.  See SDS Project Leader for new accounts. 
• Access to ARCLAN connected Internet browser. 


5.0 Procedure Details 


5.1 Create a prioritized list of potential release window projects (SDS Project 
Leader) 
A list is created that has all of the potential worklist items for the upcoming 
release and release window.  The creation of this initial list is the sole 
responsibility of the SDS Project Leader.  The SDS Project Leader determines 
what individual worklist items should be considered for this list.  Prioritization 
of this release window list will be made using the scoring system outlined in 
the SDS Worklist Work Instruction.  This list will be communicated to the SDS 
user community through the Release Requirements Review meeting. 


5.2 Development of Implementation Schedule for the release window.  (SDS 
Project Leader, HW and SW Contractor Managers) 
The prioritized list of potential worklist items gets fed into a project schedule 
that provides the additional constraints of staff availability and the allowable 
time for this release window.  The list of potential release window items is 
revised to reflect the items that can be fit into the release window based on this 
schedule. 


After this schedule is complete, the individual worklist items will be assigned 
to various members of the SDS Development group and potential other 
available Code AOI resources.  The revised list may also be sent out to the SDS 
user community. 
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5.3 SDS Worklist Item Phases (Individual) (Phases 1 to 3) 
The initial 3 phases of the individual worklist items are required. 


5.3.1 Phase #1: Requirements (10% Milestone): The following three tasks must be 
completed for this phase: 


5.3.1.1 The Submitter must enter written requirements into the required 
SamePage field of the worklist item.  Design input and output requirements 
shall be included.  Requirements shall make reference to acceptance criteria. 


5.3.1.2 Requirements must be reviewed and approved by any member of 
the AOI_SDS group on SamePage.  Review objective evidence must be entered 
into the text field using the Add Update screen.  


5.3.1.3 Determine the impact of the SDS worklist item to the various 
systems of SDS (i.e.: SDS HW, SDS SW, Off-line diagnostics, simulations, 
procedures, drawings, training curriculum, etc.) 


5.3.2 Phase #2: Design (25% Milestone):  The following two tasks must be 
completed for this phase: 


5.3.2.1 Design and Development plan must be entered into the SamePage 
database by the assigned SDS group member.  This plan should have the 
following information: 


5.3.2.1.1 This plan shall record all of the personnel assignments to complete 
the worklist item.  


5.3.2.1.2 It will also outline any differences between the standard 
completion phases.  If steps are added or deleted to the completion phases, 
they should be outlined in this plan.  


5.3.2.1.3 The type of design review must also be determined (Peer review or 
larger meeting review).  


5.3.2.1.4 The type of checkout and validation must also be addressed in this 
plan.  


5.3.2.1.5 List all procedures, drawings, and training that need to be created 
or revised. 


5.3.2.1.6 Identify any procurement items that may be required to support 
the completion of this worklist item. 


5.3.2.2 The assigned SDS group member must enter design completion 
and review notes into the required field of the worklist item.  An individual 
peer review or a formal review meeting with multiple pertinent parties per the 
Design and Development Plan in 5.3.2.1.3 must review either all completed 
designs. 
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Design Review minutes are an official ISO-9001 quality record.  The assigned 
SDS group member will enter the record of this review into the SamePage 
database at the conclusion of the review.  All design review records are located 
on the SamePage database by for each pertinent worklist Item. 


5.3.3.3 All planned procurements from 5.3.2.1.6 need to be completed by 
end of the design phase. 


5.3.3 Phase #3: Implementation and Checkout (50% Milestone):  Following the 
successful design review, the worklist item can be implemented.  The type of 
checkout may vary depending on the worklist item.  It may involve prototype 
tests on the stand-alone development systems or the Hardware Development 
System.  It could also be a calculated test case.  The level of this checkout 
should be indicated in the Design and Development Plan 5.3.2.1.4.   


5.4 SDS Worklist Item Phases (Integrated) (Phases 4 to 6) 
The final phases of the individual worklist items will apply to the majority of 
the items.  Exceptions or alternatives for these worklist steps will be noted in 
the Design and Development plan for the individual worklist item as outlined 
in 5.3.2.1.2. 


5.4.1 Phase #4: Validation (75% Milestone): The overall release of numerous 
worklist items will be built and tested together on the Software Development 
SDS system. 


These tests will ensure that the worklist item gets successfully integrated into 
the existing SDS system.  The acceptance criteria from the written requirements 
(5.3.1.1) for each worklist item should be successfully checked during this 
phase. 


Operational staff from the Computations and Instrumentation groups will 
perform the final validation testing in order to complete this phase. 


Any changes to SDS hardware systems will require a complete checkout of the 
pertinent off-line diagnostic and simulation software. 


5.4.2 Phase #5: Transfer to Operations (90% Milestone):  This is the phase where 
the worklist items begin their transfer from the development group to the 
operational tunnel support groups.  


5.4.2.1 Documentation: Based on the design and development plan 
(5.4.5.1.5), new and any changes to procedures, drawings, training curriculum 
must be implemented in this phase.  Release notes are completed and release to 
the SDS community. 


5.4.2.2 Training:  Training will be performed, as required.  Training 
records will be collected by the SDS Project Lead and transferred to the Code 
FOI Branch training records. 
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5.4.2.3 Activation on Central Computing System (CCS): The SDS release 
will be moved to the Central Computing System (CCS) for the applications 
software programmers to integrate their test dependent software. 


5.4.2.4 Applications SDS System: Once the test dependent software is built 
using the new SDS release, it is transferred to the Applications System for 
another phase of checkouts.  These checkouts are performed by the 
Computations group and are focused primarily at validating their test 
dependent software in the new SDS release environment.  The system release 
will be successfully exercised by actual operations personnel (IT, IE, CST) prior 
to deployment to the operational sites.  Off-line diagnostic and simulation 
software will also be validated on this system following the changes. 


5.4.3 Phase #6: Deployment (100% Milestone):  This is the final phase for the 
worklist items that make up the SDS release and has several elements: 


5.4.3.1 Operational Readiness Review (ORR): This meeting will discuss the 
planned upgrades and the plan/schedule for introducing them to the 
operational facilities.  This applies to the worklist items directly tied to the 
actual system software release.  Code AOI management will evaluate the 
readiness of the worklist items of this release window and formally approved 
the deployment plans.  Some individual worklist items that aren’t dependent to 
the software release may be deployed without the approval of this ORR based 
on approval of the SDS Project Leader. 


5.4.3.2 Deployment / Checkout of Operational sites: Based on the 
approved deployment schedule from the ORR, the operational SDS system 
sites are upgraded and tested with the new capability.  The SDS site manager is 
responsible for managing the deployment to their systems.  This checkout 
should include off-line diagnostics and simulation software, if the respective 
subsystem hardware was modified. 


5.4.3.3 Official closure of worklist items: The Submitter is the only 
individual that can sign-off or close a Worklist Item.  Until this sign-off, the 
worklist item remains open. 


5.5 Objective Evidence and Records: 
The pertinent members of the SDS Development group will document objective 
evidence and records for the SDS Worklist items using the SamePage software.  
The only official ISO-9001 quality records are Design Review (5.3.2.2) and 
Design Checkout (5.3.3). 
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6.0  Appendix 


6.1 SDS Worklist Item Checklist 
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Release Development Cycle Flowchart 
 


 


6.3 
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Release / Release Window External Influences 
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1.0 Introduction 
 
Training and 
Certification 
Objectives 


This Training and Certification Plan defines how Test Engineers are trained 
and certified to operate Wind Tunnel Division facilities in a safe, efficient, 
and technically correct manner, and how they are trained to lead the test team 
in test preparation and operation. Test Managers and Shift Engineers are 
assigned in accordance with their level of certification and experience. 


  
Training and 
Certification 
Policy 


The Wind Tunnel Division will continuously train to maintain the 
certification of Test Engineers.  The Wind Tunnel Division also commits to 
maintaining complete and accurate records of the certification status of these 
wind tunnel Test Engineers. 


 
Reference 
Documents 


• Facility Standard Operating Procedure (SOP) Manuals 
• Facility Training Manuals 
• Wind Tunnel Division Test Process Manual 
• The High Speed Wind Tunnel Test Planning Guide 
• Training documents on the Wind Tunnel Division web site 
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2.0    Positions Requiring Certification
Wind Tunnel 
Test Engineers 


Test Engineers that direct operations in the Wind Tunnel Division wind 
tunnels include Test Managers and Shift Engineers.  These engineers are 
responsible for high energy facility and model systems with critical hazard 
potential.  Improper use of these systems and improper use of training 
documents both during test preparation and operation can result in poor 
quality data, loss of testing productivity, and potentially damage to test 
models or the facilities.  It is therefore necessary that wind tunnel engineers 
have up-to-date training and verified knowledge that is documented in 
controlled certification records. 
 
The following engineering roles require certification in the Wind Tunnel 
Division facilities. 
 
Unitary Plan Wind Tunnel (UPWT) 
• 11 Foot Test Manager/ Shift Engineer 
• 9x7 Test Manager/ Shift Engineer 
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3.0 General Certification and Test Specific Training 
  
General 
Certification 


All wind tunnel engineers must achieve general certification in a facility 
before being allowed to conduct operations without supervision.  The general 
level certification assures that the individual has received training and 
demonstrated competence to operate the facility in a safe manner. 
 
General Certification addresses the fundamentals of facility mechanical and 
control systems, testing procedures, safety, and test preparation. Training 
units can be completed in any order. Sources of information referenced 
should be augmented by discussions with other knowledgeable engineers and 
tunnel operators to gain a full understanding of the training unit. Candidates 
must be able to demonstrate competency in each training unit.  


  
Test-specific 
Training 


Some tests may require that engineers receive special training to operate or 
direct operations of non-standard and/or test specific facility and model 
systems.  The Test Manager will define training requirements for these cases.  
Test-specific Training requirements are documented and presented at the Test 
Safety Review (TSR).   
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4.0 Training Process 
  
Description Training of wind tunnel engineers may be conducted in a group or in a one-


on-one basis with designated instructors.  Training requirements are defined 
in the certification instructions and certification forms are included.  The 
Wind Tunnel Operations Branch Chief has overall responsibility for setting 
up training necessary to assure wind tunnel engineers can achieve 
certification. 
 


 
 


 
General Group 
Training 


Most of the group training will be facility specific and conducted during 
facility downtimes or during an annual Training and Safety Week.  Group 
training may also include subject matter that is outside of the requirements for 
certification and contributes more toward a general improvement of testing 
practices.  Training requirements include a verification of knowledge either 
through demonstration of performance in the facility, a written test, or a 
verbal test. 


  
General One-
on-one 
Training 


One-on-one training with designated instructors will be arranged when group 
training is not necessary or possible. 
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5.0 Certification Process  
Description This section addresses the responsibilities of persons seeking certification and 


the responsibilities of the Wind Tunnel Division management for Training 
and Certification. 


 
Personal 
Responsibility  


The individual seeking certification is responsible for completing the Wind 
Tunnel Division requirements for general certification in each Training unit. 
Certification Records that define the training and sign-off requirements for all 
certified wind tunnel positions are included. 


  
Management 
Responsibility 


The Chief of the Wind Tunnel Division has overall responsibility for the 
establishment of policy and authority governing this plan.  The Wind Tunnel 
Operations Branch Chief administers the plan, provides final approval on all 
certification records, and is authorized to waive certification requirements if 
necessary. The Wind Tunnel Operations Branch Chief also has responsibility 
to require recertification if necessary based on the recommendation of the 
Facility Manager. 


  
 It is also the responsibility of the Wind Tunnel Division Management to 


provide time and opportunity for staff to become certified.  This responsibility 
includes: 
• Providing the necessary documentation 
• Basic safety and skills training 
• In-house group training sessions 
• External training (if appropriate) 
• Staff time made available for training 
• Prompt maintenance and posting of certification status information 
• Thorough review of certification requirements 
 
The Facility Manager is responsible for assuring that all active engineers are 
certified to conduct tests in UPWT facilities.  The Wind Tunnel Operations 
Branch Chief maintains the Engineer Certification Status Sheet and 
certification records for Test Engineers for each respective facility. Test 
Managers are responsible for developing test-specific training requirements. 


  
Recertification 
Program 


Recertification will require some re-training based on the overall experience 
of the individual and his/her activities.  The Facility Manager has 
responsibility for recommending engineers for recertification. 
 
 


 Continued on next page 
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5.0 Certification Process, Continued 


Certification 
Records 


To comply with the Wind Tunnel Division Training and Certification Plan, a 
Certification Record will be completed for each Test Engineer. Completion of the 
training units for General Certification is required before solo assignment to an 
operating shift. 


 
 Certification will remain in effect, unless rescinded by the Wind Tunnel 


Operations Branch. 
 
The training records will be stored on a Wind Tunnel Division web site. 
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6.0 Summary of Training Units on Operations  
 
 


SUMMARY of TRAINING UNITS on Operations Date 
Completed 


Reviewer 
Initials 


   
GENERAL KNOWLEDGE:   
1) UPWT Orientation Training Material On Server   
2) N227 (Also 227-A, B, C, D) Building Emergency Action Plan   
3) AO Safety Plan    
4) UPWT Standard Operating Procedures (SOP) Manuals   
   
SPECIAL PROCEDURE REQUIREMENTS:   
1) Tunnel Entry (mandoor, hatches)   
2) Kirk Key System   
3) Emergency Stop, In-Circuit E-Stop, and Home Buttons    
4) Model / Plenum Inspections   
5) Daily Pre-Run Inspections   
6) Weekly Pre-Run Inspections   
   
GENERAL MECHANICAL SYSTEMS:   
1) Cooling Towers, Valves & Heat Exchanger   
2) Make-up Air (MUA) Compressors (Clark and Mitsubishi)   
3) Main Drive Motor & Lube Systems   
4) 3-Stage and 11-Stage Compressors   
5) 11’ Variable Camber Inlet Guide Vanes   
6) 11’ Flex Wall   
7) 9x7 Nozzle Block   
8) Sting Model Support System (SMSS)   
9) Turntable Model Support (TRN)   
10) Large Model Roll Mechanism (LMRM)   
11) Prep Room Model Supports   
12) High Pressure Air (HPA) System   
13) Cranes (5-ton, 9x7 monorail, prep rooms)   
   
CONTROL SYSTEMS:   
1) Mach Number Control   
2) Tunnel Pressure Control   
3) Model Support Systems    
4) Alarm Responses   


_________________________________Candidate Engineer  
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7.0 Criteria for Certification in Operations 
Training Units GENERAL KNOWLEDGE: 


 
1) Review the latest training material on the Wind Tunnel Test Server and 


attend all available Test Engineer training sessions. If unable to attend 
scheduled training sessions, meet with the subject matter expert for 
personal training. 


2-3)  Read and understand BEAPs and safety documentation. 
4)  Read and understand organization, requirements, and procedures. 
 
SPECIAL PROCEDURE REQUIREMENTS: 
 
1)  Be familiar with all tunnel entry points and associated procedures. 
2)  Understand the Kirk key system.    
3)  Be familiar with locations and functions of emergency buttons.  
4-6)  Describe what is required during facility inspections. 
 
GENERAL MECHANICAL SYSTEMS: 
 
1-7)  Understand functions, capabilities and restrictions on primary operating 
systems.  
8-11)  Understand functions, capabilities and restrictions on operating all 
model support systems, both locally and remotely. 
12)  Understand functions, capabilities, and restrictions on operation of HPA 
system. 
13)  Understand capabilities and restrictions on operations of crane systems. 
 
CONTROL SYSTEMS: 
 
1-3)  Demonstrate working knowledge of man / machine interface. 
4)  Understand functions of the main system alarms,  
cross-references to binary logic diagrams and appropriate responses. 
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8.0 Summary of Training Units on Testing  


TRAINING UNITS  - Testing Date 
Completed 


Reviewer 
Initials 


   
GENERAL KNOWLEDGE:   
1) Basic Aerodynamic Concepts   
2) Standard Testing Methods & Requirements   
3) Test Planning Guide - High Speed Tunnels   
4) Test Process Manual   
5) Test Safety Review and Pre-Test Meeting   
6) Test Team Communications   
7) Prep Room Capabilities    
8) Balance Checkloading    
9) Transducer or Load Cell Calibrations   
   
FCS PROCEDURES:   
1) FCS Operating Modes   
2) FCS Parameters & Computations   
3) Model Support & Alignment Procedure    
4) SDS / FCS Parameter Download   
5) SDS / FCS Initial Condition Download   
6) BLAMS/ Safety of Flight Procedures   
   
SDS PROCEDURES:   
1) SDS Operating Modes   
2) SDS Initial Conditions   
3) SDS Parameters   
4) SDS Reports   
5) Display Processor System (DPS)   
6) Tracecomps   
7) Tunnel Conditions   
8) Angle Computations   
9) Wall Interference Corrections   


_________________________________Candidate Engineer  
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9.0 Criteria for Certification in Testing  
 
Training Units-
Testing 
Certification 


TEST ENGINEER GENERAL KNOWLEDGE: 
 
1) Demonstrate adequate knowledge of Fluid Dynamic principles and 
Traditional aerodynamic nomenclature.  
 
2) Demonstrate knowledge of testing methods through experience on tests 
and familiarity with appropriate manuals and Test Requirement Documents. 
 
3-4) Understand Test development process. 
 
5) Attended Test Safety Review and Pre-Test Meetings. Understand format 
and purpose. 
 
6) Understand use of white boards and meetings for communication.  
Demonstrate ability to use the Activity Log. 
 
7-8) Have worked with the set-up and checkloading of Sting Mounted and 
Semi-Span Balances. 
 
9) Understand the techniques for calibrating typical instrumentation. 
 
FCS and SDS SPECIAL PROCEDURES: 
 
1-6) Understand the purpose and demonstrate the ability to use the procedures 
associated with each training unit. 
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10.0 Summary of Training Units  - Testing  
UPWT CERTIFICATION RECORD  - Test Engineer  
 


UPWT CERTIFICATION RECORD  
 


Date Completed 


1) Completed review of the following material: Operations and 
Testing Units. 


 


2) A minimum of 6 weeks in the 11’ as a Shift Engineer under 
supervision of Experienced/Certified Test Engineers. 


 


3) A minimum of 6 weeks in the 9x7 as a Shift Engineer under 
supervision of Experienced/Certified Test Engineers. 


 


 
 
 
I hereby apply for certification as a UPWT Test Engineer: 
 
 
__________________________________________    _________________________ 
Test Engineer                                                                  Date 
 
 
I hereby approve this individual for a Certification in the NASA ARC Unitary Plan 
Wind Tunnels. This Certification applies to the following Test Sections: 
 ___11 Foot TWT  ___9x7 SWT 
 
 
__________________________________________    _________________________ 
UPWT Facility Manager Signature                                Date 
 
 
__________________________________________    _________________________ 
UPWT Operations Branch Chief Signature                    Date 
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11.0 UPWT Test Engineer Certification Status Sheet  
 Maintained by:  Wind Tunnel Operations Branch 
 


Name Facility Certification Date  
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0.0  IN T R O D U C T I O N


The SDS User's Guide provides a brief explanation, with examples, of the


forms required for specifying Standard Data System (SDS) test


requirements.  Forms are also provided for specifying test support


requirements for Test Dependent Instrumentation (TDI) and Test Dependent


Software (TDS) Subsystems participating in the current test.  TDI examples


would be subsystems supporting data acquisition and data processing for


such applications as IRT - Infrared Thermography, PMA - Phased


Microphone (Acoustics) Arrays, and PSP - Pressure Sensitive Paint.  TDS


examples would be the legacy CDDMS Data Management and Display


Application as well as subsystems for creation of output data files for upload


to the DARWIN Database or for network access by remote users via the


DARWIN Netscape Facility on the AEROnet.   


This document is intended as an aid to completing the test requirements


forms using a typical force-pressure test as the model.  Filled out examples


of the forms are presented.  The forms described in this guide are applicable


to the 12-Foot Pressure Wind Tunnel and the Unitary (11-Foot Transonic and


9- x 7-Foot Supersonic Wind Tunnels).


Wherever possible, check boxes have been used.  For example, boxes are


provided to indicate "base" or "balance" and only require an "X" in the box to


denote the source location.  A "Yes" or "No" box is provided as a response to


some questions.  Boxes are provided for some conditions where the system


defaults are to be used.  The purpose of requiring an entry is to insure this


has not been "forgotten" by the user.


Comments have been included on several forms to assist the user in filling


them out.  The user is encouraged to fill in as much information as is


available at the time of form submission.  In some instances more than one


user will be contributing information which will then be summarized by a


Computations and/or DARWIN Support Programmer to derive a complete set


of requirements specifications.  Although the forms are presented in the


general order required by the computations, there are cases when it may be
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easier to fill out a form that is well into the computational procedure and then


work backwards.


The forms are accessible via AppleShare from a shared folder labeled “SDS


& DARWIN Forms and Guide” (within the SDS Folder) which can be found


on the File Server "N227 SERVER" which is accessible from AppleTalk Zone


AO4/N227.  After being connected to the server, select "FO Groups".  This


User's Guide and all associated forms have been created using Microsoft


Word.  The guide will indicate those instances where an Excel version has


been generated as well.  The forms on the server are "read only" and must


be copied to the user's computer prior to use.  It is the user's responsibility to


check the forms on the server to insure the most recent copy is being used.


Users will be notified by email when updates have been placed on the


server.  Only the most recent forms are maintained on the server.  Out of date


forms will not be accepted except for those cases where documentation has


already been submitted for review.


R    EQUIRED     F                     ORMS            


The Test Requirements Cover Page and Test Specification Table are used


to designate which requirements forms are applicable and must be supplied.


The Test Configuration Table must be supplied if TDI or TDS Subsystems


are used.  The Test Requirements Revision Page must be supplied as the


cover to any revisions to test requirements.  Completed forms should be


submitted to the Computations and Data Analysis Group Leader, Wind


Tunnel Systems Branch, Wind Tunnel Operations Division, Mail Stop 221-6.


The reader will note that Forms used for reporting Check Frames, FOUT,


POUT, and SUMMARY requirements are not contained in the folder residing


on the server.  The user is free to generate forms to meet their particular


requirements for these reports.  


SDS         N     AMING      D                  EFINITIONS                    


Parameter member names (a member of a parameter list, such as


BendAngles, as distinguished from a user supplied parameter to a test


dependent equation) are not SDS names.  An SDS name is composed of a
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user supplied root name and a suffix.  The suffix is the parameter list member


name.


In the following example, BENDANGLESET is the user supplied name


(called BENDSET1).  The corresponding parameter names are


BENDSET1_BENDANGLESET, BENDSET1_BENDA, BENDSET1_BENDB,


and BENDSET1_TWIST.  To obtain the numerical value of TWIST, the user


is required to request "BENDSET1_TWIST".  


&BendAngles


BENDANGLESET = BENDSET1


BENDA = 2.3


BENDB = 0.0


TWIST = 0.0


&End


Although the set names may be user defined (the root), a standardized


naming convention has been implemented to minimize confusion between


test team members and test to test variations.


E    RRORS OR      O                         MISSIONS                  


Any errors or omissions noted in this User's Guide should be directed to the


Computations and Data Analysis Group Leader, Wind Tunnel Systems


Branch, Wind Tunnel Operations Division, Mail Stop 221-6.


T    EST     E             XAMPLE               


The example used in this guide considers the following:


• Two balances:  a 6-component force balance and a 5-component force-


moment balance.


• Ten PSI modules:  a mix of modules with various pressure ranges and


number of transducers on the modules (includes WICS).


• Three coefficient sets (excluding a mandatory WICS coefficient set).


• Corrections using the Classical (ALT) Method.







April 2000 4


• Test specific analog and digital sensors.


R    EVISION      H                     ISTORY DATES AND AUTHORS                                                  


• October, 1996, Version 1.0 Alan Levin, Pat Schumacher


• December, 1996, Version 1.1 Alan Levin, Pat Schumacher


• February 1997, Version 1.2 Alan Levin


• May 1997, Version 2.0 Alan Levin, Gary Sorlien


• December 1997, Version 3.0 Alan Levin


• April 1998, Version 3.1 Alan Levin


• November 1998, Version 4.0 Alan Levin


• October 1999, Version 5.0 Alan Levin


• April 2000, Version 6.0 Alan Levin


0 .1 TEST REQUIREMENTS COVER PA G E


This page is to be used from the first submittal of the test requirements and


until the document has been placed under configuration control.


Test       I        D     


The Test ID is assigned by Code FOW of the Wind Tunnel Operations


Division.  This is the same ID used for all references to a specific test.  The


numbering scheme for a test is ff - nnnn, where ff is the Facility Designator


and nnnn is the Test Number.  The first test starts with 0001.  If a test article


moves from one facility to another, it will be assigned a new Test ID.  The


Test Number is incremented by one for each new test supported by the Wind


Tunnel Operations Division, independent of the facility in which the test is


run.
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Facility
Designator


Facility Key
(if any)


Facility Name


11 11TWT 11-Foot Transonic Wind Tunnel


12 12PWT 12-Foot Pressure Wind Tunnel


14 14TWT 14-Foot Transonic Wind Tunnel


21 High Reynolds Channel #1


22 High Reynolds Channel #2


33 PSCL


40 40 x 80


55 OARF


80 80 x 120


87 87SWT 8x7-Foot Supersonic Wind Tunnel


97 97SWT 9x7-Foot Supersonic Wind Tunnel


99 Other (Model Prep 1, B246, etc.)


Test        Title    


This is the user specified title of test.  The name should reflect to some


degree the name shown on the official wind tunnel schedule.


Model   


The customer designated name of the test article.


Program     


The code or name of the NASA, DOD, or industrial program sponsoring the


test.  Samples are: AST - Advanced Subsonics Technology, HSCT - High


Speed Civil Transport, and HSR - High Speed Research.
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Date        Program        Required    


The earliest date the full program is required; prep room entry, test section


entry, or earlier.


TDI        and        TDS       Included       in        Test   


A checklist for identifying the Test Dependent Instrumentation (TDI) and Test


Dependent Software (TDS) Subsystems participating in the current test.  Key


personnel associated with these subsystems should be specified in


subsequent sections of this form.  


Client   


The name of the company or, if an internal test, the branch code designation.


Project         D        irector   


The Project Director, if any.  If a company test, this should be the name of the


company's lead person.


Principle       Investigator   


The name of the Company or NASA Scientist directing research elements


and defining test objectives is recorded in the DARWIN Database.  The


Principle Investigator generates research notes incorporated into the Test


Log maintained by the Test Manager.


Test         Manager   


The Ames Test Manager.  The responsible party who coordinates, directs,


and monitors conduct of each test.  The Test Manager (a.k.a. Test Engineer)


also generates the Test Log.  The primary point of contact for the


Computations and Data Analysis Group as well as the DARWIN Support


Programmer.


Data         Systems        Programmer


The prime point of contact concerning software issues for the test.  Assigned


by the Applications staff Task Manager.  
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DARWIN         Support        Programmer   


The prime point of contact concerning DARWIN Hardware and Software


issues for the test.  A member of the Government or Contractor Staff of the


DARWIN Support Team of the Development Group.  Assigned by the


DARWIN Support Team Leader.  


Instrument        Engineer   


The prime point of contact between the Test Manager and the


instrumentation staff.  Assigned by the Instrumentation Group Leader.  


TDI        Engineer   


The primary engineer responsible for definition of Test Support


Requirements for integration of a TDI Subsystem with SDS via DARWIN.


The TDI Engineer may also be an investigator for the wind tunnel test.


TDS        Engineer   


The primary engineer responsible for definition of Test Support


Requirements for integration of a TDS Subsystem with DARWIN or with the


host data system.  The TDS Engineer may also be one of the lead


investigators for the wind tunnel test.


Initial         Submission         Date    


The date when the document was first submitted for review.


Submitted        By    


The name of the person responsible for generating the document.


Reviewed        By


The name of the person reviewing the document prior to initial submission.


Data        Analysis         Group        Approval


The Computations and Data Analysis Group Leader or representative.
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Data        Analysis         Group         Concurrence    


The Applications Programming Staff Manager, the Computations and Data


Analysis Group Leader or representative designated by the Applications


Programming Staff Manager.


Configuration         Control         Date    


The date when the test requirements are placed under configuration control.


From that date forward all changes must be submitted using the SDS Test


Requirements Revision Page and the appropriate test requirement forms.
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S D S
TEST REQUIREMENTS COVER PAGE


Test Information


Test ID: 12 - XXXX
Test Title: A Short Title


Model: The Test Article
Program: NASA or Client Program Name


Date Program Required: Earliest Date Required


TDI Included in Test: IRT__ PDV__ PMA__ PSP_X_ Other__


TDS Included in Test: CDDMS__X_ DARWIN_X__ Other______


Key Personnel
Ames Ext.


Client: Company or In-House Org
Project Director: Company Lead or Ames Lead


Principle Investigator: Company or Ames Experimenter
Test Manager: Ames Lead Engineer


Data System Programmer: Assigned by Applications Task
Manager


DARWIN Support Programmer: Assigned by DARWIN Team Leader
Instrument Engineer: Assigned by Instrumentation Group


Leader
Primary TDI Engineer: Assigned by Project Director or PI


Primary TDS Engineer: Assigned by Project Director or PI


Test Write Up Information


Initial Submission Date: Date Forms Turned In Signatures:
Submitted By: Who Wrote Reqt.'s
Reviewed By: Who Reviewed Reqt.'s


Data Analysis Group Approval: Comps Group Leader
Data Analysis Group Concurrence: App’s Prog Staff Mgr.


Configuration Control Date: Date Controlled
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0 .2 TEST REQUIREMENTS REVISION PA G E


This page is to be used for changes to the test requirements after the


documents described in this guide have been placed under configuration


control.  Each submittal of a revision requires a new Test Requirements


Revision Page.


Test       ID,        Test        Title    


The Test ID and Test Title recorded on the original Cover Page of the test to


be revised.


Date         Change        Required    


The date when the requested change must be available for use.


Contact        Person    


The person to contact should questions arise about requested revisions.


Revision         Date    


The date the revisions are submitted.


Submitted        By    


The name of the person that generated the change.


Reviewed        and        Approved        By    


The Computations and Data Analysis Group Leader or representative.


Sections        Revised    


List the sections revised based upon the numbering scheme indicated by the


Test Specification Table.  The words "See attached Test Specification Table"


may be used instead of listing each section.  Place an "X" only in those


sections being revised.  List changes to test dependent equations by


equation number or indicate "New" or "Deleted" after an equation addition or


deletion, respectively.  On each revised page, highlight only those portions
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that have been changed.  If the forms are sent electronically the changes


should be bold.  If the same sheet has been used for a prior revision,


remove the bold from the previous change and again put the new change in


bold.


Send all pages of the Test Dependent Equations, even if only one page has


been changed.  The purpose is to have all personnel working from the same


copy.  Attempt, as much as possible, to keep the organization of the pages


the same as the original.  If it is necessary to add or modify equations which


go onto another page, make the new page a “dot” number.  An example


would be equations 20.1 through 20.4 are added beginning on page 7 and


equation 21 starts on page 8.  The added equations may require they be


placed onto another page.  Number the new page 7.1 so that equation 21


will remain at the beginning of page 8 and all subsequent pages will look the


same as the original.
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S D S
TEST REQUIREMENTS REVISION PAGE


Test Information


Test ID: 12 - XXXX
Test Title: A Short Title


Date Change Required: Earliest Date Required


Contact Person Ames
Extension


Who to Contact about Revisions 4-WXYZ


Revision Information


Revision Date: Date Submitted Signatures:
Submitted By: Who Made Change


Reviewed and Approved By: Comps Group Leader


Sections Revised:  See Attached Test Specification Table
TDE 7, 19, 32


TDE 37 -> 39 are new
TDE 6, 8, 15 Deleted
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THIS PAGE INTENTIONALLY LEFT BLANK
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0 .3 TEST SPECIFICATION TABLE


The Test Specification Table must be included with each new test write-up.


A check mark should be made on all lines of the form indicating applicability


in the test write-up.  A form checked as "No" in the "Applicable" column


indicates the form is not required for the test (i.e., this means there is no


requirement, rather than not included at this time).  The example shows all


forms are required except for the Unitary Tunnel Conditions Description and


three reporting forms (Section 13).


If applicable, reporting forms (Sections 13.1 through 13.4) should be


checked even though standard SDS forms are not available at the present


time.  The user may generate these forms in any manner desired.  They are


not required to be submitted with the original document for review, but


should be submitted within two weeks prior to first use of the software.


The Test Specification Table may be included with change requests.


Changes to many forms may make this the most appropriate method, since


the Test Requirements Revision page would indicate "See Test Specification


Table".  Check only the applicable boxes that apply to the sections revised.


When submitting a revision there should be no box with a "No" checked.
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Test ID 12-XXXX
S D S


Test Specification Table


Applicable
Yes No


1. Program Description
1.1 Program Description Page X
1.2 User Computer Specifications at Tunnel X


2. Data Acquisition & Conversions
2.1 Factor Board Items X
2.2 Measurement Requirements List X


3. Tunnel Conditions
3.1 12 Ft Tunnel Conditions Description X
3.2 12 Ft Blockage Description X
3.3 Unitary Tunnel Conditions Description X


4. PSI Description & Computations
4.1 PSI Description & Computations for WICS Modules X
4.2 PSI Description X
4.3 PSI Computation Requirements X


5. Balance and Angle Information
5.1 Balance Description X
5.2 Angle Description X
5.3 Angle Parameters X
5.4 QA-2000 Angle Parameters X
5.5 Bend Angle Description X
5.6 Deflection Description X
5.7 Balance-to-Body Angle Description X
5.8 Balance Angle Set  Description X


6. Tunnel Dependent Parameters
6.1 Wall Corrections Description X


7. Coefficients
7.1 Moment Transfer Distance Description X
7.2 Reference Area, Span and Chord Description X
7.3 Coefficient Description X


8. Table Parameters
8.1 Table LookUp Description X
8.2 Table LookUp Values X


9. Test Dependent Equations
9.1 Test Dependent Equations X


10. Real Time Display Requests
10.1 Real Time Display X


11. TDI & TDS Data Distribution Requests
11.1 Test Configuration Table X
11.2 CDDMS Data Management X
11.3 DARWIN Data Management and Distribution X
11.4 Aerodynamic Results Distribution X
11.5 Pressure Coefficient Distribution X
11.6 CDDMS & DARWIN Pressure Plot Specifications X
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S D S
Test Specification Table (Continued)


Applicable
Yes No


12. DPS Plots
12.1 DPS Plots X
12.2 DPS Pressure Plot Specifications X


13. Reporting
13.1 Check Frame X
13.2 FOUT(s) X
13.3 POUT(s) X
13.4 SUMMARY X
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1.0  PROGRAM D ESCRIPTION


Program Description Pages provide a general overview of the test, stating its


objectives, any unusual test characteristics, if user written software is to be


included and other information deemed appropriate.


1 .1 PROGRAM DESCRIPTION PAGE


Enter the dates when the test is expected to enter and exit the model prep


room and the tunnel.  The earliest date specified will determine when the


program is required.  If the date shown on the cover page is earlier than a


date indicated on this page, then the earliest date among all those indicated


will be used.  To minimize questions and/or confusion, if the cover page


indicates the program is required earlier than a date specified for the model


prep room or tunnel, a comment to that effect should be noted.  Provide the


room number and phone number for the prep room which will be used.


Provide a general overview of the test, stating its primary and secondary


objectives, any unusual test characteristics such as the facility will be run in


manual mode when it is an automated facility, if user written software is to be


included and other information deemed appropriate.  It is not necessary to


list the number of balances, PSI modules, etc. unless there are unusual


requirements.  Other useful information would include if data is to be


prepared for a Test Dependent Software Subsystem such as CDDMS, or


transmitted to a Test Dependent Instrumentation Subsystem such as PSP.


The reader should note that when DARWIN is involved with the test, the test


objectives stated on this form will be retained in the DARWIN Database. Use


of DARWIN remote access facilities such as RAWT or DReAM should be


noted.  It is assumed that WICS data will automatically be sent to the WICS


system and this fact need not be stated.  


For a classified test, list the level of security and whether special access


requirements exist.  If special access is required, provide an estimate of the


number of programmers and computer system technicians required to have


special access.
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Any special data transmittal requirements at the end of the test should be


noted.  Such requirements would be those that are not the standard


procedures used to transmit data to the customer.
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SDS
Program Description


Test ID 12-XXXX
Test Title Should match the cover page
Test Manager Should match the cover page
Phone No. Should match the cover page


Test Dates Use Existing Program
Model Prep Room Tunnel Test Modify Existing Program
Start End Start End Number Yes No
x/y/zz w/y/zz w/y/zz z/y/zz X


Room No: 123
Phone No: 4-XXXX


Please give a brief, general overview of the test and list any unusual test characteristics, such as the
model support description, classification of the test, data transmittal to a user computer, user written
software, any unusual instrumentation or data acquisition, etc.


The objective of this test is to determine the stream angle in all planes of the facility.
Both full span and semi-span models will be tested.  Pressure Sensitive Paint
support is requested.  There are no non-standard instrumentation requirements.  The
test is proprietary and the company has requested that access be limited.  However,
selected test runs will be made available for DARWIN (database) utilization.  An
access list will be provided and personnel will be required to sign in/out when
entering the second floor.
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1 .2 USER COMPUTER SPECIFICATIONS AT TUNNEL


This form is used to indicate if user written software is to be incorporated into


the SDS system and if data is being transmitted to a user computer at the


tunnel site.  The Test Manager should indicate if the software standards have


been provided to the customer by checking the appropriate box.  The Test


Manager should obtain a copy of the Standards for User Written Software


from the Computations and Data Analysis Group.  There is a minimum


requirement of two months lead time for the customer to supply the


Computations and Data Analysis Group with all the necessary information.


Providing the customer the standards about four months before first use of


the software insures the customer will have sufficient time to develop, and


correct if necessary, the software according to SDS standards.


Once the user written software has been delivered to Ames, the


Computations and Data Analysis Group will verify that the customer has


adhered to SDS standards.  If not, the necessary information to bring the


software into compliance will be given to the Test Manager for forwarding to


the customer.  


If data is to be transmitted to a user computer, then specify the CDDMS


format and information pertaining to the user computer.  Inform the user that


an IP address may be assigned and that information will be provided after


the user’s hardware has arrived at the site.  Be sure the user has both


knowledge and sufficient privileges to change the IP address on their


system.
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Test ID 12-XXX


SDS
User Computer Specifications at Tunnel


Please check the appropriate box:


Is there any user written software? Yes X No


If yes, the user written software is required with the
same lead time requirement as the test specification.
Depending upon complexity, it may be required earlier.
Details about module names, input/output variables,
etc. must be provided at least two months prior to first
use of the software.  Please obtain a copy of the
Standards for User Written Software from the
Computations and Data Analysis Group.  


Have the user written software standards
been provided to the customer? Yes X No


Is there any communication with the user
computer at the tunnel site? X Yes No


Data transmittal to user computer will be on a run-by-run
basis using only the CDDMS file structure.


Transmittal on a near-time (point-by-point) basis is available.
Check with the Computations and Data Analysis Group if this
method is desired.


If yes, then answer the following:


Specify the CDDMS format.  Binary X ASCII


Directory information on user computer
Device TBD
Directory TBD
Host Name TBD
IP address TBD







April 2000 22


2.0  DATA A CQUISITION & CONVERSIONS


2 .1 FACTOR BOARD ITEMS


Enter all factor board items required.  Phase is not a part of the Tunnel ID, but


is a variable maintained within the SDS.  Provide the range of values the


factor board item may take.  SDS does not range check these values, but


such information is useful when verifying a test.  Enter the initial value for the


factor board item, if known.


Factor board items on the standard form are considered typical for most tests.


Except for TEST, TUNNEL, X_MODEL_REFERENCE, and SDS_VER they


are not required and may be deleted at the user's discretion.


X_MODEL_REFERENCE is the tunnel station of the model moment


reference center used in the uncorrected coefficient set for WICS.  This value


is not used by SDS, but is used by the WICS code.  The value is sent by


SDS to the WICS software for blockage and wall computations.


Note that the name "Factor Board" is a historical term from when the data


system had entries through either a thumb-wheel or push button entry.  On


SWTS, factor board entries were a display on a single screen, accessed


through a "FAC" command.  On SDS, the name factor board is a parameter


list with the title "Model Configuration Parameters" in the setup file.  However,


because of familiarity by the users, the name "Factor Board" has been


retained.
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Test ID 12-XXXX


SDS
FACTOR BOARD ITEMS


Factor Board Range of Values  Initial Value Comments


Item Name (Information Only)


TEST


PHASE


TUNNEL


CONF 1 - 999 1 Must be integer for DARWIN


STINGPHI ± 180 0


X_MODEL_REFERENCE
Should equal the station of the
model moment reference center
used in the uncorrected coefficient
set (for WICS)


WBIAS_FLAG 1
Flag to account for bias in the
WICS pressures


0 = Do not account for bias
1 = Include module bias


SDS_VER 2.41
The version of SDS under which
this software was developed.
Version x.y.z written as x.yz


CS_ENABLED 0 or 1 0
Flag to activate conditional
sampling


Value = 0, not activated
Value = 1, activate


CTRLFLAG 1 - 4 2 Must be integer


FLAP ± 60 0


SLAT ± 15 0


LANDGEAR 0 or 1 0 Must be 0 or 1


Description:


Factor Board Item Name Enter the name of the factor board item if it is not already
listed


Range of Values Enter the range of the values that the factor board item will
take.  This information is for information only.  SDS does not
check the validity of the entered value.


Initial Value Enter the initial value for the factor board item


Comments Optional
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2 .2 MEASUREMENT REQUIREMENTS LIST


The Measurement Requirements List (MRL) is the SDS name for the former


SWTS Acquired Data Description (ADD).  Items 1 through 200 are reserved.


The names already listed for each facility should always be on the MRL and


should not be changed.  If a Measurement ID is not used it should be


shaded, using 7% shading.  Shading elements on the MRL and entering a


statement in the comments column "Not used this test" (or something


equivalent) will indicate that the instrumentation and software personnel


need not be concerned with these measurements.  While shaded


measurements are not used, SDS may still be required to acquire the data.


The 16 angle resolvers at the 12-Foot, the WICS measurements, and the


tunnel total temperatures are such cases.


Any conversion constants listed are the values known at this time.  If different


values are to be used, change the values and make a note to this effect in


the comments section.  SDS automatically provides the mean, minimum,


maximum, standard deviation and number of samples for every sensor.  The


sensor name listed under the Measurement ID column implies it is the mean


value (_MEAN) which is to be used as input to engineering unit conversions.


If other statistics (minimum, maximum and/or standard deviation) provided by


SDS are to be converted to engineering units, list the name under the


Measurement ID column, but do not assign it a Measurement No. (column 1).


In the column titled "Primary Chan Meas ID", specify the name for the


"parent" sensor.  In the example, the maximum value of axial force for


balance 1 is to be converted using two different conversion algorithms.  This


is specified under the Measurement ID as BAL1A_MAX.  The primary, or


"parent" channel from which these were obtained is BAL1A.  The


engineering unit names desired are as indicated.  If only the "counts" are


desired, then these should not be specified on the MRL because they are


automatically provided by the system.


The first location for user input is item 201.  In the example shown, the six-


component force balance has the standard gauge names (N1 -> RM).  The


gauges are to be converted using the BIPOLYBIAS (the old THERBAL)


conversion.  Note that conversion type is indicated by name rather than a


number.  Balance 2 is a five-component force-moment balance.  Only the
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existing gauges (five in this case) need to be specified.  In the example, the


names used reflect what the balance gauge is measuring.  On the Balance


Description sheet (Section 5.1) the user should note that this balance


behaves like a six-component balance with no side force gauge.  The


Balance Description sheet is where the "hole" will be left for the side-force


gauge.  This method differs from SWTS, where six gauges had to be


specified, whether they existed or not.  Any gauge that doesn't exist (in this


example, the side-force) will be zeroed out by the programmers.


Gauge SG2 is to be converted using the POLYOFFR conversion algorithm, a


polynomial with offset and reference channel addition.  The reference


channel being added in this example is SG1.  The requirements for the


reference channel are: 1) it must be listed on the MRL, and 2) the reference


channel must be in engineering units.


Note that the standard names PREF, PCAL and PMON have been replaced


with PREFFSPn_1, DPCALFSPn_1 and DPMONFSP_1, where n is the FSP


number.  This was done so a second PREF could be denoted as


PREFFSPn_2, etc.  This change removes any ambiguity about whether a


PREF1 has been omitted.  Generally, a "D" has been placed in front of "P" to


differentiate between a differential and absolute pressure.


Measure Requirements List pages for standard sensors for the 11-Foot and


9- x 7-Foot are also provided.  The appropriate MRL to use is obviously a


function of where the model is being tested.  If the test is entering multiple


facilities then the appropriate MRL for each facility should be enclosed within


the same documentation.


Note the column entitled “Engineering Unit Name” is the name desired in the


database after the raw data has been converted (counts to physical units).


This is not the units after conversion (i.e., not foot-pounds, pounds, etc.).  See


the Unitary MRL for some examples.
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Test ID 12-XXXX
SDS


Measurement Requirements List for the 12 Ft PWT


Meas
No.


Measurement ID Primary
Chan


Meas ID


Conv
Order


Conv
Type


Ref
Chan
Name


Conversion
Constants


Engineering
Unit Name


Comments


1 PT 1 Poly k0 = 0, k1 = 144
2 PT2 1 Poly k0 = 0, k1 = 144
3 DPQRING 1 Poly k0 = 0, k1 = 144 Primary QRING
4 DPQRING2 1 Poly k0 = 0, k1 = 144 Redundant QRING
5 PREFFSP2_1 1 Poly k0 = 0, k1 = 144 for 2nd PREF, use


PREFFSP2_2, psia
6 DPCALFSP2_1 1 Poly k0 = 0, k1 = 1 for 2nd PCAL, use


DPCALFSP2_2, psid
7 DPMONFSP2_1 1 Poly k0 = 0, k1 = 1 Monitor Pressure,


psid
8 RSSROLL Not used this test
9 RSSPITCH Not used this test


10 RSSHEAVE Not used this test
11


TRNYAW 1 PolyOff
k0 = 0


k1 = 1.79565
offset = 117.5


12 TRNVERT 1 Poly k0 = 0
k1 = 0.130049


13
BMSPITCH 3 Poly


k0 = 33.3609
k1 = 0.291288
k2 = -0.00034
k3 = 9.25E-07


14 HAAROLL


15 HAAPITCH 2 Poly
k0 = 0


k1 = 21.3642
k2 = 2.56118E-06


16 RSSROLLR Not used this test
17 RSSPITCHR Not used this test
18 RSSHEAVER Not used this test
19


TRNYAWR 1 Poly
k0 = 0


k1 = 1.79565
offset = 117.82


20 TRNVERTR
1 Poly


k0 = 0
k1 = 0.130049


21 BMSPITCHR
3 Poly


k0 = 32.6545
k1 = 0.290338
k2 = -0.00034
k3 = 9.26E-07


22 HAAROLLR
23 HAAPITCHR 1 Poly k0 = 0


k1 = 0.213833
24 TREF RTD Reference
25 THEXA1 1 Poly k0 = -35.0


k1 = 35.0
802A: Tunnel Total


Temperature
26 THEXA2 1 Poly k0 = -35.0


k1 = 35.0
802B: Tunnel Total


Temperature
27 THEXA3 1 Poly k0 = -35.0


k1 = 35.0
803A: Tunnel Total


Temperature
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Test ID 12-XXXX
SDS


Measurement Requirements List for the 12 Ft PWT


Meas
No.


Measurement ID Primary
Chan Meas


ID


Conv
Order


Conv
Type


Ref
Chan
Name


Conversion
Constants


Engineering Unit
Name


Comments


28 THEXA4 1 Poly k0 = -35.0
k1 = 35.0


803B: Tunnel
Total


Temperature
29 THEXA5 1 Poly k0 = -35.0


k1 = 35.0
804A: Tunnel


Total
Temperature


30 THEXA6 1 Poly k0 = -35.0
k1 = 35.0


804B: Tunnel
Total


Temperature
31 THEXA7 1 Poly k0 = -35.0


k1 = 35.0
805A: Tunnel


Total
Temperature


32 THEXA8 1 Poly k0 = -35.0
k1 = 35.0


805B : Tunnel
Total


Temperature
33 C1FSP7 1 Poly k0 = 0, k1 = 1 FSP7
34 C2FSP7 1 Poly k0 = 0, k1 = 1 FSP7
35 C1FSP2 1 Poly k0 = 0, k1 = 1 FSP2
36 C2FSP2 1 Poly k0 = 0, k1 = 1 FSP2
37 C1C2SRCEFSP2 1 Poly k0 = 0, k1 = 1 FSP2
38 INSTAIRFSP2 1 Poly k0 = 0, k1 = 1 FSP2
39 INSTVACFSP2 1 Poly k0 = 0, k1 = 1 FSP2
40 CRPM 1 Poly k0 = 0


K1 = 125.462
Compressor


RPM
41 IGVFLP 1 Poly k0 = -60.0


K1 = 18.2482
IGV Flap Angle


42 MOISTH 1 Poly K0 = 0
k1 = 1.24


Specific
Humidity


43 TUNPOW 1 Poly k0 = 0, k1 = 1 Tunnel Power
44 MUAPOW 1 Poly k0 = -26.33


K1 = 18.0064
Make Up Air


Power
45 DPREFFSP7_1 1 Poly K0 = 0


k1 = 144
dref Pressure,


FSP7,
ParoScientific


46 DPIPROB1 1 PolyZe
r


K0 = 0
k1 = 0.05628


Image Plane
Probe Pressure,


North Side
47 DPIPROB2 1 PolyZe


r
K0 = 0


k1 = 0.05632
Image Plane


Probe Pressure,
South Side


48 DPIPROB1R 1 PolyZe
r


K0 = 0
k1 = 0.05628


Image Plane
Probe Pressure,


North Side
(redundant)
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Test ID 12-XXXX
SDS


Measurement Requirements List for the 12 Ft PWT


Meas
No.


Measurement ID Primary
Chan Meas


ID


Conv
Order


Conv
Type


Ref
Chan
Name


Conversion
Constants


Engineering Unit
Name


Comments


49 DPIPROB2R 1 PolyZer K0 = 0
k1 = 0.05632


Image Plane Probe
Pressure, South
Side (redundant)


50 PREFFSP7_1 1 Poly K0 = 0
k1 = 144


FSP7 (WICS)
Ref Pressure


51 DPCALFSP7_1 1 Poly K0 = 0
k1 = 144


FSP7 (WICS)
Cal Pressure


52 DPMONFSP7_1 1 Poly K0 = 0
k1 = 144


FSP7 (WICS)
Monitor Pressure


53 HEATERPOWER 1 Poly K0 = 0
k1 = 0.000875


Heater Chamber
Power


54 C1C2SRCEFSP7 1 Poly k0 = 0, k1 = 1 FSP7 C!C2
Source Pressure


55 INSTAIRFSP7 1 Poly k0 = 0, k1 = 1 FSP7 Instrument
Air Pressure


56 INSTVACFSP7 1 Poly k0 = 0, k1 = 1 FSP Instrument
Vacuum Press.


57 THERMO_W1 1 Poly K0 = 32.0
k1 = 1.8


WICS Module 1
Temperature


58 THERMO_W2 1 Poly K0 = 32.0
k1 = 1.8


WICS Module 2
Temperature


59 THERMO_W3 1 Poly K0 = 32.0
k1 = 1.8


WICS Module 3
Temperature


60 THERMO_W4 1 Poly K0 = 32.0
k1 = 1.8


WICS Module 4
Temperature


61 DPPROBE3 1 Poly k0 = 0.0
K1 = 1.0


Test Section Probe


62 DPPROBE4 1 Poly k0 = 0.0
K1 = 1.0


Test Section Probe
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Test ID 12-XXXX
SDS


Measurement Requirements List for the 12 Ft PWT


Meas
No.


Measurement ID Primary
Chan


Meas ID


Conv
Order


Conv Type Ref
Chan
Name


Conversion
Constants


Engineering
Unit Name


Comments


201 BAL1N1 2 BIPOLYBIAS
202 BAL1N2 2 BIPOLYBIAS
203 BAL1A 2 BIPOLYBIAS
204 BAL1S1 2 BIPOLYBIAS
205 BAL1S2 2 BIPOLYBIAS
206 BAL1RM 2 BIPOLYBIAS
207 BAL2N 2 BIPOLYBIAS NO SIDEFORCE
208 BAL2PM 2 BIPOLYBIAS
209 BAL2A 2 BIPOLYBIAS
210 BAL2YM 2 BIPOLYBIAS
211 BALRM 2 BIPOLYBIAS


BAL1A_MAX BAL1A 1 POLY BAL1AMAX
BAL1A_MAX BAL1A 1 POLYOFF BAL1AMAXX
BAL1A_MIN BAL1A 1 POLY BAL1AMIN


212 SG1 2 POLY
213 SG2 2 POLYOFFR SG1


214 PREFFSP2_2 1 POLY K0 = 0
k1 = 144


215 DPCALFSP2_2 1 POLY k0 = 0, k1 = 1
216 DPMONFSP2_2 1 POLY k0 = 0, k1 = 1
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Description


Meas. No All measurements must be numbered.  Start the
measurement numbers with 201, on a new page.


Measurement ID Enter the name of the required measurement.  The mean
value is assumed to be used as input to EU conversions.
Some statistical data is computed automatically for every
measurement.  These statistics include:  Mean, Min, Max,
Number of Samples and Standard Deviation.


Primary Chan Meas ID Enter the measurement ID of the channel  from which this
statistic is obtained.  In SWTS the minimum, maximum,
etc. would be Offspring data.  The name to be entered in
this column is from column two for the "parent channel".
Do not give this item a Measurement Number because it
is not a separate sensor being acquired.


Conversion Order Enter the order of the conversion to perform on the
measurement.


Conversion Type Enter the name of the conversion type to perform on the
measurement.


Reference Channel Name If the conversion type requires the use of a reference
channel value, then enter the name of the reference
channel to use.


Conversion Constants Enter the constants for the conversion to engineering
units, if known.


Engineering Unit Name Enter the desired name of the measurement after
engineering unit conversions.


Comments Optional
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Test ID
SDS


Measurement Requirements List for all Unitary Wind Tunnels


Meas
No.


Measurement ID Primary
Chan


Meas ID


Conv
Order


Conv
Type


Ref
Chan
Name


Conversion
Constants


Engineering
Unit Name


Comments


1 PT_PARO 1 Poly K0=0, K1=144 Primary Total
Pressure


2 PT_PARO_R 1 Poly K0=0, K1=144 Redundant Total
Pressure


3 PREFFSP2_1 1 Poly K0=0, K1=144 Pressure Ref  1
4 PREFFSP2_2 1 Poly K0=0, K1=144 Pressure Ref  2
5 DPCALFSP2_1 1 Poly K0=0, K1=1 Pressure Cal  1
6 DPCALFSP2_2 1 Poly K0=0, K1=1 Pressure Cal  2
7 DPMONFSP2_1 1 Poly K0=0, K1=1 Monitor Pressure
8 C1FSP2_SMSS 1 Poly K0=0, K1=1 FSP 2 C1 Control
9 C2FSP2_SMSS 1 Poly K0=0, K1=1 FSP 2 C2 Control


10 C1C2SRCEFSP2 1 Poly K0=0, K1=1 FSP 2 C1/C2
Source Pressure


11 INSTAIRFSP2 1 Poly K0=0, K1=1 FSP 2 Instr Air
12 INSTVACFSP2 1 Poly K0=0, K1=1 FSP 2 Instr Vacuum
13 HUM1_SDS1 1 Poly K0=0, K1=1 Spec Humid, Sys 1,


Chnl 1
14 HUM1_SDS2 1 Poly K0=0, K1=2488  Chnl 2
15 HUM1_SDS3 1 Poly K0=0, K1=2488 Chnl 3
16 HUM2_SDS1 1 Poly K0=0, K1=2488 Spec Humid, Sys 2,


Chnl 1
17 HUM2_SDS2 1 Poly K0=0, K1=2488 Chnl 2
18 HUM2_SDS3 1 Poly K0=0, K1=2488  Chnl 3
19 TREF 1 Poly K0=32.,


K1=1.8
RTD Reference


20 TTF1 1 Poly K0=32.,
K1=1.8


RTD/Tunnel Total
Temp 1


21 TTF2 1 Poly K0=32.,
K1=1.8


RTD/Tunnel Total
Temp 2


22 TTF3 1 Poly K0=32.,
K1=1.8


RTD/Tunnel Total
Temp 3


23 TTF4 1 Poly K0=32.,
K1=1.8


RTD/Tunnel Total
Temp 4


24 KNUCKLE 1 Polyoff K0=0, K1=1,
Offset=0


Knuckle Position


25 SLEEVE 1 Polyoff K0=0, K1=1,
Offset=0


Sleeve Position


26 STRUTZ 1 Polyoff K0=0, K1=1,
Offset=0


Strut Height


27 TOTENG 1 Poly K0=0, K1=1 Integrated Total
Power, MW-Hr


28 BUSSENG 1 Poly K0=0, K1=1 Bus Power
29
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Test ID 11-
SDS


Measurement Requirements List for the 11 Ft TWT


Meas
No.


Measurement ID Primary
Chan Meas


ID


Conv
Order


Conv
Type


Ref
Chan
Name


Conversion
Constants


Engineering Unit
Name


Comments


30 PC_PARO 1 Poly K0=0, K1=144 Primary
Chamber Pres


31 PC_PARO_R 1 Poly K0=0, K1=144 Redundant
Chamber Pres


32 PC_AUX1 1 Poly K0=0, K1=144 TWICS WDPMON
Check Press


33 DP_HI 1 Poly K0=0, K1=144 FRS (PT- PC_HI)
34 DP_HI_R 1 Poly K0=0, K1=144 Redundant FRS


(PT-PC_HI)
35 DP_LO 1 Poly K0=0, K1=144 FRS  (PT-PC_LO)
36 DP_LO_R 1 Poly K0=0, K1=144 Redundant FRS


(PT-PC_LO)
37 PT_HI 1 Poly K0=0, K1=144 FRS (PT_HI)
38 PT_HI_R 1 Poly K0=0, K1=144 Redundant


FRS (PT_HI)
39 PT_LO 1 Poly K0=0, K1=144 FRS (PT_LO)
40 PT_LO_R 1 Poly K0=0, K1=144 Redundant


FRS (PT_LO)
41 CI1801G6 1 Poly K0=0, K1=1 MACH_FCS TCS -


Corrected Mach
42 CI1801G2 1 Poly K0=0, K1=1 PT_FCS TCS -


Corrected PT
43 ZI1260 1 Poly K0=0, K1=1 DFLAP_PSN Diffuser Flaps


Position
44 ZY1100B6 1 Poly K0=0, K1=1 IGVBR_ANGLE IGV - Bottom


Resolver Value
45 ZY1100A6 1 Poly K0=0, K1=1 IGVTR_ANGLE IGV - Top


Resolver Value
46 MDM1PWR 1 Poly K0=0, K1=1 POWER_M1 Motor #1


Power,   MW
47 MDM2PWR 1 Poly K0=0, K1=1 POWER_M2 Motor #2


Power,   MW
48 MDM3PWR 1 Poly K0=0, K1=1 POWER_M3 Motor #3


Power,   MW
49 MDM4PWR 1 Poly K0=0, K1=1 POWER_M4 Motor #4


Power,   MW
50 VSDTP 1 Poly K0=0, K1=1 POWER_TMD Main Drive Total


Power
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Test ID 11-
SDS


Measurement Requirements List for the 11 Ft TWT


Meas
No.


Measurement ID Primary
Chan Meas


ID


Conv
Order


Conv
Type


Ref
Chan
Name


Conversion
Constants


Engineering Unit
Name


Comments


51 ZI1310 1 Poly K0=0, K1=1 FW_NDS_ POS FW - NDS Jack
Position


52 ZI1313 1 Poly K0=0, K1=1 FW_NMACH FW - N Wall
Mach


53 ZI1315 1 Poly K0=0, K1=1 FW_NMS_ POS FW - NMS Jack
Position


54 ZI1305 1 Poly K0=0, K1=1 FW_NUS_ POS FW - NUS Jack
Position


55 FI1399G1 1 Poly K0=0, K1=1 FW_NS_MACHSP FW - N & S
Mach Setpoint


56 PI1030A 1 Poly K0=0, K1=1 PC_FAC Precision PC-A
(PC_A_FCS)


57 PI1030B 1 Poly K0=0, K1=1 PC_FAC_R Precision PC-B
(PC_B_FCS)


58 PI1020C 1 Poly K0=0, K1=1 PT_FAC Precision PT-C
(PT_C_FCS)


59 PI1020D 1 Poly K0=0, K1=1 PT_FAC_R Precision PT-D
(PT_D_FCS)


60 VSDFB10 1 Poly K0=0, K1=1 MDS_FB MD - Main Drive
Speed Feed


Back
61 VSDMSP10 1 Poly K0=0, K1=1 MDS_SPCMD MD - Speed


Setpoint CMD
62 ZI1410 1 Poly K0=0, K1=1 FWJP_SDS FW - SDS Jack


Position
63 ZI1413 1 Poly K0=0, K1=1 FWWM_S FW - S Wall


Mach
64 ZI1415 1 Poly K0=0, K1=1 FWJP_SMS FW - SMS Jack


Position
65 ZI1405 1 Poly K0=0, K1=1 FWJP_SUS FW - SUS Jack


Position
66 MT1227 1 Poly K0=0, K1=1 MMON_FAC HMS - Specific


Humidity
67 YI1627G2 1 Poly K0=0, K1=1 STRUTZ_FCS Model Support


Centerbody
Height


68 TT1201 1 Poly K0=0, K1=1 TT1_FCS 1201 Total
Temperature
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Test ID 11-
SDS


Measurement Requirements List for the 11 Ft TWT


Meas
No.


Measurement ID Primary
Chan Meas


ID


Conv
Order


Conv
Type


Ref
Chan
Name


Conversion
Constants


Engineering Unit
Name


Comments


69 TT1202 1 Poly K0=0, K1=1 TT2_FCS 1202 Total
Temperature


70 TT1203 1 Poly K0=0, K1=1 TT3_FCS 1203 Total
Temperature


71 TT1204 1 Poly K0=0, K1=1 TT4_FCS 1204 Total
Temperature


72 TI1201G2 1 Poly K0=0, K1=1 TTAV_FCS TTF Average,
Deg F


73
74
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Test ID 97-
SDS


Measurement Requirements List for the 9x7 Ft SWT


Meas
No.


Measurement ID Primary
Chan Meas


ID


Conv
Order


Conv
Type


Ref
Chan
Name


Conversion
Constants


Engineering Unit
Name


Comments


30 PSWALL 1 Poly K0=0, K1=144 Test Section
Wall Static
Pressure


31 PSWALLR 1 Poly K0=0, K1=144 Redundant
Test Section


Wall Static
32 TSWKULITE 1 Poly K0=0, K1=144 Test Section


Kulite
33 BLOCKP1 1 Poly K0=0, K1=144 Block House


Static #1
34 BLOCKP2 1 Poly K0=0, K1=144 Block House


Static #2
35 MSET 1 Poly K0=0, K1=1 Nozzle Position
36 MSETR 1 Poly K0=0, K1=1 Redundant


Nozzle Psn
37 PI2020C 1 Poly K0=0, K1=1 PTC_FCS Precision PT-C
38 PI2020D 1 Poly K0=0, K1=1 PTD_FCS Precision PT-D
39 PI2020G5 1 Poly K0=0, K1=1 PTUNC_FCS PT UNC
40 CI2801G2 1 Poly K0=0, K1=1 PT_FCS Corrected PT
41 ZI2305A 1 Poly K0=0, K1=1 MSET Nozzle


Position
42 CI2801G1 1 Poly K0=0, K1=1 MACHU_FCS Nozzle UNC


Mach
43 PT2400 1 Poly K0=0, K1=1 BHPRESS Blockhouse


Pressure
44 CI2801G6 1 Poly K0=0, K1=1 MACHC_FCS Corrected Mach
45 CI2801G3 1 Poly K0=0, K1=1 PINFC_FCS Corrected


Static Pressure
46 CI2801G4 1 Poly K0=0, K1=1 QC_FCS  Corrected Q
47 TT2201 1 Poly K0=0, K1=1 TT1_FCS 2201 Total


Temperature
48 TT2202 1 Poly K0=0, K1=1 TT2_FCS 2202 Total


Temperature
49 TT2203 1 Poly K0=0, K1=1 TT3_FCS 2203 Total


Temperature
50 TT2204 1 Poly K0=0, K1=1 TT4_FCS 2204 Total


Temperature
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Test ID 97-
SDS


Measurement Requirements List for the 9x7 Ft SWT


Meas
No.


Measurement ID Primary
Chan Meas


ID


Conv
Order


Conv
Type


Ref
Chan
Name


Conversion
Constants


Engineering Unit
Name


Comments


51 TI2201G2 1 Poly K0=0, K1=1 TTAV_FCS TTFAVG,  °F
52 MT2227 1 Poly K0=0, K1=1 MOIST_FCS Specific


Humidity
53 YI2575G1 1 Poly K0=0, K1=1 STINGA_FCS Sting Alpha


Feedback
54 YI2575G2 1 Poly K0=0, K1=1 STINGB_FCS Sting Beta


Feedback
55 YI2684G 1 Poly K0=0, K1=1 STRUTZ_FCS Strut Psn (in.)
56 WI2611GA 1 Poly K0=0, K1=1 ALPHA_FCS Balance Alpha


Feedback
57 GAGERAW3 1 Poly K0=0, K1=1 AXIALFRC_FCS Bal Axial Force
58 ZT0007 1 Poly K0=0, K1=1 BDVALV_FCS Blowdown


Valve Psn
59 D601RPM 1 Poly K0=0, K1=1 RPM_FCS Main Drive


Feed Back
60 MDM1P10 1 Poly K0=0, K1=1 POWER_M1 Motor #1


Power,   MW
61 MDM2P10 1 Poly K0=0, K1=1 POWER_M2 Motor #2


Power,   MW
62 MDM3P10 1 Poly K0=0, K1=1 POWER_M3 Motor #3


Power,   MW
63 MDM4P10 1 Poly K0=0, K1=1 POWER_M4 Motor #4


Power,  MW
64 MDVSDDBC 1 Poly K0=0, K1=1 DYNBRK_CRNT Dynamic


Braking Current
65 MDVSDTP 1 Poly K0=0, K1=1 POWER_MDTOT Main Drive Total


Power
66 PI2001G 1 Poly K0=0, K1=1 COMPRAT Compressor


Ratio
67 PT2001 1 Poly K0=0, K1=1 COMPIN_PT Compressor


Inlet Tot Press
68 PT2002 1 Poly K0=0, K1=1 COMPOUT_PT Compressor


Outlet Total
Pressure


69 TT7573 1 Poly K0=0, K1=1 TWENA C2 North HEX
H2O Out, °F


70 TT7568 1 Poly K0=0, K1=1 TWESA C2 So. HEX
H2O Out, °F


71 TI7518 1 Poly K0=0, K1=1 TWIT Cooling Tower
B, °F


72
73
74
75
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3.0  TUNNEL C O N D I T I O N S


This section describes inputs for tunnel conditions for the 12-Foot PWT and


the Unitary.


3 .1 12 FT TUNNEL CONDITIONS DESCRIPTION


Tunnel conditions at the 12-Foot are automatically calculated in four ways


(Ref, ModRef, WICS, and ALT).  Information for calculating blockage must be


included if "ALT" was selected on the tunnel conditions form for the definition


of primary tunnel conditions or if tunnel conditions based upon "ALT" will be


used for any reason (such as coefficients).  


The user is cautioned in the choice of tunnel conditions.  The Facility Control


System (FCS) also calculates tunnel conditions so the user should be sure


both systems are performing these computations using the same method.  If


not, there will be disagreement between what the FCS sets for tunnel


conditions and what SDS will use in the computations.


The Tunnel Station of Model Reference (TUNSTA) is the station where the


tunnel conditions are to be computed.  This is typically either the tunnel


station of the balance center or the 25% mean aerodynamic chord for a


force/pressure test.  For an inlet test it would be more appropriate to select


the tunnel station of the duct inlet.


It is no longer necessary to calculate a Reynolds Number test dependently in


order to have values for both unit Reynolds Number and Reynolds Number.


SDS calculates both the unit Reynolds Number (RNU, millions per foot) and


the Reynolds Number (RN, millions) for each of the four methods in which


tunnel conditions are calculated.  The parameter REFLTH is used to


calculate RN.


In the example, neither the image plane nor the RSS are installed.  Defaults


for TTF, altitude corrections and DPREF calibration constants are to be used.


Selection of whether or not the image plane is installed determines which


DPREF calibration constants (KDPREF) or MREF calibration constants


(KMREF)  and corresponding CPx table is to be used to determine Mach
number at the model reference station, MModRef.  The values for KDPREF,
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KMREF and the CPx tables may be found in Chapter 2 of the SDS Equations


Manual.


As previously stated, tunnel conditions are automatically calculated in four


ways (Ref, ModRef, WICS, and ALT).  Selection of one of the four, or


checking TDE, as the primary dictates which results will be used in defining


Mach, Q, TR, etc. as the primary tunnel conditions to use throughout all


computations.  For example, selecting ALT means the standard SDS


variable name MACH is set to MALT, Q to QALT, etc.  These are the flow


quantities which will be used in calculating pressure-, force-, and moment-


coefficients.


Whenever the standard tunnel condition variables are used, the choice


selected represents the value substituted into the standard name.  Choice of


"REF" denotes that the primary tunnel conditions are based upon


determining Mach number from DPREF or MREF, depending upon the tunnel


configuration, at the calibration reference station; "MODREF" denotes that the


primary tunnel conditions are determined at the model reference station;


"WICS" denotes that tunnel conditions are determined from the Wall


Interference Correction System; "ALT" denotes that tunnel conditions based


upon the Classical Correction Method; and "TDE" denotes that tunnel


conditions are determined from Test Dependent Equations.  The user is


cautioned in the choice of tunnel conditions.  The Facility Control System


(FCS) also calculates tunnel conditions and the user should be sure both


systems are performing these computations using the same method.  If not,


there will be disagreement between what the FCS sets for tunnel conditions


and what SDS will use in the computations.


The FCS requires some parameters and initial conditions  be downloaded


from the SDS.  The FCS needs information about the "primary" balance-


angle combination to use to set model attitude.  The SDS locates the proper


values by specification of a Balance Angle Set (to be discussed later).
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Test ID 12-XXXX


S D S


12 Ft Tunnel Conditions Description


Image Plane Installed   Yes X   No RSS  Installed   Yes X   No


Tunnel Station of Model Reference (TUNSTA) 120.71   (ft)


Reynolds Number Reference Length (REFLTH) 0.983   (ft)


THEXA's to use for


TTF Computation


USE
DEFAULTS


If Not Using Defaults, then


Specify the Following:


Yes No KTFA1 KTFA2 KTFA3 KTFA4


X


Altitude Corrections USE
DEFAULTS


If Not Using Defaults, then  Specify the
Following:


Yes No KALT DHPT DHQRING


X


DPREF or MREF


Calibration Constants


USE
DEFAULTS


If Not Using Defaults, then  Specify the Following:


Yes No


KDPREF1 or


KMREF1


KDPREF2 or


KMREF2


KDPREF3 or


KMREF3


KDPREF4 or


KMREF4 KMREF5


X


Primary Tunnel Condition   Ref   ModRef   WICS X   ALT   TDE


Balance Angle Set Name to Send to FCS BAS1
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Description:


Image Plane Installed: Check "Yes" or "No"


Tunnel Station of Model Enter the Tunnel Station (ft) where tunnel conditions are to be
Reference (TUNSTA): computed.  Valid range of TUNSTA depends upon tunnel


configuration.
  100.36 ≤ TUNSTA ≤ 124.36 RSS Installed
  101.48 ≤ TUNSTA ≤ 128.98 RSS Out, Image Plane Out
  110.33 ≤ TUNSTA ≤ 129.33 RSS Out, Image Plane In


Reynolds Number Reference Enter the Reference Length (ft) for calculation of Reynolds
Length (REFLTH): Number (in millions).  Default = 1.0.  A value of REFLTH = 1.0


yields unit Reynolds Number in millions per foot.


THEXA's to use for TTF Enter 0 (even THEXA of a pair) or 1 (odd THEXA of a pair) for
KTFA1 through KTFA4 to specify which of the pair of the
THEXA's to use for the tunnel total temperature computation.


KTFA1 applies to THEXA1 and THEXA2        
KTFA2 applies to THEXA3 and THEXA4
KTFA3 applies to THEXA5 and THEXA6    
KTFA4 applies to THEXA7 and THEXA8


The default values are the even THEXA's, i.e.,
KTFA1 -> KTFA 4 = 0


Altitude Corrections: KALT:  The altitude correction constant for PTOT and DPRING.
Default = 3.54E-05.
DHPT:  The height of the PT paro from tunnel centerline.
Default = 20.17 ft
DHQRING:  The height of the DPQRING paro from tunnel
centerline.  Default = 20.17 ft.


DPREF or MREF Calibration The static pipe calibration constants for tunnel empty or
Constants: with image plane installed.  The default values can be found in


the SDS Equation's Manual, Chapter 2.


Primary Tunnel Condition: Check which source to use for the primary tunnel conditions.
This choice dictates which result to use when Mach, Q, TR, TF,
RHO, V, PS and RN are used in the test dependent equations,
coefficients, PSI computations and reporting.


Balance Angle Set to Send to Enter the balance angle set name where download
FCS information should be obtained for the FCS.
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3 .2 UNITARY CONDITIONS DESCRIPTION


Tunnel conditions at the Unitary require much less information than does the


12-Foot.  Calibrated Mach number is calculated from a table lookup of static-


and total-pressure corrections.  The table is a function of the chamber Mach


number and uncorrected total pressure.  The pressure corrections are added


to the uncorrected values and the Mach number at the model reference


station is determined.  The tables are defined at specified tunnel stations,


approximately 3-inches apart.  The tunnel station must be specified in order


to obtain the calibrated Mach number at the desired reference point on the


model.  If a tunnel station other than a calibration location is specified the


nearest calibration station will be selected.


It is no longer necessary to calculate Reynolds Number test dependently in


order to have values for both unit Reynolds Number and Reynolds Number.


Both the unit Reynolds Number (RNU, millions per foot) and the Reynolds


Number (RN, millions) are calculated.  The parameter REFLTH is used to


calculate RN.


Unlike the 12-Foot temperature flags denoting which of a pair to select, the


Unitary has four temperature sensors located at turning vane set number


four.  These are not paired and the temperature flag is used as an on/off


indicator for averaging the four temperatures.  The default values use all four


temperatures (PTTFi = 1, i = 1:4).


Like the 12-Foot, the Unitary FCS requires some parameters and initial


conditions  be downloaded from the SDS.  The FCS needs information


about the "primary" balance-angle combination to use to set model attitude.


The SDS locates the proper values by specification of a Balance Angle Set.
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Test ID


SDS
Unitary Tunnel Conditions Description


Tunnel Station for Mach Table   (in)


Reynolds Number Reference Length (REFLTH)   (ft)


TTFi to use for
TTF Computation:


USE
DEFAULTS


If Not Using Defaults, then
Specify the Following:


Yes No PTTF1 PTTF2 PTTF3 PTTF4


X


Balance Angle Set Name to Send to FCS


Description:


Tunnel Station for Mach Table: Enter the Tunnel Station (in) which specifies the
Mach table to be used.  If not at a calibrated location,
the nearest station which has a calibration will be
used.


Reynolds Number Reference Enter the Reference Length (ft) for calculation of
Length (REFLTH): Reynolds Number (in millions).  Default = 1.0.


REFLTH = 1.0 yields unit Reynolds Number in
millions per foot.


TTFi to use for TTF Enter 0 or 1 for the PTTFi, if other than default values
are to be used.  Default:  PTTF1 : PTTF4 = 1


0 = Do not use
1 = Use


Balance Angle Set Name Enter the balance angle set name where download
to Send to FCS information should be obtained for the FCS.
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3 .3 12 FT BLOCKAGE DESCRIPTION


This form provides the required information for calculating blockage by the


Classical Method.  It must be included if "ALT" was selected on the Tunnel


Conditions form for the definition of primary tunnel conditions or if tunnel


conditions based upon "ALT" will be used for any reason (such as


coefficients).  Values for the various parameters are as shown in the


example.  The tunnel area has not been specified so the default value,


depending upon whether the image plane is in or out, will be used.  A


second-order correction to the Classical Method has been provided to make


it parallel with the WICS method (see Chapter 2 of the SDS Equations


Manual).  In this example, the second-order correction is not desired, so the


box "0.0" has been checked.


The next five lines provide some of the necessary information to determine a


portion of the blockage factor.  The SDS standard table is being used to


obtain CDRBLKG for the bi-pod model support.  A Table LookUp Description


page is not required since this is a SDS standard table.  Balance loads are


to be used to estimate CDS.  Because balance loads are being used,


additional parameters are required.  If known, the values are entered;


otherwise enter "TBD" to indicate they will be provided at a later date or be


obtained from the test data.


There is also provision to provide CDRBLKG, CD0BLKG, etc. by using a


table lookup.  If so, then specify the table name on the line provided (and


include at least the Table LookUp Description page with the test write-up).  If


table lookup is to be used for any, or all, of the values indicated, then enter


"TLU" beside each quantity where table lookup is used.  In the example,


CD0BLKG and CL0BLKG are being obtained by table lookup.  The table


name where the values will be found has been called CDBLKGTBL.


There may be cases where it is more convenient to specify CDS by table


lookup.  The "NO" box should then be checked if balance loads are not to be


used to estimate CDSBLKG.  If so, the table name must be indicated on the


line provided (and include at least the Table LookUp Description page with


the test write-up).
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Test ID 12-XXXX
SDS


12 Ft Blockage Description


No Blockage for this test (εAlt = 0)?   Yes


Wing Solid Blockage (KBVWING) 0.00105


Body Solid Blockage (KBVBODY) 0.00137


Tunnel Area (TUNAREA, ft2)


(Default:  109.73 Image Plane Out, 97.25 Image Plane In)


Second order Mach Correction (MALTFAC) X   0.0  1.0


WAKEBLKG weighting factor  (KMASKELL)    (Default: = 1.75)


Model Support Drag Coefficient (CDRBLKG) Standard Table X  BMS  HAA


Model Support Drag Coefficient (CDRBLKG) Non-Standard


Model Support Reference Area, ft2 (SR)   (Default: = 4.0 ft2)


Minimum Drag Coefficient (CD0BLKG) TLU


Use Balance Computed Loads to estimate CDSBLKG X   Yes   No


YES


Provide the following information:


Lift Coefficient for Minimum Drag (CL0BLKG) TLU


Intercept of the linear portion of CD vs CL2  (CDIINT) TBD


Slope of the linear portion of CD vs CL2  (CDISLP) 0.109


If a Table Lookup is used to provide any or all of the CDRBLKG,
CD0BLKG, CL0BLKG, CDIINT and/or CDISLP, then provide
the Table Name:


Table Name = CDBLKGTBL


   N O   
Enter the CDSBLKG Table Name:
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Description:


No Blockage for this test (εAlt = 0)? If there is no blockage required for the test, check the yes
box.  Otherwise complete the other elements on the form.


Wing Solid Blockage Enter the wing incompressible solid blockage constant.
(KBVWING): Use TR 995, equation 8 or 9,  to compute this value.


Body Solid Blockage Enter the body incompressible solid blockage constant.
(KBVBODY): Use TR 995, equation 19 or 20,  to compute this value.


Note:   KBVBLKG = KBVWING + KBVBODY


Second Order Mach Constant to include second order Mach number correction
Correction (MALTFAC) for the Classical method  (Default = 0.0)


WAKEBLKG weighting factor Enter the value for the wake blockage weighting factor,
KMASKELL.  Use the method derived by E. C. Maskell,
RAE Report No. 3400.  Default = 1.75


Model Support Drag Coefficient The model support drag coefficient from standard facility
(CDRBLKG) Standard Table tables.  Check the appropriate box.  The standard table


names are:
Bipod: BMSCDRTBL
High Alpha: HAACDRTBL


Model Support Drag Coefficient The model support drag coefficient.  Use Horner to
(CDRBLKG) Non-Standard compute this value.


Model Support Reference The model support reference area used in determining
Area, ft2 (SR) CDRBLKG.  Default = 4.0 ft2


Minimum Drag Coefficient (CD0BLKG) The minimum drag coefficient, using a plot of CL vs CD


Use Balance Computed Loads Check yes or no.  If no, then CDSBLKG will be obtained from
to estimate CDSBLKG a table lookup based on MModRef and Body Alpha.


Lift Coefficient for Minimum The lift coefficient for CD0BLKG, using a plot of CL vs CD
Drag (CL0BLKG)


Intercept of the linear portion of The intercept of the linear portion of CD vs CL2


CD vs CL2 (CDIINT)


Slope of the linear portion of The slope of the linear portion of CD vs CL2 


CD vs CL2 (CDISLP)


Table Name for CDRBLKG, Enter the Table Name for any or all of CDRBLKG, CD0BLKG, 
CD0BLKG, CL0BLKG, CL0BLKG, CDIINT and CDISLP.
CDIINT and CDISLP


    
Table Name for CDSBLKG Enter the Table Name for CDSBLKG.
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4.0  PSI DESCRIPTION & COMPUTATIONS


PSI Description and Computations Forms are used to describe physical PSI


module/transducer connections (a.k.a. hookups), and associated


computational requirements.  There are "Yes" and "No" boxes to check for


pressure coefficients, static pressure ratios, total pressure ratios and


DPMONs.


4 .1 PSI DESCRIPTION AT THE 12-FO O T


PSI modules W1 through W4 have been reserved for the WICS.  The WICS


modules are acquired on FSP 7.  The user's modules are typically acquired


on FSP 2 and begin with the number 1.  Note that the use of "W" for the


WICS modules is for clarity in documentation.  The data system knows these


as module 1 through 4 on FSP 7.  The distinction between module one


pressures for WICS versus the user's module one, is the WICS delta-


pressure is "DWPSI" and the user's is denoted as "DPPSI".  The test


dependent equation for the WICS reference pressure, PREFWICS, has been


defined on the test dependent equations form.  The required equations to


determine PREFWICS should be submitted with the documentation.


PREFWICS has been defined such that either PREF7A or the standard PSI


system reference pressure PREFFSP7_1 may be used, depending upon the


value of PRFLAG.  A similar form of the equation may be defined for use with


the model modules; however it must be defined independent of the equation


for PREFWICS.


The equation for PREFWICS is:


PREFWICS = PRFLAG * PREF7A + ( 1.0 - PRFLAG) * PREFFSP7_1 (psf)


where


PREF7A = PTOT - DPRING - DPREF7ALTCORR (psf)


DPREF7ALTCORR = altitude corrected DPREFFSP7_1


The PSI page for WICS should always be included for tests conducted in the


12-Foot.  This is the standard configuration for the WICS modules and   
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changes are not permitted unless they have been cleared with the WICS


Development Group.


On the forms for the User Modules, specify the characteristics indicated for


each module.  In the example shown, there are six user modules, four with


±5 psid transducers and two with ±15 psid transducers.  User modules 1 and


3 have 48 transducers, module 2 has 32 transducers and the remainder


have 64 transducers.  The ±5 psid modules use PREFFSP2_1 (and by


implication DPCALFSP2_1); the ±15 psid transducers use PREFFSP2_2


and (and by implication DPCALFSP2_2).


The units requested for the absolute pressure (after addition of the reference


pressure) are psf.  The monitor pressure transducer locations are as


indicated.  EU names for the absolute pressures for user module 2 is blank,


indicating standard names are to be used.  Differential pressures from the


PSI 8400 are in psi.  The standard naming convention for the pressures, both


acquired and computed, are indicated in the table on the next page.


A column is provided to indicate the pressure type for the DPMON pressure


(the pressure type for the DPMONFSPn_m pressure).  In order to properly


calculate the delta monitor pressure correctly it must be known whether this


source is an absolute- or differential-pressure.  This defines whether or not a


reference pressure addition is required in the calculation.
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Source
Input Name From


PSI 8400 (psi)
Absolute


Pressure in
psf


WICS ports 1 thru 60 DWPSImm_p_MEAN WPS_n


Ex:
DWPSI01_3_MEAN


Ex:
WPS_3


WICS ports 61 thru 64 DWPSImm_p_MEAN WPSmm_pp


Ex:
DWPSI01_63_MEAN


Ex:
WPS01_63


Non-WICS modules DPPSImm_p_MEAN PSmm_pp


Ex:
DPPSI01_7_MEAN


Ex:
PS01_07


As an example, for user module 3, transducer 17, the mean value is denoted


as DPPSI03_17_MEAN (in psi) and the absolute pressure is PS03_17.


The SDS naming convention for various pressure values on user module m,


transducer p, are:


PRESSURE         TYPE         SDS           NAME        EXAMPLE


MEAN (in psi) DPPSImm_p_MEAN DPPSI01_7_MEAN


ABSOLUTE (in psf) PSmm_pp PS01_07


PRESSURE COEFFICIENT PSmm_ppCP PS01_07CP


TOTAL PRESSURE RATIO PSmm_ppTP PS01_07TP


STATIC PRESSURE RATIO PSmm_ppSP PS01_07SP


If more than 30 modules are required, continue on a second page and begin


numbering with module number 31.







49 October 1999


In general, DP is used to indicate a delta pressure and a P is used to indicate


an absolute pressure.  All pressures obtained from the PSI 8400 and


converted to absolute pressures are in psf.  The PSI 8400 delta pressures are


acquired and stored in psi.


• Module numbers are always double digits: 01, 02, ...09,10 ...


• User modules start with number 01


• Port numbers are single digit, where applicable, (e.g. _7) on


differentials, and double digit (e.g. _07) on absolutes


• All PSI 8400 module pressures begin with 1.


The calculated delta monitor pressure is denoted as follows:


WICS: WDPMON_n Ex:  WDPMON_3


Non-WICS: DPMON_mm Ex:  DPMON_03


The user is no longer required to supply an equation for DPMON.  The SDS


forms provide sufficient information for calculation.  The equation used


depends upon whether DPMON is desired in psi or psf.


Examples are:


psf:


WICS: WDPMON_3 = ( DPMONFSP7_1_MEAN - DWPSF03_64_MEAN ) * 144


Non WICS: DPMON_03 = ( DPMONFSP2_1_MEAN - DPPSF03_mp_MEAN ) * 144


psi:


Non WICS: DPMON_03 = DPMONFSP2_1_MEAN - DPPSI03_mp_MEAN


where mp = monitor port
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Test ID
SDS


PSI Description
for


WICS Modules (12-Foot PWT)


Module
( i )


Instr.
Range
(psid)


No. of
Xducers


Pressure
Reference


Source


Units for
Absolute
Pressure


PMON
Transducer


Number


Pressure to Use
for DPMON


Calculations


DPMON
Pressure


Type


 Diff  |  Abs


EU Names of Absolute
Pressures if Non
Standard Name


Required


W1 5 64 PREFWICS


(TDE 3)


64 DPMONFSP7_1 x TRANSDUCERS 1 - 60


WPS_1 : WPS_60


W2 5 64 PREFWICS


(TDE 3)


64 DPMONFSP7_1 x TRANSDUCERS 1 - 60


WPS_61 : WPS_120


W3 5 64 PREFWICS


(TDE 3)


64 DPMONFSP7_1 x TRANSDUCERS 1 - 60


WPS_121 : WPS_180


W4 5 64 PREFWICS


(TDE 3)


64 DPMONFSP7_1 x TRANSDUCERS 1 - 60


WPS_181 : WPS_240


SDS
PSI Computations


for
WICS Modules (12-Foot PWT)


Names of
Absolute


Pressures for
Computations.


  Compute
     CPs?


  Yes  |  No


Result to
use as


Dynamic
Pressure
for CPs


Result to use
as Static


Pressure for
CPs or Static


Pressure
Ratios


Compute
Static


Pressure
Ratios
(SP)?


 Yes  |  No


Compute
Total


Pressure
Ratios
(TP)?


 Yes  |  No


  Compute
 DPM


ONs?


 Yes   |  No


Units of
DPMON


WPS_01:60 X QREF PSREF X X X
WPS_61:120 X QREF PSREF X X X


WPS_121:180 X QREF PSREF X X X
WPS_181:240 X QREF PSREF X X X


Notes:


• This page required for tests in the 12-Foot Pressure Wind Tunnel Only.


• Changes to this page are not permitted unless cleared with the WICS Development Group
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Test ID 12-XXXX
S D S


PSI Description


User Modules


Module
( i )


Instr.
Range
(psid)


No. of
Xducers


Pressure
Reference


Source


Units for
Absolute
Pressure


PMON
Transducer


Number


Pressure to Use
for DPMON


Calculations


DPMON
Pressure


Type


 Diff  |  Abs


EU Names of Absolute
Pressures if Non
Standard Name


Required


1 5 48 PREFFSP2_1 PSF 1 DPMONFSP2_1 x IMP_01:48


2 5 32 PREFFSP2_1 PSF 16 DPMONFSP2_1 x


3 5 48 PREFFSP2_1 PSF 48 DPMONFSP2_1 x LWP_01:48


4 5 64 PREFFSP2_1 PSF 64 DPMONFSP2_1 x LWP_65:128


5 15 64 PREFFSP2_2 PSF 22 DPMONFSP2_2 x PPM_01:64


6 15 64 PREFFSP2_2 PSF 64 DPMONFSP2_2 x PPM_65:128
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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Description for User Modules:


Instrument Range Enter the psi range of the module


Number of Transducers Enter the number of transducers on the module.


Pressure Reference Source Enter the source to use for the Pressure Reference.
If a test dependent equation, specify the test
dependent equation number.  If the WICS method is
to be used for user modules, supply a test dependent
equation and use a similar specification as for the
WICS modules.


For user reference pressures, specify the name or
test dependent equation number.  The reference
pressure name should match the MRL, e.g.,
PREFFPS2_1


Units for Absolute Pressure PSI or PSF.  Default is PSF.  Conversion factors are
PSI = 1.0, PSF = 144.0


PMON Transducer Number Enter the transducer location to measure PMON or
None.


Pressure to Use for DPMON Enter the name of the delta monitor pressure source
Calculations to use in the DPMON calculations.  The delta monitor


pressure name should match the MRL, e.g.,
DPMONFSP2_1.


DPMON Pressure Type Check the appropriate box defining whether the
pressure to use for the DPMON calculation is an
absolute or a differential pressure.  See Equation
8.2.4 in the SDS Equations Manual for the DPMON
calculation,


EU Names of Absolute Pressures Enter the EU names of the absolute pressure
readings if non-standard names are required.  The
standard EU names are PSmm_tt, where mm =
module number, tt = transducer number.
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4 .2 PSI DESCRIPTION AT THE 11-FO O T


The PSI description for the 11-Foot is very much like the 12-Foot.  The main


differences are:


• The reference pressure to covert the module differential pressures to


absolute pressure is denoted as PREFMOD_i (i = WICS module number)


and is similar in form to the equation for PREFWICS.


• WICS pressures are currently acquired on FSP2 rather than FSP7.


• The EU names for the absolute pressures are PW_i rather than WPS_i.


The number of pressures (240) is the same for the 11-Foot as at the 12-


Foot.


• Although also used in the calculation of an average pressure, since these


pressures are open to the plenum, a monitor pressure transducer is now


assigned for the WICS modules.
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Test ID
SDS


PSI Description
for


WICS Modules (11-Foot TWT)


Module
( i )


Instr.
Range
(psid)


No. of
Xducers


Pressure
Reference


Source


Units for
Absolute
Pressure


PMON
Transducer


Number


Pressure to Use
for DPMON


Calculations


DPMON
Pressure


Type


 Diff  |  Abs


EU Names of Absolute
Pressures if Non
Standard Name


Required


W1 15 64 PREF_WALL01


(TDE 14)


64 PC_AUX1 x TRANSDUCERS 1 - 60


PW_31 : PW_90


W2 15 64 PREF_WALL02


(TDE 14)


64 PC_AUX1 x TRANSDUCERS 1 - 60


PW_91 : PW_150


W3 15 64 PREF_WALL03


(TDE 14)


64 PC_AUX1 x TRANSDUCERS 1 - 60


PW_151 : PW_210


W4 15 64 PREF_WALL04


(TDE 14)


64 PC_AUX1


x


TRANSDUCERS 1 - 30
PW_211 : PW_240


TRANSDUCERS 31 - 60
PW_1 : PW_30


SDS
PSI Computations


for
WICS Modules (11-Foot TWT)


Names of Absolute
Pressures for
Computations.


  Compute
     CPs?


  Yes  |  No


Result to
use as


Dynamic
Pressure
for CPs


Result to use
as Static


Pressure for
CPs or Static


Pressure
Ratios


Compute
Static


Pressure
Ratios
(SP)?


  Yes  |  No


Compute
Total


Pressure
Ratios
(TP)?


 Yes   |   No


    Compute
    DPMONs?


   Yes   |    No


Units of
DPMON


PW_1:PW_60 X QC PC X X X
PW_61:PW_120 X QC PC X X X
PW_121:PW_180 X QC PC X X X
PW_181:PW_240 X QC PC X X X


Notes:


• This page required for tests in the11-Foot Transonic Wind Tunnel Only


• Changes to this page are not permitted unless cleared with the WICS Development Group
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4 .3 PSI COMPUTATION REQUIREMENTS


Enter the tunnel condition dynamic pressure and static pressure to use in the


computations, if it differs from the choice selected on the 12 Ft Tunnel


Conditions page.  The example specified on the 12 Ft Tunnel Conditions


page was "ALT".  That means the primary tunnel conditions are to be


determined from the Classical Correction Method (MALT, QALT, PSALT,


etc.).  Further, this implies that whenever tunnel conditions are required for


computations but not specified (i.e., "Standard"), the values will be based


upon the "ALT" method.  At Unitary the columns for stating the dynamic and


static pressures should be left blank because the free-stream condition is the


only choice available (other than test dependent).


In the discussion of the example shown, all transducers are identified by


Module Number as well as User Defined Name for instruction purposes only.


The user is urged to let SDS "worry" about hardware mapping and to think of


pressures as "named items" rather than module/transducer pairs.  


In this example, User Defined Pressures IMP_01:48 (user module 1), user


module 2, LWP_33:48 and LWP_65:128 (user modules 3 and 4) require


CPs and DPMONs.  The dynamic and static pressure boxes are blank which


means QALT and PSALT will be used to determine the CPs and PSALT will


be used to determine the static pressure ratios.  Transducers identified as


User Defined Pressures PPM_01:48 and PPM_65:128 (user modules 5 and


6) require all pressure computations, as well as DPMON.  It also specifies


that the reference conditions are "REF" rather than "ALT".  In this case QREF


and PSREF are used in place of QALT and PSALT.


At the 12-Foot the user must be aware that selection of reference conditions


which differ from the primary tunnel conditions may not be known to others


using the results.  It is up to the user to keep others aware there are


computations using different reference conditions.  Leaving the reference


conditions blank means that if a different method is selected to be the


primary tunnel conditions, these values will be computed correctly.


Otherwise, there is the potential to have pressure coefficients and ratios


computed using tunnel conditions which have not been selected as the


primary.
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The user must also be aware that requesting absolute pressures in psi and


leaving a blank for Q and/or PS or specifying QALT, PSALT, for example, will


result in pressure coefficients and ratios in mixed units.  The unknown


pressures will be in psi, the normalizing pressures in psf.  It is up to the user


to maintain a consistent set of units.
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Test ID 12-XXXX
SDS


PSI Computations


User Modules


Names of
Absolute


Pressures for
Computations


  Compute
     CPs?


 Yes  |  No


Result to
use as


Dynamic
Pressure
for CPs


Result to use
as Static


Pressure for
CPs or Static


Pressure
Ratios


Compute
Static


Pressure
Ratios
(SP)?


  Yes  |   No


Compute]
Total


Pressure
Ratios
(TP)?


  Yes  |   No


Compute
 DPMONs?


   Yes   |   No


Units of
DPMON


WPS_01:240 X QREF PSREF X X X
IMP_01:48 X X X X


PS06_01:32 X X X X
LWP_33:48 X X X X


LWP_65:128 X X X X
PPM_01:48 X QREF PSREF X X X


PPM_65:128 X QREF PSREF X X X


Description:


Names of Absolute Pressures Enter the names of the absolute pressure readings to
for Computations: be used as inputs to computations of the requested


result.  For Standard Names the computed values will
be PSmm_ttCP, PSmm_ttSP, PSmm_ttTP.  For User
Defined names the computed values will XXX_nnCP,
XXX_nnSP, XXX_nnTP.


Compute CPs? Check yes or no to compute pressure coefficients.


Dynamic Pressure for CPs: Choose from QRef, QModRef, QWICS, QAlt, or Test
Dependent Equation.  If none specified, the default
dynamic pressure will be the declared Q for the test
(See 12 Ft Tunnel Conditions page).


Static Pressure to Use for CPs or Choose from PSRef, PSModRef, PS, or Test
for Static Pressure Ratio: Dependent Equation.  If none specified, the default


static pressure will be the declared PS for the test
(See 12 Ft Tunnel Conditions page).


Compute Static Pressure Ratios (SP)? Check yes or no to compute static pressure ratios.


Compute Total Pressure Ratios (TP)? Check yes or no to compute total pressure ratios.


Compute DPMONs? Check  yes or no to compute DPMONs.


Units of DPMON: Enter the units for DPMON.  Default psf.   
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5.0  BALANCE AND ANGLE INFORMATION


5 .1 BALANCE DESCRIPTION


The balances to be used are specified one to a page.  The serial number


and other identifying characteristics to provide a unique balance calibration


file must be specified.  Flow through balance computations or other test


dependent corrections should be indicated.


In the example, the first balance is a six-component force balance.  The


balance name used for identification is BAL1.  The "Use Default" boxes have


been checked to specify the default combination of balance name and


standard gauge names are to be combined and used as inputs to


interactions and cross-products.  The result yields BAL1N1, BAL1N2, etc.


The balance type is "F" for force.  Defaults for the next three parameters have


been selected.  Second order interactions and cross product corrections are


required.


The second balance is a five-component force-moment balance.  The


balance name selected is BAL2.  Default names are selected for the first two


and last two gauges.  The third gauge uses BAL2AXTC, which must be


defined in a test dependent equation, as input to the balance interactions.


The fourth gauge has been left blank and the word "NONE" filled in to


indicate no gauge is present.  This will yield BAL2NF, BAL2PM, BAL2A,


BAL2SF, BAL2YM and BAL2RM as the gauge names.  Even though there is


no side force gauge, the system includes this gauge with the value for SF


always being zero.  A note has been added to alert the programmers that the


balance behaves as a standard 6 component balance with no side force


gauge.  The box labeled "FM" for force-moment has been selected.  The


number of gauges has been listed as "5".


Note that there is no requirement that gauge names correspond with the EU


name specified on the MRL.  The name selected must, however, have been


previously defined and exist in the data base.  This is the value that will be


used in balance interactions.  An example of when a name other than the


default would be used is when a thermal correction has been applied, such


as gauge 3 of balance 2 in the example.
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Test ID 12-XXXX
SDS


Balance Description


Use one sheet for each balance.
Balance Name BAL1


Complete the following information for the balance.


Inventory Number 12345
Use


Default
Calibration Date X/Y/ZZ Name G1 X
Computation Date Y/Y/ZZ Name G2 X
Pin Location Number(s) 2 Name G3 X


Name G4 X
Name G5 X
Name G6 X


Balance type (TYPE) X F FM M


Number of gauges (NUMBERGAUGES) X Default


Convergence criteria (CVGTOL) X Default


Maximum interaction iterations (ITMAX) X Default


Degree of interaction corrections (INTDEG) 0 1 X 2


Perform cross product corrections (ICROSP) X Yes No


Flow-Through balance computations required Yes X No


Test dependent corrections to gauge(s) Yes X No
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Test ID 12-XXXX
SDS


Balance Description


Use one sheet for each balance.
Balance Name BAL2


Complete the following information for the balance.


Inventory Number 010203
Use


Default
Calibration Date Y/Y/ZZ Name G1 X
Computation Date Z/Y/ZZ Name G2 X
Pin Location Number(s) 1 Name G3 BAL2AXTC


Name G4 NONE
Name G5 X
Name G6 X


This balance behaves as a standard 6
component balance with no side force


Balance type (TYPE) F X FM M


Number of gauges (NUMBERGAUGES) Default 5


Convergence criteria (CVGTOL) X Default


Maximum interaction iterations (ITMAX) X Default


Degree of interaction corrections (INTDEG) 0 X 1 2


Perform cross product corrections (ICROSP) X Yes No


Flow-Through balance computations required Yes X No


Test dependent corrections to gauge(s) X Yes No
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Description:


Balance Name User defined, example:  BAL1


Inventory Number Obtain from Bal Cal Lab, example:  27890


Calibration Date Obtain from Bal Cal Lab, example:  011296


Computation Date Obtain from Bal Cal Lab, example:  012496


Pin Location Number(s) Enter the pin number(s) for the calibration
Example:  1   1&3 (or 13)


Balance Type Check: Force (F), Force/Moment (FM), Moment (M)


Number of gauges Enter the number of gauges (Default = 6)
Example:  4


Convergence criteria Enter the convergence tolerance (Default = 0.0005)
Example:  0.0008


Maximum interaction Maximum number of Iterations to perform on the
iterations (ITMAX) balance (Default = 15) interaction and cross product


computation. There is no limit.  Example:  32


Degree of interaction 0 = None, 1 = First Order, 2 = Second-Order
corrections (INTDEG) (Default = 1)


Perform cross product Check yes or no
corrections (ICROSP)


Flow-Through Balance Check yes or no if flow-through balance computations are
required.


Test dependent corrections Check yes or no if test dependent corrections to any or all
to gauges gauges are required.  These boxes may be ignored if


standard flow-through balance computations are done.


Names G1 - G6 Specify the engineering unit result names to use for the six
balance gauges to be used for interactions and cross-
products.  The names must match results in the test data
base.  If a gauge is not used, enter "Not Used".


The name entered in this field is the engineering unit result
which will be used as input to interactions and cross-
products.  For example, if a test dependent equation
defines a correction to gauge G1 as G1TC and this is to be
used in the interaction equation, then G1TC should be
entered on the line following "Name G1".


If no names are specified, the default will be the
combination of Balance Name and N1, N2, A, S1, S2 and
RM (Force Balance and Moment Balance), or the
combination of Balance Name and NF, PM, AX, SF, YM and
RM (Force/ Moment Balance) i.e., BAL1NF, BAL1PM,
BAL1AX, BAL1SF, BAL1YM and BAL1RM.
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5 .2 ANGLE DESCRIPTION


The input to describe the angles consists of two forms; an Angle Description


form and an Angle Parameters form.  At the 12-Foot the Angle Parameters


form is required only if the computation type is Bipod Model Support.  At the


Unitary the Angle Parameters form is required if the computation type is


knuckle-sleeve or a QA-2000 angle sensor is used.


The test may use a Sunstrand Accelerometer, denoted as QA-2000, in the


model or on a sting for determining sting angle.  These devices have 14


calibration coefficients, unique to each sensor, a specific computational


algorithm and an offset angle to determine the final sting angle.  This


computational algorithm is a standard SDS computation and need not be


included in the test dependent equation section.  The QA-2000 Angle


Parameter page should be provided when the QA-2000 sensor is used.


The Angle Description form specifies the source name, axis system and


computation type for calculating angles.  SDS has no restriction on the


number of angle sources per balance.  Each unique combination of alpha,


beta and phi is defined by an angle source set name.  The angle sets are


later combined into balance angle sets.  The user has the option to have one


balance with 5 angle sets, 5 balances with one angle set, 5 balances with 5


angle sets per balance, etc.  The more selected, the more information that


must be supplied.


The example shows two angle sets.  Whether these apply to one of the


balances, both balances, or one to each of the two balances will be defined


on the balance angle set forms.


The first angle set is based upon the bipod model support (BMS) for alpha,


the turn-table for beta and sting phi for roll.  The axis systems are base and


the computation type for alpha is BMS.  The angle source specified for alpha


is BMSANGLE.  This is a standard computational result, using BMSPITCH as


input and performing additional computations (like knuckle-sleeve


computations at Unitary).  Because the computation type is BMS, the Angle


Parameters form is required to provide the values necessary to compute
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BMSANGLE.  Any parameters listed on the form which do not have a default


value listed must be supplied.  If not, the result for BMSANGLE will be NaN.


The second angle set uses balance angle set one (set name BAS1) as the


source for alpha and beta and the computation type is "previously


computed".  Note that the notation to specify angles are determined from


previously computed (balance and angle source) angles differs from the


former SWTS convention.  With SWTS, "previously computed" was denoted


in a form such as "AN11" to indicate angle source 1 of balance 1 as the


reference angle.  For SDS, the source specified is the balance angle set


from which the reference conditions are to be obtained.
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Description:


Angle Source Set Name Enter the angle source set name, user defined.
Example:  ANGSET1


Source Name: Enter the name of the alpha, beta and phi source or "None".
The  alpha, beta and phi source names should match existing
results.  Example:  BMSANGLE, TRNYAW, STINGPHI for the alpha,
beta and phi source, respectively.


Axis system: Check the axis system which corresponds to the location of the
source.


Computation Type: Check the computation type to perform.
Norm = Normal.  Perform the matrix rotations using the


source values.
K/S = Knuckle-Sleeve.  Add knuckle-sleeve corrections


prior to performing the matrix rotations.
Bipod = Bipod Model Support.  Add bipod support


corrections prior to performing the matrix rotations.
QA 2000 = Sunstrand Accelerometer.  Perform QA-2000


angle computations prior to matrix rotations.
Prev Comp = Previously Computed.  Use previously computed


angles as the reference origin.
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Test ID 12-XXXX
SDS


Angle Parameters


 12-Foot, BiPod Model Support (BMS)


PARAMETER VALUE


BMSREFL 103.2


BMSPDH 0.0


BMSPDX 12.0


BMSS1 (Default = 1)


BMSD1  101.0


BMSD2 (Default = 15.5 inches)


BMSR 11.5


BMSS2 (Default = 1)


BMSS3 (Default = -1)


BMSK0 0.02


Description:


BMSREFL Bipod rear post height at resolver zero


BMSPDH Pitch block pivots - differential height


BMSPDX Pitch block pivots - differential width


BMSS1 Sign change constant for BMSTHETA


BMSD1 Bipod front post height


BMSD2 Bipod post center distance at base


BMSR Bipod top pivot center distance resultant


BMSS2 Sign change constant for ATERM1


BMSS3 Sign change constant for ATERM2


BMSK0 BMSANGLE offset
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Test ID 11-YYYY


SDS
Angle Parameters


 Unitary Knuckle-Sleeve


        Units    


AREF TBD degrees


BREF TBD degrees


XLENGTH 68.8 inches


YLENGTH 0.0 inches


ZLENGTH -7.4 inches


MA0 TBD inch-pounds


MB0 0.0 inch-pounds


Description:


AREF Measured primary balance alpha (if ∆φ = 0°) at the time of a knuckle-
sleeve reference zero.  Note:  AREF is used to compute BENDA and is
used only at the time of the knuckle-sleeve reference zero.


BREF Measured primary balance beta (if ∆φ = 0°) at the time of a knuckle-
sleeve reference zero.  Note:  BREF is used to compute BENDB and is
used only at the time of the knuckle-sleeve reference zero.


XLENGTH Longitudinal distance from the primary balance center to model support
center of rotation when the balance is parallel to the tunnel center line
(positive downstream from the balance).


YLENGTH Lateral distance from the primary balance center to model support center-
body when the balance is parallel to the tunnel center line (positive south
from the balance in the 11x11- and 8x7-Foot; positive up from the
balance in the 9x7-Foot).


ZLENGTH Vertical distance from the primary balance center to model support center-
body when the balance is parallel to the tunnel center line (positive up
from the balance in the 11x11- and 8x7-Foot; positive south from the
balance in the 9x7-Foot).


MA0 Initial moment  on the model support due to the weight of the sting and
model in the A-plane (for 11x11- and 8x7-Foot).  Note:  MA0 is always
negative.


MB0 Initial moment  on the model support due to the weight of the sting and
model in the B-plane (for 9x7-Foot).  Note:  This is a yawing moment,
therefore MB0 is always negative.
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Test ID


SDS
QA-2000 Angle Parameters


PARAMETER VALUE


KT1 1000


K1 1.0 (Always)


K2 500


K3 293


K4 1.382278


K5 1.4752E-04


K6 5.62E-07


K7 -8.75E-10


K8 -3.8E-13


K9 -1.872E-03


K10 3.32E-06


K11 4.3E-09


K12 8.3E-11


K13 -8.1E-13


K14 180


K15 TBD


Description:


K1 -> K14 QA-2000 calibration constants


K15 Offset used in calculation of QA_Angle
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5 .3 BEND ANGLE DESCRIPTION


This form is to used to define the bend angles whether they are defined by


parameter input or calculated using the knuckle-sleeve equations.  Note


there is no longer the restriction that bend angle be a function of the balance.


Depending upon how the balance angle sets are defined, it is possible to


have the bend angle a function of both balance and angle source.  In the


example, the first bend angle set has defined the bend angles to be 0.  The


second set indicates the bend angles will be determined at a later time, i.e.,


measured once the model has been assembled.


If the bend angle is calculated from the knuckle-sleeve, at a knuckle-sleeve


reference zero, specify “K-S” for BENDA and/or BENDB.  BENDSET3


provides an example when both bend angles are determined from the


knuckle-sleeve; BENDSET4 is an example where only the bend in the B-


plane is determined from the knuckle-sleeve.
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Test ID 12-XXXX
SDS


Bend Angle Description


Fill out the necessary number of bend angle sets.  Enter TBD if values will be
determined at a later date.


Bend Angle Set Name BENDSET1


BENDA 0.0
BENDB 0.0
TWIST 0.0


Bend Angle Set Name BENDSET2


BENDA TBD
BENDB TBD
TWIST 0.0


Bend Angle Set Name


BENDA
BENDB
TWIST


Description:


Bend Angle Set Name Enter the bend angle set name, user defined.
Example: BENDSET5


BENDA Sting bend angle measured in the A-Plane (degrees)


BENDB Sting bend angle measured in the B-Plane (degrees)


TWIST Roll angle between primary balance and sting or between
secondary and reference balance (degrees), i.e. roll the
balance and model on sting
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Test ID 11-YYYY
SDS


Bend Angle Description


Fill out the necessary number of bend angle sets.  Enter TBD if values will be
determined at a later date.


Bend Angle Set Name BENDSET3


BENDA K-S
BENDB K-S
TWIST 0.0


Bend Angle Set Name BENDSET4


BENDA TBD
BENDB K-S
TWIST 0.0


Bend Angle Set Name


BENDA
BENDB
TWIST


Description:


Bend Angle Set Name Enter the bend angle set name, user defined.
Example: BENDSET5


BENDA Sting bend angle measured in the A-Plane (degrees)


BENDB Sting bend angle measured in the B-Plane (degrees)


TWIST Roll angle between primary balance and sting or between
secondary and reference balance (degrees), i.e. roll the
balance and model on sting
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5 .4 DEFLECTION DESCRIPTION


The balance gauge deflections as a function of model load are specified for


all deflection sets desired.  As many deflection sets as necessary are defined


and will later be combined in defining the balance angle sets.  There may be


one (or more) deflection set for each balance and angle source.  For


example, there may be three angle sources for a given balance but only two


deflection sets.  When the three balance angle sets are defined, the same


deflection set will be used for two of the (different) balance angle sets.


Note there has been a change in the names for the deflections from the


former SWTS.  The SWTS DEFKN3 has been renamed DEFKNA; DEFKS3,


DEFKS4 and DEFKS5 have been renamed DEFKSA, DEFKS1 and


DEFKS2, respectively; and DEFKR6 has been renamed DEFKRM.  This


creates a parallel structure between gauge name and deflection name rather


than between gauge number and deflection name.







75 October 1999


Test ID 12-XXXX
SDS


Deflection Description


Fill out the necessary number of deflection sets.  Enter TBD  if values will be determined at a
later date.


Deflection Constant Set Name DEFKSET1


DEFKN1 (SDS DEFKN1) 0.0
Angular Deflection per Unit Load in the A-Plane Due to
Load on the Forward Normal Force Gauge


DEFKN2 (SDS DEFKN2) 0.0
Angular Deflection per Unit Load in the A-Plane Due to
Load on the Aft Normal Force Gauge


DEFKNA (SDS DEFKN3) 0.0
Angular Deflection per Unit Load in the A-Plane Due to
Load on the Axial Force Gauge


DEFKS1 (SDS DEFKS4) 0.0
Angular Deflection per Unit Load in the B-Plane Due to
Load on the Forward Side Force Gauge


DEFKS2 (SDS DEFKS5) 0.0
Angular Deflection per Unit Load in the B-Plane Due to
Load on the Aft Side Force Gauge


DEFKSA (SDS DEFKS3) 0.0
Angular Deflection per Unit Load in the B-Plane Due to
Load on the Axial Force Gauge


DEFKRM (SDS DEFKR6) 0.0
Torsional Deflection per Unit Load Due to Load on the
Rolling Moment Gauge


Deflection Constant Set Name DEFKSET2


DEFKN1 (SDS DEFKN1) TBD
Angular Deflection per Unit Load in the A-Plane Due to
Load on the Forward Normal Force Gauge


DEFKN2 (SDS DEFKN2) TBD
Angular Deflection per Unit Load in the A-Plane Due to
Load on the Aft Normal Force Gauge


DEFKNA (SDS DEFKN3) 0.0
Angular Deflection per Unit Load in the A-Plane Due to
Load on the Axial Force Gauge


DEFKS1 (SDS DEFKS4) TBD
Angular Deflection per Unit Load in the B-Plane Due to
Load on the Forward Side Force Gauge


DEFKS2 (SDS DEFKS5) TBD
Angular Deflection per Unit Load in the B-Plane Due to
Load on the Aft Side Force Gauge


DEFKSA (SDS DEFKS3) 0.0
Angular Deflection per Unit Load in the B-Plane Due to
Load on the Axial Force Gauge


DEFKRM (SDS DEFKR6) 0.0
Torsional Deflection per Unit Load Due to Load on the
Rolling Moment Gauge


Note: SDS allows for deflections in all planes due to a loading on any gauge.


Description:


Deflection constant set name Enter the deflection constant set name, user defined.
Example:  DEFKSET1


DEFKxx See Above Descriptions.







October 1999 76


5 .5 BALANCE-TO-BODY ANGLE DESCRIPTION


The rotation angles from balance-to-body coordinates are defined here.  The


number of balance-to-body angle sets is not limited.  There may be more


than one balance-to-body angle rotation for the same balance and angle


source combination.  Although not a realistic scenario, it provides flexibility


where the rotations may be different because the researcher may desire the


results in a body coordinate system different from the test engineer.  In the


example shown, for AIRSET1 the balance x-axis is 0.67° below the body x-


axis in the body x-z (pitch) plane.
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Test ID 12-0001
SDS


Balance-to-Body Angle Description


Fill out the necessary number of balance-to-body angle sets.  Enter TBD if values
will be determined at a later date.


Balance-to-Body Angle Set Name AIRSET1


IRA 0.67
IRB 0.0
IRPHI 0.0
ALFREF 0.0


Balance-to-Body Angle Set Name AIRSET2


IRA 0.0
IRB 0.0
IRPHI 0.0
ALFREF 0.0


Balance-to-Body Angle Set Name


IRA
IRB
IRPHI
ALFREF


Description:


Balance-to-Body Enter the balance-to-body angle set name, user defined.
Angle Set Name Example:  AIRSET3


IRA Angle between balance x-axis and body x-axis measured in the body x-z
plane (degrees).


IRB Angle between balance x-axis and the body x-axis measured in the body
x-y plane (degrees).


IRPHI Roll angle between balance y-axis and body y-axis measured in the
balance y-z plane (degrees), i.e. roll model on balance.


ALFREF Angle between body x-axis and the angle of attack of the reference line
measured in the body x-z plane (degrees).
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5 .6 BALANCE ANGLE SET DESCRIPTION


This form is where the previously defined sets are combined to define the


unique combination necessary to calculate the balance and body angles.  In


some cases it may be easier to fill out this form before defining the other


input sets.  Once the number of balances, angle sources, etc. have been


determined, the required combinations necessary to compute loads and


coefficients (coefficient sets) may be determined.  The number of unique


balance angle combinations required then becomes known and this defines


the minimum number of balance angle sets required.  Filling out this form


before the other forms, i.e., providing names for each input set to the required


number of balance angle sets will determine the number of bend angle sets,


deflection sets, etc. that must be defined.


To make the definition complete it is necessary to know how model weight


and center of gravity (tares) are to be determined.  A box is provided to select


the choice.  Direct tares require the user to provide values for model weight


and the three coordinates for the center of gravity.  If the choice for tare


computations is other than direct, these lines should remain blank.


As a simple example, consider the case of one balance, three angle sources


and deciding that all sources will use the same deflection set and bend


angle set.  It is desired to calculate coefficients using a different angle source


for each coefficient set.  This requires three balance angle sets.  Each angle


source set will be different, so three angle source sets must be defined.


However, using the same deflection, bend angle and balance-to-body


angles requires defining only one set for each of these.


Many angle source, bend angle, deflection and balance-to-body sets may be


defined.  There is a restriction that the set must appear in a balance angle set


because of the manner in which SDS handles extensions.  That is,


DEFKSET6 may not be requested unless it appears in some balance angle


set.
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The SDS restriction on sets means there is a requirement that every Angle


Source Set, Bend Angle Set, Deflection Set and Balance-to-Body Angle Set


defined must be a member of a Balance Angle Set.  Because of this


restriction it is not possible to define any of the member sets of a Balance


Angle Set to stand alone for future use.  Either additional Balance Angle


Sets must be defined or an update made should the need arise.


There are "Yes/No" boxes provided to define if this Balance Angle Set is


defined to be the customer primary.  The customer primary set may differ


from that defined for the FCS.  There may only be one box checked "Yes" for


cases where more than one Balance Angle Set is requested.  The customer


primary Balance Angle Set will have the prefix "BASP".  In the example


shown, BAS1 is defined to be the customer primary Balance Angle Set.  At


the beginning of the test, BAS1 and BASP will be identical.  The


programmers will automatically generate the BASP set.  Thereafter, updating


the contents of BASP because the customer desires a different BASn to be


primary will not require any additional changes, provided angles used in test


dependent computations are specified using BASP.  The Balance Angle Set


defined to be BASP is required for the DARWIN coefficient set (DACS) and


therefore changes to BASP will leave the download to DARWIN unaffected.
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Test ID 12-XXXX
SDS


Balance Angle Set Description


Balance/Angle Set Name BAS1


Complete the following information for the balance/angle set


Balance Name BAL2
Angle Source Set  Name ANGSET1
Bend Angle Set  Name BENDSET1
Deflections Set  Name DEFKSET1
Balance-to-Body Angle Set  Name AIRSET1


Weight and Center of Gravity source (ITARE) X Computed Direct None


If tares are DIRECT, then supply the following:


Weight
Xcg
Ycg
Zcg


Is this the customer primary balance/angle set (also for DACS coefficient set)? X Yes No


Balance/Angle Set Name BAS2


Complete the following information for the balance/angle set


Balance Name BAL1
Angle Source Set  Name ANGSET2
Bend Angle Set  Name BENDSET2
Deflections Set  Name DEFKSET2
Balance-to-Body Angle Set  Name AIRSET2


Weight and Center of Gravity source (ITARE) X Computed Direct None


If tares are DIRECT, then supply the following:


Weight
Xcg
Ycg
Zcg


Is this the customer primary balance/angle set (also for DACS coefficient set)? Yes X No
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Description:


Balance/Angle Set Name Enter the Balance/Angle Set Name, user defined.
Example:  BAS1


Balance Name Enter the Balance Name (from a Balance Description Page).


Angle source Set Name Enter the Angle Source Set Name (from an Angle Description Page).


Bend Angle Set Name Enter the Bend Angle Set Name (from a Bend Angle Description Page).


Deflections Set Name Enter the Deflection Set Name (from a Deflection Description Page).


Balance-to-Body Angle Enter the Balance-to-Body Angle Set Name (from a Balance-to-
Set Name Body Description Page).


Weight and Center of Check appropriate source for tares and center of gravity.
Gravity source (ITARE)


If tares are DIRECT:


Weight Enter the model weight plus gravimetric parts of balance.


Xcg Enter the x center of gravity coordinate
(Measured in the balance axis system, from balance center).


YcgEnter the y center of gravity coordinate
(Measured in the balance axis system, from balance center).


ZcgEnter the z center of gravity coordinate
(Measured in the balance axis system, from balance center).


Is this the customer primary Check the appropriate box if this is the primary balance
balance/angle set? angle set desired by the customer.  This is also the


balance angle set required for the DACS coefficient set.
Downloads to the customer via DARWIN are based upon
the primary balance/angle set.  Note there may only be
one "Yes" box checked if more than one BASn is required.
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6.0  TUNNEL D EPENDENT PA R A M E T E R S


At the 12-Foot a Wall Correction Description must be provided if wall


corrections are requested by either the Classical or WICS method.  WICS
wall corrections, other than the ∆α correction, have not been implemented.


Wall corrections using the WICS method still requires that KALF2_i and


KPM_i be specified.


6 .1 W ALL CORRECTIONS DESCRIPTION


If the constants defining the wall corrections are not expected to change


frequently during the course of the test, then the values for the first


configuration tested should be entered in the boxes provided.  If the


correction constants will change frequently during the course of the test, it


may be advantageous to define the corrections by use of a table.  If a table


method is selected, the table lookup name is entered on the line provided


and the table lookup form must be included with the test write-up.  Note:  it is


not the number of different values for the correction constants that


determines frequency.  Obviously if there are many, a table lookup would be


the desired approach.  Even with two different values, a table approach


might be advantageous.  This would occur when the test matrix requires the


values to swap back and forth many times.


Note that the parameter OffOnRatio is not mentioned by Sivells and Salmi in


NACA TN 2454 and has been deleted in the SDS standard equations


beginning with version 2.0.  When using the method of TN 2454 with tail on,


include the tail lift in wing lift when performing the computations (with proper


scaling to insure the combined lift is based on wing geometry).  These


calculations may be made using the Macintosh program WALL12, found on


the N227 Server in the SDS Folder.
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Test ID 12-XXXX
SDS


Wall Correction Description


If the wall correction constants will not change frequently during a test, then
provide the following information for the initial configuration.


Alpha Correction Constants KALPHA_0 KALPHA_1 KALPHA_2 KALPHA_3 KALHPH_4


(ALFFACTOR) TBD TBD TBD TBD TBD


Force Vector Rotation Angle
Constants


KALF2_0 KALF2_1 KALF2_2 KALF2_3 KALF2_4


(ALFFACTOR2) TBD TBD TBD TBD TBD


Pitching Moment Correction KPM_0 KPM_1 KPM_2 KPM_3 KPM_4


Constants
(PMFACTOR) 0.015 -0.0005 0.004 -.006 .006


If the wall correction constants will be changed frequently during the test, you may
choose to use a table lookup instead of parameter changes.  If so, provide the Table
LookUp Name below.  The corresponding Table LookUp form must be included with the
Test Write Up


Table LookUp Name


Description:


Alpha Correction Constants Enter the values of KALPHA_0 through KALPHA_4.
These values can be obtained from Sivells and Salmi, a
Macintosh Program. (Note that SDS is not constrained
to a fourth-order fit.)


Force Vector Rotation Angle Enter the values of KALF_0 through KALF_4.  These  
Constants values can be obtained from Sivells and Salmi, a


Macintosh Program.


Pitching Moment Correction Enter the values of KPM_0 through KPM_4 for the case
Constants, Tail On when these values will not be changed for the test.


These values can be obtained from Sivells and Salmi, a
Macintosh Program.  If KPM will change during the test,
the Table Lookup method must be used.


Table LookUp Name Enter a table lookup name to refer to for wall correction
constants.
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7.0  CO E F F I C I E N T S


The following forms are used to define the coefficient sets and corrections to


be applied to each of the requested coefficient sets.  Parameters included in


these definitions are Moment Transfer Distance Set(s), the geometry used


for normalization to coefficient form, the axis such as Body, Stability, or Wind


through which coefficients are desired, and so forth.


7 .1 MOMENT TRANSFER DISTANCE DESCRIPTION


The transfer distances required to calculate the moments in the body axis


system are defined on this form.  One moment transfer distance set is


required for each unique set of transfer distances.  If all coefficient sets use


the same transfer distances, only one set need be defined.  If the distances


are not known, enter "TBD".
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Test ID 12-XXXX
SDS


Moment Transfer Distance Description


Fill out the necessary number of moment transfer distance sets.


Balance-to-Body Distances Set Name MOMSET1


XREF 1.2
YREF 0.04
ZREF -0.3


-


Balance-to-Body Distances Set Name MOMSET2


XREF 0.7
YREF 0.6
ZREF -0.4


Balance-to-Body Distances Set Name


XREF
YREF
ZREF


Description:


Balance-to-Body Enter the Balance-to-Body Distances Set Name,
Distances Set Name user defined.  Example:  MOMSET5


XREF Measured in the body axis x-direction from balance center to body
axis moment reference center (feet).


YREF Measured in the body axis y-direction from balance center to body
axis moment reference center (feet).


ZREF Measured in the body axis z-direction from balance center to body
axis moment reference center (feet).
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7 .2 REFERENCE AREA, CHORD AND SPAN DESCRIPTION


The geometry used for normalization to coefficient form is defined on this


form.  One set is required for each unique set of normalization geometry.  If


all coefficient sets use the same geometry, only one set need be defined.  If


the geometry is not known, enter "TBD".


Aspect ratio is used in determining the one-hundred percent suction parasite


drag coefficient.  Aspect ratio is now a parameter and is no longer calculated


by SDS.  If aspect ratio is not specified a default value of 1.0 will be used.


There is a unique aspect ratio  for each Reference Area, Chord and Span set


specified.
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Test ID


SDS
Reference Area, Chord and Span Description


Fill out the necessary number of reference area, chord and span sets.


Reference Area, Chord and Span Set Name REFSET1


SREF 6.237
CHORD 2.694
SPAN 7.777
AR 9.697


Reference Area, Chord and Span Set Name


SREF
CHORD
SPAN
AR


Description:


Reference, Chord and Span Enter the reference area, chord and span set name,
Set Name user defined.  Example: REFSET5


SREF Enter the reference area in ft2


CHORD Enter the chord in ft


SPAN Enter the span in ft


AR Enter the Aspect Ratio (Default = 1.0)
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7 .3 COEFFICIENT DESCRIPTION


This form is used to define the coefficient sets and corrections to be applied


to each of them.  Up to four coefficient sets may be defined per form.  The first


line is used to define the coefficient set number.  Generally, the numbers


should run consecutively, but this is not a requirement.  The numbers


assigned are at the discretion of the user and will be combined with the


letters "CS" to provide the prefix to the coefficient set name.  Assigning the


number "5" to a coefficient set means the prefix of the coefficients for that set


will be "CS5".  An uncorrected coefficient set must be defined to provide


information for the WICS system.  This coefficient set must not have wall,


blockage, or aerodynamic corrections and the normalizing dynamic pressure


must be QMODREF.  This uncorrected coefficient set has been defined using


the first column of the form and the set name must be "UNCS".  The


Referance Area, Chord & Span and Moment Transfer Distance Set Names


(for UNCS) requires the primary balance/angle set combination, BASP.


These are the only two items which should be filled in for the UNCS


coefficient set.  If DARWIN is to be used for the test, a coefficient set


specifically for DARWIN must be provided.  This coefficient set must be


named "DACS" and must use the BASP Balance Angle Set.  The DACS


should be a fully corrected coefficient set  See section 11 concerning


DARWIN.


The axis through which coefficients are desired must be specified.  Indicate


the final axis desired, such as Body, Stability, or Wind.  Requesting


"Recomputed Body" is not required, since there is a line to provide this


information elsewhere on the form.  All coefficients (and the loads) in other


axis systems required to reach the final axis system will be calculated and


available (reside in the data base).  The axis will be appended to the


coefficient prefix.  For example, if stability axis is requested for coefficient set


5, the three axes results for this set will be prefixed CS5BAL, CS5BOD,


CS5STAB.  The six coefficients and loads will be described later.


Specifying the Balance/Angle, RefArea/Span/Chord, and Moment Transfer


Distance set names for each coefficient set provides the unique definition to


compute the loads and coefficients (excluding corrections).  Lines are
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provided to indicate which corrections and in what axis system they are to be


applied and whether recomputed body axis coefficients are desired.  Enter


the test dependent equation number and axis to which it is to be applied.  A


line is provided to indicate other corrections that are not "standard" for SDS.


Indicate which dynamic pressure should be used for the corrections and


coefficients.  The "Q" may be different between coefficient sets.  If there is no


entry, the primary dynamic pressure (declared dynamic pressure at the 12-


Foot) will be used.


It is up to the user to communicate to the test personnel of those coefficient


sets that use a dynamic pressure other than that specified on the12-Foot


Tunnel Conditions page.  There is the potential for confusion even within a


coefficient set if care is not exercised.  For example, base and cavity


corrections are determined from pressure measurements and involve the


tunnel static pressure.  Recall that the PSI Computations page also provides


for the user to select the static and dynamic pressures. If pressures are used


to determine the correction loads, it is up to the user to insure that the


corrections and the choice of dynamic pressure on this form are consistent


with the pressure computations specified on the PSI Computations page.


Base, cavity, buoyancy and internal drag must still be specified as test


dependent equations or tables, as they were in the former SWTS.  The


difference with SDS is that there may be more than one, say, axial base


force correction, ABASE (specified, for example, in the test dependent


equations as ABASE1, ABASE2, etc.).  The equation may differ for each


coefficient set.  The example for applying base corrections shows that for


coefficient set one, test dependent equation 13 defines the base correction


and it is to be applied in the balance axis system.


Requesting a coefficient set not only provides coefficients up to the axis


system requested, but the loads as well.  The loads (forces and moments)


are known as load sets.  Defining a coefficient set number as 5 provides the


prefix to both the coefficients and to the loads.  The convention used is


shown in the example below.
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Example:


Coefficient set number = 5.  Axis requested Body.


Coefficient
Balance Axis


Load
Balance Axis


Coefficient
Body Axis


Load
Body Axis


CS5BAL_CA CS5BAL_A CS5BOD_CA CS5BOD_A
CS5BAL_CS CS5BAL_S CS5BOD_CS CS5BOD_S
CS5BAL_CN CS5BAL_N CS5BOD_CN CS5BOD_N


CS5BAL_CRM CS5BAL_RM CS5BOD_CRM CS5BOD_RM
CS5BAL_CPM CS5BAL_PM CS5BOD_CPM CS5BOD_PM
CS5BAL_CYM CS5BAL_YM CS5BOD_CYM CS5BOD_YM


The note at the bottom  of the Coefficient Description page indicated by ***


denotes which dynamic pressure should be used for the uncorrected


coefficient set (UNCS) required for WICS.  At the 12-Foot, this dynamic


pressure should be QMODREF, the dynamic pressure at the model reference


station.  At the 11-Foot, this should be the dynamic pressure denoted by the


variable Q, since at this time it is the only available pressure.  When the


updated tunnel conditions are implemented this pressure will most likely


change to QMODREF (the same name used at the 12-Foot, but calculated in


a different manner).
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Test ID 12-XXX


SDS
Coefficient Description


Coefficient Set Number UNCS DACS 1 2


Axis to Compute Coefficients through STAB STAB STAB STAB


Balance/Angle Set Name BASP BASP BAS1 BAS2


Ref. Area, Span & Chord Set Name REFSET1 REFSET1 REFSET1 REFSET1


Moment Transfer Distance Set Name MOMSET1 MOMSET1 MOMSET1 MOMSET2


Apply Base Correction in which Axis


System? TDE 13-BAL TDE 13-BAL TDE 18-


BOD


Apply Cavity Correction in which Axis


System? TDE 19-


BOD


TDE 19-


BOD


TDE 19-


BOD


Apply Buoyancy Correction in the Body or


Stability Axis System? BODY BODY STAB


Apply Duct Internal Force and Moment


Corrections in the Body or Stability Axis?


STAB


TDE 6


BODY


TDE 11


Apply Wall Corrections in the Stability Axis


Using WICS or the Alternate Method? ALT ALT ALT


Recompute Body Axis Coefficients After


Stability Axis? YES YES


Other Corrections?


Dynamic Pressure to Use for Corrections


and Coefficients? QMODREF QMODREF


*** Use QMODREF at the 12-Foot
      Use Q at the 11-Foot
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Description


Coefficient Set Number Enter the number for the coefficient set.  
The prefix to the coefficient set name will be:  CS(Coefficient Set
Number).   Prefix Example:  CS1


Axis to Compute Enter the final axis system in which to compute coefficients
Coefficients through Example:  Balance, Body, Stability, Recomputed Body, Wind


Balance/Angle Set Name Enter the name of the Balance Angle Set (from a Balance/Angle
Set Description Page).


Ref. Area, Span & Chord  Enter the name of the Reference Area, Span and Chord Set
Set Name  (from a Reference Area, Span and Chord Set Description Page).


Moment Transfer Enter the name of the Moment Transfer Distance Set (from a
Distance Set Name Moment Transfer Set Description Page).


Apply Base Correction Enter the axis in which to apply a base correction.  If no
in which Axis? correction required, leave blank.  Example:  Balance or Body


Apply Cavity Correction Enter the axis in which to apply a cavity correction.  If no
in which Axis? correction required, leave blank.  Example:  Balance or Body


Apply Buoyancy Correction Enter "Body"  if correction is in the body axis system or
in the Body or Stability Axis  "Stab" if correction is in the stability axis system.
Axis System?


Apply Duct Internal Force and Enter the axis system  if correction is required, otherwise, leave
Moment Corrections in the Body blank.
or Stability Axis?


Apply Wall Corrections in the Enter "WICS" or "Alt" if correction is required, otherwise,
Stability Axis Using WICS leave blank.  ("Alt" implies the use of classical wall corrections).
or the Alternate Method?


Recompute Body Axis Enter "Yes"  if recompute required, otherwise, leave blank.
Coefficients After Stability
Axis?


Other Corrections Enter the Test Dependent Equation number(s) for any other
corrections to apply to the coefficient.  State which axis the
corrections are to be applied.  State whether the correction is to be
added or subtracted in the aerodynamic sense (not right-hand rule
convention).


Dynamic Pressure to Use Enter QRef, QModRef, QWICS or QAlt  (classically corrected Q).
for Corrections and No entry implies the use of the declared dynamic pressure.
Coefficients? (Primary tunnel condition specified on the12 Ft Tunnel Conditions


page).
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8.0  TABLE P A R A M E T E R S


8 .1 TABLE LOOKUP DESCRIPTION


Table lookup is similar to that used with the former SWTS.  The form is


somewhat different, but the information required is the same.  The SDS is


still restricted to a maximum of 3 arguments and 7 functions, but there is no


longer the SWTS restriction on a different maximum number of entries for


each argument (SWTS restricted the number of table entries to 40 for the first


argument; 20 for the second; and 10 for the third).  SDS permits a maximum


of 40 entries per argument (64,000 total).  Boxes are provided to enter the


names for the arguments and functions.  The values for the low- and high-


value of the arguments are used for extrapolation if an input value to the


table is outside the tabulated values.  If an entry to the table lies outside the


argument bounds, the system will not extrapolate and will return a "NaN", i.e.,


the highest or lowest  value is not automatically used.


8 .2 TABLE LOOKUP VALUES


The Table LookUp Values form has space for up to four functions for the


three arguments.  The maximum number of function values permitted is 7.


On the space within the boxes enter the name of the argument(s) and


function(s) under the "Name =".  If the function values are not known at the


time the test write up is submitted only the Table LookUp Description page


need be submitted.  The output from the Macintosh program TBLBLD should


be used whenever possible instead of the Table LookUp Values form.  The


TBLBLD program is located in the SDS Folder on the N227 Server (the


same folder where the SDS forms are located).  An example of the Table


LookUp Description and output from the TBLBLD program is also shown.


For verification purposes, if the range of arguments and functions are not


known, it would be beneficial to provide a small table for test case purposes.


The Table LookUp Values page should contain a note that these values are


for test case purposes only.
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Test ID 12-XXX
SDS


Table LookUp Description


Table Name CD0BLTBL


Interpolation Degree 1
Number of Arguments 2


Argument i = 1 i = 2 i = 3
Argument Name FLAP SLAT
Argument Low -75 -20
Argument High 75 20
Number of Argument
Values 6 5


Number of Functions 2


Functions i = 1 i = 2 i = 3 i = 4
Function Name CD0BLKG CL0BLKG


i = 5 i = 6 i = 7


Description:


Table Name Enter a name for the lookup table
Example:  STRMTBL


Interpolation Degree Enter the interpolation degree:
0 = Discrete 1 =1st degree 2 = 2nd  degree
3 = 3rd degree, etc. (No upper bound)


Number or Arguments Enter the number of arguments for the table lookup
(Maximum of 3)


Argument Name Enter the name of the argument(s)
Example:  MAlt, RNAlt


Argument Low Enter the lower limit for extrapolation


Argument High Enter the upper limit for extrapolation


Number of Argument Enter the number of argument values for each argument
Values (Maximum of 40 for each argument)


Number of Functions Enter the number of functions to return (Maximum of 7)


Function Name The name of the result to return.
Example:  StreamA0, StreamA1, StreamB0, StreamB1
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Test ID 12-XXXX


SDS
Table LookUp Values


Note:  This page should only be submitted if the function values are known.  Otherwise, the Table
LookUp Description page will suffice.


Argument
Value for
Name =
FLAP


Argument
Value for
Name =
SLAT


Argument
Value for
Name =


Function
Value for
Name =


CD0BLKG


Function
Value for
Name =


CL0BLKG


Function
Value for
Name =


Function
Value for
Name =


-60 -15 0.0050 0.037
-10 0.0045 0.035
-5 0.0035 0.033
0 0.0030 0.030
5 0.0042 0.031


10 0.0047 0.033
15 0.0053 0.036


0 -15 0.0050 0.037
-10 0.0045 0.035
-5 0.0035 0.033
0 0.0030 0.030
5 0.0042 0.031


10 0.0047 0.033
15 0.0053 0.036


60 -15 0.0050 0.037
-10 0.0045 0.035
-5 0.0035 0.033
0 0.0030 0.030
5 0.0042 0.031


10 0.0047 0.033
15 0.0053 0.036


           NOTE:  FOR TEST CASE PURPOSES ONLY


Description:


Argument Value Enter the argument name on the line following the "=" sign.
for Name = Enter the values in the corresponding column.


Function Value Enter the function name on the line following the "=" sign.
for Name = Enter the values in the corresponding column.   Up to four


function values can be accommodated on one page.
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Test ID 11-XXX
SDS


Table LookUp Description


Table Name BUOYTBL


Interpolation Degree 1
Number of Arguments 2


Argument i = 1 i = 2 i = 3
Argument Name MC PT
Argument Low 0.0 0
Argument High 1.6 5000
Number of Argument
Values 5 2


Number of Functions 1


Functions i = 1 i = 2 i = 3 i = 4
Function Name KBUOY


i = 5 i = 6 i = 7


Description:


Table Name Enter a name for the lookup table
Example:  STRMTBL


Interpolation Degree Enter the interpolation degree:
0 = Discrete 1 =1st degree 2 = 2nd  degree
3 = 3rd degree, etc. (No upper bound)


Number or Arguments Enter the number of arguments for the table lookup
(Maximum of 3)


Argument Name Enter the name of the argument(s)
Example:  MAlt, RNAlt


Argument Low Enter the lower limit for extrapolation


Argument High Enter the upper limit for extrapolation


Number of Argument Enter the number of argument values for each argument
Values (Maximum of 40 for each argument)


Number of Functions Enter the number of functions to return (Maximum of 7)


Function Name The name of the result to return.
Example:  StreamA0, StreamA1, StreamB0, StreamB1
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;*******************************************************************************
;
; Test Dependent Look-up Table for Function(s):
;
;                                   KBUOY
;
&TableLookUp
 Name         = BUOYTBL
 NumArgs =  2
 NumFuncs =  1
 InterpDegree =  1                ; LINEAR   
;
;               Argument 1 = MC
;
 ArgInputs[ 0]   = MC
 NumArgValues[ 0] = 5
 ArgLow[ 0] = 0.00000E+00
 ArgHigh[ 0] = 1.60000E+00
;
 ArgValues[ 0][ 0] = 7.20000E-01, 7.40000E-01, 7.50000E-01
 ArgValues[ 0][ 3] = 8.20000E-01, 8.40000E-01
;
;               Argument 2 = PT
;
 ArgInputs[ 1]   = PT
 NumArgValues[ 1] = 2
 ArgLow[ 1] = 0.00000E+00
 ArgHigh[ 1] = 5.00000E+03
;
 ArgValues[ 1][ 0] = 2.12500E+03, 3.18300E+03
;
;...............................................................................
; Function Subscript Format   FuncValuesN( arg 1, arg 2, arg 3 )               .
;...............................................................................
;
; Function 1            KBUOY = f(     MC,     PT )
;
  TableOutputs[0] =           KBUOY
;
;            MC[ 0: 2]  = 7.20000E-01 7.40000E-01 7.50000E-01
;        arg  2   1                ----------------------------------------------------------------;             PT
 FuncValues1[ 0][ 0] = 3.65000E-03, 3.65000E-03, 3.44000E-03   ; 2.12500E+03
 FuncValues1[ 1][ 0] = 3.67000E-03, 3.51000E-03, 3.45000E-03   ; 3.18300E+03
;
;            MC[ 3: 4]  = 8.20000E-01 8.40000E-01
;        arg  2   1                ----------------------------------------------------------------;             PT
 FuncValues1[ 0][ 3] = 2.86000E-03, 2.73000E-03                           ; 2.12500E+03
 FuncValues1[ 1][ 3] = 2.70000E-03, 2.50000E-03                           ; 3.18300E+03
;
&END
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9.0  TEST D EPENDENT E Q U A T I O N S


9 .1 TEST DEPENDENT EQUATIONS


All test specific equations are entered on this form.  Equation numbers


should be in ascending order but need not be whole numbers.  If an


equation must be inserted between, for example, 15 and 16, an equation


number of 15.1 is perfectly valid.  Test dependent results used as inputs to


other test dependent equations must be defined before they are used.  That


is, a result used in equation 17 cannot be calculated in equation 28; it must


be defined in an equation preceding equation 17.  Specify the equation and


any qualifiers for its computation.  Qualifiers may be what to do if a control


parameter is outside a specified range; what to do with the equation based


upon a result from a previous equation, if the previous equation has


qualifiers; over what index to perform the sum if not obvious when multiple


indices are used; etc.  Checks in the test dependent equations for zero


divide, negative square root, logarithm of a negative number, etc. are    not  


automatically performed and the result will be set to "NaN" unless specified


otherwise.  Note that a subsequent computation which uses an input whose


value is "NaN" will produce "NaN" as its result.  The column for inputs are for


non-standard inputs only.  These would be items such as parameters or


results from a previous equation used as inputs.  It is not necessary to


indicate the use of standard inputs, such as PTOT, TTR, etc. to the equation.


This assumes that PTOT, for example, is the standard facility total pressure.


If PTOT has been derived from a test dependent equation and is to replace


the standard PTOT, then it must be listed.  A similar example for a parameter
would be a value of RGAS (γ) that is not equal to 1.4.  List the expected


range for the result (the left hand side of the equation) or for indexed (array)


items.  Examples might be ±50, 10 to100 ( 10 - 100 is acceptable ) for the


result and i = 1 to 15, i = 1:15, etc.  In the source column specify the source


for all inputs listed, such as PARAM, MRL, etc.  In the remarks area, enter any


pertinent information deemed useful.  Such remarks might be the initial value


of parameters if known, units of the non-obvious parameters to permit


dimensional checks of the equation, if the non-standard result does not have


to be saved in the data base, etc.
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The forms contained in the Test Dependent Folder (Excel version only)


contain equations 0.1 through 13 for defining the reference pressure and


other computations required for use by the WICS at the 12-Foot; equations


0.1 through 19 are provided for the 11-Foot.   User specific test dependent


equations for the 12-Foot should begin with equation number 14; with


equation number 20 at the 11-Foot.  There are no WICS specific equations


for the 9- x 7-Foot.  If the Word version of the Test Dependent Equation form


is used, the appropriate pages of the WICS specific equations from the Excel


version must be submitted.


When specifying test dependent equations involving angles and/or


coefficients, in order to avoid changes to these test dependent equations the


customer's primary balance angle set (BASP) and coefficient set (DACS)


should be used.  For example, angle of attack should be specified as


BASP_BODYALPHA; lift coefficient should be specified as DACSSTAB_CL.


This assumes, of course, that the above meet the customer's requirements.


Such will most likely be the case for angles but not necessarily coefficients


because DACS is the fully corrected set.  If a correction involves a coefficient


DACS cannot be used since this would generate a circular reference in


SDS.
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Definitions:


No. Enter the equation number.  Numbers should be in ascending order but
whole numbers are not required, e.g., 12.1 as an equation number which
has been inserted between 12 and 13.


Equation Specify the equation and any qualifiers for their computation.  Qualifiers
are what to do if a control parameter is outside the specified range, which
equation(s) to compute or skip based on control conditions or results
from a previous computation, etc.


Input List the name for all non-standard inputs to the equation.  Standard
inputs, either computed values or parameters, do not have to be listed.
Example:  If PTOT is used in the equation and it is the facility total
pressure, then it does not have to be listed.  It must be listed if it is derived
from a test dependent equation.  If the parameter γ is to take on a value
other than 1.4, then it should be listed.


Range List the expected range for the result (left hand side of the equal sign) or
for indexed items.  Examples:  i = 1:20, -10 to 30.


Source Specify the source for any non-standard result, e.g., Eq. 2, PARAM,
MRL, etc.  Note that because standard results are not listed as inputs,
then there should be no "STD" in this column except for isolated cases
for clarity.


Remarks Enter any pertinent information deemed useful, initial values for
parameters if known, units of the parameters to permit dimensional
checks of the equations during review of the requirements, whether the
non-standard result does not have to be saved, etc.
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10.0  REAL T IME D I S P L A Y S


There is no practical limit to the number of real time displays supported by


SDS.  However, each unique real time display must be specified on a


separate display specification form. While these forms are not required when


the test write-up is submitted for review, they should be submitted about two


weeks prior to first use of the software.  If the test manager does not plan on


having the Computer Systems Technicians build the real time displays, then


these forms are not required.


10 .1 REAL TIME DISPLAY SPECIFICATIONS


Each unique real time display has an associated user defined name which


must be entered at the top of the form.  Each display item must have a name


which is known to the data base, e.g. BAL1N1_MEAN, PS01_7, BAL2RM,


etc.  Leave the column labeled “Decimal Portion” blank because in most


cases the display will be in scientific notation (E-format).  SDS does not


currently permit user selection of the number of digits after the decimal point


or integers at this time.  The forms are generated by the Computer System


Technicians and all forms should be available when the test is ready for first


use.  They may be changed dynamically in the tunnel and change requests


involving the real time display are not required once the test has been


released for use.  It is difficult to generate these displays during the initial


entry into the prep room or the tunnel because of the many other data system


parameters which must be entered.  It is beneficial to the entire test team to


have at least one display defined containing the most important information


needed at the time the test is ready for first use.


There is no set display format for the tunnel operators display at this time.


One has been built using the graphical user interface tools and differs from


the standard real-time display this form addresses.  Each group


(instrumentation, test engineers, etc.) are capable of building their own


displays.  The tunnel operators should be made aware of any safety related


items that are to be monitored on real time displays.
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Test ID 12-XXXX
SDS


Real Time Display


Display Name MAINDIS


Item Name Decimal
Portion


Item Name Decimal
Portion


Item Name Decimal
Portion


BAL1_G1NOBIAS MACH PTOT


BAL1_G2NOBIAS BAS1_BODYALPHA PS


BAL1_G3NOBIAS BAS1_BODYBETA Q


BAL1_G4NOBIAS BAS1_BODYPHI


BAL1_G5NOBIAS TTF


BAL1_G6NOBIAS


BAS2_NORFRC D1G1 SAFETY_ITEM


BAS2_PITMOM D1G2


BAS2_AXIFRC


BAS2_YAWMOM BAS2_BODYALPHA


BAS2_ROLMOM BAS2_BODYBETA


Description:


Display Name Enter the name of the display;  User Defined.
Example:  RTCOEF


Item Name Enter the result name to display.


Decimal Portion Enter the number of digits to the right of the decimal to display.
If none specified, the default is 3 digits.
A decimal entry of 0 implies integer.
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11.0  TDI AND TDS DATA D ISTRIBUTION REQUESTS


Data Distribution Request Forms are used to identify SDS Computed Results


to be distributed (downloaded) from the SDS Host (the data producer) to one


or more Test Dependent Instrumentation (TDI) or Software (TDS)


Subsystems (data consumers).  One example of a TDS is the CDDMS


application which consumes SDS disk files consisting of Aerodynamic


Coefficients, Coefficients of Pressure (CPs) and other computed results.


DARWIN and the software interface for TDI subsystems such as the Pressure


Sensitive Paint Subsystem, are examples of remote SDS applications which


consume data transmitted from the SDS Host to a DARWIN or TDI Host via


the SDS Link Server / Link Client Software Tool.  The reader should note


that the typical operational scenario uses DARWIN (in this case, the ServIO


software application) as the primary data consumer with distribution to TDI


Subsystems emanating from the DARWIN Host.  


No matter what data distribution scenario prevails, the focus of the


distribution forms is how to identify consumer requirements for access to


Aerodynamic Coefficients, Coefficients of Pressure (CP's) or other computed


results produced by the SDS.  The required values are typically made


available to the consumer upon completion of the SDS Standard and Test


Dependent Computations Process.  The Computation Process in this case is


that which is executed as one of the final actions of "Taking a Point" of Frame


Type Data (RECORD), or Frame Type End Data.  


CDDMS and DARWIN also take advantage of the SDS provision for post run


or post test access to results stored in the SDS Database.  This access is


especially important to update CDDMS and DARWIN Data Files and the


DARWIN Database to the latest values following recomputation of SDS


results (SDS re-computes).  In the CDDMS instance, the SDS Computer


System Technicians would exercise the CDDMS File Generator to create a


new set of output data files for a specific Run Range.  In the DARWIN


scenario the SDS Link Server / Link Client Software Tool is used as a direct


pipeline into the database for access of results from all or selected Data and


End Data points.  


11 .1 TEST CONFIGURATION TABLE
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The Test Configuration Table provides the Computations Programmer or


DARWIN Support Programmer with a checklist of the types of data


distribution requirements forms necessary to create the TDI and TDS control


files for executing the wind tunnel test.  A Test Configuration Table is


required for each Wind Tunnel Test Configuration to be exercised during a


test.  Test Configurations are most closely associated with the DARWIN


context but can be applied to any test where connectivity to TDI or TDS


Subsystems is required.  


The DARWIN concept of Test Configuration is related to a major


rearrangement or modification of the test article or the configuration of the


tunnel which introduces new requirements for support of the modified


configuration. DARWIN requires a Configuration Table and a set of data


distribution forms for each test configuration to be exercised for the wind


tunnel test.  Since many (most) wind tunnel tests will use DARWIN as the


intermediary between SDS and the TDI and TDS Subsystems, these forms


are required to provide the DARWIN Support Programmer with the


information necessary to create the DARWIN Database and DARWIN


versions of the TDI and TDS control files for executing the wind tunnel test.


THE FORM


Test       ID     


The Test ID given on the Cover Page.


Configuration         N                      of                       M_    


N is the number of the current Test Configuration while M is the total number


of configurations expected for the test.  Since one Test Configuration Table


is required for each configuration, the total number of expected


configurations informs the programmer of the number of configuration tables


and distribution requirement sets to expect for definition of the current test.


DARWIN currently supports a maximum of 10 Test Configurations numbered


0 through 9.  
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Configuration         Name    


The title ( up to 20 characters ) given to the current Test Configuration,


usually related to a major component arrangement of the test article or


tunnel.  


Primary        &         Secondary         Configuration         Objectives


Optional fields for update of DARWIN Database Tables which provide for


user specification of free format descriptions (objectives) of the Test


Configuration to be researched.  These fields can be viewed as a brief,


general overview of the Configuration and a listing of any unusual


operational characteristics, such as the facility operational mode (manual or


fully automated), model support description, classification of the test, data


transmittal to a user computer, user written software, or any unusual


instrumentation or data acquisition characteristics.


C     ONFIGURATION      D                                EFINITION      C                       HECK     L                ISTS         


Information related to support requirements for access of aerodynamic


results and pressure coefficients by each of the TDI and TDS Subsystems


checked on the SDS Cover Page, must be specified for each Test


Configuration.  Pressure Plot Requirements which are applicable should


also be checked.  If the current configuration can reuse Data Distribution or


Pressure Plot Requirements from a previous configuration, indicate "Yes" on


the reuse line for the applicable section and enter the appropriate


Configuration Number.  Completed requirements are to be submitted to the


Computation and/or DARWIN Support Staff via the forms for Aerodynamic


Results Distribution Requirements, Pressure Coefficient Distribution


Requirements, and Pressure Plot Specifications.


Aerodynamic        Results         Distribution        Requirements:   


A checklist is provided for identifying the TDI and TDS Subsystems


participating in the current test and requesting distribution of Aerodynamic


Results from the SDS.  A check mark should be made on all lines of the data


distribution requirements list indicating applicability in the test write-up.
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When requesting data for a new subsystem, please enter the subsystem


name on the underlined portion of the line which states:


Aerodynamic Results Download for the ( _______ ) TDx Subsystem


Pressure         Coefficient         Distribution        Requirements:   


A checklist is provided for identifying the TDI and TDS Subsystems


participating in the current test and requesting distribution of Pressure


Coefficients from the SDS.  A check mark should be made on all lines of the


data distribution requirements list indicating applicability in the test write-up.


When requesting data for a new subsystem please enter the subsystem


name on the underlined portion of the line which states:


Pressure Coefficient Download for the ( _______ ) TDx Subsystem


Pressure        Plot        Requirements:   


A checklist is provided for identifying the specifications required for


production of Pressure Plots.  A check mark should be made on all lines of


the requirements list indicating applicability in the test write-up.  These


Pressure Plot Specification Forms have been developed for requesting plots


via the DARWIN Netscape Plotting Facility, CDDMS, and DPS.  The


information on these forms is used to create file structures required by the


DARWIN facility as well as legacy Map, Tap, and Region files.
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Test ID 12-XXXX
Configuration 1 of 1


Test Configuration Table


Configuration Name: Model 1234-alpha


Primary Configuration
Objective:


A sample Configuration Objective.


Secondary Configuration
Objective:


Another sample Configuration Objective.


Configuration Definition Check Lists Applicable
Yes N o


Aerodynamic Results Distribution Requirements:
Reuse Distribution Requirements from Configuration _____ X
Aerodynamic Results Download for IRT X
Aerodynamic Results Download for LVS X
Aerodynamic Results Download for PDV X
Aerodynamic Results Download for PMA X
Aerodynamic Results  Download for PSP X
Aerodynamic Results Download for the (_______) TDI Subsystem X
Aerodynamic Results Download for CDDMS X
Aerodynamic Results Download for DARWIN DataBase Updates X
Aerodynamic Results  Download for the (_______) TDS Subsystem X


Pressure Coefficient Distribution Requirements:
Reuse Distribution Requirements from Configuration _____ X
Pressure Coefficient Download for IRT X
Pressure Coefficient Download for LVS X
Pressure Coefficient Download for PDV X
Pressure Coefficient Download for PMA X
Pressure Coefficient Download for PSP X
Pressure Coefficient Download for the (_______) TDI Subsystem X
Pressure Coefficient Download for CDDMS X
Pressure Coefficient Download for DARWIN DataBase Updates X
Pressure Coefficient Download for the (_______) TDS Subsystem X


Pressure Plot Requirements:
Reuse Plot Requirements from Configuration _____ X
Pressure Plot Coordinate Specifications X
Pressure Plot Group Specifications X
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11 .2 CDDMS DATA MANAGEMENT


The CDDMS application is an example of "legacy" software which is


supported by the SDS utility for CDDMS File Generation, and in the future


may be supported by DARWIN as a subsidiary TDS Subsystem.  CDDMS is


a special purpose data management and graphics system for storing and


plotting wind tunnel data.  CDDMS is concerned with what it designates


"Force Data Inputs" such as Aerodynamic Coefficients and other SDS


Computed Results, and "Pressure Data" which are the Coefficients of


Pressure for selected pressure taps.


CDDMS plotting capabilities extend to creation of x-y plots of Force and


Pressure Data.  Production of pressure plots requires the user to specify a


set of descriptors for definition of each pressure curve to be plotted. This set


is historically identified as the Pressure Plot Map Table, the Tap Table and


the Region Table.  The Tap and Map Tables identify and map each uniquely


numbered pressure tap to an associated transducer and module and the


x,y,z coordinates of that tap on the test article.  If only one coordinate is being


used for plotting, the other coordinates may be zero or anything else that


might be useful, such as z = +1 to denote wing upper surface and z = -1 to


denote wing lower surface.  The Region Table defines pressure plot


requirements in terms of taps to be grouped to produce a single curve.  


Not coincidentally, the DPS plotting application and DARWIN plotting


applications all require similar descriptors for plot creation.  DPS uses the


specified tables with minor modifications, while the DARWIN Plotting Facility


which is provided through various Netscape - JAVA applications requires


Pressure Plot Tables of a similar nature but different form.  As the reader will


note, CDDMS, DPS and DARWIN all require similar information so the user


should consolidate all such information on the provided forms.  


11 .3 DARWIN DATA MANAGEMENT AND DISTRIBUTION


DARWIN is an example of a multi-faceted TDS Subsystem.  DARWIN, like


CDDMS, can be viewed as a special purpose data management and


graphics system for storing and plotting wind tunnel data.  In this role,


DARWIN is also concerned with what it designates "Force Data Inputs" such
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as Aerodynamic Coefficients and other SDS Computed Results, and


"Pressure Data" which are the Coefficients of Pressure for selected pressure


taps.   However, DARWIN can also fulfill the role of intermediary between


SDS and other TDI and TDS Subsystems so in that case it is also a "data


distributor".  


DARWIN         Data         Management   


When DARWIN is used to its fullest extent, one of its duties is to act as a data


consumer for the purpose of accumulating Aerodynamic Results, to store in a


Sybase Database, for each RECORD Point "taken: by the SDS.  Parallel to


this activity is the accumulation of selected Coefficients of Pressure to store


in a UNIX File on the DARWIN File System local to the wind tunnel.  To


facilitate access of test data, maintained within the DARWIN Database and


related File System, DARWIN considers the following relations:


• Clients such as Boeing, Lockheed or McDonnell Douglas have unique


databases and File Structures such as BAC, LKD and DAC.


• Databases consist of the results of one or more wind tunnel tests.


• A unique file structure is setup for each wind tunnel test.


• Wind tunnel tests are composed of one or more test configurations.


• Wind tunnel test results are stored in the database as some number of


data acquisition points for each test configuration.


• Each data acquisition point includes a variable number of associated


data files created by DARWIN and each TDI or TDS involved in


acquiring or processing data for the point.


One of the columns of the following form represents the fixed names of the


DARWIN Database Fields into which selected aerodynamic results will be


stored.  The user is asked to identify the coefficients and computed results to


be used as input to these standard DARWIN Database Fields.  The user is


required to define the alpha, beta and phi angle sources from the same


balance angle set used for computation of the aerodynamic coefficients or


computed results to be retrieved from the host system.  Questions
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concerning the composition of a balance angle set should be referred to


Section 5 of this User's Guide.


The user is also offered the option of specifying additional computed results


for insertion into the "RealField" fields which are the variable portion of the


database reserved for user applications.  Contents of unspecified (not used)


DARWIN Database Fields are defaulted to a fixed value.


DARWIN         Data         Distribution    


As stated previously, DARWIN requires a Configuration Table and a set of


data distribution forms for each test configuration to be exercised for the wind


tunnel test.  Since many (most) wind tunnel tests will use DARWIN as the


intermediary between SDS and the TDI and TDS Subsystems, these forms


are required to provide the DARWIN Support Programmer with the


information necessary to create the File Structures and TDI and TDS control


files for communicating with those subsystems during execution of the wind


tunnel test.


11 .4 AERODYNAMIC RESULTS DISTRIBUTION


The Aerodynamic Results Distribution Requirements Form is used to specify


the name of the coefficient, or other computed result generated by SDS, to


be downloaded to some data consumer such as CDDMS, DARWIN, or other


TDI/TDS Subsystem.  The example demonstrates specification of CDDMS


and PSP requirements by identifying the CDDMS application as a example


of a TDS Subsystem and PSP as an example of a TDI.  


Microsoft WORD and EXCEL versions are provided for this form.


THE FORM


Test       ID     


The ID of the Test which incorporates the current Test Configuration.
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Configuration    


The current Test Configuration Number.  


Aerodynamic        Results         Names    


This is where the user specifies the names of the coefficients and computed


results to be downloaded and distributed for input to TDI and/or TDS


Subsystems or some field in the DARWIN Database.  These values are


usually associated with a single coefficient set.  The angle data must be


selected from the balance angle set used for computation of the


aerodynamic coefficients or computed results.  Generally speaking the user


is requested to identify the coefficient or angle by the coefficient set number


and the angle data by the number of the balance angle set used for


computation of the coefficient set.  Questions concerning the composition of


a coefficient set should be referred to Sections 5 and 7 of this User's Guide.


In the given example, results selected for download but not required for


distribution to a given TDI or TDS or DARWIN, are identified by an asterisk


(*) in one or more Distribution Ordinal Columns.


When DARWIN is acting as the intermediary between SDS and TDI/TDS


Subsystems, the named items are summarized to create a "Download


Request File" which is then submitted to a local client of the hosts Inter-


Processor Link Server.  The items in the file are subsequently downloaded


by the Link Server - Link Client connection, to DARWIN upon completion of


the host's Standard and Test Dependent Computations Process.  The


download data is parsed according to the data distribution requirements


specified on the form and forwarded to the DARWIN Database and to the


TDI/TDS Subsystems.


Distribution         Ordinal       for         CDDMS     


This is where the user identifies which of the listed standard and special


coefficients and computed results are to be downloaded to the CDDMS


application (a TDS Subsystem), and additionally defines the order in which


those items are stored into the CDDMS Output Data File prior to its output to
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a predetermined NFS mounted Directory.  This information will assist the


Computer System Technicians with creation of control files for the CDDMS


File Creation Utility.  


Distribution         Ordina       l       for        PSP    


This is where the user identifies which of the listed standard and special


coefficients and computed results are to be downloaded to the Pressure


Sensitive Paint Subsystem (a TDI Subsystem), and additionally defines the


order in which those items are stored into the download data file (*.wtd file).


Distribution         Ordinal       for       (Name        of        TDI        or        TDS         Subsystem)   


This is where the user not only identifies the standard and special


coefficients and computed results to be distributed to the specified TDI or


TDS Subsystem but additionally defines the order in which those items are


stored into the resulting download data file (*.wtd file).


Store        Result       is       this         DARWIN         DataBase        Field    


This column presents the fixed names of the DARWIN Database Fields into


which the selected aerodynamic results will be stored.  The selected results


will be stored in the database and made available to remote users via the


DARWIN Netscape Plotting Facility on the AEROnet.


The user is also offered the option of specifying additional computed results


for insertion into the "RealField" fields which are the variable portion of the


database reserved for user applications.  Contents of DARWIN Database


Fields, for which no results are defined [the results names column contains


double asterisks (**)], are defaulted to a fixed value.  It is recommended that


if use of these "RealField unnamed" fields is desired, an indication of their


purpose/existence be provided as a description for a text field.
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Test ID 12-XXXX
Configuration 1


Aerodynamic Results Distribution Requirements


SDS Aerodynamic Results
Names


Distribution
Ordinal for
CDDMS


Distribution
Ordinal for


PSP


Distribution
Ordinal for
(_______)


Distribution
Ordinal for
(_______)


Store Result in
this DARWIN


DataBase Field


MACH 2 1 Mach


BAS2_BODYALPHA 1 2 Alpha


BAS2_BODYBETA 4 3 Beta


BAS2_BODYPHI 5 4 Phi


REYNOLDS_NUMBER 3 5 RN


Q 6 6 Q


PS 8 7 P


PTOT 9 8 PT


TF 7 9 TF


TTF 10 10 TTF


RHO 11 * Rho


** RH


CS3STAB_CL 12 * CL_Stab


CS3STAB_CD 13 * CD_Stab


CS3STAB_CPM 14 * CPM_Stab


CS3STAB_CRM 15 * CRM_Stab


CS3STAB_CS 16 * CS_Stab


CS3STAB_CYM 17 * CYM_Stab


CS3STAB_CLSAR 18 * CLSQ_Stab


CS3STAB_LTOD 19 * LD_Stab


CS3BOD_CA 20 * CA_Bod


CS3BOD_CN 21 * CN_Bod


CS3BOD_CPM * * CPM_Bod


CS3BOD_CRM * * CRM_Bod


CS3BOD_CS * * CS_Bod


CS3BOD_CYM * * CYM_Bod


VELOCITY_FPS 22 14 V
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Test ID 12-XXXX
Configuration 1


Aerodynamic Results Distribution Requirements
(Continued)


SDS Aerodynamic Results
Names


Distribution
Ordinal for
CDDMS


Distribution
Ordinal for


PSP


Distribution
Ordinal for
(_______)


Distribution
Ordinal for
(_______)


Store Result in
this DARWIN


DataBase Field


SLAT * 11 RealField1


SPOILER * * RealField2


FLAP * 12 RealField3


STINGPHI * 13 RealField4


** RealField5


** RealField6


** RealField7


** RealField8


** RealField9


** RealField10


** RealField11


** RealField11


TSTDEP_30 23 * *


TSTDEP_31 24 * *


TSTDEP_32 25 * *


TSTDEP_PSP * 15 *
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11 .5 PRESSURE COEFFICIENT DISTRIBUTION


The Pressure Coefficient Distribution Requirements Form is used to specify


identifiers for the pressure coefficients generated by SDS to be downloaded


to some data consumer such as CDDMS, DARWIN, or other TDI/TDS


Subsystem.  The example demonstrates specification of CDDMS and PSP


requirements by identifying the CDDMS application as a example of a TDS


Subsystem and PSP as an example of a TDI.  


When DARWIN is acting as the intermediary between SDS and TDI/TDS


Subsystems, the named items are summarized to create a "Download


Request File" which is then submitted to a local client of the hosts Inter-


Processor Link Server.  The items in the file are subsequently downloaded


by the Link Server - Link Client connection, to DARWIN upon completion of


the host's Standard and Test Dependent Computations Process.  The


download data is parsed according to the data distribution requirements


specified on the form, and forwarded to the DARWIN File System and the


requesting TDI and/or TDS.


Microsoft WORD and EXCEL versions are provided for this form.


THE FORM


Test       ID     


The ID of the Test which incorporates the current Test Configuration.


Configuration    


The current Test Configuration Number.  


Distribute         CPs       for       these        Absolute        Pressures       to       (        TDI/TDS       )         Data        Files


Specify the Name of the Absolute Pressure(s) for which the associated


Pressure Coefficient(s) will be inserted into the Output Data Files for the


specified TDI or TDS Subsystem. Pressures can be named individually


(XXX_05) or by range (XXX_01:45).







119 October 1999


This is where the user not only identifies the Pressure Coefficients to be


downloaded but additionally defines the order in which those items are


stored into the Output Data File.  The files for CDDMS are simply known as


the CDDMS Output Data File.  Files created by DARWIN and the software


interface to Test Dependent Subsystems are designated as *.wtd files.  


Distribute         CPs       for       these        Absolute        P       ressures       to         DARWIN         Data        Files


This is where the user creates a comprehensive set of Pressure Coefficients


to be downloaded to DARWIN for insertion into the DARWIN Pressure Data


File (*pre#.tab).  If DARWIN is used as the focal point for data distribution to


the aforementioned CDDMS, PSP, and Other TDI and TDS Subsystems, the


Pressure Coefficient specification must be the superset of the CPs required


by all subsystems and DARWIN Pressure Data Files.
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Test ID 12-XXXXConfiguration 1


Pressure Coefficient Distribution Requirements


Distribute CPs for
these Absolute
Pressures to


CDDMS Data Files


Distribute CPs for
these Absolute
Pressures to


PSP Data Files


Distribute CPs for
these Absolute
Pressures to


( ___ ) Data Files


Distribute CPs for
these Absolute
Pressures to


(____) Data Files


Distribute CPs for
these Absolute
Pressures to


DARWIN Data Files


PS06_01:64 PS06_01:48 PS06_01:64


LWP_01:32


LWP_01:128 LWP_65:96 LWP_01:128
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Description:


Test ID The ID of the Test which incorporates the current Test
Configuration.


Configuration The current Test Configuration Number.


Distribute CPs for these Absolute Specify the Name of the Absolute Pressure(s) for which the
Pressures to PSP Data Files associated Pressure Coefficient(s) will be inserted into the


Pressure Sensitive Paint Subsystem's *.wtd Data Files.
Pressures can be named individually (XXX_05) or by range
( XXX_01:45)


Distribute CPs for these Absolute Specify the Name of the Absolute Pressure(s) for which the
Pressures to (______) Data Files associated Pressure Coefficient(s) will be inserted into some


"Output Data File" such as that for CDDMS, or into some
DARWIN TDI or TDS Subsystem's *.wtd Data Files.


Distribute CPs for these Absolute Specify the Name of the Absolute Pressure(s) for which the
Pressures to DARWIN Data Files associated Pressure Coefficient(s) will be inserted into the


DARWIN Pressure Data Files ( *.pre#.tab ).  If DARWIN is used
for CP Distribution, this set must be a superset of CPs selected
for all TDI/TDS and DARWIN File creation.
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11 .6 CDDMS & DARWIN PLOT SPECIFICATIONS


There are no explicit setup forms for definition of requirements for DARWIN


Plotting.  What does exist is a set of forms for providing descriptors for


creation of Pressure Plots.


DARWIN plotting capabilities are provided through an extensive set of World


Wide Web based tools which operate within the Netscape Navigator


environment.  These tools include UNIX Perl and SyPerl scripts for access of


Aerodynamic Results from the DARWIN Sybase Database, C++ Code and


Java Applets for access of Pressure Coefficients and Pressure Plot


Descriptors from the UNIX FileSystem, and Java Applets for production of x-y


plots of Aerodynamic Results or Pressure Coefficients.  All of these DARWIN


Netscape Plots are available to remote users via the AEROnet.


Production of pressure plots requires the user to specify a set of descriptors


for definition of each pressure curve to be plotted.  Not coincidentally, the


CDDMS plotting application and DPS plotting applications all require similar


descriptors for plot creation.  The historic components of this Pressure Plot


Set are the Map, Tap, and Region Tables.  


The Tap and Map Tables identify and map each uniquely numbered


pressure tap to an associated transducer and module and the x,y,z


coordinates of that tap on the test article.  If only one coordinate is being


used for plotting, the other coordinates may be zero or anything else that


might be useful , such as z = +1 to denote wing upper surface and z = -1 to


denote wing lower surface.  The Region Table defines pressure plot


requirements in terms of taps to be grouped to produce a single curve.  An


example would be a plot of chord-wise upper surface pressures at a fixed


semi-span station.


The implementation of new methods for providing DARWIN pressure plot


capabilities such as Java Applets and WWW / UNIX Scripts has also lead to


development of new methods and related forms for specification of the


descriptors historically provided by the Map, Tap and Region Tables.  The


new forms are designated as the Pressure Tap Coordinate Specifications


and Pressure Plot Group Specifications.







123 October 1999


PRESSURE COORDINATE SPECIFICATIONS


The Pressure Coordinate Specifications Form is used to specify the


associations of the Pressure Coefficients, downloaded from the host to


CDDMS, DARWIN, or some TDI/TDS, with one or more coordinate systems


for plotting purposes.  The form described herein replaces its legacy


equivalents ( Map and Tap Tables ) and must be specified if Pressure Plots


are required from the SDS DPS and DARWIN Plotting Facilities.  CDDMS


users are urged to comply with this concept to eliminate the necessity of


supplying redundant information when CDDMS, DPS and DARWIN Plots


are all required for a test.


Microsoft WORD and EXCEL versions are provided for this form


THE FORM


Test       ID     


The ID of the Test which incorporates the current Test Configuration.


Configuration    


The current Test Configuration Number.  


Plot        Key    


An integer value to be associated with the coordinate system(s) defined in


the subsequent columns of the row.  Plot Keys must be unique since the


value is used as a Key for setup of Pressure Plot Group Specifications and


retrieval of pressure data from the users pressure data file.  


If the user wishes to maintain a relationship between the pressure


module/transducer pair and the number of the associated Tap, this field can


be used to supply the Tap number as an optional integer key (n to nnnnn).


If the user wishes to define an ordinal relationship between the pressure


module/transducer pairs and associated X,Y,Z or optional Coordinate Sets,


this field can be used to supply an ordinal number as an optional integer key


(n to nnnnn).  
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If the user wishes to define all taps and related pressure module/transducer


pairs by the User Defined or Standard Names supplied on the SDS PSI


Description Form, this field is left blank.


Name        Key,       the        Absolute        Pressure        desc       ribed        by       the         Coordinate         Set(s)


The User Defined or Standard Name of the Absolute Pressure used to


calculate the Coefficient of Pressure to be plotted.  These Absolute Pressure


Names were supplied on the SDS PSI Description Form for the current


module/port combination.  


Coordinate         Sets        1       (X),        2       (Y),        3       (Z)


Coordinate Sets 1, 2, and 3 are defaulted to the physical X, Y, and Z


coordinates for locating the Tap which supplies the associated Absolute


Pressure on the test article.  The reader will note that the values (Plot Key


and X, Y, Z Coordinates) correspond to the original CDDMS Tap Table.


Coordinate         Sets        4       -        8


Physical or other Coordinates expressed in the user's Test Dependent


Coordinate System.  Values may be the physical X, Y, Z Coordinates after


applying CDDMS XREF, YREF, ZREF and XLREF values for plotting in some


Normalized Coordinate System .
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Test ID 12-XXXX
Configuration 1


Pressure Tap Coordinate Specifications


Plot
Key


Name Key - Absolute
Pressure described by
the Coordinate Set(s)


Coordinate
Set 1
(X)


Coordinate
Set 2
(Y)


Coordinate
Set 3
(Z)


Coordinate
Set 4


(Optional)
...


Coordinate
Set 8


(Optional)
65 PS06_01 2.0 1.1 -1 5.0


...
-0.34


66 PS06_02 2.5 1.3 -1 5.5 ... -0.34
67 PS06_03 3.0 1.5 -1 6.0 ... -0.34
68 PS06_04 35 1.65 -1 6.5 ... -0.34
133 PS06_05 4.5 1.83 -1 7.5 ... -0.34
... ... .. .. .. .. ... ..
... ... .. .. .. .. ... ..
... ... .. .. .. .. ... ..
... ... ... ... ... ... ... ...
... ... .. .. .. .. ... ..
... ... .. .. .. .. ... ..
... ... ... ... ... ... ... ...
... ... ... ... ... ... ... ...


190 LWP_45 13.0 1.21 1 16.0 ... 0.78
191 LWP_46 13.5 1.33 1 16.5 ... 0.78
192 LWP_47 14.5 1.54 1 17.5 ... 0.78
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PRESSURE PLOT GROUP SPECIFICATIONS


The Pressure Plot Group Specifications Form is used to identify Pressure


Coefficients for plotting as a group a.k.a. Pressure Plot Region.  The form


described herein must be specified if Pressure Plots are required since this


information is used by the SDS and DARWIN Support Teams to create


Pressure Plot Files required by the DPS and DARWIN Netscape Plotting


Facility.  CDDMS users are urged to comply with this concept to eliminate


the necessity of supplying redundant information when CDDMS, DPS and


DARWIN Plots are all required for a test.


THE FORM


Test       ID     


The ID of the Test which incorporates the current Test Configuration.


Configuration    


The current Test Configuration Number.


Column        Label       for         Coordinate         Sets        1       -        8


DARWIN plot functions allow user defined Plot Labels, of up to 10


characters, for the coordinates plotted as the X-Axis of a Pressure Plot.


CDDMS or DPS use of this information is TBD.  White space (embedded


blanks, tabs, etc.) is not allowed in a Plot Label.


Display        Title       for       this         Group


CDDMS, DARWIN, and DPS plot functions allow user defined Pressure Plot


Display Titles of up to 32 characters. White space is allowed in a Display


Title.  The reader should note that since Netscape Pressure Plot sizes are


auto-scaled, lengthy titles will shrink the portion of the display screen


available for data display.
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Pressure        Plot         Group         Number


This number is used to differentiate between the 1 to many groups of


pressure data to be plotted.  Numbers must be unique within a Test


Configuration but need not be ordered or contiguous.  Group Numbers are


the equivalent of the legacy Region Number.


Column        Label        or         Coordinate         Set       to        Plot               versus               Keys


Enter one of the previously defined Column Labels or Coordinate Set


Numbers to specify which set of coordinates are to be used as the x-axis for


the pressure plot.  If Set Numbers are used and no new labels were


specified, the default terms Tap_X, Tap_Y, Tap_Z, Coord_4, Coord_5 etc.


will be inserted into the necessary control files and plotted to identify the


proper column.


Normalization        Values       -        XREF,        YREF,        ZREF,        XLREF


Enter the location of the X, Y, Z origins for plotting in a normalized coordinate


system.  Also enter the chord length for normalization in the direction of the


IAXIS for the plot group.  These values are required for plotting via CDDMS


and DPS.  If values are specified for DARWIN, the support programmer will


use these values to create a Normalized Coordinate Set for insertion into the


Pressure Coordinate Specification Table previously described.


Plot        or         Name        Keys       in        order        of        display


Enter the Plot Key or the Name Key for each module/port combination to be


plotted in the current Pressure Plot Group.  All values are plotted in the order


listed.  Keys may be specified individually or as a range as in 127 128:132 or


LWP_01  LWP_05:48.
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Test ID 12-XXXX
Configuration 1


Pressure Plot Group Specifications


Column Label for
Coordinate Set 1 (X) Fuselage_X


Column Label for
Coordinate Set 2 (Y) Fuselage_Y


Column Label for
Coordinate Set 3 (Z) Fuselage_Z


Column Label for
Coordinate Set 4 FusX_UpRef


Column Label for
Coordinate Set 5 FusY_UpRef


Column Label for
Coordinate Set 6 FusY_LHRef


Column Label for
Coordinate Set 7 FusX_LHRef


Column Label for
Coordinate Set 8 SLAT_RHRef


Display Title for this
Group Fuselage Plot X Vsn 1


Pressure Plot Group
Number 1


Column Label or Coordinate Set
Number to  Plot  versus  Keys FusX_UpRef


Normalization value
XREF 36.955


Normalization value
YREF -0.450


Normalization value
ZREF 2.470


Normalization value
XLREF 2.500


Specify Keys in
display order 129  132  135   137:156  131  130  129


Display Title for this
Group Fuselage Plot Y Vsn 1


Pressure Plot Group
Number 2


Column Label or Coordinate Set
Number to  Plot  versus  Keys 7


Normalization value
XREF 36.955


Normalization value
YREF 1.3700


Normalization value
ZREF 0.000


Normalization value
XLREF 2.500


Specify Keys in
display order PS06_01   PS06_10:23   PS06_01


Display Title for this
Group SLAT RH Reference Vsn 1


Pressure Plot Group
Number 3


Column Label or Coordinate Set
Number to  Plot  versus  Keys SLAT_RHRef


Normalization value
XREF 0.0


Normalization value
YREF 0.0


Normalization value
ZREF 0.0


Normalization value
XLREF 1.0


Specify Keys in
display order PPM_02  PPM_04  PPM_06  PPM_08:12  PPM_14  PPM_18  PPM_20   PPM_22


PPM_24:36  PPM_38  PPM_40  PPM_42  PPM_44  PPM_46:48  PPM_02
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12.0  DPS PL O T S


Other than the interface with the user, DPS plotting on SDS works in the


same manner as the former SWTS.  There is no practical limit to the number


of DPS Plots supported by SDS.  However, each unique plot must be


specified on a separate plot specification form.  While these forms are not


required when the test write-up is submitted for review, they should be


submitted about two weeks prior to first use of the software.  If the test


manager does not plan on having the Computer Systems Technicians build


the plots, then these forms are not required.  


12 .1 DPS PLOT SPECIFICATIONS


The format for this form is identical to the display screen that appears when


running DPS and a change is requested through "clicking" on the proper


button.  The elements are defined on the explanation page for this form and


will not be repeated here.  They are time consuming to generate, especially if


pressure plotting is desired (see section 12.2 DPS Pressure Plot


Specifications).


The difference plots provided is the difference in the y-variable between two


different runs.  The first run entered in the run specification request is


considered the base from which the difference is taken.


There is a DPS utility called "SDS Names".  This utility provides a list of all


variables known to the data base and are listed in alphabetic order.  A filter is


provided to narrow the list to manageable scan size.  On screen help is


provided in the operation of the filtering.  This is a very useful tool if the exact


SDS name of a variable is not known.
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Test ID 12-XXX
S D S


DPS Plots


Plot number 1 Title This is the title of the plot


Plot Type   Standard X   Run-by-Run   Pressure   Difference


X1 Variable: CS1STB_CD Y1 Variable: CS1STB_CL X autoscale: OFF


X2 Variable: Y2 Variable: Y autoscale: OFF


X3 Variable: Y3 Variable:
Symbols:


X4 Variable: Y4 Variable:
Line Style:


X axis label: Y axis label:


X min.: 0.0 Y min.: -0.4


X max.: 0.08 Y max.: 1.2


X increment: 0.01 Y increment: 0.2


X Grid Style: DOTTED Y Grid Style: DOTTED


Legend: RUN, MACH, RN, CONF


Out-of-range Options: X Discard Points Move to Boundary


Curve 1: Fit Order: Sort Variable: ALPHA


Curve 2: Fit Order: Sort Variable:


Curve 3: Fit Order: Sort Variable:


Curve 4: Fit Order: Sort Variable:
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Test ID 12-XXX
S D S


DPS Plots


Plot number 2 Title This is the title of the next plot


Plot Type   Standard   Run-by-Run X   Pressure   Difference


X1 Variable: X/C Y1 Variable: CP X autoscale: OFF


X2 Variable: Y2 Variable: Y autoscale: OFF


X3 Variable: Y3 Variable: Symbols:


X4 Variable: Y4 Variable: Line Style:


X axis label: Y axis


label:


X min.: 0.0 Y min.: +0.4


X max.: 1.0 Y max.: -2.0


X increment: 0.1 Y increment: 0.4


X Grid Style: DOTTED Y Grid


Style:


DOTTED


Legend: RUN, SEQ, MACH, RN, CONF


Out-of-range Options: X Discard Points Move to Boundary


Curve 1: Fit Order: Sort Variable:


Curve 2: Fit Order: Sort Variable:


Curve 3: Fit Order: Sort Variable:


Curve 4: Fit Order: Sort Variable:
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Description:


Plot Number: Enter the number for the plot.  Number plots consecutively.


Title: Specify the title of the plot; there is a 40 character limit.


Plot Type: Check Standard, Run by Run, Pressure or Difference.


X1 & Y1 Variable: Specify the result name* to be used for the first X or Y variable.  X1
and Y1 Variable is required when plot type is Run by Run or
Standard.  The X and Y variables are fixed for pressure plots (CP
versus x, y or z coordinate).  There is a 40 character limit.


X2 -> X4 and Specify the result names* to be used for the second through fourth
X and Y variables.


Y2 -> Y4 Variables: These variables are required when the plot type is Standard.  There
is a 40 character limit.


X & Y Axis Label: Specify the X and Y axis label.  There is a 40 character limit.


X & Y min.: Specify the minimum value for the X and Y axis.


X & Y max.: Specify the maximum value for the X and Y axis.


X & Y increment: Specify the interval between the major tick marks for the X and Y
axis.


X & Y Grid Style: Specify the grid style for each coordinate.  The choices are:  None,
Solid, Dotted, Dashed, Dash-dotted, Dash-3 dotted and Long
Dash.  Default is no grid.


X & Y Autoscale: Specify if the autoscaling should be "On" or "Off" for the X and Y
axis.


Symbols: Specify the symbol style.  Choices are:  None, Asterisk, Circle, X,
Solid Circle, Up Triangle, Solid Up Triangle, Down Triangle, Solid
Down Triangle, Square and Diamond.  A blank implies use of
symbols in the above order, beginning with the Asterisk.


Line Style: Specify the type of line to draw through the points. The choices
are:  Solid, Dotted, Dashed, Dash-dotted, Dash-3 dotted and Long
Dash.  Default is solid.


Legend: Specify up to 6 variable items for a legend.  One comment item can
also be added.  Items should be separated by a semi-colon.  Each
variable item consists of its variable name and optional format.  If
both variable name and format are specified, they must be
separated by a comma.  The legend need only be specified once if
all plots are to have the same legend.


Out of Range: Check the option for how points which fall outside the plot
boundaries are be treated.


Curve Fit: Specify the type of curve to fair through the points.  The choices
are:  None, Linear, Least-Squares, Cubic Spline.  Default is Linear.


Curve Order: Specify the order for least-squares curve fit.  Note that curve order
only applies when the Least-Squares Curve Fit option is selected.
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Sort Variable: Specify the variable for sorting the data prior to plotting.  Data may
be sorted against any variable residing in the data base.  Default is
no sorting.  Sorting is not applicable for pressure plots.  For
example, when plotting lift-coefficient versus drag coefficient, it is
best to sort on angle of attack.  This will keep the curve from
becoming skewed and/or folding back on itself when multi-valued
points are encountered.


* Use the "SDS Names" utility on the pull down menu to find valid SDS names.  A help
button provides information on how to perform the search.  A filter is provided to have the
utility scan for names which contain only the character string specified.
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12 .2 DPS PRESSURE PLOT SPECIFICATIONS


DPS plotting capabilities extend to creation of x-y plots of Pressure Data.


Production of pressure plots requires the user to specify a set of descriptors


for definition of each pressure curve to be plotted.  Not coincidentally, the


CDDMS plotting application and DARWIN plotting applications all require


similar descriptors for plot creation.  This set is historically identified as the


Pressure Plot Map Table, the Tap Table and the Region Table.  


The Tap and Map Tables identify and map each uniquely numbered


pressure tap to an associated transducer and module and the x,y,z


coordinates of that tap on the test article.  If only one coordinate is being


used for plotting, the other coordinates may be zero or anything else that


might be useful , such as z = +1 to denote wing upper surface and z = -1 to


denote wing lower surface.  The Region Table defines pressure plot


requirements in terms of taps to be grouped to produce a single curve.  


Identification of DPS Pressure Plot Map Table, Tap Table, and Region Table


information requires use of the Pressure Plot forms discussed in Section


11.6.
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13.0  PRESSURE S ENSITIVE P AINT (PSP)


The PSP forms are required in order to inform the PSP team of the


requirements for the given test.  The PSP team needs a variety of information


in order to be adequately prepared.  A brief overview of that information


follows.


13.1  GENERAL PSP SE T U P


The General PSP Setup form deals with overall requirements for the given


test.  Specify the type of model support and, in the case of a semi span


model, specify whether it is a left or right wing.  Provide descriptions of each


configuration that requires PSP data.  This description doesn't include the


surfaces to be painted.  Appropriate entries can be seen on the included


example.  Select the extent to which the PSP images should be reduced.


The two options are "Calibrated Image" and "Ratioed Image Only".  If


"Calibrated Image" is selected, the PSP team will curve fit the intensities of


the paint against the measured pressure of the ports in order to obtain the


cc's for the paint.  This type of calibration is called "insitu".  Generally,


"Calibrated Image" is required if the user needs quantitative PSP results.


When "Calibrated Image" is selected, the 3D geometry's of the model are


usually required from the user in order to overlay the PSP results on the 3D


geometry.   The 3D geometry's should be in Plot 3D or CFL format.  In order


to overlay the PSP results on the 3D geometry, the coordinate system of the


3D geometry and the coordinate system of the targets and pressure ports


must be the same.  The pressure port coordinates are provided by the user


and should be attached to the forms in the format specified in Section 13.2.


In addition, a drawing of the pressure port locations should be attached.


Note that only the 3 dimensional coordinates of those targets and ports on


painted surfaces are required.   If "Ratioed Image Only" is selected, the PSP


team will not curve fit the intensities of the paint against the measured


pressure of the ports.  In which case, coordinates of pressure ports are not


required.  All that will be performed on "Ratioed Image Only" is a ratio of the


wind-off image to the wind-on image.  Generally, "Ratioed Image Only" is


adequate if the user does not need quantitative PSP results but only needs


to see flow patterns and trends on the PSP surface.
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If "Calibrated Image" is selected, then specify the number of hours after PSP


acquisition that the calibrated image must be available.  Reducing the raw


image to a calibrated level or even to the ratioed level is not automatic.  The


software tool "GreenBoot" must be used by a PSP team member to reduce


the image to the required level.  Since only a limited number of staff can run


GreenBoot, limitations exist with turn around times of reduced images.


The total number of PSI modules and the type of modules, purge or non-


purge, must  also be specified.  SDS sends DARWIN a complete list of


pressures for use with DARWIN plotting packages and for use with PSP


image reduction.  In order to reduce the number of data files, DARWIN and


PSP use the same file.  This file contains the pressure readings of every


module and port except those on the WICS system.  GreenBoot accesses


these files, expecting a certain order.  Purge modules are required during


the application of paint to reduce the plugging of pressure ports.  If purge


modules are not used, the PSP team should be notified as soon as possible.
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Test ID 12-XXXX
TEST DEPENDENT INSTRUMENTATION (TDI)


GENERAL PSP SETUP


Model Mounting - Image Plane BiPod x HAA


Span (Full Span Models) or
Semi-span (Half Models) (ft)


For Image Plane Only - Left Wing Model  Right Wing Model


Please Enter a Detailed Description of the Model Configurations for which PSP is Required:


PSP Configuration 1: Main Wing, LEFlap 0, TEFlap 0, Extended Fuselage, Clean Config


PSP Configuration 2: Main Wing, LEFlap 15, TEFlap 45, Extended Fuselage, Landing Config


PSP Configuration 3:


PSP Configuration 4:


Calibrated
Image


Ratioed
Image Only


Is PSP to Provide Insitu Calibrations for Use with 3D Geometries or Is PSP
Only to Provide Ratioed Images for Qualitative Analysis?


     **Note:  Be sure to read the additional information in the description  section
X


If Calibrated Images are Requested:


     How Soon After Image Acquisition are Calibrated Images Required?  (hours) 8 hours


Total number of "model" mounted PSI Modules (including those not on pressure
painted surfaces) 8


Yes No


Are the PSI modules of purge type where paint will be applied? x
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Description:


Model Mounting Check the appropriate support system


Span (Full Span Models) Enter the full span for full span models or the semi-span for half
               or models, (ft)
Semi-Span (Half Models)


 Detailed Description of Enter a detailed description of the model configuration
Model Configurations for Example:
which PSP is Required PSP Configuration 1: Main Wing, LEFlap 15, TEFlap 45, Extended


Fuselage, Landing Configuration


PSP Configuration 2: Main Wing, LEFlap 0, TEFlap 0, Extended
Fuselage, Clean Configuration


Is PSP to provide insitu Check either Calibrated Image or Ratioed Image Only
calibrations for use with
3D Geometries or is PSP • If Calibrated Images are requested, target and pressure
only to provide ratioed tap locations are required in the same coordinate system
images for qualitative as that used in the 3D Geometry Files
analysis?


• If Ratioed Images Only are requested, target locations are 
required in any coordinate system, pressure tap 
coordinates are not required


• The coordinates of the targets and pressure taps are 
specified in one file.  See required format description


• Coordinates are required only for targets and pressure 
taps that are on pressure painted surfaces


• Note that if calibrated images are requested for use with 
3D Geometries, then provide the appropriate Plot 3D or 
CFL formatted files  two weeks prior to the test.  Mail files 
to:  jbell@nas.nasa.gov


If Calibrated Images are Enter the number of hours after image acquisition that calibrated
Requested:  How soon images are required
after image acquisition
are calibrated images
required?  (hours)


Total number of "model" Enter the total number of model mounted PSI modules used for the
mounted PSI Modules given model configuration.  All pressures, even those not used for
(including those not on PSP, will be written to the wind tunnel data file which is used by
pressure painted surfaces) Grouper and GreenBoot.


Are the PSI modules of Enter "Yes" or "No".  If the modules are a combination of purge
purge type where paint and no purge type where PSP will be applied, please specify
will be applied? the type and module number
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13.2  CONFIGURATION D EPENDENT PSP SE T U P


Once the general information is completed, an additional form for each of the


listed PSP configurations should be filled out.  On this form, specify the


surfaces to be painted.  This information is used to locate the optimum


position of the camera's.  


Divot points are provided by some users.  These points are small dimples


that are machined into the model surface and whose three-dimensional


coordinates are known.  These points are then used as targets for image


registration between wind-off and wind-on images.  Divot points speed up


the process of paint application in the sense that additional time is not


required for the PSP team to physically mark and measure target locations in


the wind tunnel using a device called the "Space Arm".  If the model has


divot points, attach a drawing that shows the location and number of these


divots.  The coordinates of the targets, whether in the form of divot points or


physically measured in the wind tunnel, are recorded in the same file as that


which contains the pressure port coordinates.  Again, the required format for


the divot/target coordinates is shown in Section 13.2.  If "Calibrate Image"


was selected on the PSP General Setup form, then the coordinates of the


divots/targets must be in the same coordinate system as the pressure ports,


which must be in the same coordinate system as the 3D geometry's for


overlaying purposes.  If "Ratioed Image Only" is selected, then the


divot/target coordinates can be in any coordinate system.  


Finally, enter the minimum and maximum ranges for total pressure, Mach


number, alpha and beta for the given PSP configuration.  This information is


used to determine the optimum location of the camera's and the number of


UV lights.
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Test ID 12-XXXX


TEST DEPENDENT INSTRUMENTATION (TDI)
PSP SETUP


(Complete this Form for Each PSP Configuration)


PSP Configuration Number 1


Surface(s) where PSP is to be applied: Upper Surface of Right Wing (including
leading and trailing edge flaps)


Junction of Right Wing and Fuselage


Forward, Right Fuselage


Yes No


Will the PSP Surfaces have Machined Divot Points that are to be Used as Targets for
PSP Registration?


x


Comments: The space arm will have to be used prior to PSP application


•  Provide drawing(s) of the PSP surfaces which illustrate divot/target and pressure tap locations


• Note that coordinates of all divots/targets  and taps on painted surfaces are to be provided
according to the attached file format


Maximum Tunnel Total Pressure for PSP Data Acquisition, (psf) 6 atms


Maximum Minimum


Maximum and Minimum Mach No. for
PSP Data Acquisition


0.55 0.25


Maximum Minimum


Maximum and Minimum Pitch Angle for
PSP, (deg)


24 -5


Maximum Minimum


Maximum and Minimum Beta Angle for
PSP, (deg)


0 0


1 2 3


Number of Shifts Per Day x
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Description:


PSP Configuration Number Enter the corresponding configuration number from the General
PSP Setup Form


Surface(s) where PSP Enter the names of the surfaces to be painted
is to be applied:


Will the PSP Surfaces have Check "Yes" or "No".
Machined Divot Points that 
are to be used as Targets • If there is an insufficient number of targets for registration,
for PSP Registration? the space arm will be used to physically measure added 


targets.  If this is the case, time must be allotted in the 
prep room or test section.  If something other than divot


 points will be used for targets, please specify in the 
comment section of the form.


Maximum Tunnel Total  Enter the maximum tunnel total pressure for the given PSP
Pressure for PSP Data Configuration
Acquisition, (psf)


Maximum and Minimum Enter the maximum and minimum Mach number for the given PSP
Mach No. for PSP Data Configuration
Acquisition


Maximum and Minimum pitch Enter the maximum pitch angle for the given PSP Configuration
angle for PSP, (deg)


Maximum and Minimum beta Enter the maximum beta angle for the given PSP Configuration
angle for PSP, (deg)


Number of Shifts per Day Check the number of planned operational shifts per day
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13.3  TARGET & TAP FILE FORMAT FOR P S P


Shown below is an example of the Format for the Targets and Pressure Tap


File when Acquiring PSP data.


*targets


# Note the use of the * symbol shown above.  This symbol is recognized by


# the GreenBoot Source Code and must be there.


#  You may put any comments behind a "#" symbol.


#  For example, "The first 9 targets are on the main wing"


#


#  If divets have been machined into the surface and assigned id numbers


#  by the user, then use the same id number below.  Otherwise, just enter


#  the coordinates and any applicable comments, i.e. leave the ID No. blank.


#


#  If no divets have been machined into the surface, then do not enter any


#  target data.  Targets locations will then be the responsibility of the PSP


#


#  team.  If requesting Insitu Calibrations for Use with 3D Geometries, then


# the coordinate system for the targets and taps must be the same as the


# coordinate system for the 3D Geometries


#  The following are examples of target id numbers and target coordinates:


#  ID No.     x             y                z Comment
#
#
106 61.856 4.428 -3.0773 # L.E Right Wing, Inboard
115 71.669 6.812 -3.4688 # T.E Right Wing, Inboard
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#


#


* taps


# ID No. and coordinates of all model mounted pressure taps follow


# Non-zero coordinates are required for those taps on painted surfaces.


#  Taps not on painted surfaces should have the coordinates: 0.0  0.0   0.0


#  ID No. is not required, it will be filled in by the PSP team


#  !!!!!!!!!! Coordinates must be entered in the Module, Port order !!!!!!!!!!


#  There is no end-of-file marker


#


#  ID No.     x                y               z     SDS Name
#
#


61.856 7.67 -4.1165 #  Wing Upper    PS01_1CP
61.856 7.565 -3.9853 #  Wing Upper    PS01_2CP
61.856 7.257 -3.1829 #  Wing Upper    PS01_3CP
71.669 11.049 -4.3109 #  Wing Upper    PS01_4CP
0.0 0.0 0.0 #  Fuselage PS01_5CP
0.0 0.0 0.0 #  Fuselage PS01_6CP
71.669 10.951 -4.1996 #  Wing Upper    PS01_7CP
" " " "
" " " "
0.0 0.0 0.0 #  Fuselage        PS08_63CP


                          89.111 17.055 -4.4264 #  Wing Upper   PS08_64CP
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14.0  WALL INTERFERENCE CORRECTION SYSTEM (WICS)


The WICS forms are required in order to properly locate the singularities that


are necessary to represent the model configuration.  A brief overview of the


required information follows.


14.1  GENERAL WICS SE T U P


Use of WICS to compute blockage and up wash corrections requires a


description of the model in order to locate the singularities that will represent


it.  There are three forms to fill out per configuration.  A set a forms should be


filled out for each model configuration where any of the values on the form


change significantly.   An example of a significant change would be tail on


versus tail off, two different wing planforms, propulsion simulators on or off or


an extended fuselage.  Flaps deflected does not constitute a significant


model change.  


When filling out the forms, be careful to maintain the required units.  The


values on the form will be used as inputs to an Excel workbook that


computes the singularity locations in tunnel station coordinates.  


When specifying coordinates, for either full span or semi span, the following


convention's apply:


1. The tunnel' s vertical plane from tunnel centerline is always positive to


the ceiling and negative to the floor


2. The tunnel's lateral plane, when looking upstream, from tunnel


centerline is always positive to the right wall and negative to the left wall


3. The tunnel's longitudinal plane is increasing downstream from turntable


center, which is at TS 120.7 ft.


In both the full span and semi span cases, the tunnel station of the balance


center is required in order to convert model coordinates to tunnel station


coordinates.  


For a semi span model, the lateral tunnel station of the balance center is


physically constrained to tunnel centerline, or in other words, 0 ft.  The
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longitudinal tunnel station of the balance center is also physically


constrained to the location of turntable center, i.e. 120.7 ft.  For this reason,


those inputs are not requested on the forms for semi span models.  However,


the vertical tunnel station of the balance is not physically constrained.  The


vertical tunnel station of the balance center is located near the floor of the


tunnel and should therefore have a value somewhere around -3.0 ft.  Each


user should measure and record this distance for the given floor balance.


The descriptions at the bottom of each form should be sufficient with a few


exceptions.  The XREF, YREF and ZREF values should be consistent with


those specified in the SDS write up for the coefficient set named UNCS, the


uncorrected coefficient set using QMODREF.  In addition, IRA, the angle


between the balance and the body axis, should be consistent with that


specified in the SDS write up.  The user must request an additional


coefficient set which uses the blockage and upwash corrections computed


by the WICS code in order to obtain aerodynamic coefficients based on


WICS.


When filling out the form that pertains to the number of singularities used to


represent the model components, it may be useful to speak to Norbert


Ulbrich or Alan Boone, but in nearly all cases, the defaults will be sufficient.


In cases of powered models, propulsion must be represented by point


singularities.  Again, you may find it useful to call Norbert or Alan, but the


number is dependent on the actual number of propulsion devices.  You may


add or delete to the x, y and z coordinate column in cases where more than


2 propulsion devices are used.


Finally, the load distribution calculation flag should be specified.  In cases


when the lift distribution is not known before tunnel entry, the flag will be set


to 1.  When using this flag, the local chord lengths are required at the


determined doublet locations on both the wing and tail.  However, since the


doublet locations are not known until the data on these forms have been run


through the Excel spreadsheet, the chord lengths cannot be specified.  They


will, however, be required at a later date.


Two examples of filled out forms are presented.   The first is for a bipod


mounted model and the second is for a semi span model, which requires
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use of the image plane.  The second example presents the forms only.  The


description about the form contents are identical to the first example.
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Test ID 12-XXXX


SDS EXTERNAL SOFTWARE PACKAGES
WICS SETUP (Form 1 of 3)


The information provided within this form will allow setup of WICS computations for your test.  The
information must describe the location of the model in the test section as it will be oriented for taking wind
off zero points. (Most often α = 0°, β = 0° and φ = 0°)


Model Mounting - Image Plane BiPod x HAA


For Image Plane Only - Left Wing Model  Right Wing Model


Configuration Number or
Description of Model Components


Generic Full Span Model, Clean Wing, Tail On


FULL SPAN MODELS:


Axial Tunnel Station of Balance Center, (ft) 119.6


Lateral Tunnel Station of Balance Center, (ft) 0


Vertical Tunnel Station of Model Centerline (ft) 0


Vertical Tunnel Station of Wing Plane (ft) 0


Vertical Tunnel Station of Tail Plane  (ft) 0.667


SEMI SPAN MODELS:


Lateral Tunnel Station of the Model Centerline (ft)


Lateral Tunnel Station of the Wing Plane (ft)


Lateral Tunnel Station of the Tail Plane (ft)


FOR BOTH FULL SPAN AND SEMI SPAN MODELS:


Vertical Tunnel Station of Balance Center, (ft) 0


Axial Model Station of the Balance Center, (in) 68.0


Axial Model Station of the Nose of the Fuselage,  (in) 8.00


Axial Model Station of the Rear of the Fuselage,  (in) 110.25


Fuselage Diameter (approximate), (in) 9.00


XREF of the UNCS (uncorrected) Coefficient Set (ft) -.1


YREF of the UNCS (uncorrected) Coefficient Set (ft) 0


ZREF of the UNCS (uncorrected) Coefficient Set (ft) .02


 IRA for the UNCS (uncorrected) Coefficient Set (deg) 0
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Description


Config Enter the configuration number or a description of the model
components for which the following WICS Setup applies.
Duplicate the forms for unique model configurations.


FULL SPAN MODELS:


Axial Tunnel Station of Enter the tunnel station axial coordinate for the balance center.  As
Balance Center, (ft) a point of reference, the center of rotation of the turntable is


located at Tunnel Station 120.71 Ft.  Tunnel Station increases in
the downstream direction.


Lateral Tunnel Station of Enter the tunnel station lateral coordinate for the balance center
Balance Center, (ft) as measured from the tunnel centerline.  The positive sense is


toward the right wing tip looking in the upstream direction.


Vertical Tunnel Station of Approximate (± 0.1 ft. ) vertical location of full span model
centerline


Model Centerline, (ft) The positive sense is toward the ceiling.


Vertical Tunnel Station of Approximate (± 0.1 ft. ) vertical location of full span model wing
plane.


Model Wing Plane, (ft)The positive sense is toward the ceiling.


Vertical Tunnel Station of Approximate (± 0.1 ft. ) vertical location of full span model tail 
Model Tail Plane, (ft) plane.  The positive sense is toward the ceiling.


SEMI SPAN MODELS:


Lateral Tunnel Station of Approximate (± 0.1 ft. ) lateral location of semi span model
centerline.


Model Centerline, (ft) The positive sense is toward the right wall looking in the
upstream direction.


Lateral  Tunnel Station of Approximate (± 0.1 ft. ) lateral location of semi span model wing
plane.


Model Wing Plane, (ft) The positive sense is toward the right wall looking in the
upstream direction.


Lateral  Tunnel Station of Approximate (± 0.1 ft. ) lateral location of semi span model tail
plane.


Model Tail Plane, (ft) The positive sense is toward the right wall looking in the
upstream direction.
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FOR BOTH FULL AND SEMI  SPAN MODELS:


Vertical Tunnel Station of Enter the vertical tunnel station coordinate for the balance center
Balance Center, (ft) as measured from the tunnel centerline.  The positive sense is up,


above the tunnel centerline.


Axial Model Station of the Enter Model Station of the balance center in inches.  (It is usually
Balance Center, (ft) given in inches on model drawings.)


Axial Model Station of the Enter Model Station of the fuselage nose in inches (from model
Fuselage Nose, (in) drawing).


Axial Model Station of the Enter Model Station of the rear of the fuselage in inches (from
Rear of Fuselage, (in) model drawing).


Fuselage Diameter Enter the diameter of the fuselage in inches
(approximate), (in)


XREF of the UNCS Distance measured in the body axis x-direction from the balance
Coefficient  Set (ft) center to the body axis origin (locates model reference center)


YREF of the UNCS Distance measured in the body axis y-direction from the balance
Coefficient  Set (ft) center to the body axis origin (locates model reference center)


ZREF of the UNCS Distance measured in the body axis z-direction from the balance
Coefficient  Set (ft) center to the body axis origin (locates model reference center)


IRA of the UNCS Angle between the balance x-axis and the body x-axis, (deg)
Coefficient Set (ft)







October 1999 152


Test ID 12-XXXX


SDS EXTERNAL SOFTWARE PACKAGES
WICS SETUP (Form 2 of 3)


Configuration Number or
Description of Model Components


Generic Full Span Model, Clean Wing, Tail On


FULL SPAN MODELS:


Span of Complete Wing, (ft) 6.3


Span of Complete Tail, (ft) 2.4


SEMI SPAN MODELS:


Semi Span of Wing, (ft)


Semi Span of  Tail, (ft)


FOR BOTH FULL SPAN AND SEMI SPAN MODELS:


Area of Complete Wing, (ft2) 11.3


Wing Tip Chord, (ft) 0.8


Wing Root Chord, (ft) 2.79


Wing Leading Edge Sweep, (deg) 30


Model Station of Intersection of Wing Leading Edge with Model
Centerline, (in)


57


Area of Complete Tail, (ft2) 2.5


Tail Tip Chord, (ft) 0.74


Tail Root Chord, (ft) 1.4


Tail Leading Edge Sweep, (deg) 47


Model Station of Intersection of Tail Leading Edge with Model
Centerline, (in)


89
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Description:


FULL SPAN MODELS:


Span of Complete Wing, (ft) Enter the span of the complete wing


Span of Complete Tail, (ft) Enter the span of the complete tail


SEMI SPAN MODELS:


Semi Span of Wing, (ft) Enter the span of the complete wing


Semi Span of Tail, (ft) Enter the span of the complete tail


FOR BOTH FULL SPAN AND SEMI SPAN MODELS:


Area of Complete Wing, (ft2) Enter the reference area of the complete wing for both
full and semi span models


Wing Tip Chord, (ft) Enter the wing tip chord


Wing Root Chord, (ft) Enter the wing root chord at model centerline plane


Wing Leading Edge Sweep, (deg) Enter the wing leading edge sweep


Model Station of Intersection of Enter the model station of the intersection of the
Wing Leading Edge with wing leading edge with the model centerline
Model Centerline, (in)


Area of Complete Tail, (ft2) Enter the reference area of the complete tail for both
full and semi span models


Tail Tip Chord, (ft) Enter the tail tip chord


Tail Root Chord, (ft) Enter the tail root chord


Tail Leading Edge Sweep, (deg) Enter the tail leading edge sweep


Model Station of Intersection of Enter the model station of the intersection of the
Tail Leading Edge with Model tail leading edge with the model centerline
Centerline, (in)
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Test ID 12-XXXX


SDS EXTERNAL SOFTWARE PACKAGES
WICS SETUP (Form 3 of 3)


Configuration Number or
Description of Model Components Generic Full Span Model, Clean Wing, Tail On


Use Defaults


Yes No If Not Using Defaults, Then Specify Below


Number of Fuselage Singularities x


Use Defaults


Yes No If Not Using Defaults, Then Specify Below


Number of Wing Wake Singularities x


Use Defaults


Yes No If Not Using Defaults, Then Specify Below


Number of Wing Singularities x


Use Defaults


Yes No If Not Using Defaults, Then Specify Below


Number of Tail Singularities x


Quantity If Point Sink Singularities are Used,
Specify the Model Coordinates Below, (in)


Number of Point Sink Singularities
(Propulsion)


n/a x=                    y=                   z=


x=                    y=                   z=


Load Distribution Calculation Flag For Lifting Doublets  1
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Description:


Number of Fuselage Singularities Enter the number of source/sink pairs used to represent
the volume blockage of the model,
Default is 2 (fuselage volume) for both full and  
semi span models


Number of Wing Wake Singularities Enter the number of sources used to represent the wake
blockage of the model, Default is 3 for full span models
and 4 for semi span models


Number of Wing Singularities Enter the number of doublets used to represent the lift of
the wing, Default is 10 for full span models and 7 for semi
span models


Number of Tail Singularities Enter the number of doublets used to represent the lift of
the tail,  Default is 4 for full span models and 3 for semi  
span models


Number of Point Sink Singularities Enter the number of point sinks used to represent  
(Propulsion) propulsion effects


If nonzero, enter the model station coordinates of the 
sinks


Load Distribution Calculation Flag Enter 0 if you chose to enter relative weights for each
doublet.
(Option 0 would only be used if the lift distribution on the
model had been obtained from previous testing)
Enter 1 if you chose to enter local chord for each doublet
(Option 1 should be used when the lift distribution is not 
known)
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Test ID 12-XXXX


SDS EXTERNAL SOFTWARE PACKAGES
WICS SETUP (Form 1 of 3)


The information provided within this form will allow setup of WICS computations for your test.  The
information must describe the location of the model in the test section as it will be oriented for taking wind
off zero points. (Most often α = 0°, β = 0° and φ = 0°)


Model Mounting - Image Plane x BiPod HAA


For Image Plane Only - Left Wing Model x  Right Wing Model


Configuration Number or
Description of Model Components


Generic Semi Span Model, Clean Wing, Tail Off


FULL SPAN MODELS:


Axial Tunnel Station of Balance Center, (ft)


Lateral Tunnel Station of Balance Center, (ft)


Vertical Tunnel Station of Model Centerline (ft)


Vertical Tunnel Station of Wing Plane (ft)


Vertical Tunnel Station of Tail Plane  (ft)


SEMI SPAN MODELS:


Lateral Tunnel Station of the Model Centerline (ft) 0


Lateral Tunnel Station of the Wing Plane (ft) 0.1667


Lateral Tunnel Station of the Tail Plane (ft) n/a


FOR BOTH FULL SPAN AND SEMI SPAN MODELS:


Vertical Tunnel Station of Balance Center, (ft) -3.93


Axial Model Station of the Balance Center, (in) 8.55


Axial Model Station of the Nose of the Fuselage,  (in) 0


Axial Model Station of the Rear of the Fuselage,  (in) 200.22


Fuselage Diameter (approximate), (in) 26.316


XREF of the UNCS (uncorrected) Coefficient Set (ft) -0.002


YREF of the UNCS (uncorrected) Coefficient Set (ft) 3.031


ZREF of the UNCS (uncorrected) Coefficient Set (ft) -0.157


 IRA for the UNCS (uncorrected) Coefficient Set (deg) 0
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Test ID 12-XXXX


SDS EXTERNAL SOFTWARE PACKAGES
WICS SETUP (Form 2 of 3)


Configuration Number or
Description of Model Components Generic Semi Span Model, Clean Wing, Tail Off


FULL SPAN MODELS:


Span of Complete Wing, (ft)


Span of Complete Tail, (ft)


SEMI SPAN MODELS:


Semi Span of Wing, (ft) 8.4


Semi Span of  Tail, (ft) n/a


FOR BOTH FULL SPAN AND SEMI SPAN MODELS:


Area of Complete Wing, (ft2) 29.5386


Wing Tip Chord, (ft) 0.7


Wing Root Chord, (ft) 2.825


Wing Leading Edge Sweep, (deg) 27


Model Station of Intersection of Wing Leading Edge with Model
Centerline, (in)


50


Area of Complete Tail, (ft2) n/a


Tail Tip Chord, (ft) n/a


Tail Root Chord, (ft) n/a


Tail Leading Edge Sweep, (deg) n/a


Model Station of Intersection of Tail Leading Edge with Model
Centerline, (in)


n/a
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Test ID 12-XXXX


SDS EXTERNAL SOFTWARE PACKAGES
WICS SETUP (Form 3 of 3)


Configuration Number or
Description of Model Components Generic Semi Span Model, Clean Wing, Tail Off


Use Defaults


Yes No If Not Using Defaults, Then Specify Below


Number of Fuselage Singularities x


Use Defaults


Yes No If Not Using Defaults, Then Specify Below


Number of Wing Wake Singularities x


Use Defaults


Yes No If Not Using Defaults, Then Specify Below


Number of Wing Singularities x


Use Defaults


Yes No If Not Using Defaults, Then Specify Below


Number of Tail Singularities x


Quantity If Point Sink Singularities are Used,
Specify the Model Coordinates Below, (in)


Number of Point Sink Singularities
(Propulsion)


n/a x=                    y=                   z=


x=                    y=                   z=


Load Distribution Calculation Flag For Lifting Doublets  1
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15.0  RE P O R T I N G


15 .1 CHECK FRAME


15 .2 FOUT


15 .3 POUT


15 .4 SUMMARY
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0.0 INTRODUCTION 


0.01 SCOPE 


This document contains the computational equations used in the Standard Data 
System (SDS) at NASA/Ames Research Center.  The SDS is a distributed 
system designed for aeronautics testing at the 12-Foot Pressure Wind Tunnel and 
the high speed wind tunnel facilities of the Wind Tunnel Operations Division.  
The system was developed under contract to NASA by Sterling Federal Systems, 
Inc., NASA Ames Division.  The SDS provides data acquisition, data reduction, 
databasing, reporting and graphical display.  The software was developed using 
Object Oriented Programming implemented using C++ and C, combined with 
the commercial software tools Interbase, JAM and IDL.  Data acquisition and 
reduction are performed on computers using the UNIX operating system.  Data 
acquisition is accomplished in a parallel mode, typically using seven 486-PC 
computers running a version of the UNIX real-time operating system . 


0.02 REVISION LEVEL 


This manual is Version 5.0 and describes the equations used for SDS.  


0.03 FORMAT 


This document serves as a comprehensive description of the computational 
equations used by the Standard Data System.  It also serves as a detailed 
introduction to the exclusive computational requirements of individual tunnels 
used at NASA/Ames and the mathematical approach of the SDS.  The intended 
audience includes engineers, programmers, and data technicians for planning, 
specifying, and verifying the data reduction programs for specific wind tunnel 
tests.  Knowledge of the equations can be instrumental in the planning of a test 
because engineers, in conjunction with an uncertainty analysis, could know 
beforehand the precision and meaning of the results.  Programmers can check the 
accuracy of the code to the actual equations and the validity of the algorithms 
used.  The methodology is clearly delineated as to the basis for the computed 
results. 
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The format of the material is presented in an order parallel to the typical 
chronological processing of the SDS data reduction program.  Chapter 1 contains 
the Conversion algorithms available to reduce the raw data (millivolts or
”counts”) to engineering units (EU).  Tunnel Conditions for the various 
facilities are included in Chapter 2. 


Once the sensor data in engineering units and the tunnel conditions are available, 
measured forces and moments can be transformed into aerodynamic coefficients.  
The major sensor used to measure wind tunnel forces and moments is the strain-
gauge balance.  The transformations from EU balance data to aerodynamic 
coefficients are: 


• correction for interactions 
• completion of the bias correction 
• resolution of balance data to orthogonal force and moment directions in 


space 
• correction for model weight tares 
• corrections for various other factors (tunnel and configuration dependent 


corrections) 
• calculation of aerodynamic forces and coefficients in four different axis 


systems (balance, body, stability, and wind). 


Chapters 3 through 6 are the Balance-based computations.  Because balances 
may be mounted on an elaborate support system, a complicated method for 
computing model attitude and tare corrections is required and the methods are 
included.  Angles are covered in Chapter 4, Tares in Chapter 5, and Loads and 
Coefficients in Chapter 6. 


Chapter 7 covers the Initial Condition Requirements and dependencies for the 
SDS data reduction.  Also provided is an example of a normal sequence of initial 
conditions that would be encountered during the course of a wind tunnel test. 


Chapter 8 provides descriptions of computations which do not fit into any of the 
other categories.  Included are items such as base and cavity corrections, duct 
internal forces and moments, and local Mach number.  Other available utilities, 
such as methods for interpolation, integration, and root finding are presented in 
Chapter 9. 
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Each Chapter, where appropriate, includes a glossary of terms.  Also, derivations 
for some of the equations in the Chapter are included.  If the Chapter contains 
equations that are complex, the Appendix where the derivation may be found has 
been noted.  For example, knuckle-sleeve angles (Section 4.12) are derived in 
Appendix D. 


0.04 GLOSSARY 


The glossary of terms provides definitions for variables which are used in a 
particular section.  Forces, moments, and aerodynamic coefficients are grouped 
together for convenience and are not alphabetized.  Additional items of 
information, such as where the variable is defined or first referenced, applicable 
physical units, and any figures that may be used to augment the text definition 
are also included.  Under the column heading Equation Reference, the equation 
number which defines the variable is usually indicated.  However, "param", 
"control param", or "EU input" is also used as an entry.  The first two terms, 
"param" and "control param" mean that the variable is a parameter that is user 
controlled (and may be changed at any time during the course of the test) to 
specify or complete a computation.  The former is usually some test-specific 
parameter, such as reference area.  The latter is a flag to control the flow of 
processing, such as whether or not a correction is to be applied.  The last term, 
"EU input", is the converted channel value from a sensor processed by one of the 
equations in Chapter 1. 
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1.0 ENGINEERING UNIT CONVERSIONS 
 


The data acquired from the various sensors are read as millivolts (referred to as 
raw "counts").  This raw output  must be translated into physical quantities 
called engineering units (EU).  The following are the various conversion 
algorithms which may be used to convert the readings from raw counts to 
engineering units.  The appropriate conversion equation depends upon the type 
of instrument and its calibration procedure.  The user has the option to apply 
any conversion algorithm to any sensor. 
 


Unless specifically noted, the following terminology is used: 


 • XEU channel data converted to engineering units 


 • x mean channel data in counts 


 • xz channel data in counts from the most recent zero point 


 • xc channel data in counts from the most recent calibrate point 


 • ki ith order conversion constant 


 • n polynomial order (user specified) 
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1.1 UNI-DIRECTIONAL POLYNOMIAL CONVERSIONS 
 


1.1.1 Poly 


 Polynomial Conversion 
 


 XEU  =  ki  x
i!


i = 0


n


 


 


 
1.1.2 PolyOff 


 Polynomial with offset subtraction 


 XEU  =  ki   x - offset  i!
i = 0


n


 


 • offset offset value entered as a parameter 


 


 
1.1.3 PolyZer 


 Polynomial with zero point subtraction 


 XEU  =  ki   x - xz
 i!


i = 0


n
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1.1.4 PolyCal 


 Polynomial with zero point subtraction and calibration correction 


 


 XEU  =  ki  xadj
 i!


i = 0


n


 


 


 xadj = CALCOR ( x - xz ) 


  where xz is the most recent zero at the time of the data reading 


 


 CALCOR = 
INCAL


( xc - xz )  


 where xz is the most recent zero at the time of the calibrate reading and 
may differ from the xz used to calculate xadj 


 
 If  INCAL = 0  or  (xc - xz) = 0 


  CALCOR = 1.0 


 


 • xadj channel data adjusted for calibration drift or gain change 


 • CALCOR calibration correction term 


 • INCAL initial calibration value in counts entered as a parameter 
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1.2 BI-DIRECTIONAL POLYNOMIAL CONVERSIONS 
 


1.2.1 BiPoly 


 Polynomial with bi-directional fit 
 


 XEU  =  k
i


±
 x  i!


i = 0


n


 


 • ki
± ith order bi-directional conversion constant 


  ki
+ is used if x > 0 


   ki
- is used if x < 0 


 


1.2.2 BiPolyOff 


 Polynomial with bi-directional fit and offset subtraction 
 


 XEU  =  k
i


±
  x - offset  i!


i = 0


n


 


 • ki
± ith order bi-directional conversion constant 


  ki
+ is used if ( x - offset ) > 0 


   ki
- is used if ( x - offset ) < 0 


 • offset offset value entered as a parameter 
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1.2.3 BiPolyZ 


 Polynomial with bi-directional fit and zero point subtraction 
 


 XEU  =  k
i


±
  x - xz


 i!
i = 0


n


 


 • ki
± ith order bi-directional conversion constant 


  ki
+ is used if ( x - xz ) > 0 


   ki
- is used if ( x - xz ) < 0 
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1.2.4 BiPolyCal 


 Polynomial with bi-directional fit, zero point subtraction and calibration 
correction 


 XEU  =  ki
±
 xadj


 i!
i = 1


n


 


 
 


 xadj = CALCOR ( x - xz ) 
  where xz is the most recent zero at the time of the data reading 
 
 


 CALCOR = 
INCAL


( xc - xz )  


 where xz is the most recent zero at the time of the calibrate reading and 
may differ from the xz used to calculate xadj 


 
 If  INCAL= 0  or  ( xc - xz ) = 0, 


  CALCOR = 1.0 
 


 • k
i


± ith order bi-directional conversion constant 


  ki
+ is used if xadj > 0 


   ki
- is used if xadj < 0 


 • xadj channel data adjusted for calibration drift or gain change 


 • CALCOR calibration correction term 


 • INCAL initial calibration value in counts entered as a parameter 
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1.2.5 BiPolyBias 


 Polynomial with bi-directional fit, zero point subtraction, and calibration 
and bias corrections 


 
 


 XEU  =  ki
±
 xadj


 i!
i = 1


n


 


 
 
 For all points other than the bias and delta bias points: 


 xadj = CALCOR ( x - xz ) + xbiasnew 
   where xz is the most recent zero 
 
  
 For delta bias points: 


 xbiasnew = CALCOR ( xdbias - xz ) + xbiasold 
 where xz is the most recent zero that existed at the time of the delta bias 


reading and may differ from any other xz 
 
 
 For bias points: 


 xbiasnew = CALCOR ( xbias - xz ) 
 where xz is the most recent zero that existed at the time of the bias reading 


and may differ from any other xz 


 


 CALCOR = 
INCAL


( xc - xz )  


 where xz is the most recent zero that existed at the time of the calibrate 
reading and may differ from any other xz 
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 If  INCAL = 0  or  ( xc - xz ) = 0 


  CALCOR = 1.0 
 


 • k
i


± ith order bi-directional conversion constant 
 


  ki
+ is used if xadj > 0 


   ki
- is used if xadj < 0 


 • xadj channel data adjusted for calibration drift or gain change and 


bias   correction 


• xdbias adjusted channel data in counts at the delta bias point (the 


change in bias readings from the previous bias or dbias point) 


 • xbias adjusted channel data in counts at the bias point 


• xbiasnew adjusted channel data in counts from the bias point or the 


accumulation of adjusted channel data in counts from the most 
recent bias point and all subsequent delta bias points 


• xbiasold adjusted channel data in counts from the previous bias or delta 


bias point (current value prior to acquisition of a dbias point) 


 • xb channel data in counts from the bias point 


 • CALCOR calibration correction term 


 • INCAL initial calibration value in counts entered as a parameter 


 
 If no bias point has been taken, computations will proceed with: 


  xbiasnew = 0 
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1.3 POLYNOMIAL WITH REFERENCE CHANNEL CONVERSIONS 


 
1.3.1 PolyOffR 


 Polynomial with offset subtraction plus Reference channel addition 
 
 


 XEU  =   ki   x - offset  i!
i = 0


n


  + REF  


 


 • offset offset value entered as a parameter 


 • REF reference channel reading in EU 


Note: The REFerence channel must be acquired and converted to EU 
before the PolyOffR conversion can be applied. 


 
 
1.3.2 PolyZerR 


 Polynomial with zero point subtraction plus Reference channel addition 
 
 


 XEU  =   ki   x - xz  i!
i = 0


n


  + REF  


 


 • REF reference channel reading in EU 


Note: The REFerence channel must be acquired and converted to EU 
before the PolyZerR conversion can be applied. 
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1.4 STATISTICS CONVERSIONS 


 Polynomial statistics conversions for specially averaged data 


 For statistics conversions the following terminology applies: 


 • data channel data in counts 


 • cal channel data in counts from the last calibration point 


 • zero channel data in counts from the last zero point 


 • ki ith order conversion constant 


 • INCAL initial calibration value in counts entered as a parameter 


  Let: D  =  datamean  -  zeromean 
 
 


   C = 
INCAL


calmean - zeromean   


  If INCAL = 0 or if denominator = 0,  C = 1 


 


1.4.1 Minimum 


 XEU  =  ( datamin  -  zeromean ) Ck1 + k0 


  where datamin is the Minimum value of all the data samples 


 
 


1.4.2 Maximum 


 XEU  =  ( datamax  -  zeromean ) Ck1 + k0 


  where datamax is the Maximum value of all the data samples 
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1.4.3 Half Peak-to-Peak 


 XEU  =  ( datahpp ) | Ck1 | 


  where datahpp is the Half Peak-to-Peak value of the data 


 
 


1.4.4 Mean2 


 XEU  =  ( datamean2  -  2 datamean zeromean  + zeromean2 ) C2k12 


  + 2 D C k1 k0 + k02 


  where datamean2 is the Mean2 value of the data 


 
 


1.4.5 Standard Deviation 


 xEU  =  datastd | Ck1 | 


  where datastd is the Standard Deviation of the n-samples of the data 
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1.5 PRESSURE CONVERSIONS 


1.5.1 PSI  (Non-DTC Modules) 


 Pressure Systems, Inc. solid state pressure transducers 


 
 


 XEU  =  ki  x
i!


i = 0


n


 + PREF  


 
 


 • n polynomial order,  n ≤ 4 


 • PREF reference pressure from an independent pressure sensor 


 • The PSI 8400 typically provides the delta pressures in EU 


• At a pressure zero a new value of k0 is determined to force the delta 


pressure to zero (i.e., corrects for the transducer offset with no delta pressure 
across the transducer) 


 
 
At a pressure zero: 


   k0 = Pressure - ki!
i = 1


n


 xi  


 where 


   ki, i = 1 -> n are left unchanged 


   Pressure is the value at the time of pressure zero 
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1.5.2 PSI  (DTC Modules) 


 Pressure Systems, Inc. solid state digital pressure transducers with thermal 
compensation 


 
 


 XEU  =  ki  x
i!


i = 0


n


 + PREF  


 
 


 • n polynomial order,  n ≤ 1 


 • PREF reference pressure from an independent pressure sensor 


 • The PSI 8400 typically provides the delta pressures in EU 


• At a pressure zero a new value of k0 is determined to force the delta 


pressure to zero (i.e., corrects for the transducer offset with no delta pressure 
across the transducer) 
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1.6 POLYNOMIAL WITH NORMALIZATION CONVERSION 


 


The Polynomial with Normalization conversion takes an acquired channel, 
normalizes this channel with a reference channel and then converts to engineering 
units.  The polynomial order is typically 1, but may be any order up to the limit in 
SDS. 


 
 


 


 XEU  =  ki  
x


xREF


 i
 !


i =  0


n


 


 


 • xREF reference channel reading 
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2.0 TUNNEL CONDITIONS 


This section describes the equations used to determine wind tunnel free-stream 
conditions.  Three classes of tunnels are included - subsonic, transonic, and 
supersonic.  Depending upon the facility, different methods are required to 
determine the flow conditions.  Furthermore, distinct methods are employed to 
calculate some quantities, even for tunnels within the same class.  Some tunnels 
may require other corrections as well (e.g. blockage factor for Mach number at 
the 12-Foot Pressure Wind Tunnel). 


2.1 GLOSSARY 
 
 Equation Equation   
 Name Reference Unit Definition 
 
ABLKG 2.8.14.2 lb. Body-axis forces used to determine wake blockage 
SBLKG   by the classical method (used at 12') 
NBLKG 


ASOUND 2.3.4 ft/sec Free-stream speed of sound 


ASOUNDAlt 2.7.8.3.2 ft/sec Speed of sound corrected for blockage by the 
 2.8.15.3.2  Classical method (used at 11' and 12') 


ASOUNDModRef 2.7.6.5 ft/sec Speed of sound at the model reference station 
 2.8.12.5   uncorrected for blockage (used at 11' and 12') 


ASOUNDRef 2.8.7 ft/sec Speed of sound at the turn-table reference station 
uncorrected for blockage (used at 12') 


ASOUNDWICS 2.7.8.3.1 ft/sec Speed of sound corrected for blockage by the WICS 
 2.8.15.3.1  method (used at 11' and 12') 


CD0BLKG param  - Estimated minimum drag coefficient 


CDEBLKG 2.8.14.2.1  - Estimated drag coefficient 


CDE1BLKG 2.8.14.2.1  - Intermediate drag coefficient used to determine 
CDEBLKG 


CDE2BLKG 2.8.14.2.1  - Intermediate drag coefficient used to determine 
CDEBLKG 


CDIDBLKG 2.8.14.2.3  - Estimated induced drag coefficient 


CDIINT param  - Intercept of CD vs. CL2 curve 
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CDISLP param  - Slope of CD vs. CL2 curve 


CDRBLKG param  - Model support drag coefficient 


CDSBLKG 2.8.14.1 or  - Model and support wake blockage coefficient 
 2.8.14.2.4   


CLEBLKG 2.8.14.2.2  - Estimated lift coefficient 


CL0BLKG param  - Estimated lift coefficient at minimum drag 


CPS_CORR 2.7.4   - Static pressure correction factor (used at 11') 


Cpx 2.8.12.1 or  - Static pressure correction coefficient used to correct  
 2.8.12.1.3  static pressure from the tunnel reference station to 


the model reference station  (used at 12') 


CPT_CORR 2.7.4   - Total pressure correction factor (used at 11') 


CPXCi param  - Correction coefficients used to determine Cpx for 
the Rear Support Strut installed, image plane out or 
image plane out, Rear Support Strut out (i = 0 to 5) 
(used at 12') 


CPXIPi param  - Correction coefficients used to determine Cpx for 
the image plane installed, Rear Support Strut out (i 
= 0 to 10) (used at 12') 


DELCDBLKG 2.8.14.2.1  - Drag coefficient minus minimum drag coefficient 


DELCLBLKG 2.8.14.2.2  - Lift coefficient minus lift coefficient for minimum 
drag coefficient 


DELCLBLKG2 2.8.14.2.2  - Square of DELCLBLKG 


DHPT param  ft Height of the total pressure transducer above the 
tunnel centerline (used at 12') 


DHQRING param  ft Height of the DPQRING transducer above the tunnel 
centerline (used at 12') 


DPIP 2.8.5.5.3 psf Average image plane pitot-static probe pressures 
(used at 12') 


DPIPROBi EU  input psf Measured image plane pitot-static probe pressures 
(used at 12') 


    i = 1  Lower, North probe 
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    i = 2  Lower, South probe 


DPQRING EU  input psf Differential pressure measured at the Q-ring of the 
12' wind tunnel 


DPRef 2.8.5.1 & psf Calibrated differential reference pressure used to 
 2.8.5.2   determine reference static pressure (used at 12') 


DPRING 2.8.4.1 psf Altitude corrected differential pressure (used at 12') 


IRα 4.4.2 deg. Angle between the balance x-axis and the 
body x-axis lying in the x–z plane of the 
coordinate system rotated (-IRB) from the 
body axis system [Figure 6.1 - 3]. 


IRB param deg. Angle between the balance x-axis and the 
body x-axis measured in the x–y plane of the 
body axis system [Figure 6.1 - 3]. 


 
IRF 4.4.3 deg. Angle required to rotate about the balance x-


axis so that the balance axis system  coincides 
with the body axis system.  [Appendix I, Figs. 
2 & 3]. 


KALT param  psf/ft Slope of the pressure variation with altitude (used at 
12') 


KBVBLKG 2.8.13.2.2  - Model solid blockage constant 


KBVBODY param  - Body component of the solid blockage constant 


KBVWING param  - Wing component of the solid blockage constant 


KDPREFi param   - DPQRING calibration coefficients for the Rear 
Support Strut out, image plane out or image plane 
in, Rear Support Strut out (i = 1 to 4, used at 12') 


KMASKELL param  - Wake blockage weighting factor 


KMREFi param    - MRef calibration coefficients for image plane 
installed,  Rear Support Strut out (i = 1 to 5, used at 
12') 


KTFAi param    - Tunnel total temperature use flag (i = 1 to 4, used at 
12'), where 
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    0 = do not use 
    1 = use 


M 2.x.3   - Free-stream Mach number 


MAlt 2.7.7.5  - Mach number corrected for blockage by the 
 2.8.14.4  Classical method (used at 11' and 12') 


MALTFAC param   - Constant to include second order Mach number 
correction for the classical method (used at 12') 


    0 = do not include 
    1 = include 


MC 2.7.3   - Plenum chamber Mach number (used at 11') 


MIP 2.8.5.5.5   - Mach number at the image plane probe station 
uncorrected for blockage (used at 12') 


MModRef 2.7.6.3   - Mach number at the model reference station 
 2.8.12.3  uncorrected for blockage (used at 11' and 12') 


MRef 2.8.5.4 or   - Mach number at the turn-table reference station 
 2.8.5.5.6  uncorrected for blockage (used at 12') 


MRING 2.8.5.5.2   - Mach number calculated from the facility Q-ring 
measurements, uncorrected for blockage (used at 
12') 


MSet EU input  - Set Mach number (used at 8'x7' and 9'x7') 


MWall 2.4 & 2.9  - Wall Mach number (used at 6'x6' and 14') 


MWICS 2.7.7.1  - Mach number corrected for blockage by the WICS 
 2.8.13.1.1  method (used at 11' and 12') 


[Pθ]  - Pitch rotation matrix operator on an angle θ  


PC EU input psf Plenum chamber static pressure (used at 11') 


PRWINDOFF param - Pressure ratio to signify a wind-off condition. 
(Default = 0.998259). 


PS 2.x.2  psf Free-stream static pressure 


PSAlt 2.7.8.1.2 psf Static pressure determined from Classical 
conditions 
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 2.8.15.1.2  (used at 11' and 12') 


PSCorr 2.4 & 2.9 - Free-stream static pressure correction (used at 6'x6' 
and 14') 


PSIP 2.8.5.5.4 psf Static pressure from the image plane pitot-static 
pressure probe measurements, uncorrected for 
blockage (used at 12') 


PSModRef 2.7.6.2 psf Static pressure at the model reference station 
 2.8.12.2  uncorrected for blockage (used at 11' and 12') 


PSRef 2.8.5.3 or psf Static pressure at the turn-table reference station 
 2.8.5.5.7  uncorrected for blockage (used at 12') 


PSRING 2.8.5.5.1 psf Static pressure from the facility Q-ring 
measurements uncorrected for blockage (used at 
12') 


PSWall EU input psf Wall static pressure (used at 6'x6' and 14') 


PSWICS 2.7.8.1.1 psf Static pressure determined from WICS conditions 
 2.8.15.1.1  (used at 11' and 12') 


PT EU input or 2.x.1 psf Measured or calculated free-stream total pressure 


PTCorr 2.4 & 2.9 - Free-stream total pressure correction  
(used at 6'x6', 14', 8'x7', and 9'x7') 


PTOT 2.x.1, 2.7.6.1 psf Corrected free-stream total pressure 
 2.8.3.2 


PTTFi param - Tunnel total temperature use flag [i = 1 to 4, used at 
11', 8'x7', and 9'x7'], (0 = do not use;  1 = use) 


PTWall EU input psf Wall total pressure (used at 6'x6' and 14') 


Q 2.3.1 psf Free-stream dynamic pressure 


QAlt 2.7.8.6.3  psf Dynamic pressure corrected for blockage by the 
 2.8.15.6.2  Classical method (used at 11' and 12') 
 
QModRef 2.7.6.8 psf Dynamic pressure at the model reference station 
 2.8.12.8  uncorrected for blockage (used at 11' and 12') 


QRATIO 2.7.8.6.2   - Ratio of QWICS to the Q determined from ΔQWICS 
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 2.8.15.6.3  plus QModRef (used at 11' and 12') 


QRef 2.8.10 psf Dynamic pressure at the turn-table reference station 
uncorrected for blockage (used at 12') 


QWICS 2.7.8.6.1  psf Dynamic pressure corrected for blockage by the 
 2.8.15.6.1  WICS method (used at 11' and 12') 


[Rθ]  - Roll  rotation matrix operator on an angle θ 


REFLTH param ft Reference length for RN 


RGAS param ft.2/sec2-°R Gas constant (1716.55 for air) 


RN 2.3.3.1  - Free-stream Reynolds number 


RNAlt 2.7.8.8.2  - Reynolds number corrected for blockage by the 
 2.8.15.7.4  Classical method (used at 11' and 12') 


RNModRef 2.7.6.10  - Reynolds number at the model reference station 
 2.8.12.10  uncorrected for blockage (used at 11' and 12') 


RNRef 2.8.11.1  - Reference Reynolds number at the turn-table 
reference station uncorrected for blockage (used at 
12') 


RNWICS 2.7.8.8.1  - Reynolds number corrected for blockage by the 
 2.8.15.7.3  WICS method (used at 11' and 12') 


RNU 2.3.3  1/ft Unit free-stream Reynolds number 


RNUAlt 2.7.8.7.2  1/ft Unit Reynolds number corrected for blockage by 
the 


 2.8.15.7.2  Classical method (used at 11' and 12') 


RNUModRef 2.7.6.9  1/ft Unit Reynolds number at the model reference 
station 


 2.8.12.9  uncorrected for blockage (used at 11' and 12') 


RNURef 2.8.11  1/ft Unit Reference Reynolds number at the turn-table 
reference station uncorrected for blockage (used at 
12') 
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RNUWICS 2.7.8.7.1  1/ft Unit Reynolds number corrected for blockage by 
the 


 2.8.15.7.1  WICS method (used at 11' and 12') 


RSUTH param °R-ft/lb Sutherland viscosity constant (1.2583 for air) 
 
SOLIDBLKG 2.8.13.2.2  - Solid blockage determined by the classical method 


SR param ft.2 Reference area used to determine CDRBLKG 


SREF param ft.2 Reference area used to normalize to coefficient 
form 


THEXAi EU input °F Total temperatures measured at the Q-ring 
    ( i = 1 to 8, used at 12') 


TUNSTA param ft Tunnel station used to determine Mach number at 
the model reference station 


TF 2.3.2.2 ∞F Free-stream static temperature 


TFAlt 2.7.8.2.2 °F Static temperature corrected for blockage by the 
 2.8.15.2.4  Classical method (used at 11' and 12') 


TFModRef 2.7.6.4 °F Static temperature at the model reference station 
 2.8.12.4  uncorrected for blockage (used at 11' and 12') 


TFRef 2.8.6.2 °F Static temperature at the turn-table reference station 
uncorrected for blockage (used at 12') 


TFWICS 2.7.8.2.1 °F Static temperature corrected for blockage by the 
 2.8.15.2.2  WICS method (used at 11' and 12') 


TR 2.3.2.1 ∞R Free-stream static temperature 


TRAlt 2.7.8.2.2 °R Static temperature corrected for blockage by the 
 2.8.15.2.3  Classical method (used at 11' and 12') 


TRModRef 2.7.6.4 °R Static temperature at the model reference station 
 2.8.12.4  uncorrected for blockage (used at 11' and 12') 


TRRef 2.8.6.1 °R Static temperature at the turn-table reference station 
uncorrected for blockage (used at 12') 


TRWICS 2.7.8.2.1 °R Static temperature corrected for blockage by the 
 2.8.15.2.1  WICS method (used at 11' and 12') 
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TSUTH param °R Sutherland viscosity temperature constant 
   (198.72 for air) 
 
TTF EU input or ∞F Free-stream total temperature 
 2.5.4, 2.6.4 
 2.7.5, 2.8.2 


TTR 2.2.2 ∞R Free-stream total temperature 


TUNAREA param ft2 Tunnel cross-sectional area 


V 2.3.5.1 ft/sec  Free-stream velocity 
 
Vkts 2.3.5.2 knots  Free-stream velocity in knots 


VAlt 2.7.8.4.2 ft/sec Velocity in ft/sec corrected for blockage by the 
 2.8.15.4.3  Classical method (used at 11' and 12') 
 
VktsAlt 2.7.8.4.2 knots Velocity in knots corrected for blockage by the  
 2.8.15.4.4  Classical method (used at 11' and 12') 


VModRef 2.7.6.6 ft/sec Velocity in ft/sec at the model reference station  
 2.8.12.6  uncorrected for blockage (used at 11' and 12') 


VktsModRef 2.7.6.6 knots Velocity in knots at the model reference station 
 2.8.12.6  uncorrected for blockage (used at 11' and 12') 


VRef 2.8.8.1 ft/sec Velocity at the turn-table reference station 
uncorrected for blockage (used at 12') 


VktsRef 2.8.8.2 knots Velocity at the turn-table reference station 
uncorrected for blockage (used at 12') 


VWICS 2.7.8.4.1 ft/sec Velocity in ft/sec corrected for blockage by the 
WICS 


 2.8.15.4.1  method (used at 11' and 12') 
 
VktsWICS 2.7.8.4.1 knots Velocity in knots corrected for blockage by the  
 2.8.15.4.2  WICS method (used at 11' and 12') 


VISCON param slug/ft-sec-°R1/2 Viscosity constant (2.2702 x 10-8 for air) 


WAKEBLKG 2.8.13.2.3  - Wake blockage determined by the classical method 


WAK1BLKG 2.8.13.2.3 - Intermediate value used to determine WAKEBLKG 
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WAK2BLKG 2.8.13.2.3 - Intermediate value used to determine WAKEBLKG 
 
XSTA 2.8.12.1.1 & ft Arbitrary distance along the static pipe 
 2.8.12.1.2  (used at 12') 


XTAREAF 5.7.1 lb. Balance forces after weight tare corrections have 
XTARENF   been applied 
XTARESF 


[Yθ]  - Yaw rotation matrix operator on an angle θ 


αBAL 4.3.1 deg. Balance angle of attack 


βBOD 4.5.2 deg. Body angle of sideslip 


ΔMBlkg 2.7.7.5  - Mach number correction determined by the 
 2.8.14.3  Classical method (used at 11' and 12') 
 
ΔMTbl 2.7.7.4  - Mach number correction determined from a user 
 2.8.14.2.5   supplied table (used at 11' and 12') 


ΔMWICS 2.7.7.1  - Mach number correction determined by the WICS 
 2.8.13.1.1  method (used at 11' and 12') 


ΔQAlt 2.8.14.5  psf Dynamic pressure correction determined by the 
 2.7.7.6  Classical method (used at 11' and 12') 


ΔQWICS 2.7.7.3 psf Dynamic pressure correction determined by the 
 2.8.13.1.3  WICS method (used at 11' and 12') 


εAlt 2.8.13.2.1 - Classical method blockage factor 


εModel EU input  - Model blockage determined by the WICS method 


εSupport EU input  - Support blockage determined by the WICS method 


εWICS 2.7.7.2  - Total blockage determined by the WICS method 
 2.8.13.1.2 


γ param - Specific heat ratio (1.4 for air) 


µ 2.3.7 slug/ft-sec Free-stream viscosity 


µAlt 2.7.8.9.2 slug/ft-sec Viscosity corrected for blockage by the 
 2.8.15.8.2  Classical method (used at 11' and 12') 
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µModRef 2.7.6.11 slug/ft-sec Viscosity at the model reference station uncorrected 
 2.8.12.11  for blockage (used at 11' and 12') 


µRef 2.8.11.2 slug/ft-sec Viscosity at the turn-table reference station 
uncorrected for blockage (used at 12') 


µWICS 2.7.8.9.1 slug/ft-sec Viscosity corrected for blockage by the WICS 
 2.8.15.8.1  method (used at 11' and 12') 


ρ 2.3.6 slug/ft.3 Free-stream density 


ρAlt 2.7.8.5.2 slug/ft.3 Density corrected for blockage by the Classical 
 2.8.15.5.5  method (used at 11' and 12') 


ρModRef 2.7.6.7 slug/ft3 Density at the model reference station uncorrected 
for 


 2.8.12.7  blockage (used at 11' and 12') 


ρRef 2.8.9 slug/ft.3 Density at the turn-table reference station 
uncorrected for blockage (used at 12') 


ρWICS 2.7.8.5.1 slug/ft.3 Density corrected for blockage by the WICS 
method 


 2.8.15.5.1  (used at 11' and 12') 
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2.2 FREE-STREAM TOTAL TEMPERATURE 
 


 Free-stream Total Temperature 


2.2.1 TTF  =  EU from conversions  (Except 11’, 12', 8’x7’ and 9’x7’) 


2.2.2 TTR  =  TTF + 459.67 
 
 


2.3 CONDITIONS FOR ALL TUNNELS EXCEPT 11 FT AND 12 FT              


2.3.1 Free-stream Dynamic Pressure 


 


 Q = 
!


2
   PS  M


 2 γ = 1.4 for air 


                    Q  =  1   if  M  ≤  0 
 


 


2.3.2 Free-stream Static Temperature 


 


2.3.2.1 TR  =  
TTR


1 + 
 !  - 1 


2
  M


2


 


2.3.2.2 TF  =  TR - 459.67 
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2.3.3 Free-stream Unit Reynolds Number 


 


 RN U  =  
RSUTH  PTOT  M  TR


3
 ( TR + TSUTH )


TTR


7
  


 RNU  =  0   if TTR  <  0 


 RNU  is in millions per foot  


 where for air: 


  RSUTH = 1.2583  °R-ft/lb and TSUTH = 198.72  °R 


Note that because of the viscosity law assumed,  this form of the equation is valid 
only for air. 


 


2.3.3.1 Free-stream Reynolds Number 


 
 RN  =  ( RNU) (REFLTH)  


 RN  is in millions 


  


   


2.3.4 Free-stream Speed of Sound 
  


 ASOUND  =   !  RGAS TR


 1/2 (ft./sec.) 


 RGAS = 1716.55  ft2/(sec2-°R) for air 


 ASOUND = 0  if TTR ≤ 0 
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2..3.5 Free-stream Velocity 
 


2.3.5.1 V = (M) (ASOUND) (ft./sec.) 
  


2.3.5.2 Vkts = 0.59247 V (knots) 


 


2.3.6 Free-stream Density 
 


 !  =  
PS


RGAS  TR


 


 ρ   =  0  if  TR  <  0 


2.3.7 Free-stream Viscosity 
 


 µ = VISCON 
TR


 1.5


TR + TSUTH


 


  


 where for air: 


  VISCON = 2.2702 x 10-8  slug/ft-sec-°R1/2 
 


 µ  = 0  if TTR ≤ 0 
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2.4 6' x 6' WIND TUNNEL CONDITIONS 
 


 PSWall  =  EU from conversions 


 PTWall  =  EU from conversions 
 


 MWall   =    2


! - 1
   


PSWall


PTWall


 


 - 
! - 1


!
 - 1  


 1/2


 


 


  MWall  =  0 if   
PSWall
PTWall   ≥  PRWINDOFF 


 


 PSCorr  =  TBLKUP[ MWall ] 


 PTCorr  =  TBLKUP[ MWall ] 
 


 TBLKUP is a two function Mach lookup table defined by parameter input with 
MWall as its argument.  The first  function value returned is PSCorr.  The 
second function value is PTCorr. 


 


2.4.1 Free-stream Total Pressure 
 
 
 PT  =  


PTWall


1 - PTCorr
 


 PT  =  PTWall if any of the following conditions exist: 
  • MWall  =  0 
  • PTCorr  =  1 


 PTOT  =  PT 
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2.4.2 Free-stream Static Pressure 


 


 PS   =  
PSWall


1 - PSCorr  
  


 PS  =  PSWall if any of the following conditions exist: 
 • MWall  =  0 
 • PSCorr  =  1 
 
 


2.4.3 Free-stream Mach Number 


 


 M   =   2


! - 1
    PS


PTOT


 
 - 
! - 1


!  - 1  


 1/2


 


 
  


 M  =  0 if 
PS


PTOT   ≥ PRWINDOFF 
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2.5 8' x 7' WIND TUNNEL CONDITIONS 
 


2.5.1 Free-stream Total Pressure 


 PT  =  EU from conversions 


 PTCorr =  TBLKUP[ MSet ] 


 PTOT  =   PTCorr  * PT 


 
TBLKUP is a two function Mach lookup table defined by parameter input with 
MSet as its argument.  The first function value returned is M.  The second 
function value is PTCORR. 


 
2.5.2 Free-stream Static Pressure 
 


 PS  =  
PTOT


 1 + 
! - 1


2
 M
2
 


 
!


! - 1


  


 
2.5.3 Free-stream Mach Number 
 


 M  =  TBLKUP[ MSet ] 


 See 2.5.1 for explanation of TBLKUP 
 


 
2.5.4 Free-stream Total Temperature 


 TTF = 


PTTF i  TTF i!
i =  1


4


PTTF i!
i =  1


4
  TTFi = EU input, °F 
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2.6 9' x 7' WIND TUNNEL CONDITIONS 
 


2.6.1 Free-stream Total Pressure 


 PT  =  EU from conversions 


 PTCorr =  TBLKUP[ MSet ] 


 PTOT  =   PTCorr  * PT 
 


 TBLKUP is a two function Mach lookup table defined by parameter input with 
MSet as its argument.  The first function value returned is M.  The second 
function value is PTCORR. 


 
 
2.6.2 Free-stream Static Pressure 
 


 PS  =  
PTOT


 1 + 
! - 1


2
 M
2
 


 
!


! - 1


 


 
 


2.6.3 Free-stream Mach Number 
 


 M  =  TBLKUP[ MSet ] 


 See 2.6.1 for explanation of TBLKUP 
 
  
 
2.6.4 Free-stream Total Temperature 
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 TTF = 


PTTF i  TTF i!
i =  1


4


PTTF i!
i =  1


4
  TTFi = EU input, °F 
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2.7 11' WIND TUNNEL CONDITIONS 


 Data recorded during the 11-Foot Transonic Wind Tunnel initial systems flow 
quality survey in 1999 indicated a measureable difference between the true test 
section total pressure and the settling chamber rake total pressure.  In conjunction 
with the flow quality survey, the test section static pressure distribution was 
calibrated at 80 tunnel stations from 0- to 237-inches at 3-inch intervals along the 
tunnel centerline.  Calibrations were also performed at 33-inches above the tunnel 
floor to provide test section pressure distributions for semi-span testing.  These 
calibration data are used to calculate the tunnel conditions at the model reference 
station. 


 A dynamic pressure is calculated at the model reference station, QModRef, 
uncorrected for blockage.  This is subsequently used to calculate a corrected 
dynamic pressure, QWICS, using the Transonic Wall Interference Correction 
System (TWICS).  A dynamic pressure using the Classical method, QAlt, is 
provided as a parallel structure to the 12-Foot.  The Classical method is scheduled 
to be implemented in the near future at the 11-Foot. 


 The uncorrected settling chamber total-pressure and the static pressure at the user 
defined model station are adjusted to the model station in the test section with a 
CPT_CORR and CPS_CORR versus settling chamber Mach number (MC) and 
total pressure (PT) table, whose values were determined during the facility 
calibration.   Once the CP corrections at the selected model station are known, the 
Mach number at the model reference point, MModRef, can be calculated.  
Blockage corrections are calculated by TWICS and these corrected tunnel 
conditions are subscripted "WICS".  The TWICS system transmits ΔMWICS,  
ΔQWICS, εModel and εSupport to SDS.  From the TWICS corrected Mach number 
and static pressure, a blockage corrected dynamic pressure, QWICS is calculated.  
As a check on the TWICS system, ΔQWICS is added to QModRef and the sum is 
compared to the calculated QWICS (from PSWICS and MWICS) via the resultant 
QRATIO.  This ratio should be approximately one for a healthy system. 


 Provision has been made to add an incremental Mach Number correction from a 
user supplied table.  The final corrected Mach Number is obtained by adding the 
Mach Number increment from the table to MWICS and MAlt.  The incremental 
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Mach Number correction from the table cannot be added to MModRef because this 
calibrated reference Mach Number is required to determine MWICS and MAlt. 


 Since three distinct dynamic pressures are calculated at the model reference 
station (QModRef, QWICS and QAlt), the user has the option to designate one of 
these to be represented as the SDS standard variable "Q".  This "Q" will then be 
used throughout all subsequent calculations.  The choice of "Q" may be changed 
at any time during the test.  The DARWIN system receives and stores only one 
dynamic pressure, which is assumed to be the primary Q defined for tunnel 
conditions and used for normalization. 


 For each aerodynamic coefficient set, the user has the option of selecting which 
dynamic pressure to use (QModRef, QWICS, QAlt), which wall corrections to apply 
(none, Alt or TWICS) and which aerodynamic corrections  to apply (none, base, 
cavity, buoyancy, internal drag, user defined).  For aerodynamic coefficients, the 
choice of dynamic pressure should be compatible with the method selected for the 
blockage correction.  The data system does not issue a warning message if the 
choices are incompatible and computations will proceed.  Note the choice of "Q" 
has an influence on the test dependent (user specific) equations.  The use of Q in 
any test dependent equations which will subsequently be used in aerodynamic 
coefficients requires the user to exercise caution when selecting a different Q to 
calculate these coefficients. 
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 Table 2-1 summarizes the relevant equations that apply for the free-stream and 
blockage variables based upon the choice of reference conditions to be used as the 
standard for computations:  Model Reference, WICS corrected or Classical 
corrected (Alt). 


 
 
 
     TABLE 2 - 1 
    Choice of Reference Condition 
 


 
      
 Free-Stream Free-Stream Model Reference TWICS Corrected Alt Corrected 
 Variable Name Variable Symbol Equation  Equation  Equation 
      
      
 Total Pressure PTOT 2.7.6.1 2.7.6.1 2.7.6.1 
 Static Pressure PS 2.7.6.2 2.7.8.1 2.7.8.1.2 
 Mach Number M 2.7.6.3 2.7.7.1 2.7.7.4 
 Total Temp °R TTR 2.2.2 2.2.2 2.2.2 
 Total Temp °F TTF 2.7.5 2.7.5 2.7.5 
 Static Temp °R TR 2.7.6.4 2.7.8.2 2.7.8.2.2 
 Static Temp °F TF 2.7.6.4 2.7.8.2 2.7.8.2.2 
 Speed of Sound ASOUND 2.7.6.5 2.7.8.3 2.7.8.3.2 
 Velocity V 2.7.6.6 2.7.8.4 2.7.8.4.2 
 Density ρ 2.7.6.7 2.7.8.5 2.7.8.5.2 
 Dynamic Pressure Q 2.7.6.8 2.7.8.6 2.7.8.6.3 
 Unit Reynolds No. RNU 2.7.6.9 2.7.8.7 2.7.8.7.2 
 Reynolds No. RN 2.7.6.10 2.7.8.8 2.7.8.8.2 
 Viscosity µ  2.7.6.11 2.7.8.9 2.7.8.9.2 
 Blockage Factor ε  N/A 2.7.7.2 N/A 
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2.7.1 11' WIND TUNNEL CONDITIONS 
 


 PT  =  EU from conversions 


 PC  =  EU from conversions 


 


2.7.2 Settling Chamber Mach Number 
 
 


 MC   =    2


!  - 1
    


PC


PT


 
 - 


! - 1


!  - 1  


 1/2


 


 


 MC  =  0 if PC


PT


 ! PRWINDOFF  


 


2.7.3 Settling Chamber Dynamic Pressure 


 


 QC = 
!


2
 P C MC


2  


                    QC  =  1 if   MC  ≤  0 


 


2.7.4 Static and Total Pressure Correction Factors 


 


 CPS_CORR  =  TBLKUP[ MC, PT ] 


 CPT_CORR  =  TBLKUP[ MC, PT ] 


 
 TBLKUP is a two function static and total pressure-correction lookup table 


defined by parameter input with MC and PT as arguments.  The function 
values returned are CPS_CORR and CPT_CORR, where 
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 CPS _CORR = 
PS ModRef - P C


QC


 


 CPT_CORR = 
P TOT - P T


QC


 


 


 CPS_CORR = 0 if  MC  =  0 


 CPT_CORR = 0 if  MC  =  0 


 
2.7.5 Free-stream Total Temperature 
 


 TTF = 


PTTF i  TTF i!
i =  1


4


PTTF i!
i =  1


4
  TTFi = EU input, °F 


 
 


2.7.6 Tunnel Conditions at the Model Reference Station 
 (Uncorrected for Blockage) 
 


2.7.6.1 Total Pressure at the Model Reference Station 
 


 PTOT   =  PT + ( CPT_CORR ) QC 


 


 


2.7.6.2 Static Pressure at the Model Reference Station 
 


 PSModRef   =  PC + ( CPS_CORR ) QC 
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2.7.6.3 Free-stream Model Reference Mach Number 
 


 
MModRef   =    2


! - 1
   


PSModRef


PTOT


 


 - 
! - 1


!
 - 1  


 1/2


 
 


 MModRef  =  0 if   PS ModRef


PTOT


 ! PRWINDOFF  


 


2.7.6.4 Free-stream Model Reference Static Temperature 
 


 TRModRef  =  
TTR


1 + 
 !  - 1 


2
  MModRef


2


 


 TFModRef  =  TRModRef - 459.67 
 


2.7.6.5 Free-stream Model Reference Speed of Sound 
 


 ASOUNDModRef  =   !  RGAS TRModRef


 1/2 
 


 ASOUNDModRef = 0  if TTR ≤ 0 
 
 
 
2.7.6.6 Free-stream Model Reference Velocity  


 
 VModRef = ( MModRef ) ( ASOUNDModRef ) (ft./sec.) 


 VktsModRef = 0.59247 VModRef   (knots) 
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2.7.6.7 Free-stream Model Reference Density 


  


 !ModRef  =  
PSModRef


RGAS  TRModRef


 


  


 ρModRef  = 0 if   TRModRef  <  0 


 


 


2.7.6.8 Free-stream Model Reference Dynamic Pressure 
  


 QModRef = 
!


2
 PS ModRef MModRef


 2  


 


 QModRef  =  1 if   MModRef  ≤  0                        
 
 
 
 
2.7.6.9 Free-stream Model Reference Unit Reynolds Number 


 


RNUModRef  =  
RSUTH  PTOT  MModRef  TRModRef


3
 ( TRModRef + TSUTH )


TTR


7


 


 


 RNUModRef =  0 if   TTR  <  0 


 RNUModref is in millions per foot 
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2.7.6.10 Free-stream Model Reference Reynolds Number 


 
 
 RNModRef  =  ( RNUModRef) (REFLTH)  


 RNModRef  is in millions  


 


 


2.7.6.11 Free-stream Model Reference Viscosity 


  


 µModRef = VISCON 
TRModRef


 1.5


TRModRef + TSUTH


 


 


 µModRef = 0  if   TTR ≤ 0 
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2.7.7 11' Blockage Factor 


 Blockage corrections may be obtained from either the  Transonic Wall Interference 
Correction System (TWICS) or the Classical method (Alt).  An additional Mach 
Number increment may also be added through a user supplied table.  The WICS 
and Alt corrections are applied to the model reference Mach number, MModRef.  
The user value, ΔΜTbl, is applied as an increment to MWICS and MAlt, but not to 
MModRef. 


 
 
 
2.7.7.1 TWICS Corrected Mach Number 
 
 
 The tunnel conditions corrected using this method are subscripted "WICS". 


 MWICS = ΜModRef + ΔΜWICS + ΔΜTbl 
 


 MWICS  =  0 if   ΜModRef  ≤  0 
 


 ΔΜTbl    is from Eq. 2.7.7.4 


 


 and where ΔΜWICS is obtained from the TWICS processor.  The equation 
calculated by the TWICS (not by SDS) for the Mach Number increment due to 
blockage is: 


 


 
!MWICS = MModRef 1 + 


" - 1


2
 MModref


 2
 #WICS + 


3 " - 1


4
 MModref


 2
 #WICS


2  
 


2.7.7.2 εWICS = εModel + εSupport  


 where the model and support blockage, εModel and εSupport,  are calculated by 
the TWICS system and transmitted to SDS for each recorded data point (data and 
end data). 
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2.7.7.3 TWICS Incremental Dynamic Pressure Correction 
 


 !QWICS = QModRef 2 - MModRef


 2
 "WICS +  1 - 5


2
 MModRef


 2
 + 
2 - #


2
 MModRef


 4
 "WICS


2


 


 ΔQWICS = 0 if   ΜModRef  ≤  0 
 


 where ΔQWICS is  calculated and obtained from the TWICS processor. 
 
 
 
2.7.7.4 Table Mach Number Increment 
 
 
 Provision is made for a user supplied incremental Mach Number correction. 
 


 ΔΜTbl = TBLKUP[ MC, PT ] 


 ΔΜTbl = 0 if no table is specified 


 
 TBLKUP is a one function Mach Number correction lookup table defined by 


parameter input with MC and PT as arguments.  The function value returned 
is ΔΜTbl. 


 
 
2.7.7.5 Alternate Corrected Mach Number 
 
 
 The tunnel conditions corrected using this method are subscripted "Alt". 
 


 MAlt = ΜModRef +  ΔΜBlkg + ΔΜTbl 
   
  MAlt  =  0 if   ΜModRef  ≤  0 


 ΔΜBlkg has not yet been implemented. 
 At present  ΔΜBlkg ∫ 0 
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2.7.7.6 Alternate Dynamic Pressure Correction 


 ΔQAlt = QAlt −  QModRef 
 


 ΔQAlt  =  0         if   MModRef  <  0 


 QAlt  from equation 2.7.8.6.3 


 
 
2.7.8 Free-stream Corrected Tunnel Conditions 
 


2.7.8.1 Free-stream Corrected Static Pressure 


 


2.7.8.1.1 PSWICS  =  
PTOT


 1 + 
! - 1


2
 MWICS


 2
 


 
!


! - 1


   
 


2.7.8.1.2 PS A l t  =  
PTOT


 1 + 
! - 1


2
 MA l t


 2
 
 


!


!  - 1


 
     
  where PTOT comes from Equation 2.7.6.1. 


 


2.7.8.2 Free-stream Corrected Static Temperature 


  


2.7.8.2.1 TRWICS  =  
TTR


1 + 
 !  - 1 


2
  MWICS


2


 


 TFWICS  =  TRWICS - 459.67 
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2.7.8.2.2 TRAlt  =  
TTR


1 + 
 !  - 1 


2
  MA l t


2


 


 TFAlt  =  TRAlt - 459.67 
 
 
 
 
2.7.8.3 Free-stream Corrected Speed of Sound 
 


2.7.8.3.1 ASOUNDWICS  =   !  RGAS TRWICS


 1/2 


 ASOUNDWICS = 0  if   TTR ≤ 0 
 


2.7.8.3.2 ASOUND A l t  =   !  RGAS TRAlt
 1/2 


 ASOUNDAlt = 0 if   TTR ≤ 0 
 
 
 
 
2.7.8.4 Free-stream Corrected Velocity 
 


2.7.8.4.1 VWICS = ( MWICS ) ( ASOUNDWICS ) (ft./sec.) 


 VktsWICS = 0.59247 VWICS   (knots) 
 


2.7.8.4.2 VAlt = ( MAlt ) ( ASOUNDAlt ) (ft./sec.) 


 VktsAlt = 0.59247 VAlt   (knots) 
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2.7.8.5 Free-stream Corrected Density 


 


2.7.8.5.1 !WICS  =  
PSWICS


RGAS  TRWICS


 


 ρWICS  = 0 if   TRWICS  <  0 


 


2.7.8.5.2 !A l t  =  
PS A l t


RGAS  TRAlt


 


 ρAlt  = 0 if   TRAlt  <  0 


 


 
2.7.8.6 Free-stream Corrected Dynamic Pressure 


 


2.7.8.6.1 QWICS = 
!


2
 PS WICS MWICS


 2  


                    QWICS  = 1 if   MWICS  ≤  0  


 


2.7.8.6.2 QRATIO =  
QWICS


ΔQWICS + QModRef  


  where ΔQWICS comes from Equation 2.7.7.3. 
 


2.7.8.6.3 QA l t = 
!


2
 PS A l t MA l t


 2  


                    QAlt  = 1 if   MAlt  ≤  0 
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2.7.8.7 Free-stream Corrected Unit Reynolds Number 
 


2.7.8.7.1 RNUWICS  =  
RSUTH  PTOT  MWICS  TRWICS


3
 (TRWICS+TSUTH)


TTR


7


 


 RNUWICS  =  0 if   TTR  <  0 


 RNUWICS is in millions per foot 


 


2.7.8.7.2 RNUAlt   =  
RSUTH  PTOT  MAl t  TRAlt


3 (TRAlt+TSUTH )


TTR
7


 


 RNUAlt  =  0 if   TTR  <  0 


 RNUAlt is in millions per foot 
 
 
 
 
2.7.8.8 Free-stream Corrected Reynolds Number 
 


2.7.8.8.1 RNWICS  = ( RNUWICS ) ( REFLTH ) 


 RNWICS is in millions 
 


2.7.8.8.2 RNAlt  = ( RNUAlt ) ( REFLTH ) 


 RNAlt is in millions 
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2.7.8.9 Free-stream Corrected Viscosity 


 


2.7.8.9.1 µWICS = VISCON 
TRWICS


 1.5


TRWICS + TSUTH


 


 


 µWICS  =  0 if   TTR ≤ 0 


 


2.7.8.9.2 µA l t = VISCON 
TRAlt


 1.5


TRAlt + TSUTH


 


 


 µAlt  =  0 if   TTR ≤ 0 
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2.8 12' WIND TUNNEL COMPUTATIONS  


 Dynamic pressure is calculated by four different methods at the 12 Foot Pressure 
Wind Tunnel.  These methods are:  (1) dynamic pressure at the turntable reference 
station, QRef, uncorrected for blockage; (2) dynamic pressure at the model 
reference station, QModRef, uncorrected for blockage; (3) dynamic pressure 
corrected from the Wall Interference Correction System (WICS), QWICS; and (4) 
dynamic pressure from the classical wall correction method, QAlt. 


 The reference dynamic pressure from the facility calibration, QRef, uncorrected 
for blockage is determined at tunnel station 120.71, which is located at the 
turntable centerline.  The total and differential pressures measured by transducers 
located in the "Hoffman" cabinet on the third floor are corrected for altitude.  This 
correction applies to both an absolute or differential pressure.  The altitude of the 
transducer is measured from the test section centerline (the calibration datum).  
The uncorrected dynamic pressure at the user defined model station is adjusted 
from the reference station to the model station with a Cpx versus Mach number 
and total pressure table, whose values were determined during the facility 
calibration.   Once Cpx at the selected model station is known, the dynamic 
pressure at the model reference point, QModRef, can be calculated.  At this point, 
blockage corrections are calculated by both WICS and the method given in 
NACA TR 995 (classical method).   The WICS corrected tunnel conditions are 
subscripted "WICS" and the classical method are subscripted "Alt" to designate 
the alternate method.  (In particular, as far as tunnel conditions are concerned, 
WICS requires VModRef, MModRef, QModRef, and ρModRef to calculate a point by 
point solution).  The WICS system transmits ΔM,  ΔQ, εModel, εSupport, 
ΔCDBUOYWICS, and ΔαWALL to SDS.  From the WICS corrected Mach number, 
a blockage corrected dynamic pressure, QWICS is calculated.  As a check on the 
WICS system, ΔQ is added to QModRef and the sum is compared to the calculated 
QWICS (from PS and MWICS) via the resultant QRATIO.  This ratio should be 
approximately one for a healthy system.  The derivation of ΔCDBUOYWICS may 
be found in Wind Tunnel Operations Division Document Number 306-9991-XB2 
entitled "The Buoyancy Correction Algorithm of the NASA Ames 12 Ft. Pressure 
Wind Tunnel", by Norbert Ulbrich.  The classical blockage of TR 995 is also 
calculated. The solid and wake blockage components are summed to yield the 
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total blockage factor, εAlt, and the classically corrected Mach number and 
dynamic pressure, MAlt and QAlt,  are calculated. 


 Provision has been made to add an incremental Mach Number correction from a 
user supplied table.  The final corrected Mach Number is obtained by adding the 
Mach Number increment from the table to MWICS and MAlt.  The incremental 
Mach Number correction from the table cannot be added to MModRef because this 
calibrated reference Mach Number is required to determine MWICS and MAlt. 


 
 Since three distinct dynamic pressures are calculated at the model reference 


station (QModRef,  QWICS, and QAlt), the user has the option to designate one of 
the three to be represented as the SDS standard variable "Q".  QRef may also be 
used to represent the standard variable "Q".  This "Q" will then be used 
throughout all subsequent calculations.  The choice of "Q" may be changed at any 
time during the test.  The DARWIN system has provision for storing only one 
dynamic pressure.  It is assumed this dynamic pressure is the primary Q defined 
for tunnel conditions and used for normalization.  For each aerodynamic 
coefficient set, the user has the option of selecting which dynamic pressure to use 
(QRef, QModRef,  QWICS, QAlt), which wall corrections to apply (none, WICS, 
alternate) and which aerodynamic corrections  to apply (none, base, cavity, 
buoyancy, internal drag, user defined). 


 For aerodynamic coefficients, the choice of dynamic pressure should be 
compatible with the method selected for the blockage and wall corrections.  The 
data system does not issue a warning message if the choices are incompatible and 
computations will proceed.  Note the choice of "Q" has an influence on the test 
dependent (user specific) equations.  The use of Q in any test dependent equations 
which will subsequently be used in aerodynamic coefficients requires the user to 
exercise caution when selecting a different Q to calculate these coefficients. 


 Table 2-2 summarizes the relevant equations that apply for the free-stream and 
blockage variables based upon the choice of reference conditions to be used as the 
standard for computations:  Reference, Model Reference, WICS corrected or 
classical corrected (Alt). 
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     TABLE 2 - 2 
    Choice of Reference Condition 


 
      


Free-Stream Free-Stream Reference Model WICS Alt 
Variable Name Variable Equation Reference Corrected Corrected 


 Symbol  Equation  Equation  Equation  
      


      
Total Pressure PTOT 2.8.3.2 2.8.3.2 2.8.3.2 2.8.3.2 
Static Pressure PS 2.8.5.3 or 


2.8.5.5.7 
2.8.12.2 2.8.15.1.1 2.8.15.1.2 


Mach Number M 2.8.5.4 or 
2.8.5.5.6 


2.8.12.3 2.8.13.1.1 2.8.14.3 


Total Temp °R TTR 2.2.2 2.2.2 2.2.2 2.2.2 
Total Temp °F TTF 2.8.2 2.8.2 2.8.2 2.8.2 
Static Temp °R TR 2.8.6.1 2.8.12.4 2.8.15.2.1 2.8.15.2.3 
Static Temp °F TF 2.8.6.2 2.8.12.4 2.8.15.2.2 2.8.15.2.4 
Speed of Sound ASOUND 2.8.7 2.8.12.5 2.8.15.3.2 2.8.15.3.1 
Velocity V 2.8.8.1 2.8.12.6 2.8.15.4.1 2.8.15.4.3 
Viscosity µ  2.8.11.2 2.8.12.11 2.8.15.8.1 2.8.15.8.2 
Density ρ 2.8.9 2.8.12.7 2.8.15.5.1 2.8.15.5.2 
Dynamic Pressure Q 2.8.10 2.8.12.8 2.8.15.6.1 2.8.15.6.2 
Unit Reynolds No. RNU 2.8.11 2.8.12.9 2.8.15.7.1 2.8.15.7.2 
Reynolds No. RN 2.8.11.1 2.8.12.10 2.8.15.7.3 2.8.15.7.4 
Blockage Factor ε  N/A N/A 2.8.13.1.2 2.8.13.2.1 
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2.8.1 12' WIND TUNNEL CONDITIONS  


 
2.8.1.1 DPQRING = EU from conversion 
 
 
 When DPQRING < 1 or PT ≤ 0 then 
  
 DPRING = 0 
  
 MWICS = 0 
 M = 0 
 ΔMBlkg = 0 
 ΔMWICS = 0 
 
 QRef = 1 
 QAlt = 1 
 QModRef = 1 
 QWICS = 1 
 Q = 1 
 ΔQAlt = 0 
 ΔQWICS = 0 
  
 
2.8.2 Free-Stream Total Temperature 
 
  THEXAi = EU input 


  TTF = 1


4
 KTFA i  THEXA 2 i- 1 + 1 - KTFA i  THEXA 2 i!
i =  1


4


 


 


 Restrictions: 
  If KTFAi > 0 KTFAi = 1 
  If KTFAi < 0 KTFAi = 0 
 


The only valid values for KTFAi are 0 or 1.  If any positive KTFAi is not 
precisely one (e.g., 0.075) it is set to 1. 
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The Facility Control System has eight (8) temperature sensors, grouped in four 
pairs of two.  Only one temperature from each of the pairs may be selected.  The 
above algorithm reflects the Facility Control System requirement. 


 
2.8.3 Altitude Corrected Free-Stream Total Pressure 
  
2.8.3.1 PT =  EU from conversions 
 
2.8.3.2 PTOT =  PT [ 1.0 + (KALT) (DHPT) ]  
  KALT parameter = 3.54 x 10-5  1/ft 
  DHPT parameter  = 20.17 ft 
 PTOT  =  0 if PT < 0 
 
2.8.4 Altitude Corrected Free-Stream Differential Pressure 
 
2.8.4.1 DPRING =  DPQRING [ 1.0 + (KALT) (DHQRING) ]  
  DHQRING parameter  = 20.17 ft 
 


The altitude corrections for other systems are provided below for information.  
They are not used by the SDS. 
 
 System        KALT  DHPT 
 FCS  3.54 x 10-5  1/ft 19.83 ft 
 WICS  3.54 x 10-5  1/ft 18.33 ft 


 
 
2.8.5 Free-Stream Reference Mach Number (Uncorrected for Blockage) 
 
2.8.5.1 Rear Support Strut Installed, Image Plane Out 
 


 
DPR e f = KDPREF1 PTOT 


DPRING


PTOT


 + KDPREF2 PTOT 
DPRING


PTOT


 3/2


          + KDPREF3 PTOT


 2
 


DPRING


PTOT


 3/2


+ KDPREF4 PTOT


 2
 


DPRING


PTOT


 2
 


 
  KDPREFi  = Parameter 
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2.8.5.2 Rear Support Strut Out, Image Plane Out 
 


 
DPR e f = KDPREF1 PTOT 


DPRING


PTOT


 + KDPREF2 PTOT


5/2
 


DPRING


PTOT


 3/2


          + KDPREF3 PTOT


3
 


DPRING


PTOT


 3/2


+ KDPREF4 PTOT


3/2
 


DPRING


PTOT


 2
 


 
  KDPREFi  = Parameter 
 
 
   DPRef COEFFICIENTS, KDPREF 


 
  RSS Out RSS Installed 
 Coefficient Image Plane Out Image Plane Out 
    
    
 KDPREF1 0.98084 0.92534 
 KDPREF2 - 1.5227 x 10-7 0.015824 
 KDPREF3 1.0419 x 10-9 - 4.168 x 10-6 
 KDPREF4 1.0118 x 10-3 - 8.861 x 10-6 
    


 


 For Rear Support Strut  Installed, Image Plane Out or Rear Support Strut 
Out, Image Plane Out: 


 
2.8.5.3 PSRef  =  PTOT - DPRef 


 


2.8.5.4 MRef   =    2


! - 1
   


PSRef


PTOT


 


 - 
! - 1


!
 - 1  


 1/2


  
 


 
MRef = 0 if


 


PS R e f


PTOT


 ! PRWINDOFF


 
 







  Section 2.8 - 40 


Version 3.0 January 1999 12' Wind Tunnel Conditions 


2.8.5.5 Rear Support Strut Out, Image Plane Installed 
 
 The reference point for the image plane installed, Rear Support Strut out calibration 


is the intersection of a line passing through the turn-table center of rotation and a 
plane two feet below the tunnel centerline.  The image plane calibration utilized the 
standard Q-ring reading (DPQRING) used for the empty tunnel calibration and 'Q' 
readings measured from two pitot-static probes located under the image plane 
(Figure 2-1). 


 


PROBE-2PROBE-1


   Figure 2 - 1 Image Plane Installation 
     Cross Section Looking Upstream 







  Section 2.8 - 41 


Version 4.0 October 1999 12' Wind Tunnel Conditions 


2.8.5.5.1 PSRING  =  PTOT - DPRING 


2.8.5.5.2 MRING   =    2


! - 1
   


PSRING


PTOT


 


 - 
! - 1


!
 - 1  


 1/2


 


 


 MRING = 0 if PS RING


PTOT


 ! PRWINDOFF  


2.8.5.5.3 DPIP  =  (DPIPROB1 + DPIPROB2) / 2 


  If MRING = 0       DPIP  =  0 


2.8.5.5.4 PSIP  =  PTOT - DPIP 


2.8.5.5.5 MIP   =    2


! - 1
   


PSIP


PTOT


 


 - 
! - 1


!
 - 1  


 1/2


 


 


 MIP = 0 if PS IP


PTOT


 ! PRWINDOFF  


 


2.8.5.5.6 MR e f = KMREF1 MRING + KMREF2 MIP + KMREF3 PTOT MRING


2


           + KMREF4 MRING


3
 + KMREF5 MRING


4


 


   
 
   MRef COEFFICIENTS, KMREF 


 
  Image Plane Installed 
 Coefficient RSS Out 
   
   
 KMREF1 1.1378 
 KMREF2 -0.1239 
 KMREF3 -1.7592 x 10-6 
 KMREF4 -0.033668 
 KMREF5 0.14485 
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2.8.5.5.7
 


PS R e f  =  
PTOT


 1 + 
! - 1


2
 MR e f


2
 


 
!


! - 1
 


 
 
2.8.6 Free-stream Static Temperature (Uncorrected for Blockage) 


 


2.8.6.1 TRRef  =  
TTR


1 + 
 !  - 1 


2
  MR e f


2


 


2.8.6.2 TFRef  =  TRRef - 459.67 
 


2.8.7 Free-stream Speed of Sound (Uncorrected for Blockage) 
 


 ASOUNDR e f  =   !  RGAS TRRef


 1/2 
 


 ASOUNDRef = 0  if TTR ≤ 0 
 


2.8.8 Free-stream Velocity (Uncorrected for Blockage) 


 
2.8.8.1 VRef = (MRef) (ASOUNDRef) (ft./sec.) 


2.8.8.2 VktsRef = 0.59247 VRef  (knots) 


 


2.8.9 Free-stream Density (Uncorrected for Blockage) 
 


 !R e f  =  
PSRef


RGAS  TRRef


 


 


 ρRef  = 0  if TRRef  <  0 
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2.8.10 Free-stream Dynamic Pressure (Uncorrected for Blockage) 
  


 QR e f = 
!


2
 PS R e f MR e f


 2  


 
 QRef  =  1 if MRef  ≤  0 


 


2.8.11 Free-stream Unit Reynolds Number (Uncorrected for Blockage) 


 


 RNURef  =  
RSUTH  PTOT  MRef  TRRef


3
 ( TRRef + TSUTH )


TTR


7
 


   


 RNURef =  0 if TTR  <  0 


 RNURef in millions per foot 
 


2.8.11.1 Free-stream Reynolds Number (Uncorrected for Blockage) 


 
 RNRef  =  ( RNURef) (REFLTH)  


 RNRef  is in millions  


 


2.8.11.2 Free-stream Viscosity (Uncorrected for Blockage) 
  


 µRef = VISCON 
TRRef


 1.5


TRRef + TSUTH


 


 


 µRef = 0  if TTR ≤ 0 
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2.8.12 Free-stream Model Reference Conditions At The 
 Model Reference Location (Uncorrected for Blockage) 


   
2.8.12.1 Model Reference Station Cpx  


   
 CPXCi  =  TBLKUP[ MRef, PTOT ] 


 TBLKUP is a six function static pressure correction coefficients lookup table 
defined by parameter input with MRef and PTOT as arguments.  The function 
values returned are CPXCi, i = 0 to 5 for Rear Support Strut installed, image 
plane out or Rear Support out, image plane out (tunnel empty).  Values for 
CPXCi are tabulated in Appendix J. 


 
 
 For Image Plane Out, Rear Support Strut In or Out: 


 The Cpx equation has been defined such that Cpx = 0 at TUNSTA = 120.71. 
  


 
Cp x = 


CPXC0


XSTA
2


 + 
CPXC1


XSTA
 + CPXC2 + CPXC3  XSTA 


+ CPXC4  XSTA 
2
 + CPXC5 exp


XSTA
 


 


 The conversion from tunnel station to XSTA is: 


2.8.12.1.1 Image Plane Out, Rear Support Strut Installed 


 XSTA = 126.36 - TUNSTA 


 The valid tunnel station range is: 


  100.36 ≤ TUNSTA ≤ 124.36 


 If TUNSTA < 100.36 XSTA = 26.0 


  TUNSTA > 124.36 XSTA = 2.0 
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2.8.12.1.2 Image Plane Out, Rear Support Strut Out (Tunnel Empty) 


 XSTA = TUNSTA - 100.48 


 The valid tunnel station range is: 


  101.48 ≤ TUNSTA ≤ 128.98 


 If TUNSTA < 101.48 XSTA = 1.0 


  TUNSTA > 128.98 XSTA = 28.5 
 


2.8.12.1.3 Image Plane Installed, Rear Support Strut Out 


 
 CPXIPi  =  TBLKUP[ MRef, PTOT ] 


 TBLKUP is an eleven function static pressure correction coefficients lookup 
table (constructed from two tables due to a constraint that SDS tables cannot 
contain more than seven functions) defined by parameter input with MRef and 
PTOT as arguments.  The function values returned are CPXIPi, i = 0 to 10.  
Values for CPXIPi are tabulated in Appendix J. 


 


 The Cpx equation has been defined such that Cpx = 0 at TUNSTA = 120.71. 


 
Cp x = CPXIPi  XSTA


(-5.5 + i)
 + CPXIP6 + CPXIPi  XSTA


(-6.5 + i)
!
i = 7


9


!
i = 0


5


 + CPXIP10 exp
XSTA


 


 
 XSTA = TUNSTA - 110.08 


 The valid tunnel station range is: 


  110.33 ≤ TUNSTA ≤ 129.33 


 If TUNSTA < 110.33 XSTA = 0.25 


  TUNSTA > 129.33 XSTA = 19.25 
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2.8.12.2 Free-stream Model Reference Static Pressure 
 (Uncorrected for Blockage) 
 


 PSModRef   =  Cpx QRef +  PSRef 


 


2.8.12.3 Free-stream Model Reference Mach Number 
 (Uncorrected for Blockage) 
 


 
MModRef   =    2


! - 1
   


PSModRef


PTOT


 


 - 
! - 1


!
 - 1  


 1/2


 


 


 
MModRef = 0 if


 


PS ModRef


PTOT


 ! PRWINDOFF


 
 


2.8.12.4 Free-stream Model Reference Static Temperature 
 (Uncorrected for Blockage) 
 


 TRModRef  =  
TTR


1 + 
 !  - 1 


2
  MModRef


2


 


 TFModRef  =  TRModRef - 459.67 
 


2.8.12.5 Free-stream Model Reference Speed of Sound 
 (Uncorrected for Blockage) 
 


 ASOUNDModRef  =   !  RGAS TRModRef


 1/2 
 


 ASOUNDModRef = 0  if TTR ≤ 0 
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2.8.12.6 Free-stream Model Reference Velocity  
 (Uncorrected for Blockage) 


 
 VModRef = (MModRef) (ASOUNDModRef) (ft./sec.) 


 


 VktsModRef = 0.59247 VModRef    (knots) 


 


2.8.12.7 Free-stream Model Reference Density 
 (Uncorrected for Blockage) 


  


 !ModRef  =  
PSModRef


RGAS  TRModRef


 


  


 ρModRef  = 0 if TRModRef  <  0 


 


 


2.8.12.8 Free-stream Model Reference Dynamic Pressure 
 (Uncorrected for Blockage) 
  


 QModRef = 
!


2
 PS ModRef MModRef


 2  


 


 QModRef  =  1 if MModRef  ≤  0                        
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2.8.12.9 Free-stream Model Reference Unit Reynolds Number 
 (Uncorrected for Blockage) 


 


RNUModRef  =  
RSUTH  PTOT  MModRef  TRModRef


3
 ( TRModRef + TSUTH )


TTR


7


 


 RNUModRef =  0 if TTR  <  0 


 RNUModref in millions per foot 
 


 
 
2.8.12.10 Free-stream Model Reference Reynolds Number 
 (Uncorrected for Blockage) 


 
 RNModRef  =  ( RNUModRef) (REFLTH)  


 RNModRef  is in millions  


 
 


2.8.12.11 Free-stream Model Reference Viscosity 
 (Uncorrected for Blockage) 


  


 µModRef = VISCON 
TRModRef


 1.5


TRModRef + TSUTH


 


 


 µModRef = 0  if TTR ≤ 0 
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2.8.13 12' Blockage Factor 


 Two blockage correction methods are available.  The primary method is the Wall 
Interference Correction System (WICS).  The alternate method is based on NACA 
Technical Report 995 and a wake separation effect  developed by Maskell, 
expanded to include a second order term.    Corrected tunnel conditions are 
calculated for both methods.  The corrected tunnel conditions subscripted "WICS" 
imply the use of WICS and those subscripted "Alt" imply the use TR 995 and 
Maskell.  Both methods apply the blockage correction to the model reference Mach 
number, MModRef. 


 
 
2.8.13.1 WICS Corrected Mach Number 


2.8.13.1.1 MWICS = ΜModRef + ΔΜWICS + ΔΜTbl 


 


 MWICS  =  0 if   ΜModRef  ≤  0 


 ΔΜTbl    is from Eq. 2.8.14.2.5 
 


 where ΔΜWICS is obtained from the WICS processor.  The equation calculated 
by the WICS (not by SDS) for the Mach Number increment due to blockage is: 


 


 
!MWICS = MModRef 1 + 


" - 1


2
 MModref


 2
 #WICS + 


3 " - 1


4
 MModref


 2
 #WICS


2  


  
 


2.8.13.1.2 εWICS = εModel + εSupport  


 where the model and support blockage, εModel and εSupport,  are calculated by 
the WICS system and transmitted to SDS for each recorded data point (data and 
end data). 
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2.8.13.1.3 WICS Incremental Dynamic Pressure Correction 
 


 !QWICS = QModRef 2 - MModRef


 2
 "WICS +  1 - 5


2
 MModRef


 2
 + 
2 - #


2
 MModRef


 4
 "WICS


2


 


 ΔQWICS = 0 if   ΜModRef  ≤  0 
 


 where ΔQWICS is  calculated and obtained from the WICS processor. 


 
 
 
2.8.13.2 Classical Blockage Correction 


2.8.13.2.1 εAlt = SOLIDBLKG + WAKEBLKG 


 
 


2.8.13.2.2 Solid Blockage 


 KBVBLKG = KBVWING + KBVBODY 


 KBVWING = parameter = wing solid blockage (NACA TR 995, Eq. 8 or 9) 


 KBVBODY = parameter = body solid blockage (NACA TR 995, Eq. 19 or 20) 
 


 SOLIDBLKG = KBVBLKG


 1 - MModRef


2
 


 3
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2.8.13.2.3 Wake Blockage 


 


 WAK1BLKG = 
SR  CDRBLKG  + SREF  CD0BLKG


4 TUNAREA
 


 


 WAK2BLKG = 
KMASKELL  CDSBLKG  SREF


2 TUNAREA
 


 


 WAKEBLKG = 
 1 + ! - 1  MModRef


2


1 - MModRef


2
  WAK1BLKG + WAK2BLKG  


 where 


 TUNAREA = parameter = tunnel cross-sectional area 
 TUNAREA = 109.73 ft2  (Three-dimensional models) 
 TUNAREA =   97.25 ft2  (Semi-span models with image plane in) 
 


   Values for CDRBLKG are tabulated in Appendix J. 
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2.8.14 Blockage Factor 


 The model support and blockage coefficient,  CDSBLKG, may be calculated 
from a table lookup or from balance loads (FTare). 


 


2.8.14.1 Blockage Factor From Table Lookup 


 CDSBLKG  =  TBLKUP[ MModRef, αBOD ] 


 TBLKUP is a one function Mach lookup table defined by parameter input with 
MModRef and αBOD (without wall corrections) as arguments.  The function value 
returned is CDSBLKG. 


 


2.8.14.2 Wake Blockage Factor From Balance Loads (FTare) 
 
 


 BLKG.F  = YIRB  P IR!  RIRF  XTARE.F  


  where [XTARE.F] is from equation 6.2.2.1 
 
 


 BLKG. F  = 


ABLKG


SBLKG


NBLKG


 


 
 


 RMBLKG = 0. 


 PMBLKG = 0. 


 YMBLKG = 0. 
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Note that [BLKG.F] is similar to [BODY.F*] in equation 6.3.2.1.  Note 


further that [BLKG.F] = [BODY.F*] when [BALCORR.F] = 0.  CLEBLKG 


and CDEBLKG are the uncorrected stability axis lift- and drag-coefficient, 


respectively, based upon QModRef.  Blockage is computed using the balance-


angle-set defined for information which must be downloaded to the Facility 


Control System. 


 


2.8.14.2.1 CDEBLKG = CDE1BLKG - CDE2BLKG 


 


 CDE1BLKG  =  
cos!BOD  s in"BOD NBLKG + cos"BOD ABLKG


QModRef S REF
 


 


 CDE2BLKG = 
 s in!BOD S BLKG


QModRef S REF
 


 


 DELCDBLKG = CDEBLKG - CD0BLKG 


 


 


2.8.14.2.2 CLEBLKG  =  
cos!BOD NBLKG - sin!BOD ABLKG


QModRef SREF
 


 


 DELCLBLKG = CLEBLKG - CL0BLKG 


 
 DELCLBLKG2 = ( DELCLBLKG )2 
 


2.8.14.2.3 CDIDBLKG = ( CDISLP ) ( DELCLBLKG2 ) 
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2.8.14.2.4 CDSBLKG = CDEBLKG - CDIDBLKG - CDIINT 


(See Figure 2-2 for definition of blockage terms.  Note the figure is 
intended to display the required terms and is not to scale. 


 
2.8.14.2.5 Table Mach Number Increment 
 
 
 Provision is made for a user supplied incremental Mach Number correction. 
 


 ΔΜTbl = TBLKUP[ MRef, PT ] 


 ΔΜTbl = 0 if no table is specified 


 
 TBLKUP is a one function Mach Number correction lookup table defined by 


parameter input with MRef and PT as arguments.  The function value returned 
is ΔΜTbl. 


 
 
2.8.14.3 Alternate Mach Number Correction 


  


!MB l k g = MModRef 


"A l t 1 + 
# - 1


2
 MModref


 2
   +


 MALTFAC  
3 #  - 1


4
 MModref


 2
 "A l t
2


 1 + 
# - 1


2
 MModref


 2
 


 


  Variable  Source  Description 


 MALTFAC Parameter Default = 0.0 
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2.8.14.4 Alternate Corrected Mach Number 


 MAlt = ΜModRef +  ΔΜBlkg + ΔΜTbl 
 


 MAlt  =  0         if   MModRef  <  0 
 


2.8.14.5 Alternate Dynamic Pressure Correction 


 ΔQAlt = QAlt −  QModRef 
 


 ΔQAlt  =  0         if   MModRef  <  0 


 QAlt  from equation 2.8.15.6.2 
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CDIINT is the y-intercept of the fit
               (a parameter)


DELCLBLKG2
     Eq. 2.8.14.2.2


CDISLP is the slope of the fit
                (a parameter)


C
D


E
B


L
K


G
E


q
. 
2
.8


.1
4
.2


.1


0


0


CDSBLKG
Eq. 2.8.14.2.4


DELCLBLKG2, CDEBLKG
                    test data


CDSBLKG = CDEBLKG -CDISLP*DELCLBLKG2-CDIINT


fit of linear part of (CLEBLKG-CL0BLKG)2 versus
CDEBLKG curve.


        fit = CDISLP*DELCLBLKG2 + CDIINT


 


 Figure 2 - 2   Definition of blockage parameters 
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2.8.15 Free-stream Corrected Tunnel Conditions 


 


2.8.15.1 Free-stream Corrected Static Pressures 


 


2.8.15.1.1  PSWICS  =  
PTOT


 1 + 
! - 1


2
 MWICS


 2
 


 
!


! - 1


 
 


2.8.15.1.2  PSA l t  =  
PTOT


 1 + 
! - 1


2
 MA l t


 2
 


 
!


! - 1


 


 


2.8.15.2 Free-stream Corrected Static Temperatures 


  


2.8.15.2.1  TRWICS  =  
TTR


1 + 
 !  - 1 


2
  MWICS


2


 


2.8.15.2.2  TFWICS  =  TRWICS - 459.67 


 


2.8.15.2.3  TRAlt  =  
TTR


1 + 
 !  - 1 


2
  MA l t


2


 


2.8.15.2.4  TFAlt =  TRAlt - 459.67 
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2.8.15.3 Free-stream Corrected Speeds of Sound 
 


2.8.15.3.1  ASOUNDWICS  =   !  RGAS TRWICS


 1/2 


  ASOUNDWICS = 0  if TTR ≤ 0 
 


2.8.15.3.2  ASOUNDA l t  =   !  RGAS TRAlt


 1/2 


  ASOUNDAlt = 0  if TTR ≤ 0 
 


2.8.15.4 Free-stream Corrected Velocities 
 


2.8.15.4.1  VWICS = (MWICS) (ASOUNDWICS) (ft./sec.) 


2.8.15.4.2  VktsWICS = 0.59247 VWICS   (knots) 
 


2.8.15.4.3  VAlt = (MAlt) (ASOUNDAlt) (ft./sec.) 


2.8.15.4.4  VktsAlt = 0.59247 VAlt  (knots) 
 


2.8.15.5 Free-stream Corrected Densities 


 


2.8.15.5.1  !WICS  =  
PSWICS


RGAS  TRWICS


 


  ρWICS  = 0 if TRWICS  <  0 


 


2.8.15.5.2  !A l t  =  
PSA l t


RGAS  TRAlt


 


 


  ρAlt = 0 if TRAlt  <  0 
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2.8.15.6 Free-stream Corrected Dynamic Pressures 


 


2.8.15.6.1  QWICS = 
!


2
 PS WICS MWICS


 2  


                     QWICS  = 1 if MWICS  ≤  0  


 


2.8.15.6.2  QA l t = 
!


2
 PS A l t MA l t


 2  


  QAlt  =  1 if MALT  ≤  0                        


 


2.8.15.6.3  QRATIO =  
QWICS


ΔQWICS + QModRef  


  where ΔQWICS comes from Equation 2.8.13.1.3. 
 


2.8.15.7 Free-stream Corrected Unit Reynolds Number 
 


2.8.15.7.1  RNUWICS  =  
RSUTH  PTOT  MWICS  TRWICS


3
 (TRWICS+TSUTH)


TTR


7


 


  RNUWICS  =  0 if TTR  <  0 


  RNUWICS in millions per foot 
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2.8.15.7.2  RNUAlt  =  
RSUTH  PTOT  MAlt  TRAlt


3
 (TRAlt+TSUTH)


TTR
7


 


  RNUAlt =  0 if TTR  <  0 


  RNUAlt in millions per foot 
 


2.8.15.7.3 Free-stream Corrected Reynolds Number 


  RNWICS  = (RNUWICS) (REFLTH) 


  RNWICS in millions 
 


2.8.15.7.4  RNAlt  = (RNUAlt) (REFLTH) 


  RNAlt in millions 


 


2.8.15.8 Free-stream Corrected Viscosity 


 


2.8.15.8.1  µWICS = VISCON 
TRWICS


 1.5


TRWICS + TSUTH


 


  µWICS = 0  if TTR ≤ 0 
 


 


2.8.15.8.2  µA l t = VISCON 
TRAlt


 1.5


TRAlt + TSUTH


 


  µAlt = 0  if TTR ≤ 0 
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2.9 14' WIND TUNNEL CONDITIONS 
 


 PSWall  =  EU from conversions 


 PTWall  =  EU from conversions 


 MWall   =    2


! - 1
   


PSWall


PTWall


 


 - 
! - 1


!
 - 1  


 1/2


 


 


 MWall  =  0 if   
PSWall
PTWall   ≥  PRWINDOFF 


 


 PSCorr  =  TBLKUP[ MWall ] 


 PTCorr  =  TBLKUP[ MWall ] 


 TBLKUP is a two function Mach lookup table defined by parameter input with 
MWall as its argument.  The two function values returned are PSCorr and 
PTCorr. 


 


2.9.1 Free-stream Total Pressure 


 
 PT  =  


PTWall


1 - PTCorr
 


 PT  =  PTWall if any of the following conditions exist: 
  • MWall  =  0 
  • PTCorr  =  1 


 PTOT  =  PT 
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2.9.2 Free-stream Static Pressure 


 
 PS   =  


PSWall


1 - PSCorr


 


 PS  =  PSWall if any of the following conditions exist: 
  • MWall  =  0 
  • PSCorr  =  1 


 


2.9.3 Free-stream Mach Number 
 


 M   =   2


! - 1
    PS


PTOT


 
 - 
! - 1


!  - 1  


 1/2


 


 


 M  =  0 if     
PS


PTOT   ≥  PRWINDOFF 
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3.0 BALANCE COMPUTATIONS 


These are the equations for the forces and moments derived from the balance 
gauges.  Six-gauge balances are assumed to be used in the equations.  The 
gauge readings are first converted to engineering units using the primary 
balance constants (refer to the Section 1 - EU Conversions).  For standard 
balance computations (non flow-through), four operations are performed on the 
EU data to obtain the tare corrected loads.  These are, in order: 
 
• Interaction corrections, which include a secondary gauge loading effect 


(secondary interaction) and a multiple gauge loading effect (cross-
product interaction).  Interaction corrections are applied on all point 
types except zero, end-zero, and end-calibrate points. 


• Completion of the bias correction. 
• Resolution into three force components and three moment components 


measured about the balance center (resolved loads). 
• Correction for model weight tares (after tare loads). 
 
Flow-through balances have additional corrections for temperature, pressure, 
momentum, and interactions caused by the pressure and momentum effects.  
The interaction corrections for flow-through balances are in addition to those 
described in the preceding paragraph.  Flow corrections are made after the 
gauge readings have been converted to engineering units and before the 
standard balance interaction corrections.  Therefore, for flow-through balances, 
input to the standard balance gauge interaction corrections is the output from the 
flow-through balance corrections. 
 
Flow-through balance corrections are applied on data, end data, balance check, 
angle check, and tare check points only.  At all other point types the flow-
through balance correction results for temperature, pressure, momentum, and 
interaction are set to zero and the flow-through balance results are set to the EU 
balance values converted from the raw data. 
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There are no flow-through corrections applied on bias, delta bias or tare points.  
This places implied restrictions on the procedure for acquiring these points.  
These restrictions are: 
 
• There must be no flow through the balance. 
• The balance bellows must not be pressurized. 
• The balance internal temperature at the bias, delta bias, or tare points 


should be near the temperature at the most recent zero preceding these 
points. 
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3.1 GLOSSARY 


 
 Equation Equation 
 Name Reference Unit Definition 
 
AICn 3.2.4.2 or lb. or Flow-through balance airflow interaction 
 3.3.4.2 ft-lb correction for gauge n. 


AIRFL 3.2.3.5.2   - Flow-through balance normalized airflow. 


APSLOAD 3.3.2.2 lb. or Flow-through balance scale adjustment to the  
  ft-lb. gauge load for pressure effect for gauge A. 


APSCALE 3.3.2.3 lb. or Flow-through balance adjustment to the gauge 
  ft-lb. load at the maximum load for pressure effect 


for gauge A. 


BalType param   - Specifies type of balance being used.  The 
three possible values for BalType are: 


    F  = Force balance 
    FM  = Force & Moment balance 
    M = Moment balance 


  


BalType


Force Moment
Force &
Moment


ga 1


ga 2


ga 3


ga 4


ga 5


ga 6


N1


N2


A


S 1


S 2


RM


N


PM


A


S


YM


RM


PM 1


2


A


1


2


RM


PM


YM


YM


 


BIASn 3.5.2.1 lb. or Interaction corrected balance gauge load 
  ft-lb. during the Bias initial condition point for 


gauge n. 


ConvergeTol param   - Criterion defining convergence in the 
interaction corrections to the balance gauge 
forces. 
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DDTSUM 3.2.1.2 deg Flow-through balance change in temperature 
from the last temperature direction change to 
the temperature at the current point. 


DMGAn 3.2.3.6 or lb. or Momentum corrected flow-through balance 
 3.3.3.1 ft-lb load for gauge n. 


DPGAn 3.2.2.2 or lb. or Pressure corrected flow-through balance load 
 3.3.2.5 ft-lb for gauge n. 


DT EU input deg Flow-through balance temperature difference 
relative to the temperature recorded during an 
initial condition scan. 


DTGAn 3.2.1.3 or lb. or Temperature corrected flow-through balance  
 3.3.1.9 ft-lb load for gauge n. 


EUBALn 1 lb. or Converted balance gauge reading in EU for 
  ft-lb. gauge n before any corrections. 


FLOn 3.2.4.4 or lb. or Flow-through gauge loads after corrections 
 3.3.4.4 ft-lb. for temperature, pressure, momentum, and 


flow-through balance interactions for gauge 
n. 


IA1(±)n param   - First order interaction correction constant for 
gauge n.  (±) is the sign depending on the sign 
of EUBALn.  If EUBALn is positive, the 
positive constants are used; if negative, the 
negative constants are used. 


IA2(±)n param   - Second order interaction correction constant 
for gauge n.  (±) is the sign depending on the 
sign of EUBALn .    If EUBALn is positive, 
the positive constants are used; if negative, 
the negative constants are used. 


ICA(±)n param   - Flow-through balance airflow interaction 
correction constant for gauge n.  (±) is the 
sign depending on the sign of the momentum 
corrected gauge load DMGAn.  If DMGAn is 
positive, the positive constants are used; if 
negative, the negative constants are used. 


ICP(±)n param   - Flow-through balance pressure interaction 
correction constant for gauge n.  (±) is the 
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sign depending upon the sign of the 
momentum corrected gauge load DMGAn.  
If DMGAn is positive, the positive constants 
are used; if negative, the negative constants 
are used. 


IFLOTR control param   - Whether flow-through balance corrections 
are to be applied. 


      0 = None 
    1 = Method I 
    2 = Method II 


IterationMax param   - Maximum number of iterations allowed for 
achieving convergence on all balance gauges. 


KAFn param   - Flow-through balance airflow momentum 
correction constants for gauge n. 


KMCAX param   - Flow-through balance momentum correction 
constants for gauge A. 


KPCn param   - Flow-through balance zero shift pressure 
correction constants for gauge n. 


KPCL(±)n param   - Flow-through balance spring stiffening 
pressure correction constants for gauge n.  (±) 
is the sign depending on the sign of the 
temperature corrected gauge load DTGAn.  If 
DTGAn is positive, the positive constants are 
used; if negative, the negative constants are 
used. 


KPINTn param   - Flow-through balance pressure interaction 
correction constants for gauge n. 


KPRIMEn param   - Flow-through balance prime constant 
maximum temperature correction constants 
for gauge n. 


KPZGAXn param   - Flow-through balance zero-shift pressure 
KPZLAXn   correction constants for gauge n. 


KSOAKn param   - Flow-through balance soak temperature 
correction constants for gauge n. 
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KSTn param   - Flow-through balance zero-shift and spring 
stiffening correction constants for gauges n = 
N1, N2, S1, S2, and RM. 


KSTLAX(±)n param   - Flow-through balance zero-shift correction  
KLDLAX(±)n   constants for the axial-force gauge.  (±) is the  
KSTGAX(±)n   sign depending on the sign of the temperature 
KLDGAX(±)n   corrected gauge load DTGAA.  If DTGAA is 


positive, the positive constants are used; if 
negative, the negative constants are used. 


KTC(±)n param   - Flow-through balance temperature correction 
constants for gauges n = N1 and A.  (±) is the 
sign depending on the sign of the trend in 
DT.  If the trend direction is positive, the 
positive constants are used; if negative, the 
negative constants are used. 


KTCLn param   - Flow-through balance temperature correction 
constants for gauges n = N2, S1, S2, and RM. 


KTEMPn param   - Flow-through balance prime constant load 
scaling temperature correction constants for 
gauge n. 


KTHn param   - Flow-through balance stream thrust 
momentum correction constants for gauge n. 


KWF(±)n param   - Flow-through balance weight flow 
momentum correction constants for gauge n.  
(±) is the sign depending on the sign of the 
pressure corrected gauge load DPGAn.  If 
DPGAn is positive, the positive constants are 
used; if negative, the negative constants are 
used. 


KZEROn param   - Flow-through balance zero-shift temperature 
correction constants for gauge n. 


LBASEn 3.2.1.2 lb. Flow-through balance temperature correction 
value for gauges n = N1 and A at the last 
temperature direction change. 


NAFn 3.2.3.2 lb. or Normalized airflow component for flow- 
  ft-lb. through balance momentum correction. 
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NCPG param   - Number of cross product gauges being used.  
NCPG must be at least 2 if cross-product 
interactions are to be applied.  The number of 
possible choices for the cross product term 
for a gauge depends on NCPG.  The number 
of possible pairs of cross product gauges 
comes from the combination function Cy,x = 
CNCPG,2. The number of possible pairs 
multiplied by 4 (the 4 sign pairs ++,+-, -+,--) 
yields the number of cross product values for 
each gauge. 


nPC, nTC, 3.2.1.1- lb. or Flow-through balance correction for pressure, 
nMC, nIC 3.2.4.3 or ft-lb. temperature, momentum, and interaction 
 3.3.1.8 -  which was applied to gauge n. 
 3.3.4.3   


nPINT 3.3.2.3 lb. or Flow-through balance interaction correction due 
  ft-lb. to pressure effects for gauge n. 


nPSTC 3.3.2.2 lb. or Flow-through balance zero-shift and spring 
  ft-lb. stiffening due to pressure effects for gauges 


N1, N2, S1, S2, and RM. 


nPTC 3.3.1.7 lb. or Flow-through balance prime constant load 
  ft-lb. adjustment for gauge n. 


nPTCLOADC 3.3.1.7 lb. or Flow-through balance scale adjustment to the  
  ft-lb. gauge load for temperature effect for gauge 


n. 


nPTCSCALE 33.3.1.7 lb. or Flow-through balance adjustment to the gauge 
  ft-lb. load at the maximum temperature for gauge 


n. 


nSOAKC 3.3.1.3 lb. or Flow-through balance temperature soak 
nSOAKCZ 3.3.1.2 ft-lb. correction at a data point and zero point for 


gauge n. 


nPZEROC 3.3.3.1 lb. or Flow-through balance pressure zero-shift 
nPZEROCZ  ft-lb. correction at a data point and zero point for 


gauge n. 


nZTC 3.3.1.6 lb. or Flow-through balance temperature zero-shift 
nZTCZ 3.3.1.5 ft-lb. correction at a data point and zero point for 


gauge n. 
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NumGauge param   - Number of gauges on the balance 


PCUT param  lb/in2 Flow-through balance lower pressure limit on 
the momentum correction for the axial force 
gauge. 


PDISC param  lb/in2 Flow-through balance pressure at which there 
is a discontinuity in the zero shift for gauge 
A. 


PICn 3.2.4.1 OR lb. or Flow-through balance pressure interaction  
 3.3.4.1 ft-lb correction for gauge n. 


PTBAL EU input lb/in2 Flow-through balance plenum pressure. 


RESN 3.6.1-3.6.3 lb. or Resolved balance forces and moments after 
RESPM  ft-lb. they  have been resolved into three forces 
RESA   and three moments measured about the 
RESS   balance center. 
RESYM    
RESRM 


RGAS param  ft2/sec2-°R Gas constant (1716.55 for air)  


STRn 3.2.3.1 lb. or Flow-through balance stream thrust   
  ft-lb momentum correction for gauge n. 


TAREN 5.6.1 lb. or Model weight tare corrections applied to the  
TAREPM  ft-lb. balance resolved forces and moments. 
TAREA  
TARES  
TAREYM  
TARERM  


TBACK EU input deg. Flow-through balance gauge rear temperature 
TBACKZ    at a data point or at zero point. 


TEMCHG param deg Flow-through balance temperature difference 
at which a true change in the direction of the 
temperature trend has occurred. 


TFRONT EU input deg. Flow-through balance gauge front 
temperature 


TFRONTZ    at a data point or at zero point. 


THR 3.2.3.5.3 lb. Flow-through balance thrust. 
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TnTMP EU input deg. Flow-through balance reference temperature 
at 


TnTMPZ   for gauge n at which the temperature data is 
anchored. 


TSOAKREF param deg. Flow-through balance reference temperature 
at which the soak temperature data is 
anchored. 


TTBAL EU input deg. Flow-through balance temperature. 


TTBALAV EU input deg. Flow-through balance average temperature at 
TTBALAVZ   a data point or at zero point. 


TTBALPLN EU input deg. Flow-through balance plenum temperature. 


VEL 3.2.3.5.4 ft/sec Flow-through balance velocity. 


WAFn 3.2.3.3.1 lb./sec  Flow-through balance weight flow 
component for gauge n. 


WAIR 3.2.3.5.1 lb./sec. Flow-through balance weight flow. 


WFL EU input slug./sec. Flow-through balance mass flow. 


WFPT 3.2.3.3.2  Weight flow - balance plenum pressure term 
used in the flow-through balance weight flow 
computations. 


XBIASn 3.5.1.1 lb. or Bias corrected gauge load for gauge n. 
  ft-lb.  


XG1 param ft. Distance from balance gauge 1 to the balance 
center.  A positive value. 


XG2 param ft. Distance from balance gauge 2 to the balance 
center.  A positive value. 


XG4 param ft. Distance from balance gauge 4 to the balance 
center.  A positive value. 


XG5 param ft. Distance from balance gauge 5 to the balance 
center.  A positive value. 


XINTn 3.4.1 lb. or Interaction corrected balance gauge load for 
  ft-lb. gauge n. 
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XP(s1s2)lmn param   - Cross-product constant for each gauge n.  (s1) 
is the sign depending on the sign of EUBALl  
(where l  is one of the cross-product gauges) 
and (s2) is the sign depending on the sign of 
EUBALm  (where m  is another cross product 
gauge ≠ l).  XP(- +)lmn  is the cross product 
constant used for gauge n when EUBALl  is 
negative and EUBALm  is positive. 


XTARENF 3.7.1 lb. or Balance forces and moments after correction 
XTAREPM  ft-lb. for model weight tares. 
XTAREAF    
XTARESF    
XTAREYM    
XTARERM 


γ param   - Specific heat ratio (1.4 for air). 
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3.2 METHOD I FLOW-THROUGH BALANCE CORRECTIONS 


 There are two methods for computing corrections for flow-through balances.  
The algorithms are a function of the bellows in the balance and in the 
procedures for how thermal effects are treated.  The choice of flow-through 
balance corrections is determined through the parameter IFLOTR. 


Flow-through balance corrections are applied on data, end data, balance check, 
angle check, tare and tare check points only.  Hereinafter these will be called 
"flow through points".  At all other point types the flow-through balance 
correction results for temperature, pressure, momentum, and interaction are set 
to zero and the flow-through balance results are set to the EU balance values 
converted from the raw data. 


 Apply the following corrections if     IFLOTR = 1 


3.2.1 METHOD I TEMPERATURE CORRECTION 


 Temperature corrections are applied to correct for thermal effects on the zero 
shifts and changes in the balance constants.  The temperature correction for the 
N1 and A gauges depends upon the trend in temperature as well as upon the 
temperature change itself. 


 The temperature correction uses the change in static temperature, DΤ, measured 
in the balance plenum, relative to its temperature recorded during an initial 
condition scan.  The correction algorithm includes a temperature trend which 
determines the sign of DΤ.  A running history from one data point to the next 
data point is maintained and is reset only when a new zero initial condition is 
taken.  Gauges N1 and A are the only two which are a function of this change in 
direction of DΤ.  Provision is made to control the temperature difference at 
which a true change in direction of DΤ has occurred.  This prevents a small 
change at a single data point from producing a spurious change in direction.  
The temperature correction is applied to the balance engineering units converted 
from the raw data. 
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3.2.1.1 nTC =  KTCL(J)n * DT J!
J=1


4


 


  for gauges n = N2, S1, S2, RM 


 DT = EU from conversions or test dependent equation 


 


3.2.1.2 nTC =  KTC(J)n
±
 * DDTSUM J!


J=1


4


 + LBASEn 


  for gauges n = N1 and A 


DDTSUM = The change in temperature from the last temperature direction 
change to the temperature at the current data point. 


LBASEn = The temperature correction value for the gauge at the last 
temperature direction change. 


TEMCHG = Parameter defining the temperature difference at which a true 
change in direction of DT has occurred (figure 3.2.1 - 1). 


KTC(J)n
+   is used if the trend in DT > 0 


KTC(J)n
-   is used if the trend in DT ≤ 0 


     


3.2.1.3 The temperature corrected balance gauge engineering units are given by: 


 DTGAn = EUBALn - nTC 
 


 An example for the temperature correction for gauges N1 and A, which relies 
on the temperature direction trend, is provided below.  The temperature 
variation and example of the range for the various terms is shown in Figure 
3.2.1 - 1. 


 







  Section 3.2 - 14 


Version 1.1 May 1997 Method I Flow-Through Corrections 


LBASE2n


LBASE1n


nTC


T1 T2


DT


1


2


3


4


5


6


7


8


9


10


11


12


13


| TEMCHG |


| TEMCHG |


Temperature


Figure 3.2.1 - 1    Flow Through Balance Temperature 
                                           Variation Example  


 Define 


DIR = The change in temperature direction from one data point to the next 
data point. 


 -1 = decreasing   
 +1 = increasing 
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 DDTSUM must be greater than  | TEMCHG |  to be considered an actual change 
in direction.  This can occur between two points or a series of points. 


From Point 1 to Point 3: 


 DIR = -1 Temperature is decreasing 
 LBASEn = 0 Initially set to zero 
 DDTSUM = DT No direction change has occurred 
 KTC- is used Because DIR = -1 


From Point 3 to Point 4: 


 DIR = -1 Temperature is increasing but change < | 
TEMCHG | 


 LBASEn = 0 Because DIR did not change 
 DDTSUM = DT Because DIR did not change 
 KTC- is used Because DIR = -1 
 


From Point 4 to Point 10: 


 DIR = +1 Temperature increasing and change > | TEMCHG | 
 LBASEn = LBASE1n    Because DIR changed to +1 
 DDTSUM = DT - T1 Because DIR changed to +1 
 KTC+ is used Because DIR = +1 
 


From Point 10 to Point 12: 


 DIR = +1 Temperature decreasing and change < | TEMCHG | 
 LBASEn = LBASE1n Because DIR did not change 
 DDTSUM = DT - T1 Because DIR did not change 
 KTC+ is used Because DIR = +1 
 


From Point 12 to Point 13: 


 DIR = -1 Temperature decreasing and change > | TEMCHG | 
 LBASEn = LBASE2n Because DIR changed to -1 
 DDTSUM = DT - T2 Because DIR changed to -1 
 KTC- is used Because DIR = -1 
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3.2.2 METHOD I PRESSURE CORRECTION 


 Pressure corrections are applied to correct for pressure effects on the zero shifts 
and changes in the balance constants.  Application of a uniform internal 
pressure affects both the balance zero and the spring constant.  The zero shift 
occurs because of the slight asymmetrical radial compression of the bellows 
from the static internal air pressure.  The stiffening effect changes the balance 
spring-constant which produces a change in the basic flow-off calibration of the 
balance.  The correction algorithm assumes these two effects may be applied 
independently.  The form of the equation can then be expressed as: 


  Pressure Correction = [Zero Shift Adjustment] + [Spring Stiffening] 
 


3.2.2.1 nPC =  KPC(J)n * PTBAL
J


!
J=1


3


 + PTBAL * KPCL(J)n
±
 * DTGAn


J


!
J=1


3


  


  for gauges n = N1, N2, A, S1, S2, RM 
 
 
 KPCL(J)n


+   is used if DTGAn > 0 
 
 KPCL(J)n


-   is used if DTGAn ≤ 0 


 PTBAL = EU from conversions 


 If  PTBAL < 10 


  nPC = 0 


 
3.2.2.2 The pressure correction is applied to the temperature corrected gauge values and 


the balance gauge engineering units are given by: 


 DPGAn = DTGAn - nPC 
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3.2.3 METHOD I MOMENTUM CORRECTION 


 Momentum effects result from internal asymmetric aerodynamic forces 
generated as the air moves through the balance flow passages.  The air 
movement produces both a zero shift and a change in spring constant.  The 
momentum effects are a function of air flow, pressure, and stream thrust.  These 
forces are transferred to the balance through the walls of the internal flow 
passages.  The balance spring constant is expected to be reduced because the 
static pressure on the internal flow passages decreases with increasing flow.  
The form of the equation can then be expressed as: 


 
 
  Momentum Correction =  [Stream Thrust] + [Normalized Airflow] 


    + [ f (Pressure, Weight Flow)] * [Balance Gauge Load] 
 


 The first two terms are related to momentum effects on the balance gauge zero 
shift.  The last term relates to the change in balance spring-constant, where the 
balance gauge load has been corrected for temperature and pressure effects. 


 


3.2.3.1 STREAM THRUST 


 STRn = KTH(J)n * THR J!
J=1


4


 
 


 
3.2.3.2 NORMALIZED AIRFLOW


 


 NAFn = KAF(J)n * AIRFL J!
J=1


6
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3.2.3.3 WEIGHT FLOW
 


3.2.3.3.1
 


WAFn = WFPT * KWF(J)n
±
 * DPGAn J!


J=1


3


 


 KWF(J)n
+   is used if DPGAn > 0 


 
 KWF(J)n


-   is used if DPGAn ≤ 0 


 


3.2.3.3.2
 


WFPT =  WAIR * PTBAL
WFEXP


 
  WFEXP = Parameter, default = 0.1. 
 


 The momentum correction is given by: 


3.2.3.4 nMC = STRn + NAFn + WAFn 


 for gauges  n = N1, N2, A, S1, S2, RM 
 
 
 
3.2.3.5 STANDARD COMPUTATIONS FOR MOMENTUM CORRECTION TERMS 


 


3.2.3.5.1 WAIR = 
 ( FL ) ( PV ) ( AV ) ( CDV )


 TV 
 lb/sec 


 FL = Flow coefficient, parameter 
 PV = Venturi pressure, EU from conversions, lb/sq-in 
 AV = Venturi area, parameter, sq-in 
 CDV = Discharge coefficient, parameter 
 TV = Venturi temperature, EU from conversions, °R 
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3.2.3.5.2 AIRFL = 
( WAIR )   TTBAL  


( PTBAL ) ( AP ) ( 144 ) ( 32.174 )
 


 AP = Plenum diameter, parameter, sq-ft 
 


 NOTE: 


 The term,  ( ! ) ( RGAS ) , usually contained in the numerator of the equation 
for AIRFL has been absorbed in the KAF coefficients. 


 
 


3.2.3.5.3 THR = 
( WAIR ) ( VEL )


32.174   


 


3.2.3.5.4 VEL = 
( WAIR ) ( RGAS ) ( TTBAL )


( PTBAL ) ( AP ) ( 144 ) ( 32.174 )  ft/sec 


  If   WAIR < 0.25  or  PTBAL < 10 


  WAIR = 0  WFPT = 0 
  AIRFL = 0  STRn = 0 
  THR = 0  NAFn = 0 
  VEL = 0  WAFn = 0 
  nMC = 0 
 


3.2.3.6 The momentum correction is applied to the pressure corrected gauge values and 
the balance gauge engineering units are given by: 


 DMGAn = DPGAn - nMC 
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3.2.4 METHOD I INTERACTION CORRECTION (FLOW-THROUGH) 


 Interaction corrections are applied to account for the pressure and momentum 
effects on changes in the balance constants.  Because the spring constants are 
affected, the interactions between the gauges are also affected.  Interaction 
corrections account for any changes the flow might contribute to the interactions 
between individual gauges.  These interactions are only affected by pressure and 
momentum because these are the only two which affect the balance spring-
constants.  Experience has shown these interactions are normally small and in 
light of the previous corrections already applied, only a linear variation is 
assumed.  The balance gauge load used in the interaction correction is the gauge 
load after correction for temperature, pressure, and momentum effects 


 


3.2.4.1 PRESSURE INTERACTION 


 PICn = PTBAL * ICP(J)n
±
 * DMGAn!


n = 1


J ! n


6


 


 


 ICP(J)n
+   is used if DMGAn > 0 


 
 ICP(J)n


-   is used if DMGAn ≤ 0 
 


3.2.4.2 AIRFLOW INTERACTION 


 AICn = AIRFL * ICA(J)n
±


 * DMGAn!
n = 1


J ! n


6


 


 


 ICA(J)n
+   is used if DMGAn > 0 


 
 ICA(J)n


-   is used if DMGAn ≤ 0 
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3.2.4.3 The total interaction correction is given by: 


 nIC = PICn + AICn  


 for gauges  n = N1, N2, A, S1, S2, RM 


 and J ≠ n, i.e., a gauge does not interact with itself. 
 


 If   WAIR < 0.25  or  PTBAL < 10 


  PICn = 0 
  NICn = 0 
  nIC = 0 
 


3.2.4.4 The interaction correction is applied to the momentum corrected gauge values 
and the fully corrected balance gauge engineering units are given by: 


 


 FLOn = DMGAn - nIC 


 for gauges  n = N1, N2, A, S1, S2, RM 
 


 Once the interaction corrections due to pressure and momentum have been 
applied, the resulting gauge loads, FLOn, are used to continue with the standard 
balance computations.  Because the flow through corrections were applied after 
the raw data has been converted to engineering units, the standard balance 
computations then follow.  Standard balance interactions are still required 
because the interactions in the balance calibration file are for no flow through 
the balance.  These must still be applied, since if all flow-through corrections 
are zero, there are still balance interactions (as determined by the Balance 
Calibration Laboratory). 
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3.3 METHOD II FLOW-THROUGH BALANCE CORRECTIONS 


Flow-through balance corrections are applied on data, end data, balance check, 
angle check, tare and tare check points only.  Hereinafter these will be called 
"flow through points".  At all other point types the flow-through balance 
correction results for temperature, pressure, momentum, and interaction are set 
to zero and the flow-through balance results are set to the EU balance values 
converted from the raw data. 


 Apply the following corrections if     IFLOTR = 2 


3.3.1 METHOD II TEMPERATURE CORRECTION 


 Temperature corrections are applied to correct for balance soak temperature, 
zero shift, and changes in the balance prime constants. 


3.3.1.1 BALANCE SOAK TEMPERATURE 


 Balance gauge outputs are often sensitive to the temperature of the balance as it 
is heated or cooled in a quasi-equilibrium process.  The soak correction uses the 
change in average balance temperature from a reference temperature at which 
the soak temperature data is anchored.  The soak correction is the difference in 
engineering units between the value at a data point and the value calculated at 
the most recent zero. 


3.3.1.2 At a zero point 


 nSOAKCZ =  KSOAK(J)n * TTBALAVZ - TSOAKREF
J


!
J=1


2


 


  for gauges n = N1, N2, A, S1, S2, RM 


 TTBALAVZ = average balance temperature from test dependent equation 


 TSOAKREF = parameter 
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3.3.1.3 At flow through points 


 nSOAKC =  KSOAK(J)n * TTBALAV - TSOAKREF
J


!
J=1


2


 - nSOAKCZ 


  for gauges n = N1, N2, A, S1, S2, RM 
 


 TTBALAV = average balance temperature from test dependent equation 


 TSOAKREF = parameter 
 


3.3.1.4 ZERO SHIFT 


 Heated air flowing through the balance causes a zero shift in the gauges caused 
by the thermal gradients.  The thermal gradient for the axial force gauge is 
caused by the temperature  difference between the front of the balance and the 
back of the balance.  The remaining gauges use temperature differences 
between either the front of the balance or the back of the balance with some 
reference temperature, depending upon the balance gauge. 


 3.3.1.5 At a zero point 


 nZTCZ =  KZERO(J)n * TFRONTZ - TnTMPZ
J


!
J=1


2


 


  for gauges n = N1, A, S1 
 


 TFRONTZ and TnTMPZ are from test dependent equations 
 
 


 nZTCZ =  KZERO(J)n * TBACKZ - TnTMPZ
J


!
J=1


2


 


  for gauges n = N2, S2, RM 


 TBACKZ and TnTMPZ are from test dependent equations 
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 3.3.1.6 At flow through points 


 nZTC =  KZERO(J)n * TFRONT - TnTMP
J


!
J=1


2


 - nZTCZ 


  for gauges n = N1, A, S1 


 TFRONT and TnTMPZ are from test dependent equations 


 


 nZTC =  KZERO(J)n * TBACK - TnTMP
J


!
J=1


2


 - nZTCZ 


  for gauges n = N2, S2, RM 


 TBACK and TnTMP are from test dependent equations 


3.3.1.7 PRIME CONSTANT ADJUSTMENT 


 The prime constant adjustment reduces the error residuals.  This small 
adjustment can be attributed to the bellows expansion as heated air passes 
through the balance.  The correction algorithm uses two polynomials which are 
multiplied together.  The first polynomial is an adjustment to the gauge load at 
the maximum temperature of the plenum air.  The second polynomial scales this 
load such that at ambient conditions the second polynomial is essentially zero 
while at the maximum temperature the polynomial is close to one. 


 nPTCLOADC =  KPRIME(J)n * EUBALn
J


!
J=1


2


 


 nPTCSCALE =  KTEMP(J)n * TTBALPLN
(J-1)


!
J=1


3


 


 nPTC = (nPTCLOADC) (nPTCSCALE) 


  for gauges n = N1, N2, A, S1, S2, RM 


 TTBALPLN = EU from conversions 
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3.3.1.8 FINAL TEMPERATURE CORRECTED DATA 
 
 


 nTC = nSOAKC + nZTC + nPTC 


  for gauges n = N1, N2, A, S1, S2, RM 
 
 


3.3.1.9 The temperature corrected balance gauge engineering units are given by: 


 DTGAn = EUBALn – nTC 


 


3.3.2 METHOD II PRESSURE CORRECTION 


 Pressure corrections are applied to correct for pressure effects on the zero shifts, 
spring stiffening, and interactions.  The axial gauge has a discontinuity in the 
zero shift and spring stiffening corrections and has been divided into two 
regions with different constants for each region.  The other five gauges do not 
exhibit this discontinuous behavior. 


3.3.2.1 ZERO SHIFT 


 Pressurizing the balance causes a zero shift of the gauges.  The axial force 
gauge is treated separately in calculating the zero shift.  The other gauges have 
the zero shift and spring stiffening combined and are covered in section 3.3.2.2. 


 If PTBAL ≤ PDISC 


 APZEROC =  KPZLAX(J) * PTBAL
J


!
J=1


5


 


 If PTBAL > PDISC 


 APZEROC =  KPZGAX(J) * PTBAL
(J-1)


!
J=1


5
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 for gauge A 


 PDISC = parameter 


 PTBAL = EU from conversions 


 nPZEROC = 0 


  for gauges n = N1, N2, S1, S2, RM 


3.3.2.2 SPRING STIFFENING 


 Pressurizing the balance causes the bellows to become stiffer, analogous to a 
hose pressurized with water.  This causes a change in the gauge prime constants.  
Similar to the zero shift, the axial gauge is treated separately because of the 
discontinuity and is treated as the product of two polynomials.  The first 
polynomial is the correction in engineering units for the maximum applied load 
and the second polynomial scales the adjustment for different applied loads. 


 If PTBAL ≤ PDISC 


  APSLOAD =  KSTLAX(J)
±
 * PTBAL


J


!
J=1


5


 


  APSCALE =  KLDLAX(J)
±
 * DTGAA


J


!
J=1


4


 


  KSTLAX(J)+ and KLDLAX(J)+ are used if DTGAA > 0 


  KSTLAX(J)-  and KLDLAX(J)- are used if DTGAA ≤ 0 
 


 If PTBAL > PDISC 


  APSLOAD =  KSTGAX(J)
±
 * PTBAL


(J-1)
!
J=1


5


 


  APSCALE =  KLDGAX(J)
±
 * DTGAA


J


!
J=1


4


 


  KSTGAX(J)+ and KLDGAX(J)+ are used if DTGAA > 0 
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  KSTGAX(J)- and KLDGAX(J)- are used if DTGAA ≤ 0 


  PDISC = parameter 


  PTBAL = EU from conversions 
 


 The spring stiffening is then given by: 


 APSTC = (APSLOAD) (APSCALE) for gauge A 
 For any pressure PTBAL the remaining gauges have the zero shift and spring 


stiffening combined. 


 nPSTC =PTBAL  KST(J)n * DTGAn
(J-1)


!
J=1


4


 


  for gauges N1, N2, S1, S2, RM 
 
 
3.3.2.3 PRESSURE INTERACTION 


 Loading a gauge and pressurizing the balance causes an interaction on other 
gauges. 


 nPINT = 0 for gauges A, RM 
 


 N1PINT =PTBAL  KPINTN1(J) * DTGAN2
J


!
J=1


3


 for gauge N1 


 


 N2PINT =PTBAL  KPINTN2(J) * DTGAN1
J


!
J=1


3


 for gauge N2 


 


 S1PINT =PTBAL  KPINTS1(J) * DTGAS2
J


!
J=1


3


 for gauge S1 


 


 S2PINT =PTBAL  KPINTS2(J) * DTGAS1
J


!
J=1


3


 for gauge S2 
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 PTBAL = EU from conversions 


 
3.3.2.4 FINAL PRESSURE CORRECTED DATA 


 nPC = nPZEROC + nPSTC + nPINT 


  for gauges n = N1, N2, A, S1, S2, RM 


3.3.2.5 The pressure corrected balance gauge engineering units are given by: 


 DPGAn = DTGAn – nPC 


 


3.3.3 METHOD II MOMENTUM CORRECTION 


 Momentum effects result from internal asymmetric aerodynamic forces 
generated as the air moves through the balance flow passages.  The momentum 
effects are a function of air flow and pressure.  These forces are transferred to 
the balance through the walls of the internal flow passages. 


 nMC = 0 


  for gauges n = N1, N2, S1, S2, RM 


 If PTBAL ≤ PCUT 


 AMC = 0 


  for gauge A 


 If PTBAL > PCUT 


 AMC =   KMCAX(J) * WFL * PTBAL
PEXPAX


(J-1)


!
J=1


5


 


  for gauge A 


 PCUT = parameter 
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 PEXPAX = parameter 


 PTBAL = EU from conversions 


 WFL = Computed mass flow through the balance from test dependent equation 
 


3.3.3.1 The momentum corrected balance gauge engineering units are given by: 


 DMGAn = DPGAn - nMC 


 


3.3.4 METHOD II INTERACTION CORRECTION (FLOW-THROUGH) 


 Interaction corrections have been applied in conjunction with the other 
corrections.  To maintain a parallel structure between the two flow-through 
balance computational methods, the interaction equation results used when 
IFLOTR = 1 are all set to zero. 


3.3.4.1 PRESSURE INTERACTION 


 PICn = 0 


 
3.3.4.2 AIRFLOW INTERACTION 


 AICn = 0 
 
 
3.3.4.3 The total interaction correction is given by: 


 nIC = PICn + AICn  


 for gauges  n = N1, N2, A, S1, S2, RM 


 


3.3.4.4 The final flow through corrected data are given by: 


 FLOn = DMGAn - nIC 


 for gauges  n = N1, N2, A, S1, S2, RM 
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 The resulting gauge loads, FLOn, are used to continue with the standard 
balance computations.  Because the flow through corrections were applied after 
the raw data has been converted to engineering units, the standard balance 
computations then follow.  Standard balance interactions are still required 
because the interactions in the balance calibration file are for no flow through 
the balance.  These must still be applied, since if all flow-through corrections 
are zero, there are still balance interactions (as determined by the Balance 
Calibration Laboratory). 


 
 
3.3.4.5 SUMMARY OF APPLICATION OF FLOW-THROUGH CORRECTIONS 


 Flow-through balance corrections are applied in a specific order, independent of 
the method selected.  The order is: 


• Temperature correction, applied after Engineering Unit conversions and 
before interactions. 


• Pressure correction, applied to the value of the load resulting from the 
temperature correction. 


• Momentum correction, applied to the value of the load resulting from the 
pressure correction. 


• Interaction correction, applied to the value of the load resulting from the 
momentum correction. 


• The load values from the last correction are then used for the remainder of 
the balance computations to obtain forces and moments after tares (all 
balance computations which follow after conversion to E.U.'s). 
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3.4 INTERACTION CORRECTION 


 Interaction corrections to the converted balance gauge readings are performed 
iteratively.  The intermediate gauge load Fn  is the current value of the nth 
gauge XINTn  found iteratively.  Prior to computation XINTn are initialized to 
equal EUBALn or FLOn, depending upon the value of the parameter 
IFLOTR. 


 Repeat Equation 3.4.1 as the kth iteration until the criteria for XINTn specified 
in Equation 3.4.2 is met.  The final values for XINTn are computed in the last 
iteration of Equation 3.4.1. 


3.4.1 Do the following equation for each balance gauge serially, where if: 


  IFLOTR = 0,  EUBALn = E.U. converted from the raw data 


  IFLOTR = 1, EUBALn = FLOn (Equation 3.2.4.4) 


  IFLOTR = 2, EUBALn = FLOn (Equation 3.3.5.4) 


 


XINTn = EUBALn -  IA1
j
(±)


 Fj + IA2
j
(±)


 Fj
2 !


j = 1


6


-  XP
lmj
(s1s2) Fl Fm !


l,m


 


 


where: •  n is an integer such that  1 < n < NumGauge 


 •  j is an integer such that  1 < j < NumGauge 


    Note: j ≠ n for  IA1
j
(±) 


 •  (l,m) are all integer pairs such that: 


  1 < l < NCPG  and 1 < m < NCPG  


  l  ≠ m  and  (l,m) = (m,l) 


 •  IA's and/or XP interaction constants are zero for no correction 
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3.4.2 For the kth iteration (k>1) check for convergence for all  balance gauges: 
 


 !
n


 
  XINTn  k  -  XINTn  k-1


 XINTn  k-1


 2
 "  ConvergeTol 


 


 The interaction equation, 3.4.1, is iterated for each balance gauge until either the 
convergence criteria, equation 3.4.2, is met for all balance gauges or until k = 
IterationMax.  If after IterationMax iterations the criterion is still not met, 
then an error message will be sent to the error log file and computations will 
continue using the last values of XINTn. 
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3.5 COMPLETION OF BIAS CORRECTION 


 If the BIPOLYBIAS conversion was used to convert balance readings, then 
bias corrections are to be used.  The bias forces and moments after interaction 
correction are saved at the Bias and Delta Bias points and are subtracted from 
the gauge loads after interaction correction at other points.  For any other 
conversion type the bias forces are set to zero. 


3.5.1 At any point  except a Bias or Delta Bias 


3.5.1.1 XBIASN1  =  XINTN1   -  BIASN1 


 XBIASN2  =  XINTN2   -  BIASN2 


 XBIASA  =  XINTA   -  BIASA 


 XBIASS1  =  XINTS1   -  BIASS1 


 XBIASS2  =  XINTS2   -  BIASS2 


 XBIASRM  =  XINTRM   -  BIASRM 


3.5.2 At the Bias or Delta Bias initial conditions points 


3.5.2.1 BIASN1  =  XINTN1 


 BIASN2  =  XINTN2 


 BIASA  =  XINTA  


 BIASS1  =  XINTS1  


 BIASS2  =  XINTS2  


 BIASRM  =  XINTRM  


3.5.2.2 XBIASN1  = 0 


 XBIASN2  = 0 


 XBIASA  = 0 


 XBIASS1  = 0 


 XBIASS2  = 0 


 XBIASRM  = 0 
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 Note 1: 
 


 When the BiPolyBias conversion algorithm has been requested then at a bias or 


delta bias point both the calibration corrected counts and interaction corrected 


bias loads are saved.  At the step in the balance computations where completion 


of the bias correction are done, the conversion type is no longer known.  


Therefore, changing the conversion type from BiPolyBias to any other 


conversion type does not flush the bias correction loads from the system.  Even 


though bias corrections are no longer requested, the interaction corrected bias 


loads (being non-zero) are still being subtracted.  The solution is to take a zero, 


calibrate, and bias to flush the bias loads.  These frames of data should be taken 


prior to changing the conversion type, i.e., the update should be the first point 


after the bias which is used to flush the system. 
 


 


 Note 2: 
 


 If the BiPolyBias conversion algorithm is used and no bias has been taken (what 


is sometimes referred to as the initial bias frame), then for every gauge, GAi: 


 


   BIASGAi  =  0.0 


   xbiasnewGAi  =  0.0 
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3.6 RESOLUTION OF BALANCE FORCES AND MOMENTS 


 After interaction corrections (secondary and cross-product) and completion of 
the bias correction, the computed gauge loads could be used for tare weight 
computations.  The SDS supports three types of balances (force, force-moment, 
and moment), so the load calculated on a gauge for one type of balance means 
something different on a gauge for another type of balance.  In fact, sometimes 
the number of gauges may differ as well.*  Transforming the loads to 
interchangeable quantities, regardless of the number of gauges or type of 
balance is desirable.  This is achieved by resolving the gauge loads into a 
generalized set of three orthogonal force components and three orthogonal 
moment components about the moment center.  They are the balance forces in 
the axial, side, and normal directions and the balance moments in the roll, pitch, 
and yaw directions, respectively. 


 Transforming the loads into generalized quantities simplifies the tare correction 
process.  The dependency on balance type and number of gauges is removed 
and only one common set of tare equations is required for force, force-moment, 
and moment type balances. 


3.6.1 Force Balances (BalType = 1) 
 


3.6.1.1 RESN =  XBIASN1  +  XBIASN2 


3.6.1.2 RESPM = ( XG1) (XBIASN1)  -  (XG2) (XBIASN2) 


3.6.1.3 RESA =  XBIASA 


3.6.1.4 RESS =  XBIASS1  +  XBIASS2 


3.6.1.5 RESYM =  (XG4) (XBIASS1)  -  (XG5) (XBIASS2) 


3.6.1.6 RESRM =  XBIASRM 


                                                


* The equations assume six gauges being used.  A different number would require similar 
equations to resolve to the standard forces and moments. 
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3.6.2 Force-Moment Balances (BalType = 2) 
 


3.6.2.1 RESN =  XBIASN1 


3.6.2.2 RESPM =  XBIASN2 


3.6.2.3 RESA =  XBIASA 


3.6.2.4 RESS =  XBIASS1 


3.6.2.5 RESYM =  XBIASS2  +  (XG4) (XBIASS1) 


3.6.2.6 RESRM =  XBIASRM 


 


3.6.3 Moment Balances (BalType = 3) 
 


3.6.3.1 RESN =  
(XBIASN2 - XBIASN1)


(XG1 + XG2)   


3.6.3.2 RESPM =  
(XBIASN1) (XG2) + (XBIASN2) (XG1)


(XG1 + XG2)   


3.6.3.3 RESA =  XBIASA 


3.6.3.4 RESS =  
(XBIASS2 - XBIASS1)


(XG4 + XG5)   


3.6.3.5 RESYM =  
(XBIASS1) (XG5) + (XBIASS2) (XG4)


(XG4 + XG5)   


3.6.3.6 RESRM =  XBIASRM 
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3.7 BALANCE LOADS CORRECTED FOR WEIGHT TARES 


 After the forces and moments have been resolved into the six components, they 
are then corrected for model weight tares.  Because resolved forces and 
moments are used only one set of tare equations are required, independent of 
balance type.  The after-tare equations are presented below.  Their derivation 
may be found in Section 5.0.  TAREn is the tare correction for force/moment 
component n and is given in Section 5.6.1. 


 


3.7.1 XTARENF =  RESN - TAREN 


3.7.2 XTAREPM =  RESPM - TAREPM 


3.7.3 XTAREAF =  RESA - TAREA 


3.7.4 XTARESF =  RESS - TARES 


3.7.5 XTAREYM =  RESYM - TAREYM 


3.7.6 XTARERM =  RESRM - TARERM 


 


 Note: 
 
 If no tare points have been taken then for every tare correction for force moment 


component n: 
 
   TAREn  =  0.0 
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4.0 BALANCE-BASED ANGLES 


Angle of attack and sideslip are defined as trigonometric functions of the 
components of the unit wind vector in the model axis system (Figure 4-1).  The 
approach for calculating model attitude is to use transformation matrices that 
rotate the wind axis system into the model axis system.  The direction of the 
wind, represented by a unit "wind" vector, defines the wind system's x-
direction.  This initial coordinate system is successively rotated through various 
intermediate angles about appropriate axes.  The result is the components of the 
unit wind vector in the model coordinate system.  These components yield the 
angles at which the model is oriented with respect to the wind.  The angle of 
attack, α, is calculated in the model's x-z plane.  The sideslip angle, β, is 
measured on the plane that is at an angle of α from the x-y plane (Figure 4-1).  
Equivalently, α is the angle of the model from the wind axis system's x-y plane 
and β is the projection of the angle between the model axis and the wind 
direction on that same plane. 


A vector's components are defined by the axis system that it is in.  If the axis 
system is rotated about one of its axes the resulting system will define new 
components for that vector.  The mathematical equivalent of this process is the 
product of a rotation matrix and the vector described in the initial coordinate 
system.  This result is the vector described in the final system.  The notation 
used in this manual for the rotation matrices are described in Appendix A.  The 
Roll [R], Pitch [P] and Yaw [Y] Operators are the rotations about the x, y and z 
axes, respectively, of a given coordinate system.  Thus, successive 
multiplication of the appropriate rotation matrices will generate the components 
of the unit wind vector in the final model coordinate system. 


The arguments of the transformation matrices are angles that are either 
measured or calculated.  These are the angles which describe how the model is 
aligned with respect to the wind.  They are functions of various aerodynamic 
and geometric effects which must be taken into account to determine the final 
model orientation.  Section 4.12 discusses equations for tunnels where a model 
is mounted on a balance, which in turn is mounted on a sting with the knuckle-
sleeve drive support system.  This is the typical installation used at the Unitary 
tunnels at Ames. 
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Most wind tunnels have stream angles in the test section, so the wind will not be 
parallel to the tunnel axis. The rotations to bring the initial wind axis system to 
that of the tunnel A- and B-plane, are the stream angles ASTR and BSTR (Section 
4.10).  The model orientation is a function of the position of the model support.  
These variable support angles A, B and φ (Section 4.9) are determined directly 
or indirectly through the use of various types of instruments strategically placed 
on the test setup.  A special mechanism called the Knuckle-Sleeve (Section 
4.12) uses an elaborate method to provide the support angles A and B.  Non-
trivial equations are used to compute A and B when the Knuckle-Sleeve is used 
as the angle source.  Another important factor which must be taken into 
consideration is bending of the sting due to the forces acting upon it.  The fixed 
support angles ∆A and ∆B (Section 4.8) account for the weight of the model and 
associated support adapter geometry.  The angles ω, γ and λ (Section 4.7) 
account for sting deflections caused by the aerodynamic forces.  The balance 
may also be rotated with respect to the sting.  This parameter, Δφ, is called 
balance twist.  In many cases the balance axis does not coincide with the model 
axis.  A set of predefined angles are used to rotate the balance axis system to the 
model (body axis) system (Section 4.4). 


The transformation equations are presented in Section 4.2.  Variations on the 
angles and their order are included for certain special cases:  (1) support angles 
measured from an instrument placed in the model itself (Section 4.11); and (2) a 
model attached to a support which in turn is attached to a balance whose angles 
have already been previously calculated. 
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4.1 GLOSSARY 
 
 
Equation Equation   
 Name Reference Unit Definition 


A 4.9.1 deg. Final sting drive angle, measured in the tunnel 
A plane, with vertical deflection correction if 
applicable. 


A* 4.11.1.2 deg. Equivalent pitch angle for angle sensor in the 
model, A plane vertical.  [Appendix G, Figs. 1 & 2] 


A0 4.12.20.1 deg. Initial balance alpha before model is attached at 
a force-zero point (i.e. without bending effects 
due to model weight). 


AKS 4.12.16 deg. Sting A for the knuckle-sleeve system.  


ACCEL_ANGLE EU input mV Millivolt measurement from the QA-2000 
acceleration output. 


ACCEL_TMP EU input mV Millivolt measurement from the QA-2000 
temperature output.  


ALFREF param deg. Angle between the body x-axis and the angle of 
attack reference line measured in the x–z plane 
of the body axis system. 


AREF param deg. Measured balance alpha if ∆φ = 0° at the time of 
a K-S reference zero.  AREF is used to compute 
a value of BENDA for use in equation 4.12.21.  
AREF is only used at the time of computing a 
K-S reference zero point. 


ARTSTG param - 
Actual angle change


K-S indicated angle change    (default = 1.0)  


ASLOP 4.12.12.5 deg. Amount of angular disparity (in the A plane) 
due to the lack of snugness of fit of the knuckle 
inside the sleeve. 


ASTR 4.10.1 deg. Stream angle measured between the projection 
of the wind vector on the A plane and the tunnel 
x-axis. 


ATERM1 4.13.4 deg. Angle between center post distance to height for 
the bipod model support.  [See Fig. 4.13-3]. 
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ATERM2 4.13.5 deg. Auxiliary angle used in calculation of the bipod 
model support angle.  [See Fig. 4.13-3]. 


B 4.9.2 deg. Final sting drive angle, measured in the tunnel B 
plane, with horizontal deflection correction, if 
applicable. 


B* 4.11.2.2 deg. Equivalent yaw angle for angle sensor in the 
model, A plane horizontal. 


B0 4.12.20.2 deg. Initial balance beta before model is attached at a 
force-zero point (i.e., without bending effects 
due to model weight). 


BALALPHA 4.3.1 deg. Balance angle of attack. 


BALBETA 4.3.2 deg. Balance angle of sideslip. 


BENDA 4.8.1.1 deg. Essentially ∆A except at 11'x11' where the A 
sting drive correction is added, if applicable. 


BENDASDC param deg. 11'x11' A sting drive correction determined by 
table lookup for force-zero frames. 


BENDB 4.8.2.1 deg. Equivalent to ΔB. 


BENDK param deg. Knuckle bend angle, unique to each tunnel. 


BENDNM param deg. Bend angle (non-metric bend) in the sting 
hardware (sting, extensions, primary adapter, 
etc.) at PHI = 0° due to the non-metric weight 
supported by the strut (excludes any bend due to 
weight "felt" by the main balance; i.e., model 
weight).  This parameter must be given a value 
only for tests using a rolling sting.  For those 
tests, it will normally be positive. 


BENDS param deg. Sleeve bend angle, unique to each tunnel. 


BIASF 4.14.3 g Bias factor for the QA-2000 angle sensor. 


BKS 4.12.17 deg. Sting B for the knuckle-sleeve system. 


BMSANGLE 4.13.6 deg. Bipod model support angle. 


BMSD1 param in. Bipod front post height.  [See Fig. 4.13-2]. 







  Section 4.1 - 7 
 
 Equation Equation   
 Name Reference Unit Definition 
 


Version 4.0 October 1999 Glossary 


BMSD2 param in. Bipod post center distance at base (Default = 15.5).  
[See Fig. 4.13-2]. 


BMSK0 param deg. Bipod angle offset. 


BMSPDH param in. Pitch block pivots differential height, bipod model 
support.  [See Fig. 4.13-1]. 


BMSPDX param in. Pitch block pivots differential width, bipod model 
support.  [See Fig. 4.13-1]. 


BMSPITCH EU input in. Bipod model support resolver conversion length. 


BMSPITCHL 4.13.1 in. Bipod model support total extension of rear post.  
[See Fig. 4.13-2]. 


BMSR param in. Bipod model support distance between top pivot 
centers.  [See Fig. 4.13-1]. 


BMSREFL param in. Bipod model support rear post height at resolver 
zero. 


BMSS1 param - Sign change constant for BMSTHETA (Default = 
+1) 


BMSS2 param - Sign change constant for ATERM1 (Default = +1). 


BMSS3 param - Sign change constant for ATERM2 (Default = -1). 


BMTHETA 4.13.2 deg. Angle between pitch block height to length for the 
bipod model support.  [See Fig. 4.13-3]. 


BODYALPHA 4.5.1.1 deg. Body angle of attack (uncorrected for 12' 
tunnel). 


BODYBETA 4.5.2 deg. Body angle of sideslip. 


BODYPHI 4.5.3.1 deg. Body angle of roll. 


BREF param deg. Measured balance beta if ∆φ = 0° at the time of 
a K-S reference zero point.  BREF is used to 
compute a value of BENDB for use in equation 
4.12.22.  BREF is only used at the time of 
computing a K-S reference zero point. 


BSTR 4.10.2 deg. Stream angle measured between the wind vector 
and the tunnel A plane. 
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DELK param deg. Knuckle deflection due to knuckle moment 
determined from table lookup.  Unique for 8'x7', 
9'x7' and 11'x11. 


DELS param deg. Sleeve deflection due to sleeve moment 
determined from table lookup.  Unique for 8'x7', 
9'x7' and 11'x11. 


DEFKN1 params deg./lb. Sting and balance deflection constants  
DEFKN2    in the balance normal force plane. 
DEFKNA 
DEFKSA params deg./lb. Sting and balance deflection constants  
DEFKS1    in the balance side force plane. 
DEFKS2  


DEFKRM param deg./ft-lb. Deflection constants about the balance x-axis. 


DXSTRUT param in. Distance from model support center of rotation 
to strut blade torsional axis, unique to each 
tunnel (default = 40 inches).  [Appendix D, Fig. 6] 


IRA param deg. Angle between the balance x axis and the body 
x-axis measured in the body axis x–z plane.  
[Appendix I, Figs. 2 & 3] 


IRα 4.4.2 deg. Computed angle between the balance x-axis and 
the body x-axis lying in the x–z plane of the 
coordinate system rotated ( -IRB) from the body 
axis system.  [Appendix I, Figs. 2 & 3] 


IRB param deg. Angle between the balance x-axis and the body 
x-axis measured in the x–y plane of the body 
axis system.  [Appendix I, Figs. 2 & 3] 


IRF 4.4.3 deg. Angle required to initially roll (rotate about the 
roll plane) the balance axis so that the balance 
axis system will  coincide with the body.  A 
computed value.  [Appendix I, Figs. 2 & 3] 


IRφ param deg. Angle between the balance y-axis and the body 
y-axis measured in the y–z plane of the balance 
axis system.  [Appendix I, Figs. 2 & 3] 


KDP 4.12.7 deg. E.U. value of KNUCKLE (modulo 360) 
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Ki param - Factory calibration coefficients for temperature 
factor, scale factor and bias factor for the QA-
2000 angle sensor (i = 1:14). 


K15 param deg. Offset angle for the QA-2000 angle sensor. 


K180 param - Sign change factor for cases where the QA-2000 
angle sensor is mounted backwards. 


KNUCKLE EU input deg. Knuckle input. 


KT1 param µV/mV Number of microvolts per millivolt (Default = 
1000).  


MA 4.12.3 in.-lbs Moment on the model support due to the weight of 
sting and model in the A plane.  [Appendix D, Fig. 6] 


MA0 param in.-lbs Initial moment on the model support due to the 
weight of sting and model in the A plane. 


MB 4.12.4 in.-lbs Moment on the model support due to the weight of 
sting and model in the B plane.  [Appendix D, Fig. 6] 


MB0 param in.-lbs Initial moment on the model support due to the 
weight of sting and model in the B plane. 


MK 4.12.12.1 in.-lbs Moment on the knuckle due to model, model 
support and aerodynamic loads. 


MS 4.12.12.2 in.-lbs Moment on the sleeve due to model, model 
support and aerodynamic loads. 


MSTRUT 4.12.5 in.-lbs Moment on the strut support due to the 
aerodynamic forces and moments in the B 
plane.  The rotation is about the strut blade 
torsional axis which is ∆XSTRUT from the model 
center of rotation. 


MTERM 4.13.3 in sq. Construction term for bipod model support. 


NMBEND_A 4.9.1.1.1 deg. Computed A-plane deflection of the sting due to 
the non-metric weight supported by the strut.  
Formerly BEND_V.  [Appendix C, Fig. 2] 
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NMBEND_B 4.9.1.1.1 deg. Computed B-plane deflection of the sting due to 
the non-metric weight supported by the strut.  
Formerly BEND_H.  [Appendix C, Fig. 2] 


[Pθ]  - Pitch rotation matrix on angle θ (note: [Pθ] is 
an operator, not a variable).  [Appendix A] 


QA_ANGLE 4.14.4 deg Calculated angle from the QA-2000 angle 
sensor. 


[Rθ]  - Roll rotation matrix on angle θ (note: [Rθ] is 
an operator, not a variable).  [Appendix A] 


rU param - Constant used in the equation which describes 
the non-constant velocity ratio of knuckle and 
knuckle drive shaft due to U-joints.  [Appendix D, 
Fig. 4] 


REFALPHA 4.6.1 deg. Angle of attack of the model reference line. 


RESN 3.6.1-3.6.3 lb. or Resolved balance forces and moments 
RESPM  ft-lb. (three forces and three moments  measured 


about 
RESA   the balance center). 
RESS    
RESYM 


SCALEF 4.14.2 mA/g Scale factor for the QA-2000 angle sensor. 


SDP 4.12.6 deg. E.U. value of SLEEVE (modulo 360) 


SLEEVE EU input deg. Sleeve input. 
 
STIFFR param - Ratio of the vertical sting stiffness to the 


horizontal sting stiffness.  This parameter must 
be given a value only for tests using a rolling 
sting.  For straight stings with circular cross 
section, STIFFR = 1.0; for stings that are more 
flexible (bend easier) in the horizontal direction 
at w = 0, STIFFR > 1.0. 


STINGA 4.9.1.3.1 deg. Uncorrected sting drive angle, measured in the 
tunnel A plane if STINGB = 0. 


STINGAKS 4.9.18 deg. Sting A for the knuckle-sleeve system. 
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STINGBKS 4.9.19 deg. Sting B for the knuckle-sleeve system.   


STINGACORR 4.9.1.3 deg. Corrected sting drive angle, measured in the 
tunnel A plane if STINGB = 0. 


STINGAERR 4.9.1.3.2-5 deg. Correction to StingA angle 
(STINGACORR - StingA). 


STINGASDC 4.9.1.3.2 - 5 deg. Sting A angle correction.  


STINGATOTAL 4.9.1.2 deg. Fully corrected sting drive angle (or equivalent 
as computed using knuckle-sleeve) measured in 
tunnel A plane with STINGB = 0. 


STINGB 4.9.2.3.1 deg. Uncorrected sting drive angle, measured in the 
tunnel B plane. 


STINGBCORR 4.9.2.2 deg. Corrected sting drive angle, measured in the 
tunnel B plane. 


STINGBERR 4.9.2.2.2-4 deg. Correction to StingB angle. 


STINGBKSC param deg. Sting B angle correction.  


STINGBTOTAL 4.9.2.1 deg. Fully corrected sting drive angle (or equivalent 
as computed using knuckle-sleeve) measured in 
tunnel B plane. 


STREAMA0 param deg. Constants for the calculation of the stream angle 
STREAMA1   in the tunnel A plane. 


STREAMB0 param deg. Constants for the calculation of stream angle 
STREAMB1   between the local wind vector and the wind 
   tunnel A plane. 


STRUTDEFLB 4.12.13 deg. Deflection of the strut support in the B plane. 


STRUTK0 4.12.12.6 deg. Offset term used in determining STRUTDEFLB as 
a function of MSTRUT 


STRUTK1 4.12.12.6 deg/in-lb Slope term used in determining STRUTDEFLB as 
a function of MSTRUT 


STRUTZ EU input in. Displacement of strut center-body from tunnel 
centerline, (positive direction is up in 11'x11' 
and 8'x7', south in 9'x7'). 
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TFQ 4.14.1 µA Temperature factor for the QA-2000 angle 
sensor. 


XBIASN1 3.5 lb. or Balance forces and moments after the 
XBIASN2  ft-lb. bias correction. 
XBIASA    
XBIASS1    
XBIASS2    
XBIASRM 


XTARENF 5.7.1 lb. or Balance forces and moments corrected  
XTAREPM  ft-lb. for weight tare. 
XTAREAF   
XTARESF   
XTAREYM 


ubal 4.2.1 ft./sec. x-component of the unit wind vector in the 
balance axis system.  [Appendix H, Fig. 2] 


ubod 4.4.3.2.1 ft./sec. x-component of the unit wind vector in the body 
axis system. 


vbal 4.2.1 ft./sec. y-component of the unit wind vector in the 
balance axis system.  [Appendix H, Fig. 2] 


vbod 4.4.3.2.2 ft./sec. y-component of the unit wind vector in the body 
axis system. 


wbal 4.2.1 ft./sec. z-component of the unit wind vector in the 
balance axis system.  [Appendix H, Fig. 2] 


wbod 4.4.3.2.3 ft./sec. z-component of the unit wind vector in the body 
axis system. 


U,V,WDBPL 4.2.1.2 - ft./sec. Incremental components of the balance system   
U,V,WDPA 4.2.1.6  unit wind vector for an angle sensor on the 
U,V,WAB   sting drive. 
U,V,WSTR   


U,V,WSAB 4.2.2.1.3 ft./sec. Incremental components of the balance system   
   unit wind vector for an angle sensor on the 
   model, A-plane vertical (all tunnels but 9x7). 
 
U,V,WBTS 4.2.2.2.3 ft./sec. Incremental components of the balance system   
   unit wind vector for an angle sensor on the 
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   model, A-plane horizontal (9x7). 


U,V,WPLG 4.2.3.1.2 - ft./sec. Incremental components of the unit wind vector 
U,V,WDAB 4.2.3.1.3  for referencing new balance angles to previously 
   computed balance angles.   


UU,UV,UWBOD 4.4.3.2.4 - ft./sec. Incremental components of the body system unit 
VU,VV,VWBOD 4.4.3.2.6  wind vector. 
WU,WV,WWBOD   


XLENGTH param in. Longitudinal distance from the balance center to 
the model support center of rotation when the 
balance is parallel to tunnel center line (positive 
direction is downstream from the balance).  
[Appendix D, Fig. 6] 


YLENGTH param in. Lateral distance from balance center to model 
support center-body when balance is parallel to 
tunnel center line (positive direction is south 
from the balance in the 11'x11' and 8'x7', up 
from the balance in 9'x7'). [Appendix D, Fig. 6] 


ZLENGTH param in. Vertical distance from balance center to model 
support center-body when balance is parallel to 
tunnel center line (positive direction is up from 
the balance in 11'x11' and 8'x7', south from the 
balance in the 9'x7').  [Appendix D, Fig. 6] 


[Yθ]  - Yaw rotation matrix on angle θ (note: [Yθ] is 
an operator, not a variable).  [Appendix A] 


αBAL 4.3.1 deg. Balance angle of attack.  [Appendix H, Fig. 2] 


αBOD 4.5.1 deg. Body angle of attack.  [Appendix I, Fig. 1] 


αREF 4.6.1 deg. Angle of attack of the model reference line. 


βBAL 4.3.2 deg. Balance angle of sideslip.  [Appendix H, Fig. 2] 


βBOD 4.5.2 deg. Body angle of sideslip.  [Appendix I, Fig. 1] 


γ 4.7.3 deg. Sting and balance deflection angle lying in the 
x-z plane of the coordinate system rotated (–w) 
from the balance coordinate system.  [Appendix F, 
Fig. 1] 
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γ' 4.7.2 deg. Sting and balance deflection angle calculated 
from balance forces in the balance normal force 
plane.  [Appendix F, Fig. 1] 


∆A 4.8.1 deg. Sting bend angle measured in the A plane when 
STINGBCORR = STINGA + STINGAERR = φ = 0˚, 
includes any additional bending due to model 
weight at force-zero model attitude. 
[Appendix E, Fig. 1] 


∆AKS 4.12.21 deg. Sting bend angle in the A plane computed from 
the knuckle-sleeve equations. 


ΔαWALL 6.5.2 deg. Wall correction to body angle of attack. 


∆B 4.8.2 deg. Sting bend angle measured in the B plane when 
STINGBCORR = STINGA + STINGAERR = φ = 0˚, 
includes any additional bending due to model 
weight at force-zero model attitude. 


   [Appendix E, Fig. 1] 


∆BKS 4.12.22 deg. Sting bend angle in the B plane computed from 
the knuckle-sleeve equations. 


∆φ param deg. Balance twist; roll angle between the sting and 
the balance. 


θ1 4.11.1.1 deg. Equivalent yaw angle for angle sensor in the 
model, A plane vertical.  [Appendix D, Figs. 1 & 4] 


θ2 4.11.2.1 deg. Equivalent pitch angle for angle sensor in the 
model, A plane horizontal. 


κ 4.12.14 deg. Corrected knuckle angle.  [Appendix D, Fig. 1] 


λ 4.7.5 deg. Sting and balance deflection angle lying in the 
y-z plane of the balance (sting twist due to 
rolling moment). 


σ 4.12.15 deg. Corrected sleeve angle.  [Appendix D, Fig. 1] 


φ EU input deg. Sting roll angle measured between the tunnel A 
plane and the sting x-y plane when 
STINGACORR = 0 and STINGBCORR = 0. 


φBAL 4.3.3 deg. Balance angle of roll. 
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φBOD 4.5.3 deg. Body angle of roll. 


ω 4.7.1 deg. Sting and balance deflection angle lying in the 
x-y plane of the balance (sting bend due to side 
forces).  [Appendix F, Fig. 1] 


ω' 4.7.4 deg. Construction angle used in the derivation of 
equations for angle sensor in the model, A plane 
vertical.  [Appendix F, Fig. 1] 
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4.2 CALCULATION OF THE BALANCE SYSTEM UNIT WIND VECTOR 


4.2.1 Equation for Angle Sensor on the Sting Drive 


 Used only if angle values of Source A or Source B come from angle sensors 
mounted at the base of the sting, e.g., BASEDANG, Knuckle-Sleeve.  If Source 
A and Source B are not both base angle sources, then the Source A location 
takes precedence for calculation of the unit wind vectors. 


 
ubal


vbal


wbal


 = Y!  P "  R#  R$%  Y$B  P$A  R%  PA  YB  PASTR  YBSTR   
1


0


0


 


 
 Notation Source Equation Description 


 ω Eqn. 4.7.1 Deflection due to side loads 
 γ Eqn. 4.7.3 Deflection due to normal loads 
 λ Eqn. 4.7.5 Twist due to Rolling Moment 
 Δφ Eqn. 4.8.3 Balance Twist 
 ΔB Eqn. 4.8.2 BENDB 
 ΔA Eqn. 4.8.1 BENDA 
 φ Eqn. 4.9.3 Sting Phi 


 A Eqn. 4.9.1 STINGATOTAL 
 B Eqn. 4.9.2 STINGBTOTAL 
 ASTR Eqn. 4.10.1 A-STREAM 
 BSTR Eqn. 4.10.2 B-STREAM 


 


4.2.1.1 Unit Wind Vector Expressed As Functions Of The Rotation Angles 


 


4.2.1.2 
ubal


vbal


wbal


 =  Y!    P"     
UDBPL


VDBPL


WDBPL


 







  Section 4.2 - 17 


Version 1.1 May 1997 Balance System Wind Vector 


 ubal = [ UDBPL cos(γ) - WDBPL sin(γ) ] cos(ω) + VDBPL sin(ω) 


 vbal = -[ UDBPL cos(γ) - WDBPL sin(γ) ] sin(ω) + VDBPL cos(ω) 


 wbal = UDBPL sin(γ) + WDBPL cos(γ) 


 
 


4.2.1.3 
UDBPL


VDBPL


WDBPL


 =  R!   R"#   Y"B    
UPDA


VPDA


WPDA


 


 UDBPL = UPDA cos(ΔB) + VPDA sin(ΔB) 


 VDBPL = [ -UPDA sin(ΔB) + VPDA cos(ΔB) ] cos(Δφ  + λ) 


   - WPDA sin(Δφ  + λ) 


 WDBPL = [ -UPDA sin(ΔB) + VPDA cos(ΔB) ] sin(Δφ  + λ) 


   + WPDA cos(Δφ  + λ) 


 


4.2.1.4 
UPDA


VPDA


WPDA


 =  P!A   R"    
UAB


VAB


WAB


 


 UPDA = UAB cos(ΔA) - [ VAB sin(φ) + WAB cos(φ) ] sin(ΔA) 


 VPDA = VAB cos(φ) - WAB sin(φ) 


 WPDA = UAB sin(ΔA) + [ VAB sin(φ) + WAB cos(φ) ] cos(ΔA) 


 


4.2.1.5 
UAB


VAB


WAB


 =  PA   YB    
USTR


VSTR


WSTR


 


 UAB = [ USTR cos(B) + VSTR sin(B) ] cos(A) - WSTR sin(A) 


 VAB = -USTR sin(B) + VSTR cos(B) 


 WAB = [ USTR cos(B) + VSTR sin(B) ] sin(A) + WSTR cos(A) 
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4.2.1.6 
USTR


VSTR


WSTR


 =  PASTR   YBSTR   
1


0


0


 


 USTR = cos(BSTR) cos(ASTR) 


 VSTR = -sin(BSTR) 


 WSTR = cos(BSTR) sin(ASTR) 
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4.2.2 Equation for Angle Sensor on the Model 


4.2.2.1 "A" Plane Vertical (all tunnels but 9'x7') 


 Used only if angle value of Source A comes from angle sensors mounted on the 
model, e.g., DANGLE.  If Source A and Source B are not both model mounted 
angle sources, then the Source A location takes precedence for calculation of the 
unit wind vectors. 


 
 


 
ubal


vbal


wbal


 =  R!"   Y#1   PA*   YB   PASTR   YBSTR  
1


0


0


 


 
 Notation Source Equation Description 


 Δφ Eqn. 4.8.3 Balance Twist 


 θ1 Eqn. 4.11.1.1 Equivalent Yaw 


 A* Eqn. 4.11.1.2 Equivalent Pitch 


 B Eqn. 4.9.2 STINGBTOTAL 


 ASTR Eqn. 4.10.1 A-STREAM 


 BSTR Eqn. 4.10.2 B-STREAM 


 


4.2.2.1.1 Unit Wind Vector Expressed As Functions Of The Rotation Angles 


4.2.2.1.2 
ubal


vbal


wbal


 =  R!"   Y#1   
USAB


VSAB


WSAB


 


 ubal = USAB cos(θ1) + VSAB sin(θ1) 


 vbal = [ -USAB sin(θ1) + VSAB cos(θ1) ] cos(Δφ) - WSAB sin(Δφ) 


 wbal = [ -USAB sin(θ1) + VSAB cos(θ1) ] sin(Δφ) + WSAB cos(Δφ) 
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4.2.2.1.3 
USAB


VSAB


WSAB


 =  PA*   YB   
USTR


VSTR


WSTR


 


 USAB = [ USTR cos(B) + VSTR sin(B) ] cos(A*) - WSTR sin(A*) 


 VSAB = -USTR sin(B) + VSTR cos(B) 


 WSAB = [ USTR cos(B) + VSTR sin(B) ] sin(A*) + WSTR cos(A*) 
 


 
 Notation Source Equation Description 


 USTR Eqn. 4.2.1.6  u-component of stream angle 


 VSTR Eqn. 4.2.1.6  v-component of stream angle 


 WSTR Eqn. 4.2.1.6  w-component of stream angle 
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4.2.2.2 "A" Plane Horizontal (9'x7' tunnel) 


 Used only if angle value of Source B comes from angle sensors mounted on the 
model, e.g., DANGLE. 


 


 


  
ubal


vbal


wbal


 =  R!"   P#2   YB*   PASTR  YBSTR  
1


0


0


 


 


 


 Notation Source Equation Description 


 Δφ Eqn. 4.8.3 Balance Twist 


 θ2 Eqn. 4.11.2.1 Equivalent Pitch 


 B* Eqn. 4.11.2.2 Equivalent Yaw 


 ASTR Eqn. 4.10.1 A-STREAM 


 BSTR Eqn. 4.10.2 B-STREAM 


 


4.2.2.2.1 Unit Wind Vector Expressed As Functions Of The Rotation Angles 


4.2.2.2.2 
ubal


vbal


wbal


 =  R!"  
UBTS


VBTS


WBTS


 


 ubal = UBTS 


 vbal = VBTS cos(Δφ) - WBTS sin(Δφ) 


 wbal = VBTS sin(Δφ) + WBTS cos(Δφ) 
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4.2.2.2.3 
UBTS


VBTS


WBTS


 =  P!2   YB*  
USTR


VSTR


WSTR


 


 UBTS = [ USTR cos(B*) + VSTR sin(B*) ] cos(θ2) - WSTR sin(θ2) 


 VBTS = -USTR sin(B*) + VSTR cos(B*) 


 WBTS = [ USTR cos(B*) + VSTR sin(B*) ] sin(θ2) + WSTR cos(θ2) 


 


 
 Notation Source Equation Description 


 USTR Eqn. 4.2.1.6  u-component of stream angle 


 VSTR Eqn. 4.2.1.6  v-component of stream angle 


 WSTR Eqn. 4.2.1.6  w-component of stream angle 
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4.2.3 Equation for Referencing New Balance Angles to Previously Calculated 
Balance Angles 


 Used only if Source A and Source B come from a previously calculated 
balance's angles, [Angle(ref)] 


 


 
u(i)


v(i)


w (i)  bal


 =  Y!   P"    R#   R$%   Y$B   P$A  


u(ref)


v(ref)


w (ref)  bal


 


 


 u(ref), v(ref), w(ref) are the components of the Unit Wind Vector of the reference balance 


 u(i), v(i), w(i) are the components of the Unit Wind Vector of the balance attached to the 


reference balance 


 


 


 Notation Source Equation Description 


 ω Eqn. 4.7.1 Deflection due to side loads 
 γ Eqn. 4.7.3 Deflection due to normal loads 
 λ Eqn. 4.7.5 Twist due to Rolling Moment 
 Δφ Eqn. 4.8.3 Balance Twist 


 ∆B Eqn. 4.8.2 BENDB 


 ∆A Eqn. 4.8.1 BENDA 


 


The transformation angles used in Equation 4.2.3 are measured using the 
coordinate system of the reference balance as the starting point. 


ω, γ, λ, Δφ, ∆B and ∆A refer to the new balance and sting support 
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4.2.3.1 Unit Wind Vector Expressed As Functions Of The Rotation Angles 
 


4.2.3.1.1 
u(i)


v(i)


w (i)  bal


 =  Y!   
UPLG


VPLG


WPLG


 


 u(i)bal = UPLG cos(ω) + VPLG sin(ω) 


 v(i)bal = -UPLG sin(ω) + VPLG cos(ω) 


 w(i)bal = WPLG 
 


4.2.3.1.2 
UPLG


VPLG


WPLG


 =  P!    R"   R#$   
UDAB


VDAB


WDAB


 


 UPLG = UDAB cos(γ) 


   - [ VDAB sin(Δφ  + λ) + WDAB cos(Δφ  + λ) ] sin(γ) 


 VPLG = VDAB cos(Δφ  + λ) - WDAB sin(Δφ + λ) 


 WPLG = UDAB sin(γ) 


   + [ VDAB sin(Δφ  + λ) + WDAB cos(Δφ  + λ) ] cos(γ) 
 


4.2.3.1.3 
UDAB


VDAB


WDAB


 =  Y!B   P!A   
UREF


VREF


WREF


 


 UDAB = [ UREF cos(ΔA) - WREF sin(ΔA) ] cos(ΔB) + VREF sin(ΔB) 


 VDAB = -[ UREF cos(ΔA) - WREF sin(ΔA) ] sin(ΔB) 


   + VREF cos(ΔB) 


 WDAB = UREF sin(ΔA) + WREF cos(ΔA) 
 


4.2.3.1.4 UREF = u(ref) 


 VREF = v(ref) 


 WREF = w(ref) 







  Section 4.3 - 25 


Version 1.1 May 1997 Balance Axis Angles 


4.3 BALANCE AXIS ANGLES 


The components of the unit wind vector in the balance coordinate system are 
used to determine the balance angle of attack, α, and balance sideslip, β. 


 ubal, vbal, wbal are the components of the Unit Wind Vector in the balance axis 


system (derived in Section 4.2). 
 


4.3.1 αBAL  = tan-1 (
wbal
ubal  ) = BALALPHA 


 Quadrant determined by signs of numerator and denominator. 


  (see Appendix  H for derivation) 


 


4.3.2  βBAL  = sin-1 ( -vbal ) = BALBETA 


 βBAL lies in the first or fourth quadrant. 


  (see Appendix  H for derivation) 


 
4.3.3 φBAL  =  φ  +  Δφ  +  λ 


 Note:  φBAL includes the model support deflection angle. 


  Variable Source Equation Description 


  φ 4.9.3 Sting Phi 


  Δφ 4.8.3 Balance Twist  


  λ 4.7.5 Twist due to Rolling Moment 
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4.4 COMPONENTS OF THE UNIT WIND VECTOR IN THE BODY AXIS SYSTEM 


This is the transformation of the unit wind vector from the balance to the model 
(or body) coordinate system.  The method is to rotate the previously derived 
balance system unit wind vector into the body coordinate system.  There is a 
fixed relationship in the orientations between the balance and the model.  The 
angles IRA, IRB and IRφ, measured in strategic planes, are the required 
balance-to-body transformation angles. 
 


  
ubod


vbod


wbod


 =  Y  IRB   P  IR!   R  IRF  


ubal


vbal


wbal


 


 
 


4.4.1 IRB = parameter 
 


 
4.4.2 IR! = tan 


-1
 


sin IRA


cos IRA
 cos IRB   


 Quadrant determined by signs of numerator and denominator. 


  (see Appendix I for derivation) 


4.4.2.1 IRA = parameter 
 


 
4.4.3 IRF = IR ! + tan -1 


sin IRB


cos IRB
 sin IR"  


 Quadrant determined by signs of numerator and denominator. 


  (see Appendix I for derivation) 


 
4.4.3.1 IRφ  = parameter 
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4.4.3.2 Unit Wind Vector Expressed As Functions Of The Rotation Angles 


4.4.3.2.1 ubod = UUBOD + UVBOD + UWBOD 


4.4.3.2.2 vbod = VUBOD + VVBOD + VWBOD 


4.4.3.2.3 wbod = WUBOD + WVBOD + WWBOD 


 


4.4.3.2.4 UUBOD = ubal cos(IRB) cos(IRα) 


 UVBOD = vbal [ sin(IRB) cos(IRF) - cos(IRB) sin(IRa) sin(IRF) ] 


 UWBOD = -wbal [ sin(IRB) sin(IRF) + cos(IRB) sin(IRa) cos(IRF) ] 


   


4.4.3.2.5 VUBOD = -ubal sin(IRB) cos(IRα)   


 VVBOD = vbal [ sin(IRB) sin(IRα) sin(IRF) + cos(IRB) cos(IRF) ] 


 VWBOD = wbal [ sin(IRB) sin(IRα) cos(IRF) - cos(IRB) sin(IRF) ] 
 


   


4.4.3.2.6 WUBOD = ubal sin(IRα)   


 WVBOD = vbal cos(IRα) sin(IRF) 


 WWBOD = wbal cos(IRα) cos(IRF) 
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4.5 BODY AXIS ANGLES 


This is the final phase of the angle computations.  The angles of attack and 
sideslip are determined in relation to the model.  These angles are calculated 
from the components of the unit wind vector in the body axis system.  Also 
included is an angle of attack which may be offset  from a predefined reference 
line (Section 4.6). 


 ubod, vbod, wbod are the components of the Unit Wind Vector in the body axis 
system derived in Section 4.4. 


 
 
4.5.1 αBOD  =  BODYALPHA  +  ΔαWALL 


4.5.1.1 BODYALPHA  =  tan-1 (
wbod
ubod  ) 


 Quadrant determined by signs of numerator and denominator. 
 


 ΔαWALL  =  0 for all tunnels except the 12' Pressure Wind Tunnel (PWT).  For 
the 12' PWT, refer to Section 6.7 for the wall correction equations.  In those 
cases where more than one coefficient set is using wall corrections, all 
coefficient sets where corrections have been applied are available after the 
coefficients have been computed.  For example, if two coefficient sets have wall 
corrections computed, corrections will be made to BODYALPHA(1) and 
BODYALPHA(2) using coefficients computed for the first and second set, 
respectively. 


 


4.5.2 βBOD  =  sin-1 ( -vbod )  =  BODYBETA 
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4.5.3 φBOD  =  φBAL  +  IRF 
 


4.5.3.1 BODYPHI = φBOD 


 Note:  φBOD includes the model support deflection angle. 


  Variable Source Equation Description 


  φBAL 4.3.3 Balance Phi 


  IRF 4.4.3 Effective Balance-to-Body Phi 
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4.6 REFERENCE ANGLE OF ATTACK 


 


4.6.1 αREF  =  αBOD  +  ALFREF = REFALPHA 


 ALFREF  =  parameter 


 where αBOD is from equation 4.5.1 
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4.7 MODEL SUPPORT DEFLECTION ANGLES - ω,  γ,  λ 


 


These are the angles which account for the bends of the sting support caused by 
the aerodynamic forces.  The amount of bend is a function of the force 
measured by the respective balance gauge.  The calculations utilize previously 
determined deflection constants which are a characteristic of the particular 
balance and setup. 


Theoretically, only one set of deflection constants needs to be specified for each 
balance if the deflection along the model support can be assumed to be linear.  
Due to the nonlinearity of the actual sting deflection, the angle sensing 
instruments mounted between the base and the end of the sting will pick up 
different deflection angles.  In the extreme cases, measurement from an angle 
sensor mounted at the end of the sting will sense the maximum amount of 
deflection and measurement from an angle sensor mounted at the true base of 
the sting should not sense any deflection due to the aerodynamic loads.  The 
linear assumption with a single set of deflection constants serves well if the 
sting base angle can be measured at the true base of the sting and with the single 
set of deflection constants being used to determine the balance angle.  However, 
the sting base angle sensor usually cannot be mounted at the true base of the 
sting.  Thus, a second set of deflection constants is needed to compensate for the 
deflection up to the location where the sensor is mounted. 


Therefore, deflection angles are computed on a per balance and angle source 
basis.  Each angle source uses a dedicated set of deflection constants to compute 
the model support deflection angles OMEGA, GAMMA and LAMBDA.  That 
is, 


  ω = f1(angle source, balance) 


  γ' = f2(angle source, balance) 


  λ = f3(angle source, balance) 
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4.7.1 ω = (DEFKS1) (XBIASS1) + (DEFKS2) (XBIASS2) + 
   (DEFKSA) (XBIASA) 
 


4.7.2 γ ' = (DEFKN1) (XBIASN1) + (DEFKN2) (XBIASN2) + 
    (DEFKNA) (XBIASA) 
 


4.7.3 γ  = tan-1 
s in ! '


cos  ! '
 cos  "  


 Quadrant determined by signs of numerator and denominator. 


  (see Appendix F for derivation) 


 
4.7.4 ω ' = tan-1 s in !


cos  !
 cos  " '   


 Quadrant determined by signs of numerator and denominator. 


  (see Appendix F for derivation) 


 


4.7.5 λ  = (DEFKRM) (XBIASRM) 


 


  Variable Source Equation Description 


  DEFKXX Parameter Deflection constants 


  XBIASXX Eqns. 3.5 Bias Corrected Forces 
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4.8 FIXED SUPPORT ANGLES - ΔA, ΔB, Δφ 


The bend angles ΔA and ΔB account for a combination of the built-in sting 
bend angle and the sting bend due to the model weight.  ΔA and ΔB are 
orthogonal angles calculated in the tunnel A and B planes, respectively.  
Balance twist, Δφ , is an input parameter and represents the balance orientation 
with respect to the sting in the roll plane. 


 


4.8.1 Bend A 


 ΔA = BENDA 


4.8.1.1 For Source A = Knuckle-Sleeve 


 BENDA  =  ΔAKS from Eqn. 4.12.21 


 For Source A = Other 


 BENDA  =  parameter 


4.8.1.2 For all tunnels except 11' x 11' 


 BENDASDC  =  0 


4.8.1.3 For 11' x 11' only 


 For SourceA = Primary Sting, Zero Point only 


 BENDASDC  =  ASDC11lkp [ STINGA ] 


 (Table ASDC11 is currently initialized with all zero values.) 


 For SourceA = Other 


 BENDASDC  =  0 
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4.8.2 Bend B 


 ΔB = BENDB 


4.8.2.1 For Source B = Knuckle-Sleeve 


 BENDB  =  ΔBKS from Eqn. 4.12.22 


 For Source B = Other 


 BENDB  =  parameter 


4.8.3 Twist 


 Δφ = parameter 


 If the angle sensor is on the model, ∧Δφ∧ is restricted to 0˚, 90˚, 180˚, 270˚. 
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4.9 VARIABLE SUPPORT ANGLES - A, B, φ  


The sting angles A and B are the primary angles acquired from angle sensing 
instrumentation.  The angle φ  is the sting roll angle. 


4.9.1 A  =  STINGATOTAL computation determined by the value of Source A. 


4.9.1.1 Non-metric Strut Deflections in the Wind Tunnel A- and B-Planes 


 For A-plane vertical tunnels 


4.9.1.1.1 NMBEND_A  =  BENDNM ( cos2φ   +  STIFFR * sin2φ ) 


 NMBEND_B  =  BENDNM * cosφ  * sinφ  ( STIFFR - 1 ) 


  (see Appendix C  for derivation) 


 For A-plane horizontal tunnels (9'x7' and 2'x2') 


 NMBEND_A  =       BENDNM * cosφ  * sinφ  ( STIFFR - 1 ) 


 NMBEND_B  = - [ BENDNM ( cos2φ   +  STIFFR * sin2φ ) ] 
  (see Appendix C  for derivation) 
 


4.9.1.1.2 STIFFR = 
STIFFNESS IN VERTICAL DIRECTION


STIFFNESS IN HORIZONTAL DIRECTION  


 IF STIFFR > 1 (stiffer in the vertical direction), there will be more bend in the 
horizontal plane than in the vertical plane for the same weight applied to each. 


 


  Variable Source Equation Description 


  BENDNM Parameter Non-metric Bend 


  STIFFR Parameter Stiffness Ratio 


  φ Eqn. 4.9.3 Phi (Sting Roll Angle) 
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4.9.1.2 For all tunnels 


 STINGATOTAL  =  STINGACORR  -  NMBEND_A 


  (see Appendix C for derivation) 


  Variable Source Equation Description 


  NMBEND_A Eqn. 4.9.1.1.1 A-plane non-metric bend angle 
 


4.9.1.3 STINGACORR values as a function of angle source: 


 Instrument Source STINGACORR value 


 Base Angle Sensor STINGACORR  =  EU from sensor 
 Primary Sting STINGACORR  =  STINGA + STINGAERR 
              + STINGASDC 
 Secondary Sting(s) STINGACORR  =  STINGA 
 Knuckle-Sleeve STINGACORR  =  STINGA 
 Bipod (12 Ft.) STINGACORR  =  STINGA 


 Model Sensor STINGACORR  =  EU from sensor - BENDA 
 


4.9.1.3.1 STINGA values as a function of angle source: 


 Instrument Source STINGA value 


 Knuckle-Sleeve STINGA  =  STINGAKS from Eqn. 4.12.18 


 Bipod (12 Ft.) STINGA  =  BMSANGLE from Eqn. 4.13.6 
 All other sources STINGA  =  EU angle from instrument sensor 
 


4.9.1.3.2 For all tunnels except 8'x7', 9'x7', 11'x11' 


 STINGAERR  =  0 


 STINGASDC  =  0 
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4.9.1.3.3 For 8' x 7' tunnel 


 STINGAERR  =  -5.076x10-5 ( STINGB )2 ÔSTINGAÔ 


 STINGASDC  =  0 


4.9.1.3.4 For 9' x 7' tunnel 
 STINGAERR  =  ASD97lkp [STINGA] 
 (function value returned from table ASD97 with STINGA as argument) 


 STINGASDC  =  0 


4.9.1.3.5 For 11' x 11' tunnel 


 STINGAERR  =  -5.076x10-5 ( STINGB )2 ÔSTINGAÔ 


 STINGASDC  =  ASDC11lkp [STINGA] 


 (Table ASDC11 is currently initialized with all values equal to zero) 
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 Table ASD97is initialized with the following values: 
 


    Table ASD97 
  


Argument Function 
STINGA STINGAERR 


  
  


-15.0 0.110 
-14.0 0.089 
-12.0 0.045 
-10.0 0.029 
-8.0 0.025 
-6.0 0.022 
-4.0 0.035 
-2.0 0.020 
0.0 0.010 
2.0 0.004 
4.0 0.026 
6.0 0.056 
8.0 0.070 
10.0 0.066 
12.0 0.081 
14.0 0.063 
15.0 0.060 


  
 


4.9.2 B  =  STINGBTOTAL computation determined by the value of the B source 
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4.9.2.1 For all tunnels 


 STINGBTOTAL  =  STINGBCORR  -  NMBEND_B 
  (see Appendix C for derivation) 
 


  Variable Source Equation Description 


  NMBEND_B Eqn. 4.9.1.1.1 B-plane non-metric bend angle 
 


4.9.2.2 STINGBCORR values as a function of angle source: 
 Instrument Source STINGBCORR value 


 Base Angle Sensor STINGBCORR  =  EU from sensor 


 Primary Sting(s) STINGBCORR  =  STINGB + STINGBERR 


 Secondary Sting STINGBCORR  =  STINGB 


 Knuckle-Sleeve STINGBCORR  =  STINGB 


 Model Sensor STINGBCORR  =  EU from sensor - BENDB 
 
 


4.9.2.2.1 STINGB values as a function of angle source: 


 Instrument Source STINGB value 


 Knuckle-Sleeve STINGB  =  STINGBKS  from Eqn. 4.12.19 


 All other sources STINGB  =  EU from instrument sensor 
 


4.9.2.2.2 For all tunnels except 8'x7', 9'x7', 11'x11' 


 STINGBERR  =  0 
 
 


4.9.2.2.3 For 8'x7' and 11'x11' tunnels 


 STINGBERR  =  1.015x10-4 ( STINGA )2 ™STINGB™ 
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4.9.2.2.4 For 9'x7' tunnel  


 
 STINGBERR  =  STINGB * BSD97lkp [STINGB] 
 (function value returned from table BSD97 with STINGB as argument) 


 
 Table BSD97is initialized with the following values: 
 
 
    Table BSD97 


  
Argument Function 
STINGB STINGBERR 


  
  


-15.0 0.001342 
-14.0 0.001787 
-12.0 0.002832 
-10.0 0.004500 
-8.0 0.009500 
-6.0 0.001200 
-4.0 0.016500 
-2.0 0.010000 
0.0 0.0 
2.0 0.008000 
4.0 0.007500 
6.0 0.007340 
8.0 0.004500 
10.0 0.004000 
12.0 0.003000 
14.0 0.001573 
15.0 0.001030 


  
 


4.9.3 φ   =  PHI Specified by the value of the Phi source 


 If the Phi source is from Sting(i)  then PHI  =  sting roll angle for index (i) 
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4.10 STREAM ANGLES - ASTR, BSTR 
 


These are the angles which account for the flow angularity with respect to the 
tunnel axis along the tunnel centerline at the location of the model.  A positive 
stream angle is defined as increasing the model angles of attack and sideslip. 


 Computed one time (at first source of first balance) at all wind-on points. 
 


4.10.1 ASTR  =  STREAMA0 + (STREAMA1) (B) 


4.10.2 BSTR  =  STREAMB0 + (STREAMB1) (B) 


 where B is the angle specified by Source B.  If Source B = NONE, then B = 0. 


  Variable Source Equation Description 


  STREAMA0 Table Lookup Stream Angle A Offset 


  STREAMA1 Table Lookup Stream Angle A Slope 


  STREAMB0 Table Lookup Stream Angle B Offset 


  STREAMB1 Table Lookup Stream Angle B Slope 


  B Eqn. 4.9.2 Final Sting Drive Angle  


 


4.10.3 RESTRICTIONS FOR MULTI-BALANCE, MULTI-ANGLE SOURCE TESTS 


Special programming will be required to circumvent the following restrictions: 
 


 


4.10.3.1 Multiple Balances 


 Since there is only one stream angle table, only one set of values for 
STREAMA0, STREAMA1, STREAMB0 and STREAMB1 can be selected at 
any given table arguments (typically Mach number and Reynolds number), 
regardless of differences in location of the balances in the test section.  
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Furthermore, the stream angle computation assumes the B-plane location of a 
balance is a function of B.  In order that the correct stream angle be computed 
for a given balance, the B for the sting of that balance must be indicative of the 
same B-plane location of the balance as that B would have indicated during the 
calibration of the four constants.  The system assumes this is true for the first 
balance, angle source.  It applies the stream angle to all the other balance, angle 
sources.  This will be incorrect when the other balances are significantly 
displaced in the B-plane from the first balance.  This same error also applies to a 
connected balance since according to equation 4.2.3, its stream angles equal 
those of the balance to which it is connected. 


 
 


4.10.3.2 Stream Angle As A Function of Angle of Attack or Sideslip 


 Angles are determined by a series of rotations of the unit wind vector as 
described in Section 4.2.  Inclusion of angle of attack or sideslip as an argument 
of the stream angle table will require an iteration process.  The iteration would 
involve solving the appropriate equation in Section 4.2 with ASTR = BSTR = 0 to 
determine the angles without stream angle correction.  These values would be 
used as the arguments to the stream angle table to obtain the required values to 
calculate ASTR and BSTR.  Equations 4.2 would then be solved with the updated 
values of ASTR and BSTR to yield the final balance angles. 


 Notes: 


(1) This implies that any argument of the stream angle table which is a 
function of angle of attack or sideslip will require an iteration process, 
e.g., normal force after weight tare correction. 


(2) To obtain proper results, the stream angle table should be constructed 
using angles prior to stream angle correction.  That is, the arguments are 
the original (uncorrected) angles from which the stream angle constants 
were determined.  Generally the angles selected should be those where 
the model was upright. 
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(3) Extreme caution must be taken to avoid circular references.  A circular 
reference is on the order of: 


  A needs B to perform the computation 


  B needs C to perform the computation 


  C needs A to perform the computation 
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4.11 EQUIVALENT PITCH AND YAW ANGLES FOR ANGLE SENSOR ON THE MODEL 


A special set of calculations are required to determine the primary angles 
through which the wind vector is to be rotated when the angle sensor is located 
on the model.  The calculations detailed in this section create "equivalent" 
angles for the rotation. 
 


4.11.1 A-plane vertical (all tunnels except 9'x7' and 2'x2' ) 
 


4.11.1.1 EQUIVALENT YAW, θ1 


 θ1 = ΔB' + ω cos(Δφ) - γ ' sin(Δφ)  
 


where !B
'
 = sin-1 


s in !B


cos  " cos !#  + $' sin !#
 


  (see Appendix G for derivation) 
 


 
 Notes: (1) 0˚ < ∧ γ  ∧  < 90˚ 
  (2) 0˚ < ∧ω'∧ < 90˚ 
  (3) ΔB' is in the same quadrant as ΔB 
 


 Notation Source Equation Description 


 
 ΔB Eqn. 4.8.2 BENDB 


 γ' Eqn. 4.7.2  Deflection due to normal loads 


 Δφ Eqn. 4.8.3 Balance Twist 


 ω Eqn. 4.7.1 Deflection due to side loads 


  γ Eqn. 4.7.3 (see Appendix F for derivation) 


  ω' Eqn. 4.7.4 (see Appendix F for derivation) 
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4.11.1.2 EQUIVALENT PITCH, A* 
 


 A* = s in-1  
s in(ANGLE )


cos !1


 


  (see Appendix G for derivation) 


 where ANGLE is the angle specified by Source A 


 Note: When ΔB is large relative to ANGLE,  A* cannot be computed. 
 


4.11.2 A-plane horizontal (9'x7' and 2'x2' tunnels) 


4.11.2.1 EQUIVALENT PITCH, θ2 


 θ2 = (A+ΔA)* + γ ' cos(Δφ) + ω sin(Δφ) 


 where   (A+ΔA)* = sin-1 [ sin(A+ΔA) cos(∆B + ω'97 cosΔφ  
                 - γ97 sinΔφ) ] 


 Notes: (1) 0˚ < ∧   γ '∧ < 90° 
  (2) 0˚ < ∧  ω'97∧ < 90° 


  (3) 0˚ < ∧∆B∧  < 90° 
  (4) (A+ΔA)* is in same quadrant as (A+ΔA) 


 Notation Source Equation Description 


 A Eqn. 4.9.1 STINGATOTAL 
 ΔA Eqn. 4.8.1 BENDA 


 ∆B Eqn. 4.8.2 BENDB 
 Δφ Eqn. 4.8.3 Balance Twist 
 γ' Eqn. 4.7.2      - 
 ω Eqn. 4.7.1 Deflection due to side loads 


 γ Eqn. 4.7.3 Deflection due to normal loads 
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 The deflection terms for A-plane horizontal are: 
 
 ω'97 = s in-1 s in !


cos  !
 cos  " '  


 Quadrant determined by signs of numerator and denominator 


 


 


 γ97 = tan-1 
s in ! '


cos  ! '  cos  "
 


 Quadrant determined by signs of numerator and denominator 
 


 


4.11.2.2 EQUIVALENT YAW, B* 
 


 B* = s in-1  
s in(ANGLE )


cos !2


 


 where ANGLE is the angle specified by Source B 


 Note: When ΔA is large relative to ANGLE,  B* cannot be computed. 
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4.12 KNUCKLE-SLEEVE EQUATIONS 


The terms "knuckle" and "sleeve" refer to the internal mechanisms of each of 
the model support systems in the Ames Unitary Plan Wind Tunnels.  The 
coordinated rotation of the knuckle and sleeve mechanism provide a ±15° 
maximum range of motion in both the tunnel A- and B-plane.  By measuring the 
rotational position of the knuckle and sleeve, the sting angles in the A- and B-
plane can be calculated.  Non-linear sting deflection characteristics which 
results from the effect of model support moment loads on the knuckle and 
sleeve elasticity and sting/model support assembly clearances are included. 


 


Implementation Restriction: 


If Sting(2), a secondary sting, is to be used as an angle source, it must be 
entered after any balance, angle source that does not contain the knuckle-sleeve 
as an angle source. 
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4.12.1 Equations for Elastic deflection forces. 


 For a Zero or Knuckle-Sleeve Reference Zero point type: 
 
 FKSNF = 0 
 FKSSF  = 0 
 FKSAF = 0 
 FKSPM = 0 
 FKSYM = 0 


 For all other point types: 


 On the first iteration, use RESn so that an approximate value of the Knuckle-
Sleeve angles can be calculated to generate XTAREn (see Section 5 for tare 
computations).  The initial values for FKSn should be: 


 
 FKSNF = RESN 
 FKSSF  = RESS 
 FKSAF = RESA 
 FKSPM = RESPM 
 FKSYM = RESYM 


 Since XTARE depends on FKS itself, an approximate value of XTARE is 
calculated from the first iteration.  This approximate value of XTARE is used in 
the second iteration to further refine itself in a subsequent calculation with: 


 
 FKSNF = XTARENF 
 FKSSF  = XTARESF 
 FKSAF = XTAREAF 
 FKSPM = XTAREPM 
 FKSYM = XTAREYM 


 Notes: 
(1) The equations assume the model is supported by one main balance.  These 


equations would not be valid for a model supported on twin stings (twin 
balances). 


(2) Iteration is required in order to account for a rolling sting condition at 
every record point. 
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4.12.2 φBAL  =  φ  + Δφ  + λ  


 Note:  φBAL includes model support deflection angle. 


4.12.3 Moment in A plane about model support center 


 MA = MA0 + ( FKSNF cosφBAL - FKSSF sinφBAL ) XLENGTH 


  - FKSAF ZLENGTH + 12 FKSPM cosφBAL  
  - 12 FKSYM sinφBAL 


  (see Appendix D  for derivation) 
 


4.12.4 Moment in B plane about model support center 


MB =  MB0 + ( FKSNF sinφBAL + FKSSF cosφBAL ) XLENGTH 
  - FKSAF YLENGTH + 12 FKSPM sinφBAL  
  + 12 FKSYM cosφBAL 


  (see Appendix D  for derivation) 


 


4.12.5 Moment in B plane about strut blade torsional axis 


MSTRUT = ( FKSNF sinφBAL + FKSSF cosφBAL ) * 
  ( XLENGTH + DXSTRT )  - FKSAF YLENGTH 
  + 12 FKSPM sinφBAL  + 12 FKSYM cosφBAL 


  (see Appendix D  for derivation) 
 


4.12.6 SDP =    SLEEVE  Mod 360 


4.12.7 KDP =    KNUCKLE Mod 360 


4.12.8 MS1 =    MA  sin (SDP) 


4.12.9 MS2 =  - MB  cos (SDP) 


4.12.10 MK1 =  - MA  sin (KDP) 


4.12.11 MK2 =    MB  cos (KDP) 
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  Section 4.12 - 51 


Version 3.0 January 1999 Knuckle-Sleeve Equations 
 


 


4.12.12 Tables 


4.12.12.1 MK =  MK1 + MK2 


4.12.12.2 MS =  MS1 + MS2 
 


4.12.12.3 DELK =  DEFLKlkp [MK] 


 (function value returned from table DEFLK with MK as argument) 


4.12.12.4 DELS  =  DEFLSlkp [MS] 


 (function value returned from table DEFLS with MS as argument) 


4.12.12.5 ASLOP  =  ASLOPlkp [MA] 


 (function value returned from lookup table ASLOP with MA as argument) 


4.12.12.6 STRUTK1  =  STRUTlkp [STRUTZ] 


 (first function value returned from table STRUT with STRUTZ as argument) 


4.12.12.7 STRUTK0  =  STRUTlkp [STRUTZ] 


 (second function value returned from table STRUT with STRUTZ as argument) 


4.12.13 STRUTDEFLB  =  STRUTK0 + STRUTK1 MSTRUT 


4.12.14 κ   =  PKNEG ( KNUCKLE + DELK  + PHASEK ) 


4.12.15 σ   =  PSNEG ( SLEEVE + DELS  + PHASES ) 


 PKNEG = param (Default = -1.0) PHASES = param (Default = 0.0) 


 PSNEG = param (Default = -1.0) PHASES = param (Default = 0.0) 
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 The tables are initialized with the following values: 


 For the 11': 
 
 Table DEFLS     Table DEFLK 
 


     
Argument Function  Argument Function 


MS DELS  MK DELK 
     
     


 -800000 -0.50   -800000 -1.6 
 -50000 -0.10   -400000 -1.0 
 50000  0.10   -30000 -0.2 
 800000  0.65   30000  0.2 


    400000  0.8 
    800000  1.3 
     


  


 For the 9'x7': 
 
  Table DEFLS    Table DEFLK 
 


     
Argument Function  Argument Function 


MS DELS  MK DELK 
     
     


 -800000 -0.25   -800000 -0.85 
 -170000 -0.13   -170000 -0.40 
 170000  0.13   -20000 -0.09 
 800000  0.25   20000  0.09 


    170000  0.40 
    800000  0.85 
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 For the 8'x7': 
 
  Table DEFLS    Table DEFLK 
 


     
Argument Function  Argument Function 


MS DELS  MK DELK 
     
     


 -630000 -0.662   -630000 -0.939 
 -430000 -0.563   -430000 -0.847 
 -130000 -0.204   -130000 -0.351 
 130000  0.204   130000  0.351 


430000  0.563  430000  0.847 
630000  0.662  630000  0.939 


     


 


  For all tunnels: 
 
        Table STRUT 
 


   
Argument Function 1 Function 2 
STRUTZ STRUTK1 STRUTK0 


   
   


 -70.0 0.0 0.0 
 -20.0 0.0 0.0 
 -10.0 0.0 0.0 
 10.0 0.0 0.0 
 20.0 0.0 0.0 
 70.0 0.0 0.0 
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   For 8'x7':   For 9'x7' and 11': 
 
  Table ASLOP    Table ASLOP 
 


     
Argument Function  Argument Function 


MA ASLOP  MA ASLOP 
     
     


 -900000 0.0   -900000 0.0 
 40000 0.0   40000 0.0 
 100000 0.0   100000 0.0 
 900000 0.0   900000 0.0 


     
 
 
 
 
 


         Values for the 
      Non-constant Velocity Ratio 


 
  


Tunnel ru 
  
  


11' 1.02653 
9'x7' 1.02640 
8'x7' 1.02613 
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 BENDK = Parameter 


 BENDS = Parameter 
 
 
    BENDK & BENDS Values 
 
    
 Tunnel BENDK BENDS 
    
    
 11'x11' 7.4960 7.4710 
 9'x7' 7.4915 7.4555 
 8'x7' 7.5280 7.5240 
    
 


4.12.18 STINGAKS  =  AKS 


4.12.19 STINGBKS  =  (ARTSTG)  (BKS) + STINGBKSC 


  ARTSTG = Parameter   (Default = 1.0) 


  STINGBKSC = Parameter from table lookup 
 
  STINGBKSC Values 
 
   
 BKS STINGBKSC 
   
   
 -15 0.0 
 15 0.0 
   


4.12.20 For Knuckle-Sleeve Reference Zero Frames Only 


4.12.20.1 A0 = tan-1
cos ! sin A cos B  - sin ! sin B


cos A cos B
 


 
4.12.20.1.1 A0 =  0  (If there is no Knuckle-Sleeve Reference Zero Point) 


  (see Appendix E for derivation) 
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4.12.20.2 B0 =  sin-1 ( sin φ  sin A cos B  +  cos φ sin B ) 


4.12.20.2.1 B0 =  0  (If there is no Knuckle-Sleeve Reference Zero Point) 


 (see Appendix E for derivation) 
 
 
4.12.20.3 For all tunnels 
 
4.12.20.3.1 A = STINGAKS  -  NMBEND_A 


  (see Appendix D for derivation) 
 


4.12.20.3.2 B = STINGBKS  -  NMBEND_B 


  (see Appendix D for derivation) 
 
 


 Notation Source Equation 


 STINGAKS Eqn. 4.12.18 
 STINGBKS Eqn. 4.12.19 
 NMBEND_A Eqn. 4.9.1.1.1 
 NMBEND_B Eqn. 4.9.1.1.1 


4.12.21 Bend A for Knuckle-Sleeve Reference Zero Points 


 ΔAKS = AREF  -  A0 


 (see Appendix E for derivation) 


 


4.12.22 Bend B for Knuckle-Sleeve Reference Zero Points 


 ΔBKS = BREF  -  B0 


 (see Appendix E for derivation) 


 Variable Source Equation 


 AREF Parameter 
 BREF Parameter 
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4.13 BIPOD MODEL SUPPORT ANGLE 


 The Bipod Model Support is used at the 12-Foot Pressure Wind Tunnel.  The 
facility resolver measures the bipod pitch length.  This is used in conjunction 
with the geometry shown in figures 4.13 - 1 through 4.13 - 3 to calculate the 
bipod model support angle, BMSANGLE.  It is BMSANGLE that is used as 
Source A in the angle computations. 


 
 
4.13.1 BMSPITCHL = BMSPITCH + BMSREFL 
 


4.13.2 BMSTHETA = BMSS1 tan- 1  BMSPDH


BMSPDX
  


 


4.13.3 MTERM = BMSPITCHL2 - BMSD12 - BMSD22 - BMSR2 


 


4.13.4 ATERM1 = BMSS2 tan- 1  - BMSD2


BMSD1
  


 
4.13.5 ATERM2 = BMSS3 tan- 1  MTERM


4  BMSR2    BMSD12  + BMSD22   -  MTERM2  
 1/2


  


   


4.13.6 BMSANGLE = BMSTHETA + ATERM1 + ATERM2 + BMSK0 
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ATERM1


BMSPDH


BMSR


BMSTHETA


BMSPDXlevel reference


Figure 4.13-2
Bipod Model Support at reference level 


position for resolver zero


BMSPITCHL = BMSPITCH + BMSREFL
BMSPITCH=0 (resolver zero)


Note 1:  It is not necessary to 
measure all three sides and the 
theta angle, but the equations are 
set up for all three sides to be 
entered as parameters.


Note 2:  Balance block pivots not 
at the same level


BMSD2


BMSD1
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ATE RM1


BMSD2


ATERM 1 +  ATERM2


ATERM2


BMSTH ETA


level reference


Figure  4.13-3
Bipo d Model Support at pitched angle p osition


BMSPIT CHL


ATE RM1 +  ATERM 2


Note:  For  this case  
ATERM1 is negativ e 


BMSTH ETA


BMSD1


BMSR
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4.14 ANGLE USING THE SUNSTRAND QA-2000 


 The QA-2000 is a Sunstrand accelerometer capable of providing angles within 
0.005 degrees in a static environment.  These devices function only in the 
vertical (gravity) plane.  The benefits of these sensors are: 


• Increased accuracy over the Schavietz style gravity based sensors. 


• Factory supplied absolute calibration for each sensor.  Only the offset with 
the model level must be determined test dependently. 


• It has 0.002 degree resolution near zero degrees and still has an output 
amplitude range of ±90 degrees. 


• It has corrections for thermal effects. 


• It can be used as an absolute wind-off reference. 


• It can be used as an absolute nulling feedback sensor during check loading 
in the gravity plane. 


 Some of the issues related to these sensors are: 


• They are subject to bias errors due to centrifugal effects when exposed to 
large vibrations. 


• SDS signal conditioning may need refinement to exploit the full accuracy 
potential (e.g., 0.005 degrees). 


 
4.14.1 Temperature Factor 
 
   TFQ = 


K T1 ACCEL_TEMP


K1 * K 2


 - K 3 
 
 
4.14.2 Scale Factor 
 


   SCALEF =  K4+ i TFQ i!
i =  0


4
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4.14.3 Bias Factor 
 


   BIASF =  K9+ i TFQ i!
i =  0


4


 


 
4.14.3 Accelerometer Angle 
 
   QA_ANGLE = K 180  sin -1 


ACCEL_ANGLE


K14 SCALEF
 - BIASF  - K 15  


 


 where 


KT1 = 1000  


K1 = 1.0   (Always - remnant from when software originally developed) 


K180 = Sign change factor when the sensor is mounted backwards 
 =  1  mounted forward (pins pointing upstream) 
 = - 1 mounted backward (pins pointing downstream)  


K2 -> K14     From factory supplied absolute calibration 


 K15 is determined after the accelerometer and model are installed.  Initially set 
K15 to zero.  After zeroing with a bubble or some other device record a SDS  
point.  Enter the result of the SDS computation as the value for K15. 
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5.0 BALANCE TARES 
 
 


A requirement in the measurement of forces and moments is to isolate that 
portion of the measured balance loads caused by aerodynamic loads.  If there 
are changes of model weight components acting on the balance gauges during 
testing, due to either changes in attitude of the balance or movement of the 
model or model parts with respect to the balance, then a correction for this non-
aerodynamic force is required.  This is called a weight tare correction. 


Loads due to the model weight or changes in the center of gravity with respect 
to the balance affect the readings on the various balance gauges.  In order to 
isolate these effects from the aerodynamic load, the tare weight is subtracted 
from the resolved forces and moments.  Tare forces and moments are calculated 
for each of the defined balance force directions by rotating the unit gravity 
vector coordinate system into the balance axis system.  The output from the tare 
initial conditions are the model weight and x-, y- and z-coordinate of the center 
of gravity.  These are the quantities used at all subsequent points until a new 
tare initial condition is recorded. 
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5.1 GLOSSARY 


Equation Equation   
 Name Reference Unit Definition 
  
FAT1 3.6.1-3.6.3   lb Resolved balance forces at the tare 1 point. 
FST1 
FNT1 


FAT2 3.6.1-3.6.3   lb Resolved balance forces at the tare 2 point. 
FST2 
FNT2 
 
FRM1 3.6.1-3.6.3 ft-lb. Resolved balance moments at the tare 1 point. 
FPM1  
FYM1 


FRM2 3.6.1-3.6.3 ft-lb. Resolved balance moments at the tare 2 point. 
FPM2  
FYM2 


g 5.3.4.1   - Unit gravity vector in the balance axis system at 
a data point. 


g0 5.3.4.2   - unit gravity vector in the balance axis system at 
a force-zero point. 


g1 5.3.4.3   - Unit gravity vector in the balance axis system at 
a tare 1 point. 


g2 5.3.4.4   - Unit gravity vector in the balance axis system at 
a tare 2 point. 


GX,GY,GZDPL 5.3.1.2.2 -   - Incremental components of the unit gravity 
vector   


GX,GY,GZDAB 5.3.1.2.4  for an angle sensor on the sting drive, A-plane 
GX,GY,GZAB   vertical (all tunnels but 9x7).  


GX,GY,GZDPL 5.3.1.3.3 -   - Incremental components of the unit gravity 
vector   


GX,GY,GZDAB 5.3.1.3.5  for an angle sensor on the sting drive, A-plane 
GX,GY,GZBAP   horizontal (9x7).  


GX,GY,GZDPLR 5.3.3.1.2 -   - Incremental components of the unit gravity 
vector 
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GX,GY,GZDABR 5.3.3.1.3  for referencing new gravity vectors to 
previously computed gravity vectors.   


[Pθ]    - Pitch rotation matrix on angle θ (Note: [Pθ] is 
an operator, not a variable).  [Appendix A] 


[Rθ]    - Roll rotation matrix on angle θ (Note: [Rθ] is 
an operator, not a variable).  [Appendix A] 


rcg 5.2.2.2 ft Center-of-gravity vector. 


RESN 3.6.1-3.6.3 lb. or Balance forces and moments after they have 
been 


RESPM  ft-lb. resolved into three forces and  three moments 
RESA   measured about the balance center. 
RESS 
RESYM 
RESRM 


T1RESRM 5.5.1.2 ft-lb. Moments resolved from balance components 
T1RESPM   corrected for interactions and bias at the Tare 1 
T1RESYM   frame. 
 
T2RESRM 5.5.1.2 ft-lb. Moments resolved from balance components 
T2RESPM   corrected for interactions and bias at the Tare 2 
T2RESYM   frame. 


TAREN 5.6.1 lb. or Tare corrections to be applied to the balance 
TAREPM     ft-lb. resolved forces and moments. 
TAREA 
TARES 
TAREYM 
TARERM 


WEIGHT 5.4.3 lb. Model weight + gravimetric parts of balance. 


XCG 5.5.2.3 ft. Location of the model center of gravity from the 
balance center in the x-direction, positive aft. 


XTARENF 5.7.1 lb. or Balance forces and moments after weight tare 
XTAREPM  ft-lb. corrections have been applied. 
XTAREA 
XTARESF 
XTAREYM 
XTAREPM 
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[Yθ]    - Yaw rotation matrix on angle θ (Note: [Yθ] is 
an operator, not a variable).  [Appendix A] 


YCG 5.5.2.4 ft. Location of the model center of gravity from the 
balance center in the y-direction, positive right. 


ZCG 5.5.2.5 ft. Location of the model center of gravity from the 
balance center in the z-direction, positive up. 


Δg 5.4.1.1   - Difference between unit gravity vector in a data 
point and a force zero point, (g - g0). 


Δg1 5.4.1.2   - Difference between unit gravity vector in a 
force zero point and a tare 1 point, (g0 - g1). 


Δg2 5.4.1.3   - Difference between unit gravity vector in a 
force zero point and a tare 2 point, (g0 - g2). 


Δg1,2 5.4.1.4   - Difference between unit gravity vector in a tare 
1 point and a tare 2 point, (g1 - g2). 







  Section 5.2 - 5 


Version 5.0 May 2000 Types of Tare Computations 


5.2 TYPES OF TARE COMPUTATIONS 


 Three options are available for the calculation and application of weight tares.  
The options are specified for each balance and they are: 


  Type Description 
  1) NONE No weight tare correction 
  2) DIRECT Obtained from parameters 
  3) COMPUTED Computed from initial condition points 
 


5.2.1 NONE 


 No tare corrections are applied to the balance loads. 
 


5.2.2 DIRECT 


 The tare corrections are computed from the weight and center of gravity vector 
entered directly from parameters. 


5.2.2.1 WEIGHT = Parameter 
 


5.2.2.2 rCG = 


 XCG


 YCG


 ZCG


 = 


Parameter


Parameter


Parameter


 


 Refer to Sections 5.6 and 5.7 for the tare correction equations. 
 
 


5.2.3 COMPUTED 


 Refer to Sections 5.3 through 5.5. for weight and center of gravity 
computations.  Refer to Section 5.6 and 5.7 for the tare correction and forces 
and moments after tare equations, respectively. 
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5.3 CALCULATION OF THE BALANCE SYSTEM UNIT WEIGHT VECTOR 


 


The unit weight or gravity vector of the balance system is similar to the unit 
wind vector described in the previous section.  It is the essential element in 
calculating both the weight and center of gravity of the model.  Its origin is the 
balance center and points in the direction of the pull of gravity just as the wind 
vector points in the direction of the wind relative to the balance axis system.  
The direction indicates the load orientations on the balance gauges due to the 
model's weight. 


The gravity vector is computed for different types of test points.  Initial 
conditions are taken at a force zero and calibration point to determine a point of 
reference.  Then two tare points defined by different angular settings of the 
model are recorded.  The difference between the computed gravity vector for 
each of the tare points and that of the zero point are in turn used for the weight 
and center of gravity calculations.  Two tare points are required in order to 
determine an arbitrary location of the center-of-gravity.  In the event only one 
tare point is taken it is assumed the center of gravity lies along the x-axis (y and 
z components of the center of gravity are zero). 
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5.3.1 Equations for Angle Sensor on the Sting Drive 


5.3.1.1 "A" Plane Vertical (all tunnels but 9'x7') 


 Used only if angle values of Source A and Source B come from angle sensors 
mounted at the base of the sting, e.g., BASEDANG, KNUCKLE-SLEEVE.  If 
Source A and Source B are not both base angle sources, then the Source A 
location takes precedence for calculation of the unit gravity vectors. 


 
 gx  


 gy  


 gz 
 =  Y !   P  "   R  #    R  $%    Y $B   P  $A    R  %   P  A  


 0 


 0 


 -1 


 


 
 Notation Source Equation Description 


 ω Eqn. 4.7.1 Deflection due to side loads 
 γ Eqn. 4.7.3 Deflection due to normal loads 
 λ Eqn. 4.7.5 Twist due to Rolling Moment 
 Δφ Eqn. 4.8.3 Balance Twist 
 ΔB Eqn. 4.8.2 BENDB 
 ΔA Eqn. 4.8.1 BENDA 
 φ Eqn. 4.9.3 Sting Phi 


 A Eqn. 4.9.1 STINGATOTAL 
 


5.3.1.2 Unit Gravity Vectors Expressed As Functions of The Rotation Angles 


5.3.1.2.1 
 gx  


 gy  


 gz 
 =  Y !   P  "  


GXDPL


GYDPL


GZDPL


 


 gx = [GXDPL cos(γ) - GZDPL sin(γ)] cos(ω) + GYDPL sin(ω) 


 gy = - [GXDPL cos(γ) - GZDPL sin(γ)] sin(ω) + GYDPL cos(ω) 


 gz = GXDPL sin(γ) + GZDPL cos(γ) 
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5.3.1.2.2 
GXDPL


GYDPL


GZDPL


 =  R  !    R  "#  
GXDAB


GYDAB


GZDAB


 


 
 GXDPL = GXDAB 


 GYDPL = GYDAB cos(Δφ  + λ) - GZDAB sin(Δφ  + λ) 


 GZDPL = GYDAB sin(Δφ  + λ) + GZDAB cos(Δφ  + λ) 


 


5.3.1.2.3 
GXDAB


GYDAB


GZDAB


 =   Y !B   P  !A  
GXAP


GYAP


GZAP


 


 GXDAB = [GXAP cos(ΔA) - GZAP sin(ΔA)] cos(ΔB) 
  + GYAP sin(ΔB) 


 GYDAB = - [GXAP cos(ΔA) - GZAP sin(ΔA)] sin(ΔB) 
  + GYAP cos(ΔB) 


 GZDAB = GXAP sin(ΔA) + GZAP cos(ΔA) 


 


5.3.1.2.4 
GXAP


GYAP


GZAP


 =   R  !   P  A  
 0 


 0 


 -1 


 


 GXAP = sin(A) 


 GYAP = cos(A) sin(φ) 


 GZAP = - cos(A) cos(φ) 
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5.3.1.3 "A" Plane Horizontal (9'x7' tunnel) 


 


 gx  


 gy  


 gz 
 =  Y !   P  "   R #    R $%    Y $B   P  $A    R %   P  A    Y B  


 0 


 -1  


 0 


 


 
 Notation Source Equation Description 


 ω Eqn. 4.7.1 Deflection due to side loads 
 γ Eqn. 4.7.3 Deflection due to normal loads 
 λ Eqn. 4.7.5 Twist due to Rolling Moment 
 Δφ Eqn. 4.8.3 Balance Twist 
 ΔB Eqn. 4.8.2 BENDB 
 ΔA Eqn. 4.8.1 BENDA 
 φ Eqn. 4.9.3 Sting Phi 


 A Eqn. 4.9.1 STINGATOTAL 
 B Eqn. 4.9.2 STINGBTOTAL 


 
 


5.3.1.3.1 Unit Gravity Vectors Expressed As Functions of The Rotation Angles 


5.3.1.3.2 
 gx  


 gy  


 gz 
 =  Y !   P  "  


GXDPL


GYDPL


GZDPL


 


 gx = [GXDPL cos(γ) - GZDPL sin(γ)] cos(ω) + GYDPL sin(ω) 


 gy = - [GXDPL cos(γ) - GZDPL sin(γ)] sin(ω) + GYDPL cos(ω) 


 gz = GXDPL sin(γ) + GZDPL cos(γ) 







  Section 5.3 - 10 


Version 1.1 May 1997 Balance System Weight Vector 


5.3.1.3.3 
GXDPL


GYDPL


GZDPL


 =  R !    R "#  
GXDAB


GYDAB


GZDAB


 


 
 GXDPL = GXDAB 


 GYDPL = GYDAB cos(Δφ  + λ) - GZDAB sin(Δφ  + λ) 


 GZDPL = GYDAB sin(Δφ  + λ) + GZDAB cos(Δφ  + λ) 


 


5.3.1.3.4 
GXDAB


GYDAB


GZDAB


 =   Y !B   P  !A  
GXBAP


GYBAP


GZBAP


 


 GXDAB = [GXBAP cos(ΔA) - GZBAP sin(ΔA)] cos(ΔB) 
  + GYBAP sin(ΔB) 


 GYDAB = -[GXBAP cos(ΔA) - GZBAP sin(ΔA)] sin(ΔB) 
  + GYBAP cos(ΔB) 


 GZDAB = GXBAP sin(ΔA) + GZBAP cos(ΔA) 


 


5.3.1.3.5 
GXBAP


GYBAP


GZBAP


 =   R !   P  A    Y B  
 0 


 -1  


 0 


 


 GXBAP = -cos(A) sin(B) 


 GYBAP = - cos(B) cos(φ) + sin(A) sin(B) sin(φ) 


 GZBAP = - [ cos(B) sin(φ) + sin(A) sin(B) cos(φ) ] 
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5.3.2 Equations for Angle Sensor in the Model 


5.3.2.1 "A" Plane Vertical (all tunnels but 9'x7') 


 Used only if angle value of Source A comes from angle sensors mounted in the 
model, e.g., DANGLE.  If Source A and Source B are not both model mounted 
angle sources, then Source A location takes precedence for calculation of the 
unit gravity vectors. 


 


  
 gx 


 gy 


 gz 
 =  R  !"   Y  #1   P  A*  


 0 


 0 


 -1  


 


 
 Notation Source Equation Description 


 Δφ Eqn. 4.8.3 Balance Twist 


 θ1 Eqn. 4.11.1.1 Equivalent Yaw 


 A* Eqn. 4.11.1.2 Equivalent Pitch 


 


5.3.2.2 Unit Gravity Vectors Expressed As Functions of The Rotation Angles 


5.3.2.2.1 gx = sin(A*) cos(θ1)  


 gy = - sin(A*) sin(θ1) cos(Δφ) + cos(A*) sin(Δφ) 


 gz = - sin(A*) sin(θ1) sin(Δφ) - cos(A*) cos(Δφ) 
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5.3.2.3 "A" Plane Horizontal (9'x7' tunnel) 


 Used only if angle value of Source B comes from angle sensors mounted in the 
model, e.g., DANGLE. 


 


  
 gx 


 gy 


 gz 
 =  R  !"   P  #2   Y  B*  


 0 


 -1  


0


 


 


 


 Notation Source Equation 


 Δφ Eqn. 4.8.3 


 θ2 Eqn. 4.11.2.1 


 B* Eqn. 4.11.2.2 


 


5.3.2.3.1 Unit Gravity Vectors Expressed As Functions of The Rotation Angles 


5.3.2.3.2 gx = -sin(B*) cos(θ2) 


 gy = - cos(B*) cos(Δφ) + sin(B*) sin(θ2) sin(Δφ) 


 gz = - cos(B*) sin(Δφ) - sin(B*) sin(θ2) cos(Δφ) 
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5.3.3 Equation for Referencing New Balance Tare Components to Previously 
Calculated Tare Components 


 Used only if Source A and Source B come from a previously calculated 
balance's tare components [g(ref)]. 


 


 
 g(i)x 


 g(i)y 


 g(i)z 


 =  Y !    P  "    R  #   R  $%    Y $B   P  $A  
 g(ref)x 


 g(ref)y 


 g(ref)z 


 


 
 g(ref)x, g(ref)y, g(ref)z are the components of the Unit Gravity Vector of the reference balance. 


 g(i)x, g(i)y, g(i)z are the components of the Unit Gravity Vector of the balance attached to the 
reference balance. 


 


 


 Notation Source Equation Description 


 ω Eqn. 4.7.1 Deflection due to side loads 
 γ Eqn. 4.7.3 Deflection due to normal loads 
 λ Eqn. 4.7.5 Twist due to Rolling Moment 
 Δφ Eqn. 4.8.3 Balance Twist 


 ∆B Eqn. 4.8.2 BENDB 


 ∆A Eqn. 4.8.1 BENDA 


 


The transformation angles used in Equation 5.3.3 are measured using the 
coordinate system of the reference balance as the starting point. 


ω, γ, λ, Δφ, ΔB and ΔA refer to the new balance and sting support. 







  Section 5.3 - 14 


Version 1.1 May 1997 Balance System Weight Vector 


5.3.3.1 Unit Gravity Vectors Expressed As Functions of The Rotation Angles 


5.3.3.1.1 
 g(i)x 


 g(i)y 


 g(i)z 


 =  Y !    P  "   
GXDPLR


GYDPLR


GZDPLR


 


 g(i)x = [GXDPLR cos(γ) - GZDPLR sin(γ)] cos(ω) 
  + GYDPLR sin(ω) 


 g(i)y = - [GXDPLR cos(γ) - GZDPLR sin(γ)] sin(ω) 
  + GYDPLR cos(ω) 


 g(i)z = GXDPLR sin(γ) + GZDPLR cos(γ) 


 


5.3.3.1.2 
GXDPLR


GYDPLR


GZDPLR


 =  R  !   R  "#  
GXDABR


GYDABR


GZDABR


 


 GXDPLR = GXDABR 


 GYDPLR = GYDABR cos(Δφ  + λ) - GZDABR sin(Δφ  + λ) 


 GZDPLR = GYDABR sin(Δφ  + λ) + GZDABR cos(Δφ  + λ) 


 


5.3.3.1.3 
GXDABR


GYDABR


GZDABR


 =   Y !B   P  !A  
GXREF


GYREF


GZREF


 


 GXDABR = [GXREF cos(ΔA) - GZREF sin(ΔA)] cos(ΔB) 
  + GYREF sin(ΔB) 


 GYDABR = - [GXREF cos(ΔA) - GZREF sin(ΔA)] sin(ΔB) 
  + GYREF cos(ΔB) 


 GZDABR = GXREF sin(ΔA) + GZREF cos(ΔA) 


 


5.3.3.1.4 GXREF = g(ref)x 
 GYREF = g(ref)y 
 GZREF = g(ref)z 
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5.3.4 Equation for Weight Vector 


 gix, giy and giz are computed in Equations 5.3.1 - 5.3.3. 


5.3.4.1 Zero point 


 


g0 = 


 gox 


 goy 


 goz 
   Where gox, goy, goz are calculated at the Zero point. 


 


5.3.4.2 Tare 1 point 


 


g1 = 


 g1x 


 g1y 


 g1z 
    Where g1x, g1y, g1z are calculated at the Tare1 point. 


 


5.3.4.3 Tare 2 point 


 


g2 = 


 g2x 


 g2y 


 g2z 
    Where g2x, g2y, g2z are calculated at the Tare2 point. 


 


5.3.4.4 Data point 


 


g = 


 gx 


 gy 


 gz 
    Where gx, gy, gz are calculated at the Data point. 
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5.4 CALCULATION OF MODEL WEIGHT 
 


5.4.1 The weight of the model is computed from the unit weight vector and the forces 
felt by the balance in each of the three orthogonal directions. 
 


5.4.1.1 Delta Gravity vector for Data point. 


 !g =  


 !gx 


 !gy 


 !gz 


  =  g - g0 


 


5.4.1.2 Delta Gravity vector and Resolved Forces for Tare 1 point. 


 !g1 = 


 !gx1 


 !gy1 


 !gz1 


 = g0 - g1 F1 = 


 FAT1 


 FST1 


 FNT1 


  


 


5.4.1.3 Delta Gravity vector and Resolved Forces for Tare 2 point. 


 !g2 = 


 !gx2 


 !gy2 


 !gz2 


 = g0 - g2 F2 = 


 FAT2 


 FST2 


 FNT2 


 


 


5.4.1.4 Difference between the Delta Gravity vectors and the Resolved Forces in the 
Tare 1 and Tare 2 points. 


 


 Δg1,2  =  g1  - g2 F1,2 = 


 FAT1 -  FAT2


 FST1 -  FST2


 FNT1 -  FNT2
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5.4.2 There are three components for each of the three delta gravity vectors in 5.4.1.2 
through 5.4.1.4.  From the nine values, find the component with the maximum 
length. 


 


5.4.2.1 ΔgMAX  =  maximum of the absolute value of the nine components from 
 (Δg1, Δg2, Δg1,2) 
 


5.4.2.2 FMAX  =  corresponding absolute value of the component from the forces 
 (F1, F2, F1,2) 
 
 


5.4.3 Model Weight 


 
 WEIGHT =  


 FMAX 


 !gMAX 
  


 
 
 If FMAX  = 0 in the direction of the maximum delta gravity vector, the next 


largest delta gravity vector and corresponding force is used to determine model 
weight. 
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5.5 CALCULATION OF THE CENTER OF GRAVITY 


 


The center of gravity of the model is the point about which the measured forces 
act due to the weight of the model.  These are measured relative to the balance 
center. 


The center of gravity vector originates at the center of gravity of the model and 
points to the balance center.  Knowing the model weight, the measured 
moments and the gravity vectors for the various zero and tare initial conditions 
points, the center of gravity vector can be determined. 
 


5.5.1 Definition of Variables 


5.5.1.1 Center of Gravity Vector 
 


 rCG = 


 XCG 


 YCG 


 ZCG 


 


 


5.5.1.2 The following shorthand notation for the measured balance moments for Tare 1 
and Tare 2 points are used in the equations for determining the center of gravity. 


 
  RM1  =  T1RESRM RM2  =  T2RESRM 


  PM1  =  T1RESPM PM2  =  T2RESPM 


  YM1  =  T1RESYM YM2  =  T2RESYM 
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5.5.1.3 The following 2x2 matrices comprise the system of six linear equations which 
are required to yield the solution for each spatial component of the center of 
gravity. 


 


A1 = 
 !gx1  !gy1 


 !gx2  !gy2 
         A2 = 


 !gy1  !gz1 


 !gy2  !gz2 
         A3 = 


 !gx1  !gz1 


 !gx2  !gz2 


 


Bx1 = 
 !gx1  PM1 


 !gx2  PM2 
       By1 = 


 !gy1  YM1 


 !gy2  YM2 
       Bz1 = 


 !gz1  RM1 


 !gz2  RM2 


 


Bx2 = 
 !gx1  YM1 


 !gx2  YM2 
       By2 = 


 !gy1  RM1 


 !gy2  RM2 
       Bz2 = 


 !gz1  PM1 


 !gz2  PM2 
 


 


5.5.2 Solution for the Center of Gravity Vector 


5.5.2.1 Test for singularity of the delta gravity matrices Ai=1,2,3.  The matrix Ai is 
considered to be invertible if, for each Ai: 


1) The maximum | Δg | from each of the above Ai is greater than  1% of 
the corresponding | g0i | component ( i = x, y, z;   the numerical 
equivalent is i = 1,2,3) 


2) | det Ai |  >  0.05% of the maximum | Δg | determined in step (1) 


 As an example, for i = 2 (equivalent to y): 


1) Maximum | Δg | is the maximum of the absolute value from the four 
Δg’s in the A2 matrix.  That is: 


 maximum | Δg | = maximum of [ | Δgy1 |, | Δgy2 |, | Δgz1 |, | Δgz2 | ] 


2) The corresponding g0i = g0y 
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5.5.2.2 If matrices Ai are invertible, the condition numbers are given by: 


  Condition Numberi = 1
 det Ai 


 amn
2


!
m = 1,2


n = 1,2


 


 where amn is the mth row/nth column element of matrix Ai.  If Ai is not 
invertible, the condition number is set to a default value.  


 If A = 
a11 a12


a21 a22


        then det A = (a11) (a22) - (a12) (a21) 


 Define the sign of S as: S(X) = 
X


| X |  


5.5.2.3 Solution of XCG, the x-component of rCG.  If both A3 and A1 are invertible, then 
in the order 5.5.2.3.1 followed by 5.5.2.3.2: 


5.5.2.3.1 If A3 is invertible (i.e. nonsingular) and 
 Condition Number3 < Condition Number1 


 


  XCG = 
1


WEIGHT  
det Bx1
det A3    


5.5.2.3.2 If A1 is invertible (i.e. nonsingular) and 
 Condition Number1 < Condition Number3 


 


  XCG = 
1


WEIGHT  
det Bx2
det A1    


5.5.2.3.3 If A1 is singular and A3 is singular and 


 | Δgx1 | + | Δgx2 |   <  | Δgz1 | + | Δgz2 |  
 


  XCG = 
1


WEIGHT  
PMmax
Δgzmax   S ( Δgz ) 


 Δgzmax  =  maximum of | Δgz1 | and | Δgz2 | 


 PMmax  =  corresponding PM1 or PM2 depending on use of Δgz1 or Δgz2 


 S ( Δgz ) = S ( Δgz1 ) or S ( Δgz2 ) depending on use of Δgz1 or Δgz2 
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5.5.2.3.4 If A1 is singular and A3 is singular and 
 


 | Δgx1 | + | Δgx2 |   <   | Δgy1 | + | Δgy2 |  
 


  XCG = 
1


WEIGHT  
YMmax
Δgymax    S ( Δgy ) 


 Δgymax  =  maximum of | Δgy1 | and | Δgy2 | 


 YMmax  =  corresponding YM1 or YM2 depending on use of Δgy1 or Δgy2 


 S ( Δgy ) = S ( Δgy1 ) or S ( Δgy2 ) depending on use of Δgy1 or Δgy2 


5.5.2.3.5 XCG  =  0 (if none of the above criteria are met) 


 


5.5.2.4 Solution of YCG, the y-component of rCG   If both A1 and A2 are invertible, 
then in the order 5.5.2.4.1 followed by 5.5.2.4.2: 


5.5.2.4.1 If A1 is invertible (i.e. nonsingular) and 
 Condition Number1 < Condition Number2 


 


  YCG = 
1


WEIGHT  
det By1
det A1    


 
5.5.2.4.2 If A2 is invertible (i.e. nonsingular) and 
 Condition Number2 < Condition Number1 


 


  YCG = 
1


WEIGHT  
det By2
det A2    
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5.5.2.4.3 If A1 is singular and A2 is singular and 


 | Δgy1 | + | Δgy2 |   <   | Δgx1 | + | Δgx2 |  


 


  YCG = 
-1


WEIGHT  
YMmax
Δgxmax    S ( Δgx ) 


 Δgxmax  =  maximum of | Δgx1 | and | Δgx2 |  


 YMmax  =  corresponding YM1 or YM2 depending on use of Δgx1 or Δgx2 


 S ( Δgx ) = S ( Δgx1 ) or S ( Δgx2 ) depending on use of Δgx1 or Δgx2 
 


5.5.2.4.4 If A1 is singular and A2 is singular and 


 | Δgy1 | + | Δgy2 |   <   | Δgz1 | + | Δgz2 |  


 


  YCG = 
1


WEIGHT  
RMmax
Δgzmax    S ( Δgz ) 


 Δgzmax  =  maximum of | Δgz1 | and | Δgz2 |  


 RMmax  =  corresponding RM1 or RM2 depending on use of Δgz1 or Δgz2 


 S ( Δgz ) = S ( Δgz1 ) or S ( Δgz2 ) depending on use of Δgz1 or Δgz2 
 
5.5.2.4.5 YCG  =  0 (if none of the above criteria are met) 
 
 


5.5.2.5 Solution of ZCG, the z-component of rCG   If both A2 and A3 are invertible, 
then in the order 5.5.2.5.1 followed by 5.5.2.5.2:: 


5.5.2.5.1 If A2 is invertible (i.e. nonsingular) and 
 Condition Number2  < Condition Number3 


 


  ZCG = 
1


WEIGHT  
det Bz1
det A2    
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5.5.2.5.2 If A3 is invertible (i.e. nonsingular) and 
 Condition Number3 < Condition Number2 


 


  ZCG = 
1


WEIGHT  
det Bz2
det A3    


 
5.5.2.5.3 If A2 is singular and A3 is singular and 


 | Δgz1 | + | Δgz2 |   <   | Δgy1 | + | Δgy2 |  
 


  ZCG = 
-1


WEIGHT  
RMmax
Δgymax    S ( Δgy ) 


 Δgymax  =  maximum of | Δgy1 | and | Δgy2 | 


 RMmax  =  corresponding RM1 or RM2 depending on use of Δgy1 or Δgy2 


 S ( Δgy ) = S ( Δgy1 ) or S ( Δgy2 ) depending on use of Δgy1 or Δgy2 
 


5.5.2.5.4 If A2 is singular and A3 is singular and 


 | Δgz1 | + | Δgz2 |   <   | Δgx1 | + | Δgx2 |  
 


  ZCG = 
-1


WEIGHT  
PMmax
Δgxmax    S ( Δgx ) 


 Δgxmax  =  maximum of | Δgx1 | and | Δgx2 | 


 PMmax  =  corresponding PM1 or PM2 depending on use of Δgx1 or Δgx2 


 S ( Δgx ) = S ( Δgx1 ) or S ( Δgx2 ) depending on use of Δgx1 or Δgx2 


5.5.2.5.5 ZCG  =  0 (if none of the above criteria are met) 


5.5.3 Acceptance of Center-of-gravity coordinates 


 Center-of-gravity computations for XCG, YCG, and ZCG are performed in 
the order shown.  As soon as a valid center-of-gravity is encountered (passes 
the conditional test), the remaining computations are ignored. 
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5.6 TARE FORCE AND MOMENT CORRECTIONS 


 The procedure presented in this section applies to either COMPUTED or 
DIRECT (parameter) tares. 


 


5.6.1 The weight tare corrections are: 


 


 TAREA = Δgx  WEIGHT 


 TARES = Δgy  WEIGHT 


 TAREN = Δgz  WEIGHT 


 TARERM = ( Δgy ZCG - Δgz YCG ) WEIGHT 


 TAREPM = ( Δgx ZCG - Δgz XCG ) WEIGHT 


 TAREYM = ( Δgx YCG - Δgy XCG ) WEIGHT 


 


 If no tares have been requested or if tares have been requested and no tare 
frames have been taken, then: 


 TAREA = 0.0 


 TARES = 0.0 


 TAREN = 0.0 


 TARERM = 0.0 


 TAREPM = 0.0 


 TAREYM = 0.0 
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5.7 TARE CORRECTED BALANCE FORCES AND MOMENTS 


 The corrections from Section 5.6.1 are subtracted from the balance resolved 
forces and moments.  This produces the tare corrected (aerodynamic) loads on 
the balance. 


 


 XTARENF =  RESN  -  TAREN 


 XTAREPM =  RESPM  -  TAREPM 


 XTAREAF =  RESA  -  TAREA 


 XTARESF =  RESS  -  TARES 


 XTAREYM =  RESYM  -  TAREYM 


 XTARERM =  RESRM  -  TARERM 
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5.8 TARE ACCEPTANCE CONDITIONS FOR COMPUTED TARES 


5.8.1 If a valid Tare 1 and Tare 2 frame exist prior to a Data frame, then the equations 
in Sections 5.4 and 5.5 apply. 


5.8.2 If only one valid tare point exists (either a Tare 1 or a Tare 2) prior to a Data 
frame, computations continue under the assumption that YCG = 0 and ZCG = 0 
and the alternate equations in Section 5.8.2.1 and 5.8.2.2 apply. 


5.8.2.1 Alternate weight equation 


   WEIGHT =  
FMAX


!gm a x


  


   Notation Source Equation 


   FMAX  Eqn. 5.4.2.2 
   Δgmax  Eqn. 5.4.1.2 or 5.4.1.3 


5.8.2.2 Alternate c.g. equations 


 


   XCG = 
1


WEIGHT  
PM
Δgz   


   YCG = 0 


   ZCG = 0 


   Notation Source Equation 


   WEIGHT Eqn. 5.8.2.1 
   Δgz  Eqn. 5.4.1.2 or 5.4.1.3 


 


 Note that equation 5.8.2.2 is equivalent to equation 5.5.2.3.3. 


5.8.3 If a Zero frame is not recorded prior to the first tare frame, computations will 
continue with the following assumptions for zero frame results: 
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5.8.3.1 A-plane vertical (all tunnels but 9' x 7') 


   gx0 = 0 
   gy0 = 0 
   gz0 = -1 


5.8.3.1 A-plane horizontal (9' x 7') 


   gx0 = 0 
   gy0 = -1 
   gz0 = 0 
 
 This is equivalent to assuming a zero pitch, yaw and roll angle for the balance 


on the Zero frame. 
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5.9 TARE EXAMPLE 


5.9.1 Determination of Model Weight From Tare Points 


 The purpose of this section is to provide an example of the weight tare 
equations.  The notation given in Section 5.3 will be followed.  Note that 
independent of the type of balance used (force, force-moment or moment) only 
one set of tare equations are needed since the balance readings are resolved into 
three forces and three moments measured in the balance coordinate system prior 
to tare calculations. 


 The following example is for a simplified case for an angle sensor on the sting 
drive, A-plane vertical,  no sting bends, no deflections and with the balance 
upright.  The only variable is the sting drive in the A-plane.  Then 


  ω = γ = λ = Δφ = ΔB = ΔA = φ ∫ 0 


 Under these conditions the equation for the unit gravity vector reduces to: 


 


  
gx


gy


gz


 =  PA   
0


0


-1


 = 
cos A 0 -sin A


0 1 0


sin A 0 cos A


  
0


0


-1


 = 
sin A


0


-cos A


 


 The equations for the unit gravity vector along the three axes are: 


  gx = sin A  gy = 0         gz = -cos A 


 For tare calculations at the tare initial conditions, the equations from Section 5.4 
are repeated below.  Recall the subscript zero refers to the value for the unit 
gravity vector at the Zero point; the subscript 1 at the Tare 1 point; and the 
subscript 2 at the Tare 2 point. 


  [ Δg1 ] = [ go ] - [ g1]  


  [ Δg2 ] = [ go ] - [ g2]  


  [ Δg1,2 ] = [ g1 ] - [ g2 ] 
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 Results from the tare initial conditions from a wind tunnel test are presented in 
the table below. 


                RESULTS FOR TARE COMPUTATIONS 
 


      


 RESULT ZERO TARE 1 TARE 2  


      


      


 N 0.0 10.009 3.873  


 PM 0.0 5.243 2.627  


 A 0.0 75.934 39.792  


 S 0.0 0.412 0.488  


 YM 0.0 -0.067 -.029  


 RM 0.0 0.004 0.032  


 STINGA 0.03927° 14.52909° 7.51512°  


      


 


 At the zero point: 


  gx0 = sin 0.03927° = 0.00069 
  gy0 = 0.0  
  gz0 = -cos 0.03927°= -1.00000 


 At the Tare 1 point 


  gx1 = sin 14.52909° = 0.25087 
  gy1 = 0.0 
  gz1 = -cos 14.52909°= -0.96802 
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 At the Tare 2 point 


  gx2 = sin 7.51512°= 0.13079 
  gy2 = 0.0 
  gz2= -cos 7.51512°= -0.99141 


 The delta gravity vectors are: 


  Δgx1  = gx0 - gx1 = 0.00069 - 0.25087 = -0.25018 
  Δgy1  = gy0 - gy1 = 0.0 
  Δgz1  = gz0 - gz1 = -1.00000 - (-0.96802) = -0.03198 


  Δgx2  = gx0 - gx2 = 0.00069 - 0.13079 = -0.13010 
  Δgy2 = gy0 - gy2= 0.0 
  Δgz2  = gz0 - gz2 = -1.00000 - (-0.99141) = -0.00859 


  Δg1,2x  = gx1 - gx2 = 0.25087 - 0.13079 = 0.12008 
  Δg1,2y  = gy1- gy2 = 0.0 
  Δg1,2z  = gz1 - gz2 = -0.96802 - (-0.99141) = 0.02339 


 Model weight is determined from the absolute value of the force in the direction 
which corresponds to the maximum absolute value of the nine components of 
the unit gravity vector. 


  Δgmax  = max value of { | Δgx1|, | Δgx2|, | Δg1,2x|,  | Δgy1 |, . . . | Δg1,2z | } 


 From the above values: 


   Δgmax  = | Δgx1 | = 0.25018 


  Fmax = From A, corresponding to x-component at Tare 1 = 75.934 


 The weight is  given by: 


 W = 
| Fmax |


| Δgmax |  = 
75.934


0.25018  = 303.52 pounds 
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5.9.2 Determination of Model Center of Gravity From Tare Points 


 Calculation of the center of gravity for an arbitrary location of the c.g. requires 
two tare points because the governing equations contain two unknown c.g.'s.  
The diagram for determination of the c.g. is shown below.  Note that the 
positive direction for the c.g. is defined as from the balance center to the model 
moment reference center. 


 


 


+X


+Y


+Z


+N


+S


+A


Model c.g.


Balance center


(+ x direction of c.g. )


(+ y direction of c.g. )


(+ z direction of c.g. )
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 The tare forces and moments sensed by the balance due to the tare forces acting 
at the model c.g. are, defining W = WEIGHT: 


 


  TAREA = W (gx - go ) = W Δgx 
  TARES = W (gy - go ) = W Δgy 
  TAREN = W (gz - go ) = W Δgz 


  TARERM = TARES ZCG - TAREN YCG 
     = W Δgy  ZCG - W Δgz YCG 
   TAREPM = TAREA ZCG - TAREN XCG 
     = W Δgx  ZCG - W Δgz XCG 
   TAREYM = TAREA YCG - TARES XCG 
     = W Δgx YCG - W Δgy XCG 


 Following the steps outlined in Sections 5.5.2.3 through 5.5.2.5, any 
determinant involving Δgy is singular.  Therefore A1, A2,  By1 and By2 are all 
singular.  For the x-location of the c.g., Condition Number 3 < Condition 
Number 1, so: 


   XCG = 1
W


 


  
!gx1 PM1


!gx2 PM2


 


  
!gx1 !gz1


!gx2 !gz2


 


 


 


 For the y-location of the c.g., A1 and A2 are singular.  The condition 


  | Δgy1 | + | Δgy2 |   <   | Δgx1 | + | Δgx2 |  


 so YCG is given by: 


    YCG = 
-1


WEIGHT  
YM1
Δgx1    S ( Δgx ) 


 


 The first condition which is satisfied will be used, even if others may also be 
satisfied. 
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 For the z-location of the c.g., Condition Number 3 < Condition Number 2, so: 


 


   ZCG = 1
W


  


  
!gz1 PM1


!gz2 PM2


 


  
!gx1 !gz1


!gx2 !gz2


 


 


 


 Detailed calculations for XCG will be provided.  Only results of the solution for 
the other components will be given. 


 


  XCG = 1
303.52


 
  -0.25018 5.243


-0.13010 2.627
 


  -0.25018 -0.03198


-0.13010 -0.00859
 
 = 1


303.52
 
(-0.65722 + 0.68211 )


( 0.00215 - 0.00416 )


  


  XCG = 
1


303.52  
[0.02489]


[-0.002012]   = 
-12.37425


303.52    = -0.04077 feet 


  YCG = -8.823 x 10-4 feet 


  ZCG = 0.06325 feet 


 These results place the x-coordinate of the c.g. forward of the balance center, 
the y-coordinate to the left of the balance center and the z-coordinate above the 
balance center. 
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5.9.3 Calculation of Tares at a Data Point 


 Since the balance is set up to read zero with the model installed and the wind-
off zero is subtracted from the data point reading, only the changes from the 
wind-off zero point must be corrected.  An example of this calculation is 
provided below. 


 Assume A = 0° at the zero point and A = 23° at the data point.  Also assume the 
simplified conditions previously described. 


 The gravity vectors at the zero point are 


  gx0 = sin 0.0° = 0.0  gy0 = 0.0 gz0 = -cos 0.0 °= -1.00000 


 The gravity vectors at the data point are 


  gx = sin 23° = 0.39073  gy = 0.0 gz = -cos 23 °= -0.92050 


 The delta gravity vectors are: 


  Δgx  = gx - gx0 = 0.39073 - 0.0 = 0.39073 


  Δgy  = gy - gy0 = 0.0 


  Δgz  = gz  - gz0 =  -0.92050 - (-1.00000) = 0.07950 


 The weight tare corrections are: 


  TAREA = W Δgx = 303.52 (0.39073) = 118.59 pounds 


  TAREN = W Δgz = 303.52 (0.07950) = 24.13 pounds 


  TARES = W Δgy = 303.52 (0.0) = 0.0 pounds 


   TAREPM = W Δgx ZCG - W Δgz XCG 


     = 303.52 [ (0.39073) (0.06325) - (0.07950) (-0.04077) ] 


     = 8.49 foot-pounds 


   TAREYM = W Δgx YCG - W Δgy XCG 


     = 303.52 [ (0.39073) (-8.823 x 10-4) - (0.0) (-0.04077) ] 


     = -0.105 foot-pounds 
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   TARERM = W Δgy ZCG - W Δgz YCG 


     = 303.52 [ (0.0) (0.06325) - (0.07950) (-8.823 x 10-4) ] 


    = 0.021 foot-pounds 


 These values are subtracted from the resolved balance forces to yield the after 


tare forces (Section 5.7). 
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5.9.4 Caution For Balances Having No Axial Force Gauge 


5.9.4.1 There have been tests where the balance does not have an axial force gauge, yet 
tares are requested.  Because the greatest change in the unit gravity vector is 
typically in the x-direction, the force on the axial force gauge would be used in 
computing model weight.  The data system takes into account a balance gauge 
reading may be zero.  If the resolved force is zero in the direction of the 
absolute value of the gravity vector having the greatest change, then the next 
greatest change in the gravity vector and corresponding force are used to 
determine model weight.  Should all three force components be zero, model 
weight is set to zero. 


5.9.4.2 Another consideration when no axial force gauge is present and tares are to be 
applied (either DIRECT or COMPUTED) involves the transformation from 
balance to body coordinates.  While not a significant contribution to lift, axial 
force is a significant contributor to drag.  The stability axis moment coefficients 
that potentially have meaning are the yawing- and rolling-moment.  


 After tares have been applied, there will be a component generated in the axial 
direction.  This component will be the tare force given by the equation: 


  TAREA = W Δgx 


 The negative of this will be the after tare result and subsequently used to 
calculate the body-axis axial force coefficient.  One method to suppress this 
result (and therefore obtain a zero axial force coefficient) is through a test 
dependent equation where the balance axial force is replaced with an equation 
something like (for all balances, angle sources without the gauge, etc.) 


  XTAREAF = XTAREAF + TAREA 


 The plus sign is used because if the angle A > 0°, XTAREAF < 0 and TAREA 
> 0.  For A < 0°,  XTAREAF > 0 and TAREA < 0. 


 Another method to suppress the result is through the base or cavity correction.  
This method allows the correction to be applied using the standard corrections 
available within the data system.  Suppose base corrections are not being 
applied.  Then defining the base axial force in the balance axis system as: 


  ABASE = TAREA 
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  and because corrections are added, then 


Acorrected = XTAREAF + ABASE = XTAREAF + TAREA 


 which is the same equation shown above for making the correction using test 
dependent software. 


5.9.4.3 There is a further implication if the after tare axial force is not zero.  This 
involves the transformation from balance- to body-axis.  This transformation 
takes the forces in the body-axis system and the moments in the balance axis 
system and through the transfer distances XREF, YREF and ZREF calculates 
the moment contribution of the body forces at the model reference center.  After 
the rotational transformations through the angles which separate the balance- 
and body-axis systems (IRB, IRα, IRF), the force-moment diagram is as shown 
in figure 6.1.2-1. 


 The moment transformation equations from the balance center to the model 
moment reference center are given by: 


  - RMBOD = -RMBAL + (ZREF) (SBOD) - (YREF) (NBOD) 


   PMBOD =   PMBAL - (ZREF) (ABOD) + (XREF) (NBOD) 


    - YMBOD = -YMBAL + (YREF) (ABOD) - (XREF) (SBOD) 


 Note from the above equations there is a contribution from the axial force to the 
pitching- and yawing-moment in the body axis.  Therefore, the axial force from 
the tare will affect these moments.  Because there is no measured aerodynamic 
axial force, care must be exercised to insure there is no contribution of axial 
force from the weight tare in the transformation.  To do this requires YREF and 
ZREF be zero.  However, in doing so this eliminates the normal- and side-force 
contributions to rolling moment.  For most tests YREF is zero.  As long as 
ABOD = 0, valid body axis rolling- and yawing-moments will be calculated.  
While pitching moment is valid mathematically, it really has no meaning even 
in body coordinates (unless ZREF is truly zero).  There is an axial force 
generated by the model, it just isn't being measured.  Similar arguments can be 
made for those cases where there are no normal or side force gauges. 
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5.9.5 Tares and Testing Model Inverted for Stream Angle 


 When testing in A-plane vertical tunnels the model is tested inverted in order to 
determine stream angle.  The usual method has been to break the taper and roll 
the sting and model to the inverted position.  There is no compelling reason to 
take another set of tares because no changes have been made in the model 
configuration.  The equations for determining the unit gravity vector for the tare 
computations include sting rotation (as well as balance twist).  Further, recall 
that the purpose of taking tares is to determine model weight and center of 
gravity.  The model weight does not change because it has been inverted and the 
center of gravity will be rotated properly. 


 If new tares are taken after rolling the model these must be compared with those 
taken with the model upright.  The model weight should be the same, at least 
within the accuracy of the balance and the center of gravity coordinates should 
have the same magnitude (some will be of opposite sign).  In the determination 
of stream angle one condition (out of many) that must be met is that the curves 
of CNBAL versus CABAL upright and inverted collapse to a single curve.  This 
plot is typically thought to be independent of α, but that is not exactly true.  
Angles are used to determine the weight tares.  Taking a new set of tares with 
the model inverted has the potential of rotating the polars if the weights between 
the two tare sets differ. 
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6.0 AERODYNAMIC LOADS AND COEFFICIENTS 


This section describes the equations required to calculate the force and moment 
loads and coefficients in the various axis systems.  Corrections are applied to the 
loads, where appropriate.   The correction forces and moments (base, cavity, 
buoyancy and duct) are test dependent (user specified) and the required equations 
or tables are supplied by the user.   Calculations for the 11 Ft. Transonic Wind 
Tunnel and the 12 Ft. Pressure Wind Tunnel requires the user to specify the 
uncorrected dynamic pressure, the blockage corrected dynamic pressure from 
WICS, or the blockage corrected dynamic pressure from the alternate (classical) 
method for each coefficient set.  The default dynamic pressure is that which the 
user specifies to be represented by the standard SDS variable "Q".  In addition, for 
the 11 Ft. and 12 Ft., the choice of no wall corrections,  wall corrections from 
WICS or wall corrections from the alternate method may be specified for each 
coefficient set.  For all facilities each coefficient set will have a unique body angle 
of attack (αBOD)associated with it. 


The correction forces and moments must be normalized by the appropriate 
dynamic pressure.  If incompatible conditions are requested computations will 
proceed without warning.  An example of an incompatible condition would be 
requesting wall corrections using the WICS method and normalizing by any 
dynamic pressure other than QWICS. 


Aerodynamic loads and coefficients are initially calculated in the balance 
coordinate system.  Loads and coefficients in the body-, stability-, recomputed 
body- and wind-axis systems are derived from successive rotations beginning with 
the balance axis system.  Appropriate corrections may be applied in the balance-, 
body- and stability-axis systems. 


6.0.1 EQUATION NOTATION 


In the following sections the equations are presented in two formats to satisfy the 
needs and expertise of the various personnel that support wind tunnel activities.  
Matrix notation is used for those desiring to validate the computations on a 
spreadsheet or for programming the standard computational software.  In some 
cases the equations are presented in an expanded matrix notation to insure the 
proper sign convention is followed.  Finally, the equations are presented as three 
force and three moment equations to assist those desiring to validate a single 
result. 
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6.1 GLOSSARY 


Equation Equation   
 Name Reference Unit Definition 


IRα 4.4.2 deg. Angle between the balance x-axis and the 
body x-axis lying in the x–z plane of the 
coordinate system rotated (-IRB) from the 
body axis system [Figure 6.1 - 3]. 


IRB param deg. Angle between the balance x-axis and the 
body x- axis measured in the x–y plane of the 
body axis system [Figure 6.1 - 3]. 


IRF 4.4.3 deg. Angle required to rotate about the balance x-
axis so that the balance axis system  coincides 
with the body axis system.  [Appendix I, Figs. 
2 & 3]. 


IRφ param deg. Angle between the balance y-axis and the 
body y-axis measured in the y-z plane of the 
balance axis system [Appendix I, Figs. 2 & 3]. 


KALF2(i) param - Curve fit coefficients for force vector rotation 
angle (i = 0 to 4). 


KALPHA(i) param - Curve fit coefficients for angle of attack 
correction factor (i = 0 to 4). 


KPM param - Curve fit coefficients for pitching moment 
correction factor  (i = 0 to 4). 


M 2.x.3 - Free-stream Mach number. 


[Pθ]  - Pitch rotation matrix on angle θ (note: [Pθ] is 
an operator, not a variable) [Appendix A]. 


Q 2.x.x psf Free-stream dynamic pressure. 


[Rθ]  - Roll rotation matrix on angle θ (note: [Rθ] is 
an operator, not a variable) [Appendix A]. 


Set Name control param - Coefficient set name indicated in variables 
subscripted by (s). 


STAB_CL 6.4.5  - Stability axis lift coefficient.  
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STAB_D 6.4.4 lb. Stability axis drag. 


STAB_L 6.4.4 lb. Stability axis lift. 


[Yθ]  - Yaw rotation matrix on angle θ (note: [Yθ] is 
an operator, not a variable) [Appendix A]. 


XTARENF 5.7.1 lb. or Balance forces and moments after weight tare 
XTAREPM  ft-lb. corrections have been applied.  It is related to 
XTAREAF   the coefficient set name by the variables  
XTARESF   SrcAngles and BalNumbers. (where s is the set 
XTAREYM   name). 
XTARERM    
 
 
The following are for each coefficient set (s) where s = Coefficient Set Name: 
 
ALFFACTOR 6.7.2.1 deg. Wall angle of attack correction factor. 


ALFFACTOR2 6.7.2.2 deg Rotation angle for the loads vector at the wing 
1/4 chord line due to wall effect for a unit lift 
coefficient.  


ALF2 6.7.2.2 deg Rotation angle for the loads vector at the wing 
1/4 chord line due to wall effect. 


AR param - Aspect ratio. 


BalNumbers control param - Balance number referenced for each 
coefficient set, defined by Balance Angle Set 
Name. 


BODYALPHA 4.5.1 deg. Body angle of attack by source and balance 
number (SrcAngles and BalNumbers), defined 
by Balance Angle Set Name. 


ABUOYBOD 6.3.1.1.1 lb. Body axis axial force buoyancy correction. 


CABUOYBOD 6.9.3 - Buoyancy correction coefficient in body-axis. 


CDBUOYSTAB 6.9.3 - Buoyancy correction coefficient in stability 
axis. 


CDINTSTAB 8.6.4 or 8.7.4 - Duct internal force coefficient corrections in 
the 


CSINTSTAB   stability axis system. 
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CLINTSTAB 


STAB_CDP0 6.8.1 - Zero-percent suction parasite drag coefficient 
in the stability axis. 


WIND_CDP0 6.8.2 - Zero-percent suction parasite drag coefficient 
in the wind axis system. 


STAB_CDP100 6.8.3 - 100% suction parasite drag coefficient in the 
stability axis system. 


WIND_CDP100 6.8.4 - 100% suction parasite drag coefficient in the 
wind axis system. 


CHORD param ft. Reference chord. 


CRMINTSTAB 8.6.4 or 8.7.5 - Duct internal moment coefficient corrections 
in 


CPMINTSTAB   the stability axis system. 
CYMINTSTAB 
 
DBUOYSTAB 6.4.1.1 lb Buoyancy force correction in stability axis 


system. 


DINTSTAB 8.6.3 or 8.7.4 lb Duct internal flow forces in the stability axis 
SINTSTAB   system. 
LINTSTAB 


PMFACTOR 6.7.2.7 - Wall pitching moment correction factor.  


REFALPHA 4.6.1 deg Angle of attack of the reference line. 


SPAN param ft. Reference span. 


SrcAngles control param - Source angle number referenced for each 
coefficient set s. 


SREF param ft.2 Reference area. 


XREF param ft. Distance measured in the body axis x-
direction from the balance center to the body 
axis origin (locates model reference center) 
[Fig. 6.1.2-1]. 


XYCP 6.2.x - 6.6.x - Center of pressure along the x-axis for forces 
in the Y-direction.  
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XZCP 6.2.x - 6.6.x - Center of pressure along the x-axis for forces 
in the Z-direction.  


YREF param ft. Distance measured in the body axis y-
direction from the balance center to the body 
axis origin (locates model reference center) 
[Fig. 6.1.2-1]. 


ZREF param ft. Distance measured in the body axis z-
direction from the balance center to the body 
axis origin (locates model reference center) 
[Fig. 6.1.2-1]. 


αBOD 4.5.1 deg. Body angle of attack by source and balance 
number (SrcAngles and BalNumbers), defined 
by Balance Angle Set Name and Balance-to-
Body Set Name. 


βBOD 4.5.2 deg. Body angle of sideslip by source and balance 
number (SrcAngles and BalNumbers), defined 
by Balance Angle Set Name and Balance-to-
Body Set Name. 


ΔCDBUOYWICS EU input - WICS method incremental buoyancy drag 
coefficient correction due to wall effect. 


ΔCDWALL 6.7.2.3 - Tunnel wall correction coefficients in the 
ΔCSWALL 6.7.2.4  stability axis system. 
ΔCLWALL 6.7.2.5 


ΔCRMWALL 6.7.2.6 - Tunnel wall correction moment coefficients in 
ΔCPMWALL 6.7.2.7  the stability axis system. 
ΔCYMWALL 6.7.2.8 


ΔDWALL 6.7.2.3 lb Tunnel wall correction forces in the stability 
ΔSWALL 6.7.2.4  axis system. 
ΔLWALL 6.7.2.5 


ΔRMWALL 6.7.2.6 ft-lb. Tunnel wall correction moments in the 
stability 


ΔPMWALL 6.7.3.7  axis system. 
ΔYMWALL 6.7.2.8 


ΔαWALL 6.7.2.1 deg. Wall correction for angle of attack by 
coefficient set name. 
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The following matrices are for each Coefficient Set:: 


[BALANCE.F] 6.2.2.2 lb. or Balance axis forces and moments. 
[BALANCE.M] 6.2.2.4 ft-lb.  


[BALCORR.F] 6.2.1.1 lb. or Balance axis correction forces and moments. 
[BALCORR.M] 6.2.1.2 ft-lb.  
 
[BODY.F] 6.3.2.1 lb. or Body axis forces and moments. 
[BODY.M] 6.3.2.2 ft-lb.  


[BODYCORR.F] 6.3.1.1 lb. or Body axis correction forces and moments. 
[BODYCORR.M] 6.3.1.3 ft-lb.  


[RCBOD.F] 6.5.1.1 lb. or Recomputed body axis forces and moments. 
[RCBOD.M] 6.5.1.3 ft-lb. 


[STAB.F] 6.4.2.x lb. or Stability axis forces and moments. 
[STAB.M] 6.4.2.x ft-lb.  


[STABCORR.F] 6.4.1 lb. or Stability axis correction forces and moments. 
[STABCORR.M] 6.4.1 ft-lb.  


[WIND.F] 6.6.1.1 lb. or Wind axis forces and moments. 
[WIND.M] 6.6.1.3 ft-lb. 


[ΔWALL.F] 6.7.1.x - Wall correction force and moments in the 
[ΔWALL.M] 6.7.1.x  stability axis. 


[BALANCE.CF] 6.2.2.3 - Balance axis coefficients. 
[BALANCE.CM] 6.2.2.5   


[BASECORR.CF] 6.9.1.1 - Base correction coefficients. 
[BASECORR.CM] 6.9.1.2   


[BODY.CF] 6.3.2.1.4 - Body axis coefficients. 
[BODY.CM] 6.3.2.2.4   


[CAVCORR.CF] 6.9.2.1 - Cavity correction coefficients. 
[CAVCORR.CM] 6.9.2.2   


[RCBOD.CF] 6.5.1.2 - Recomputed body axis coefficients. 
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[RCBOD.CM] 6.5.1.4   


[STAB.CF] 6.4.2.x - Stability axis coefficients. 
[STAB.CM] 6.4.2.x   


[STABCORR.CF] 6.4.1.x - Stability axis correction coefficients. 
[STABCORR.CM] 6.4.1.2.x   


[WIND.CF] 6.6.1.2 - Wind axis coefficients. 
[WIND.CM] 6.6.1.4 


[ΔWALL.CF] 6.7.1.x - Wall correction force and moment coefficients 
[ΔWALL.CM] 6.7.1.x  in the stability axis. 
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6.1.1 MATRICES 


6.1.1.1 MATRIX NOTATION 
 


Matrices are used as a shorthand notation for the aerodynamic loads and 
coefficients.  Two matrices, force and moment, each describing the three 
orthogonal directions are used.  The matrix elements are axial (A), side (S) and 
normal (N) directions for the forces, and roll (RM), pitch (PM) and yaw (YM) 
directions for the moments (see Figure 6.1-1 for the definitions of the positive 
directions).  In vector (or matrix) form the forces and moments are: 


 


  F  = 


A


S


N


   M  = 


- RM


  PM


- YM


 


 


Moments require using the right hand rule.  The positive direction for rolling 
moment is right wing down; positive yawing moment is right wing aft.  The x-
coordinate is positive aft and the z-coordinate is positive up.  To maintain the 
aerodynamic definition of positive moments requires negating the rolling- and 
yawing-moments.  That is, in the wind tunnel coordinate system a right-hand 
rule is the negative direction for the aerodynamic roll and yaw sign convention. 


The notation used for the aerodynamic loads and coefficients in a given axis 
system, using body axis coefficients as an example, are: 


 


BODY. F  = 


BOD_A


BOD_S


BOD_N


 BODY. CF  = 


BOD_CA


BOD_CS


BOD_CN


 


 


BODY. M  = 


- BOD_RM


  BOD_PM


- BOD_YM


 BODY. CM  = 


- BOD_CRM


  BOD_CPM


- BOD_CYM
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6.1.1.2 THE  [d] MATRIX 


This is the moment transfer matrix defining the distances from the center of the 
balance to the moment reference center of the model.  There is one for each 
coefficient set.  The moment transfer matrix is given by: 


 


   d  = 
0   ZREF - YREF


- ZREF 0   XREF


  YREF - XREF 0


 


 


Figure 6.1-1 defines the positive directions for  XREF, YREF and ZREF.  
They are the components in the body axis system of the vector r which points 
from the balance center to the body moment reference center.  These are shown 
in figure 6.1-2 for a more general balance orientation and how these transfer 
distances relate to a wind tunnel model. 
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-RM
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+z
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A


 


 Figure 6.1 - 1 
 
The body axes are xbod, ybod and zbod.  The balance axes x'bal, y'bal and z'bal 


are the axes after rotation of the balance axis system into the body axis system 
(rotated by IRB, IRα, IRF) so that the forces and moments are aligned with the 
body axis system.  The positive directions for the force and moments are also 
shown. 
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     Figure 6.1 - 2 
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6.1.1.3 THE  [k] MATRIX 


This is the constants matrix for the model geometric lengths required in the 
normalization to aerodynamic moment coefficients.  There is one for each 
coefficient set.  The  k matrix is given by: 


 


   k  = 
SPAN 0 0


0 CHORD 0


0 0 SPAN


 


 


The inverse of the k matrix is: 


 


   k 
 -1


 = 


1


SPAN
0 0


0 1


CHORD
0


0 0 1


SPAN
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6.1.2 BALANCE TO BODY ANGLES 


 Figure 6.1-3 shows the relationship of the angles between the balance 
coordinate system and the body coordinate system for the most general case in 
which all three angles (IRφ, IRA and IRB) are used.  Views A, B and C are the 
normal three views of a model.  View D is an auxiliary view in a plane rotated -
IRB from the model X-Z plane.  View E is an auxiliary view in the Y-Z plane of 
the balance.  IRA, IRB and IRφ are input parameters.  IRα is computed from 
IRA and IRB and IRF is computed from IRφ, IRB and IRα.  IRA and IRα are 
positive when they are clockwise to an observer looking in the +Y direction.  
IRB is positive when it is clockwise to an observer looking in the +Z direction.  
IRφ is positive when it is counter-clockwise to an observer looking in the +X 
direction. 
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    Figure 6.1 - 3 
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6.2 BALANCE AXIS CORRECTIONS, LOADS AND COEFFICIENTS 


 There is one set of [BALANCE.F], [BALANCE.M], [BALANCE.CF], 
[BALANCE.CM], BAL_XZCP and BAL_XYCP for each load and coefficient 
set referred to by Set Name.  For each coefficient set s = Set Name: 


 Base and cavity corrections are applied in the balance axis system, if 
requested.  There is provision for a user specified correction set, which must 
use the name defined herein.  These corrections are added to the weight tare 
corrected balance forces.  Coefficients are calculated from the resulting forces 
and moments as well as the correction coefficients. 


 The normalizing dynamic pressure, Q, is used at all facilities.  For the 11-Ft. 
and 12-Ft. the user has the option to specify which dynamic pressure should 
be represented by the variable "Q".  The choices are: 


 None Specified Value represented by the variable Q (Default = QAlt). 
 QModRef  At the model reference station, uncorrected for blockage. 
 QWICS  Blockage corrected by the WICS method. 
 QAlt   Blockage corrected by the alternate method. 


 


6.2.1 CORRECTIONS IN THE BALANCE AXIS SYSTEM 
 


 There is one set of [BALCORR.F] and [BALCORR.M] for each load and 
coefficient set referred to by Set Name.  For each coefficient set s = Set Name: 


 Base and cavity force and moment corrections are calculated as test 
dependent equations using the method of Section 8.8 or by user specified 
test dependent equations.  Note that the term "test dependent equations" 
should be interpreted to include corrections defined by table lookup. 
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6.2.1.1  BALCORR .F  = 


ABASEBAL


SBASEBAL


NBASEBAL


 + 


ACAVBAL


SCAVBAL


NCAVBAL


 + 


AUSRBAL


SUSRBAL


NUSRBAL


 


 ABALCORR = ABASEBAL + ACAVBAL + AUSRBAL 


 SBALCORR = SBASEBAL + SCAVBAL + SUSRBAL 


 NBALCORR = NBASEBAL + NCAVBAL + NUSRBAL 
 
 


6.2.1.2  BALCORR.M  = 


- RMBASEBAL


  PMBASEBAL


- YMBASEBAL


 +  


- RMCAVBAL


  PMCAVBAL


- YMCAVBAL


 +  


- RMUSRBAL


  PMUSRBAL


- YMUSRBAL


 


 RMBALCORR = - [ - RMBASEBAL - RMCAVBAL - RMUSRBAL ] 


 PMBALCORR =    PMBASEBAL + PMCAVBAL + PMPMBAL 


 YMBALCORR = - [ - YMBASEBAL - YMCAVBAL - YMUSRBAL ] 


 Note the above equations for the rolling- and yawing-moments were developed 
using the right-hand-rule (see Section 6.1.1.1).  They are presented in the 
aerodynamic coordinate system, which is the reason for the (double) negative 
sign in front of the rolling- and yawing moments.  This convention is followed 
for all coordinate systems (balance, body, stability, recomputed body and wind). 


6.2.2 LOADS AND COEFFICIENTS IN THE BALANCE AXIS SYSTEM 


 The following apply for each Balance/Angle Set. 
 


6.2.2.1  XTARE.F  = 


XTAREAF


XTARESF


XTARENF


 


XTARE.M  = 


- XTARERM


  XTAREPM


- XTAREYM


 


 
 


 where the angle source and balance number of [XTARE.F] and [XTARE.M] 
come from Balance/Angle Sets, where s = Set Name. 
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6.2.2.2 [BALANCE.F] = [XTARE.F] + [BALCORR.F] 


 BAL_A = XTAREAF + ABALCORR 


 BAL_S = XTARESF + SBALCORR 


 BAL_N = XTARENF + NBALCORR 


 


 [BALANCE.M] = [XTARE.M] + [BALCORR.M] 


 BAL_RM = - [ - XTARERM ] + RMBALCORR 


 BAL_PM =        XTAREPM + PMBALCORR 


 BAL_YM = - [ - XTAREYM ] + YMBALCORR 


 After completion of insuring moments follow the right-hand-rule, the rolling- 
and yawing-moments are negated (multiplied by -1) to insure the correct 
aerodynamic directions are provided.  The coefficients are then determined. 


 


6.2.2.3.  [BALANCE.CF] = 
[BALANCE.F]


Q * SREF   


 


 BAL_CA = 
BAL_A


Q * SREF  


 


 BAL_CS = 
BAL_S


Q * SREF  
 


 BAL_CN =  
BAL_N


Q * SREF  
 







  Section 6.2 - 16 


Version 2.0 April 1998 Balance Axis Corrections 


 


   BALANCE.CM  =  k  
 -1


  
[ BALANCE.M ]


Q * SREF    
 
   


 BAL_CRM = 
BAL_RM


Q * SREF * SPAN  


 BAL_CPM = 
BAL_PM


Q * SREF * CHORD  
 


 BAL_CYM = 
 BAL_YM


Q * SREF * SPAN  


 
 


6.2.3 BALANCE AXIS CENTER OF PRESSURE LOCATIONS 


 
 


6.2.3.1  BAL_XZCP = 
BAL_CPM
BAL_CN   


 
 


6.2.3.2  BAL_XYCP = 
BAL_CYM


BAL_CS   
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6.3 BODY AXIS CORRECTIONS, LOADS AND COEFFICIENTS 


There is one set of [BODY.F], [BODY.M], [BODY.CF], [BODY.CM], 
BOD_XZCP and BOD_XYCP for each load and coefficient set referred to by Set 
Name.  For each coefficient set s = Set Name: 


 Base, cavity, buoyancy and duct internal-load corrections are applied in the 
body axis system, if requested.  There is provision for a user specified 
correction set, which must use the name defined herein.  These corrections are 
applied after the transformation from the balance to the body coordinate system.  
Coefficients are calculated from the resulting forces and moments as well as the 
correction coefficients. 


 The normalizing dynamic pressure, Q, is used at all facilities.  For the 11-Ft. 
and 12-Ft. the user has the option to specify which dynamic pressure should be 
represented by the variable "Q".  The choices are: 


 None Specified Value represented by the variable Q (Default = QAlt). 
 QModRef  At the model reference station, uncorrected for blockage. 
 QWICS  Blockage corrected by the WICS method. 
 QAlt   Blockage corrected by the alternate method. 
 


6.3.1 CORRECTIONS IN THE BODY AXIS SYSTEM 
 


There is one set of [BODYCORR.F] and [BODYCORR.M] for each load and 
coefficient set referred to by Set Name.  For each coefficient set s = Set Name: 


 Base, cavity, buoyancy and duct-internal force and moment corrections are 
calculated as test dependent equations using the method of Sections 8.6, 8.7 
and/or 8.8 or by user specified test dependent equations.  Note that the term 
"test dependent equations" should be interpreted to include corrections defined 
by table lookup. 
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6.3.1.1 BODYCORR.F  = 


ABASEBOD


SBASEBOD


NBASEBOD


 + 


ACAVBOD


SCAVBOD


NCAVBOD


 


 


   + 


ABUOYBOD


SBUOYBOD


NBUOYBOD


 -  


AINTBOD


SINTBOD


NINTBOD


 +  


AUSRBOD


SUSRBOD


NUSRBOD


 


 
 Note that when duct corrections are applied in the body axis system, the user 


should not request duct corrections in the stability axis system.  Also note that 
corrections are added, except for the duct internal loads which are subtracted. 


 
 ABODCORR = ABASEBOD + ACAVBOD + ABUOYBOD 
     - AINTBOD + AUSRBOD 


 SBODCORR = SBASEBOD + SCAVBOD + SBUOYBOD 


     - SINTBOD + SUSRBOD 


 NBODCORR = NBASEBOD + NCAVBOD + NBUOYBOD 


     - NINTBOD + NUSRBOD 
 
 
6.3.1.1.1 ABUOYBOD = KBUOY*Q 
 SBUOYBOD = 0 
 NBUOYBOD = 0 


 KBUOY is determined from the facility test section Mach number calibration, 
which is also used for tunnel conditions.  Gradients in Mach number are 
indicative of the longitudinal static pressure gradient in the test section.  This 
pressure gradient, coupled with the area distribution of the model generates a 
force which is sensed by the balance.  The values of KBUOY as a function of 
Mach number and total pressure are found by integration of the product of the 
local pressure and the projected area of the model on which this pressure acts.  
Buoyancy is typically determined from a table lookup, such as (but not limited 
to): 


  KBUOY = TBLKUP[ MREF, PTOT ] 
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 The buoyancy force has historically been applied in the body-axis coordinate 
system.  In the book "Low Speed Wind Tunnel Testing" by Rae and Pope, 
buoyancy is presented as a drag, or correction in the stability-axis coordinate 
system.  Neither application is precisely correct.  At low angle of attack, 
applying buoyancy in the body-axis system gives a proper value for drag as a 
function of angle of attack, but also produces a buoyancy contribution to lift.  
Since the method for calculating KBUOY typically does not account for angle of 
attack, there is no change in buoyancy with angle of attack. 


 
 
 


6.3.1.2 BODYCORR.M  = 


- RMBASEBOD


  PMBASEBOD


- YMBASEBOD


 + 


- RMCAVBOD


  PMCAVBOD


- YMCAVBOD


  


 


   + 


- RMBUOYBOD


  PMBUOYBOD


- YMBUOYBOD


 -  


- RMINTBOD


  PMINTBOD


- YMINTBOD


 +   


- RMUSRBOD


  PMUSRBOD


- YMUSRBOD


 


 


 RMBODCORR = - [ - RMBASEBOD - RMCAVBOD - RMBUOYBOD 
      + RMINTBOD - RMUSRBOD ] 


 PMBODCORR =    PMBASEBOD + PMCAVBOD + PMBUOYBOD 
      - PMINTBOD + PMUSRBOD 


 YMBODCORR = - [ - YMBASEBOD - YMCAVBOD - YMBUOYBOD 
      + YMINTBOD - YMUSRBOD ] 
 
 RMBUOYBOD = 0 
 PMBUOYBOD = 0 
 YMBUOYBOD = 0 
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6.3.2 LOADS AND COEFFICIENTS IN THE BODY AXIS SYSTEM 


 The transformation from balance axis to body axis involves both a rotational 
transformation and a translation from the balance center to the model moment 
reference center.  Balance forces are first rotated into the body axis system and 
these are then used to determine their contribution to moments about the model 
moment reference center.  Because body forces without corrections are used to 
determine the body axis moments, a separate term, [BODY.F*], containing just 
the rotation of the balance axis forces into body axis is determined. 


 
 
6.3.2.1 BODY .F  = BODY .F


*
 + BODYCORR.F  


 
 BODY .F


*
 = YIRB  P IR!  RIRF  BALANCE.F  


  
 The three rotational matrices are: 
 


 
 RIRF  = 


1 0 0


0 cos  IRF - sin IRF


0 s in IRF   cos  IRF


 


 


  PIR!  = 


cos  IR! 0 - sin IR!


0 1 0


s in IR! 0   cos  IR!


 


 


  YIRB  = 


  cos  IRB sin IRB 0


- sin IRB cos  IRB 0


0 0 1


 


 


  The product of the three rotation matrices, [YIRB] [PIRα] [RIRF], has been 
expanded and the result is presented in Appendix A. 
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6.3.2.1.1 BOD_A = ABOD*  + ABODCORR 


 ABOD* = ABODA + ABODS + ABODN 
 
 ABODA =   BAL_A * [cos(IRB)*cos(IRα)] 


 ABODS =   BAL_S * [sin(IRB)*cos(IRF)  
      - cos(IRB)*sin(IRα)*sin(IRF)] 


 ABODN = - BAL_N * [sin(IRB)*sin(IRF) 
       + cos(IRB)*sin(IRα)*cos(IRF)] 


 
6.3.2.1.2 BOD_S = SBOD* + SBODCORR 
 
 SBOD* = SBODA + SBODS + SBODN 


 SBODA = - BAL_A * [sin(IRB)*cos(IRα)] 


 SBODS =    BAL_S * [ sin(IRB)*sin(IRα)*sin(IRF) 
       + cos(IRB)*cos(IRF)] 


 SBODN =   BAL_N * [sin(IRB)*sin(IRα)*cos(IRF) 
       - cos(IRB)*sin(IRF)] 
 


6.3.2.1.3 BOD_N = NBOD* + NBODCORR 


 NBOD* = NBODA + NBODS + NBODN 


 NBODA = BAL_A * sin(IRα) 


 NBODS = BAL_S * [cos(IRα)*sin(IRF)] 


 NBODN = BAL_N * [cos(IRα)*cos(IRF)] 
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6.3.2.2 BODY .M  = 
YIRB  P IR!  RIRF  BALANCE.M  


+  d  BODY .F
*


 + BODYCORR.M


 


 
 
6.3.2.2.1 BOD_RM = - [ RMBODR + RMBODP + RMBODY + RMBODB ] 


    + RMBODCORR 
 


 RMBODR =  - BAL_RM * [cos(IRB)*cos(IRα)] 


 RMBODP = BAL_PM * [sin(IRB)*cos(IRF) 
        - cos(IRB)*sin(IRα)*sin(IRF)] 


 RMBODY = BAL_YM * [sin(IRB)*sin(IRF) 
        + cos(IRB)*sin(IRα)*cos(IRF)] 


 RMBODB = ZREF * SBOD* - YREF * NBOD* 
 


 
6.3.2.2.2 BOD_PM = PMBODR + PMBODP + PMBODY + PMBODB  


      + PMBODCORR 
 


 PMBODR = BAL_RM * [sin(IRB)*cos(IRα)] 


 PMBODP = BAL_PM * [cos(IRB)*cos(IRF) 
       + sin(IRB)*sin(IRα)*sin(IRF)] 


 PMBODY =  - BAL_YM * [ - cos(IRB)*sin(IRF) 
        + sin(IRB)*sin(IRα)*cos(IRF) ] 


 PMBODB =  - ZREF * ABOD* + XREF * NBOD* 
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6.3.2.2.3 BOD_YM = - [YMBODR + YMBODP + YMBODY + YMBODB ] 


      + YMBODCORR 
      
 
 YMBODR =  - BAL_RM * sin(IRα) 


 YMBODP = BAL_PM * [cos(IRα)*sin(IRF)] 


 YMBODY =  - BAL_YM * [cos(IRα)*cos(IRF)] 


 YMBODB = YREF * ABOD* - XREF * SBOD* 


 


6.3.2.3 [ BODY.CF ] = 
[ BODY.F ]
Q * SREF   


 
 


 BOD_CA =  
BOD_A


Q * SREF  
 
 


 BOD_CS =  
BOD_S


Q * SREF  
 
 


 BOD_CN =  
BOD_N


Q * SREF  
 


  BODY .CM  = k 
-1


 
 BODY .M 


Q * SREF
 


 


 BOD_RM =  
BOD_RM


Q * SREF * SPAN  
 


 BOD_PM =  
BOD_PM


Q * SREF * CHORD  
 


 BOD_YM =  
BOD_YM


Q * SREF * SPAN  
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6.3.3 BODY AXIS CENTER OF PRESSURE LOCATIONS 


 


6.3.3.1 BOD_XZCP = 
BOD_CPM
BOD_CN   


 


6.3.3.2 BOD_XYCP = 
BOD_CYM


BOD_CS   
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6.4 STABILITY AXIS CORRECTIONS, LOADS AND COEFFICIENTS 


 There is one set of [STAB.F], [STAB.M], [STAB.CF], [STAB.CM]  
STAB_XZCP, STAB_XYCP, STAB_CLSQR and STAB_LTOD for each load 
and coefficient set referred to by Set Name.  For each coefficient set s = Set 
Name: 


 Internal duct corrections are calculated as test dependent equations using the 
method of Section 8.6, Section 8.7, or by user specified equations.  There is 
provision for a user specified correction set, which must use the name defined 
herein.  Wall corrections are applicable at the 12-Foot only. 


 The normalizing dynamic pressure, Q, is used at all facilities.  For the11-Foot 
and 12-Foot, the user has the option to specify which dynamic pressure should 
be represented by the variable "Q", for each coefficient set s.  The choices are: 


 None Specified Value represented by the variable Q (Default = QAlt). 
 QModRef  At the model reference station, uncorrected for blockage. 
 QWICS  Blockage corrected by the WICS method. 
 QAlt   Blockage corrected by the alternate method. 


 


6.4.1 CORRECTIONS IN THE STABILITY AXIS SYSTEM 


For all tunnels 


 There is one set of [STABCORR.F] and [STABCORR.M] for each load and 
coefficient set referred to by Set Name.  For each coefficient set s = Set Name: 


 


6.4.1.1  STABCORR .F   = -  
DINTSTAB


SINTSTAB


LINTSTAB


 + 


DBUOYSTAB


SBUOYSTAB


LBUOYSTAB


 


 


  + 


!DWALL


!SWALL


!LWALL


 + 


DUSRSTAB


SUSRSTAB


LUSRSTAB
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  DSTABCORR = - DINTSTAB + DBUOYSTAB + ΔDWALL + DUSRSTAB 


  SSTABCORR = - SINTSTAB  + SBUOYSTAB  + ΔSWALL + SUSRSTAB 


  LSTABCORR = - LINTSTAB + LBUOYSTAB  + ΔLWALL + LUSRSTAB 


 


  DBUOYSTAB = KBUOY * Q 


  SBUOYSTAB = 0 


  LBUOYSTAB = 0 


  Wall corrections for the forces come from Section 6.4.3 


 


   STABCORR.M  = - 


- RMINTSTAB


  PMINTSTAB


- YMINTSTAB


 + 


- RMBUOYSTAB


  PMBUOYSTAB


- YMBUOYSTAB


 


 


  + 


- !RMWALL


  !PMWALL


- !YMWALL


  + 


- RMUSRSTAB


  PMUSRSTAB


- YMUSRSTAB


 


 


  RMSTABCORR = - [ RMINTSTAB - RMBUOYSTAB - ΔRMWALL 
  - RMUSRSTAB ] 


  PMSTABCORR = - [ PMINTSTAB - PMBUOYSTAB - ΔPMWALL 
  - PMUSRSTAB ] 


  YMSTABCORR = - [ YMINTSTAB - YMBUOYSTAB - ΔYMWALL 
  - YMUSRSTAB ] 


 


  RMBUOYSTAB = 0 


  PMBUOYSTAB = 0 


  YMBUOYSTAB = 0 


  Wall corrections for the moments come from Section 6.4.3 
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6.4.2 LOADS AND COEFFICIENTS IN THE STABILITY AXIS SYSTEM 


 There is one set of [USTAB.F] and [USTAB.M] for each load and coefficient 
set  referred to by Set Name.  For each coefficient set s = Set Name: 


 
 


6.4.2.1 LOADS BEFORE ANY CORRECTIONS 


 These are the equations which are used to calculate wall corrections, where 
applicable. 


 


  USTAB .F  = P-!    BODY .F  
 


 The pitch rotation through the angle -α is given by: 
 


  P-!  =  


cos  ! 0 s in !


0 1 0


- sin ! 0 cos  !


 where  α  = αBOD (Before wall correction) 


 


 USTAB_D  = BOD_A * cos α  + BOD_N * sin α 


 USTAB_S = BOD_S 


 USTAB_L = BOD_N * cos α  - BOD_A * sin α  


 


  USTAB .M  = P-!    BODY .M  
  
 


 USTAB_RM = BOD_RM * cos α  + BOD_YM * sin α   


 USTAB_PM = BOD_PM 


 USTAB_YM = BOD_YM * cos α  - BOD_RM * sin α  
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6.4.3 WALL CORRECTIONS 
 


 There is one set of [ΔWALL.F] and [ΔWALL.M] for each load and coefficient 
set referred to by Set Name.  For each coefficient set s = Set Name: 


 Note: 


 These wall corrections are currently implemented only for the 12-Foot Pressure 
Wind Tunnel. 


 


    !WALL.F  = 


!DWALL


!SWALL


!LWALL


 


 


   !WALL.M  = 


- !RMWALL


  !PMWALL


- !YMWALL


 


 
6.4.3.1 If no wall corrections are to be applied: 
 
  ΔDWALL = 0  ΔRMWALL = 0 
  ΔSWALL = 0  ΔPMWALL = 0 
  ΔLWALL = 0  ΔYMWALL = 0 
 
6.4.3.2 If wall corrections are applied (applicable only at the 12-Foot PWT) 
 
   Alternate (Classical) Method 


  ΔDWALL comes from 6.7.2.3 ΔRMWALL comes from 6.7.2.6 


  ΔSWALL comes from 6.7.2.4 ΔPMWALL comes from 6.7.2.7 


  ΔLWALL comes from 6.7.2.5 ΔYMWALL comes from 6.7.2.8 







  Section 6.4 - 29 


Version 4.0 October 1999 Stability Axis Loads and Coefficients 


   WICS Method 


  ΔDWALL comes from 6.7.1.2 ΔRMWALL comes from 6.7.1.5 


  ΔSWALL comes from 6.7.1.3 ΔPMWALL comes from 6.7.1.6 


  ΔLWALL comes from 6.7.1.4 ΔYMWALL comes from 6.7.1.7 


  Note:  See section 6.7.1 for coefficients using the WICS method. 
 


6.4.4 STABILITY AXIS LOADS
  


  [ STAB.F ] = [ USTAB.F ] + [ STABCORR.F ] 
 


 STAB_D = USTAB_D - DINTSTAB + DBUOYSTAB + ΔDWALL 
   + DUSRSTAB 


 STAB_S = USTAB_S - SINTSTAB + SBUOYSTAB + ΔSWALL 
   + SUSRSTAB 


 STAB_L = USTAB_L - LINTSTAB + LBUOYSTAB + ΔLWALL 
   + LUSRSTAB 


   
[ STAB.M ] = [ USTAB.M ] + [ STABCORR.M ] 


 


 STAB_RM = USTAB_RM - RMINTSTAB + RMBUOYSTAB + ΔRMWALL 


  + RMUSRSTAB 


 STAB_PM = USTAB_PM - PMINTSTAB + PMBUOYSTAB + 
ΔPMWALL 


  + PMUSRSTAB 


 STAB_YM = USTAB_YM - YMINTSTAB + YMBUOYSTAB 
+ ΔYMWALL 


  + YMUSRSTAB 
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6.4.5 STABILITY AXIS COEFFICIENTS 


 
  [ STAB.CF ] =  


[ STAB.F ]
Q * SREF   


 
 


  STAB_CD =  
STAB_D
Q * SREF  


 


  STAB_CS =  
STAB_S


Q * SREF  
 


  STAB_CL =  
STAB_L


Q * SREF  
 
 


   STAB .CM  = k
 -1


 
  STAB .M 


Q * SREF
 


 


  STAB_CRM =  
STAB_RM


Q * SREF * SPAN  


  STAB_CPM =   
STAB_PM


Q * SREF * CHORD  
 


  STAB_CYM =  
STAB_YM


Q * SREF * SPAN  
 
 
6.4.6 STABILITY AXIS CENTER OF PRESSURE LOCATIONS 
 SQUARE OF THE COEFFICIENT OF LIFT AND 
 LIFT TO DRAG RATIO 


  STAB_XZCP = 
STAB_CPM
STAB_CL   


  STAB_XYCP = 
STAB_CYM


STAB_CS   


  STAB_CLSQR = ( STAB_CL )2 


 


  STAB_LTOD = 
STAB_CL
STAB_CD  
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6.5 RECOMPUTED BODY AXIS COEFFICIENTS 


 There is one set of [RCBOD.F], [RCBOD.M], [RCBOD.CF], [RCBOD.CM], 
RCBOD_XZCP and RCBOD_XYCP for each load and coefficient set referred 
to by Set Name.  For each coefficient set s = Set Name: 


 


 Once the uncorrected stability axis coefficients have been calculated, wall 
corrections at the 11-Ft. and the 12 Ft. can be calculated, including body angle 
of attack, αBOD.  If any corrections were added to the stability axis 
coefficients, the recomputed body axis coefficients will include these 
corrections. 


 


6.5.1 COEFFICIENTS IN THE RECOMPUTED BODY AXIS SYSTEM 
 


6.5.1.1 RCBOD.F  = P!   STAB .F  
 


where  α   =  αBOD   based on Section 4.5.1 for all tunnels but the 12 Ft. 


 α   =  αBOD   based on Section 6.5.2 for the 12 Ft. 
 


  RCBOD_A = STAB_D * cos α  - STAB_L * sin α  


  RCBOD_S = STAB_S 


  RCBOD_N = STAB_L * cos α  + STAB_D * sin α  


 


 RCBOD.M  =  P!   STAB .M  
 


 RCBOD_RM = STAB_RM * cos α  - STAB_YM * sin α  


 RCBOD_PM = STAB_PM 


 RCBOD_YM = STAB_YM * cos α  + STAB_RM * sin α  







  Section 6.5 - 32 


Version 2.0 April 1998 Recomputed Body Axis Coefficients 


6.5.1.2 [RCBOD.CF] =  
[RCBOD.F]
Q * SREF   


 
 
 


  RCBOD_CA =  
RCBOD_A
Q * SREF   


 
 


  RCBOD_CS =  
RCBOD_S
Q * SREF   


 
 
 


  RCBOD_CN =  
RCBOD_N
Q * SREF   


 
 
 
 


 RCBOD.CM  = k
 -1


 
 RCBOD.M


Q * SREF
 


 


 RCBOD_CRM =  
RCBOD_RM


Q * SREF * SPAN  
 


 RCBOD_CPM =  
RCBOD_PM


Q * SREF * CHORD  
 


 RCBOD_CYM =  
RCBOD_YM


Q * SREF * SPAN  
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6.5.2  COMPUTATION OF αBOD FOR THE 12-FOOT 


 


6.5.2.1 If no wall corrections are applied, for each coefficient set s = Set Name. 


  αBOD(s)  =  BodyAlpha   


 


6.5.2.2 If wall corrections are applied, for each s = Set Name. 


  αBOD(s) =  BodyAlpha  +  ΔαWALL 
  


 where 


 ΔαWALL (deg) is from the WICS system (denoted as ΔαWICS) if wall 
corrections are from WICS  


 ΔαWALL = f ( M, USTAB_CL ) from Section 6.7.2 if wall corrections are 
from the alternate (classical) method. 


 
 


6.5.3 RECOMPUTED BODY AXIS CENTER OF PRESSURE LOCATIONS 


 


6.5.3.1 RCBOD_XZCP = 
RCBOD_CPM
RCBOD_CN   


 
 


6.5.3.2 RCBOD_XYCP = 
RCBOD_CYM


RCBOD_CS   
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6.6 WIND AXIS  LOADS AND COEFFICIENTS 


 There is one set of [WIND.F], [WIND.M], [WIND.CF], [WIND.CM], 
WIND_XZCP, WIND_XYCP, WIND_CLSQR and WIND_LTOD for each 
load and coefficient set referred to by Set Name. 


 For each coefficient set s = Set Name: 


6.6.1 COEFFICIENTS IN THE WIND AXIS SYSTEM 


6.6.1.1 WIND.F  = Y-!  STAB .F  


 The yaw rotation through the angle -β is given by: 


   Y-!  =  


cos  ! - sin ! 0


s in !   cos  ! 0


0 0 1


 


where  β  =  βBOD 
 


  WIND_D = STAB_D * cos β  - STAB_S * sin β 


  WIND_S = STAB_S * cos β  + STAB_D * sin β 


  WIND_L = STAB_L 
 


 WIND.M  = Y-!  STAB .M  
 


 WIND_RM = STAB_RM * cos β  + STAB_PM * sin β  


 WIND_PM  = STAB_PM * cos β - STAB_RM * sin β  


 WIND_YM  = STAB_YM 







  Section 6.6 - 35 


Version 2.0 April 1998 Wind Axis Coefficients 


6.6.1.2 [WIND.CF] =  
[WIND.F]
Q * SREF  


 
 


  WIND_CD = 
WIND_D
Q * SREF  


 


  WIND_CS = 
WIND_S
Q * SREF  


 


  WIND_CL = 
WIND_L
Q * SREF  


 
 


 WIND.CM  = k
-1


  WIND.M
Q * SREF


 
 
 


 WIND_CRM = 
WIND_RM


Q * SREF * SPAN  
 


 WIND_CPM = 
WIND_PM


Q * SREF * CHORD  
 


 WIND_CYM = 
WIND_YM


Q * SREF * SPAN  


 
 


6.6.2 WIND AXIS CENTER OF PRESSURE LOCATIONS 


 


6.6.2.1  WIND_XZCP = 
WIND_CPM
WIND_CL   


 
 


6.6.2.2  WIND_XYCP = 
WIND_CYM


WIND_CS   
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6.6.3 WIND AXIS SQUARE OF THE COEFFICIENT OF LIFT 


 


  WIND_CLSQR = ( WIND_CL )2 


 


6.6.4 WIND AXIS LIFT TO DRAG RATIO 


 


  WIND_LTOD = 
WIND_CL
WIND_CD  
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6.7 12-FOOT WALL CORRECTIONS 


 The following corrections are computed for the 12-Foot tunnel.  They are 
calculated from the uncorrected stability axis coefficients, but are in turn used 
to correct them.  The body alpha correction is used to recompute the body axis 
coefficients. 


 There is one set of [ΔWALL.F], [ΔWALL.M], [ΔWALL.CF], 
[ΔWALL.CM], PMFACTOR, ALFFACTOR2, ALF2 and ΔαWALL for 
each load and coefficient set where corrections have been applied, referred to 
by Set Name.  For each coefficient set s = Set Name: 


 


6.7.1 WICS CORRECTIONS 


6.7.1.1  BODY AXIS ALPHA CORRECTION 


 ΔαWICS is computed by the WICS system and transferred to SDS on a point 
by point basis.  Provisions are also available to recompute and reload the 
WICS information post test. 


6.7.1.2  DRAG CORRECTION 


 Not yet implemented.  Use equation 6.7.2.3 for ΔDWALL (alternate classical 
method) until such time as the WICS system is upgraded, using QWICS in place 
of QAlt. 


 ΔDWALLWICS = ΔDWALL + ΔDBUOYWICS 


 ΔDBUOYWICS comes from equation 6.7.1.8 


  ΔCDWALL = 
ΔDWALLWICS
QWICS * SREF   


 


6.7.1.3  SIDE FORCE CORRECTION 


 Not yet implemented.  Use equation 6.7.2.4 for ΔSWALL (alternate classical 
method) until such time as the WICS system is upgraded, using QWICS in place 
of QAlt. 
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 ΔSWALLWICS = ΔSWALL + ΔSBUOYWICS 


 ΔSBUOYWICS comes from equation 6.7.1.8 


  ΔCSWALL = 
ΔSWALLWICS
QWICS * SREF   


 
 
6.7.1.4  LIFT CORRECTION 


 Not yet implemented.  Use equation 6.7.2.5 for ΔLWALL (alternate classical 
method) until such time as the WICS system is upgraded, using QWICS in place 
of QAlt. 


 ΔLWALLWICS = ΔLWALL + ΔLBUOYWICS 


 ΔLBUOYWICS comes from equation 6.7.1.8 
 


  ΔCLWALL = 
ΔLWALLWICS
QWICS * SREF   


 
 


6.7.1.5  ROLLING MOMENT CORRECTION 


 Not yet implemented.  Use equation 6.7.2.6 for ΔRMWALL (alternate classical 
method) until such time as the WICS system is upgraded, using QWICS in place 
of QAlt. 


 ΔRMWALLWICS = ΔRMWALL + ΔRMBUOYWICS 


 ΔRMBUOYWICS comes from equation 6.7.1.8 
 


  ΔCRMWALL =  
ΔRMWALLWICS


QWICS * SREF * SPAN  
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6.7.1.6  PITCHING MOMENT CORRECTION 


 Not yet implemented.  Use equation 6.7.2.7  for ΔPMWALL (alternate classical 
method) until such time as the WICS system is upgraded, using QWICS in place 
of QAlt. 


 ΔPMWALLWICS = ΔPMWALL + ΔPMBUOYWICS 


 ΔPMBUOYWICS comes from equation 6.7.1.8 


  ΔCPMWALL =  
ΔPMWALLWICS


QWICS * SREF * CHORD  
 


6.7.1.7  YAWING MOMENT CORRECTION 


 Not yet implemented.  Use equation 6.7.2.8  for ΔYMWALL (alternate classical 
method) until such time as the WICS system is upgraded, using QWICS in place 
of QAlt. 


 ΔYMWALLWICS = ΔYMWALL + ΔYMBUOYWICS 


 ΔYMBUOYWICS comes from equation 6.7.1.8 


  ΔCYMWALL =  
ΔYMWALLWICS


QWICS * SREF * SPAN  
 


6.7.1.8  WALL BUOYANCY CORRECTION 


 ΔCDBUOYWICS is computed by the WICS system and transferred to SDS 
on a point by point basis.  Provisions are also available to recompute and 
reload the WICS information post test. 


 ΔDBUOYWICS = ΔCDBUOYWICS * QWICS * SREF 
 ΔSBUOYWICS = 0 
 ΔLBUOYWICS = 0 
 ΔRMBUOYWICS = 0 
 ΔPMBUOYWICS = 0 
 ΔYMBUOYWICS = 0 
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6.7.2 ALTERNATE (CLASSICAL) CORRECTIONS 


 The corrections in this section are based upon the method given in NACA TN 
2454 by J.C. Sivells and R.M. Salmi and apply whether the image plane is in 
or out 


 


6.7.2.1 BODY AXIS ALPHA WALL CORRECTION AT WING 3/4 CHORD LINE 
 


 ALFFACTOR  =  KALPHA0 +  KALPHA(i) * M
 i


!
i =1


4


 


 ΔαWALL = 
USTAB_L * ALFFACTOR


Q * SREF   


 USTAB_L comes from 6.4.2.1. 
 


6.7.2.2 ROTATION ANGLE FOR LOADS VECTOR AT WING 1/4 CHORD LINE 
 DUE TO WALL EFFECT 
 


  ALFFACTOR2  =  180


!
  KALF20 + KALF2(i) * M


 i


!
i = 1


4


  


 ALF2 = 
USTAB_L * ALFFACTOR2


Q * SREF   


 USTAB_L comes from 6.4.2.1. 
 
 
6.7.2.3 STABILITY DRAG CORRECTION DUE TO WALL EFFECT 


  ΔDWALL = USTAB_D [ cos (ALF2) - 1.0 ] + USTAB_L sin (ALF2) 


 USTAB_L and USTAB_D are from 6.4.2.1 
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 ΔCDWALL = 
ΔDWALL
Q * SREF  


 
6.7.2.4 STABILITY SIDE FORCE CORRECTION DUE TO WALL EFFECT 


  ΔSWALL = 0 


 ΔCSWALL = 
ΔSWALL
Q * SREF  


 


6.7.2.5 STABILITY LIFT CORRECTION DUE TO WALL EFFECT 


 ΔLWALL = USTAB_L [ cos (ALF2) - 1.0 ] - USTAB_D sin (ALF2)  


 USTAB_L and USTAB_D are from 6.4.2.1 


 ΔCLWALL = 
ΔLWALL
Q * SREF  


 
6.7.2.6 STABILITY ROLLING MOMENT CORRECTION DUE TO WALL EFFECT 


  ΔRMWALL = USTAB_RM [ cos (ALF2) - 1.0 ] + USTAB_YM sin (ALF2) 


 USTAB_RM and USTAB_YM are from 6.4.2.1 


 ΔCRMWALL = 
ΔRMWALL


Q * SREF * SPAN  


6.7.2.7 PITCHING MOMENT CORRECTION DUE TO WALL EFFECT 
 


 PMFACTOR  = KPM0 +  


4


!
i = 1


 KPM(i) * M
 i  


 KPM is provided as a table with up to three arguments, i.e., 


  KPM = TBLKUP[ ARG1, ARG2, ARG3 ] 
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 If only one Mach number is run for the test, then only the zero-subscripted 
term is required for ALFFACTOR, ALFFACTOR2, and PMFACTOR.  The 
indices i = 1 through 4 are used as a curve fit for other Mach numbers.  The 
KPMs for the pitching moment factors are derived from curve fits of Sivells 
and Salmi (NACA TN 2454) correction factors as a function of test Mach 
number.  Note that KPM will differ between tail-on and tail-off 
configurations. 


 
 
 ΔPMWALL =  PMFACTOR * USTAB_L * CHORD 


 USTAB_L comes from 6.4.2.1 


 ΔCPMWALL = 
ΔPMWALL


Q * SREF * CHORD  


 
6.7.2.8 STABILITY YAWING MOMENT CORRECTION DUE TO WALL EFFECT 
 


  ΔYMWALL = USTAB_YM [ cos (ALF2) - 1.0 ] - USTAB_RM sin (ALF2) 


 USTAB_RM and USTAB_YM are from 6.4.2.1 


 ΔCYMWALL = 
ΔYMWALL


Q * SREF * SPAN  
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6.8 PARASITE DRAG COEFFICIENTS 


 Parasite drag is that portion of the total drag that is not associated with lift.  It is 
the sum of the pressure drag and skin friction drag.  Actually, parasite drag 
varies with angle of attack, but this slight variation is usually included in the lift 
term. 


 The zero-percent suction and 100-percent suction parasite drag equations 
represent the boundaries on the parasite drag coefficient.  This gives an 
indication of the aerodynamic efficiency. 


 
 
 


6.8.1 Stability-Axis Zero-percent Suction Parasite Drag Coefficient 
 


 STAB_CDP0 = STAB_CD  -  STAB_CL * tan( REFALPHA ) 


 STAB_CD and STAB_CL come from 6.4.5 
 
 
 
6.8.2 Wind-Axis Zero-percent Suction Parasite Drag Coefficient 
 


 WIND_CDP0 =   WIND_CD  -  WIND_CL * tan( REFALPHA ) 


 WIND_CD and WIND_CL come from 6.6.1.2 
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6.8.3 100-percent Suction Parasite Drag Coefficient - Stability Axis 
 


 STAB_CDP100 = STAB_CD  -  
STAB_CLSQR


 π  * AR   


 STAB_CD comes from 6.4.5 and STAB_CLSQR comes from 6.4.7. 


 AR = aspect ratio = parameter 


 
 
6.8.4 100-percent Suction Parasite Drag Coefficient - Wind Axis 
 


 WIND_CDP100 = WIND_CD  -  
WIND_CLSQR


 π  * AR   


 WIND_CD comes from 6.6.1.2 and WIND_CLSQR comes from 6.6.3. 


 AR = aspect ratio = parameter 


 







  Section 6.9 - 45 


Version 2.0 April 1998 Correction Coefficients 


6.9 CORRECTION COEFFICIENTS 


 Base and cavity corrections are applied to either the balance or body axis forces 
and moments (user selection).  The buoyancy correction is applied to the body 
axis axial force or stability axis drag. 


 
6.9.1 Base Correction Coefficients 
 


6.9.1.1 CABASExxx = 
ABASExxx
 Q * SREF    


 CSBASExxx =  
SBASExxx
 Q * SREF    


 CNBASExxx =  
NBASExxx
 Q * SREF    


 
 


 CRMBASExxx =  
RMBASExxx


 Q * SREF * SPAN    


 CPMBASExxx =  
PMBASExxx


 Q * SREF * CHORD    


 CYMBASExxx =  
YMBASExxx


 Q * SREF * SPAN    


 


  xxx = BAL or BOD 
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6.9.2 Cavity Correction Coefficients 
  


6.9.2.1 CACAVxxx = 
ACAVxxx
 Q * SREF    


 CSCAVxxx =  
SCAVxxx


 Q * SREF    


 CNCAVxxx =  
NCAVxxx
 Q * SREF    


 


 CRMCAVxxx =  
RMCAVxxx


 Q * SREF * SPAN    


 CPMCAVxxx =  
PMCAVxxx


 Q * SREF * CHORD    


 CYMCAVxxx =  
YMCAVxxx


 Q * SREF * SPAN    


 


  xxx = BAL or BOD 


 


6.9.3 Buoyancy Correction Coefficient 


 The body-axis buoyancy axial force coefficient is given by: 
 


 CABUOYBOD =  
ABUOYBOD
 Q * SREF    =  


KBUOY
SREF   


 


 The stability-axis buoyancy drag coefficient is given by: 
 


 CDBUOYSTAB =  
DBUOYSTAB


 Q * SREF    =  
KBUOY


SREF   
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6.9.4 User Correction Coefficients 
  


 CxUSRbbb = 
xUSRbbb


 Q * SREF    


 CyUSRbbb =  
yUSRbbb


 Q * SREF    


 CzUSRbbb =  
zUSRbbb


 Q * SREF    


 


 CRMUSRbbb =  
RMUSRbbb


 Q * SREF * SPAN    


 CPMUSRbbb =  
PMUSRbbb


 Q * SREF * CHORD    


 CYMUSRbbb =  
YMUSRbbb


 Q * SREF * SPAN    


 


 where 


  x = A for balance- and body-axis, D for stability axis 


  y = S for balance-, body- and stability-axis 


  z = N for balance- and body-axis, L for stability axis 


  bbb = BAL, BOD or STAB 
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7.0 INITIAL CONDITION REQUIREMENTS 


 


Wind tunnel processing requires many different types of frames.  These can be 
grouped into instrument calibration, initial condition, instrument check, and data 
frames.  Instrument calibration is usually done prior to and independent of the 
test (such as balance calibrations).  Results of the calibration are stored as 
parameters. 


Initial conditions are special frames whose data will be used to convert data in 
the frames which follow.  These frames are taken at the beginning of a run and 
can hold for many runs.  Instrument check frames are used to check the 
hardware setup and can be taken prior to or during a test.  Check frames may 
require initial conditions.  Data frame types may require initial conditions 
depending upon the conversions performed or corrections applied to the data.  
Point type mnemonics used as a short-hand notation in this Section are 
presented in Table 1. 


As a computational command (e.g., From 10:7) encounters an input frame, it 
uses the applicable initial conditions which are retrieved with the requested 
frame.  The type of frames required depends upon the computations requested 
and is shown in Table 2.  Table 2 only shows how the system determines which 
initial condition frames are required.  It does not show the normal sequence of 
initial condition frame recording. 
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 TABLE 1   MNEMONIC CODES 
 
   
 MNEMONIC FRAME TYPE 
   
   
 REC Record 
 DAT Record 
 ZER Zero 
 CAL Calibrate 
 BIA Bias 
 KSZ Knuckle-Sleeve Zero (Unitary Only) 
 DBI Delta Bias 
 ENZ End Zero 
 ENC End Calibrate 
 TR1 Tare 1 
 TR2 Tare 2 
 EDA End Data 
 BCH Balance Check 
 ACH Angle Check 
 TCH Tare Check 
 PCH Pressure Check 
 PSZ Pressure Zero 
 PSC PSI Calibration 
 NOC No Compute 
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TABLE 2   COMPUTATION REQUIREMENTS 


   INITIAL CONDITION FRAME REQUIREMENTS 


 


       
 COMPUTATION ZER CAL BIA 


DBIA 
TR1 TR2 


       
       
 BIPOLYZ X     
 BIPOLYCAL X X    
 MULTZ X     
 BIPOLYBIAS X X X   
 POLYZER X     
 POLYCAL X X    
 STD TARES (2) X   X X 
       


 


At the high speed Wind Tunnel Operations Division facilities, initial condition 
frames include ZER, CAL, KSZ, BIA, DBI, TR1, and TR2.  The PSZ and PSC 
have been removed because these are now internal to the PSI 8400 system.  
Instrument check frames include ENZ, ENC, BCH, ACH, TCH,, and PCH.  
Data frames which may use the initial condition data include REC, DAT, and 
EDA frame types. 


The SDS assumes ascending key when picking up initial conditions, so 
computations are done in the order in which the frames were recorded.  
Therefore, for example, the ZERO used for the BIAS frame may be different 
from the ZERO used for the CAL frame which may be different than the ZERO 
used for the DATA frame. 


Following is a list of the different frame type names, their dependencies and a 
brief description.  Table 3 summarizes the dependencies of the various frame 
types. 
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ZERO 


Dependency: KS REF ZERO only on the first ZERO frame. 
 A ZERO must be taken after an END ZERO for the subsequent 
 delta zero report to produce a valid result. 


ZERO is an initial condition frame whose data is used in the conversion types 
specified in Table 2.  It is recorded with the wind off and is used to account for 
an unbalanced signal in the measuring circuit when a zero load is applied.  It is 
used to correct future RECORD points. 


END ZERO 


Dependency: ZERO or KS REF ZERO 


END ZERO is an instrument check frame.  It is used to check the drift or 
change from the most recent ZERO reading for those conversion types which 
require a ZERO, as specified in Table 2.  The following equation is computed at 
an END ZERO to produce a delta zero report and is used by the END 
CALIBRATE frame. 


 DZERO(i) = previous ZERO(i) - END ZERO(i) 


Note that a new ZERO frame must follow an END ZERO. 


KS REF ZERO  [Unitary Only] 


Dependency: None 


KS REF ZERO is an initial condition frame whose data is used for the same 
conversion types as the ZERO frame specified in Table 2.  The primary purpose 
of this frame type is to compute BENDA and BENDB to correct the knuckle-
sleeve angle.  This frame type is recorded with the wind off and may also be 
used as a ZERO frame. 


CALIBRATE 


Dependency: ZERO or KS REF ZERO 
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CALIBRATE is an initial condition frame whose data is used in the conversions 
specified in Table 2.  The readings are obtained by switching shunt resistors into 
the instrumentation circuit or by applying known pressures onto the pressure 
cells.  These recorded readings are used to compute the instrument sensitivity or 
the correction factor (calibration correction) to the sensitivity to account for 
instrument drift or gain change during the course of a test. 


END CALIBRATE 


Dependency: ZERO or KS REF ZERO, END ZERO, CALIBRATE 


END CALIBRATE is an instrument check frame.  It is used to check the gain or 
sensitivity change for those conversion types which have a calibrate, as 
specified in Table 2.  The following equation is computed at an END 
CALIBRATE to produce a delta calibrate report. 


 DCALIB(i) = previous CALIB(i) - END CALIBRATE(i) - DZERO(i) 


BIAS 


Dependency: ZERO or KS REF ZERO, CALIBRATE 


BIAS is an initial condition frame whose data is used in converting data using 
the BIPOLYBIAS conversion algorithm (primarily balance data).  These 
readings, resulting from the model static weight, assure the correct selection of 
the positive or negative conversion and interaction constants with respect to a 
gauge's zero stress point. 
 
 
DBIAS 


Dependency: ZERO or KS REF ZERO, CALIBRATE, BIAS, DBIAS 


DBIAS or DELTA BIAS is an initial condition frame whose data is used in  
converting data using the BIPOLYBIAS conversion algorithm (primarily 
balance data).  DBIAS is the change in balance gauge counts due to movement 
of or changes in the model since the previous BIAS or DBIAS frame.  All 
DBIAS frames (and their corresponding ZERO and CALIBRATE frames) 
following the last BIAS frame must be supplied as initial conditions. 
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TARE 1 


Dependency: ZERO or KS REF ZERO, CALIBRATE, BIAS, DBIAS 


TARE 1 is an initial condition frame whose data is used with a ZERO or KS 
REF ZERO and TARE 2 frames to compute the model weight and center of 
gravity location.  TARE's are the changes of the model weight components 
acting on the various balance gauges during testing due to either movement of 
the model or model parts with respect to the balance.  All consecutive tares are 
supplied for computation.  The SDS recognizes tares as 'consecutive' if they 
have no intervening DATA or END DATA type frames (intervening check 
frames are permitted).  The tare computing will determine which of the tare 
frames are to used in the computations.  Computing can proceed with only one 
tare frame, in which case it is assumed the model center of gravity lies on the 
balance X-axis.  TARE 1 frames should be taken at a vertical angle of more 
than 6 degrees apart from the angle used for the ZERO or KS REF ZERO frame 
in order to produce an accurate weight and center of gravity. 


TARE 2 


Dependency: ZERO or KS REF ZERO, CALIBRATE, BIAS, DBIAS, TARE 1 


TARE 2 is an initial condition frame whose data is used with a ZERO or KS 
REF ZERO and TARE 1 frames to compute the model weight and center of 
gravity location.  See TARE 1 for explanation of the function.  TARE 2 frames 
should be taken at a vertical angle more than 6 degrees apart from the angle 
used for the ZERO or KS REF ZERO frame and also 6 degrees apart from the 
vertical angle used for the TARE 1 frame.  This vertical separation will provide 
sufficient accuracy to determine the center of gravity location. 


DATA, RECORD 


Dependency: ZERO or KS REF ZERO, CALIBRATE, BIAS, DBIAS, 
TARE 1, TARE 2 


DATA or RECORD is used to record test results.  All initial condition frames 
used in computing DATA frames must have been supplied to achieve 
computational correctness. 
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END DATA 


Dependency: ZERO or KS REF ZERO, CALIBRATE, BIAS, DBIAS 
TARE 1, TARE 2 


END DATA is used to record test results.  This is the same as a DATA frame 
and is generally used to signal some special handling in the test dependent 
computations.  It may be at the end of run, but there are no restrictions on other 
frame types following an END DATA frame within the same run. 
 
PRESSURE CHECK 


Dependency: PSI 8400 CALIBRATION PROCEDURE 


PRESSURE CHECK is an instrument check frame.  It reports pressure 
differences between a known, user specified pressure and the pressure sensed by 
all the transducers.  It reports the results for various pressure ranges to provide 
an indication of the quality of the pressure measurements. 
 
 
BALANCE CHECK 


Dependency: ZERO or KS REF ZERO, CALIBRATE, BIAS, DBIAS 


BALANCE CHECK is an instrument check frame.  It is used to compute 
balance check loads which are subsequently used to determine sting deflections.  
No computing is performed after the angle computations. 


ANGLE CHECK 


Dependency: ZERO or KS REF ZERO, CALIBRATE, BIAS, DBIAS 


ANGLE CHECK is an instrument check frame.  It is used to check the angles of 
attack and sideslip.  No computing is performed after the angle computations. 
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TARE CHECK 


Dependency: ZERO or KS REF ZERO, CALIBRATE, BIAS, 
 DBIAS, TARE 1, TARE 2 


TARE CHECK is an instrument check frame.  It is used to verify that the 
existing tare constants accurately correct for the change in the effect of model 
weight with changing vertical angle on the measured forces and moments.  No 
computing is performed after the tare and angle computations. 
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NORMAL SEQUENCE OF INITIAL CONDITIONS 


KS REF ZERO 
CALIBRATE 
BIAS 
ZERO 
CALIB 
TARE 1 
TARE 2 
DATA 
  . 
  . 
DATA 
END DATA 
DATA 
  . 
DATA 
END DATA 
END ZERO 
END CALIB 
ZERO 
CALIB 
DATA 
  . 
DATA 
END ZERO 
END CALIB 
ZERO 
CALIB 
DBIAS 
KS REF ZERO 
CALIB 
TARE 1 
TARE 2 
DATA 
  . 
DATA 
  . 
  . 
DATA 
END ZERO 
END CALIB 
END DATA 
ZERO 
CALIB 
DATA 
  . 
  . 
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  TABLE 3   FRAME TYPE DEPENDENCIES 
 
 


REQUIRES THE LAST PREVIOUSLY


RECORDED FRAME OF THESE  TYPES


THIS FRAME TYPE


T
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1
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I
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R


2


K
S


Z


C
A


L
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IA
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!! !!
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!!! ! !


!! !! !!


!! !! !!


DAT


ZER


CAL


BIA


KSZ


ENZ


TR2


EDA


ENC


! !! ! !BCH


TR1


NOC


DBI


!


! ! !


!! ! !


!! ! !


ACH


PCH


TCH


!


!
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8.0 MISCELLANEOUS COMPUTATIONS 
 


This section includes descriptions of computations which do not fit into any of 
the other categories.  These computations have inputs that must be specified 
either through conversions or by test dependent equations. 


Computations in this section include pressure ratios and coefficients, local Mach 
number, mass flow measurement, sting divergence parameter, two methods for 
calculating internal duct forces and moments, and cavity and base corrections.  
A brief explanation of the method used to determine buoyancy is provided.  The 
detailed buoyancy calculations are performed using a separate program not 
directly incorporated into the SDS. 
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8.1 GLOSSARY 
 
 
Equation Equation 
 Name Reference Unit Definition 
 
A0User Eqn ft2Area of free-stream tube actually entering inlet. 
 
BASEAREA param ft2 Area over which the base pressures act. 
 
ABASEXXX 8.8.2 lb. Base axial force correction in balance or body 


axis system (xxx = BAL or BOD). 
 
ACparam ft2 Duct capture area. 
 
ACAVXXX 8.8.1 lb. Cavity axial force correction in balance or body 


axis system (xxx = BAL or BOD). 
 
AEparam ft2 Duct exit flow area. 
 
AINTBOD 8.6.1 or lb. Duct internal body-axis axial force. 
  8.7.2 


BODYALPHA 4.5.1 deg. Body angle of attack. 


BODYBETA 4.5.2 deg. Body sideslip angle. 
 
BUOYCORR 8.9 lb. Buoyancy axial force correction. 
 
CABASEXXX 8.8.2 - Base axial force correction coefficient in 


balance or body axis system (xxx = BAL or 
BOD). 


 
CABUOYBOD 8.9 - Body axis buoyancy axial force correction 


coefficient. 
 
CACAVXXX 8.7.1 - Cavity axial force correction coefficient in 


balance or body axis system (xxx = BAL or 
BOD). 


 
CAINTBOD 8.6.2 or - Duct internal body-axis axial force coefficient. 
  8.7.2 
 
CAPAMFR 8.6.1.1 - Capture area mass flow ratio. 
 
CDBUOYSTAB 8.9 - Stability-axis buoyancy drag coefficient 


correction.  
 







  Section 8.1 - 3 
 
 Equation Equation 
 Name Reference Unit Definition 
 


Version 2.0 April 1998 Glossary 


CDINTSTAB 8.6.4 or - Duct internal stability-axis drag coefficient. 
 8.7.4 
 
CDINT 8.6.5 - Elemental duct internal drag coefficient 


determined from rake pressure measurements. 
 
CLINTSTAB 8.6.4 or - Duct internal stability-axis lift coefficient. 
 8.7.4 
 
CNA param 1/deg. Normal force coefficient slope, CNa. 
 
CNCAVXXX 8.9.1 - Cavity normal force correction coefficient in 


balance or body axis system (xxx = BAL or 
BOD). 


 
CNINTBOD 8.6.2 or - Duct internal body-axis normal force 


coefficient. 
 8.7.2 
 
CP 8.2.1 - Pressure coefficient. 
 
CPMCAVXXX 8.8.1 - Cavity pitching moment correction coefficient  


in balance or body axis system (xxx = BAL or 
BOD). 


 
CPMINTBOD 8.6.2 or - Duct internal body-axis pitching moment  
  8.7.3  coefficient. 
 
CPMINTSTAB 8.7.5 - Duct internal stability-axis pitching moment 


coefficient. 
 
CRMINTBOD 8.6.2 or - Duct internal body-axis rolling moment 
  8.7.3  coefficient. 
 
CRMINTSTAB 8.7.5 - Duct internal stability-axis rolling moment 


coefficient. 
 
CSINTBOD 8.6.2 or - Duct internal body-axis side force coefficient. 
 8.7.2 
 
CYMINTBOD 8.6.2 or - Duct internal body-axis yawing moment 
  8.7.3  coefficient. 
 
CYMINTSTAB 8.7.5 - Duct internal stability-axis yawing moment 


coefficient. 
 
CTX, CTY param - Coefficients for determining duct exit thrust in 
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CTZ    the x, y, and z directions, respectively. 
 
DAEDN 8.5 deg/lb Change in angle of attack elastic to normal 


force, !!E
!N


. 


 
DBUOYSTAB 6.4.1.1 lb Buoyancy correction stability-axis drag. 


DEFKN1 param deg./lb Sting and balance deflection constants in the 
DEFKN2    balance normal force plane. 
 
DINTSTAB 8.6.4 or lb Duct internal stability-axis drag. 
 8.7.4 
DINTI 8.6.5 lb Elemental duct internal drag determined from 


rake pressure measurements. 
 
DNDAM 8.5 lb/deg Change in normal force due to angle of attack of 


the model, !N
!!M


. 


 
DPMON 8.2.4 psi or psf Delta monitor pressure. 
 
G param ft/sec2 Acceleration due to gravity (32.174) 
 
KBUOY param ft2 Result from buoyancy pressure coefficient - area 


integration. 
 
LINTSTAB 8.6.4 or lb Duct internal lift. 
 8.7.4 
 
M 2.x.3 - Free-stream Mach number. 
 
M0 2.x.3 - Mach number ahead of the duct (free-stream). 
 
MASFLLRN 8.4 lb/sec. Mass flow for a long radius flow nozzle 
 
ME 8.6.5 - Duct exit Mach number. 
 
MLOCAL 8.3 - Local Mach Number. 
 
NCAVXXX 8.8.1 lb Cavity normal force correction in balance or 


body axis system (xxx = BAL or BOD). 
 
NINTBOD 8.6.1 or lb Duct internal body-axis normal force. 
 8.7.2 
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P0 2.x lb/ft2 Static pressure ahead of the duct (free-stream). 
 
PE 8.6.5 lb/ft2 Static pressure at the duct exit station. 
 
PMCAVXXX 8.8.1 ft lb Cavity pitching moment correction in balance or 


body axis system (xxx = BAL or BOD). 
 
PMINTBOD 8.6.1 or ft lb Duct internal body-axis pitching moment. 
 8.7.3 
 
PMINTSTAB 8.7.5 ft lb Duct internal stability-axis pitching moment. 
 
PRATIO 8.3 - Static-to-Total pressure ratio. 
 
PS 2.x lb/ft2 Free-stream static pressure. 
 
PTOT 2.x.1 lb/ft2 Free-stream total pressure. 
Q 2.3.x lb/ft2 Free-stream dynamic pressure. 
 
QLIMIT 8.5 lb/ft2 Maximum dynamic pressure at which the model 


may be safely tested without encountering sting 
divergence. 


 
RGAS param ft2/sec2-°R Gas constant  (1716.55 for air). 
 
RMINTBOD 8.6.1 or ft lb Duct internal body-axis rolling moment. 
 8.7.5 
 
RMINTSTAB 8.7.5 ft lb Duct internal stability-axis rolling moment. 
 
SDP 8.5 - Sting divergence parameter. 
 
SINTBOD 8.6.1 or lb Duct internal body-axis side force. 
 8.7.2 
 
SINTSTAB 8.7.4 lb Duct internal stability-axis side force. 
 
SPR 8.2.3 - Static pressure ratio. 
 
TEXIT 8.7.1 lb Duct exit thrust. 
 
TEXITX 8.7.1 lb Duct exit thrust in the x, y, and z directions, 
TEXITY   respectively. 
TEXITZ 
 
TPR 8.2.2 - Total pressure ratio. 
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TTR 2.2.2 °R Free-stream total temperature. 
 
SREF param ft2 Reference area. 
 
V0 2.x ft/sec Velocity ahead of the duct (free-stream). 
 
VE User Eqn ft/sec Velocity at the duct exit station. 
 
WF User Eqn lb/sec Gravemetric weight flow. 
 
WFCAP 8.6 lb/sec Capture area weight flow. 
 
WFE 8.6.5 lb/sec Elemental local duct exit weight flows 


determined from rake pressure measurements. 
 
WFTOTAL 8.6.5 lb/sec Total duct-exit weight flow. 


XBIASN1 3.4 lb Balance forces after bias correction. 
XBIASN2 
 
Xexit, Yexit, param ft Distance from the moment reference center to 


the 
Zexit   duct exit centroid in the x, y, and z directions. 
 
Xinlet, Yinlet, param ft Distance from the moment reference center to 


the 
Zinlet   duct inlet centroid in the x, y, and z directions. 
 
YMINTBOD 8.6.1 or ft lb Duct internal body-axis yawing moment. 
 8.7.3 
 
YMINTSTAB 8.7.5 ft lb Duct internal stability-axis yawing moment. 
 
αBOD - deg Identical to BODYALPHA. 
 
αDUCT - deg Equal to BODYALPHA + ε. 
 
βDUCT - deg Equal to BODYBETA + η. 
 
ε param deg Duct inclination relative to the body. 
 
γ param - Specific heat ratio  (1.4 for air). 
 
η param deg Duct toe-in relative to the body. 
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8.2 PRESSURE COMPUTATIONS 
 
 
 
8.2.1 PRESSURE COEFFICIENT 


 


CP( transducer, module ) =  
Pressure( transducer, module ) - PS


Q   


 
 


8.2.2 TOTAL PRESSURE RATIO 


 


TPR( transducer, module ) =  
Pressure( transducer, module )


PTOT   


 
 


8.2.3 STATIC PRESSURE RATIO 


 


SPR( transducer, module ) =  
Pressure( transducer, module )


PS   


 


8.2.4 DELTA MONITOR PRESSURE 
 


DPMONmm = [UPMONFmm - DPPSImm_p_MEAN + DIFABS * PREFmm] * k1 


where 


UPMOMmm =  Monitor source pressure for module mm 
PREFmm =  Reference pressure for module mm 
DIFABS =  0  if UPMONmm is a differential pressure 
   =  1  if UPMONmm is an absolute pressure 
mm = module number 
p = transducer number 
k1 = 1.0 for psi, 144.0 for psf 
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8.3 LOCAL MACH NUMBER 
 
 


 


 PRATIO = 
STATIC PRESSURE
TOTAL PRESSURE  


 


If  PRATIO ≥ 1.0 MLOCAL = 0 


If   PRATIO <  0.0001 MLOCAL = 8 
 


If   MLBND ≤ PRATIO < 1.0 


 MLOCAL   =   2


! - 1
 PRATIO


 - 
! - 1


!  - 1  


 1/2


 


 


If 0.0001 < PRATIO < MLBND 


 MLOCAL =   
0.88185 - 0.2147 (PRATIO) - 0.2478 (PRATIO + 0.06)3.44


( PRATIO )1/2   
 


 MLBND = Parameter, default = 0.48 
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8.4 MASS FLOW MEASUREMENT 
 


This formulation is valid for long radius flow nozzles, such as those used at the 
Unitary for high pressure air.  The reference for this equation may be found in 
"Fluid Meters, Their Theory and Application", 6th Edition, 1971, Report by 
ASME. 


 


 MASFLLRN = 0.52502 
  C   ( Y )  DV 2   FA  


 1.0 - B4 
1/2


   !1    P1 - P2  1/2 


 Variable   Definition 


 C Discharge Coefficient = f (RN in venturi) 


   Default = 0.9975 - 0.00653  106


RNV
 


 0.2


 


 Y Expansion Factor = f  
P2


P1


  


   Default = 0.56 
P2
P1  + 0.44 


 FA Area Thermal Expansion (1.0 @530°R & 1.0023 @660°R) 


   = 0.99062 + 0.00001769 T1 


 B Venturi to Pipe Diameter Ratio, DV / DP 


 DP Pipe Diameter, inches  ( = 2.624 inches at Unitary) 


 DV Venturi Diameter, inches 


 ρ1 Fluid Density in Pipe, lb/ft3 


 P1, P2 Upstream and Downstream Pressures, respectively, psia 


 T1 Upstream Temperature, °R 


 RNV Venturi Reynolds Number 
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8.5 STING DIVERGENCE PARAMETER 
 


This parameter is a measure of the divergence of the model support sting under 
load.  The divergence criteria is the ratio of model air loads due to a change in 
angle of attack that must not exceed 50-percent of the support system restoring 
force generated by such an angle change.  The test director is required to make a 
preliminary assessment of sting divergence prior to entering the tunnel.  Once 
the test has begun, the test director then makes a determination of sting 
divergence using the acquired data. 
 
 


 DAEDN =  
( DEFKN1 ) ( XBIASN1 ) + ( DEFKN2 ) ( XBIASN2 )


XBIASN1 + XBIASN2   


 DNDAM = ( CNA ) ( Q ) ( SREF ) 


 CNA = Parameter, Normal force coefficient slope, per deg. 


 SDP = ( DAEDN ) ( DNDAM ) 
 


 
 
8.5.1 QLIMIT 


 
The maximum dynamic pressure at which the model can be safely tested is a 
function of the sting divergence parameter.  The maximum allowable value of 
SDP is 0.5.  Then the limiting dynamic pressure is: 
 
 


 QLIMIT =  
( 0.5 ) ( Q )


SDP    = 
0.5


( DAEDN ) ( CNA ) ( SREF )  lb/ft2 


 
Example (Using test point data): 


 Q = 973 lb/ft2   SREF = 3.8 ft2 CNA = 0.13 per deg 
 XBIASN1 = 90 lb  XBIASN2 = 2650 lb 
 DEFKN1 = 0.0012 °/lb DEFKN2 = 0.0007 °/lb 
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 DAEDN = 
 (0.0012) (90) + (0.0007) (2650)


90 + 2650   = 0.000716 deg/lb 


 DNDAM = ( 0.13 ) ( 973 ) ( 3.8 ) = 480.66 lb/deg 


 SDP = ( 0.000716 ) ( 480.66 ) = 0.344 
 
 


 QLIMIT =  
( 0.5 ) ( 973 )


0.344    = 1413 lb/ft2 
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8.6 INTERNAL DUCT FORCES (INTERNAL DRAG) - METHOD I 


This section presents the equations for calculating the internal duct normal- and 
axial-force and drag coefficients.  Note this development of internal duct forces 
from free-stream conditions ahead of the duct to the duct exit includes losses 
from the free-stream to the duct inlet. 
 


8.6.1 INTERNAL DUCT BODY-AXIS FORCES AND MOMENTS 


   


  AINTBOD = 
WF
G    V0 cos αDUCT cos βDUCT   - 


WF
G   VE - ( PE - P0 ) ( AE ) 


 SINTBOD = 0. 


  NINTBOD = 
WF
G    V0 sin αDUCT cos βDUCT  


 RMINTBOD = 0. 


 PMINTBOD = 0. 


 YMINTBOD = 0. 


 


8.6.2 INTERNAL DUCT BODY-AXIS COEFFICIENTS 


 CAINTBOD = 
AINTBOD


( Q ) ( SREF )  


 CSINTBOD = 0. 


 CNINTBOD = 
NINTBOD


( Q ) ( SREF )  


 CRMINTBOD = 0. 


 CPMINTBOD = 0. 


 CYMINTBOD = 0. 
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8.6.3 INTERNAL DUCT STABILITY-AXIS FORCES AND MOMENTS 


The equation for the duct internal drag, DINTSTAB, is taken directly from 
NASA Technical Paper 1514, Appendix C, November 1979.  Note in this 
derivation the transformation of body-axis duct normal- and axial-force (section 
8.6.1) to stability axis will not reproduce the equation shown.  The internal drag 
equation was derived in NASA TP 1514 under the conditions that the internal 
drag is determined as losses (in the free-stream direction) in momentum and 
pressure forces (referred to free stream conditions) for the air flowing through 
the duct.  In the reference, only duct internal drag was presented.  The duct 
internal lift is derived from the transformation from duct forces calculated in the 
body-axis coordinate system (lift was not presented in NASA TP 1514).  The 
preferred method is to calculate the internal duct forces and moments in the 
body-axis system and then transform these to the stability-axis.  The equations 
presented for Method I assume that the duct forces act at the moment reference 
center.  Should this not be the case, then corrections to pitching- and yawing-
moment will be required.  Method II provides internal duct forces and moments 
for all three axis in both the body- and stability-axis coordinate system for an 
arbitrary location of the moment reference center. 
 


 DINTSTAB = WF


G
  V0  - WF


G
  VE  +  PE - P0   AE  cos !DUCT 


 SINTSTAB = 0. 


 LINTSTAB = NINTBOD cos αBOD - AINTBOD sin αBOD 


 RMINTSTAB = 0. 


 PMINTSTAB =  0. 


 YMINTSTAB =  0. 
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8.6.4 INTERNAL DUCT STABILITY AXIS COEFFICIENTS 


 


 CDINTSTAB = 
DINTSTAB


( Q ) ( SREF )  


 CSINTSTAB = 0. 


 CLINTSTAB = 
LINTSTAB


( Q ) ( SREF )  


 CRMINTSTAB = 0. 


 CPMINTSTAB = 0. 


 CYMINTSTAB = 0. 


 


8.6.5 INTERNAL DRAG FROM RAKE MEASUREMENTS 


The derivation of internal drag from rake measurements is based upon the 
conditions of Method I.  Assume the total pressure rake consists of M tubes and 
the static measurements are from N sources, with M not necessarily equal to N.  
For each total pressure, PTE(i), determine a static pressure, PE(i), using the 
available PE(j), which will provide a reasonable value corresponding to each 
PTE(i).  That is: 
 


  PE(i) = f [ PE(j) ] i = 1 Æ M,    j = 1 Æ N 
 


From these PE(i), determine M values of pressure ratio: 
 


  RATIO(i) = 
PE(i)


PTE(i)  i = 1 Æ M 
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Find the local exit Mach Number: 
 


  ME(i)   =   2
! - 1


 RATIO(i)
 - 
! - 1


!  - 1  


 1/2


 


 


From this, since the total temperature is constant for all i, the local velocity is: 


 


  VE(i)   =   !  RGAS 1/2 ME(i) TTR


1 + 
! -1


2
 ME(i)2


 1/2 


For γ = 1.4 and R = 1716.55 


  VE(i)   =  49.02214 ME(i) TTR


1 + 0.2 ME(i)
2


 1/2


 


 


Each PTE(i) has an associated area, AE(i) 
 


The local weight flow is: 


 


 WFE(i) = G  
!


RGAS  TTR


1/2


 
 PTE(i)   ME(i)   AE(i) 


 1 + 
! - 1


2
 ME(i)


2


 ! + 1


2(!-1)


 


 WFTOTAL = WFE(i)!
i = 1


M


 


 


The local internal drag, local internal drag coefficient, and total internal drag 
coefficients are: 


 
 DINTI(i) = 


WFE(i)


G
   V0  - 


WFE(i)


G
 VE(i)  +  PE(i) - P0   AE(i)  cos !DUCT 
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 CDINT(i) = 
DINTI(i)


( Q ) ( SREF )  


 DINTSTAB = DINTI(i)!
i = 1


M


 


 


 CDINTSTAB = 
DINTSTAB


( Q ) ( SREF )  
 


8.6.6 CAPTURE AREA MASS FLOW RATIO 


 


 CAPAMFR = 
A0
AC  = 


WEIGHT FLOW AT INLET
WEIGHT FLOW AT CAPTURE AREA  


 


8.6.7 CAPTURE AREA WEIGHT FLOW 


 WFCAP = 
 PT0T   M0   AC 


 1 + 
! - 1


2
 M02


 
! + 1


2 !-1


 
!  G2


RGAS  TTR


1/2


 


 


For the Standard Conditions of γ = 1.4, G=32.174 and RGAS = 1716.55 
 


  WFCAP = 0.918842 
 PT0T   M0   AC 


 1 + 0.2 M02  3
 1


TTR


1/2 


 


8.6.8 COEFFICIENTS BASED ON CAPTURE AREA 
 


The duct internal axial-force coefficient may be expressed in terms of area 
ratios through use of the continuity equations, ideal gas law, and isentropic flow 
equations.  Quantities with subscript “0” refer to free-stream conditions.  In this 
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context, free-stream is a station free of disturbances generated by any part of the 
model (fuselage, strake, canard, etc.) that extend forward of the inlet ramp.  A 
sketch of the duct geometry is shown below: 


Ramp Shock Wave


V0


A0
AC


exitinlet  


  


 
CAINTBOD = 2  A0 


AC
  AC 


SREF
 cos !DUCT cos "DUCT                          


                          + 2


#
   AE 


SREF
  1


M0
2


 1 -  PE 


P0
 1 + # ME


2


 


 


The capture area, AC, is an arbitrarily defined reference area (like SREF). 


Similar to the expression for the duct axial force coefficient: 


 


 CNINTBOD = 2 
A0
AC  


AC
SREF    sin αDUCT cos βDUCT  


 


This describes the internal flow increment in normal force associated with 
turning the duct airflow through the inlet into the duct.  Inside the duct itself, the 
effect of duct airflow on normal force is assumed to be negligible. 


In terms of area ratios: 


 
CDINTSTAB = 2  A0 


AC
  AC 


SREF
                                                                           


 


               + 2


!
   AE 


SREF
  1


M0
2


 1 -  PE 


P0
 1 + ! ME


2
 cos "DUCT
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8.7 INTERNAL DUCT FORCES (INTERNAL DRAG) - METHOD II 


This section presents the equations for calculating the internal duct forces and 
moments in the body- and stability-axis system.  This method assumes the exit 
thrust is determined from a calibration and the thrust may leave the exit station 
at an arbitrary angle. 
 
The internal duct geometry and sign conventions are shown in the figures 
below: 
 


+X
inlet


MRC


+Z
inlet


Inlet Centroid


!


V0


!


AINTBOD


DINTSTAB


LINTSTAB


NINTBOD


Exit Centroid
( pe - p0 ) Ae


 SIDE VIEW


PMINT


+Z
exit


WF


G


Ve


WF


G


V0


 


 


 


 


MRC


+Zinlet


FRONT VIEW


NINTBOD


SINTBOD


RMINT


Inlet Centroid
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MRC


     Exit 


Centroid


+Zexit


REAR VIEW


NINTBOD


SINTBOD


RMINT


 


 


 


MRC


( pe - p0 ) Ae1


( pe - p0 ) Ae2


+Yinlet


TOP VIEW


+!


AINTBOD


SINTBOD


YMINT


V0
+!


+!


+Yinlet


+Yexit


+Yexit


WF


G


V0


1


WF


G


Ve


1


WF


G


V0


2


WF


G


Ve


2
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8.7.1 EXIT THRUST 
 
 For each duct the exit thrust is: 
 


  TEXIT = 
WF
G   VE + ( PE - P0 ) AE 


 
Exit conditions are in many cases defined from a calibration where thrust 
coefficients are determined for the three orthogonal directions.  Then the exit 
thrusts, per duct, are: 
 
 TEXITX = ( CTX ) ( TEXIT ) 
 TEXITY = ( CTY ) ( TEXIT ) 
 TEXITZ = ( CTZ ) ( TEXIT ) 
 


 
8.7.2 BODY-AXIS INTERNAL DUCT FORCES 
 
 


  AINTBOD = 
WF
G    V0 cos αDUCT cos βDUCT   - TEXITX 


  SINTBOD = - 
WF
G    V0 cos αDUCT sin βDUCT   - TEXITY 


  NINTBOD = 
WF
G    V0 sin αDUCT cos βDUCT   - TEXITZ 


 CAINTBOD = 
AINTBOD


( Q ) ( SREF )  


 CSINTBOD = 
SINTBOD


( Q ) ( SREF )  


 CNINTBOD = 
NINTBOD


( Q ) ( SREF )  
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8.7.3 BODY-AXIS INTERNAL DUCT MOMENTS 


Define the following: 


 Subscript 1 = Left Hand Duct Subscript 2 = Right Hand Duct 


 Xinlet,exit = Positive for centroid forward of the moment reference center 


 Yinlet,exit = Always positive 


 Zinlet,exit = Positive for centroid above the moment reference center 
 


RMINTBOD = WF


G
  V0 


1


- WF


G
  V0 


2


 sin !DUCT cos "DUCT Yinlet


              - WF


G
  V0 


1


+ WF


G
  V0 


2


 cos !DUCT sin "DUCT Zinlet


        - TEXITZ1- TEXITZ2  Yexit - TEXITY1+ TEXITY2  Zexit


 


 


PMINTBOD = WF


G
  V0 


1


+ WF


G
  V0 


2


 sin !DUCT cos "DUCT Xinlet


              + WF


G
  V0 


1


+ WF


G
  V0 


2


 cos !DUCT cos "DUCT Zinlet


        - TEXITX1+ TEXITX2  Zexit - TEXITZ1+ TEXITZ2  Xexit


 


 


YMINTBOD = WF


G
  V0 


2


- WF


G
  V0 


1


 cos !DUCT cos "DUCT Yinlet


              - WF


G
  V0 


1


+ WF


G
  V0 


2


 cos !DUCT sin "DUCT Xinlet


        - TEXITX2- TEXITX1  Yexit - TEXITY1+ TEXITY2  Xexit


 


 


 CRMINTBOD = 
RMINTBOD


( Q ) ( SREF ) ( SPAN )  


 CPMINTBOD = 
PMINTBOD


( Q ) ( SREF ) ( CHORD )  


 CYMINTBOD = 
YMINTBOD


( Q ) ( SREF ) ( SPAN )  
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8.7.4 STABILITY-AXIS INTERNAL DUCT FORCES 
 


DINTSTAB = AINTBOD cos αBOD + NINTBOD sin αBOD 


SINTSTAB= SINTBOD 


LINTSTAB = NINTBOD cos αBOD - AINTBOD sin αBOD 


 CDINTSTAB = 
DINTSTAB


( Q ) ( SREF )  


 CSINTSTAB = 
SINTSTAB


( Q ) ( SREF )  


 CLINTSTAB = 
LINTSTAB


( Q ) ( SREF )  


 


8.7.5 STABILITY-AXIS INTERNAL DUCT MOMENTS 
 


RMINTSTAB = RMINTBOD cos aBOD + YMINTBOD sin aBOD 


PMINTSTAB = PMINTBOD 


YMINTSTAB = YMINTBOD cos aBOD - RMINTBOD sin aBOD 


 CRMINTSTAB = 
RMINTSTAB


( Q ) ( SREF ) ( SPAN )  


 CPMINTSTAB = 
PMINTSTAB


( Q ) ( SREF ) ( CHORD )  


 CYMINTSTAB = 
YMINTSTAB


( Q ) ( SREF ) ( SPAN )  
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8.8 CAVITY AND BASE CORRECTIONS 
 
8.8.1 CAVITY CORRECTION 


Wind tunnel models typically contain  a cavity upstream of the balance as well 
as at the sting exit.  Under wind-on conditions the pressure within the balance 
cavity responds to the changing pressure in the model base region through the 
annular opening in the base around the sting.  These changing internal pressures 
are felt by the balance. 


The purpose of the cavity (and base) correction is to adjust the measured forces 
by an amount that assumes the model base pressure is uniform and equal to the 
free-stream static pressure. 


It is assumed the pressures act at the centroid of area.  Cavity areas and moment 
arms are typically determined by the user.  Assignment of the cavity area is a 
function of which axis (balance or body) the correction is being made and the 
cavity shape.  Cavity area orientation and applicable force adjustment are: 


 
   
 Orientation of Area Applicable Force Adjustment 
   
   
 Lower Facing Normal 
 Upper Facing  Normal 
 Forward Facing Axial 
 Aft Facing Axial 
 Left Facing Side 
 Right Facing Side 


 


Typically, cavity corrections are made for Normal (N), Axial (A), and Pitching 
Moment (PM).  Assuming the correction is made in the balance axis system: 
 


AN(i) = projection of incremental cavity area onto balance x-y plane 


AA(i) = projection of incremental cavity area onto balance y-z plane 
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Pcav AN(i)


Lower Facing


AN(i)Pcav


Upper Facing


Z


X


Pcav


AA(i)


Aft Facing


Pcav


AA(i)


Forward Facing


Z


X


 


 
 
For model surfaces not perpendicular to the correction axis, projected areas are 
used: 


 


 


AN(i)
Pcav


Z


X


Pcav


AA(i)


Pcav


Ax(i)
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The SDS adds force and moment corrections, after tare corrections have been 
made, in either the balance or body axis system, depending upon the user 
definition.  The corrections are: 
 


  NCAVxxx = P(i)cav - PS  A(i)N!
i


 


 


  ACAVxxx = P(i)cav - PS  A(i)A!
i


 


 


  PMCAVxxx = P(i)cav - PS  A(i)N X(i) + A(i)A Z(i)!
i


 


 


  CNCAVxxx = 
NCAVxxx


( Q ) ( SREF )  
 


  CACAVxxx = 
ACAVxxx


( Q ) ( SREF )  
 


  CPMCAVxxx = 
PMCAVxxx


( Q ) ( SREF ) ( CHORD )  


 


   xxx = BAL or BOD 
 


The choice of axis system depends upon what axis system the areas and moment 
arms are given.  It is important that the geometric definitions be in the same 
coordinate system as the correction axis.  Examples are shown in the following 
figures for two pressure taps: 
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X


Z


A1


A2


 Balance &  Body Same


Same Projected Areas
Same Moment Arms


A1


X


Z


X


Z


Balance


Body


 Balance &  Body Offset


Same Projected Areas
Different Moment Arms


X


Z


X


Z


Balance


Body


 Balance &  Body Offset 
           and Rotated


Different Projected Areas
Different Moment Arms


A1


A2


A2


 
 


Because SDS adds corrections to either the balance or body axis, the test 
director must insure the forces and moments have the correct sign.  The sign of 
the correction depends upon cavity area orientation, location of the areas 
relative to the reference origin and value of the cavity pressure in relation to the 
free-stream static pressure.  The three possible conditions are: 
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 Pcav = PS so Pcav - PS = 0 


 Pcav < PS so Pcav - PS < 0 Negative gradient 


 Pcav > PS so Pcav - PS > 0 Positive gradient 


 
Example: 


 


 


Balance


1


2
3


4


 


 


Define DP = Pcav - PS 
 


For this example, assume Pcav > PS for each tap, so DP > 0 for every tap.  Also 
assume the correction is to be applied to the balance axis.  From the above 
sketch: 
 


  Tap No. Facing 


      1  Aft 
      2  Lower 
      3  Lower and Forward when projected to balance axis 
      4  Upper 
 


Aft facing with Pcav > PS 


• Produces a forward push causing the balance axial force to read low.  
Because DP > 0, this requires AA(i) > 0. 
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Lower facing with Pcav > PS 


• Produces an upward push causing the balance normal force to read high.  
Because DP > 0, this requires AN(i) < 0. 


Forward facing with Pcav > PS 


• Produces a rearward push causing the balance axial force to read high.  
Because DP > 0, this requires AA(i) < 0. 


Upper facing with Pcav > PS 


• Produces a downward push causing the balance normal force to read 
low.  Because DP > 0, this requires AN(i) > 0. 


 
8.8.1.1 SIGN CONVENTION FOR MOMENT ARMS 


The cavity axial and normal force also contribute to a pitching moment 
correction.  The pitching moment is a function of where the centroid of areas are 
relative to the balance center. 
 


   


       Quadrant 4
Below, Downstream


       Quadrant 2
Above, Upstream


      Quadrant 3
Below, Upstream


       Quadrant 1
Above, Downstream


 
 


Let X(i) be the distance from centroid of projected area AN(i) to the balance 
center measured parallel to the balance x-axis. 


Let Z(i) be the distance from centroid of projected area AA(i) to the balance 
center measured parallel to the balance x-axis. 
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For the condition Pcav > PS, then DP > 0.  Consider the case for the first 
quadrant: 


Lower Facing Surface (Quadrant 1) 


• Positive DP causes pitching moment to read low, normal force high. 


• Pitching moment correction must be positive. 


• DP > 0, AN(i) < 0 to provide the proper correction to normal force. 


• X(i) < 0 required to produce correct sign for pitching moment. 


Upper Facing Surface (Quadrant 1) 


• Positive DP causes pitching moment to read high, normal force low. 


• Pitching moment correction must be negative. 


• DP > 0, AN(i) > 0 to provide the proper correction to normal force. 


• X(i) < 0 required to produce correct sign for pitching moment. 


Forward Facing Surface (Quadrant 1) 


• Positive DP causes pitching moment to read high, axial force high. 


• Pitching moment correction must be negative. 


• DP > 0, AA(i) < 0 to provide the proper correction to axial force. 


• Z(i) > 0 required to produce correct sign for pitching moment. 


Aft Facing Surface (Quadrant 1) 


• Positive DP causes pitching moment to read low, axial force low. 


• Pitching moment correction must be positive. 


• DP > 0, AA(i) > 0 to provide the proper correction to axial force. 


• Z(i) > 0 required to produce correct sign for pitching moment. 
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Similar analysis for the remaining three quadrants shows that: 


For both upper and lower facing surfaces: 


 X(i) > 0 for AN(i) upstream of the balance center 
 X(i) < 0 for AN(i) downstream of the balance center 


For both forward and aft facing surfaces: 


 Z(i) > 0 for AA(i) above the balance center 
 Z(i) < 0 for AA(i) below the balance center 
 
Summarizing the sign convention to properly apply the cavity correction: 


AN(i) > 0  upper facing  AN(i) < 0  lower facing 
AA(i) > 0  aft facing  AA(i) < 0  forward facing 
 
X(i) > 0  for AN(i) upstream of the balance center 
X(i) < 0  for AN(i) downstream of the balance center 
 
Z(i) > 0  for AA(i) above the of balance center 
Z(i) < 0  for AA(i) below the balance center 


 
8.8.2 BASE CORRECTION 


The application of the base correction is similar to that for the cavity correction.  
Typically, only a base axial force correction is made and a total base area is 
used rather than elemental base areas.  An average base pressure is determined 
and this is used in the base correction.  The area, either total or elemental, must 
be greater than zero in order to produce the proper correction.  A base pressure 
greater than PS will cause the balance axial force to read low.  Corrections are 
added in the SDS, so this requires a positive base area. 


Average Base Pressure Method 
 


  ABASExxx =   1
N


 P(i)BASE - PS!
i = 1


N


  BASEAREA 
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  CABASExxx = 
ABASExxx


( Q ) ( SREF )  


   xxx = BAL or BOD 


Note that the same equation for determining the cavity axial force correction 
(ACAVxxx) may be used for the base correction in terms of elemental areas.  
The equation above may be represented as a delta pressure times an elemental 
area, where the sum of the elemental base areas must equal BASEAREA. 


Elemental Base Pressure Method 


  ABASExxx = P(i)BASE - PS  A(i)BASE!
i = 1


N


 


For the case when the elemental base areas are the same, i.e., 


  A(i)BASE = 
BASEAREA


N   


Then 


  ABASExxx = P(i)BASE - PS  BASEAREA
N


!
i = 1


N


 


Since  
BASEAREA


N    is a constant, it may be brought outside the summation 


sign.  The result is the same equation given when total area is used.  Note that 
the above equations are the same as the equations presented for determining the 
cavity corrections.  Therefore, the same algorithms may be used for either 
correction. 
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8.9 BUOYANCY CORRECTION 


Gradients in the Mach number calibration data are an indication of longitudinal 
static pressure gradients in the test section.  The body-axis axial force or the 
stability-axis drag may be adjusted to account for the longitudinal buoyant 
effect.  Buoyancy is dependent upon the product of the local pressure and the 
projected area of the model on which this pressure acts. 


The Mach number calibration data and cross-sectional area distribution of the 
model are both functions of the tunnel station, x.  For typical force tests, the 
tunnel station of either the balance center or the mean aerodynamic quarter-
chord is chosen to be the defining point for the Mach number calibration.  At 
the reference station, denoted as x0: 


  Mx0 = M CPx0 = 0 


Mx0 is the "reference Mach number" for the particular tunnel conditions.  
Combining the relations Ax = f(x) and CP = g(x), a curve similar to that shown 
below can be generated. 


  


CP


Ax


x0


+


-


 


 


The buoyancy force is: 
 


  BUOYCORR = Q CP d Ax


x = LE


x = TE
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For application in the SDS system: 
 


  KBUOY = - CP d Ax


x = LE


x = TE


 


 


The buoyancy force is: 
 


  BUOYCORR = ( KBUOY ) ( Q ) 
 


The buoyancy coefficient in the body-axis system is: 


CABUOYBOD = 1


SREF
 CP d Ax


x = LE


x = TE


 = KBUOY


SREF
 = 


BUOYCORR
( Q ) ( SREF )  


 


The same method is used to determine buoyancy in the stability-axis system.  
KBUOY is determined using identical inputs, independent of the coordinate 
system.  The only difference is the axis system to which the correction is 
applied.  Note that applying the buoyancy in the body-axis system will produce 
a buoyant lift- and drag-correction which will vary with angle of attack.  Adding 
the correction in the stability-axis system adds a constant value in the drag 
direction only for all angles of attack. 


 


The buoyancy coefficient in the stability-axis system is: 


CDBUOYSTAB = 1


SREF
 CP d Ax


x = LE


x = TE


 = KBUOY


SREF
 = 


DBUOYSTAB
( Q ) ( SREF )   
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9.0 UTILITY FUNCTIONS 
 


This section describes utility functions for performing additional operations 
with the data.  The various utility functions include a rake probe bad-pressure 
substitution methodology and methods for integration, interpolation and root 
finding. 
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9.1 RAKE PROBE BAD-PRESSURE SUBSTITUTION METHODOLOGY 
 


This substitution methodology applies to configurations as shown in the figure 
below (viewed looking downstream).  This type of configuration is typically 
used to measure total pressures at either an engine face or duct exit.  The 
concentric circles are denoted as "rings" and the radial lines containing the 
pressure taps as "rakes". 
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The inner (ID) ring is ring 1, the outer (OD) ring is ring NRING (5 are shown in 
the figure) and the remainder are the interior rings.  The pressures are denoted in 
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a ring, rake format, P[ring,rake].  The rakes are cyclic from 1 through N (8 are 
shown).  The pressure labeled "45" is the pressure tap located on ring 4, rake 5. 


There are eight substitution conditions which are considered. 


1. One probe bad on an interior ring.  Value is computed as average of the 
surrounding four values, two from the same ring, two from the same rake. 


  P(i,j) = [ P(i,j+1) + P(i,j-1) + P(i+1,j) + P(i-1,j) ] / 4 
 


2. One probe bad on ID or OD ring.  Value is computed as average of the 
three surrounding values, one from the same rake and two from the same 
ring. 


  P(1,j) = [ P(1,j+1) + P(1,j-1) + P(2,j) ] / 3 


  P(NRING,j) = [ P(NRING,j+1) + P(NRING,j-1) + P(NRING-1,j) ] / 3 
 


3. Two adjacent probes bad on an interior ring.  Values are computed as 
average of the surrounding three values, two from the same rake and one 
from the same ring. 


  P(i,j) = [ P(i+1,j) + P(i-1,j) + P(i,j-1) ] / 3 


  P(i,j+1) = [ P(i+1,j+1) + P(i-1,j+1) + P(i,j+2) ] / 3 
 


4. Two adjacent probes bad on ID or OD ring.  Values are computed as 
average of the surrounding two values, one from the same rake and one 
from the same ring. 


  P(1,j) = [ P(1,j-1) + P(2,j) ] / 2 


  P(1,j+1) = [ P(1,j+2) + P(2,j+1) ] / 2 


  P(NRING,j) = [ P(NRING,j-1) + P(NRING-1,j) ] / 2 


  P(NRING,j+1) = [ P(NRING,j+2) + P(NRING-1,j+1) ] / 2 
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5. Two adjacent probes bad on a rake on interior rings.  Values are computed 
as average of the surrounding three values, two from the same ring and 
one from the same rake. 


  P(i,j) = [ P(i,j+1) + P(i,j-1) + P(i-1,j) ] / 3 


  P(i+1,j) = [ P(i+1,j+1) + P(i+1,j-1) + P(i+2,j) ] / 3 
 


6. Two adjacent probes bad on a rake with one an ID or OD ring.  OD or ID 
value is computed as average of the two values on the same ring, the 
interior value is computed as average of the surrounding three values 
(does not use the OD or ID computed value). 


  P(1,j) = [ P(1,j+1) + P(1,j-1) ] / 2 


  P(2,j) = [ P(2,j+1) + P(2,j-1) + P(3,j) ] / 3 


  P(NRING,j) = [ P(NRING,j+1) + P(NRING,j-1) ] / 2 


  P(NRING-1,j) = [ P(NRING-1,j+1) + P(NRING-1,j-1) 
       + P(NRING-2,j) ] / 3 
 


7. Three or more adjacent probes a) along the same rake, b) along the same 
ring, or c) along ring and rake (L shaped).  Values are computed as 
average of all "good" probes before any substitutions for bad probe values. 


  P(i, j) = 
"Good" pressures!


Number "Good" Pressures
 


 


8. Number of bad probes equals or exceeds a specified number, independent 
of location.  Values are computed as average of all "good" probes before 
any substitutions for bad probe values. 


  P(i, j) = 
"Good" pressures!


Number "Good" Pressures
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A character, controlled by the parameter ISUBPRI, is printed following the 
answer for all pressures where substitutions have been made.  The character is: 
 
ISUBPRI = 0 None 
 = 1 Asterisk (*) 
 = 2 Exclamation point (!) 
 = 3 Dollar sign ($) 


Default, ISUBPRI = 1 
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9.2 TRAPEZOIDAL RULE CALCULATIONS 
 
 
9.2.1 DESCRIPTION 


The trapezoidal rule equations integrate a given tabulated function of unequal 
intervals by summing incremental areas (and multiplying by the moment 
distance for moment calculations) under a first degree curve.  The arguments 
must be monotonically ascending.  End points will be extrapolated if outside the 
bounds FLO to FHI (intermediate points will be dropped if outside the bounds). 


 
9.2.2 WRITE-UP REQUIREMENTS 


Specify the following information: 


• Argument name 
• Function name 
• Lower bound of function values (FLO) 
• Upper bound of function values (FHI) 
• Area integration (MULT = 0) or moment calculation (MULT ≠ 0); 


default is area integration, MULT = 0 
 
 


9.2.3 EQUATIONS 


 


  


Y2


Y1 YN


Y3


YN-1


A1


A2


AN-1


X3X2X1
XNXN-1  
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Integration 


 AREA = A(i)!
i = 1


N-1


 


 A(i) = [ X(i+1) - X(i) ]   
[ Y(i) + Y(i+1) ]


2   


 


Moment 


 MOMENT = M(i)!
i = 1


N-1


 


 M(i) = [ X(i+1) - X(i) ]    
[ X(i) Y(i) + X(i+1) Y(i+1) ]


2   


 


Extrapolation 


 Y(1) = Y(3) - [ X(3) - X(1) ]  
Y(3) - Y(2)
X(3) - X(2)  


 Y(N) = Y(N-2) - [ X(N) - X(N-2) ]  
Y(N-1) - Y(N-2)
X(N-1) - X(N-2)  
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9.3 INTEGRATION BY MODIFIED SIMPSON'S RULE 
 
 
9.3.1 DESCRIPTION 


The modified Simpson's rule equations integrate a given tabulated function of 
unequal intervals by summing incremental areas under a second degree curve 
computed as follows: 


• The first increment is the area under the curve fitted through the first 
three points between the first and second points. 


• The second increment is the area under the curve fitted through the first 
three points between the second and third points. 


• The third increment is the area under the curve fitted through the second, 
third and fourth points between the third and fourth points. 


• The process follows until all points have been used. 


The moment about the moment center, CBAR, is the summation of the products 
of each increment of area and the distance from the moment center to the 
centroid of the incremental area. 


Before integrating, the points are ordered so that the arguments are 
monotonically ascending.  Points with duplicate arguments are replaced with a 
single point whose function is the average of the functions of the duplicate 
arguments.  Points whose functions are outside a specified range are deleted 
except for the end points.  The functions of the end points are replaced by 
second degree extrapolation using the three valid neighboring points.  Error 
messages are issued when points are deleted or extrapolated. 


The above modifications result in a new set of points to be used in integration.  
This set may be used for subsequent computing. 
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9.3.2 WRITE-UP REQUIREMENTS 


Specify the following information: 


• Argument name 
• Function name 
• Number of points or maximum number if indefinite 
• Moment center name.  If omitted the moment is not computed. 
• Lower bound of function values 
• Upper bound of function values 
• A result to be used if there are less than four (4) valid points.  Zero (0.0) 


is used if not specified. 
• Name of integral and moment, if computed 
• Whether or not the sorted values should be used for subsequent 


computing.  If they are, names should be specified for new arguments, 
functions and number of points. 


 
 


9.3.3 EQUATIONS 
 


 


 


Y2


Y1
YN


Y3


YN-1


A1


A2


AN-1


X3X2X1
XNXN-1


CBAR  
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 AREA = Ai!
i = 1


N-1


 


 


 MOMENT ABOUT CBAR = Xi  Ai!
i=1


N-1


 - CBAR  AREA  


 


 A1 = 
X2 - X1


6 X1 - X3  X2 - X3


  T1 - T2 - T3  


 


 T1 = X1 - X3  -3 X3 + X1 + 2 X2  Y2  


 T2 = X2 - X3  3 X3 - 2 X1 - X2  Y1  


 T3 = X2 - X1


2
 Y3  


 


 Ai = 
Xi+1 - Xi


6 Xi - Xi-1  Xi+1 - Xi-1


  TI1 - TI2 - TI3  


 


 TI1 = Xi - Xi-1  -3 Xi-1 + Xi + 2 Xi+1  Yi+1  


 TI2 = Xi+1 - Xi-1  3 Xi-1 - 2 Xi - Xi+1  Yi  


 TI3 = Xi+1 - Xi


2
 Yi-1  


 


If Xi = Xi-1, then Xi -1 = Xi-2 


If Xi = Xi+1, then Ai = 0 
 


X1   A1  = 
X2 - X1


12 X1 - X3  X2 - X3


  X1 - X3  XB1 - X2 - X3  XB2 - XB3  


 


 XB1 =  2 X2 - X3   2 X2 + X1  - X2 - X1   X2 + X1  Y2  


 XB2 = - X2 + 2 X3  X2 + 2 X1  - 3 X1


2
 Y1  


 XB3 = X2 - X1


2
 X2 + X1  Y3  
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Xi   Ai  = 
Xi+1 - Xi


12 Xi - Xi-1  Xi+1 - Xi-1


 Xi - Xi-1  XBI1 - Xi+1 - Xi-1  XBI2 - XBI3  


 


 XBI1 =  2 Xi+1 - Xi-1   2 Xi+1 + Xi  - Xi+1 - Xi   Xi+1 + Xi  Yi+1  


 XBI2 = - Xi+1 + 2 Xi-1  Xi+1 + 2 Xi  - 3 Xi


2
 Yi  


 XBI3 = Xi+1 - Xi


2
 Xi+1 + Xi  Yi-1  
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9.4 LAGRANGIAN INTERPOLATION 
 


 
9.4.1 DESCRIPTION 


The Lagrangian interpolation formula is used to interpolate or extrapolate a 
tabulated function of n points.  The equations presented below are for three (3) 
points for a given argument using a second degree curve.  It may easily be 
extended to cover all n points (See Section 9.12.4) 


 
9.4.2 WRITE-UP REQUIREMENTS 


Specify the following information: 


• Name of the arguments 
• Name of the functions 
• Argument name to be interpolated 
 
 


9.4.3 EQUATIONS 
 


 
Y = 


 X3 - X    X2 - X 


 X3 - X1   X2 - X1 
 Y1 + 


 X3 - X   X1 - X 


 X3 - X2   X1 - X2 
 Y2


+ 
 X2 - X   X1 - X 


 X2 - X3   X1 - X3 
 Y3


 


 


When the three given points degenerate into two points, then a linear 
interpolation or extrapolation is performed. 
 


 Y =  Y1 +  X - X1  
 Y2 - Y1 


 X2 - X1 
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9.4.4 GENERALIZED FORM 


LaGrange's form of the interpolating polynomial  of degree d passing through 
the points (xmin, ymin), (xmin+1, ymin+1),...(xmin+d,ymin+d) is: 


 Y X  = !
i = min


min+d


Li X  Yi  


where 


 Li X  = 
 X - Xj


 Xi  - Xj!
j = min


j ! i


min+d


 


For a table containing N values, the interpolated result Y at input location Xloc 
is found by specifying: 


  (Xi, Yi, i = 1:N) 


 Xloc (x-location where the Y-value is desired)) 


 DEG (the degree of polynomial desired for interpolation) 


 MIN (Where to start in the X-array.  For example, for a fourth order curve 
interpolation can use 4 points below the highest end point which 
contains the value to 4 points above the lowest end point which 
contains the value). 


 N (the number of input points)
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9.5 OUT OF RANGE LINEAR INTERPOLATION  
 


 
9.5.1 DESCRIPTION 


Provides a linear interpolation of values out of range.  The method interpolates 
for endpoints and interpolates for any successive points between two good 
points. 


 
9.5.2 WRITE-UP REQUIREMENTS 


Specify the following information: 


• Name of the dependent variable 
• Name of the independent variable 
• Maximum number of points 
• Lower bound 
• Upper bound 
 
 


9.5.3 EQUATIONS 


If the first point is out of bounds: 


 FUN(1) = FUN(3) - [ FUN(3) - FUN(2) ]  
ARG(3) - ARG(1)
ARG(3) - ARG(2)  


If the last point is out of bounds: 


 FUN(IEND) = FUN(IEND-2) 


  + [ FUN(IEND-1) - FUN(IEND-2) ]  
ARG(IEND) - ARG(IEND-2)


ARG(IEND-1) - ARG(IEND-2)  


If any interior point N is out of bounds: 


 FUN(N) = FUN(K) + [ FUN(M) - FUN(K) ]  
ARG(N) - ARG(K)
ARG(M) - ARG(K)  


where K is the subscript of the nearest good point before N and M is the nearest 
good point after N. 
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9.6 CUBIC CIRCLE INTERPOLATION 
 


 
9.6.1 DESCRIPTION 


The cubic circle interpolation formula is used to interpolate or extrapolate a 
tabulated function.  This interpolation method has been found to provide a good 
fit of aerodynamic functions. 


It is required to fit a cubic circle over each and every interval of data such that 
together the cubics give a continuous curve with continuous first derivatives.  
Given four points (X1, Y1), (X2, Y2), (X3, Y3) and (X4, Y4), for argument X 
between X2 and X3 calculate a corresponding Y. 


A cubic parabola is fit using (X2, Y2), (X3, Y3), the slope at (X2, Y2) equal to 
the tangent to a circle at (X2, Y2) formed using (X1, Y1), (X2, Y2), and (X3, 
Y3), and the slope at (X3, Y3) equal to the tangent to a circle at (X3, Y3) formed 
using (X2, Y2), (X3, Y3), and (X4, Y4).  The function Y is then calculated from 
this curve fit. 


 
9.6.2 WRITE-UP REQUIREMENTS 


Specify the following information: 


• Argument name 
• Function name 
• Either  


(1) Parameters P1, PN.  The ratios of second derivatives at the 
beginning two adjacent points (P1) and the ending two adjacent 
points (PN). 


(2) Parameters DD1, DDN.  The second derivatives at the beginning 
(DD1) and ending (DDN) points 
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9.6.3 EQUATIONS 
 
 
9.6.3.1 Tangent of a circle (first derivative) 


The general equation of a circle is 


 X2 + 2 (A) (X) + Y2 + 2 (B) (Y) + C = 0 


By evaluating the derivative at [X(i), Y(i)], [X(i+1), Y(i+1)], [X(i-1), Y(i-1)], 
for 


i = 2, 3, . . . N-1 the tangent is: 


 D(i) = 
[Y(i+1) - Y(i)] F1 + [Y(i) - Y(i-1)] F2
[X(i+1) - X(i)] F1 + [X(i) - X(i-1)] F2  


where 


 F1 = [X(i) - X(i-1)]2 + [Y(i) - Y(i-1)]2 


 F2 = [X(i+1) - X(i)]2 + [Y(i+1) - Y(i)]2 
 


If D(i) > 3438, the angle of the slope is greater than 89.9° and the curve is 
considered discontinuous at this point.  An error message is output and only the 
previous points are used. 


 
9.6.3.2 Derivative of first point 


The derivative at the first point is either: 
 


 D(1) =  
3
2  


Y(2) - Y(1)
X(2) - X(1)   - 


D(2)
2    - 


X(2) - X(1)
4   (DD1)  


or 


 D(1) =  
1 + (2) (P1)


2 + P1    D(2) + 3  
1 + P1
2 + P1  


Y(2) - Y(1)
X(2) - X(1)  
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9.6.3.3 Derivative of last point 


The derivative at the last point is either: 
 


 D(N) =  
3
2  


Y(N) - Y(N-1)
X(N) - X(N-1)   - 


D(N-1)
2    +  


X(N) - X(N-1)
4   (DDN)  


or 


 D(N) =  
1 + (2) (PN)


2 + PN    D(N-1) + 3 
1 + PN
2 + PN  


Y(N) - Y(N-1)
X(N) - X(N-1)  


 
 
9.6.3.3 Interpolation function 


The interpolation function equation is: 


 Y = T1 + T2 - T3 + T4 
 


where 


 T1 = Y(i)   
3  X(i+1) - X  2


 X(i+1) - X(i)  2
 - 


2  X(i+1) - X  3


 X(i+1) - X(i)  3
  


 T2 = Y(i+1)   
3  X - X(i)  2


 X(i+1) - X(i)  2
 - 


2  X - X(i)  3


 X(i+1) - X(i)  3
  


 T3 = D(i)   
 X(i+1) - X  3


 X(i+1) - X(i)  2
 - 


 X(i+1) - X   2


 X(i+1) - X(i) 
   


 T4 = D(i+1)   
 X - X(i)  3


 X(i+1) - X(i)  2
 - 


 X - X(i)   2


 X(i+1) - X(i) 
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9.7 SECANT METHOD OF ROOT FINDING  
 


 
9.7.1 DESCRIPTION 


The SECANT method is used to find the root of the general equation F(X) = 0.  
This is performed by fitting a linear polynomial through two successive 
approximations, solving the function to obtain a new approximation and 
iterating until the tolerance criteria is met.  The SECANT method is also known 
as the method of false position, or in the Latin form, regula falsi. 
 


 
9.7.2 WRITE-UP REQUIREMENTS 


Specify the following information: 


• X1 lower bound 
• X2 upper bound 
• Degree of precision expected on independent variable (TOLX) 
• Degree of precision expected on dependent variable (TOLY) 
• Function equation F(X) 
 


 
9.7.3 EQUATIONS 
 
 


  X(i+1) = X(i) - 
X(i-1) - X(i)


 F[X(i-1)] - F[X(i)]    F[X(i)] i = 0, 1, 2, ... 
 
 


The iteration continues until either of the following criteria is satisfied: 


(1) 
| ( X(i) - X(i+1) ) |


2    <  (TOLX) MAX [ | X(i+1) |, | X(i) | ] 


(2)  | F[X(i+1)] | < TOLY 
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9.8 NEWTON METHOD OF ROOT FINDING 
 


 
9.8.1 DESCRIPTION 


The NEWTON method is used to find the root of the general equation F(X) = 0.  
This is performed by fitting a linear polynomial through a point tangent to the 
curve, solving to obtain a new approximation and iterating until the tolerance 
criteria is met. 
 


 
9.8.2 WRITE-UP REQUIREMENTS 


Specify the following information: 


• Function equation F(X) 
• Derivative of the function equation,  !F Xi


!X
 


• Tolerance, precision of X, EPS1 (>0) 
• Tolerance, precision of F(X), EPS2 (>0) 
 
 


 
9.8.3 EQUATIONS 
 


 Xi+1 = Xi - 
F Xi


!F Xi


!X


 i = 0, 1, 2, ... 


 


The iteration continues until the following criteria is satisfied: 
 


(1) | XN+1 - XN |  <  EPS1 


(2) | F(XN) |  <  EPS2 


(3) 1,000 iterations.  The value returned is the value after the last iteration. 
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 APPENDIX A MATRIX ALGEBRA AND TRANSFORMATION MATRICES 


 ELEMENTARY MATRIX ALGEBRA 


 RECTANGULAR MATRIX 
 


A collection of elements arranged in rows and columns is said to form an array.  
An array consisting of m rows and n columns is denoted by: 


 
 


  A  = 


a11   a12   .  .  .    a1n


a21   a22   .  .  .    a2n


a31   a32   .  .  .    a3n


          .        .                 .        


         .        .                 .        
am1   am2   .  .  .    amn


 = amn   


 
and is called a rectangular matrix of order (m x n).  When m = n, A is called a 
square matrix of order n.  In the SDS, the rotation matrices are a square matrices of 
order 3. 


 


 ROW MATRIX OR ROW VECTOR 
 


If A is an array consisting of only one row and n columns then A is a row vector. 
 
  A  = a11   a12   .  .  .    a1n    
 


 COLUMN MATRIX OR COLUMN VECTOR 
 


If A is an array consisting of only one column and n rows then A is a column 
vector. 


 


  [A] = 


a11


a21


a31


          .         


         .        
an1
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 IDENTITY MATRIX OR UNIT MATRIX 
 


A square matrix whose diagonal elements, aii, are all ones and whose remaining 


elements are zeros is called the identity matrix, or unit matrix.  It is denoted by I 
and has the property that [I] [A] = [A] [I] = [A].  There is an identity matrix for 
any order n.  A 3 x 3 identity matrix is denoted by: 


 
 


  A  = 


1 0 0


0 1 0


0 0 1


  


 


 ADDITION OF MATRICES 
 


The sum or difference of two matrices of the same order is the matrix, each of 
whose elements is the sum or difference of the corresponding elements of the two 
given matrices. 
 
  [A] ± [B] = [aij] ± [bij] = [aij ± bij] = [cij] 


 
As an example, let A and B be two 3 x 3 matrices as shown below: 
 


  A  = 


a11 a12 a13


a21 a22 a23


a31 a32 a33


  B  = 


b11 b12 b13


b21 b22 b23


b31 b32 b33


 


 
Then the sum of the two matrices is: 
 


  A  + B  = 


a11+b11 a12+b12 a13+b13


a21+b21 a22+b22 a22+b22


a31+b31 a31+b31 a31+b31


  = C  
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There are two theorems associated with matrix addition. 
 
Theorem 1: 
 
Matrix addition is commutative.  For any two matrices [A] and [B] that are 
conformable (both matrices are of the same order) for addition, then: 
 
  [A] + [B] = [B] + [A] 
 
Theorem 2: 
 
Matrix addition is associative.  For any three matrices [A], [B] and [C] that are 
conformable (all three matrices are of the same order) for addition, then: 
 
  {[A] + [B]} + [C] = [A] + {[B] + [C]} 
 


 MULTIPLICATION OF MATRICES 
 


By scalar or constant: 
 
Multiplication of a matrix [A] by a scalar K is defined by the relation: 
 
  K [aij] = [aij] K = [K aij] 


 
As an example: 
 
  K 


a11 a12


a21 a22


  = 
a11 a12


a21 a22


 K = 
Ka11 Ka12


Ka21 Ka22


 


 
By a matrix: 
 
The product of two matrices [A] and [B] in the order [A] [B] is defined only if [A] 
has the same number of columns as [B] has rows.  If this condition is satisfied, 
then by definition: 
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  [aij] [bij] = [cij] 


 
where 
 


  ci j = aikbkj!
k=1


l


 


 
and the orders of [A], [B] and [C] are (m x l), (l x n) and (m x n), respectively.  
Matrix multiplication is carried out in the following manner:  the element in the 
i,jth position in the final product [A] [B] is the inner product of the ith row of [A] 
by the jth column of [B].  Thus, 
 
  cij = ai1 b1j + ai2 b2j + ... + ain bnj 


 
Conformability Conditions for Matrix Multiplication 
 


     
 Type Order of 1st 


Matrix 
Order of 2nd 


Matrix 
Order of Product 


     
     
 Rectangle by Rectangle m x n n x p m x p 
 Square by Square n x n n x n n2 
 Row by Rectangle 1 x n n x p Row 1 x p 
 Rectangle by Column m x n n x 1 Column m x 1 
 Row by Column 1 x n n x 1 1 x 1 


 
 
There are several theorems associated with matrix multiplication. 
 
Theorem 1: 
 
Matrix multiplication is associative.  
 
 [A] { [B] [C] } = { [A] [B] } [C] 







  Appendix A - 6 


  Elementary Matrix Algebra 


Theorem 2: 
 
Matrix multiplication is distributive over addition.  
 
 [A] { [B] + [C] } = [A] [B] + [A] [C]  
 { [A] + [B] }[C] } = [A] [C] + [B] [C] 
 
Theorem 3: 
 
Matrix multiplication is not commutative.  
 
 [A] [B] ≠ [B] [A]  
 
Theorem 4: 
 
If K is a scalar and if [A] and [B] are conformable for matrix multiplication, then:  
 
 K [A] [B] = [A] [K B] = [K A] [C] 
 
Example 1:  Square Matrix by Square Matrix 
 


Let A  = 


a11 a12 a13


a21 a22 a23


a31 a32 a33


  B  = 


b11 b12 b13


b21 b22 b23


b31 b32 b33


 


 
 


Then A  B  = 


a11 a12 a13


a21 a22 a23


a31 a32 a33


  


b11 b12 b13


b21 b22 b23


b31 b32 b33


 


 


A  B  = 


a11b11+a12b21+a13b31 a11b12+a12b22+a13b32 a11b13+a12b23+a13b33


a21b11+a22b21+a23b31 a21b12+a22b22+a23b32 a21b13+a22b23+a23b33


a31b11+a32b21+a33b31 a31b12+a32b22+a33b32 a31b13+a32b23+a33b33


 


The product of two 3 x 3 matrices is a 3 x 3 matrix.  The number of operations 
required is 27 multiplication's and 18 additions. 
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Example 2:  Square Matrix by Column Vector 
 


Let A  = 


a11 a12 a13


a21 a22 a23


a31 a32 a33


  B  = 


b1


b2


b3


  


 


Then A  B  = 


a11b1+a12b2+a13b3


a21b1+a22b2+a23b3


a31b1+a32b2+a33b3


 


 
The product of a 3 x 3 matrix and a 3 x 1 column vector is a 3 x 1 column vector.  
The number of operations in this case is 9 multiplication's and 6 additions.  Due to 
the associative theorem, it is faster to begin multiplication with a column vector in 
a multiplication of many matrices.  This is done in Sections 4 and 5, where many 
matrix rotations are involved to determine the unit wind and unit gravity vectors. 
 


 MATRIX INVERSION 
 
The matrix [A]-1, having the property that [A]-1 [A] = [A] [A]-1 = [I] is defined as 
the inverse of [A]. 
 
Dropping the double subscript notation, let 
 


  A  = 


a1 0 0


0 a2 0


0 0 a3


  A
 -1


 = 


A1 A2 A3


A4 A5 A6


A7 A8 A9


 


 
Then 
 


  [A]-1 [A] =  
A1 A2 A3


A4 A5 A6


A7 A8 A9


 


a1 0 0


0 a2 0


0 0 a3


 = 


1 0 0


0 1 0


0 0 1


 


 
For these to be equal requires 
 


 A1 a1 + A2 (0) + A3 (0) = 1  so A1 = 
1
a1  


 A1 (0) + A2 (a2) + A3 (0) = 0 ` so A2 = 0 
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Similarly, A3 = A4 = A6 = A7 = A8 = 0 
 


And A5 = 
1
a2  A9 = 


1
a3   


 
Therefore 
 


  A
 -1


 = 


1


a1


0 0


0 1


a2


0


0 0 1


a3


 







  Appendix A - 9 


  Rotation Transformation Matrices 


 ROTATION TRANSFORMATION MATRICES 


 
Figure 1 shows a vector VV having components Vx, Vy and Vz in the XYZ 
coordinate system and components Vx', Vy' and Vz' in the X'Y'Z' coordinate 
system.  The primed coordinate system is rotated by an angle θ about the Y axis.  
Because the Y axes of the two systems coincide, the Y components will be the 
same (Vy' = Vy).   


 


VV
Vz


Vx


Vz'


Z
Z'


X


X'


!


!


Vx'


     Vx' = Vx cosθ - Vz sinθ 
     Vz' = Vx sinθ + Vz cosθ 


 


     Figure 1 - Pitch Transformation 
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The transformation diagrammed in Figure 1 is the pitch transformation matrix 
derived in Figure 4.  The derivation and transformation matrices for yaw [Y], roll 
[R] and pitch [P] are shown in Figures 2 through 4, respectively.  These matrices 
are operators which when multiplied by a vector yield the components of the 
vector in a coordinate system rotated from the original coordinate system. 
 


 MATRIX APPLICATION 
 


Transformations are used to rotate from the balance coordinate system to the body, 
stability and wind axis coordinate systems.  Consider the transformation of the 
force coefficients measured in the balance axis system to the body axis system.  
The force coefficients in the body axis system (excluding corrections) is given by 
Equation 6.3.2.1, which is repeated here: 
 


   


CA bod


CS bod


CN bod


  =  YIRB  P IR!  RIRF  


CA bal


CS bal


CN bal  
 
The rotation matrices may be expanded.  This results in the following: 
 
 


YIRB  P IR!  R IRF  = 


cosIRB sinIRB 0


- sinIRB cosIRB 0


0 0 1


 


cosIR! 0 - sinIR!


0 1 0


sinIR! 0 cosIR!


 


1 0 0


0 cosIRF -sinIRF


0 sinIRF cosIRF  
or 


YIRB  PIR!  RIRF  = 


cosIRBcosIR!


- cosIRBsinIR!sinIRF


 + sinIRBcosIRF


  - sinIRBsinIRF


 - cosIRBsinIR!cosIRF


- sinIRBcosIR!
cosIRBcosIRF


 + sinIRBsinIR!sinIRF


  sinIRBsinIR!cosIRF


 - cosIRBsinIRF


sinIR!  cosIR!sinIRF    cosIR!cosIRF  
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Multiplying the above matrix by the vector of balance axis coefficients yields the 
body axis coefficients in terms of the known balance axis coefficients and rotation 
angles.  Two special cases are considered. 


Case 1 - IRF = 0° 


This is a case when the balance and body axes are not coincident.  There has been 
no roll of the sting or twist of the balance (i.e., φ bal = 0°). 


CA bod = cosIRBcosIRα CA bal  +  sinIRB CS bal  -  cosIRBsinIRα CNbal 
CS bod = -sinIRBcosIRα CA bal  +  cosIRBCS bal  +  sinIRBsinIRα CN bal 
CN bod = sinIRα CA bal  +  cosIRα CN bal 
 
 
Case 2 - IRα  = IRB = 0° 
 IRF = 180° 
 
This is a case when the balance and body axes are aligned.  The model has been 
rolled on the balance or the balance has been installed with positive normal force 
towards the floor and the model is mounted upright upon the balance.  For this 
case 
 
CA bod =  CA bal 
CS bod = -CS bal 
CN bod = -CN bal 
 
which is what would be expected.  Similar operations may be performed to obtain 
the body axis moment coefficients as a function of the balance axis coefficients 
and rotation angles. 
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 DERIVATION OF TRANSFORMATION OPERATORS 


The derivation for the Yaw [Y], Roll [R] and Pitch [P] operators are described 
below.  The original orthogonal axis system is denoted as x, y and z with 
corresponding unit vectors i, j and k, respectively.  The axis system after rotation 
is denoted as x', y' and z' with corresponding unit vectors i', j' and k', respectively.  
The angle of rotation, θ, is that angle which takes the unprimed system into the 
primed system.  One of the axes of the unprimed system is selected to be the axis 
of rotation.  All rotations are performed according to the "Right Hand Rule'. 
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YAW TRANSFORMATION 


The Yaw Operator, Yθ, is obtained by a rotation about the positive z-axis.  Figure 


2 shows the yaw rotation. 


  


z and z'


x


!


!


!


y y'


x'


 


       Figure 2 - Yaw Transformation 


 


i'= (i' • i) i + (i' • j) j j'= (j' • i) i + (j' • j) j k' = k 
  = cosθ i + sinθ j   = -sinθ i + cosθ j 
 


  
x'


y'


z'


 = 


  cos ! sin ! 0


- sin ! cos ! 0


0 0 1


  


x


y


z
 


 
The Yaw Operator is defined as: 
 


  Y!  = 


  cos ! sin ! 0


- sin ! cos ! 0


0 0 1
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ROLL TRANSFORMATION 


The Roll Operator, Rθ, is obtained by a rotation about the negative x-axis.  Figure 


3 shows the roll rotation, where x is pointing in the negative direction and the 
Right Hand Rule is used. 


 


 


z
z'


-x and -x'
y


y'


!


!


!


 


       Figure 3 - Roll Transformation 


 
i' = i j'= (j' • j) j + (j' • k) k k'= (k' • j) j + (k' • k) k 
      = cosθ j + sinθ k      = -sinθ j + cosθ k 
 
 


  
x'


y'


z'


 = 


 1 0 0


0   cos !   sin !


0 - sin !    cos !


  


x


y


z
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The Roll Operator is defined as: 
 


  R!  = 


 1 0 0


0 cos ! - sin !


0 sin !    cos !


 


 
 
Note that  
 


  R-!  = 


 1 0 0


0   cos !   sin !


0 - sin !    cos !


 


which is what is indicated in Figure 3, since the positive angle of rotation is about 
the negative x-axis. 
 
PITCH TRANSFORMATION 


The Pitch Operator, Pθ, is obtained by a rotation about the positive y-axis.  Figure 


4 shows the pitch rotation. 


   


!


z'
z


y and y'


!


!
x


x'  


 


       Figure 4 - Pitch Transformation 
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i'= (i' • i) i + (i' • k) k j'= j k'= (k' • i) i + (k' • k) k 
  = cosθ i - sinθ k         =  sinθ i + cosθ k 


 


The pitch transformation matrix is given by: 


  
x'


y'


z'


 = 


  cos ! 0 - sin !


0 1 0


  sin ! 0    cos !


  


x


y


z
 


The pitch operator is defined as 


 


   P!  = 


  cos ! 0 - sin !


0 1 0


  sin ! 0    cos !
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       APPENDIX B Napier's Rules of Circular Parts 


 


b


c


a


A
B


C


co-A co-B


co-c


ab


 


 


Arrange the five quantities a, b, co-A (complement of A), co-c, co-B of a right spherical 
triangle right-angled at C in cyclic order as pictured.  If any one of these quantities is 
designated a middle part, then two of the other parts are adjacent to it, and the remaining two 
parts are opposite to it.  The above formulas for a right spherical triangle may be re–called by 
the following two rules: 


(a) The sine of any middle part is equal to the product of the tangents of the two adjacent 
parts. 


(b) The sine of any middle part is equal to the product of the cosines of the two opposite 
parts. 


 


Rules for Determining the Quadrant of a Calculated Part of a Right 
Spherical Triangle 


(a) A leg and the angle opposite it are always of the same quadrant. 


(b) If the hypotenuse is less than 90˚, the legs are of the same quadrant. 


(c) If the hypotenuse is greater than 90˚, the legs are of unlike quadrants. 
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Oblique Spherical Triangles 


In the following, a, b, c represent the sides of any spherical triangle, A, B, C the corresponding 
opposite angles,  s = 1


2
 (a + b + c), S = 1


2
 (A + B + C),  D = area of triangle, E = spherical 


excess of triangle, R = radius of the sphere upon which the triangle lies, and a', b', c', A', B', C' 
are the corresponding parts of the polar triangle. 


 0°  <  a + b + c  <  360°, 180°  <  A + B + C  <  540° 


 E  =  A + B + C - 180°, Δ  =  
!R


2


E


180
 


 tan
1


4
E = tan


s


2
tan


1


2
(s - a) tan


1


2
(s - b) tan


1


2
(s - c)  


 A  =  180° - a', B  =  180°  - b', C  =  180°  - c',  


 a  =  180°  - A', b  =  180°  - B', c  =  180°  - C'  


Law of sines: 


 
sin a


sin A
=
sin b


sin B
=
sin c


sin C 
 


 


Law of cosines for sides: 


  cos a  =  cos b cos c  +  sin b sin c cos A 


  cos b  =  cos c cos a  +  sin c sin a cos B 


  cos c  =  cos a cos b  +  sin a sin b cos C 
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Law of cosines for angles: 


  cos A  =  -cos B cos C  +  sin B sin C cos a 


  cos B  =  -cos C cos A  +  sin C sin A cos b 


  cos C  =  -cos A cos B  +  sin A sin B cos c 


 


Law of tangents: 


 


tan
1


2
(B - C)


tan
1


2
(B + C)


=
tan


1


2
(b - c)


tan
1


2
(b + c)


,


  


tan
1


2
(C - A )


tan
1


2
(C + A )


=
tan


1


2
(c - a)


tan
1


2
(c + a)  


    


tan
1


2
(A - B)


tan
1


2
(A + B)


=
tan


1


2
(a - b)


tan
1


2
(a+ b)  


 


Half-angle formulas: 


 
tan 1


2
A =


k


sin (s - a)
,
 
tan 1


2
B =


k


sin (s - b)
,
 
tan 1


2
C =


k


sin (s - c)
,
 


 where
  


k
2
=
sin (s - a) sin (s - b) sin (s - c)


sin s
  =   tan


2
 r   


 


Half-side formulas: 


 tan
1


2
a = K cos (S - A ),  tan


1


2
b = K cos (S - B), 


 tan
1


2
c = K cos (S - C), 


 where
 


K
2
=


- cos S


cos (S - A ) cos (S - B) cos (S - C)
  =   tan


2
 R   
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Gauss's formulas: 


 


sin 1
2
(a - b)


sin 1
2
c


=
sin 1


2
(A - B)


cos 1
2
C


,


  


cos 1
2
(a - b)


cos 1
2
c


=
sin 1


2
(A + B)


cos 1
2
C  


 


sin 1
2
(a+ b)


sin 1
2
c


=
cos 1


2
(A - B)


sin 1
2
C


,


 


 


cos 1
2
(a+ b)


cos 1
2
c


=
cos 1


2
(A + B)


sin 1
2
C  


 


Napier's analogies: 
 


 


sin 1
2
(A - B)


sin 1
2
(A + B)


=
tan 1


2
(a - b)


tan 1
2
c


,


  


sin 1
2
(a - b)


sin 1
2
(a+ b)


=
tan 1


2
(A - B)


cot 1
2
C  


 


 


cos
1


2
(A - B)


cos
1


2
(A + B)


=
tan


1


2
(a+ b)


tan
1


2
c


,


 


 


cos
1


2
(a - b)


cos
1


2
(a+ b)


=
tan


1


2
(A + B)


cot
1


2
C  
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APPENDIX C Sting Bend Angle versus φ   - Equations Derivations 


The following is an analysis of the sting bend angle as a function of the angle φ for 
an asymmetric sting.  The sting is rotated about an angle φ which spans the range -
180˚ to +180˚.  Experience has shown that the weight of the sting must be taken 
into account when determining the model angular position.  Depending upon the 
sting rotation, the bending effects will be different depending upon the orientation 
of the sting with respect to gravity. 


The standard case of tunnels with a vertical A-plane will be dealt with first.  
Derivations for horizontal A-plane tunnels follow readily from it. 


Two parameters for the sting are obtained experimentally.  The first is the 
deflection angle BENDNM, which is the degree of bend for the sting aligned 
vertically (in the direction of gravity), i.e., φ = 0˚.  Another quantity required is the 
stiffness ratio, STIFFR, which indicates the relative amounts of bend on the sting 
in the vertical and horizontal directions: 


[1] STIFFR = 
stiffness in vertical direction


stiffness in horizontal direction  


When  STIFFR > 1 (stiffer in the vertical direction), there will be more bend in the 
horizontal than in the vertical plane.  Note that STIFFR should be incorporated in 
such a way as to yield a horizontal bend directly proportional to the magnitude of 
this ratio.  The horizontal bend is therefore given by  BENDNM multiplied by 
STIFFR. 


The effect of weight on each direction as φ varies will now be determined.  Note 
that vertical and horizontal in this sense will not parallel the A-plane (up-down) 
and the floor (left-right), as can be seen in Figure 1.  The components of the weight 
vector w in the "vertical" and "horizontal" directions with respect to the sting are 
given by w cosφ and w sinφ, respectively.  Thus, the amount of deflection, a, in the 
direction of w cosφ is the fractional amount of this weight component: 
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     w


!


!


w sin !
w cos !


 


 Figure 1 
 Bending directions of the sting support 


 due to the effects of gravity as φ varies. 
 View is looking downstream. 


 


[2] a ≡ deflection in sting vertical direction = 
w cosφ


w    BENDNM 


  = BENDNM cosφ 


Similarly, the amount of deflection, b, in the direction of w sinφ is: 


[3] b ≡ deflection in sting vertical direction = 
w sinφ


w   (STIFFR) (BENDNM)  


  = (STIFFR) (BENDNM) sinφ 


Now, the amount of bend in the absolute vertical (up-down) and horizontal (left-
right) directions can be derived.  Matters will not be complicated by adopting sign 
conventions.  The emphasis will be on the directions of interest for the bend 
angles.  The choices for the directions will be discussed later.  The bend of the 
sting in the direction of gravity and toward the left looking downstream is desired.  
The magnitudes of the deflections in these directions will be named BENDV and 
BENDH, respectively.  The projections of the bends a and b in these directions 
will be calculated as φ is varied full circle. 
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case i - (Figure 2a) −90° ≤ φ ≤ 0° 


[4a] BENDV =  a cos φ  +  b cos (φ - 90˚) 


 =  a cos φ  +  b sin φ 


 BENDH =  -a sin φ  -  b sin (φ - 90˚) 


 =  b cos φ  -  a sin φ 


case ii - (Figure 2b) −180° ≤ φ ≤ −90° 


[4b] BENDV  =  a cos φ  +  b cos (φ - 90˚) 


 =  a cos φ  +  b sin φ 


 BENDH =  -a sin φ  -  b sin (φ - 90˚) 


 =  b cos φ  -  a sin φ 


case iii - (Figure 2c) 0° ≤ φ ≤ 90° 


[4c] BENDV  =  a cos φ  +  b cos (φ - 90˚) 


 =  a cos φ  +  b sin φ 


 BENDH =  -a sin φ  -  b sin (φ - 90˚) 


 =  b cos φ  -  a sin φ 


case iv - (Figure 2d) 90° ≤ φ ≤ 180° 


[4d] BENDV  =  a cos φ  +  b cos (φ - 90˚) 


 =  a cos φ  +  b sin φ 


 BENDH =  -a sin φ  -  b sin (φ - 90˚) 


 =  b cos φ  -  a sin φ 
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From the analysis, no matter what the value of φ, the results for BENDV  and 
BENDH are the same.  The signs are preserved since the directions are all the 
same as defined for all cases.  Expanding Equation [4]: 


[5] BENDV =  (cos φ BENDNM) cos φ  +  (STIFFR BENDNM sin φ) sin φ 


 =  BENDNM ( cos2φ  +  STIFFR sin2φ ) 


[6] BENDH =  (STIFFR BENDNM sin φ) cos φ  -  (cos φ BENDNM) sin φ 


 =  BENDNM sin φ cos φ ( STIFFR - 1 ) 


The sign conventions shown in Figures 3 can now be described. 


 


  


+A


+B


x


y


z


+B


+A


x


z


y


 


 Figure 3a Figure 3b 


 Sting bend direction sign conventions Sting bend direction sign conventions 
 for vertical A-plane tunnels for horizontal A-plane tunnels 


The directions chosen for BENDV  and BENDH are opposite to the directions 
indicated for vertical A-plane tunnels (Figure 3a).  Thus the angle bend values are 
actually negative.  In other words, the deflection corrections to the sting angles 
must be subtracted for both the sting A and B angles.  The equations for A-plane 
vertical are: 


[7] ACorrected  =  AUncorrected  -  BENDV 


[8] BCorrected  =  BUncorrected  -  BENDH 
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Tunnels with a horizontal A-plane, such as the 9'x7', the circumstances are 
somewhat different.  Figure 3b indicates the setup of Figure 3a rotated 90˚.  The 
sting has the same deflection characteristics no matter how it is initially installed.  
As long as the convention of vertical bend meaning a downward direction and 
horizontal bend meaning a leftward direction is adhered to, there is no problem.    
Therefore, the definitions for BENNM and STIFFR are maintained for this type of 
tunnel as well.  The equation for BENDV  yields an angle in the direction of +B 
and for BENDH, an angle in the direction of -A.  So BENDV  is added to the 
measured sting B angle whereas BENDH remains a negative angle to be 
subtracted from the sting A angle.  The equations for A-plane horizontal are: 


[9] ACorrected  =  AUncorrected  -  BENDH 


[10] BCorrected  =  BUncorrected  +  BENDV 


By arbitrarily defining the B-plane non-metric bend angle for A-plane horizontal 
tunnels as the negative of that derived herein, one equation may be used which is 
independent of the  A-plane orientation.  This is what is presented in section 4.9.  
The equations have been defined such that: 


For A-plane vertical tunnels: 


[11] NMBEND_A =  BENDV = BENDNM ( cos2φ  +  STIFFR sin2φ ) 


[12] NMBEND_B =  BENDH = BENDNM sin φ cos φ ( STIFFR - 1 ) 


For A-plane horizontal tunnels: 


[13] NMBEND_A =    BENDH =   BENDNM sin φ cos φ ( STIFFR - 1 ) 


[14] NMBEND_B = -  BENDV = - BENDNM ( cos2φ  +  STIFFR sin2φ ) 


Then for all tunnels 


[15] ACorrected  =  AUncorrected  -  NMBEND_A 


[16] BCorrected  =  BUncorrected  -  NMBEND_B 
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APPENDIX D Knuckle-Sleeve Angles - Equations Derivations 


Given the rotational positions of the separate knuckle and sleeve drive shafts, the 
position of the model support system in terms of two orthogonal angular quantities 
can be calculated.  These are the angles A and B, the vertical and horizontal 
angular displacements within the tunnel, respectively. 


The knuckle-sleeve unit consists of a sleeve housing a drive shaft system which in 
turn consists of three connected components.  They are the knuckle drive, the 
double U-joint, and the knuckle.  The two drive sprockets are gear driven to rotate 
the knuckle to the desired position.  As can be seen in the diagram in Figure 1, the 
sleeve and knuckle drives move independently to yield a final knuckle orientation.  
A rotation of the sleeve sprocket rolls the entire unit.  A rotation along the knuckle 
drive shaft causes yet another source of movement for the knuckle.  Note, 
however, that this angle of rotation will not be exactly replicated at the knuckle 
end if there is any angulation of the Universal-joint. 


The problem is to solve for the knuckle angular displacement (A and B) given the 
following quantities: knuckle and sleeve gyration angles (κ and σ), angulation of 
the U-joint with respect to the knuckle drive and knuckle (α1 and α2), and knuckle 
bend angles (β and γ). 
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Figure 2a


Initial position of Knuckle-Sleeve unit.
Zero readings for Knuckle and Sleeve 


readings.


! "!#"
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Position of Knuckle-Sleeve unit
after a rotation by a sleeve angle of $.


The entire system is rotated about the y-axis


Figure 2b
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Figure 2d


Resolution of Sting Axis position
into Model Support angles A and B.
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Figure 2c


Rotation of Knuckle about the Knuckle axis by an angle of !.


The Model Support Axis is rotated into its final position.
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The task is divided into four parts.  The vectors v0 and r0, which represent the 
initial position of the knuckle, are rotated through the knuckle and sleeve angles κ 
and σ to the final position of the model support axis (the end of the knuckle).  The 
two unit vectors in Figure 2a represent the bend in the knuckle.  The steps required 
are listed as follows (and are illustrated in Figures 2a-2d and Figure 4): 


 i) Rotate the entire knuckle-sleeve assembly by the sleeve angle σ to get new 
unit vectors v and r (Figure 2b). 


 ii) Rotate v and r to get new unit vectors vf.  The angle of rotation, θ, is 
obtained in step (iii) (Figure 2c). 


 iii) Use of the angle θ is complicated by the fact that the double U-joint is 
angulated.  The original knuckle drive angle of gyration θ as a function of 
θ1 is therefore required  (Figure 4). 


 iv) The orientation of vf determines the angle A and B with respect to the 
chosen axis system (Figure 2d). 


Finally, various corrections are considered.  The major analyses revolve around the 
effects of bending of the model support system due to its own and the model's 
weight.  Bending also occurs on the wind tunnel strut system as well as a "slop" 
phenomenon in the knuckle-sleeve unit.  However, although their effects are 
acknowledged, only a cursory description of these problems are included.  
Included herein is a rigorous treatment of the torques involved on the system.  
Studies were conducted to correct for the latter two phenomena; the actual bend 
corrections that were determined for the knuckle-sleeve system are functions of the 
calculated torque.
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Step (i) 


According to Figure 2a, the unit vectors r0 and v0 are defined as follows: 


[1] r0  =  cosγj + sinγk 


[2] v0  =  -cos(β-γ)j + sin(β-γ)k 


Rotate r0 about the y-axis to get r.  That is, rotate the axis system -σ about the y-
axis. 


 


0 1 0


0


0


cos!


cos!-sin !


sin!xr


yr


zr


=


0x


0y


0z


r


r


r


P
"!


=


=


sin #


0


cos#


sin #


cos#


sin # sin!


cos!


r =[3]


 


 


Now rotate v0 about the y-axis to get v.  This is the same as rotating the axis 
system by -σ. 


 


=


sin!sin ("#$)


-cos ("#$)


cos!sin ("#$)


xv


yv


zv


0 1 0


0


0


cos!


cos!-sin !


sin !


= P
#!


=


sin ("#$)


0


-cos ("#$)v =


0x


0y


0z


v


v


v


[4]
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Step (ii) 


r should be made the axis of rotation, so one of the axes must be rotated such that 
it will coincide with r.  The y-axis is selected for this purpose. 


 


x


y


y'


z', zt


yt


z


!


µ


"
v "


r


µ


Figure 3


Making     the axis of rotation.r


 


To make r the y'-axis of a new x'y'z' axis system: 


 1) Rotate the xyz axis system about the x-axis by an angle µ to get to a 
temporary xtytzt system. 


 2) Rotate the xtytzt axis system about the zt, z'-axis by an angle -ψ to get to 
the new x'y'z' system. 


 3) The vector r now coincides with the y'-axis of the new x'y'z' system. 
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The components of v in the x'y'z' system are: 


[5] v  =  vx'i' + vy'j' + vz'k' 


The components are derived by rotating v = vxi + vyj + vzk in the xyz system first 
by the angle  µ  about the x-axis and then by  -ψ  about the z-axis as described 
previously.  Note that -µ must be used because of how the Roll Operator is 
defined. 


[6] =


xv'


yv'


zv'


Y
!"


=


v = R
!µ


xv


yv


zv


0


1


0


0 0


cos" -sin"


sin" cos" 0


1 00


0 cosµ-sin µ


sin µcosµ


xv


yv


zv


 


Now rotate the vector v about r (y'-axis) by the angle θ to get vf = vfx'i' + vfy'j' + 
vfz'k' in the x'y'z' axis system.  Note that this is the same as rotating the x'y'z' by  -θ  
about y'. 


[7] =


xv'


yv'


zv'


P
!"


==v
f


fxv'


fyv'


fzv'


0


1 00


0


cos "


-sin "


sin "


cos "


xv'


yv'


zv'


 


Finally, vf must be obtained in terms of the original xyz coordinate system.  This is 
accomplished by rotating backwards in the manner done in [6].  First yaw by the 
angle ψ about the z'-axis, and then roll by angle the  µ  about the resulting x-axis.  
The result in xyz components is: 


  vf = vfx'i + vfy'j + vfz'k
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[8] ==v
f


fxv


fyv


fzv


= Y
!


R
µ


fxv'


fyv'


fzv'


=


0


1


0


0 0


cos!


-sin!


sin!


cos!0


1 00


0 cosµ


-sin µ


sin µ


cosµ


fxv'


fyv'


fzv'


 


In summary, the operations performed on v to obtain the final orientation of the 
knuckle or model support (sting) axis, vf, in xyz coordinates are as follows: 


[9] 
P
!"


Y
#


R
µ


Y
!#


R
!µ=v


f


M


xv


yv


zv  


Multiplication of the rotation matrices given in Equations [6], [7], and [8] yield the 
equivalent matrix M: 
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[10] M  = 


 


- cos! cos" sin! cosµ
- cos! sin " sinµ
+ sin! cos! cosµ


- cos! cos" sinµsin!
+ cos! sin " cosµ
+ sin! cos! sinµ


cosµ cos!sin! cos" -


cosµ cos! sin!+


cos!sin " sinµ+


cos" cos! cos!
sin! sin!+


cosµ sin! cos" cosµsin!


+ cosµ cos! cos! cosµ
+ cosµ sin! sin " sinµ


sinµ- cosµsin " sin!
sinµ cos" sinµ+


cosµ sinµsin! cos" sin!


cosµ cos! sinµcos!+


cosµ sin " sin!- cosµ


sin " sinµ sin!- sinµ
cosµcos" - sinµ


cos!sinµ sin!+


cos!sinµ sin! cos" -


cosµ cos!sin " -


cosµsinµ sin! cos" sin!
sinµ+ sin " sinµsin!


cos! cosµcos!+ sinµ
cosµ cosµsin " sin!+


- cosµ sinµcos" 


sinµ sin! cos" sinµsin!
cosµsin " sinµ sin!-


sinµ cos!cos!+ sinµ
sin!cosµ sin " + sinµ
cosµcosµ cos" +


 


 


Figure 3 indicates the rotation angles µ and ψ in terms of the vector r.  The 
following relationships hold: 


[11] rx2 + ry2 +rz2 = 1 


cos!
cosµ


ry
=


sinµ =
rz


cos!
sin! = rx


=cos !2 rx
21 - = ry


2 + rz
2
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Substituting the quantities of [11], the matrix in [10] becomes: 


[12] 
 


)


rx
2


+ cos! ( ry
2 + rz


2


cos! rxry


+


-


rz


(


sin !


+


(


)


)


ryrx


cos! -


sin !+ -(


)rz


rzrx


+ ( rx


)ry


)cos! -


sin !+ (


rz


rzrx


+ ( rx


)ry


cos!+


rxry


- )( rxry


+ sin ! )( - rz


cos! -


sin !+ -


)rz


rz


+ (


)


ry


ry


rx(


cos! ry


+


-(


sin !


+


(


)


)


ryrz


rz


- rx
ry
2+ cos!


ry
2 rx


2 + rz
2


ry
2 rz


2+
)(


rx
2 +


ry
2 rz


2+
)(


rz
2 ry


2


rz
2+ cos!


 


 


M2,2 and M3,3 can be simplified; M2,2 will be used as an example: 


ry
2 rx


2 + rz
2


ry
2 rz


2+
=


ry
2 rx


2 + 1 - rx
2 - ry


2( )


ry
2 rz


2+
=


)( 1 - rx
2 )( 1 - ry


2


ry
2 rz


2+
= rz


2+rx
2


 


Therefore, 


  M2,2  =  ry2 + cosθ (rx2+rz2) 


By similar arguments 


  M3,3  = rz2 + cosθ (rx2+ry2)
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Expanding Equation [9] and regrouping yields: 


[13] =v
f


xv xr


xv xr


xv xr


yv yr


yv yr


yv yr


zv zr


zv zr


zv zr zr


yr


xr


 


 


+ cos!


xv rz
2+ )(


rz
2+rx


2 )(+ +


+ +


+ + +rx
2 )(


-( )xv


- rz(


ry


)xv


-( ry ) - rz( )


- rz( ry )


- rz( ry )


yv zvry
2


ry
2


yv


yv


zv


zvrx


rx


rx rx


sin !+


yv


xv


xv yv


+


+


+


+


+


+


zv


zv


rz-( )


ry-( )


rx-( )


ry( )


rz( )


rx( )


0


0


0


 


The first term in Equation [13] is simply (v•r) r. 


The second term is (r∞v)∞r; and the third, is (r∞v).  Then 


[14] vf  =  (v•r) r + cosθ (r∞v)∞r + sinθ (r∞v) 


By using the equations for r and v from [3] and [4], respectively, the value for the 
final vector vf can be computed. 


The first term, (v•r), can be determined simply by inspection of Figures 2: 


[15] v•r  = cos(π-β) = -cosβ 


The second and third terms require a bit of mathematical manipulation.  With the 
trigonometric identities to expand the (β-γ) terms in v of Equation [4], the 
following results can be readily verified: 


[16] r v! =


sin "


sin#


cos#


0


-sin "
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[17] r v!( ) ! r =
cos"


-sin #


sin #


sin "


sin$


cos" sin # cos$  


 


Combining Equations [15], [16], and [17] into [14]: 


[18]
 


=v
f


cos! sin " sin#


cos! sin " cos#


-cos"


sin#


sin $sin !


-cos"


-cos"


cos!


sin ! cos#


sin# +


-


+


cos$


cos$


cos$


sin " sin !


+


+


- sin $


sin " cos#


sin "


0
 


 


Step (iii): 


As mentioned previously, the angle θ in general will not be equal to the input 
gyration angle along the knuckle drive.  This is due to the Non-Constant Velocity 
U-Joints which deflect the linearity of the shaft.  A gyration angle of θ1 causes a 
resultant angular displacement of θ for the knuckle.  Figure 4 shows in a little 
more detail the rotational relationships first depicted in Figure 1. 
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!
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"
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"
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!
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 Figure 4 


     Angles of U-Joints 


 
Careful analyses of the effects governing the Non-Constant Velocity U-Joints 
resulted in the following graphic relationship of the difference between θ and θ1 as 
the knuckle drive is rotated full circle.  The relationship is sinusoidal.  A typical 
tunnel setup for the ratio of cosines of α1 to α2 equal to 1.02653 yield a maximum 
difference of about +0.75˚ as shown in Figure 5. 
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The relationship at the first U-joint is: 


[19] tanθ2 = cosα1 tanθ1 


At the second U-joint, the same relation exists, with the cosine term transposed: 


[20] !tan =
!2tan


"
2


cos
 


Combining [19] and [20] yields the expression which is graphically presented in 
Figure 5. 


[21] !tan = !1tan
"


2
cos


"
1


cos
#where r


U
r
U


 


The quantities required are sinθ and cosθ from Equation [18].  They are 
determined as a function of θ1. 
[22a] !sin = !1tan !cos


= !1tan( )
2
!(1-sin )


2!


r
U


r
U


 


[22b] =


!1tan( )
2


1 + !cos 1


!sin 1
!sin


!


r
U


r
U


 (after solving for sinθ in 


[22a]) 


 
The final result is: 


[23] !sin =
!sin 1


2 2
sin !1 +


2
cos !1! r


U


r
U  


Cosine θ readily follows from Equation [23] using [21]: 


[24] !cos =
!cos 1


2 2
!sin
1
+


2
cos !1! r


U
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There is one last detail that is worth mention.  The angle of roll of the knuckle is, 
as already described, a combination of the independent gyration angles of the 
knuckle and sleeve drives.  Therefore, the knuckle angle  κ = θ1 + σ, that is: 


[25] θ1 = κ - σ 


and this equation for θ1 will be used for subsequent calculations since it is the 
angles κ and σ that are known. 


Step (iv): 


Finally, the angles A and B can now be determined in terms of the known angles κ 
and σ.  The final unit vector vf, which points in the direction of the orientation of 
the knuckle with model support system (sting), was established in Equation [18].  
Inspection of Figure 2d shows that the angles A and B are related to vf. 


 


[26] sin-1( )fzvA  =   


[27] fxv
sin-1(B  =  


cosA
)  


Using [23] & [24] for sinθ and cosθ and [25] for θ1 in Equation [18], vf can be 
determined completely in terms of the known angles.  Its z and x components yield 
respectively: 
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[28] 


sin-1A  =  
cos ! sin " cos # -cos ( $%# ) sin ( $%# ) sin " sin #


- cos" sin ! cos #
2 2


sin + 2
cos( $%# ) ( $%# )! r


U


r
U


 


[29] 


cos! sin "cos ( #$% ) sin % +
-


cos" sin ! sin %


cosAcosA


B  =  sin-1


2 2
sin + 2


cos( #$% ) ( #$% )! r
U


sin ( )#$% sin " cos%r
U


 


Knuckle-Sleeve Corrections 


In refining the Knuckle-Sleeve angles previously derived, it is recognized that 
there are various effects that have not been taken into consideration which are 
generated by moments caused by the weight of the model, the model support 
system itself, and aerodynamic forces.  They will be considered now.  Those 
variables which affect the A and B angles for the model attitude include: 


1) Deflection of the Knuckle and Sleeve angles 


2) Deflection of the strut support system 


3) "Slop" effect due to the lack of a snug fit of knuckle mechanism inside 
sleeve 


As just described, the primary quantity of interest are the torques which cause a 
deflection in certain portions of the system.  Therefore, the true angles that are 
produced will be slightly different from those derived thus far.  The orthogonal 
components (in the tunnel A- and B-planes) of the moment vector are used as 
arguments to the functions which yield the actual (deflection) angles of correction. 
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The forces on the balance in the axial, side and normal directions (x,y and z, 
respectively) of the balance are defined as F'.  The moments on the balance in the 
balance coordinate system are indicated by M'.  The moment arm is defined as the 
distance from the center of rotation for the knuckle-sleeve moments to the balance 
center (center of rotation of the balance moments).  The length and direction of the 
moment arm are represented by the vector rl.  Figures 6 and 7 show the sign 
conventions used. 


[30] =


-x
l


-y
l


-z
l


r
l


=
AF


SF


NF


F' M' =


R
M


P
M


Y
M


12  


Note that the prime system refers to the balance axis system.  The 12 multiplier for 
the moment vector M' accounts for the balance moments being in units of ft.-lbs. 
whereas all of the calculations for the knuckle-sleeve moments are in inch-lbs. 


First, the forces and moments in the tunnel coordinate system (unprimed system) 
are determined.  This is accomplished by rotating the balance axis system into the 
tunnel axis system using the Roll operator and the angle  -φ  (Figure 7c).  This 
transformation angle, φ, is defined to be the sum of balance twist and sting roll.  
The balance moment vector in tunnel coordinates is calculated similarly, except 
that Roll is in the positive direction this time because of the way a positive rolling 
moment is defined (Figure 7c). 
 
 


[31] 


=


xF


yF


zF


F = F'R !" =


AF


SF


NF


=


AF


0


1


0


0 0


cos "


cos"-sin"


sin "


SFcos " + sin " NF


-sin " SF cos"+ NF
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[32] 


=


xM


yM


zM


M = M'R  ! =


RM


PM


YM


0


1


0


0 0


cos !


sin !


12


= cos ! - sin !


+


RM


PM YM


sin !
PM YM


12


cos !


-sin !


cos !
 


Now that the balance force and moment vectors in tunnel coordinates have been 
obtained, the knuckle-sleeve moments defined in this same axis system can be 
calculated.  The total moment vector MT is basically a combination of three 
components: 


1) M0 - initial moments measured under no-load conditions (used as an offset) 


2) MF - moments due to forces on the moment arm measured at the balance 


3) MM - moments measured at the balance about the balance center 


Initial moments are defined as: 


[33] M0
=


A0
M


B0
M


M
0!


 


The moments in the A and B planes are: 


[34] MA = M0y = MA0 


[35] MB = M0z = MB0 


The moments due to balance measured forces are determined next.  This torque 
about the moment arm is defined by the vector equation τ  = r ∞ F, where r is the 
vector pointing from the moment center to the force vector F.  The moment 
(torque), MF, is calculated by using rl (moment arm) and F (force vector): 
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[36] MF = rl  ∞  F 


 


=


i j k


-x
l
-y
l


-z
l


xF yF zF


=


( -sin ! SF cos !+ NF ) z
l


+ SFcos ! + sin ! NF( )


AF )( +


-y
l


-z
l


-x
l


x
l
( -sin ! SF cos !+ NF )


SFcos ! + sin ! NF( ) + y
l AF )(


 


The contributions of MF to MA and MB are a little bit tricky.  The direction for 
+MA is defined to be in the +y direction of the balance force system; however, 
+MB is in the -z direction.  Compare Figure 7b with 7c to note the sign 
conventions.  Thus: 


[37] MA = MF•j  = xl(FNcosφ - FSsinφ) - zlFA (+MA is in +y direction) 


[38] MB = MF• -k = xl(FNsinφ + FScosφ) - ylFA (+MB is in -z direction) 


Finally, the third and last contribution comes directly from M, the balance moment 
values in tunnel coordinates: 


[39] MA = My = 12(MPcosφ - MYsinφ) 


[40] MB = Mz = 12(MPsinφ + MYcosφ) 


The total moment in the A-plane is the sum of Equations [34], [37] and [39].  The 
total moment in the B-plane is the sum of Equations [35], [38] & [40]: 


[41] MA = MA0 + xl(FNcosφ - FSsinφ) - zlFA + 12(MPcosφ - MYsinφ) 


[42] MB = MB0 + xl(FNsinφ + FScosφ) - ylFA + 12(MPsinφ + MYcosφ) 


Only the moments in the A and B planes are of interest because a rolling moment 
(in the φ plane) is usually negligible by comparison. 
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The strut fixture moment about its torsional axis is: 


[43] MS = ( xl + ∆xSTRUT )(FNsinφ + FScosφ) - ylFA + 12(MPsinφ + MYcosφ) 


The only difference between this value and that of MB is that the moment arm 
along the x-axis requires the addition of ∆xSTRUT (excluding MB0), where ∆xSTRUT 
is the x distance from the model support center of rotation to the torsional axis 
(Figure 6). 
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 APPENDIX E  Knuckle-Sleeve Bend Angles Derivation 


 Method I Derivation 


Additional bends on the model support occur when the model is installed.  While 
not taking into account the rotational position of the model, the amount of model 
support deflection due to model weight can be represented in two dimensions - the 
bend in the pitch (or A) plane and the bend in the yaw (or B) plane.  Rather than 
describe the bends purely in one plane independent of the other, consecutive 
rotations are used to get from one axis system to another. 


From the initial position of the sting without the model weight deflecting it, the 
amount the sting must first be pitched and then yawed into its final position must 
be determined.  That is, from the balance axis system at the initial position with no 
model attached, the balance axis system must be rotated ∆A about its y-axis.  Then 
the new axis system is rotated ∆B about its z-axis, until the resultant balance axis 
(x–axis) coincides with the balance axis upon which the model is mounted (Figure 
1).  Note that this is purely an arbitrary convention.  One could just as easily have 
rotated the yaw bend angle ∆B before the pitch bend angle ∆A. 


  


!A !B


Balance System


After Bending 


Effects


Balance System


Before Bending 


Effects


 


  
 Figure 1 
 Bend Angle Planes 
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Equation [1] describes the initial wind vector (that is, the initial position of the 
sting or balance axis).  Note that the first three transformation matrices are the 
variable support angles.  They come from various angle sensor instruments or from 
user input.  The last two matrices are the bend angle rotations demonstrating the 
deviations from the position indicated by the variable support angles due to the 
model weight bending the model support. 


[1] =


u


v


w


Y
!"


P
!#


R
$


P
#


Y
"


1


0


0


 


The resultant wind vector in the final balance axis system w=ui+vj+wk is given 
and is used to determine the bend angles ∆A and ∆B.  It is computed from the 
balance reference alpha and beta angles supplied by the engineer.  Those angles 
are Ar and Br (AREF and BREF in data system terminology) and measure the unit 
wind vector with respect to the balance axis system.  Expanding the matrix 
multiplications on the right hand side yields three equations, functions of the 
unknowns ∆A and ∆B, which can then be solved. 


The computation of the right-hand-side can be divided into two parts.  First, the 
initial orientation of the balance system with no model attached is described by 
Equation [2].  The unit wind vector in this initial balance axis system is defined as 
w'=xi+yj+zk. 


[2] = R
!


P
"


Y
#


1


0


0


x


y


z


 


 


=


cos!cos"


- cos# sin! - sin # sin" cos!


- sin! + sin" cos!cos#sin #
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The second part rotates initial balance axis system through the bend angles, 
yielding: 


[3] Y
!"


P
!#


x


y


z


=


u


v


w


 


 


!"cos -!#cos x !"cos !#sin z + !"sin y


- +!#cos x !#sin z + y!"sin !"sin !"cos


!#sin x + !#cos z


=


 


Note that there are really only two independent equations since the sum of the 
squares of either side of [3] must be unity (recall these are unit vectors).  The first 
two equations of [3] will be dealt with first.  Equating the left-hand-side and right-
hand-side yields Equations [4] and [5]: 


[4] u  =  cosΔΒ ( cosΔΑ x - sinΔΑ z ) + sinΔΒ y 


[5] v  = -sinΔΒ ( cosΔΑ x - sinΔΑ z ) + cosΔΒ y 


Multiplying Equation [4] by sin∆B and Equation [5] by cos∆B and adding: 


 u sin∆B =  cos∆B sin∆B ( cos∆A x - sin∆A z ) + sin2∆B y 
 + v cos∆B = -cos∆B sin∆B ( cos∆A x - sin∆A z ) + cos2∆B y 
 –––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 


[6] u sin∆B + v cos∆B =  y 


Solving for sin∆B yields: 


[7] 
y


=
-


u
!"sin


v !"cos


 


Redefining cos∆B and sin∆B in terms of r to simplify the appearance of the 
equation: 


[8] 
y


=
-


u


v
r


1 - r2!
 where  r ≡ sinΔΒ 
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Squaring both sides of [8] and regrouping provides a binomial equation in r: 


[9] ( u2 + v2 ) r2  -  ( 2yu ) r  +  (y2 - v2 )  =  0 


The two roots for r (or sin∆B) are: 


[10] =!"sin
2yu ± ! 4 y2 u2 4- ( u2 + v2 ) ( y2 - v2 )


2 ( u2 + v2 )


 


Simplifying, the two solutions for sin∆B are: 


[11] =!"sin
yu ±


u2 + v2


v ! -u2 + v2 y2


 


The two roots for sin∆B in Equation [11] are expressed in terms of known values - 
components of the wind vector at various stages.  The value of ∆B in terms of 
known angles will be described later.  An equation for ∆A resembling that for ∆B 
will now be constructed. 


Using the same procedure as in [6], but now multiplying Equation [4] by cos∆B 
and Equation [5] by sin∆B and subtracting: 


 u cos∆B =  cos2∆B ( cos∆A x - sin∆A z ) + cos∆Bsin∆B y 
   v sin∆B = -sin2∆B ( cos∆A x - sin∆A z ) + sin∆Bcos∆B y 
 –––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 


[12] u cos∆B - v sin∆B =  cos∆A x - sin∆A z 


 
The following will be defined to simplify the equations somewhat: 


[13] t  ≡  u cos∆B - v sin∆B 


Using the definition [13] and dividing [12] by cos∆A, Equation [12] becomes: 


[14]


x  -  tan!A z   =   
t


cos!A
=   t ( since )


1


cos!A
="1 + tan  !A2"1 + tan  !A2  
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Setting r ≡ tanΔΑ 


[15] x  -  r z   =   t !1 + r 2  


After squaring and regrouping into binomial format, it becomes: 


[16] ( t2 - z2 ) r2  +  (2xz) r  +  ( t2 - x2 )  =  0. 


The roots for tan∆A can be expressed as follows: 


[17] =
-2xz ± ! 4 x2 4- ( ) ( - )


2 (


!"tan
z 2 -t 2 z 2 t 2 x2


-t 2 z 2 )


 


Simplifying and dividing the top and bottom of the right-hand-side by x2, the 
solutions are: 


[18] =


-xz ± t


!"tan


-t 2 z 2


! -x2 + z 2 t 2


 


 


=
± !-


-


2z_
x( )


z_
x


t_
x +1 -


2t_
x( )


2t_
x( )


2z_
x( )  


 
Note that in Equation [13], t is in terms of both sin∆B and cos∆B.  Up to this 
point, only an expression for sin∆B (Eq. [11]) has been generated.  An equation 
for cos∆B must be furnished as well.  This is accomplished by using the 
trigonometric identity cos2θ+sin2θ=1 to get the first expression of [19].  The 
second relation in [19] is obtained by expanding [11], subtracting it from one, and 
canceling a few terms. 


[19] ! 1 - sin  "B2cos"B =  


 


!
=


u4 u2v2 -+ +y2u2 v2y2 +– 2yuv ! -u2 + v2 y2


u2 + v2  
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Some algebra will show that the term under the radical in [19] is the square of the 
numerator on the right-hand-side of [20]. 
 


[20] cos!B =


u2 + v2


yv u+– " -u2 + v2 y2
 


Using Equations [11] and [20], t in Equation [13] can be determined. 


[21] t  =  u cosΔB  -  v sinΔB 


 


= uyv +– u2 -! -u2 + v2 y2 vyu +– v2 ! -u2 + v2 y2


u2 + v2


= ( u2 + v2 )+– ! -u2 + v2 y2


u2 + v2


= +– ! -u2 + v2 y2  


It was discussed previously that the components of the unit wind vector in the 
final balance axis system w of Equation [1] can be determined from the supplied 
angles Ar and Br.  The general relations again are as follows: 


[22a] α  =  tan-1 ( z/x ) 


[22b] β  =  sin-1 ( -y ) 


Applying Equations [22] to the wind vector w = ui + vj + wk (substituting for 
x,y,z), Ar and Br (substituting for α and β), yields: 


[23a] u  =  cosBr cosAr 


[23b] v  =  -sinBr 


[23c] w  =  cosBr sinAr 


Making the same relations of [22], the initial orientation of the balance on the 
sting with no model attached can be defined as follows by using Equation [2]: 
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[24a] =0A
z–x( )tan-1 = tan-1


sin! cos"cos# - sin"sin #


cos"cos!
( )  


[24b] 0B = sin-1 ( -y ) = sin-1 ( )cos! sin"sin ! sin# cos" +  


Something similar to Equations [23] can be set up for the unit vector w' of 
Equation [2], the initial balance axis system before the model is installed: 


[25a] x  =  cosB0 cosA0 


[25b] y  =  -sinB0 


[25c] z  =  cosB0 sinA0 


Finally, equations for the bend angles ∆A and ∆B in terms of the initial balance 
angles A0 & B0 and the final balance angles Ar & Br can now be determined.  
First ∆B: 


[26]


sin!B  =  
0Bsin rBcos cos rA +– rBsin- " rBcos


2


rAcos
2


+ rBsin
2


- 0Bsin
2


rBcos
2


rAcos
2


+ rBsin
2


 


Referring to Equation [18], the calculation of ∆A takes a few extra steps because 
of x in the denominator for all the terms on the right-hand-side and of t as 
evaluated in [21]. 


First, Equation [21] can be expanded by substituting in [11], [20], [23] and [25]: 


[27] t  =  +– rBcos
2! rAcos


2
+ rBsin


2
- 0Bsin


2  


Note also that dividing [25c] by [25a] gives: 


[28] 
z
x    =  tan A0 
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With some trigonometric manipulation, the term under the radical in [18] reduces 
to: 


[29] !
2z_


x( )+1 -
2t_


x( ) =
rBcos rAsin


cos 0A 0Bcos
 


For the denominator of [18], the trick of adding and subtracting 1 to take 
advantage of the same trigonometric identities used in [29] yields: 


[30] -
2t_


x( )
2z_


x( ) =
0Bcos2 0Acos2 - rBcos2 rAsin2


0Bcos2 0Acos2
 


Canceling the cos2B0 cos2A0 term from the top and bottom of [18], it becomes: 


[31] tanΔA = 


0Asin cos 0A 0Bcos
2


rBcos rAsin


0Bcos
2


0Acos
2


- rBcos
2


rAsin
2


- rBcos
2! rAcos


2
+ rBsin


2
- 0Bsin


2
+–


 


Now consider the equations in Section 4.5.4 for ∆A and ∆B and examine why 
there is an apparent difference between those listed and the ones just derived.  
They are repeated here: 


[32] ∆A  =  Ar - A0 


[33] ∆B  =  Br - B0 


Suppose these equations were expanded to make them look like Equations [31] 
and [26].  Or conversely, [31] and [26] can be collapsed to make them look like 
[32] and [33].  Some approximations must have been made for [32] and [33] to 
appear so simple.  First, [32] and [33] should be expanded in a way to resemble 
[31] and [26], respectively: 


[34] = rA 0A-( )tan =
+1


rAtan 0Atan-


rAtan 0Atan
tan !A  


[35] sin ∆B  = sin (Br - B0) = sin Br cos B0  -  sin B0 cos Br 
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A bit of inspection reveals one thread of commonalty: given the approximation 
Ar ≈ 0, it can be shown that  [31] and [26] reduces to [34] and [35], respectively.  
In most cases of wind tunnel testing this relationship holds true. 


As a final step, consider what would happen if the bend angle Δφ in the roll plane 
of the model support system were included in the calculations.  That is, append 
Δφ as the final rotation in Equation [1]: 


[35] =


u


v


w


Y
!"


P
!#


R
$


P
#


Y
"


1


0


0


R
!$


 


There has been interest expressed for including this angle which is measured and 
given as an input to the equations.  Allowing any value of Δφ would be 
unreasonable because it would greatly complicate the derivations.  Instead, a 
simplifying restriction will be used - that Δφ be a multiple of 90˚, just as in the 
case of a model mounted angle sensor.  The matrices for [ RΔφ ] for various 
values of Δφ are: 
 


  


1


0


0 1


0


00


0


-1


1


0


0 0


0


00


-1


-1


1


0


0 0


0


00


1


-1


1


0


0 0


0


00


1


1


 


 Δφ = 0˚ Δφ = 90˚ Δφ = 180˚ Δφ = 270˚ 


 


The case when Δφ = 0˚ has already been considered.  The result of simply 
multiplying one of the above matrices (depending upon Δφ). to the vector in 
Equation [3] is effectively equivalent to that given by Equation [35].  The resulting 
derivations will appear very similar to those derived for the case where Δφ = 0˚.
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 Method II Derivation 


The following is an alternative method for determining the Knuckle-Sleeve Bend 
angles.  The advantages of using this method are in the simplicity in which the 
reference angles Ar and Br are measured and the solution for the bend angles ΔΑ 
and ΔΒ.  All of the equations thus far rely on the fact that Ar and Br are supplied 
only after having undergone complicated measurements.  A more straightforward 
measurement is to define Ar and Br as in Figure 2.  A typical measurement 
scenario involves merely dropping a plumb-bob down to the floor; the height 
yields Ar (knowing the distance from the plumb-bob to the origin).  The distance 
from the tunnel axis to the plumb-bob across the floor yields Br.  Second, which 
will be demonstrated, the solution for the Knuckle-Sleeve bend angles is 
elementary (when compared to the Method I, which relies on radicals and inverse 
trig functions of inverse trig functions). 


    


Ar
Br


x


y


z


B


 


      Figure 2 
 


  Vector orientation of the Balance unit vector B 
  and its relationship to reference angles Ar and Br. 


  xyz is the tunnel coordinate system. 


 


Given that the orientation of the balance is represented by the unit vector B, its 
components in both the tunnel coordinate system and the balance system can be 
obtained simply by inspection of Figure 2. 
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[1] !B


cos rA Brcos


cos rA sin Br


rAsin


-


-


=y


z


x


 in tunnel coordinates 


[2] 
-1


0


0


=B'  in balance coordinates 


The  -1  indicates that the direction of B is initially pointed in the -x direction 
(when Ar and Br are 0) because of the way Ar and Br have been defined (Figure 2).  
Equations for ∆A and ∆B can be generated by working backwards using the angle 
rotations in Section 4.8.1.  Note that this time rotations are from the balance 
system to the tunnel system so the transformation angles will be the negative of 
those defined in that section.  Aerodynamic loads are not considered since the 
wind is off, so the deflection angles λ, γ and ω are all zero.  Furthermore, rotations 
end at the tunnel system and not the wind axis system, so stream angles are not 
required (with wind off there is no stream angle).  The matrix equation for rotating 
from the balance to the tunnel system is: 


[3] 


= Y
!"#


P
!"$


R
!%


P
!$


Y
!#


cos rA Brcos


cos rA sin Br


rAsin


-


- -1


0


0
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Expanding the right side and defining B ≡ xi + yj + zk yields: 


[4]


-cosB cosA cos!A cos!B + cosB sinA sin    sin!B + sinB cos    sin!B!


+ cosB sinA cos    sin!A cos!B - sinB sin   sin!A cos!B


!


-sinB cosA cos!A cos!B + sinB sinA sin    sin!B - cosB cos    sin!B


 + sinB sinA cos    sin!A cos!B - cosB sin   sin!A cos!B


sinA cos!A cos!B + cosA sin   sin!B + cosA cos   sin!A cos!B! !


!


! !


!!


y


z


x


=  


Equation [4] can be simplified with the aid of a few definitions: 


[5] y


z


x R x   +  S x   +  T x


R y   +  S y   +  T y


R z   +  S z    +  T z


1 2 3


1 2 3


1 2 3


= = S


T


R1x 2x 3x


3z2z1z


1y 2y 3y  


[6] x1 ≡ -cosB cosA 
 x2 ≡  cosB sinA sinφ  +  sinB cosφ 
 x3 ≡  cosB sinA cosφ  -  sinB sinφ 


 y1 ≡ -sinB cosA 
 y2 ≡  sinB sinA sinφ  -  cosB cosφ 
 y3 ≡  sinB sinA cosφ  +  cosB sinφ 


 z1 ≡  sinA 
 z2 ≡  cosA sinφ 
 z3 ≡  cosA cosφ 


 R ≡  cos∆A cos∆B 
 S ≡  sin∆B 
 T ≡  sin∆A cos∆B 


Equation [5] constitutes three simultaneous linear equations in three variables R, S, 
and T as defined in [6].  Although R, S, and T themselves are functions of ∆A and 
∆B which are not linear, the equations in R, S and T are.  Thus, interest lies only in 
the two variables ∆A and ∆B, and inspection of the three variables R, S and T 
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reveals that they are indeed not independent.  Using Kramer's Rule† to solve the 
linear system of equations in [5]: 


[7] 
 


=R


x


z


y


1x 3x


3z1z


1y 3y


=S =T


1x 2x 3x


3z2z1z


1y 2y 3y


1x 2x 3x


3z2z1z


1y 2y 3y


1x 2x 3x


3z2z1z


1y 2y 3y


x


z


y


3x


3z


3y


2x


2z


2y


x


z


y


1x


1z


1y


2x


2z


2y


 
 
Expanding [7] using [6] and B of Equation [1] for x, y, z, it can be verified that the 
determinant in the denominator is equal to 1 and that R, S and T are: 


[8] R  = cosAr sinBr ( sinB cosA )  
  + cosAr cosBr ( cosA cosB ) 
  + sinAr ( sinA ) 


 S  = cosAr sinBr ( cosB cosφ - sinB sinφ sinA ) 
 - cosAr cosBr (sinB cosφ + cosB sinφ sinA ) 
 + sinAr ( cosA sinφ ) 


 T  = cosAr sinBr ( -cosB sinφ - sinB cosφ sinA ) 
 + cosAr cosBr ( sinB sinφ - cosB cosφ sinA ) 
 + sinAr ( cosA cosφ ) 


Referring again to Equation [6], the results are: 


[9] ∆A  =  tan-1 ( TR  ) 


[10] ∆B  =  sin-1 ( S ) 


                                                
† If you are not familiar with solving simultaneous equations using Kramer's Rule, consult any 


text on Linear Algebra. 
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  APPENDIX F Model Support Deflection Angles Derivation 


 


Aerodynamic forces will deflect the measured balance orientation.  The correction 
method uses deflection constants in the respective force directions of the balance.  
These constants when multiplied by the forces yield the angular deflection within 
each orthogonal direction of the balance axis system. 


The model support angular deflections are calculated as: 


[1] γ' normal force effects - deflection angle in balance x-z plane 


 ω side force effects - deflection angle in balance x-y plane 


 λ rolling moment effects - deflection angle in balance y-z plane 


 


balance


x-z plane


balance


x-y plane


!


c


"


#
# '


" '
-x


balance


x-z plane


balance


x-y plane
c


"


#


# '


" '


-x


90˚ !-


 


 Figure 1a Figure 1b 
 Balance deflection angles Balance deflection angles 
 when Δφ = 0˚ when Δφ = 90˚ 


Figure 1 show the balance deflection angles.  Rotations end at the balance axis and 
begin here at an x-axis of an xyz coordinate system which resulted from a series of 
angle transformations. 


Figure 1a shows a pitch of γ along the x-z plane of this system taking the new x-
axis into the balance x-y plane.  A yaw along the balance x-y plane takes it into the  
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balance coordinate system.  Gamma (γ) is a construction angle whose magnitude is 
the projection of γ' onto the originating x-z plane. 


Figure 1b shows a different condition.  The x-axis is first rolled by a twist angle Δφ 
of 90˚.  The resulting system is then pitched by an angle ω', effectively yawing the 
original system.  Finally, a pitch of γ' along the balance x-z plane yields the 
balance coordinate system.  Here, ω' is a construction angle whose magnitude is 
the projection of ω onto the originating x-z plane. 


The value of the construction angle γ will be determined first, then the value of ω' 
when Δφ is 90˚. 


! c


Figure 2a


"
To derive an expression for    , u se the


"rectangular" segment bounded by    ,    ,


   , and     as shown in Figure 2a .


It is a flattened out version of Figure 1a. 


!


!


#


! '


#'


#'


! ' #


"90˚ -


 


 


step i: 


[1] = tan ( sin ! )


[2] tan c  =
sin !


From Figure 2b (lower right triangle):


tan " '


tan " '


!


-


-


Figure 2b


" '


90˚ - c


90˚ - c
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step ii: 


[3] = tan ( )


[4] tan c  =
cos !


From Figure 2c (upper left triangle):


sin ( ) tan "


tan "


-


Figure 2c


"


#


90˚ - c


!90˚ -


!90˚ - 90˚ - c


 


Combining [2] and [4]: 


[5] tan ! =
tan "'


tan #  
 


step iii: 


Again from Figure 2c: 
 


[6] sin ! = tan ( 90˚ - " ) tan # 


[7] tan ! =
tan "


sin # 
 


Using [5] for tanτ and solving for γ: 


[8] γ   =  tan-1 ( tan γ' cos ω ) 
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Referring again to Figure 1, note that the two diagrams are almost identical except 
for the rectangular sections being rotated 90˚ from each other.  In order to calculate 
what ω' is in Figure 1b, merely interchange variables with those of Figure 1a since 
the derivations will be the same: 


γ ∅ ω' 


ω ∅ γ' 


γ' ∅ ω 


Using Equation [8] and interchanging variables as shown: 


[9] ω'   =  tan-1 ( tan ω cos γ' ) 







  Appendix G - 1 
 


  Equivalent Transformation Angles 
 


  APPENDIX G Equivalent Transformation Angles Derivations 


The angle of attack of the model may also be measured from an instrument 
mounted on the model itself.  For these cases, the measured angle is used directly 
as one of the transformation angles which yield the wind vector (and thus the 
model angle of attack) in the body axis system.  However, since the model angle of 
attack is already available when the sensor is mounted on the model, one is 
induced somewhat into "working backwards" to show how the aerodynamic forces 
play a role in determining the model attitude.  Again, as in the case of a base 
mounted angle sensor, a series of angle rotations must be established which take 
the wind vector from its own axis system to that of the model (actually what will 
be considered is the balance system, the body/model system comes later). 


Section 4.2 presents a straightforward method of rotating the unit wind vector from 
the original wind axis system to the final balance axis system when the angle 
sensor is mounted at the base using a set of transformation matrices.  The rotations 
first go through stream angles to get to the tunnel axis system.  From there the 
measured angles B (side force plane), A (normal force plane) and φ (rolling 
moment plane) come into play, respectively.  Then come the bend angles on the 
model support due to the model weight ΔΑ, ΔΒ and Δφ.  Finally, the deflection 
angles of the support due to aerodynamic loads take the wind vector into the 
balance axis system. 


For the case of a body mounted angle sensor, the above set of matrices are not 
directly applicable because angles in the appropriate planes for these matrices are 
not known (primarily the A angle).  Thus a set of "equivalent" transformation 
matrix angles which will do the same function must be created.  They are 
calculated from the model sensor angle and will in effect incorporate the sting 
bend and deflection angles as well as the unknown A angle.  Tunnels with a 
vertical A-plane will be considered first; tunnels with a horizontal A-plane have 
similar derivations. 







  Appendix G - 2 
 


  Equivalent Transformation Angles 
 


Ad


!


A*


R


R


Z


Z'


X


X'


Y'


Y


P'


P
1


P
2


"# $ %


%' $ '


Figure 1


xyz is the coordinate system
rotated by B about z from the


tunnel coordinate system


x'y'z' is the balance
coordinate system


Transformation angles in
going from x-axis to x'-axis


P


( from point P to P')


P
0


&
1


!
1


90˚


90˚


90˚


90˚







  Appendix G - 3 
 


  Equivalent Transformation Angles 
 


 


Figure 1 shows the tunnel axis system xyz after being rotated by an angle B about 
the z-axis.  That is, the wind axis system has already been rotated to the tunnel 
system and yawed by the side-plane angle B.  The axis system x'y'z' is the balance 
axis system (the unit wind vector in balance coordinates will be calculated first; 
body coordinates will be described later).  Both systems are superimposed on a 
quarter sector of a unit radius hemisphere.  The point P is the intersection of the x-
axis and the spherical surface.  Rotating the xyz system to x'y'z' is equivalent to 
tracing out certain routes to P', the point corresponding to the balance x-axis, x'. 


Described previously, the point of rotation starts after the yaw of the B angle.  
According to Equation 4.2.1, the next two rotations pitch the xyz system A and ΔΑ 
to point P0 (if φ is restricted to 0˚).  Then, the resulting system is yawed ΔΒ, 
pitched γ and finally yawed again by ω (the final yaw rotation is along the balance 
x-y plane).  Note that a roll transformation of the twist angle Δφ was neglected.  
This is one of many constraints imposed to simplify the derivations.  These 
constraints, all involving rotations in the roll plane, are summarized as follows: 


1) Sting roll angle φ = 0˚. 


2) Balance twist angle Δφ is restricted to 0˚, 90˚, 180˚ or 270˚.  Figure 1 has 
Δφ = 0˚. 


3) Sting deflection in the roll direction, λ = 0˚. 


Thus, an "equivalent path" is to pitch the xyz system by an angle A* along the x-z 
plane (the sum of Α+ΔΑ and the projection of γ on the x-z plane) to the point P2, 
roll by a certain amount φ1 to coincide with the balance x'-y' plane, and then yaw 
by an angle θ1 along the balance x'-y' plane (the sum of ω and the projection of ΔΒ 
on that plane).  A rectangular section is delineated on the spherical surface, 
bounded by A*, θ1, Ad, and θ.  The angle measured by the model sensor is  Ad   
and it is parallel to the vertical tunnel A-plane. 
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The point P1 is used for the even more simplifying case of pitching by A* to P1 
and then yawing by θ1 to P' without the intermediate roll of φ1.  Note that, in this 
case, A* is the length of P to P1 and θ1 is the length of P1 to P'. 


A comparison of the two methods is displayed in Figure 2 which show the 
flattened versions of the rectangular segment in Figure 1.  Method I (Figure 2a) 
does not use the equivalent roll angle φ1; Method II (Figure 2b) does.  The two 
methods are superimposed in Figure 2c to show the contrast.  Note that in Figure 
2a, the x-z plane of the original coordinate system is perpendicular to the x'-y' 
plane of the balance system.  This is not necessarily true except under certain 
special conditions.  Only the resulting x-axis from the A*/θ1 rotations coincides 
with the balance x'-axis.  The y and z axes do not coincide.  That is why the extra  
φ1 = 90˚ - Φ1  equivalent roll rotation is necessary.  Note also in Figure 2a that the 
two consecutive rotations ΔΒ and γ are not at right angles to each other as they 
should be for consecutive rotations of a coordinate system about its axes.  
Approximations and assumptions again are being made in order for this method to 
work.  It can be shown that if Α+ΔΑ and ΔΒ is much greater than the deflection 
angles γ and ω, the two methods become identical.  This is because A* ≈ Α+ΔΑ 
and θ1 ≈ ΔΒ, and P1 approaches P2 and therefore Φ1 ≈ 90˚ or φ1 ≈ 0˚.  Normally, 


the approximations used in Method I will suffice since indeed the deflection angles 
are very small in comparison to A and the bend angles.  However, in some 
circumstances, A and the bend angles themselves may be small, or the deflection 
angles are significant, in which case Method II must be used.  Method II has no 
simplifying assumptions, which makes it general for all cases (except for the 
restrictions outlined above for roll angles). 
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 EQUIVALENT PITCH AND YAW ANGLES A* AND Θ1 - METHOD I 


Solution by Method I of the equivalent pitch and yaw angles A* and θ1 will now 
be demonstrated; θ1 will be derived first, and then A*, which will be in terms of θ1. 


Calculation of θ1 


The solution for the projection of the deflection angle of the defined balance plane 
on a perpendicular plane before rotation were derived in Appendix F, Equations 
[8] and [9].  They are restated again: 


[1a] γ = tan-1 ( tanγ' cosω ) for Δφ = 0˚ 


[1b] ω' = tan-1 ( tanω cosγ' ) for Δφ = 90˚ 


These are the construction angles of Figure 2 derived from the measured sting 
deflection angles γ' and ω in the normal force and side force planes respectively. 


Recall that a roll transformation of the angle Δφ (twist) comes after the yaw of ΔΒ 
and that Δφ is restricted to multiples of 90˚.  Referring to Figure 2a, γ should be 
replaced as follows since the normal and side force planes may be interchanged 
depending upon the magnitude of Δφ: 


[2] If Δφ = 0˚, γ =  γ 
  Δφ = 90˚, γ =  ω' 
  Δφ = 180˚, γ = -γ 
  Δφ = 270˚, γ = -ω' 


 That is: γ fi  γ cosΔφ + ω' sinΔφ 


For the same reason that the construction angle γ changes with respect to Δφ, the 
calculation for θ1 also changes according to Δφ: 


[3] If Δφ = 0˚, θ1 =  t + ω 
  Δφ = 90˚, θ1 =  t - γ' 
  Δφ = 180˚, θ1 =  t - ω 
  Δφ = 270˚, θ1 =  t + γ' 


 That is: θ1 =  t + ( ω cosΔφ - γ' sinΔφ ) 
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Figure 2a with the aid of the utility angles c and τ: 


!


t


"#


$


c


Figure 3a


d
To derive an expression for t, use  the


"rectangular" segment bounded by    B, t,


d, and    (   ' if       = 90˚ ) a s shown in 3a. "%! &


"


90˚ - $


 


Figures 3b and 3c are Napier's circles constructed from Figure 3a. 


From Figure 3b (lower left triangle):


[4] = cos ( )


[5] sin c  =
cos !


sin "#


sin "#


cos !90˚ - c


Figure 3b


-


-


"#


90˚ - c


!


 


From Figure 3c (upper right triangle):


[6] =


[7] sin c 


sin !


=
sin !


sin "


cos ( ) cos ( )90˚ - c 90˚ - "


Figure 3c


-


!


t


"90˚ -90˚ - c


 


[8] tan! =
sin "


sin#$


Combining [5] and [7]:
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From Figure 3c:


=sin t !


tan" =
tan !


sin t


[9]


[10]


tan ( )90˚ - " tan 


 


Using [8] for tan    and solving for t:!


[11] = sin-1t
cos"


sin#$
( )


 


(Note that γ depends upon the value of Δφ, Eqns. [2]). 


Calculation of A* 


A* is the projection of Ad on the x-z plane ( see Figure 1). 


Ad


!


"


c


Figure 4a


A*
To derive an expression for A*, us e the


"rectangular" segment bounded by Ad,


A*, and     , as shown in 4a. 


!,


!1


!1


90˚ - "


 


Figures 4b and 4c are Napier's circles constructed from Figure 4a. 


From Figure 4b (lower right triangle):


[12] =


[13] sin c  =
cos !


sin Ad


sin Ad


cos ( ) cos !90˚ - c


Figure 4b


-


!
Ad


90˚ - c


-
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From Figure 4c (upper left triangle):


[14]


[15] cos c =


= cos cos


cos cos


1
!


1
!


sin ( )90˚ - c


Figure 4c


-


1
!


90˚ - c "90˚ -


A*


A* A*


 


[16] tan c =


Dividing [13] by [15]:


sin Ad


cos!" coscos# 1$  
 


From Figure 4c:


= tan ( ) tan !"


=
tan !"


tan c


[17]


[18]


sin ( )


cos#


#90˚ - #90˚ -


 
 


1!


Substituting [16] for tan c into [18]:


[20] = sin-1A*
cos


sin Ad
( )


[19] =cos"
tan #$ cos#$ cos cos"


sin Ad


1!
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Summary 


Summarizing the results: 


[22] = tan-1 tan ! '( cos" )"'


[21] ! = tan-1 tan ! '( cos" )


[24] = sin-1A*
cos


sin Ad
( )


1#


[23] = sin-1
sin$%


! cos$& + sin $&"'cos ( )
+ " cos$& - sin $&! '1#
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 EQUIVALENT PITCH, ROLL, AND YAW ANGLES A*, Φ1, AND Θ1 - METHOD II 


Method II is a bit more complicated than Method I.  Whereas most of the 
"rectangular" sections have been approximated for Method I in order to simplify 
calculations, they are made to reflect more of reality in Method II.  That is, every 
section shown in Figure 2a have three corners as right angles.  This is because 
approximations have been made at two places. 


The path from P to P', given a series of consecutive angle rotations, should have 
each succeeding rotation perpendicular to the one preceding it.  In other words, the 
pitch of A+ΔA followed by the yaw of ΔB are perpendicular to each other by 
definition of the pitch and yaw operators.  It should follow that the yaw of ΔB will 
be perpendicular to the pitch of γ, but it is not.  Also, the corner P1 is made to be 
90˚.  The two assumptions made here are: 1) the x–z plane before rotations is 
approximately perpendicular to the balance x-y or x-z plane (depending on Δφ), 
and 2) the projection of ΔB on the true balance plane is approximately equal to its 
projection to the plane indicated.  These approximations are valid only when the 
sting bend angles A+ΔA and ΔB are assumed to be much greater than the balance 
deflection angles γ' and ω. 


In the second method, no assumptions are made about the relative size of the 
rotation angles.  That is why another equivalent angle φ1 is incorporated since the 
original x-z plane is not really perpendicular to the appropriate balance plane.  
Furthermore, the rotation paths of ΔB and γ are indeed perpendicular.  The effects 
of discarding the approximations in Method I are shown in Figures 2b and 2c. 


Solving for the equivalent roll angle φ1 has one complication.  Right spherical 
triangles were created in Method I and therefore the simple rules of Napier were 
used to solve these triangles.  Now, in Method II, the rectangular section bounded 
by A*, θ1, Ad, and θ has only two right angle corners.  The solution for the 
oblique spherical triangles splitting this section along its diagonal requires 
different formulas of spherical trigonometry (Figure 6).  The ones used are the law 
of sines for spherical triangles and Napier's Analogies (Appendix B). 
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Calculation of φ1 


!


"#


c


Figure 5a


t1


t2


$


%1 &1
&2To derive expressions for     and     , use the


"rectangular" segment bounded by    B, t  ,


t  , and    (   ' if       = 90˚ )  as shown in 5a. "'! (


" 1


2


t1 %1


$90˚ -


 


From Figure 5b (upper right triangle):


[1] = tan ( sin ! ) tan "


[2] tan c  =
sin !


tan "


90˚ - c


Figure 5b


"


t1!


90˚ - c
#190˚-


 
 


[3] = tan ( )


[4] tan c  =
cos !


From Figure 5c (lower left triangle):


sin ( ) tan "#


tan "#


Figure 5c


"#


t2


!90˚ -90˚ - c


$
2


90˚-!90˚ - 90˚ - c


 
Combining [2] and [4]: 


[5] ! =
tan "#


tan $


tan-1 ( )
 


From Figure 5b: 


 [ 6 ]  c o s   =  sin ( )  c o s   -   1  9 0 ˚   
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From Figure 5c: 


cos ( )[8] cos!"=sin ( )-#290˚ $90˚ -  


!2 = cos-1 sin" cos#$( )[9]
 


Now, from Figure 5a, Φ1 = ϕ1 + ϕ2.  The equivalent roll angle for vertical A–plane 
tunnels is defined as: 


- !1 - !2="1[10] = #1- 90˚90˚  
 


Calculation of θ1 


From Figure 2b, the magnitude of θ1 is the distance from P2 to P', which is simply 
the sum of t1 and ω in the balance x-y or x-z plane.  Note that θ1 changes with 
respect to Δφ because it is a function of the construction angle ω: 


[11] If Δφ = 0˚, θ1 =  t1 + ω 


  Δφ = 90˚, θ1 =  t1 - γ' 


  Δφ = 180˚, θ1 =  t1 - ω 


  Δφ = 270˚, θ1 =  t1 + γ' 


 That is: θ1 =  t1 + ( ω cosΔφ - γ' sinΔφ ) 


From Figure 5b: 


sin! = tan" tan t1[12]
 


t1 = tan-1 tan!"( )cos#[13]
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Calculation of Α∗  


d


c


Figure 6a


To derive an expression for A*, us e the


"rectangular" segment bounded by  A*, d,


Ad, and      as shown in 6a. 


!1


A* Ad


" 1


#
" 1 #90˚ -


 


From Figure 6b (lower right triangle):


[14] = cos!sin Ad sin c


=sin c
sin Ad


cos !


c = sin-1 (
sin Ad


cos !
)


[15]


[16] Figure 6b


!


-


-


Ad


90˚ - c


 
 


Using the law of sines for spherical triangles: 


sin!1 sin c


sin"
=[17]


sin#1  
 


and combining [15] and [17]: 


[18] tan! =
sin"1


sin Ad


sin#1


 


[19] ! =
sin"1


sin Ad
tan-1 ( )


sin#1
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Finally, using the second of Napier's Analogies (Appendix B): 


[20] tan 1
2
_ =A*


1
2
_ ( +c )!1tancos 1


2
_


cos 1
2
_


( "+ )#1


( "- )#1  


[21] =A* 2 tan-1


1
2
_ ( +c )!1tancos 1


2
_


cos 1
2
_


( "+ )#1


( "- )#1  


Summary 


The values for γ and ω' were established in Appendix F, Equations [8] and [9].  
Recall that γ must be replaced with the appropriate projections of deflection angles 
depending on the magnitude of the twist angle, Δφ: 


[22] γ fi  γ cosΔφ + ω' sinΔφ 


Where 


! = tan-1 tan ! '( cos" )  


= tan-1 tan ! '( cos" )"'  


 
Summarizing the derived results: 


!1[23] = "1-90˚
 


[24] !1 - !2="1  







  Appendix I - 2 


  Body Axis Angles 


where 


cos-1=!1 cos " cos#$ + sin #$%'cos ( )
tan#&


tan-1( )" cos#$ + sin #$%'tan ( )


 


cos-1=!2 sin cos
tan"#


tan-1( )$ cos"% + sin "%&'tan ( )
"#


 


 


[25] =1! tan-1 tan"#$ cos"% + sin "%&'cos ( )[ ] + & cos"% - sin "%$ '
 


 


[26] =A* 2 tan-1


1
2
_ ( +c )!1tancos 1


2
_


cos 1
2
_


( "+ )#1


( "- )#1  


where 


c = sin-1 (
sin Ad


cos!
)


 


! =
sin"1


sin Ad
tan-1 ( )


sin#1
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 APPENDIX H BALANCE AXIS ANGLES - EQUATIONS DERIVATIONS 


 


The primary purpose for the angle computations is to develop a procedure to 
describe the orientation of the model with respect to the wind.  This can be 
accomplished by rotating the wind axis coordinate system  through a series of 
angles which will bring it to the balance system.  The unit wind vector coincides 
with the x-axis of the original system; how the y and z axes of this system are 
directed is not relevant.  Finally, with the components of this unit wind vector in 
balance coordinates available, the orientation of the balance can readily be 
determined. 


The first requirement is to determine two perpendicular angles which will 
equivalently take the wind axis system directly to the balance system.  Referring to 
Section 4.0 Figure 4-1, these angles are in order, yaw of β and then pitch of α.  
These are the sideslip angle and angle-of-attack, respectively.  Note once again for 
the sake of simplicity that the balance axis system coincides with the model 
system. 


 


-y
bal


z
bal


w


x
bal


-x


-x
bal


-y
-y
bal


z z
bal


w


!
"


 


 Figure 1a Figure 1b 


 Wind Axis System rotated Balance coordinates for 
 into the Balance system the unit wind vector 
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Figure 1 depicts how the two angle rotations yield balance coordinates for the unit 
vector.  The angular displacements to get from the unit wind vector to the balance 
x-axis is shown in Figure 2. 


 


   
-y
bal


z
bal


w
!


"


x
bal


u'


w'


-v'


-v'


 


 Figure 2 


 Relationship of α and β to w 


If the components of the unit wind vector in the balance axis is: 


[1] wbal = u' i + v' j + w' k 


Then by inspection of Figure 2, the results for α and β are: 


[2] α  =  tan-1 w'
u'  


≡
 
αBAL 


 (Quadrant determined by signs of numerator and denominator). 


[3] β  =  sin-1 ( -v' )
 
≡


 
βBAL 


 (βBAL lies in first or fourth quadrant). 
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 APPENDIX I COMPONENTS OF THE BODY AXIS UNIT WIND VECTOR 


There is no requirement that the balance axis coincide with the model axis.  In fact, 
it is conceivable that the balance orientation has no obvious relationship to the 
model.  Therefore, the orientation between the balance and model coordinate 
systems must be described.  Three angles constituting the most general case are 
required.  These angles IRA, IRB and IRφ are measured and specified as 
parameters. 


Figure 1 shows the angular rotations which take the balance coordinate system to 
the body.  That is, any vector (the Unit Wind Vector) can then be described in the 
body system given its components in the balance system.  The angles and the 
transformation operations are in the order: Roll φ, Pitch α, and then Yaw β.  The 
balance coordinate system is represented by x, y and z, the body system by x', y' 
and z'.  The intermediate coordinate systems are also shown.  Figures 2 and 3 show 
the measured angles IRA, IRB and IRφ and their relationship to IRα, IRB and IRF 
(the quantities of interest α, β and φ, respectively, from Figure 1).  A description 
of how the latter three angles can be computed from the former will now follow. 


The equation under study is: 


[1] 


xbod


ybod


z bod


xbal


ybal


z bal


= Y
IRB


P
IR!


R
IRF  


Equation [1] represents the rotations required to obtain the components of the unit 
wind vector in the body coordinate system, wbod=xbodi+ybodj+zbodk, from that of 
the balance coordinate system, wbal=xbali+ybalj+zbalk.    Only the values from the 
measured angles IRA, IRB and IRφ are given.  The angles of rotation are IRα, IRB 
and IRF, the arguments to the transformation matrices of [1].  The only variable 
readily available is IRB; the other two must be calculated.  Figures 2 and 3 show 
how IRα and IRF can be determined.  Spherical triangles will be used utilizing 
Napier's Rules (Appendix B). 
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z1


y


z


y1


-x,-x1


!


!


!


-x1


z1


"


"


"


z2


y
2


y
1,


-x2


1


2


Figure 1
-x2


-x'


y
2


z2,z'


y'


#


#


3


 
(1) Roll the balance axis system xyz by φ to get to x1y1z1 
(2) Pitch the new axis system x1y1z1 by α to get to x2y2z2 
(3) Yaw the new axis system x2y2z2 by β to get to the body axis system x'y'z' 
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Relationship of Balance y-axis to Body 
y-axis


Figure 3


Relationship of Balance x-axis to Body 
x-axis (1)  Roll by angle IRF


(3)  Yaw by angle IRB


(2)  Pitch by angle IR!


Figure 2


body


x-z plane


body


x-y plane


xbod


xbal


balance


y-z plane


body


y-x plane


ybod


IR"


IRB


-IR!


IR!


1


2


3


IR!


ybal


ybod


#


IRA


IRB


c


xbal


xbod


- #


IR!


1


2


3


IRF


IRF - IR"


ybal


90˚


90˚


(1)  Roll by angle IRF


(3)  Yaw by angle IRB


(2)  Pitch by angle IR!
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Figure 2 depicts the body x-y and x-z planes.  Recall that by definition, IRA and 
IRB are the projections of the angle between the balance and body x-axes on the 
body x-z and x-y planes respectively.  IRα, however, is the projection of that same 
angle on the x-z plane of an intermediate coordinate system.  That system is 
obtained by rolling the balance system by an angle of IRF.  Equivalently, it is the 
coordinate system just before the yaw of IRB to become the body system.  A four-
sided section intersecting the surface of a sphere of unit radius is constructed.  A 
diagonal of angular length c splits this object into two spherical triangles.  A utility 
angle τ will be used to help solve for IRα, which will be accomplished in three 
steps. 


step i: 


IRA


!


-


-


[2] = tan ( tan ( IRA )sin ! )


[3] tan c  =
tan ( IRA )


sin !


From Figure 4a (upper right triangle of Fig.2):


Figure 4a


90˚- c
90˚- c


 


step ii: 


IRB-


IR!


[4] tan ( tan ( IRB ))


[5] tan c  =
tan ( IRB )


cos"


From Figure 4b (lower left triangle of Fig.2):


Figure 4b


sin ( )


[6] tan" =
tan ( IRA )


tan ( IRB )


Combining [3] and [5]:


90˚- c "90˚- "90˚- 90˚- c =
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step iii: 


[7] =


[8] sin ( IRB )tan!


Again, from Figure 4b:


sin ( IRB ) tan ( ) tan ( IR" )


tan ( IR" ) =


Using [6] for tan    and solving for IR   :! "


[9] IR" = tan ( IRA ) cos ( IRB )tan-1 [ ]


!90˚- 


 
 


By inspection of Figure 3, note that IRφ is the projection of the angle between the 
balance and body axes on the balance y-z plane.  The angle of roll, however, is 
IRF as defined in Equation [1] and displayed in Figures 1 and 2.  Now, IRF may 
be solved in terms of the known quantities IRφ, IRB and the just computed 
quantity IRα of Equation [9]. 
 


Figure 5


-


-


IR!


IRF - IR"


[10]


From Figure 5 (bottom triangle of Fig.3):


sin ( IR! ) = tan ( tan ( IRF - IR   )"


[11] tan ( IRF - IR   )" = sin ( IR! ) tan ( IRB )


Solving for IRF:


[12] IRF = IR" + tan-1 [ sin ( IR! ) tan ( IRB ) ]


90˚- IRB ) 
90˚- IRB 


 


Note that as the angle IRα or IRB approaches zero, IRF approaches IRφ. 
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 APPENDIX J WIND TUNNEL CALIBRATION TABLES 


 12-FOOT PRESSURE COEFFICIENT CORRECTIONS 


The tables in this section contain the pressure coefficient corrections, CPXCi and 
CPXIPi for the following 12-Foot Pressure Wind Tunnel configurations: 


• Rear support strut installed, image plane out 


• Rear support strut out, image plane out 


• Rear support strut out, image plane in 


The CPXCi and CPXIPi tables are functions of the total pressure, PTOT and 
reference Mach number, MRef. 
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 Cpx COEFFICIENTS, REAR SUPPORT STRUT INSTALLED 
IMAGE PLANE OUT 


 
 
  PTOT = 0.5 Atmosphere = 1,058.1083 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.023476 0.070420 -0.010717 -0.000660 0.000068 6.90996E-14 
 0.20 0.316153 -0.212963 0.052678 -0.005351 0.000156 9.14154E-14 
 0.30 0.251778 -0.182238 0.048613 -0.005162 0.000150 9.68614E-14 
 0.35* 0.255382 -0.183548 0.048438 -0.005131 0.000149 9.89317E-14 
 0.40 0.258985 -0.184858 0.048262 -0.005100 0.000147 1.01002E-13 
 0.50 0.255288 -0.187660 0.049327 -0.005151 0.000144 1.14349E-13 
 0.60 0.262261 -0.199896 0.052987 -0.005491 0.000153 1.19273E-13 


 
+ SDS implementation 
* Interpolated for SDS implementation 


 
  PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.030264 -0.043652 0.021626 -0.003256 0.000111 8.60088E-14 
 0.20 0.227882 -0.162120 0.043268 -0.004682 0.000134 1.02338E-13 
 0.30 0.195310 -0.139810 0.039043 -0.004407 0.000126 1.06991E-13 
 0.35* 0.208166 -0.152055 0.042074 -0.004649 0.000132 1.07450E-13 
 0.40 0.221022 -0.164299 0.045104 -0.004891 0.000137 1.07909E-13 
 0.50 0.222415 -0.171704 0.048519 -0.005268 0.000146 1.09176E-13 
 0.60 0.254315 -0.199190 0.054924 -0.005786 0.000157 1.12728E-13 


 
+ SDS implementation 
* Interpolated for SDS implementation 
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 Cpx COEFFICIENTS, REAR SUPPORT STRUT INSTALLED 
IMAGE PLANE OUT (Continued) 


 
  PTOT = 2.0 Atmospheres = 4,232.4332 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.246033 -0.170718 0.049939 -0.005737 0.000175 5.32029E-14 
 0.20 0.222163 -0.152477 0.042213 -0.004742 0.000138 9.01085E-14 
 0.30 0.247805 -0.186391 0.051840 -0.005599 0.000157 8.75000E-14 
 0.35* 0.254097 -0.193355 0.053918 -0.005791 0.000162 8.67039E-14 
 0.40 0.260389 -0.200319 0.055996 -0.005982 0.000166 8.59078E-14 
 0.50 0.268448 -0.210426 0.058772 -0.006227 0.000171 9.05722E-14 
 0.60+ 0.268448 -0.210426 0.058772 -0.006227 0.000171 9.05722E-14 


 
+ SDS implementation 
* Interpolated for SDS implementation 


 
  
  PTOT = 4.0 Atmospheres = 8,464.8664 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.272896 -0.198360 0.053521 -0.005726 0.000161 7.91564E-14 
 0.20 0.287227 -0.207651 0.055404 -0.005836 0.000163 8.16312E-14 
 0.30 0.252848 -0.193002 0.054024 -0.005769 0.000160 8.52122E-14 
 0.35 0.278312 -0.212138 0.057870 -0.006036 0.000166 8.58723E-14 
 0.40+ 0.278312 -0.212138 0.057870 -0.006036 0.000166 8.58723E-14 
 0.50+ 0.278312 -0.212138 0.057870 -0.006036 0.000166 8.58723E-14 
 0.60+ 0.278312 -0.212138 0.057870 -0.006036 0.000166 8.58723E-14 


 
+ SDS implementation 
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 Cpx COEFFICIENTS, REAR SUPPORT STRUT INSTALLED 
IMAGE PLANE OUT (Continued) 


 
 
  PTOT = 6.0 Atmospheres = 12,697.2997 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.239117 -0.180484 0.050949 -0.005568 0.000157 8.20260E-14 
 0.20 0.266025 -0.200773 0.055993 -0.005981 0.000167 7.40468E-14 
 0.30 0.304875 -0.229032 0.060656 -0.006251 0.000172 7.84023E-14 
 0.35* 0.316130 -0.237668 0.062719 -0.006383 0.000175 8.02087E-14 
 0.40# 0.318381 -0.239395 0.063132 -0.006409 0.000175 8.05699E-14 
 0.50+ 0.318381 -0.239395 0.063132 -0.006409 0.000175 8.05699E-14 
 0.60+ 0.318381 -0.239395 0.063132 -0.006409 0.000175 8.05699E-14 


 
+ SDS implementation 
* Interpolated for SDS implementation 
# Values from facility calibration at MRef = 0.36 







  Appendix J - 6 


Version 5.0 May 2000 12' Pressure Correction Tables 


  Cpx COEFFICIENTS, IMAGE PLANE & REAR SUPPORT STRUT OUT 
 
 
  PTOT = 0.5 Atmosphere = 1,058.1083 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.016880 -0.000256 0.001214 -0.000305 1.2000E-05 1.3426E-14 
 0.20 -0.020997 0.045511 -0.009167 0.000398 -2.6685E-06 1.2497E-14 
 0.30 -0.029399 0.056446 -0.012107 0.000650 -9.2212E-06 1.2776E-14 
 0.35* -0.029709 0.057132 -0.013106 0.000733 -1.0964E-05 1.2782E-14 
 0.40 -0.030019 0.057818 -0.014105 0.000816 -1.2706E-05 1.2788E-14 
 0.50 -0.032353 0.062307 -0.015697 0.001008 -1.8804E-05 1.2993E-14 
 0.60 -0.036880 0.069685 -0.019301 0.001394 -2.9939E-05 1.3356E-14 


 
+ SDS implementation 
* Interpolated for SDS implementation 


 
  PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 -0.043288 0.071502 -0.016278 0.000933 -1.4723E-05 1.2803E-14 
 0.20 -0.031882 0.058799 -0.013704 0.000701 -8.0792E-06 1.2522E-14 
 0.30 -0.028493 0.055048 -0.013800 0.000688 -6.7965E-06 1.2152E-14 
 0.35* -0.029604 0.056988 -0.015063 0.000794 -9.1523E-06 1.2343E-14 
 0.40 -0.030714 0.058928 -0.016325 0.000899 -1.1508E-05 1.2534E-14 
 0.50 -0.030796 0.059889 -0.017062 0.001037 -1.6658E-05 1.2472E-14 
 0.60 -0.035984 0.068387 -0.021139 0.001444 -2.7771E-05 1.3045E-14 


 
+ SDS implementation 
* Interpolated for SDS implementation 
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  Cpx COEFFICIENTS, IMAGE PLANE & REAR SUPPORT STRUT OUT 
(Continued) 


 
  PTOT = 2.0 Atmospheres = 4,232.4332 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 -0.028042 0.051604 -0.010265 0.000353 1.5608E-06 1.2264E-14 
 0.20 -0.035188 0.062127 -0.015980 0.000767 -6.1911E-06 1.1980E-14 
 0.30 -0.024540 0.049500 -0.013647 0.000600 -2.1602E-06 1.1839E-14 
 0.35* -0.023542 0.048604 -0.013938 0.000639 -3.2507E-06 1.1916E-14 
 0.40 -0.022544 0.047707 -0.014229 0.000677 -4.3412E-06 1.1993E-14 
 0.50 -0.026125 0.050692 -0.014421 0.000718 -6.2253E-06 1.2053E-14 
 0.60+ -0.026125 0.050692 -0.014421 0.000718 -6.2253E-06 1.2053E-14 


 
+ SDS implementation 
* Interpolated for SDS implementation 


  
  PTOT = 4.0 Atmospheres = 8,464.8664 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 -0.025558 0.050011 -0.012573 0.000473 1.4476E-06 1.1634E-14 
 0.20 -0.023885 0.048211 -0.013547 0.000520 1.7132E-06 1.1527E-14 
 0.30 -0.023911 0.048002 -0.014374 0.000625 -1.4625E-06 1.1877E-14 
 0.35* -0.024005 0.045845 -0.012403 0.000467 1.8263E-06 1.1845E-14 
 0.40 -0.024099 0.043687 -0.010431 0.000308 5.1150E-06 1.1813E-14 
 0.50+ -0.024099 0.043687 -0.010431 0.000308 5.1150E-06 1.1813E-14 
 0.60+ -0.024099 0.043687 -0.010431 0.000308 5.1150E-06 1.1813E-14 


 
+ SDS implementation 
* Interpolated for SDS implementation 
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  Cpx COEFFICIENTS, IMAGE PLANE & REAR SUPPORT STRUT OUT 
(Continued) 


 
 
  PTOT = 6.0 Atmospheres = 12,697.2997 lb/ft2 
        
         


  MRef CPXC0 CPXC1 CPXC2 CPXC3 CPXC4 CPXC5 
        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 -0.035758 0.063117 -0.016807 0.000742 -3.0562E-06 1.1729E-14 
 0.20 -0.026836 0.051262 -0.014923 0.000651 -1.7575E-06 1.1833E-14 
 0.30 -0.025240 0.045083 -0.011393 0.000387 3.4150E-06 1.1814E-14 
 0.35 -0.024498 0.044135 -0.011334 0.000421 1.6635E-06 1.2338E-14 
 0.40+ -0.024498 0.044135 -0.011334 0.000421 1.6635E-06 1.2338E-14 
 0.50+ -0.024498 0.044135 -0.011334 0.000421 1.6635E-06 1.2338E-14 
 0.60+ -0.024498 0.044135 -0.011334 0.000421 1.6635E-06 1.2338E-14 


 
+ SDS implementation 
 
 







  Appendix J - 9 


Version 5.0 May 2000 12' Pressure Correction Tables 


 Cpx COEFFICIENTS, IMAGE PLANE INSTALLED, 
REAR SUPPORT STRUT OUT 


 
 
 
 


  PTOT = 0.5 Atmosphere = 1,058.1083 lb/ft2 
        
        
  MRef CPXIP0 CPXIP1 CPXIP2 CPXIP3 CPXIP4 CPXIP5 
        


 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.09996437 -0.98680322 3.7194353 -7.1932998 8.2728126 -8.2649767 
 0.20 0.08651987 -0.85245811 3.2028389 -6.1642418 7.0400269 -6.9448423 
 0.25* 0.09458576 -0.93086236 3.4922019 -6.7117673 7.6638963 -7.5821249 
 0.30 0.10265164 -1.00926660 3.7815648 -7.2592928 8.2877657 -8.2194074 
 0.40 0.11027240 -1.08943340 4.1112809 -7.9685757 9.2052263 -9.2393924 
 0.50 0.11955563 -1.20084510 4.6391309 -9.2581521 11.043539 -11.410426 


 
+ SDS implementation 
* Interpolated for SDS implementation 


 
 
  PTOT = 0.5 Atmosphere = 1,058.1083 lb/ft2 


       
       


  MRef CPXIP6 CPXIP7 CPXIP8 CPXIP9 CPXIP10 
       
 0.0+ 0.0 0.0 0.0 0.0 0.0 
 0.10 5.6703591 -1.3230468 0.03409637 -6.0685692E-04 2.9957712E-10 
 0.20 4.7214139 -1.0883932 0.02719864 -4.6855711E-04 2.6798516E-10 
 0.25* 5.1642601 -1.1919637 0.02976769 -5.1016616E-04 2.7332119E-10 
 0.30 5.6071063 -1.2955341 0.03233674 -5.5177521E-04 2.7865721E-10 
 0.40 6.3310122 -1.4663452 0.03655783 -6.1984659E-04 2.9025323E-10 
 0.50 7.9019383 -1.8430950 0.04615620 -7.8007359E-04 3.1921716E-10 


 
+ SDS implementation 
* Interpolated for SDS implementation 
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 Cpx COEFFICIENTS, IMAGE PLANE INSTALLED, 
REAR SUPPORT STRUT OUT (Continued) 


 
 


  PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
        


        
  MRef CPXIP0 CPXIP1 CPXIP2 CPXIP3 CPXIP4 CPXIP5 


        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.09671515 -0.94255623 3.4852649 -6.5698141 7.3216014 -7.0277959 
 0.20 0.09778217 -0.95461132 3.5414603 -6.7172293 7.5729215 -7.4223443 
 0.25* 0.10498198 -1.02517941 3.8057691 -7.2295926 8.1771874 -8.0638275 
 0.30 0.11218179 -1.09574750 4.0700779 -7.7419558 8.7814532 -8.7053106 
 0.40 0.11798578 -1.15713740 4.3254215 -8.3021120 9.5259868 -9.5573443 
 0.50 0.12827227 -1.27108380 4.8238977 -9.4436839 11.085968 -11.368494 


 
+ SDS implementation 
* Interpolated for SDS implementation 


 
 
  PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 


       
       
  MRef CPXIP6 CPXIP7 CPXIP8 CPXIP9 CPXIP10 


       
 0.0+ 0.0 0.0 0.0 0.0 0.0 
 0.10 4.6993335 -1.0615994 0.02521463 -4.0928915E-04 2.3640758E-10 
 0.20 5.0359576 -1.1574939 0.02859226 -4.8226958E-04 2.5886036E-10 
 0.25* 5.4907108 -1.2662738 0.03144592 -5.3208041E-04 2.6541422E-10 
 0.30 5.9454640 -1.3750536 0.03429958 -5.8189123E-04 2.7196808E-10 
 0.40 6.5582183 -1.5220205 0.03809339 -6.4640839E-04 2.9065161E-10 
 0.50 7.8703399 -1.8394039 0.04647306 -7.9376774E-04 3.2203561E-10 


 
+ SDS implementation 
* Interpolated for SDS implementation 
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 Cpx COEFFICIENTS, IMAGE PLANE INSTALLED, 
REAR SUPPORT STRUT OUT (Continued) 


 
 
 


  PTOT = 2.0 Atmospheres = 4,232.4332 lb/ft2 
        
        
  MRef CPXIP0 CPXIP1 CPXIP2 CPXIP3 CPXIP4 CPXIP5 


        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.08767827 -0.85717330 3.1863156 -6.0571106 6.8366472 -6.6777379 
 0.20 0.10518448 -1.02093690 3.7586404 -7.0732875 7.9354469 -7.7928082 
 0.25* 0.11677609 -1.13488935 4.1878714 -7.9141930 8.9469169 -8.9096881 
 0.30 0.12836769 -1.24884180 4.6171023 -8.7550985 9.9583869 -10.026568 
 0.40 0.13446533 -1.31764630 4.9243970 -9.4731260 10.957586 -11.206242 
 0.50+ 0.13446533 -1.31764630 4.9243970 -9.4731260 10.957586 -11.206242 


 
+ SDS implementation 
* Interpolated for SDS implementation 


 
 
  PTOT = 2.0 Atmospheres = 4,232.4332 lb/ft2 


       
       
  MRef CPXIP6 CPXIP7 CPXIP8 CPXIP9 CPXIP10 


       
 0.0+ 0.0 0.0 0.0 0.0 0.0 
 0.10 4.5119044 -1.0317279 0.02516949 -4.1767876E-04 2.3672776E-10 
 0.20 5.3012719 -1.2225106 0.03036590 -5.1138680E-04 2.5412061E-10 
 0.25* 6.1187181 -1.4259611 0.03623946 -6.2575441E-04 2.8218974E-10 
 0.30 6.9361642 -1.6294115 0.04211301 -7.4012201E-04 3.1025886E-10 
 0.40 7.7988149 -1.8405868 0.04788139 -8.4651668E-04 3.3118919E-10 
 0.50+ 7.7988149 -1.8405868 0.04788139 -8.4651668E-04 3.3118919E-10 


 
+ SDS implementation 
* Interpolated for SDS implementation 
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 Cpx COEFFICIENTS, IMAGE PLANE INSTALLED, 
REAR SUPPORT STRUT OUT (Continued) 


 
 
 


  PTOT = 4.0 Atmospheres = 8,464.8664 lb/ft2 
        
        
  MRef CPXIP0 CPXIP1 CPXIP2 CPXIP3 CPXIP4 CPXIP5 


        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.11276214 -1.09147390 4.0026613 -7.4981987 8.3832161 -8.2540005 
 0.20 0.11146660 -1.08020380 3.9711639 -7.4761439 8.4329217 -8.4135866 
 0.25* 0.11687558 -1.13811760 4.2140921 -8.0080831 9.1321256 -9.2140718 
 0.30 0.12228455 -1.19603140 4.4570203 -8.5400223 9.8313294 -10.014557 
 0.40+ 0.12228455 -1.19603140 4.4570203 -8.5400223 9.8313294 -10.014557 
 0.50+ 0.12228455 -1.19603140 4.4570203 -8.5400223 9.8313294 -10.014557 


 
+ SDS implementation 
* Interpolated for SDS implementation 


 
  PTOT = 4.0 Atmospheres = 8,464.8664 lb/ft2 


       
       
  MRef CPXIP6 CPXIP7 CPXIP8 CPXIP9 CPXIP10 


       
 0.0+ 0.0 0.0 0.0 0.0 0.0 
 0.10 5.6387172 -1.3056904 0.03263865 -5.5316157E-04 2.6979616E-10 
 0.20 5.7957237 -1.3564219 0.03481673 -6.0644549E-04 2.8896205E-10 
 0.25* 6.3792728 -1.4999931 0.03885482 -6.8428573E-04 3.0530763E-10 
 0.30 6.9628219 -1.6435642 0.04289290 -7.6212597E-04 3.2165320E-10 
 0.40+ 6.9628219 -1.6435642 0.04289290 -7.6212597E-04 3.2165320E-10 
 0.50+ 6.9628219 -1.6435642 0.04289290 -7.6212597E-04 3.2165320E-10 


 
+ SDS implementation 
* Interpolated for SDS implementation 
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 Cpx COEFFICIENTS, IMAGE PLANE INSTALLED, 
REAR SUPPORT STRUT OUT (Continued) 


 
 
 


  PTOT = 6.0 Atmospheres = 12,697.2997 lb/ft2 
        
        
  MRef CPXIP0 CPXIP1 CPXIP2 CPXIP3 CPXIP4 CPXIP5 


        
 0.0+ 0.0 0.0 0.0 0.0 0.0 0.0 
 0.10 0.11685017 -1.12772650 4.1190049 -7.6826706 8.5659053 -8.4531719 
 0.20 0.10389828 -1.01184380 3.7462542 -7.1141817 8.0946482 -8.1223973 
 0.25 0.11218587 -1.09854160 4.0991536 -7.8602445 9.0372292 -9.1543526 
 0.30+ 0.11218587 -1.09854160 4.0991536 -7.8602445 9.0372292 -9.1543526 
 0.40+ 0.11218587 -1.09854160 4.0991536 -7.8602445 9.0372292 -9.1543526 
 0.50+ 0.11218587 -1.09854160 4.0991536 -7.8602445 9.0372292 -9.1543526 


 
+ SDS implementation 


 
 
  PTOT = 6.0 Atmospheres = 12,697.2997 lb/ft2 


       
       
  MRef CPXIP6 CPXIP7 CPXIP8 CPXIP9 CPXIP10 


       
 0.0+ 0.0 0.0 0.0 0.0 0.0 
 0.10 5.7968259 -1.3505027 0.03433046 -5.9211158E-04 2.8009776E-10 
 0.20 5.6027921 -1.3128174 0.03380476 -5.9189791E-04 2.9160814E-10 
 0.25 6.3374662 -1.4894841 0.03861289 -6.8434901E-04 3.1034988E-10 
 0.30+ 6.3374662 -1.4894841 0.03861289 -6.8434901E-04 3.1034988E-10 
 0.40+ 6.3374662 -1.4894841 0.03861289 -6.8434901E-04 3.1034988E-10 
 0.50+ 6.3374662 -1.4894841 0.03861289 -6.8434901E-04 3.1034988E-10 


 
+ SDS implementation 
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 12-FOOT MODEL SUPPORT DRAG COEFFICIENTS 


The tables in this section contain the calibrated model support drag coefficients, 
CDRBLKG, for the following 12-Foot Pressure Wind Tunnel model support 
configurations: 


• Bipod model support 


• High angle of attack model support 


The CDRBLKG table for either model support are functions of the total pressure, 
PTOT, reference Mach number, MRef, and turn-table yaw angle, TRNYAW.  
CDRBLKG is used in the calculation of the wake blockage. 
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 BIPOD MODEL SUPPORT DRAG COEFFICIENT (CDRBLKG)  
 


 
PTOT = 0.5 Atmosphere = 1,058.1083 lb/ft2 


 
 TRNYAW 


 -20 -15 -10 -5 
MRef     


     
0.0+ 0.0 0.0 0.0 0.0 
0.100 2.277 1.995 1.752 1.653 
0.200 1.316 1.119 0.976 0.890 
0.300 1.037 0.969 0.925 0.869 
0.325 0.994 0.923 0.907 0.856 
0.380 0.899 0.822 0.868 0.827 
0.400 0.865 0.785 0.854 0.817 
0.500 1.045 0.969 0.918 0.863 
0.550 1.118 1.060 0.974 0.885 


+ SDS implementation 
 
PTOT = 0.5 Atmosphere = 1,058.1083 lb/ft2 


 
 TRNYAW 
  0 5 10 15 20 


MRef      
      


0.0+ 0.0 0.0 0.0 0.0 0.0 
0.100 1.702 1.633 1.727 1.915 2.001 
0.200 0.941 0.913 0.964 1.103 1.305 
0.300 0.906 0.868 0.926 1.020 1.142 
0.325 0.884 0.851 0.908 0.969 1.069 
0.380 0.835 0.815 0.869 0.857 0.907 
0.400 0.817 0.802 0.855 0.816 0.848 
0.500 0.860 0.883 0.921 0.966 1.042 
0.550 0.858 0.895 0.972 1.051 1.076 


+ SDS implementation 
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 BIPOD MODEL SUPPORT DRAG COEFFICIENT (CDRBLKG)  
(Continued) 


 
 
PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 


 
 TRNYAW 


 -20 -15 -10 -5 
MRef     


     
0.0+ 0.0 0.0 0.0 0.0 
0.100 0.883 0.775 0.673 0.599 
0.200 0.614 0.588 0.563 0.549 
0.300 0.629 0.600 0.582 0.559 
0.325 0.635 0.611 0.594 0.572 
0.380 0.651 0.637 0.619 0.601 
0.400 0.656 0.646 0.628 0.612 
0.500 0.817 0.780 0.731 0.696 
0.550 1.007 0.952 0.902 0.831 


+ SDS implementation 
 
PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 


 
 TRNYAW 


  0 5 10 15 20 
MRef      


      
0.0+ 0.0 0.0 0.0 0.0 0.0 
0.100 0.667 0.624 0.670 0.782 0.906 
0.200 0.506 0.524 0.528 0.579 0.597 
0.300 0.552 0.559 0.575 0.586 0.603 
0.325 0.568 0.573 0.589 0.601 0.616 
0.380 0.602 0.605 0.620 0.635 0.644 
0.400 0.615 0.617 0.631 0.647 0.655 
0.500 0.675 0.690 0.775 0.778 0.806 
0.550 0.724 0.780 0.848 0.888 0.972 
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+ SDS implementation 
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 BIPOD MODEL SUPPORT DRAG COEFFICIENT (CDRBLKG)  


(Continued) 
 
PTOT = 2.0 Atmosphere = 4,232.4332 lb/ft2 


 
 TRNYAW 
 -20 -15 -10 -5 


MRef     
     


0.0+ 0.0 0.0 0.0 0.0 
0.100 0.641 0.589 0.593 0.555 
0.200 0.651 0.656 0.633 0.604 
0.300 0.747 0.726 0.706 0.668 
0.325 0.767 0.746 0.718 0.680 
0.380 0.810 0.790 0.746 0.709 
0.400 0.826 0.807 0.756 0.719 
0.500 0.928 0.726 0.678 0.631 
0.550 0.928 0.726 0.678 0.631 


+ SDS implementation 
 
PTOT = 2.0 Atmosphere = 4,232.4332 lb/ft2 


 
 TRNYAW 
  0 5 10 15 20 


MRef      
      


0.0+ 0.0 0.0 0.0 0.0 0.0 
0.100 0.518 0.534 0.564 0.605 0.641 
0.200 0.579 0.606 0.614 0.640 0.647 
0.300 0.660 0.669 0.705 0.716 0.725 
0.325 0.674 0.682 0.717 0.739 0.748 
0.380 0.705 0.710 0.741 0.789 0.799 
0.400 0.716 0.721 0.750 0.807 0.817 
0.500 0.746 0.640 0.706 0.727 0.913 
0.550 0.746 0.640 0.706 0.727 0.913 
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+ SDS implementation 
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 BIPOD MODEL SUPPORT DRAG COEFFICIENT (CDRBLKG)  
(Continued) 


 
 
PTOT = 4.0 Atmosphere = 8,464.8664 lb/ft2 


 
 TRNYAW 
 -20 -15 -10 -5 


MRef     
     


0.0+ 0.0 0.0 0.0 0.0 
0.100 0.678 0.662 0.650 0.626 
0.200 0.755 0.730 0.678 0.649 
0.300 0.806 0.775 0.707 0.660 
0.325 0.829 0.793 0.717 0.674 
0.380 0.880 0.834 0.738 0.704 
0.400 0.880 0.834 0.738 0.704 
0.500 0.880 0.834 0.738 0.704 
0.550 0.880 0.834 0.738 0.704 


+ SDS implementation 
 
PTOT = 4.0 Atmosphere = 8,464.8664 lb/ft2 


 
 TRNYAW 
  0 5 10 15 20 


MRef      
      


0.0+ 0.0 0.0 0.0 0.0 0.0 
0.100 0.596 0.588 0.597 0.647 0.627 
0.200 0.642 0.653 0.682 0.728 0.740 
0.300 0.653 0.663 0.720 0.795 0.813 
0.325 0.663 0.675 0.733 0.815 0.835 
0.380 0.686 0.702 0.761 0.860 0.884 
0.400 0.686 0.702 0.761 0.860 0.884 
0.500 0.686 0.702 0.761 0.860 0.884 
0.550 0.686 0.702 0.761 0.860 0.884 
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+ SDS implementation 
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 BIPOD MODEL SUPPORT DRAG COEFFICIENT (CDRBLKG)  
(Continued) 


 
 
PTOT = 6.0 Atmosphere = 12,697.2997 lb/ft2 


 
 TRNYAW 
 -20 -15 -10 -5 


MRef     
     


0.0+ 0.0 0.0 0.0 0.0 
0.100 0.697 0.675 0.637 0.612 
0.200 0.787 0.780 0.702 0.658 
0.300 0.852 0.808 0.723 0.660 
0.325 0.887 0.841 0.734 0.669 
0.380 0.887 0.841 0.734 0.669 
0.400 0.887 0.841 0.734 0.669 
0.500 0.887 0.841 0.734 0.669 
0.550 0.887 0.841 0.734 0.669 


+ SDS implementation 
 
PTOT = 6.0 Atmosphere = 12,697.2997 lb/ft2 


 
 TRNYAW 
  0 5 10 15 20 


MRef      
      


0.0+ 0.0 0.0 0.0 0.0 0.0 
0.100 0.599 0.619 0.633 0.676 0.679 
0.200 0.652 0.666 0.731 0.794 0.801 
0.300 0.643 0.670 0.742 0.825 0.847 
0.325 0.658 0.684 0.750 0.846 0.871 
0.380 0.658 0.684 0.750 0.846 0.871 
0.400 0.658 0.684 0.750 0.846 0.871 
0.500 0.658 0.684 0.750 0.846 0.871 
0.550 0.658 0.684 0.750 0.846 0.871 
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+ SDS implementation 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
MRef = 0.100 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.684 0.527 0.531 0.644 0.786 
-10 0.648 0.522 0.513 0.606 0.765 
-5 0.665 0.537 0.541 0.586 0.740 
0 0.677 0.550 0.546 0.615 0.751 
5 0.603 0.513 0.552 0.637 0.774 
10 0.646 0.518 0.522 0.694 0.797 
14 0.649 0.512 0.492 0.684 0.819 


 
 
 
PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
MRef = 0.200 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.545 0.428 0.389 0.503 0.520 
-10 0.542 0.399 0.367 0.451 0.506 
-5 0.536 0.404 0.384 0.436 0.506 
0 0.550 0.407 0.388 0.439 0.501 
5 0.520 0.410 0.390 0.440 0.505 
10 0.545 0.430 0.414 0.455 0.523 
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14 0.548 0.441 0.436 0.492 0.537 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


 
PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
MRef = 0.300 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.572 0.445 0.422 0.489 0.551 
-10 0.550 0.428 0.402 0.446 0.547 
-5 0.532 0.411 0.399 0.434 0.539 
0 0.539 0.406 0.401 0.429 0.542 
5 0.501 0.408 0.396 0.445 0.543 
10 0.549 0.429 0.399 0.452 0.542 
14 0.587 0.462 0.445 0.501 0.552 


 
PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
MRef = 0.325 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.582 0.447 0.436 0.488 0.552 
-10 0.558 0.431 0.410 0.447 0.548 
-5 0.530 0.409 0.393 0.432 0.540 
0 0.538 0.401 0.399 0.428 0.540 
5 0.504 0.401 0.392 0.442 0.541 
10 0.549 0.425 0.398 0.449 0.541 
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14 0.595 0.463 0.456 0.488 0.552 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


 
PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
MRef = 0.380 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.604 0.452 0.466 0.485 0.553 
-10 0.576 0.438 0.428 0.451 0.549 
-5 0.527 0.403 0.381 0.428 0.541 
0 0.534 0.389 0.394 0.424 0.537 
5 0.511 0.387 0.381 0.437 0.537 
10 0.548 0.416 0.396 0.442 0.540 
14 0.611 0.465 0.478 0.460 0.550 


 
PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
MRef = 0.400 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.612 0.453 0.477 0.484 0.554 
-10 0.583 0.440 0.435 0.452 0.550 
-5 0.526 0.401 0.376 0.427 0.541 
0 0.533 0.385 0.392 0.422 0.535 
5 0.513 0.382 0.377 0.435 0.535 
10 0.548 0.412 0.396 0.440 0.540 
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14 0.617 0.465 0.486 0.450 0.550 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


 
PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
MRef = 0.500 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.641 0.468 0.498 0.492 0.599 
-10 0.578 0.429 0.437 0.452 0.594 
-5 0.542 0.408 0.375 0.423 0.586 
0 0.545 0.373 0.384 0.416 0.581 
5 0.534 0.392 0.369 0.429 0.579 
10 0.587 0.446 0.433 0.470 0.590 
14 0.628 0.482 0.494 0.505 0.596 


 
PTOT = 1.0 Atmosphere = 2,116.2166 lb/ft2 
MRef = 0.590 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.627 0.488 0.508 0.524 0.657 
-10 0.602 0.449 0.455 0.474 0.648 
-5 0.572 0.419 0.413 0.437 0.647 
0 0.560 0.405 0.375 0.420 0.645 
5 0.573 0.419 0.404 0.447 0.650 
10 0.599 0.456 0.451 0.488 0.656 







  Appendix J - 31 


Version 5.0 May 2000 12' Model Support Drag Tables 


14 0.630 0.500 0.497 0.523 0.652 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


PTOT = 2.0 Atmosphere = 4,232.4332 lb/ft2 
MRef = 0.100 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.441 0.358 0.302 0.369 0.441 
-10 0.438 0.337 0.299 0.344 0.436 
-5 0.425 0.306 0.294 0.349 0.429 
0 0.440 0.313 0.305 0.350 0.434 
5 0.419 0.323 0.289 0.352 0.443 
10 0.448 0.344 0.293 0.333 0.439 
14 0.455 0.369 0.305 0.403 0.450 


 
 
PTOT = 2.0 Atmosphere = 4,232.4332 lb/ft2 
MRef = 0.200 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.568 0.407 0.445 0.461 0.478 
-10 0.521 0.393 0.363 0.408 0.468 
-5 0.483 0.374 0.348 0.383 0.46 
0 0.519 0.372 0.381 0.396 0.466 
5 0.500 0.386 0.346 0.398 0.476 
10 0.518 0.395 0.379 0.407 0.475 
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14 0.562 0.439 0.444 0.447 0.471 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


PTOT = 2.0 Atmosphere = 4,232.4332 lb/ft2 
MRef = 0.300 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.634 0.458 0.474 0.485 0.529 
-10 0.574 0.436 0.428 0.443 0.514 
-5 0.553 0.374 0.355 0.420 0.483 
0 0.580 0.375 0.394 0.405 0.494 
5 0.540 0.386 0.364 0.403 0.512 
10 0.559 0.422 0.425 0.412 0.522 
14 0.619 0.461 0.471 0.441 0.545 


 
 
PTOT = 2.0 Atmosphere = 4,232.4332 lb/ft2 
MRef = 0.325 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.628 0.461 0.478 0.484 0.529 
-10 0.571 0.437 0.434 0.439 0.518 
-5 0.548 0.377 0.367 0.419 0.493 
0 0.573 0.372 0.390 0.405 0.500 
5 0.535 0.385 0.363 0.408 0.518 
10 0.566 0.425 0.431 0.423 0.529 
14 0.623 0.462 0.478 0.456 0.548 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


PTOT = 2.0 Atmosphere = 4,232.4332 lb/ft2 
MRef = 0.380 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.614 0.468 0.486 0.482 0.528 
-10 0.565 0.438 0.446 0.430 0.527 
-5 0.538 0.384 0.393 0.418 0.516 
0 0.557 0.366 0.383 0.403 0.514 
5 0.526 0.381 0.362 0.419 0.532 
10 0.582 0.431 0.444 0.447 0.545 
14 0.630 0.464 0.494 0.489 0.555 


 
 
PTOT = 2.0 Atmosphere = 4,232.4332 lb/ft2 
MRef = 0.400 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.610 0.470 0.489 0.481 0.528 
-10 0.563 0.439 0.450 0.427 0.530 
-5 0.535 0.386 0.403 0.417 0.524 
0 0.552 0.364 0.380 0.403 0.518 
5 0.523 0.38 0.362 0.423 0.537 
10 0.588 0.433 0.448 0.456 0.551 
14 0.633 0.465 0.499 0.501 0.557 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


 
PTOT = 2.0 Atmosphere = 4,232.4332 lb/ft2 
MRef = 0.500 and 0.590 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.640 0.468 0.498 0.493 0.580 
-10 0.582 0.425 0.445 0.443 0.575 
-5 0.506 0.406 0.401 0.414 0.555 
0 0.529 0.344 0.352 0.406 0.566 
5 0.525 0.371 0.400 0.402 0.574 
10 0.580 0.429 0.439 0.444 0.565 
14 0.627 0.469 0.495 0.499 0.580 


 







  Appendix J - 37 


Version 5.0 May 2000 12' Model Support Drag Tables 


 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


 
PTOT = 4.0 Atmosphere = 8,464.8664 lb/ft2 
MRef = 0.100 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.614 0.440 0.448 0.462 0.486 
-10 0.541 0.409 0.368 0.399 0.472 
-5 0.520 0.400 0.351 0.403 0.470 
0 0.529 0.390 0.398 0.398 0.451 
5 0.513 0.395 0.370 0.402 0.456 
10 0.536 0.413 0.386 0.402 0.472 
14 0.598 0.468 0.468 0.436 0.487 


 
PTOT = 4.0 Atmosphere = 8,464.8664 lb/ft2 
MRef = 0.200 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.606 0.449 0.445 0.454 0.470 
-10 0.534 0.417 0.353 0.405 0.482 
-5 0.502 0.366 0.351 0.401 0.476 
0 0.524 0.358 0.374 0.397 0.476 
5 0.504 0.376 0.354 0.401 0.491 
10 0.543 0.395 0.360 0.407 0.493 
14 0.595 0.446 0.476 0.429 0.515 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


 
PTOT = 4.0 Atmosphere = 8,464.8664 lb/ft2 
MRef = 0.300 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.590 0.457 0.491 0.484 0.527 
-10 0.547 0.432 0.430 0.436 0.537 
-5 0.515 0.378 0.363 0.415 0.507 
0 0.529 0.365 0.380 0.417 0.513 
5 0.514 0.374 0.364 0.430 0.529 
10 0.573 0.408 0.414 0.456 0.532 
14 0.612 0.465 0.525 0.469 0.537 


 
PTOT = 4.0 Atmosphere = 8,464.8664 lb/ft2 
MRef = 0.325 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.602 0.465 0.495 0.479 0.541 
-10 0.555 0.434 0.438 0.436 0.544 
-5 0.517 0.382 0.381 0.417 0.522 
0 0.529 0.362 0.381 0.413 0.532 
5 0.515 0.374 0.365 0.425 0.540 
10 0.571 0.413 0.410 0.445 0.539 
14 0.612 0.460 0.511 0.463 0.544 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


 
PTOT = 4.0 Atmosphere = 8,464.8664 lb/ft2 
MRef = 0.380, 0.400, 0.500 and 0.590 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.629 0.482 0.505 0.470 0.571 
-10 0.574 0.438 0.455 0.437 0.561 
-5 0.522 0.393 0.420 0.423 0.554 
0 0.528 0.357 0.384 0.406 0.574 
5 0.519 0.374 0.367 0.416 0.562 
10 0.567 0.422 0.400 0.421 0.556 
14 0.612 0.450 0.480 0.450 0.560 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


 
PTOT = 6.0 Atmosphere = 12,697.2997 lb/ft2 
MRef = 0.100 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.542 0.435 0.415 0.443 0.450 
-10 0.524 0.402 0.330 0.386 0.450 
-5 0.508 0.353 0.336 0.365 0.467 
0 0.520 0.348 0.372 0.365 0.457 
5 0.500 0.358 0.345 0.375 0.465 
10 0.539 0.370 0.346 0.378 0.474 
14 0.583 0.411 0.466 0.407 0.477 


 
PTOT = 6.0 Atmosphere = 12,697.2997 lb/ft2 
MRef = 0.200 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.598 0.460 0.427 0.465 0.492 
-10 0.537 0.406 0.381 0.426 0.529 
-5 0.517 0.364 0.355 0.395 0.501 
0 0.542 0.393 0.378 0.394 0.516 
5 0.504 0.368 0.355 0.401 0.545 
10 0.545 0.390 0.376 0.434 0.499 
14 0.642 0.456 0.406 0.459 0.512 
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 HIGH ANGLE OF ATTACK MODEL SUPPORT DRAG 
   COEFFICIENT (CDRBLKG)  
       (Continued) 
 


 
 Note: When MRef = 0.0 CDRBLKG = 0.0 
 


 
PTOT = 6.0 Atmosphere = 12,697.2997 lb/ft2 
MRef = 0.300 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.600 0.465 0.485 0.460 0.537 
-10 0.562 0.414 0.428 0.414 0.539 
-5 0.498 0.364 0.349 0.403 0.530 
0 0.516 0.363 0.378 0.383 0.565 
5 0.509 0.359 0.359 0.426 0.545 
10 0.546 0.415 0.38 0.402 0.532 
14 0.617 0.468 0.473 0.430 0.548 


 
PTOT = 6.0 Atmosphere = 12,697.2997 lb/ft2 
MRef = 0.325, 0.380, 0.400, 0.500 and 0.590 


 
 HAAPITCH 


 0 15 30 45 60 
TRNYAW      


      
-14 0.604 0.436 0.479 0.429 0.644 
-10 0.519 0.413 0.432 0.410 0.623 
-5 0.492 0.364 0.350 0.396 0.622 
0 0.504 0.357 0.375 0.386 0.656 
5 0.493 0.366 0.349 0.418 0.621 
10 0.538 0.393 0.392 0.410 0.616 
14 0.579 0.429 0.472 0.427 0.653 
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1 Purpose


Description The purpose of these facility engineering and model design procedures is to


ensure all engineers develop designs to similar standards and to serve as a core


document for personnel training.  These procedures shall be used to control,


verify, and validate design of wind tunnel models, support equipment, and


wind tunnel modifications.  This document covers the requirements for design


reviews, Work Order/Design Plan, Operational Readiness Reviews, Integrated


Systems Tests, design records, and configuration management.  A flowchart of


the design process is shown in Figure 1.


2 Work Orders and Design Plans


Description In order to effectively prioritize, plan, and manage engineering tasks, they


must be defined in terms of who is responsible, what has to be done, when it


needs to be done, and what are the deliverables. The Work Order and Design


Plan (WO/DP) form is used to document this information. The WO/DP form


is completed by the assigned engineer who is considered the "Design Leader"


as referred to in the Quality System Manual, Section 4.4 Design Control. The


form and directions for completing a WO/DP are found in Appendix A.


Generally the WO/DP is generated at the start of a task. If during the course


of the task or project,  substantial changes in the deliverables, design reviews,


milestones, or budget occur, the WO/DP will be updated or a new version


created and attached to the original. Specifically, the WO/DP form is used for


two general types of activities: work orders and design plans.


Work Orders The WO/DP form is used as a work order under the following conditions:


•  Engineering tasks expected to last more than one week.


•  Facility Engineering oversight of work done by an outside organization.


Examples of tasks requiring work orders:


•  Review of drag force upgrade done by Code FEF.


•  Assisting Test Engineer in developing an IST plan for a non-facility project.


A work order is not required for general facility engineering support of wind


tunnels on a daily basis or troubleshooting real-time problems.


Continued on next page
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2 Work Orders and Design Plans, Continued


Design Plans The WO/DP form is used as a design plan for all wind tunnel model


design/fabrication projects and for facility modification projects that meet the


following conditions:


•  The total estimated construction cost is greater that $30K.


•  The modification significantly changes the performance of a system or


facility.


Examples of projects requiring design plans:


•  Design and installing a high pressure air system in a facility.


•  Design and installation of a model support.


Projects that have design plans must comply with all the aspects of this Wind


Tunnel Facility Engineering and Model Design procedure. Following these


procedures assures our compliance with the Quality System Manual and the


ISO 9001 Standard.
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Figure 1  Design Process Flowchart
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3 Design Reviews


Description Design reviews are conducted in order to most effectively develop designs for


the numerous Wind Tunnel Operations Division facility engineering, design,


and modification projects. In addition through the design reviews, the assigned


engineer documents, transmits, and reviews  information on the design


progress with the appropriate organizations and discusses the necessary


technical interfaces. For smaller model and support equipment design


projects, information is given to appropriate groups by the assigned engineer


through monthly reports rather than extensive design reviews.


The assigned engineer is responsible for planning and conducting all reviews


except for the Initial Design Review.  All new designs have at least two


reviews, the Initial Design Review and the Final Design Review.  The number


of reviews, which the engineer states in the WO/DP, will vary depending on


the size and scope of each project.


Meeting minutes are kept by the assigned engineer for the design reviews


listed below.  The minutes are to include a summary of all important points, a


list of all action items, and the names of all participants.  In addition, the


assigned engineer should complete  a checklist of the topics covered in the


meeting.  Forms for the minutes and the checklists are in Appendix C.


Initial Task
Review


The Initial Task Review is conducted by the requester of the Work


Order/Design Plan soon after its issuance and before any design work begins.


The primary purpose of this review is to get the project started in the right


direction by clarifying all requirements. The assigned engineer discusses if any


statutory and regulatory requirements are applicable. Participants invited to


the Initial Task Review may include the assigned engineer, test manager, and


the system safety engineer.


Conceptual
Design
Review (10%)


The objectives of the Conceptual Design Review are to ensure that the


required performance criteria for the task are well defined, and the proper


design and safety codes are applied to the concept.  The Conceptual Design


Review takes place at about 10% design completion.  Requirements are frozen


at the conceptual design review for detail design.  Participants may include the


requester,  assigned engineer, one or two peers in design, test manager, shop


manufacturing representatives and tunnel mechanics.


Continued on next page
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3 Design Reviews, Continued


Preliminary
Design
Review (50%)


At the Preliminary Design Review (PDR), the progress and safety of the


preliminary design are evaluated by the participants to see how well the


performance criteria are being met.  This review takes place at about the 50%


completion point.  Participants at the PDR may include the assigned engineer,


third party reviewers, stress analyst, shop manufacturing representative,


tunnel mechanics, test director, and the system safety engineer.


Critical
Design
Review (90%)


The purpose of the Critical Design Review (CDR) is to verify the safety of


the final design, construction approach, fabrication techniques, and any


technical specifications.  This review usually is conducted when the drawings


and all initial analyses are complete.  The CDR takes place at the 90% design


completion point.  Participants at  the CDR include the assigned engineer,


third party reviewers, stress analyst, shop manufacturing representative,


tunnel mechanics, test director, and the system safety engineer.


Final Design
Review
(100%)


The purpose of the Final Design Review (FDR) is for the assigned engineer


to ensure that all documentation, drawings, specifications, and analyses have


been satisfactorily completed prior to fabrication or implementation of the


design. The drawings and specifications contain the acceptance criteria, i.e.


tolerances, standards, etc., that apply to the design. Prior to or at  the FDR,


the requester signs off on the design drawings to verify that the requirements


have been met. Drawings for tunnel modifications  are  signed off per


configuration management procedures and a Change Request (CR) completed.


A CR is required only for facility design and not for model or support


equipment designs. This review takes place when the design is 100%


complete.  Participants may include the requester,  assigned engineer,


appropriate NASA management (per configuration management procedures)


and the systems safety engineer.
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4 Design Changes


Description During the design reviews, changes may occur to the design which will be


reflected in the design review minutes. The checklists for the reviews, in


Appendix C,  indicate that the performance, functional, physical/material, and


maintenance requirements of the system, equipment, or software design


requirements should be reviewed.  After the final design review, at which time


the drawings are signed off, changes to the design are approved and


implemented per the CR process as described in the Configuration


Management Procedures. For model design drawing changes, an Engineering


Change Order is completed following procedures stated in the Configuration


Management Procedures.


5 Verification Of Designs


Description The verification is done after the design is completed. At  or prior to the Final


Design Review, drawings are signed off by the requester which is the


verification that the requirements have been met. A checklist for the


verification of designs is in Appendix D. The assigned engineer is responsible


to ensure that this form is completed and filed as a Quality Record.


6 Integrated Systems Test (IST)


Description The Integrated Systems Test (IST) validates the design for tunnel


modifications.  As a validation test, the IST demonstrates safe and effective


operation of a facility as it is configured with all its subsystems operating


normally.  An IST is usually performed after significant modifications to a


facility or its subsystems.


When an IST is not required for a facility modification per the WO/DP, i.e.


when a simple modification is made to the facility (<$30K construction cost),


validation documentation is not required.


For the design of models or support equipment, the assigned engineer


documents the validation of a design by a memo signed by the requester after


the design is implemented.


The complexity of an integrated system in a wind tunnel facility justifies the


significant effort required for an IST.  To successfully run an IST, the assigned


engineer must develop an IST Plan.


Continued on next page
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6 Integrated Systems Test (IST), Continued


IST Plan The IST Plan provides effective validation of safety and performance of a


system.  The IST must take into account:


1. Level of risk


2. Consequences of known failure modes


3. Criticality of new performance gains


4. Feasibility of risk control measures


The IST Plan must provide a clear, concise and accurate procedure for conduct


of the IST.  In addition, the IST Plan documents the IST process and


immediate results for future reference.


The IST Plan can include the following elements depending on the complexity


and hazards of the facility start-up:


1. Description and mission of the facility


2. Purpose of the modification


3. Scope of the modification


4. Detailed description of the modifications


5. Detailed description of the test plan


6. Engineering analyses including stress analyses


7. Inspection and certification reports


8. Safety analyses and reviews


9. Subsystems test results


10. Identification of critical engineering parameters


11. Red-line values (definition of limiting conditions of values)


12. Procedures for unexpected occurrences


13. Design information including design reviews


14. Definition of monitoring and log requirements


15. Definition of data quality requirements


16. Inspection procedures


17. Pertinent vendor or supplier documentation


18. New or modified operating procedures


Continued on next page
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6 Integrated Systems Test (IST), Continued


Increased
Energy Level
Steps


The IST Plan should adhere to the general principle of using small, gradually


increasing steps in energy level.  This may involve operating the facility


during the IST in modes which are not part of the normal operation.


Operation outside of normal modes should only be done if the operation can


be done safely under the controlled environment of the IST and allows a safer,


more gradual activation process.


Use of Normal
Wind Tunnel
Test Processes


Where feasible, the IST Plan should utilize processes and procedures


currently used in the Division for normal wind tunnel tests.  This allows the


maximum utilization of Division resources for facility operation,


instrumentation, test conduct, data reduction, safety monitoring, scheduling,


staffing and analysis of results.  The benefit of utilizing these existing


capabilities, where feasible, is that roles and responsibilities have already been


established and verified by years of test operations while new procedures


contain new risks.  The assigned engineer should be familiar with the Test


Process Manual (A027-9791-XB4) which describes standard procedures for


running wind tunnel tests in the Division.


IST Plan
Approvals


An IST Plan is reviewed by appropriate technical and management personnel,


as determined by the facility engineering group leader, to assure it is complete


and describes a safe means for facility start-up.  The IST Plan is approved by


the Branch Chiefs for the wind tunnel facilities and operation branches and the


Division Operating Manager.
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7 Operational Readiness Review (ORR)


Description For the purposes of this document, an ORR will consist of a memorandum


summarizing the work that was done and confirming that all the necessary


prerequisites for normal operation have been completed. An ORR memo is


required for projects when the construction value exceeds $30K and there


were substantial changes to the systems/facility’s performance, hazards, or


operations; or management direction  The need for an ORR will be determined


when the design plan is developed.


The following are examples when an ORR memo is required:


1. New system such as high pressure air is installed


2 Major rework of a system like the 12 Ft. MUA after the blower fan


failure incident


3 Returning the facility to operations after a multi-week maintenance/repair


shutdown


The following are examples when an ORR memo is not required:


1. Changes to the facility which cost less than $30K


2. $100K worth of new valves installed, but no change to the process or


operation


3. Straight forward building additions or remodels


The ORR memo is written by the assigned engineer for the FOF Branch


Chief’s signature after the hardware or system has been fabricated, installed


and acceptance tested. Often Integrated Systems Tests are used as acceptance


tests. The assigned engineer must have the ORR memo approved before the


first operational usage of the installed hardware or system.


Continued on next page







Wind Tunnel Facility Engineering and Model Design


A027-9891-XB5 10 Revision 5


7 Operational Readiness Review (ORR), Continued


Description,
Continued


The ORR memo summarizes and confirms that the following have been


completed:


1. All hardware and systems have been installed and inspected per the


approved final drawings and that all red-line changes have been


incorporated onto the final project drawings.


2. All hardware and systems have undergone the agreed upon subsystem


testing, acceptance procedures, and IST.


3. All results, including deviations and problems encountered during the


testing, are documented.


4. The personnel training plan and the SOPs have been updated to include


changes resulting from the acceptance testing.


5. Personnel have been trained in the operation of the system, equipment,


and/or software per the personnel training plan.


6. Adequate measures have been taken to ensure the safety of the facility


and verification that hazard analysis safety controls have been


implemented.


7. Maintenance requirements are defined and ready for Maximo


implementation.


8. Conformance with OSHA requirements has been reviewed.


The signed-off ORR document is archived according to Division procedures in


the AO Archive Procedures, A027-9791-XB3


8 Design Quality Records


Description The Work Order/Design Plan, design review minutes, and the verification


record for a design project will be collected and filed by the assigned engineer


as Quality Records. Procedures for control of quality records is specified in


the FOF Quality Record Matrix, A027-9891-XV3. The information and


forms for these Quality Records are found in Appendix D.  At the end of each


project, the assigned engineer archives the records per the Division’s archiving


procedures, A027-9791-XB3.
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9 Configuration Management


Description Configuration management procedures must be followed to ensure all


hardware and software match the design drawings and specifications to which


they were built and that all changes are appropriate, correct, and safe.  The


Wind Tunnel Operations Division configuration management procedures are


applicable for changes involving construction of new or modifications to


existing wind tunnel facilities or equipment as well as to model and support


equipment designs. These procedures which must be followed for design of


facilities and for control of documentation, such as the Standard Operating


Procedures, are described in the Division Configuration Management


Procedures, A027-9391-XB4.
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10 Guidelines for Bypassing Interlocks in Control Systems


Description This section presents Wind Tunnel Operations Branch policies for bypassing
process or safety-related interlocks in facility control systems.


- The term ‘forcing points’ refers to bypassing software interlocks.
- The term ‘installing jumpers’ refers to bypassing hard-wired


safety system interlocks.
- This policy applies to both process and safety-related interlocks.


General Bypassing interlocks by forcing points or installing jumpers is an accepted
part of troubleshooting system problems, or checking out system changes.
Occasionally bypassing interlocks can be an interim part of a control system
design change.  In all cases carefully evaluate all potential hazards before
forcing points or installing jumpers.


Note:  Troubleshooting is frequently accompanied by a sense of urgency,
especially if test operations are being delayed.  Methodical, carefully thought
out troubleshooting is the safest and quickest path towards continuing the
test.  Avoid haste and control the effects of pressure (from the test team, or
self-imposed).


Rules for
Design
Changes


When making design changes:
• Use FOO design process as descried in this document when bypassing


interlocks as part of a permanent design change.
• Prepare a thorough, documented hazard analysis.
• Prepare a Change Request, and obtain the appropriate approvals
• After CR approval, install jumpers or force points until permanent


hardware/software changes can be implemented.


Policy for
Trouble-
shooting De-
Energized
Systems


When troubleshooting de-energized systems with no stored energy:
• Interlocks may be bypassed temporarily for troubleshooting.
• Use appropriate LO/TO.
• Remove the bypass before returning system to service.
• Verify bypass is removed.
• Keep record log at benchboard.


Continued on next page
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10 Guidelines for Bypassing Interlocks in Control Systems,
Continued


Policy for
Trouble-
shooting
Energized
Systems


• When troubleshooting energized systems and in particular for an on-line
facility, the first priority is to use established emergency procedures to get
out of crisis mode (i. e. E-Stop, Comp-Stop, etc.).


• For multiple interlocks serving a duplicate function one interlock may be
bypassed if it can be independently determined that the other is
functioning correctly.  (e. g., duplicate contacts on the same instrument –
one serving software, and the other serving the hardwired safety system)


• For multiple sensors serving the same function, one can be defeated if it
can be independently determined the other is functioning correctly.


• In both previous cases record the information in the jumper log and/or
activity log in the control room of the affected system.


• In both cases a single point failure may have been created in the lone
remaining sensor/interlock.  Evaluate the hazards associated with this
single point failure before continuing.


• Bypass only a single interlock.  If that does not  produce the intended
result, STOP.  Bypassing multiple devices in a control or safety circuit
can produce unexpected results and have very severe consequences.
- Discuss alternatives with peers knowledgeable about the equipment


being worked on.
- Obtain concurrence from facility chief engineer before acting.
- In absence of facility chief engineer, obtain agreement from facility


manager, assistant branch chief, branch chief, or deput division chief in
that order.


• Employ extreme caution with safety interlocks having a single input.
• A safety interlock which is the sole control of a safety parameter, or


having a single input, shall only be bypassed to bring the system to a safe,
de-energized state.


Electricians Rules specific to electricians include:
• Electricians may jumper HWSS devices during troubleshooting.
• Electricians shall follow the jumper policies discussed in this chapter.
• Electricians shall check with the cognizant control systems engineer prior


to forcing a point.


Continued on next page
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10 Guidelines for Bypassing Interlocks in Control Systems,
Continued


Record
Keeping


When bypassing interlocks:
• Use the activity log as the primary means of communicating on a shift-to-


shift basis.  Be complete such that the next shift will understand the
problem and what was done to troubleshoot or correct it.


• Use the jumper log in each control room.
• Record all long term bypasses in the jumper log.


- Regardless whether ‘important’ or ‘nuisance.’
- Acknowledge removal of bypass by initialing and dating the ‘force


removed’ column.
• Keep a running list of momentary bypasses or those installed in a single


troubleshooting session at the benchboard.  (For PLCs, keep record at the
interface by which the force is made.)


• At the end of a troubleshooting session, remove bypass or enter in jumper
log.


• SOP requires ‘Point Search’ be checked prior to running.
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Appendix A:  Work Order/Design Plan Instructions


Description Following are the instructions for the assigned engineer to complete a Work
Order/Design Plan


Form Instructions
Completed forms should be submitted to the Engineering Group Leader. All
boxes must be filled in with information or "N/A" if it is not applicable.


Requestor
The requestor can be anyone.  This person is required to fill out the
Description/Requirements section in order to fully capture the requestor’s
requirements.


Assigned Engineer
The Engineering Group Leader will assign the appropriate engineer to lead the
project.


Facility, System, Subsystem
List the facility, system, and subsystem that pertains to the Work Order.  If
there is no system or subsystem, enter N/A.


Project Title
Provide a title for the project that adequately describes the scope of work.
The title must state whether the task is a Work Order or a Design Plan. Refer
to section 2 of this procedure for the distinction between work orders and
design plans. Titles are commonly used without the description to track
projects, so to avoid ambiguity, be specific.  For example--”MUA pipe
vibration” is not adequate to state the project scope.  “Design Plan to replace
MUA pipe foundation” more adequately describes the scope of work.


WO No.
This is assigned by the Engineering Group Leader.  The Engineer’s initials are
used with a corresponding number.  Where there is more than one engineer
with the same initials, three initials shall be used to define the Work
Order/Design Plan number.  For example, SFO-12 would be Stephan Ord,
number twelve.


Priority
Assigned by the Engineering Group Leader.  Priority is relevant to facility
needs and engineer workload.


Continued on next page
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Appendix A:  Work Order/Design Plan Instructions, Continued


Description,
Continued


Current Date
Date the Work Order/Design Plan was generated.


Due Date
Final milestone/deliverable date.  This includes all necessary documentation.


JO #, TTD #, WA#
All projects shall have a NASA JO #.  FOF Support Service Contractor (SSC)
engineered projects or projects that will use SSC procurement shall have a
TTD and WA#.


Project Budget
Amount budgeted for project including labor contracted outside of FO, SR’s,
PR’s, materials.


Description/Input Requirements
Brief description of requirements to be met by the project.  If more detailed
requirements are required, then a URD is filled out and attached.  See URD
below.


List any non-standard or unique statutory or  regulatory requirements that are
applicable. Requirements for design reviews, drawings, analyses, verifications,
and IST/ORR’s deliverables also to be checked appropriately.


If there are conflicts of ambiguities in the requirements, the assigned engineer
resolves the conflict with the requestor and documents the requirements using
the WO/DP. If a more detailed set of requirements is required than can be put
on the WO/DP form, the requester prepares a User Requirements Document
(URD) which is attached to the WO/DP.  The instructions for completing a
URD are found in Appendix B.


User Requirements Document (URD)
If a more detailed set of requirements is required, a User Requirements
Document (URD) is prepared and attached to the WO/DP.  The instructions
for completing a URD are found in Appendix B.


Continued on next page
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Appendix A:  Work Order/Design Plan Instructions, Continued


Description,
Continued


Milestone/Deliverables
List major milestones and deliverables for the project.  If a milestone or
deliverable will be completed by someone other than the assigned engineer,
indicate responsible party in parenthesis.


Each item shall have an estimate of the man-hours required by the assigned
engineer for completion if applicable.   A Due Date for each item shall also be
shown.  The Status shall be shown accordingly:  E=estimated, A=actual,
C=complete.


Special Conditions
List any special conditions pertaining to the WO/DP.


Organizational Interfaces
List appropriate organizations, project and/or technical interfaces required.


Authorization to Proceed
The Engineering Group Leader or supervisor signs here indicating approval of
the project to proceed.


Close-out
The Engineering Group Leader or supervisor signs here to close out the
project.
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FO FACILITIES ENGINEERING


WORK ORDER & DESIGN PLAN
Requester xxx


Assigned Engineer xxx


WO/DP No.


xxx
Priority


xxx


Facility xxx


System xxx


Subsystem xxx


Current Date Due Date


xxx xxx


Project Budget


$xxxK


Title xxx JO # TTD# WA#


xxx xxx xxx


Decription/Input Requirements


xxx


URD Req’d


(  ) Yes (  ) No


By


xxx


Deliverables


Design Reviews (  ) 10% Concept (  ) 50% PDR (  ) 90% CDR (  ) 100% FDR


System Safety/Hazard Analysis (  ) Yes (  ) No Drawings (  ) Yes (  ) No


IST (  ) Yes (  ) No ORR (  ) Yes (  ) No


Design Verification (  ) Calcs (  ) Reviews (  ) Other


Design Validation (  ) IST (  ) Other


Milestone/Deliverable (E=estimated, A=actual, C=complete)


xxx


Mhrs


xxx


Due
Date


xxx


Status


xxx


xxx


xxx


Special Conditions


xxx


Organizational Interfaces


xxx


Comments


xxx


Authorization to Proceed Date


(Engineering Supervisor or Group Lead)


Closeout Date


(Engineering Supervisor or Group Lead)


Return completed original to Facility Engineering Group Leader, MS 227-5, x45876 5/13/98
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Appendix B: User Requirements Document Procedures


Description The purpose of the User Requirements Document (URD) is for the requester
and the assigned engineer to adequately and consistently document project
requirements.  Some Wind Tunnel Operations Division engineering projects
have many different inputs for the requirements.  The URD serves as the
central requirements document to be used by all persons working on the
project.  The User Requirements Document (URD) should address the
following elements as they apply to the project.


1.0 Facility/System Description
General description of the facility/system and the purpose for the


change.


2.0 Mechanical Requirements
Hard limits in system
Aero Loads


3.0 Electrical Requirements
Hard Wired Safety Systems


4.0 Control System Requirements
Operator interface
PLC’s, DCS, other
Data Historian
Annunciation


5.0 Architectural Requirements


6.0 Overall Performance Requirements
e.g. control pressure 0.01 psi, start compressors within 5 min.


7.0 Maintenance Requirements
Modularity
Inspection
Commissionary (spare) parts


8.0 Special Requirements
Environmental
Safety
Schedule
Statutory or Regulatory


The URD is signed off by the appropriate personnel as shown in the
following example.  Changes to the URD are documented in a memorandum
from the assigned engineer amending the URD and  approved by the FOF
Branch Chief and Wind Tunnel Operations Division Chief.
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Appendix B: User Requirements Document Signature Page


User Requirements Document


Project Title


Prepared by: _____________________________
Preparer Date


Concurred: ______________________________
Name Date
FOF Facility Group Leader


Approved: ______________________________
Name Date
Requester


Approved: ______________________________
Name  Date
FOF Branch Chief


Approved: ______________________________
Name Date
FO Division Chief
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Appendix C: Design Review Record and Checklists


DESIGN REVIEW RECORD


TITLE OF MEETING DATE WO/DP No.


DESIGN ENGINEER


SUMMARY


ACTION ITEMS


ATTENDEES


RECORDED BY


DRR1- 4/98
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Appendix C:  Initial Task Review Checklist


Ck or N/A
INITIAL TASK REVIEW


WO/DP No.
Work Order/Design Plan


Purpose of the design


Written functional and physical requirements of the system, equipment, and software


Configuration, engineering, and data management plans


Reliability, maintainability, and spare parts availability requirements


Requirements for various analyses, diagrams, manuals, and other documents


Safety requirements and the System Safety Engineering requirements


Itemized list of the "deliverables" of the project


 Manpower requirements and areas of responsibility


Project timeline and milestones including reviews and deliverables


ITRC1 -5/98


_________________________    _______


signature of assigned engineer        date
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Appendix C:  Conceptual Design Review Checklist


Ck or N/A CONCEPTUAL DESIGN REVIEW (10%) WO/DP No.


WO/Design plan


Operations versus maintainability trade-offs


Performance, functional, physical/material, and maintenance requirements of the system,
equipment or software


Start-up, control, and shutdown requirements of system, equipment and/or software


Functional and physical compatibility requirements with existing equipment, software and
personnel.


 "Build vs. buy and adapt" issues


System loads


Personnel training needs


Safety issues


Results of the Preliminary Hazards Analysis (when required)


Project timeline and milestones including reviews and deliverables


CDRC1-5/98


_________________________ _____
signature of assigned engineer date
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Appendix C:  Preliminary Design Review Checklist


Ck or N/A PRELIMINARY DESIGN REVIEW (50%) WO/DP No.


Design plan with action items from last review


 Performance, functional, physical/material and maintenance requirements of the
system, equipment or software


Functional flow, data flow and schematic diagrams


Start-up, control, and shutdown requirements of system, equipment and/or software


Equipment layout and preliminary detail drawings


Planned designs for accessibility, testability, and ease of maintenance and repair


Comparison of performance requirements to the preliminary performance calculations
for the system as designed


Functional and physical compatibility requirements with existing equipment, systems,
software and personnel


Reliability, maintainability and availability of components and support equipment


Preliminary version of the installation, setup, acceptance, operation, maintenance and
support documents


"Build vs. buy and adapt" issues


Purchasing plans, costs and schedules


Fabrication plans costs and schedules


Personnel training needs and methods


Preliminary stress calculations


Results of the Hazards Analysis (when applicable)


Project timeline and milestones including reviews and deliverables


PDRC1-5/98


                                                                     
signature of assigned engineer, date
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Appendix C:  Critical Design Review Checklist


Ck or N/A
CRITICAL DESIGN REVIEW (90%) WO/DP No.


WO/Design plan


Action items from previous review


Final functional flow, data flow and schematic diagrams


Final equipment layout and detail drawings


Final design for accessibility, testability, and ease of maintenance and repair


Verification of conformance to original (or current) performance requirements


Verification of detail design compatibility with equipment, systems, software and
personnel


Specifications, reliability, maintainability and availability of all items to be purchased


Fabrication procedures including inspection and acceptance requirements


System, subsystem and component acceptance test plans


Adequacy of updated installation, setup, checkout, operation, maintenance and support
documents


Personnel Training Plan


Updated stress analysis


Results of the Operational Hazards Analysis (when required)


Results of the Failure Modes and Effects Analysis (FMEA) (when required)


Project timeline and milestones including reviews and deliverables


CODRC-5/98


                                                                     
signature of assigned engineer date
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Appendix C:  Final Design Review Checklist


Ck or N/A
FINAL DESIGN REVIEW (100%)


WO/DP No.


Action items from previous reviews


100% design plan and any additional information requested to participants


Technical design for adequacy, completeness and conformance to original requirements


Final Stress Analysis


Final interfaces with other projects and existing hardware and software


Confirmation of system, subsystem and component acceptance test plans


Confirmation of the personnel training plan


Final installation, setup, operation, maintenance and support documents


Fabrication, inspection and acceptance procedures


Milestone schedules for deliverables, fabrication, installation and acceptance testing


All drawings signed off


A completed Change Request (CR) for management signatures


FDRC!-5/98


                                                                     
signature of assigned engineer date







Wind Tunnel Facility Engineering and Model Design


A027-9891-XB5 27 Revision 5


Appendix D:  Design Verification Instructions and Record


 Description Following are the instructions for completing the Design Verification Record:


1. List all applicable design drawings and analyses.


2. List any requirements (other than or in addition to the Work
Order/Design Plan) that the design will be verified against.


3. Check all verification methods that apply, and indicate whether the
requirements were met.


4. Fill in all blanks with a check or a N/A (not applicable)


5. Add any remarks or action items to complete the form.  Attach additional
sheets if necessary.
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Appendix D:  Design Verification Instructions and Record


DESIGN VERIFICATION RECORD


WO/DP# TASK TITLE DATE


REQUESTER, CUSTOMER, ORGANIZATION


APPLICABLE DESIGN DRAWINGS


APPLICABLE STRESS ANALYSIS


APPLICABLE REQUIREMENTS DOCUMENTS


METHODS OF VERIFICATION (CHECK ALL THAT APPLY)


CK/NA METHOD REQUIREMENTS MET DATE


FINAL DESIGN REVIEW(S) YES NO


DWG REVIEW AND FORMAL CHECKING YES NO


ALTERNATIVE CALCULATIONS YES NO


3RD PARTY REVIEW OF ANALYSIS YES NO


COMPARISON TO SIMILAR DESIGNS YES NO


TEST OR DEMONSTRATION YES NO


DESCRIBE TEST OR DEMONSTRATION


REMARKS AND ACTION ITEMS


RECORDED BY


DVR 1 - 4/98
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Document #:


A027-9891-XR2


Rev.:


1


Title:
Software Programming/Operations Staff Training & Qualification Plan


Page #:


1 of 1
Original signed by:  Herbert J. Finger, Chief, Wind Tunnel Systems Br. (FOI) 5/15/98


CHECK THE MASTER LIST at      http://mdl   
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


REVISION HISTORY


REV Description of Change Author Effective
Date


0 Initial Release D. Backs 5/98


1 Removed Reference to AO Quality Manual H. Finger 9/99


REFERENCE DOCUMENTS
Document Number Document Title


ANSI/ASQC 9001-1994 sections 4.18 (Training)


A027-9761-XB1 Data Management Manual


A027-9891-XV4 FOI Quality Records Matrix


1. Purpose


The purpose of this document is to define the procedures for developing and
maintaining quality training requirements for job categories that could affect the quality of
research data and generating and storing quality training records for those employees.


2. Scope


This procedure applies to Development Programmers, Applications Programmers, and
Computer Systems Technicians supporting Code FO wind tunnel operations and
development at Ames Research Center


3. Definitions and Acronyms


There are no definitions associated with this procedure.


4. Flowchart


There are no flowcharts associated with this procedure.


5. Responsibilities


5.1. The Employee’s Manager shall:


• Define and review the training requirements associated with each job
category.


• Define and review the training requirements for each employee.
• As new procedures/requirements are put into place, determine if new training


requirements need to be added to the job category or individual employee.
• Maintain the record of training requirements and records in the TNC database


( http://tnc.arc.nasa.gov ) in accordance with the FOI Quality Records Matrix
(A027-9891-XV4).
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2 of 2


CHECK THE MASTER LIST at      http://mdl   
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


6. Procedure


6.1. Quality Training Requirements for Job Categories


The employee's manager will review the quality training requirements for each
job category that affects the quality of research data approximately once a year
at performance review time.  New training requirements will be added or
obsolete requirements removed.  The employee's manager will sign and date a
hard copy of the updated training requirements when they have finished the
review of the requirements and the signed copy will be kept by the employee's
manager until superseded.


The employee's manager will determine when a new job category affects the
quality of research data and if so, will create quality training requirements for this
job category.


Whenever there are new requirements placed on existing personnel because of
changes in processes, procedures, or technology, the employee's manager will
consider the effect on the training requirements and update and sign them if
needed.


6.2. Quality Training Records


For each employee in a job category that affects the quality of research data, the
employee's manager will generate training records.


When a new employee starts work, or each time training requirements are
updated, the employee's manager will compare the employee's current training
status to the training requirements and schedule any training required to fill gaps.


The employee's manager will keep a record showing that the education and
experience of covered employees meets or exceeds the requirements for their
job category.  No employees will be hired, promoted, or reassigned to job
categories affecting the quality of research data who do not meet the education
and experience requirements for that job category unless training that will fill any
gaps can be provided in a timely manner.  Any staff in such a situation will not be
given sole responsibility for job duties affecting data quality until such time that
training gaps are closed.


On-Job Training (OJT) quality training is typically part of the total training required
for most positions, and consequently the employee's manager will include any
OJT quality training required and completed by each covered employee as part
of the employee's training record.  It is the responsibility of the employee's
manager to ensure that employees newly hired, promoted, or reassigned to job
categories that could affect the quality of research data are given training in the
quality system procedures affecting their work.


7. Metrics


There are no metrics for this procedure.
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8. Quality Records
The following Quality Records shall be generated and managed in accordance with the
FOI Quality Records Matrix (A027-9891-XV4) and 53.ARC.0016.


Required Record Custodian


Training Record Hard copy  in employee's
manager's office


Training Requirements Hard copy  in employee's
manager's office


9. Form(s)


No forms are part of this procedure.
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REVISION HISTORY


REV Description of Change Author Effective
Date


0 Initial Release – Replaces SDS Release
Development Procedures (A027-9863-XM2)


M. Liu 4/30/99


1 Removed unreferenced Reference Documents


Added reference to Quality Records SLP


H. Finger 9/99


2 Corrected QRM reference to FO Division QRM
Slight wording change in Sections 6.2, 6.4.1,
6.4.2.3, 6.4.3.1, & 8


DCR # 0046


H. Finger 5/01


REFERENCE DOCUMENTS
Document Number Document Title
53.ARC.0016 Quality Records System Level Procedure


A027-9891-XV2 FO Division Quality Records Matrix


1. Purpose


The purpose of this procedure is to provide instructions on the release process as it is
implemented in the Wind Tunnel Systems Branch.  Releases may involve hardware,
software, or a combination of the two.


2. Scope


This procedure applies to the entire process of creating a new release for a system and
the subsequent design, testing, and closure of the worklist items that make up the
release.  It also applies to all worklist items that are implemented within a given release
window.


The users of this procedure are:
• System/Project Managers
• System Software Engineers
• System Hardware Engineers
• System Hardware Technicians
• Instrumentation Engineers
• Instrumentation Technicians
• Software Programmer Analysts
• Computer System Technicians


This procedure replaces and supercedes the SDS Release Development Procedure
(A027-9863-XM2).
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3. Definitions and Acronyms


3.1. Checkout The process to verify system response.  (Satisfies
ISO-9001 4.4.7 - Design Verification.)


3.2. Integrated Testing Validation of design on a production system to
demonstrate proper operation of combined hardware
and software systems.


3.3. External All organizations other than NASA Ames Research
Center.


3.4. Facility The test site and associated hardware.


3.5. Project A development activity that has specific objectives with
a specific end date.


3.6. Release Reference to a data system software and/or hardware
release.


3.7. Release Window The time frame between the start of one release and the
next.


3.8. Submitter The individual who creates the worklist item.  May also
be referred to as the customer or requester.


3.9. System An ongoing development activity that undergoes
continuous improvement and evolution.


3.10. Worklist
Management
Tracking System


A tool utilized by the project or system to track worklist
items.  This tool may also be used to track associated
objective evidence and quality records.


4. Flowchart


The flowchart for this procedure is attached in Appendix A.


5. Responsibilities


Responsibilities for each step of this procedure are indicated in parentheses in
Section 6.
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6. Procedure


6.1. Create a prioritized list of potential release window items (System/Project
Manager)


All release items are derived from the system or project worklist.  The worklist
consists of functions and features that fall into one of several categories; these
categories include Test Requirements, Problem Reports, Enhancements, and
Management Mandated Tasks.  These items come from the operations
community, customer community, development community, management,
TDR/TCR process, post-test feedback, and leftover items from a previous
release.


A list is created that has all of the potential worklist items for the upcoming release
and release window.  The creation of this initial list is the sole responsibility of the
System/Project Manager.  The System/Project Manager determines what
individual worklist items should be considered for this list.  A final list is produced
from the Release Requirements Review meeting.


6.2. Develop an Implementation Schedule for the release window.  (System/Project
Manager, Development leads (CS and Contractor))


A project schedule is created based on the prioritized list of potential worklist
items.  This schedule is based on constraints of staff availability and the allowable
time for this release window.  The list of potential release window items may be
revised to reflect the items that can be successfully accomplished within the
release window.


After this schedule is complete, the individual worklist items will be assigned to
individuals; these individuals are called developers.  The revised list is made
available to the user community.


6.3. Worklist Item Phases (Individual Developer/designer) (Phases 1 to 3)


6.3.1. Phase #1: Requirements


6.3.1.1. The Submitter must provide written requirements.  Design input
and output requirements shall be included.  Requirements shall
include reference to acceptance criteria.


6.3.1.2. Requirements are reviewed for completeness by the
developer.


6.3.1.3. The developer determines the impact of the worklist item to the
various subsystems involved (i.e.: HW, SW, diagnostics,
procedures, drawings, training curriculum, etc.)


Requirement changes may result from the outcome of the requirements
review or impact assessment.  The submitter is responsible for making







WT Operations Division Procedure
ISO 9001 - Ames Research Center


Document #:


A027-9961-XM5


Rev.:


2


Title:
Data System Release Development Procedure


Page #:


4 of 4


CHECK THE MASTER LIST at      http://        pubsgroup.arc.nasa       .        gov    
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


the requirements changes.  The developer will review the changes to
determine any impact to the schedule, budget, or risk.  If there is an
adverse impact, the System/Project Manager must approve the
changes.


6.3.2. Phase #2: Design


6.3.2.1. The developer must create a design and development plan.
This plan should have the following information:


6.3.2.1.1. This plan shall record all of the personnel assignments
to complete the worklist item.


6.3.2.1.2. It will also outline any differences between the
standard completion phases.  If steps are added or
deleted to the completion phases, they should be
outlined in this plan.


6.3.2.1.3. The type of design review must also be determined
(Peer review or larger meeting review).


6.3.2.1.4. The type of checkout and validation must also be
addressed in this plan.


6.3.2.1.5. List all procedures, drawings, and training that need to
be created or revised.


6.3.2.1.6. Identify any procurement items that may be required
to support the completion of this worklist item.


6.3.2.2. The developer is responsible for design completion and
review notes for the worklist item.


All completed designs must undergo either an individual peer
review or a formal review as specified by the Design and
Development Plan.


6.3.2.3. All planned procurements identified in the Design and
Development Plan need to be completed by end of the
design phase.


Design Changes may result from the outcome of the checkout
and validation phases.  The developer is responsible for
making design changes.  These design changes must be
reviewed prior to implementation by the same personnel
involved in the original design review.  If there is an adverse
impact to schedule, budget, or risk from the design change, the
System/Project Manager must approve the design change.


6.3.3. Phase #3: Implementation and Checkout


Following the successful design review, the worklist item is implemented
and checked out.  The type of checkout may vary depending on the
worklist item.  It may involve prototype tests on the development
system.  It could also be a calculated test case or bench test.  The level of
this checkout should be indicated in the Design and Development Plan.
The checkout test case and test results are an official ISO-9001 quality
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record.  The implementation and checkout could uncover problems that
require changes to requirements or to the design.  Changes will be made
following the guidelines in sections 4.3.1 and/or 4.3.2 as appropriate.


6.4. Worklist Item Phases (Integrated) (Phases 4 to 6)


These final phases apply to all individual worklist items unless noted in the
Design and Development plan for a particular item or items.


6.4.1. Phase #4: Validation


The individual worklist items are integrated and tested together on the
development system.


These tests will ensure that the worklist item gets successfully integrated
into the existing system.  The acceptance criteria from the written
requirements for each worklist item shall be successfully checked during
this phase.


Final validation testing will perform to complete this phase.


6.4.2. Phase #5: Transfer to Operations:  This is the phase where the worklist
items begin their transfer from the developers to the operations
personnel.


6.4.2.1. Documentation: Based on the design and development plan,
new and changed procedures, drawings, training curriculum must
be implemented in this phase.  Release notes are completed
and released to the user community.


6.4.2.2. Training:  Training will be performed, as required.


6.4.2.3. Acceptance Testing The release will be moved to a target site
to perform the acceptance testing.  The target site could be an
operational site or a checkout site that mimics a full production
site through the use of simulators.  The system release will be
successfully exercised prior to deployment to the operational
sites


6.4.3. Phase #6: Deployment:  This is the final phase for the worklist items that
make up the release.


6.4.3.1. Operational Readiness Review (ORR): This meeting will
discuss the planned upgrades and the plan/schedule for
introducing them to the operational facilities.  This applies to the
worklist items directly tied to the actual system release.  Branch
management will evaluate the readiness of the worklist items of
this release window and formally approve the deployment
plans.  Some individual worklist items that aren’t dependent to
the release may be deployed without the approval of this
ORR based on approval of System/Project Manager.


6.4.3.2. Deployment / Checkout of Operational sites: Based on the
approved deployment schedule from the ORR, the operational
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system sites are upgraded and tested with the new capability.
The designated site manager is responsible for managing the
deployment to their systems.


6.4.3.3. Official closure of worklist items: The Submitter is the only
individual that can sign-off or close a Worklist Item.  Until this
sign-off, the worklist item remains open.


7. Metrics


There are no metrics for this procedure.


8. Quality Records


The following Quality Records shall be generated and managed in accordance with the
FOI Quality Records Matrix (A027-9891-XV4) and the Quality Records System Level
Procedure (53.ARC.0016).


Required Record Custodian


Design Review Minutes System/Project
Manager


The following Objective Evidence shall be generated.


Required Record Custodian


Release Requirements Review
meeting minutes (6.1)


System/Project
Manager


Project schedule, list of release
items, and assignments (6.2)


Development Lead


Requirements documented for
each worklist item – includes
requirement definition,
requirement review, and impact
(6.3.1)


Development Lead


Design and development plan
documented for each worklist
item (6.3.2)


Individual Developer


Checkout Test Case and Test
Results (6.3.3)


System/Project
Manager


Validation test cases and testing
results documented for each
worklist item(6.4.1)


Development Lead
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Release notes, training updates,
activation test cases and results
documented (6.4.2)


Development Lead


ORR minutes, ORR sign-off,
and submitter sign-off for each
worklist item (6.4.3)


Designated System
Manager


9. Form(s)


There are no forms for this procedure.
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10. Appendix A








WT Operations Division Procedure
NASA Ames Research Center


Document #:


A027-9963-XM3


Rev.:


1


Title:
SDS Post Test Document Control Procedure


Page #:


1 of 2
Original signed by:  Herbert J. Finger, Chief, Wind Tunnel Systems Br. (FOI) 5/12/99


CHECK THE MASTER LIST at      http://mdl   
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


REVISION HISTORY


REV Description of Change Author Effective
Date


0 Initial Release N. Hart 3/29/99


1 Removed unreferenced Reference Documents H. Finger 9/99


REFERENCE DOCUMENTS
Document Number Document Title
A006-9861-XM4 Post Test Data Transmittal Procedure


1. Purpose


This document describes how the Standard Data System (SDS) Post-Test Data
Transmittal work instruction documents and forms are managed.


2. Scope


This procedure applies process of creating and managing documentation for post-test
data activities.


The users of this procedure are:
• Computer System Technicians


This procedure does not pertain to training materials used by Computer Systems
Technicians in their daily work.


3. Definitions and Acronyms


3.1. SDS Standard Data System.  Data system used at the 11
Foot, 12 Foot, and 9x7 wind tunnels


3.2. Post-Test Those activities that occur after the final data run within the
test section and end with the transmittal of approved
data on media to the customer.


3.3. SvT Sverdrup Technology.  FO Wind Tunnel Contractor


4. Flowchart


There is no flowchart for this procedure.


5. Responsibilities


Responsibilities described in this procedure are that of a Computer Systems
Technician.
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6. Procedure


6.1. Each of the documents and forms associated with the SDS Post-Test Data
Transmittal process is managed through the use of document numbers placed in
the header area and dates placed in the footer area of the document.  Each
instance of document release requires a date.


The document number shall have the format:  53.FOICST.xxxx  where
‘xxxx’ represents a unique four-digit sequential number of the instruction.


6.2. Five notations are generally made concerning this area.


1) The document name and number (placed in the header area),


2) The word ‘Created’,


3) The author’s initials,


4) The original release date, and


5) If applicable, the addition of ‘Revised’, with initials and date is included.


6.2.1. An example footer area:
Created: NKH 24-Mar-98; Revised NKH 29-Mar-99


6.3. Document Storage


The Post-Test Data Transmittal work instructions, as well as a copy of this
document, are located on the CST Shared Items Server which is for internal
SvT Computations Group use only.  Please see SvT Comps Group
Manager for approval to view.


7. Metrics


There are no metrics for this procedure.


8. Quality Records
There are no Quality Records for this procedure.


9. Form(s)


There are no forms for this procedure.








A029-9701-XM3 Rev. C 1
April 1, 2009


  
Thermophysics Facilities Branch  
 


This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


Test Planning Guide


for 


NASA Ames Research Center


Arc Jet Complex and Range Complex


Prepared by
Imelda Terrazas-Salinas


and the staff of the
Thermophysics Facilities Branch


Space Technology Division


NASA Ames Research Center
Moffett Field, CA  94035







2 A029-9701-XM3 Rev. C
  April 1, 2009


  
  Thermophysics Facilities Branch
This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE







A029-9701-XM3 Rev. C 3
April 1, 2009


  
Thermophysics Facilities Branch  
 


This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


APPROVAL SIGNATURES Date


Author:


I. Terrazas-Salinas Signature on File 3/24/99


Review and Approval 
Team as follows:


G. Joseph Hartman
Signature on File 3/24/99


Scott G. Eddlemon Signature on File 3/24/99


REVISION HISTORY
REV Description of Change Author Effective 


Date
- Initial Release I. Terrazas-Salinas 11/6/98
A Changed the title of the document


Added 2nd preparer
Revised footer
Corrected typographical errors
Expanded sections 1.2, 2.5, 3.0,  3.2, 3.5, 3.6, 
4.1.4.1
Added new section 2.6
Added sections 2.7, 4.1.4.6, and 4.2.2.8
Renumbered former section 2.6 as 2.8
Revised sections 2.2.1, 4.1.5.6, 4.2.2, 4.2.2.5, 
4.2.2.7.5
Major revision of section 6
Updated Figure 26
Updated table 3
Editorial changes to figures 19 and 22
Editorial changes to sections 2.3, 2.3.1, 4.1.3.1, 
4.1.3.2, 4.1.3.3, 4.1.4.3, 4.1.4.5, 4.1.5, 4.1.5.8


I Terrazas-Salinas
C. Cornelison


2/8/99


Test Planning Guide for NASA Ames Research Center


Arc Jet Complex and Range Complex







4 A029-9701-XM3 Rev. C
  April 1, 2009


  
  Thermophysics Facilities Branch
This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


REVISION HISTORY
REV Description of Change Author Effective 


Date
B Added section 1.3.1


Expanded section 3.2
Revised figures 2 and 3
Revised sections 1, 2, 3, and 4.1.4 to conform to stan-
dard ARC ISO use of "shall" and to reflect the revi-
sions to figures 2 and 3
Revised section 4.1.4.2 and deleted table 6
Removed figure 28; renumbered figure 29 as 28; 
Added new figure 29
Expanded section 4.1.4.5 to include slug calorimeters
Removed appendices C and D
Rearranged headers and footers


I. Terrazas-Salinas 3/24/99


C Major revision I. Terrazas-Salinas 4/1/09







A029-9701-XM3 Rev. C 5
April 1, 2009


  
Thermophysics Facilities Branch  
 


This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


Contents


List of Acronyms....................................................................................................................................................................8
List of Contibutors .................................................................................................................................................................8
1.0 Introduction .....................................................................................................................................................................9
1.1 Purpose ...........................................................................................................................................................................9
1.2 Scope ...............................................................................................................................................................................9
1.3 Location ..........................................................................................................................................................................9
2.0 Administrative Procedures ............................................................................................................................................10
2.1 Administrative Authority ..............................................................................................................................................10
2.2 Test Approval and Scheduling Procedure .....................................................................................................................10
2.3 Test Development and Preparation ...............................................................................................................................11
2.4 Test Readiness Review  ................................................................................................................................................13
2.5 Test Change Control .....................................................................................................................................................13
2.6 Handling of Test Discrepancies During Experiment Occupancy .................................................................................13
2.7 Post-Test Review ..........................................................................................................................................................14
2.8 Testing Responsibility...................................................................................................................................................14
3.0 Duties and Responsibilities ...........................................................................................................................................14
3.1 Facility Manager ...........................................................................................................................................................14
3.2 Test Engineer (Arc Jet Complex)..................................................................................................................................14
3.3 Facility Operator ...........................................................................................................................................................14
3.4 Instrumentation Technician ...........................................................................................................................................14
3.5 Data System Technician ................................................................................................................................................15
3.6   Measurements Engineer (Arc Jet Complex) ................................................................................................................15
3.7 Principal Investigator/Experimenter .............................................................................................................................15
3.8 Optical Engineer (EAST) .............................................................................................................................................15
3.9 Instrumentation Engineer (EAST) ................................................................................................................................15
3.10 Data Analyst (EAST) ....................................................................................................................................................15
3.11 On-site Data Analysis ...................................................................................................................................................15
4.0 Facility Description ......................................................................................................................................................16
4.1  Arc Jet Complex ............................................................................................................................................................16
4.2  Range Complex .............................................................................................................................................................42
5.0 Operating and Safety Procedures ..................................................................................................................................67
5.1 Use of the Operating and Safety Manual ......................................................................................................................67
5.2 Emergency Aid and Information...................................................................................................................................67
6.0 Primary Hazards and Safety Features ...........................................................................................................................67
6.1 High Voltage .................................................................................................................................................................67
6.2 High-Pressure Gases and Water ....................................................................................................................................67
6.3 Vacuum Chambers/Non-breathable Gases ...................................................................................................................67
6.4 Explosives (Range Complex) .......................................................................................................................................68
6.5 Flammable Gases ..........................................................................................................................................................68
6.6 Personnel Entrapment ...................................................................................................................................................68
7.0 Emergency Procedures .................................................................................................................................................69
7.1 Direct Response Action ................................................................................................................................................69
7.2 Fire Alarm .....................................................................................................................................................................69







6 A029-9701-XM3 Rev. C
  April 1, 2009


  
  Thermophysics Facilities Branch
This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


List of Figures
Figure 1. Map of Ames Research Center ...............................................................................................................................9
Figure 2. Test initiation and approval process .....................................................................................................................10
Figure 3. Typical test development process .........................................................................................................................11
Figure 4.  Key milestones in the test development process .................................................................................................12
Figure 5.  NASA Ames Research Center Arc Jet Complex .................................................................................................16
Figure 6. Test bays of the arc jet complex at Ames Research Center ..................................................................................16
Figure 7.  24×24 in (61×61 cm) panel being tested in the arc jet complex..........................................................................17
Figure 8.  Leading-edge model being tested in the arc jet complex ....................................................................................17
Figure 9.  Schematic drawing of the Huels arc heaters used at ARC ..................................................................................18
Figure 10.  Schematic drawing of the segmented arc heaters used at ARC .........................................................................19
Figure 11.  Schematic drawing of the semielliptical nozzles at ARC ..................................................................................20
Figure 12.  Schematic drawing of a conical nozzle family ..................................................................................................21
Figure 13.  Schematic representation of the TFD nozzle and test section ...........................................................................21
Figure 14.  The segmented arc heater in the AHF ...............................................................................................................23
Figure 15.  Operating envelope of the AHF with 20-MW segmented arc heater ................................................................24
Figure 16.  Operating envelope of the AHF with 20-MW Huels arc heater ........................................................................24
Figure 17.  60-MW IHF .......................................................................................................................................................25
Figure 18.  Operating envelope of the IHF with conical nozzles ........................................................................................26
Figure 19.  Operating envelope of the IHF with semielliptical nozzle ................................................................................26
Figure 20.  20-MW PTF .......................................................................................................................................................27
Figure 21.  Calorimeter Plate installed in the PTF test cabin ..............................................................................................27
Figure 22.  Operating envelope of the PTF ..........................................................................................................................27
Figure 23.  Operating envelope of the TFD .........................................................................................................................28
Figure 24.  Typical test setup in the AHF, looking upstream ...............................................................................................29
Figure 25a.  Typical sting adapters for AHF ........................................................................................................................30
Figure 25b.  Typical sting adapters for IHF .........................................................................................................................30
Figure 26a.  Test fixture assembly for PTF and IHF (semielliptical nozzle) (dimensions are in table 4) ...........................31
Figure 26b.  Typical model assembly for TPTF ..................................................................................................................31
Figure 27.  Main access door for the IHF ............................................................................................................................32
Figure 28.  Typical test setup in the IHF ..............................................................................................................................32
Figure 29.  Examples of typical slug-calorimeter probes ....................................................................................................33
Figure 30.  Schematic diagram of the five-stage SVS .........................................................................................................36
Figure 31.  The Hypervelocity Free-Flight Aerodynamic Facility ......................................................................................42
Figure 32.  Examples of Aeroballistic Models .....................................................................................................................43
Figure 33.  Photograph of the Ames Vertical Gun Range Facility .......................................................................................47
Figure 34.  Sketch of the Ames Vertical Gun Range Facility ..............................................................................................47
Figure 35.  Typical gun performance ...................................................................................................................................48
Figure 36.  Light gas and powder gun performance ............................................................................................................48
Figure 37.  Air gun performance ..........................................................................................................................................48
Figure 38.  Photograph of the velocity measuring chamber ................................................................................................49
Figure 39.  Impact vacuum tank (exterior view) ..................................................................................................................49
Figure 40.  Impact vacuum tank (interior view) ..................................................................................................................49
Figure 41.  AVGR vacuum system performance..................................................................................................................50
Figure 42.  Ames standard bucket dimensions .....................................................................................................................50
Figure 43.  AVGR standard vacuum feed-through plate ......................................................................................................50
Figure 44.  AVGR simplified block diagram........................................................................................................................51
Figure 45.  Photograph of gun elevation system, beam in horizontal position ....................................................................52
Figure 46.  Scematic diagram of the EAST Facility ............................................................................................................56
Figure 47.  EAST Facility current collector and arc chamber .............................................................................................57
Figure 48.  EAST Facilty Driven Tube and components .....................................................................................................57
Figure 49.  Vacuum Box ......................................................................................................................................................59
Figure 50.  Optical paths in Vacuum Box ............................................................................................................................60
Figure 51.  Integrating Sphere .............................................................................................................................................61







A029-9701-XM3 Rev. C 7
April 1, 2009


  
Thermophysics Facilities Branch  
 


This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


List of Tables


Table 1.  Comparison of the features of the arc heaters at ARC ..........................................................................................17


Table 2.  Operating characteristics of the arc jet facilities at ARC ......................................................................................22


Table 3.  Minimum lead-length requirements and number of channels supported ..............................................................29


Table 4.  Dimensions for IHF and PTF panel test fixtures (drawing shown in fig. 26a) .....................................................31


Table 5.  Available IR-quality viewports .............................................................................................................................33


Table 6.  Optical pyrometers provided by ARC ...................................................................................................................34


Table 7.  Spectrometers in use at EAST Facility .................................................................................................................61







8 A029-9701-XM3 Rev. C
  April 1, 2009


  
  Thermophysics Facilities Branch
This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


List of Acronyms


ARC Ames Research Center 


AVGR Ames Vertical Gun Range


AHF Aerodynamic Heating Facility


BEAP Building Emergency Action Plan


EAST Electric Arc Shock Tunnel


HFFF Hypervelocity Free-Flight Facility


HFFAF Hypervelocity Free-Flight Aerodynamic   
 Facility


HFFGDF Hypervelocity Free-Flight Gun Development  
 Facility


IHF Interaction Heating Facility 


MSDS Material Safety Data Sheet


PI Principal Investigator


PTF Panel Test Facility


SOP Standard Operating Procedure


SVS Steam Vacuum System 


TFD Turbulent Flow Duct


TPS Thermal Protection System


TRR Test Readiness Review 


TC Thermocouple


List of Contibutors


Wendell Love


John Balboni


Charles Cornelison


Jeff Mach


Andy Gleckman


Jerry Guzman


Jay Grinstead


Ed Schairer


Cesar Acosta


ARC Photographers


Brett Cruden


Mark McGlaughlin







A029-9701-XM3 Rev. C 9
April 1, 2009


  
Thermophysics Facilities Branch  
 


This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


1.0 Introduction
The Thermo physics Facilities Branch of the Space Tech-
nology Division at NASA Ames Research Center, Moffett 
Field, CA, 94035 operates the Arc Jet Complex and the 
Range Complex for the investigation of atmospheric en-
try/high-velocity phenomena.  The Ames Arc Jet Complex 
comprises four active arc jet facilities:  the Aerodynamic 
Heating Facility (AHF), the Interaction Heating Facility 
(IHF), the Panel Test Facility (PTF), and the 2 × 9 Tur-
bulent Flow Duct Facility (TFD).  The Range Complex 
comprises the Hypervelocity Free-Flight Facility (HFFF), 
the Ames Vertical Gun Range (AVGR), and the Electric 
Arc Shock Tunnel (EAST).


1.1 Purpose


This Testing Guide shall serve as an Experimenter’s 
Handbook for all experimenters proposing active investi-
gations using the facilities of the Thermophysics Facili-
ties Branch.   Listed are the capabilities of the facilities, 
interfaces, safety restraints, and operational procedures.  
With this manual, it is intended that the prospective ex-
perimenter can design his/her tests to fit the capabilities of 
the respective facilities.


1.2 Scope


This document has been prepared to inform all personnel 
proposing experiments in the Thermophysics Facilities of 
the details regarding facility capabilities and operational 
procedures.  It is designed to be used in conjunction 
with the current safety and operational manuals of the 
respective facilities.  Additional procedures are in place 
to ensure that data/product quality conforms to Agency 
quality standards.


1.3 Location


The Thermophysics Facilities are located at various loca-
tions throughout the Center (see figure 1).  The facilities 
of the Arc Jet Complex are located in Buildings N234 and 
N238.  The Aerodynamic Heating Facility and the Turbu-
lent Flow Duct Facility are located in Building N234; the 
Panel Test Facility and the Interaction Heating Facility 
are located in Building N238; Building N234A houses 
the boiler for the Steam Vacuum System.  The telephone 
number for N234 facilities is (650) 604-5230; that for 
N238 facilities is (650) 604-5974.  The Facility Manager 
for the Arc Jet Complex is Scott Eddlemon, (650) 604-
6075.


The Range Complex currently comprises three facilities.  
The first of these facilities is the Hypervelocity Free-
Flight Facility.  It is composed of the Hypervelocity Free-
Flight Aerodynamic Facility (HFFAF) and the Hypervel-
ocity Free-Flight Gun Development Facility (HFFGDF). 


Both of these facilities are located in Building N-237.  
The telephone number is (650) 604-3443.


The second Range Complex facility is the Ames Vertical 
Gun Range.  It is housed in Building N204A.  The gun 
and test chamber are located in Room 102; the control 
console in Room 101; support machinery is in Room 104; 
and target fabrication equipment is in Room 101, Build-
ing N205.  The telephone number is (650) 604-5526.  


The third Range Complex facility is the Electric Arc 
Shock Tunnel Facility.  It is housed in building N229. The 
shock tube is located in Room 157; the capacitor bank/
power supply in Room 156; the control console in room 
158A; and the laser lab in Room 160. The telephone num-
ber is (650) 604-5550. 


The Facility Manager for the Range Complex is Charles 
Cornelison, (650) 604-3443.


Figure 1. Map of Ames Research Center
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1.3.1 Shipping Addresses


Test-related hardware shall be shipped to the attention of 
the test engineer or the facility manager at the respective 
test facility, as follows.


For tests in the AHF or TFD, the shipping address is
NASA Ames Research Center
Building 234 Room 112
Moffett Field, CA  94035-1000


For tests in the PTF or IHF, the shipping address is
NASA Ames Research Center
Building 238 Room 103
Moffett Field, CA  94035-1000


For tests in the HFFF, the shipping address is
NASA Ames Research Center
Building 237 Room 150
Moffett Field, CA  94035-1000


For tests in the AVGR, the shipping address is
NASA Ames Research Center
Building 204A Room 104
Moffett Field, CA  94035-1000


For tests in the EAST, the shipping address is
NASA Ames Research Center
Building 229 Room 157 
Moffett Field, CA  94035-1000


2.0 Administrative Procedures
2.1 Administrative Authority


The Thermophysics Facilities Branch, in the Space Tech-
nology Division, is responsible for the safe and produc-
tive operation of these facilities.  The Facility Manager 
enforces the established operating limits of the respective 
facility and has the authority to judge the acceptance of 
proposed test programs.


2.2 Test Approval and Scheduling Procedure


It is the policy of the Space Technology Division at 
NASA Ames Research Center to encourage the maximum 
utilization of the ARC Thermophysics Facilities within 
the limits imposed by safety, schedule, funding, and per-
sonnel availability. 


The Thermophysics Facilities are managed by the Chief 
of the Thermophysics Facilities Branch. For all of these 
facilities, with the exception of the AVGR, all tests shall 
be requested to, and approved by the branch chief.  Tests 
are placed on the facility schedules after receipt of an ap-
proved Request for Facility Usage Form.  The schedules 
for the facilities of the Arc Jet Complex are maintained 
by the Group Leader of the Test Engineering Group; the 
schedules for the Range Complex are maintained by the 
facility manager or a branch-approved designee.  The 


facilities are operated primarily to support government (in 
particular NASA) aerospace research and developmental 
testing. 


The test initiation and approval process is illustrated 
in figure 2. The initial steps in the process are informal 
discussions aimed at determining the feasibility of a con-
cept and, if feasible, which facility is appropriate. These 
technical discussions occur between ARC engineers and 
the proposing organization. The process includes examin-
ing the test objectives and evaluating the feasibility of 
accomplishing the objectives. The process continues with 
a determination of the appropriate facility to carry out the 
objectives. These activities are accomplished by means 
of discussions with the test requester, or as appropriate, 
through a (series of) Test Proposal Meeting(s), as illus-
trated in figure 2. 


For more complex tests, more than one meeting might be 
required to discuss such points as facility suitability and 
proposed test approach. The end product of the meeting(s) 
shall be a completed Request for Facility Usage form, 
which summarizes the overall test concept, the objectives, 
and the proposed approach. This form is then submitted 
for Branch/Division approval as required. 


The process then advances to the Test Development stage, 
described in Section 2.3.


Figure 2. Test initiation and approval process


Thermophysics 
Facilities Branch
test acceptance


Decline Accept


Formal
notification


Test 
development 


process


Placed on 
facility 


schedule


Preliminary
discussion with
test requester 


Test proposal
meeting(s)


(if required)


Request for
facility usage


Request for
Facility
Usage
Form


 go to 
figure 3







A029-9701-XM3 Rev. C 11
April 1, 2009


  
Thermophysics Facilities Branch  
 


This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


2.2.1 Vertical Gun


The AVGR is operated as a National Scientific Test Facil-
ity.  As a national facility, policy guidance is formulated 
by a Steering Committee, Ames Research Center, Science 
Coordinator, and NASA Headquarters.  Scientific propos-
als of potential investigators are reviewed through the 
appropriate Program (Planetary Geology and Geophysics, 
Exobiology, and Origins Programs) regarding scientific 
worth.  Successful investigators funded by NASA Head-
quarters are directed to the AVGR Science Coordinator, 
who provides further practical advice on:  preparing for 
an experimental series; avoiding unnecessary redundancy; 
and scheduling issues.  The AVGR also supports limited 
exploratory experiments to test a concept or validate an 
approach for future proposal submissions.  The AVGR Sci-
ence Coordinator is Dr. Peter Schultz.  Dr. Schultz can be 
reached at (401) 863-2417.


2.3 Test Development and Preparation


After a test proposal has been accepted, the test develop-
ment process begins.  This process may take weeks or 
months, depending on the complexity of the test and the 
amount of fabrication or facility modification required. 
A typical test development cycle is shown in figure 3, 
beginning with approval of the test request and follow-
ing through with the test and the post-test data analysis. 
Not all proposed tests require the full development cycle 
depicted in figure 3. For example, use of existing models 
and test fixtures would eliminate the model design and 
fabrication element. On the other hand, complex model 
development and fabrication may require a rather lengthy 
review and approval element. Most test programs fall 
between these two extremes. 


A major step in the Test Development sequence is to have 
a meeting with all research and operations personnel in-
volved in the test. The objectives of this meeting are: 


• to begin an interactive exchange between the principal 
groups;


• to communicate the requirements given in the Request 
for Facility Usage form;


• to assign tasks to the various groups involved; and


• to explore alternatives where possible. 


This meeting provides an opportunity for the tech nicians 
in the operations group to talk to the engineers about the 
test, its objectives, its problems, and its priority. It also 
allows all personnel to meet each other and to gain an 
understanding of each other’s roles in developing and 
conducting the test. The meeting is intended to foster a 
free flow of information, generally through discussions 
interspersed with questions and answers. The result of this 


meeting shall be the formation of the Detailed Test Plan. 
The moderator for the meeting is the cognizant Thermo-
physics Facility Manager or his/her designee. 


Although the Test Development process details may vary 
from test to test, the general milestones are essentially the 
same for all tests.  These milestones are shown in figure 4.


2.3.1 Detailed Test Plan


The Detailed Test Plan is a key document that guides all 
antici pated activity in the test. The plan shall be a com-
plete, stand-alone document that addresses all aspects of 
the proposed test. The Principal Investigator/experimenter 
shall be responsible for preparation of the Detailed Test 
Plan with the assistance of the Test Engineer or Facil-
ity Manager, as appropriate, and both shall sign off the 
complete plan prior to distribution. The signed Detailed 
Test Plan will be distributed to the Test Readiness Review 
panel prior to the Test Readi ness Review (TRR) meet-
ing.  It is preferred that the plan be distributed at least 
two weeks before the TRR meeting to allow the panel 
ample time to read the plan. This scenario means that 


Figure 3. Typical test development process
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the Detailed Test Plan should be completed at least four 
weeks (six weeks is preferred) before the expected start of 
the test.  No systematic effort to prepare for a test will be 
taken by facility personnel until the Detailed Test Plan is 
received.


The Detailed Test Plan addresses ALL aspects of the test, 
and includes most or all of the following:


• Overall test objectives and the purpose of the test. 
State the expected duration of the entry and the facil-
ity to be used. 


• Approach of the test. State the number of test speci-
mens, describing each type. Describe the proposed 
run sequence (e.g., calibration runs followed by pre-
liminary screening runs, followed by final evaluation, 
etc.) and the objective(s) for each run.


• Model description. Describe the test article(s), 
including the overall size(s), weight(s), physical re-
quirements (e.g., cooling water flow, shrouds, special 
handling, and storage procedures). Include sketches 
with dimensions. 


• Primary measurements. List the primary measure-
ments to be made, the expected maximum ranges 
and units, the type of sensor or transducer to be used, 
whether the sensor would be provided by the cus-
tomer (in this case, list the the power and interface 
requirements for the sensor) or by the facility. For 
example: 


– Surface temperatures Thermocouples


– Surface pressures Capacitance manometers, 
diaphragm cells


– Heat flux Water-cooled calorimeter


– Duration in the flow Insertion/retraction 
schemes


– Model forces Balance system


– Flow velocity Two-dimensional laser


- Time of arrival Interval timers


• Software requirements. Specify the type of data 
reduction required. Include the desired type of data 
output (e.g., type and number of graphs, tabular hard 
copy printouts, electronic data files, etc.). 


• Special requirements or hazards. Describe any special 
or unusual model or facility needs. Describe any haz-
ards associated with handling or testing the model, 
such as high pressure, toxicity, dust inhalation, etc.  
Include the material safety data sheets (MSDSs) for 
all materials used in the test. For arc jet testing, if 
high-pressure cooling water or high-pressure gas 
components are included in a model, indicate all 
hydrostatic test certifications.


• Auxiliary data system/instrumentation. Describe any 
user-supplied instrumentation and data recording 
system(s) to be used (not a part of the facility data 
acquisition system) and their required interfaces. 


• List of required personnel and their duties (e.g., facil-
ity operator, data technician, photographer, critical 
systems monitor, etc.). 


• Special Standard Operating Procedures (SOPs) that 
integrate the operation of both the facility and the 


Figure 4.  Key milestones in the test development process
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model, including pre-run and post-run checklists to 
ensure that experimenter-supplied equipment is ready 
to run or properly shut down. 


• Emergency procedures for all anticipated emergen-
cies, including shutdown for fire, earthquake, and 
loss of building power. 


• Model operating envelope and constraints, including 
adjustment for any model effects on established facil-
ity limits. 


• Communications procedures and protocol, if neces-
sary.


• Pre-run and post-run meeting checklist, if necessary. 


• Training plans for the crew to promote test safety and 
team cohesion, if necessary.


• Security plan, if necessary. 


• Inspection plan for post-run (or pre-run) inspection of 
critical items, if necessary.


• Installation plan for model installation, including 
rigging and handling as necessary and desired stream 
coordinates of the model during testing (relative 
distances from the nozzle exit), if necessary.


• Data recording forms, if necessary. 


• Test engineer’s forms (and research engineer’s) for 
log sheet, if necessary. 


• Test discrepancy report and protocol for handling, 
logging, and closing out test discrepancies and test 
change requests. 


The Detailed Test Plan shall be thoroughly reviewed at 
the Test Readiness Review and will become a central part 
of the Test Readiness Report/Memo.  Facility schedules 
shall be updated as required.


2.4 Test Readiness Review 


In order to ensure that all test programs and models are 
reviewed, critiqued, and approved before the start of test-
ing, there is a standing Branch policy that ALL test pro-
grams conducted in any Thermophysics Facilities Branch 
Facility shall have a Test Readiness Review.  The TRR 
shall be scheduled and conducted by the Facility Manag-
er, or approved designee (for tests in the Arc Jet Complex, 
the TRR shall be scheduled by the test engineer), unless 
there are unusual hazards or excessive risks involved 
which require a higher level review (see Chapter 5 of 
the Ames Safety Manual).  A Test Readiness Review is 
concerned with safety during the conduct of a specific test 
program.  It is intended to bring together all the person-
nel directly involved in the test to ascertain that problem 
areas have been resolved, that all procedures are clear and 


complete, that all hardware is properly designed, and that 
the operating crews are trained and know what to expect 
from the test.  The review also assures that the instrumen-
tation technicians are aware of their role and that proper 
instrumentation is available, all operating procedures are 
within the facility’s normal operating envelope, emer-
gency procedures are adequate, all possible hazards are 
discussed and evaluated, the test plan is reasonable and 
complete and will accomplish the test objectives.  Above 
all, the review shall ensure that adequate safety measures 
have been taken to assure the safety of the personnel, 
facility, and test hardware.


An approved TRR only applies to the test plan, models, 
and hardware discussed.  Any change in model configu-
ration, hardware, or test plan that, in the opinion of the 
Facility Manager, significantly alters the basis for the 
original approval will require a new review.  Any models, 
targets, or support fixture not previously reviewed will re-
quire an independent review.  A test shall be approved for 
facility operation only after the TRR has been completed 
and a summary memo or report has been signed by the 
Branch Chief and/or Facility Manager.


2.5 Test Change Control


It is the policy of the Branch that all test and model activ-
ity shall be conducted with Test Change Control as an 
integral part of the activity.  Test-related changes will be 
the responsibility of the Test Engineer and/or the Princi-
pal Investigator.  At a minimum, these changes shall be 
documented in the Test Engineer’s Log Book, and/or indi-
cated as “red-line” changes to the test plan.  The red-line 
changes shall be initialled by the Test Engineer and/or the 
Principal Investigator.  The Facility Manager, or his/her 
designee, shall review and approve all Test Change Re-
quests unless there are unusual hazards or excessive risks 
involved which require a higher level review.  Depend-
ing on the nature of the requested change, testing may be 
halted until the change is approved.  Changes to the test 
sequence are excluded from this requirement.


2.6 Handling of Test Discrepancies During Ex-
periment Occupancy


Discrepancies that arise during the course of a test 
program shall be handled at the discretion of the Facility 
Manager or his/her designee.  He/She shall evaluate the 
impact of the discrepancy as it relates to the objectives of 
the test program and to possible safety-related risks.  Dis-
crepancies and their resolution shall be logged in a Test 
Discrepancy Log (Arc Jet Complex) or on the test data 
sheet (Range Complex).  As appropriate, the Centerwide 
Nonconformance Report/Deviiation Waiver process shall 
be used.
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2.7 Post-Test Review


It is Branch policy to conduct post-test review meetings 
with customers of the Thermophysics Facilities Branch.  
The purpose of this meeting is to discuss test-related high-
lights, problems, lessons-learned, and recommendations.  
All test discrepancies, process change recommendations, 
and suggestions will be discussed.  Notes from this meet-
ing will be noted in the Test Engineer’s Log Book or by 
the Principal Investigator.  At the discretion of the Test 
Engineer/Principal Investigator, issues which warrant 
management involvement shall be brought to the attention 
of the Branch Management.


Each customer shall be asked to provide a Post Test User 
Review Report/memo.  This report/memo will provide 
a written critique to the Branch in order that the Branch 
may improve its processes.


2.8 Testing Responsibility


The responsibility of facility operation, safety, main-
tenance, and raw data acquisition shall be that of the 
personnel of the Thermophysics Facilities Branch.  The 
Facility Manager shall be responsible for all aspects of the 
facility operation, including, for the Range Complex, the 
integrity of the launch package, the gun powder charge, 
and pump tube pressure.  He/She shall be responsible 
for assuring that all operating parameters selected for 
a particular test are within the safe operating limits of 
the equipment.  Assistance may be given by the facil-
ity Branch personnel in obtaining test gases other than 
air, however, the specifications shall be provided by the 
experimenter/principal investigator.  Data reduction/
analysis relating to facility operation parameters shall be 
the responsibility of the operating personnel.  These data 
include items such as projectile velocity, size, weight, 
as appropriate, and other standard data such as pressure, 
temperature, etc. in the test chambers.  Data reduction/
analysis regarding model/test article performance shall be 
the sole responsibility of the Principal Investigator.


The process through which all tests shall proceed, from 
test approval to post-operation activities, has been out-
lined in Section 2.3. The Thermophysics Facilities Branch 
shall be responsible for managing this process and for 
safely conducting the tests. Emphasis shall be placed on 
those steps that ensure that all safety requirements are 
met. Not all test preparations are the same because of 
differences in facilities and in test requirements. How-
ever, all tests shall be subjected to similar milestones and 
undergo the standard review and approval process before 
testing begins. These steps generally include: (1) initiation 
of the Request for Facility Usage form and its acceptance 
by the Thermophysics Facilities Branch; (2) develop-
ment of test model hardware, test conditions, interfaces, 
procedures, and the Detailed Test Plan; (3) fulfilling the 


requirements of the Test Readiness Review; and, (4) the 
test operations and data distribution. 


3.0 Duties and Responsibilities
The Branch Chief, Thermophysics Facilities Branch, is 
responsible for all aspects of the operation, safety proce-
dures, and maintenance of the facilities.  He/she delegates 
some of the operational responsibility and operational 
duties as detailed below.  The day-to-day operation of the 
Facilities is under the technical guidance of the respective 
Facility Manager.  All branch personnel follow Agency 
quality policies and procedures as set forth by Center, 
Directorate, Division, and Branch Management in order 
to ensure that the data/product delivered by the Branch 
meets or exceeds the customer’s requirements.


3.1 Facility Manager


The Facility Manager is responsible for the technical, 
efficient, and safe utilization of the facilities within the 
Thermophysics Facilities Branch.  He/she enforces the 
established operating limits of his/her respective facili-
ties and has the authority to judge the acceptance of all 
proposed tests.  He/she conducts a Test Readiness Review 
with the Principal Investigator/experimenter and the oper-
ating personnel for ALL proposed tests.  He/she maintains 
certification for all operating personnel and schedules 
retraining when required.


3.2 Test Engineer (Arc Jet Complex)


The Test engineer is responsible for the conduct of the test 
program and coordinates all aspects of the tests once test-
ing has begun.  He/She is responsible for maintaining the 
Test Discrepancy Log and for working post-test with the 
customer to resolve any discrepancies that arise during 
the test occupancy in the facilities.  


The Group Leader of the Test Engineering Group main-
tains the schedules for the facilities of the Arc Jet Com-
plex and interfaces with the Principal Investigators during 
the test planning phase of a test program.


3.3 Facility Operator


The Facility Operator is responsible for operating the 
facility according to the test program.  He/she has been 
certified to operate the facility by the Facility Manager.  
His/her duties include operation using documented pro-
cedures and checklists, and making entries in the facility 
operation log book.  He/she is responsible for ensuring 
that the facility is operational.


3.4 Instrumentation Technician


The Instrumentation Technician is responsible for ensur-
ing proper functioning of the instrumentation required for 
the tests and for connecting these to the data acquisition 
system, as appropriate.
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3.5 Data System Technician


The Data System Technician has the primary duty to sup-
port data acquisition activities and to reduce the recorded 
data as required by the test program.  Additionally, he/
she is responsible for archiving the data and performing 
periodic backups of the data acquisition system.


3.6   Measurements Engineer (Arc Jet Complex)


The Measurements Engineer is responsible for Engineer-
ing oversight of the Instrumentation and Data Acquisition 
Systems.  He/She is responsible for verifying that changes 
to the Arc Jet Data System configuration are done cor-
rectly.  His/her duties also include modification of the 
Arc Jet Data System to integrate new instrumentation or 
calculations.


3.7 Principal Investigator/Experimenter


NASA personnel provide normal levels of test sup-
port, including test development, model preparation and 
installation, instrumentation checkout, and data reduc-
tion. Users (also referred to as Principal Investigators or 
Experimenters) of these facilities are expected to provide 
all hardware, support equipment, and test personnel spe-
cific to a given test. Users are responsible for funding any 
facility modification costs and for any nonstandard opera-
tional costs that are required to properly meet the objec-
tives of the requested test program. In certain instances, 
the user may be required to fund all operational costs 
associated with a test. Specific details on the policies for 
funding test costs are addressed by Branch and Division 
Management. 


In the Arc Jet Complex, the Principal Investigator inter-
faces with the test engineer regarding any aspect of his/
her test.


3.8 Optical Engineer (EAST)


The optical engineer is responsible for maintaining the 
optical components of the system in working order, under 
calibration and in alignment.  The optical engineer reports 


to the facility manager, and interfaces with the PI to the 
extent necessary for the PI to determine how optical is-
sues impact the technical quality of the data.  The optical 
engineer is a part-time position in the facility.  The indi-
vidual serving in the role of optical engineer may perform 
other duties in the facility.


3.9 Instrumentation Engineer (EAST)


The instrumentation engineer is responsible for oversee-
ing operation of all instrumentation on the shock tube 
other than optics.  This includes pressure sensors, data 
acquisition system, control system and other electrical 
subsystems.  The instrumentation engineer reports to the 
facility manager and interfaces with the PI as needed for 
assessing quality of data and its interpretation.


3.10 Data Analyst (EAST)


The data analyst performs post-processing on collected 
data and synthesizes collected data into a useful format 
for the PI.  This includes analysis of shock velocity, 
applying calibration factors to spectroscopic data and pro-
ducing automation routines.  The analyst reports to the PI.


3.11 On-site Data Analysis


The Thermophysics Facilities Branch does not support 
on-site data analysis.  Investigators requiring immediate 
analysis of their test data are urged to provide their own 
data analysis equipment (lap top computer with the ap-
propriate data analysis software).  If a network connection 
is required (e.g. for internet access or e-mail access) the 
investigator should ensure that his/her equipment has an 
ethernet port.  In this case, the PI must request a network 
connection in his/her test plan and will be required to 
have his/her computer scnanned by ARC IT Security prior 
to connecting to the ARC network.  Immediate transfer 
of preliminary electronic test data to the investigator, if 
required, will be done via single-write CDs.
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4.0 Facility Description
4.1  Arc Jet Complex


The Ames Research Center currently operates a vari-
ety of arc-heated facilities within the Arc Jet Complex. 
These facilities are used to generate flow environments 
that simulate the aerothermal environment that an object 
experiences when traversing the atmosphere of a planet. 
They are used primarily to test heat shield materials and 
thermal protection system (TPS) compo nents for plan-
etary entry vehicles, planetary probes, and hypersonic 
flight vehicles, although other investigative studies are 
performed in some of these facilities. In the arc jet facili-
ties, TPS components are exposed to the aerothermody-
namic heating conditions that they will encounter during 
high-speed flight. 


The Arc Jet Complex (fig. 5) at ARC has nine available 
test bays located in two separate laboratory buildings. 
Figure 6 shows a schematic representation of the location 
of these test bays. Presently, four bays contain operational 
arc jet units of differing configurations.  The arc jet facili-
ties are serviced by common facility support equipment, 
including two dc power supplies, a steam-ejector vacuum 
system, a de-ionized water cooling system, high-pressure 
gas systems, data acquisition system, and other auxiliary 
systems. The magnitude and capacity of these support 
systems is what primarily distinguishes the ARC Arc Jet 
Complex as unique in the aerospace testing world. In par-
ticular, the large dc power supply can deliver 75 MW for 
30 minutes. High-power capability, in combination with 
the high-volume steam-ejector vacuum system, yields a 
unique suite of facilities that simulate high-altitude atmo-
spheric flight on relatively large test objects. 


The arc heater units were designed at NASA Ames and 


are of both the segmented design and the Huels-type 
design. These arc heaters, combined with a variety of 
conical, semielliptical, and two-dimensional nozzles, offer 
wide versatility for testing both large, flat-surface test 
objects (fig. 7) and stagnation-flow models that are fully 
immersed in the test stream (fig. 8). 


4.1.1 Arc Heaters


The arc heaters are key features of the arc jet complex; 
they contain three fundamental elements: a cylindrical 
volume for containment of the arc discharge (or arc), a 
pair of electrodes (anode and cathode), and a nozzle. The 
desired test gas is injected into the cylindrical section and 
an arc discharge passes between the electrodes, heating 
the gas to a high temperature. The plasma then flows 
through a converging/diverging nozzle, producing the 
simulated atmospheric-entry heating environment. The 
design of the cylindrical confining device must simul-
taneously satisfy numerous difficult requirements. The 
confining device must incrementally withstand the voltage 
potential between the electrodes, which can total more 
than 20,000 volts (V). It must be highly water cooled in 
order to contain the plasma, which can reach temperatures 
in excess of 15,000 °F (8,300 °C). It must serve as a pres-
sure-containment vessel; as such, all seals and joints must 
be adequate to prevent leakage at con ditions ranging from 
vacuum up to pressure levels of several hundred pounds 
per square inch (psi). It must have adequate mechanical 
strength for the loads involved. Finally, the materials used 
must have the proper elec trical, thermal, mechanical, and 
chemical properties to meet all these requirements. Devel-
opment of increasingly higher-power arc heaters has been 
conducted at ARC over more than 30 years. 


Two basic types of arc heaters are used at ARC. The arc 
jet facilities are driven by either a segmented (also called 


Figure 6. Test bays of the arc jet complex at Ames Re-
search CenterFigure 5.  NASA Ames Research Center Arc Jet Complex
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“constricted”) arc heater or by a Huels-type (also called 
“Linde-type” and “vortex-stabilized”) arc heater. These 
two basic arc heater types, which have quite different 
operating characteristics, have proved themselves over the 
years and are used extensively for a wide variety of test-
ing. Segmented arc heaters produce lower contami nation 
levels in the flow stream compared to Huels-type arc heat-
ers. The stream contamination produced from the elec-
trode material in a segmented arc heater is less than 10 
parts per million (ppm) of the mass flow; in a Huels type, 
it is an order of magnitude higher. The salient features of 
these two types of arc heaters and the major differences 
between the two designs are described in the next section. 
Table 1 compares the features of the two arc heater types. 


4.1.1.1 Huels Arc Heater 


Hardware– The Huels arc heater is a relatively simple 
unit containing few components. The arc heater com prises 
two water-cooled cylindrical electrodes, separated by 
an enlarged cylindrical swirl chamber and a single large 
insulator, which withstands the entire voltage potential 
between electrodes. (See fig. 9.) The down stream elec-
trode is electrically grounded by physical contact with the 
vacuum system piping. 


Operation– During operation, dry air is introduced 
tangentially into the swirl chamber; the strong vortex 
thus formed is largely responsible for stabilizing the arc 
discharge. A magnetic field coil surrounding the upstream 
electrode rotates the arc attachment point. This rotation 
reduces electrode erosion and fixes the axial attachment 
location of the arc. The arc is driven into the upstream 
electrode by the vortex and is restrained from attaching 
to the closed end of the electrode by the magnetic field of 
the coil. In some cases a similar field coil is used on the 
downstream electrode to prevent the arc from blowing 
through the nozzle.


The operating characteristics of a Huels arc heater are 
somewhat variable. The arc discharges in a somewhat 
erratic mode, and does not necessarily locate on the anode 
and cathode in a repeatable fashion from one run to an-
other. The discharge voltage is a function of the length of 
the arc, which is governed by two competing factors: 


• The arc discharge seeking a free path of least resis-
tance, and 


• The cold gas near the walls from the vortex flow 
preventing conduction to the walls. 


Figure 8.  Leading-edge model being tested in the arc jet 
complex


Figure 7.  24×24 in (61×61 cm) panel being tested in the 
arc jet complex


Table 1.  Comparison of the features of the arc heaters at 
ARC


Feature Segmented arc 
heater Huels arc heater 


Enthalpy 
High 
(to 20,000 Btu/lbm 
[46,520 kJ/kg]) 


Low  
(to 4,000 Btu/lbm 
[9,304 kJ/kg]) 


Pressure Low  
(to 10 atm [980 kPa]) 


High  
(to 100 atm [9,800 kPa]) 


Flow 
contamination Low (< 10 ppm) High (>10 ppm) 


Arc column Fixed length Natural (variable) length 


Repeatability Repeatable 
performance 


Inconsistent 
performance 


Hardware Complex Simple 


Maintenance Difficult Relatively easy 
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Because the arc seeks an equilibrium between these two 
competing parameters, it is said to seek its “natural” oper-
ating length, in contrast with the fixed-arc-length charac-
teristic of the constricted arc heater.


The Huels arc heater can be operated at high pressures 
(over 100 atm [10MPa]), but it produces plasmas at 
relatively low enthalpies (1,500 to 4,000 Btu/lbm [3.5 to 
9.3 MJ/kg]) because of the inherently low current density 
of the vortex-stabilized arc. The simplicity of the unit, 
however, allows for relatively easy maintenance and short 
turnaround times during testing. 


The basic Huels arc heater geometry as operated by ARC 
is shown in figure 9. This arc heater has been used with a 
variety of nozzles in different test bays and is available in 
three sizes: 5-, 20- , and 100-MW units. Each of the units 
is available with various down stream electrode lengths, 
allowing the operator to select a tube length that will best 
match the expected “natural” arc length. Current designs 
are for a Huels arc heater operat ing at a power level of 
100 MW with pressure capabilities to 100 atm (10 MPa), 
which requires gas flow rates of 15 lbm/sec (6.8 kg/sec)  or 
more. Power levels as high as 55 MW have been demon-
strated in a Huels arc heater at ARC. 


4.1.1.2 Segmented Arc Heaters 


Hardware– The segmented arc heaters are relatively 
complex units with many components and critical as-
sembly alignments. (See fig. 10.) Therefore, the seg-
mented arc heater requires more frequent inspection and 
maintenance than the Huels-type arc heater. The primary 
components of the segmented arc heater are the electrodes 
(anode and cathode) and the constrictor tube. The entire 
arc heater, including both electrodes, is electrically iso-
lated from the ground.


The constrictor tube, or column, consists of a few hundred 
individually water-cooled copper disks, or segments, 


clamped together to form a cylinder. Elec trically isolated 
from the others, each disk is supplied with water cooling. 
(The incremental voltage potential between adjacent disks 
in the constricted arc heater is relatively low, usually less 
than 50 volts, in contrast to the Huels-type arc heater in 
which a single insulator stands between anode and cath-
ode potentials of up to 33 kV.) The disk segments and the 
associated insulators and seals are packaged into modules 
of 30 disks for ease of assembly and testing. 


The length of the constrictor tube is tailored to the desired 
arc heater performance, with proper consideration for the 
mass flow, voltage, and arc current. The arc length is fixed 
by the length of the constrictor tube, in contrast to the 
“natural” arc length of the Huels arc heater. As a result, 
the segmented arc heater operates in a relatively stable 
fashion, with excellent repeatability. 


The anode and cathode of the segmented heaters consist 
of multiple-ring electrodes contained in assemblies called 
electrode packages. Each electrode package consists of 
individual electrode, spacing, and transition rings. Each 
electrode ring is electrically isolated from the others and 
is individually ballasted. The diameter of the copper elec-
trode rings is larger than that of the disks in the constric-
tor column, thus forming a plenum. Each elec trode ring 
contains an internal magnetic spin coil in series with the 
arc current. The coil produces a magnetic field that acts 
to rotate the arc attachment point around the inside of 
the electrode ring, thus reducing erosion from the highly 
concentrated arc foot. 


Both of the power supplies that service the Arc Jet Com-
plex are current-controlled; thus the total arc current is 
specified at all times. An electrode package is assem bled 
with a sufficient number of electrode rings to handle the 
anticipated operating current. By adjusting the vari able 
ballast resistors, the parallel electrode rings within a pack-
age can be forced to share current approximately equally. 


Figure 9.  Schematic drawing of the Huels arc heaters used at ARC
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A small amount of argon gas is injected between each 
electrode ring to ensure that sufficient ionization is main-
tained near the surface of the electrodes. Because the total 
arc current is divided between multiple electrodes, each 
of the multiple arc attachment points produces a lower 
thermal load to the electrode wall compared to the single 
attachment point in a Huels arc heater. The total amount 
of argon in the test stream is controlled by operator inputs. 


Operation– During operation, the gas (usually air) is 
introduced between adjacent disks along the entire length 
of the constrictor tube. The mass flow distribution of test 
gas along the constrictor tube and the type of gas can be 
changed to tailor the performance of the arc heater. For 
instance, a small flow of argon is bled in between disks 
near the anode, or upstream electrode, to prevent interseg-
ment arcing. 


The segmented arc heater provides a wider range of 
enthalpy levels and a more stable and repeatable test 
condition than the Huels arc heater. The segmented arc 
heater can produce relatively high enthalpy levels (5,000 
to 20,000 Btu/lbm [10 to 50 MJ/kg] in air) at relatively 
low pressures (1 to 10 atm [100 to 1,000 kPa]). It can also 
be operated at high pressures (above 100 atm [10 MPa]), 
but the design problems associated with high-pressure 
operation are considerable because of the complexity of 
the segmented construction. ARC has elected to restrict 
operations to the lower pressure range; thus all the 
segmented arc heaters at ARC operate at relatively low 
pressures. 


The basic geometry of the segmented arc heater as oper-
ated at ARC is shown in figure 10. This type of arc heater 
is coupled to a variety of nozzles (of both semi elliptical 
and circular cross section) in different test bays; it is 
available in two sizes: a 6 cm (2.4 in) bore and an 8 cm (3 
in) bore constrictor tube. The arc heaters of both sizes use 
the same electrode package components and are assem-


bled with four to eight electrode rings in the package. The 
number of electrode rings in the package is determined by 
the level of arc current that is required.


Another configuration of the 6 cm (2.4 in) bore seg-
mented arc heater has operated at power levels up to 80 
MW using hydrogen/helium mixtures as the test gas. This 
arc heater utilizes carbon-rod cathode electrodes located 
down stream of the nozzle exit so that the arc discharge 
passes through the nozzle. This configuration was selected 
to ensure the maximum possible energy transfer to the 
gas, thereby attaining the extremely high enthalpy levels 
for simulation of entry into the atmosphere of the giant 
planets. A small-exit-diameter nozzle was used for testing 
samples in an open jet at extremely high heating rates.


4.1.2 Nozzles


A supersonic nozzle is coupled to the downstream end of 
the arc heater to produce the desired flow environment. 
The ARC arc jet facilities customarily use nozzles of two 
cross-sectional geometries: asymmetric semielliptical 
and axisymmetric conical nozzles. The nozzles are fully 
water cooled to allow for continuous operation. With the 
exception of the 2 × 9 Supersonic Turbulent Flow Duct, 
the nozzles operate with an open jet test section. 


4.1.2.1 Semielliptical Nozzles 


The semielliptical nozzles have an asymmetric cross sec-
tion that is one-half of an ellipse. The flat, bottom portion 
of the nozzle forms the major axis of the elliptical section 
(fig. 11). A flat-panel test article is mounted flush to the 
bottom, flat surface of the nozzle in a semiopen jet at the 
nozzle exit. 


The semielliptical nozzles were developed at ARC to 
test large, flat surfaces in high-temperature boundary 
layer flows (e.g., development of the Space Shuttle heat 
shield tiles). All nozzles have a circular subsonic inlet 
transi tioning to a semielliptical throat, which expands 


Figure 10.  Schematic drawing of the segmented arc heaters used at ARC
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conically to the test section. The semielliptical cross sec-
tion produces a relatively uniform heat flux and surface 
pressure distribution over a large, flat test article. Choice 
of this configuration was based on the results of a nozzle 
development program in a pilot facility that showed that 
rectangular, two-dimensional nozzles with high aspect 
ratio produce unacceptable nonuniformity at the test sec-
tion. About 75 percent of the nozzle exit width is usable 
in a semielliptical nozzle. At the nozzle exit,  
the transverse variation in heat transfer rate and surface 
pressure is less than 15 percent. The magnitude of the 
transverse and streamwise variation is shown in Appen-
dices A and B. Variations in streamwise heating and pres-
sure distribution are greater at higher inclination angles 
and higher arc current levels. 


The 20 MW PTF has two semielliptical nozzles available.  
They include:


• a nozzle of 17 in (43 cm) exit width to provide aero-
dynamic heating onto a 12 × 12 inch (30 × 30 cm) 
flat panel; and


• a nozzle of 6.7 in (17 cm) exit width to provide aero-
dynamic heating onto a 4 × 4 inch (10 × 10 cm) flat 
panel.


The 60 MW IHF has one semielliptical nozzle available.  
It is a nozzle of 32 in (81 cm) exit width and can test flat 
panels up to 24 × 24 inches (61 × 61 cm) in size. 


The larger of the semi-elliptical nozzles for both PTF 
and IHF operate at an approximate Mach number of 4.5 
and are fitted with an uncooled, high-temperature plate 
over the final 20 percent of the length of the flat portion 
of the nozzle (upstream of the test panel). This boundary 
layer conditioner plate, of length greater than 10 times the 
thermal boundary layer thickness, tailors the boundary 
layer of the flow before it reaches the test article so that it 
better simulates the boundary layer flow experienced on 
the windward side of an atmospheric entry vehicle. The 
simulated length Reynolds number is approximately 1 
× 106, based on boundary layer growth beginning at the 


throat and continuing to the nozzle exit.  


The smaller PTF semi-elliptical nozzle produces flows 
at approximately Mach 2.2.  Compared with the other 
semielliptical nozzles, it can simulate higher heating rate, 
higher pressure, and higher shear.  Installing this nozzle 
requires adding the extended test chamber onto the PTF.  
All of the Ames semielliptical nozzles allow the test panel 
to be inclined at positive and negative angle of attack with 
respect to the flow stream. 


4.1.2.2 Axisymmetric Nozzles 


The arc jet complex uses a variety of axisymmetric coni-
cal nozzles; most are not contoured. This conical design 
was chosen because:


• design and fabrication are relatively simple;


• mating sections of conical nozzles offers great flex-
ibility in varying the area ratio; 


• the conical nozzles are not restricted to a fixed Mach 
number, as are contoured nozzles; and


• ARC has had vast experience in developing heat 
shield materials using conical nozzles in the presence 
of high-enthalpy reacting flows.


Nozzle throat sections are fabricated using water-cooled 
copper. Expander sections are either aluminum with  
deep-drilled water cooling passages or water-jacketed 
steel. 


The arc jet complex has two conical nozzle systems:


• 20-MW Aerodynamic Heating Facility


– Throat diameters of 1.0, 1.5, and 2.0 in
(2.5, 3.8, and 5.1 cm)


– Exit diameters of 7, 12, 18, 24, 30, and 36 in
(18, 30, 46, 61, 76, 91 cm)


• 60-MW Interaction Heating Facility 


– Throat diameter, 2.375 in (6.033 cm)


Figure 11.  Schematic drawing of the semielliptical nozzles at ARC
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– Exit diameters of 6, 8, 13, 21, 30, and 41 in
(15, 20, 33, 53, 76, 104 cm) 


In each facility, the location of the nozzle exit plane 
remains fixed when the number of frustum sections in the 
nozzle is changed. The arc heater assemblies are mounted 
on wheeled carriages to make up the difference in axial 
location for various nozzle configurations. Figure 12 
shows a schematic drawing of a typical conical nozzle 
family. 


4.1.2.3 Other Nozzles 


Other special-purpose nozzles are available for use with 
specific arc heaters. They are described in the following 
paragraphs. 


2 × 9 TFD Nozzle– The TFD is driven by a 20-MW 
Huels arc heater to produce turbulent flow over the sur-
face of a wall-mounted panel in the constant-area section 
of a duct. The subsonic section of the nozzle is circular, 
transitioning to a rectangular throat section of dimensions 
1.128 x 1.600 in (2.865 x 4.064 cm). One wall expands to 
the 9 in (20 cm) dimension with a slight boundary layer 
correction divergence (less than 0.5°). The other wall is 
contoured to complete the expansion. The TFD nozzle is 
made of copper, with internal passages for water cooling. 
Static pressure ports and heat-flux sensor ports are spaced 
along the centerline from a point 3 1/16 in (7.50 cm) from 
the minimum section extending to the nozzle exit. Figure 
13 shows a sectional view of the 2- by 9-inch duct nozzle 
and test section. 


Figure 12.  Schematic drawing of a conical nozzle family


Figure 13.  Schematic representation of the TFD nozzle and test section
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4.1.3 Description of the Arc Jet Test Facilities


There are currently four active facilities in the ARC Arc 
Jet Complex. The features of these facilities are described 
in this section and summarized in table 2. 


4.1.3.1 Aerodynamic Heating Facility 


The AHF is a highly flexible arc jet facility that oper-
ates with either of two 20-MW arc heaters and a family 
of conical nozzles. The segmented arc heater, shown in 
figure 14, operates at pressures from 1 to 10 atm (100 to 
1,000 kPa) (reservoir pressure) and enthalpy levels from 
5000 to 14,000 Btu/lbm (11 to 33 MJ/kg) (air). The Huels 
arc heater operates at pressures from 1 to 40 atm (100 to 
4000 kPa) and enthalpy levels from 1500 to 4000 Btu/
lbm (3.5 to 9.3 MJ/kg) (air). Most of the testing in the 
AHF is done using the segmented arc heater because of 
its high enthalpy performance, low stream contamina-


tion, and long history of repeatable operation. Alternate 
test gases are nitrogen and argon. Either arc heater can be 
coupled with a family of 8°-half-angle conical nozzles of 
exit diameters of 12, 18, 24, 30, or 36 in (30, 46, 61, 76, 
91 cm) (figure 12). Each nozzle has an interchangeable 
throat of diameters of 1.0, 1.5, or 2.0 in (2.5, 3.8, and 5.1 
cm). The nozzle discharges into a 8- × 8- × 8-ft  (2 × 2 × 
2 m) walk-in test cabin. Flow in the cabin is collected by 
the 60 in (150 cm)-diameter diffuser before being pumped 
through a heat exchanger into the steam-ejector vacuum 
system. Static pressure in the cabin ranges from 0.1 to 10 
torr (10 to 1000 Pa), depending on mass flow and pump-
ing rates. Samples are exposed to the plasma in an open 
jet formed between the nozzle exit and the entrance to the 
diffuser. The chamber houses two model support mecha-
nisms: a five-armed carriage and a swing-arm sting. Ei-
ther stagnation-flow (see fig. 8) or wedge-shaped models 
can be inserted into the test stream. Water manifolds are 


Table 2.  Operating characteristics of the arc jet facilities at ARC
 Aerodynamic Heating 


Facility 


2×9 Turbulent 


Flow Duct 


Panel Test 


Facility 


Interaction Heating Facility 


Nozzle 


Configuration 
Conical 2-Dimensional Semi-elliptic Semi-elliptic Conical 


Gas Air, Nitrogen Air, Nitrogen Air Air Air 


Input Power, 


MW 
20 20 20 75 75 


Type of test 


Artilce 
Stagnation Wedge Flat Plate Wedge Wedge 


Stagnation 


Wedge 


Nozzle Exit 


Dimension, in 7, 12, 18, 24, 30, 36 dia. 2 × 9 
4 × 17 


1.5 × 6.7 
8 × 32 


6, 8, 13, 21, 30, 


41 dia. 


cm 18, 33, 46, 61, 76, 91 dia. 5 × 23 
10 × 43 


3.8 × 17 
20 × 81 


15, 20, 33, 53, 


76, 104 dia. 


Mach Number 4 – 12 3.5 5.5 5.5 < 7.5 


Sample Size,  


in 8 dia. 26 × 26 
8 × 10 


8 × 20 14 × 14 24 × 24 18 dia. 


cm 20 dia. 66 × 66 
20 ×25 


20 ×51 35 ×35 61 ×61 46 dia. 


Bulk Enthalpy, 


Btu/lbm 
5000 – 14,000 1500 – 4000 2,000 – 14,000 3,000 – 20,000 


MJ/kg 10 – 32 3.5 – 9.5 4.6 – 32 7 – 46 


Surface 


Pressure, atm 0.005 – 0.125 0.001 0.02 – 0.15 0.0005 – 0.05 0.0001 – 0.02 0.010 – 1.2 


Convective 


Heating Rate, 


Btu/ft2sec 
20 – 225 0.05 – 22 2 - 60 0.5 – 75 0.5 – 45 50 – 660 


W/cm2 23 – 255 0.06 – 25 2 – 68 0.6 – 85 0.6 – 51 56 – 749 


Radiative 


Heating Rate, 


Btu/ft2sec 


0 0 0 0 – 5 0 – 20 


W/cm2 0 0 0 0 – 6 0 – 23 
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available to cool test articles. Instrumentation connections 
are made to a data recorder via patch panels inside the 
chamber. Optical access through ports on both sides and 
in the ceiling of the test chamber allow imaging of the test 
article and plasma stream. 


Surface conditions on the model can be varied in two 
ways: nozzle area ratio and arc operating parameters (arc 
current and mass flow). Table 2 summarizes the physical 
characteristics and performance of the AHF. Figure 15 
shows the range of conditions attainable on a 4 in. (10 
cm) diameter sphere/cylinder stagnation test article using 
the segmented arc heater. Figure 16 shows the operating 
envelope using the Huels arc heater. Run durations as 
long as 30 minutes are possible, with a 45-minute cool 
down between runs. 


AHF Mixing-Air Plenum- The capability for mixing 
cold gas into the arc jet stream just ahead of the nozzle 
throat has been added to the Aerodynamic Heating Facil-
ity.  This modification greatly increases the simulation 
capability of the AHF particularly into a range of higher 
stagnation pressure and lower stream enthalpy (below 2 
MJ/kg [1000 Btu/lbm]), see figure 15.


4.1.3.2 Interaction Heating Facility 


The 60-MW IHF (fig. 17) was designed to study aerody-
namic heating in the thermal environment arising from 


the interaction of an energetic flow field with an irregular 
surface. It was specifically sized for testing of large-
scale models at conditions simulating the peak heating of 
Shuttle entry. 


The IHF is equipped with a 60-MW segmented arc heater 
that operates with air at pressures from 1 to 10 atm (100 
to 1,000 kPa) and enthalpy levels from 3,000 to 11,000 
Btu/lbm (7 to 26 MJ/kg) (air). Cold air can be added in 
the downstream plenum to obtain centerline enthalpies 
below 1,000 Btu/lbm (2 MJ/kg). Two nozzle geometries 
are used in the IHF: conical axisymmetric (figure 12) and 
semielliptical (figure 11). The nozzles direct the flow into 
a walk-in, 8×8×8 ft (2×2×2 m) test chamber. Flow in the 
cabin is collected by the 54 in (130 cm)-diameter dif-
fuser before being pumped into the steam-ejector vacuum 
system. Static pressure ranges from 0.1 to 10 torr (10 
to 1,000 Pa ) in the cabin, depend ing on mass flow and 
pumping rates. Samples are exposed to the plasma in an 
open jet formed between the nozzle exit and the entrance 
to the diffuser. 


The test chamber houses two hydraulically-actuated 
model insertion mecha nisms mounted on the floor of the 
test cabin. Tests are conducted using conical nozzles with 
either stagnation-flow or wedge-shaped test bodies in-
serted into the free-jet stream. Panels mounted at the exit 
of the semielliptical nozzle are exposed to a semi-open 
test stream. Water manifolds are available for cooling the 
test articles. Instrumentation connections are made to a 
data recorder via patch panels within the test cabin. Opti-
cal access through ports on both sides and in the ceiling 
of the test chamber allow imaging of the test article and 
plasma stream. 


Two nozzle types are available for the IHF: 


• Conical nozzles (10° half angle)


– Exit diameters of 6, 8, 13, 21, 30, and 41 in (15, 
20, 33, 53, 76, 104 cm).


– Throat diameter of 2.375 in (6.033cm). 


– Used for simulation of atmospheric entry over 
large stagnation flow models or wedge-shaped 
models immersed in the test stream. 


– Variations of surface conditions are accom-
plished by changing:


• nozzle area ratio, and
• arc current and mass flow. 


• Semielliptical nozzle


– Provides a test stream suitable for flat panels up 
to 24×24 in (61x61cm) in boundary layer heating 
environments (see fig. 7). 


Figure 14.  The segmented arc heater in the AHF
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Figure 15.  Operating envelope of the AHF with 20-MW segmented arc heater


Figure 16.  Operating envelope of the AHF with 20-MW Huels arc heater
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– Test article pivoting at the lip of the nozzle exit 
can be remotely inclined at angles from –8° to 
8°. 


– Variations of surface conditions are accom-
plished by changing:


• inclination angle of the tilt-table, and
• arc current and mass flow. 


Physical and performance figures for the IHF are given 
in table 2. The envelope of stagnation-point conditions 
attainable on a 4-inch-diameter sphere/cylinder in the 
IHF is shown in figure 18. The operating envelope for the 
semielliptical nozzle is given in figure 19. Run durations 
as long as 30 minutes are possible, with a 30-minute cool 
down between runs. 


4.1.3.3 Panel Test Facility 


The 20-MW Panel Test Facility (fig. 20) consists of a 
20-MW segmented arc heater coupled to a semielliptical 
nozzle. The nozzle discharges in a semifree jet within a 
4×4×4 ft (1×1×1 m) test cabin where the panel test fixture 
attaches at the nozzle exit (fig. 21). The test stream is suit-
able for the simulation of boundary layer heating environ-
ments on flat-panel samples of approximately 14×14 in 
(36×36 cm). The panels can be inclined an angles of –4° 
up to 15°, although 6° is the practical maximum. Surface 
conditions on flat-plate test articles can be varied in two 
ways: inclination angle of the tilt table and selection of 
the arc operating parameters (current and mass flow rate). 


Optical access through both doors and the roof of the test 
cabin allow imaging of the flow and the test article. Flow 
is evacuated from the test chamber by the steam-ejector 
vacuum system, providing static pressures in the range of 
0.1 to 10 torr (10 to 1,000 Pa). Water cooling manifolds 
are available inside the test chamber for cooling of test 
article components. 


The heater operates at pressures from 1 to 10 atm (100 
to 1,000 kPa) and enthalpy levels from 1,000 to 14,000 
Btu/lbm (2 to 33 MJ/kg) (air). The lower enthalpy range 
is achieved by mixing cold air with the test stream in 
the plenum, or downstream electrode package. The PTF 
simulates some of the conditions experienced by the 
Space Shuttle heat shield tiles, such as heat flux, surface 
pressure, and gap flow, and has been used extensively in 
Space Shuttle heat shield develop ment and certification. 
Other test programs in the PTF have focused on testing 
flexible thermal protection blankets for next-generation 
reusable launch vehicles. The envelope of surface condi-
tions on the test article for the PTF is shown in figure 
22 and the physical parameters are listed in table 2 (See 
Appendix A). Run durations as long as 30 minutes are 
possible, with a 45-minute cool down between runs.


4.1.3.4 2 × 9 Supersonic Turbulent Flow Duct 


The 2 × 9 Supersonic TFD is unique because panels of 
TPS materials can be exposed to turbulent boundary layer 
flow at a relatively high enthalpy. The test section has 
a rectangular cross section measuring 5 × 23 cm (2 × 9 


Figure 17.  60-MW IHF
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Figure 18.  Operating envelope of the IHF with conical nozzles


Figure 19.  Operating envelope of the IHF with semielliptical nozzle
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Figure 20.  20-MW PTF Figure 21.  Calorimeter Plate installed in the PTF test 
cabin


Figure 22.  Operating envelope of the PTF
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inches, hence its name). The test article, of dimensions 20 
× 25 cm (8 × 10 inches) or 20 × 50 cm (8 × 20 inches), is 
mounted flush to the 23 cm (9 inch) side of the test sec-
tion. The opposite wall of the test section is instru mented 
with pressure ports and flush-mounted calorime ters (heat-
flux gages). The nozzle is also instrumented with pressure 
and heat-flux ports at various locations. 


Features of the TFD include:


• A 20-MW Huels arc heater provides flow enthalpy  
in the range 3.5 to 9.3 MJ/kg (1,500 to 4,000 Btu/lbm) 
(air). 


• Maximum arc heater power input is about 12 MW 
because of cooling limitations of the nozzle throat. 


• The reservoir pressure ranges from 1 to 20 atm (100 
to 2,000 kPa). 


• Heat fluxes up to 60 Btu/sec·ft2 (70 W/cm2) (cold 
wall, air) can be applied to flush, wall-mounted test 
articles; higher heat fluxes are applied to inclined 
wedges. 


• Surface temperatures of 3,000°F (2,000°C) have been 
routinely produced on TPS tile samples. 


• Simulation conditions on the test article are con-


trolled by varying the arc current and air mass flow 
rate through the arc heater. 


The physical and performance parameters of the TFD are 
listed in table 2. Figure 23 shows the operating envelope 
based on surface temperature and pressure of the test 
article for this facility. Other test gases available are ni-
trogen and argon. Run durations as long as 30 minutes are 
possible, with a 45-minute cool down between runs. The 
TFD has per formed thousands of tests since its construc-
tion in 1970 and has the capability for quick turnaround 
and high production rates. An extensive series of develop-
ment and certification tests were performed in this facility 
during the Space Shuttle thermal protection development 
process. 


4.1.4 Facility Interfaces


The interfaces between investigator-supplied test equip-
ment and the arc jet facilities are described briefly in this 
section. Although attempts have been made to standardize 
these interfaces as much as possible, some flexibility is 
required. Thus it is recommended that investigators coor-
dinate these interfaces closely with the test engineers to 
ensure that nonstandard interfaces can be accommo dated. 
Adhering to the interfaces listed herein will ensure the 


Figure 23.  Operating envelope of the TFD
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smoothest installation of test models and minimum delay 
to the test schedule. 


4.1.4.1 Test Article Instrumentation 


Instrumentation signal outputs are acquired and recorded 
by a common system of hardware and software in the 
ARC Arc Jet Complex. This system is described in sec-
tion 4.1.5.8. Typically, customers supply test articles 
with the following types of sensors installed in them for 
recording by the arc jet data acquisition system: thermo-
couples, pressure ports, and heat-flux gages (Gardon 
type). Other types of sensors can also be accommodated. 
Because the arc jet facilities differ physically from each 
other, each facility has its own unique hookup configura-
tion for instrumentation. Table 3 defines the minimum 
requirements for the length of instrumentation leads and 
the maximum number of channels supported at each 
facility. For investigators who require lead lengths dif-
ferent from those in table 3, it is recommended that they 
fabricate an extension bundle, properly labeled, in order 
to minimize delays.  Instrument leads and/or extensions 
shall have glass-type or Kapton insulation.  For tests us-
ing the semielliptical nozzles, all instrumentation shall be 
electrically isolated from the test fixture (figure 26).


Installation of instrumentation into the test articles shall 
follow the appropriate industry standards.  If the appropri-
ate standards are not followed, the Branch can not vouch 
for the integrity of the resultant data.  In order to certify 
that data from Gardon-type calorimeters is valid, these 
sensors must be manufactured with a thermocouple near 
the sensing surface:  this is required for sensors being 
used in the IHF; and recommended for those to be used in 
the other arc jet facilities.


During installation into the facility, instrumentation 
shall be labeled sequentially (e.g., thermocouple (TC) 
1 through TC 24, calorimeter 1 through calorimeter 6, 


etc.). In order to avoid confusion, it is recommended that 
the investigator label his/her instrumentation likewise. 
If a nonsequential naming convention must be used, the 
investigator should provide dual labels: The nonse quential 
labels and a corresponding label that fits within the facili-
ty-specified names. It is the investigator’s responsibility to 
keep track of the correspondence between the sequential 
and nonsequential naming.


4.1.4.2 Mechanical Interfaces 


Mechanical interfaces can be adapted onsite, but last-
minute changes can cause significant delays. The follow-
ing standard interfaces are described for each facility. It is 
recommended that test models be fabricated to fit within 
the following specifications. It is requested that all test 
articles using high-pressure components, whether for wa-
ter cooling, hydraulics, or gas systems, be hydrostatically 
pressure tested at the vendor’s site before they are shipped 
to Ames.  If this is not possible, prior arrangements must 
be made to have Branch personnel perform these checks.


AHF Mechanical Interfaces– The Aerodynamic Heating 
Facility is equipped with a five-arm carriage and an over-
head swing arm. The minimum centerline-to-centerline 
distance between two stings is 11 in (28 cm); however 
the model support system can be operated with only the 
first and fifth stings in use:  in this case the centerline-to-
centerline distance between two stings is 44 in (112 cm).  
The maximum distance from the nozzle exit plane to the 
test article face is approximately 14 in (36 cm). Trans-
verse motion is controlled by the facility operator during 
testing via a computer-controlled interface.  The locations 
of the carriage and lifting stings are recorded by the data 
acquisition system. 


The usual configuration in this facility has a 4 in (10 cm) 
hemispherical probe mounted on the overhead swing 
arm (containing a heat-flux gauge and a pressure tap at 
the stagnation point), and up to five test articles (fig. 24).  


Figure 24.  Typical test setup in the AHF, looking upstream


Table 3.  Minimum lead-length requirements and number 
of channels supported


Facility: IHF AHF PTF TFD 
Nozzle*: Conic SE Conic SE 2D 


Minimum Lead Length [feet] 1 1 1 - 4† 12 1 12 1 


Total Harness Length [feet] 30 12 20 10 8 


Channels for customer use: ‡  


Model  24 Iso 48 Iso 53 Std 
20 Iso /  


26 Std 


Test Dependent 12 Std 16 Std    


*  Nozzle Types: Conic, SE = Semi-elliptic, 2D = 2-Dimensional Rectangular Duct 


† 1’ if instrumentation is 4 or less T/Cs; 4’ if 5 or more T/Cs or other types of 


instruments 


‡ Model Channels are hard wired from the Test Chamber junction panel to a Data 


Acquisition System analog input.  “Iso” indicates a signal isolator (2kV) is 


connected inline with these channels.  “Std” indicates “standard” channels that 


do not have a signal isolator.  Test Dependent inputs can be made available for 


use from the Test chamber terminal or at the Data System enclosure, with 


sufficient notice and setup time.   
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The carriage is normally operated in one of two modes:  
Traverse mode insert one of two models horizontally 
with the outermost stings locked on vertical centerline; 
Pop-up mode traverses up to five models to horizontal 
centerline while stowed below the flow stream, then lifts 
them up onto vertical centerline. Depending on their size 
and on the diameter of the nozzle exit, all models can 
usually be mounted to the stings in such a way that none 
are subsequently exposed to the flow during arc heater 
startup and power ramp-up to the desired test condition 
(duration of approximately one to two minutes). These 
“usual” configurations may be altered to meet individual 
test requirements. A major considera tion in the configura-
tion of the model support is test throughput and insertion 
time: Traverse mode requires approximately two seconds 
or less to move from the edge of the flow to the centerline 
and only accommodates two models; whereas in Pop-up 
mode, an arm can be inserted in less than one second and 
accommodates up to five models. 


Test articles should be fabricated with an adapter that will 
mate with the following ID specification in order to mini-
mize test delays:  1.5" -.000/+.002 (38 mm -0.00/+0.05).  
Typical sting adapters are shown in fig. 25.


The AHF is equipped with a flexible system of water 
cooling for test articles. Typical cooling water pressure is 
600 psig (4,000 kPa) at flow rates of approximately 150 
gpm (9.5 L/s). All high-pressure components supplied 
by customers must be hydrostatically pressure tested and 
certified before installation in the arc jet facility. 


PTF Mechanical Interfaces– For the PTF, which is 
always configured with a semielliptical nozzle, the model 
support system is standardized. All test articles shall fit 
within the test fixture provided by ARC, or one fabricated 
with equivalent dimensions. A schematic drawing of the 
test fixture is shown in figure 26, and the dimensions are 
shown in table 4. The test assembly is installed by passing 
it through a round hatch in either side wall of the 4 ft (1.2 
m) test chamber (fig. 21). The hatches are of 36 in (91cm) 
diameter. The test fixture attaches to two pivot points, one 
on each side of the nozzle, such that the axis of rotation 
is at the lip of the nozzle. A hydraulically-actuated piston 
located underneath the test chamber provides calibrated 
tilt-table inclination angles, which are controlled manu-
ally from the control room and recorded by the data ac-
quisition system. All instrumentation wires feed through a 
flexible conduit attached to one side of the test fixture. It 
is imperative that the instru mentation leads shall extend at 


Figure 25a.  Typical sting adapters for AHF Figure 25b.  Typical sting adapters for IHF
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least one foot outside the test fixture, even when exten-
sions will be used. (See fig. 26.) Water cooling manifolds 
are available in the PTF test chamber at a supply pressure 
of approximately 600 psig (4,000 kPa) and flow rates of 
approximately 100 gpm (6 L/s). All high-pressure com-
ponents supplied by customers shall be hydrostatically 
pressure tested and certified before installation in the arc 
jet facility. 


IHF Semielliptical Nozzle Mechanical Interfaces– For 
the IHF with the semielliptical nozzle, the model support 
system is standardized. All test articles must fit within 
the test article fixture provided by ARC, or one fabricated 
with equivalent dimensions. A schematic drawing of the 
test fixture is shown in figure 26, and dimensions are 
shown in table 4. The test fixture attaches to two pivot 
points, one on each side of the nozzle, such that the axis 
of rotation is at the lip of the nozzle. The test assembly 
is installed by passing it through round hatches in the 
west wall and the ceiling of the walk-in test chamber, or 
through the 5×2 ft (150×61cm) main access door (fig. 27). 
The hatches are of 35 in (89cm) diameter. A hydraulical-
ly-actuated piston located underneath the test chamber 


provides calibrated tilt-table inclination angles, which are 
controlled manually from the control room and recorded 
by the data acquisition system. All instrumentation wires 
feed through on one side of the test fixture. It is impera-
tive that the instrumentation leads shall extend at least one 
foot outside the test fixture, even when extensions will be 
used. (See fig. 26.) Water cooling manifolds are available 
in the IHF test chamber at a supply pressure of approxi-
mately 600 psig (4,000 kPa) and flow rates of approxi-
mately 250 gpm (16 L/s). All high-pressure components 
supplied by customers shall be hydrostatically pressure 
tested before installation in the arc jet facility. 


IHF Conical Nozzle Mechanical Interfaces– When a 
conical nozzle is installed in the IHF, the IHF is equipped 
with two swing-arm model supports: one each on the west 
and east side, mounted on the floor of the test chamber 
(see figure 28). The inside-diameter bore of the model 
stings is normally 2.0" -.000/+.002 (51mm -0.00/+0.05).  
Test articles shall be fabricated with a shaft/adapter to 
interface with these bores; the shaft/adapter shall be at 
least 1 1/2 diameters in length.  Typical sting adapters are 
shown in fig. 25. 


Figure 26a.  Test fixture assembly for PTF and IHF (semiel-
liptical nozzle) (dimensions are in table 4)


Figure 26b.  Typical model assembly for TPTF


Table 4.  Dimensions for IHF and PTF panel test fixtures (drawing shown in fig. 26a)
Table 5. Dimensions for IHF and PTF panel test fixtures (drawing shown in fig. 26) 


Callout, 


fig. 26a 


A* B* C* D* E* F* G* H* I* 


PTF 5 7/8 2 2 1/8 15 3/4 2 1/8 2 1/8 15 3/4 1 1/8 3/8 


IHF 5 7/8 2 3 30 3 4 30 2 3/8 


*All dimensions are in inches. 
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Figure 28.  Typical test setup in the IHF


TFD Mechanical Interfaces– A schematic representa-
tion of the mounting of the test article for the TFD is 
shown in figure 13. In this facility, the test articles are 
flush mounted on the wall of the test section. Test panels 
measuring 8×10 in (20×25 cm) or 8×20 in (20×50 cm) 
can be mounted in the TFD. The test panels are secured in 
place by bolts around the perimeter of the backing flange 
of the test article. Instrumentation feedthrough connectors 
supplied by ARC are used to patch sensor data out of the 
back of the test-article flange and into the data recording 
system. Water cooling manifolds are available. 


4.1.4.3 Optical Access 


All the arc jet facilities have optical access to the test ar-
ticles. The flow stream and test article(s) in the AHF, PTF, 
and IHF are accessed through large windows in the test 
chambers for instrumentation and line-of-sight observa-
tions. (See table 5.) The TFD has limited access for opti-
cal instrumentation through existing heat-flux sensor ports 
in the wall facing the test article. 


In addition to the standard facility monitoring instru-
mentation, ARC will provide optical pyrometers and 
will coordinate photographic and video coverage of the 
tests, as required by the investigator. (A list of the optical 
pyrometers supplied by ARC is given in table 6.)


4.1.4.4 Personnel Access Outside the Test Chamber 


Access to the area immediately outside the test chamber 
during a run is limited because of the safety aspects of 
high-voltage and high-pressure systems. If needed, such 


access must be coordinated with the test personnel during 
the planning phase of the test program. 


4.1.4.5	 Model	Sizing/Configuration	Guidelines


A general rule of thumb that may be used in determining 
the maximum dimensions of porposed test articles is that 
the areal blockage ratio should not exceed 0.25 to 0.30.  
The size of test articles that can be successfully tested in 
the facilities depends on the geometry of the test articles; 
thus this rule of thumb is offered only as a general guide-
line.


It has been a general practice at Ames to produce blunt-
body stagnation test articles for arc jet tests with a radius 
of curvature on the front, forward-facing surface.  This is 
especially important for small bodies where the velocity 
gradient in the stagnation region is greater than it is for 
larger ones.  Unavoidably, there are slight misalignments 
of the test bodies relative to the flow vector when inserted 
into the flow stream, and these unwanted variations in 
angle of attack will occur between test runs.  For a test 
article with a radiused front surface, the flow field over 
the front surface will be less sensitive to change under 
conditions of unanticipated angle of attack.  Given an 
unwanted yaw, the stagnation point will 'move' away from 
the desired location at the center of the blunt cylinder, 
causing non-uniform velocity gradients and heat flux to 
the test article.  This effect accounts for some of the scat-
ter in calibration data from run to run at the same facility 
operating conditions and is one of the reasons why hemi-
spheres are chosen as the standard shape for calorimeters.


4.1.5 Instrumenation Options


4.1.5.1 Calorimeters 


ARC can provide a selection of heat-flux (and/or pres-
sure) sensing devices for characterizing the flow environ-


Figure 27.  Main access door for the IHF







A029-9701-XM3 Rev. C 33
April 1, 2009


  
Thermophysics Facilities Branch  
 


This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


ment for both stagnation and flat-plate tests. Some of 
these instruments are water cooled for continuous opera-
tion, others are transient, uncooled sensors. 


A family of hemisphere/cylinder probes designed for the 
AHF are available, ranging in diameter from 2.5 to 4 in 
(6.4 to 10 cm). Each contains a removable Gardon-type 
heat-flux sensor at the stagnation point, and a pitot pres-
sure port located just off the stagnation point. Blunted-
cylinder probes of the same design are also available. 
Additionally, a set of water-cooled 5/8 in (1.588cm)-
diameter hemisphere/cylinder probes are available for 
both the AHF and the IHF (for use with the large nozzles). 
Each probe contains one of either a heat-flux sensor or a 
pitot pressure port, located at the stagnation point. 


Slug-type calorimeter probes are also available.  These are 
recommended for the high-heat flux environment of the 
IHF 13 and 6 in (33 and 15 cm) conical nozzles.  These 
probes are available in: 2.4, 3.0, and 4 in (6.1, 7.6, and 10 
cm) -diameter hemispherical probes; 4.0, 5.0, 6.0, and 8.0 
in (10, 13, 15, and 20 cm) -diameter flat-faced cylinders 
with a 0.375 in (0.953 cm) corner radius; and 3.0 and 4.0 
(7.6 and 10 cm) iso-q (base radius = nose radius) geom-
etry.  Most of these probes are also equipped with a pitot 
pressure port.  Other configurations are available by spe-
cial request.  Figure 29 shows a selection of slug calorim-
eters:  3-in hemsiphere, 4-in iso-q, and 6-in flat face.


Several null point calorimeters are also available to map 
the heat flux distribution of the test stream.  These consist 
of a 15°-taper cone with a 0.18-in (4.6 mm) nose radius.


Water-cooled calibration plates that mount in the loca-


tion of the test article are available for both the PTF and 
the IHF with the semielliptical nozzle. (See fig. 26.) The 
plates are equipped with Gardon-type calorimeters and 
static pressure taps distributed throughout the surface of 
the plate in order to obtain distributions along the test 
surface.  


The wall opposite the test panel in the TFD is instru-
mented with heat-flux sensors and static pressure ports. 


4.1.5.2 Pyrometers


The Thermophysics Facilities Branch will provide optical 
pyrometers to support measurements of surface tempera-
ture.  Several models are available and are listed in table 
6.


4.1.5.3 IR camera


TSF will provide IR recording of the test samples.  At 
this time, however, these are qualitative images that show 
relative temperature distributions.  Abolute-temperature 
calibration of the IR cameras can not be provided.


Table 5.  Available IR-quality viewports


Figure 29.  Examples of typical slug-calorimeter probes


 


 AHF PTF IHF 


 Number Diameter 
(in) Number Diameter 


(in) Number Diameter 
(in) 


1 11 


2 6 Side-view 


2 4 


4 6 3 10 


Top-view 0 – 5 6 6 6 
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Manufacturer Model 
Serial 


Number 
Type 


Temperature 
Range 


Spectral 
Response 


(µm) 


Field–of–
View (FOV) 


Ratio 
Mikron M90V 44384 Infrared 900–3000C 0.65mm 300:1 
Mikron M190V M0036265 Infrared 800–3000C 0.65mm 300:1 
Mikron M190V M0026257 Infrared 900–3000C 0.65mm 300:1 
Mikron M190V M0031934 Infrared 900–3000C 0.65mm  


       
Mikron M90H 44388–1 Infrared 600–3000C 0.78–1.06 180:1 
Mikron M90H 44388–2 Infrared 600–3000C 0.78–1.06 180:1 


       
Mikron M190H 50195 Infrared 600–3000C 0.78–1.06 180:1 
Mikron M190H 000866–1 Infrared 600–3000C 0.78–1.06 180:1 
Mikron M190H 000866–2 Infrared 600–3000C 0.78–1.06 180:1 
Mikron M190H M0026255 Infrared 600–3000C 0.78–1.06 180:1 
Mikron M190H M0026256 Infrared 600–3000C 0.78–1.06 180:1 


       
Mikron M190HX 21289 Infrared 1200–3500C 0.78–1.06 180:1 
Mikron M190HTS 921 Infrared 600–3000C 0.78–1.06 180:1 
Mikron M190V–TS M0030936 Infrared 1000–3000C 0.65 300:1 
Mikron M90Z–B 50875 Infrared -50–1000C 8.0 – 14 180:1 
Mikron M90Z–B 27158 Infrared -50–1000C 8.0 – 14 180:1 


       
Mikron M90R2 50194 Infrared 900–3000C 2-Color* 180:1 
Mikron M190R2 5615 Infrared 900–3000C 2-Color* 180:1 
Mikron M190R2 21526 Infrared 900–3000C 2-Color* 180:1 
Mikron M190R2 M0026258 Infrared 900–3000C 2-Color* 180:1 


       
Mikron M668L 50550 Inf./fiber Op 900–2500C 0.78–1.06 60:1 
Mikron M668L 50482 Inf./fiber Op 700–2600C 0.78–1.06 180:1 
Mikron M668L 21304  Inf./fiber Op 800–3000C 0.78–1.06 300:1 
Mikron M668L M0019077 Inf./fiber Op 1200–3500C 0.78–1.06 300:1 
Mikron M668L M0032015 Inf./fiber Op 1500–5400F 0.78–1.06 300:1 
Mikron M668L M0032016 Inf./fiber Op 1500–5400F 0.78–1.06 300:1 
Mikron M668L M0026259 Inf./fiber Op 1500–5400F 0.78–1.06 300:1 


       
Mikron M680 19838 Inf./fiber Op 900–3600C  300:1 


*2-color response bands are 0.78–1.06 µm and 0.9–1.06µm 


Table 6.  Optical pyrometers provided by ARC
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4.1.5.4 Video and Photographic Documentation


Video and photographic recordings of the tests are always 
provided.  The standard arc jet photographs typically 
comprise three views of the test samples:  front, side, and 
oblique.  These are take both pre- and post-test.  Addi-
tional views will be taken as required to document any 
abnormalities that may have occurred during testing, or 
any features of particular interest.


Video views depend upon the facility in use.  Three views 
are standard in IHF:  front-view, typically recorded off of 
a mirror, side view, and top view.  Two views are standard 
in AHF and PTF.  In AHF, typically a front view (also off 
of a mirror) and a side view are provided.  In PTF, a top 
view and side view are standard.  For TFD, video record-
ing is a challenge and currently, a standard view has not 
been established.


Additional views and photographs can also be accommo-
dated.  These must be requested in the test plan.


4.1.5.5 Laser Induced Flourescence Measurements


Laser-induced fluorescence (LIF) is a non-intrusive 
optical technique for single-point measurements of free 
stream flow properties. The technique targets atomic 
oxygen and atomic nitrogen to determine species density, 
static temperature, and flow velocity at a point on the flow 
centerline downstream of the nozzle exit. Coupled with 
known facility flow rates and a pitot pressure measure-
ment, the LIF measurements are used to determine the 
stream enthalpy and the degree of chemical nonequilib-
rium at the measurement location. Models are not in the 
stream when LIF is used. LIF measurements are typically 
performed during the calibration phase of a test series. 
LIF measurements have been implemented in IHF only.


4.1.5.6 Photogrammetric Recession Measurement


Photogrammetric Recession Measurement (PRM) is 
an optical technique for measuring the recession time 
histories of an arbitrary number of points distributed over 
the face of a TPS test article during testing. It is non-
intrusive, requires no external light source (in particular, 
no lasers), and requires no modifications to the test article. 
The principal requirements of PRM are: (1) that the face 
of the model exhibit some texture as it ablates; and (2) 
that the ablating surface can be imaged from at least two 
directions. 


A typical PRM system consists of two high-resolution 
(2K × 2K pixels) video cameras; neutral density filters 
to attenuate the light that reaches the cameras; a PC 
computer with camera interface cards and software for 
acquiring images; one mirror for each camera mounted to 


the bulkhead of the test cabin to reflect light from the test 
article to the camera; and an external signal generator to 
provide a pulse train that synchronizes the cameras. Also 
required is a calibration object that can be installed at the 
position of the test article before or after a test. This may 
be a flat plate with a rectangular array of targets mounted 
on a micrometer-driven translation stage. Finally, custom 
software is used for calibrating the cameras and extracting 
recession data from the camera images.


PRM has been applied in many tests in the Interaction 
Heating Facility. Measurements have been made on flat-
faced and iso-q stagnation models and on wedge-mounted 
panel models. For stagnation models, the diameter of 
the arcjet nozzle and the distance of the model from the 
nozzle exit plane are the test-geometry variables that most 
affect the viewing angles of the face of the test articles 
and thus the feasibility of making PRM measurements. 
With a 13-in nozzle, the model should not be less than 10 
in from the nozzle. PRM measurements have also been 
made on 3-in dia iso-q models tested in the 8-in extended 
nozzle where the models were 6 in from the nozzle 
exit plane. For tests in both the 13-in and 8-in extended 
nozzles, one camera was mounted on top of the test cabin 
and pointed at a mirror mounted to the upstream bulk-
head at about 1:00 o’clock relative to the nozzle. The 
second camera was mounted on the west side of the test 
cabin and was pointed at a mirror at about 8:00 o’clock. 
Measurements have been made on wedge-mounted panel 
models in the 6-in nozzle. For these tests, the west camera 
viewed the face of the model directly, and the mirror for 
the top camera was at about 10:00 o’clock.


It can take up to several hours to install and calibrate a 
PRM system. The most time-consuming part is aligning 
the mirrors and cameras. Calibration involves installing 
the calibration object and imaging it in several positions. 
This can take about 30 min. Data acquisition simply 
involves recording images from the cameras and adjust-
ing the camera exposures by adjusting the duty cycle of 
the signal from the signal generator. The alignment of 
the system should be checked before each run by acquir-
ing arc-off images. Much longer exposures are required 
than for data acquisition because the model is no bright. 
Images are typically recorded at 16 Hz for runs of 1 min 
or less; lower rates are recommended for longer runs. The 
imaging rate corresponds to the frequency of the syn-
chronizing pulse train and thus is controlled at the pulse 
generator. Data reduction is a computationally intensive 
process and that can take one to several hours, depend-
ing on the number of measurement points. The product of 
PRM measurements is the recession time history at each 
measurement point.
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4.1.6 Facility Support Equipment


The arc jet complex is serviced by common facility sup-
port equipment that is shared among all the arc jet facili-
ties described in this section. In many cases, the frequen-
cy of facility operations is determined by the availability 
of these support systems. Only one arc jet facility may be 
operated at any time because of safety considerations as 
well as the need to share common support equipment.  


4.1.6.1 Steam-Ejector Vacuum System


The Steam Vacuum System (SVS) servicing the arc 
jet complex is one of the largest steam-ejector vacuum 
systems of its type. The SVS provides the high-mass-flow 
vacuum conditions required for arc jet facility opera-
tions. Each of the arc jets is plumbed into the SVS via 
large-diameter piping and isolation gate valves. The SVS 
consists of five stages of steam ejectors that are operated 
in series. Figure 30 shows a schematic diagram of the 
SVS; the SVS is visible in figure 5. The steam is provided 
by a natural-gas-fired boiler with a generating capacity of 
200,000 lb/hr (25 kg/s). Using all five stages, the system 
pumps to a blankoff (no flow) pressure of 80 microns 
of mercury. Five-stage operation can pump 0.5 lbm/sec 
(0.2 kg/sec) of air while maintaining a plenum pressure 
of about 100 microns (0.1 torr). Using three stages, the 


capacity is about 3 lbm/sec (1.4 kg/sec) at 3 torr (400 Pa). 
A standby operating mode is used to save energy between 
tests when two stages are operated, producing about 15 
torr (2 kPa) with no gas flow. 


4.1.6.2 60-/150-MW dc Power Supply 


Originally constructed in 1975 at 60-MW maximum 
power, this power supply was modified a few years later 
to upgrade its power capacity. This power supply is a cur-
rent-controlled, three-phase, full-bridge, phase-controlled 
silicon controlled rectifier (SCR) type that provides the dc 
power source for the arc jet facilities in Building N238. It 
consists of six SCR module pairs, which can be config-
ured into any compatible series/parallel combina tion. 
Each module is rated at 5500 volts open circuit, 4,350 
volts into a load, and 2,700 amperes (A) continuous, 
6,000 A short term. The entire power supply has a power 
rating of 75 MW for a 30-minute-on, 30-minute-off duty 
cycle, and up to 150 MW for 15 seconds. The operator 
selects a module configuration to provide open circuit 
voltage that slightly exceeds the expected arc voltage. 
Current is controlled via a set point manually input at the 
control board by the facility operator. Current and voltage 
are recorded on the data acquisition system. The entire 
power supply is isolated from ground to 33 kV. 


Figure 30.  Schematic diagram of the five-stage SVS
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The rectifier modules are fed from three double, second-
ary transformers that receive primary power from the 
distribution grid at 115 kV 60 Hz. Secondary trans formers 
step down the voltage to 4,170 VAC feeding into the recti-
fier modules. Rectification is accomplished using three 
parallel strings of 14 SCRs, one leg for each phase. The 
output from each module is shunted with a double string 
of four free-wheeling diodes and is connected in series 
with a 4-millihenry inductor. The transformer secondar-
ies are shifted 30° with respect to each other; therefore, 
adjacent modules connected to the output bus produce an 
effective 12-phase rectifier with a correspond ing reduc-
tion in dc ripple. 


The output from the power supply is transmitted to each 
of the four facility load switches in the basement of Build-
ing N238 through 3 in (8cm), water-cooled, copper pip-
ing. The power supply and its components are insu lated 
for 33-kV dc power. The power supply is cooled by an in-
dependent, deionized, cooling water system consisting of 
a storage tank, a cooling tower, deionizers, a circulating 
pump, and associated hoses and pipes. The system uses 
deionized, chemically treated, low-conductivity water to 
cool the SCRs, free-wheeling diodes, output inductors, 
and the dc power bus. 


4.1.6.3 20-MW dc Power Supply


The 20-MW power supply comprises five identical mod-
ules that can be connected to provide 20 MW of dc power. 
Each of the 5 modules consists of 2 rectifier banks (or half 
modules). Each half module is nominally rated for 1,600 
amps at 1,250 V; open circuit voltage is 2,500 V. The 
10 half modules may be connected in various combina-
tions by using setup switches to provide a desired open 
circuit voltage, or desired current level, depending on the 
anticipated arc jet load requirement. Current is controlled 
manually from the bench board by means of a bias control 
setting, which adjusts current output via saturable reac-
tors. There is no direct voltage control. The operating 
current and voltage are recorded for reference. The entire 
power supply is isolated from ground to 30 kV. 


The power output is brought into Buildings N234 and 
N238 by a set of high-voltage power cables, and then is 
distributed to the facilities through a main load switch and 
individual facility disconnect switches. These switches 
are interlocked to prevent unwanted energizing by means 
of limit switches and key interlocks. 


With appropriate connections between the rectifier banks, 
the power supply can deliver approximately 19 MW for 
5 minutes and 12 to 14 MW for up to 30 minutes. 


4.1.6.4 Deionized Water Cooling System 


The arc jet facilities use a common, closed-loop, deion-
ized water cooling system, which provides the majority 


of the heat rejection needs. Deionized cooling water is 
stored in a 168,000-gallon storage tank located near the 
steam vacuum system. The water from this tank has been 
demineralized and deionized to reduce the resistivity and 
oxidation. The tank provides about a 40 ft (12 m) static 
pressure head when full. 


The water system is used as primary cooling for the arc 
heaters, test article supports, nozzles, and other facility 
hardware. A set of 10 pumps circulate cooling water at 
approximately 8,000 gpm (500 L/s) at a pressure of 700 
psig (5,000 kPa) to the selected facility and then back to 
the tank. A heat exchanger in a secondary circuit permits 
cooling of the stored water, but at a low rate. 


A separate water cooling system in Building N234 
(400 psig [2,700 kPa] discharge) cools the plenum heat 
exchanger, valve shield, etc. So-called “gravity” cooling 
water is also available directly from the 168,000-gallon 
tank at about 15-psig (100 kPa) pressure. This water is 
used to cool the diffuser pipes of the AHF and TFD. It is 
collected in a sump and then recirculated back to the main 
tank. City water is available at about 50 psig (350 kPa), if 
necessary. 


4.1.6.5 Arc Jet Air System (AJAS)


The arc heaters at ARC usually operate with air as the 
main test gas. Dry air with dew point better than -40 °F 
(-40 °C) is supplied by a 3,000 psi (20 MPa) distribution 
system located at ARC. The primary storage facility used 
by the Arc Jet Complex has a storage capacity of 1 mil-
lion standard cubic feet (28,300 cubic meters) and fed by 
two (2) reciprocating compressors, each capable of keep-
ing up with normal operations.  Air flows into air control 
panels located in the basement below each arc jet facility. 
From there the bench board controls are used to com-
mand a PLC to regulate the flow rate of air to a facility 
via manual or automated controls actuated by the facility 
operator. Air can also be used for auxiliary purposes such 
as moving or cooling portions of test articles.


4.1.6.6 High Pressure Gases—Nonair 


The arc heaters at ARC can operate with gases other than 
air as the main test gas. 


•	 Nitrogen– A liquid nitrogen storage tank feeds a 
4,000 psig (30 MPa) pressurized nitrogen gas storage 
tank yard located near the 60-MW power supply.  
Piping distributes the nitrogen to facilities in Build-
ings N234 and N238. The nitrogen can be used as a 
main test gas (AHF only) or as an auxiliary gas for 
purging, cooling, or other purposes. 


•	 Argon– Argon gas is used by the constricted arc 
heaters in small amounts at all times. A small flow 
of argon is used to aid in starting the arc discharge at 
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the beginning of each run. A small amount of argon is 
also injected between constrictor disks and electrode 
rings to reduce the occurrence of arcing between 
adjacent components of the arc heater. In addition, 
the AHF can be operated with argon as a main gas. 


•	 Other	gases– Other gases can be used as needed. 


4.1.6.7 Air Pollution Control System


Nitrogen oxides in the exhaust streams produced by the 
arc heaters must be removed before exhausting into the 
atmosphere. Removal is accomplished by a combination 
containment and scrubbing system, which neutralizes the 
resultant nitric acid with a caustic solution. Air discharge 
quality is monitored continuously for compliance with 
local ordinances. 


4.1.6.8 Data Acquisition System


The current arc jet data acquisition system consists of 
Intel PC-based workstations. Test data storage is accom-
plished by a host workstation for each of the arc jet facili-
ties. Data reduction is accomplished on either the facility 
host or a central data storage workstation for post-run 
analysis.  Any fourteen channels may be displayed and 
changed at any time during the test without loss of data.  
Seven of these can be plotted on a chart showing % Full 
Scale vs. Time; the other seven are displayed numerically. 
Sampling rates may be changed  during a run via soft-
ware input to the data system controller interface. Output 
is available in the form of: printed columnar data as a 
function of time; electronic files of the tabular data as a 
function of time; or graphical plots of multiple data chan-
nels. The system network is isolated from the Internet for 
reasons of security and data integrity, but under proper 
security protocols, data can be transmitted via the Internet 
to remote sites.  Each facility has a standard set of facility 
data that is always acquired, but may not appear on re-
duced test data reports.  With some variation, the required 
report data include: arc voltage, arc current, power supply 
bus voltage, air and argon system mass flows, arc heater 
pressure, and test chamber vacuum level.  In some cases, 
other data are reported as facility data, including individu-
al electrode current levels.


Each facility has dedicated front-end equipment designed 
to condition the sensor signals, digitize them, and pass 
them to the facility host computer. The host computer 
is connected via fiber-optic ethernet link to an operator 
console and display that controls the host during the run. 
The fiber-optic link provides an important isolation from 
high-voltage potentials induced on test articles and the arc 
heater itself.  All data channels from the arc heater and 
test article are thus isolated by this system from operators. 
In addition, all channels from the test articles must be un-
grounded, or electrically floating and, if subject to charg-


ing by the arc jet flow, may first pass through a standard 
isolator. Exceptions are made for Huels arc heaters whose 
downstream electrodes are electrically at zero potential, 
or grounded.


Specifications of the ARC arc jet data acquisition system 
are as follows:


•  Intel PC- workstation for data acquisition, remote 
system control, data reduction, and online storage


• VXI-based data system front end


Chassis controller: National Instruments VXI-• 
MXI-2


Provides interface between VXI system and • 
host computer.


KineticSystems Corp. V207 analog-to-digital • 
converter


Capable of 500,000 samples per second, • 
aggregate


16-bit resolution (one part in 65,536)• 


KineticSystems Corp. V243 96 or 48-channel, • 
Low-level Signal Conditioner and Multiplexor


Programmable gain from 1 to 2000• 


KineticSystems Corp. V246 8-channel Bridge • 
Signal Conditioner


Programmable gain from 1 to 1000• 


Capable of use with Wheatstone bridge-type • 
transducers


Used in the Interaction Heating Facility for • 
test chamber channels


Channels are equipped with setable filters• 


• Acquisition Parameters:


Data Rate• 


Sample rates range between 10 seconds/• 
sample to 5000 samples/second/channel
Note: Actual maximum data rate = 500 kS/s 
/ [Total number of recorded test and facility 
channels], rounded to the next lower interval 
of 1, 2, or 5.  Recorded data rates can be 
any whole number division of the maximum 
rate.  Example: With 96 channels, the maxi-
mum rate is 5kS/s and available rates are 5k, 
2.5k, 1.66k,…, 0.1 S/s/ch.
Lower data rates are achieved by run-time 
oversampling (record the average of N 
samples acquired at the maximum rate) or 
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decimation (record every Nth sample of the 
maximum rate).  Post-test oversample av-
eraging is available to reduce perturbations 
and report size.


Capable of selecting any sample rate at any • 
time during the test


  Real-time display• 


Real-time computations for display of any • 
14 channels


Capable of selecting any 14 channels at any • 
time during the test


•       Data reduction processing is complete within min-
utes after each run, depending on the data file size.


Post-test oversample averaging is available to • 
reduce perturbations and report size.


Test article sensors:• 


– Thermocouples:  types B, C, D, E, G, J, K, N, R, 
S, and T


– Pressure transducers


– Calorimeters:  slug, null-point, and Gardon


– Radiometers


– Pyrometers


– RTDs


– Venturi flow meters


–  Miscellaneous analog sensors with voltage out-
put up to ±10 volts or current loop output in any 
milliamp range, and with either linear or cubic 
calibration fits


•       Special equations and soft channels can be pro-
grammed upon request (with sufficient lead time)


•       Output types:


– ASCII, time-stamped, tab-delimited file


– Available on CD-R, DVD, or USB flash memory


– Electronic file transfer to remote sites


•       Output hardcopy data types:


– Tabular printout (time history)


– Channel to channel or time history plot contain-
ing up to 10 channels per plot
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4.2  Range Complex


The Range Complex comprises the Hypervelocity Free-
Flight Facilities , the Ames Vertical Gun Range; and the 
Electric Arc Shock Tunnel.


4.2.1 Hypervelocity Free-Flight Facilities


The Hypervelocity Free-Flight Facilities at Ames Re-
search Center currently include two active facilities: the 
HFF Aerodynamic Facility  and the HFF Gun Develop-
ment Facility. Both facilities were constructed in 1964 
and are located in Building N-237.  These are NASA’s 
only aeroballistic facilities and two of a remaining, small 
handful that exist in North America.


4.2.1.1 Hypervelocity Free-Flight Aerodynamic Facil-
ity


The Hypervelocity Free-Flight Aerodynamic Facility is a 
combined Ballistic Range and Shock-Tube. The HFFAF 
consists of: a model launching gun (light-gas or powder); 
a sabot separation tank; a test section (with 16 orthogonal 
shadowgraph imaging stations); an impact/test chamber; 
a nozzle; and a combustion-driven shock tube (see figure 
31). The primary purpose of the facility is to examine the 
aerodynamic and aero-thermodynamic characteristics and 
flow-field structural details of free-flying aeroballistic 
models. For this mode of traditional aeroballistic testing, 
each of the shadowgraph stations can be used to capture 
an orthogonal pair of images of a hypervelocity model in 


flight along with its associated flow-field. These images 
combined with the recorded flight time history can be 
used to obtain various aerodynamic coefficients, includ-
ing: CD, CLa, Cma, Cmq + Cma. In addition, a suite of 
visible ICCD and Infra-red cameras can be installed at 
various stations to record (via thermal imagery) surface 
temperature profiles of a model at various points during 
it’s flight. Such imagery can be used to infer such quanti-
ties of interests as heat transfer rates, and transition to 
turbulence locations. For very high Mach number (i.e. M 
> 25) simulation, models can be launched into a counter-
flowing gas stream generated by the shock tube. This 
“counterflow” mode of testing tends to be both techni-
cally demanding and quite costly. The facility can also 
be configured for hypervelocity impact testing. In this 
mode, a light gas gun is typically used to launch impact 
particles (such as metallic spheres) at target materials 
mounted in the impact chamber or test section. A fourth 
mode of operation is shock tunnel testing. For this type of 
testing a fixed, instrumented model is mounted in either 
the impact/test chamber or at one of the shadowgraph 
stations in the test section. The combustion-driven shock 
tube is used to generate a short-duration reservoir of high-
temperature, high-pressure test gas for expansion through 
the nozzle and over the test article. Most of the research 
effort to date has centered on Earth atmosphere entry con-
figurations (Mercury, Gemini, Apollo, Shuttle, and CEV), 
planetary entry designs (Viking, Pioneer Venus, Galileo, 
and MSR), and aerobraking (AFE) configurations (see 


Figure 31.  The Hypervelocity Free-Flight Aerodynamic Facility
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figure 32). The facility has also been used for scramjet 
propulsion studies (NASP) and meteoroid/orbital debris 
studies (International Space Station, and RLV). What is 
truly unique about this facility is its ability to test at sub-
atmospheric pressures and in test gases other than air. 


4.2.1.1.1 Model Launching Guns


There is an an extensive suite of model launching guns 
that are available for use in this facility. Included in this 
arsenal are four light-gas guns:  0.28 cal (7.1 mm), 0.50 
cal (12.7 mm), 1.00 cal (25.4 mm), and 1.50 cal (38.1 
mm). The size is designated by launch tube (barrel) 
diameter.  A two-stage, light-gas gun typically consists of 
a powder chamber, pump tube, high pressure coupling, 
and launch tube (see figure 31). A deformable plastic 
piston is inserted into the upstream end of the pump 
tube. The sabot (which holds the model) is inserted into 
the launch tube breech, and a burst disk (diaphragm) is 
placed between the high pressure coupling and launch 
tube. The pump tube is evacuated and filled with a prede-
termined amount of hydrogen, and a gun powder charge 
is placed in the powder chamber. To launch the model, 
the gun powder charge is ignited. The resultant release 
of chemical energy accelerates the piston, compressing 
the hydrogen gas in the pump tube or first stage of the 
gun. At a predetermined pressure, the burst disk ruptures 
and the compressed hydrogen gas acts upon the base of 
the sabot, accelerating it down the launch tube or second 


stage of the gun. When the sabot and model exit the 
launch tube, they enter the separation tank, wherein the 
sabot is stripped away from the model aerodynamically. 
The model passes through a small aperture, enters the test 
section, and ultimately impacts a wall of polyethylene in 
the impact chamber.


In addition to light-gas guns, the facility arsenal contains 
three powder guns: 0.79 cal (20 mm), 1.74 cal (44 mm), 
and 2.40 cal (61 mm).  A powder gun is a simpler design 
and consists of a powder chamber and a launch tube. 
The launch package (sabot and model) is loaded into the 
launch tube breech, and a gun powder charge is placed in 
the powder chamber. To launch the model, the gun pow-
der charge is ignited. The resultant release of chemical 
energy accelerates the launch package (sabot and model) 
down the launch tube and into the separation tank. The 
path from this point on is the same as for a light-gas gun.


The performance of the light-gas guns depends upon 
many, and sometimes conflicting, variables such as pump 
tube pressure, piston weight, gunpowder charge, burst 
disk (diaphragm) pressure rating and launch package 
weight. Theoretically, the maximum attainable velocity 
for each of the ARC guns is approximately 35,000 ft/s 
(10.7 km/s). However, a more realistic upper value is 
28,000 ft/s (8.5 km/s) for robust models such as spheres 
and cylinders. For delicate aeroballistic models, maxi-
mum velocities are typically limited to 15,000 to 21,000 


Figure 32.  Examples of Aeroballistic Models







44 A029-9701-XM3 Rev. C
  April 1, 2009


  
  Thermophysics Facilities Branch
This is a controlled document
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


ft/s (4.5 to 6.5 km/s). Model diameters typically vary 
between 15 to 75% of the gun barrel diameter. Similarly, 
model masses typically vary from 0.01 to 100 grams. 
The lower limit velocity for each of the light-gas guns is 
approximately 6,500 ft/s (2 km/s). The ARC powder guns 
typically operate over a range of 1,000 to 8,000 ft/s (0.3 to 
2.4 km/s).


4.2.1.1.2 Sabot Separation Tank


The sabot separation tank (also referred to as the dump 
tank) consists of a vertical cylindrical tank (approximately 
4800 ft3 [140 m3]) with transition extensions on either side 
that are in line with the test section and the light-gas gun. 
Inside the dump tank and attached to the entrance of the 
test section extension is a large conical sabot stripper. This 
device has an adjustable aperture (0.5 to 7 in [1.3 to 17.8 
cm] diameter) which allows model passage, while the 
conical structure deflects and ultimately stops the sabot 
pieces. A thin (typically ½ mil), mylar diaphragm can be 
placed inside the stripper device to isolate the test section 
from the dump tank. The gun extension includes an entry 
hatch. At the top of the dump tank, extending above the 
building roof, is a diaphragm port to limit internal pres-
sures to approximately atmospheric. Overall length of the 
assembly is approximately 32 ft (10 m)  and the volume 
(including the transition extensions) 5,100 ft3 (140 m3). 


The associated vacuum pumping system is located below 
ground level adjoining the dump tank. The system con-
sists of a pair of Stokes rotary pumps (300 cfm [140 L/s]), 
and a Roots-type booster pump (4,950 cfm [2,340 L/s] at 
100 microns Hg [13 Pa] inlet pressure) which are attached 
to the test section transition extension. In addition to this, 
another pair of 300 cfm (140 L/s) rotary pumps are at-
tached directly to the dump tank. Pressures of 50 microns 
Hg (7 Pa) are attainable in the test section, with leak rates 
of less than 10 microns Hg (1 Pa) per minute, despite 
the large numbers of windows and connections. Vacuum 
system valves are pneumatically operated and electrically 
controlled from the control room under the west end of 
the test section.


4.2.1.1.3 Test Section


The test section is 75 ft (23 m) long, with sixteen orthogo-
nal shadowgraph stations spaced five feet apart. The oc-
tagonal cross-section is approximately 40 in (1 m) across 
the flats (at station 16) and is tapered (increasing as one 
moves towards station 1). The reason for this taper is to 
compensate for boundary-layer growth that occurs during 
shock tunnel flow conditions. Each shadowgraph station 
includes four windows (top, bottom and both sides). The 
window diameters are 12 in (30 cm) nominal for stations 
1 through 9, and 15 in (38 cm) for stations 10 through 16. 
Window thicknesses are 1 in (2.5 cm) and 1.25 in (3.2 cm) 


or 1.5 in (3.8 cm), respectively.  At each station a shad-
owgraph can be taken in both the horizontal and vertical 
planes. Each view utilizes the following: A microsecond-
duration spark light source mounted on the test section 
wall; A pair of spherical mirrors, with diameter to match 
the station window (the focal length is roughly 6 ft [2 m]), 
mounted on the facility walls; A 40 ns Kerr Cell shutter at 
the focal point of the second mirror; and a light-excluding 
box for mounting an 8×10 in (20x25 cm) sheet film hold-
er. Other instrumentation on the test section includes the 
spatial reference system, halogen lamp w/photomultiplier 
tube model detectors, and ports on the upper diagonal 
surface of the test section wall at each station. These ports 
are used for vibration-isolated static pressure cell mount-
ings, or as possible feed-through points for cables, gas 
supplies, thermocouples etc.


4.2.1.1.4 Impact/Test Chamber


The impact/test chamber is located between the test sec-
tion and shock tube nozzle and has two primary roles. 
When the facility is operated as a ballistic range, a 2.5 in 
(6.4 cm) thick steel back stop plus a 24 in (61 cm) thick 
wall of polyethylene are installed at the nozzle exit to stop 
the aeroballistic models at the end of their flight.  Simi-
larly, hypervelocity impact targets can be mounted in the 
chamber for this mode of operation. When the facility is 
operated as a shock tunnel, the chamber can be used as a 
free-jet test cabin for mounting large, highly instrumented 
models. For this mode of operation, the steel and polyeth-
ylene wall is removed and diffuser panels are installed to 
smoothly redirect the shock tube flow into the test section. 
The impact/test chamber has numerous instrumentation 
feed-through ports, and four large access hatches (top, 
bottom, and both sides). Each hatch has two 15 in (38 cm) 
diameter windows to provide optical access if desired.


4.2.1.1.5 Nozzle


Attached to the shock tube side of the impact/test cham-
ber is the Mach number 7 contoured nozzle (approxi-
mately 19 ft [5.8 m] long with an exit diameter of 39 in 
[99 cm]). The nozzle consists of five major components: 
a throat insert assembly which slides into the driven tube 
end-wall, and is connected to the nozzle trunnion by 
means of a Marmon clamp; the trunnion section which 
is mounted to a heavy foundation block (this fixes the 
longitudinal location of the entire test section); and three 
nozzle expansion sections, each of which are 62 in (160 
cm) long.  The nozzle insert assembly contains a thin my-
lar diaphragm which separates the initial driven tube and 
test section pressures.  A variety of throats can be used to 
vary the area ratio between 80 and 300.
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4.2.1.1.6 Shock Tube


A combustion driven shock tube is used to generate a 
reservoir of high-pressure, high-temperature test gas for 
expansion through the nozzle and test section. It consists 
of a driver or combustion tube (70 ft [20 m] long, 17 in 
[43 cm] inside diameter), and a driven tube (86 ft [26 m] 
long, 12 in [30 cm] inside diameter), (See figure 31.) The 
driver and driven tubes are initially separated by a flat, 
stainless-steel diaphragm with a thickness and score depth 
selected to provide self-break at a desired pressure.  In a 
similar fashion, the driven tube and nozzle are separated 
by a thin Mylar diaphragm.  The driver tube is filled with 
a combustible mixture (typically H2 and O2 along with 
He as a diluent); the driven tube is filled with the desired 
test gas (usually air); and the impact/test chamber (plus 
test section and dump tank) is evacuated to a low enough 
pressure to ensure proper flow establishment.  To initiate 
the test flow, the combustible mixture is ignited by use 
of a hot-wire ignition system.  When combustion nears 
completion, and the driver-tube attains a chosen critical 
pressure, the primary (stainless steel) diaphragm ruptures.  
As the heated, high-pressure driver gas (typically He and 
combustion products) begins to expand into the driven 
tube, the resulting pressure waves coalesce into a shock 
wave.  The shock wave traverses the length of the driven 
tube, heating and pressurizing the test gas as it propagates.  
When the shock reaches the end of the driven tube, it 
reflects off the end-wall and breaks the Mylar diaphragm, 
thus establishing a relatively stable, high-temperature, 
high-pressure test gas reservoir.  This reservoir, with en-
thalpy as high as 5,200 Btu/lbm (12,200 J/gm), typically 
persists for roughly 20 ms, as the flow passes through the 
nozzle and over the test object (mounted in the test cabin).  
During this time, various pressure, heat-transfer, and 
optical-diagnostic measurements can be recorded by the 
facility’s data acquisition system (DAS).


The shock tube has been operated primarily in two 
combustion modes, heated-air (“slow-burn”) or pseudo-
stoichiometric (“fast-burn”).  For the slow burn mode, the 
driver tube is filled with a mixture of 8 percent hydrogen 
and the remainder air.  The mixture can be thermally 
stirred by passing a heating current through the ignition 
wire(s) prior to actually igniting the mixture.  For the fast-
burn mode, a nearly stoichiometric mixture of hydrogen 
and oxygen along with a sizable amount of diluent (usu-
ally helium and/or nitrogen) is used.  The pressure in the 
driver tube rises by a factor of about 4 for slow burn and 8 
for fast-burn.


The so-called “tailored operation” of the shock tubes is 
often used to produce essentially constant reservoir condi-
tions for upwards of 20 milliseconds.  The flow is typi-
cally near Mach 7 (based on area ratio), but temperature 


and flow velocity may be varied jointly or discretely by 
changing nozzle throat size, and simultaneously adjusting 
the driver gas composition and driven tube fill pressure.  
This provides a great amount of flexibility in adjusting the 
total enthalpy, and effective Mach number.  For example, 
the slow-burn mode can produce a 4,400 ft/s (1,300 m/s) 
flow at a static temperature of about 150° R (83 K), while 
fast-burn can yield flow velocities up to 12,000 ft/s (3,700 
m/s) at temperatures approaching 694 K (1,250° R).


4.2.1.2 Hypervelocity Free-Flight Gun Development 
Facility


The HFF Gun Development Facility consists of: a light-
gas gun; a sabot separation tank; an atmospheric test 
chamber; and a model catcher. This facility can be used to 
conduct gun performance enhancement studies wherein 
operational parameters and hardware configurations are 
adjusted/modified in an effort to increase maximum ve-
locity (and/or launch mass capabilities), while maintain-
ing acceptable levels of gun barrel erosion. The facility 
can also be configured to perform aerodynamic testing at 
atmospheric pressure. For this type of testing, an atmo-
spheric test chamber that is 6.5’h × 6.5’w × 16’l (2m × 
2m × 4.9m) and is equipped with multiple ICCD cam-
eras (orthogonally oriented) along its length to provide a 
nearly unobstructed view of the entire model flight path is 
utilized. In 2004, this set up was used to launch simulated 
pieces of foam debris and record their trajectory. The 
high-fidelity-imagery records served as data needed to 
validate predictive codes as part of the Shuttle Return to 
Flight effort. 


The facility operates in a manner similar to the HFFAF. 
The sabot and projectile exit the launch tube of the gun 
and enter a separation tank wherein the sabot is stripped 
away from the projectile either aerodynamically or using 
gun gases. The projectile passes through a small aperture, 
enters the atmospheric test chamber, and ultimately im-
pacts a model catcher/target. As the model passes through 
the test chamber, pairs of orthogonally positioned ICCD 
cameras are used to capture multiple exposure images, 
which together provide a high-resolution record of the 
entire flight trajectory. The total flight path (from launch 
tube exit to impact) for this facility is 28 ft (8.5 m) as 
compared to 114 ft (34.7 m) for the HFFAF. The facility 
utilizes the same arsenal of light-gas guns and powder 
guns as the HFFAF (see section 4.2.1.1.1), plus a 1.0-
cal (25.4 mm) air gun. With this arsenal of guns, models 
ranging in size from 1/16 in (1.6 mm) diameter to 2 in 
(50.8 mm) base diameter can be accelerated to velocities 
ranging from sub-sonic to hypersonic. Multiple, ballistic 
light screens are located within the test chamber and are 
used to detect model passage, trigger cameras and deter-
mine model velocity.
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4.2.2 AVGR


The Ames Research Center Vertical Gun Range (AVGR) 
was designed to support scientific studies of impact pro-
cesses during the Apollo missions.  In 1979, it was estab-
lished as a National Facility, funded through the Planetary 
Geology and Geophysics Program.  In 1995, increased 
science needs across various discipline boundaries 
resulted in joint core funding by three different science 
programs at NASA Headquarters (Planetary Geology 
and Geophysics, Exobiology, and Origins Programs).  In 
addition, the AVGR provides programmatic support for 
various proposed and ongoing planetary missions through 
special arrangements with the Facility Manager and Sci-
ence Coordinator.


Ballistic technologies, utilizing light-gas guns, powder 
guns, and a pressurized air gun, enable acceleration of 
projectiles up to 7 km/s (23,000 ft/s). A truly unique 
feature of the AVGR is its ability to vary the gun axis or 
angle of elevation from horizontal to vertical, thus allow-
ing impact angles from 0º to 90º with respect to the gravi-
tational vector. This is particularly useful, and necessary, 
when studying crater formation processes. Figures 33 and 
34 show a photograph and sketch of the Ames Vertical 
Gun Range Facility.


Figure 33.  Photograph of the Ames Vertical Gun Range 
Facility Figure 34.  Sketch of the Ames Vertical Gun Range Facility


4.2.2.1 Model-Launching Guns


4.2.2.1.1 Light Gas Guns


For several decades the AVGR has utilized a .301-cal 
(7.5mm) light-gas gun to launch projectiles to velocities 
ranging from 2.5 to nearly 7 km/sec (8,200 to 23,000 ft/s). 
Recently (circa 2008) a .220-cal (5.6mm) and a .620-cal 
(15.7mm) gun were brought on-line to improve perfor-
mance (consistency and accuracy) for certain particle 
sizes, and also to enable launching larger particles. All 
three guns use conventional smokeless powder to drive 
a plastic piston (pump piston) down the pump tube. This 
serves as a long-stroke, single compression of the hydro-
gen gas into a heavy-wall section called “high pressure 
coupling”. Here the gas is raised to extreme pressure and 
temperature. A break valve in the high-pressure coupling, 
which initially seals the launch tube from the pump tube, 
then ruptures, and the propellant gas (hydrogen) drives 
the projectile down the launch tube. Typical launch capa-
bilities are shown in figures 35 and 36.


4.2.2.1.2 Powder Gun


A .301-cal (7.5mm) powder gun is available that can 
propel models to velocities ranging from 0.5 to 3 km/s 
(1,600 to 9,800 ft/s). Figure 35 gives the performance 
envelope for this gun. It is worth noting that the powder 
gun is easier to use, cheaper to operate, and can produce 
more test rounds per day than the light-gas gun (i.e. 10 vs. 
4). Therefore, it is to the experimenter’s benefit to use this 
gun unless restricted by velocity considerations.


4.2.2.1.3 Pressurized Air Gun


For low-speed testing (below 1 km/s [3,300 ft/s] for 
model sizes up to 2.54 cm [1 in] diameter), a model-
launching gun is available that uses compressed air in a 
small volume reservoir for the propelling gas. This gun 
represents an extremely inexpensive means of launching 
models, if low-speed impacts are desired. Performance 
capabilities for the air gun are indicated in figure 37.
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Figure 35.  Typical gun performance


Figure 36.  Light gas and powder gun performance


Figure 37.  Air gun performance


4.2.2.2 Projectiles and Sabots


The types of projectiles that can be launched include 
spheres, cylinders, irregular shapes, and clusters of many 
small particles. Projectiles can be metallic (i.e. aluminum, 
copper, iron), mineral (i.e. quartz, basalt), or glass (i.e. 
pyrex, soda-lime). For example, aluminum spheres can 
be launched individually for sizes ranging from 1.5 to 
12.7mm (1/16 to 1/2 inch) in diameter; in groups of three 
for sizes ranging from 0.2 to 1.2mm; or as a cluster of 
many particles for sizes ranging from 2 to 200-µm. In all 
of the guns, the projectiles are usually saboted (encased 
in a plastic carrier) to support and align them during their 
passage through the launch tube. This sabot is “stripped” 
away (via centrifugal force for all but the air gun) after 
exiting the launch tube, leaving the projectile(s) in free 
flight to the target. The types of projectiles that are most 
commonly used are spheres, and many standard size 
(spherical particle) sabots are in kept stock at the AVGR. 
Non-standard sizes and shapes can be accommodated. 
However, the experimenter must communicate his/her de-
sired particle size and geometry, to the AVGR operational 
staff, well in advance of the test date to provide enough 
time for design and fabrication. 


4.2.2.3 Velocity Chamber


The velocity chamber contains instrumentation and imag-
ing equipment to measure projectile velocity and verify 
projectile integrity. Projectile passage is detected using la-
ser line intervelometers and recorded with digital interval 
counters/timers. Projectile integrity is recorded via three 
spark-gap and film based shadowgraph imaging stations. 
As of April 2009, plans are under way to upgrade to a 
digital imaging system. The velocity chamber is shown in 
figure 38. 


4.2.2.4 Impact Chamber


The target impact chamber is shown in figures 39 and 40. 
Experimental targets are contained within this 2.5-meter 
diameter vacuum chamber, which is capable of maintain-
ing a reduced pressure of approximately 10-2 torr (1 Pa). 
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Figure 38.  Photograph of the velocity measuring chamber


Figure 39.  Impact vacuum tank (exterior view) Figure 40.  Impact vacuum tank (interior view)
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Pump down rates and leak rates for this vacuum system 
are shown in figure 41. Targets are to be constructed 
in the standard target bucket, figure 42. Various target 
construction capabilities allow the placement of colored 
substrate to be used as markers to show crater forma-
tion. Targets can be either fixed within the chamber 
or they can be accelerated vertically to change the net 
gravitational effect during impact and crater formation. 
As is noted in the sketch of the vacuum impact chamber 
(figure 40) the model-launching gun can be positioned at 
various angles: seven positions at 15º intervals from 0º 
to 90º. Once again this allows varying the impact angle 
with respect to the gravitational vector. Instrumentation 
leads into the vacuum impact chamber are fed through 
the instrumentation plate provided. Figure 43 shows the 
connectors that are available.


4.2.2.5 Data Instrumentation


A programmable digital sequencer, located in the control 
room (101), is typically used to activate the AVGR and 
various instrumentation systems (see figure 44). This 
preset controller synchronizes the gun "fire" pulse, with 
the activation of various cameras, light sources, and trig-
ger pulses for other instrumentation and devices during 
a test. A variety of high-speed digital imaging equip-
ment can be used to accurately record the time history, 
and morphological evolutionary details, of impact and 
crater formation processes. This equipment includes: a 
pair of Vision Research, Phantom V10 cameras; a pair of 
Phantom V12 cameras; and a pair of Shimadzu HPV-1 
cameras. Both Phantom camera types are color, can be 
operated over a wide range of framing rates, exposure 
times, resolution levels, variable aspect ratios (image 
sizes), and extensive record lengths (i.e. over 1 second 
at maximum frame rate and resolution). The V10 units 


Figure 41.  AVGR vacuum system performance


Figure 42.  Ames standard bucket dimensions
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Figure 8:  STANDARD TARGET BUCKET


Figure 43.  AVGR standard vacuum feed-through plate
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are 14 bit devices and are particularly well suited for, yet 
not limited to, framing rates up to 10,000 fps. Likewise 
the V12 units are 12 bit devices and are well suited for 
framing rates ranging from 10,000 to 50,000 fps (yet they 
can go as high as 1,000,000 fps). The Shimadzu cameras 
are 10 bit devices, monochromatic, and maintain an im-
age size of 312 x 260 pixels and a record length of 102 
frames for all framing rates (up to 1,000,000 fps). Note: 
data files from all of the camera systems are delivered 
to the Principal Investigator (researcher) in either .avi or 
stacked .tiff format. In addition, a suite of interval timers 
that are accurate to within 10 nanoseconds are used to 
record projectile time of arrival information (generated 
by the velocity chamber projectile detection equipment). 
Instrumented targets can be readily accommodated using 
the standard vacuum feed-thru plate. Lastly, oscilloscopes 
and spectrographic equipment can be accommodated 
through special arrangement with the Science Coordinator 
and Facility Manager. 


4.2.2.6	Office	Space


Building N-204A houses the AVGR and the offices of the 
operational crew (i.e. site leader, technicians and imaging 
technologist). Additional office space within this building 
is available for both the current and future Principal Inves-


tigators. There is, in addition, a complete machine shop 
with welding facilities and a target preparation room. 


4.2.2.7 Subsystems


The Ames Vertical Gun Range consists of the following 
systems.


4.2.2.7.1 Gun Elevation System


The gun elevation system is used to raise the gun and 
align it with the various impact chamber ports. The eleva-
tion system includes: the gun mounting beam and hinge 
assembly; the elevation ball-screw; the ball-screw drive-
motor; and the associated control pendant. A photograph 
of this system is shown in figure 45.


4.2.2.7.2 High Pressure Hydraulics Systems


The high-pressure hydraulic system is used to pressur-
ize the clamping mechanism within the high-pressure 
coupling. This mechanism is used to maintain a leak tight 
seal between the coupling and the launch tube. The system 
consists of a hydraulic pump and hose plus a pneumatic 
supply and actuator. 


Figure 44.  AVGR simplified block diagram
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Figure 45.  Photograph of gun elevation system, beam in horizontal position


4.2.2.7.3 Light-Gas Gun Loading System


The LGG gas loading system is used to pressurize the 
pump tube. The system consists of a control panel and 
it's assortment of valves and gauges, hydrogen and he-
lium cylinders (located in a protected enclosure outside 
N204A), and the associated high-pressure tubing, hoses 
etc. Helium is used to purge and leak check the pump tube 
prior to filling with hydrogen. 


4.2.2.7.4 Impact Chamber Gas Loading System


The impact chamber gas loading system is used to fill the 
impact chamber with gases other than air. This capability 


is most often utilized to simulate non-earth atmospheric 
environments. The system consists of: a small control 
panel (located near the impact chamber) and it's various 
valves; gas cylinders such as nitrogen, helium, argon and 
carbon dioxide (located outside N204A); and the associ-
ated high-pressure tubing system. 


4.2.2.7.5 Data Acquisition System


The data acquisition system consists primarily of cameras, 
velocity counters, and timing/triggering subsystems. The 
cameras typically used are: (a) Phantom V-10 cameras for 
frame rates up to 10,000 fps; (b) Phantom V-12 cam-
eras for frame rates up to 50,000 fps; and (c) Shimadzu 
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cameras for frame rates up to 1,000,000 fps. Note, the 
Phantom cameras can be operated at higher frame rates 
with lower resolution.


4.2.2.7.6 Vacuum System


There are two vacuum systems that support the opera-
tion of the AVGR, one for the gun itself and one for the 
impact chamber. For the gun, a small (Welch) mechanical 
(rotary) pump and its associated valves, fittings and lines 
is used to evacuate the pump tube to 1 torr or less. For the 
impact chamber two larger capacity, rotary pumps plus a 
"roots" type blower are used to achieve vacuum levels of 
0.03 torr or less. A large, 26 × 40 in (66 × 100 cm) glass 
viewing window is located on one side of the chamber, 
plus several smaller ports at various locations, to provide 
numerous viewing angles. 


4.2.2.7.7 Gunpowder Storage and Charge Preparation 
Area


The gunpowder storage and charge preparation area is 
cipher lock secured and located within the AVGR control 
room (101). It is used to store limited amounts (up to 50-
lbs. net explosive weight) of smokeless powder, rounds, 
primers, and electro-explosive devices (EED's). It also 
serves as a powder weighing and charge preparation 
workshop in accordance with NASA Explosives Safety 
Regulations. The floor is covered with conductive plastic 
sheeting and all bench tops and cabinets are electrically 
bonded and grounded. Access to this room is controlled 
by the Ballistic Range Facility Staff, and occupancy is 
restricted to a maximum of one person at any time. Eye 


protection (either safety glasses or face shield) is required 
when preparing explosive devices within this room. In 
addition, to prevent static charge buildup and possible 
spark discharge during the assembly of devices containing 
explosives, all personnel are required to wear grounding 
wrist straps and cotton clothing while performing these 
activities. The integrity of the wrist strap must be verified 
with the testing device prior to any charge preparation 
activities. All personnel who handle and/or transport ex-
plosives are trained in accordance with NASA and Ames 
requirements. 


4.2.2.7.8 Control Room


The AVGR control room is located in room 101 in Build-
ing N204A. Firing of the gun and activation of the instru-
mentation is controlled from this location. The control 
system equipment is mounted in three equipment racks. 
The center rack contains the digital sequencer, igniter tes-
ter, various indicator displays, and the firing control panel. 
The left rack contains the interval timers, the start pulse 
generator, a digital oscilloscope, and can accommodate 
various test specific devices. The right rack contains the 
power supplies, amplifiers and displays for the projectile 
detection and imaging equipment. It should be noted that 
no personnel are allowed in the gun room (102) or test 
area (201) during firing operations. Also, only AVGR staff 
members are allowed in the control room during this time, 
unless special arrangements are made with the Facility 
Manager. 
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4.2.3 EAST Facility


The Electric Arc-driven Shock-Tube Facility at NASA 
Ames Research Center is a high enthalpy shock tunnel, 
shown schematically in figure 46.  It creates a high-
velocity stream of test gas that is large enough for detailed 
model studies, but of short duration.  The design reservoir 
enthalpy is 29 kJ/g (12,400 btu/lbm) (equivalent stream 
velocity of 7.6 km/s [25,000 ft/s]).  A reflected shock 
reservoir with a tailored-interface restriction allows for a 
range of reservoir enthalpies.   


4.2.3.1 Capacitor Bank


Energy to the driver is supplied by a 1.24 MJ, 40 kV 
capacitor energy-storage system.  The six-tier capacitor 
bank has 220 capacitors.  By using different combinations 
of series-parallel connections, the capacitance of the bank 
can be varied from 149 µF to its maximum value of 6,126 
µF (1,530 µF for 40-kV operation).  Nominal total system 
inductance exclusive of the load (arc) is 0.26 µH, and the 
resistance is 1.6 mΩ. 


4.2.3.2 Collector Assembly and Discharge Chamber


The current collector and arc chamber are shown sche-
matically in figure 47.  The collector ring consists of two 
coaxial copper cylinders.  The outer cylinder is flanged to 
the driver tube and is electrically grounded; the inner cyl-
inder is connected by a copper spring contact plate to the 
main electrode.  The high-voltage electrode has a hollow 
core through which a rod extends back to the piston of a 
pneumatic solenoid (air cylinder).  The solenoid actuates 
the trigger.  Several different materials have been used 
for the trigger wire, but most of the tests have been made 
with tungsten wire.  The trigger wire is coiled along the 
length of the arc chamber to the ground plate.  When the 
slack wire is drawn to the high-voltage electrode, the cur-
rent flow is initiated.  The thermionic emission from the 
trigger wire helps initiate the arc discharge.


Figure 46.  Scematic diagram of the EAST Facility


The arc chamber is designed for a pressure of 1000 atm 
(100 MPa) and fabricated of a nonmagnetic stainless steel 
in two sections.  An insulating liner of filament-wound 
fiberglass with a bonded inner layer of silicone rubber 
forms the inner wall of the chamber.  This liner is surpris-
ingly durable and can be reused many times; techniques 
have been developed to replace the rubber inner layer as 
often as required.


4.2.3.3 Driver Tube


The arc-heated driver tube can be viewed as an energy 
convertor, changing electrical energy into pressure and 
temperature, and serves as the connecting link between 
the energy source and the test-gas accelerator.


The driver configuration is a 17.7-cm conical drive con-
figuration with a 10.16 cm (4 in) exit (driver volume = 
632 cm3 [39 in3]). 


4.2.3.3.1 Primary Diaphragm


The diaphragm is made of mylar 0.35 to 0.50 mm (0.013 
to 0.019 in) or aluminum foil (0.012 to  0.35 in) in thick-
ness.  It is ruptured due to the rise in pressure within the 
driver during the arc discharge.  There is a time lag of 20 
to 40 µs between the instant that the breaking pressure 
is reached (approximately 11.5 atm [1.2 MPa] for a 0.35 
mm [0.013 in] diaphragm) and the diaphragm is fully 
open.


4.2.3.4 Shock Tube


The design of the shock-tube portion of the facility, as 
with the driver chamber, is predicated upon its use to de-
velop a reflected-shock reservoir of test gas of sufficient 
quantity and duration to supply a large supersonic nozzle.


The facility consists of one driver system and two parallel 
driven tubes:  one is a 10 cm (4 in) ID tube 12 m (40 ft) in 
length made of aluminum; the other is a 60 cm (24 in) ID 
tube 21 m (69 ft) in length made of stainless steel. 
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two ports on opposite sides of the tube at each location.  
Exceptions are ports F, G, H, I, K, M, O, Q which have 
four locations, 90 degrees apart and ports L and P which 
have only one location.  Port A is occupied on the west 
side by the gas loading valve and port D is occupied on 
the east side with the pressure port.


4.2.3.4.1 Upstream


The upstream section has 6 port locations available, two 
of which are occupied by the gas loading valve and facil-
ity pressure gauges.  The remaining ports may accommo-
date pressure sensors or observation windows.  Different 
holders exist for the pressure sensors and observation 
windows and the design of these holders differ from the 
holders used in the test section.


4.2.3.4.2 Test Section


The test section has 30 round diagnostic ports and 2 
rectangular slot (long) window ports.  The ports consist of 
primary and secondary inserts, between which is mounted 
either a window or pressure sensor holder.  Some ports, 
being unused at present, have a single blank in place of 
the primary/secondary arrangement.  The primary inserts 
are installed within the tube with intention of seldom be-
ing removed.


4.2.3.4.3 Vacuum System


There are two primary pumping stations, denoted 1 & 
2.  At each station a facility (poppet) valve isolates the 


Figure 47.  EAST Facility current collector and arc chamber


The driven tube is shown in figure 48 along with other 
components of the facility.  Marked on the image are the 
location of the various diagnostic ports.  The inset depicts 
the test section.  On either side of the test section are the 
upstream and downstream portions of the driven tube.  
Several ports on the upstream section are used for moni-
toring the shot, while the downstream portion is mostly 
unused.  Available round ports are labeled by letters in 
alphabetical order starting from the port closest to the 
driver section.  The labels each represent one axial loca-
tion along the length of the tube.  In most cases, there are 
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Figure 48.  EAST Facilty Driven Tube and components
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tube from the pumping station and a gate valve isolates 
the high vacuum turbo pumps from the facility manifold.  
Gate Valve 2 is a three position valve, with the intermedi-
ate position being used to throttle gas flow and maintain 
the tube in intermediate pressure range (0.1-1.0 torr).  The 
tube pressure is measured through a port C, through a 
valve whose state is pneumatically tied to facility valve 
2.  Port C has a gauge manifold with both a high vacuum 
ion gauge and high accuracy capacitance manometer.  All 
the valves on the system are controlled by the gas loading 
system.


The vacuum system instrumentation is comprised of 
various pressure gauges, gauge controllers, cabling and 
a LabView based Data Acquisition System for record-
ing vacuum pumping performance.  The system also has 
a Residual Gas Analyzer (RGA) installed on the down 
stream pump valve.  The RGA is used to determine the 
vacuum quality, indentify vacuum leaks and gas contami-
nates and verify proper test gas mixtures.


4.2.3.4.4 Heater


The heater, designed by TGM, consists of a series of 
silicone blankets wrapped around different portions of 
the tube and covered with foam insulation.  The blankets 
all have embedded thermocouple measurements which 
feed back to the heater control system.  The heater control 
system uses PID control on 8-zones to adjust power deliv-
ered to maintain the temperature set point.  The tempera-
ture set point is entered manually on the front panel.  The 
heater may be turned on/off manually, or is cycled by the 
PLC as part of the automated pump down procedure.


4.2.3.5 Dump Tank


The dump tank is maintained at low vacuum and is 
isolated from the rest of the shock tube by a diaphragm.  
The dump tank has its own pumping and valving system 
which are operated independently from the driven tube 
vacuum system.  During facility pump down, a pres-
sure differential of several torr in either direction across 
the diaphragm may cause unintentional rupture of the 
diaphragm.  To alleviate this, a bypass line was recently 
installed which connects the dump tube directly to the 
driven tube.  This bypass line is intended to be open only 
during initial pump down of the dump tube and driven 
tube.  This line should be closed when moving from 
rough to high vacuum and is operated manually.


4.2.3.6 Nozzles


Two conical nozzles exist for the 10 cm (4 in) tube of the 
facility:  one is 1.8 m (6 ft) in length with an area ratio of 
1000; the other has an area ratio of 10.


4.2.3.7 Facility Performance


Using the different driven tubes and nozzles and varying 
the driver/driven gas combination, driver charge pressure, 
and preset capacitor bank voltages, shock velocities in the 
range of 3.0 to 50.0 km/s (10,000 to 164,000 ft/s) have 
been obtained.  The following is a list of the ranges of 
operating conditions:


Driver charge pressure:  1.0 to 27.2 atm (100 to • 
2,800 kPa)
Driven tube initial pressure: 0.01 to 10 torr (1 to • 
1,300 Pa) for the 60 cm (24 in) tube; 0.1 to 760 
torr (13 to 100,000 Pa) for the 10 cm (4 in) tube
Driver gas:  H• 2, He, N2, H2/Ne
Driven gas:  Air, H• 2, O2, Ne, Kr
Capacitor bank:  16.0 to 38.0 kV voltage; 149 to • 
6,126 µF


4.2.3.8 Shock Tube Instrumentation


Voltage and current waveforms are recorded during each 
discharge.  The shock velocity is computed by recording 
the time of shock arrival at various locations along the 
length of the tube, using photomultiplier tubes and high 
frequency pressure transducers.  


4.2.3.8.1 Photomultiplier Tube Time of Arrival Sensors


The photomultiplier tube time of arrival sensors consist 
of several different components, including the PMT Slit 
Assembly, Fiber Optic Adapter and PMT Panel.


4.2.3.8.1.1 PMT Slit Assembly


The PMT Slit Assembly consists of two 50 μm wide slits 
aligned perpendicular to the shock tube with a separation 
of 4.2”.  Two variations of this assembly exist for mount-
ing on the test section and upstream sections of the shock 
tube.  


The test section mounts sit in a collar adapter that bolts 
directly on to the secondary round ports.  On the upstream 
section, it is not possible to clock the slit assembly to the 
window port and therefore it must be oriented manually.  
A set-screw on the window port is used to secure the slit 
holder in position.


4.2.3.8.1.2 Fiber Optic Adapter


The fiber optic adapter assembly consists of three parts.  
The cage rod assembly from Thorlabs inserts into the 
PMT Slit Assembly collar on one side, and the fiber optic 
mount on the other side.  The fiber optic mount consists 
of an SMA fiber optic adapter, a collimating lens, and a 
mount body with 6 degree of freedom adjustment.  This 
assembly is installed directly onto the PMT slit assembly.  
Prior to mounting on the PMT slit assembly, the fiber 
optic adapter must be aligned by attaching a fiber optic 
illuminator and adjusting the mount settings so that the 
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image produced is properly aligned to the mount.  The 
mount can then be placed on the PMT slit assembly and 
then alignment checked by illuminating via fiber op-
tic through the slit and examining the image of the slit 
produced.  This fiber optic adapter is then installed into 
the observation port and attached to the PMT panel via 
multimode fiber optic cable. 


4.2.3.8.1.3 PMT Panel


The PMT panel is designed to interface an optical signal 
coupled from the shock tube via fiber optic and convert it 
to an electric signal to be collected by the data acquisition 
system.  The PMT panel is a custom 3U 19” rack mounted 
panel, each with 7 SMA style fiber optic adapters for 
input.  Each SMA adapter has a corresponding BNC con-
nector for output signal.  The SMA fiber optic adapters 
bolt to the front of the panel and directly couple light to 
the Hamamatsu H6780-20 PMTs bolted on the back of the 
panel. 


Three panels are available for a total of 21 channels.


4.2.3.8.2 Pressure Sensors


The pressure sensors are piezoelectric sensors designed 
for detection of high pressure shocks.  Two types of 
pressure sensors are employed in the EAST facility, both 
manufactured by PCB electronics.  Previously the PCB 
113A21 style pressure sensor was used and is currently 
being phased out however, may still be used in the up-
stream ports on the shock tube and are fully compatible 
with the existing control units for the PCBs.  


The newer style sensor is the PCB 132A35.  These sen-
sors were selected for their smaller sensor cross-section 
which was expected to allow for more accurate detection 
of shock arrival.  The quoted response time of these sen-
sors is 1 μs, though experimental observation shows that 
the accuracy of detecting shock arrival is much higher 
than this.


4.2.3.8.3  Spectroscopy


4.2.3.8.3.1 Vacuum Box


The rectangular aluminum vacuum box contains all the 
imaging optics for the EAST spectroscopy implementa-
tion.  The vacuum box (V-box) couples to the spectrom-
eters through window ports for visible and IR spectrom-
eters and through a sealed port for VUV spectrometers.  
This port design is such that either a window mounting 
plate or a vacuum monochromator may be installed on it.  
High vacuum levels such as 1.0E-07 can be achieved in 
the V-box without bake-out.


The pumping system on the vacuum box uses a 300 l/s 
turbo pump mounted directly underneath the box with 
gate valve isolation.  An oil-free mechanical pump backs 


this turbo pump.  A second gate valve is used on the side 
of the vacuum box facing toward the test section.  There 
are also several ports on the opposite side of the box 
which are used as feedthroughs for optical mount motor 
controllers and pressure gauges.  The second gate valve 
on the tube side accesses the v-box coupling vestibule 
described below.  While this box may in principle be 
used to evacuate the vacuum monochromator, this would 
entail pulling a rough vacuum through a narrow optical 
slit which may be damaged by the flow and would be 
inefficient.  Therefore, the vacuum monochromator is 
evacuated with its own small 70 l/s turbo pump, which 
is backed by the V-box mechanical pump.  The V-box is 
intended to remain under vacuum at all times during facil-
ity operation and surrounding appendages are designed to 
interface with it in a manner that does not require disrup-
tion of vacuum.


The V-box coupling vestibule couples the vacuum box 
to the shock tube.  It consists of a bellows adaptor which 
bolts directly on to the rectangular secondary port.  For 
operational purposes, it was decided that the second-
ary would remain bolted to the bellows adaptor at all 
times.  This allows for the window to remain installed in 
its operational position during both calibration and shot 
data collection.  While not installed in the test section or 
a calibration mount, the window is held on by its keeper 
and the force of vacuum in the vestibule. The vestibule is 
evacuated through a roughing port on the gate valve that 
is oriented toward the vestibule.  Once at rough vacuum, 
the gate valve may be opened to pump the vestibule to 
high vacuum.


At present, vacuum operation is manual.  The gate valves 
and angle valves are pneumatically controlled and can be 
opened or closed using a manual switch box


The V-box  frame is installed on a linear glide system that 
allows the entire assembly to easily be coupled to and 
removed from the shock tube.


Figure 49.  Vacuum Box
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Two vacuum boxes are mounted on the test section, 
though only one box is currently operated under vacuum.  
The other box may be retrofitted for vacuum operation as 
required.


4.2.3.8.3.2 Optics


The optics design is mounted on a breadboard in each 
vacuum box.   Each vacuum box contains two optical 
paths, which are each created by a series of six mir-
rors.  The two optical paths enter the test section through 
the slot windows at slightly different angles, and pass 
through a focal point at the center axis of the tube.  The 
first two mirrors rotate the image of the slot to a vertical 
orientation.  The remaining mirrors direct the image and 
focus it onto the spectrometer slits.  Each set of mirrors is 
chosen to optimize particular wavelength ranges depend-
ing on the spectrometer with which they are associated; 
thus, spectrometers may not be placed at any of the four 
locations arbitrarily.  The mirror set associated with one 
camera may use an independent magnification factor.


All mirrors are mounted on high-stability optical mounts.  
The intent being to avoid regular adjustment of optical 
mounts to compensate for thermal (or other) drifts.  As 
the v-box system requires some effort to open and adjust, 
frequent realignment may create significant delays in 
facility turnaround time.  Mount stability is paramount 
and therefore the system must remain under vacuum at 
all times.  The final mirror in the optical path is mounted 
on a motorized mount (Newport).  Motor control cables 
are fed through vacuum sealed 15-pin feedthroughs so the 
mirror position may be adjusted while the system is under 
vacuum.  The motor control switchbox (for knob selec-
tion) and joystick for position adjustment are mounted on 
the breadboard directly outside the vacuum box.


4.2.3.8.3.3 Spectrometers


The four spectrometers employed are from PI-Acton and 
include three 0.3 m spectrometers (2 x 2300i, 1 x SP300i) 
and one 0.4 m vacuum spectrometer (VM504).  The 
spectrometers are equipped with three gratings each as 
summarized in the table 7.  


Spectrometers are wavelength calibrated in WinSpec us-
ing the Spectrometer->Calibrate function.  More informa-
tion on the process may be found in PI-Acton application 
notes.  This calibration needs to be performed whenever 
the camera is adjusted relative to the spectrometer.  If the 
camera remains stably positioned, this calibration should 
be used for testing, but may be checked by taking a cali-
bration spectrum at a stable position with a pen lamp.


Operation of the spectrometers is to be performed using 
VBScript macros executable in WinSpec.  These macros 
automatically configure the cameras to desired settings 


and solicit user input for settings that might change under 
different run conditions.  These macros also automate the 
calibration process and apply calibration factors against 
the data so that data is obtained in absolute radiance units.


4.2.3.8.3.4 Cameras


Four CCD cameras are employed, one per spectrometer 
as detailed above.  The cameras are all from PI-Acton 
and compatible with WinSpec software.  In addition, an 
IR camera from FLIR (Phoenix) is available for usage if 
needed.  The InGaAs camera does not cover wavelengths 
below 900 nm as the FLIR camera does.  This range is 
covered by the PI-MAX ICCD camera.  Three of the four 
cameras are intensified CCD arrays which are capable of 
making high intensity measurements at short sub-micro-
second (μs) exposure times.  These arrays are optimized 
for different ranges of the spectrum and are associated 
with the spectrometers corresponding to these ranges.  


The InGaAs camera uses liquid nitrogen cooling to reduce 
dark noise, which may completely overwhelm the signal 
in the IR region, where thermal excitation of electrons 
at room temperature is comparable to or larger than the 
photo-excited electrons being measured.  This requires the 
camera dewar to be filled with liquid nitrogen approxi-
mately 30 min. in advance of usage to allow temperature, 
and thus dark noise, stabilization.  The InGaAs camera is 


Figure 50.  Optical paths in Vacuum Box
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not intensified and has a minimum exposure time of 1 μs.  
At present, it is not known whether the sensitivity of the 
InGaAs camera is linearly proportional to exposure time; 
the FLIR camera was not.  This means that absolute radi-
ance calibration may require additional correction if the 
exposure time must be adjusted.


4.2.3.8.4 Calibration Sources


Two calibration sources are employed:  an integrating 
sphere for wavelengths > 300 nm and a Deuterium lamp 
for wavelengths < 300 nm.  Both calibration sources have 
a coupling piece designed to allow attachment to the 
vacuum box through the secondary slot window holder.


4.2.3.8.4.1 Integrating Sphere


 The integrating sphere is a 12” diameter sphere with 4” 
exit port providing a calibrated absolute radiance output.  
The integrating sphere uses 5 individual lamp sources, 
including 4 Quartz-Tungsten Halogen (QTH) lamps and 
a Xenon arc lamp.  The xenon arc lamp is UV filtered 
to prevent excess energy deposition into the integrat-
ing sphere.  As the lamps provide approximately 1.2 kW 
of power, the integrating sphere becomes very hot and 
requires external cooling by way of an N2 purge line with 
a flow interlock which protects the highest power QTH 
lamp.  Other lamps may be used without the N2 flow on, 
but if the flow deviates from its set point, the high power 
lamp will be locked out.


Calibration data for the integrating sphere is provided 
by the manufacturer at various settings.  The integrat-
ing sphere is also equipped with a fiber-optic coupled 
spectrometer with sensitivity from 300-900 nm and a 
germanium photodiode with sensitivity in the IR.  These 
detector sources are deemed to be more reliable radi-
ance standards than the manufacturer provided radiance 
curves due to possible drifts in the lamps.  Nevertheless, 
the QTH lamps should be operated using current (not 
voltage) settings that match the manufacturer’s calibra-
tion conditions (4.490 A on ITHS-600 and 6.250 A on the 
other three lamp power supplies).


The spectrometer, from Ocean Optics, uses SMS software 
to monitor the integrating sphere absolute radiance.  This 
data may be saved in the form of a .scn file which is used 
as the calibration standard by the Matlab CCDResponse 
function.  If the range of interest is outside of that detect-
ed by the spectrometer, the photodiode current, displayed 
on the Keithley picoammeter should be recorded and 
used to normalize the calibration data against the refer-
ence data.  This function is performed entirely within the 
software.


4.2.3.8.4.2 Deuterium (D2) Lamp


The D2 lamp is an arc source with absolute radiance 
calibration standard and vacuum spectrometer mounting 
configuration.  In order to obtain the D2 lamp spectrum 
over the spatial dimension of the imaging spectrometer, 
a translating stage was constructed for the D2 lamp.  The 
D2 lamp is mounted directly onto the translating stage, 
which in turn couples to the V-box.  The region between 
the translation stage and window is equipped with a 
purge port to remove oxygen from the calibration path.  A 
flow of argon or nitrogen is controlled from the rotame-
ter panel.  Approximately 15 min. of purging should be 
performed to remove the oxygen and effectiveness of the 


Figure 51.  Integrating Sphere


Lo-Res Grating Lo/Md Res Grating Hi-Res Grating 


Spectrometer Position Camera Blaze/ 


Range 


Ruling 


(g/mm) 


Blaze/ 


Range 


Ruling 


(g/mm) 


Blaze/ 


Range 


Ruling 


(g/mm) 


VUV (VM504) SE 
1024x1024 


ICCD 
300 nm 
200-450 


150 
150 nm 


120-300 
600 


150 nm 


120-300 
2400 


UV/VIS 


(SP2300i) 
NE 


512x1024 


ICCD 
300 nm 
200-450 


150 
HVIS 


200-450 
1200 


HUV 


185-375 
3600 


VIS/NIR 


(SP300i) 
NW 


512x512 


ICCD 
500 nm 
335-750 


150 
750 nm 


500-900 
1200 


HVIS 


300-800 
2400 


IR  


(SP2300i) 
SW 


256x312 


InGaAs 
800 nm 
535-1200 


150 
1250 nm 


830-1900 
150 


1250 nm 


830-1900 
600 


 


Table 7.  Spectrometers in use at EAST Facility
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purge may be verified by collecting spectra in the VUV 
and identifying the elimination of absorbance at 140 nm.


The translation stage is attached to EZII motorized linear 
stage from Oriental Motors.  The motor settings may be 
programmed via EZED2 software.  Once programmed, 
the settings are stored within the motor and it may be 
operated without computer interface. 


4.2.3.9 Support Systems


4.2.3.9.1 Control Systems


The EAST has multiple control systems that operate both 
current and legacy equipment.  The legacy equipment, 
including the West (60cm) tube and cold driver systems, 
are largely disconnected though parts of these control sys-
tems are still in place and in some cases include interlocks 
to equipment that is still used.  Complete demolition of 
these systems may be attempted sometime in the future.  
The control systems that are presently in use are the firing 
control system and the new gas loading system.


4.2.3.9.1 Fire Control


The firing control system dates back to the initial con-
struction of the facility and controls the capacitor bank 
charge and discharge with multiple safety interlocks.  
Complete understanding of this system would require 
reference back to older historical documents and wir-
ing diagrams.  This document details only some of the 
relevant changes made in 2007-2008.


When the fire sequence is initiated, the capacitor bank 
charges up at a rate of 500 V/sec. The digital gauge oper-
ates as a simple on/off controller that ends the charging 
process once the programmed set point is obtained.  This 
allows the set point to be set deterministically with ac-
curacy on the order of 10 V.  


The fire control system is interlocked to prevent ac-
cess to the shock tube during charging and firing.  The 
fire control system has also been integrated with the gas 
loading system, described below. When firing sequence is 
engaged the gas loading sequence is initiated.  If the gas 
loading sequence does not conclude after 1 minute, the 
fire sequence is halted by tripping  the 86 breaker.  The 
firing sequence includes multiple time delay relays which 
must be set to make the fire sequence longer than the time 
programmed into the gas loading sequence.


4.2.3.9.1.2 Gas Loading Control 


The gas loading control system involves several compo-
nents, many of which are depicted in the P&ID above.  
Gas flow is controlled by MKS mass flow controllers 
(MFCs).  The MFCs are in turn controlled via the MKS 
250E pressure control system.  The MKS 250E adjusts 
the flow rate on the MFCs in order to maintain a pressure 


set point within the shock tube.    The MKS 250E may 
be operated manually by front panel control or automati-
cally by a programmable logic controller (PLC).  The set 
points on the individual MFC channels determine what 
the maximum flow rate can be during the gas fill process.  
Succesful operation of the 250E also requires the gas 
loading valve to be open and the shock tube gate valve 2 
set to intermediate position.


The PLC controls all aspects of the gas loading system 
as well as the facility vacuum system.  Interface to the 
PLC is possible via Proficy software to diagnose errors 
or edit the PLC program, though routine operation of the 
PLC is performed via the gas loading panel installed on 
the racks above the shock tube.  The gas loading panel 
may be switched between manual and automatic mode.  
In manual mode, the gas loading panel allows for manual 
operation of 5 pneumatic valves – two facility valves, two 
gate valves and the gas loading valve.  In automatic mode, 
these valves are controlled according to preset sequences, 
along with the tube heater and gas loading system.


The pre-programmed sequences of the Gas Loading sys-
tem are meant to perform two primary functions: over-
night shock tube evacuation and purging and test gas gas 
loading.  The evacuation function cycles through 5 stages, 
denoted as: Evacuate/Heat, Heat/Purge, Evacuate/Heat, 
Heat/Purge, Evacuate, each of which last approximately 
two hours. Purge processes use the gas loading function, 
maintaining the pressure set point on the MKS250E, 
while the heat processes maintain the heater at the set 
points on the heater controller.  If an error occurs during 
this process, the system fault light is illuminated and the 
system is placed in ‘Evacuate’ mode (i.e. pumping valves 
open).  If the fault is related to an inability to maintain 
vacuum in the system, all valves will be closed and the 
system will be left in ‘Quiescent’ mode.  If an operator is 
present during the pumpdown sequence, the stages may 
be cycled through using the Next Stage/Previous stage 
buttons.  A 5-second delay occurs before actuating valves 
so the operator may skip over stages without actually 
entering them.  


4.2.3.9.2  High Voltage System Measurements


The high voltage (HV) system includes the capacitor 
bank, HV Transformer, HV switches, cabling and associ-
ated measurement systems.  The high voltage system is 
controlled by the firing control system.   Measurement of 
voltage on the capacitor bank is obtained by connection 
to a resistive voltage divider.  The signal on the volt-
age divider reads 114 mV per kV on the capacitor bank.  
Measurement of current is performed by use of a voltage 
divider on the ground line between the capacitor bank and 
arc driver. Both the Voltage and Current signals are run to 
the data acquisition system. 
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4.2.3.9.3  Instrument Rack


A series of new instrument rack was installed in the EAST 
facility directly over the shock tube.  These racks were 
installed on a cantilevered structure so as not to restrict 
access on the east side of the tube.  Minimal interference 
is introduced on the west side by these structures.  Three 
structures with three 19” racks each were installed, two 
over the upstream section and one over the downstream 
section.  All electronics, controls and computers for oper-
ation of the facility are installed in these racks, excepting 
the firing control in the control room and controls for the 
V-boxes and spectroscopy equipment which are mounted 
under the V-box support tables. 


There is 80U of space available for additional instrumen-
tation outside of the permanently installed  facility related 
systems.


4.2.3.9.4 Gas Delivery


4.2.3.9.4.1 Gas Rack


The Gas Rack was installed adjacent to the driver and al-
lows permanent placement of the test gas next to the load-
ing valve.  The gas rack is designed to accommodate three 
full sized cylinders and two half-sized cylinders.  The 
panel above the gas rack contains regulators for the gases, 
the mass flow controllers and a manifold for mixing prior 
to introduction into the test section.  The regulators are 
mounted on the panel with pigtail connections to the cyl-
inders for ease of change out.  The test gas regulator has 
a three way valve which allow the test gas to be changed 
between two cylinders (presently Air and Mars gas mix-
ture) without disconnecting any systems.  Upstream of 
each regulator is installed a 0.013” diameter orifice as part 
of a M-M NPT connector.  Downstream of each regulator 
are pressure relief valves with adjustable discharge pres-
sure from 50-150 psi.  In the event of a regulator failure, 
these valves will discharge the gas and prevent damage to 
the MFCs from overpressure.  The upstream orifice limits 
the maximum flow rate through the regulator so that the 
pressure relief valves may discharge gas without addition-
al pressure buildup beyond their cracking limit.


4.2.3.9.4.2 Compressed Air


The compressed air system is used to control all pneumat-
ic valves on the shock tube and vacuum boxes.  Tubing 
connected to the compressed air source is blue in color.  
At present the compressed air source comes from another 
building and we have no control over its availability.  In 
the future a dedicated air compressor will be installed for 
the facility.


4.2.3.9.4.3 Purge Gas System


The purge gases refer to gases plumbed to three rotame-
ters near the downstream end of the test section.  These 
gases are used to convectively cool the integrating sphere, 
purge the VUV camera of moisture and oxygen and to 
purge the deuterium lamp calibration mount.  The first 
two sources are connected to a nitrogen source via green 
tubing while the final one may be connected to either 
nitrogen or argon.  Due to the potential large quantities of 
nitrogen used for purging, the nitrogen is connected to the 
gas boil off outlet of a liquid nitrogen dewar at the west 
wall of the facility.  This provides a longer lasting source 
of pure N2 gas than a gas cylinder can.  This dewar is also 
used to provide liquid nitrogen for cooling the InGaAs 
detector.


Two of the rotameters have laser based flow sensor inter-
locks.  The laser sensor on the right side of each rotameter 
detects the presence of the rotameter flow ball and enables 
the interlock when the ball intersects the laser.  In other 
words, the interlock is on when the flow rate matches 
the position of this sensor.  The left sensor is not used.  
Deviation from this set point on either the high or low 
side will trip the interlock.  The interlock corresponding 
to the integrating sphere is set near 40 sccm and controls 
the 600W QTH lamp.  The interlock for the VUV camera 
is set at 5 sccm and is connected to a time delay relay 
which requires the purge to run for 30 min. before power 
is provided to the camera.  The rotameter for the D2 lamp 
purge is not interlocked.


4.2.3.9.5  Data Acquisition System


The data acquisition system is housed within a VXI crate 
from Spectral Dynamics.  Within the crate are several 
card slots.  Presently the first 5 slots are occupied by 
ZT412 high speed oscilloscopes from ZTEC instruments 
and the next 3 slots are occupied VX2805 Data Acquisi-
tion Modules by Spectral Dynamics.  The ZT412s operate 
4 channels each at up to 400 MS/s.  The VX2805 have 8 
channels each at 5MS/s.  Both cards use 16-bit digitiza-
tion and are controlled by IMPAX software from Spectral 
Dynamics.  Channels on the ZT412 are directly connected 
via coaxial connectors.  The VX2805s use two 9-pin con-
nectors for data acquisition.  The cables for these are con-
nected directly to coaxial patch panels directly beneath 
the VXI crate.  The BNC inputs on each patch panel are 
labeled 1-8 corresponding to the 8 channels on each card.  
The panels from top to bottom correspond to cards from 
left to right within the crate.


In the IMPAX-SD software, channels are numbered se-
quentially from 1-36, with no obvious distinction between 
the cards responsible for each channel.  Channel numbers 
therefore are read on the cards from left to right, so that 
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channels 1-4 originate from the first ZT412 card, 5-8 from 
the second, and so on.  The first VX2805 card therefore 
operates channels 21-28.  The first ZT412 card serves as 
a master to the remaining ZT412 cards, while the first 
VX2805 card is the master to the second VX2805.  The 
system trigger is configured via the first ZT412 Trig In 
input.  The ZT412 in turn sends trigger signals via ECL0 
and TTL1 on the backplane, which are used to trigger the 
slaved ZT412s and the VX2805, respectively.  A slight 
mismatch on the order of 10 ns is observable between 
the slaved ZT412s and is attributed to trigger signal 
propagation time.  The ZT412 trigger in may be set as an 
edge or level signal at any value between -1 to 1 V.  The 
current input, which is logged on the low speed cards, is 
also wired to the trigger input.  Because of the low range 
of voltages allowed on Trig In, a 10x coax attenuator is 
installed on this coaxial line, and the card is set to trigger 
when this signal reaches 0.13 V.  This trigger level is cho-
sen for similarity to the old master signal source signal, 
which was based on a voltage level of 13V in the absence 
of attenuator or additional voltage dividers.  The trig-
ger signal does require a low-pass filter to remove high 
frequency noise originating from the closure of relays in 
cap bank control circuit.  A coaxial line filter with 1 MHz 
cutoff is employed for this purpose.  The arc current is 
observed to have a ringing on the order of 100 kHz so is 
not affected by this filter.


The voltage signal from the cap bank is also recorded 
on the data acquisition system.  Contrary to the other 
signals, the voltage signal is a slowly varying signal, 
accumulating over the course of several seconds prior to 
the shot.  This requires a time base that is vastly differ-
ence from that of the digitizers and would not be possible 
to record with use of a special feature in IMPAX-SD 
known as “Real Time Monitor”.  The Real Time Moni-
tor collects and averages data from the VX2805 channels 
on a continuous basis and exports it to a log file.  This 
function may run continuously until the cards are trig-
gered.  Therefore, to record the voltage profile along with 
other data, the Real Time Monitor must be started first, 
being set to record only the voltage signal and no others.  
The entire system is then armed while real time monitor 
is running via the Run->Manual command prior to the 
shot.  At completion of the shot, individual channel data is 
stored in files of the format 0nn0nn.001, where nn is the 
channel number, while the real time monitor data is stored 
in a .log file specified by the operator.  These files may 


then be loaded into Matlab and processed automatically 
using the ProcessDAS routine to produce a   single file of 
compiled data.


Operation of the IMPAX-SD software is non-intuitive 
and settings should be made by individuals well trained in 
the operation of the program.  A usage manual prepared 
in-house is available which is more useful for learning its 
operation than the IMPAX manual.  In general, it is rec-
ommended to load the existing experiment as a template 
for new runs rather than attempting to configure all set-
tings from scratch.  Within a single test series, shot data 
should be collected using a single configuration file rather 
than creating new configuration files for each shot. 


4.2.3.9.6 Laboratory Network


The EAST facility uses 8 computers in its operation.  This 
includes 4 spectrometer computers (one per spectrom-
eter/camera), an integrating sphere control computer, 
data acquisition system control computer, vacuum data 
acquisition system (VDAS) computer and a license/
software server.  The VDAS computer also controls the 
residual gas analyzer and interfaces with the PLC.  These 
computers are all connected on a single private laboratory 
network which does not interface to any other internal or 
external network.  The computers are connected by a sin-
gle router.  Also interfaced on the router are the PLC and 
two COM over IP units that interface the SRS controllers, 
RGA and weather station.  All computers have a network-
shared Z: drive which enables file interchange over the 
network.  Furthermore, a RAID array backup system on 
the network automatically pulls and archives files from 
the computers nightly.


Six of these computers, including server, integrating 
sphere and spectrometer computers, are connected to a 
two-user KVM switch.  The KVM switch feeds mouse, 
keyboard and monitor connectivity to these computers 
to one of two mobile terminal carts on opposite sides of 
the tube.  Any one of these computers may be accessed 
from the cart by pressing PrntScrn.  In addition, the four 
spectrometer computers each have a ‘local’ KVM con-
nection over Cat5 cable that allows the spectrometers to 
be controlled from dedicated stations in the control room.  
The two data acquisition computers share a single KVM 
switch with terminals located both in the control room 
and on a stationary table in the facility.  These terminals 
use the same KVM switch so that they simultaneously 
access the same computer.
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5.0 Operating and Safety Procedures
5.1 Use of the Operating and Safety Manual


There are manuals for each of the facilities which cover 
the operation of the Facility and note safety procedures 
and regulations.  Copies of these manuals are kept in the 
offices of the respective Facility Manager.  Every build-
ing at ARC also has a Building Emergency Action Plan 
(BEAP) that identifies hazards and evaculation proce-
dures.  Experimenters and temporary personnel working 
on or utilizing the Facilities should become familiar with 
safety rules and emergency procedures noted within these 
manuals.  A summary of this information is given in Sec-
tion 7.0  Emergency Procedures.


5.2 Emergency Aid and Information


Resident personnel working after normal business hours 
must notify the Ames Duty Office at extension 4-5416.  
Additionally, personnel must advise the Duty Office when 
departing for the night.  Should an emergency arise in the 
Facility, response teams will be aware of your presence.  
Also, for safety and security reasons, keep exterior build-
ing doors secured after entering or exiting the building.


To request emergency services, as for fire or ambulance, 
call the Ames emergency number—911 from a Center 
phone, or (650) 604-5555 from a cell phone.


6.0 Primary Hazards and Safety Features
Primary hazards which exist in the Thermophysics 
Facilities are high voltages, high-pressure gases and 
water, vacuum chambers, explosives, flammable gases, 
non-breathable gases, and personnel entrapment.  These 
hazards are examined in the following paragraphs.


The facilities are located adjacent to active machine shop 
areas.  As such, it is not allowed for personnel (including 
investigators) working in the facility buildings to wear 
open-toed shoes nor short pants.  It is strongly recom-
mended that these personnel wear steel-toe safety shoes; 
hearing and eye protection are required during facility 
operations.


6.1 High Voltage


6.1.1 Arc Jet Complex


The high voltage on the arc heater is rendered safe by 
placing the unit behind a barrier which removes the pos-
sibility of contact with personnel.  Continual vigilance is 
required to ensure that no electrical conductor be allowed 
to violate the barrier either in the regions of the arc heater 
or the test chamber.  After personnel are evacuated from 
within the arc heater barrier enclosure and the test sec-
tion, a key interlock system ensures that the barriers are 
in place and the test section is closed before the power 


supply can be energized.  The hazard of arc-over from the 
high-voltage components is minimized by the heater de-
sign, which utilizes only non-conducting materials in the 
vicinity of the arc heater, and by maintenance of insula-
tion integrity between heater components.  Only qualified 
personnel are allowed to contact the arc heaters and all 
supporting power distribution equipment.


6.1.2 Range Complex


In the Range complex, high voltage devices which can be 
potentially hazardous include capacitor banks (40 kV), 
spark gaps (7,000 volts), kerr-cells (24,000 volts) and 
their respective power supplies. All of the high voltage 
components (i.e. capacitors) are well-sealed and contained 
within grounded enclosures. Similarly all of the cables 
and connectors are grounded and insulated. Under routine 
operating conditions, these devices are only energized 
just prior to a test when no personnel are present. Thus 
the most likely hazard to arise with any of these items is 
when they are being serviced. Only electricians and expe-
rienced facility staff members, using appropriate electrical 
test equipment, are allowed to service these devices.


6.2 High-Pressure Gases and Water


High-pressure gases in standard steel bottles are used in 
all of the Thermophysics Facilities. These bottles are re-
strained to prevent falling in the event of seismic activity. 
Furthermore, these bottles are always used with regulated 
output.  All storage and delivery systems are subject to 
standard guidelines for high pressure component design 
and maintenance as outlined in the Ames Health and 
Safety Manual.


High-pressure gases and water in the arc heaters are 
rendered safe by placing the units behind the arc heater 
barrier.  The high-pressure-gas systems are provided with 
relief valves and rupture disks.


6.3 Vacuum Chambers/Non-breathable Gases


6.3.1 Arc Jet Complex


The vacuum enclosures in the Arc Jet Complex include 
the test sections and diffusers during facility operation.  
These elements are designed to contain the pressure dif-
ference of one atmosphere, however, since the test stream 
is very energetic, constant vigilence must be maintained 
to avoid overheating of these elements which could re-
duce their material strength.  Plexiglass covers are main-
tained in place over the large side windows to provide 
shielding in the event of window breakage.  Entry into the 
test chambers by persons other than Branch personnel is 
restricted except under close supervision.  Entry into the 
SVS is only via strict procedures for confined space entry 
outlined in the Ames Health and Safety Manual.
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Test chambers and enclosures are plumbed to non-
breathable gas storage cylinders (e.g. argon and nitrogen).  
Entry is restricted to Branch operations personnel except 
under close supervision.  Because hazards due to asphyxi-
ation and toxicity can exist inside closed spaces, adequate 
ventilation must be established prior to entry.  Leakage 
of non-breathable gases into basements, enclosures, or 
trenches could cause asphyxiation.  Therefore, oxygen 
deficiency detectors are mounted in various locations in 
N234 and N238 which will alarm before these dangerous 
conditions can build up.  The exception is the walk-in test 
chambers where such oxygen sensors can not function 
after exposure to vacuum.  Careful entry practices must 
be observed. 


6.3.2 Range Complex


Each facility in the HFFF has a vacumm chamber which 
consists of a sabot seperation tank, test section, and im-
pact chamber. Each of the vacuum chambers is considered 
to be a “confined space” because of egress restrictions. 
For routine operating conditions none of the chambers 
requires an entry permit. However, for specialized experi-
ments that use test section environments other than air, 
it may be necessary to develop special entry procedures. 
These procedures might include such things as extended 
purging periods and/or use of oxygen deficiency meters.  
Special entry procedures must be approved by both the 
Center’s safety office and  ASF branch management dur-
ing the test readiness review process. 


The HFFAF test section contains 72 glass windows 
ranging in size from 12 to 15 in (30 to 38 cm) in diam-
eter. These windows are inspected frequently to prevent 
implosive fracture. Located on top of the sabot separation 
tank is a 48 in (120 cm) diameter blow-off diaphragm to 
prevent over-pressurization of this segment of the facility. 
Prior to evacuating the test section and dump tank, the 
entire facility (gun, test section, and shock tube rooms) 
is secured, doors locked, and “Testing in Progress” signs 
posted. All personnel that are not directly involved with 
the test must either remain in the control room, or leave 
the facility entirely. Furthermore, personnel who must 
enter the test section room, while this portion of the 
facility is evacuated, are instructed to remain behind the 
film boxes. This is to minimize possible injury should a 
window fail.


6.4 Explosives (Range Complex)


Smokeless powder and electrically activated detonators 
are used for routine testing in both the Ballistic Range 
Complex and the AVGR facility. Powder charges are 
assembled within a specially equipped “powder prepara-
tion rooms.” The floors of these rooms are covered with 
conductive sheeting. This combined with the complete 


grounding of all benches and cabinets effectively pre-
vents the buildup of static electricity. Personnel use wrist 
grounding straps whenever they perform tasks within the 
room. Wrist strap integrity (conductivity) is checked prior 
to entering the powder preparation room. Furthermore, 
full face safety shields are utilized whenever handling 
explosive charges and all electrically actuated devices are 
shorted and grounded until their actual installation. As a 
general rule, only those supplies (powder and detonators) 
required for one week of testing are stored in the powder 
preparation rooms, all remaining supplies are retained in 
the Air National Guard explosives bunker.


6.5 Flammable Gases


Hydrogen in standard 2000 psi (13.8 MPa) steel bottles, is 
routinely used as the propellant gas in light-gas guns. The 
hazards associated with having this flammable gas within 
the Ballistic Range Complex and the AVGR facilities are 
minimized by only hooking up one hydrogen cylinder per 
gas loading cart, and by having high-flow supply and ex-
haust fans operating whenever a supply valve is opened. 
In addition, no personnel are present (in the gun room) 
when the guns are actually loaded. 


6.6 Personnel Entrapment


6.6.1 Arc Jet Complex


Personnel entrapment in the test section and subsequent 
evacuation of the test section is a potentially lethal hazard.  
This is prevented by thorough inspection by the facil-
ity operator required in the operating procedure, and the 
interlock system.  If both of these should fail, an emer-
gency push-button is available to anyone inside of the test 
section which will sound an alarm, give indication on the 
annunciator, close the vacuum isolation valve, and prevent 
the electrical power from being applied.  Entry into the 
SVS for maintenance is strictly controlled via confined 
space entry procedures outlined in the Ames Health and 
Safety Manual.


6.6.2 Range Complex


In the Range Complex, the Firing Officer assigned to each 
test is personally responsible for inspecting the interior of 
the test section and sabot separation tank prior to lock-
ing the access doors. All facility personnel are instructed 
to lock the door in the open position and flip down the 
“Man in tank” sign upon entering the dump tank and test 
section.  This sign alerts the firing officer that someone is 
within the vacuum chamber, and prevents the access door 
from shutting and sealing completely. Furthermore, the 
operating procedures requires several facility checks, to 
make certain that all personell are accounted for and that 
no one remains in the facility.
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7.0 Emergency Procedures
Emegency procedures to be followed in the case of a 
facility failure are outlined in the respective facility and 
building safety manual.  The facility operators are trained 
to deal appropriately with these emergencies; in the case 
of any accident causing injury or property damage, the 
following procedures will be followed.


7.1 Direct Response Action


Immediately following an accident, any qualified person 
on the scene will take the following actions until relieved 
by competent authority:  


provide assistance to injured persons; 1. 


take action to limit or prevent further injuries or 2. 
damage;


call the Emergency Control Center, 911, giving 3. 
necessary information on the nature of the accident, 
the type of assistance needed, and the location of 
the accident;


notify the Facility Manager and the Branch Chief;4. 


secure the identity of witnesses; and5. 


secure the area to prevent actions that could hamper 6. 
or prevent investigation of the accident


7.2 Fire Alarm


The operation of this alarm is initiated by smoke and heat 
sensors located in the building and is a signal to evacu-
ate the building and stand by outside to direct emergency 
personnel to the source of the trouble.  In all cases of fire, 
even when it is controlled by facility personnel with fire 
extinguishers, the fire department shall be called.  One 
person shall be directed to stand outside the building to 
direct emergency personnel to the source of the trouble.  
This is important because of the possible danger of a sec-
ondary flareup of the fire.  The Principal Investigator and/
or his/her staff may be called upon for this duty.


In order to function quickly in the case of an emergency, 
the Principal Investigator and his/her staff should learn 
the location of fire extinguishers and of all exits from the 
building, as described in the BEAP
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Introduction This work instruction describes the calibration process used by the
contractor to maintain instrumentation precision and accuracy.
Periodic recalibration requires the use of reference equipment
possessing NIST traceability, by which process instrumentation is
maintained to nationally recognized standards.


The accuracy and precision of process instrumentation shall be
periodically verified in the following manner:
•  Calibration by methods specified or approved by NIST, ANSI,


ASTM or other nationally recognized organization, as
appropriate, for a specific process variable.


•  Calibration by vendors equipped and qualified for such work, as
required.


Safety Safety summaries consist of general safety instructions and general
precautions to be followed while performing operating or
maintenance procedures.  Safety summaries are not all-inclusive,
containing only those general precautions relevant to the
procedures contained within the work instruction. The general
safety requirements identified in this section are applicable to
anyone doing the procedures included in this work instruction.


When there is any question or uncertainty regarding the correct
and safe assembly or use of any TI calibration equipment,
calibration personnel shall contact the cognizant contractor
supervisor for guidance prior to initiation of any TI calibration
operations.  If the cognizant supervisor is unavailable or otherwise
unable to provide problem resolution, calibration personnel shall
inform contractor management.  No calibration operations shall be
allowed to proceed until any questions regarding correct and safe
assembly or use of any TI calibration equipment have been properly
resolved.
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Personal
Protective
Equipment


Persons calibrating pressurized air systems or any pressure system
components must wear Personal Protective Equipment and follow
safety procedures. Personal protective equipment includes, but is
not limited to, a face shield and protective gloves.


Pressurized
Air Systems


All applicable Codes of Safe Work Practice, Standing Orders, and
Safety Handbook AHB 1700-1 guidelines related to pressurized air
systems shall be strictly followed.  Incorrect or careless use of
pressurized systems during assembly, calibration or disassembly
operations can result in severe injury to personnel and the
destruction of mission or test critical equipment.


Mercury
Spills


Use caution when working with thermometers, as mercury spills
can contaminate temperature baths.  Follow the NASA ARC
guidelines regarding hazardous material spills.  In the event of a
mercury spill, the temperature bath shall be cleaned as required and
tested to ensure compliance with existing NIOSH standards for
mercury contamination.


Hazardous
Materials
Handling


When working with hydraulic fluids, proper connections and leak-
free fluid circuits with safety relief valves must be established prior
to use.


Electrical
Equipment


Persons using electrical equipment must use proper grounding of
all electrically powered test and auxiliary equipment to avoid
electric shock.


Fire Hazard Gauges used to measure hydrocarbon or any other combustible or
flammable media shall not be used in air or oxygen systems.
Residual contamination could result in explosion or fire hazard.
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Definitions This section contains the definitions for the terms that you will see
throughout this work instruction.


Calibration    - Comparison between two instruments or devices, one
of which is a standard of known accuracy, to detect, correlate, report
and/or adjust any deviation in the accuracy of the instrument being
compared.


Critical Safety Equipment   - Equipment that protects personnel,
facilities and test components from injury or loss.


Mission/Test Critical Equipment   - Equipment that is deemed
critical to the success of a mission, or tests that support a mission.


NMIS     - NASA Metrology Information System - An agency-wide,
automated data processing system designed to maintain accurate
calibration and repair data of NASA test equipment.  NMIS was
designed to operate with the NASA Equipment Management
System (NEMS) and can track controlled and non-controlled test
equipment.


Primary Reference Standards   - Standards (instruments) used to
calibrate or certify Secondary Standards; typically used only by
Standards Maintenance Organization (NIST, etc.) calibration
laboratories.  Measurement accuracy’s are one or more orders of
magnitude greater than for Secondary Standards.


Secondary Reference Standards   - Standards (instruments) used to
calibrate or certify Working Standards; typically used only by
calibration laboratories.  Measurement accuracy’s are one or more
orders of magnitude greater than for Working Standards.


Standards Traceability    - Documentation and other supporting
factual information that permits verification of the accuracy of
Standards used to calibrate TI's, and that directly relates calibration
equipment to Standards possessing greater degrees of measurement
accuracy and repeatability.


Test Equipment   - Gauges, instruments, tools, fixtures, transducers
or measuring, monitoring, analysis and diagnostic equipment, used
to measure static or transient phenomena for the determination of
characteristics or conformance to specifications of an article,
material, system, process or environment.
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Definitions,
continued


Test Gauge     - As used in this work instruction, a Working Standard;
used as a reference against which other pressure gauges may be
compared.


Test Instrument    - Abbreviated as TI; any gauge, thermocouple,
meter, accelerometer, transducer or other instrument used to
acquire test data, requiring periodic calibration.


Working Standards   - Standards (instruments) used to calibrate or
certify test equipment (TI's) onsite, by a TI end user.  Measurement
accuracy’s are typically one or more orders of magnitude greater
than that of the TI being calibrated.


Organization
Responsibility


Calibration begins when Maximo or the Ames Recall System indicates
an instrument or piece of equipment needs calibration.  In most cases,
the contractor will calibrate its own instruments.  However, some
instruments may need to be calibrated by the organization (Ames
Calibration Lab).  Instruments requiring calibration to NIST
Standards, but cannot be calibrated by the contractor, shall be
transferred to the organization indicated below for calibration:


Electronic Instrument Services Branch
Calibration Services
Location: Building 213-6
Contact: Simco
Telephone Number: (415)-604-5465


NASA/ARC Recall/Calibration System


All Instruments calibrated to NIST Standards (or calibrated otherwise,
as directed in this manual) shall be so identified and entered into the
Ames Recall/Calibration System (see Calibration Process Flow Chart,
Figure 1).  Data associated with the transfer of either instruments or
information shall be recorded in the Instrument Log.  The Instrument
Log contains a list of instruments subject to periodic calibration, either
by the contractor or the organization, and shall be maintained by the
organization at the following locations:


   Location        Number of copies  
Supervisor’s Office one
Instrument  Calibration Lab one
Building N229/Room 155
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Figure 1 - Calibration Process Flow Chart
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Calibration
Process
Description


The following table describes the Calibration Process Flow Chart:


Stage Description
1 The test instrument is currently in use.
2 Maximo or Ames Recall System notifies contractor that


calibration is due for the test instrument.
3 Either the test instrument is sent to the Ames Calibration


Lab for calibration, or contractor calibrates the instrument.
4 An instrument is either:


•  calibrated
•  repaired, then calibrated
•  beyond repair


—If an instrument is calibrated, place a calibration or
     exception sticker on it.
—If an instrument needs repair, place a
     Calibration/Maintenance Tag (ARC 519) on it.
—If instrument is beyond repair, place an Equipment Use
     Suspension Tag (ARC 523) on it.


5 After calibration, contractor fills out both a Calibration
Report (ARC 101) and a PM sheet for Maximo. The ARC 101
gets filed in the Instrument Record File.
The Ames Calibration Lab fills out an ARC 190 and sends
the instrument back to contractor.


6 The instrument is re-installed.


Instrument
Recall


Instruments requiring calibration by the organization shall, prior
to transfer, have affixed an Equipment Recall/Calibration Tag
(Figure 2) containing appropriate information.  The tag portion
marked "Originators Receipt" shall be retained as evidence of
Instrument transfer to the NASA/ARC Recall/Calibration
System.  An entry shall be made in the Ames Calibration Lab
Recall Log (N-229A, Rm. 104).
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Instrument
Recall


Calibration information from Instruments that have been
calibrated by the Ames Calibration Lab shall be entered on the
Equipment Recall/Calibration Tag.  The tag shall be transferred to
the organization.  The tag portion marked "Originator’s Receipt"
shall be retained as evidence of Instrument Information transfer to
the NASA/ARC Recall/Calibration System.


Figure 2 - Equipment Recall/Calibration Tag
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Calibration
Measurements,
continued


Calibration requirements are a function of measured
characteristics. The process variables and associated
instrumentation subject to the calibration requirements are
identified as follows:


Measurement Instrument     Process Variable    


Gauges, Transmitters, Recorders Pressure
Relays


Thermometers, Transmitters, Temperature
Thermocouples, Relays, RTD Devices


Flow Meters (compressible/incompressible) Flow


Resistance Hygrometer, Moisture
Thermometers


Gas Analyzer Hydrocarbon Content


Gas Analyzer O2, H2 Content


pH Probe/Meter Solution pH


Torque Wrenches Torque


Differential Pressure Transmitter Boiler Fuel Flow


Calibration
Standards


Working Standards shall be calibrated by direct comparison to
readings of process variables, obtained from Secondary Reference
Standards that are connected, or otherwise exposed, in common to
the same process variable as the Working Standard.


Working Standards shall be calibrated at a Calibration Facility that
possesses Secondary Reference Standards with an accuracy
capability of at least one order of magnitude greater than the subject
Working Standards.
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Standards
Traceability
Not
Required


Some instrumentation requires periodic functional calibration to
insure proper operation during process variable measurement.
Calibration may be done only occasionally or prior to each use of
the instrument (gauge, meter, data recorder, etc.).


Typically, the cost or other criticality of inaccuracy of any given
process variable drives calibration traceability requirements.
However, for the same equipment, traceability of the calibration
process to nationally recognized standards is either inappropriate,
uneconomical or both.  Calibration procedures have been derived
from manufacturers information regarding proper installation and
use of subject test equipment.


Calibration
Instructions


All calibration procedures are found on the Maximo database.


General
Rules for
Calibration


Read, understand and comply with all provisions of the associated
Test Plan.  Special instructions, procedures or test data acquisition
requirements may be included as part of TI calibration operation(s).


•  Test gauges shall be configured to minimize observer parallax
error.  Gauge face shall be no less than four and one half (4 1/2)
inches in diameter.  Test gauges shall not have a stop pin, unless
it is located below the true zero pressure increment of the
graduated scale. Test gauges shall be calibrated in accordance with
the requirements of ANSI Specification B40.1 Gauges; Pressure-
Indicating Dial Type.


•  Liquids shall not be used to calibrate gauges used in gas (air)
service.  Gauges shall be calibrated with media of the same type
(density) as that measured in service.  Use of different density
media will result in significant, non-zero calibration errors.


•  Gauges shall be calibrated in the vertical position.  Otherwise,
gauges shall be calibrated in the position of normal use.


•  Gauges shall have a full-scale pressure range equal to two (2)
times the actual pressure measured in service. Gauges shall be
selected so that service pressures are measured in the middle half
(25%-75%) of full-scale.
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General
Rules for
Calibration,
continued


•  The temperature of the gauge or TI shall be stabilized (held for
two hours, minimum) at that temperature corresponding to
ambient conditions specified below:


For calibration purposes or working standards, the following
ambient conditions shall be maintained:


68°F ± 2.0°F
45% Relative Humidity
Other Condition As Required


•  Lightly tapping a gauge dial will minimize friction-related gauge
reading errors.


•  All gauges shall be brought to full-scale reference datum (zero)
prior to initiation of calibration operation(s).  Gauges without a
Zero Post may require mechanical adjustment.


•  Carefully follow manufacturer's instructions when use is
required of vacuum pumps.  Proper, leak-free connections must
be established, prior to use.


Determining Ranges
•  The range and accuracy of a specific TI must be determined prior


to initiation of calibration procedures. Verification shall be from
Test Plan, Standing Order or available commercial product
information, and must be indicated with an appropriate label or
decal and attached to the instrument.


•  When the range or accuracy of a specific gauge is indeterminate
due to lack of an identifying part number, etc., calibration shall be
performed to an accuracy of ± one (1) division, unless otherwise
specified.


•  If TI dials are so graduated that range and accuracy are
indeterminate, a tolerance of plus one half (1/2)/minus zero (0)
division shall apply to a given reading.


Calibration
Records
Maintenance


TI calibration shall be evidenced by recording of results on a NASA
Calibration Report, ARC Form 101, Figure 3.  The Report shall
represent true, accurate, and up to date information regarding TI
calibration history.  Original forms shall be maintained in the
Instrument Record File, located in the supervisor’s office.  A copy of
each form shall be maintained in the Calibration Facility.
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Figure 3 - Calibration Report
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Following
Calibration


Following calibration operations, a Calibration label with
information regarding the suitability of a TI for continued use shall
be placed on the instrument.


Instruments that can be calibrated to within required accuracy
levels and possess static measurement characteristics (precision,
span, linearity, sensitivity, etc.) that render true, repeatable
measurement of application process variables, shall be with the
NASA ARC Standard Calibration Label (Figure 4) or the NASA
ARC Exception Label (Figure 5).


TI's that are Mission or Test Critical and that have been calibrated
by direct comparison to Standard Instruments traceable to NIST
Standards, shall have attached a NASA ARC Standard Calibration
Label that designates:


1) Calibrated By
2) Calibration Date


Figure 4 - NASA ARC Standard Calibration Label
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Following
Calibration,
continued


TI's that are not Mission or Test Critical and that have not been
calibrated by direct comparison to Standard Instruments traceable to
NIST Standards, but instead are calibrated or otherwise adjusted in
accordance with manufacturer's instructions in a manner required
to obtain static measurement characteristics (precision, span,
linearity, sensitivity, etc.) that render true, repeatable measurement
of application process variables, shall have attached a NASA ARC
Exception Label that designates:


1) Instrument Serial Number
2) Calibration Date
3) Next Calibration Due Date


Figure 5 - NASA ARC Exception Label


TI's that are not calibrated to within required accuracy levels and
that do not possess static measurement characteristics (precision,
span, linearity, sensitivity, etc.) that render true, repeatable
measurement of application process variables, shall be labeled with
a NASA ARC Calibration/Maintenance Tag (Figure 6), or a NASA
ARC Equipment Use Suspension Tag (Figure 7).


If it is determined that a TI can be repaired, a NASA ARC
Calibration/Maintenance Tag that describes the TI’s current
condition shall be attached to the instrument.


EXCEPTION


INSTRUMENT
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Figure 6 - NASA ARC Calibration/Maintenance Tag


Following
Calibration,
continued


If a TI can not be repaired, a NASA ARC Equipment Use
Suspension Tag that describes the TI’s current condition shall be
attached to the instrument.


Figure 7 - NASA ARC Equipment Use Suspension Tag
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1. Purpose


This document provides procedures for the NASA Ames Balance Calibration
Laboratory.  The Balance Calibration Laboratory, often referred to as the Bal Cal Lab is
where Ames' stable of balances and their associated calibration hardware is stored and
where the process of balance calibration takes place.


2. Scope


This procedure covers the process of balance hand load calibration and the supporting
operations in the Balance Calibration Lab.


3. Definitions and Acronyms


All definitions are included in Section 6.


4. Flowchart


Flowcharts are included in Section 6.


5. Responsibilities


Responsibilities are included in Section 6.


6. Procedure


6.1. Introduction


A wind tunnel balance is a strain-gauged device that is used to determine forces
and moments on a wind tunnel model.  Most of Ames' balances are multi-
component balances consisting of several separate strain-gauged elements that
are assembled to form a transducer that can resolve moments and forces in three
directions.  Other types of balances include 1-piece, ring and rotor balances.
Before a balance can be used in the wind tunnel, it must be loaded in several
locations to determine a relationship between known load and gauge output.
More information about balances can be found in  "Balance User's Guide".
The Bal Cal Lab personnel maintain the lab’s balances and associated hardware.
The staff consists of an engineer in charge of operations and maintenance who is
assisted by a calibration technician and engineer in charge of hardware
development and calibration accuracy assessment.
The Bal Cal Lab supports all wind tunnels at Ames, and government requests
from around the country.  The facilities on site that request balances include the
three tunnels of the Unitary Complex (9X7, 8X7, and 11X11 foot test sections),
two 7X10 foot tunnels, the 14 foot and the 12 foot.  Requests also come from
the full-scale facilities (40X80 and 80X120 foot).  Occasionally other NASA
centers and R&D organizations such as the Navy Postgraduate School, Wright
Patterson Air Force Base, Air Force, Navy, and Army programs request the use
of Ames balances.
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INSPECT


STORAGE


Figure 1


The general process of balance calibration and balance use is shown in the
Figure 1 above.  Requests come from test engineers on A Balance Calibration
Request Form.  If it is a balance loan to an outside agency, the request must
have a paperwork trail documenting the loan and establishing responsibility for
the balance should damage occur during the loan.  The requested calibration is
scheduled, and the test engineer contacted for further information about the
expected use of the balance and calibration information.


6.2. Using the services of the Bal Cal Lab


The procedure for obtaining the services of the Balance Calibration Lab
depends on the source of the request.


6.2.1. Organizations within Ames


Organizations internal to Ames should initially make an informal request to
the Bal Cal Lab as to the availability and status of the appropriate
balance.  This should be followed up with the submission of a Balance
Calibration Request Form shown in Figure 5.


Organizations outside of Ames are required to submit a written request
and follow the procedures outlined in Section 6.2.2.
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Figure 2
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BALANCE CALIBRATION REQUEST FORM


TODAY’S DATE:                   DATE CAL REPORT REQUIRED:                          
TEST NAME:                                                                                                             
TEST DATE:                                       TEST LOCATION:                                                    
PRINCIPAL INVESTIGATOR:                                                                                           
ORG:                                       M/S:                                       EXT:                                        
TEST ENGINEER:                                                                                                                 
ORG:                                       M/S:                                       EXT:                                        


BALANCE INFORMATION
BALANCE REQUESTED (SIZE & MODEL):                                                                     
BALANCE NEMS #(AMES) OR SERIAL # :                                                           
DATE CAL REQUIRED:                                                                                                      
BALANCE RESERVED FROM:                                          TO:                                          


PRIMARY       BACKUP         


CALIBRATION INFORMATION
GAGE
NAME


COLOR
CODE


GAGE
CAPACITY


MAX LOAD
REQUESTED


RESISTANCE
(OHMS)


N1
N2
S1
S2
RM
AX
CALIBRATION RIG: MACHINE (0)                                   HAND LOAD (2)                  
CALIBRATION BODY:                                                                                                                    
LOADING METHOD AND NOTES:                                                                                             
                                                                                                                        


CIRCLE PIN POSITION TO BE USED      3,4,7,8 THICK SIDE


1,2


3,4


5,67,8 N+


S+


N+


12


34


S+


56


78Balance Calibration Laboratory
M/S 207-2  Moffett Field, CA 94035


Figure 5
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6.2.2. Loaning a Balance Outside Ames


6.2.2.1. Requirement of Requestor


A letter is needed from a government agency before releasing
the balance or calibration body for loan.  This letter should be
addressed to:


Chief, Wind Tunnel Systems Branch
NASA Ames Research Center
Mail Stop 227-1
Moffett Field, CA  94035-1000


The same letter or a letter from the government-sponsored
contractor should include acceptance of responsibility of the
balance and calibration body.  Damage to balances can result in
repairs ranging from $5,000 to $30,000.  Full replacement cost
of the balance is higher.  No-load outputs of each gauge will be
recorded, and gauge sensitivities determined through recent
calibrations.  Damage would be determined if a variation in these
values were found upon return of the balance to the Balance
Calibration Lab.


Another factor in the use of this balance is the dynamic loading.
Ames has specific guidelines as to what is allowed for dynamic
testing, and Richard Hanly [(650) 604-0480] of Ames Research
Center should be contacted for constraints on dynamic loading.


Typical wording found in requests for balances is as follows:


"We request the use of the 2.00 MK XXIXA internal strain
gauge balance.  We accept responsibility for repairing the
balance should damage occur while it is in our possession.
We accept the raw data and reduced data provided as
indication of the balance’s condition as far as no-load output
of each gauge and gauge sensitivity.  We also accept
responsibility for the mechanical aspects of the balance
including damage to the taper or outer sleeve such as
gauling.  No mechanical modifications will be made to the
balance.  Balance Calibration Laboratory personnel will be
notified of problems in an effort to reduce potential damage
to the balance."


The wording above must be provided by the users of the
balance if the sponsoring government agency is unwilling to
accept financial responsibility for the balance.


6.2.2.2. Requirements of Government Sponsor


A separate letter must be provided for official use of the balance
by the sponsoring government agency if the requestor is not a
government agency.  That is, a private entity is requesting the
balance must send a letter assuming financial responsibility for
the balance, and a separate letter from the sponsoring
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government agency will allow the release of the balance to the
requestor.  The letter from the sponsor must indicate that it is a
government sponsored test.  (Please don't hesitate to call us if
there are questions as we are familiar with typical balance
problems.  (650) 604-6335.)


Once a letter is received assuming financial responsibility, and if
necessary for a private entity, a separate letter indicating the
government sponsor have been received, the Ames approval
process can proceed.  The paperwork is to be reviewed by the
FOI Branch Chief and if they agree, they will initial and date the
letters along with the words “loan approved”.  Copies are made
for the branch office, and the originals are kept on file at the
Balance Calibration Laboratory.


6.2.3. Balance Check In and Check Out


The balance is connected to the data system and a not load zero is
recorded with the normal force pointing up.  This is recorded on the
balance electrical check form.


Balance electrical checks are used to monitor the balance's health.  No-
load zeros are determined using the Strainsert readout box.  This is
especially an inventory control issue.  You check the balance before
sending it out and again on its return to get a first check for damage.  The
no-load output collected during calibration is can also be used to check
and verify no-load outputs but cal body and loading hardware weight
must be accounted for before concluding that there has been a change.


A change in the no-load output could indicate one of several things.  If the
gauge has been overstressed, the no-load output could shift.  Often, the
balance is still all right, but the gauge has to be reloaded to see the effect
of the overstress on the gauge sensitivity.  If the gauge was not too
stressed, it will calibrate well and the balance can be considered healthy.
If the gauge was significantly overstressed, the zero returns will be
terrible, and the gauge may not calibrate linearly.  If it is very bad, there
may be other mechanical damage such as broken internal flexures and the
zero will be unable to stabilize.  Another problem that can develop is
gauge debonding due to age or dynamic fatigue.  As balances age, the
epoxy holding the strain gauges to the elements can deteriorate.  A
gradual change in the no-load output can be noticed over years,
accelerating toward the end of the life of the strain gauge bond.  Zero
returns will worsen and at some point the balance will have to be strain
gauged again.
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6.2.4. Balance Electrical Check Flowchart


BALANCE ELECTRICAL CHECK
Performed when a balance is received or checked out


Connect balance 
to data 


acquisition 
system


Open balance file 
or create new file 
if one does not 


exist


Build a load 
schedule, do not 


store, use 
"Cancel/Temp"


Enter Data 
Acquisition mode


Press the start button for 
any load sequence


Take 4 points:
NF+up,NF+down,
SF+up, SF+down


Record the average of the 4 
readings on electrical 


check form


Exit calibration 
mode and quit 


program


Disconnect 
balance from data 


system


Note:  When taking data points
make sure balance is supported
on the outer sleeve either with 
"V" blocks or the balance box.


Average of the
4 points provide "bouyant" zero


NOTE:
A SINGLE ZERO POINT 


WITH
NF+UP IS ACCEPTABLE


Figure 6
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6.3. Calibration Activities


6.3.1. Hand Load Calibration Process


The Ames hand load balance calibration process is currently applied to
force balances.  Moment balances have been calibrated for the hand load
and machine accuracy study but not for production use.  The current
reduction algorithm can reduce force and moment balance calibrations with
some limitations.


The reduction algorithm is currently specific to the machine loadings where
initial tare weights are trimmed to very close to zero pounds.  It is used for
hand load reductions, ignoring tare weights that are kept to a minimum
(approximately 5% gauge full scale).  Ideally, a reduction algorithm would
take into account tare weights.  The machine can apply pure moments
with no additional tare in the force plane.  Large tares occur for loading
moments in the hand load.  Other problems associated with transfer of
weight on moment arms can cause some false interactions, as described
in 6.27 Loading Roll Moment, and is a function of the loading technique.


The reduction algorithm relies on gauges being loaded individually with no
capability for residual loads on other gauges.  Applied load is held to
whole pounds or can be reduced to a resolution of 0.01 pound with some
effort using the multiplication factor found in the reduction routine.  Ideally,
the resolution for applied load would be 0.0001 pound when the exact
value of weights used is known and eliminate the need for periodic
trimming.  In addition, gauge output known as counts is limited to the
values 0 through 9999 that limits output resolution.


The current reduction algorithm is generally used with 20% increment
loads.  Up to 20 points total are allowed.  The system is not very flexible
but adequate to derive the needed constants.  Primary gauges must be
loaded and then combined loads are allowed.  These combined loads
are limited to one constant secondary load.


Data is stored as raw volt per volt output usually with the bridge excitation
set at 5V unless requested otherwise.  A zero is taken at the beginning of
the run followed by a shunt.  The loading process then begins as a 20%
load is applied, leveled and data recorded.  This proceeds until the gauge
has been fully loaded and then unloaded.  Data is reviewed while it is
collected by monitoring the delta previous reading and looking for
nonlinearity.
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Figure 7


The diagram above shows the sign convention for balance gauges.  With
force balances, N1 and S1 are considered forward force gauges and N2
and S2 are considered aft force gauges.  The output of these gauges is
added for total force and subtracted and multiplied by gauge separation
for moment.  Moment balances have gauges defined as shown.


Gauges are often loaded in the following order:


N1+, N2+, N2-, N1-, S1+, S2+, S2-, S1-, RM+, RM-, AX+, AX-


This order is to save time reconfiguring the balance in the taper socket with
only N1 and S1 not having their "negative" side loaded immediately after
the "positive" side.  If necessary, the taper can be reconfigured to allow
negative loading immediately after each positive load.  This form of
loading will best demonstrate balance gauge hysteresis.  Axial loading at
the end allows calibration of this gauge after all other gauges have been
exercised.


Often, a balance will be loaded in only one direction during a wind tunnel
test.  Only positive axial force for example.  It is best to preload the
gauges that will be used this way to suppress the hysteresis in the
calibration data.
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Axial Prime Loading


Data AF R
M


N1 N2 S1 S2


Point % Full Scale
1 Tare Weight Zero
2 Shunts
3 0
4 20
5 40
6 60
7 80
8 100
9 80
10 60
11 40
12 20
13 0


Figure 8


The above table demonstrates a typical primary gauge loading
sequence.  Prime gauge maximum output is usually 1500 µV/V or less.
Interactions are typically up to 10 to 50 µV/V.  Residual zeros may vary
during hand load calibration because of the weight of the loading hardware
(weight pans, cal body, etc.).  During machine calibration, they should
remain constant.


Axial Prime with N1 Secondary
Loading


Data AF R
M


N1 N2 S1 S2


Point % Full Scale
1 Tare Weight Zero
2 Shunts
3 0 100
4 20 100
5 40 100
6 60 100
7 80 100
8 100 100
9 80 100
10 60 100
11 40 100
12 20 100
13 0 100


Figure 9
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Once gauges have been loaded positively and negatively, the data set
is converted into the form expected by the reduction routine.  The raw
data has been stored in a matrix in volts per volt.  The reduction routine
expects output in integer form not exceeding 9999 counts for output.
Usually, the volt per volt output is multiplied by 5 million giving counts that
represent the microvolt output of the gauge when running at 5 volts.  If the
volt per volt output is greater than 2 mV at max load, the data is then
multiplied by 2.5 million so it will not exceed the 9999 limit.  If the output
is such that the 9999 limit is still exceeded, the scale factor is dropped to
1 million and a count then represents 1 microvolt per volt output.


The reduction routine called the "Cal" program is then run, and constants
are determined by fitting the data with second order curves.  Cross
product terms derived from combined loading generate 1st order
coefficients.


There are some parameters that can be set in the reduction program.
These options include a gauge division factor.  This is usually set to 12 for
RM to convert to foot pounds from inch pounds and 1 for other gauges.
It can be used to get a resolution of 0.01 pound on applied loads.  Other
parameters include setting the maximum number of points that can be
thrown out (curves are refit with points thrown out if they exceed a certain
limit in deviation from linear), and minimum output for curve fitting (default is
15 counts).  A few other options include a routine to edit out certain points
if you want them removed.


The coefficients are calculated and then all calibration data is run through the
routine and deviation from actual load is displayed in the report in
engineering units.  This is where the gauge accuracy is derived with the
worst case deviation compared to full-scale output to give a % value for
accuracy.


The report is reviewed for any problems in loading that may become
more apparent with the reduced data.  The linear coefficients for positive
and negative loads should be very similar.  The second order
components are usually very small.  Look for unusual output in the load
sequences.


Once the report has been verified, the data processing group is informed
of the cal and comp date of the reduction and the test and instrument
engineers are given copies of the reduction report.  An additional copy of
the report goes in the folder with the raw data and data disk and is stored
in the file cabinet for future reference.


A newer data reduction program developed in Matlab has been made
available to the balance calibration lab and offers global regression and
the ability to meet the National Balance Working Group proposed
formats.  This method of reduction is not so strict allowing some off axis
loads to be accounted for during the reduction.  It is expected to become
the new standard sometime during 1998.  A new calibration report format
will also be implemented.
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This new program allows the calibrators flexibility in their load schedules
that may be adjusted on a case by case basis depending on the
customer’s needs.


6.3.2. Balance Calibration using the Hand Load Rigs


Hand loading of balances requires manual placement of weights on
weight pans over specific loading stations.  This is done with a calibration
body that fits over the balance and is pinned into place much like the
model or "balance block" will be pinned when the balance is used in the
wind tunnel.


Figure 10


Applying a load causes the balance to deflect.  The balance roll and pitch
references must be returned to level before each data point.  The taper
end of the balance is held in a rig that allows you to return the balance to
level once a load has been applied.  The outer sleeve of the balance is
the reference for multi-component balances.  A bubble level or
electrolytic (digital) level is placed on the calibration body for the purpose
of leveling.


HAND LOAD 
APPLICATION OF WEIGHT
DEFLECTS BALANCE


HAND LOAD
REPOSITIONING


Figure 11
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Loads are positioned with the indexing holes on the calibration body that
will position a loading flexure, knife-edges, or a loading point.  Flexures
apply loads from the bottom of the calibration body similar to the
depiction of the load vector shown in the previous figure.  The next figure
shows how the loading of an aft normal gauge might appear when loaded
with yoke and knife-edges.


Figure 12


Loads are generally applied in 20% increments to full scale or maximum
desired load desired by the test engineer.  After a load is applied and
before the data point is taken, the balance is re-leveled.  Initial zero and
shunt values are recorded at the beginning of each loading sequence.
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6.3.3. Small Hand Load Rig


Rig


Figure 13


The small hand load rig is used to load balances up to 1,000 pound
maximum.  The balance taper is installed into a taper adapter that inserts
into the stand.  The upper wheel adjusts pitch and the lower wheel adjusts
roll.  There may be clearance problems when loading roll and it is easier to
load roll in the model support stand if this is the case.


Lead weights are stacked on the stand as ballast for loads up to 1,000
pounds to keep the rig from tipping over.  Some of the taper adapter
installations may require that the back end of the rig be raised or lowered
to place the roll level in the range of the roll leveling mechanism.


Balances of 3/4-inch diameter may require some additional taper
adapters to fit an available small hand load rig taper adapter.  There is
also a much smaller loading rig that can be clamped to a table for the very
small balances.  It also has roll and pitch leveling capability.
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6.3.4. Model Support Stand


Figure 14


The model support stand can be used for balances requiring loads up to
5000 pounds.  The pitch adjustment is made with a motor driven by a
pendant with up down and emergency stop buttons.  Roll is adjusted
with a wheel at the top of the model support stand.  Weights are applied
by hand or with the autoloader.


The model support stand is equipped with a "primary" taper which is
found in most wind tunnels at Ames.  It can therefore be used for sting
and model buildup if special tests are to be done.  Special hardware at
the Bal Cal Lab adapts the primary taper to a four-inch balance socket for
four-inch balances or appropriate taper adapters.


6.3.5. Hand Load Data System for 6 Gauges


See the Data Acquisition/Balance monitoring System Operations and
Maintenance Manual by Don O'Neil and Robert Gisler for detailed
information on how to use the software.


The data system for the machine and the hand load system are the same.
These systems are equipped to collect data for six wheatstone bridges
and monitor excitation voltage.  The gauges can be configured as a six-
wire measurement all the way to the wheatstone bridge.  It is a six-wire
measurement at the pin block for four wire bridges.


Balance files must be created which include information on the balances
such as capacity, maximum voltage output, and geometry information
needed to calculate load schedules in the machine.


Important: The maximum output of each gauge is entered into
the balance information file and used to give an alarm if an
overloaded condition is about to occur.


Therefore, it is very important to enter the correct maximum output value
into the balance info file.  If you are unsure what this value is, load each
gauge to 10% and extrapolate the maximum output.  This value can be
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used until the more exact values are found during the calibration process.
If, for example, 2000 microvolts per volt is entered when the actual
maximum output is 1000 microvolts per volt, the alarm system is
defeated and the balance can be damaged before the alarm sounds.


Two modes are available to use when working with balances.  Balance
monitoring continuously outputs the balance gauge in % full scale in bar
graph and strip chart form.  Limits can be set for alarms to sound if a
preset percentage of a gauge's output is reached.  This is useful for
balance buildup because you would like to know if a dangerous condition
is being reached long before a gauge is over stressed.  The calibration
mode displays data in bar graph and numerical form.  It also provides the
balance limit audio alarms.


6.3.6. Hand Load Data System for up to 24 Gauges


There is a third data system for balances that have more than the usual six
gauges.  This system was developed for a rotor balance for the TRAM
test that has 12 primary gauges and 12 backup gauges.  It is set up like
the 6 gauge data systems with a 6-wire measurement to the gauges or to
the pin block for 4-wire bridges.  This data system also has inputs for 10
T-type thermocouples.


There is no-load schedule generation with this data system.  Each load
sequence is stored in a separate file with the file name determined by the
user.  IBM formatted floppy disks are required for data storage and easy
transfer to Macintosh computers for data analysis.  Each data point stores
the thermocouple outputs as well as the gauge outputs.  This system
also has a monitoring mode for balance buildup in addition to the data
collection mode.
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6.3.7. Processing Check Load Data


PROCESSING CHECK LOAD DATA
         IN THE BALCAL LAB


Build a new load 
schedule and data file, or 


use available space in 
combined load section of 


the calibration of 
interest


Collect the check load 
data noting applied loads 
in the notebook. 2 points 


required for each 
checkload. 1st tare then 
data point. Edit data to 
reflect the difference 


before processing


Use the "XFER TO SWTS" 
option to prepare raw 


data for SWTS reduction.  
Use Dos Formatted 


Floppy


Take the "Transmittal" 
file to the macintosh


 Save as Text to "Balcal 
2.0 alias".  Any file name 


can be used--often 
NEMS#.CHK


Open the "Balcal 2.0 alias" and 
run Balcal 2.0.


Select "Compute a Check Load".  
Enter appropriate information.  
Values used for iteration and 
tolerance are typically 10 and 


0.01 respectively.
The standard report simply 


reports the loads calculated.  
The full report generates # 


iterations, primary, interaction, 
C.P., Check Load, deviation from 
applied load and % full scale for 
gage.  Both reports reference 


calibration used for computing 
the check loads. 


Open the file and strip all data except 
for the check load data sequence(s).  
Requires a zero and shunt followed by 


check load points.  Modify point type for 
check load data to be type 2 (from type 
3 cal data).  No last point required (type 
4).  Modify the loads on gages to reflect 
those noted when applying check loads.


 


The report will be sent 
to the balcal 2.0 folder 
with the name being 
CHKLD(NEMS#).DAT


Best viewed in Word 
with landscape format 


and courier font 9


Figure 15
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6.3.8. REPUCC Data Reduction


REPUCC DATA REDUCTION


Use the "XFER TO SWTS" 
option to prepare raw 


data for SWTS reduction.  
Use Dos Formatted 


Floppy


Take the "Transmittal" 
file to the macintosh


 Save as Text to "Balcal 
2.0 alias" with the file 
name being the NEMS 


number


Open the "Balcal 2.0 
alias" and run Balcal 2.0 
giving appropriate input 


when requested.


The results will be in two 
forms.  The Calibration Report 


will have the title INTDAT 
followed by the NEMS number.  A 


file containing all the 
coefficients will have the form 
BAL followed by NEMS# and date 


code.


Until Balcal 2.0 is 
officially approved for 
use, the transmittal file 
will have to be sent to 
REPUCC with the file 


name being the NEMS # 
followed by .dat


Cathy Pochel or Adam 
Jackson can transfer the 


file to REPUCC from 
Eudora.


Run the "CAL" program on 
REPUCC to generate the 
official reduction.  Print 
a copy of the INTDAT.DAT 
file for official record 


and distribution.


TRAM SYSTEM


The TRAM system generates text 
files onto an IBM formatted Disk 
for each Run.  The user enters 


primary and secondary loads data 
into the appropriate fields while 
data is being collected.  If data is 
to be reduced in SWTS, the data 
must be formatted into a SWTS 
reduction file in Word on the 


Macintosh.  If another reduction is 
to be used for example MATLAB (J. 
van Aken), the data can be directly 


forwarded to the requestor.


Figure 16
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6.3.9. Data Reduction on the Mac
AT THE BAL CAL DATA SYSTEM


1. With the data of interest in memory from just being collected or
loaded, use the Convert to SWTS option in the file menu of the data
system.  This creates a file called “Transmittal” on the root directory
with all the appropriate date codes, load codes, shunts, etc.


2. Place a DOS formatted floppy in the data system floppy drive.


3. To transfer data without stopping the program, hit the STOP key at
the top left corner of the keyboard.


4. Type MSI “..”  <ENTER>      to go to the root directory.


5. Type COPY “Transmittal” to “TRANS:,1400”
<ENTER>


TRANS or whatever other 8 character or less name you want the file
to have.  The NEMS # is also a good file name.  This copies the
ASCII Transmittal file to a floppy disk that can also be seen by the
MAC.  NOTE: HP COPY CASE SENSITIVE


6. Type MSI “BALCAL”  to return to the program directory.


7. Type “CONT”  <ENTER>       to resume the program.


AT THE MAC


1. From WORD, open the file from the DOS Floppy.


2. Often, files are built as combined load files to leave room for check
loads, etc. so if this was done, all the points beyond sequence 12
should be removed unless there is relevant combined load data you
want to keep.  Go to the end of the file and select all the stuff that may
be there up to the end of sequence 12 or leave the combined load
data if any and strip the sequences with no data or irrelevant data for
the reduction.


3. Save as text using the NEMS # as the filename to the “BALCAL
2.0 Alias” located on the desktop.  No .DAT is necessary after the
data file name for the reduction on the MAC.


4. Close the File


5. Double click on “BALCAL 2.0 Alias” on the desktop.  This takes you
to the directory where the reduction program resides.


6. Verify the file you just saved is there (must be a text file) and scroll
down to BALCAL 2.0 (application program).  Double clicking on this
icon launches the BALCAL program.


From here on, the routine is just like the REPUCC Program with all the
same questions, parameters, etc.


When the program is finished, the “INTDAT.DAT” file will be in the
directory but called “INTDAT(NEMS#)”  Where “NEMS#” is the NEMS
Number of the balance you just processed.
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When looking at the INTDAT file, Open with Word and put in Landscape
orientation.  Select all and convert to courier font 10 (or 9) to make
everything line up.  You will see that there is a bunch of paragraph marks
and a 1 at the bottom of each page.  Using the replace function (zH) to
select this bunch of paragraphs and a 1 to be replaced with page breaks.
This will provide a formatted copy that can be printed for review.  Then
save the result as a word file so that all of the formatting is retained.
Review the files after the MAC reduction until satisfied there are no
mistakes in the load sequences, data, etc.  Then rename the data file by
adding a .dat after the NEMS number.  Send a copy of this “.dat” file to
Adam Jackson or whoever can get the file to REPUCC for you to reduce
there and release the “official” version.  The wind tunnel personnel should
know how to get this information off REPUCC (If REPUCC still exists).


Otherwise, with approval I guess you could just e-mail the results file to
whoever.  It has a filename format like this      BAL+NEMS#.+DATE and
if the BALCAL 2.0 directory is viewed by date, should be right next to
the INTDAT file.


To utilize the Matlab program for global regression and the coefficient
format specified by the Balance Working Group, refer to TN-98-8032-
000-4 User Manual for the Multi-Component Balance Data Reduction
Toolbox by Johannes M. van Aken (January 1997) of Sterling Federal
Systems, Inc.


6.4. Installation Process


6.4.1. Taper Pin Installation


Taper pins can be obtained from store stock in packages of 50.


Store Stock #9150-00-223-4004


NOTE:  Taper pins must never be soldered because of thermocouple
effects.


Strip shielding from lead and insert into 1/2 inch of shrink tubing


Figure 17


Fold stripped portion over the shrink tubing as shown below.  Insert the
shrink tubing to be crimped in the outside crimp location.  This will provide
stain relief and keep the lead from breaking.  Bend the stripped wire as
shown so that it is crimped in both locations (inside crimp and outside
crimp with the shrink tubing).
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shrink tubing over lead
shielding and under
outside crimp 


stripped lead folded over to be
under inside and outside crimp


open taper pin


Figure 18


Crimp lead using the appropriate tool 24-22 Type F by AMP.


crimped taper pin on balance lead


Figure 19


Use a heat gun to shrink the shrink tube tightly around the balance lead.


6.4.2. Balance Installation


Before a calibration body can slide over the balance, the taper end of the
balance must be installed in the appropriate calibration rig.  The small
hand load rig and the model support stand are the two hand loading
fixtures in the Bal Cal Lab.


First there must be a discussion about tapers because they are very
important to balance installation, calibration and use.  Many junctions in
wind tunnel hardware are made by driving a piece with an external taper
into another piece with a matching internal taper as seen here.


Figure 20
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There must be a very good fit between the pieces and this fit is aided
and fixed by using "push on" screws which drive the plug portion into the
socket.  "Push off" screws are then required to drive the plug portion out
of the socket.  A "roll key" is a pin with a slot cut on one side to fit into the
plug taper and keep it from rolling in the taper junction.  A cylindrical pin is
not adequate for use in a roll key slot.  Push on, push off, and the roll key
are shown in the following cross sections of a taper junction.


STING BALANCE


BALANCE LEADS


PUSH OFF


PUSH ONS INSTALLED


ROLL KEY VIEWED FROM ABOVE


PUSH OFF


Figure 21


Care and attention must be given to taper installation and de-installation.
Damage can ruin the required taper fit and repairs will cost time and
money.  Damage often occurs by lack of proper inspection of push
on/push off alignment with their associated pads or a roll key being
installed with poor alignment.  By careful stoning of the affected areas
some damage can be repaired, but repair like this is usually inadequate to
regain the needed taper fit.  If the balance taper has to be repaired, a
multi-component balance will require disassembly so the taper can be
plated with chrome and reground.  This will usually cost a minimum of
$10,000 and will require up to seven months depending on vendor
backlog.  More people are repairing damaged multi-component balances
than are buying new balances.  Often, shops are reluctant to hire a lot of
people when the request for repairs may decrease so repair requests
can accumulate.


Taper installation and inspection procedures will be covered next.


NOTE: The balance leads should be routed to the data system
and connected so that balance monitoring can be active during
any balance installation process.  See the Operations and
Maintenance Manual by Don O'Neil and Robert Gisler for details
on setting up balance files and activating balance monitoring.


Some balance installations require taper adapters to be installed.  On the
small hand load rig, there are several adapters that accept the balance
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taper at one end.  The other end of this adapter is a cylinder that fits into
the small hand load rig.  The model support stand has a four-inch taper
socket.  If a balance with a smaller than four-inch taper (such as the two
and a half-inch long taper), a taper adapter is required which has a four-inch
taper plug on one end and a two and a half-inch taper socket at the other
end for the long taper.  This is also true for installation into the machine that
is equipped with a four-inch taper socket.


The following figure demonstrates these types of taper installation.  The
top shows an installation into the small hand-load rig adapter.  The lower
figure is the type of installation that requires a taper to taper adapter.  This
is how high capacity (long taper) 2.5" balances are installed into the model
support stand or Sandberg-Serrell Machine.  Multiple tapers are installed
from smallest first to largest last.


Figure 22


Taper installation:


1. Check roll key fit into balance taper slot and sting hole.


2. Gather the push on screws (often found in push on or push off holes).


3. Feed the balance leads through the sting.


4. Clean mating surfaces and coat with light oil.


5. Place pieces together and verify roll key slot alignment and push on/off pad
alignment.  This will require a flashlight but be sure to check both push on and push
off pad alignment so you are sure the taper can be pushed off once installed.


6. Once you are satisfied that the parts align properly, push the tapers together while
aligning the roll key slot.


7. Insert lightly oiled push on screws but do not tighten.


8. Tap the lightly oiled roll key into place carefully with a slide hammer.


9. Using an alternating cross pattern gradually tighten push on screws until the taper is
completely seated.
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6.4.3. Checking Taper Fits ( By K. Kalinowski )


Taper Fits


Wind tunnel models at Ames are supported by stings and
adapters that have mated tapered joints.  The contact between the
male and female tapers must be accurate to assume full and even
transfer of loads.


Users who make tapers to mate with Ames’ equipment can
obtain the appropriate male or female taper gauge by contacting
the Test Engineer.  Users are responsible for fitting their taper to
the gauge with not less than 80% contact area that is evenly
distributed on the contacting surfaces.


Preparing
to Check


Taper Fits


To prepare for checking the taper fit, follow these steps.  (Gauges
must be approved for use by the Sting Assembly Storage
Facility.)


1. Clean the surfaces to be inspected with alcohol using a lint-free
dry wipe (such as white Kay-dry towels).  The surfaces must
be free of foreign materials or coatings.


2. Inspect all surfaces for high spots or burrs that might interfere
with a proper seat on the taper.  Notify the test engineer
before removing any defects.  Only qualified persons should
attempt to remove the defects.  The "qualified person" should
be a machinist or mechanic with good hand-stoning and filing
skills.  Repeat step 2 as necessary.


3. Inspect taper for lint and foreign debris using the UV lamp.
Use compressed air and/or step 1 to remove.
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Fluorescent
Penetrant


Taper Check
Procedure


The preferred technique for checking taper fits is using
fluorescent penetrant.  Follow these procedures.


1. Wear tight-fitting surgical gloves for personal safety.  Apply a
light coat of BIO-PEN P6F-4 or P6F-3 fluorescent penetrant to
the male mating surface(s) using a circular wiping motion.
Use the UV lamp to ensure even application.


2. With a lint-free wipe, carefully remove excess fluorescent
penetrant.  The remaining penetrant should be a very thin film
when viewed under the UV lamp and should not be visible in
ordinary room light.


3. Redistribute the penetrant using a hand rubbing technique.  If
step 6 was done properly, the penetrant should be evenly
distributed and thin enough where there is no visible
smearing.  This means very thin.  If excessive smearing is
present, repeat step 2.


4. Gently but firmly fit the two tapered surfaces.  It is especially
important not to fit a female gauge too tightly because it could
distort the gauge and give a false indication.  Immediately
after fitting, break the union for inspection.  Use a soft-faced
mallet (such as brass) for breaking the taper.  Use caution;
striking female gages with excessive side force can cause
erroneous taper fit indications.


5. Inspect the female contact areas for transfer of the fluorescent
penetrant using the UV lamp.  The contact areas will glow
brightly under the light and the noncontacting areas will be
dark voids.  It might be necessary to dim the lights in the
room.  Look carefully for high spots that might be causing an
improper taper seat.  These areas will be more visible on the
male taper, most often occurring around push-on and push-
off slots and roll-pin holes.  On the male taper, high spots will
look like a dark area surrounded by undisturbed penetrant.  If
high spots are present, return to Preparing to check taper fits
step 2.
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Completing
Taper Check


Once at least 80% contact is obtained, follow these steps to
complete the taper check.
1. Record the following information.


Date
Item checked
Gauge checked with
Overall fit percentage
Percentage fit, small land
Percentage fit, large land
Name of person checking taper
Remarks
Sketch of contact


2. Clean the tapers with alcohol.  Male tapers with tungsten
carbide plated taper lands should be cleaned immediately after
use (tungsten carbide is a porous metal into which penetrant
seeps quickly).


3. If taper fit is unacceptable and cannot be corrected by
repairing minor defects, contact the test engineer.
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6.4.4. SASF Taper Check Form


SASF TAPER CHECK FORM


DATE:


ITEM CHECKED:


CHECKED TO:


FIT %: SMALL LAND: LARGE LAND: SINGLE LAND:


CHECKED BY:


CONDITION OF TAPER, REMARKS


KFK
Large Land


Small Land


Pencil shaded areas indicate contact.


Figure 23
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6.4.5. Calibration Body Installation


Once the balance taper has been installed into the appropriate adapter
for the small hand load rig or into the four-inch taper socket in the hand load
rig it is ready for the calibration body.


NOTE: The balance leads should be routed to the data system
and connected so that balance monitoring can be active during
any balance installation process.  See the Operations and
Maintenance Manual by Don O'Neil and Robert Gisler for details
on setting up balance files and activating balance monitoring.


Calibration Body Installation:


Figure 24


1. Determine which calibration body is the best to use for the balance to be
calibrated.  See the procedure on setting a level reference for a fixed or non-fixed
bubble or electrolytic sensor.  The roll reference is set on the granite table.  The
pitch reference is set by rotating the calibration body on the balance and
determining parallelism to the balance bore.


2. Check calibration body and associated hardware condition and repair if necessary.


3. Determine which balance pinhole is to be used and circle it with a thick felt pen.
This is for easy reference if the calibration body needs to be rotated during
calibration.  If the desired pinhole cannot be used, try to use the hole that is 180°
away, or remain forward or aft to match the desired pinhole if possible.


4. Check the fit of the balance pin in the balance pin hole and calibration body
pinhole.  The fit should be such that you cannot push it in far by hand but require
the slide hammer to tap it into place.


5. Grease the lands of the balance with high compression grease.


6. Slide the calibration body over the balance and align the pinhole.


7. Using the slide hammer, tap the balance pin into place.  Note the type of pin.  If it
has a shoulder, verify that it will not bottom out on the inner rod (fouling) when fully
inserted.  If there is no shoulder, tap the pin in all the way and then back it out
slightly (approximately .1 inch) to avoid fouling.
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6.4.6. Slide Hammer


SLIDE HAMMER ROLL KEY ASSEMBLED
TAPERS


Figure 25


The slide hammer is used to install and deinstall roll keys and balance
pins.  The fit of roll keys and balance pins should be such that you are
unable to push the pins in very far by hand but require the slide hammer
to tap the pins into place.  The ideal fit will be tight enough to not allow
any motion.  Elliptical pinholes that have been distorted from circular over
time will allow some motion and should be avoided or repaired.


6.4.7. Flexures


Figure 26


Flexures are used on one method of applying load on gauges.  The
narrow neck (or sometimes a web) helps ensure that the load is applied
to the gauge and reducing interactions on other gauges that can appear
with load placement and load distribution.  It is best to have the smallest
neck or web and accurate placement of the neck or web in line with the
gauge via the indexing pin.  Flexures usually have a safety factor of at
least 2.5 ultimate in the neck or web.  They are fairly costly to manufacture,
and the tight tolerances between neck or web and indexing pin are critical
to accurate load placement.
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6.4.8. Knife Edges and Point Loads


Figure 27


Knife edges and load points reduce the cross sectional area of load
distribution to a minimum.  Like the flexures neck or web, knife edges and
point loads attempt to reduce this area and accurately locate the load over
the indexing pin to the calibration body.  Knife edges are preferred for
use at the Ames Balance Calibration Lab.  They are more universal to
many calibration bodies than the flexures, reduce load distribution to the
minimum cross sectional area, and are less subject to damage than
flexures or the point loaders.


Some additional care must be given to using knife edges while loading a
balance.  The load placement is not directly set to the indexing pin as it is
with the flexure or point loader.  A stack of three knife edges each
independent from the other is built between the indexing hole of the
calibration body and the yoke that connects the weight pan.  The bottom
knife edge has an indexing pin to reference the indexing hole.  The top
knife edge is fixed into the top bar of the yoke.  The middle knife edge is
placed between these two and the set is blocked into position with a
parallel block.  Knife edges are designed with tight tolerances so that
blocking them into place sets the knife edge cross section over the center
of the indexing pin.


Extra attention must be given to dampening loads because the load will
often rock once applied.  The knife edges provide little dampening
themselves as flexures do and the user must be aware of this problem.


6.5. Using the Autoloader


A stack of fourteen 200 pound weights sits on a table that is driven up or down
by a motor through two screws.  This weight stack with 2800 total pounds is very
useful for loading high capacity balances safely.  Always move the autoloader
with the stack in the lower position.  When the stack is raised, it is much more
unstable and there is a higher risk of injury.
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1


2


Figure 28


Position the autoloader under the gauge to be loaded.  Adjust the yoke arm
lengths such that there is a large gap (note 1 above) between the calibration
body and the stack attachment.  This gap should be large to reduce the chance
of driving the stack into the balance when raising the weights in preparation for
loading.  There is potential for overload if the stack is driven into the balance.
Before weight is applied be sure the knife edges are blocked in pitch and roll
position (note 2 in Figure 28) so that the load is in line with the gauge to be
loaded.
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Figure 29
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Figure 30
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Raise the stack into position and attach the top of the stack to the yoke with the
7/16 screw.  There should be no contact between the weight stack and the
loading mechanism when any points are taken.  A fouling circuit is available which
turns on a light when fouling occurs.  There is a cup at the bottom of each weight
that will lift the next weight as the stack is lowered.  The user must take care to
lower the stack and level the sting while retaining a gap between weight applied
to the balance gauge and weight still on the stack.
The autoloader can be used with knife edges or a traditional flexure.  Some
different adapter hardware may be necessary.  The yokes are set up to be
compatible with the 7/16 screw that attaches to a bar mounted to the first weight
cup.


6.5.1. Loading Roll Moment


Roll is loaded by transferring weights from one pan to another as seen in
the following figure.  In general, the roll calibration is performed with the
positive normal force pointing up.  This causes the roll load run starts with
a negative normal force tare from the weight of the roll calibration weights.


Use the following procedure to determine a roll load schedule.  Roll arm
weight pans can be attached with flexures or knife edges.


1. Determine maximum roll moment desired.


2. Divide maximum roll moment by roll arm length to determine
maximum load.


3. Divide maximum load by 10 to determine increments.


4. Stack two sets of five increments for each weight pan.


MAX LOAD


ARM
LENGTH


MAX LOAD=CAPACITY/ARM LENGTH


Figure 31a
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INCREMENTS = MAX LOAD      10


MAX LOAD/2 MAX LOAD/2


Figure 31b


6.5.2. Loading Axial Force


The axial gauge is loaded by pointing the balance straight up or down or
by using the bell crank and pointing a shaft into the balance (may require
ballast to keep bell crank from sliding).  Special care must be given to
proper load alignment with both methods.


LOADING AX+ LOADING AX-


Figure 32


Leveling the axial gauge is done in one of several ways.  If there is space
on the cal body, a level can be used to initially set the level reference.
The axial gauge can be pre-loaded and aligned by minimizing NF and SF
interactions.  A roll arm can be attached and used as a reference, or an
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axial plate extension can be attached to the cal body in place of the
standard axial plate that provides an attachment for flexures, knife edges,
or the bell crank.


Axial Plate


Figure 33


The bell crank can be used to load an axial gauge to a maximum load of
250 pounds.  This is useful for also providing combined loads of axial
with normal force.  Ballast is required to be stacked on the bell crank feet
to keep it from sliding when loaded.  The biggest problem with the bell
crank is alignment.  The load applied has been shown to be very
comparable to a load applied by rotating the balance straight up or down.


Some things to keep in mind in the area of alignment include keeping the
balance level, the strut level, and keeping the bottom edge of the bell
crank level.  Application of a load may cause the bell crank to rotate, and a
small wheel at the top of the base is used to correct for rotation and keep
the bottom edge of the bell crank level.







WT Operations Division Procedure
NASA Ames Research Center


Document #:


A307-9865-XM1


Rev.:


1


Title:
Balance Calibration Lab Operating Procedures


Page #:


38 of 75


CHECK THE MASTER LIST at      http://mdl   
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


LOADING AX+ WITH BELL CRANK


Figure 34


6.5.3. Adjusting Levels Fixed to Calibration Bodies and Setting Pitch
Reference Using the Rotating Calibration Body Method


This is the best way to set the pitch reference for hand load calibrations.
This process can be done with the Spectron electrolytic level or the Fell
precision levels.  Offset angle is greatly exaggerated.
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2


2


1.  Level Referenced to Calibration Body
     Angle Error in Bore or Mating Surfaces 


2.  Calibration Body Rotated 180°, Doubles Offset


3.  Pitching Balance/Sting
     to Return Bubble Half
     the Distance References Bore


4.  Bubble Remains Centered 
     when Rotating Calibration
     Body Back to Original Position 
     


SET BUBBLE TO THIS REFERENCE


Figure 35
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6.6. Granite Table Adjustment, Use, and Care


When dealing with such small angles, everything can have an effect on the
bubble level being verified or used to adjust the granite table.  A small piece of
dust or grit will throw the reading off and make repeatability impossible.  The
warmth of your hand can cause the bubble level material to expand or contract
and cause the reading to change with time.  It is best if the table is oil free to
reduce accumulation of dust.  Here are the ways to prepare the table for
adjustment and use:
1. The bubble should be left on the table overnight prior to the adjustment to


come to equilibrium with the lab environment.
2. Clean the table with acetone or alcohol to provide a clean, oil free surface.
3. Acetone can be used to remove glue that can be left behind from tape or


other accidental deposits.
4. Run a razor blade over the entire surface to remove any chips or pieces of


granite that may be projecting upward.
5. Use the side of your hand before each placement to feel and verify that the


table and bubble reference surfaces are free of dust or grit.  This will cause
a gradual accumulation of oil from your hand to be deposited on the table
and it must be cleaned with alcohol periodically.


6. Wear a glove when handling the bubbles to reduce thermal effects from
you warm hand.


7. Avoid placing metal objects on the granite table.  They will chip the table
especially if dropped onto the table.


8. Ideally the contact between bubble and table will feel "wet".  If the two
surfaces are clean and flat, a vacuum is formed when the two make contact
and lifting the bubble will be accompanied by a sticky feeling that is
sometimes referred to as "wringing".


Keep in mind that when you are adjusting the table, you do not initially know if the
bubble is good either unless it has been checked.  If a reference is available
(such as in test engineering building 244 high-bay), have your reference bubble
adjusted prior to adjusting the table.  If a reference is not available, the bubble
can be used but will have to be adjusted as well during the process of adjusting
the table.  There are some guidelines at the end of this section for determining if
table, bubble, or both are out of tolerance.


6.6.1. Adjusting Level Reference of Granite Table


If the table is to be moved to another location in the lab, the orange lift cart
can be used to raise the table an inch off the ground and rolled to the new
location.  Following is the procedure for gross adjustment as if the table
has been moved to another location.  If there are minute adjustments to
be made, go directly to step 6.  Many of these steps are easier with two
people, one making the adjustments, and one viewing the bubble to
guide the adjustments.
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Determining if a bubble or the table is set requires repeated 180° rotation
of the bubble.  If the bubble level is set and the table is level, the
bubble will remain at the center of the level.


The Spectron electrolytic levels should not be used for granite table
adjustment because their base lengths are not long enough.  The best
level to use is the line level previously described.  The very final
adjustments should be verified with a Fell precision level to check length
and width level simultaneously.  If the table and the Fell level is adjusted
and the line level bubble centered in the following steps, there can be
confidence that the table is level.  The table has held its setting for over a
year in the past.  No changes occur unless there is an earthquake, or the
table is bumped.


MOJAVE


ADJUSTMENT
NUT


LENGTH


W
ID


T
H


GRANITE TABLE FROM ABOVE


Figure 36


1. Prepare the granite table surface as described in the previous section.


2. Verify the lock nuts holding the feet to the table legs are tight (not the
adjustment nut identified in the earlier figure, the two nuts shown
above and below the foot attachment).  You do not want these to
move.


3. Verify that the adjustment nut is in the middle of its range of motion.
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4. Use a gross level and the orange lift cart to place shims below feet
where needed to get the table near level.


5. Use a precision bubble level which you have confidence in being
close to proper adjustment to set table length and width close to level
using the adjustment nuts.


6. Place level in the table length direction.  Set the bubble to the center
of the level using the adjustment knob.  Be sure to check for dust or
grit before each bubble placement.


7. Rotate the bubble 180°.  Turn the appropriate adjustment nut on a
foot of the table up or down to return the bubble half the distance to
center.  If the bubble is out of range, several iterations of steps 6 & 7
may be necessary.  Ideally, you want to try to adjust two feet at once
to retain level in the perpendicular plane.


8. Repeat steps 6 & 7 for the width direction of the table.


9. Repeat steps 6,7 & 8 until table length and width are simultaneously
level.


Here's a quick explanation of the adjustment procedure.  Initially setting
the bubble to the center of the level provides a reference to the table
angle.


Figure37


Rotating the level 180° then doubles the table offset.


2


Figure 38


Returning the bubble half the distance to the center of the level by
adjusting the table feet theoretically and practically sets the table to level.


Figure 39
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Several iterations are necessary because adjusting one foot at a time
causes variation in the direction perpendicular to the one being set.
Ideally, you want to try to adjust two feet at once to retain level in the
perpendicular plane.


Here are some guidelines for determining if the table has moved and the
level reference has gone out of tolerance using the Fell precision levels.


CASE 1:  TABLE LEVEL, BUBBLE OFFSET


0° 180°


   
CASE 2:  TABLE NOT LEVEL, BUBBLE SET


180°0°


CASE 3:  BUBBLE AND TABLE OFFSET BY THE SAME ANGLE


0° 180°


     
CASE 4:  TABLE OFFSET GREATER THAN BUBBLE OFFSET


180°0°


CASE 5:  BUBBLE OFFSET GREATER THAN TABLE OFFSET


0° 180°


  


Figure 40


6.6.2. Adjusting Fell Precision Levels


Photocopy the bubble check page and use it to record bubble location
for each rotation.  Repeated rotations can be recorded and viewing the
cumulative results can be used to help figure out what adjustments are
necessary.  This form also provides a documented record of what
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adjustments were made and that the level has been set.  Verification is
still necessary before each use.


There are two types of adjustments on the Fell precision levels.  Each has
a different method of setting and locking a level reference.


BASEPLATE


SET


LOCK


                   


BASEPLATE


SET (LARGER) & LOCK (SMALLER)


Figure 41


If you have not set one of these bubble levels previously, review the
following procedures and practice the adjustments first.  Typically, the
adjustment of a bubble level will take 15 to 45 minutes.


1. Place the bubble level on the granite table after verifying that each
surface is clean.


2. Set the bubble to the center of the hash marks with the "set" screws.


3. Once the bubble is centered, gradually begin tightening the "lock"
screws.  Notice that there are three pairs of "set" and "lock" screws.
Adjust the two "lock" screws at the corners of the hash marks.  Try to
center the bubble between these two "lock" screws.  Make the final
adjustment with the "lock" screw that has an imaginary line parallel (or
perpendicular) with the hash marks if that imaginary line is drawn from
this "lock" screw to the center of the bubble level.  Hopefully, the
bubble will not drift toward either one of the other lock screws.
Continue the tightening sequence until the bubble is in the center of
the level and you are satisfied there is a firm attachment to the base
plate.


4. If the bubble drifts slightly from center, tighten or loosen the
appropriate lock screw until the bubble is centered and you are
satisfied there is a firm attachment to the base plate.
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5. Verify the bubble is centered and the table is level by rotating the
bubble 180°.  Check your own bubble placement repeatability by
rotating the bubble several times.


6. Verify the bubble is set correctly before each use
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6.6.3. Bubble Check Form


TEST (DETAILS/SKETCHES ON BACK):


DATE: BUBBLE #:


0° 180° 0° 180°


Figure 42
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6.7. Spectron Electrolytic Sensors


Two Spectron SP3014 electrolytic sensors are mounted 90° from each other
stacked in a titanium cube housing.  A twenty foot cable delivers the sensor
excitation and returns sensor output to a box that contains drive and readout
electronics.  The sensor output is displayed on the front of this box.


ROLL


PITCH
ON


OFF20' CABLE


INCLINOMETER


READOUT AND POWER


120V


Figure 43


There are two ways that this device can be used.  Each gage can measure angle
from negative two degrees to plus two degrees.  The zeros of each gage can
be used for leveling an object.  Sample calibration data is in the file cabinets
under "Spectron Evaluation" to give you an idea of accuracy and repeatability of
the device.
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Here is some information on the mechanical aspects of the device.


PITCH


R
O
L
L


PITCH


ROLL


FIGURE 1
TOP VIEW


FIGURE 2
SIDE VIEW


1.046"


1.250"


Ø 0.102


ROLL PITCH


SPECTRON LEVELING SENSOR
BOTTOM VIEW


1.562"


0.36"


SPECTRON LEVELING SENSOR
SIDE VIEW


Figure 44


Some base plates have been fabricated for easy reference to pitch and roll.
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SPECTRON BASE PLATE


Figure 45


This device is extremely sensitive, and many precautions must be taken during
setup and operation.  The basic steps are summarized in the following
procedure.  Three things must be kept in mind when using this device:
1. Initial reference must be established with a leveled granite table, and the


Starrett 1° block included in the device storage box.  Special care must be
taken to protect the device's bottom surface and the 1° calibration block
surfaces.


2. The device bottom surface, calibration block surfaces and surface to which
the device is to be mounted must be free of burrs, scratches, and dust.


3. Output can shift due to changing temperature or internal stresses when the
device is firmly mounted with screws or tape.  It is best if the device can be
fixed to the calibration body before references are established.  If you are
just placing the sensor on a surface, take care to be as repeatable as
possible about how the sensor is placed.  Ideally it will "wring" to the
surface.


These devices have excellent repeatability when the temperature is stable.
Fixing the sensor to a calibration body with adapters and using the rotating cal
body method to set pitch (set roll on granite table) provides an excellent hand
load level reference.


6.7.1. Adjusting the Spectron Leveling Device


Using and calibrating the Spectron device often requires adjustment of the
zero and span pots located inside the electronics box.  A screw is
removed from the back end of the cover and the cover slides back to
reveal the two sets of pots.  The set toward the back of the electronics
box is for pitch and the set toward the front for roll.  The zero pot is by
itself with the two span pots next to each other.
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z- +


z- +


PITCH


ROLL


-  + ZERO
SPAN


Figure 46


1. If the device has not been verified recently, it should be taken to the
Bal Cal Lab and checked.


2. Plug the sensor into the electronics drive/readout box with the power
off.


3. Plug the power cord into the drive/readout box and an electrical outlet.


4. Turn the electronics on.


5. Let the electronics and sensor warm up for at least 15 minutes.


6. Inspect balance calibration body for squareness, cleanliness, and
condition of surfaces.


7. Inspect sensor bottom surface.  Look for scratches and burrs or
anything that can interfere with the surfaces such as adhesive from
tape, or grit.


8. If the sensor is to be used and set with the rotating cal body method
or on the granite table, fix the sensor to the calibration body with
adapters or with a wrap of tape.  Set the roll output on the cal body on
the granite table before wrapping with tape.  Set roll after the sensor
is installed with adapters if they used.


Setting Zero Reference


If the device is to be used for level reference only, and the user is not
concerned with absolute angle measurement, the zero pot can be
adjusted so that the output reads zero for whatever reference is desired.
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If this is on the granite table, the output should already be fairly close to
zero and the adjustment is no problem.  If there is some unusual
placement, for example, the adapters to a calibration body having some
offset angle, some shims might be necessary to get the sensor output
close to zero.  Adjustments from greater than + or - 0.150° should be
avoided.  The span of the device should be checked periodically
because it is not desirable to have the span offset by greater than 5% of
measured angle when set on a 1° starrett block as is described in setting
the span in the following section.


Calibrating the Spectron Level Sensor


If the sensor is to be used for absolute angle measurement from -1.999°
to +1.999° the zero and span should be adjusted for confidence.  The
sensors should periodically be checked and calibrated so that there is not
much variation in what is represented by the resolution of the device
(0.001°).  Roll and Pitch sensors are adjusted independently.


1. Slide the cover back to expose the adjustment pots for pitch and roll.


2. Set the sensor on the granite table.


3. Adjust the zero pot so that the output reads 0.000°.


4. Place the sensor on the 1° starrett block such that there is positive
output.  Adjust the + span pot so that the output displays 1.000°.


5. Place the sensor on the 1° starrett block such that there is negative
output.  Adjust the - span pot so that the output displays -1.000°.


6. Repeat steps 3-5 until the desired output is displayed without pot
adjustment.


6.8. Drawings for Mechanical Parts


To support balance calibration, drawings for mechanical parts are prepared to
modify existing hardware or to fabricate new hardware.  For example:  drilling an
additional balance pin hole in a balance calibration body, or fabricating an adapter
for a new balance.  Depending on the task, the solution and review can be done
with Balance Calibration Laboratory personnel and / or other resources, such as:
Calspan Design Section and Aerodynamics Engineering Code.
The following summarizes procedures for preparation, review, and maintenance
of these drawings:
1. Identify and state purpose or requirements.
2. Determine qualified and appropriate personnel.
3. Develop solution.
4. Perform analysis and investigation to verify that solution will work and is safe


to equipment and operator.
5. Document solution: drawings, analysis calculations, inspection reports, proof


test report, and safety analysis report.
6. Submit solution and documentation for review by qualified and appropriate


personnel.
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7. Make any changes as required and resubmit for review.
8. Submit final drawings to machine shop or structural fab shop for


manufacturing.
9. Inspect product.
10. File documentation with associated project or subject.
11. Use product only within original documented function, purpose, and


requirements.


6.9. Modifying Procedures


The most recent copy of the procedures can be found in a file on the Macintosh
Desktop currently called “Procedures 1998”.  To insert a new procedure, place a
page break at the location where a procedure is to be inserted.  Activate the
paragraph button (Backwards P) in the toolbar to show all formatting including
table of contents entries for clarity.  Title the procedure with capital letters Times
Font 16 Bold and mark as a table of contents field by highlighting the title and
pressing z +option + Shift + O (Letter not number).  Then place the cursor
anywhere in the table of contents and press z +option + Shift + u to update the
table of contents title entries and page numbers.
This is a controlled document.  After the change is made, submit change to
Branch Chief, or appropriate personnel, for approval.  Any changes must be
updated in the official version on the AO Server.


6.10. Laboratory Safety


Laboratory safety is always the top priority.  The goal here is to never have a
serious injury to any laboratory personnel.  The biggest safety problems have
to do with lifting objects (back injury), dropping objects (foot or hand injury) and
lifting of very heavy objects (potential serious injuries).
Eye Protection is also required whenever there is a possibility of component
failure, or if tools are being used that may throw any material.
Material Safety Data Sheets (MSDS) should be made available whenever any
hazardous material is present.  MSDS sheets for materials used in the lab
currently are available through the Sverdrup Safety office.  Be aware of
exposure to lead whenever the 50 pound hand load weights are used.  Clean
your hands thoroughly before leaving, and avoid contact of lead with your
clothing.
Hearing protection is required whenever the PSCL is operating and personnel
are present.  Usually ear plugs or a head set can be used individually but
occasionally both may be required.  Be aware of exposure to loud noise when
visiting the wind tunnels when they are operating.


6.11. Thermal Characterization


Thermal characterization is supported by the test engineering laboratory in
building 244.
Thermal characterization can improve data accuracy in the wind tunnel.  Balance
strain gauge bridges are thermally compensated for a temperature range.  This is
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often sufficient for tests but occasionally higher accuracy is desired.  Although the
strain gauge bridges are thermally compensated, this doesn't take into account
no-load shifts that occur due to mechanical interaction or sensitivity shifts that occur
as the gauges warm.


MODEL SLEEVE
BALANCE INNER ROD


BALANCE OUTER SLEEVE
STING


HEAT
FLOW


Figure 47


Thermal characterization attempts to correct for zero shifts and sensitivity shifts
through the temperature range of interest.  Ideally, the balance could be held at
one temperature during calibration and testing.  This can require more effort than
thermally characterizing the balance.
For Task type balances, the thermocouples are located on the inner rod and
outer sleeve and are referred to as forward inner, forward outer, aft inner, and aft
outer.  With so few thermocouples in balances, only a very basic characterization
is possible.  Effects of gradients are very difficult to characterize because a
significant amount of time can be spent trying to simulate the test condition.


FORWARD
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  AFT
OUTER


FORWARD
  INNER


 AFT
INNER


 OUTER
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  ROD


"AXIAL"
GAUGED
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FORWARD
NORMAL 
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Figure 48
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A service request to Test Engineering Lab can have the balance characterized
for zeros shifts over a range of temperature.  At least three cycles through the
temperature range are recommended.  Heating and cooling cycles are over a
long period of time reduces thermal gradients on the balance.  The effect of
thermal gradients can be observed by rapidly cycling the heating and cooling
rates.
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Figure 49


Three cycles over two days as shown above is slow enough to limit gradients
even in larger balances.  When doing some cycling to observe the effect of
gradients, heat the balance rapidly and hold as shown below.
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Figure 50


This will provide gradients in both the forward (outer sleeve to inner rod) and
reverse direction.
Changes in gauge sensitivity can be determined in the laboratory.  Install the
balance in the small or large support stand.  Use the 3852 to get the
thermocouple output.  A program called “therm” reads out both thermocouple
and balance gauge output.  Prepare the hardware for loading gauge of interest.
Wrap the calibration body with a thermal strap that is plugged into a Variac (AC
voltage divider).  Calibrate at room temperature.  Turn on the Variac power to
30% and observe the heating rate.  Reduce the heating rate as the
thermocouple output approaches 100°F.  Try to stabilize the balance thermally
and rapidly load the balance when it is thermally stable.  Repeat the process for
125°F and 150°F.
The temperatures that the balance is stabilized at for the data isn't as important as
the fact that it is thermally stable.  So if data is collected at 70°F, 97°F, 112°F,
and 145°F (through whatever temperature range of interest), it can be used to
characterize the sensitivity shift.  Some sample data on the 2.00 MK I axial
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gauge follows.  The data in this table shows that a change of 20° on the balance
causes a 0.38% full scale change in the axial gauge sensitivity.


Change in Axial Gauge Sensitivity 2.00 MK I
Load (Lb.) Axial gauge output (Microvolt per volt)


T = 70.9°F T = 83.1°F T = 91.0°F
0 0.0 0.0 0.0
32 260.5 261.0 261.6
64 521.1 522.3 523.6
96 782.3 783.9 785.2
128 1043.1 1045.5 1047.6
160 1304.8 1307.1 1309.8
128 1043.9 1046.0 1047.6
96 783.4 785.0 786.6
64 522.0 523.0 524.1
32 261.3 261.5 262.2
0 0.2 -0.4 0.1


Figure 51


6.12. Calibration Recall of Instrument and Reference Standards


The Balance Calibration Laboratory technician maintains the instrument and
standards calibration recall.  A master list is kept with due dates for instruments
and standards.  The Metrology Control Documents are kept in the Instrument
Calibration cabinet.  They are sorted by date in subject folders, i.e. Weights,
Electrical Instruments.  All items used for reference to wind tunnel testing must be
maintained to a current calibration recall date.
When an item is identified as approaching its due date preferably 30 days
before the calibration expires, it is taken out of circulation and replaced
temporarily with a unit that is in calibration.
Simco currently manages calibration recall.  Items due for calibration can be sent
to SIMCO with a calibration recall tag.  Keep the receipt for tracking the item and
easy return when they are done.  If there is a problem with the item to be
calibrated and the repair will be over $50, Simco will request a Service Request
for the repair.
File the metrology data sheet and if the unit was found to be out of tolerance,
refer to the PROCEDURE FOR CALIBRATION RECALL ITEMS
RETURNED OUT OF TOLERANCE AS FOUND.
In general, all instruments and standards will be kept current but on occasion,
items that do not require NIST traceability for a wind tunnel test or items that are
not used for several years can be allowed to lapse out of calibration recall.  If an
item is used that is out of calibration but is not a reference requiring NIST
traceability, it should be noted that the item was used for indication only.


6.12.1. Calibration Recall Items Returned Out of Tolerance as Found
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If an item is returned from calibration recall with the metrology data sheet
indicating it was out of tolerance as found, review and investigation of the
impact of the recent use must be done.  The two most critical items from
calibration recall that could impact a wind tunnel test are if a dead weight or
a voltmeter are returned having been found out of tolerance.  Other items
that may impact customers are the standards used for dimension checks
of balances and master balance gages.


Traditional and electrolytic level sensors are not sent out for calibration
recall because they are checked before each use and maintained by the
balance calibration laboratory.  Procedures for maintaining and adjusting
the granite table that is used as a level reference are found in the Bal Cal
Lab procedures manual.  Procedures for adjusting and maintaining the
level sensor themselves are also found in the Lab procedures manual.


VOLTMETER OUT OF TOLERANCE


Probably the most likely to cause problems if returned having been
found out of tolerance is the voltmeter.  There are a number of checks in
the process of transferring a balance from the Bal Cal Lab to the Prep
Room or Test Section that would catch a significant error.  The check
loading process where significant errors normally immediately trigger a call
to the Balance Calibration Lab would keep errors from continuing to the
wind tunnel test itself.  It is the slight out of tolerance that would slip
through.  Because of the process of ratioing constants based on a shunt
output, this is one case where not having an absolute reference system in
the tunnel would significantly decrease the effect of out of tolerance issues
for a voltmeter in the Bal Cal Lab.  A voltmeter would have to be
deteriorating rapidly during a load sequence for the impact to become
apparent.  For example, a voltmeter would have to drift out of tolerance
over the duration of a calibration to have significant impact.  If it were as
much as 1% out of tolerance, as long as this was a constant out of
tolerance during the entire calibration process, the constant ratioing
process based on shunt output would account for the error.


If a voltmeter is returned out of tolerance, however, there will have to be a
review of the significance of the out of tolerance, which tests were
affected, and the test engineers from each test that may have an impact
notified and given a copy of the report identifying the significance of the
out of tolerance issue on their balance calibration.


DEAD WEIGHT OUT OF TOLERANCE


Evaluate the impact of the use of the out of tolerance weight on recent
calibrations and report to the test engineers of affected tests if necessary.


CALIPER OR MICROMETER or REFERENCE STANDARDS OUT
OF TOLERANCE


Notify customers that may have had recent dimension data from
inspections with out of tolerance micrometers or calipers.  An error in
dimensional check should indicate a problem with a caliper or micrometer if
the nominal dimension is known.
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6.13. Balance Technical Notes


Most of Ames balances are what are referred to as multi-component balances,
assembled from many strain gauged elements compared to a one piece
balance which is made of one piece of metal which is strain gauged.  Most of
Ames balances are force balances having forward and normal force elements
used to determine total normal force and pitching moment, forward and aft side
force elements for total side force and yaw moment and axial and roll elements.
These are abbreviated N1 (forward), N2 (aft), S1 (forward), S2 (aft), AX, and
RM.  Although there may more than one four legged wheatstone bridges on an
individual element such as the axial element, individual elements are often
referred to as gauges such as the axial "gauge".
One piece balances are usually configured as moment balances with individual
gauges for Normal Force (NF), Pitching Moment (PM), Side Force (SF), Yaw
Moment (YM), Axial Force (AF) and Roll Moment (RM).  Ames can expect to
see more of these types of balances.
Other types of balances that have come through the lab include flow through,
rotor, ring, and nacelle balances.  Flow through balances may have their static
calibration performed in the lab and additional testing on flow characterization in
the PSCL.  Rotor balances are occasionally calibrated the most recent
associated with the TRAM test that requires the special 24 channel data system
with additional thermocouple inputs.  Ring balances include the Oblique wing
balances that are stored with their associated hardware for calibration in the
Sandberg Serrell Machine.  Nacelle balances are available and have been used
on HSCT tests.  The balances and their hardware are stored at the 14 foot.
Thermal tests may be needed if researchers or test engineers are expecting
much environmental change.  Balances can heat up during a test and some
balances are more sensitive to temperature change.  The general thermal test
accounts for zero shift in gauge outputs by cycling the balance five times over a
few days in an oven in test engineering.  Some sensitivity shifts can be tested in
the Bal Cal Lab using thermal straps.
When data acquisition is performed in the balance calibration lab, the balance
being calibrated is identified by its NEMS number.  The balance is hooked up to
a pinboard one gage at a time in this order:  -SIG (white or color), +SIG (green),
GND (black), +5V (red).
A load schedule generated once the balance has been installed.  Loading
usually begins with the "primary" gauges.  Primary gauge loadings load an
individual gauge, usually to capacity, in 20% increments.  Data is collected on the
other gauges because they have some "interaction" output associated with the
gauge being loaded.  Negative gage loadings are considered separate from
positive gage loadings.  For example, N1+ is a separate gauge from N1-.
Separate curves are generated for both cases.
Data is collected in volt output per volt excitation of the wheatstone bridge.  For
easier review, the data is displayed in the programs and printouts as µvolt per
volt.  Volt per volt data is also multiplied by 1 million before being transmitted for
reduction so the reduced data is in terms of microvolt per volt output as well.
Occasionally, data is multiplied by 5 million, which has been done for historical
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reasons and is not recommended to retain continuity in data formats between the
lab and the wind tunnel.
"Primary" gauge data is used to produce an equation relating gauge output to
gauge load.  The reduction algorithm generates this equation after all data is
collected and transmitted to the Bal Cal account.  This "primary" curve is usually a
second order equation although the reduction algorithm allows for higher order
equations (review curve fits carefully if you think using this option will help).


Primary:  Coefficients K_pos(1) and K_pos(2)
                                          K_neg(1) and K_neg(2)


For the positive gauge loading, the equation looks like the following.  The load is
a function of voltage output.


+gauge load (pounds)=µVolt/Volt* K_pos(1)


                                               +(µVolt/Volt)2*K_pos(2)


Negative gauge coefficients are used in the same way for negative gauge load.
The load is a function of voltage output.


-gauge load (pounds)=µVolt/Volt* K_neg(1)


                                         +(µVolt/Volt)2*K_neg(2)


"Interaction" equations are generated for each "non primary" gauges of a
"primary" gauge loading.  Like the primaries these are second order equations
and are limited to second order in the reduction algorithm.  If, for example, you
are loading N1+ as the primary gauge, some output is generated on the N2
gauge.  The first order coefficient for the interaction equation is labeled as
N2/N1+ on the calibration report.  The second order coefficient for the interaction
equation is labeled as N2/N1*N1+.  Interaction coefficients are generated for all
the other gauges from that primary N1+ load:
1st order terms:


AX/N1+ S1/N1+       S2/N1+     RM/N1+


2nd order terms:
AX/N1*N1+ S1/N1*N1+       S2/N1*N1+      RM/N1*N1+


Interaction equations are a function of engineering units.


Interaction:  Second order equation


Interaction on a gauge (pounds)=f(pounds calculated)


Loading a primary gauge while a secondary gauge is being held at a constant
load other than zero generates “Cross Product” terms.  If, for example, N1+ is
being loaded as the primary gauge with a constant N2+ (full scale) secondary
load applied, linear terms known as cross product terms are generated for each
gauge and displayed in the reduction report.  Cross product terms from this
example are labeled:


N1/N1*N2++,   N2/N1*N2++,   AX/N1*N2++,


S1/N1*N2++,    S2/N1*N2++,    RM/N1*N2++


Cross Products:  First order equation
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Cross product on a gauge (pounds)=f(pounds calculated)


AN EXAMPLE OF HOW PRIMARY, INTERACTION, AND CROSS
PRODUCT COEFFICIENTS ARE USED DURING A WIND TUNNEL TEST


For example:


Axial Prime Loading


Data AF R
M


N1 N2 S1 S2


Point % Full Scale
1 Tare Weight Zero
2 Shunts
3 0
4 20
5 40
6 60
7 80
8 100
9 80
10 60
11 40
12 20
13 0


Interactions are typically up to 10 µV/V, except for N1 N2 AX interactions that
will be on the order of 100-500 µV/V.
Because of the interactions between N1 N2 and AX, a default load schedule will
include combined loadings with a primary (loaded to 100% and back) and
secondary (maintained at 100% loading except for zero and shunt) between the
N1 N2 and AX gages.
For example:  AX+ loaded as a primary gage with N1 loaded to +100% as a
secondary gage.


Axial Prime with N1 Secondary Loading
Data AF R


M
N1 N2 S1 S2


Point % Full Scale
1 Tare Weight Zero
2 Shunts
3 0 100
4 20 100
5 40 100
6 60 100
7 80 100
8 100 100
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9 80 100
10 60 100
11 40 100
12 20 100
13 0 100


A balance user could request combined loads between any two gauges leading
to 132 possible data sets.


Primary Loadings
Gage Sign Combinations


N1 + -
N1 + -
N2 + -
N2 + -
AX + -
AX + -
S1 + -
S1 + -
S2 + -
S2 + -


RM + -
RM + -
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Combined Loadings
Gages Sign Combinations
N1,N2 ++ +- -+ --
N1,AX ++ +- -+ --
N1,S1 ++ +- -+ --
N1,S2 ++ +- -+ --


N1,RM ++ +- -+ --
N2,N1 ++ +- -+ --
N2,AX ++ +- -+ --
N2,S1 ++ +- -+ --
N2,S2 ++ +- -+ --


N2,RM ++ +- -+ --
AX,N1 ++ +- -+ --
AX,N2 ++ +- -+ --
AX,S1 ++ +- -+ --
AX,S2 ++ +- -+ --
AX,RM ++ +- -+ --
S1,N1 ++ +- -+ --


S1,N2 ++ +- -+ --
S1,AX ++ +- -+ --
S1,S2 ++ +- -+ --
S1,RM ++ +- -+ --
S2,N1 ++ +- -+ --
S2,N2 ++ +- -+ --
S2,AX ++ +- -+ --
S2,S1 ++ +- -+ --
S2,RM ++ +- -+ --
RM,N1 ++ +- -+ --
RM,N2 ++ +- -+ --
RM,AX ++ +- -+ --
RM,S1 ++ +- -+ --
RM,S2 ++ +- -+ --


The default load schedule is highlighted with bold figures in the above chart.  The
data acquisition system must generate a load schedule, and collect data for each
of the runs.  Once this data has been collected, it must be repackaged into a form
acceptable by SWTS and transmitted to the SWTS system for reduction and
generation of the coefficients that will be used during wind tunnel testing.
Balance data is collected in the machine using a set of matrices that are equally
complex to those generated during balance data acquisition.  There are 11
actuators on the Sandberg Serrell machine.  Six of these actuators reposition the
taper end of the balance (like the balance is leveled in the hand load), and five
actuators level the weight pans (axial pan is not currently leveled).
Movement from an individual actuator causes some movement on all of the
position sensors.  The greater effect is within the plane of the actuators travel, but
the low tolerances, and interactions between force planes and moments results in
some relationship between an actuators movement and each of the position
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sensors.  Because of this, and 11X11 honing matrix defines the relationship
between all actuator movement and sensor position.
The honing matrix is generated by taking an incremented number of steps with
each actuator and reading what that change in actuator length corresponds to in
position sensor movement.  This process produces what is called the uninverted
honing matrix.  This matrix is made up of linear coefficients that are defined by the
slope of the line:  position sensor output/actuator steps.  This matrix must be
inverted and multiplied by -1 to produce the desired matrix, the inverted honing
matrix that can be used to take a position sensor 'error' and correct for this error
with the actuators.  This matrix is called the honing matrix because it can be used
to hone in on the desired final position.
When a weight is placed on or removed from a pan, however, the weight pan
pegs the top or bottom pan stop and the system does not have enough
information to reposition directly.  The pans see an error the distance of the
weight pan stops and the system continues correcting for that error until the pans
are floating and true honing can occur.  Honing can be used to reach a desired
final position, but will be very time consuming.
To get around this, another matrix is generated called the premove matrix.  This
is a matrix that determines how much actuators must travel to float the weight
pans and reach close to the final position when a certain weight is applied to a
pan or pans.  Loading the pans with increments of weight and determining how
far actuators must travel to reposition the pans and load block provides the
coefficients of the premove matrix (the system actually makes use of look up
tables rather than coefficients).  The premove is applied only once and gets the
system close to the final position.  The honing matrix can then take over.
Once the premove and honing matrices are collected, this information can be
used to load the balance with any of the 132 data sets described earlier a point
calibration check, as well as detailed characterization of individual balance
peculiarities.


6.14. Balance User's Guide


Balances require special care and handling.  There are many steps to properly
installing and monitoring a balance.
If any problems should occur during the use of a balance, mechanical such as a
stuck taper or electrical such as zero shifts or unusual readings, the Balance
Calibration Lab must be notified at (650) 604-6335.
The following conditions must be checked during model buildup and take down.
More information on balances and balance installation is available from the
balance calibration lab.
Checks done in advance of a test
Allow plenty of lead time to correct problems (months)
• Balance to Sting Taper check.  100% contact desired 85% acceptable using


fluorescent oil method.
• Balance to Sleeve check-If the hardware is manufactured off base, extra


material should be left where the sleeve is being cut.  This will allow an







WT Operations Division Procedure
NASA Ames Research Center


Document #:


A307-9865-XM1


Rev.:


1


Title:
Balance Calibration Lab Operating Procedures


Page #:


63 of 75


CHECK THE MASTER LIST at      http://mdl   
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


iterative process of honing and checking to a suitable gage, or the balance
itself to ensure proper fit.


• Balance pin check-Balance pinholes are often no longer the nominal value,
and are sometimes oval.  The proper fit should be made to match the
pinhole that will be used on the balance.  The balance pin fit should be such
that a push hammer is required to tap the pin into place or pull it out.  It
cannot slip in the balance or sleeve pinholes.


• Push on check-Ensure push-ons line up with the proper land on the taper.
Also ensure that enough threads have been cut such that they will not
engage the taper surface.


• Push off check-Ensure the push-offs line up with the proper land on the taper.
Determine if a ring or plug is necessary on the back of the taper so
that the taper can be pushed off without causing damage such as
lining up with a roll key slot or balance wire strain relief.


• Roll key Check-The roll key requires a fit like the balance pin.  The roll key
must be matched to the specific balance roll key slot and sleeve roll key hole.
The roll key fit should be such that a push hammer is required to tap it into
place or pull it out.  It cannot slip in the balance roll key slot or sleeve roll key
hole.


Electrical check
• Check and record bridge resistance across power and signal leads of each


gage and check for shorts to the balance.
• Check and record zero load internal strain by applying 5V across the power


leads of each gage and measuring the output of the signal leads.  Divide the
output by the 5V excitation voltage to get mV/V output.


• Check the condition of the taper pins at the end of the balance leads.
• These pin connections are fragile after a wire has been bent back and forth


several times during the balance's life.  This is the most common location for
an open balance lead.  The leads must never be soldered as this solder
joint can act like a thermocouple and create zero shifts in output due to thermal
drifts at the pin block.  Taper pins can be obtained through store stock in
package of 50 (Terminal, Taper Pin #5940-00-869-8709  EA) Crimp tool
24-22 type F by AMP is recommended.  Make sure that insulation is
crimped under the rear crimp.  If the insulation is not crimped under the rear
crimp, that is the wire is stripped back too far, the wire is likely to break
(probably at 3:00am during a test).  Some wire may be too small, and can
be covered with small shrink tubing and then crimped.  With small wires,
double over the wire to allow more contact when crimped.


Installing the balance
The output of the balance should be monitored at all times to ensure
no overloading is occurring during installation.
Use lubricants as specified in the Wind Tunnel Users Guide.
• Sleeves-Molybdenum Disulfide high pressure centerpoint grease, store


stock #9150-00-223-4004 CN
• Tapers-DTE26 lubricating oil store stock #
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• Align balance in taper and hand-tighten push on screws.  Use a push
hammer to install the roll key.  Be sure roll key engages completely.  Once
roll key is installed, tighten push on screws to value as specified below.
Often push-on screws are over-torqued causing damage to hardware.


• The majority of high grade screw manufacturers, such as Unbrako can provide
torque tables for their products.  These manufacturers suggested torque
values should be adhered to.  In some cases, push on/push off screws are
"necked down" which should correspond to a reduction in the tightening
torque (TT) as a function of the change in cross sectional area.


• Use great care while installing a sleeve or model onto a balance, the axial and
roll gages are particularly vulnerable.  Install and align the balance sleeve or
model depending on the configuration.  Align the balance pin hole with the
sleeve pin hole.  Use a push hammer to install the balance pin.  Pin should
be designed such that it can be fully installed without fouling.  If the balance
pin hole, and the sleeve pin hole are the same size, the balance pin must
inserted until it can go no further, then backed off 5 to 10 mils to avoid fouling
the inner rod.  A check load can verify no fouling is going to occur during a test.


Deinstalling balance
• Use care and review configurations before deinstalling a balance.  Especially


with balances like the 2.5" balances where push on and push off lands are in
the middle of the taper.  A balance can disengage but appear stuck because
you are driving the push off screw against the surface of the taper.
Configurations should have been checked before the balance was installed
to avoid damaging balance with improperly aligned push-off screws.


THREADS NOT CUT BACK FAR ENOUGH 
WILL DAMAGE TAPER


STINGBALANCE


A DISENGAGED TAPER MAY APPEAR TO BE STUCK BECAUSE THE PUSH OFF 
IS BEING FORCED AGAINST THIS POINT AND IS DAMAGING THE TAPER


Figure 52
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6.14.1. Table of Balance Dimension and Gauge Capacity


Tot Bal Taper Roll Key Pin HolePin Hole Taper Taper Roll Key Gage Distances from Balance Center Gage Capacities
BALANCE Length Length Length Distance Dia Slope Gage Width X1(N1) X1 X2(N2) X2 X3(S1) X3 X4(S2) X4 N1 N2 S1 S2 A RM


DIA     MK NUM A B C D  E F G H J K L M IN. FT. IN. FT. IN. FT. IN. FT. LBS. N LBS. LBS. LBS. IN-LBS. MK NUM. I.D. NUM. ECO(INV. NUM.)
T-0.75 XIIA,B 3.275 2.025 1.250 0.775 0.625 0.220 0.000 0.000 0.1560 0.625 6153 0.0940 1.025 0.0854 1.025 0.0854 0.838 0.0698 0.838 0.0698 5 5 2.5 2.5 10 10XIIA,B 22182, 22183 440535, 440534
T-0.75  XVA 4.650 2.620 1.800 0.820 0.750 0.200 0.000 1.900 0.1250 0.625 300550 0.0940 1.500 0.1250 1.500 0.1250 1.250 0.1042 1.250 0.1042 100 100 50 50 30 100XVA 21227 440541
T-0.75 XVIIIA 4.650 2.620 1.800 0.820 0.750 0.200 0.000 1.900 0.1250 0.625 300550 0.0940 1.500 0.1250 1.500 0.1250 1.250 0.1042 1.250 0.1042 100 100 50 50 60 60XVIIIA 21226 637613
T-0.75 XXA,B,C 3.175 1.925 1.250 0.675 0.625 0.220 0.000 0.000 0.1870 0.625 6153 0.0940 1.025 0.0854 1.025 0.0854 0.838 0.0698 0.838 0.0698 25 25 12.5 12.5 50 25XXA,B,C 21458, 22463, 22348440528, 440531, 440532
T-0.75 XXIXA 4.900 2.870 1.800 1.070 1.000 0.250 0.000 1.900 0.1250 0.625 7012 0.0940 1.500 0.1250 1.500 0.1250 1.250 0.1042 1.250 0.1042 167 167 83.3 83.3 83.3 25XXIXA 31816 440530
T-0.75 XXIXB 4.900 2.870 1.800 1.070 1.000 0.250 0.000 1.900 0.1250 0.625 7012 0.0940 1.500 0.1250 1.500 0.1250 1.250 0.1042 1.250 0.1042 167 167 83.3 83.3 25 25XXIXB 31817 440542
T-0.75 XXXIIA,B 3.275 2.025 1.250 0.675 0.625 0.220 0.000 0.000 0.1560 0.625 6153 0.0940 1.025 0.0845 1.025 0.0845 0.838 0.0698 0.838 0.0698 5 5 5 5 10 10XXXIIA,B 24875, 24876 440533, 440539
T-0.75 XXXIIIA 4.655 2.625 1.875 0.825 0.750 0.200 0.000 1.900 0.1250 0.625 300550 0.0940 1.500 0.1250 1.500 0.1250 1.250 0.1042 1.250 0.1042 100 100 50 50 20 60XXXIIIA 27927 638764
T-0.75 XXXIVA 4.655 2.625 1.875 0.825 0.750 0.200 0.000 1.900 0.1250 0.625 300550 0.0940 1.500 0.1250 1.500 0.1250 1.250 0.1042 1.250 0.1042 100 100 50 50 20 60XXXIVA 28062 440536
T-0.75 XLIA 4.655 2.625 1.875 0.825 0.750 0.200 0.000 1.900 0.1250 0.625 300550 0.0940 1.500 0.1250 1.500 0.1250 1.250 0.1042 1.250 0.1042 100 100 50 50 30 100XLIA 38427 440540
T-1.00 IVA 3.780 2.530 1.330 1.280 1.200 0.290 0.165 0.000 0.2334 0.625 3211 0.1406 1.025 0.0854 1.025 0.0854 0.838 0.0698 0.838 0.0698 125 125 125 125 250 250IVA 21287 632223
T-1.00 VA 3.780 2.530 1.330 1.280 1.200 0.290 0.125 0.000 0.2334 0.625 3211 0.1406 1.025 0.0854 1.025 0.0854 0.838 0.0698 0.838 0.0698 200 200 200 200 200 200VA 22116 639119
T-1.00 VIA 6.380 3.880 2.480 1.480 1.400 0.340 0.125 0.900 0.1875 0.625 6674 0.1250 2.000 0.1667 2.000 0.1667 1.650 0.1375 1.650 0.1375 400 400 200 200 40 100VIA 31818 440521
T-1.00 XIVA,B,C 6.380 3.880 2.480 1.480 1.400 0.340 0.125 0.900 0.1875 0.625 6674 0.1250 2.000 0.1667 2.000 0.1667 1.650 0.1375 1.650 0.1375 400 400 200 200 100 250XIVA,B,C 39456, 38481, 48648440522, 440545, 440517
T-1.50 IIB,D 8.830 5.100 3.690 1.600 1.500 0.282 0.090 1.050 0.1875 0.625 300366 0.1340 3.000 0.2500 3.000 0.2500 2.500 0.2083 2.500 0.2083 500 500 250 250 300 800IIB,D 15206, 17033 440523, 440514
T-1.50 IIC,E 8.830 5.100 3.690 1.600 1.500 0.282 0.090 1.050 0.1875 0.625 300366 0.1340 3.000 0.2500 3.000 0.2500 2.500 0.2083 2.500 0.2083 500 500 250 250 100 800IIC,E 17034, 17932 440515, 440520
T-1.50 XIIA 8.830 5.100 3.690 1.600 1.500 0.282 0.090 1.050 0.1875 0.625 300366 0.1340 3.000 0.2500 3.000 0.2500 2.500 0.2083 2.500 0.2083 500 500 250 250 300 800XIIA 20388 632222
T-1.50 XIIIA 5.600 3.550 2.050 1.600 1.500 0.282 0.090 0.000 0.2812 0.625 300366 0.1340 1.675 0.1396 1.675 0.1396 1.325 0.1104 1.325 0.1104 1000 1000 500 500 2000 500XIIIA 21289 440547
T-1.50 XIXA 8.830 5.100 3.690 1.600 1.500 0.282 0.090 * 0.1875 0.625 300366 0.1340 3.000 0.2500 3.000 0.2500 2.500 0.2083 2.500 0.2083 400 400 50 50 250 50XIXA 32432 440519
T-1.50 XXVIA 5.600 3.550 2.050 1.600 1.500 0.282 0.090 1.070 0.2812 0.625 300366 0.1340 1.675 0.1396 1.675 0.1396 1.325 0.1104 1.325 0.1104 1000 1000 800 800 2000 700XXVIA 39724 440546
T-1.75 IB 6.100 4.050 2.050 2.100 2.000 0.440 0.160 0.000 0.2812 0.625 10191 0.1875 1.675 0.1396 1.675 0.1396 1.325 0.1104 1.325 0.1104 2000 2000 2000 2000 3000 1000IB 31120 440549
T-2.00 IA 11.250 6.725 4.525 2.350 2.200 0.437 0.000 1.362 0.3125 0.625 300231 0.1875 3.625 0.3021 3.625 0.3021 3.000 0.2500 3.000 0.2500 900 900 450 450 160 1000IA 15035 440562
T-2.00 IIIC 11.250 6.725 4.525 2.350 2.200 0.420 0.250 1.362 0.3125 0.625 300300 0.1875 3.625 0.3021 3.625 0.3021 3.000 0.2500 3.000 0.2500 900 900 450 450 500 1000IIIC 15036 637612
T-2.00 IIIE,F 11.250 6.725 4.525 2.350 2.200 0.420 0.250 1.362 0.3125 0.625 300300 0.1875 3.625 0.3021 3.625 0.3021 3.000 0.2500 3.000 0.2500 900 900 450 450 160 1000IIIE,F 16457, 16357 637611, 440572
T-2.00 IXA 11.250 6.725 4.525 2.350 2.200 0.420 0.250 1.362 0.3125 0.625 300300 0.1875 3.625 0.3021 3.625 0.3021 3.000 0.2500 3.000 0.2500 900 900 450 450 500 1000IXA 20383 440525
T-2.00 XIIA 11.250 6.725 4.525 2.350 2.200 0.420 0.250 1.362 0.3125 0.625 300300 0.1875 3.625 0.3021 3.625 0.3021 3.000 0.2500 3.000 0.2500 1500 1500 800 800 200 2000XIIA 27712 440526
T-2.00 XIVA 11.250 6.725 4.525 2.350 2.200 0.420 0.250 1.362 0.3125 0.625 300300 0.1875 3.625 0.3021 3.625 0.3021 3.000 0.2500 3.000 0.2500 1500 1500 800 800 300 2000XIVA 27827 440527
T-2.00 XXIXA,B 11.250 6.725 4.525 2.350 2.200 0.420 0.250 1.362 0.3750 0.625 300300 0.2185 3.625 0.3021 3.625 0.3021 3.000 0.2500 3.000 0.2500 2100 2100 700 700 350 3800XXIXA,B 27550A, 275508 632225, 440584
T-2.50 IIIA,B,D13.460 8.130 5.280 3.100 2.850 0.961 0.180 1.596 0.3750 0.600 300373 0.2600 4.250 0.3542 4.250 0.3542 3.500 0.2917 3.500 0.2917 1400 1400 700 700 280 2000IIIA,B,D 15003, 15034, 15043440580, 440579, 440581
T-2.50 IVA,B 13.500 8.130 5.280 3.130 2.850 0.781 0.180 1.596 0.3750 0.600 300373 0.2600 4.250 0.3542 4.250 0.3542 3.500 0.2917 3.500 0.2917 1400 1400 700 700 200 2000IVA,B 15002, 15205 637609, 637610
T-2.50 XIA 13.460 8.130 5.280 3.100 2.850 0.961 0.180 1.596 0.3750 0.600 300373 0.2600 4.250 0.3542 4.250 0.3542 3.500 0.2917 3.500 0.2917 1700 1700 700 700 1000 2000XIA 19066 440574
T-2.50 XIVA 16.137 11.037 5.037 6.187 5.500 0.875 0.500 1.700 0.6250 1.250 3340 0.3127 4.100 0.3417 4.100 0.3417 3.250 0.2708 3.250 0.2708 3600 3600 1800 1800 4000 1600XIVA 46628 440576
T-2.50 XVA 13.460 8.130 5.280 3.100 2.850 0.781 0.000 1.596 0.3750 0.600 300373 0.2600 4.250 0.3542 4.250 0.3542 3.500 0.2917 3.500 0.2917 2000 2000 1000 1000 800 2000XVA 23344 440575
T-2.50 XVIA 13.460 8.130 5.280 3.100 2.850 0.781 0.000 1.596 0.3750 0.600 300373 0.2600 4.250 0.3542 4.250 0.3542 3.500 0.2917 3.500 0.2917 2400 2400 1200 1200 1500 4000XVIA 23019 440577
T-2.50 XXA,B 17.310 11.437 5.437 6.187 5.500 0.875 0.500 2.000 0.6250 1.250 3340 0.3160 4.500 0.3750 4.500 0.3750 3.500 0.2917 3.500 0.2917 3000 3000 1500 1500 600 4000XXA,B 29985, 29986 440585, 440583
T-2.50 XXXIIA 17.310 11.437 5.437 6.187 5.500 0.875 0.500 2.000 0.6250 1.250 3340 0.3160 4.500 0.3750 4.500 0.3750 3.500 0.2917 3.500 0.2917 3000 3000 1500 1500 250 3000XXXIIA 32599 639118
T-2.50 XXXIVA,B17.310 11.437 5.437 6.187 5.500 0.875 0.500 2.000 0.6250 1.250 3340 0.3160 4.500 0.3750 4.500 0.3750 3.500 0.2917 3.500 0.2917 3500 3500 1800 1800 400 5000XXXIVA,B62053, 62051 638782, 440504
T-2.50 XL 17.310 11.437 5.437 6.187 5.500 0.875 0.500 2.000 0.6250 1.250 3340 0.3160 4.500 0.3750 4.500 0.3750 3.500 0.2917 3.500 0.2917 3500 3500 2500 2500 400 8000XL 31080 176977
T-4.00 IIA 21.500 12.810 8.435 4.750 4.375 1.225 0.180 2.600 0.6250 0.600 300400 0.3261 7.000 0.5833 7.000 0.5833 5.850 0.4875 5.850 0.4875 4000 4000 2000 2000 1000 16000IIA 15004 440570
T-4.00 IIB 21.500 12.810 8.435 4.750 4.375 1.225 0.180 2.600 0.6250 0.600 300400 0.3261 7.000 0.5833 7.000 0.5833 5.850 0.4875 5.850 0.4875 4000 4000 2000 2000 400 10000IIB 15462 440571
T-4.00 IIC 21.500 12.810 8.435 4.750 4.375 1.225 0.180 2.600 0.6250 0.600 300400 0.3261 7.000 0.5833 7.000 0.5833 5.850 0.4875 5.850 0.4875 4000 4000 2000 2000 1000 16000IIC 15768 440568
T-4.00 IVA 23.050 14.360 8.360 6.300 6.000 1.230 0.000 2.600 0.7500 0.600 4626 0.4375 7.000 0.5833 7.000 0.5833 5.750 0.4792 5.750 0.4792 6000 6000 3000 3000 2500 16000IVA 19362 632221


Figure 53
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Figure 54
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6.14.2. Table of Balance Gauge Capacities


Balance N1 N2 S1 S2 A RM


(diameter, inches) (lb.) (lb.) (lb.) (lb.) (lb.) (in-lb.)


T-0.75 XIIA,B 5 5 2.5 2.5 10 10


T-0.75 XVA 100 100 50 50 30 100


T-0.75 XVIIIA 100 100 50 50 60 60


T-0.75 XXA,B,C 25 25 12.5 12.5 50 25


T-0.75 XXIXA 167 167 83.3 83.3 83.3 25


T-0.75 XXIXB 167 167 83.3 83.3 25 25


T-0.75 XXXIIA,B 5 5 5 5 10 10


T-0.75 XXXIIIA 100 100 50 50 20 60


T-0.75 XXXIVA 100 100 50 50 20 60


T-0.75 XLIA 100 100 50 50 30 100


T-1.00 IVA 125 125 125 125 250 250


T-1.00 VA 200 200 200 200 200 200


T-1.00 VIA 400 400 200 200 40 100


T-1.00 XIVA,B,C 400 400 200 200 100 250


T-1.50 IIB,D 500 500 250 250 300 800


T-1.50 IIC,E 500 500 250 250 100 800


T-1.50 XIIA 500 500 250 250 300 800


T-1.50 XIIIA 1000 1000 500 500 2000 500


T-1.50 XIXA 400 400 50 50 250 50


T-1.50 XXVIA 1000 1000 800 800 2000 700


T-1.75 IB 2000 2000 2000 2000 3000 1000


T-2.00 IA 900 900 450 450 160 1000


T-2.00 IIIC 900 900 450 450 500 1000


T-2.00 IIIE,F 900 900 450 450 160 1000


T-2.00 IXA 900 900 450 450 500 1000


T-2.00 XIIA 1500 1500 800 800 200 2000


T-2.00 XIVA 1500 1500 800 800 300 2000


T-2.00 XXIXA,B 2100 2100 700 700 350 3800


T-2.50 IIIA,B,D 1400 1400 700 700 280 2000


T-2.50 IVA,B 1400 1400 700 700 200 2000
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T.2-50 XIA 1700 1700 700 700 1000 2000


T-2.50 XIVA 3600 3600 1800 1800 4000 1600


T-2.50 XVA 2000 2000 1000 1000 800 2000


T-2.50 XVIA 2400 2400 1200 1200 1500 4000


T-2.50 XXA,B 3000 3000 1500 1500 600 4000


T-2.50 XXXIIA 3000 3000 1500 1500 250 3000


T-2.50 XXXIVA,B 3500 3500 1800 1800 400 5000


T-2.50 XLA 3500 3500 2500 2500 400 8000


T-4.00 IIA 4000 4000 2000 2000 1000 16000


T-4.00 IIB 4000 4000 2000 2000  400 10000


T-4.00 IIC 4000 4000 2000 2000 1000 16000


T-4.00 IVA 6000 6000 3000 3000 2500 16000


Five-component external floor balances


Gauge capacities


Balance NF PM SF YM A RM


(lbs.) (ft-
lbs.)


(lbs.) (ft-
lbs.)


(lbs.) (ft-lbs.)


Lo-Q semispan 12,000 5,000 — 5,417 1,000 41,667


Hi-Q semispan 25,000 12,500 — 6,667 2,000 62,500
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6.15. Lab Infrastructure and Ames Services


6.15.1. Lab Computer Networks


Appletalk network


An Appletalk network connects the personal computers in the office area
(room 113) to the base wide network.  This network has been configured
to support 10BaseT for faster and more extensive networking in the
future.  The Appletalk network is used for access to Eudora and the world
wide web as well as other applications that may be desired in the future
for example, networking to another computer on base using XWindows
to exchange information.


Optical connection to 227


There is an optic fiber that connects the Bal Cal Lab to computers in
building 227.  Raw data is transmitted to the computer in building 227
where the data is reduced to produce the calibration coefficients that are
given to the test engineer for use during the wind tunnel test.


Future Networking


It may be desirable in the future to network the data systems in the lab for
access to common data acquisition programs and archival directories.


6.15.2. Trouble Desk Calls


Trouble Desk telephone number:  4-5212


Trouble calls include most facility issues such as carpentry, electrical,
heating and air conditioning, janitorial, locksmith, mechanical, paint and
plumbing.


Here are some examples of reasons the trouble desk was called:
• Air Conditioning not working (calibration lab usually requires


immediate service or work stops)
• Strange smell outside door (turned out to be burned out


transformer in PSCL)
• Roof leaks when it rains (still unresolved)


6.15.3. NASA Store/Stock


NASA Store/Stock has many items useful in the lab.  A store/stock form
is filled out and submitted to the Stores stock room M/S 255-4.  Initials
are required form someone who is on file with Store/Stock for
authorization.  If many Store/Stock forms are being submitted, it may be
useful to have your initials approved for authorization.  See the
Store/Stock room for procedures on how to get your initials on file.
Unfortunately, the Store/Stock room no longer allows walk in requests.


Some items from store stock, which are helpful, include:
• Gold taper pins for balance leads
• 17-4 rod stock for pins and roll keys
• Centerpoint Grease







WT Operations Division Procedure
NASA Ames Research Center


Document #:


A307-9865-XM1


Rev.:


1


Title:
Balance Calibration Lab Operating Procedures


Page #:


70 of 75


CHECK THE MASTER LIST at      http://mdl   
VERIFY THAT THIS IS THE CORRECT REVISION BEFORE USE


• Fasteners
• Tools
• Office supplies


6.15.4. NASA Service Requests


NASA Service requests are handled through the branch office.  Form
ARC 73 is filled out with the services and department information
requested.  Services under $500 require branch signature only.  Anything
of higher value requires Division Signature.  A request number is found
by referring to the service request binder in the branch office.  A copy of
the service request is left in the binder and the summary sheet at the front
of the binder is updated with your request number and services
requested.


Engineering


NASA usually coordinates engineering support.  There have not been
any service requests generated by the Bal Cal Lab.


Test Engineering


Test Engineering support is available with service requests.  This
provides support in the area of thermal characterization, tilt sensor
calibration, and trimming of weights to specific standards.


Imaging Technology


Imaging Technology will photograph test setups or other hardware to
provide prints of viewgraphs.  They also can provide brochures or
multimedia presentations if desired.


Machine/Model shop


Service requests accompanied by detailed drawings will provide for
hardware manufacture on base.  Look into the options of having the work
done outside with competitive bid or other means through Sverdrup
purchasing.


Wood Shop


The woodshop provides items like balance boxes or boxes for other
items that need protection like the tilt sensors.  They also built the large
wood cabinet in the lab.  Other items that are useful include V blocks for
keeping balances stable on the workbench.


Wang/INET


Wang currently provides all networking services for Local Area Networks.
If there is a problem with the network, contact Wang.  A service request
may be required to just get an estimate of the work.


Simco


Simco currently manages calibration recall.  Items due for calibration can
be sent to SIMCO with a calibration recall tag.  Keep the receipt for
tracking the item and easy return when they are done.  If there is a
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problem with the item to be calibrated and the repair will be over $50,
Simco will request a Service Request for the repair.


Personal Systems Center and PC Repair


The Personal Systems Center is used for purchasing personal
computers and software.  A service request submitted to the personal
systems center is required.  They also have a library of software available
to try before purchasing software.  The Ames server located at ARCLAN
in filesharing also has some "Site licensed" software such as anti virus
programs and Netscape.


6.15.5. Sverdrup Resources


Sverdrup has resources available.  Some require a work order, others a
G03 number, and others may work via task order from NASA.  Some of
the previously used resources include:


Programmers, Instrument Technicians


Occasionally, a programmer may be needed to modify a program.  A
qualified programmer may be available from Sverdrup or NASA and
should be familiar with the current program.  All changes in programs must
be documented in the program.  Usually will just require a G03 number if
it is a small change or may require a task order for development of new
projects.


Instrument technicians can perform most electrical associated duties such
as building cables or configuring data systems.  A work order is usually
needed for Instrument Technician support.


Sting and Storage Facility (SASF)


During production, the Bal Cal lab works closely with the Sting and
Storage Facility personnel.  Balances are check fit before each test.  This
is done with florescent oil and is performed by a mechanic.  This is a test
activity and does not require G03 numbers.  When problems are
discovered with tapers, Sting Room and Bal Cal personnel can
coordinate the repair but the burden of paperwork and vendor
requirements goes to the Bal Cal lab.  During repair, SASF personnel
can be called on to check the repair before acceptance.


The SASF will also request master balance gauges and calibration
bodies for sting setup.


Sverdrup Purchasing Department


The Sverdrup Purchasing Department can by utilized by submitting
purchase orders for needed items.  It helps to get "Engineering
Estimates" especially if it is very specialized equipment or services.  Sole
source justification may also be necessary and submitted by the person
making the request.


Petty cash items can be purchased up to $100 and reimbursed with
supervisor signature.
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Mechanics, Electricians


Mechanics and Electricians require Sverdrup Work Orders.


Mechanics are required for any non standard mechanical work in the lab
standard being typical balance installation into the machine or hand load.
Work performed by mechanics so far includes earthquake proofing, drilling
holes in concrete, and repairing model support stand.


Electricians have been called to repair the model support stand.


Mechanical Design Group


The mechanical design group is available for stress analysis, and design
of hardware.  If a situation arises where you need verification of your own
stress analysis, or if the problem is more complex and requires someone
with more experience in this area, the design group can be called.
Depending on the size of the problem, the work may just be done on a
G03 number.  If the stress analysis is complex, or a design is needed
that requires more than a couple of days work, a task order may be
necessary from NASA.


Sverdrup Tool Crib


Some tools are available in the tool crib and can be checked out for use in
the Bal Cal lab.  Fasteners and other hardware such as threaded rod etc.
may also be available.


6.15.6. NASA Library and Technical Information Division


NASA Library


The NASA Ames library has several resources available.  With a branch
level signature, you can have a certain amount of time to request specific
searches by the librarians.  The library has some indexes of authors and
subjects available with computer terminals ready for immediate use.
Books can be checked out for several months and new books are
highlighted near the video/CD playback area.  Their periodical section is
also quite extensive.


TID Technical Information Division


The Technical Information Division can help with publications.  The
procedures for publication are reviewed in this document but the most
current information is available with TID.  They also have technical editors
that can help polish your work.


6.16. History of the Balance Calibration Lab


Over time, many people have contributed to the Bal Cal Lab operations and
development.  Balances were hand-loaded until the Sandberg Serrell machine
was manufactured.  Then for a long time, balances were calibrated under the 14
foot in a cramped laboratory area.  This was a labor intensive process with an
operator making adjustments to put the balance into position.  In the early 1990's
the machine was moved to it's current location in building 207A and upgraded to
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computer control.  Accuracy requirements are dictating a thorough evaluation of
calibration uncertainty in 1995.
In the late 1950's the Bal Cal Lab was located in building 227 in the rooms
across from Jack Marsh's machine shop and next to the freight elevator.
Balances were hand-loaded with the calibrations being done by Duncan and
Levarnway In the late 50's, early 60's the lab moved to a room in the 14 foot
where the Sandberg Serrell Machine was installed.  Duncan later retired and
Levarnway took over.  Also during this time, Willard Smith had a part of
analyzing and providing engineering support to balance calibrations.
Computational power limited balance calibrations to strictly linear curve fits.  After
Willard Smith and Levarnway left, Endicott took over the lab operations.
Later, the lab was service contracted through the Test Engineering Lab and
managed by Howard Menche with the machine operated by Wesley.  Menche
investigated the safety systems issue and made recommendations that were
not implemented until the issue was taken up later.
Sometime in the late 70's, early 80's responsibility for the lab was taken by
code RA, the aerodynamics division.  Balances were and still are maintained and
calibrated through service contract.  At this time, the machine safety and upgrade
issue began to evolve.  The machine upgrade is a story of its own.
The Mechanical Systems Branch (N213) was brought in to upgrade the
machine.  Hawker worked on the upgrade until about 1987 when Husmann took
over.  Husmann, Gisler, Bader, Martwick and Hanratty were involved with the
upgrade and engineering of the project.  Supervisors through this time included
McMurchy, and McMann supported by Gardino and Kieselbach.  In 1987,
Lockwood operated the lab working with Gardino and supported the machine
modification and move.  Wilcox and Lijon entered the scene at the time the
machine was just moved and the major upgrade was to begin.  The machine
upgrade proceeded with the efforts of Husmann, Hanratty, Martwick, Gisler,
O'Neil, Bader, Lijon, and Wilcox.  Lockwood returned at the time of acceptance
testing to investigate the accuracy issue of the machine and balance calibration.


7. Metrics


Metrics for this procedure are defined in completeness, accuracy, and timeliness of the
calibration operation


8. Quality Records


The following Quality Records shall be generated and managed in accordance with the
FOI Quality Records Matrix (A027-9891-XV4) and 53.ARC.0016.


Required Record Custodian


Calibration Record (for
equipment used in the
calibration)


Original at the Ames Cal
Lab, Copy in the Bal
Cal Office
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The following Objective Evidence shall be generated.


Required Record Custodian


Balance Calibration
record


Stored in the Bal Cal
Office


9. Form(s)


9.1. Balance Request Form


See next Page.
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BALANCE CALIBRATION REQUEST FORM


TODAY’S DATE:                   DATE CAL REPORT REQUIRED:                          
TEST NAME:                                                                                                             
TEST DATE:                                       TEST LOCATION:                                                    
PRINCIPAL INVESTIGATOR:                                                                                           
ORG:                                       M/S:                                       EXT:                                        
TEST ENGINEER:                                                                                                                 
ORG:                                       M/S:                                       EXT:                                        


BALANCE INFORMATION
BALANCE REQUESTED (SIZE & MODEL):                                                                     
BALANCE NEMS #(AMES) OR SERIAL # :                                                           
DATE CAL REQUIRED:                                                                                                      
BALANCE RESERVED FROM:                                          TO:                                          


PRIMARY       BACKUP         


CALIBRATION INFORMATION
GAGE
NAME


COLOR
CODE


GAGE
CAPACITY


MAX LOAD
REQUESTED


RESISTANCE
(OHMS)


N1
N2
S1
S2
RM
AX
CALIBRATION RIG: MACHINE (0)                                   HAND LOAD (2)                  
CALIBRATION BODY:                                                                                                                    
LOADING METHOD AND NOTES:                                                                                             
                                                                                                                        


CIRCLE PIN POSITION TO BE USED      3,4,7,8 THICK SIDE


1,2


3,4


5,67,8 N+


S+


N+


12


34


S+


56
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PSI System Installation Procedure


A006-9762-XM2 1 Original  - 11/97


1.0 Purpose


The purpose of this guide is to establish a framework for an efficient and a
systematic installation of a test dependent PSI System.  The FOI PSI Installation
Procedure is a document used by all personnel responsible for building up,
setting up, and checking out the PSI System for a wind tunnel test at NASA-
Ames Research Center.


The installation and checkout procedure applies all personnel who work on the
PSI System for wind tunnel testing.  The installation instructions contain
information used by the Test and Facility Instrumentation Engineers and
Instrumentation Technicians.


2.0 Project Phase Summaries


Phase Activity Summary


Design &
Documentation


Flowcharts, Hardware Inventory List, Termination
Sheets, Checkout Procedures


Heaters Fabrication and setup of the PSI Heaters and Heater
Controllers


Plumbing Pressure tube installation techniques on model tubes,
connectors, adapters and to the PSI Module nozzles


Modules Primary Pressure ports plumbed: C1, C2, CAL, PREF,
PMON


SJU Module to Scanner Junction Unit Interface Cable
routing and location
SJU to S8400-IFC Interface Cable routing and
termination


PCU Identify the correct Pressure Calibrator is set in the
designated location in the PSI System


SDU The Signal Digitizer Unit recognizes the correct S8400-
IFC and corresponding SJU


Primary Control
Pressures


C1, C2, CAL, PREF and PMON pressure lines are
properly installed and routed
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3.0 Reference Documents


Pressure Systems 8400 Users Manual


PSI Module Replacement Procedure (A027-9762-XM1)


PSI System Leak Check Procedure (A006-9762-XM3)


PSI System Plugged Port Procedure (A006-9762-XM4)


PSI System Calibration Procedure (A006-9762-XM5)


4.0 Tools Required


• Torque Screwdriver with 5/64 in. Hex Torque Fitting (Calibrated)


• Jeweler's Screwdriver


5.0 Phase Details


5.1 Design & Documentation


1. Generate flowcharts and PSI System Design Drawing for Test


2. Itemized PSI hardware needed to meet test requirements


3. Gather and/or create instructions and procedures used to complete the
buildup


4. Gather and/or create instructions and procedures used to verify and
validate setup


5.2 Install Heaters (Use PSI Factory Heaters)


1. All Heating elements are 28 VDC Type.


2. All Heater Chambers provide heat to the PSI Module transducers.


3. Insure that temperature sensors are securely attached and located in the
PSI Module Heater Chamber.


4. Install and insure the PSI Module is securely in place inside of the Heater
Chamber.  Secure module to lid of heater chamber.


5. Insulate PSI Module to provide effective heat regulation.


6. Electrically insulate module from heater chamber


7. All power and control interface cables are routed to the High Voltage
Hoffman termination blocks.


8. All     power cables     are 16 gauge twisted-shielded-pair cables.


9. All    control wiring     is 20 - 22 gauge twisted-shielded wiring.


10. Set heater chamber to 10°F above expected ambient, but not greater than
150°F.


5.3 Install Plumbing


1. Determine pressure tube type needed to meet test requirements
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2. Label all pressure tubes clearly i.e. C1, C2, tap location, etc.


3. Terminate tubes properly; use appropriate tube spring clamps as
necessary.


4. Verify all termination by inspection


a. Tubes inserted to base of nozzles, connectors, etc.


b. Springs installed properly, between node and body


5. Refer to Section 5.8 for color codes.


5.4 Plumb Modules


1. Follow all instructions for “Install Plumbing”.


2. VERIFY ALL PRIMARY PRESSURE LINES ARE CORRECTLY
IDENTIFIED AND CONNECTED TO EACH MODULE.


3. Avoid any situation that could cause tubes to be pinched, bent or twisted
when control surfaces move or model covers are installed.


4. DO NOT USE OR POUR ANY FLUID ON PSI MODULES.


5. When pressure checking the PSI Modules:
DO NOT APPLY ANY PRESSURE THAT EXCEEDS THE PRESSURE
RATING OF THE MODULE


6. Use a Druck Pressure Calibrator Unit/ Vacuum Gun to do the Leak
Verification Check.


7. Refer to Leak Check Procedures for additional PSI Module validation
checks.


5.5 SJU INSTALLATION


1. Insure all Modules connected to the SJU have been installed as indicated
in the design documents.


2. Insure the SJU LEDs have not been blocked from view.


3. Fasten the SJU securely to the Model or a mounting surface.


4. Check all SJU Interface Cable for damage.  Replace or fix as necessary.


5. If SJU is required to be terminated to a Taper Pin Block, insure the Wiring
Document used is the correct one for that cable.


5.6 PCU INSTALLATION


1. Insure ALL PCUs are appropriately designed for use at the facility in
question.  (i.e., check for high line pressure in 12-Foot tunnel.)


2. Install PCUs with power off.  Check pneumatic block, etc.


3. Verify the PCUs are installed in the PSI System per instructions or design
documents.
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4. Insure the Calibration Due date for each PCU will not expire during the
Test.  Send the PCU to the Calibration Lab if not sure.


5. Check and verify the Safety Solenoid cable (if appropriate) is terminated
to (J3) on the back of the Remote Processor Unit.


5.7 SDU INSTALLATION


1. SDU is located in the 8400 System Processor.


2. Use the IE drawing, flowchart and PSI Setup documents to verify the
proper locations of the SDU.


3. Use the IE drawing, flowchart and PSI Setup document to correctly
identify the S8400 Interface Cable termination to the SDU in the System
Processor.


5.8 PRIMARY CONTROL PRESSURES


1. Use 0.125” OD color-coded vinyl tubing for the Model.


2. Use 0.250” OD color-coded vinyl or polyflow tubing


3. Color Codes:


a. C1..................................RED


b. C2..................................BLUE


c. CAL ..............................BLACK


d. PREF ..............................GREEN


e. PMON............................YELLOW


f. Pressure Source ..........CLEAR


g. VACUUM....................POLYFLOW (milky white)


h. Institutional ................TRANSPARENT AQUA


i. Spare.............................ORANGE
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1.0 Purpose


The purpose of this procedure is to describe how to check the PSI system
control lines for leaks.


This procedure applies to any PSI system at the 12-Foot Pressure Wind Tunnel
PWT).  The group involved is FOI operations.


2.0 Definitions


SDS Standard data acquisition system at the 12-Foot PWT


PCU Pressure Control Unit


Pref PSI system reference pressure


Pcal PSI system calibration pressure


Pmon PSI system monitor pressure


3.0 Reference Documents


Pressure Systems 8400 Users Manual


PSI Module Replacement Procedure (A027-9762-XM1)


PSI System Installation Procedure  (A006-9762-XM2)


PSI System Calibration Procedure (A006-9762-XM5)


4.0 Tools Required


• SDS System and associated X-Terminal


• Druck pressure calibrator (Calibrated)


5.0 Procedure Details


5.1 Prerequisites


a. All model pneumatics connected in accordance with PSI System
Installation Procedure.


b. Facility leak rates must be less than 1% fs/min for the range of the PCU
being tested.


5.2 Test


a. Equalize all control pressures to atmosphere


b. Command modules to RUN mode


c. At patch panel, disconnect Pref, Pcal, and Pmon lines from PSI remote rack.


d. Apply max pressure of the module at the patch panel to each control line.


e. Allow sufficient time for the pneumatic hammer to settle.
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f. Record leak rate for each control line.


g. Acceptable leak rate is < 1% f.s./min for the range of the PCU in question,
for the facility and model combination.


h. Reconnect control lines.


5.3 Alternate method


a. Press leak check button @ SDS console.
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1.0 Purpose


The purpose of this procedure is to check model PSI plumbing for continuity
and plugged ports.  This procedure applies to all 12-Foot Pressure Wind
Tunnel (PWT) models.


2.0 Definitions


SDS Standard data acquisition system at the 12-Foot PWT


PCU Pressure Control Unit


Ps Tunnel static pressure


Pref PSI system reference pressure


Pcal PSI system calibration pressure


Pmon PSI system monitor pressure


3.0 Reference Documents


Pressure Systems 8400 Users Manual


PSI Module Replacement Procedure (A027-9762-XM1)


PSI System Installation Procedure (A006-9762-XM2)


PSI System Calibration Procedure (A006-9762-XM5)


4.0 Tools Required


• SDS System and associated X-Terminal


• Druck pressure calibrator (Calibrated)


5.0 Procedure Details


5.1 Prerequisites


a. Insure that modules are installed and calibrated according to appropriate
procedures


b. Bring up Real-Time (RT) Display and display PSI ports in accordance with
PSI System Calibration Procedure


c. Insure modules are in “Run” mode.


5.2 Model Prep Room Activities


a. With a vacuum gun or Druck pressure calibrator, apply maximum
pressure/vacuum to each port of model.


b. While maintaining constant pressure/vacuum observe for plugs and leak
rates at SDS console.  Acceptable leak rates < 0.05 psi/min
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c. Note any discrepancies and repair as necessary in accordance with PSI
Module Replacement Procedure.


5.3 Tunnel Activities


a. Put modules in the “Run” mode.


b. Set reference pressure (Pref) to tunnel static pressure (Ps).


c. Increase Ps to maximum range of the lowest range module being used.


d. At the SDS console, verify that all the unknown ports are reading
Ps-Pref.  Pmon will read the Pmon PCU pressure set.


e. If any ports are reading substantially less than 0 psid they are plugged.


5.4 Clearing plugged ports in either case


a. At the SDS console, command Pcal PCU pressure to equal the Pref PCU
pressure.


b. Slide modules to cal mode at the SDS console.


c. Manually close Pmon PCU valve at the patch panel.


d. Apply sufficient purge pressure to the purge lines to clear plugs.  Start at a
20 psig and use a Druck pressure calibrator to take a random sample of
the pressures at the model surface.  If any pressure shows up at the model
surface that port is OK.  Also, monitor the input pressure.  Increase the
input pressure in steps up to 100 psig max.  Do not exceed the capacity of
the tubing.  Increase the input pressure until the plug clears.


e. Repeat plug check.


f. If purging fails to clear a plug, you may continue the test operations if you
equalize the plugged port to Pref by keeping the modules in cal mode.
[This can only be done if purge is vented to the plenum.]  The test
manager must approve test operations with a plugged port.
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1.0 Purpose


The purpose of this procedure is to guide the Instrument Technician on how to
run a PSI System Calibration in a correct and timely manner so as to obtain the
highest quality data to meet the customers requirements.


This procedure applies to the calibration and checkout of the PSI System for the
facility and model operation for data acquisition.


2.0 Definitions


SDS The Standard Data System used to acquire all data from the 12
Ft. and Unitary wind tunnels


PSI System The Pressure System Inc. device used to acquire pressure data
from the facility and model


IT Instrumentation Technician


Module Electronic Scanner Module used to measure pressure.


Cal An abbreviation for calibration; the process to determine the
conversion of transducer output to desired engineering units


Cal Coef Coefficient generated by the Calibration process


Validation A check for uniformity among the module’s Cal Coef.


Cal pressure A known pressure distributed to the unknown input side of all
the transducers.


Ref pressure A known pressure distributed to the reference side of all the
transducers.


Pmon A known pressure distributed to one port on the module to
characterize drift in the module.


DPmon Calculated differential between the Pmon on the module and the
Paro measuring the same pressure.


Paro Paro Scientific transducer with thermal compensation and .02%
Full Scale accuracy


Tolerance Tolerance for the modules accuracy used at the 12’ is     +    .05% Full
Scale.


FSP Acronym for Front-end Subsystem Processor


FSP2 Surface Pressure measurement FSP


FSP7 WICS Pressure measurement FSP.
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3.0 Reference Documents


None


4.0 Tools Required


• SDS System and associated X-Terminal


5.0 Instruction Details


5.1* Bring up the SDS and initialize the PSI System.


5.2* Bring up the PSI Control Screen.  **


5.3* Bring up the IT’s Real Time Display.


5.4 Using the PSI Control Screen, place modules into "Cal" position.


5.5 Using the PSI Control Screen, set Cal pressure.  ***


5.6 On the IT Display all ports should read a voltage or pressure offset.


5.7 Using the PSI Control Screen increase Ref. pressure.  ***


5.8 On the IT Display all ports should stay the same.


5.9 Using the PSI Control Screen, place modules into "Run" position.


5.10 On the IT Display all ports should read an offset; Pmon should read the
calculated voltage or pressure read from the Pmon Paro.


5.11 Using the PSI Control Screen, set Pmon.  ***


5.12* Bring up all module displays to make sure the Pmon offset is not on any
other port.


5.13 Using the PSI Control Screen increase the Ref Pressure.  (Check with IE
for the pressure value.)


5.14 Using the PSI Control Screen, start a “Cal.”


5.15 Print the Cal Coef.  and validate with IE.


5.16 Using the PSI Control Screen, place modules in "Run" position.


5.17 On the IT Display DPmon should fall with-in modules tolerance.


* Ask Computer Service Technician for assistance if needed


** This screen controls both FSP2 & FSP7 in the Control Room.  In the Prep
Rooms, there is only one system (FSP2).
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*** The output voltages should confirm the input pressure The output
voltage of the individual ports are 4.5 volts + 10% at the full-scale
pressure of the module.  For example, if the module range is +15 psi,
then 5 psi is one third of the full scale range then the output voltage
should be 4.5(+ 10%) /3=1.65 - 1.35 volts


The PSI 8400 does not save bad coefficients.  If the coefficients are not being
saved, check the module output to verify that the calibration pressure agrees
with the set calibration pressure.  If there is a leak in the Cal Line, the wrong
Cal Line is connected to the module, or if the Cal Line is plugged, the
coefficients may not pass the system’s criteria for good coefficients


The PSI Cal can keep up with a 1% f.s. leak rate for the calibration.  If the
modules, PARO, and PCU readings do not match, there may be a leak.
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1. Purpose


The purpose of this procedure is to guide safe and timely installation of test
instrumentation in a manner consistent with obtaining the highest quality data to meet the
customers requirements.


2. Scope


This procedure applies to the installation and/or checkout of all systems required for
facility and model operation for data acquisition in accordance with the Data Management
Manual.  The time frame covered is from the test start date until completion of final
operational readiness review.
The groups involved are:


FOF Facility and Maintenance Engineers and Technicians;


FOI Development Group, as required,
Computations Group programmers and technicians, and
Instrumentation Group engineers and technicians;


FOW Test Engineers,
Tunnel Operators and Mechanics, and
Model Operators and Aircraft Mechanics, as required;


External Customer Representatives, including NASA Principle Investigators and/or
External Engineers and Technicians.


3. Definitions and Acronyms
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3.1. Cal An abbreviation for calibration.  The process to
determine conversion of transducer output to desired
engineering units.


3.2. Checklist An itemized list of necessary tasks to be performed
during installation with provision for verification by
personnel sign-off.


3.3. Checkload The process to verify correct and accurate response of
transducer(s).


3.4. Checkout The process to verify system response.


3.5. Crew Training Test specific training necessary for safe test operation.
Scheduled by the Test Engineer and required for all
operating personnel.


3.6. DAS Data Acquisition System; normally the Standard Data
System (SDS) or NFAC Parametric I M E (NPRIME).


3.7. Documentation All physical records pertaining to test configuration,
operation, and measurement requirements.  The
archiving of this material is to be the responsibility of the
Instrumentation Engineer or Test Manager, as required.


3.8. End-to-end The data path from transducer through computed results.


3.9. External All organizations other than Wind Tunnel Operations
Division.


3.10. Facility The test site and associated hardware.  This includes all
hardware furnished by the Wind Tunnel Operations
Division such as WICS, other tunnel conditions, high-
pressure air, pressure sensitive paint, video, floor-
mounted balances, etc.


3.11. Initial Conditions The transducer offsets and/or physical positions that are
regarded as references against which future
measurements are compared.


3.12. IP The Instrumentation Plan.  A document containing all
system configurations required for instrumentation
operation and data acquisition.


3.13. Log The documentation of activities by instrumentation
personnel used to track and communicate progress.  It
may take the form of a physical book or computer file(s).


3.14. Model The test article including all associated systems.


3.15. Safety Circle Meeting(s) required for safe tunnel and model
operations (also see Crew Training).
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3.16. Test Operations Conduct of tunnel and model operations for required
data acquisition.


3.17. Test Readiness
Review #2


Formal review of test progress required before test
operations can begin.  It includes documentation signoffs
required by Instrumentation Engineer.


3.18. Test Safety
Review


An alternate term for Test Readiness Review #2.


3.19. Test Start Date The scheduled date for facility test occupancy.
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4. Flowchart
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6.2


6.2.1
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6.4.1


6.5
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5. Responsibilities


Responsibilities are defined in Section 6 in association with each action therein.


6. Procedure


Step Responsible
Branch


Action


6.1. FOI Distribute documentation and initiate Test Log.  The
documentation shall include the IP, checklists, and
relevant installation and operating procedures as
appropriate.


6.2. FOF, FOW,
and FOI


Install Facility Systems.  In particular, those systems
provided by the division that are required for conduct
of the specific test.


6.2.1. Facility Systems Checkout.  The checkout shall include
functionality, accuracy, and safe operation.


6.3. FOI Configure DAS.  This shall include all required
hardware and software setups.


6.3.1. DAS Checkout.  The checkout shall include all
hardware and software setups as appropriate,
including hardware calibration verification.


6.4. FOW, FOI,
and External


Install Pre-model Systems.  This shall include all test
specific cabling, tubing, and other hardware.  It shall
also include checkouts, checkloads, and calibrations as
required prior to model installation.


6.4.1. Install Model Systems.  This shall include the
remainder of the test specific cabling, tubing, and other
hardware not covered in 5.4.


6.4.2. Test Systems Checkout.  The checkout shall include
functionality and safe operation.


6.5. FOW, FOI,
and External


End-to-end Checkout.  The checkout shall include all
test measurements and operating systems required
for test conduct.


6.6. FOW, FOI,
and External


Checkloads and in-place Cals.


6.7. FOW, FOI,
and External


Required Initial Conditions.
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7. Metrics


Metrics for this procedure are defined in completeness, accuracy, and timeliness of the
calibration operation


8. Quality Records


There are no Quality Records generated within this procedure.


The following Objective Evidence shall be generated.


Required Record Custodian


Instrumentation Checklist Stored with the
Instrumentation Plan


Instrumentation Test Log Stored with the
Instrumentation Plan


Instrumentation Plan Stored with the Test
Book/Box


9. Form(s)


There are no forms associated with this procedure.








Wind Tunnel Operations Division
Wind Tunnel Systems Branch


POST TEST DATA


TRANSMITTAL PROCEDURE


Original
May, 1998


Document Number:  A006-9861-XM4


This is a controlled document.
The official version of this document is on the AO Server.


Printed copies are for reference only.


Prepared For
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION


Ames Research Center, Moffett Field, California


Prepared by
Nancy Hart, Sterling Federal Systems







Post Test Data Transmittal Procedure


A006-9861-XM? Original  - 5/98


Approved By:


This is a controlled document.
Any changes to this document must be in accordance with the


Configuration Management Procedures, A027-9391-XB4







Post Test Data Transmittal Procedure


A006-9861-XM? 1 Original  - 5/98


1.0 Scope


This procedure applies to the SDS post-test data transmittal process for the
Computer Systems Technicians.


2.0 Definitions


SDS Standard Data System; developed for the Unitary family of high-
speed tunnels.


Post-test The test phase typically described as end of control room real-
time operations.


CSTs Computer Systems Technicians - Group of professionals
responsible for test system integrity and quality data throughput.


3.0 Reference Documents


Data Management Manual (A027-9761-XB1)


Computer Systems Technician Checklist, Standard Data System


4.0 Tools Required


None


5.0 Procedure Details


As a CST is assigned to a test, he/she should obtain the latest Computer
Systems Technician Checklist from the CST Manager.


5.1 Data Specifications


A description of the desired data transmittal formats to be used for the test is
specified in the customer’s Software Requirements Document.  The
Computations Group Leader reviews these specifications.  After the Group
Leader's final approval, the specifications are communicated to the Computer
Systems Technician Manager and then to the Computer Systems Technicians
assigned to the test.


5.2 Post-test Operations


A flow chart of post-test operations is shown in Figure 1.
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CST SDS Data Transmittal Process Flow-Chart
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Figure 1
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SDS Transmittal Form Example


Figure 2
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Upon conclusion of control room real-time operations, data reports are printed
and delivered to the Test Manager for analysis and ratification, and
Programming Support Personnel relocate the test account to an auxiliary
computer system.


Following the test relocation, the CST, along with the Test Manager, conducts a
series of iterations of Update/Recompute/Report/Verify until a favorable
conclusion is reached, and the Test Manager gives the Technician approval for
final transmittal preparation and delivery.


A transmittal request from the Test Manager is received in any of several ways:
e-mail, verbal instructions over the phone or in person, written request to any
CST, etc.  Fill out an     SDS Transmittal Form      (Figure 2) with all pertinent
information required to complete the request.


5.3 Data Packaging and Delivery


Prior to use, media is stored in original cartons in designated storage areas
where it is protected from electromagnetic influences.


Please note that all data as proprietary unless expressly noted otherwise by the
Test Manager.


The Computer Systems Technicians ensure that test data reports are generated,
copied to media and verified, and furnished to the Test Manager for delivery to
the customer.  Should any media be unable to be verified, it should be
destroyed or thrown away immediately.  (Ensure that all labeling has been
removed.)


All data transmittals will follow these rules:


Copy to Media     - The process of copying data to any media type is to be
accomplished in a closed environment, i.e.: no open network transfers are
possible.  Final media shall be labeled in accordance with Appendix A.


Media Delivery     - The action of delivering test media should always be
accomplished by way of personal delivery to the Test Manager or their duly
appointed representative.  Media should never be left unattended.  If for
any reason the Test Manager and their duly appointed representative are
unavailable, media delivery should be made by way of a hand-off to
another CST or shift engineer until which time the Test Manager is
available.  Proprietary media should     not    be stored in the CST office areas.


5.4 Data Transmittal Conclusion


Post-test data transmittal concludes when the Test Manager declares process
conclusion.  At that time, the CST shall notify, via e-mail, the Test Manager, the
CST Manager, the Applications Support Programming Group Manager, and
the Branch Computations Group Leader that the post-test transmittal has been
completed and the task is closed.
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6.0 Records


The Computer Systems Technician Manager will ensure that the following
objective evidence is kept:


Computer Systems Technician Checklist, Standard Data System


The Computations Group Leader will ensure that the following objective
evidence are kept:


A copy of the customer’s Software Requirements Document.
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Appendix A


Work Instructions for Labeling Media


Test Number Creation Date


F xx:xx T xx:xx -FINAL-


Test Number Creation Date


Cartridge Face


Cartridge Spine


Where...
Test Number: 12-00xx (12-0040)
Creation Date: dd-mmm-yy (14-Jun-98)
Format Indicator: tar, gbak, etc.
Run Range Indicator ex: F 1:1 T 210:99
Disposition Description: -FINAL-


Format Indicator


Scope
This standard work instruction is to be applied to all media labels created during the post-test data 
transmittal process.  By following this standard, Task 211 ensures that all media is labeled in a quality 
manner.


Procedure
I.  Label For 8mm DAT TAPE Media


II.  Labels For Other Media


 Description:  Where Information is Recorded:
• Paper Output Print Header Area
• DLT Tape Cartridge Face & Spine
• 4mm Same as 8mm
• Floppy* Cartridge Face
• CD-R* Case Front
• ZIP / JAZ* Cartridge Face & Case Front & Spine


* Future consideration


 Information to be recorded on all Media:
• Test Number
• Creation Date
• Format Indicator, if applicable
• Run Range
• Disposition Description
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1.0 Introduction


Wind tunnel balances are very expensive and delicate instruments; quite
often they are very nearly unique since very few of a particular design are
constructed.  Broken or damaged balances are also very expensive and time-
consuming to repair.


2.0 Theory of Operations


The basic purpose of BLAMS is to protect the balances used in the Ames
Unitary Plan Wind Tunnels from damage.  In addition, with better real-time
information, Test Engineers are better able to optimize their use of the
operating envelope of the wind tunnel.  They will not have to be overly
cautious in their selection of appropriate running conditions in order to protect
the balance.  They will be able to run whatever conditions they desire up to the
limits indicated by the real-time information from BLAMS.


BLAMS is intended to present real-time static and dynamic balance loading to
the Test Engineer and other test personnel in a highly visible form.  It uses the
wideband outputs of the data system and filters them appropriately to obtain
both the static and dynamic components of all the balance signals for display
on a CRT screen.


The combined static and dynamic loading limit for each channel is based on
an empirical algorithm, shown in Fig. 1.  The algorithm is the condensation of
the various views of a number of knowledgeable aeronautical and
instrumentation experts at NASA-Ames Research Center.  BLAMS will be
capable of algorithm modification at a later date, so that it will better handle
special balances or more complete knowledge and understanding of true
balance limits.
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Fig. 1 - BALANCE COMBINED LOADS ALGORITHM


The algorithm was developed as a graphical representation of the allowable
limits of a wind tunnel balance.  The basic premise of the diagram is that static
loading, plotted on the x-axis, with no dynamic component present, is
acceptable to 110% of the rated load, and that dynamic loading (y-axis), with
no static component present, is acceptable only to 50% of rated load.  The
algorithm or "Limit of Acceptability" is the "bent" line that connects these
two points, one on the x-axis and one on the y-axis.  It can be seen in the
diagram that the Limit of Acceptability is a horizontal line to the "50-50" point.
As the static load increases beyond 50% the algorithm dictates a linear
reduction of dynamic load limit until at 110% rated static load there is zero
allowable dynamic load.


BLAMS is equipped with several levels of alarms to give the Test Engineer a
warning of impending overload conditions.  Between 80 and 90% combined
loading on the algorithm is the "CAUTION" zone; between 90 and 100%
combined loading is the "UNSAFE" zone.  At 100% is the "NEVER EXCEED"
line; beyond this line continued operations are forbidden.


The instantaneous balance data is presented as one to eight "vibrating"
rectangles superimposed on the same number of individual algorithms on the
CRT screen.  The rectangles are composed of static data on the x-axis and
dynamic data peaks on the y-axis.  In the normal operating range the rectangles
thus formed will show as green for a positive signal and as blue for a negative
signal.  The bandwidth of the static component is 0 to 2 Hz; that of the
dynamic component is 2 Hz to 5 kHz.  Fig. 2 shows a simulated CRT screen for
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a six-component balance with loading for normal, caution, unsafe, and
forbidden regimes.
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Fig. 2 - SIMULATED BLAMS IN OPERATION


The neutral point of the dynamic signal is defined as the mean value of the
static data signal.  In other words, the peaks in the dynamic component will
always be either positive     or    negative with respect to the absolute value of the
mean static component.


It is important to understand that the dynamic signal (y-axis) shows the
positive and negative PEAKS occurring in the data signal after the mean static
data component (a series of discrete averages) has been subtracted from the
overall signal.  BLAMS samples each channel's data stream and presents the
positive and negative maxima that occur as the vertical component of the
colored rectangle.  The on-screen update and decay rates are dictated primarily
by visual considerations.


The green (or blue, if negative) rectangle for an individual channel will change
color to YELLOW when that channel impinges on the 80-90% combined load
level CAUTION ZONE (shown in yellow on the algorithm).  When the
combined signal impinges on the 90%-100% UNSAFE ZONE (shown in red)
the rectangle changes color again to RED.  When the combined signal intrudes
into the OPERATIONS FORBIDDEN ZONE (anywhere outside the Limit of
Acceptability) the rectangle changes color again to VIOLET (or lavender).  In
addition, an audible alarm sounds with increasing "urgency"  (increasing
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frequency and loudness) as each higher level of alarm is reached with any one
of the six combined signals (or any one of all eight if they are being used).


Each BLAMS channel is automatically scaled to 100% by inputting, via the
keyboard, the RATED LOAD or maximum allowable counts (mv, relative to
SDS) for each balance signal.  This is a set of numbers, based on excitation level,
gain, and a shunt resistance value and is obtained from the Ames Balance
Calibration Laboratory.  For example, if a channel is defined as 8350 counts full
scale (N1 in Fig. 2), a static data signal of 8350 counts will be displayed as 100%
on the CRT algorithm for N1.  The full-scale load value for each channel is
displayed beneath the individual algorithm for each channel.  Of course, the
Test Engineer, at their discretion, can set the scaling, to any other value they
desire for special purposes.  This capability is similar to setting a camera for
special lighting situations by using a correction factor with film speed, lens
opening, or shutter speed.


The alarm setpoints also serve to control relays for the automatic operation of
external equipment such as cameras, tape recorders, and oscillographs; and
tunnel associated mechanisms such as reduction of the model angle-of-attack,
and even tunnel fast stop.  The first three of the six programmable relays are
initially set at 80%, 90%, and 100%, respectively.  The program can easily be
adjusted for different levels if so desired for a specific test.  When any one of
the eight channels hits any one of the three levels, it will trip the relay
programmed for that level.  The Test Engineers will decide at which levels they
want various items to be activated and make certain that these are the relays
that are connected to those items.  The relays can be used in either Normally
Open or Normally Closed modes.


NOTE:  12-ft PWT, May 1995.  Relay #6 is connected to the 12-ft Control
System to automatically return the model in test to a ZERO angle-of-attack
condition.  The operation of this relay is controlled by a moving window of
time, explained later.


3.0 Operating Instructions


1. BLAMS is normally connected to the wideband outputs of the data
system channels that amplify the signals from the six channels of a wind
tunnel force balance.  The data system setup sheet for each test gives the
specific maximum allowable counts (millivolts) for each channel in the
order N1, N2, AX, S1, S2, and RM on the first six channels.  Other signals
are acceptable (with no damage from signal levels up to 20 volts).


2. The input connections are made on the back of the unit using spade lugs.
The order is left to right, the leftmost terminal is the LOW side of
Channel 1, the second terminal is the High side of Channel 1; this
pattern is followed across the sixteen terminals.  The input terminals are
differential; polarities can be reversed without problems or damage.
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Channels Seven and Eight are normally used for auxiliary gages such as
wing bending or tail surface bending moment gages.


3. BLAMS need not be turned off overnight or even over the weekends, but
when not in use it is IMPORTANT to turn down the brightness on the
CRT by using the controls directly under the screen.  It will last much
longer.


4. The unit is turned on by a toggle switch at the rear of the right side
panel.  At any time during the setup the eight individual algorithm
depictions can be named, usually in the order shown in 1, above.
BLAMS has provision for a three-character name for each channel,
though one or two characters are accepted.  The command to name each
channel (N = 1 - 8) takes the form:


rename_N_XXX <enter>


Capitals and lower case letters are both accepted for the commands, but
the channel     name    will show whichever is requested when <enter> is hit.


5. Each of the eight channels is named individually.  The keyboard inputs
(commands) are shown in a Text Window in the lower right corner of
the CRT screen.  If a wrong character is typed by mistake it can be
corrected before the  <enter> key is pressed, but not after.  Simply press
the backspace key (upper right corner of the keyboard) until the
offending entry is eliminated, then type in the proper entries and
<enter>.  After the command is entered, a mistake is corrected by
retyping the whole command (correctly, of course) for that channel.
Remember to hit the spacebar where it is indicated by a "_".


6. If fewer than eight channels are wanted, unneeded ones can be removed
from the screen by the command:


disoff_N_N_... <enter>


The corresponding command to return them to the screen (someday we
might want them back!) is:


dison_N_N...  <enter>


7. After all entries are complete and verified, the keyboard can be
unplugged from the rear of the unit.  This eliminates the possibility of
further entries by uninitiated or simply curious personnel.


8. The full scale value for each channel are entered using the command:


fs_N_XXXXX <enter>


The X's in this case signify counts or millivolts Full Scale.  Up to five
characters are accepted, but it is necessary to type only those that are
real; in other words, type 800, not 00800 for a full scale value of 0.800
volts.  To account for non-linear systems or offsets, provision has been
made to allow different full-scale values for positive and negative
signals.  If this is desired, the full-scale commands take the form:
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 +fs_N_XXXXX <enter>  and  -fs_N_XXXXX <enter>


This feature can be useful if compensation for an offset is needed.  For
instance, if a balance has a full-scale range of plus and minus 6000
counts (mv), but for some reason the amplifier channel has a positive 1
volt output and can't be rezeroed, the channel in BLAMS can be run
using +7000 and -5000 as the + and  - full-scale values to compensate.
This is admittedly a stretch, but stranger things have been done
successfully in the past!  The algorithm representation has a normal x-
axis label with the form:


#N_FS_XXXXX


The label for the positive/negative algorithm version takes the form:


#N±FS+XXXXX


There is no indication of the full-scale negative value, at present, other
than the fact that there is one by the addition of the polarity signs.


9. If at any time the program develops an unfavorable display, the first
level of fix is to simply turn it off, wait a moment, and then turn it
back on.  If the system is operating normally, it will automatically re-
boot and come up in its proper mode.  NOTE: It is necessary that the
keyboard be plugged in for a proper re-boot.  BLAMS has a non-volatile
memory; the previously input Names and Values will return unaffected
by the momentary shutoff.


10. A list of acceptable commands is shown below.  This list will provide the
operators more capability than will normally be needed or used.


11. There have been occasions when the user has desired a more “exotic”
use of BLAMS, where special programming of one or more of the
algorithm displays has been implemented.  In these cases, with approval
from Test Operations and the Test Engineer, James T. Fogarty (builder
and programmer of BLAMS) of Calspan may be able to apply algorithm
modifications to fit special situations.







BLAMS User’s Guide


A006-9865-XM2 7 Original  - 5/98


4.0 BLAMS Command Summary


(Maximum Full Scale Voltage  = 19999 mv or SWTS counts)


(Use SPACE between Command and Graph#, and between Graph# and FS
value indicated by " _ ")


ALLFS_xxxxx Sets the Full Scale Voltage for all graphs.


+ALLFS_xxxxx Sets the + Full Scale Voltage for all graphs.


-ALLFS_xxxxx Sets the - Full Scale Voltage for all graphs.


CLR Clears the text window on the screen.


DISOFF_#_# Removes certain or all graphs from the screen.


DISON _#_# Adds certain or all graphs to the screen.


FS_#_xxxxx Sets the Full Scale Voltage Range for a specific graph.


+FS_#_xxxxx Sets the Positive Full Scale Voltage Range for a specific
graph.


-FS_#_xxxxx Sets the Negative Full Scale Voltage Range for a specific
graph.


OFF_#_# Turns Off certain or all graphs.


ON_#_# Turns On certain or all graphs.


REFRESH Refreshes the entire screen and resets the graphs.


RENAME_#_XXX Renames the graphs with a maximum 3 character name.


SOUNDOFF Deactivates the audible alarm system, ONLY AFTER
SPECIAL CODE has been input.  See Hanly, Fogarty, or
Ingrassia.


QUIT Quits the program.


CYCLEOFF Deactivates the program tracking function.


CYCLEON Activates the program tracking function.


SAMPLEOFF Deactivates the DSP cycle tracking function.


SAMPLEON Activates the DSP cycle tracking function.


RELAYOFF Deactivates relays, ONLY AFTER SPECIAL CODE, see
above.


RELAYON      Reactivates    relays (after they have been turned off),
NO CODE NEEDED TO REACTIVATE.


SOUNDON      Reactivates    audible alarm,
NO CODE NEEDED TO REACTIVATE.


5 / 13 / 95   code RDH
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5.0 BLAMS Commands from "HELP"


There are a number of BLAMS commands that are not normally available to
operations personnel.  Usually these should be used only by personnel who are
familiar with the programming of BLAMS, and are accessed by use of a code or
password.  At present, those personnel who know the proper password are:
Jim Fogarty, Stan Mason, Dick Hanly, Tony Ingrassia, and Bill Vanzuylen.  Of
these, only Jim and Stan have full knowledge of the program.  Commands are
not sensitive to upper or lower case letters.


A list of available commands includes:


AlgDefault AlgLoad*  ALLFS CLR
CycleOn* CycleOff Decay DisOff
DisOn FS Help MatrixDefault
MatrixGet* MatrixLoad* MatrixSave* MatrixSet*
Off On Quit Refresh
Relay* RelayOff* RelayOn Rename
SoundOff* SoundOn SoundTest* Status*
STHChOff* STHChOn* STHOff* STHOffAll*
STHOn* STHOnAll* STHRatio* STHRatioAll*
STHSize* STHSizeAll* STHTheory Vol*
Volts*


Commands with an asterisk (*) are accessible only with the password.


Of particular note are the Relay System commands.  This set includes not only
those with "Relay" within the command but also "Status" and all those that
contain "STH".  The STH commands are applicable only to relays 5 and 6.


The intent of the relays is to initiate the operation of various peripheral
equipment at any of the three levels of warning.  Relay No.1 is set when any
channel infringes on the first warning level (yellow), No. 2 is set when any
channel infringes on the second warning level (red), and No. 3 is set at the
third level (purple).  These three relays have been used to turn on
externally/remotely mounted lights at the different alarm levels.  Relay No. 4 is
initially unused and Relays 5 and 6 are the principal ones of note.


The operation of Relays 5 and 6 is based on a moving window of time called a
"Sliding Time History" or STH.  This system prevents Relays 5 & 6 from being
set by a single, random pulse or event, or even a series of events that exceed
any one of the three alarm levels.  It is based on the number of events that
occur within the definable moving time window.  Settable parameters for this
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operation are: channel, alarm level, window width in time up to 30 seconds,
and percentage of window width for the setting of the relays up to 99%.


The "status" command displays the pertinent relay information for an
individual channel.  All channels can be displayed at once but must be called
up one at a time.  The status display replaces the algorithm display for the
requested channel.  The information displayed for each channel is relay state
(set or not-set) and the STH parameters that determine whether or when that
channel will activate relays 5 & 6.


The "STHSize" command allows the duration of the moving window to be
varied from 0.1 to 30 seconds.  The "STHRatio" command determines the "fill"
percentage (or duty cycle) of the moving window that will trip relays 5 and 6.
If the signal infringes on an alarm level during any time period of about 54
msec (or about 18 time periods per second) it counts as a "fill".  If the duty cycle
exceeds the set ratio during any moving window the relays will be set.


For instance, if the window is 10 seconds long and the ratio is 20%, the relays
will be set if at the end of any ten second period, a total of two seconds contain
peaks higher than the called for alarm level (or 2 x 18 = 36 of the window's total
of10 x 18 =180 time periods).  Note that the time periods that make up the two
seconds (or any other duty cycle selected) do not have to be contiguous.


All three alarm levels for all eight channels can be defined in this manner.  The
other commands in this set allow the user to turn on or turn off these functions
either by individual channels or together.  Some devices, such as movie
cameras, may be turned on by excessive activity in the Yellow Zone of only one
channel such as Roll Moment or Forward Normal Force.  Some other device,
such as an oscillograph, may be triggered by activity in the Red Zone, using a
totally different duty cycle.


In the 12-ft tunnel model the pitch mechanism will be homed if excessive
activity in the Purple Zone occurs on any balance channel.  Defining the
excessive activity then becomes paramount - Is it three seconds of oversize
peaks out of a five-second window, or is it five seconds of oversize peaks out of
a ten-second window?  With the built-in flexibility it is possible to define relay
trips for all six balance channels differently; they can even be defined to trip on
different alarm levels, if desired.


Initially (as of July '95), BLAMS will "Home" angle-of-attack on 30% of a 2.83
second moving window in the Purple Zone.  The Yellow and Red Zones have
been turned off, and will not trigger a Home relay closure.  In actuality, the trip
number works out to be 15 overranges within 50 time periods in the Purple
Zone.


Command Formats...Relay associated:


Relay RelayOff* Relayon
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Status* status_status #_ch#
STHChOff* sthchoff_ch#
STHChOn* sthchon_ch#
STHOff* sthoff_ch#_level#
STHOffAll* sthoffall
STHOn* sthon_ch#_level#
STHOnAll* sthonall
STHRatio* sthratio_ch#_level#_ratio%
STHRatioAll* sthratioall_level#_ratio%
STHSize* sthsize_ch#_level#_seconds
STHSizeAll* sthsizeall_level#_seconds
STHTheory sththeory


Since the 12-ft system desires angle-of-attack homing only on a series of
BLAMS overranges into the Purple Zone; we want to turn off Alarm Levels 1
and 2 (Yellow and Red, respectively) and use only the Level 3's of the six
balance channels to trip the homing system.  With the present Command Set
the following combinations were used:


1. sthoffall <enter> (turns off all ch & all levels)
2. sthsize_1_3_2.83 <enter> (ch. 1, level 3, 2.83 sec. long)
3. sthsize_2_3_2.83 <enter> (ch. 2, level 3, 2.83 sec. long)
4. sthsize_3_3_2.83 <enter> (etc.)
5. sthsize_4_3_2.83 <enter>
6 sthsize_5_3_2.83 <enter>
7 sthsize_6_3_2.83 <enter>
8 sthratio_1_3_30 <enter> (ch.1, level 3, 30% duty cycle for trip)
9 sthratio_2_3_30 <enter> (etc.)
10 sthratio_3_3_30 <enter>
11 sthratio_4_3_30 <enter>
12 sthratio_5_3_30 <enter>
13 sthratio_6_3_30 <enter> (The ratio command turns ON the function)


This sequence first turns OFF      ALL     the STH functions, all three levels for all
eight channels.  (Six of the available eight channels are used).  Then each of the
six channels has its Level 3 sized to 2.83 seconds, individually, then each has its
ratio (duty cycle) set at 30 percent.  This means that each of the channels has its
window set to 50 time periods; the ratio (30%) sets the number of time periods
that contain overranges to 15.  This number of overranges within any 2.83
second period will cause relays 5 and 6 to be set.  The STH functions are turned
on automatically by the setting of their ratios, in addition to the command
"STHOn".  The numbers 50, 30%, and 15, along with an instantaneous running
total and its On or Off condition are displayed by using the "Status_2_Ch
Command".  "Status_0_Ch" displays the algorithm, "Status_1_Ch" blanks out
the channel display.


Remember, a DC signal above the limit will trip the relay almost immediately
at this setting (15 time periods are 2.83/50 x 15 = 0.85 second).  The first 15 time
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periods in the overrange condition will be the last 15 time periods of the
previous 2.83 seconds.


Several characteristics of the programming should be remembered but if the
operator is alert they shouldn't be troublesome.


1. Resizing the STH window of an OFF STH level doesn't turn ON a level,
but changing the STH ratio does.


2. Resizing the STH ratio of an OFF STH level doesn’t recompute %.


3. Turning ON an STH level doesn't cause recompute %.


4. Recompute the number of hits for activation by changing or re-inserting
ratio.


6.0 Additional Commands that would streamline operations/changes:


1. A command that enables a user to call up several or all Status Displays
at the same time.


Form: StatusOn_2_1_2_3_4_5_6_7_8
(Status #2, Ch. 1-8)


2. A command that enables a user to turn on (or off) an alarm level for all
channels at once.  Now, the most efficient method is to turn off all levels
for all channels and then turn them back on individually.  Generally
speaking, the trigger operation will always be done on a particular level
for all channels; there will not normally be a "mix" of levels for different
channels for the tripping operation.


Form: STHLvlOff_1_2


2. A command that allows the user to set a parameter for all channels on a
single alarm level.


Form: STHSizeAll_3_10 (Level3, 10 sec.)
and STHRatioAll_3_25 (Level 3, 25%)


At present, these commands set the size and ratio of all levels for all
channels to the same parameters, and are, in effect, useless for a practical
application.  It makes more sense to affect each alarm level for all
channels with the command structure.


4. A command that displays an existing negative full-scale setting.


5. It is recognized that these potential changes are not absolutely necessary,
because the desired functions can easily be accomplished, and they will
probably not ever be changed on a daily basis, or even monthly.
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7.0 Sliding Time History


The  Sliding Time History  (or STH)  function of  BLAMS  is used to turn on (or off) external devices, based on 
the time histories of the various channel inputs.  In the case of the 12-ft Wind Tunnel it will "Home" the model 
(decrease angle-of-attack to zero).  The STH is a means of creating a "soft" command, meaning that a number 
of events must occur before activation of the homing process and is operable only on Relays 5 & 6.   Relays    
1-4,  on the other hand,  are "hard" relays,  meaning that only  one overrange spike will trigger them.  The  STH  
function provides  a  moving window of variable width in terms of time periods within BLAMS; any  percentage 
of the window can then be used to trigger the relay to home the model.   For example, 100 time periods occur 
in  5.5 seconds.   In order to protect the balance from excessive pounding we may decide that we can accept 
no more than 20%  overranging before the system homes the model automatically.   At the  BLAMS  level it 
means that if any  20  out of 100  consecutive time periods contain overrange spikes,  the system will home 
the model.   Understand that this does not mean  20  individual spikes occurring over  5.5  seconds;   it means 
that 20 individual time periods may contain any  number of spikes for the same action.   A special  Code  is 
required to access this function,  but the commands are:


sthsize_ch_level_seconds  (sthsize_1_3_2.83)  will create a 50 time period window for Alarm Level 3 on
         channel 1.
sthratio_ch_level_percentage  (sthratio_1_3_20)  will command relays 5 & 6 to trip on Level 3 overranges in
         20% of consecutive time periods on channel 1.  (sthratio also turns ON the function, if it is in the OFF
         mode)


Shown below is an example of the  dynamic  component  of  a  balance signal.   Assume  there is a significant 
positive-going static component.   As you can see,  the signal randomly exceeds the Level 3 Alarm Limit, in 
this case for  21 time periods.   In this case,  the STH size is 2.83  seconds or 50 time periods, and the STH 
ratio is 40%.   Since there are  21 time periods "set" by overrange spikes (or 42% of 50),  Relays  5 & 6  will be 
activated,  and  the model will be homed to 0 degrees angle-of-attack.    Notice that several time periods are 
triggered by only one event but others are triggered by multiple events. 


Historical Note:  In the 12-ft Wind Tunnel, initially the STH was set on the following conditions.  June 1995 
                             Level 1.  STH Size:  30 sec. (545 TP)   STH Ratio:  99%  On/Off:  Off   
                             Level 2.  STH Size:  30 sec. (545 TP)   STH Ratio:  98%  On/Off:  Off 
                             Level 3.  STH Size:  5.5 sec. (100 TP)   STH Ratio:  50%  On/Off:  On   
                                           (50 hits out of 100 Time Periods over 5.5 sec.)
Level 3 has since been changed to:   STH Size:  5.5 sec. (100 TP)   STH Ratio:  20%   
                                           (20 hits out of 100 TP over 5.5 sec.)  
                                           July 3, 1995  as per John Holmberg and RDH 
                             and then to:   STH Size:  2.83 sec. (50 TP)   STH Ratio:  30%   
                                           (15 hits out of 50 TP over 2.83 sec.)  
                                           July  6, 1995  (RDH, for faster response) 


Sliding Time History


Time Period
1 10 20 30 40 50


1 2 3 4 5 6 7 8  9 11 12 1310 14 15 17 18 19 20 2116


Level 3 
Alarm Limit


R D Hanly  10 / 27 / 95


Overranges or "Hits"
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1.0 Purpose


To describe the process for setting up the Balance Load Analog Monitoring
System (BLAMS) at the 12 Foot Pressure Wind Tunnel.  The BLAMS prevents
damage to the balance and sting from excessive aerodynamic forces.  The users
of this procedure are instrumentation engineers, instrumentation technicians,
and test engineers.


2.0 Definitions


Balance Coefficients Conversions that are used to convert SDS counts into
engineering units.


RCALs Resistance Calibration - simulating engineering units
by applying a known equivalent resistance across one
leg of the wheatstone bridge.


SDS Standard Data System - the primary data acquisition
system at the 12 Foot Pressure Wind Tunnel.


STH Sliding time history.


XEU
+ BLAMS positive load limit


K2
+ 2nd order positive balance coefficient


K1
+ 1st order positive balance coefficient


C SDS Counts


Z model balance zero counts- amplifier zero counts


XEU
- BLAMS negative load limit


K2
- 2nd order negative balance coefficient


K1
- 1st order negative balance coefficient


XBEU
+ BLAMS maximum positive counts


XBEU
- BLAMS maximum negative counts


3.0 Reference Documents


Data Management Manual (A027-9761-XB1)


High Speed Tunnel User Guide (A027-9391-XB2)


BLAMS User’s Guide (A006-9865-XM2)


4.0 Tools Required


• Standard Data System (SDS)
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• BLAMS System


5.0 Procedure Details


5.1 Computations


5.1.1 Install the balance.


5.1.2 Record amplifier zeros with inputs shorted.


5.1.3 Record the balance output of all gages.


5.1.5 Enter the data into the Balance Constant Conversion Sheet and
compute the balance coefficients.


5.1.6 Determine the maximum allowable static and dynamic loads for all
gages (obtained from Test Engineer).


5.1.7 Determine maximum Positive allowable load for all gages in SDS
counts by solving the following equation for C.


XEU
+=(C-Z)^2*K2


++(C-Z)*K1
+


5.1.8 Determine maximum negative allowable load for all gages in SDS
counts by solving the following equation for C.


XEU
-=(C-Z)^2*K2


-+(C-Z)*K1
-


5.1.9 Calculate BLAMS maximum positive counts (XBEU
+) for all gages


using the following equation.


XBEU
+=C/3.2 C=SDS Counts from equation 5.1.7


5.1.10 Calculate BLAMS maximum negative counts (XBEU
-) for all gages


using the following equation.


XBEU
-=C/3.2 C=SDS Counts from equation 5.1.8


5.1.11 Determine which algorithm you would like to use.  There are currently
three choices, they are Standard, 10, and 88.  You may also have an
algorithm custom made for your particular set-up.  The differences
between the algorithms are apparent from the graphs below.
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5.2 Data Entry:


When BLAMS initially starts up, it defaults to the last set-up.  You will need to
configure it with the parameters calculated above.  The basic commands are:


5.2.1 Turn off unwanted channels


DISOFF_N N = channel number
_ = space


5.2.2 Turn on wanted channels


DISON_N N = channel number
_ = space







BLAMS Operation Work Instruction


A006-9865-XM3 4 Original  - 5/98


5.2.3 Name the channels


RENAME_N_XXX N = channel number
XXX = channel name
_ = space


5.2.4 Enter XBEU
+ for each channel


+FS_N_XXXXX N = channel number


XXXXX = XBEU
+


_ = space


5.2.5 Enter XBEU
- for each channel


-FS_N_XXXXX N = channel number


XXXXX = XBEU
-


_ = space


5.2.6 Check that the STH for each channel appears as in the table below with
the following command


STATUS #X #N #N= Channel Number
#X=
    0⇒ Deactivate the status for the selected channel
    1⇒ N/A
    2⇒ Display the sliding time history and relay status
    3⇒ N/A


level 1 2 3 Defines the warning, danger and alert levels
N 545 545 36 number of samples
% 99 98 25 percentage of time required to trip the relays


Max Sum 539 534 9 Calculated by BLAMS
Sum 0 0 Running sum, calculated by BLAMS


Status off off on Defines active level


5.2.7 Verify that the borders of the graphs are white.  This implies you are
using the standard algorithm.  If they are purple, you are using an
alternate algorithm.


See the manual for a complete set of commands.
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1.0 Introduction


 


Purpose of This Test 
Planning Guide


 


The purpose of this guide is to acquaint customers with the 
requirements for conducting tests in any of the Wind Tunnel 
Operations Division’s high-speed test facilities at Ames Research 
Center. It includes available services and capabilities of these facilities 
and standard practices/procedures to enable customers to achieve 
their test objectives.


 


Wind Tunnel 
Availability


 


The Wind Tunnel Operations Division high speed wind tunnels are 
available for Government sponsored and commercial customers. 
Approval to conduct test programs must be justified on the basis of 
technical merit, national priority, and the capability of the Ames 
facilities to meet the test requirements. 


Results from all tests are in the public domain and available for general 
distribution unless the data is proprietary by fee basis or classified by 
a Government sponsor.


 


List of Facilities


 


The Wind Tunnel Operations Division is responsible for the 
operation of the following high-speed facilities located at the Ames 
Research Center. 
• 9x7ft Supersonic Wind Tunnel 
• 11ft Transonic Wind Tunnel
• 12ft Pressure Wind Tunnel


 


Inquiries


 


Inquiries regarding the use of these facilities should be directed to:
Wind Tunnel Operations Division
Chief Wind Tunnel Operations Branch
Mail Stop 227-3
Ames Research Center 
Moffett Field, CA 94035
Phone: (415) 604- 6698
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Document Control


 


This manual is a controlled document. Any changes must be in 
accordance with the Wind Tunnel Operations Division 
Configuration Management Procedures, A027-9391-XB4. Only 
authorized reproduction or distribution is permitted. All or part of this 
manual may be printed from the Master Controlled Document 
located on the Division Web Server. It is the users responsibility to 
verify that any printout or paper copy of this manual, or part thereof, 
matches the Master Document on the server. If it does not match, 
this manual 


 


may not be used.
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2.0 Pretest Requirements


 


Initial Requests


 


The initial contact to request a wind tunnel test is Chief, Wind 
Tunnel Opera;tions Branch. The contact should be made during the 
early stages of test program development (7 to 12 months before 
tunnel entry date) to discuss projected schedules and general 
requirements and concerns for tests in Ames Research Center 
tunnels.


Early notification will allow personnel to review the proposed test 
and to ensure that test requirements are compatible with the 
requested test facility and that schedule constraints can be 
addressed.


 


Requesting Tunnel 
Time


 


The following sequence of events should begin well before the 
desired test dates (7 months in requested) to be included in the 
wind tunnel test schedule:
• The test sponser/customer contacts the Wind tunnel 


Operations Branch Chief.
• The customer completes and submits a Test Request form. 


See Appendix C for a copy of this form. It is also available 
electronically in Microsoft® Word. Upon receipt of the Test 
Request at Ames, a process to accommodate the test begins.


• A Test Objectives Meeting is scheduled to discuss the overall 
test requirements and the Ames facilities capablilities to meet 
these requirements.


 


2.1 Test Objectives Meeting 


 


Purpose


 


The purpose of the Test Objectives Meeting is for the customer (or 
test sponsor) to discuss the subject test requirements with Ames/
Wind Tunnel Operations Division personnel to determine if the 
Ames facilities can meet the test objectives. When the required 
facility is heavily booked, the customer will be required to provide 
information supporting the urgency of the test.


 


Scheduling the 
Meeting


 


The Test Objectives Meeting will be held as soon as possible after 
the initial request and preferably 6 months prior to the proposed test 
start date.
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Typical Meeting 
Agenda


 


The Test Objectives Meeting covers:
• purpose, scope, and criticality of test.
• test objectives.
• initial instrumentation requirements.
• initial controls requirements.
• initial data reduction software requirements.
• estimated test run matrix.
• any special or unusual test requirements.
• hardware fabrication requirements.
• security requirements.


 


Test Acceptance


 


When the test program is accepted:
• the customer is notified
• a test date is scheduled
• a Test Manager is assigned, who functions as the principal 


point of contact between the customer and NASA
• a Initial Test Planning Meeting is scheduled
• resources are committed to support the test
• a space act agreement may be required


 


2.2 Initial Test Planning Meeting and Test Requirements Document 
(TRD)


 


Purpose


 


The purpose of the Initial Test Planning Meeting is to discuss details 
regarding test requirements. The Test Manager and customer 
develop detailed plans together, and then management is briefed. 
The meeting is held nominally 12 weeks prior to the test. See 
Appendix C for recommended guidelines for the Initial Test 
Planning Meeting.


 


Test Requirements 
Document 


 


The Test Manager must receive a complete TRD from the customer 
at least one week prior to the Initial Test Planning Meeting. See 
Appendix C for an outline of the TRD. The document covers the 
following areas:
• Description of Test Objectives
• Model Hardware Requirements
• Instrumentation Requirements
• Data Processing Requirements
• Security Requirements (if applicable)
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Description of Test 
Objectives


 


As part of the TRD, NASA requires a clear statement of the test 
objectives and techniques to achieve those objectives. Any special 
techniques or procedures should be explained. The customer must 
provide a prioritized run schedule compatible with the objectives 
and allotted test time. 


 


Model Hardware


 


The TRD must provide drawings of the model, installation, and 
appropriate hardware to adapt the customer-supplied model to the 
tunnel or existing Ames equipment. Gauges or jigs can be made 
available to the customer and they will be sent on request. The 
customer is to return them within three weeks of receipt. All models 
tested require a supporting stress analysis. See Section 5.2 for 
details.


 


Instrumentation 
Requirements


 


The TRD must provide instrumentation requirements and 
demonstrate how the customer will adapt customer-supplied 
instrumentation to the wind tunnel data system. Ames will specify 
the required type of plugs, connectors, etc.


 


Data Processing 
Requirements


 


Data reduction information (data inputs, equations in engineering 
language, data output format complete with units and scaling for 
accuracy and resolution) must be submitted to the Test Manager.


Customers must request subsequent changes to these data 
requirements in writing to the Test Manager for review and 
approval.


 


Security 
Requirements (if 
applicable)


 


The TRD must address in specific detail security requirements for 
model prep room, test section, control room, model access, 
photography/video, data acquisition, and data processing.


 


2.3 Customer Agreement


 


Description


 


At the conclusion of the Initial Test Planning Meeting or as soon as 
possible thereafter, the NASA Test Manager will develop a detailed 
Customer Agreement. This document describes the Division’s and 
Customer’s deliverables with appropriate milestones and dates 
identified. The document will address the following items as 
appropriate:


• Introduction and background of test 
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• Test milestone dates 
• Estimate of time required to accomplish test matrix and 


objectives
• Goals and objectives of test 
• Customer and division points of contact (Initial Test Planning 


Meeting attendees) 
• Overall requirements (model, model support, facility, 


instrumentation, computing) 
• Test conditions and type(s) of data required
• Design reviews /additional requirements meetings
• Deliverables/due dates prior to test dates
• What the customer will provide in support of the test and when 


• equipment, hardware, fabrication 
• labor resources 
• analyses 
• model 
• any unique requirements for verification, storage, or 


maintenance of customer supplied products
• What the Division will provide in support of the test and when 


• equipment, hardware, fabrication 
• labor resources 
• analyses
• facility dependent model hardware


The Customer Agreement will be signed by the Division and 
Customer representatives, distributed to all affected parties, and 
the original will be archived within the Division. 


If during further test preparations significant changes in the 
Division’s or Customer’s responsibilities, deliverables, or 
milestones are deemed necessary, these changes will be managed 
according to the Test Change Control Process as defined in the 
Wind Tunnel Operations Division Test Process Manual. The Test 
Manager and Customer representative will agree on the changes, 
the Test Manager will determine the appropriate level of Division 
Management involvement, and an addendum to the Customer 
Agreement will be created and signed by both the test Manager and 
the Customer representative.
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2.4 Model and Equipment Delivery 


 


Timely Arrival


 


Models and support hardware should arrive at the tunnel at least 
one week prior to the scheduled model preparation room entry. The 
Test Manager will provide appropriate shipping addresses.


Arrangements can be made to ship the model several weeks prior 
to the test if necessary.


 


Preassembly 
Requirements


 


All model parts, internal instrumentation, and customer-provided 
support hardware must be assembled and checked out by the 
customer prior to delivery to Ames to ensure proper fit, and form 
and to reduce installation delays.


 


Shipping 
Information


 


Immediately following shipment from the customer's plant, the Test 
Manager must be notified of identifying shipping numbers and 
scheduled arrival time. Shipments must be prepaid and arrive on 
the specific day agreeable to the Test Manager. 


• Models shipped via common carrier should be addressed to: 
(Name of Test Manager), Ames Research Center, Moffett Field, 
California, 94035


• The Test Manager's name, telephone number, delivery point, 
and the test number must be marked on the boxes.


• Large boxes are required to have skids at least 4 inches thick 
so they can be handled using a forklift.


• Deliver models brought via customer's private trucks directly to 
the testing facility.


 


Identification or 
Unsuitability of 
Customer 
Equipment


 


Model and test equipment delivered shall have appropriate 
identification that designates the contractor’s ownership of the 
equipment. The identification of the equipment shall be maintained 
while the equipment is at Ames. This is especially important for 
equipment that stays at Ames long after a test is completed.


If a customer supplied model or test equipment is damaged or 
found unsuitable for its intended use, the Test Manager will 
document the condition and archive the findings. The customer will 
be notified and corrective actions will jointly be determined by the 
Test Manager and customer.
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3.0 General Information


 


Primary Point of 
Contact


 


The Test Manager functions as the primary point of contact to 
facilitate requests, requirements, services, and standard 
procedures for the customer while at Ames Research Center.


 


Communications


 


Telephones, FAX machines, and Internet access are available.


 


Cafeteria Hours 


 


The Ames cafeteria is open from 6:00 a.m. until 2:00 p.m. Monday 
through Friday.


 


Office Space


 


Private office space is not available in the control room but desk and 
filing space are provided. During preparation and testing, desk 
space may be available in the model buildup area.


 


Visitor Control


 


Visitor Control is located in Building 26, which is located on the right 
side of the Moffett Boulevard Main Gate. Business hours are from 
7:00 a.m. to 4:30 p.m., Monday through Friday. All Ames visitors 
are required to obtain temporary badges at Visitor Control. Arrivals 
other than normal business hours must make special arrangements 
through the Test Manager.


 


3.1 Security


 


Advance 
Notification 
Requirements 


 


The customer must provide the Test Manager with a list of names 
and citizenship of all customer personnel who will require entry into 
Ames for the duration of the test. The times below are the advance 
notification requirements.


 


Table 3-1:  Advance Notice Requirements


Category of Visitor Advance Notice Required


 


U. S. Citizen None


Non-U.S. Citizen (nontechnical) 10 days


Non-U.S. Citizen (technical) 5 weeks


Non-U.S. Citizen (employment) 
(contracts, grants, etc.)


9 weeks; Must have a valid 
passport and visa in his/her 
possession


Classified visit 10 days
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If these lead times are not adhered to, delays, inconveniences and 
test stoppage can result.


 


Secret or 
Confidential 
Clearances


 


If the visit is Secret or Confidential, visitors are required to have 
their security clearances sent in advance to: 


NASA/Ames Research Center 
Attn: M/S 253-1, Visitor Control 
Moffett Field, CA 94035-1000
(415) 604- 5590


 


Badges


 


While at Ames, all customer personnel are required to wear badges 
as issued by Visitor Control. The Test Manager is responsible for 
coordinating with the customer how and when to obtain badges and 
their applicable requirements (i.e. for second and third shifts, etc.).


 


Signing In


 


Upon arrival, all customers are requested to sign in with the 
assigned Test Manager. They are to provide local addresses and 
telephone numbers so calls and correspondence may be directed 
to the proper place.


 


3.2 Planning


 


Normal Operating 
Hours 


 


Test facilities are operated on a normal five-day week beginning 
11:30pm Sunday until midnight Friday. Consult the Test Manager 
regarding the specific shift hours because they vary between test 
facilities. 


 


Off-Shift Coverage


 


Access to the test facility on shifts other than operating shifts must 
be coordinated through the Test Manager. Customer personnel are 
not permitted to work in the facility without facility personnel 
present.


 


Test Safety Review 
and Test Debriefing


 


A test safety review is held just prior to beginning test operations to 
review operations and safety aspects of the test and facility. This 
includes test objectives, run schedule, instrumentation, hardware, 
and stress limitations.


Just prior to the completion of the test, the customer's senior Test 
Manager will meet with NASA management for the purpose of 
evaluating the quality of the test support received by the customer. 







 
                                                 Test Planning Guide  for  High Speed Wind Tunnels


 


A027-9391-XB2 3-3 Revision 5


 


The Test Manager will make the arrangements for this meeting.


 


Charges for Test 
Time 


 


The occupancy time charged to the customer starts at the 
beginning of the installation of the test hardware in the test section 
and concludes with the restoration of the facility to its pretest 
configuration. The customer's equipment must be crated and ready 
for shipment at the completion of the test period.


Schedule extensions can only be made by the Assistant Division 
Chief for Wind Tunnels at the request of the Test Manager.


 


Computation of Test 
Time 


 


The time required for installation and test run, or test-run series, is 
dependent on several factors: 


• the quality of test preparation
• the specific model
• the time to complete model changes
• test facility
• test conditions
• number of runs required
• number of data points 
• and conditions changed between data points


Customers should consult the Test Manager about the time 
required to complete a test program. See also Table 3-2.
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3.3 Support


 


Requests for 
Assistance


 


All requests for assistance or services must be made to the Test 
Manager or shift engineer.


As a customer, please provide Test Managers with clear, complete, 
and timely requirements to ensure adequate and effective test 
support can be provided.


 


Model Buildup


 


Final details of model preparation and Ames support required 
during buildup must be established with the Test Manager at least 
one week prior to the customer's scheduled arrival. 


Some of the wind tunnels have no designated buildup area, so the 
customer may be required to build up in a remote location with little 
or no shop facilities. In this case, the customer must come fully 
equipped with tools and supplies to function without outside 
assistance. All fabrication and subassembly of the model must be 
done prior to arrival at Ames.


 


Customer 
Responsibility


 


Customers provide their own mechanics to perform model 
changes. All tools, spare parts (including certified fasteners), and 
supplies necessary for personnel to work on the model and any 
special equipment not available at the particular tunnel are supplied 
by the customer. A competent aerodynamicist familiar with the 
model and test objectives must be accessible during the test. The 
customers may request the use of NASA personnel to assist in 
model changes.


 


Government 
Equipment


 


Customer personnel are not to operate government-furnished 
equipment or to make connections to this equipment. Such 
equipment includes, but is not limited to, 


• instrumentation
• data processing and recording equipment
• facility control equipment
• pressure regulating and measuring equipment
• electrical and pressure disconnect panels
• overhead cranes
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Shop Services


 


Ames shop services are available to the customers and must be 
requested through the Test Manager.


 


Photographic 
Services


 


Photographs of the model and installation are taken to the extent 
necessary to document the test. Additional photographic 
requirements should be discussed with the Test Manager prior to 
the test. 


 


Balance Availability 
and Calibration 


 


The Division Balance Calibration Laboratory has a Sandberg- 
Serrell balance calibration semiautomatic loading machine capable 
of calibrating balances between 2 and 4 inches in diameter. The 
machine can load a single gauge or a combination of up to six 
gauges. The lab staff also performs balance hand-loading.


To assist with scheduling and to ensure availability, customers must 
consult the Test Manager during the initial test planning meeting if 
planning to use an Ames balance or if requesting calibration for a 
customer balance.
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Time Estimates


 


The following table lists some typical times (in minutes) for how long 
it takes to complete various tasks.


 


* 


 


Only necessary when continuous purging system is not functioning


 


Table 3-2:  Task Completion Times


Wind Tunnel
Activity 11ft 9x7ft 12ft


 


Close Tunnel (Prior to Drive Start) 10 10 10
Pump Tunnel to Limit Pressure from 1 Atmosphere 30 20 plenum 4


circuit 60
Pump to Tunnel Limit Vacuum from 1 Atmosphere 30 15 plenum 4


circuit 20
Dry Tunnel Air 


 


*


 


45 30 —
Start Tunnel Drive 5 5 5
Set Initial Tunnel Conditions 10 10 10
Time for Typical Data Point 2 1 1
Change Test Conditions (M, Pt, rpm, m, IGV angle, 
etc.)


5 10 5


Stop Tunnel Drive 5 5 5
Blow Down to Atmosphere from Tunnel Limit 
Pressure


10 10 plenum 4
circuit 10


Model Configuration Changes function of the model and change required
Start-of-Operating Period Inspections and Activities 120 120 daily 30


weekly 90
Post Operating Period Inspections and Activities 30 30 30
Drive Compressor Blade Insp. (every 25 hrs. of 
running time)


120 — 90


Rotate Flow Diversion Valves — 60 —
Uncouple/Couple Drive Motors 45 45 —
Plant Equipment Warm-Up 120 240 20
Plant Equipment Cool-Down 120 240 —
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4.0 Environment, Health and Safety


Description This section acquaints the Customer with the Wind Tunnel
expectations concerning emergencies, safety, and hazards.
Procedures, controls, and guidelines are described to ensure the
Customer understands what is required to protect personal safety, the
facility and environment, and to reduce associated risks to acceptable
levels. The Test Manager, or in their absence the Shift Engineer, has
the responsibility for and authority to take all steps that are necessary
during test planning, preparation, execution, and closeout to ensure
the safety of personnel, equipment, and the facility.


4.1 Emergency Information


Emergencies For any emergency, dial 911 from a site phone or 650-604-5555 from
a cellular or off-site phone, to reach the Ames Dispatch. Report the
nature and location of the incident, and stay on the line. Appropriate
response personnel will be dispatched immediately. The Ames Test
Manager will discuss specific emergency and evacuation procedures
with Customer personnel at the beginning of the test.


Evacuation When the evacuation alarm sounds (a very loud buzzer), all persons
shall leave the building immediately through the nearest safe exit in an
orderly manner. After evacuating the building, report to your Ames
Test Manager or Shift Engineer at the designated assembly area and
do not leave unless authorized to do so. Evacuation maps are posted
on each floor of every building.


Customers must advise the Test Manager of special needs for any
planned visitor who is disabled before they arrive on site. This will
ensure that appropriate actions are taken in advance to ensure their
safety during their visit to Ames.


Fire Evacuate immediately. Fire alarm pull stations are strategically located
for emergency use. Call 911 from a safe location. Do not use
elevators. If possible, close doors to slow spread of fire and limit
smoke damage. If heavy smoke is present, stay low. Fire
extinguishers are available for small fires in all work areas, but do not
use one unless you have first called 911 and have been trained to use
it.


Earthquake Should an earthquake occur, choose a safe place (under a sturdy
desk or table, and away from glass, machinery, and chemicals), drop,
cover, and hold on. Do not run out of the building. Once the shaking
has stopped, proceed with caution to your assembly area and be
prepared for aftershocks.
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Injuries and
Treatment


Dial 911 (or 650-604-5555 from cellular) for emergency treatment of
injuries occurring at Ames Research Center. The closest emergency
facility is the El Camino Hospital emergency room at 2500 Grant Road
in Mountain View. During the day shift, first aid treatment is available
at the Ames Health Unit located across the street from the north
entrance to the cafeteria. First-aid kits can be found at many strategic
locations in the work areas.


Personal Illness Treatment for personal illness must be obtained at medical facilities in
one of the local communities. El Camino Hospital (650-940-7000) in
Mountain View offers a referral service.


4.2 Wind Tunnel Hazards


General The Test manager will discuss the hazards peculiar to the facility and
the particular test with all personnel, at the beginning of the test.


Aerial Lifts Only authorized and trained persons shall operate any aerial lift on
site. Proper fall protection equipment shall be used during operation.


Confined Spaces Many of the work locations within the wind tunnel meet the OSHA
definition of non-permit or permit-required confined spaces (permit-
required will be labeled as such). All entries into a confined space will
follow the Wind Tunnel Confined Space Program and the Wind Tunnel
Entry Procedures contained in the SOP. The Test Manager will brief
test personnel on any special entry requirements at the beginning of
the test.


Cranes/ Lifting
Devices


Due to Ames training and certification requirements Customer
personnel may not operate facility overhead cranes and hoists unless
they are specifically authorized to do so by Wind Tunnel Operations
Division Management. Personnel shall keep a safe distance away
from lifting operations.


Electrical At the Wind Tunnels there is medium voltage at ground floor and
power service panels (480, 220, 120, 120/208 volts). The wind tunnel
test section, plenums, and air stream circuit are completely grounded
with many metal surfaces which increase the potential for electric
shock. To minimize this risk only electric cords and equipment that are
in good physical and working condition will be allowed in the facility. In
addition, equipment shall be powered through Ground-Fault Circuit
Interrupter (GFCI) protected electrical outlets, or through the use of in-
line GFCI devices.


Ergonomics Avoid repetitive motions and heavy lifting. Get help or mechanical aid
for heavy lifts. Adjust the work station to your physical needs to reduce
strains and injuries.
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strains and injuries.


Fall Protection Anyone on site working from an unprotected elevation of six feet or
more above the ground or next lower level, or who may fall into
hazardous equipment, shall use appropriate personal fall protection
equipment. This includes while traveling, stationary, or at anytime
exposed to a fall from a surface not protected by a standard guardrail
or other approved fall prevention device. Personal fall protection
equipment shall only be used by personnel who have completed the
appropriate training.


High Pressure High pressure air up to 3000 psi and hydraulic systems are present in
the Wind Tunnel. Personnel entering the wind tunnel during tests that
utilize these utilities may be required to follow Division lock and tag
requirements as directed by the Test Manager.


Lead The wind tunnels have many aged surfaces containing lead paint.
Assume paint contains lead unless otherwise proven. Do not disturb
painted surfaces unless previously authorized to do so. Dusty areas
may contain lead dust from deteriorated paint. Limited on-site work
activities using lead include soldering, welding, cutting and grinding.
Always wash hands before eating, drinking or smoking. Eating and
drinking in shop areas is prohibited.


Lock-out/Tag-out Our policy is to prevent an undesirable release of hazardous energy
during any servicing, maintenance or modification activity. The Wind
Tunnel Division LO/TO procedures shall be strictly followed whenever
it is necessary to work on any equipment that may release any form of
hazardous energy including, but not limited to, electrical, rotational,
mechanical, chemical, hydraulic or pneumatic energy. Visitor locks
and tags are readily available from the Test Manager or Shift Engineer
and must be used during LO/TO operations.


Mechanical Rotating equipment and moving parts in the Wind Tunnel, such as the
model support system, roll mechanisms, and the kick sting can cause
compression, collision, pinching, impact or crushing hazards.


Noise All personnel must wear hearing protection when entering a
designated noise-hazard area. Visitor earplugs are placed in strategic
locations. Noise levels adjacent to equipment areas can be elevated
and in some cases may reach greater than 100 dB(A).


Sharp Edges Models installed in wind tunnels may have sharp cutting edges that
should be covered each time personnel enter the wind tunnel for
model work.
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Trips, Bumps, and
Falls


The Wind Tunnels have high numbers of cords, cables, conduit, piping
and other obstructive structures. Take special care when maneuvering
through close quarters and areas with equipment.


Wind Tunnel Entry Most portions of the wind tunnels including the test section, wind
tunnel circuit, and test section plenums, etc. meet the OSHA definition
of confined spaces, therefore, all entries into the wind tunnel are
controlled by facility personnel. Access to the test section is usually
allowed without special controls; however, access to other areas
generally requires the application of locks or tags to secure the facility,
equipment, or systems in a safe configuration. Work activities within
the wind tunnel beyond the test section must be coordinated with and
approved by the Test Manager before work commences.


Working Alone The term "working alone" means that an individual is in a work
location, environment, or situation that will prevent others from
observing and communicating verbally with them unless steps are
taken to establish a means of remote communication. The primary risk
of concern for those working alone is that they will become injured or ill
and will not be able to perform a self-rescue, or be able to summon
required assistance. It is not practical or desirable to eliminate all
instances of working alone. For example, single individuals on flexible
schedules may work alone in offices or control rooms before or after
regular business hours, and craftsmen may conduct rounds while
alone on swing or grave shifts. However, steps must be taken in all
instances to ensure that Customer and facility personnel identify the
risks posed by working alone, and manage them to an acceptable
level. Personnel may not work alone when the activities they will be
performing or the environment they will be performing them in pose
higher than normal risks. Examples of such activities include:


• Entering permit-required confined spaces.
• Entering the wind tunnel plenums.
• Entering the wind tunnel circuits.
• Working in any wind tunnel test section.
• Breaking connections on, or pressure testing hydraulic or


pneumatic systems with operational pressures exceeding 15-
psig, excluding shop air and instrument air up to 140 psig in
lines and not exceeding 1-inch in diameter.


• Conducting work where an individual may come in contact with
un-insulated, energized electrical equipment or components
having a potential greater than 50-volts.


• Operating or conducting maintenance on unguarded
equipment that poses mechanical, point of operation, or
mechanical power transmission hazards, such as adjusting or
performing functional tests.


• Conducting work requiring the use of life-saving safety
equipment, such as personal fall-arrest or restraint equipment
and supplied air respirators.
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and supplied air respirators.
• Using or working around unenclosed Class IV lasers.
• Working with dangerous quantities of hazardous materials.


All instances requiring working alone shall be discussed with and
approved by the Test Manager.


4.3 Hazardous Materials


Definition Hazardous materials are defined as any materials having properties
that may result in risk or injury to health, destruction of life or facilities,
or harm to the environment. Hazardous materials, as defined, include,
but are not limited to, toxic, flammable, combustible, corrosive,
asphyxiating, reactive, and explosive materials. Other hazardous
material examples are compressed gases, oxidizers, reproductive
toxins, carcinogens, irritants, and sensitizers.


Beryllium Alloys The machining, filing, sanding, and polishing of metal alloys containing
Beryllium is strictly prohibited in all NASA Ames facilities.


Material Safety
Data Sheets


The Customer must provide the Material Safety Data Sheets (MSDS)
for all Customer-supplied hazardous material, regardless of quantity,
at least 4 weeks prior to test date.


Hazardous
Material Approval
Process


The Test Manager shall provide the Division Safety Office with the
Customer’s proposed MSDSs 4 weeks prior to test date. The Wind
Tunnel Division Safety Office shall approve proposed hazardous
materials operations and procedures before work begins. The Ames
Safety Office will be notified when a material that may present a hazard
to persons or has the potential to harm the environment will be
introduced into the workplace. After approval, MSDSs shall be
maintained at the worksite during the duration of tests.


Labels As a minimum, all hazardous material containers must be legibly
labeled with the name of the chemical or product that it contains and
the hazards the material poses to personnel (such as toxic, corrosive,
flammable, etc).


Operations
Involving
Hazardous
Materials


The basic premise for ensuring safety during any operation involving
hazardous materials is that the individuals involved have an adequate
understanding of the specific:


• Hazards, warning signs, and symptoms
• Precautions to be taken
• Procedures for handling emergencies


Gaining this understanding must be accomplished before starting
operations and should be an important consideration in planning the
work. This means that every operation must be thoroughly screened
for safety, and all personnel must be made aware of the hazards,
precautions, and procedures for handling hazardous materials and
responding to accidents and other emergencies before the proposed
activities begin.
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operations and should be an important consideration in planning the
work. This means that every operation must be thoroughly screened
for safety, and all personnel must be made aware of the hazards,
precautions, and procedures for handling hazardous materials and
responding to accidents and other emergencies before the proposed
activities begin.


Customer-Generated
Hazardous Waste


Any waste generated by the Customer must be stored and labeled
appropriately. The Customer shall remove their generated hazardous
waste from Ames unless prior arrangements are made with Ames
waste operations.


Spills Notify the Test Manager of any hazardous material spills immediately.
If appropriate, 911 will be alerted for any reportable spill (potential risk
to health or environment). Assist in evacuation and deny entry to
affected area. Small spills that are not reportable (no potential risk to
health or environment) can be controlled without external assistance if
spill response materials and PPE are available and persons are
trained. Do not go beyond your level of competence.


4.4 Protective Equipment


General Customer personnel must be equipped with hearing protection, safety
glasses, safety shoes, appropriate gloves, and any other protective
equipment justified by the nature of the work. Emergency eyewash
fountains are located at each facility. The Customer shall provide
training necessary to perform their work with the protective equipment
in a safe manner.


4.5 Personnel Training


General Customer personnel are responsible for having the necessary training
and knowledge to understand the job hazards and their controls. Prior
to arrival, they shall be trained in all tasks involved in the Wind Tunnel
proposed operations in which they may participate. Such training may
include Hazard Communication, Confined Space Entry, LOTO, Fall
Protection, Cranes, Aerial Lifts, Forklift, Lead Awareness, PPE, Back
Injury Prevention, Laser, UV, and/or Electrical Safety. The Wind
Tunnel Division Health & Safety Manual and the Ames Health & Safety
Manual are excellent sources for additional information on training
requirements at this Facility.
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4.6 Laser Safety


Safety Standards The use of lasers at Ames is governed by the "Standard American
National Standards Institute (ANSI) Z136.1 for the Safe Use of Lasers"
and the Ames Health and Safety Manual, Chapter 8. The Test
Manager coordinate with Center personnel as required to assist
Customer personnel in meeting the requirements contained in these
documents.


Approval
Authority


The Ames Laser Safety Officer (LSO) must evaluate and approve all
laser installations and operations. Approval must be coordinated
through the Test Manager.


Authorized Laser
Customers


Authorized Laser Customers are responsible for compliance with
safety regulations in the operation of their equipment, and:
• Are responsible for ensuring that personnel using lasers under


their supervision are properly instructed and trained (within the
last 2 years).


• Must establish and maintain a current list of all personnel
authorized to operate specific types of Class III and IV lasers
under their direction.


Safety Eye Wear Safety eye wear designed to filter out the specific wavelength
characteristic of the laser affords adequate protection only if properly
prescribed and utilized. Safety eye wear should be evaluated
periodically to ensure its integrity. There should be assurance that eye
wear designed for protection from specific lasers is not mistakenly
used with lasers of different wavelengths. The specific optical density
at appropriate laser wavelengths of the filter plate should be printed on
the eye wear.


Required
Ophthalmologic
Exam


All authorized personnel who work with Class 3b and Class 4 lasers
shall have a base-line eye examination for visual acuity prior to
beginning work with a laser system.


4.7 Other Safety Guidelines


Bloodborne
Pathogens


Be aware that if any injury or accident occurs, do not clean up blood
since there may be a potential exposure to bloodborne pathogens.
Notify your Test Manager or Shift Engineer immediately for assistance.


Equipment All equipment will be inspected prior to operation and tagged out if
damaged.


Housekeeping There shall be no hazardous accumulations of combustible trash and
debris. Access must be maintained for all exits, electrical panels, and
fire protection panels. Corridors and stairways shall be kept clear of
obstacles. Equipment and material will be stored in a stable
configuration. Working and walking surfaces must be dry, smooth, and
free of clutter.
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fire protection panels. Corridors and stairways shall be kept clear of
obstacles. Equipment and material will be stored in a stable
configuration. Working and walking surfaces must be dry, smooth, and
free of clutter.


Permits Any activities involving hot work (e.g., welding, cutting, burning,
brazing), generating solvent vapors into the air, entering a confined
space, or disposing of industrial waste water, must be permitted prior
to activities. Contact the Test Manager for more information.


Postings All visitors shall abide by area signs and postings.


Storm Drains Nothing is allowed to pass through the storm drains but rain water.


Vehicles The speed limit on the Ames Facility is 25 mph unless otherwise
posted. Ames Security is responsible for enforcing federal and state
driving laws. Vehicles shall be parked only in authorized parking
spaces.


4.8 References


The following Ames documents contain further information on
environmental, health and safety issues.


• SOPs—Each wind tunnel has documented Standard Operating
Procedures that contain safety and emergency shutdown procedures


• Division and Branch Safety Plans—General safety procedures and
guidelines


• Division Environmental SOP—Environmental procedures and policy
• Building Emergency Actions Plan (BEAP) for the building being


occupied located in each lobby
• Division Health & Safety Manual is available through the Division’s


external web page at http://windtunnels.arc.nasa.gov
• Ames Health and Safety Manual (APR 1700.1)—Center parent


document on all safety issues at http://q.arc.nasa.gov/safetymanual/
• "Standard American National Standards Institute (ANSI) Z136.1 for


the Safe Use of Lasers
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5.0 Risk Assessment and Safety Review Requirements


 


Introduction


 


Wind tunnel testing inherently involves potential hazards that could 
affect personnel, equipment, or test progress.


Controlling these hazards is essential to ensuring personnel, 
equipment, and test operations are protected from harm and that 
the facilities operate to their fullest capacity. Therefore, model and 
associated equipment design and operation must incorporate 
safety principles presented in this document.


The Ames Health and Safety Manual describes procedures used to 
ensure equipment and systems are designed and operated safely.


 


5.1 Risk Assessment


 


Overview


 


The risk associated with conducting a test is a function of the 
hazard’s severity and the likelihood or probability that the hazard 
will actually be encountered. 


The Ames Health and Safety Manual describes in general terms 
how the risk of hazards should be identified and mitigated. The 
Wind Tunnel Operations Division has further refined that process 
and adapted it to wind tunnel testing and operations as described in 
the following paragraphs. 


The Customer is responsible for preparing the Risk Assessment, 
following guidelines presented in this document, and presenting the 
results of the assessment at the Initial Test Planning Meeting.


The Division may request, based on the Risk Assessment, that a 
Hazards Analysis be performed. This may be done by the customer 
or by the Division’s System Safety Analyst or a combination.


First, hazard severity is assessed, then probability, then these 
factors are considered together to determine the final risk. Finally, 
hazard controls are implemented to decrease or control the risk.
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Hazard severity


 


There are four hazard-severity categories as described in the 
following table. 


 


Hazard probability


 


There are four hazard-probability levels as described in the 
following table. 


 


Table 5-1:  Hazard-Severity Categories


Category Definition


 


I Catastrophic • Death or permanent debilitating injury
• Possible tunnel down time in excess of three months
• Possible equipment or facility damage above $500,000
• Definite serious violation of operational criteria if test objectives 


are to be met; waiver required


II Critical • Disfiguring injury or lost time greater than three months
• Possible tunnel down time between one and three months
• Possible equipment or facility damage between $50,000 and 


$500,000
• Possible serious violation of operational criteria if test objectives 


are to be met


III Marginal • Lost-time injury greater than one day
• Possible tunnel down time of less than one month
• Possible equipment or facility damage between $10,000 and 


$50,000
• Operational criteria compromised in a minor way


IV Safe • No lost-time injuries
• Tunnel down time less than one week
• Possible equipment or facility damage less than $10,000
• No violations of any operational criteria


 


Table 5-2:  Hazard-Probability Levels


Level Description Probability of 
occurrence


 


A Probable—Likely to occur several times during the life of the 
system or test period


0.1 to 1.0


B Remote—Likely to occur once during the life of the system or 
test period


0.01 to 0.1


C Improbable—Not likely to occur during the life of the system or 
test period


0.001 to 0.01


D Highly improbable—Occurrence is considered to be extremely 
unlikely during the life of the system or test period


0.0 to 0.001
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These risk severity categories and probabilities must be considered 
together to determine the final risk evaluation. Different levels of risk 
require different management approval, as described next.


 


Risk Assessment 
Approval 


 


The matrix below shows who is responsible for authorizing the risk 
acceptance for each combination of severity and probability. These 
sign-off authority requirements apply to Test Readiness Reviews 
(TRRs), Operational Readiness Reviews (ORRs), and Hazard 
Reports that result from system safety analyses of test installations 
and facility modifications. 


 


Hazard Controls


 


The Ames Health and Safety Manual describes the order of 
preference for controlling hazards. The Wind Tunnel Operations 
Division also implements controls for facility and test hazards 
following this order of preference, summarized as follows.


1. Design for Minimum Hazards—Provide inherent system safety 
by selecting appropriate design features and qualified 
components.


2. Incorporate Safety Devices—Includes mechanical barriers or 
inhibiting mechanisms. Conduct periodic functional checks of 
such safety devices.


3. Incorporate Protective Systems—Includes fire suppression 
systems, radiation shielding, flash shields, containment, etc. 


4. Incorporate Warning Devices—Includes signals, lights, signs, 
horns, etc., and include requirements for training to ensure a 
proper and timely response to warning devices.


5. Institute Special Procedures—Include emergency procedures 
that effectively limit initiating a hazardous sequence. Includes 
caution and warning statements in normal operating procedures. 
A formal Operational Hazards Analysis will be required for all 


 


Table 5-3:  Risk Assessment Approval levels


Probability Level


 


A B C D


Hazard 
Category


Probable Remote Improbable Highly 
improbable


I Catastrophic Center 
DirectorII Critical


III Marginal FO Division


IV Safe FOO Branch
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deviations from the Standard Operating Procedure (SOP) 
Manual for each facility.


 


5.2 Model Safety Requirements


 


Stress Report


 


A stress report is normally required for all models to be tested in the 
WInd Tunnel Operations Division facilities. See Section 5.3, Design 
Criteria-Reduced Requirements, and Section 5.5, Model 
Acceptance Criteria-Waivers, for limited exceptions to this 
requirement. The stress report establishes that the model has met 
all structural requirements. It should be complete and sufficiently 
comprehensive to preclude further explanation.


The Test Manager and customer personnel negotiate the delivery 
schedule for the stress report and other documentation at the Initial 
Test Planning Meeting. The report is due no later than 6 weeks prior 
to the tunnel entry date.


 


Stress Report 
Changes


 


Design evolution could dictate changing stress report content after 
decisions made at the Initial Test Planning Meeting. Negotiate 
changes with the Test Manager.


 


Stress Report 
Contents Overview


 


In the following order, the report must contain (as a minimum):


1. A table of contents.
2. Documentation of load envelopes. Steady-state aerodynamic 


loads and thermal loads for extremes of test conditions. Include 
starting loads for the 9x7ft wind tunnel.


3. A summary of the expected stresses and safety factors.
4. A discussion of the sources of design loads and the methods 


used to determine them.
5. The stress analysis (see next section). 
6. Drawings of the model configuration, support components, and 


the model as installed in the tunnel.
7. Quality-inspection reports to validate the integrity of the 


completed model.
8. Documentation of stability requirements (see section 5.3, Design 


Criteria, for details on the stress analysis).
9. Frequencies and estimated dynamic loads on model for dynamic 


and transient testing.
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Other Requirements


 


Ames might


 


 


 


also require other items such as:


• material certification
• calibration data
• dimensional certification
• operator certification
• detailed design drawings to validate the integrity of the 


completed model
• weld certification


These items are normally requested at the Initial Test Planning 
Meeting, if required.


 


Formal Design 
Review


 


Formal design reviews are not normally required of models to be 
tested in the Ames facilities. The Test Manager can, however, 
require design reviews for those designs that are especially 
complicated and potentially hazardous.


 


5.3 Design Criteria


 


Overview


 


This section describes design criteria, specifically:
• Stress Analysis
• Material Selection
• Allowable Strength
• Structural Joints
• Pressure Systems
• Electrical Equipment
• Model Support Systems


 


Stress Analysis


 


Stress Analysis 
Overview


 


The stress analysis


 


 


 


must include, but is not limited to, the following 
elements:
• An analysis showing that all models, including mountings and 


emergency restraint systems, are statically and dynamically 
stable and free from divergence throughout the model test 
envelope (refer to Model Support Systems near the end of 
section 5.3). 


• Aerodynamic derivatives used in the analysis, their source, and 
a discussion of the consideration given to effects of Reynolds 
number, Mach number, surface condition, etc. 
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• Source and range of mass and inertia parameters, including 
cross-coupling terms such as I


 


xz


 


 and support-system stiffness 
coefficients. 


• Parametric variations of significant design variables; i.e., 
tension-to-weight ratio, center-of-gravity location, pulley 
locations, etc., to establish sensitivity.


 


Stresses or Loads


 


Allowable stresses are the lessor of the material ultimate stress 
divided by a safety factor of 4, or the material yield stress divided by 
a safety factor of 3.


The stress analysis is to show that allowable stresses or loads are 
not exceeded for the worst load case, including but not limited to: 
• Dynamic factors that could result from separated flows in 


wakes, on model surfaces or components, etc. 
• Thermal stresses due to factors such as cold or preheated air 


used in some propulsion tests
• Stress concentration factors
• Wind tunnel starting loads
• Maximum operating loads


 


Forces and 
Moments


 


Each detailed analysis section should contain a sketch showing 
forces and moments acting on the part and a statement of: 
• Assumptions 
• Approximations 
• Section properties 
• Type and heat treat condition of the material 
• Pertinent drawing number 


 


General Equations


 


In all calculations, the general equations and their source must be 
given before substituting numerical values.


 


Air-Loaded Surfaces


 


Give shear and moment distribution diagrams resulting from worst-
case pressure distribution.


 


Section Properties


 


Define section properties of the structural member for shear, axial 
load, bending, and torsion at an adequate number of stations to 
facilitate a check on the location of the designated critical sections.
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Air Loads


 


All parts with lifting surfaces (such as vertical stabilizers, pylons, 
and struts) that are designed for operating only at zero angle of 
attack must be checked for air loads of ±2 degrees. 


 


Static Test Instead of 
Stress Analysis


 


Static tests may be accepted in lieu of a stress analysis under the 
following conditions: 


• If the load on the component in question can be directly and 
continuously monitored, the stress tests will be carried to twice 
the predicted operating load, and measured deflections must 
not indicate a permanent deformation. These tests must be 
witnessed by facility personnel. 


• If the load on the component in question cannot be directly and 
continuously monitored (for example slats, ailerons, elevators, 
rudders, flaps), the static test must be carried to three times the 
predicted load without permanent set.


• Following static testing, nondestructive inspection techniques 
are required to validate the structural integrity of the 
component.


 


Gauged 
Components with 
Stress Analysis


 


If the load on the component in question can be directly and 
continuously monitored, a safety factor of three (3) or greater, 
calculated using the allowable tensile stress (F


 


tu


 


), is required in the 
stress analysis.


 


Reduced 
Requirements


 


If the model safety factors cannot be met (4.0 for ultimate and 3.0 
for yield), contact the Test Manager to discuss the possibility of 
reducing (waiving) these requirements. Examples include tests of 
actual flight components, dynamically similar models, or aeroelastic 
models. Compensation for the safety factor reduction could include 
additional instrumentation, closely monitoring critical areas, 
provision of safety catches, or special proof loadings.


The provisions of this paragraph can only be implemented by 
waiver approval. See also section 5.5, Model Acceptance Criteria.


 


Previously Tested 
Components


 


Stress analysis must be submitted for all components to be tested 
in Ames facilities, even if they have been tested at Ames before. 
The customer must revise previous stress reports of previously 
tested models to incorporate any new worst-case loads for each 
component.
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Material Selection


 


Materials Standards


 


Where applicable, materials are to be selected using mechanical 
properties and other specifications in the latest issue of one of the 
following standards:
• ASTM Specifications
• MIL-HDBK-5, Metallic Materials and Elements for Aerospace 


Vehicle Structures. 
• MIL-HDBK-17, Plastics for Flight Vehicles


 


Mechanical 
Properties 
Corrections


 


All mechanical properties used must be suitably corrected for
• Temperature 
• Pressure 
• Other environmental effects that might be present when the 


material is under stress


 


Allowable Strength


 


Safety Factors


 


Except for gauged elements (previously discussed), safety factors 
of 4.0 on ultimate and 3.0 on yield must be maintained on parts and 
hardware. Plastic bending analysis is not accepted. 


Refer to the Ames fastener guidelines later in this section. Also, if 
desired, contact the Test Manager for a current copy of the NASA 
Ames Research Center Fastener Supplier list.


 


Shear Stresses


 


If the shear ultimate strength of the material is unknown, calculate 
it as 60 percent of the tensile ultimate strength. 


 


Thermal Stresses


 


Any thermal stresses that could occur must be algebraically 
subtracted from ultimate tensile and tensile yield strength of 
materials before the factors for allowable stresses are applied.


 


Material Properties


 


Material stress properties should reflect the expected minimums 
that will occur within the expected temperature range.


 


Buckling Stress


 


The allowable compressive stress in columns and skins must be 
equal to or less than one-third of the critical buckling stress.
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Oscillating Stresses


 


Allowable oscillating stresses caused by oscillating loads with or 
without accompanying steady-state loads must be computed as 
follows:
• The mean stress, if any, must be applied to the proper Modified 


Goodman Diagram to which a safety factor of four (4.0) has 
been applied. 


• The gross allowable oscillating stress must then be obtained 
from this diagram. 


• The allowable oscillating stress must be obtained by dividing 
the gross oscillating stress by the appropriate stress 
concentration factor, if any.


 


Impact Strength


 


All material must have a minimum Charpy V impact strength of 15 
foot-pounds at test conditions.


 


Structural Joints


 


Fastener Quality 
Standards


 


The models tested in theWind Tunnel Operations Division wind 
tunnels must be assembled using high-quality fasteners of SAE 
grade 5 or more. 


Ames requires using certified fasteners; if used exclusively and 
proof of certification is supplied to the Ames Test Manager in the 
form of a Certified Material Test Reports (CMTR), no further 
checking will be required. If a CMTR cannot be provided, then all 
noncertified critical bolts will be removed from the model for 
examination and Rockwell hardness verification during test 
installation. 


 


Fastener Assembly


 


Critical fasteners must be assembled using a calibrated torque 
wrench. The fastener manufacturer's torque specification will be 
used if the full-rated strength of the fastener is required to maintain 
Ames required safety factors.


 


Structural Joint 
Drawings


 


Drawings for all structural connections must list the following:
• Strength and quality of fasteners
• Torque values for tightening screws and nuts
• All welded, soldered, brazed, bonded, or other nonbolted, 


structural-connection techniques must be listed, showing 
locations on drawings and exact fabrication specifications, as 
well as analyzed in the stress report
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Mil Spec Standards 
for Joints


 


Joining components (including tubing) by methods other than 
welding, soldering, or bonding is to be accomplished as appropriate 
in compliance with military specification standards.


All joints must be inspected using the appropriate nondestructive 
inspection technique decided upon by the customer and Ames 
personnel.


At NASA's discretion certain joint designs located at critical 
load-carrying sections might not be permitted. Soft-soldered joints 
are not acceptable. Silver-soldered joints might be acceptable, 
depending on application.


 


Welded Joints


 


All welded joints must be designed and fabricated in compliance 
with the code of the American Welding Society. All welds must be 
verified by appropriate inspection techniques such as, but not 
limited to, magnetic particle inspection, X-ray, or dye penetrant 
methods.


Critical welds (those whose failure would result in model or facility 
damage) must be analyzed in the stress report. Include inspection 
certification as an addendum to the stress report.


 


Shear Loads (bolted 
joints)


 


Shear loads must be transmitted by keys, pins, pilots, or shoulders.


 


Bolt Preload


 


For bolt preload in bolted structural joints: 
• Use manufacturer’s recommended value.
• Avoid oscillating stresses in threads. 


 


Thread 
Engagements


 


Critical fastener thread engagement with nuts and/or tapped holes 
must be sufficient to develop strength equal to the fastener or to the 
application design load with the appropriate safety factors applied.


 


Countersinks, 
Counterbores and 
Spot Faces


 


Model countersinks will be inspected during the test installation 
period to ensure that they are cut concentric to the threaded hole, 
have the proper countersink angle, and the fastener heads seat 
properly in the countersinks.


Counterbores and spot faces will likewise be inspected to verify that 
the contact surface does not bend or pry on the fastener body when 
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it is tightened.


 


Small Screws


 


Fasteners of size #4 or less that are removed during a model 
change must be replaced with a new fastener.


 


Screw Joints 


 


To assure tight joints between parts joined by screws, screws and 
threaded connectors must be sufficiently torqued to provide loads 
greater than the expected maximum separating forces. 


 


Bolted Joints


 


Bolted joints with the primary function of transmitting moments must 
be designed in such a manner that the bolt preload divided by the 
joint contact area is at least 1.25 times the applied moment divided 
by the section modulus of the contact area. 


Any bolt torque values that are different from the published vendor 
data must be derived in the stress analysis.


 


Fastener Locking


 


All structural bolted or screwed connections must be provided with 
positive mechanical locks such as


 


:


 


• Locking inserts 
• Self-locking-type nuts 
• Safety wiring (drilled heads must be provided)
• Fastener adhesive such as Loctite (within rated temperature)


All bolted and screwed connections must meet these requirements, 
even if the connection is to be repeatedly disassembled during 
testing (e.g., changes in flap deflections).


 


Pressure Systems 


 


High-pressure Air 
Availability


 


Most Wind Tunnel Operations Division facilities can supply up to 
3,000 psi heated air with various burst disk capacities. 


 


Pressure-Relief 
Devices


 


Relief devices are required in the system (but not necessarily in the 
model) and must be capable of discharging the full flow of the 
pressure source under all conditions including those resulting from 
malfunctions. 


Users are to inform the Test Manager on the requirements of the 
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maximum and minimum pressures the model can withstand to 
determine system burst disk pressures. Users must provide 
pressure relief devices appropriate to the model as required. If rapid 
air discharge constitutes a noise hazard, mufflers are required on 
discharge lines.


Users should check with the Test Manager to verify the appropriate 
burst disks are available; otherwise customers must supply their 
own.


 


Pressure System 
Codes


 


Models, support equipment, and test equipment using hydraulic, 
pneumatic, propulsion, or other systems with operating pressures 
above 15 psig are to be designed, fabricated, inspected, tested, and 
installed to comply with the following codes and definitions:
• ASME Boiler and Pressure Vessel Code
• ASME B31.1 Power Piping Code
• ASA Codes as sponsored by ASME
• Department of Transportation Regulations


 


Pressure System 
Components


 


Definition


 


The components of a pressure system include
• vessel
• relief devices
• piping


 


Testing/Storage


 


Pressure components that have been proof-tested must be stored 
in a clean, dry, sealed condition with controlled accessibility. 


 


Identification


 


All pressure system components (including piping) are to be 
indelibly marked in a conspicuous place with sufficient information 
to determine: 
• Part number 
• Proof test pressure 
• Working pressure 
• Date of proof test 
• Volumes and temperature range 


 


Certification


 


All pressure system components must have current certification 
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(valid throughout the test). Certifications are required annually. A 
certification report must be submitted for all tested systems.


 


Pressure Vessel


 


Definition


 


All shells, test chambers, tanks, and model parts designed for 
internal pressures greater than 15 psig are considered pressure 
vessels. 


 


Design


 


Pressure vessels must be designed in compliance with the latest 
edition of the ASME Boiler and Pressure Code, Section VIII or 
Section III.


 


Welding


 


Pressure-vessel welding must be in compliance with the ASME 
Boiler and Pressure Code as follows:


• Section IX for welding qualifications
• Section V for welding inspection


 


Pressure Piping


 


All piping must be designed, fabricated, inspected, tested, and 
installed in compliance with the latest edition of the ANSI Standard 
Code for Pressure Piping.


 


Tubing to Powered Models


 


For powered models, the internal supply tubing is considered 
pressure piping.


 


Piping in Pressure Vessels


 


Pressure vessels fabricated from standard pipe, standard pipe 
fittings, and standard flanges are also considered pressure piping. 
They are defined as those covered by these ANSI dimensional 
standards


 


:


 


• Pipe: B.36.10 and B.36.19
• Fittings: B.16.9
• Flanges: B.16.5


Welding
Welders, welding operations, and welding procedures are to be 
qualified in compliance with Section IX, ASME Boiler and Pressure 
Vessel Code, except as modified by the applicable section of the 
Piping Code.







                                                 Test Planning Guide  for  High Speed Wind Tunnels


A027-9391-XB2 5-14 Revision 5


Threading
Allowances must be made as required or recommended by the 
Piping Code for pipe threading, corrosion, and wall thinning due to 
pipe bending.


Threaded Pipe Joints
Threaded joints, flange joints, and seal welding of threaded joints 
must be in compliance with the requirements and 
recommendations of the Piping Code.


Tube Fittings
Tube fittings must be in compliance with the latest issue of 
applicable Military Standards.


Service Line Identification
All service lines must be properly identified for working pressures, 
flow direction (in or out), and fluid or gas carried.


Electrical Equipment


General All electrical devices and wires used in the test section must be 
capable of withstanding the test section environment.


Material Criteria Use only qualified hardware or equipment and material conforming 
to the National Electrical Code. Wires and cable require good 
abrasive resistance. All wiring is to be identified in accordance with 
schematic and wiring diagrams by using color coding, bands, tags, 
etc.


Fuses and Shielded 
Wires


Protect electric circuits with proper fuses. Pressure transducers, 
strain gauges, vibration pickups, and other low-voltage devices 
should have each set of wires shielded. Also use shielded wiring 
with high-voltage and AC devices. Determine the required size, 
type, and length of wiring at the pretest conference.


User-Furnished 
Electrical Materials


The customer should provide the following electrical devices as 
discussed at the Initial Test Planning Meeting and required by the 
test. 
• Control panels and/or control boxes required to operate model 


components.
• Control panel leads of sufficient length to make proper 


connections in the respective control rooms.
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• Mating electrical connectors for any customer-furnished 
equipment requiring connectors at interfaces located at control 
boxes in and/or at the model.


• Electrical schematics, wiring diagrams, and hookup sheets for 
model and control panels with the model design drawings in 
compliance with documentation requirements.


Documentation should be provided to the Test Manager 4 weeks 
before the start of the test.


Model Support Systems 


Specification An adequate margin of bending and torsional stability must be 
shown for models and model support systems and must meet the 
following divergence criteria:


For all test conditions and configurations, the ratio of model airload 
increase due to a change in angle of attack (dN/dα) to the support 
system restoring force generated by such an angle change (dFss/
dΘ) must not exceed one-half.


Aerodynamic 
Interference


The customer, after consulting the Test Manager, is responsible for 
providing a design that reduces aerodynamic interference to 
minimum acceptable limits, including models to be tested on Ames-
furnished stings.


Model Support 
Hardware


Any customer-supplied hardware must be fit-checked and 
forwarded to Ames for verification at least 6 weeks before the test 
date. Taper fits must have at least 80 percent evenly distributed 
contact on each land. A report of fit-check results must accompany 
the hardware (see Appendices A, B and C). Taper fits will be 
verified at Ames using the fluorescent oil technique described in 
Appendix A.


If customer hardware is to match with Ames gauges, the gauge(s) 
will be provided at the customer's request by the Ames Test 
Manager. 


dN/dα
dFss/dΘ <1/2







                                                 Test Planning Guide  for  High Speed Wind Tunnels


A027-9391-XB2 5-16 Revision 5


An inventory of model support hardware available at Ames is listed 
in Appendix B.


5.4 Model Fabrication Requirements 


General The customer is responsible for having models fabricated and 
assembled in compliance with:
• Design drawings and specifications
• Model safety requirements (see section 5.2)
• Design Criteria (see Section 5.3)
• Inspection and tests established by the Test Manager (see 


Section 5.5)


Model Assembly Models are to be completely assembled for all test configurations at 
the manufacturer's plant and discrepancies corrected before 
shipment to ensure that:
• All model parts fit properly.
• Model loading fixtures have proper fit and have been certified 


for the required loads.
• All remote-controlled model components function properly.
• All position indicators can be calibrated.
• Sufficient clearances are provided for differential deflections 


due to air loads.
• All leads are identified.
• All pressure lines are clean, free of oil and debris, and are leak-


checked at operating pressures.
• All required inspections and certifications have been performed 


and documented (welds, concentricity, etc.). 
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5.5 Model Acceptance Criteria 


Model Acceptance Model acceptance for testing in the Wind Tunnel Operations 
Division facilities is contingent upon satisfaction of the requirements 
presented in section 5.2 through section 5.4, in addition to the 
requirements listed below. 


Inspections The customer must be prepared to provide inspection reports 
(records, inspection reports, and test results) for defining and 
verifying the quality of the model throughout all operations, 
including:
• Procurement 
• Fabrication 
• Test 
• Delivery 


The inspection report requirements are set by the Test Manager 
and will be provided for the customer at the Initial Test Planning 
Meeting. Typical reports required include the results of non-
destructive weld examiniations and fastener/material certifications.


Structural Reports The customer must provide:
• Any reports of inspections and tests of all materials by 


chemical or physical means to verify compliance with 
applicable drawings and specifications.


• Any written procedures, or other controls, over processes  used 
to assure uniform quality of articles or materials..


• Documentation of all articles and materials that do not conform 
to applicable drawings, specifications, or other requirements.


Waivers Requests for deviations from the requirements outlined in this 
document must be submitted in writing at the earliest possible time. 
The preferred time for waiver submission is at the Initial Test 
Planning Meeting. However, events in the model fabrication 
process may move the submittal of a waiver closer to the actual test 
time.


The Deviation Waiver request should include:
• Full justification for the waiver with supporting data and 


analysis.
• Previous test data of the same model in other facilities if 


applicable.
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The following process is used for waiver approval:
• The Test Manager is responsible for the disposition of all 


submitted waiver requests.
• Waivers will be processed within four weeks of submittal to the 


Test Manager.
• The waiver will be analyzed and reviewed at a specially called 


Test Safety Review  (A detailed explanation of Test Safety 
Reviews can be found in the Wind Tunnel Operations Division 
Test Process Manual.


• The customer will be apprised of the results of the Test Safety 
Review which will include acceptance, rejection, or required 
modifications to the waiver.
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6.0 General Test Support Systems


 


Description


 


This section discusses these available test support systems:
• High-Pressure Air
• Hydraulic System
• Separation Support System
• Roll Adapter


 


6.1 High-Pressure Air


 


Description


 


High-pressure air (3,000 psi) is available at most of the Wind 
Tunnel Operations Division facilities. 


In the 9x7ft, 11ft, and 12ft wind tunnels, a digital-valve system is 
installed for high-pressure air. Flow rates can be set in increments 
of 0.01 pounds per second and is repeatable to 0.02 pounds per 
second. An outlet pressure control mode is also available with a 
tolerance of ±2% of set point.


See section 7 for more details on the available mass flow for the 
other facilities.


 


Air Pumping and 
Storage Capacities


 


The pumping plant consists of three compressor systems having 
capacities of 8, 8, and 10 pounds per second, respectively, for a 
combined capacity of 26 pounds per second at 3,000 psi. The 
current storage capacity consists of 7.8 million standard cubic feet 
at 3,000 psi. 


 


Air Heaters


 


Electric heaters (rated at 1.0 megawatt each) are available for 
heating high-pressure air. The heaters are made of four, 
equal-capacity resistive elements and are rated for 3,000 psi. The 
maximum heater outlet temperature is 400° F.


 


Low Air Heater 
Flows


 


The air heater controls may prohibit heater operation at very low 
air flows (below 0.5 lb/sec). For tests requiring low air flows or 
when preheated air lines are desired, it might be necessary to 
consult with a Test Manager for a particular facility.
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Facilities Available 
for Heater Setup


 


Each of the following Wind Tunnel Operations Division facilities  
are set up for installation of heaters. 
• 9x7ft Supersonic Wind Tunnel 
• 11ft Transonic Wind Tunnel 
• 12ft Pressure Wind Tunnel 


 


Propulsion 
Simulator 
Calibration 
Laboratory


 


The Propulsion Simulator Calibration Laboratory has its own set of 
four banks of heaters that are rated at 225 kilowatts each. The 
maximum operating pressure is 3000 psi, and maximum output 
temperature is 400˚ F.


 


6.2 Hydraulic Systems


 


Portable Systems


 


Three portable hydraulic systems are available for use in any of 
theWind Tunnel Operations facilities. The supply capabilities of 
each system are as follows.


• 10.4 gallons per minute at 5,000 psi
• 10.7 gallons per minute at 3,000 psi
• 15.0 gallons per minute at 1,500 psi


 


Unitary Model Prep 
Rooms


 


The model preparation rooms in the Unitary Plan Wind Tunnels 
are equipped with permanent hydraulic systems capable of 
supplying 100 gallons per minute at 3,000 psi. All systems use 
MIL-H-5606 or DTE 25 oil. 


 


6.3 Separation Support System 


 


Angular 
Displacement


 


The system allows testing of two separating models. Angular 
displacement of the separation support system in the vertical and 
horizontal planes is provided by the respective wind tunnel support 
system. The separation support system provides displacement of 
the secondary model relative to the primary model.
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Available Facilities


 


The manually controlled separation support system adapts to the 
tunnel strut system in the following facilities (also refer to section 
7): 
• 9x7ft Supersonic Wind Tunnel 
• 11ft Transonic Wind Tunnel 


 


Maximum 
Displacement 
Capability


 


The maximum displacement capability of the system is: 


Contact the Test Manager for any additional needs.


 


Load Limits


 


The load limits for both the primary and secondary models are 
78,000 inch-pounds about the attachment of the stings to the 
separation support system. 


 


6.4 Roll Adapters


 


Available Facilities


 


Two electrically driven, remotely controlled roll adapters are 
available for tests in the following facilities: 
• 8x7ft Supersonic Wind Tunnel 
• 9x7ft Supersonic Wind Tunnel 
• 11ft Transonic Wind Tunnel 


Availability and use of either of these adapters must be coordinated 
with the Test Manager. 


The 12ft Pressure Wind Tunnel has its own roll mechanism system. 
See section 7.4.


 


Axial displacement 9 inches


Horizontal displacement 10 inches


Vertical displacement 14 inches


Vertical angle displacement ±16 degrees


Lateral angle displacement ±6 degrees
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Capacities


 


The roll adapters are 40 inches long and adapt to the primary strut 
support system in each of the above wind tunnels. The adapters are 
capable of 357 degrees of roll. The rolling moment is ±25,000 in-lbs.


The roll mechanism is capable of handling the loads and moments 
of the model support system. See section 7 for more information on 
individual model support systems.
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7.0 Description of Test Facilities


Facilities The facilities discussed herein are under the jurisdiction of the Wind 
Tunnel Operations Division of Ames Research Center. These 
facilities consist of three, closed-circuit, continuous-flow, wind 
tunnels. 


Unitary Plan Wind 
Tunnels


The Unitary Plan Wind Tunnels are a set of three interconnected 
tunnels that share a central main drive system that can be used to 
drive either a transonic leg or a supersonic leg. The Unitary Plan 
Wind Tunnels are as follows.
• 11-by 11-Foot Transonic Wind Tunnel 
• 9-by 7-Foot Supersonic Wind Tunnel


Other Tunnels The other high speed wind tunnel facility is the 12-Foot Pressure 
Wind Tunnel.


7.1 11ft Transonic Wind Tunnel


Description The 11-by 11-Foot Transonic Wind Tunnel is a closed-return, 
variable-density tunnel with a fixed-geometry, ventilated test 
section, and a dual-jack flexible nozzle. 


The test section has 5.6 percent porosity consisting of evenly 
distributed slots on all four walls. 


Air flow is produced by a three-stage, axial-flow compressor 
powered by four, wound-rotor, variable-speed, induction motors.


Operating 
Characteristics


The operating characteristics of the 11-by 11-Foot Transonic Wind 
Tunnel are presented in the following graph. The ranges of the 
pertinent performance characteristics are: 


Mach number (continuously variable) 0.20 to 1.50


Stagnation pressure 3.0 to 32.0 psia 


Reynolds number 0.3x106 to 9.6x106/ft


Maximum stagnation temperature 610°R


Strut angle of attack range nominally ± 15°
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Figure 7-1:  11ft Transonic Wind Tunnel Operating Characteristics
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Test Section 
Dimensions


 


Pertinent test section dimensions are: 


Figure 7-2:  11ft Transonic Wind Tunnel Test Section Dimensions


 


Height 11.0 ft


Width 11.0 ft


Length 22.0 ft


Access hatch, top: 11.0 x 22.0 ft


Side doors: 3.0 x 4.9 ft
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Model Installation 
Diagram


 


This diagram shows a sting installed with a 40-inch extension.


Figure 7-3: 11ft Transonic Wind Tunnel Sting Installation


 


Forward and Aft 
Limits


 


The forward and aft limits of the model location in the test section 
are dependent on the Mach number and the type of data required. 
As identified by tunnel station:


Consult the Test Manager for any deviations from these limits.


Location of
Top Hatch


Recommended Most Aft Location
of Model (See Section 9.1.3)


Sta
175


264


Tunnel Ceiling


82.85


Optional
40 in. Ext.


Center of 
Rotation


Vertical 
    Strut


End of Test
   Section


Sta
165


126.24


Tunnel Floor


   Load Comp.
Cable Positions


49.9


Distance From Model Support C.R.


Tunnel Station, in.


NOTE:  All  dimmensions are in inches


180 160 140 120 100 80 60 40 20 0


180160140120100 200 220 240 260 280


CL Of Windows


 


Table 7-1:  11ft Transonic Wind Tunnel Model Location Limits


Station Limit


 


175 Aft limit for subsonic drag performance testing


193 Aft limit for subsonic static stability and control testing


220 Aft limit for supersonic static stability and control 
testing


60 Forward limit for subsonic testing


100 Forward limit for supersonic testing
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Forces and 
Moments


A traversing strut downstream of the test section can be 
programmed to translate vertically to maintain a desired point of 
model-pitch rotation throughout the vertical plane angle-range. The 
model support center-of-rotation in the horizontal plane is 4.8 
inches aft of the strut leading edge. These angles are continuously 
variable and are determined by the relative positions of a knuckle 
and sleeve inside the support body.


The model support system can position the model at attitudes 
circumscribed by a 15-degree half-angle cone. Bent primary 
adapters of 5, 10, 12.5, and 20 degrees are available to alter the 
range of model angles. Forces and moments about the model 
support center of rotation are limited to: 


Load Compensation A load compensation system capable of exerting a downward force 
of up to 8,000 lbs over a vertical travel range of 51 inches is 
available at tunnel stations 215.8 or 239.4. This system is used to 
offset high-lift forces which would otherwise exceed the design-load 
limits of the strut. 


Turntable Model 
Support


A subfloor-mounted turntable model support, used primarily for 
semispan model testing, is located at tunnel station 106. This 
support system can be rotated ±180 degrees and forces and 
moments are limited to: 


Vertical ±8,000 lbs


Lateral ±4,000 lbs


Axial ±3,000 lbs


Rolling moment ±104,000 in-lbs


Combined vertical and lateral 
bending moment


±800,000 in-lbs


Lateral force (at a height of up to 24 
inches above the floor):


 ±50,000 lbs


Torque (about axis of turntable):  ±500,000 in-lbs 
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Semispan Testing Provisions are available for sealing the slots in the test section floor 
to provide a solid image plane for semispan testing. 


Installation and 
Personnel Access 


Models can be installed through a hatch in the top of the test 
section. Personnel gain access to the test section through doors in 
the diffuser sidewalls downstream of the model support strut.


Flow Visualization Flow visualization techniques are available through multiple, 
optical-quality windows in the tunnel sidewalls. Optical-quality 
windows are also available in the test section ceiling and floor. 


High-Pressure Air High-pressure air (3,000 psi) is available at weight flows to 80 
pounds per second through dual, independently regulated lines 
ending within the support strut. A one-megawatt, moveable heater 
can preheat air from one of these lines. Preheated air at 60 pounds 
per second is available at the turntable. 


7.2 9-by 7-Foot Supersonic Wind Tunnel


Description The 9-by 7-Foot Supersonic Wind Tunnel is a closed-return, 
variable-density tunnel equipped with an asymmetric, sliding block 
nozzle. 


The test section Mach number can be varied by translating, in the 
streamwise direction, the fixed contour block that forms the floor of 
the nozzle. 


Airflow is produced by an 11-stage, axial-flow compressor powered 
by four variable-speed, wound-rotor, induction motors. 


Operating 
Characteristics


Pertinent performance characteristics are: 


Mach number (continuously 
variable)


1.54 to 2.56


Stagnation pressure 4.4 to 29.5 psia


Reynolds number 0.9x106 to 6.5x106/ft


Maximum stagnation 
temperature


600°R
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Figure 7-4:  9x7ft Supersonic Wind Tunnel Performance Characteristics
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Test Section 
Dimensions


 


Pertinent test section dimensions are: 


Figure 7-5:  9x7ft Supersonic Wind Tunnel Test Section Dimensions


 


Height 7.0 ft


Width 9.0 ft


Length 18.0 ft
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Model Installation 
Diagram


 


Model installation is normally accomplished through a 3x6.5-foot 
door in the north wall of the diffuser. Under special circumstances 
the model may be installed through the 6x9ft ceiling panel. 


Figure 7-6:  9x7ft Supersonic Wind Tunnel Model Installation


 


Model Support 
System


 


A traversing strut downstream of the test section can be 
programmed to translate horizontally to maintain a desired point of 
rotation throughout the horizontal-plane angle-range, generally 
angle-of-attack. 


The center of rotation in the vertical plane is 5.3 inches aft of the 
strut leading edge. The horizontal and vertical plane angles are 
continuously variable and are determined by the relative positions 
of a knuckle and sleeve inside the support body. The model support 
system can position the model at attitudes circumscribed by a 15-
degree half-angle cone.


Bent primary adapters of 5, 10, 12.5, and 20 degrees are available 
to alter the range of model angles. 
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Forces and 
Moments


 


Forces and moments about the model support center of rotation are 
limited to: 


 


Flow Visualization 


 


Schlieren and other flow visualization techniques can be obtained 
by appropriately positioning 2.35-foot diameter optical-quality 
windows in the test section sidewalls. 


 


High-Pressure Air 


 


High-pressure air (3,000 psi) is available at weight flows up to a 
total of 80 pounds per second through dual, independently 
regulated lines. Air from one of these lines can be preheated using 
a one megawatt moveable heater. 


 


Reflected Shock 
Waves


 


Shock waves reflecting on the model from the solid test section 
walls can have a significant effect on the model forces and 
pressures. To calculate the location of this reflected wave, assume 
it is reflected at the Mach angle from a 4-inch thick wall boundary 
layer.


 


Starting Loads


 


The design of models to be tested in the 9x7ft Supersonic Wind 
Tunnel must allow for additional critical conditions associated with 
blockage (the ratio of model-projected frontal area to test section 
cross-sectional area) and transient starting loads. Large model 
blockages provide a potential to “unstart” the airflow, allowing a 
strong shock wave to pass through the test section resulting in 
possible damage to the model, sting and balance.


Normal procedure is to reduce the tunnel pressure and position the 
model for minimum loads before beginning the acceleration to, or 
deceleration from, supersonic conditions. 


However, significant transient loads are still generated by the 
swirling, subsonic, separated flows preceding the establishment of 
sonic velocity in the upstream throat. To ensure that a model, sting 


Lateral ±8,000 lbs


Vertical ±4,000 lbs


Axial ±3,000 lbs


Rolling moment ±104,000 in-lbs


Combined vertical and lateral bending 
moment


±800,000 in-lbs 
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and balance will withstand these transients, they must be designed 
to withstand the empirically derived starting loads indicated in the 
following charts. 


Figure 7-7:  9x7ft Supersonic Wind Tunnel Load Locations


Figure 7-8:  9x7ft Supersonic Wind Tunnel Starting Loads
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SIDE FORCE LOAD, EACH GAUGE,


MOMENT, Mx NS
2 2F F+ x = 626 x


NF = (280)(3.05) = 854 lb


SF = (90)(1.91) = 172 lb


NF = (200)(3.05) = 610 lb


SF = (75)(11.91) = 143 lb


STARTING LOADS


MODEL ORIENTATION


VERTICAL PRIMARY LIFTING SURFACES:


SIDE FORCE (VERTICAL DIRECTION)
NORMAL FORCE (HORIZONTAL DIRECTION)


HORIZONTAL PRIMARY LIFTING SURFACES:


SIDE FORCE (HORIZONTAL DIRECTION)
NORMAL FORCE (VERTICAL DIRECTION)


MODEL AND STING
LOADS, lb/ft2


INDIVIDUAL BALANCE


GAUGE LOADS, lb/ft 2


WINGED
MODELS


BODY
ALONE


BODY
ALONE


WINGED
MODELS


75 150 90 150
200 200 280 200


300 200 375 200
175 150 210 150
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7.3 12ft Pressure Wind Tunnel


 


Facility Description


 


The 12ft Pressure Wind Tunnel is a closed-return, variable-density, 
low-turbulence, subsonic wind tunnel.


Customers can test models on four different support systems with 
duplicates of these systems in two model preparation rooms to 
expedite model build-up, check-out, and installation.


Figure 7-9:  12ft Pressure Wind Tunnel General Layout


 


Operating 
Characteristics


 


The ranges of pertinent performance characteristics are as follows.


Continuous Airspeed: Mach No. 0.05 to 0.55
Total Pressure: 0.2 to 6.0 atmospheres, absolute
Core Flow Quality (tunnel empty):


Integrated flow angularity 


 


≤


 


 0.02°
Longitudinal turbulence 


 


≤


 


 0.05%
Lateral turbulence 


 


≤


 


 0.2%


NASA Ames Research Center
Access Mode


Inlet Guide Vane


Fan Blades


Exit Guide Vanes Motor
15,000 HP


Wide Angle Diffuser Screens


Heat Exchanger
Turbulence Reduction Screens


Test Section


Access Valve


Model Support


Isolation Valve


Run Mode


NASA Ames Research Center


Make-Up Air
Compressor


12ft Pressure Wind Tunnel


Personnel Door
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Temperature variation less than 1°F across test section


Figure 7-10:  12ft Pressure Wind Tunnel Operating Characteristics


 


Airflow


 


Airflow is produced by a single-stage fan powered by a 15,000-hp, 
variable-speed synchronous motor with a solid-state, variable-
frequency speed controller.


The single-stage main-drive fan has 20 fixed-pitch aluminum 
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blades, 19 variable-camber inlet guide vanes with 50%-chord 
trailing edge flaps, and 15 fixed-camber exit guide vanes. 


 


Settling Chamber


 


The settling chamber is designed to provide a very low-turbulence 
airstream. It contains a fin/tube heat exchanger (four tubes deep), 
one coarse-mesh screen (three 0.080" diameter wires per inch) and 
five fine-mesh screens (ten 0.020" diameter wires per inch). The 
area contraction ratio between the settling chamber and the test 
section is 21:1.


 


Test Section


 


The test section has a circular cross section with four 4-foot-wide 
flat surfaces centered about the horizontal and vertical centerlines. 
The width and height is 11.3 feet (between the flats), and the length 
is 28 feet.


Three 2x4ft optical-quality windows are available for wall and ceiling 
areas. Plastic (Lexan)or ultraviolet transparent acrylic windows or 
steel blanking plates are available for the remaining window 
spaces.


 


Test Section 
Isolation System


 


For efficient operation, the test section design permits access while 
the circuit is pressurized. The entire test section is mounted in a 
plenum on a carousel that rotates 90° about the vertical axis 
between the run and access positions. 


While running, the test section is aligned with the tunnel circuit. 
When model access becomes necessary with the circuit 
pressurized, operators rotate the carousel 90°. The two circuit-to-
plenum isolation valves are then locked in place and the plenum 
can be depressurized to atmosphere. Test section entry is through 
either the large plenum-access valve or the smaller personnel 
doors. It takes approximately 10 minutes to access the test section 
when the circuit is at 6 atmospheres.
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Model Support 
Systems 


 


Four model support systems are available:


 


Turntable Model Support (TRN)


 


The TRN is a variable-yaw support mounted in the floor of the test 
section. The TRN includes a lift platform for mounting the bipod 
(BMS) and a sector-type carriage and track for mounting the high 
angle- of-attack (HAA) strut. The TRN can also be adapted for 
semispan model testing.


 


Bipod Model Support (BMS)


 


The BMS is a vertical pylon-type support mounted to the TRN lift 
platform. The BMS provides variable-pitch capability, which can be 
combined with the vertical-translation capability of the TRN lift 
platform and the variable-yaw capability of the TRN.


 


High Angle of Attack (HAA)


 


The HAA model support is a variable pitch and roll system mounted 
to the TRN and uses the variable-yaw capability of the TRN. The 
pitch range is achieved in two steps: from -5° to 65° and from +25° 
to +95°. Roll changes are made at reduced wind speeds.


 


Table 7-2:  12ft Pressure Wind Tunnel Turntable Design Characteristics


Operating 
Limits


Design Loads


 


Yaw +166.5°
-191.4°


Normal (cross
stream)


±40,000lbs P. Mom. (about 
vertical axis)


±300,000 in-
lbs


Axial 
(streamwise)


±10,000lbs R. Mom. (about 
horizontal axis)


±2,280,000 
in-lbs


 


Table 7-3:  12ft Pressure Wind Tunnel Bipod Design Characteristics


Operating Limits Design Loads


 


Pitch -15° to +45° Normal ±12,000lbs P. Mom. ±84,000 
in-lbs


Yaw +166.5°
-191.4°


Axial ±3,000lbs Y. Mom. ±42,000 
in-lbs


Vertical ±20 in. Side ±6,000lbs R. Mom. ±30,000 
in-lbs
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* Yaw limits vary depending on sting configuration.


 


Rear Sting Model Support (RSS)


 


The RSS mounts at the downstream end of the test section. It 
provides variable pitch, roll (with the optional roll pod), and heave 
(vertical translation) capabilities, with coordinated motions to 
achieve a variable virtual center of rotation. The RSS is not 
currently installed in the test section but can be made available 
based on test requirements.


 


 


 


Control Room 
Features


 


The control room, located on the second floor, has workstations for 
the tunnel operator, test engineer, and data and instrument 
technicians. 


The area also provides:
• interfacing equipment for the Standard Data System (SDS)
• space for customer personnel and equipment 
• overhead cable trays, instrumentation power, shop air, and 


vacuum


 


Table 7-4:  12ft Pressure Wind Tunnel High Angle Of Attack Design 
Characteristics


Operating Limits Design Loads


 


Pitch -5° to +65° 
+25° to 
+95°


Normal ±6,000lbs P. Mom. ±56,000 
in-lbs


Yaw* ± 15° Axial ±1,500lbs Y. Mom. ±24,000 
in-lbs


Roll +185° -170° Side ±3,500lbs R. Mom. ±30,000 
in-lbs


 


Table 7-5:  12ft Pressure Wind Tunnel Rear Sting Design Characteristics


Operating Limits Design Loads


 


Pitch -20° to +30° Normal ±10,000lbs P. Mom. ±70,000 
in-lbs


Roll +185° -170° Axial ±5,000lbs Y. Mom. ±30,000 
in-lbs


Heave ±46 in Side ±5,000lbs R. Mom ±30,000 
in-lbs
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Figure 7-11:  12ft Pressure Wind Tunnel Control Room Layout


 


Tunnel Operating 
Modes


 


Various test parameters can be controlled independently or 
combined. The operating modes are as follows:
• MRT (Mach, Reynolds, Total Temperature)
• MPT (Mach, Total Pressure, Total Temperature) QRT (Dynamic 


Pressure, Reynolds, Total Temperature)
• QPT (Dynamic Pressure, Total Pressure, Total Temperature)
• VRT (Velocity, Reynolds, Total Temperature)
• VPT (Velocity, Total Pressure, Total Temperature)
• MQT (Mach, Dynamic Pressure, Total Temperature)
• MANUAL (Fan RPM and IGV flap setpoints entered)


 


Features of Model 
Preparation Rooms


 


The facility has two model preparation rooms. Model Preparation 
Room #1 is equipped with an RSS buildup fixture and a floor mount 
fixture. Model Preparation Room #2 has a floor mount fixture. The 
floor mount fixtures can accommodate models installed on either 
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the HAA, bipod, or turntable model supports. Both rooms have 
floor-mounted anchor plates for mounting load application fixtures. 


Each room provides:
• customer office space
• two-ton bridge crane
• SDS interface to verify instrumentation and programming
• shop air, instrument grade power, and building power


Located nearby are:
• machine shop for model parts modifications
• elevator for transporting models to the test section on the 


second- floor


Figure 7-12:  N206 First Floor Plan View
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Appendix A Checking Taper Fits


 


Taper Fits


 


Wind tunnel models at Ames are supported by stings or 
wall-mounted assemblies that have mated, tapered joints. The 
contact between the male and female tapers must be accurate to 
assume full and even transfer of loads.


Customers who make tapers to mate with Ames’ equipment can 
obtain the appropriate male or female taper gauge by contacting 
the Test Manager. Customers are responsible for fitting their taper 
to the gauge, and all customer-supplied taper joints, with not less 
than 80% contact area that is evenly distributed on the contacting 
surfaces.


The approved technique is to use fluorescent penetrant. Other 
techniques may be used, but please first submit procedures to and 
receive approval from the Test Manager.


 


Taper Fit 
Procedures


 


The procedures for performing taper fits are found in the Standard 
Operating Procedures for Sting Assembly and Storage Facility.


Customers may request a copy of  these procedures from the Test 
Manager.
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Appendix B List of Sting Hardware in Ames Inventory


Description This appendix contains a list of model support (sting) hardware 
that Ames has available as of October, 1994. 


Table Legend The sting hardware table legend is shown below.


Examples Hardware items in the following examples are identified by “sting 
room” number (SR #). The following examples illustrate properties 
for two types of hardware.


Example One —


SR # Sting Assembly and Storage Facility Inventory 
Number


FTS Front (upstream) Taper Size (inches)


FG Front Taper Gender (M=male, F=female)


RTS Rear (downstream) Taper Size (inches)


RG Rear Taper Gender (M=male, F=female)


Bα Bend Angle (degrees)


MB Minimum Bore Diameter Through Sting (inches)


L1 Axis 1 Length (inches) Rear Taper Not Included


L2 Axis 2 Length (inches)


VO Vertical Offset (inches)


W Weight (pounds)


RC Rockwell C Hardness


D2


L2


D1


Bend Angle(°)
L1


Forward


SR - 13


Minimum bore
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Adapter SR-13


 


Example Two—


 


Primary Adapter SR-13


 


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W Rc


 


13 4.5 F Cornell 4.5" 4.5 M Ames 4.5 
Threaded, 
Push-on/off


10 1.5 1.36
4


6.7
8


0 5
0


45


SR - 42


 


Primary Adapter SR-42


 


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W R
c


 


42 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


10 4 14.6
9


10.6
13


0 40
5


2
6
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Sting Hardware 
Table


 


The table is divided into the following categories:


Adapters Extensions


Extension/Adapters Pivot Arms


Primary Adapters Primary Adapter/Stings


Pylon Fittings Roll Mechanism/Extensions


Stings Sting/Adapters


Turnbuckle Arm


 


Table B-1:  Adapters


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


1 2.75 F ? 4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.2
5


7.
38


0 1.2
5


63 45


2 4.0 M 4.0 M 5 1.5 0 0 0 40 44


3 4.5 M Ames 4.5" 
Push-on/off


4.5 M Ames 4.5" 
Push-on/off


15 1.7
5


0 0 0 55 43


5 3.25 F Task 4.0 Mk 
II, gauge# 
300400


3.25 M Task 4.0 Mk II, 
gauge# 
300400


5 1.2
5


30
.3


-
20.
2


0 52 45


6 3.0 F Sleeve 4.5 M Ames 4.5" 
Threaded


0 1.5 0 0 0 20 46


8 1.44 F Task 2.0 
gauge# 
300300(300
231)


3.25 M Task 4.0 Mk II, 
gauge# 
300400


0 1 10
.7
5


6 0 25 33


11 4.5 F Cornell 4.5" 4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.5 5.
59


0 0 50 45


12 4.5 F Cornell 4.5" 4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.2
5


6.
38


5.2
5


0 65 44


13 4.5 F Cornell 4.5" 4.5 M Ames 4.5 
Threaded, 
Push-on/off


10 1.5 1.
36
4


6.7
8


0 50 45


18 4.5 M Ames 4.5" 
Push-on/off


4.5 M Ames 4.5" 
Push-on/off


5 1.7
5


0 0 0 55 40
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19 3.0 M Langley 4.5 M Ames 4.5" 
Push-on/off


0 1 18
.5


0 0 55 35


20 3.25
L


F Task 4.0 Mk 
IV, gauge# 
4626


4.5 F Ames 4.5" 
Push-on/off


0 1.7
5


17
.7
5


0 0 50 44


35 F Press Fit 
Bolt On


4.5 M Ames 4.5" 
Push-on/off


0 0 12
.3
8


47.
25


33.
5


51
0


38


94 2.0L F Task 2.5 
MkXX, 
gauge#3340
, 2.5L


3.25 M Task 4.0 Mk II, 
gauge# 
300400


25 1.3
8


0.
25


21 0 40 43


96 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.0 M Task 2.5 Mk III, 
gauge# 
300373


49 0 7.
32


13.
81


0 25 41


106 3.25 F Task 4.0 Mk 
II, gauge# 
300400


3.25 M Task 4.0 Mk II, 
gauge# 
300400


13 0.6
8


7 0 0 30 43


126 2.87
5


F Ames 
2.875" 
Standard(6
X6)


Bolt On 0 0 9 0 0 30 -11


127 4.5 F Ames 4.5" 
Push-on/off


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


9 0 0 35 43


140 2.0 F Task 2.5 Mk 
III, gauge# 
300373


Bolt On 0 1.8 3.
88


0 0 7 38


141 1.05 F Task 1.5 Mk 
II, gauge# 
300366


Bolt On 0 0.9 2.
19


0 0 3 34


143 2.0 F Task 2.5 Mk 
III, gauge# 
300373


1.44 M Task 2.0 
gauge# 
300300(30023
1)


0 0.4
4


3.
25


0 0 3 37


145 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.0L M Task 2.5 
MkXX, 
gauge#3340, 
2.5L


0 0.6
3


4.
25


0 0 5 39


 


Table B-1:  Adapters


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC
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146 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.0L M Task 2.5 
MkXX, 
gauge#3340, 
2.5L


5 0.7
5


4 0 0 7 50


149 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.0 M Task 2.5 Mk III, 
gauge# 
300373


55 0.5 0 0 0 12 36


150 1.44 F Task 2.0 
gauge# 
300300(300
231)


1.12
5


F Fork 0 0.7
5


3.
75


8.2
5


0 5 37


165.1 3.25
L


F Task 4.0 Mk 
IV, gauge# 
4626


Bolt On 0 0 15
.2
5


0 0 40 47


165.2 2.0 F Task 2.5 Mk 
III, gauge# 
300373


Bolt On 0 0 11
.2
5


0 0 10 43


165.3 Bolt On Bolt On 0 0 7.
63


2.7
5


1 5 31


169.1 5.50 F ? 4.87
5


F ? 0 0 6 0 7 80 36


169.2 4.87
5


M ? 4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 0 0 0 0 55 41


170 4.5 F Ames 4.5" 
Push-on/off


0 4.1 9.
75


0 0 50 47


171 5.0 F ? 0 0 24 0 0 12
5


31


174.9 1.00 F Pinned Bolt On 0 0 23
.3


0 0 32
5


-12


183 2.87
5


F Ames 
2.875" 
Standard(6
X6)


Bolt On 0 1.7
5


8.
25


0 0 30 37


184 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.0 M Task 2.5 Mk III, 
gauge# 
300373


0 0.6
3


3.
88


0 0 10 42


Table B-1:  Adapters


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


Bα MB L1 L2 VO W RC
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185 3.0 M Boeing 
threaded/
pinned 
adapter


4.5 M 
Tap
er


Ames 4.5" 
Threaded


0 1.5 3.
25


0 0 0 0


14 4.5 M Ames 4.5" 
Push-on/off


4.5 M Ames 4.5" 
Push-on/off


21 1.7
5


0 0 0 65 40


Table B-1:  Adapters


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


Bα MB L1 L2 VO W RC
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Table B-2:  Extensions


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


27 4.5 F Ames 4.5" 
Push-on/off


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 2 30 10 0 27
5


39


28 4.5 F Ames 4.5" 
Push-on/off


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.5 27
.3


10 0 27
0


36


29 4.5 F Ames 4.5" 
Push-on/off


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 2 30 10 0 28
0


36


30 4.5 F Ames 4.5" 
Push-on/off


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 2 30 10 0 28
0


44


34 4.5 F Ames 4.5" 
Push-on/off


4.5 M Ames 4.5" 
Threaded


0 1.5 22
.5


10 0 16
0


46


64 4.5 F Ames 4.5" 
Push-on/off


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 2 50 9.7
5


0 47
0


46


75 2.87
5


F Ames 
2.875" 
Standard(6
X6)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


30 0 0 10
0


30


159 8.3 M Ames 8.3" 
Standard


8.3 F Ames 8.3" 
Ringless


0 2 40
.6
9


0 0 16
40


34


163 8.3 M Ames 8.3" 
Standard


8.3 F Ames 8.3" 
Standard


0 2 20 0 0 73
0


41


167 2.87
5


F Ames 
2.875" 
Standard(6
X6)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 1 64
.7


0 0 21
0


-5


168 2.87
5


F Ames 
2.875" 
Standard(6
X6)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 1 13
.7


0 0 45 26


182 2.87
5


F Ames 
2.875" 
Standard(6
X6)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 1 15
.6


0 0 50 26
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Table B-3:  Extension/Adapter


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


4 2.87
5


F Ames 
2.875" 
Standard(6
X6)


4.5 M Ames 4.5" 
Threaded


0 2 14
.5
7


0 0 70 35


7 2.0 F Task 2.5 Mk 
III, gauge# 
300373


4.5 M Ames 4.5" 
Threaded


0 1.5 15
.3
8


0 0 75 42


9 4.0 F  Co-op gage 
H580


3.25
L


F 0 1.5
3


22
.1
8


0 0 85 41


15 2.87
5


F Ames 
2.875" 
Standard(6
X6)


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 2 15
.5
7


0 0 75 33


22 2.5 M Langley 4.5 M Ames 4.5" 
Threaded


0 0 23
.5


0 0 17
0


39


23 2.87
5


F Ames 
2.875" 
Standard(6
X6)


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.5 30
.3
7


0 0 13
0


37


24 3.25 M Langley 4.5 F Ames 4.5" 
Threaded


0 1.1
2


16
.8
1


0 0 19
0


40


33 2.87
5


F Ames 
2.875" 
Standard(6
X6)


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 2 30 0 0 13
0


33


63 2.87
5


F Ames 
2.875" 
Standard(6
X6)


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.7
5


47
.0
8


0 0 31
0


38


74 4.0 M 
Ta
pe
r


Co-op gage 
H580


4.5 M Ames 4.5 
Threaded, 
Push-on/off


12 1.5 16
.8
7


0 0 13
0


43
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80 2.87
5


F Ames 
2.875" 
Standard(6
X6)


4.5 M Ames 4.5" 
Threaded


0 1 28
.3
8


0 0 11
0


35


153 1.05 F Task 1.5 Mk 
II, gauge# 
300366


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.3
8


55
.5


79 0 12
5


32


154 1.87
5


F Sleeve 2.87
5


M Ames 2.875" 
Standard(6X6)


45 0 0 0 0 80 31


155 4.0 F Specific to 
the W1148 
Parts Series


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.5 27
.3
9


0 0 14
5


42


158 2.87
5


F Ames 
2.875" 
Standard(6
X6)


4.5 M Ames 4.5" 
Threaded


0 2 14
.3
8


0 0 70 34


44 4.5 F Ames 4.5" 
Push-on/off


8.3 F Ames 8.3" 
Standard


0 1.7
5


46
.3
8


0 0 57
0


31


 


Table B-3:  Extension/Adapter


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


Table B-4:  Pivot Arms


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


164.3 4.5 F Ames 4.5 
Threaded, 
Push-on/off


1.5 F Pinned 0 4.1 8.
25


9 0 60 36


174.1 Pinned Bolt On 0 0 9.
25


7.7
5


0 40 44


174.2 Bolt On Pivot Arm Sting 0 0 22
.7
5


0 0 45 44


174.3 Bolt On Pivot Arm Sting 0 0 22
.7
5


0 0 55 41
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174.4 2.0 F Task 2.5 Mk 
III, gauge# 
300373


Pivot Arm Sting 0 0 27
.5


0 0 45 34


174.7 2.0 F Task 2.5 Mk 
III, gauge# 
300373


Pivot Arm Sting 0 0 44
.5


0 0 75 35


174.8 2.87
5


F Ames 
2.875" 
Standard(6
X6)


Pivot Arm Sting 0 0 0 0 0 45 39


 


Table B-4:  Pivot Arms


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC
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Table B-5:  Primary Adapters


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


36 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


0 4.5 25
.3
8


0 0 37
0


26


37 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


10 4 14
.6
9


10.
61


0 40
5


23


38 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


0 4.3
8


25
.3
8


0 0 36
0


35


40 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


20 4.1 15
.8
1


10.
61


0 40
0


32


41 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


12.
5


4 14
.6
9


9.9
0


0 40
5


32


42 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


10 4 14
.6
9


10.
61
3


0 40
5


26


43 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


0 4.3
8


25
.3
8


0 0 37
0


27


45 6.9 F Grumman 
6.9"


8.3 F Ames 8.3" 
Standard


5 6 26 0 0 36
0


11


46 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


5 4 14
.6
9


10 0 37
5


38


47 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


0 4 25
.3
8


0 0 37
5


35


48 4.5 F Ames 4.5" 
Threaded


8.3 F Ames 8.3" 
Standard


0 4.1 25
.3
8


0 0 38
0


28


49 Bolt-On 8.3 F Ames 8.3" 
Standard


0 2 47
.7
3


26.
22


0 75
5


47


161 Northrop 
Model 403


8.3 F Ames 8.3" 
Standard


0 4 55
.2
1


0 0 18
80


33
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162 6.0 M Langley 8.3 F Ames 8.3" 
Standard


0 0 38
.5


0 0 87
0


44


164 F Fork 8.3 F Ames 8.3" 
Standard


0 2 38 0 0 41
0


24


175 9.2 M Clamp 8.3 F Ames 8.3" 
Standard


0 7.2 17
.8
8


0 0 29
5


34


59 2.87
5


F Ames 
2.875" 
Standard(6
X6)


8.3 F Ames 8.3" 
Standard


0 1.5 59 0 0 90
0


29


 


Table B-6:  Primary Adapter/Stings


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


50 3.25
L


F Task 4.0 Mk 
IV, gauge# 
4626


8.3 F Ames 8.3" 
Standard


0 2 11
1.
6


0 0 88
5


27


51 3.25 F Task 4.0 Mk 
II, gauge# 
300400


8.3 F Ames 8.3" 
Standard


0 2 11
5.
6


0 0 89
0


33


52 3.25
L


F Task Mk 
IVA 4.0 Bal


8.3 F 0 2 89
.5


0 10 90
5


33


53 4.0 F Task 4.0 Mk 
IV, gauge# 
4626


8.3 F Ames 8.3" 
Standard


12 2 48
.8


67.
51
9


0 0 0


57 4.5 F Ames 4.5" 
Push-on/off


8.3 F Ames 8.3" 
Standard


0 1.7
5


66
.3
8


0 0 66
5


44


 


Table B-5:  Primary Adapters


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC
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Table B-7:  Pylon Fittings


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


164.1 Pinned Bolt On 0 0 8.
25


0 0 70 12


164.2 Pinned Bolt On 0 0 11
.3
8


0 0 70 34


 


Table B-8:  Roll Mechanism/Extensions


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


21 1.62
5


Squa
re


Unknown 2.87
5


M Ames 2.875" 
Standard(6X6)


0 0 34 0 0 21
0


21


188 8.3 M Ames 8.3" 
Standard


8.3 F Ames 8.3" 
Standard


0 0 40 0 0 13
80


0


189 8.3 M Ames 8.3" 
Standard


8.3 F Ames 8.3" 
Standard


0 0 40 0 0 14
10


0


 


Table B-9:  Stings


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


25 2.5 F Sliding fit w/
D111-2


4.5 M 
Tap
er


Ames 4.5" 
Threaded


13 2 9.
88


19.
25


0 85 26


26 3.25
L


F Task 4.0 Mk 
IV, gauge# 
4626


4.5 M Ames 4.5 
Threaded, 
Push-on/off


15 1.3
8


0 30.
38


0 13
0


43


31 1.25 F Fork 4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1 35
.7
5


0 0 27
0


45


54 2.5 M Langley 4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.5 69
.7
5


0 0 36
5


43
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55 2.0 F Task 2.5 
MkXX, 
gauge#3340
, 2.5L


4.5 M Ames 4.5" 
Threaded


0 1.2
5


73
.3
8


0 0 24
0


53


56 1.44 F Task 2.0 
gauge# 
300300(300
231)


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.2
5


76
.7
5


0 0 18
5


51


61 2.25 M Balance 
outer sleeve 
dimensions


4.5 M Ames 4.5" 
Threaded


0 1 59
.5


10 0 17
0


37


62 3.25 F Task 4.0 Mk 
II, gauge# 
300400


4.5 M Ames 4.5" 
Threaded


0 2 61
.2
5


0 0 23
5


33


68 2.0 F Task 2.5 
MkXX, 
gauge#3340
, 2.5L


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1 54
.4
1


0 0 15
5


46


70 2.0 F Task 2.5 
MkXX, 
gauge#3340
, 2.5L


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1 51 0 0 15
0


51


72 2.0 F Task 2.5 
MkXX, 
gauge#3340
, 2.5L


4.5 M Ames 4.5" 
Threaded


0 0.8
3


58 0 0 21
0


49


76 2.5L F Task 2.5 
MkXX, 
gauge#3340
, 2.5L


4.5 M Ames 4.5" 
Push-on/off


15 1 13 24 0 90 45


79 2.0 F Task 2.5 Mk 
III, gauge# 
300373


4.5 M Ames 4.5" 
Threaded


0 0.7
5


66
.3
7


0 0 23
0


35


83 .937
5


F ? 2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.3
8


38
.8
4


0 0 35 43


84 1.05 F Task 1.5 Mk 
II, gauge# 
300366


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


34 0 0 40 51


 


Table B-9:  Stings


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC
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85 .75 F Task 1.0 
MkVI & XIV, 
gauge#6674


2.87
5


M Ames 2.875" 
Standard(6X6)


0 1 40
.7
5


0 0 30 53


86 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
81


32
.5
9


0 0 40 35


87 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 1 38
.9


0 0 40 26


88 1.44 F ? 2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


35
.5


0 0 50 36


89 1.05 F 2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


39
.3
8


0 0 40 44


90 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
9


17
.8
8


0 0 30 35


91 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
81


17
.7
5


0 0 30 33


92 1.5 M Balance 
outer sleeve 
dimensions


2.87
5


M Ames 2.875" 
Standard(6X6)


0 1.2
5


23
.2
5


0 0 20 40


93 .75 F Task 1.0 
MkVI & XIV, 
gauge#6674


2.87
5


M Ames 2.875" 
Standard(6X6)


0 1 23
.1
3


0 0 20 44


97.2 1.75 F Fork 2.0 M Pivot Arm Sting 0 0.7
5


24 1 0 80 36


97.3 1.05 F Task 1.5 Mk 
II, gauge# 
300366


1.75 M Pivot Arm Sting 0 0.7
5


15
.5


1 0 10 34


101 1.30 F Task 1.75 
Mk I, 
gauge# 
10191


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


12
.5


0 0 20 32


 


Table B-9:  Stings


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC







 
                                                 Test Planning Guide  for  High Speed Wind Tunnels


 


A027-9391-XB2 B-17 Revision 5


 


107 2.0 F 2.87
5


M Ames 2.875" 
Standard(6X6)


0 1 37
.6
3


0 0 45 44


108 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.87
5


M Ames 2.875" 
Standard(6X6)


5 0.7
8


37
.6
9


0 0 70 28


109 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
8


37
.6
9


0 0 55 19


110 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


33 0 0 45 54


111 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.87
5


M Ames 2.875" 
Standard(6X6)


5 0.7
8


33
.2
5


0 0 0 20


112 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.87
5


M Ames 2.875" 
Standard(6X6)


0 1 37
.6
9


0 0 60 29


113 2.0 F Task 2.5 Mk 
III, gauge# 
300373


3.25 M Task 4.0 Mk II, 
gauge# 
300400


0 0.7
5


21 0 0 60 44


114 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


15 1 14
.7
5


13 0 55 32


115 1.05 F Task 1.5 Mk 
II, gauge# 
300366


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0 22
.5


0 8 40 43


116 ? 2.87
5


M Ames 2.875" 
Standard(6X6)


0 0 23
.5


0 0 55 11


117 2.0 F Task 2.5 Mk 
III, gauge# 
300373


3.25 M Task 4.0 Mk II, 
gauge# 
300400


36 1.3
8


0.
65


17.
5


0 35 44


118 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
8


32
.5
9


0 0 40 33


 


Table B-9:  Stings


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC
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119 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


4 0.7
5


13
.1


3.2 0 20 38


123 .613 F 1.44 M Task 2.0 
gauge# 
300300(30023
1)


0 0.3
8


0 0 0 5 40


124 1.05 F Task 1.5 Mk 
II, gauge# 
300366


2.0 M Task 2.5 Mk III, 
gauge# 
300373


0 0.3
8


16
.6
3


0 0 15 40


125 2.0 F Task 2.0 
gauge# 
300300(300
231)


2 LAND 
SLEEVE


0 0 0 0 0 15 32


128 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


32
.6
3


0 0 60 35


129 1.05 F Task 1.5 Mk 
II, gauge# 
300366


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
8


37
.6
9


0 0 40 26


130 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
8


36
.8
8


0 0 45 35


131 1.05 F Task 1.5 Mk 
II, gauge# 
300366


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


37
.7
5


0 0 40 37


132 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
8


32
.5
9


0 0 30 37


133 .938 F ? 2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


0 0 0 35 41


134 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


32 0 10 65 38


 


Table B-9:  Stings


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC
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135 1.05 F Task 1.5 Mk 
II, gauge# 
300366


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


37
.7
5


0 0 30 41


136 1.05 F Task 1.5 Mk 
II, gauge# 
300366


2.87
5


M Ames 2.875" 
Standard(6X6)


30 0.7
5


0 0 0 30 36


137 1.0 F Task 1.5 Mk 
II, gauge# 
300366


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


37
.7
5


0 0 35 40


138 1.44 F Task 2.0 
gauge# 
300300(300
231)


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
8


32
.6
3


0 0 40 30


139 1.05 F Task 1.5 Mk 
II, gauge# 
300366


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.3
8


34
.6
3


0 0 30 43


144 1.44 F Task 2.0 
gauge# 
300300(300
231)


1.44 M Task 2.0 
gauge# 
300300(30023
1)


6 0.5 0 0 0 3 38


151 2.0 F Task 2.5 
MkXX, 
gauge#3340
, 2.5L


4.5 M Cornell 4.5" 0 0.7
5


42
.7
8


0 0 10
0


46


152 1.44 F Task 2.0 
gauge# 
300300(300
231)


4.5 M Cornell 4.5" 0 0.7
5


43 2.5
6


0 12
0


40


157 2.0L F Task 2.5 
MkXX, 
gauge#3340
, 2.5L


4.5 M Ames 4.5" 
Push-on/off


0 1 39
.7
5


0 3 14
0


0


160 3.25 F Task 4.0 Mk 
II, gauge# 
300400


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 2 29 0 0 10
5


38


165 Bolt On 4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 0 98 0 0 54
5


43


 


Table B-9:  Stings


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC
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166 3.25 F Task 4.0 Mk 
II, gauge# 
300400


6.9 M Grumman 303 0 0 93 0 0 64
0


41


169 Bolt On 5.50 M ? 0 0 75 0 0 27
5


41


172 2.0 F Task 2.5 
MkXX, 
gauge#3340
, 2.5L


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 1.2
5


66
.3
8


0 0 25
5


41


173 Balance 
outer sleeve 
dimensions


Pivot Arm Sting 0 0 0 0 0 51
0


46


176 1.44 F Task 2.0 
gauge# 
300300(300
231)


4.5 M Cornell 4.5" 0 0.7
5


44
.5


2.5
6


0 12
0


46


178 3.25 F Task 4.0 Mk 
II, gauge# 
300400


4.5 M Cornell 4.5" 0 1 40
.7
5


0 0 16
5


47


181 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
85


36 0 0 55 39


186 F 
So
ck
et


0 F 
Soc
ket


0 1 50
.2
1


0 0 0 0


187 2.0 F Task 2.5 Mk 
III, gauge# 
300373


2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
8


40
.4
1


0 0 0 0


 


Table B-9:  Stings


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


Table B-10:  Sting/Adapters


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


69 1.44 F Task 2.0 
gauge# 
300300(300
231)


3.25 F Langley? 0 0.7
5


62
.2
5


0 0 10
5


41
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’


 


71 3.0 F ? 4.5 M Ames 4.5" 
Threaded


0 2 47
.1
3


0 0 21
5


40


97.1 2.0 F Fork 2.87
5


M Ames 2.875" 
Standard(6X6)


0 0.7
5


6 1 0 30 36


174 1.37
5


F Pivot Arm 
Sting


4.5 M Ames 4.5 
Threaded, 
Push-on/off


0 0 33 0 0 23
0


38


174.5 1.31
3


F ? Bolt On 0 0 15
.6
3


0 0 10 33


174.6 1.37
5


F ? Bolt On 0 0 15 0 0 20 44


177 ? 4.5 M Cornell 4.5" 0 0 45
.7
5


0 0 16
5


41


 


Table B-10:  Sting/Adapters


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


Table B-11:  Turnbuckle Arm


SR # FTS FG Front Taper 
Type


RTS RG Rear Taper 
Type


B


 


α


 


MB L1 L2 VO W RC


 


164.4 1.00 F Pinned 1.00 F Pinned 0 0 52 0 0 60 19
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Appendix C Summary of Customer Actions and Deliverables


C.1 General Checklist


 


Description


 


The following table is a checklist of items expected from customers 
in the time frames shown.


 


Table C-1:  Customer Supplied Items Checklist


Item Recommended. no. 
of weeks prior to 


test


 


Test Justification Meeting 26


Initial Test Planning Meeting 12


Test Objective Document 13


Request for use of general support systems 
contained in Section 6.0


8


Request for use of instrumentation items contained 
in Appendix D.


8


Data-plotting requests 8


Drawings of model support systems and 
installations


6


Customer data-reduction equations 6


Customer balance if calibration required 6


Customer-supplied model support hardware (stings) 6


Stress report 6


Model assembly, installation, and change 
procedures


6


Model cross-sectional area distribution 4


Finalized run schedule 4


Details of Customer-furnished equipment 4


Customer-supplied constants for the data-reduction 
program


4


Customer-supplied calibrations 4


MSDS sheets for all Customer-supplied chemicals 4


Personnel arrival information See sec. 3


Model and support equipment 1
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C.2 Test Request Form


 


Description


 


This form is filled out by the customer to inform the Wind Tunnel 
and Aerodynamics group of the services needed. A blank form is 
shown in Figure C-1. This form may be copied for use by a 
Customer. It is also available electronically on Microsoft® Word.







 
                                                 Test Planning Guide  for  High Speed Wind Tunnels


 


A027-9391-XB2 C-3 Revision 5


 


Figure C-1:  Test Request Form (Sheet 1 of 3)


 


TEST REQUEST FORM
Test Title:


Requestor Information: 


 


Organization: 
Contact: 


 


(Include name and title) 


 


Address:
Telephone: Voice: Fax:
E-mail:


 


Sponsor Information:


 


Organization: 


 


(Principle sponsor such as NASA, DoD, Air Force, Navy, Company, etc.)


 


Contact: 


 


(Include name and titled


 


Address:
Telephone: Voice: Fax:
E-mail:


 


Other Organizations Supporting the Test: 


 


(Secondary organizations that will be supporting 
the test and what that support is: staffing, money, equipment, etc. For example provide company name, 
number of researchers, number of test managers, and number of model technicians)


 


Program Affiliation:


 


Program Office:
Airframe Systems High Speed Research
Civil Transports Advanced Subsonic Technology
High Performance Aircraft Rotorcraft
Fundamental Concepts & Methods Space Transportation
Other                                                         


 


Schedule


 


:
Requested Test Section Occupancy Entry Date (M/D/Y)
Estimated (Test section occupancy hours)
Earliest date model can be delivered to facility (M/D/Y)
Latest date for test completion (M/DN)


 


Facility Preference (if known)


General Description of the Test:
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Figure C-1:  Test Request Form (Sheet 2 of 3)


 


Specific Test Objectives:


Model/Test Hardware:


 


Designation: Scale:
Description:
Size (key dimensions such as, wing area, span, length, blockage area, weight, etc.
Minimum possible scale should also be included):


Current Status: Concept definition Design Fabrication Ready for test
Previously Tested


Where tested                                                       
When tested                                                        


 


Type of Test (Circle all that apply):


 


Aircraft/missile performance Inlet
Aircraft/missile stability and control 2-D Airfoil
Rotorcraft STOVL
Forced oscillation Ground Effects
Free flight Acoustic
Propulsion
Burning propulsion system Propulsion/airframe integr. test
Nozzle test
HGI
Fuels required (please list)
Other test type -describe:


Model/Configuration Changes:
Total number of changes                                             


Percent - Remove and reinstall model                                               
Percent - Major model component change                                              
Percent - Control surface change                                                  


Estimate of average time required to make changes if known
Remove and reinstall model                                           
Major model component change                                            
Control surface change                                                           


Indicate time required for any changes that are significantly longer than the average.
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Figure C-1:  Test Request Form (Sheet 3 of 3)


 


Type of Data Required:


 


Force and moment No. of data points                       
Strain gauge
Pressures (ESP) Approx. No. of orifices No. of data points                        
Model Deformation
Dynamic No. of data points                        
Pressure sensitive paint No. of data points                        
Temperature sensitive paint No. of data points                        
Acoustic No. of data points                        


Flow visualization
Type: Surface flow  Off-body
Describe requirement:


Other data requirements:


Classification requirements


 


Test Conditions:


 


Mach number schedule: Reynolds number schedule
Dynamic Pressure(s) Angle of attack schedule
Angle of side slip schedule Nozzle pressure ratio schedule
Weight flow schedule (inlet)


Other: Include detailed test matrix as enclosure if known


 


Instrumentation Requirements


 


Facility supplied


User supplied


 


Special Requirements


 


 


 


High pressure air pressure level and mass flow rate), exhaust (vacuum level and mass 
flow rate), cooling (temperature, water or air with mass flow rates), heating 
requirements, unique systems, additional space, remote access control room, 
hydraulics, (pressure level and flows), steam special data reduction requirements 
(plotting, format, etc.), know facility modifications required to accommodate test 
apparatus, etc.


 


Request Submitted: (Date M/D/Y)
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C.3 Initial Test Planning Meeting Guide


 


Description


 


This guide is used by both the Customer and the Test Manager to 
set the agenda for the Initial Test Planning meeting. An example is 
shown in Figure C-2. 
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Figure C-2:  Initial Test Planning Meeting Guide (Sheet 1 of 2)


 


INITIAL TEST PLANNING MEETING GUIDE


 


(Address specific concerns & issues during appropriate sections)


I.OPENING (Test Manager) 
1. Introduction of user representatives. 
2. Introduce key Ames personnel. 
3. Explain Ames' role regarding this test. (Including staffing) 
4. State test date, prep room availability, 8 occupancy hours/shifts per day. 
5. Restate required/updated dates for stress, program, stings, model.


II.TEST OVERVIEW&OBJECTIVES [Customer representative(s)] 
- Three copies of the pretest report provided one week prior to the meeting. 
- No questions from the field on other matters allowed! Only clarifications. 
1. Test program overview and objectives.
2. Ames specific objectives & requirements. (Drag, S&C, pressure/loads...) 
3. Sponsoring agency/Co-op & security classifications, if any. 
4. Review present run schedule. (stream, high Rn, bridging, expected loads) - What 
are the real alpha schedule requirements-angles or increments?


III. MODEL HARDWARE DESCRIPTION [Customer representative(s)]
1. Support system:
- Whose stings & adapters. (what is total length & tunnel stations)
- Status/locations of pieces and tapers. (are gauges needed?, time frames)
- Has aerodynamic interference been investigated?
2. Model description:
- Scale, blockage, & pertinent dimensions. (Include drawing if appropriate)
- High pressure air & hydraulics requirements.
- Control surface inputs/requirements. (Manual or remote)
(Cover remote surface power/signal specs in section IV)
- Level plate specifics. (Size, weight, good at phi = 0, 90, 180 deg. as app.)
- Special fixtures for check loading etc.
- Boundary trip kind, sizing & application pattern. How long to apply?
3. Overall stress requirement satisfaction: (Receive preliminary section 5.0).
- What conditions are loads based on; theoretical or previous data?
- Model & sting assembly: (what parts have S.F. < 4 & 3 on ult. & yield?)
- Any exposed welds that are not otherwise bolted in. (inspect. req'd)
- Screw/bolt/pin certification. (unopened boxes plus lot inspections)
- Hardness checks/requirements.
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Figure C-2:  Initial Test Planning Meeting Guide (Sheet 2 of 2)


 


- Countersinks (inspections at Ames)
- Support system: Will any stings/adapters need special inspections?
- Balance inner rod safety factor. (catastrophic > 3.0)
- Proof loading requirements.
- We need estimated sting assy deflection & lift curve slopes, & ref area.


IV. INSTRUMENTATION (Test Manager or instrument engineer)
1. Balance: How was it sized? (supplier & backup)


-  Calibration (by who, load range, delivery format for Ames....)
- Status of internal thermocouples.
- State


 


 


 


our realtime, BLAMS & Oscillograph monitoring capabilities.
2. Angle of attack: Sources (how many, main, supplier, conditioning....)
3. Pressures: PSl's or individual transducers. (who will supply, size, kind....)
- Location (model or strut) (how are base & cavity read?)
- Reference, monitor requirements, port assignments etc.
- Tubing: Number, size, kind, supplier...
4. Thermocouples. (additionals & type if applicable)
5. Position indicators. (if applicable)
6. Buffet gauges, accelerometers, RMS system, & other unique reqm'nts.
7. Photo/video requirements.
- Flow visualization requirements. (Schlieren, oil flow, sublimation, etc.)
8. Cable routing, (internal or external to sting assembly) & length.


V. DATA PROCESSING (Test Manager or DPG representative)
1. Equations & corrections: Test equations supplied by NASA or Customer?
- Base, cavity, duct, mass flow, pressure integrations, RMS, etc....
- Stream angle, wall, buoyancy, Mach table & blockage corrections.
- Coeff axes, output (line printer) format-if any.
- Display &/or monitoring requirements.
- Sampling rates & duration. (frequency response required)
2. Plotting requirements: DPS
3. User computer: Kind and link type. (Decnet or TCP/IP, address)
- Data flow format (CDDMS) and frequency.
- Final transmittal medium and format (End of test & at 2 weeks post)


Vl.SECURITY (Test Manager or security representative)
1. Classification: Computed & raw data, DGP, model, pictures, etc....
2. Facility lock up, padlocks, combinations, main entrance, guards.....
3. Access list, changes, escorting, data storage.
4. Data cleansing requirements (test directory only, or entire disk pack)


Vll. SUMMARY & ACTION ITEMS (Test Manager)
1. Review & summarize all action items and dates due.
- Schedule, hardware, instrumentation, data reduction.
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C.4 Test Requirements Document Outline


 


Description


 


This outline is used by both the Customer and the Test Manager to 
delineate the requirements and objectives of the Customer. An 
example is shown in Figure C-3. 
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Figure C-3:  Test Requirements Document Outline (Sheet 1 of 2)


 


TEST REQUIREMENTS DOCUMENT


 


I TEST PROGRAM OVERVIEW 
a) Program objectives 
b) Program schedule


II TEST OBJECTIVES at AMES 
a) Contractor Requirements 
b) Drag, Stability & Control 
c) Pressure Information 
d) Run Schedule - Priorities, Procedures, Configuration Codes 
e) Test Support, Contacts, Addresses & Phone Numbers


III MODEL & HARDWARE DESCRIPTION 
a) Sting Hardware Assembly & Distortion 
b) Model Sizing 
c) Control Surfaces 
d) Area Distributions 
e) Parts/Drawings list 
f) Loads Sources & Estimates 
g) Boundary Trip Sizing, Application & Philosophy 
h) Model Instrumentation and tap locations


IV INSTRUMENTATION 
a) Balance - Description, Capacity, Calibration, Backup, pin hole 
b) Angle of Attack source(s) and locations 
c) Pressure Instrumentation, Kinds, and Port Assignments 
d) Thermocouples, Position pots, Strain Gauges & Others 
e) Flow Visualization, Photo & Video


V DATA PROCESSING 
a) Ames Corrections - Base, Cavity, Buoyancy, Stream, wall, etc.
b) User Corrections - to be applied by Ames computing software 
c) Nomenclature used and Required 
d) Parameters - comprehensive 
e) Accuracies, Repeatability & Tolerances 
f) Computer Hookups, Data Flow Format 
g) Output Formatting & Plotting
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Figure C-3:  Test Requirements Document Outline (Sheet 2 of 2)


 


Vl SECURITY (if applicable) 
a) Facility - Tunnel & Prep Room 
b) Model, Photographs, Video 
c) Computed, Real-time & Raw Data


Drawings, Charts & Tables may be included in the text or as Appendices.
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Appendix D 12ft PWT, Instrumentation, Data Acquisition, and Data 
Reduction


 


Introduction


 


Ames can provide sensors, instrumentation, data systems, and the 
necessary engineering and technician personnel for obtaining 
tunnel conditions, forces, pressures, temperatures, flow 
visualization, and model attitude data. This section describes 
standard sensors, instrumentation and data systems available for 
supporting both test preparation and testing at the 12ft PWT.


 


Sensors


 


All Ames supplied sensors must be reserved well in advance of the 
actual test. Customers should address their needs at the initial test 
planning meeting so requirements for measurements can be 
clearly identified. 


If the available standard instrumentation resident at the facility is 
insufficient to meet the objectives of a specific test, the Ames Test 
Manager shall be notified before the initial test planning meeting of 
special requirements. Existing resident systems can be expanded 
or modified, and special instrumentation can be added.


It is important for customers to be aware that customer supplied 
equipment placed inside the pressure vessel (test section and 
plenum) of the 12ft PWT will be subjected to pressures from sub-
atmosphere to six atmospheres and will be exposed to rapid 
changes in pressure and temperature during pressurization and 
depressurization of the test section.


 


Instrumentation 
Wiring, pneumatics, 
And Fiber Optics


 


A dedicated control room is located adjacent to the Wind Tunnel 
Test Section. The control room is linked to the various model 
support systems inside the test section pressure vessel area with a 
limited amount of test dependent instrumentation wiring, plumbing, 
and fiber optics terminated in patch panels in the control room and 
inside the pressure vessel. Even though the physical distance 
between the test section and the control room is relatively short, 
the physical path followed by the test dependent instrumentation 
wiring, plumbing and fiber optics is substantially longer in order to 
accommodate the test section rotation capability. Customer 
supplied signal conditioning will need to be compatible with these 
long line lengths.
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Control Room


 


The 12ft PWT control room is equipped with a standard set of 
instrumentation, data acquisition, and data analysis equipment 
optimized for production, pitch/pause force and moment testing in 
conjunction with simultaneous steady state surface pressure 
measurements. A portion of the control room is reserved for 
customer supplied equipment and customer personnel to 
participate with the Ames supplied personnel in the conduct of the 
test. The control room data system is intended for acquisition, data 
recording, data display, and a limited amount of data analysis. The 
data system has no capabilities for test dependent model controls 
and is not suited for dynamic data acquisition needs. 


The control room is equipped with a closed circuit video system for 
observing the test article during running. A limited amount of video 
and photographic recording equipment is available. Customers 
should address their needs at the initial test planning meeting. 


The control room data system is linked to a local Wind Tunnel 
network not accessible from the Internet.   Remote access to the 
data system can be made through the use of the NASA Aeronet 
limited access network. Access to the Internet for customer 
supplied computers is available in the control room. Access to the 
control room data system from customer supplied analysis 
computers is also available. However, connection of customer 
computers to both the Internet and the control room data system is 
not allowed. Control room space utilization, interfaces with the 12ft 
PWT standard equipment, and network interfaces required by the 
customer should be addressed at the initial test planning meeting. 
Use of the remote access capability will require special 
coordination to meet all security needs. 


 


Model Preparation 
Sites


 


Two fully equipped Model preparation sites are available to 
customers of the 12ft PWT facility. Equipment at these sites allow 
complete model/balance/model support configurations to be 
assembled and all model based sensor, instrumentation, and 
control systems to be verified prior to test section occupancy. Each 
model preparation site has an identical data acquisition system 
available in the control room. The model preparation areas are 
equipped with wiring, plumbing, and optical interfaces which 
emulate the services available in the control room and test section. 
Each model preparation site is equipped with a customer office. 
Customer supplied data analysis systems and model control 
systems can be interfaced and tested with the model preparation 
site resources. Network services and restrictions are similar to 
those for the control room. Test dependent wiring can be 
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assembled in the model prep rooms. Prep rooms are stocked with 
basic parts, tools, and materials. Tasks and required resources for 
model buildup should be addressed at the initial test planning 
meeting.


 


D.1 Sensors Available at Ames


 


Force Balances


 


Ames has six-component multi-piece internal strain-gage balances 
with normal force capacities from 5 to 6,000 pounds, five-
component balances for semispan testing with normal force 
capacities from 6,000 to 40,000 pounds, and a small number of 
specialty balances. Balances are listed in Table D-1, Table D-2, 
and Table D-3.


Requests and reservations for use of these balances must be 
established at the initial test planning meeting to minimize conflicts 
in scheduling and calibrations. Ames can also calibrate customer 
balances.


 


Table D-1:  Six-Component Internal Sting Balances (Task-Able)


Gauge capacities


Balance 
(diameter, inches)


N1
(lbs)


N2
(lbs)


S1
(lbs)


S2
(lbs)


A
(lbs)


RM
(in-lbs)


 


T-0.75 XIIA,B 5 5 2.5 2.5 10 10


T-0.75 XVA 100 100 50 50 30 100


T-0.75 XVIIIA 100 100 50 50 60 60


T-0.75 XXA,B,C 25 25 12.5 12.5 50 25


T-0.75 XXIXA 167 167 83.3 83.3 83.3 25


T-0.75 XXIXB 167 167 83.3 83.3 25 25


T-0.75 XXXIIA,B 5 5 5 5 10 10


T-0.75 XXXIIIA 100 100 50 50 20 60


T-0.75 XXXIVA 100 100 50 50 20 60


T-0.75 XLIA 100 100 50 50 30 100


T-1.00 IVA 125 125 125 125 250 250


T-1.00 VA 200 200 200 200 200 200


T-1.00 VIA 400 400 200 200 40 100


T-1.00 XIVA,B,C 400 400 200 200 100 250


T-1.50 IIB,D 500 500 250 250 300 800
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T-1.50 IIC,E 500 500 250 250 100 800


T-1.50 XIIA 500 500 250 250 300 800


T-1.50 XIIIA 1000 1000 500 500 2000 500


T-1.50 XIXA 400 400 50 50 250 50


T-1.50 XXVIA 1000 1000 800 800 2000 700


T-1.75 IB 2000 2000 2000 2000 3000 1000


T-2.00 IA 900 900 450 450 160 1000


T-2.00 IIIC 900 900 450 450 500 1000


T-2.00 IIIE,F 900 900 450 450 160 1000


T-2.00 IXA 900 900 450 450 500 1000


T-2.00 XIIA 1500 1500 800 800 200 2000


T-2.00 XIVA 1500 1500 800 800 300 2000


T-2.00 XXIXA,B 2100 2100 700 700 350 3800


T-2.50 IIIA,B,D 1400 1400 700 700 280 2000


T-2.50 IVA,B 1400 1400 700 700 200 2000


T.2-50 XIA 1700 1700 700 700 1000 2000


T-2.50 XIVA 3600 3600 1800 1800 4000 1600


T-2.50 XVA 2000 2000 1000 1000 800 2000


T-2.50 XVIA 2400 2400 1200 1200 1500 4000


T-2.50 XXA,B 3000 3000 1500 1500 600 4000


T-2.50 XXXIIA 3000 3000 1500 1500 250 3000


T-2.50 XXXIVA,B 3500 3500 1800 1800 400 5000


T-2.50 XLA 3500 3500 2500 2500 400 8000


T-4.00 IIA 4000 4000 2000 2000 1000 16000


T-4.00 IIB 4000 4000 2000 2000  400 10000


T-4.00 IIC 4000 4000 2000 2000 1000 16000


T-4.00 IVA 6000 6000 3000 3000 2500 16000


 


Table D-1:  Six-Component Internal Sting Balances (Task-Able)


Gauge capacities


Balance 
(diameter, inches)


N1
(lbs)


N2
(lbs)


S1
(lbs)


S2
(lbs)


A
(lbs)


RM
(in-lbs)
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Pressure 
Measurements


Model surface pressures are measured with Electronically 
Scanned Pressure (ESP) scanners manufactured by Pressure 
Systems, Incorporated (PSI). Available scanners are 16, 32, 48, 
and 64 transducers per unit and pressure ranges from 10 inches of 
water to 100 psid. Scanners with purge option, with straight or 
slant input ports are available. Scanner pressure ranges are listed 
in Table D-3.


Scanners can be equipped with a purge option (used for blowing 
out air from model orifices when Pressure Sensitive Paint or oil 
flow liquids are applied). 


Table D-2:  Five-component Floor Balance


Gauge capacities


NF PM AF YM RM


Balance (lbs) (ft-lbs) (lbs) (ft-lbs) (ft-lbs)


MC-60-27.50A 6,000 3,000 1,200 6,000 30,000


MC-15-27.50A 15,000 10,000 3,000 15,000 75,000


MC-400-27.50A 40,000 20,000 8,000 40,000 190,000
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As shown in Table D-4, a limited number of discrete pressure trans-
ducers are available.


Tilt Sensors Ames has gravity-based tilt sensors available for angle of attack 
measurements. These are summarized in Table D-5 below.


Table D-3:  PSI Pressure Scanner Ranges


PSI Scanners


10" H2O


20" H2O


1 psid


2.5 psid


5 psid


30 psid


50 psid


100 psid


Table D-4:  Examples of discrete pressure transducers available


Type Pressure Range, 
psia or psid


%FS 
Accuracy


Output


Paroscientific Model 1000 3000, 100, 45, 23 
psia. 18, 6, 3 psid.


0.01 RS232 


Bourns Model ST4140 500, 1000, 1500, 
2000, 3000 psia


0.25 0 to 5 vdc


Setra Model 205-2 50, 100 psia 0.10 0 to 5 vdc


Table D-5:  Tilt Sensors Available


Type Angle Range, 
degrees


Output


Schaevitz LSCV-1556 ±14.5, ±30 ±5 vdc


Columbia SI-111311 ±15 ±5 vdc


Spectron L210R-557A w/ MUPI2 ±1, ±30 ±5 vdc
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D.2 Institutional (Instrumentation) Cables, Pneumatics, and 
Fiber Optics


 


Description


 


The institutional wiring runs from the control room into termination 
cabinets inside the tunnel plenum. The two main sets of 
instrumentation lines are Turntable (TRN) and Rear Sting Support 
(RSS). The instrumentation lines for the TRN split to two different 
instrumentation cabinets that are the Bi-Pod Model Support (BMS) 
and the High Angle of Attack Model Support (HAA). All of the 
wiring available from the control room can be connected all the 
way to the BMS. However, only a portion of the control room to 
TRN wiring can be extended to the HAA model support (see Figure 
D-1).


Table D-7 through Table D-11 show the instrumentation 
capabilities of the various model support systems. Figure D-1 
shows the block diagram of the locations.
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Figure D-1


 


:  


 


Block Diagram for 12ft PWT Institutional Wiring


Pressure 
Patch Panel


20 Pneumatic, 120 ft


20 Pneumatic, 120 ft


Control Room
Patch Panels 


RSS Instrumentation 
Patch Panel


240 Analog, 125 ft


20 Type J Thermocouple, 125 ft


18 RG58 & 4 RG59 Coax, 230 ft


2 Triax, 125 ft


30 16-AWG, 245 ft


5 High Voltage Coax, 165 ft


24 Fiber Optic, 125 ft


240 Analog, 80 ft


20 Type J Thermocouple, 80 ft


18 RG58 & 4 RG59 Coax, 80 ft


30 16-AWG, 80 ft


20 Pneumatic, 80 ft


TRN Instrumentation 
Patch Panel


Control Room Patch  
Panels


240 Analog, 140 ft


20 Type J Thermocouple, 140 ft


26 RG58 & 4 RG59 Coax, 140 ft


51 16-AWG, 170 ft


24 Fiber Optic, 140 ft


240 Analog, 20 ft


20 Type J Thermocouple, 30 ft


26 RG58 & 4 RG59 Coax, 30 ft


51 16-AWG, 30 ft


20 Pneumatic, 30 ft


BMS
Patch Panels


HAA
Patch Panels


120 Analog, 80 ft


20 Type J Thermocouple, 80 ft


26 16-AWG, 80 ft


26 RG58 & 4 RG59 Coax, 80 ft


20 Pneumatic, 30 ft


(pigtails coiled in  
plastic bag in 
plenum below 


where RSS was  
located)


Controls P:atch
Panels (inside)


Controls Patch
Panels (outside)


12 7-conductor Camera Strobe Cables, 165ft


 


Table D-7:  Turntable Model Support (TRN)


 


Class Qty Type Mfg P/N


 


(length in feet)


 


Tunnel Patch 
Panel Receptacle 


Mate
(Receptacle P/N)


Control Room 
Receptacle Mate
(Receptacle P/N)


 


Analog Signals 240
(40 are used 


for PSI)
120 to BMS, 
120 to HAA


4-cond 22 
AWG shld


Belden 8723 (outside),
length: 90


Belden 83349 (inside)
lengths:


BMS: 70, HAA: 130


Taper pin
AMP 41666


(60 position taper 
pin block


AMP 3-582521)


Circular connector 
MS3474A12-10P
(MS3474L12-10S)
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Thermocouple 20
qtys can be 


distributed to 
BMS or HAA


Type J 20 
AWG T/C 


shld


Belden 1000 (outside),
length: 90


Belden 83950 (inside)
lengths:


BMS: 70, HAA: 130


Strip wire & insert
(Phoenix Contact 
Terminal Blocks 
MTKD-FE/CUNI 


Type J)


(3 prong T/C jack, 
Omega 19TJP-1-


20-J)


Heavy Gage 
Wires for Mod-
el Motors and 


Control


51 conduc-
tors (6 are 


used for PSI, 
21 are used 


for other 
functions) 


2-cond 16 
AWG shld


Belden 9952
lengths:


BMS: 200, HAA: 250


Strip wire & insert
Phoenix Contact 
Terminal Blocks


Strip wire & insert
Phoenix Contact 
Terminal Blocks


Pneumatic 
Tubing


20 (6 are 
used for PSI)
qtys can be 


distributed to 
BMS or HAA


1/4 inch dia 
nylon pneu-
matic tub-


ing


Freelin-Wade
lengths:


BMS: 120, HAA: 170


1/4 inch dia 
Swagelok Bulk-
head Union SS-


400-61


1/4 inch dia 
Swagelok Bulk-
head Union SS-


400-61


RG58 Coax 26
(12 are used)
qtys can be 


distributed to 
BMS or HAA


RG58 50-
ohm coax


Belden 9203
lengths:


BMS: 170, HAA: 220
(BNC coax con-
nector, Phoenix 
Contact BNC-V 


50)


(BNC coax con-
nector, Phoenix 
Contact BNC-V 


50)


RG59 Coax 4
qtys can be 


distributed to 
BMS or HAA


RG59 75-
ohm coax


Belden 9259
lengths:


BMS: 170, HAA: 220
(BNC coax con-
nector, Phoenix 
Contact BNC-V 


75)


(BNC coax con-
nector, Phoenix 
Contact BNC-V 


75)


Fiber Optic 24 fibers Fiber Op-
tic, 50 mi-


cron


Belden 227304
length: 140


Terminates in cabi-
net before BMS 


and HAA cabinets
Type ST 


Connectors


Type ST 
Connectors


 


Table D-8:  Bi-Pod Model Support (BMS) to Control Room


 


Class Qty Type Mfg P/N


 


(length in feet)


 


Tunnel Patch 
Panel Receptacle 


Mate
(Receptacle P/N)


Control Room 
Receptacle Mate
(Receptacle P/N)


 


Analog Signals 240
(40 are used 


for PSI)
120 to BMS
120 to HAA


4-cond 22 
AWG shld


Belden 8723 (outside),
length: 90


Belden 83349 (inside)
length: 70


Taper pin
AMP 41666


(60 position taper 
pin block


AMP 3-582521)


Circular connec-
tor MS3474A12-


10P
(MS3474L12-


10S)


Thermocouple 20 Type J 20 
AWG T/C shld


Belden 1000 (outside),
length: 90


Belden 83950 (inside)
length: 70


Strip wire & insert
(Phoenix Contact 
Terminal Blocks 
MTKD-FE/CUNI 


Type J)


(3 prong T/C jack, 
Omega 19TJP-1-


20-J)


 


Table D-7:  Turntable Model Support (TRN)


 


Class Qty Type Mfg P/N


 


(length in feet)


 


Tunnel Patch 
Panel Receptacle 


Mate
(Receptacle P/N)


Control Room 
Receptacle Mate
(Receptacle P/N)
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Heavy Gage 
Wires for Model 


Motors and 
Control


51 conductors 
(6 are used 


for PSI, 21 are 
used for other 


functions) 


2-cond 16 
AWG shld


Belden 9952
length: 200


Strip wire & insert
Phoenix Contact 
Terminal Blocks


Strip wire & insert
Phoenix Contact 
Terminal Blocks


Pneumatic Tub-
ing


20 (6 are used 
for PSI)


1/4 inch dia 
polyurethane 


pneumatic 
tubing


Freelin-Wade 1B-025-
27


length: 120


1/4 inch dia 
Swagelok Bulk-
head Union SS-


400-61


1/4 inch dia 
Swagelok Bulk-
head Union SS-


400-61


RG58 Coax 26
(12 are used)


RG58 50-ohm 
coax


Belden 9203
length: 170 (BNC coax con-


nector, Phoenix 
Contact BNC-V 


50)


(BNC coax con-
nector, Phoenix 
Contact BNC-V 


50)


RG59 Coax 4 RG59 75-ohm 
coax


Belden 9259
length: 170 (BNC coax con-


nector, Phoenix 
Contact BNC-V 


75)


(BNC coax con-
nector, Phoenix 
Contact BNC-V 


75)


 


Table D-8:  Bi-Pod Model Support (BMS) to Control Room


 


Class Qty Type Mfg P/N


 


(length in feet)


 


Tunnel Patch 
Panel Receptacle 


Mate
(Receptacle P/N)


Control Room 
Receptacle Mate
(Receptacle P/N)


 


Table D-9:  High Angle of Attack Model Support (HAA) to Control Room


 


Class Qty Type Mfg P/N


 


(length in feet)


 


Tunnel Patch 
Panel Receptacle 


Mate
(Receptacle P/N)


Control Room 
Receptacle Mate
(Receptacle P/N)


 


Analog Signals 120
(40 are used for 


PSI)


4-cond 22 
AWG shld


Belden 8723 (outside),
length: 90


Belden 83349 (inside)
length: 130


Taper pin
AMP 41666


(60 position taper 
pin block


AMP 3-582521)


Circular connec-
tor MS3474A12-


10P
(MS3474L12-


10S)


Thermocouple 20 Type J 20 
AWG T/C 


shld


Belden 1000 (outside),
length: 90


Belden 83950 (inside)
length: 130


Strip wire & insert
(Phoenix Contact 
Terminal Blocks 
MTKD-FE/CUNI 


Type J)


(3 prong T/C jack, 
Omega 19TJP-1-


20-J)


Heavy Gage 
Wires for Mod-
el Motors and 


Control


26 conductors 2-cond 16 
AWG shld


Belden 9952
length: 250


Strip wire & insert
Phoenix Contact 
Terminal Blocks


Strip wire & insert
Phoenix Contact 
Terminal Blocks


Pneumatic 
Tubing


20 (6 are used 
for PSI)


1/4 inch dia 
polyurethane


pneumatic 
tubing


Freelin-Wade 1B-025-
27


length: 170


1/4 inch dia 
Swagelok Bulk-
head Union SS-


400-61


1/4 inch dia 
Swagelok Bulk-
head Union SS-


400-61
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NOTE


 


The RSS is not currently in place but the wiring and 
tubing can be used for items that are plenum-based.


 


RG58 Coax 26
(12 are used)


RG58 50-
ohm coax


Belden 9203
length: 220 (BNC coax con-


nector, Phoenix 
Contact BNC-V 


50)


(BNC coax con-
nector, Phoenix 
Contact BNC-V 


50)


RG59 Coax 4 RG59 75-
ohm coax


Belden 9259
length: 220 (BNC coax con-


nector, Phoenix 
Contact BNC-V 


75)


(BNC coax con-
nector, Phoenix 
Contact BNC-V 


75)


 


Table D-9:  High Angle of Attack Model Support (HAA) to Control Room


 


Class Qty Type Mfg P/N


 


(length in feet)


 


Tunnel Patch 
Panel Receptacle 


Mate
(Receptacle P/N)


Control Room 
Receptacle Mate
(Receptacle P/N)


 


Table D-10:  Rear Sting Support, (RSS)


 


Class Qty Type Mfg P/N


 


(length in feet)


 


Tunnel Patch Pan-
el Receptacle 


Mate
(Receptacle P/N)


Control Room 
Receptacle Mate
(Receptacle P/N)


 


Analog Signals 240
(62 are used for 


PSI and dis-
crete pressure 
measurements)


4-cond 22 
AWG shld


Belden 8723 (outside),
length: 75


Belden 83349 (inside)
length: 130


(pigtails coiled in 
plastic bag in ple-


num)


Circular connector 
MS3474A12-10P
(MS3474L12-10S)


Thermocouple 20 (4 are used 
for PSI scanner 
temperatures)


Type J 20 
AWG T/C 


shld


Belden 1000 (outside),
length: 75


Belden 83950 (inside)
length: 130


(pigtails coiled in 
plastic bag in ple-


num)
(3 prong T/C jack, 
Omega 19TJP-1-


20-J)


Heavy Gage 
Wires for Mod-
el Motors and 


Control


30 conductors 
(6 are used for 


PSI) 


2-cond 16 
AWG shld


Belden 9952
length: 245


Strip wire & insert
Phoenix Contact 
Terminal Blocks


Strip wire & insert
Phoenix Contact 
Terminal Blocks


Pneumatic 
Tubing


20 (6 are used 
for PSI)


1/4 inch dia 
polyurethane


pneumatic 
tubing


Freelin-Wade 1B-025-
27


length: 195


1/4 inch dia 
Swagelok Bulkhead 
Union SS-400-61


1/4 inch dia 
Swagelok Bulk-
head Union SS-


400-61


RG58 Coax 18 RG58 50-
ohm coax


Belden 9203
length: 230 (BNC coax connec-


tor)
(BNC coax con-
nector, Phoenix 
Contact BNC-V 


50)
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D.3 Data Acquisition


 


Functional 
Subsystems


 


Seven different Functional Subsystems are used as the front ends 
for data acquisition of the Standardized Data System (SDS). The 
Functional Subsystems are signal conditioning and digitizers 
controlled by a PC. The seven functional classes associated are 
(refer to Figure D-2):
• Force balances
• Steady-state surface pressures (PSI 8400)
• General purpose digital input (under construction)
• Temperatures


 


RG59 Coax 4 RG59 75-
ohm coax


Belden 9259
length: 230 (BNC coax connec-


tor)
(BNC coax con-
nector, Phoenix 
Contact BNC-V 


75)


Double-Shield-
ed Coax


2 75-ohm triax-
ial double 
shld cable


Belden 9248
length: 150


Trompeter triax 
connector UBJ28 
w/ UPL-20-4 cable 


plugs


Trompeter triax 
connector UBJ28 
w/ UPL-20-4 cable 


plugs


Fiber Optic 24 Fiber Optic
V1-


Belden 227304
length: 150


MA COM LCS, ST 
Style Multimode Fi-
ber Optic Connec-


tor,
P/N 


3STMM125LCS


MA COM LCS, ST 
Style Multimode 
Fiber Optic Con-


nector,
P/N 


3STMM125LCS


High Voltage 
Coax


5 High Voltage 
Coax


Belden 8261
length: 165


Kings HV Coax 
Connector 1705-7


Kings HV Coax 
Connector 1705-7
(terminates at Ple-
num Utilities Ter-
mination Cabinet


 


Table D-10:  Rear Sting Support, (RSS)


 


Class Qty Type Mfg P/N


 


(length in feet)


 


Tunnel Patch Pan-
el Receptacle 


Mate
(Receptacle P/N)


Control Room 
Receptacle Mate
(Receptacle P/N)


 


Table D-11:  Camera Strobe Cables


 


Class Qty Type Mfg P/N


 


(length in feet)


 


Tunnel Patch Pan-
el Receptacle 


Mate
(Receptacle P/N)


Control Room 
Receptacle Mate
(Receptacle P/N)


 


Heavy Gage 
Cables for 
Camera 
Strobes


12 7-cond
16 AWG


cable


Belden 85107
length: 165


Strip wire & insert
Phoenix Contact 
Terminal Blocks


Strip wire & insert
Phoenix Contact 
Terminal Blocks
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• General purpose analog inputs
• Tunnel conditions and model attitude support positions
• Wall Interference Correction System (WICS)


 


Figure D-2


 


:  


 


Block Diagram for Inputs to the Standardized Data System (SDS)


 


Force Balances


 


Up to 32 channels of balance strain gages can be measured by the 
signal conditioning amplifiers of Functional Subsystem #1. The 
amplifiers provide up to 10 volts DC excitation and gains from 1 to 
1024. Cutoff frequencies for filtering are 1, 10, 30, 100, 1000, 
2000, 20000 Hz, and wideband. All filters are 4 pole Butterworth. 
All functions are computer controlled


Balance dynamics are displayed realtime on the Balance Loads 
Alarm Monitor System (BLAMS). The purpose of the BLAMS is to 
protect the delicate and expensive wind tunnel balances used at 


Functional Subsystem   
Model Instrumentation:


Wall Interference
Correction System


Main Power, MUA Power, RPM, IGV Position
Facility Control System


Pressure Transmitters


Pressure Transmitters


Tunnel Total Pressure


Tunnel Static Pressure
Model Position Resolver Data


Model Support Resolver Display


RTD Transmitters
Tunnel Temperature
from RTD Sensors  Current Loop Repeaters


Tunnel Instrumentation:


Balance


Surface Pressures Surface
Pressures


Image Plane Surface Pressures


To Facility Control System


Delta Pressure Probes below Image Plane


Delta Pressure Probes on Test Section Ceiling


Balance


Digital I/O


General Purpose  
Analog Signals


Temperature Signals


Tunnel Conditions &  
Model Attitude


Signals


Sensors with Analog Output


Temperature Sensors


Sensors and/or Systems with Digital I/O Subsystem
Manager


User
Interfaces


Wall Pressures
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Ames. In the 12ft PWT, it is programmed to zero the model angle-
of-attack mechanism if any channel exceeds its limits for a pre-
determined percentage of a variable time interval. The control 
room is equipped with a BLAMS unit to monitor up to eight balance 
channels.


 


General Purpose 
Digital Input


 


Under construction


 


Temperatures


 


Functional Subsystem #4 uses a VXI-based scanning A/D card for 
temperature signal inputs from a variety of thermocouple, RTDs, 
and thermistors as listed in Table D-12.


20 type J (Iron Constantan) thermocouples can be measured using 
the facility institutional thermocouple wiring.


An additional 47 thermocouple sensors of any standard type can 
be connected to a remote reference junction box inside the 12ft 
PWT plenum. The signals can then be routed to the control room 
using the institutional instrumentation wiring. These signals would 
then be patched to the temperature subsystem with the scanning 
A/D card. The reference thermistor for the scanning A/D card 
supporting these additional 47 thermocouples is on the reference 
junction box inside the plenum.


Up to 24 channels of a combination of 4-wire RTDs and 4-wire 
thermistors can be routed to Functional Subsystem #4 in the 
control room using the institutional instrumentation wiring. These 
signals would then be patched to the Functional Subsystem #4 
chassis with the scanning A/D cards.


 


Table D-12:  Compatible Temperature Signal Types


Thermocouple RTD, 4-wire Thermistor, 4-wire


 


E 100 ohm Type 85 2252 ohm


E ext 100 ohm Type 92 5Kohm


J 10Kohm
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General Purpose 
Analog Inputs


 


The 12ft PWT analog conditioning system can accommodate 48 
channels of a variety of customer-supplied analog signals such as 
position pots, discrete transducers, strain gages, or outputs from 
customer amplifiers. The analog system can provide excitation, 
amplification, and filtering for each channel.


The general analog amplifier racks provide up to 10 volts DC 
excitation and accepts inputs ±10 volt DC maximum. Discrete 
power supplies provide excitations up to 24 VDC.


The gain of each channel is programmable from 1 to 1024. Cutoff 
frequencies for filtering are 1, 10, 30, 100, 1000, 2000, 20000 Hz, 
and wideband. All filters are 4 pole Butterworth.


 


Tunnel Conditions 
and Model Support 
Positions


 


Tunnel Conditions—


 


Table D-13 shows the measurable 
parameters in the 12ft PWT.


* Each of these measurements have redundant 
sensors.


 


Model Attitude—


 


The four model support systems are:
• Turn Table Model Support (TRN) for Semispan floor-mount 


models.
• Bi-pod Model Support (BMS) in lift, yaw, and pitch.
• High Angle of Attack Model Support (HAA) in roll, pitch, and 


yaw.
• Rear Sting Support (RSS), not currently installed.


 


Table D-13:  Measured Tunnel Parameters


Parameter


 


Total Pressure*


Total minus Static Pressure*


Total Temperature*


240 Test Section Wall Pressures


Compressor RPM


Tunnel Main Power


Tunnel Inlet Guide Vane Position


Tunnel Make Up Air Power
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Table D-14 delineates the model attitude data.


Each model support is equipped with a primary and redundant 
resolver for each degree of motion. The resolver signals are 
processed by a multi-channel resolver-to-digital converter system. 
These digitized resolver readings are then distributed to both the 
FCS and the SDS system (10 times per second) through 
independent RS-232 data streams.


An alternate source of angle of attack measurements can be made 
with, such as, gravity-based tilt sensors.


 


Wall Interference 
Correction System 
(WICS)


 


Functional Subsystem #7 is the Wall Interference Correction 
System at the 12 Foot PWT. It measures pressures from 240 wall 
orifices arranged in 8 rows of 30 pressures each oriented around 
the test section. Pressures are recorded and stored with the rest of 
the test dependent data. During the post-test period, these 
pressures are used along with a simplified representation of the 
model in terms of singularities, model lift force and pitching 
moment and previously acquired wind tunnel calibration data to 
determine a Mach number, dynamic pressure, and angle of attack 
correction to the SDS model data.


Wall pressures are measured with Electronically Scanned 
Pressure (EPS) scanners manufactured by Pressure Systems, 
Incorporated (PSI). The pressure range of the scanners are 
±5-psid.


 


D.4 Image Plane Pressure Instrumentation


 


Description


 


A platform called the Image Plane, which also serves as the 
surface for semi-span models, can be placed on the floor of the 
12ft PWT test section. There are approximately 240 surface 
pressure taps across the Image Plane. Two delta pressure (total 


 


Table D-14:  Model Attitude Data


PARAMETER RSS BMS HAA TRN


 


Roll X X


Pitch X X X


Yaw (pitch for TRN) X X X


Lift (up/down) X X X
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minus static) probes, DP Probes, are mounted below the Image 
Plane. Two additional DP Probes, mounted on the ceiling inside 
the test section, are also used with the Image Plane.


 


D.5 Subsystem Management Processor


 


Description


 


The Subsystem Management Processor (SMP) is a UNIX based 
computer (SUN Sparc 10 for model preparation rooms and SUN 
Enterprise 3000 for the facility control room). Each SMP is 
equipped with removable disk drives, a CD ROM, and an 8mm 
2GByte tape drive. The control room system is also equipped with 
a 14GByte DLT tape drive.
 


The SMP serves as the main executive to:
• collect the data from the FSPs
• set the time duration for recording of data
• perform data reduction
• serve as the primary customer interface
• provide hard copy output
• provide alpha-numeric and graphic displays on X-terminals
• provide tools that enable customers to trouble-shoot 


computations of both standard and customer supplied (test 
specific) equations


• network results to the customers computers
• download parameters and initial conditions to the Facility 


Control System (FCS)
• store the data, with parameters and final results in the data 


base


The SMP receives the signal to acquire data from the Facility 
Control System (FCS) or customer commanded input.


The SMP resides on a private, dedicated wind tunnel network. This 
network may be isolated to function only within the control room. 
The SMP is also on a second, separate network used to 
communicate with the FCS. This network leaves a path outside the 
control room to the adjacent auxiliary building. Security issues 
regarding secure tests are handled on a case-by-case basis.
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D.6 Data Reduction


 


General


 


Data reduction is performed on the SMP computer and is defined 
as the process of producing engineering unit results from raw input 
data and the computational parameters. The SMP processes the 
data, stores the data received from the FSPs and computed 
results in the database, and outputs results to laser printers, real 
time displays, and other customer computers permitted on the 
system.


Data reduction requirements are determined by the computing 
specifications provided to the Wind Tunnel Systems staff by the 
Test Manager. These specifications define the test particulars 
required in order to set up and initialize all of the systems prior to 
either model prep room or control section entry.


The Test Manager must translate customer requirements into the 
SDS framework and submit a complete specification with sufficient 
lead time (which are a function of test complexity) to meet 
anticipated first use of the software. This requires the customer to 
provide all necessary information to meet these lead time 
requirements. The customer will be provided with the deadlines for 
submitting the test requirements at either the test justification or 
initial test planning meeting.
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D.7 Available Processes


 


Real Time Displays


 


The SDS real time displays are available on X-terminals and are 
capable of updating two times per second, even while data 
recording is in progress. Any acquired raw data statistic (mean, 
min, max, etc.) from a sensor and computed result may be 
displayed. Displays are in the form of a name followed by its value. 
A maximum of 60 values are available on one window. Generic 
templates are provided for displaying items such as pressures 
from the electrically scanned pressure modules.


Customers may define and simultaneously view any number of 
real time displays.


 


Graphics


 


The Display Processor Subsystem (DPS) is used to provide near-
time, interactive graphics support. Graphic functionality for the 
SDS system is supplied through X-terminals served by the SMP. 
Current plotting capability is limited to the generic x-y plots (i.e., no 
contour plotting) with various curve fairing options.


The primary purpose of the graphics support is for verification that 
all components of the instrumentation and data system are 
functioning properly, that the data are accurate and contain 
minimal scatter, and to provide some support for data analysis. It is 
not the intent of the graphics system to provide large numbers of 
report quality plots.


Data may be plotted in various ways. The two most commonly 
used are categorized as “Run” or “Point” type. A run-type plot 
produces one curve for the entire run, with up to 10 runs permitted 
per plot. A point-type plot produces a complete curve for every 
data point that is plotted. An example of a run-type plot is lift versus 
angle of attack. An example of a point-type plot is pressure 
coefficient versus chord station. Up to four different graphs may be 
plotted in the same X-terminal window.


Plotting may be done in what is termed “Near time mode”. When 
plotting in near term mode, the system will automatically plot the 
point as soon as it has been computed on the SMP. This mode of 
operation is useful to determine if sufficient data has been 
acquired to determine an effect, such as repeatability, and thus 
terminate the run to save time. Another useful feature is to 
determine if some piece of hardware on the model has 
unexpectedly changed angle, such as an aileron, so that the 
facility may be shut down.
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Standard 
Computations


 


“Standard Computations” refers to those computations that do not 
have to be coded for each test entering the facility. These 
computations are defined in the Division document “Standard Data 
System Wind Tunnel Data Reduction Equations, High Speed 
Facilities”. Standard computations are:
• Conversions from raw data (mean) to engineering units
• Tunnel conditions
• Balance loads, including weight tare corrections
• Angles in balance and body coordinates
• Coefficients in balance, body, stability, corrected body and 


wind axis systems
• Pressures in the form of engineering units, static pressure 


ratios, total pressure ratios, and coefficients
• Wall interference corrections using the method of Sivells and 


Salami and classical blockage correction using the method of 
NACA TR 995.


 


Test Specific 
Computations


 


Test specific (non-standard) computations are those not contained 
in the SDS standard computations package. Test specific 
computations must be programmed and verified for each test. 
Examples of non-standard computations are such things as mass 
flow, hinge moment coefficients, etc. Generally, as the number of 
test specific computations increase the lead time for submitting 
test requirements increases. 


 


Output


 


Hard copy output is available in A/B format from black and white 
laser printers. Hard copy output is available for dumps of the real 
time display screen, plots from the graphics display system, and 
customer defined formatted data outputs.
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D.8 Deliverables


 


Data Transmittal


 


Data written on electronically readable media are normally 
provided after the data have been certified by the Test Manager. 
Data transmittal is typically in the Ames standard format, but 
custom formats can be provided. The use of custom formats will 
take longer than the Ames standard, unless the customer has 
provided the specifics of the format prior to the start of the test.


The customer must supply the output format required (file 
structure), whether the transmittal should be on 4mm or 8mm tape, 
or by DLT 4000. Tapes will be written in TAR format.


Only data transmitted with an accompanying NASA letter head are 
considered the official, certified-correct version. This is also true for 
any data which might be transmitted to the customers computer in 
the control room or to a remote site over a network. This insures 
that the customer has data that are identical with that residing on 
the Ames Archive.


 


Security


 


The customer must specify the security nature of the data, both 
raw (mean) and computed results. Disposition of the data, both 
magnetic and paper must also be detailed. The Division takes 
every precaution to protect the proprietary nature of customer 
data.   Only personnel having need have access to the data. 
Security requirements which must be provided are elements such 
as network security, shredding and burning of paper output, 
cleansing of the disk, disposition of backup media, etc.


The wind tunnel network is a private, dedicated network with no 
access to the Ames center-wide network. Communications outside 
the building may be disabled, except for the link between the SDS 
and the FCS. Network security issues should be addressed at the 
initial test planning meeting.
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Definitions


 


This section contains the definitions for the terms that you will see throughout this 
document.


CBM - Condition based maintenance is a systematic approach which focuses on 
continuous monitoring of equipment combined with condition/model based reasoning 
software to indicate the need for maintenance, which if ignored could lead to failure. 
Unlike a traditional maintenance program that is based on manufacturers’ time and 
performance statistics, and provides no information on specific usage patterns, the 
condition based approach determines when maintenance is required based on actual 
conditions and provides advanced warning of possible failures by estimating 
“remaining useful life” for the component rather than imminent catastrophic failure.  
Such advanced warning allows efficient scheduling of downtime.


CM - Corrective Maintenance includes those minor repairs (of things that are “broken”) 
which can be funded at the Center level.  It can involve large items such as replacement 
or portions of a roof, replacement of boilers, or repairing steam or other utility lines, to 
relatively smaller items such as replacing pumps, motors, HVAC condensers, etc. 


The distinction between this category and any of the categories already discussed is that 
it is corrective in nature and is due to age, lost capacity, or imminent failure.  It generally 
involves planning and estimating a single job, ordering of materials, and discreet 
scheduling of shop manpower or developing contracts to accomplish it.


CMMS (Maximo) - Computerized maintenance management system is used to organize  
and plan maintenance activity.  Maximo is the brand name of the CMMS in use at FO.


Maximo - The CMMS brand name used at FO


PM - The planned, scheduled, periodic inspection, adjustment, cleaning, lubrication, 
parts replacement, and minor repair of equipment and systems which is not assigned to 
a specific operator.  Preventive maintenance (PM) consists of many check point activities 
on items that, if disabled, would interfere with an essential center operation, endanger 
life or property, or involve high cost or long lead time for replacement. PM is the 
cornerstone of any good maintenance program.  A weak or nonexistent PM program 
results in much more emergency work and costly repairs.


Programmed Maintenance - Programmed Maintenance describes tasks with a repeat 
cycle that is longer than one year, such as painting a structure every five years.
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Definitions, continued


 


PT&I - (Predictive Testing/Inspection) Testing and inspection activities for facility items 
that generally require more sophisticated means to identify maintenance requirements 
than in PM. However, it is considered to be a subset of preventive maintenance. 
(Typically referred to as Condition Monitoring.)


For example, specialized tests are used to locate thinning pipe walls and fractures (e.g., 
eddy current testing, radiographic inspections, ultrasonic testing, television cameras, or 
aural leak detectors); to detect roof weaknesses or wet insulation areas (e.g., infrared 
thermographic viewers, or nuclear density devices); to identify large equipment wear 
problems (e.g., vibration analyzers and oil analysis for wear metals and lubricant 
properties); and to locate charge or heat buildup in electric equipment (e.g., statiscopes 
or infrared thermography).  Predictive testing/inspection can reduce the overall cost of 
maintenance by reducing some PM and emergency/trouble calls, and identifying 
developing problems prior to a breakdown.


RCM - (Reliability Centered Maintenance)  A systematic, qualitative decision 
methodology that identifies the most effective maintenance procedures for plant 
equipment.
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1 Introduction


 


Purpose


 


This document describes the maintenance system established at Ames 
Research Center as it applies to the wind tunnels of the Wind Tunnel 
Operations Division.  This manual contains the organization and basic 
procedures to keep the wind tunnels operational and maintained in a 
timely manner.


 


1.1 Policy


 


Description


 


It is the policy of Wind Tunnel Operations Division to ensure that the 
wind tunnels are maintained at a cost effective and optimum level such 
that the facilities are always available for testing when required.


 


1.2 Scope


 


Description


 


This manual contains the wind tunnel maintenance organization 
procedures and work order types required to maintain the wind tunnel 
facilities.  This manual answers the following questions:
• When and what maintenance work is required?
• When is corrective maintenance work needed?
• What work order types are used for maintenance work?
• What is the work process for maintenance?
• What is the organization for performing the work?


 


1.3 Mission


 


Description


 


The mission of the maintenance system is to attain 100-percent 
operational availability of all Wind Tunnel Operations Division 
facilities for which they were designed and/or are currently intended 
to function.
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1.4 Document Control


 


Description


 


This is a controlled document.  Any changes to this document must be 
in accordance with the Configuration Management Procedures, A027-
9391-XB4.  Only authorized reproduction or distribution is permitted.  
All or part of this manual may be printed from the Master Controlled 
document located on the N227 Server.  It is the users responsibility to 
verify that any printout of this manual, or part thereof, matches the 
current version of the Master Document on the server.  If it does not 
match, the printout 


 


shall not be used


 


.


 


1.5 Reference Documents


 


Description


 


The documents listed below form a part of this maintenance manual to 
the extent specified herein.
• ISO 9001:1994 Quality Systems—Model for Quality Assurance in 


Design/Development, Production, Installation, and Servicing.
• RCM Handbook
• Maintenance Requirements Document
• AHB-1700-1
• Maintenance Work Order log
• Labor Work Authorization list
• NEMS Transaction Document (NASA Form 1602)
• NFPA 70E
• Facilities Maintenance Handbook, NHB 8831.2
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Figure 1-1: Maintenance Engineering Organization Chart
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2 Maintenance System Overview


 


Description


 


This section describes the procedures used to maintain the wind 
tunnels.  It also includes the Work-Order Types used to complete the 
wind tunnel maintenance procedures. 


 


2.1 Establish Preventive Maintenance Requirements


 


Maintenance 
Decision 
Process Table


 


The Maintenance Decision Process involves deciding whether to 
conduct an RCM analysis or to use the streamlined approach for  
establishing the preventive maintenance requirements.


 


Step Action


 


1 Review facility equipment with manufacturers 
recommendations, facility value, practical experience and/or 
equipment history (conventional PM program).


2  Are any of the following true:
• Is it a high-cost facility?
• Does it have a record of extensive downtime, failures, etc.?
• Does a ROI justify the classical RCM effort?


If yes, proceed with the RCM study/analysis.  Choose a 
balanced skill team. i.e.: engineer, operator, electrician, 
mechanic.  The team lead will then plan the RCM project.
If no, continue with the initial PM program and/or use 
streamlined approach.  The system specialist (facility 
engineer) and the maintenance engineering technician 
evaluate and review the initial PM program.


3 Develop appropriate PMWO (see Figure 3-2).  Once the initial 
PM’s are in place, and a formal RCM study/analysis can be 
justified, proceed with the RCM study/analysis.


4 Reviewed PM goes to the Maintenance Engineering Group 
Leader for concurrence and approval.


5 Package goes to Maximo office for implementation.
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Figure 2-1: Preventive Maintenance Decision Process
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2.2 Establish Corrective Maintenance Requirements


 


Corrective 
Maintenance 
Process Tables


 


Corrective Maintenance can result in three different ways:
1. When equipment does not function properly
2. As a result of a PM
3. When facility or operations support is requested (used for tracking 


and recording purposes)


 


Equipment Repair


 


The following table describes the corrective maintenance procedures 
for equipment repair.


 


As a PM Result


 


The following table describes the corrective maintenance procedures 
that resulted from a Preventive Maintenance report.


 


Step Action


 


1 An equipment problem is found.
2 The equipment problem is investigated.
3 Is a mishap report required?


• If yes, follow the mishap procedures (AHB-1700-1).
• If no, generate a CMWO (see Figure 3-3) to resolve equipment 


problems.  Continue with Step 4.
4 CM approved by appropriate person (see Figure 3-3, Step 10).
5 Work done as per procedure.


 


Step Action


 


1 A problem is identified during the performance of a PM.
2 The problem is reviewed and evaluated.  This may involve the 


maintenance engineering technician and the system specialist.
3 A CM is generated and approved.
4 Work is performed as per maintenance work process.
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Corrective 
Maintenance 
Process Tables, 
continued


Facility or Operations Support Requested


 


The following table describes the process for requested corrective 
maintenance.


 


Step Action


 


1 Facilities or Operations support request for maintenance work 
via E-mail.  The request outlines the task requirements to the 
maintenance craft supervisor.


2 The craft supervisor approves and designates that the work is 
for facilities or operations support.


3 The craft supervisor generates a CM work order if the task 
requires more than 1 man hour of work, and assigns the task to 
the appropriate craftsperson.


4 The work is performed as requested.
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Figure 2-2: Corrective Maintenance Process
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2.3 Doing the Work (Maintenance Work Process)


 


Maintenance 
Process Table


 


The table below describes the actual work procedures in performing 
maintenance. 


 


Step Action


 


1 The craft supervisor generates the work orders (CM & PM).
2 The supervisor reviews the work order, confirms resources, 


and coordinates with operations.  The supervisor then 
schedules and assigns work.


3 The assigned mechanics, electricians and/or technicians 
perform the work.


4 If any craftsperson has any problems performing the task, then 
the supervisor reviews and solves the problem, or consults 
with the maintenance engineering technician and engineering 
system specialist as needed.


5 Once the work is completed, the supervisor reviews the work 
order for completion.


6 Perform system checkout as required.
7 The supervisor enters the completed work order and 


comments in Maximo.
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Figure 2-3: Maintenance Work Process
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2.4 Work-Order Types


 


Description


 


This section explains the various work-order types and how the 
maintenance system described in this document is organized to carry 
them out.


 


Types


 


There are two basic maintenance work-order types, with several catego-
ries associated with each.


•preventive maintenance
—general (PMWO)
—predictive testing and inspection (PTIWO)
—programmed (PGMWO)


•corrective maintenance
—repair (RPWO)
—facilities support request (SRW1)
—operations support request (SRW2)


The abbreviations in parentheses are used to identify the work-order 
type on the corrective maintenance form.


The remainder of this section briefly explains each type.


 


Preventive 
Maintenance


 


Characteristics


 


The basic characteristics of a preventive maintenance work assignment 
are that the tasks are:


•planned significantly in advance
•scheduled and generated on a regular basis
•on a small scale; they can often be done while equipment is running 


and/or in a very short period of time, e.g., 10 minutes
•the PM information for each piece of equipment (i.e., tasks to be 


performed and corresponding schedules) is a permanent part of the 
database


•PM is the cornerstone of a solid maintenance system


 


Includes


 


Examples of preventive maintenance include:
• visual inspections • minor adjustments and lubrication
• sound monitoring • safety checks
• filter changes • meter readings
• oil changes • cleaning







 
Wind Tunnels Maintenance Manual


 


A027-9391-XB5 2-9 Revision 2


 


Predictive 
Testing and 
Inspection


 


Characteristics


 


The basic characteristics of a predictive testing and inspection work as-
signment are that the tasks are:


•planned significantly in advance
•scheduled and generated on a regular basis
•usually require additional specialized skills
•the information for each piece of equipment (i.e., tasks to be 


performed and corresponding schedules) is a permanent part of the 
database


 


Includes


 


Examples of types of predictive testing and inspection are:
•infrared thermography
•eddy-current testing
•radiographic inspections
•ultrasonic testing
•nuclear density devices
•vibration monitoring
•oil analysis for metal wear and lubricant properties
•precision laser alignment 
•precision balancing


 


Further 
Information


 


See Section Two for details on PT&I used in the Division.


 


Programmed 
Maintenance


 


Characteristics


 


Programmed maintenance differs from preventive maintenance in 
terms of whether a planned cycle is missed. 


A missed:
•


 


programmed


 


 maintenance task must still be made up
•


 


preventive


 


 maintenance task is not made up; crews only complete the 
next cycle to avoid doing two lubrications, two adjustments, etc.
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Programmed 
Maintenance, 
continued


 


Additionally, programmed maintenance tasks are:
•planned significantly in advance
•scheduled and generated on a regular basis (all cycles are longer 


than one year)
•usually on a larger scale than preventive maintenance
•the information for each piece of equipment (i.e., tasks to be 


performed and corresponding schedules) is a permanent part of the 
database


 


Corrective 
Maintenance


 


The term 


 


Corrective Maintenance


 


 is used to cover repairs and support 
requests.


 


Repair


 


Definition


 


A 


 


repair 


 


is any activity that contributes to rectifying errors, deviations, or 
defects that can prevent equipment from  operating at 100-percent ca-
pacity, render it unsafe, and/or result in costly consequences if the 
equipment is operated and a mishap occurs.


 


Characteristics


 


Repairs have one or more of the following basic characteristics:
•irregular; scheduled on an as-needed basis
•often cannot be done while equipment is running


 


Support 
Requests 
(SRWO)


 


Support requests are not maintenance items, but they are so often per-
formed by facilities-maintenance organizations they become a part of 
the baseline.


Support requests are requests for facilities-related work that is new in 
nature, or does not fit in with any other type of work order, and as such 


 


should


 


 be funded by the requesting organization.


They are requests initiated by anyone on the center, are usually submit-
ted on a Corrective Maintenance Work Order form (refer to section 3.2), 
often require approval by someone before any action is taken, usually 
are planned and estimated, materials procured, and shop personnel dis-
cretely scheduled to complete the work.


Support requests are further identified in two different categories:
1. facilities (SRW1)
2. operations (SRW2)







 
Wind Tunnels Maintenance Manual


 


A027-9391-XB5 2-11 Revision 2


 


Support 
Requests 
(SRWO), 
continued


 


Examples include
•installation of an outlet to support a new copy machine (facilities)
•providing compressed air outlet to new test bench (operations)
•office renovations (facilities)
•special cabinets (facilities)
•moving furniture (facilities)
•installing a new filter system (facilities)
•preparing test related articles (operations)
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2.5 Calibration Process


 


Description


 


The Ames Calibration Contractor  has the overall responsibility for 
calibrating all facility safety relays and critical instrumentation for 
Ames Research Center.  FOF’s involvement in the calibration process is 
to verify, in a proactive manner, that all articles of equipment  for which 
FOF is responsible are appropriately calibrated.  The FOF Calibration 
Contractor Representative is the FOF Point of Contract for this activity.  
FOF has a duplicate copy of the calibration database within and 
controlled by the Maximo office.


Procedure:
This process applies to all Wind Tunnel Operations Division facilities 
(40x80x120, UPWT, 12ft PWT, etc.)


1. During the first week of each month, the Maximo office produces a 
list of all safety relays and critical instrumentation to be calibrated 
during the next three months.


2. This list is provided to the FOF Calibration Contractor 
Representative for verifying that the Calibration Contractor has 
performed the tasks, and also for use when coordinating the work 
between the Calibration Contractor and the FOF facilities.


3. The FOF Calibration Contractor Representative makes the necessary 
arrangements for the facility shutdown and coordinates with the 
appropriate persons. 


4. If the FOF Calibration Contractor Representative cannot obtain 
agreement with the appropriate persons for a facility shutdown to 
perform the required calibrations, all items that are within one month 
due of calibration will be reported to the Maintenance Engineering  
Group Leader.


5. Calibrations are performed by Calibration Contractor, either in place 
or in their lab.


6. The Calibration Contractor provides an update of the database to the 
Maximo office at the end of each month.
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Description, 
continued


 


7. Mothballed systems that do not require up-to-date calibration will be 
red tagged by the FOF Calibration Contractor Representative to 
indicate that the system is out of calibration and that it must be 
recalibrated prior to operation.  After it is tagged out the items will be 
removed from the calibration recall list and flagged in the MAXIMO 
database.  To reactivate the system, the items are recalibrated and put 
back on the calibration recall list prior to removing the red tag.


8. Metrology Control document, ARC Form 190 and any additional 
data sheets are kept on file by site leaders, master mechanics, or 
maintenance roperty administrator. These calibration records are 
maintained and kept on file for the life of the tool or equipment. NFAC, 
Unitary, and 12ft PWT files are under the custody of the site leader. 
PSCL and HRC are controlled by the master mechanic. 6ft tool crib 
calibration records are kept under the control of the maintenance 
property administrator.


 


Calibration


 


Calibration refers to the confirmation system in place to ensure the 
correct functioning of measuring and test equipment (e.g., physical, 
electrical, mechanical, etc.) used in the demonstration of compliance 
with a specification.  After calibration, the measuring and test 
equipment can be used for making measurements with the intended 
accuracy.  NASA-approved test labs (i.e., contractors) provide most of 
the calibration services.  Contracted test labs establish the calibration 
intervals—which are adhered to by Wind Tunnel Operations 
personnel—in accordance with government and contract requirements. 


 


NOTE


 


Personnel at the N-207 Balanced Calibration Laboratory use procedures 
to calibrate specific property items such as designated levels, balances, 
granite table, etc.  Detailed information is available in the Balanced 
Calibration Laboratory Procedures Manual.


For property sent to contracted test labs, the calibration-related duties 
conducted by personnel are limited to the following:
• Ensure that equipment overdue for calibration is not used.
• Specify for test lab the tolerances of calibration (e.g, follow 


manufacturer’s, use the provided instructions, etc.).
• Prepare property (i.e., affix with Equipment Recall/Calibration tag, 


ARC 518) for test lab, upon notification from the lab, or when it is 
deemed by Wind Tunnel Operations Division personnel that 
calibration is required.


• Maintain files on calibration records.
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Calibration, 
continued


 


• (When applicable) give approval or disapproval for any extra parts or 
repairs needed, before the calibration can be performed.


• Store calibrated equipment in a designated location.


Calibration Process.


Figure 2-4 depicts the general process for calibration.  Responsibilities 
(by title) will differ within the process, depending if the calibration is to 
be conducted in-house or sent to a NASA-approved test lab.  For 
example, Steps 1 and 2 are normally completed by designated Wind 
Tunnel Operations Division calibration personnel.  Step 3 will be 
completed on-site or sent to a test lab and be completed.  Step 4 is the 
responsibility of designated Wind Tunnel Operations Division 
calibration personnel.


Figure 2-4: Calibration Process


1 2


3b


repare all relevant 
calibration 
information


3a File normal 
calibration 


documents, and
(if applicable) 
begin impact 


analysis 
disposition
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Calibration, 
continued


 


Calibration Information and Issues.


Each property item (i.e., equipment) that undergoes an initial 
calibration subsequently has an established calibration interval, 
identified on the respective Metrology Control Document, ARC 190 
form.  “Interval extensions” are occasionally authorized by the test lab 
for a specified period of time.  Calibration tests are conducted on, but 
not limited to designated property items.  Equipment that may not 
normally undergo calibration are clearly identified.


If any extra parts or repairs are needed for the calibration test to be 
conducted, the lab contacts designated personnel to obtain approval, 
before conducting corrective action.  The lab forwards a data sheet, 
documenting the extra costs and why they were necessary.


If equipment is found to be “out of tolerance,” then Wind Tunnel 
Operations Division personnel or (if at external test lab) test lab 
personnel generate a data sheet, which explains the unacceptable 
results and to what extent recalibration or the complete rejection of 
property that may be necessary.  Additionally, the validity of results 
will be assessed and documented.  An investigation will be conducted 
to determine the impact on the item’s recent use.  


Calibration records are kept on file at respective facilities.  Records are 
under the control of designated calibration personnel.  Records are kept 
for a time period consistent with government and contract 
requirements or at defined intervals. 
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3 CMMS (Maximo System)


 


Description


 


This section describes the Computerized Maintenance Management 
System including its related work orders, numbering system, and 
reports.


 


3.1 Introduction to Maximo Maintenance Management


 


Description


 


The Maximo  computerized maintenance management system has been 
adopted to facilitate meeting the needs of the maintenance mission.


This section is an introduction to Maximo's features, architecture, and 
components.


 


Features


 


The Maximo system enables an organization to:
•organize equipment information into a flexible database
•use the various database “modules” to track the information
•generate and track several preventive and corrective maintenance 


work order types
•assist in tracking and ordering tools, parts, and supplies inventory
•generate reports and queries based on information from the 


database
•customize its database to suit specific needs


 


Architecture


 


Maximo is a Windows-based system.  Therefore, it is based on a hierar-
chy of directories and files.


The Maximo package comes with three major subdirectories whose 
functions and hierarchy are shown in the next illustration.


•MAXIMO
•MAXDEMO
•Spool
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Architecture, 
continued


 


Figure 3-1: MAXIMO Hierarchy


 


Maximo menu 
structure


 


Maximo consists of twelve 


 


modules


 


. A module consists of one or more 
screens used to perform related functions.


Once into the Maximo program, a main menu lists all twelve modules. 
Selecting a module routes you to another screen within that module's 
function, such as a module menu or a screen that displays or accepts
data.


The twelve modules are as follows.


Maximo users can then easily “navigate” through these modules to find 
information.


Root directory


                    MAXIMO
• has files for running MAXIMO
• stores user data


                          MAXDEMO
• has files for running the tutorial
• stores a demonstration data base


                         Spool
• stores reports
• stores report status information


 


Module Function


 


Work Order Tracking job plans, scheduling, work order history
Preventive Maintenance preventive maintenance masters
Inventory Control parts, tools, and purchase orders
Equipment and Subassem-
blies


equipment assembly structures


Purchasing PR & PO
Job Plan instruction for writing job plans
Labor craft, labor, labor reporting
Calendar scheduling
Resources vendors, service contracts, tools
Notes note pad
Set-up provides printed reports (SQR)
Utilities permits quick access to information in the 


database (SQL)
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Other topics 
related to 
Maximo


 


To further understand how Maximo has been developed to integrate 
with the Wind Tunnel Operations Division maintenance system, the fol-
lowing sections explain these topics:


•work orders
•work-order types
•smart numbers—identification numbers assigned to each piece of 


equipment/component/subsystem/system
•maintenance process via Maximo


 


3.2 Work Orders


 


Definition


 


A 


 


work order


 


 is a one to two page form that is generated by Maximo. 
Once issued by the Maximo maintenance office, personnel complete the 
form and return it to have that new information incorporated into the 
Maximo system. 


Therefore, the work-order form is the vehicle that provides all the infor-
mation work crews need to complete the job and for Maximo to be up-
dated. 


 


Work-order 
forms


 


Maintenance tasks are divided into two general groups:
•preventive maintenance tasks
•corrective maintenance tasks


Similarly, Maximo produces two general kinds of work-order forms:
•


 


preventive maintenance (PM) work order


 


—With the database 
established, Maximo automatically indicates which PM work orders 
are due to be generated and carried out.  The Maintenance System 
Information Coordinator (MSIC) then accepts or rejects those 
prompts; when accepted, Maximo generates the appropriate work 
orders (usually done at the beginning of every month). 


•


 


“corrective” or other work order 


 


—Generated on an as-needed basis. 
The details of these work orders must be filled in.  The requestor can 
write in, call in, or personally inform the MSIC about the 
information to create one of these types of work orders.  Anyone 
who identifies a need for corrective maintenance may submit a CM 
work order. Refer to Section 2.2 “Establish Corrective Maintenance 
Requirements.”
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Work-order 
forms, 
continued


 


The next pages show 
•an example of a PM work-order form, as generated by Maximo
•a blank corrective work-order form, followed by its instructions for 


completion.


 


Further 
Information


 


See section 2.4 for more information on work-order types.







 
Wind Tunnels Maintenance Manual


 


A027-9391-XB5 3-5 Revision 2


 


Figure 3-2: Preventive Maintenance Work Order Example


PM Master No.:                                 


W.A. No.:                                 
Drawing No.:              


Work Order No: 


Equipment No: ______________________________________________________________________


Org. Code: _________________ Bldg/Fac. _________________________ Loc. __________________


Job Plan No.:                                                                             


SAFETY/SPECIAL INSTRUCTIONS:
___________________________________________________________________________________


COMMENTS:  _


Crafts/Crews
Craft Quant Est/Mhrs Act/Mhrs


______ _______ ________ ________


______
_______ ________ ______________
_______ ________ ________


QTY


_______________________________
_______________________________
_______________________________
_______________________________


Required Parts:
Part No. Description Qty Cost $
_______ _________________________________________________________ _____ ______
_______ _________________________________________________________


_____


______
_______ _________________________________________________________


_____
______


Engineering Analysis Required: Yes [   ] No [    ]
Engineer Concurs: Yes [   ] No [   ] Engineer: ________________ Date: ________________


__________________ _________________ ____________ _____________ 
Date Completed Completed By Supervisor MSIC Initial Date


______ _______ ________ ________ _______________________________


_______ _________________________________________________________
_____


______


FO PREVENTIVE MAINTENANCE WORK ORDER


Add to:           Job Plan  >  Yes   [   ]   No  [   ]                           Equipment History  >  Yes   [   ]   No  [   ]


Special Tools:_______________________________1)
2)
3)
4)
5)
6)


Elapsed Time: 


WTMM1 - 5/98


Frequency: 


Work Start Date:
Date Generated:
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Description


 


The purpose of these instructions is to explain each item on the 


 


Corrective Maintenance Work Order


 


 form for comprehension and 
completion.


Note: For preventive maintenance only, use the form entitled 


 


Preventive 
Maintenance Work Order


 


.


 


About this 
form


 


Use this form for completing any work order 


 


other than


 


 for preventive 
maintenance (i.e., corrective). This form layout is very similar to the 
Preventive Maintenance Work Order form except for the contents of 
block 1 and the added Description box. In contrast, most of the items on 
this Work Order form must be filled in by the crafts/supervisors 
responsible for the work.







FO CORRECTIVE MAINTENANCE WORK ORDER


Work Order No.: _______________________________ Due Date: ________________________________
Prepared By: __________________________________ Work Order Type:* _________________________
Authorized By: ________________________________  Priority: __________________________________
Assigned To: __________________________________  Job/Task Order No: ________________________
Date WO Generated: ___________________________ Work Start Date: ___________________________


Equipment: ______________________________ — _____________________________________________
Org. Code: _________________ Bldg/Fac. _________________________ Loc. ______________________


Description: _____________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________


JOB PLAN:  (Instructions/procedures on how to do the job.)
________________________________________________________________________________________
________________________________________________________________________________________


________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________
________________________________________________________________________________________


SAFETY/SPECIAL INSTRUCTIONS:


_______________________________________________________________________________________


_______________________________________________________________________________________


_______________________________________________________________________________________


_______________________________________________________________________________________


COMMENTS:


CRAFTS/CREWS
CRAFT QUANT EST/MHRS ACT/MHRS
______ _______ ________ ________


______
_______ ________ ______________
_______ ________ ________


SPECIAL TOOLS: Qty
_______________________________
_______________________________
_______________________________
_______________________________


______
______
______
______


Required Parts:
Part No: Description Qty Cost
_______ _________________________________________________________ _____ _________
_______ _________________________________________________________


_____


_________
_______ _________________________________________________________


_____
_________


Engineering Analysis Required: Yes [ ] No [ ]
Engineer Concurs: Yes [ ] No [ ] Engineer: __________________ Date: __________________


__________________ _________________ ____________ _____________ 
Date Completed Completed By Supervisor MSIC Initial Date


* SRWO—Service Request, SRW1—Fac. Service Req., SRW2—Oper. Service Req., RPWO—Repair, 


1


2


3


4


6


7 8


9


11


________________________________________________________________________________________


______ _______ ________ ________ _______________________________ ______


_______ _________________________________________________________
_____


_________


_________


WTMM2 - 5/98, SEND/RETURN TO Maint. Office, M/S N-226-3, x41213


PLEASE FILL OUT THE HIGHLIGHTED AREAS. THANK YOU.


5


CF002-6/9


Failure
[ ] Battery
 [ ] Breaker
 [ ] Brkrcubl
 [ ] Electric
 [ ] Miscell


[ ] Gearbox
[ ] Hazard
[ ] Hydraul
[ ] Mechanic


[ ] Motors
[ ] Plumbing
[ ] Pumps
[ ] Valves


10


 


Figure 3-3: Corrective Maintenance Work Order Form
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Using these 
instructions


 


This procedure applies to the Work Order sample form (Figure 3-3).  In 
these instructions, each number corresponds to a block. 


 


Table 3-1: CorrectiveMaintenance Work Order Form Instructions


 


Block Instructions


 


1 • For the 


 


Work Order No.


 


 field fill in the Permanent number from 
Maintenance Work Order log (far-left column).  Number is 
preceded by CM-.


• For the 


 


Priority


 


 field insert the code for the priority level:
—1(alpha)Complete in 24 hours or less.  Crucial to facility 


operation.
—2(bravo)Complete within 7 to 10 days.
—3(charlie)Complete within 30 days.


• For the 


 


Job/Task Order No.


 


 field fill in 7-character “GO” number 
(Calspan accounting number); obtain from supervisor or Labor 
Work Authorization list.  Follow with a  slash, and insert NASA 
charge number (i.e., T9112A1).


• Fill in the appropriate information into the remaining fields.


2 • For the 


 


Equipment


 


 field, fill in 21-character Smart number if one 
has been assigned; otherwise, fill in 13-character VAX number 
(usually stamped on equipment).  If no number, leave blank. Also, 
fill in equipment description. 


• For the


 


 Org. Code


 


 field, fill in the abbreviation for the organization 
responsible for equipment (CAL, FO, or JF).


• For the 


 


Bldg./Fac.


 


 and 


 


Loc.


 


 fields, fill in the location of the 
equipment.


3 Fill in brief description of work to be performed.


4 • In the 


 


JOB PLAN


 


 field, fill in 10-character number that represents 
equipment/job as assigned by Maintenance System Supervisor. 
Also, fill in a job plan description.


• In the 


 


SAFETY/SPECIAL INSTRUCTIONS


 


 field, fill in any 
necessary precautions to do the work.


5 - 9 Fill in the appropriate information into these blocks.


10 • The 


 


Engineering Analysis Required


 


 field is filled in by a 
supervisor and/or preparer according to job plan or other 
observation.


• If analysis is required, an engineer fills in the 


 


Engineer Concurs 


 


field and must agree to that requirement and approve the analysis 
by signing and dating the form.  Engineering then generates a new 
engineering work order to conduct the analysis.


11 Fill in the appropriate information in this block.
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3.3 Smart Number System


 


Definition


 


The 


 


smart number


 


 is a 21-character alphanumeric number dedicated to 
Maximo for the purpose of defining the location and description of all 
facilities and their associated systems and components. 


 


Form of 
number


 


The basic form of the smart number is:


BLD-SY-SU-EQ-0SE-COMP


Moving from left to right, the code groups (elements) represent a de-
scending hierarchy. In other words, each element represents a subunit 
of the element to its left.  All elements are listed in the Smart Number 
System Chart (Table 3-2).


 


Element 
meanings


 


Each element in the smart number is defined as follows:


 


Table 3-2:  Smart Number Form Elements


 


Element Meaning Comments


 


BLD Building/facility Element code usually consists of the 
last three characters in a building and/
or facility number.


SY System Defined as a combination of equipment 
that perform a complex operation.


SU Subsystem A combination of equipment directly 
related to a system.


EQ Equipment A device that provides a specific pur-
pose.


0SE
(Note:first 
character 
is a 


 


zero)


 


Subequipment A device directly related to a piece of 
equipment. Can also be used to define 
component element.


COMP Component Smallest division is this breakdown. 
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Examples


 


This table contains three examples of smart numbers for three different 
systems.


*


 


Note: 


 


In this particular case, there is no alphanumeric character after
N-226, so a zero takes its place.


Items below the component level are identified as parts under that com-
ponent.


 


Table 3-3: Smart Numbers Examples


 


Element Example of system Code Smart number


 


BLD N-227M (Main drive bldg.) 27M


 


27M


 


-00-00-00-000-0000 


N-227D (Auxiliaries bldg.) 27D


 


27D


 


-00-00-00-000-0000


N226 (6 x 6 SWT) 260*


 


260


 


-00-00-00-000-0000


SY Unitary main drive system MD 27M-


 


MD


 


-00-00-000-0000


Make-up air system MU 27D-


 


MU


 


-00-00-000-0000


Model support system MS 260-


 


MS


 


-00-00-000-0000


SU Liquid rheostat subsystem LR 27M-MD-


 


LR


 


-00-000-0000


Compressor Subsystems CM 27D-MU-


 


CM


 


-00-000-0000


Strut Drive Subsystem SD 260-MS-


 


SD


 


-00-000-0000


EQ Liquid rheostat # LR/0001 27M-MD-LR-


 


LR


 


-000-


 


0001


 


MUA 15KHP motor MT 27D-MU-CM-


 


MT


 


-000-0000


Motor/gear drive MR 260-MS-SD-


 


MR


 


-000-0000


0SE
(as sub-
equip-
ment)


Amplidyne AM 27M-MD-LR-LR-0


 


AM


 


-0000


Motor blower MB 27D-MU-CM-MT-0


 


MB


 


-0000


Reduction gear RG 260-MS-SD-MR-0


 


RG


 


-0000


0SE
(as a 
modi-
fier for 
comp.)


Standby SY-MTDS 27A-CM-LH-LP-0


 


SY-MTDS


 


Main MN-MTDS 27A-CM-LH-LP-0


 


MN-MTDS


High stage HS-MTLC 27D-MU-CM-CM-0HS-MTLC


COMP Motor MT00 27M-MD-LR-LR-0AM-MT00


Blower BL00 27D-MU-CM-MT-0MB-BL00


Bearing BG00 260-MS-SD-MR-0RG-BG00
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3.4 Reports


Description Maximo provides two different means of retrieving information from 
the database: queries and reports.


Queries answer quick questions, providing the information on-screen, 
which can be printed.


Reports include work orders and purchase orders.  Or, they can provide 
a larger quantity of information that can be reviewed and circulated as 
needed.  Reports are usually printed.  Reports can also help track the 
number of hours for:


•Preventive Maintenance
•Corrective Maintenance
•Supporting Operational Tasks
•Supporting Facility Engineering Task


Examples Some examples of reports other than work orders and purchase orders 
are:


•PM Non-performance Report
•PM Six-week Projection Report
•PM In-progress Work Order Report
•Delinquent Work Order Report
•Monthly Work Order Completion Report


Features To suit the needs of the organization, the reports can be used as they 
came with the system (“canned” reports), or they can be customized to 
fit specific needs.


Standard reports are those that are established and issued at various reg-
ular intervals, such as a monthly status report.  Or, personnel can re-
quest specific reports to fit specialized needs, such as a cost summary 
from a specific time frame.  If a nonstandard report becomes more fre-
quently used, it can then be made into a new standard report, or it can 
be recalled or changed only as needed.
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Requesting 
a report


All reports are controlled and generated by the Maximo maintenance of-
fice (the Maintenance System Supervisor and the Maintenance System 
Information Coordinator).  Contact the Maximo maintenance office to 
find out what kind of reports are available and when/how to obtain 
them.


Any NASA or contractor personnel requesting a report should make a 
direct request to the Maximo maintenance office.
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Appendix A Metrics


 


Description


 


The following metrics will be utilized to determine the efficiency of the 
Wind Tunnel Operations Division’s 


 


π


 


maintenance program:


1. Facility Maintenance Up Time.


2. Maintenance labor percentages.
a. Repair (CM) Work %


b. Preventive Maintenance %


c. Facilities Support %


d. Operations Support %


3. Maintenance Backlog (man hours)
a. CM backlog hours
b. PM backlog hours


x 100MUP =
Available Time - Maintenance Down Time


Available Time


CM (repair)
Total Maintenance Hours


x 100


PM Hours 


Total Maintenance Hours
x 100


CM Facility Support Hours


Total Maintenance Hours
x 100


CM Operations Support Hours
Total Maintenance Hours


x 100
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4. PM Completion Rate


5. RCM related metrics
a. Number of man hours expended on RCM effort.
b. Number of PM’s revised
c. PM hours saved
d. Cost avoidance estimated


PM Task Completed


PM Tasks Scheduled
x 100
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Appendix B Facility Condition Assessment


 


Condition 
Assessment 
Process


 


Condition assessment is an ongoing process of determining facility 
deficiencies which are of such magnitude as to require that 
maintenance or repair projects be accomplished to correct those 
conditions.  The deficiencies can be identified through performance of 
PM or PT&I tasks, equipment condition trending, root cause failure 
analysis, or condition assessment equipment surveys.


 


Project List


 


Facility condition assessment is performed on a continual basis, with 
maintenance requirements documented in a Project List, which is 
maintained and updated by the Maintenance Engineering Group.  The 
Project List forms the basis for input to the annual Maintenance 
Requirements Document submitted by the Plant Engineering Branch 
(Code JFP) for Headquarters funding.  The Project List is a categorized 
and prioritized listing of the total Backlog of Maintenance and Repair 
(BMAR) for Wind Tunnel Operations Division facilities.  Projects are 
added to the list as they are identified through condition assessment 
activities, and they are deleted when they are funded and completed, or 
if they are determined to be no longer required.  The projects are 
categorized as repairs (major repairs or construction of facilities 
repairs), replacement of obsolete items, programmed maintenance, or 
maintenance related.


 


Repair 
Program


 


The development and implementation of a major repair program to 
overcome the backlog of Deferred Maintenance (sometimes referred to 
as a “bow wave”) is an essential element in the Center's maintenance 
and repair program.  The Backlog of Deferred Maintenance (BDM) is 
that work which has not been performed due to inadequate 
maintenance funding.  The major repair program has two separate, but 
related, parts:  The budgeted repair program and the Construction of 
Facilities Minor Repair program.


It is important to note that the major repair program differs from minor 
corrective maintenance.  Minor corrective maintenance (a component of 
the Annual Work Plan) is normally scheduled and performed by in-
house crews with individual tasks seldom exceeding $10,000.  Major 
repairs are normally performed by non-support service contractors 
through the competitive bid process and typically do not exceed 
$200,000 per task.  Repairs that exceed $200,000 are normally funded 
through the CofF process.  Maintenance projects can exceed $200,000, 
but the work must fall within the definition of maintenance, not repair 
(ref:  Facilities Maintenance Handbook, NHB 8831.2).
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Replacement 
of Obsolete 
Items


 


The Replacement of Obsolete Items (ROI) program addresses the long-
term needs of the Wind Tunnel Operations Division.  It develops plans 
for projects such as the replacement of obsolete equipment, equipment 
that is repair intensive, unsafe or does not meet electrical or building 
codes.  In most cases the equipment or system is still operational and 
the project would not be construed as repair or corrective maintenance.


 


Programmed 
Maintenance


 


Programmed Maintenance is that maintenance that is cyclical, but on a 
“non-annual” cycle (i.e., the painting of buildings on a 5 year cycle).


 


Unconstrained 
Maintenance


 


Unconstrained Maintenance is that maintenance which would be 
performed if there were no budget constraints.  These are projects that 
are important but not necessarily mission critical at this time.


 


Maintenance 
Related Items


 


Maintenance Related Items are those projects that will allow for safer 
and more efficient maintenance.  While not considered maintenance or 
repair, and therefore, not included in maintenance cost reporting, these 
projects are part of the overall maintenance effort.  In particular, they 
show the effort and investment to make the maintenance program 
more effective and less costly.
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Appendix C Thermographic Inspection Program


 


Thermo-
graphic 
Inspection 
Program


 


Ames Research Center (ARC) has adopted Reliability Centered 
Maintenance (RCM) philosophies to increase wind tunnel productivity 
by reducing downtime due to unscheduled outages caused by 
equipment failure.  This philosophy combines failure mode analysis 
with Predictive Test and Inspection Technologies to monitor critical 
equipment health.  The current Predictive Technologies include, 
Vibration Monitoring and Analysis, Oil Sampling, Airborne 
Ultrasonics,  Motor Circuit Evaluation and Thermography.


The following section will address the thermography capabilities and 
uses in theWind Tunnel Operations Division facilities.


 


Definition Of 
Thermography


 


Infrared Thermography (IRT) is the application of infrared detection 
instruments to generate pictures of temperature differences 
(thermogram).


The test instruments used are non-contact, line of sight, thermal 
measurement and imaging systems.  Because IRT is a non-contact 
technique, it is especially attractive for identifying hot/cold spots in 
energized electrical equipment, large surface areas such as boilers and 
building walls, and other areas where “stand off” temperature 
measurement is necessary.


 


Emissivity


 


The radiation characteristics of a body, surface texture, material, and 
color, all contribute to changes in emissivity.  A perfect emitter, a “black 
body,” has an emissivity of 1.0.


The infrared camera detects electromagnetic radiation.  If a body is not 
a perfect emitter, then it has additional characteristics: Reflection and 
Transmission.  The sum of emissivity, reflection, and transmission 
equals one (E + R + T = 1).  What this means to the thermographer is 
that the energy measured by the IR camera may come from a source 
other than the target of interest.


Emissivity will vary for any given material, at different  temperature, 
viewing angle, and/or surface finish.  Organic material emissivity 
tends to decrease with an increase in temperature.  Emissivity of metals 
tends to increase with temperature.  For these reasons, some 
approximate emissivity values are listed in the following table.
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Emissivity, 
continued


 


Following are some approximate emissivity values of different 
materials:


MATERIAL EMISSIVITY VALUE


Polished Metals: Less than .2


Copper .05
Brass .03
Aluminum .09
Iron .28
Unknown .15


Dull (Oxidized) Metals: .20 to .80


Copper .78
Brass .60
Aluminum .40
Iron .74
Unknown .75


Emissivity Values Cont.


Common Items:


Skin .98
Paint .80 to .95
Plastic .95
Scotch 191 .97
Wood .78
Brick .95
Stone .92
Concrete .94
Unknown .95 to .98


The IR camera has an emissivity setting that should be set to the 
emissivity level of the material to be examined.
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Thermographic


 


 
Applications


 


Qualitative vs. Quantitative


IRT inspections are identified as either qualitative or quantitative.  The 
quantitative inspection is interested in the accurate measurement of the 
temperature of the item of interest.  To perform a quantitative 
inspection requires detailed knowledge and understanding of the 
relationship of temperature and radiant power, reflection, emitance, 
environmental factors, and the detection instrument limitations.  This 
knowledge and understanding must be applied in a methodical fashion 
to properly control the imaging system and obtain highly accurate 
temperature measurements.


 


Quantitative inspections are rarely needed in facilities applications.


 


The qualitative inspection is interested in relative differences, hot and 
cold spots, and deviations from normal or expected temperature 
ranges.  The knowledge and understanding discussed above is needed 
in order to perform a meaningful inspection.  However, qualitative 
inspections are significantly less time consuming because the 
thermographer is not concerned with highly accurate temperature 
measurement.  What the thermographer does obtain is highly accurate 
temperature differences (delta T) between like components.


For example, a typical motor control center will supply three-phase 
power through a circuit breaker and controller to a motor.  Current flow 
through the three phase circuit should be uniform, which means that 
the components within the circuit should have similar temperatures, 
one to the other.


Any uneven heating, perhaps due to dirty or loose connections, would 
quickly be identified with the IRT system.  Because the many variables 
that influence the quantitative inspection (reflection, emitance, etc.) are 
the same between like components, the thermographer can quickly 
focus on the temperature differences.  The factors important to a highly 
accurate temperature measurement have very  little influence on the 
temperature differences between like components.


IRT can be utilized to identify degrading conditions in facilities 
electrical systems such as transformers, motor control centers, 
switchgear, switchyards, or power lines.
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Thermographic


 


 
Applications, 
continued


 


In mechanical systems, IRT can identify blocked flow conditions in heat 
exchangers, condensers, transformer cooling radiators, and pipes.  It 
can also be used to verify fluid levels in large containers such as fuel 
storage tanks and identify insulation system conditions in building 
walls and roofs, or refractory in boilers and furnaces.


Unless requested otherwise, the thermographer will normally only 
provide an exception report consisting of faults/finds.  Reporting 
methods and procedures will be discussed further in the “Reporting” 
section of this document.


 


Safety


 


IRT technology is very safe, but there are some issues to be aware of. 
When inspecting energized electrical equipment, compliance with  
local safety requirements, especially NFPA 70E shall be followed.  
OSHA has adopted this as the standard.


Energized circuits are defined as uninsulated and energized at any 
voltage 


 


or


 


 insulated and energized at 300 volts or higher.  The closest an 
energized circuit is to be approached without special protection and 
training is:


(Without special protection and training)


VOLTAGE DISTANCE (Ft.)


< 750 3


750- < 2,000 4


2,000- <15,000 16


15,000 - < 36,000 19


over 36,000 Calculate
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Safety, 
continued


 


(Approach Distances for qualified Employees.)


VOLTAGE DISTANCE (Ft.)


300 AND LESS AVOID CONTACT


> 300 


 


≤


 


 750 1


> 750 


 


≤


 


 2kV 1 ft.  6in.


>2kV 


 


≤


 


  15kV 2 ft. 


>15kV


 


≤


 


 37kV 3 ft.


> 37 kV


 


≤


 


 87.5 kV 3 ft. 6 in.


> 87.5 kV


 


≤


 


 121kV 4 ft.


> 121kV


 


≤


 


 140 kV 4 ft. 6 in.


The distances in the tables include the camera.  For voltages over 
36,000v, see the formula in the NFPA 70E code, to calculate the 
minimum distance.


 


A minimum of two persons is required to perform thermographic 
inspections on energized electrical circuits.


 


Electrical 
System 
Requirements


 


IRT technology is useful in several PT&I applications.  It is most often 
thought of as a way of safely inspecting energized electrical circuits in 
order to identify “hot spots” which typically indicate high resistance 
connections or other circuit defects.


 


All critical electrical distribution equipment (switchyards, 
switchboards, motor control centers, transformers) will be inspected 
on an annual basis.


 


Inspection in this manner does not take the place of cleaning.  IR 
inspections will be used in lieu of hand tightening connections.
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Electrical 
System 
Requirements, 
continued


 


Inspections should be scheduled prior to cleaning the switchboards in 
order to identify circuits or components that should be scheduled for 
repair.  When available, an ultrasonic noise detector will be used in 
conjunction with the IRT inspection.


The detector can sometimes detect electrical arcing that may not be 
visible (line of sight) to the IRT imaging system.


 


Circuit 
Loading


 


Circuits should be loaded as much as possible for the IRT inspection, 
for this reason the IRT inspection will be scheduled when power usage 
is high.


 


Minimum load for an effective inspection is 40%


 


Practical 
Methods


 


A practical method, and one that makes the best use of time, is to open 
or remove all switchboards and panel covers before the inspection.  
Access to open switchboards and panels will need to be controlled 
through the use of barriers and locks when the covers are open.


With the circuits energized and loaded, the thermographer will inspect 
all circuits in the specified area.  The thermographer will then move to 
the next area to be inspected with little time lost waiting for panels to be 
opened.   Often it will not be possible to operate all equipment in a 
single Motor Control Center (MCC) or switchboard.  In these cases, the 
equipment lineups will be shifted and the thermographer will return to 
complete the inspection.


When all circuits have been inspected, the panels shall be replaced.
The opening and closing of panels can be scheduled for an off shift or 
other time when power usage is low.


Most electrical problems are generally related to loose or incorrectly 
installed connectors.  Other problems include unevenly (unbalanced) 
loaded circuits, improperly sized or corroded connections, dirty or 
broken insulators, and broken or oxidized strands within cables.  The 
camera can also be used to identify poor brush performance on slip 
rings and commutators.


Note that corona discharge occurs in the ultraviolet region of the 
electromagnetic spectrum and is not detected with IRT.  The ultrasonic 
noise detector is useful in detecting active corona discharge.
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Evaluating 
Faults And 
Setting Repair 
Priorities


 


In-service condition for electrical and mechanical systems will be 
assessed and work prioritized based upon the temperature difference 
criteria (delta T) guideline.


TEMPERATURE DIFFERENCE CRITERIA (


 


∆


 


 T) GUIDELINE


 


∆


 


 T DESCRIPTION PRIORITY


< 20° F. No immediate corrective action required NONE


20° to 40 °F. Corrective action should be taken at the next 3
scheduled maintenance period.


40° to 80° F. Corrective action should be taken at the first 2
available opportunity.


> 80 °F. Corrective action is required immediately. 1


NOTE: Absolute temperature criteria should be based on material of 
construction and application.


When assigning work priority, the thermographer should shift the 
priority to operations based upon system conditions, usage, or 
criticalness.  For example, in electrical systems, the differential 
temperature will be influenced by the electrical  load.  A system that is 
50% loaded and has a  27° F temperature difference could be assigned a 
Priority 2/Urgent status if the thermographer expects the system to 
operate at a higher load.


 


Reports


 


Items that require immediate attention will be reported verbally to the 
supervisor at the time of inspection, so that corrections can be made, 
then documented in a written report.


Written Reports should identify for each fault:
• Date of inspection
• Inspector's Name
• Location of fault  (Building, MCC, Panel number, etc.)
• Description and fault priority
• Conditions (such as electrical load)
• Recommendations







 
Wind Tunnels Maintenance Manual


 


A027-9391-XB5 D-1 Revision 2


 


Appendix D FOF Maintenance Engineering Group
Vibration Analysis Program


 


Description


 


Ames Research Center (ARC) has adopted Reliability Centered 
Maintenance (RCM) philosophies to increase wind tunnel productivity 
by reducing downtime due to unscheduled outages caused by 
equipment failure. This philosophy combines failure mode analysis 
with Predictive Test and Inspection Technologies to monitor critical 
equipment health. The current Predictive Technologies include, 
Vibration Monitoring and Analysis, Oil Sampling , Airborne 
Ultrasonics,  Motor Circuit Evaluation, and Thermography.
The following section will address the vibration analysis program and 
uses in the Wind Tunnel Operations Division facilities.


 


Purpose  Of 
Vibration 
Analysis


 


Of all the parameters that can be measured by the various predictive 
technologies of today, none can provide as much information as the 
vibration signature. Even though information provided by the other 
techniques is very useful, the fact remains that the vibration signature 
contains more information about the machines health and operating 
characteristics than any other parameter.


The capabilities to extract and analyze vibration data have increased 
dramatically in the last 10-15 years and many different industries are 
utilizing the technology for increased cost savings and reductions in 
downtime.


 


Vibration Data 
Analysis 
Objectives


 


Use the following information to carry out vibration data analysis 
objectives.


1


 


. 


 


Simplify and reduce the vibration data into an easily interpreted 
format.


2. Correlate vibration characteristics with machine features. Identify the 
fault frequencies associated with possible machine faults.


3. Provide a consistent, repeatable measurement of vibration.
4. Identify changes in characteristics associated with time and/or 


operations (trending).







 
Wind Tunnels Maintenance Manual


 


A027-9391-XB5 D-2 Revision 2


 


Methods Of 
Data 
Collection


 


There are two methods of vibration data collection currently being used 
by FO. 


1. One method is that of automated on-line systems which will 
automatically collect  data when the machine train is operated. This 
system utilizes inputs from proximity probes, accelerometers, 
thermocouples and RTD's. This data can be trended over time making it 
possible to detect any deviations in the operating signature of the 
machine. This method is mainly used on the larger rotating equipment 
with fluid filled babbit bearings, where accessibility is limited  while in 
operation, and the constant acquisition of data necessary.


2. The other method of vibration data collection is done with route 
based, hand held, dynamic signal analyzers (DSA). These data 
collection tasks are directed from preventive maintenance (PM) work 
orders generated by the CMMS (Maximo) system. This method 
primarily uses accelerometers as the pickup transducers.


Motors included in the route based vibration analysis program have 
been determined to be :


1) Critical to operations
2) High replacement cost
3) Both of the above


 


Procedure For 
Setting Up A 
Route Based 
Machine


 


Once a machine has been designated for vibration analysis, it must be 
“set up” in order to start acquiring data. The following will address the 
series of steps that need to be taken in order to accomplish this.


 


Step Action


 


1


 


Identify machine for analysis.


 


2


 


Collect machine information (Data plate, drawings, 
catalogue cuts, etc.) Determine the possible forcing 
functions present in the machine.


 


3


 


 Identify the location of measurement  points to best 
monitor the forcing functions. Data must be collected in the 
correct plane to properly diagnose  the vibration. Data on 
rotor bearings shall be collected in two planes : Radial and 
axial.
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4


 


Install vibration sound disks to data point locations. 


Sound Disks: Sound disks should be manufactured by fly-
cutting alloy 410 or 416 bar stock.
The disks should be one-inch in diameter and 
approximately 3/8 inch thick. “Locktite Depend” or JB weld 
should be used to affix the disks to the monitoring locations.


 


5


 


Set up vibration analysis software (Mastertrend).


 


6


 


Enter machine descriptions, data, and codes into 
appropriate database. If database does not exist, one must 
be created.


 


7


 


Identify station and machine(s).


 


8


 


Identify data points and assign the appropriate analysis 
parameter sets and alarm limit sets.


 


9


 


Calculate and enter machine fault frequencies into database 
when possible.


 


Step Action
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Appendix E Laser Alignment and Balancing


 


This section will be included at a later date.
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Appendix F Motor Circuit Evaluation


 


This section will be included at a later date.
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Appendix G FOF Oil Analysis Goals


 


Short Range 
Plans


 


1


 


. 


 


Identify systems (critical and non-critical) that would benefit from oil 
analysis.


2. Identify correct locations for oil sample points (primary and 
secondary) and install hardware, if necessary, to properly retrieve oil 
samples.


3. Place placards on all oil sample points.


 


NOTE


 


Placards are to be yellow with black writing saying “Oil
Sample Point.”


4. Determine frequency of sampling using the Oil Analysis Frequency 
Tree.


5. Enter oil sample task into the CMMS so that PM will be generated at 
the specified interval.


 


NOTE


 


Since we are currently using an outside service to perform 
analyzation, it is important that we supply pertinent
equipment information along with the oil sample.


This information will include:
a) Unit identification number and/or serial number
b) Manufacturer and model of the equipment/Type of


equipment
c) Type of Lubricant/MSDS sheet information regarding


additives
d) Other pertinent data i.e.: Sump capacity, types of filters, 
operating conditions, etc.


This information only has to be supplied once. The outside
service will enter this information into their database and
track the samples by the unit ID number.


6. Identify a person to be in charge of sending out samples and 
receiving the data.This person will be the point of contact (POC) 
between Ames and the outside service.


7. Keep FOF Maintenance Management Office informed of any 
discrepancies.
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Medium 
Range Plans


 


1. Establish each systems cleanliness target levels by assessing the 
systems sensitivity to particle contamination and the cost of failure.


2.Enter target levels into the CMMS system.


3.Trend analysis results and add alarm limits that correlate to the target 
cleanliness levels.


4.Determine who will be responsible for sample data analyzation and 
entering the data into the trending program.


 


Future Plans


 


1.Establish trending and alarm capabilities utilizing the CMMS system.


2.Use particulate counting analyzation as a standard unless particle 
counts have reached their target levels at which point a spectrochemical 
analysis shall be performed.


 


Fluid 
Sampling 
Procedures


 


This section will demonstrate the proper way to sample fluids and 
achieve accurate results.


 


Step Action


 


1


 


Use a new, clean bottle that was especially made for oil 
sampling. Do not reuse other containers. (cans, jars, etc.)


 


2


 


When taking a sample from a reservoir, the fluid should be 
collected several inches away from the side of the tank. 
Never fill the bottle completely.


Fill the bottle approximately 75% full.


 


3


 


When taking a sample from a test port (valve), always flush 
the test port first, letting fluid flow into a waste oil container 
for a few seconds.


 


4


 


Seal the sample bottle immediately after taking a sample, 
and only use the respective cap for that bottle. The bottle is 
not to be opened until testing is performed.


 


5


 


Sample bottles need to be agitated for 15 minutes before the 
sample can be properly tested.
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General Oil 
Sampling 
Guidelines


 


Use the following guidelines when taking an oil sample.


1. Sample at operating machine temperature.
2. Sample within 10 minutes of typical operating conditions.
3. Always sample from the same point using the same procedures.
4. For machines requiring frequent oil changeouts, always sample at 


same time intervals after changeout.
5. Do not sample immediately after oil change or the addition of 


makeup fluid.
6. Analyze within 48 hours of taking sample.


 


Hydraulic 
Fluids


 


Use the following guidelines to take hydraulic fluid samples.


1. Sample on return line before filtration.
2. Sample downstream of work-end components.
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1.0 Introduction 


1.1 Purpose 
This guide is a companion document to the Test Process Manual 
(A027-9791-XB4) developed by the Wind Tunnel Operations Branch that fully 
describes the test operations and test management process.  The Data 
Management Manual outlines the instrumentation and data system processes, 
documents, and information associated with wind tunnel testing.  The guide is 
intended to ensure that all Wind Tunnel Data Systems Branch (Branch) 
instrumentation, computations, and development personnel support tests to 
similar standards.  In addition, the purpose of this guide is to ensure good 
communication within the branch and to serve as a core document for 
personnel training.  Separate sections of this guide cover organizational 
responsibilities and required documents used during the various phases of the 
test process.  References to other manuals that describe the functioning of the 
facilities are found in Appendix A. 


1.2 Scope of Facilities 
The test process described in this guide applies to the following wind tunnel 
facilities. 


• Unitary Plan Wind Tunnels 
• other facilities as required 


1.3 General Test Process Flexibility 
Each of the facilities listed above provides a unique experimental capability 
and has unique requirements for test planning and execution.  Similarly, each 
facility has unique instrumentation and data requirements.  Even within a 
facility, requirements can differ significantly from test to test.  Aero Acoustic 
tests will, most likely, have vastly different requirements than a fixed wing 
model in the same facility. 


The time and resources needed for development and execution of a test can 
vary greatly depending on the complexity of the test as well as requirements 
for sensor, pressure connections, and cable installation during model 
development.  Although not all tests will require the full support systems 
described in this guide, a common base for Branch activities ensures that all 
tests meet common milestones and undergo a common requirements gathering 
and instrumentation and data system planning process. 


2.0 Test Administration and Personnel 
Tests conducted in the wind tunnels at NASA Ames Research Center are 
typically elements of larger research and development programs.  The intent of 
this manual is to focus on the Branch personnel that are directly involved in the 
test process. 
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2.1 Wind Tunnel Operations at NASA Ames 
The Wind Tunnel Division is responsible for operating and maintaining the 
major wind tunnels at NASA Ames Research Center.  The Division provides 
management oversight of the test process.  The Division organizational chart is 
shown in Figure 1.  Responsibilities of key Division groups and personnel are 
defined in sections that follow. 


The Wind Tunnel Systems Branch is responsible for all aspects of the collection 
of data for a wind tunnel test.  Branch instrumentation engineers, 
instrumentation technicians, software engineers, and computer technicians are 
responsible for the preparation, installation, and operation of data acquisition 
components and systems for each test.  Detailed responsibilities are described 
in Section 2.3. 


2.2 Test Team 
The key members of the Test Team are the Test Manager, the Customer 
Representative, and the Research Coordinator.  Branch personnel are assigned 
to the test as a support group.  During the early phases of the test, the 
Instrumentation Engineer and the Computations Group Leader are the primary 
interface to the Test Team (in particular the Test Manager) and the Customer.  
They, in turn, provide the necessary information to Branch management and 
staff.  The general responsibilities of the Test Team are described in Sections 
2.2.1 - 2.2.3 and the support team in Section 2.3.  The Test Team is assembled to 
plan, execute, and complete a test campaign within schedule, cost, and resource 
constraints. 


2.2.1 Test Manager 
The Test Manager is a Division test engineer.  The primary responsibilities of 
the Test Manager are to work with the Test Team to: 


• Plan a test to meet or exceed all test requirements 
• Prepare and document all required test systems 
• Assure data quality 
• Direct safe test operations 
• Assure all established test planning, execution, and closeout procedures 


are followed 
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Figure 1:  Wind Tunnel Management 
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The Test Manager is the primary interface for the Test Team and establishes the 
test plan for Data Systems Branch Test Team members to support.  The Test 
Manager must be advised of all revisions to test agreements.  The Test Manager 
must approve all significant changes to the test plan. 


2.2.2 Research Coordinator 
A Research Coordinator from the NASA Ames research staff may be assigned 
to tests with an outside Customer to coordinate in-house test technology 
support activities.  This individual negotiates research objectives and priorities 
with the Customer.  During the test, the Research Coordinator may be called 
upon to support the Test Manager. 


2.2.3 Customer 
Each test has one Customer who is designated to be the lead contact for the 
Division.  This individual, known as the Customer Representative, acts as the 
primary spokesman for the customer.  When multiple customer organizations 
are collaborating on a test, one customer shall be designated as the Customer 
Representative.  The Customer Representative is responsible for 
communicating test requirements and determining if the test objectives have 
been met.  The Customer can be industry, NASA, or another government 
agency.  The Customer Representative should be identified during the test 
request phase when more than one agency and/or company are involved. 


While the Customer Representative and the Research Coordinator are also 
important members of the Test Team, all change requests must be routed 
through the Test Manager or the Shift Engineer.  Resources should not be 
committed without the Test Manager's review and approval. 


2.3 Branch Responsibilities 
Branch personnel, who are divided into two groups, have the responsibility to 
manage test data from the receipt of the customer specifications to final 
transmittal to the customer and archiving of the data.  Specifically the 
responsibility of each group are described below.: 


2.3.1 Instrumentation Group 
The Instrumentation Group is responsible for developing, implementing, 
checking out, calibrating, operating, and maintaining an instrumentation 
system that meets customer requirements.  The project Test Team usually 
includes one or more Instrument Engineers (IEs) and one or more Instrument 
Technicians (ITs) from this group who support the test under the direction of 
the Test Manager or his/her deputy.  IEs and ITs are assigned to a wind tunnel 
test as the Point of Contact for instrumentation issues for the Test Engineers 
and Customers. 


An IE is selected from the pool of IEs to lead and direct all instrumentation 
activities such as planning, configuration, procurements, documentation, and 
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instrumentation implementation for a specific test.  The ITs work under the 
guidance of the lead Instrument Engineer and are responsible for fabricating, 
installing, in-place calibrating, troubleshooting, and eliminating discrepancies 
on any of the instrumentation systems. 


The Instrumentation Group also contains sub-functions that provide the 
necessary infrastructure to support wind tunnel tests.  Instrumentation Group 
members are also assigned to system and facility maintenance and repair roles 
such as signal conditioning service, surface pressure instrumentation service, 
equipment pool support, engineering drawing maintenance, balance 
calibration, and facility instrumentation systems. 


Members of the Instrumentation Group are also System Owners and are 
assigned to the wind tunnel facility systems to ensure that the institutional and 
test-dependent systems are kept up-to-date and fully functional and calibrated 
when needed to support a customer requirement.  System Owners develop 
checkout and calibration procedures and processes to assure quality data from 
the wind tunnel measurements and maintain instrumentation documentation 
for their systems.  They are responsible for assuring that the model preparation 
rooms and the control room are ready for occupancy when new tests arrive.  
They also maintain the stock of tools and instrumentation consumables 
required for model preparation and test operation.  They are also available to 
the Test Team as an additional resource for troubleshooting during test 
operations. 


2.3.2 Computations Group 
The primary functions of the Computations Group is to develop, verify, and 
install the test dependent computations and operate the wind tunnel and prep 
room data acquisition and related data reduction systems.  This group provides 
in-tunnel and post-test Computer Systems Technician support and delivers the 
test dependent software and the data to the Test Manager for archiving.  The 
software life-cycle process is shown in the flow chart presented in Section 3. 


The Computations Group consists of two functional areas: Software 
Programmer Analysts and Computer Systems Technicians (CSTs).  The 
primary roles and responsibilities of the Computations Group are: 


Software Programmer Analysts 


• Help Test Manager translate Customer requirements into test software 
specifications. 


• Prepare and set-up the test dependent software. 
• Verify the test dependent software meets the specifications. 
• Train the Computer Systems Technicians as required. 
• Provide on-call test-dependent software trouble-shooting. 


Computer Systems Technicians 
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• Operate and support multiple data systems (and SDS). 
• Monitor data system during test operations. 
• Generate reporting and plotting files. 
• Provide data entry and parameter updates. 
• Provide customer training on the use of the data system. 
• Provide the "front-line" trouble-shooting of hardware and software. 
• Generate data transmittals as specified by the Test Manager. 


2.3.3 Shared Responsibilities 
In addition to test support, data systems development is a shared responsibility 
between the two groups.  Individual System Owners are also responsible for 
the upgrade and replacement of their respective systems.  The Wind Tunnel 
Systems Branch has the responsibility for design of data acquisition and data 
reduction systems, and advanced instrumentation systems to meet customer 
requirements.  In addition, the System Owners are responsible for 
enhancements and bug fixes for their systems.  The System Owner’s role in the 
testing process is to provide new or enhanced capabilities to the data systems, 
or instrumentation systems that are required to support an upcoming test 
requirement. 


The Wind Tunnel Systems Branch responds to customer needs, which are 
presented at the Test Justification or Test Planning Meetings that are not part of 
the existing system capability.  These requests are evaluated and put onto the 
prioritized data system worklist.  The System Owners are responsible for 
training the operations personnel on new features or functions provided for the 
data systems, or instrumentation systems.  When participating in the creation 
of a new capability, the Shift Instrumentation Technician or Computer Systems 
Technician works under the guidance of the System Owner and is responsible 
for fabricating, installing, calibrating, and troubleshooting new data system or 
instrumentation system features or functions which are to be implemented in 
the wind tunnel control or prep rooms. 
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3.0 Overall Data Management Process 
The Wind Tunnel Systems Branch is responsible for the management of the 
data for a test.  The Ames Test Process is divided into four phases:  request, 
planning, execution, and closeout.  A flowchart of the process is shown in 
Figure 2.  A simplified Data Management Flow Chart can be found in Figure 3.  
A Test Process Nominal Timeline, Figure 4, shows average times for the 
conduct of meetings and the delivery of documents required during the test 
process.  The times are suggested and can be negotiated during the test request 
and early test planning phases.  The software life-cycle process, followed by the 
Computations Group, is shown in the flow chart in Figure 5. 


The Branch has little or no involvement during the initial Test Request Phase.  
The establishment of data and instrumentation requirements begins during the 
Test Planning Phase.  The development and implementation of the 
Instrumentation Plan and Software Applications continues during this phase 
and results in a final instrumentation configuration which is installed, 
operated, and monitored during the Test Execution Phase.  During the Test 
Closeout, Branch staff executes the final computations and deliver computed 
results to the Customer (through the Test Manager). 


4.0 Test Request Phase 
The Test Request Phase extends from initial contacts between the Customer 
and the Division for formal NASA approval to conduct the test.  A Test 
Justification Meeting is required for all prospective tests in the Division 
facilities.  This meeting is scheduled following initial inquiries by the Customer 
and generally after receipt of the Test Request.  The purpose of the Test 
Justification Meeting is for the Customer and any other test sponsor(s) to 
discuss the technical need/basis for the investigation and use of a Division 
facility with NASA Ames Management.  The Test Justification Meeting results 
in a decision to accept the test, gather more information, or reject the test.  All 
Wind Tunnel Branch Chiefs and Group Leaders are generally participants in 
this meeting.  There is no other Data Management activity during this phase of 
the test. 
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Wind Tunnel Test Process 


 


Figure 2:  Wind Tunnel Division Test Process 
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Figure 3: Data Management Process 
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Figure 4: Test Process Nominal Timeline 
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5.0 Test Planning Phase 
The establishment of data and instrumentation requirements begins during the 
Test Planning Phase.  The test planning phase extends from the Division’s 
receipt of the Test Requirements Document from the Customer to completion 
of the Test Readiness Review.  Test planning documentation and test systems 
(including instrumentation, software, facility, and model systems) are prepared 
and checked out by the Customer and Test Team during this phase. 


5.1 Test Requirements Document (from the Customer) 
The purpose of the Test Requirements Document (TRD) is for the Customer to 
provide a concise definition of the current test requirements with sufficient 
detail to provide a basis for evaluation by the Test Team.  A description of the 
Test Requirements Document is found in the Test Planning Guide for High 
Speed Wind Tunnels (A027-9391-XB2.  The TRD should be delivered to the 
Division at least one week prior to the Initial Test Planning Meeting. 


Instrumentation and test computational requirements are included in the TRD.  
The Customer is asked to describe requirements for the primary measurements 
such as balances, surface pressures, and angles.  In addition, the customer is 
requested to define data computation requirements, as well as any advanced 
measurement systems needed for a wind tunnel test.  The customer should 
define such requirements as: 


• Number of sensors 
• Types of transducers 
• Range and Loads 
• Accuracy Requirements 
• Measurement Rates  
• Who provides transducers/equipment 
• Who calibrates transducers/equipment 
• Test dependent computations and reporting 
• Personnel coming and their role in data management 
• Communications (networking) requirements to on-site and off-site 


computers 
• Customer computational and printing requirements 


5.2 Initial Test Planning Meeting 
After the Test Team reviews the Test Requirements Document, an Initial Test 
Planning Meeting is scheduled.  During this meeting, the Customer, the Test 
Manager, and the Test Team discuss the details regarding test requirements.  
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The information from the Initial Test Planning meeting is used to generate the 
Customer Agreement.  Instrumentation and data processing requirements are 
discussed during this meeting.  A sample of an agenda for the Initial Test 
Planning Meeting can be found in the Test Process Manual's Appendix C. 


5.3 Customer Agreement 
When the appropriate Test Support Groups, Division Management, Customer, 
and the Test Team have agreed to all requirements, the Test Manager, in 
conjunction with the Customer, generates a detailed Customer Agreement 
Document.  This document describes the Division and Customer deliverables 
with appropriate milestones and dates identified. 


Specifically, the Customer Agreement should include all necessary 
instrumentation and software requirements and commitments to ensure that 
the Branch can meet or exceed customer expectations.  Both the Branch and the 
Customer shall clearly understand their respective responsibilities for 
instrumentation components and data computations. 


5.3.1 Test Requirements Document and Measurements Requirements List 
As a follow-on to the Customer Agreement, the Customer is asked to complete 
the Test Requirements Document (TRD) before the Initial Test Planning 
Meeting.  In addition to the TRD, the Branch requires the Customer to complete 
a list of instrumentation requirements. This document  (example in Appendix 
B) is a list of measurement parameters that give the details on the specific 
sensors and measurements that will be taken during the test. 


The Customer gives the TRD to the Test Manager, who in turn develops a 
Software Specification Document that details the computational parameters, 
standard and test dependent computations to be performed. In addition, the 
Test Manager develops a Measurements Requirements List (MRL) which 
details both the customer and facility measurements to be collected.  The MRL 
is given to the Instrumentation and Computations Group Leaders for approval 
and implementation. The instrumentation engineer assigned to the test is 
responsible for developing the Instrumentation Plan. 


5.4 Data Management Documents 


5.4.1 Instrumentation Measurement Report (IMR) 
The Instrumentation Engineer (IE) is responsible for developing an 
Instrumentation Measurement Report (IMR) (see A006-9861-XM3) which, after 
being reviewed, is given to the Computations Group and the Instrumentation 
Technicians.  The IMR provides the programmers with the information 
required to write the test-specific data acquisition software and the 
instrumentation technicians some of the details required for hardware 
implementation. 


Included in the IMR, as appropriate, should be: 
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• Channel assignments 
• Gains and filter settings 
• Data acquisition rates 
• Measurement coefficients 
• Measurement IDs 
• Pressure measurement hookup information  


5.4.2 Instrumentation Plan 
To fulfill the instrumentation requirements of a test, the Instrumentation 
Engineer assigned to the test develops an Instrumentation Plan.  Throughout 
the test, the IE assembles documents as a part of the Instrumentation Plan.  The 
documents that are included are dependent on the complexity of the test and 
could include the following as determined by the IE. 


• A copy of the Measurements Requirements List (MRL) 
• * Instrumentation Measurement Report 
• * ESP Scanner Port Mapping Key (if pressure measurements are to be 


collected) 
• Instrumentation Implementation Plan (i.e.:  a project schedule) 
• Procurement List 
• Calibration List (Test Dependent Equipment) 
• * Interconnect Block Diagram 
• * Cable wiring diagrams 
• Check lists for instrumentation engineers and technicians 
• Meeting Minutes 
• Verification and validation records 
• Instrumentation Baseline Data 
• Copies of Instrumentation related TDR/TCR Forms 


During the test, the Instrumentation Engineer maintains records of logs, test 
changes and revisions.  At the end of the test all “starred” items above along 
with a copy of the IE/IT test logbook are archived as part of the “Test Book.” 


5.4.3 Software Specifications 
The Test Manager translates the customer's software requirements into 
Software Specifications using the forms described in the "User's Guide for SDS 
Test Requirements Forms", A027-9891-XB2. The applications programmer 
translates the Test Manager’s Software Specifications into the required 
reduction software. 


Included in the Software Specification should be: 
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• A general overview of the test and any unusual test characteristics 
described. 


• A description of which standard facility measurements and computations 
will be used.  i.e. Balance, model position, tunnel conditions, 
temperatures, and surface pressures. 


• A definition of the non-standard (test dependent) equations to be coded. 
• A description of the customer requested reporting and plotting 


requirements.   


When reviewed and approved, the specification is placed under configuration 
control.  Revisions to the specifications must then follow the procedures 
outlined in the "User's Guide for SDS Test Requirements Forms", 
A027-9891-XB2. 


5.4.4 Instrumentation Measurement Report (IMR) Review 
The Instrumentation Engineer conducts a review meeting of the 
Instrumentation Measurement Report (IMR) after the Instrumentation Plan is 
completed.  The attendees include the Test Manager, Branch Management, and 
peers.  Subsequent reviews may be conducted by the IE depending on the 
complexity of the project. The IE files the meeting minutes as part of the 
Instrumentation Plan. 


5.5 Test Planning Meetings 
An official Test Planning Meeting is schedule by the Test Manager and is 
attended by the Test Team Leaders (e.g., Customer, Test Manager, Lead 
Instrumentation Engineer, Software Developer) as well as Division/Branch 
management and the Customer.  The high-level objectives and requirements 
for the test are discussed, test dependent systems are identified, and 
preliminary roles and responsibilities are discussed.  Afterwards Branch 
personnel attend test planning meetings scheduled at intervals specified by the 
Test Team Leaders and based primarily on the complexity of the test.  A Test 
Planning Meeting is a working meeting that provides an opportunity for the 
Test Team to assemble face to face, exchange information, and gain a "big 
picture" view of the test development.  This is especially important when an 
outside organization is involved, or if off-site work is in progress.  The Test 
Team Leaders establish the format of the meetings.  Team members directly 
responsible for the various aspects of the test preparation are encouraged to 
participate in this activity. 


5.6 Test Dependent Systems 
Requirements for test dependent data and instrumentation system functions or 
features are gathered at the Test Justification Meeting or Test Planning 
meetings.  For requirements that require new hardware or software 
development, the Development Group Lead passes these new requirements to 
the Data System Project Manager for assessment to determine cost and 
schedule to implement.  The Data System Project Manager provides the 
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following information to the Development Group Lead and Branch 
Management for approval: 


• Recommended approach 
• Resources required to implement 
• Cost estimate for personnel or HW/SW 
• Impact to other projects 


Once approved the item is added to the data system worklist and the design 
and implementation commence.  The final stages of implementation include 
testing and training to the Instrumentation and/or Computations Groups.  
Operational procedures and drawings are provided. 


5.7 Test Readiness Review / Test Safety Review 
Prior to the execution of a test, a Test Readiness Review (TRR) / Test Safety 
Review (TSR) is conducted.  The TRR/TSR is an interactive meeting presented 
by the Test Manager, or appropriate designee(s) to Division Management.  The 
TRR/TSR has three objectives: safety review, readiness for installation, 
readiness for operation.  A more complete description of the TRR/TSR is found 
the Test Process Manual. 


6.0 Test Execution Phase 
After the formal approval to begin the test operation has been given by 
Division Management, the test execution phase begins.  This phase starts with 
model build up and instrument calibrations that are done in the model 
preparation area(s).  The Test Manager ensures that the Test Change Control 
System, and the Activity Log are put into place at this time.  Before the 
initiation of operations, the Test Manager coordinates training to prepare the 
crew for safe test operations.  In addition, the Test Manager conducts crew 
meetings that include the Safety Circle Meeting prior to the test and shift 
meetings with the operating crew during the test. 


The Instrumentation Engineer leads instrumentation implementation effort 
during the Test Execution Phase.  The IE is responsible for ensuring that all 
instrumentation is installed and checked out properly and that the data 
acquisition software is installed and checked out.  One or more Instrumentation 
Technicians and Computer Systems Technicians are also assigned to the model 
build-up and checkout and will follow the model into the tunnel during the test 
operations activities.  The Computations Group Leader leads the applications 
programming effort. 


6.1 Test Buildup, Installation, and Checkout  


6.1.1 Instrumentation Installation 
Much of the actual test hardware and software as is possible is assembled and 
checked out in one of the model preparation areas prior to tunnel entry. These 
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activities allow verification of mechanical, electrical, and functional correctness.  
Baseline accuracy and calibration data is obtained, and the test hardware and 
software are readied for transportation to the control room and/or test section. 


During the model prep activities, the IE develops a checkout worklist that 
should be reviewed daily with the installation team.  This checkout should 
ensure that all activities, necessary to complete a model installation, be 
accomplished in the most effective and efficient manner.  The worklist can be 
printed or placed on the whiteboard in the Model Prep Room.  A sample 
worklist can be found in Appendix C. 


On the official tunnel entry date, the model is taken to the test section with as 
little breakdown as possible.  The test software is installed, the current 
calibration of system hardware is verified, and the validation of the data 
acquisition system operation is performed.  The model is concurrently installed 
and hooked up to the facility and control systems.  Upon completion of end-to-
end checks (see Section 6.1.3), the IEs, ITs, and CSTs participate in the taking of 
checkloads and calibrations. 
6.1.1.1 Instrumentation Drawings (Block Diagram/Wiring Diagrams 
During a test, the Lead IE for the test, maintains the latest version of the 
instrumentation drawings with red lines in the IE test book.  The test book is 
kept in the control room during a test.  The test book contains the official copy 
of the drawings. 


After the completion of a test, copies of the drawings are given to the Test 
Manager along with the Instrumentation Plan and any other critical test 
docmentation.  The IE test book is retained by the Wind Tunnel Systems 
Branch. 


6.1.2 Software Installation in Prep Areas 
After the Computations Group has verified the wind tunnel test software, it is 
given to the System Administrator for installation at the wind tunnel site where 
first use is required.  This may be either in one of the model preparation rooms 
or in the facility control room.  Typically the software will be installed in a 
model preparation room first.  The software is transferred from an application 
development machine to the on-site machine.  There it is installed and 
functionally checked for data acquisition, reduction, and reporting.  It is then 
released to the Test Manager with support provided by the Computer System 
Technicians.  When preparation room activities have been completed the 
software is transferred to the computer in the facility control room.  The 
checkout procedures performed in the model preparation room are repeated in 
the control room. 


6.1.3 End-to End Checks 
Individual components of the data acquisition path are checked prior to 
connection of the measurement transducers to the data system.  End-to-end 
checks commence once the model has been installed in the test section, and the 
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data path is complete.  These checks serve to characterize the effects of all of the 
system components taken as a whole and are generally one of two types: 


1) Simulation of the transducer taken at the closest possible point to the 
transducer.  This level of check establishes positive identification of the 
measurement channel, signal-to-noise levels, and measured system 
response to input levels for engineering unit conversions when the actual 
transducer is not accessible.  Simple polarity checks of the transducer 
might be physically possible. 


2) Known, physical inputs are used to establish positive identification of the 
measurement transducer, signal-to-noise levels, and measured system 
response to input levels for engineering unit conversions.  Linearity, 
polarity, and zero load levels are also determined. 


6.1.4 Logs 
6.1.4.1 Shift Engineer/Test Manager Activity Log 
The Shift Engineer/Test Manager maintains a daily test Activity Log.  The 
primary purpose of the log is to communicate status and problems to the Test 
Support Staff and Management.  This Log also provides data for productivity 
analyses and creates a permanent record of test activities for the historical 
archive.  This information is recorded electronically on a database.  Whoever is 
responsible for a shift, the Test Manager or shift engineer, reviews the log 
entries for each shift to assess trends or potential problems, approve test 
changes, and resolve discrepancies.  If the changes or discrepancies 
significantly affect the quality of the data or are safety related, the Test Change 
Control system (described below) must be implemented. 
6.1.4.2 Instrumentation Activity Log 
When the instrumentation work commences on the model for a test, an 
Instrument Tech activity log, typically labeled is started.  This log accompanies 
the model from the start of model preparation to the conclusion of the test 
operation.  It is archived by the Test Manager with the test documentation after 
the test is completed.  Primarily, the IEs and ITs assigned to the test will make 
the entries, however other support personnel are required to make entries 
when they repair or change something that affects the instrumentation.  All 
work done on the model instrumentation and test specific systems in the 
control room and tunnel test section is described and entered into the log along 
with the date, time, and the author’s name.  During test operations, test runs, 
calibrations, discrepancies, repairs, or any unusual occurrences are entered.  
The entries consist of calibration information, descriptions of troubleshooting 
and repair efforts, maintenance activities, and sketches as required. 
6.1.4.3 Computer Tech Activity Log 
The Computer Systems Technicians (CST) Activity log contains entries of 
actions taken by the Technicians during the course of a test.  These logs contain 
descriptions of significant events, test specific information, may be 
instructional, and facilitate communication among the CST group members 
and the Test Team.  In addition, Parameter Update Logs, CST Checklists, 
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supplemental information, and customer and engineering work requests are 
included.  The work requests may include the building, modifying or adding 
any of the following to the test account: reporting files, graphic display files, 
parameters or table data, balance files, problem reporting, etc. 
6.1.4.4 Data Engineer Activity Log Logs 
Similar logs are kept by the Data Engineer for the data computations of the test.  
Any work done on the data computations is recorded along with the author’s 
name, date, and time. 


6.1.5 Test Change Control System 
The Test Change Control System is put into place when the test execution 
phase begins.  Any significant changes to systems or documentation from this 
point on, require an official Test Change Request (TCR).  During the test 
execution phase, any significant discrepancies are reported on Test Discrepancy 
Reports (TDR).  The subject and status of TCRs and TDRs are recorded in the 
Activity Log and/or the Crew Logs as a means of communication to all Test 
Support Groups, the Test Manager, and Division Management.  If a TCR or a 
TDR in any way modifies the objectives of the test, then the Test Manager or 
Shift Engineer must be notified, who will, in turn, notify the Customer. 


Routine test changes, such as CS parameter updates, simple equation changes, 
etc., are handled verbally and documented in the various activity logs as 
deemed necessary to adequately track test changes. 
6.1.5.1 Test Change Request (TCR) 
A Test Change Request (TCR) is used for reporting and approval of any test-
specific changes during the test checkout, installation, operation, and closeout.  
This includes changes to test instrumentation, data systems, documentation, 
and procedures.  All changes to test-developed and test-approved 
documentation will also be done with a TCR.  The Test Manager or designee 
has the authority to approve a TCR.  The Test Review Board is assembled if a 
TCR involves a change that increases hazards. 
6.1.5.2 Test Discrepancy Report (TDR) 
All discrepancies associated with test activities are reported using a Test 
Discrepancy Report (TDR).  Most, if not all, TDR activity will be associated 
with operational testing and is intended to provide a method that ensures that 
all problems are dealt with and that all test personnel are aware of problems.  
The Test Manager will track and handle the TDRs in a manner similar to that 
described above for the Test Change Requests.  A TDR may be closed out 
against a Test Change Request, but that fact should be noted on the TDR.  The 
Test Process Manual has more details on the TCR/TDR procedures as well as 
the forms. 


For changes that will affect the safety of personnel or the objectives of the test, 
the Test Manager makes the decision whether the Chairman or Vice-Chairman 
of the Test Review Board needs to review for actions to be taken. 
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6.2 Test and Operations Support 


6.2.1 Test Monitoring 
During test operations, both the instrumentation technicians and the computer 
system technicians function as part of the Test Team.  Usually one IT and one 
CST are assigned for each shift (e.g. one each for the day shift operations and 
one each for the off shift).  As indicated in Section 2.4.2, the CSTs are 
responsible for the data system and monitoring its operation.  They generate 
the reports and plots requested by the Test Manager and Shift Engineer.  They 
also provide data entry for parameter updates and other software adjustments.  
The CSTs are also responsible for front-line troubleshooting of the hardware 
and software and for providing customer training of the tools available to view 
the data on data . 


The instrumentation technicians monitor the raw data quality during test 
operations.  Their focus is on level of noise and pressure system fidelity, 
watching for plugged ports and system leaks.  The CSTs monitor the operation 
of the computer system to ensure that all software processes are functioning 
and the computer performance is within expected levels. 


6.2.2 Data Verifications 
The IE is responsible for the verification that the sensors and instrumentation 
are within specifications.  There are several tools available to assist the IE.  The 
primary tools are the end to end calibrations and Zeros and Cals.  Whenever 
possible, a known physical phenomenon is applied to the sensor and the results 
from the data computations are compared with the input.  Computer 
controlled pressures are applied to the pressure transducers to ensure that they 
meet accuracy requirements, and that there are no leaks.  Checkload forces are 
applied to force balances to assure that they meet accuracy specifications. 
Sensors such as the accelerometers and angle sensors are also calibrated in 
place.  Statistical software diagnostics are used to identify transducers that 
have failed and to quantify electrical noise or temperature effects.  The model 
instrumentation is checked out and calibrated to the extent possible during the 
model preparation phase. 


Upon installation into the test section, after the instrumentation is connected to 
the data acquisition, the calibrations are repeated to ensure that the software, 
calibration coefficients and cabling are correct.  Unless cleared by the Test 
Manager, all discrepancies and noise issues are identified and corrected before 
test operations begin.  Once the Test Manager authorizes the commencement of 
the test, Cals and Zeros are taken on the strain gage measurements, and those 
values are compared to those obtained for subsequent runs.  For the electronic 
pressure scanners a controlled pressure measurement (DPmon) is observed 
continuously to alert the crew to anomalies caused by drift and/or temperature 
effects. The electronic pressure scanners are recalibrated at least once per day 
and more often if required by the Test Manager.  The pressure measurements 
are also checked for plugged ports after a model change. 
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6.2.3 Incident Reporting 
Any incidents that result in an injury, damage to the facility, damage to the 
model, or significant loss of test time should be reported to the Test Manager.  
He/she is then responsible for formally reporting the incident according to 
Division and NASA policy. 


6.2.4 Data Transmittal during Test 
While the test is in progress, data can be transferred to the on-site Customer 
computers.  This data transfer may be done at a frequency determined by the 
Customer.  Typically data transmission is at the end of a run but can be done 
point by point, if required. 


Data transmitted during the course of the test is considered preliminary, 
subject to change, and may not have all corrections applied.  This data has yet 
to be fully validated, and the Customer accepts all responsibility in use of the 
data. 


Ancillary systems, such as DAC Express, may also be used to view selected 
channels of data in the time and frequency domains for diagnostic purposes..  
These systems are not part of the standard offerings but are nonetheless used 
on a periodic basis to meet Customer requirements. 


7.0 Test Closeout Phase 
The test closeout phase extends from completion of test operations through 
data transmittal to the Customer to final archiving of test information. 


7.1 Model Removal 
The Test Manager directs the model removal upon completion of test 
operations.  All test dependent hardware is removed and returned to its 
owners, and all open TDR/TCR items are closed, in some cases pending post-
test action (see section 7.3.1).  The facility systems are restored to their ready 
condition or assigned to the facility staff for repair, replacement, or 
modification.  The control room and test section are readied for the installation 
of the next test. 


7.2 Data Transmittal 
The computer systems technicians are responsible for generating the test data 
report upon conclusion of control room real-time operations.  The data reports 
are delivered to the Test Manager by the Computer Systems Technicians (CST) 
for analysis and ratification validation.  Data transmittal formats are specified 
in initial meetings with the customer in the Software Specifications Document.  
(See Sec. 5.4.2)  Before final data transmittal, the SDS System Administrator 
relocates the test account to an alternate data system to free the control room 
data system for the next test and allow the Test Manager to do a 
comprehensive post-test review of the data.. 
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The Test Manager validates the acquired data on the data reports for accuracy.  
The Test Manager does not perform data analysis in the context of an 
aerodynamicist.  The Test Manager does analyze the data in terms of correct 
parameter (constant) values, application of corrections, and correct initial 
conditions in order to certify that the data is accurate.  After the data is 
validated, the Test Manager provides requirements specifications to the 
Computer Systems Technicians Group for post-test computations.  A series of 
iterations of Update/Recompute-Report/Verification occur until a favorable 
conclusion is reached, and the Test Manager gives the CST approval for final 
transmittal preparation for delivery of the data on media acceptable to the 
Customer.  After final transmittal, and with authority of the Test Manager, the 
data and test software are archived. 


7.2.1 Data Media 
Test data is predominantly stored electronically on hard disk during the 
preparation, execution, and post-test phases of a test.  Transmittal is usually 
done through physical media appropriate to the size of the dataset.  During test 
execution, various backup techniques are sued to minimize loss of data.  These 
include a mixture of tapes/removable disk drives/CDs/DVDs/etc. 


7.3 Post-Test Debrief 
A Post-Test Debrief meeting may be held for all Division tests within two 
weeks following the completion of test operations.  This meeting is for the 
benefit of all test participants.  The meeting will be conducted jointly by the 
Wind Tunnel Operations Branch Chief and the Test Manager.  All test 
participants and sponsors are invited, as well as Division Management.  The 
meeting is intended to be a structured review of the test goals and objectives, 
effectiveness of the testing approach, a review of the Test Evaluation Form 
results, operational lessons learned, and open action items.  


7.3.1 Post-Test Action Item Handling 
Action items resulting from test activities are handled using the Post-Test 
Action Handling procedure described in the Test Process Manual.  This 
procedure assures that action items are prioritized, tracked, and resolved by 
Division staff. 


7.4 Instrumentation Debrief 
In addition, within two weeks of the conclusion of a test, the instrumentation 
engineer may also present a post-test debrief to Branch management and the 
Test Team.  A post-test debrief formally concludes the test operation and 
provides a forum for the Test Team to discuss with the Branch staff and 
management the successes and problems encountered during the test.  The 
presentation often will result in action items required to correct mistakes, 
improve processes, and/or provide training. 
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The Customer or a Customer Representative is invited as well as the test 
manager and the shift engineers.  The presentation should address the 
following topics as appropriate: 


• Introduction & Background 
• Preparation Issues 


Requirements & Schedule 
Procurement 
Delivery 
Staffing 
Maintenance Support 
Coordination 
Buildup 
Installation 
Calibration/Checkout 


• Tunnel Operational Issues 
Equipment Problems 
Maintenance Support 
Personnel Issues - staffing levels, skill mix and etc.  
Process 
Documentation 
Scheduling 
Data Quality 
Productivity 
Applicable TDRs/TCRs 
Activity Log Issues 


• Customer Feedback 
Strong Areas 
Weak Areas 


• Improvements and Recommendations 
Resource Issues 
Defective Processes/Procedures 
Impact on Test Prep/Operation/Data Quality 
Recommended Solutions 


• Action Items 
• Staff Recognition 
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The Instrumentation Group Leader will be responsible for the action items 
pertaining to the Instrumentation Group.  Action Items pertaining to other 
functions and processes shall be communicated to the appropriate 
organizations.  A hard copy of the slides shall be provided to the attendees. 


7.5 Archiving Test Related Documents 
The Instrumentation Engineer is responsible for collecting the test-related 
documents and delivering them to the Test Manager.  The Lead CST will 
deliver the final data transmittal to the Test Manager and will provide the test 
disk to the Computations Group Leader for archiving. 


After the data has been transmitted, a copy will be retained for no more than 3 
years in a state whereby changes may be made and computations redone.  
After that time, the test will be placed on long-term archive where the results 
may be reported, but no changes may be made and no new computations 
performed.  If a period longer than the 3 years is required to maintain the data 
after the test has ended, this must be made known prior to the signing of the 
Customer Agreement. 
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Appendix A - References 


 


Document Name Control Number 


Test Process Manual A027-9791-XB4 


Test Planning Guide for High Speed Wind Tunnels A027-9391-XB2 


User's Guide for SDS Test Requirements Forms A027-9891-XB2 


Configuration Management Procedures A027-9391-XB4 


Document Control Procedures A027-9991-XR1 
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Appendix B - Instrumentation Measurement Requirement Example 
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Appendix C - Model Prep Checklist 
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Appendix D - Balance Wiring Standard 


 
 


Balance Type Gauge 1 Gauge 2 Gauge 3 Gauge 4 Gauge 5 Gauge 6 


Task N1 N2 S1 S2 RM AX 


Force-Moment NF PM SF YM RM AX 


Moment PM1 PM2 YM1 YM2 RM AX 


Balance #1 
Channels CH 1 CH 2 CH 3 CH 4 CH 5 CH6 


Balance #2 
Channels CH 11 CH 12 CH 13 CH 14 CH 15 CH 16 


Note: For those cases where a balance has only 5 gauges, the missing gauge 
location shall be left blank.  [For example, a typical 5 component Force-
Moment balance, the side force gauge will usually be missing and the 
corresponding channel (channel 3) shall be left empty.  For a typical 5 
component Moment balance, the axial gauge will usually be missing and 
channel 6 shall be left empty.] 
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REFERENCE DOCUMENTS
Document Number Document Title
A027-9791-XB1 Division Property Manual


1. Purpose


The Wind Tunnel Systems Branch supports FO division wind tunnel test facilities
spread over seven different buildings.  The performance of the associated
instrumentation equipment is crucial to the satisfactory support of wind tunnel tests.
Adequate administration of the instrumentation equipment requires the following policy
to be implemented.  Instrumentation equipment includes sensors, signal conditioners,
power supplies, test equipment, fabrication and maintenance tools, cables, and
consumables.


2. Scope


The document is intended to define the following.


a. Identify storage locations for the various types of equipment.


b. Describe the control and security process.


c. Describe the equipment user’s roles and responsibilities


d. Describe the equipment calibration, maintenance, assignment and reservation
process.


3. Definitions and Acronyms


3.1. IT Instrumentation Technician


3.2. Facility
Instrumentation
Technician (FIT)


An IT assigned to a particular facility to maintain the
institutional instrumentation.


3.3. Equipment
Management
Technician (EMT)


The IT assigned to monitor the location, reservation and
maintenance of the instrumentation equipment inventory.
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3.4. Institutional
Instrumentation


Instrumentation sensors and equipment that remain in the
facility, as opposed to those installed only for specific
tests and removed thereafter.


4. Flowchart


There are no flowcharts associated with this procedure.


5. Responsibilities


5.1. The  Instrumentation Engineer and Technician shall:


• Follow the procedures outline in Section 6 of this document.
• Complete a Tool Loan Receipt (ARC Form 193) for all equipment removed


from any storage area.
• Ensure equipment will remain in calibration for the duration of the test.
• Return equipment in a timely manner when the need has ended.


5.2. The FOI Branch Chief shall:


• Maintain keys to all storage rooms
• Review and approve waivers for usage if calibration will expire for a piece of


equipment will expire during the test.


5.3. The Test Manager shall:


• Review and approve waivers for usage if calibration will expire for a piece of
equipment will expire during the test.


6. Procedure


6.1. Storage Locations


6.1.1. Control Rooms
The operational wind tunnel control rooms contain the necessary sensors,
signal conditioning and power supplies required to obtain wind tunnel test
data.  They should only be used for necessary tools and consumables.


6.1.2. Model Prep Rooms
The Model Prep rooms contain equipment necessary for fabrication,
installation, checkout, trouble shooting, debugging, and calibration of
instrumentation systems.  They are suitable for the storage of tools and
consumables.


6.1.3. Instrument Cages
Instrument cages are spaces dedicated primarily to consumables, spares,
test equipment and tools for that facility.  These are used to re-supply the
instrument tech shops, model prep rooms and control rooms in the
associated facilities.
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6.1.4. N221 Golden Triangle Storage Area
This high-bay area contains the majority of spare parts, test equipment,
signal conditioning, signal conditioning racks and transducers.


6.1.5. N221 Room 169
This room is primarily a tech shop; however, it is also the residence of the
PSI technician.


6.1.6. N221 Room 122
This room will continue to serve as a cable room and a room for storage of
the equipment scheduled for disposal as surplus.


6.1.7. N227 Room 153 (Former blade shop)
This room will be the primary repository of instrumentation and equipment
and consumables for Unitary test operations.


6.1.8. N246 Room 118
This will be the repository for instrumentation consumables and
equipment for the N246 tech shop.  The Vidmars located in the high-bay
area will be moved to this room.  The equipment located here presently
will be moved to the N221 carpenter shop.


6.1.9. N207 Room 125
This is presently setup as the instrument cage for the 12 Foot PWT.


6.2. Equipment Control And Security


Keys to the storage rooms will be given to the FOI Branch Chief, the FOI
Instrumentation Group Leader and the EMT.  An Tool Loan Receipt (ARC Form
193) must be filled out for any and all items removed from any storage area
regardless of how long the item(s) will be used.  All equipment must be returned
at the completion of the test, except when the item(s) will be used for the
following test.  In this case the item(s) is to be re-checked out by the instrument
engineer or the IT assigned to that facility or test.
In the event access is required to a storage area and that no one can be reached
by pager, emergency entry can be made by calling Security.


6.3. Equipment Maintenance And Calibration


All equipment involved in test data acquisition must be calibrated prior to use in
test support.  Institutional instrumentation and test equipment used for
maintenance and trouble shooting shall be calibrated annually and shall be
entered into the Center’s recall system.  This happens automatically whenever
an item is submitted to Simco for calibration.  Simco Calibration Services (Code
FM in building 213 room 103) provides the calibration/repair service for all test
sensors and test equipment except for force balances and PSI equipment.  PSI
equipment shall be sent to the PSI technician in building N227 room 250 for
calibration or repair.  Force Balances shall be sent to the Balance Calibration lab
in building N207.
Calibration and maintenance of facility instrumentation equipment shall be the
responsibility of the FIT for each facility.  All test dependent instrumentation
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equipment calibration shall be the responsibility of the Instrument Engineer
assigned to the test, and he/she shall coordinate the test instrumentation
requirements with the Equipment Management Technician.  For equipment and
transducers needing repair or calibration, the ITs shall fill out a Calibration/Repair
Parts Control tag and attach it to the item.  The bottom portion of the tag shall be
torn off and kept by the IT as a receipt.  The IT has the option of delivering the
item to the facility’s delivery point and calling Simco Calibration Services to pick
up the item or delivering the item directly to Simco.  When notified that the item is
ready to be picked up, the IT shall present the receipt to the technician to retrieve
the item.
To insure that all needed equipment is back from calibration in time for test usage,
the assigned Instrument Engineer or his/her designee shall notify the FIT and/or
the EMT as far ahead as possible, but at least 2 weeks before needing any
calibrated equipment.  All Instrument Engineers should submit a test-dependent-
equipment-needed list to the EMT as soon as the requirements are available.
If the calibration recalled period of equipment being used to generate data will
run out before the test is completed and no spare is available, a waiver must be
obtained from the Test Manager and the FOI Branch Chief.  The instrument
should be calibrated after the test, and the difference between the last calibration
and the new one presented to the Test Engineer.


7. Metrics


Metrics for this procedure are defined in completeness, accuracy, and timeliness of the
calibration operation


8. Quality Records


There are no Quality Records generated by this procedure.
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9. Form(s)


Forms required for this document:


Form Number Title


ARC 193 Tool Loan Receipt
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1.0 Purpose


The work instruction outlines the process whereby instrumentation technicians
can remove and replace PSI Modules in the 12 Foot PWT and Unitary Wind
Tunnels.


2.0 Definitions


PWT - Pressure Wind Tunnel


3.0 Reference Documents


None


4.0 Tools Required


• Torque Screwdriver with 5/64 in. Hex Torque Fitting (Calibrated)


• Jeweler's Screwdriver


5.0 Instruction Details


5.1 Verify that Torque Screwdriver's calibration sticker is current.


5.2 Once a module has been determined to be defective with or without the
covers on and is not affected by pinched tubes proceed with replacing the
module.


5.3 CAUTION:  First turn off the S84IFC.  So as not to discharge the module
abruptly. This could damage the MUX. in the amplifier.


5.4 Remove connections from module.


a. For Modules without the pressure quick disconnect


1) Loosen the four 5/64 in. torque screws that hold the tube plate on.


2) Remove the four screws without lifting the tube plate off the
module.


3) Move the tube plate left to right to release the seal on the O-Rings,
so that none of the O-rings are left on the module’s shuttle.


b. For Modules with the pressure quick disconnect


1) Demate the pressure quick disconnect


2) Remove module.


5.5 Take a new module and remove it’s tube plate or quick disconnect the
same way.
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5.6 Attach tunnel connections to new module


a. For Modules without the pressure quick disconnect


1) Make sure there are no missing O-Rings from the tube plate.


2) Place the tube plate on the new module with the C1 port always
on the connector side.


3) Replace the four 5/64 in. screws (Do not tighten by hand).


4) With a torque screwdriver, torque screws to 3.5 in/lb. To keep even
pressure on all four sides of the module to allow the shuttle to slide.


b. For Modules with the pressure quick disconnect


1) Remate the pressure quick disconnect.


5.7 Repeat PSI Verification Work Instruction to verify system operation.


6.0 Quality Records Generated


None
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1 Introduction 


1.1 Purpose 


This manual documents the common processes used to request, plan, 
prepare, execute, and closeout tests in major wind tunnels at NASA Ames 
Research Center.  The manual is intended to ensure that all test teams 
develop tests to similar standards, to ensure good communication with test 
support groups, and to serve as a core document for personnel training.  
Separate sections of this manual cover organizational responsibilities, 
standard meetings, and required documents during the phases of the test 
process.  Additional information which could be helpful for test teams 
running a wind tunnel test can be found in other Wind Tunnel Division 
Manuals listed in Appendix A. 


1.2 Scope of Facilities 


The test process described in this manual applies to the following wind 
tunnel facilities: 


• 12-Foot Pressure Wind Tunnel 
• Unitary Plan Wind Tunnels 


1.3 General Test Process Flexibility 


Each of the facilities listed above provides a unique experimental capability 
and has unique requirements for test planning and execution.  The time and 
resources needed for development and execution of a test can vary greatly 
depending on the complexity of the test as well as requirements for model 
design and fabrication.  Although not all tests will require the full 
development process, the general flow of milestones described in this manual 
ensures that all tests meet common milestones and undergo a common 
review and approval process. 
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2 Test Administration and Personnel 
Tests conducted in the wind tunnels at NASA Ames Research Center are typically 
elements of larger research and development programs.  The intent of this manual 
is to focus on the personnel that are directly involved in the test process.  These 
entities are the Management of the Wind Tunnel Division, the Customer, and the 
Test Team. 


2.1 Wind Tunnel Division at NASA Ames 


The Wind Tunnel Division is responsible for operating and maintaining the 
major wind tunnels at NASA Ames Research Center.  The Wind Tunnel 
Division provides management oversight of the test process.  A chart of wind 
tunnel management is shown in Figure 1.  Responsibilities of key Division 
groups and personnel are defined in Appendix B. 


2.2 Customer 


Each test has one Customer who is responsible for defining test requirements 
and determining if the test objectives have been met.  The Customer can be an 
industry, NASA, DOD, or other government organization, e.g.:  Boeing, 
Langley, or US Navy.  The Customer is identified during the test request 
phase when more than one agency and/or company is involved.  A Customer 
Representative is identified as the prime point of contact for the Division as 
described in Section 2.3.1. 


2.3 Test Team 


The Test Team is assembled to plan, prepare, execute, and close out a test 
within schedule, cost, and resource constraints.  The key members of the Test 
Team are the Customer Representative, the Test Manager, the 
Instrumentation Engineer, and the Research Coordinator.  The roles and 
responsibilities of these key members are described in the following sections 
and are referenced in Figure 2 as the Core Test Team.  Additional personnel 
are assigned to the team from the Division Test Support Groups and outside 
organizations as required.  The Test Team is detailed to the facility where the 
test takes place and operates under the guidance of the Facility Manager. 
2.3.1 Customer Representative 


The Customer designates one individual as the prime point of contact 
during the test process.  This person is the Customer Representative.  
When the Customer Representative is a NASA Ames research staff 
member, he or she is often called the Project Manager or Project 
Director. 
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Figure 1:  Wind Tunnel Management 







Wind Tunnel Test Process Manual 
(Check Master List @ http://ao.arc.nasa.gov to verify latest revision before use) 


 


 


A027-9791-XB4 4 Revision 6 


2.3.2 Test Manager 
The Test Manager is a Wind Tunnel Operations Branch Test Engineer 
who leads the Test Team and uses project management skills to 
manage and direct the entire test effort.  The Test Manager’s primary 
responsibilities are for the planning, preparation, execution, and 
closeout phases of the test, including effectively managing and 
directing the following: 
• Assure data quality, 
• Plan a test to meet or exceed all Test Requirements, 
• Prepare and document all required test systems, 
• Direct safe test operations, and 
• Assure that all established test planning, preparation, execution, 


and closeout procedures are followed. 
2.3.3 Instrumentation Engineer 


The Instrumentation Engineer provides facility technical 
instrumentation and data acquisition capabilities, and conducts the 
detailed integration of customer test requirements to the specific 
capabilities of the facility.  The Instrumentation Engineer’s primary 
responsibilities are the following: 
• Establish technical instrumentation compatibility and availability 


with test requirements, 
• Ensure that test objectives can be met with available 


instrumentation equipment and data acquisition systems, 
• Establish and integrate instrumentation and data acquisition 


requirements with test requirements, 
• Design instrumentation configuration and verify performance and 


calibration prior to test entry, and 
• Coordinate all instrumentation work activities between 


instrumentation technicians, computer systems technicians, 
applications programmers, researchers, and test managers to 
ensure test flow continuity. 


2.3.4 Research Coordinator 
A NASA Ames research staff member may be assigned to tests with an 
outside Customer to coordinate in-house test technology support 
activities.  This individual is the Research Coordinator.  The primary 
responsibilities of the Research Coordinator are to work with the 
Customer to: 
• Establish test research objectives consistent with program and 


NASA goals, 
• Establish the general priority of testing conditions to meet 


requirements, 
• Monitor data quality, 
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• Ensure that the research objectives of the test are attained within 
allotted resources, and 


• Coordinate NASA research capabilities 
2.3.5 Test Support Groups 


Test Support Groups provide personnel to the Test Team that are 
necessary to meet the Customer's requirements.  The primary Test 
Support Groups are listed below. 
• Test Operations Group - This group provides Test Managers as 


well as shift engineers required for planning, preparing, executing, 
and closing out tests. 


• Mechanical Operations Group - This group provides mechanics to 
support model and facility preparations and operation. 


• Facility Engineering Group - This group provides staff to assure 
that the facility is thoroughly configured for the test. 


• Instrumentation Group - This group provides instrumentation 
engineers and technicians required to plan, assemble, and operate 
model and facility instruments. 


• Computations Group - This group provides application software 
programmers and data technicians required to write, operate, and 
assist the Test Manager in checking out test dependent software. 


• Development Group - This group provides personnel to design, 
configure, and check out data acquisition systems required to meet 
measurement and analysis objectives. 


Personnel from other organizations can also become part of the Test 
Team to address special needs. 


2.4 Test Review Board (TRB) 


The TRB addresses test safety issues resulting from changes made to the 
approved test plan.  The Wind Tunnel Division Chief chairs the TRB. 


The Test Manager assembles and briefs the TRB when a change that has the 
potential to significantly affect test safety is identified. 


The TRB consists of the following members: 
• Wind Tunnel Division Chief, chair 
• Wind Tunnel Operations Branch Chief, vice-chair 
• Wind Tunnel Systems Branch Chief, member 
• relevant Ames Research Branch Chief, member 
• relevant Facility Manager, member 


The Test Review Board may request the attendance of experts to help assess 
the implications of a change or to evaluate the validity of assumptions.  TRB 
members designate an alternate member to take their place when not 
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available.  At least three members of the TRB must be present to conduct a 
formal review of a change. 


2.5 Division Status Meetings 


The following two meetings are conducted in the division for the purpose of 
reporting the over-all status of test activities within the facilities. 
2.5.1 Project Status Meetings 


Customer Representatives, Test Managers, or their designees present 
five to ten-minute monthly status reports of all division tests to the 
Wind Tunnel Division and Branch Management.  The monthly status 
reports include current progress, delays along the critical path, and 
significant changes or challenges that could affect the schedule or 
resources.  The Wind Tunnel Operations Branch Chief maintains and 
updates the Wind Tunnel Schedule according to the monthly status 
reports. 


2.5.2 Test In Progress (TIP) Meetings 
TIP meetings led by the Wind Tunnel Operations Branch Chief and 
attended by Test Support Group leaders are held on a weekly basis.  
Test Managers present a brief overview of their test status, future 
plans, resource requirements, and current challenges.  Minutes are 
kept of the meetings and distributed electronically. 
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3 Test Process 


3.1 Test Process Flow Chart 


The Wind Tunnel Test Process Flowchart is shown in Figure 2.  The process 
starts on the left side of the chart and illustrates the five phases:  test request, 
test planning, test preparation, test execution, and test closeout. 


3.2 Test Process Nominal Timeline 


Figure 3 is the Test Process Nominal Timeline.  Shown are average times for 
the conduct of meetings and the delivery of documents required during the 
test process.  The times shown are recommended and can be negotiated 
during the test request and test planning phases. 


4 Test Request Phase 
The test request phase extends from initial contacts between the Customer and the 
Wind Tunnel Division to formal NASA approval to conduct the test. 


4.1 Test Request Form 


To initiate a test, a potential customer must complete a Test Request Form 
(see Appendix C).  The following information needs to be furnished by the 
requester: 


• The company(s) and/or agency(s) supporting the test including 
identification of the Customer 


• A statement of test objectives 
• The facilities being requested for the test 
• A statement of test priorities including the absolute minimum 


requirements to meet the basic test objectives 
• A definitive run schedule, including, for example, configurations, 


model attitude, velocity, and dynamic pressure so ordered to be 
consistent with the test priorities set forth above 


• The general requirements for instrumentation, equipment, data 
display and data processing 


• A statement of the earliest and latest acceptable test dates consistent 
with hardware availability and program requirements. 


The Customer submits the completed Test Request Form to the Wind Tunnel 
Operations Branch Chief.  Before the Test Request Meeting, the Wind Tunnel 
Operations Branch Chief distributes the form to the Wind Tunnel Systems 
Branch Chief. 
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Figure 2:  Wind Tunnel Division Test Process 
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Figure 3: Test Process Nominal Timeline 


 


4.2 Test Request Meeting 


A Test Request Meeting is required for all prospective tests in the Wind 
Tunnel Division facilities.  This meeting is scheduled by the Wind Tunnel 
Operations Branch Chief following initial inquiries by the Customer and after 
receipt of the Test Request. 


.  .  The purpose of the Test Request Meeting is the following: 
• To discuss the technical approach for the investigation and use of a 


Division facility. 
• To fully disclose the purpose and scope of the test to the Wind Tunnel 


Systems Branch Chiefand the appropriate Facilities Engineer, enabling 
them to determine what technical support is required and to develop 
an acceptable integrated planning schedule. 


 


The Wind Tunnel Operations Branch Chief shall consult with the Wind 
Tunnel Systems Branch Chief to determine whether the Customer’s 
attendance is required at the Test Request Meeting.  For simple routine tests, 
they may collectively decide to cancel the Test Request Meeting. 


 .   


Members of the Test Planning Meeting include the following: 
• The Facility Manager of the proposed facility who shall provide input 


regarding whether or not the facility is appropriate for the test. 
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• The Wind Tunnel Systems Branch Chief who shall evaluate and 
provide input regarding the instrumentation and data acquisition for 
the test. 


• The Chief Facility Engineer of the proposed facility (at the discretion of 
the appropriate Branch Chief). 


• A Wind Tunnel Systems Branch Technical Representative (at the 
discretion of the appropriate Branch Chief). 


Additional members of the Test Planning Meeting, if available, should be the 
following: 


• The Test Manager, if possible, or a Test Engineer who shall assist in 
determining the scope of the test. 


• An Instrumentation Engineer who shall assist in determining the scope 
of the test. 


The branch chiefs and the facility manager of the proposed facility shall 
summarize a realistic schedule for the proposed test, and provide it to the 
wind tunnels scheduler.  In the customer’s absence, the Test Planning 
Meeting members shall discuss the schedule and resolve any schedule or 
resource conflicts.  If conflicts cannot be resolved, they shall be referred to the 
Wind Tunnel Division Chief, and when warranted, to the NASA Ames 
Facility Review Board. 


After the Test Planning Meeting, and when an acceptable schedule summary 
is developed, the Wind Tunnel Operations Branch Chief provides the 
customer with tentative dates for the test window and tunnel entry, and 
advises the customer of the efforts to meet those dates, barring any impact 
from changes in the test scope, unforeseen problems during the detailed 
development of the test requirements, other details of the Customer 
Agreement, and issues beyond the Wind Tunnel Division’s control. 


If more information is required, the NASA Ames Facility Review Board may 
request that a feasibility assessment team, led by a senior test engineer, be 
assembled to report back at a later date.  When the test has been accepted, the 
Wind Tunnel Operations Branch Chief notifies the customer.  The appropriate 
Test Planning Guide will also be made available at this time.  Test acceptance 
determines the beginning of the test-planning phase and allows detailed 
planning and scoping activities to proceed.  After a test is formally accepted, 
the Wind Tunnel Operations Branch Chief assigns a permanent identification 
number to the test and notifies appropriate Division management so a test 
team can be immediately assigned. 
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5 Test Planning Phase 
The test planning phase extends from Facility Review Board acceptance of the test 
to completion of the Customer Agreement. 


5.1 Test Requirements Document 


The purpose of the Test Requirements Document is for the Customer to 
provide a concise definition of the current test requirements with sufficient 
detail to provide a basis for evaluation by the Test Team.  A template 
showing what is expected in the Test Requirements Document is included in 
the Test Planning Guides.  The Test Team will work with the Customer as 
needed in the development of the test requirements.  The Customer needs to 
be made aware of the risks involved of not meeting Division requirements in 
both schedule and scope. 


The Test Requirements Document should include as a minimum the 
following: 


• Prioritized test objectives 
• Earliest and latest acceptable test entry dates 
• A preliminary run matrix and test variables 
• Data quality factors such as checkloads, installation effects, and force 


or pressure correction and tare requirements 
• Maximum anticipated loads 
• A list of measurements 
• Special software or control requirements 
• Instrumentation requirements 
• A general list of design/machine/fabrication needs 
• A list of model utilities 
• Identification of any unique requirements or potential risks 


5.2 Test Planning Meeting 


After the Test Requirements Document is completed by the Customer and 
reviewed by the Test Team, a Test Planning Meeting is scheduled.  The 
purpose of this meeting is for the Customer, the Test Manager, and the Test 
Team to discuss details regarding test requirements.  A significant portion of 
the test preparation documentation should be in draft form at this point (see 
Section 6.3).  The information from the Test Planning Meeting is required to 
complete the Customer Agreement (see Section 5.3).  Division Management 
and the test support leads attend the meeting.  A standard agenda is followed 
to ensure all items are covered (see Appendix D). 
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5.3 Customer Agreement 


The Test Manager, with assistance from the Test Team, is responsible for 
generating a detailed Customer Agreement with the Customer when all 
requirements have been agreed to by the appropriate Test Support Groups, 
Division Management, and the Test Team.  The Customer Agreement is a 
working document that describes the Division and Customer deliverables 
with appropriate milestones and dates identified. 


The Customer Agreement, as described here, is a separate document from the 
Space Act Agreement, which is maintained by the center for a wind tunnel 
test as a quality record, and is signed by the customer and approved by the 
Center Director.  The Customer Agreement is kept by the Wind Tunnel 
Division Chief and the Test Manager for a test and is filed as a quality record 
of an agreement with the customer.  The Customer Agreement addresses the 
following items as appropriate: 


• Introduction and background of test 
• Test milestone dates for meetings and documents 
• Estimate of time required to accomplish test matrix and objectives 
• Goals and objectives of test 
• Customer and division point of contact 
• Overall requirements (model, model support, facility, instrumentation, 


computing) 
• Test conditions and type(s) of data required 
• Design reviews/additional requirements meetings 
• Deliverables/due dates prior to test dates 
• What the Customer will provide in support of the test and when 


− Equipment, hardware, fabrication 
− Labor resources 
− Analyses 
− Model 
− Action item list 


• What the Division and NASA will provide in support of the test and 
when 


− Equipment, hardware, fabrication 
− Labor resources 
− Analyses 
− Facility dependent model hardware 
− Action item list 


The Test Manager ensures that key support group leaders and the Facility 
Manager thoroughly review and concur with the Customer Agreement before 
final approval.  The Customer Agreement is finally approved and signed by 
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the Test Manager, the Customer Representative, and the Wind Tunnel 
Division Branch Chiefs.  This document is signed off as soon as possible after 
the Test Planning Meeting, but no later than two weeks before test start.  The 
original Customer Agreement is filed in the Wind Tunnel Operations Branch 
Chief's office.  A copy of the Customer Agreement is provided to the Wind 
Tunnel Division Branch Chiefs as well as the Facility Manager.  Appendix E is 
a suggested template for the Customer Agreement. 


Any special procedures needed for verification, storage, and maintenance of 
customer-supplied equipment are defined in the Customer Agreement.  
Unless stated otherwise the Test Manager is responsible for ensuring the 
customer-supplied equipment is maintained in the model prep room, control 
room, or test section.  After completion of the test, equipment is immediately 
removed and shipped back to the Customer, thus no further storage and 
maintenance procedures are needed.  The verification of customer-supplied 
products is described in the Test Planning Guides. 


The condition of a customer-supplied model or test equipment that is 
damaged or found unsuitable for its intended use is documented by the Test 
Manager on Form NF 598, the ARC Survey Form for lost, damaged, or 
destroyed Customer-Supplied Material and Supplies.  The completed form is 
forwarded to the ARC Property Survey Officer.  This report is archived in the 
Wind Tunnel Operations Branch File as a quality record. 


If major modifications are required to the approved Customer Agreement, 
these modifications are reviewed by the Customer and appropriate 
management for feasibility of changes.  This process is described in 6.4. 
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6 Test Preparation Phase 
The test preparation phase extends from completion of the Customer Agreement to 
completion of the Test Readiness Review.  Test preparation documentation and test 
systems (including instrumentation, software, facility, and model systems) are 
completed and checked out by the Customer and Test Team during this phase. 


6.1 Test Preparation Meetings 


After the Customer Agreement Document has been signed, Test Preparation 
Meetings are scheduled at intervals specified by the Test Team and based 
primarily on the complexity of the test.  A Test Preparation Meeting is a 
working meeting that provides an opportunity for the Test Team to assemble 
face-to-face, exchange information, and gain a "big picture" view of the test 
development.  This is especially important when an outside organization is 
involved and if off-site work is in progress.  The Test Team establishes the 
format of the meeting.  Team members directly responsible for the various 
aspects of the test preparation are required to participate in this activity. 


6.2 Process for Development of New Models or Test Hardware 


For the development of new models or test hardware, meetings may be 
conducted by the Test Manager to review the proposed design.  Conceptual, 
preliminary, and final stage review meetings may be required depending on 
the complexity of the newly developed model or test hardware or if the 
possibility of failure exists.  When a newly developed model or test hardware 
has hazards with the potential for personnel injury, damage to a facility, 
and/or significant loss of test time, review meetings are required.  Peer level 
reviews are conducted as appropriate for newly developed models or test 
hardware without the above-mentioned hazards. 


A description of the overall Wind Tunnel Division process for development 
of new models or test hardware is in Appendix F. 


6.3 Test Preparation Documentation 


Test preparation documentation is all of the formal documentation prepared 
during the preparation phase of the process.  This includes the following 
required documents and any other special studies or analyses performed in 
support of the test: 


• Software Specification Document 
• Software Validation Document 
• Measurement Requirements List (MRL) 
• Instrumentation Measurement Report (IMR) 
• Model Stress Reports 
• Hazards Analysis 
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• Data Quality Assurance Plan 
• Test Plan 


All the test preparation documentation must be prepared before the Test 
Readiness Review.  Suggested contents for each of the documents shown 
above are detailed in Appendix G. 


6.4 Test Change Control During Preparation Phase 


Changes to the test requirements with the potential to have a significant 
impact on resources or safety are managed using the Test Change Control 
process described in Appendix K.  These changes are documented using an 
official Test Change Request (TCR) form.  The Test Manager or designee has 
the authority to approve a TCR.  The Test Review Board is assembled if a 
TCR involves a change that increases hazards or is a significant change in the 
scope of the test.  This process assures that the change is approved by 
management and communicated to all affected parts of the organization. 


For changes to the facility systems and facility SOPs, as well as significant 
model changes, a standard Change Request (Form CR-1) must be used.  The 
procedures for a Change Request are described in the Division Configuration 
Management Procedures.  (A027-9391-XB4). 


Changes that significantly alter the Customer Agreement are documented 
with a TCR and if approved are attached as Customer Agreement Addenda.  
Each addendum must be signed off by the Test Manager, the Customer 
Representative, and the Wind Tunnel Division Branch Chiefs. 


6.5 Data Quality Assurance Planning 


The Customer defines the required data accuracy in the Test Requirements 
Document.  The Test Manager then defines any additional data quality 
assurance provisions necessary to meet these specifications.  These may 
include certain facility institutional capabilities such as system checks carried 
out during the Test Execution Phase and described in the Test Plan.  The Test 
Manager is responsible for preparing a written plan that meets Customer 
requirements and is operationally appropriate.  Data quality assurance plans 
will vary from test to test and facility to facility.  They will also change as new 
processes and analysis tools become available.  The latest information 
available regarding data quality assurance is presented in Appendix H. 


6.6 Test Safety Review 


During the course of test preparation, the Test Manager will conduct a Test 
Safety Review (TSR) that addresses credible test hazards and their resulting 
controls.  (Full information on conducting risk assessment and hazard 
analysis is found in the Test Planning Guides.)  If a model or test apparatus is 
developed or facility systems are modified, the TSR should take place so that 
its results can affect the design of the hardware and their controls.  A formal 
Operational Hazards Analysis will be required for all deviations from the 
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Standard Operating Procedure (SOP) Manual for each facility.  If the TSR is 
primarily a review of the model stress analysis, it can take place at the time of 
the Test Readiness Review. 


Required signatures for TSR approval are indicated on the Test Safety Review 
Signature Page in Appendix I, page 8.  The Division Chief signature is only 
required if indicated in the Test Planning Guide for High Speed Wind 
Tunnels, A027-9391-XB2, Table 5-3, Risk Assessment Approval Levels. 


6.7 Test Readiness Review 


Prior to the execution of a test, a Test Readiness Review (TRR) is conducted.  
It may be combined with the Test Safety Review as indicated in Section 6.6.  
The TRR is an interactive meeting presented by the Test Manager, and/or 
appropriate technical experts to Wind Tunnel Division Management.  The 
TRR has the following three objectives: 


• TSR Action Items - address open action items from the TSR, if 
appropriate, to assure that a thorough hazards analysis has been 
performed and that all resulting hazard controls are implemented. 


• Readiness for Installation - assure that all systems, procedures, and 
documentation required for safe and efficient installation of the model 
in the wind tunnel are adequate and ready. 


• Readiness for Operation - assure that all systems, training, and 
documentation required for safe and efficient operation of the wind 
tunnel and/or model are adequate and ready. 


The emphasis and structure of the TRR will vary depending on the 
complexity and nature of the test.  Tests that utilize existing facility 
capabilities and procedures within approved operating envelopes will require 
a single TRR prior to model installation in the wind tunnel.  Tests that 
necessitate a thorough review of model or facility systems and/or possess 
complex safety issues may require separate, detailed meetings for each of the 
objectives shown above.  The Test Manager is responsible for determining the 
content and schedule for the TRR(s). 


The Guide to Preparation of the Test Safety Review and the Test Readiness 
Review Sign-Off Sheet must be completed for the TRR. Examples of these 
forms are found in Appendix I.  Sign-off of these documents for all the 
facilities is used as formal approval to install the model in the facility and to 
begin tunnel/model operations.  The test readiness reports and sign-off 
sheets along with all supporting test planning documentation are archived in 
the Test Book by the Test Manager after test completion. 


Required signatures for TRR approval are indicated on the TRR Sign-off 
Sheets in Appendix I, pages 11, 15, and 18.  The Division Chief signature and 
higher level signatures are only required if indicated in the Test Planning 
Guide for High Speed Wind Tunnels, A027-9391-XB2, Table 5-3, Risk 
Assessment Approval Levels. 







Wind Tunnel Test Process Manual 
(Check Master List @ http://ao.arc.nasa.gov to verify latest revision before use) 


 


 


A027-9791-XB4 18 Revision 6 


This Page Intentionally Left Blank 







Wind Tunnel Test Process Manual 
(Check Master List @ http://ao.arc.nasa.gov to verify latest revision before use) 


 


 


A027-9791-XB4 19 Revision 6 


7 Test Execution Phase 
After the formal approval to begin testing has been given by Wind Tunnel Division 
Management, the test execution phase begins.  This phase starts with model build-
up and instrument calibrations that are done in the model preparation area(s).  The 
use of the model preparation areas assures tunnel usage will be maximized for data 
acquisition.  The Test Manager ensures that the Test Change Control System, the 
Activity Log, and the Crew Logs are put into place at this time.  Before the initiation 
of operations, test-specific training shall be conducted by the Test Manager to 
prepare the crew for safe test operations. 


The Test Manager is also responsible for briefing the Customer as to how the test 
will be conducted.  Specifically, the Customer should be aware of the definitions of 
test metrics, especially User Occupancy Hours, and the use of the Activity Log in 
tracking those metrics.  The Customer should also be briefed on drive power issues, 
especially costs and constraints.  The Customer Survey will be made available at 
this time (see Section 7.10). 


7.1 Safety Circle Meeting 


Once the TRR has been completed and the test is ready to be executed, the 
Test Manager (or designee) conducts a Safety Circle Meeting with the 
operating crew.  The purpose of the Safety Circle Meeting is to prepare the 
crew for conducting the test by describing the test, reviewing all safety 
requirements, and explaining any special equipment and operating 
conditions that will be encountered.  An example of a Safety Circle Agenda is 
in Appendix I. 


7.2 Shift Meetings 


In addition, shift meetings are held throughout test execution whenever a 
review is needed or a change in test status or complexity occurs.  The Test 
Manager or shift engineer identifies the requirement and determines the 
frequency of shift meetings. 


7.3 Activity and Crew Logs  


An important log initiated by the Test Manager at the time of the test 
installation is the Test Activity Log.  Maintaining this log is the responsibility 
of the shift engineers at the test site.  The primary purpose of the log is to 
communicate status and problems to the test support staff and management.  
The Activity Log also provides data for productivity analyses and creates a 
permanent record of test activities for the historical archive.  Appendix J gives 
the instructions for inputting the data into the Activity Log. 


The Test Manager may use the Activity Log in the preparation area to record 
notes.  This information is recorded electronically on a database.  Whoever is 
responsible for a shift, the Test Manager or shift engineer, reviews the log 
entries for each shift to assess trends or potential problems, approve test 
changes, and resolve discrepancies.  If the changes or discrepancies 
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significantly affect the quality of the data or are safety related, the Test 
Change Control system must be implemented (see Section 7.5). 


Crew Logs are maintained by various members of the Test Team and Test 
Support Group staff.  Logs for the Instrumentation and Computations 
Groups are available through the Test Activity Log above, if it is desired to 
retain them in electronic format.  These logs provide an important record of 
test details. 


7.4 Test Plan 


The Test Plan is a working document, kept by the Test Manager, which the 
Test Team uses during the execution phase of the test.  It covers, but is not 
limited to, the following items: 


• The operational approach from model installation to removal 
• The model and facility operating envelopes 
• Test team organization and training 
• Procedures, inspections, and checklists 
• Safety monitoring provisions 


Appendix G has a more detailed example of the contents of a Test Plan. 


7.5 Test Change Control for Test Execution Phase 


Test Change Control during the execution phase increases in scope to include 
Test Change Requests (TCR) to test systems and test preparation 
documentation.  During the test execution phase, any discrepancies are 
reported on Test Discrepancy Reports (TDR).  The subject and status of TCRs 
and TDRs are recorded in the Activity Log and/or the Crew Logs as a means 
of communication to all Test Support Groups, the Test Manager, Division 
Management and the Customer Representative.  If the objectives of the test 
are modified by a TCR or a TDR, the Customer needs to be notified. 
7.5.1 Test Change Request (TCR) 


A Test Change Request (TCR) is used for reporting and approval of 
any test-specific changes during the test planning, preparation, 
execution, and closeout phases.  This includes changes to test 
instrumentation, data systems, documentation, and procedures.  All 
changes to test-developed and test-approved documentation will also 
be done with a TCR.  The same procedures, described in section 6.4 for 
TCR approval, use of Test Review Board, and facility changes are 
followed during the execution phase as in the preparation phase. 


7.5.2 Test Discrepancy Report (TDR) 
Corrections to discrepancies associated with test activities that require 
resources not immediately available within the test or facility support 
crew or which require actions at a later shift or date are reported using 
a TDR.  All discrepancies, whether a TDR is required or not, are noted 
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in the Activity Log.  Most, if not all, TDR activity will be associated 
with operational testing and is intended to provide a method that 
ensures that all problems are dealt with and that all test personnel are 
aware of problems.  The Test Manager will track and handle the TDRs 
in a manner similar to that described above for the Test Change 
Requests.  A TDR may be closed out against a Test Change Request, 
but that fact should be noted on the TDR.  Appendix K has more 
details on the TCR/TDR procedures as well as the forms. 
For changes that will affect the safety of personnel or the objectives of 
the test, the Test Manager makes the decision whether the Chair or 
Vice Chair of the Test Review Board needs to review the TCRs or TDRs 
for actions to be taken. 


7.6 Crew Training 


Crew training may be required to assure that members of the Test Team are 
trained to perform their duties.  The Wind Tunnel Division Training and 
Certification Plan contains detailed requirements for generic certification of 
wind tunnel operating mechanics and test engineers.  Test specific training 
requirements are defined by the Test Manager and included in the Test Plan.  
These test specific training requirements will begin with general processes 
and procedures which have been developed in previous training and which 
reside on the Wind Tunnel Division Server.  These will be modified, as 
necessary, for application to a specific test by the certified Test Manager.  
They will be left unaltered on the Server unless a major change is proposed 
by the Test Manager and approved for replacement by a person appointed by 
the Operations Branch Manager.  The appropriate Facility Manager is 
responsible for assuring that certified operators and engineers are available 
for the test. 


7.7 Checklists 


Checklists are often used to assure that test-specific and Standard Operating 
Procedures are systematically being followed by key personnel.  These 
checklists are developed by the Test Manager, together with the Test Team, 
prior to the test execution phase.  During initial system checkouts and early 
test execution, changes may be required to the checklists to make them reflect 
actual operating conditions.  The Test Manager is responsible for making the 
changes and documenting them using the Test Change Control System. 


7.8 Data Quality Assurance 


Data quality assurance plans are implemented during the test execution 
phase.  It is the Test Manager's responsibility to assure that all data quality 
assurance procedures, defined during the test preparation phase, are 
followed.  The Customer or Research Coordinator must evaluate the success 
of data quality assurance provisions during test execution and, if appropriate, 
suggest mid-course corrections.  The latest information available regarding 
data quality assurance is presented in Appendix H. 
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7.9 Incident Reporting 


The Test Manager is responsible for reporting to the Facility Manager any 
incidents that result in an injury, damage to the facility, damage to the model, 
or significant loss of test time.  Near misses with the potential to have caused 
an injury or significant damage are also reported by the Test Manager.  Minor 
incidents and near misses are reported using the form included and described 
in Appendix L.  Incidents and Mishaps that require reporting according to 
NASA Procedural Requirement NPR 8621.1Bare reported using NASA Form 
1627. 


7.10 In-test Customer Review 


At the beginning of the test execution phase the customer is given a copy of 
the Customer Survey.  The Customer can fill out the Survey any time to 
evaluate whatever phases have been completed.  Thus during a test the 
Customer is able to voice desires and concerns to the Test Manager or the 
Facilities Manager of the facility as problems develop.  In addition, Division 
Management relies on the Test Manager to communicate the problems 
expressed by the Customer using the Activity Log and Test In Progress 
Meetings (Section 2.5.2).  For issues that are not being or cannot be resolved 
by the test or facility staff, Division Management will communicate formally 
or informally with the Customer through In-test Customer Reviews. 


The timing of the reviews can be established at regular intervals or 
determined based on test events.  Issues discussed during the In-test 
Customer Review will be assessed by Division Management and, if necessary, 
assigned to Division staff for action.  These tasks are prioritized and placed 
on the Action Items Tracking Application for resolution (see Section 8.5). 
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8 Test Closeout Phase 
The closeout phase extends from completion of test execution, through data 
transmittal to the Customer, to final archiving of test information. 


8.1 Data Transmittal 


As soon as possible after test execution completion, the data acquired during 
the test is thoroughly checked for computational accuracy, but not analyzed.  
By use of special check programs and plotting utilities, data tolerances, data 
corrections, and data parameters are checked to insure bad data is not 
included in the transmittal to the Customer.  This is primarily the 
responsibility of the Test Manager with support from the Computations 
Group. 


The test data, accompanied by appropriate identifying information is then 
provided to the customer, on acceptable media by the Division, with a 
transmittal letter.  The letter is written by the Test Manager and signed by the 
Wind Tunnel Operations Branch Chief.  When data cannot meet the 
Customer's requirements as set forth in the Customer Agreement, the 
situation is explained to the Customer in the transmittal letter.  The 
transmittal letter gives the authority of the Branch Chief to release the data to 
the customer.  A copy of the transmittal letter is kept by the Wind Tunnel 
Division Chief as a quality record.  An example of a typical transmittal, 
including distribution, is found in Appendix M. 


If a calibrated instrument was used that at a future date is found to have been 
out of calibration during the test, the Customer will be informed by the Wind 
Tunnel Operations Branch Chief through an addendum to the transmittal 
letter.  If this instrument, an incorrect data parameter, an incorrect data 
reduction equation or any other error caused the data to be incorrect, then a 
retransmittal of the data is done.  The retransmittal consists of corrected and 
recomputed data that is sent to the customer with a retransmittal letter.  A 
copy of the retransmittal letter is put onto ARC Form 758 and is filed in the 
Wind Tunnel Division Chief's office as a quality record.  An example of a 
retransmittal letter is also found in Appendix M. 


8.2 Post-test Customer Review 


Another part of test process improvement is a Customer Evaluation Review.  
This review begins with the Customer Representative reviewing the 
completed Customer Survey that was given to the customer at the beginning 
of the test.  This survey is used to determine the Customer's rating of the 
performance of the Division staff and facilities. 


In addition to the information on the Customer Survey, the Customer gives 
feedback during a meeting set up by the Wind Tunnel Operations Branch 
Chief as soon as possible following completion of test operations and while 
the Customer is still on site.  The purpose of the meeting is to discuss the 
Customer Survey and to obtain a clear picture of what test process 
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improvements the Customer would like to see implemented.  Wind Tunnel 
Division Management, Branch Chiefs, and the Facility Manager attend this 
meeting.  The Customer provides candid feedback during the meeting on the 
performance of Division staff and facilities.  Issues identified by the Customer 
may result in action items for Division staff.  These tasks are prioritized and 
placed on the Action Items Tracking Application for resolution. 


8.3 Post-Test Debrief Meeting 


A Post-Test Debrief Meeting may be held for all Wind Tunnel Division tests 
nominally within two weeks following the completion of test execution.  This 
meeting, which is for the benefit of all Division test participants, will be 
conducted jointly by the Wind Tunnel Operations Branch Chief and the Test 
Manager.  The debrief meeting is a critique of the test and covers the 
following:  (1) a review of the test goals and objectives, (2) effectiveness of the 
testing approach, (3) a review of the Customer Survey results, (4) operational 
lessons learned, and (5) open action items.  Appropriate test performance 
metrics will be compiled and presented by the Test Manager.  The status of 
the test demobilization is also addressed. 


Immediately following the meeting, the Test Manager will prepare a 
memorandum addressed to the relevant Facility Manager listing open action 
items resulting from the test.  These tasks are prioritized and placed on the 
Action Items Tracking Application for resolution. 


8.4 Archive of Test Documentation 


Following the completion of all test runs, calibrations, and data checks, the 
Test Manager is responsible for ensuring that all test-related documentation 
and systems are removed from the wind tunnel and properly archived.  The 
Test Manager is responsible for ensuring that the model is properly rigged 
and removed from the test section using approved procedures and is 
responsible for seeing that all test hardware is properly crated and stored.  
Unless other agreements exist, the wind tunnel is to be restored to the 
condition that existed before the test. 


Nominally within four weeks of completion of test execution, the Test 
Manager must collect and archive all required documentation related to the 
test.  Hard-copy documentation is archived in the Test Book/Box.  
Documents on electronic media will be placed on the Wind Tunnel Division 
Server.  The archived documents should at a minimum include the following: 


• Test Request 
• Test Requirements Document 
• Customer Agreement 
• Model Design, Stress, and Inspection Reports 
• Hazards Analysis 
• Test Readiness Review 
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• Test Change Requests, Test Discrepancy Reports 
• Activity Log 
• Instrumentation Requirements List (IRL) 
• Measurement Requirements List (MRL) 
• Instrumentation Measurement Report (IMR) 
• Software Specifications Document 
• Software Validation Document 
• Data Transmittal Documentation 
• Post-Test Action Items List 


All test information is archived under the test number and is available for 
review upon request. 


8.5 Post-Test Action Item Handling 


Action items resulting from test activities are handled using the Post-test 
Action Item Handling Procedure described in Appendix N.  This procedure 
assures that action items are prioritized, tracked, and resolved by Wind 
Tunnel Division staff. 







Wind Tunnel Test Process Manual 
(Check Master List @ http://ao.arc.nasa.gov to verify latest revision before use) 


 


 


A027-9791-XB4 26 Revision 6 


THIS PAGE INTENTIONALLY LEFT BLANK 


 







Wind Tunnel Test Process Manual 
(Check Master List @ http://ao.arc.nasa.gov to verify latest revision before use) 


 


 


A027-9791-XB4 27 Revision 6 


Appendix A  Reference Documentation List 


• Test Planning Guide for High Speed Wind Tunnels, A027-9391-XB2 


• Wind Tunnel Operator and Engineer Training and Certification Plan, 
A027-9891-XB1 


• Wind Tunnels Maintenance Manual, A027-9391-XB5 


• Property Manual, A027-9791-XB1 


• Configuration Management Procedures, A027-9391-XB4 


• Document Control Procedures, A027-9391-XB4 


• FO Wind Tunnel Archive Procedures, A027-9791-XB3 


• Wind Tunnel Data Management Manual, A027-9761-XB01 


• User's Guide for SDS Test Requirements Forms, A027-9891-XB2 
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Appendix B  Wind Tunnel Operations Division Branch and 
Personnel Functions 


 


B-01 Branch Functions 


(a) Wind Tunnel Operations Branch 
 


The Wind Tunnel Operations Branch is responsible for day-to-day operations 
of all wind tunnels.  The safe and efficient conduct of tests is its primary 
responsibility. The Branch: 


• advocates improvements to the facilities to facilitate safety and 
efficiency, 


• maintains the overall wind tunnel testing schedule and ensures 
maintenance is completed with minimum impact to test schedules, 


• coordinates with Systems Branch to develop and implement 
instrumentation and data acquisition/processing equipment and 
software, 


• provides leadership to conduct test activities, 
• operates facilities and models during testing, 
• ensures that models and related systems meet applicable safety and 


engineering standards, 
• ensures that personnel follow Standard Operating Procedures and 


advocates revisions to procedures, and 
• team with other organizations to develop new state-of-the-art test 


techniques. 


In addition, the Branch maintains the division’s wind tunnels and performs 
facilities engineering and development to maintain facility readiness for 
current and future test requirements.  Major facilities tasks include: 


• maintenance program planning, 
• facility improvement/development in compliance with appropriate 


engineering and safety codes and standards, 
• management of the wind tunnel support service contractor activities, 
• planning and management of Ames electric power requirements, 
• management and engineering required to support the day-to-day 


division facility operation, 
• administration and implementation of the Safety Plan and 


environmental compliance program, and 
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• administration and implementation of configuration management and 
property management for the division. 


(b) Wind Tunnel Systems Branch 
The functions of the Wind Tunnel Systems Branch are as follows: 


• provide instrumentation and computations personnel for wind tunnel 
test teams 


• provide data systems to division facilities, which includes 
instrumentation and sensors, computer interfaces, computers, 
software, and networks 


• operate, maintain, and upgrade the data systems 
• assure computer security and system safety per ames directives 
• develop, design, and implement advanced instrumentation, data 


acquisition/reduction methods, and visualization techniques to 
improve data quality, test techniques, and support special test 
requirements 


• team with other organizations to develop state-of-the-art test 
techniques 


• operate the balance calibration laboratory 


B-02 Personnel Functions 


(a) The Facility Manager:  
• leads the facility's management team to meet all objectives established 


by the wind tunnel management and the facility's customers.  
•  coordinates the activities of  Test Teams and dedicated facility staff to 


assure safe and efficient wind tunnel operations. 


(b) The Facility Site Leader: 
• leads the team of mechanics that operate facility and model systems. 
• works closely with the Facility Manager to assure that all mechanical 


operations required to meet facility objectives are appropriately 
scheduled and staffed. 


(c) The Facility Chief Engineer: 
• leads the team of engineers, technicians, and mechanics that repair, 


upgrade, and maintain the facility.  The Chief Engineer works closely 
with the Facilities Manager to assure that all facility activities are 
conducted in a manner consistent with overall facility plan. 
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(d) Designated Sub-System Engineer: 
• is responsible for configuration, calibration, and enhancements to one 


of the SDS Sub-Systems (e.g.  Balance Sub-System, Pressure Sub-
System, etc.) 


• ensures that their particular sub-system is meets requirements of the 
customers’ tests 


• schedules calibrations, as appropriate, of sub-system components to 
maintain required accuracy and not impact test schedules and 
customer requirements 


• advocates for sub-system enhancements and/or replacements as 
technology advancements make them available 


(e) The Test Manager: 
• provides leadership for the test team in the planning, preparation and 


testing process from Test Request to Data Transmittal.  Acts as Point of 
Contact for all operational issues. 


• organizes the test planning and preparation process and, in 
conjunction with the test team, prepares and maintains a task list and 
corresponding schedule.  Evaluates the proposed run schedule to 
ensure that test objectives can be accomplished in the allotted facility 
occupancy. 


• coordinates the activities of all members of the test team including the 
customer to ensure quality and timely completion of all tasks. 


• ensures proper documentation of all planning, preparation and testing 
activities including:   Planning Meetings, Safety Analysis, Test Plan, 
Test Readiness Reviews, Test Logs and Data Report.  Ensures that 
these documents and test documents from other functional groups are 
properly archived. 


• personally ensures the safety of the test by proper analysis of the 
model loads and stresses (in accordance with the Stress Analyst), 
proper assembly of the model and associated hardware and proper 
operation of any systems. 


• is in charge of test.  Provides direction of all operational activities 
primarily through the Shift Engineer after consultation with customer. 


• ensures that proper communication with management, test team and 
any supporting group occurs and that test status, problems and 
accomplishments are visible. 


• ensures that the data meets the quality standards of FO and the 
customer requirements. 
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(f) The Shift Engineer: 
• is in charge of test operations.  Implements directions from Test 


Manager. 
• is the focal point for all communication, issues and activities relating to 


accomplishing test objectives. 
• coordinates test team's tasks and activities to ensure timely 


completion.  Conducts coordination meeting at beginning of work 
period. 


• is the focal point for coordinating troubleshooting efforts. 
• maintains Test Log, Activity Log and TDR / TCR Log. 
• assumes operational duties of Test Manager when on shift without 


Test Manager 


(g) The Instrumentation Engineer 
• provides facility technical instrumentation and data acquisition 


capabilities, and conducts the detailed integration of customer test 
requirements to the specific capabilities of the facility 


• establishes technical instrumentation compatibility and availability 
with test requirements. 


• ensures that test objectives can be met with available instrumentation 
equipment and data acquisition systems. 


• establishes and integrate instrumentation and data acquisition 
requirements with test requirements. 


• designs instrumentation configuration and verify performance and 
calibration prior to test entry. 


• coordinates all instrumentation work activities between 
instrumentation technicians, computer systems technicians, 
applications programmers, researchers, and test managers to ensure 
test flow continuity. 
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Appendix C  Test Request Form 
 (http://windtunnels.arc.nasa.gov/Test_Request.doc) 
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Appendix D  Test Planning Meeting Agenda 
 
TEST NO.:   XX-XXXX 
 
TITLE : 
 
 
 
I. OPENING Approx.   10-15 min. 
 
 
II. TEST OVERVIEW AND OBJECTIVES Approx.   20-30 min. 
 
 
III. MODEL AND HARDWARE DESCRIPTION Approx.   30-45 min. 
 
 
IV. STRESS REQUIREMENTS Approx.   20-25 min. 
 
 
V. INSTRUMENTATION Approx.   30-45 min. 
 
 
VI. DATA PROCESSING Approx.   30-45 min. 
 
 
VII. TEST SECURITY Approx.   10-15 min. 
 
 
VIII. SUMMARY AND ACTION ITEMS Approx.   10-15 min.   
 
 
IX. ATTACHMENTS 
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I. Chairman opens the meeting  (Test Manager or FOW Branch Chief) 
 1. Introduction and function of the customer representatives  
 2. Introduction and function of ARC personnel 
 3. Explain ARC function in this test program 
  a. Staffing 
  b. Test start date and duration 
  c. Prep room occupancy 
  d. Shifts per day and shift hours 
 4. State required dates for customer obligations 
  a. Test Requirements Document updates and customer supplied programs 
  b. Computation requirements and related parameters 
  c. Stress report 
  d. Model drawings 
  e. Customer supplied support hardware 
  f. Model arrival 
 
II. Test overview and objectives  (Customer Representatives) 
 1. Customer will distribute three copies of the requirements document to ARC 
 2. Test program overview and objectives 
  a. Range of tunnel variables 
  b. Range of model variables 
 3. Ames specific objectives and requirements 
  a. Type of test 
 4. Sponsoring agency and security classification 
 5. Review run schedule 
  a. Mach number and Reynolds number range 
   A. Tolerances 
  b. Expected loads 
  c. Bridging 
  d. Stream angles (where applicable) 
  e. Angle schedule requirements 
   A. Angles or increments 
   B. Tolerances 
  f. Repeat runs 
 
III. Model and hardware description  (Customer representatives) 
 1. Support system hardware 
  a. Who will provide 
   A. What are the dimensions 
   B. What is the tunnel station 
  b. Status and location of the required hardware 
  c. Are strain gages needed - angle deflections 
  d. Support hardware delivery time frame 
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  e. Has the aerodynamic interference been checked 
 2. Model description  (Present model drawings if available) 
  a. Scale 
  b. Blockage (where applicable) 
  c. Dimensions 
   A. Ref Area, Span, Chord 
   B. Model cross sectional areas and sting cavity area 
   C. Inlet capture and nozzle exit areas 
   D. Body and wing volumes for blockage (where applicable) 
   E. Top and side planform areas for starting loads (where applicable) 
  d. Boundary layer transition 
   A. Location, Size and spacing 
   B. Who will supply and apply 
   C. Specific material (Bondo, grit or beads) 
   D. Time estimates to apply 
 3. Test specific requirements 
  a. High pressure air 
   A. Specifics about plumbing 
   B. Required flow rates 
   C. Type of control and integration into tunnel systems 
  b. Hydraulic requirements 
   A. Model related 
   B. Sting actuation required 
   C. Required hydraulic load 
  c. Pressure sensitive paint 
  d. IR thermography 
  e. Laser vapor screening 
  f. Flow visualization 
   A. Fluorescent or Visible light Oil, Tufts, Liquid Crystal 
   B. Sublimation, Skin Friction Interferometry, Thermography 
   C. Schlieren, Holography 
   D. PSP 
   E. LDV 
  g. Control surfaces 
   A. Manual 
   B. Remote 
    1. Power and signal conditioning requirements 
    2. Control and feedback 
  h. Model leveling plate 
   A. Size and weight 
   B. Functional at phi = 0°, 90° and 270° (where applicable) 
   C. Functional at all alpha ranges (where applicable) 
   D. Bubble in model for leveling - integrate with control system 
  i. Special check loading fixture (model installed) 
   A. Will customer supplied hardware function? 
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IV.  Stress requirements overview  (ARC Stress Engineer) 
 
 1. Make customer aware of section 5.0, Risk Assessment and Safety Review 


Requirements, of the Test Planning Guide 
  a. Establish date for stress report delivery to ARC 
 2. Model and sting safety requirements 
  a. 4.0 on ultimate, 3.0 on yield 
  b. What parts do not conform 
   A. Can they be instrumented 
   B. Proof loads may be required 
  c. Balance inner rod safety factors (where applicable) 
   A. catastrophic > 3.0 
  d. What conditions are loads based on 
   A. Theoretical, CFD 
   B. Previous data 
 3. Exposed welds not fastened may require inspection 
  a. Dye penetrant (external) 
  b. Mag particle (external) 
  c.  X-ray (internal)  
 4. Certification requirements 
  a. Fasteners and pins 
   A. Size 4 and smaller may only be used once 
  b. High pressure air lines 
  c. Hydraulic lines 
  d. Rockwell hardness check requirements 
 5. Countersink inspections 
  a. Witnessed by an ARC representative 
 6. Support systems that need special requirements 
  a. Proof loading 
  b. Strain gage instrumentation 
  c. Estimated sting assembly deflections, lift curve slopes and reference areas   


(where applicable) 
 
V. Instrumentation    (Test Manager and Instrumentation Engineer)  
 1. Internal Balance (where applicable) 
  a. How was it sized 
  b. Who is supplying the balance 
   A. If customer supplied, who will provide the calibration? 
  c. Is the balance thermally compensated? 
  d. What are the balance to body angles: (IRalpha, IRbeta, IRphi) 
  e. What is the balance to sting relationship? 
  f. Are there base and cavity corrections (which axis system) ?  
  g. What are your required accuracy’s (forces and final coeffs)? 
  h. Is a backup balance defined? 
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  i. Real time monitoring capabilities 
   A. BLAM’s 
   B. Oscillograph 
   C. Real time displays 
 2. Angle measurements 
  a. Angle of Attack 
   A. Resolvers 
   B. Base mount tilt sensors (where applicable) 
   C. Model tilt sensors  
   D. How many are required and who will supply  
    1. Signal conditioning and power supply 
  b. Angle of Sideslip 
   A. Resolvers 
  c. Roll Angle 
   A. Resolvers 
 3. Pressure instrumentation 
  a. PSI modules 
   A. How many, what size, no. of ports & purge capability 
   B. Who will supply modules, cabling and tubing 
   C. Pressure range/accuracy requirements 
   D. Location 
    1. Model mounted 
    2. Strut mounted 
   E. Tubing size  
   F. Ref, Cal, Mon, C1, C2, Plenum extras 
    1. Color coding 
    2. Plumbing 
   G. Port assignments 
   H. Monitor pressure location and tolerance 
  b. Module interface boards - what kind and where 
  c. Individual transducers 
   A. How many 
   B. Range 
   C. Who will supply 
   D. Function 
   E. Location 
 4. Thermocouples, other than balance 
  a. Function and computing needs 
  b. Type and conditioning 
  c. Location 
  d. Supplier 
 5. Position indicators 
  a. Function and computing needs 
  b. Controls 
  c. Supplier 
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 6. Other types of instrumentation 
  a. Accelerometers 
  b. Alternate angle sources, strain gages, etc. 
 7. Instrumentation cable routing 
  a. Internal to support 
  b. External to support 
  c. Cable lengths 
 8. Photography equipment  
  a. Required still and video recording equipment 
  b. Frequency of use and speed of development 
 
VI. Data Processing  (SDS/NPRIME representative) 
 
 1. Equations and corrections 
  a. Test Dependent Equations and pressure integration’s 
   A. Customer supplied equations 
   B. Customer supplied software 
    1. SDS/NPRIME present requirements 
    2. What conditions do you need from SDS/NPRIME 
  b. Corrections 
   A. WICS (where applicable) 
   B. Base and cavity 
   C. Stream angles and Buoyancy (where applicable) 
   D. Duct correction - table look-ups or curve fits of duct cals 
  c. Coefficient sets 
  d. Data sampling rates and duration 
 2. Outputs and displays 
  a. Real time monitor displays 
  b. Force and pressure outputs 
  c. Line printer or laser printer (8 1/2 x 11) outputs 
   A. Preferred formats 
  d. Plotting requirements 
 3. Customer computer and network links  
  a. CDDMS files 
   A. Format 
   B. Frequency 
  b. Force and pressure outputs 
   A. Select files or all 
   B. Frequency 
  c. TCP/IP computer link 
  d. DARWIN, RAWT, NEWT and other special needs 
 4. Post test data 
  a. Available approximately 2 weeks after test 
  b. Post test recomputing available 
  c. Data available on 4 or 8 mm. TAR format 
 







Wind Tunnel Test Process Manual 
(Check Master List @ http://ao.arc.nasa.gov to verify latest revision before use) 


 


 


A027-9791-XB4 43 Revision 6 


VII. Test Security  (Test Manager or security representative) 
 1. Classification 
  a. Model and data 
  b. Installation & configuration photos 
 2. Access  
  a. Degree of facility lock-up 
   A. Padlocks and combinations 
   B. Guards required 
   C. Data storage  
    1. Locked control room 
    2. Safes 
   D. Data (Headers) 
    1. Raw data 
    2. Processed data 
    3. Real time monitors 
  b. Access list 
   A. Change authority 
   B. Escorts   
 3. Post test data cleansing requirements 
  a. Test directory only 
  b. Entire disk pack 
  c. Post test recomputes 
  d. Post test data transfer 
 
VIII. Summary and action items  (Test Manager) 
  1. Review commitments from ARC 
   a. Dates and schedules 
  2. Review commitments from the customer 
   a. Dates and schedules 
  3. Prepare program schedules 
   a. Hardware 
   b. Prep rooms 
   c. Test particular equipment 
   d. Instrumentation 
   e. Data reduction 
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IX. Attachments 
 
The following information should be made available for presentation during the conduct of the Test 
Planning Meeting.  Items A, B, C, D & E are available in the Test Planning Guide.  Items F, G & H 
should be made available as required. 
 1. Test Planning Guide or sections of (stings, stress requirements...). (The Guide 


is handed out at the Test Request Meeting. ) 
 2. Facility true (actual) operating envelope 
  a. Mach, Reynolds number and dynamic pressure limits 
 3. Model support systems 
  a. Alpha, beta, roll envelopes and limitations 
  b. Support system load limitations 
  c. Angle resolver accuracies and resolutions 
  d. Times for specific model motions and data acquisition 
 4. Facility accuracy limitations (Mach, PT, Q, balance) 
 5. Available balances and load limits 
 6. Instrumentation inventory  
 7. Facility dependent correction parameter requirements 
  a. Starting loads 
  b. WICS, wall and blockage 
  c. Buoyancy 
 8. Conferees attendance list 
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Appendix E  Sample Customer Agreement 
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Appendix F  Process for Development of New Models or Test 
Hardware 


All new developments will receive at least two reviews: (1) a concept review and (2) 
a final review.  Other reviews may be held depending on the complexity of the 
design. The participants at each review include representatives of all functions 
concerned with the developmental stage being reviewed as well as other specialist 
personnel as required.  Results of the reviews including findings, deficiencies, and 
action items are documented by an appropriate memorandum that is included in 
the final documentation package. 


Concept Review 


The purpose of the concept review is to ensure that the requirements for the 
development of the new model or test hardware are well defined, that proper 
design and safety codes are met, and that the approach will satisfy the 
requirements. The customer, test manager, and other appropriate participants 
attend the review. This review will consider the following: 


1. Description of the purpose of the system or equipment to be constructed 
2. All loads and interfaces defined for the system 
3. User performance requirements  
4. Application of requirements including applicable design codes safety factors, 


and safety criteria 
5. Results of the preliminary hazard analysis or other appropriate analysis 


(when applicable) 
6. Initial stress calculation 


Final Review 


The purpose of the final review is to address the safety of the design, 
manufacturability, and any technical specifications.  This review is usually 
conducted when the drawings and all initial analyses are complete. The review is 
concerned with the following: 


7. Conformance to user requirements 
8. Use of safety factors and adherence to applicable design codes 
9. Construction approach, hazards, and safety requirements 
10. Fabrication procedures (including inspection and acceptance requirements) 
11. Results of any independent analyses or third-party reviews 
12. Status and resolution of all action items 
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Verification and Validation of Newly Developed Model or Test Hardware 


At appropriate stages of development of the new model or test hardware, the team 
performs verification to ensure that the output meets the requirements.  The team 
members vary dependent on what model or hardware is being developed.  If 
necessary, the plan is revised to meet the customer requirements.  After verification 
by the team and the customer, the newly developed model or test hardware is 
released for manufacture or installation. 


Validation is performed by the team on the completed product to ensure that the 
product conforms to defined user needs and/or requirements.  Validation is done 
through acceptance tests and integrated systems test.  Validation follows successful 
verification.  Validation is normally performed on the final product but may be 
necessary in earlier stages prior to product completion.  


Changes to Newly Developed Model or Test Hardware 


Changes shall be identified, documented, reviewed, and approved by authorized 
personnel before implementation of the change.  The appropriate approvals shall be 
commensurate with the level of change.  For major changes, the team shall conduct 
a review with the customer, the project manager, and other appropriate individuals. 
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Appendix G  Test Preparation Documentation List 
The list of required test planning documentation will vary from test to test.  Shown 
below is information that will help persons developing this documentation. 


Measurement Requirements List 


The Test Manager has the responsibility to develop the Measurement Requirements 
List once the Instrumentation Requirements List (IRL) is developed by the 
Customer.  The Test Manager develops the MRL that details both the customer and 
facility measurements to be collected by the Instrumentation and Software 
Applications groups. 


Software Specification Document 


The Test Manager translates the Customer's software requirements into the 
Software Specification Document that is given to the software applications 
engineers to develop the required data acquisition and reduction software for the 
test. 


Software Validation Document 


The Test Manager and software applications engineer are responsible for 
verification of the software.  The Test Manager shall provide a test case with 
engineering unit answers that the software applications engineer shall use to verify 
the application code.  This document will provide the objective evidence necessary 
to show the test dependent equations have been verified. 


Instrumentation Measurement Report (IMR) 


The plan developed by the Instrumentation Engineer for fulfilling the 
instrumentation requirements of a test. 


Model Design, Stress, and Inspection Reports 


Procedures for preparing model design, stress, and inspection reports are defined in 
the High Speed and NFAC Test Planning Guides. 


Hazards Analysis 


The Test Manager has the responsibility to conduct a test in a safe manner.  
Potential hazards must be identified by a safety systems analyst in terms of 
operating procedures and the risks of the identified hazards reduced to an 
acceptable level.  The depth of the hazards analysis depends on the complexity of 
the test.  


Data Quality Assurance Plan 


The data quality assurance plan has no particular format.  Systems providing data 
critical to the success of the test must be analyzed to assure that measurement or 
data reduction uncertainties fall within acceptable limits.  Refer to Appendix H. 
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Test Plan 


The Test Plan is a working document containing appropriate items from the 
following list. 
• Run Matrix - The proposed run sequence with planned objectives for each 


run is detailed. 
• Personnel List - A list of all personnel along with their specific duties. 
• Test Specific Operating Procedures - These procedures include any non-


standard actions required to start and stop the integrated model and facility. 
• Pre-run, Post-run, and Operational Checklists - These checklists are used by 


test personnel to assure that systems are ready to operate before the run, 
properly operated during testing, and correctly shut down after the run. 


• Test Specific Emergency Procedures - These procedures include any non-
standard actions required to address emergencies descibed in the Hazards 
Analysis. 


• Model Operating Envelope and Constraints - includes balance ranges 
• Test Safety Instrumentation 
• Crew Training - A plan for training and, if necessary, certifying members of 


the Test Team. 
• Security Plan - if necessary 
• Inspections - Test specific inspection procedures and checklists required to 


assure safe operation of the model and facility are defined. 
• Model Installation and Rigging Plan - The model installation and rigging plan 


is developed by the Test Manager and approved by the Site Leader and Chief 
Engineer of the facility. 


• Operational Waivers - Requests to deviate from standard procedures, limits 
or constraints can be made by submitting a Waiver Request to the Test 
Review Board.  A Waiver Request consists of a written description of the 
procedure, limit or constraint that will be altered.  The effective period of the 
waiver must be clearly defined.  A signature block that includes the Test 
Manager, Research Coordinator, and the members of the Test Review Board 
is required.  Approval for waivers should be obtained early in the test 
process. 


Other 


Special analyses required to assess the safety or efficiency of test systems are 
included in the Test Planning Documentation. 
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Appendix H  Sample Data Quality Assurance 
For many parameters in wind tunnel testing, including the balance data, some 
model pressures, and the model attitude, the starting point is the wind off zero.  It is 
critical that the model attitude parameters be known precisely, and that other 
parameter values and instrumentation output be observed and carefully analyzed 
for variance.  When the model attitude is set precisely (defined in terms of data 
accuracy or repeatability requirements for a particular test), variance observed in 
other parameter values is frequently the first indication of data repeatability 
problems.  For this reason, the following guidelines are recommended. 


Set wind off zero attitude using the instrument with the best repeatability level 
(precision) available.  Typically, this will be a Schaevitz Inclinometer, which has 
been previously verified by a 10 second bubble level. 


Cross-check model attitude with another instrument of comparable resolution, 
typically the model support resolver which has been previously verified by a 
10 second bubble level.  If the cross check angle does not match the expected value 
within a tolerance established based on repeatability requirements for the test, 
investigate to determine the problem.  Do not accept a wind off zero data point as 
good until the attitude measurements match or the problem is understood and 
documented.  Also compare the balance axial force reading with previous values at 
the same attitude as an additional cross-check of the model attitude. 


Track wind off zero values for all critical parameters, including model attitude 
parameters, balance components, base and cavity pressures, and tunnel reference 
pressures through the entire test. 
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Appendix I  Guide To Preparation Of The Test Safety Review 
(Items in italics are either instructions or information to be supplied by the Test 


Manager) 
 
TEST NO.:   test number-phase-tunnel  
 
TEST DATES:   Start date - End date 
 
CUSTOMER NAME:  Customer Company Name and Representative 
 
MODEL:   Full model name            DESIGNATION: Short model name  
 
DIMENSIONS:   SPAN=                   , CHORD=                      , REF AREA= 
 
CONSTRUCTION:  State the types of materials used 
 
TYPE OF TEST:   Force, Pressure, Force and Pressure, Other 
 
Stress Analysis:   State Company Name and Responsible Individual 
 
Reviewed By:   Name(s) of Individual(s) 
 
 
1.  GENERAL 
 
The items which should be included in the GENERAL section include but are not limited to: 
 


1. A brief description of the objectives of the test. 
 
2. A summary of the safety related items of the test. 
 
3. Previous history of this model.  If tested previously, state test number, dates, and 
operating conditions.  Clearly define any changes in the model since the original test. 
 
4. A listing of risk reduction items. 
 
5. Other information supporting the ability of the subject model to be safely tested in the 
facility. 
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2.  MODEL STRENGTH 
 
A review of the final stress analysis confirms that all model and associated support 
components meet strength criteria as specified in SECTION 5.3, DESIGN CRITERIA, of the 
Test Planning Guide Wind Tunnel Division High Speed Wind Tunnels document with the 
following exceptions: 
 


(If none, delete "with the following exceptions:" above.) 
 
Items to be considered as exceptions: 
 
a.  Safety Factors which do not meet the requirement of 3.0 on yield and 4.0 on ultimate. 
 
b.  Items which have to be proof loaded to meet Ames requirements.  A summary of the 
proof test is included as Attachment __. 
 
c.  Parts used in high pressure air systems which are not rated at 3000 psia operating 
pressure. 
 
d.  Welded parts.  A copy of the welding certification is included as Attachment __. 
 
 e.  Model limitations based on angle of attack, tunnel Q or a combination of both.  An 
operating envelope is included as Attachment __. 
 
f.  Notation of any unusual construction technique which nominally meets the 
requirements, but which is  a critical element and needs detailed review and inspection 
periodically during the test. 
 
g.  The use of flat head screws in critical areas. 
 
(The method(s) of resolution of the above exceptions are to be summarized in this 
section.)  
 
(If no exceptions, delete the following.) 
 


Resolution of these items will be accomplished prior to test operation. 
 
(If no high pressure air or hydraulic systems, delete the following.) 
 
All non-permanent high pressure air and hydraulic lines and hoses required for the test have 
been hydrostatically tested and certified as noted in Attachment __. 
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(Use one of the following sentences, or in some way describe the suitability of model fasteners 
that have been supplied with the model.) 
 
The customer has supplied documentation to indicate that all bolts and fasteners used on this 
test are "Certified Fasteners". 
or 
An inspection of the model indicates that new high quality fasteners have been used in the 
assembly of this model.  No proof of certification has been supplied by the customer, therefore 
fasteners have been lot sampled for hardness (Rockwell) to verify the structural properties as 
required by the stress report.   
or 
An inspection of the model has shown that the model fasteners supplied by the customer were 
substandard.  Therefore new high quality fasteners from the AO supply have been used in the 
assembly of this model.  
 
Chamfers and counterbores have been/or are being inspected for concentricity.  Fasteners will 
be torqued on installation consistent with allowable loads.  The stress report has been 
reviewed to assure that plastic bending factors are not included in the analysis and that stress 
concentration factors are included in the analysis. 
 
(If no sting, delete the following.) 
 
Analysis of sting deflection vs. normal force characteristics has shown that a sting divergence 
factor of less than 0.5 will be maintained at all test conditions.  Confirmation of this analysis 
will be obtained during the test installation phase, and verification will be accomplished 
during initial testing. 
 
3.  SAFE OPERATING PROCEDURES 
 
Established standard operating procedures have been reviewed and are adequate for the 
subject test.  Operation of the 12 Ft PWT for this test is consistent with the 12 Ft SOP 
(document number 306-9291-XM1) 
 
(Note: It is important that the established Standard Operating Procedures be reviewed to 
discover any changes that may have been made to them since the last time that you used them.  
They should also be reviewed to ensure that special circumstances of your test will not require 
that the established procedure be altered.) 
 
(If no special operating procedures delete the following) 
 
Special operating procedures necessary to provide safe operation of special model related 
equipment are presented in the following Attachments: 
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• List Attachments 
 
• Special operating procedures should be included as Attachments for the following: 
 
a. All temporary High Pressure Air systems 
 
b. High Pressure Air Heater  (Although standard procedures are available, these 
procedures should be integrated into the specific test safe operating plan.) 
 
c. Laser systems 
 
d. Other special test related operating systems 
 
e.  Use of potentially hazardous chemicals (sublimation, pressure sensitive paint, etc.) 
 
• Topics to be addressed in each Attachment should include the following items as 
applicable: 
 
a. A sketch of the system as installed in the facility with locations of safety signs, warning 
lights, etc. 
 
b. Detailed operating procedures which include: 
 
Personnel safety considerations Emergency shutdown procedures 
Pre-test operational procedures Post-run shutdown procedures 
Pre-run operational procedures Post-test shutdown procedures 
Operating procedures 
 
c. Manufacturers' specifications of safety related items such as high pressure hoses, 
lasers, hydraulic equipment, etc., which clearly show each item's operating limitations. 
 


All pertinent test personnel will be trained and qualified in applicable special procedures and a 
SAFETY CIRCLE meeting will be held prior to test start-up.   An agenda for the Safety Circle 
meeting is included as Attachment ___. 
 
(It may be necessary to include two SAFETY CIRCLE agendas, one for the installation period 
and a second for the running portion of your test.) 
All safety and environmental issues applicable to this test have been addressed through the 
TSR process. 
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4.  RISK ASSESSMENT 
 
The recommended risk classification for this investigation is Hazard Category ___, 
Probability Level ___.  (Include the word definitions of the categories in parentheses 
following the number/letter definitions.) 
 
Approvals consistent with this risk classification, as defined in SECTION 5.1, RISK 
ASSESSMENT, of the Test Planning Guide Wind Tunnel Operations Division High Speed 
Wind Tunnels document will be obtained prior to test start.  
 
5.  NON-STANDARD EQUIPMENT 
 
(If none, use the following statement) 
 
No auxiliary or non-standard equipment will be required for this test. 
 
(If none, delete the following) 
 
The subject test will require use of auxiliary equipment or systems as noted below: 
 
Auxiliary equipment or systems include but are not limited to the following: 
 


13. Ames 3000 psia air system 
14. Ames High Pressure Air Heater 
15. Lasers 
16. Special model apparatus such as the rotary rig 
17. Hydraulic pumps 


 
6.  FACILITY/PROCEDURE MODIFICATION 
 
(If none, use the following statement) 
 
No modification to the facility and/or its Standard Operating Procedures (SOP) is required. 
 
(If none, delete the following.) 
 
Modification to the facility and/or its Standard Operating Procedures (SOP) to meet the test 
needs are as follows: 
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All modifications to the facility which may or may not have any apparent effect on the SOP 
should be included. 
 
 Examples include: 
 
 1. Installation of floor plates 
 
 2. Removal or modification of the centerbody strut 
 
 3. Removal or addition of model catcher screens 
 
 4. Holes drilled in the test section walls. 
 
(Modifications requiring an Operational Readiness Report are handled by the Wind Tunnel 
Operations Branch.  If there are no modifications of this type, delete the following.) 
 
Operational Readiness reports clearing these test related modifications have been requested 
and will be submitted and approved prior to test operations as specified in the Wind Tunnel 
Operations Division Safety Plan.  Any required changes to the approved facility SOP to meet 
test needs have been submitted and approved. All pertinent test personnel will be trained and 
qualified in the use of these procedures prior to testing. 
 
The Test Manager will verify that all modifications to the tunnel which are not a permanent 
part of the tunnel have been removed and that the tunnel has been restored to its original 
condition.  A description of these modifications and the final resolution of each shall be 
submitted to the Assistant Chief, Wind Tunnel Division. 
 
7. MODEL MONITORING RECOMMENDATIONS  
 
(Delete paragraphs not applicable to this test.) 
 
a. The Shift Engineer will periodically monitor the external condition of the model assembly 


via the test section windows and/or the closed circuit television system. 
 
b. An observer will continuously monitor the model/sting assembly via the test section 


windows and/or the closed circuit television system until the Shift Engineer adjudges that 
the need for full time monitoring no longer exists.  From this point on, the Shift Engineer 
will activate paragraph (a) above. 


 
c. Two observers will continuously monitor the model-sting assembly via the test section 


windows, one from each side of the wind tunnel, until the Shift Engineer activates 
paragraph (a) or (b) above. 


 
Attach a copy of the Stress Analyst's memo on findings relative to the Stress Report review. 
 
Attach a copy of the TSR Checklist. 
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Attach a copy of the Safety Circle Agenda. 
 
Attach copies of any other supporting documentation referenced in the TSR. 
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TEST SAFETY REVIEW 
 


TEST NO.________________ 
 


SIGNATURE PAGE 
 


PROJECT TITLE: ____________________________________________________ 
 
PREPARED BY: _______________________________DATE____________ 
 Your name goes here 
 
( )  APPROVED: _______________________________DATE____________ 
 Tunnel Facility Manager, Wind Tunnel Operations Branch 
 
 ( )  APPROVED: _______________________________DATE____________ 
 Chief, Wind Tunnel Systems Branch 
 
( )  APPROVED: _______________________________DATE____________ 
 Chief, Wind Tunnel Operations Branch 
 
( )  APPROVED: _______________________________DATE____________ 
 Chief, Wind Tunnel Division 
 
( )  APPROVED: _______________________________DATE____________ 
 Director, Aeronautics 
 
All items on the TSR CHECK LIST have been completed and all the equipment is ready to be 
tested. 
 
 _______________________________DATE____________ 
 Your name goes here 
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Safety Circle Agenda (Example) 
 
Test Number: 12-0039 
Test Name: 4.2% B-777 Full Span 
Test Dates: 2/24/98 - 3/25/98       
Test Manager: J. Gustie 
Participants: AOW, AOI, , AAL, ATOM, Boeing 
 
1. Purpose / Objective  -  .   


− High-lift Re effect, baseline for full span/semi-span comparison, data 
comparison with DERA 5M tunnel, 12-ft test productivity. 


2. Model / Model support 
− New model fabricated by Micro Craft, Tullahoma, TN and completed 


here.   
− New bayonet made here, new pitch block, new pitch strut. 
− Mounted on the BMS  


4.      Instrumentation 
− Ames 4.0 MKIV Balance. 
− Boeing accelerometers (2), 1 tilt sensor in model and BMSresolver. 
− Note that all model instrumentation is in left wing. 
− 9 model PSI modules, (1) 50 psi, (6) 15 psi, (2) 5 psi.  The 50 psi mod uses 


2nd REF in FSP2.  5 psi modules use 2nd SJU in FSP7 and uses WICS REF. 
− 50 psi used on LE pressures, 5 psi used for 6 Nacelle and fuselage press. 
− 4 WICS std. modules 
− Wing strain gages (2) and HT (1).  Both mean and RMS values. 
− 6 T/C's in wing 


5. Data Acquisition  
 -   SDS with both classical and WICS blockage and wall  
   corrections. 
 -    Other corrections-internal drag, buoyancy. 
 -   CDDMS transfer files (3 -Boeing, WICS, AAL) 
 - Boeing doing parallel computing with VAX 
 - Blockage params done off line.  Data needs to be recomputed 
   after params updated. Important to know what is the latest  
  computed data. 
6. Run Schedule  
 - Landing configuration first.  M=0.21, Pt=1,3,4.1,6, max Q=380 
 - UP + LE.  M=0.26, Pt=1,3,4.3,6, max Q=580. 
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 -   Takeoff configuration.  M=0.26, Pt=1,3,4.3,6, max Q=580. 
 - Alpha = -8 to 38°,  Beta = -30 to +30 degrees. 
 - 350 runs, 100 model changes. 
 -   Flow vis: Mini tufts, VMD, Oil Interferometry, China clay. 
7. Key Safety Issues 
 - New model. Check all model changes diligently. 
 - N1 or N2 balance limits reached for Takeoff , S&C longitudal  
  runs. 
 -   RM balance limit reached during Takeoff, max roll control,  
  S&C lateral. 
 - Setup and check BLAMS envelope - input correctly 
8. Emergencies and Phone numbers 
 - EMS (Emergency Medical Services) system. 
 - x 911  &  x5416  & Facility Safety Rep.  
 - See phone list on walls and in Test Plan. 
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12' PWT Test Readiness Review Sign-off Sheet 
Items required for Test Readiness Review before model installation 


 
Test Number  
Test Title  
Customer  


    Responsible      Initial 
Instrumentation    Team Member    & Date   
Model instrumentation installed, inspected, & tested. IE  
Model prep. room instrumentation installed, inspected, & tested. FAC IE  
Control room instrumentation installed, inspected, & tested.  FAC IE  
All instrumentation in calibration for duration of test. FAC IE  


 
Data Acquisition and Software 
Proper SDS operating system version installed in prep. room. FAC IE  
Proper SDS operating system version installed in control room. FAC IE  
Test dependent software built, verified, and installed. PROG/TM  
Software transfer plan (prep to control room) devel. and reviewed. IE  
All customer config. and IP address requirements implemented. HWD CM  
Customer notified about IP address removal plan. HWD CM  
E-mail accounts and communication procedures in place. HWD CM  
CST training on test specific software complete. PROG  
Customer training plan on systems & software devel. and reviewed. HWD CM  
All params. ready to be entered into the control room data system. TM  
Customer supplied systems and software checked out. HWD CM  
Control room layout plan complete and reviewed by customer. HWD CM  


 
Operations 
SDS Prep Room test case computations complete. TM  
DPS formats verified. TM  
SDS running range parameters verified. TM  
FCS set-up values defined. TM  
Model installation layout drawings complete. TM  
Installation photo request submitted. TM  
High pressure air request submitted. TM  
All configuration assemblies verified. TM  
Boundary layer transition control applied. TM  
Single point balance load recorded. TM  
Installation checklists complete. TM  
Rigging plan approved. FAC Mgr  
Required transport and test section equipment available. FAC Mgr  
Required test staff available. FAC Mgr  
Prep. room TCR's and TDR's closed or addressed. TM  
Security requirements in place for transition from prep. to test. TM  
Test specific Crew Training TM  
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Test Readiness Approvals Signature Date 
Test Manager   
Facility Manager   
Branch Chief, Wind Tunnel Operations   
Branch Chief, Facility Engineering   
Branch Chief, Wind Tunnel Systems   
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Appendix J  Activity Log - User's Guide 
(Note: Applicable to 11 Foot TWT, other facilities are similar.) 


 
This Activity Log file has been designed as a FileMaker Pro relational database.  
The database consists of a collection of individual records. Shift Engineers will 
create one new record for each shift. One purpose of the log is to help distinguish 
between time spent on planned activities and time spent on unplanned activities 
(down time) during wind tunnel tests.  We hope to use this information to improve 
test productivity by reducing down time.  Another purpose of the log is to begin to 
measure specific run metrics such as runs per occupancy hour and runs per shift. 


 
-Main Menu Diagram- 


 
1. Activity Log relational databases  


2. Test Engineer Data Entry Layout and Test Abstract (Access Limited) 


3. Guest Activity Log Screen  


4. Review All Daily Text – Text layout that enables user to review the Executive 
Summary, Action Items, and Detailed Daily Log Text  


5. Summary Report – Complete Summary of Test Totals and Metrics  


6. Summary Report for Specified Period – Allows user to specify particular 
dates for Test Totals and Metrics 


7. Print Summary Report for Specified Period – Allows user to Print Specified 
Period Summary Report 
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8. Columnar Reports – Tabulated report that lists specifics from all recorded 
shifts including test totals 


9. Help – Activity Log Usage and Tips for Check out 


J-01 New File 
The first step is to have the database administrator prepare a new file for your test.  
The Test Manager should provide the following information to the administrator: 


− Test Number 
− Test Name 
− Customer(s) 
− Tunnel Entry Date 
− Estimated Installation Hours - optional 
− Estimated De-Installation Hours - optional 
− Estimated Total Occupancy Hours - optional 


All of this information will be auto-entered into each new record. 


J-02 Brief File Description: 


(a) Buttons at the top of Data Entry & Guest Screen 


 
The buttons at the top of the file allow the user to sort, print, and navigate through 
the file. 


− Main Menu  -  Brings up main menu screen which includes several options 
(diagram on page 1). 


− Sort    - Sorts the records by record number in descending order. 
− Previous   - Returns to the previous record. 
− Next   - Advances to the next record. 
− New   - Creates a new record. (For Data Entry Only) 
− Print  -  Prints the record 
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(b) Header Fields 
1. Record Number (upper left corner) -  Each log entry is given a unique record 


number - Auto-entered. 


2. Record Entry Date -  Date of new record entry (If entered before the date 
desired, it can be manually changed) - Auto-entered. 


3. Record Entry Time - Time of new record entry (24 hr military time) - Auto-
entered. 


4. Test Number - Auto-entered. 


5. Facility - Auto-entered. 


6. Tunnel Entry Date - Auto-entered. 


7. Test Name - Auto-entered. 


8. Customer(s) - Auto-entered. 


9. Test Manager - Auto-entered. 


10. Shift Engineer - Pop up list (optional edit). 


11. Shift - Pop-up list.  


12. Shift Start - Shift start time (24 hr military time) - Manual enter (Include 
overtime hours, see K pg. 7). 


13. Shift Stop - Shift stop time (24 hr military time) - Manual enter (Include 
overtime hours, see K pg. 7).   


14. Normal Shift Hours - Normally scheduled shift hours (8 or 8.5) - Auto-
entered. 


15. Shift Occupancy Hrs - Occupancy Hours for the shift; time the entire crew 
was on shift 
       = [(Shift Stop (#13) -Shift Start (#12) - Lunch)], Calculated*. 


16. Shift Overtime Hours - Shift overtime hours worked by the entire crew - 
Calculated*. 


17. Average Crew Size - Number that indicates the average full-time crew size - 
Manual enter. 
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18. Test Phase - Test Activity apparent for the majority of the shift (Example 
above). 


19. Cumulative Fan On Time Beg. - Cumulative fan on time at shift beginning - 
Manual enter. 


20. Cumulative Fan On Time End - Cumulative fan on time at shift end - Manual 
enter. 


*  Calculated fields have gray backgrounds. They can not be modified. 


(c) Primary Shift Activities 
Next the Shift Engineer will be asked to keep track of primary shift activities.  These 
activities are separated into three categories.  Planned activities are shown in blue 
and unplanned activities (facility down time and model down time) are shown in 
red.  Primary is the key word.  In many cases there will be several activities 
happening at once.   At this time we are only interested in keeping track of the 
activities that are the main drivers.  As an example: There is a one hour model 
change taking place.   The Shift Engineer decides to use this time to also fix a bad 
thermocouple.  In this case, because the model change was the true driver, the time 
would be logged as a model change only.  Do not double keep time.  If the Shift 
Engineer feels that two activities are of equal importance he or she may use his/her 
own discretion in splitting the time fairly.  The total of all shift activity hours should 
equal the total shift occupancy hours.  In the example notice the "=" sign at the 
bottom.  If the total shift primary activity hours does not equal total shift occupancy 
hours, a red "≠" sign will appear.  This is a check to help the Shift Engineer account 
for all shift time. 


The Shift Engineer should first try to use the standard categories provided for 
entering shift activities.  If however they are not applicable, there are two"Other"  
spaces available for text entry of a new category as a planned activity, facility down 
time, or model down time, at the bottom of each column.  Try to keep entries as 
consistent as possible. 


Enter shift primary activity hours in a "0.0" number format. 
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(d) Primary shift activity fields 
 


 
21. Planned Activity Hrs - Sum of entire shift Planned Activity column, 


excluding lunch - Calculated. 


22. Facility Down Time Hrs - Sum of entire shift Facility Down Time activity 
column - Calculated. 


23. Model Down Time Hrs - Sum of entire shift Model Down Time activity 
column - Calculated. 


24. Total Shift Primary Activity Hours = Planned Activity Hrs (#21) + Facility 
Down Time Hrs (#22) + Model Down Time Hrs (#23), Calculated.  This 
number is compared to Shift Occupancy Hrs for accuracy.  Total Shift 
Primary Activity Hours should equal Shift Occupancy Hrs. 


(e) Estimates vs Actuals 


 
25. Estimated Installation Hrs - Pre-test estimate of installation hours - Manual 


enter. 
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26. Estimated De-Installation Hrs - Pre-test estimate of de-installation hours - 
Manual enter. 


27. Estimated Total Occup Hrs - Pre-test estimate of total occupancy hours - 
Manual enter. 


28. Actual Installation Hrs - Running total of Test Phase (#18 radio button) 
installation hours - Calculated. 


29. Actual De-Installation Hrs - Running total of Test Phase (#18 radio button) 
de-installation hours, Calculated. 


30. Actual Total Occup Hrs - Running total of shift occupancy hours, Calculated. 


31. Test Manager’s Estimated % Complete - Manually entered on a daily basis.  


(f) Drive time entries 
The Shift Engineer will also enter tunnel drive information for each drive start.  
Using a 24-hour military time format (00:00), enter times as described below. You 
may elect to press the gray button to the left of the field to auto-enter the current 
time.  The drive time (hrs:min) will be calculated for each drive start. Drive starts 
that are aborted should not be entered here. That time should be entered as a 
primary shift activity. 


(g) Drive time fields (Use 24 hr. military time when time entry is 
required) 


 


 
32. Model Change Complete - Model ready for testing - Manual enter. 


33. Start Pump Down - Start Time for tunnel Pump Down- Manual enter. 


34. Drive Start - Time Mach number is established for first data point - Manual 
enter.  


35. Start C.C. Purge - Start time of Close Circuit Purge 


36. Stop C.C. Purge - Stop time of Close Circuit Purge 


37. First Data Point - Time when first good research data point is taken; does not 
include static runs - Manual Enter. 


38. @ Run # - Run # of first data point - Manual enter. 


39. Last Data Point - Time when last good research data point is taken; does not 
include zeros, cals, or static runs - Manual enter. 


40. @ Run # - Run # of last data point - Manual enter. 
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41. Drive Stop - Drive stop at end of run series - Manual enter. 


42. Tunnel Open - Tunnel open and ready for model work - Manual enter. 


43. Number of Runs - Total runs for the series [@ Run #(#40) - @ Run #(#38) + 1], 
Calculated. 


44. Number of Non-Data Runs - Number of runs to be excluded from database - 
Manual enter. 


45. Number of Data Runs - [Number of Runs (#43) - Number of  Non-Data 
Runs(#44)], Calculated. 


46. Number of Good Data Points - Good data points per drive start.  Does not 
include zeros, cals,  or static runs - Manual Enter. 


(h) Shift Summaries 


 
47. Drive Off Runs -Total Drive Off Runs for current Shift - Manual Enter 


48. Drive Off Data Points -Total Drive Off Data Points for current Shift - Manual 
Enter 


49. Total Shifts Recorded - Running total of all shifts for the test, Calculated. 


50. Drive Starts This Shift - Total drive starts for current shift, Calculated. 


51. Runs This Shift - Total runs for current shift, Calculated. 


52. Data Points This Shift - Total data points for current shift, Calculated. 


53. Tunnel Drive Hours This Shift (hrs:min) - Total shift drive time [Cumulative 
Fan On Time End (#20) - Cumulative Fan On Time Beg. (#19)], Calculated. 


54. Copy All Text to Clipboard - Button copies text fields to clipboard for pasting 
into a document that can be sent as E-mail. 
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(i) Comments about this Database 
There is a button in the Shift Summaries box of every record for comments from the 
Shift Engineers. These comments could be to clarify the record or to comment about 
the Activity Log itself. Feedback is welcome. 


55. Comments about this Database.  Text entry for clarification of entries. 


(j) Text Fields and associated buttons 
The written log of the shift activities is divided into three sections. The “Executive 
Summary” is meant to be a very brief summary description of the activities for 
management and others interested only at a high level. The “Action Items” are a list 
of items which need attention and may need to be carried long term across shifts. 
The “Detailed Daily Log Text” is a detailed description of activities occurring 
throughout the shift. To view all text, click the Browse All Text button. On the 
Browse All Text Layout you will see all the text entries for that Shift. If the Shift 
Engineer has entered any special fonts in the Detailed Daily Log (i.e. bold, italics, 
underlines, colors, etc.) you may click the Detailed Daily Log with Text Formats 
button to view them.  


 
To print all text, click the Print All Text Button. The TDR button links to the Test 
Discrepancy Report relational database, and the TCR button links to the Test 
Change Request  relational database.  


 


 


(k) 11 Foot Activity Log Usage 
The following pages contain further clarification of usage. This information is also 
included as a “Help” button on the Main Menu. 


• The normal mode of operation for the 11 Ft TWT is to pump up to the highest 
pressure that will be run in a series and blow down during the series to end at 
the lowest pressure desired (at or below atmosphere).  With this scenario, the 
log will accurately account for the majority of the testing times. 


• The Shift Engineer has the responsibility for filling out the log.  The Test 
Manager may act as the Shift Engineer for a particular shift. 


• Each shift should start and set-up a new record using the following steps: 
− Click on the “New” button 
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− Enter the shift engineer’s name in the pull-down window--edit function 
available 


− Enter the Shift in the pull-down window 
− By using the tab key, enter the “Shift Start” (00:00-Grave, 08:00-Day, 16:00-


Swing, except that a shift without a shift immediately preceding it, will 
start 1/2 hour earlier), “Shift Stop” (08:00-Grave, 16:00-Day, 24:00-Grave), 
“Average Crew Size” (includes all disciplines), “Test Phase” and “Test 
Manager’s Estimated % Complete” boxes. (Note the "Test Phase" is to 
indicate the activities for the majority of the shift.) 


• The "Actual Tunnel Time" in “Planned Activities” is the time from “Model 
Change Complete” to “Tunnel Open”, minus any other measurable activity 
that happens during this time. For example any downtime should be 
subtracted out and added to the appropriate location under “Down Time”. 


• Enter the number of Model Changes in the box next to “Model Change(s)”. 
Consider only those activities for which a model change time has been 
entered, not necessarily ever time the tunnel is opened. 


 
Features: 


• Relational databases have been designed for TDR and TCR reports as well as 
CST and IT shift notes. These logs are available through the “Main Menu”. 


• Use “Comments about this Database” button to send suggestions to 
developer. They will be reviewed periodically. 


• Reports summarizing the entire test and specified periods can be obtained 
through the “Main Menu”. Columnar reports are also available to view shift 
and test totals. 


• Buttons are available to print text and copy text if necessary to send out via e-
mail. 
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Do's and Donʼts: 


• •  Do the drive start time only when the first Mach number in a series is 
established.  The drive stop time is only when the last Mach number in a 
series is completed.  No drive idle times outside of these are counted (e.g., 
when circulating). 


• Do enter values in “Number of Good Data Points” box (best guess).  Don’t 
enter question marks or other NaN’s. 


• Do enter "Lunch" as either 0.5 or 0 only.  Use as a criterion whether or not 
work on the test continues through the period. 


• Do check at shift end that the "Total Shift Primary Activity Hours" equals 
"Shift Occup Hrs".  Make adjustments to "Primary Shift Activities" as 
necessary. 


• Do consider long complex model changes or major reconfigurations within 
the test as “Installation” rather than “Model Changes” so as to not skew the 
average model change times. 


• Don't  enter “Shift Start’ and “Shift Stop” times when in Model Preparation 
Room if it is only desired to have notes with no addition of occupancy hours 
to the test total. 


• Don’t log tunnel pressurization’s or drive starts/stops, which are within a 
run series (e.g., during blowdown to the next pressure). 


• Don’t enter values in “Drive Time Entries” section if not applicable during a 
series. Fictitious entries will cause erroneous calculations. 


• Don’t fill in any boxes in the “Drive Time Entries” if no data is taken. If a row 
is started, but doesn’t result in any data runs, delete any entries and log the 
time elsewhere. Exceptions are run series (with data) which overlap from a 
previous or following shift. 
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J-03 Tips for Activity Log Checkout 
I. Browse each columnar report. Scan for obviously erroneous or missing data. 


Specifically look at the entries below. If an error is found, click on the record 
number of the Date/Shift that is in error. This will take you to the data entry 
screen to make corrections. 


 
Report Column Entry Check On Data Entry Screen: 
 
Test Totals Shift Missing Shift 
 
Test Totals Shift Eng Missing Shift Engineer 
 
Test Totals Occ Hrs Missing Shift Start/Stop Time 
  or incorrect 
 
Test Totals Inst Hrs Missing Test Phase radio buttons 
   at test start for proper selection 
 
Test Totals De-Inst Hrs Missing Test Phase radio 
   at test end buttons for proper selection  
 
Test Totals Work-Hrs Missing Avg Crew Size 
 
Productivity Time to Fst >480, or No or incorrect entry in "Model 
  Data Pt very large Change From Previous Shift" or 
    "Model Change Complete" 
 
Productivity Any Question Mark Appropriate input 
    (missing, NaN, zero, etc.) 
 


II. Preview “Other Downtime Report”. Look for (a) entries that should go in 
established categories rather than “other”, (b) numerical entries without a 
description. Correct discrepancies on data entry screen. 


III. Check all TCR/TDR’s. If they are not signed off by the appropriate 
individuals, either (a) get the sign-offs if they are closed, or (b) fold them over 
into the FO Action Item process (described in the TPM). 


IV. Go to the Test Abstract Form. Complete the information. Get a hard copy to 
include with the transmittal. 


V. Get a one page summary of the whole test. Scan for obviously erroneous or 
missing data. If step I above has been done, this summary should be correct. 
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J-04 Summary Report - User’s Guide 
This Activity Log Summary Report has been designed to calculate a summary and 
average report for either an entire test or for a portion of a test. It consists of a 
Header, Primary Shift Activities, Other Totals, Other Percentages, and Averages. 


(a) Header Fields: 
 


 
 


1. Test Number  


2. Facility  


3. Tunnel Entry Date    


4. Test 


5. Customer(s)  


6. Test Manager   
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(b) Primary Shift Activities 
 


 
The planned activities are shown in blue and the unplanned activities (facility down 
time and model downtime) are shown in red. Each activity is summarized for the 
report period in terms of both total hours and as a percentage of total occupancy 
hours. 


7. Total Planned  


8. Total Facility Down Time 


9. Total Model Down Time 


(c) Other Totals 
Other Totals includes a summary for each item #10 - #18. 


10. Normal Shift Hours 


11. Overtime Hours 


12. Occupancy Hours - Lunch not included 


13. Drive Starts 


14. Runs  


15. Data Points  
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16. Drive Hours - Total drive on hours above 70 rpm 


17. Approx. Shift Work hours - Average Crew Size x Shift Occupancy Hour 


18. Total Tunnel Time (Hrs.) - Refer to Actual Tunnel Time in Primary Shift 
Activities 


(d) Other Percentages 
19. Utilization % - (Total Occupancy Hours - Total Facility Down Time) / Total 


Occupancy Hours. 


(e) Averages 
There are averages for each item #20 - #33. 


20. Crew size 


21. Data Points Per Run 


22. Runs Per Drive Start 


23. Model Change Time (Hrs) 


24. 25 Pt-Runs Per Drive Start - (Data Points Per Run (#24) / 25) x Runs Per 
Drive Start (#25).                  


25. Runs Per Drive Hour 


26. 25 Pt-Runs Per Drive Hour - (Data Points Per Run (#24) / 25) x Runs Per 
Drive Hour (#28).  


27. Runs Per Occ Hour 


28. Runs Per (Occ – Install) Hour 


29. 25 Pt-Runs Per Occ Hour - (Data Points Per Run (#24) / 25) x Runs Per Occ 
Hour (#30). 


30. Time Per Data Pt (Min) 


31. Time To First Data Pt (Min) - From Model Change Complete. 


32. Data Points Per Drive Hour 


33. Data Points Per Occ Hour 
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Appendix K  Test Change Control 
All tests must be conducted with Test Change Control as an integral part of the test 
activity.  The documentation of test discrepancies and changes affords much 
smoother test-team coordination. Approval of test-related changes will be the 
responsibility of the Test Manager. However for changes that have the potential to 
significantly affect test safety, the Test Review Board must review and approve the 
action.  


Test related documents will be under Test Change Control following final approval 
of the documents. For most documents this approval will occur at the Test 
Readiness Review; however, some documents such as Test Requirements 
Documents, Instrumentation Requirements, and Software Requirements, will 
receive approval and come under Test Change Control well before the Test 
Readiness Review. A test doesn't fall under the TDR/TCR process until it enters the 
model preparation area.  


The purposes for instituting and using the Test Change Control system are to 


• provide documentation for all problems and changes. 


• ensure that the shift engineer/Test Manager is the focal point for any 
problems or changes affecting the test.  


• encourage communication between affected individuals. 


• allow managers and group leaders to see the "big picture" of problems and 
changes on the test and to approve/disapprove any issues related to safety. 


The following definitions and procedures apply to the Test Change Control process 
which is integrated into the Test Activity Log with electronic/software forms. 


K-01 DEFINITIONS:  


(a) Test Change Request (TCR):  


• An action that modifies what has previously been defined by any test related 
documentation (e.g. test plans, TRR, etc.) 


• A discretionary test-dependent modification to any of the tunnel, model, or 
prep room systems 


(b) Test Discrepancy Report: 


• Any perceived abnormality with a model or tunnel system 


• If a discrepancy occurs that is rapidly fixed on shift, it should be written up 
"after the fact" 
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• When in doubt, write it up  


(c) Initiator: 


• Person who fills out TDR/TCR form 


• Responsible for alerting responsible individual that the TDR/TCR has been 
written 


• Responsible for signing off TDR/TCR when closed 


(d) Responsible Individual: 


• Named by Initiator on form 


• Responsible for either making the fix/change or designating someone else to 
do it who then becomes the Responsible Individual 


• If a designee is named, the original Responsible Individual is responsible for 
making the appropriate changes to the original TDR/TCR form 


• Attaches support documentation to TCR/TDR as required; this can be 
electronic or hard copy 


(e) Priority: The Test Manager assigns priority to a TCR/TDR using 
the following criteria:  


Critical 


• Discrepancy: this must be changed for the test to continue 


• Change: this must be fixed before test objectives are met 


• Affects safety of personnel running the test 


• Must be fixed NOW 


Medium 


• Discrepancy: the run matrix can be worked on, but runs which require the 
offending system cannot be done 


• Change: some objectives can be met, but not all and probably not in the order 
desired 


• Must be fixed as soon as possible but can wait for appropriate shift personnel 


Low 


• Discrepancy: a minor problem that in no way affects the running of the test 
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• Change: a nice-to-have or future enhancement 


• Add to work list  
 


K-02 PROCEDURES 


1. Initiator fills out form and alerts Responsible Individual. 


2. Initiator works with Test Manager to define priority. 


3. Copies of individual TCR's or TDR's may be made for reference to  track unclosed 
TDR's/TCR's in the facility. 


4. Test Manager/shift engineer references the TDR/TCR in the Activity Log for the 
test, a few words of explanation, and the Responsible Individual. 


5. Test Manager/shift engineer determines if an FO TRB meeting is required to address 
safety issues. 


6. Responsible Individual reads TDR/TCR, paying particular attention to priority; 
discusses it with Initiator if necessary; designates another Responsible Individual if 
necessary. 


7. Responsible Individual makes fix/change. 


8. If Initiator finds fix/change acceptable, then he/she signs the TDR/TCR as closed, 
and secures the concurrence of all other appropriate signatories. 


The group leaders and facility core staff are responsible for daily reading of the 
Activity Log ensuring that their staff is addressing the problems and changes. The 
shift engineer/Test Manager is responsible for addressing the status of 
TDR's/TCR's in the shift meeting as necessary. Either the Facility Manager or the 
Wind Tunnel Division Test Review Board is responsible for concurrence on actions 
taken as the results of TDR's/TCR's that are safety related.  
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Ames Wind Tunnel Division 
 


Test Change Control, 
Test Discrepancy Reporting, 


Wind Tunnel Division Action Items, and 
Wind Tunnel Division Incident/Near-miss Reporting 


 
Examples 


************************************************ 
 


Test Change Control 
used during test planning and execution 


 
1. The Customer decides to add two new pressure transducers to the test requirements. 


During test planning and execution: 
YES - The TCR is a record of change to the Customer Agreement, formalizes the 


commitment of Wind Tunnel Division resources, provides clear definition 
of the new requirement, and allows for formal acceptance or denial of the 
change (by Test Management in this case) if the impacts are unacceptable. 


 
2a. Bolts provided to assemble the model are not the right size and are replaced with the 


fasteners defined on the drawing. 
2b. An actuator position sensor on the model support is acting up and needs to be fixed. 


During test planning: 
NO - There is no significant impact on resources and the correct configuration is 


defined on drawings. 
During test execution (prep. room and test section): 
NO - A Test Discrepancy Report (TDR) is prepared during test execution to 


document this problem and its resolution.  TDRs are evaluated after the 
test to help avoid a similar event from occurring in the future. 


3a. A new procedure for increasing motor RPM in the model is developed based on results of 
testing conducted at the Customer's facility. 


3b. A model safety instrumentation limit needs to be relaxed based on operational experience 
and a new, more detailed analysis. 


During test planning: 
NO - During test planning, these changes are not significant impacts on resources 


and will be evaluated during the Safety Review. 
During test execution (prep. room and test section): 
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YES - These changes may impact safety and need to be evaluated by the Test 
Review Board (TRB).  Note that the Safety Review has already been 
conducted. 


 
4. A facility high pressure air valve must be temporarily modified to accommodate a test 


requirement. 
During test planning and execution: 
YES - The open TCR acts as a reminder to the test team to restore the valve to the 


original condition after the test.  Note that a facility CR is required in 
addition to the TCR. 


 
5. A facility high pressure air valve is upgraded permanently to accommodate a test 


requirement. 
During test planning: 
NO - A facility CR is generated to document this change. 
 
During test execution (prep. room and test section): 
YES - The lateness of defining and implementing this change will impact resources 


and test productivity.  A facility CR is also generated to document this 
change. 


6. 40 hours of additional test time is requested to accomplish an additional objective not 
defined in the Customer Agreement.  . 


During test planning and execution: 
YES - The TCR is a record of change to the Customer Agreement, formalizes the 


commitment of Wind Tunnel Division resources, provides clear definition 
of the new requirement, and allows for formal acceptance or denial of the 
change (by the Facility Review Board in this case) if the impacts are 
unacceptable. 


 
7. A planned change to a data system constant is implemented. 


During test planning and execution: 
NO - The change is already planned and documented. 
 


8. A small piece of the model departs during testing and is caught by the model catcher 
screen. 


During test execution (test section): 
NO - A TDR and a Wind Tunnel Division Incident Report are prepared and 


delivered to the Facility Manager. 
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Examples 
************************************************ 
 


Test Discrepancy Reporting 
used during execution only 


 
1. Pressure data from a discrete transducer looks incorrect. 


During test execution (late in the prep. room and in the test section): 
YES - The TDR is a record of the problem, assigns Wind Tunnel Division 


resources to fix the problem, documents the resolution of the problem, and 
allows for prioritization of effort by Test Management.  Note that a TCR 
may be required if the transducer is replaced by a different range or style 
of unit. 


 
2. A bolt breaks off during model assembly or a model change. 


During test execution (prep. room and test section): 
YES - The broken bolt results in a loss of test time and may need to be evaluated 


for safety impacts.  TDRs are evaluated after the test to help avoid a 
similar event from occurring in the future. 


 
3a. An actuator position sensor on the model support is acting up and needs to be fixed. 
3b. The data system is freezing up prior to recording data. 


During test execution (late in the prep. room and in the test section): 
YES - These problems results in loss of test time and may need to be evaluated for 


safety or productivity impacts.  TDRs are evaluated after the test to help 
avoid a similar event from occurring in the future. 


 
4. A facility high pressure air valve must be temporarily modified to accommodate a test 


requirement. 
During test execution (prep. room and test section): 
NO - A TCR is used to document and track this change.  Note that a facility CR is 


required in addition to the TCR. 
5. Facility problems result in a requirement for 40 hours of additional test time to 


accomplish planned test objectives.  . 
During test execution (prep. room and test section): 
NO - The TCR is used as a record of change to the Customer Agreement, 


formalizes the commitment of Wind Tunnel Division resources, provides 
clear definition of the revised requirement, and allows for formal 
acceptance or denial of the change (by the Facility Review Board in this 
case) if the impacts are unacceptable. 


 
6. A planned change to model hardware is implemented. 
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During test execution (prep. room and test section): 
NO - The change is already planned and documented. 
 


7. A small piece of the model departs during testing and is caught by the model catcher 
screen. 


During test execution (test section): 
YES - A TDR and a Wind Tunnel Division Incident Report are prepared and 


delivered to the Facility Manager. 
 
8. A balance is dropped a small distance during handling or a balance sticks and has to be 


tapped out with a hammer during model work. 
During test execution (prep. room and test section): 
YES - A TDR is prepared to document possible damage to the balance.  A shift in 


balance gage output due to rough handling can significantly impact test 
productivity, data quality, and our reputation.  A Wind Tunnel Division 
Incident Report is prepared and delivered to the Facility Manager if 
damage to the balance is obvious. 
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Examples 
************************************************ 
 


Wind Tunnel Division Action Items 
used outside of test efforts and after test completion 


 
1a. A model discrepancy (TDR) cannot be resolved during the test due to short resources and 


time. 
1b. A test procedure change (TCR) is not formally documented during the test due to short 


resources and time. 
After test completion: 
YES - These open TDR/TCRs are converted to Wind Tunnel Division Action 


Items that maintain a record of the problem, assign Wind Tunnel Division 
resources to fix the problems, document the resolution of the problems, 
and allow for prioritization of effort by Facility Management. 


 
2a. An instrumentation engineer has a good idea for a way to calibrate a sensor without 


having to remove it.  The change requires purchase of new equipment and 40 hours of 
labor. 


2b. A Wind Tunnel Division staff member discovers a problem with a Wind Tunnel Division 
process. 


Any time: 
YES - A Wind Tunnel Division Action item is used to maintain a record of the 


suggestion/issue, assigns Wind Tunnel Division resources to implement 
change, documents the resolution of a change, and allow for prioritization 
of effort by Facility Management. 


 
3. A Test Manager has 5 open TDRs and 6 open TCRs at the end of a test. 


After test completion: 
YES - Wind Tunnel Division Action Items are prepared for each open TDR or 


TCR.  The transfer of responsibility for these items from the Test Manager 
to Wind Tunnel Division line management is documented in a Test 
Closeout memo from the Test Manager to the record. 
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Examples 
************************************************ 
 


Wind Tunnel Division Incident/Near-miss Reporting 
used all the time 


 
1. A small piece of the model departs during testing and is caught by the model catcher 


screen.  No damage to model or facility. 
During test execution (test section): 
YES - A Wind Tunnel Division Incident/Near-miss Report is prepared and 


delivered to the Facility Manager. 
 
2. A model separates from the model support system and causes catastrophic damage to the 


model and facility. 
During test execution (test section): 
NO - A NASA Incident report is used.  Follow documented NASA Incident Report 


preparation and notification procedures. 
 


3. A mechanic is severely cut by a model flap and is taken to the health unit for stitches. 
Any time: 
NO - A NASA Incident report is used.  Follow documented NASA Incident Report 


preparation and notification procedures. 
 


4. About 1 gallon of oil spills from a lubrication skid under the wind tunnel.  It is contained 
and immediately cleaned up. 


Any time: 
YES - A Wind Tunnel Division Incident/Near-miss Report is prepared and 


delivered to the Facility Manager. 
 


5. About 5 gallon of oil spills from a lubrication skid under the wind tunnel.  It runs into a 
storm drain and cannot be recovered by the facility staff. 


Any time: 
NO - A NASA Incident report is used.  Follow documented NASA Incident Report 


preparation and notification procedures. 
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6. A procedure being used to lift a part proves to be unsafe, nearly resulting in the part being 
dropped. 


Any time: 
YES - A Wind Tunnel Division Incident/Near-miss Report is prepared and 


delivered to the Facility Manager. 
 


7. An instrument technician is shocked by a low voltage system that was not properly 
grounded.  No lasting effects result. 


Any time: 
YES - A Wind Tunnel Division Incident/Near-miss Report is prepared and 


delivered to the Facility Manager. 
 


8. A model mechanic is severely shocked by a high voltage system that was not properly 
grounded.  Lasting effects result. 


Any time: 
NO - A NASA Incident report is used.  Follow documented NASA Incident Report 


preparation and notification procedures. 
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Ames Wind Tunnel Division 


 
Test Change Control, 


Test Discrepancy Reporting, 
Wind Tunnel Division Action Items, and 


Wind Tunnel Division Incident/Near-miss Reporting 
 


Examples 
************************************************ 
 


Test Change Control 
used during test planning and execution 


 
1. The Customer decides to add two new data reduction equations. 


During test planning and execution: 
YES - The software specification is a controlled document and any changes to the 


specification must be documented.  Without proper documentation trouble 
shooting problems becomes difficult and impacts resoures. 


 
2. Parameters are changed from the initial value a new values based upon refinement of 


some previous assumed values. 
During test planning: 
NO - The Test Manager is given a list of all parameters for review and updating 


prior to deployment of the software for use. 
During test execution (prep. room and test section): 
NO - The values required for change are provided in a log maintained by the 


computer systems technician.  This log is denoted as an equivalent TCR. 
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3. The Test Manager discovers some equations supplied have the wrong sign and/or 
parenthesis is the wrong location. 


During test planning: 
YES - The software specification is a controlled document and any changes to the 


specification must be documented.  Without proper documentation trouble 
shooting problems becomes difficult and impacts resoures. 


During test execution (prep. room and test section): 
YES - The software specification is a controlled document and any changes to the 


specification must be documented.  Without proper documentation trouble 
shooting problems becomes difficult and impacts resoures. 


 
4. It is decided to change the balance calibration file from the current one to a previous 


calibration. 
During test planning and execution: 
NO - The values required for change are provided in a log maintained by the 


computer systems technician.  This log is denoted as an equivalent TCR. 
 
5. It is requested that standard computations for tunnel conditions be modified to a 


Customer unique method 
During test planning: 
NO - This is a test specific change and is noted on the test specification document. 
 
During test execution (prep. room and test section): 
YES - The lateness of defining and implementing this change will impact resources 


and test productivity. 
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Examples 
************************************************ 
 


Test Discrepancy Reporting 
used during execution only 


 
1. Equations were found to have been incorrectly coded. 


During test execution (prep. room and test section): 
YES - The TDR is a record of the problem and assigns Wind Tunnel Division 


resources to fix the problem. 
 
2. A parameter(s) was found to have been incorrectly entered. 


During test execution (prep. room and test section): 
NO - The value(s) required for change are provided in a log maintained by the 


computer systems technician.  A note is made that the change was caused 
by an incorrect entry and not as a part of the test. 


 


Examples 
************************************************ 
 


Wind Tunnel Division Action Items 
used outside of test efforts and after test completion 


 
1. A software discrepancy (TDR) and/or change (TCR) cannot be implemented during the 


test due to the time required for implementation. 
After test completion: 
YES - These open TDR/TCRs are converted to Action Items that maintain a record 


of the problem, assign resources to fix the problems, document the 
resolution of the problems, and allow for prioritization of effort by 
Computations and Data Analysis Group. 
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Figure 4: Test Change Report 
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Figure 5:  Test Discrepancy Report 
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Appendix L  Mishap and Incident Reporting 
 


L-01 Introduction 
Timely reporting of mishaps and incidents is essential to ensure proper measures 
can be taken to minimize personnel injury and equipment damage and to prevent 
recurrence of the event. Mishaps and incidents are to be reported in accordance 
with the provisions of APR 1700.1, Chapter 4, “Mishap Reporting” and the Wind 
Tunnel Safety Manual, A027-9991-XS1, Chapter 15. 


APR 1700.1 requires that all mishaps and near misses be reported. Reporting 
requirements and mishap classifications are described as follows. 


L-02 Mishap Classifications 
Mishaps are classified according to the severity of the event. APR 1700.1, Chapter 4, 
“Mishap Reporting” defines the mishap types as follows. 


(a) Type A Mishap 
A mishap causing death and/or damage to equipment or property equal to or 
greater than $1,000,000. This definition also applies to a test failure if the 
damage was unexpected or unanticipated or if the failure is likely to have 
significant program impact or visibility. 


(b) Type B Mishap 
A mishap resulting in permanent disability to one or more persons, or 
hospitalization (for other than observation) of five or more persons, and/or 
damage to equipment or property equal to or greater than $250,000 but less 
than $1,000,000. Mishaps resulting in test failures where damage was 
unexpected or unanticipated also fall into this category. 


(c) Type C Mishap 
A mishap resulting in damage to equipment or property equal to or greater 
than $25,000 but less than $250,000 and/or causing occupational injury or 
illness which results in a lost workday case. Mishaps resulting in test failures 
that meet this criterion are also included. 


(d) Incident 
A mishap consisting of less than Type C severity of injury to personnel (more 
than first aid severity) and/or property damage equal to or greater than 
$1,000 but less than $25,000. Events which have small property loss, less than 
$1,000 , should be reported as incidents if they have significantly greater 
potential or high visibility. 
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(e) Close Call/ Near Miss 
An occurrence in which there is no injury, no property or equipment damage, 
and no significant interruption of productive work, but which possesses a 
high potential to be a Type A, B, OR C Mishap. 


L-03 Mishap/Incident Notification Requirements 
The following table illustrates whom to contact for various types of mishaps.  


(a) In all cases: 
• The individuals contacted should notify higher levels of management 


if appropriate 
• Contact emergency services as required 


 
Mishap 
Type 


Branch Chief  Wind Tunnel 
Division Asst. 
Division Chief 


Type A Call immediately Call immediately 
Type B Call immediately Call immediately 
Type C Regular working day; 


call immediately for 
property damage 
exceeding $25,000.  
Type C injury 
notification via mishap 
report. 


Regular working day; 
call immediately for 
property damage 
exceeding $100,000.  
No notification 
required for Type C 
injuries. 


Incident Regular working day 
via mishap report. 


No requirement for 
notification 


Close call 
(near miss) 


Regular working day 
via mishap report. 


No requirement for 
notification 


 


L-04 Report Preparation 
All Wind Tunnel Division mishaps, incidents and near misses must be 
documented on the “Report of Unsafe Condition or Mishap” form by the 
immediate supervisor of the injured party.  In addition, if the mishap is a 
Type A, B, or C, the immediate supervisor must complete the “NASA Initial 
Safety Incident Report” at 
https://nasa.ex3host.com/IRIS/quickincident/safety_default.asp within 24 
hours of the incident. 
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Wind Tunnel Operations Division 


MISHAP REPORT 
(Incident, Accident, Near Miss) 


NATURE OF REPORT: 


 


DATE OF OCCURRENCE: TIME OF OCCURRENCE: REPORT NUMBER: 


REPORT DATE: LOCATION: NAME(S) OF INJURED PERSONNEL: 


 


PERSONNEL INVOLVED: 


 


EQUIPMENT INVOLVED: 


DESCRIBE EVENT IN DETAIL 


 


IMMEDIATE CORRECTIVE ACTION TAKEN: 


 


REPORTED BY: SUPERVISOR’S SIGNATURE: 
 


DATE: 


BRANCH MANAGER: DATE: FOLLOW UP REQUESTED? 
  INVESTIGATION REPORT NO: 
FINAL CORRECTIVE ACTION: 


 


REMARKS: 


 


SUPERVISOR: 
 


DATE: BRANCH MANAGER: DATE: 


OPERATING MANAGER CONCURRENCE: 
 


DATE: 


 Injury Incident   Accident      Near Miss 


 OSHA Recordable  Lost Time    NASA 1627 


         Other (see remarks)                             Required  


  


CLOSE DATE: 


SHADED AREAS TO BE FILLED IN AS DIRECTED BY THE WIND TUNNEL DIVISION OPERATING MANAGER 
(OR REPRESENTATIVE) 


RETURN ORIGINAL FORM TO THE WIND TUNNEL DIVISION DIVISION OPERATING MANAGER 
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Appendix M  Data Transmittal Examples 


M-01 External Customer 
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M-02 In-House Test 
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M-03 Transmittal Test Information Sheet Example 
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M-04 Transmittal Example 
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Test Summary Example 
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Test Abstract Example 
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ITEM TEST 


MANAGER 
CUSTOMER WT DIVISION REMARKS 


     
     
Tables I through V Original 2 Copies (1) 1 Copy  
     


Test Completion Letter (2) 1 Copy  Original, 1 Copy (3)  
Test Information Sheet 1 Copy  Original, 1 Copy (3)  
     
Test Summary Original  1 Copy From Activity Log 
Test Abstract Original  1 Copy From Activity Log 
     
Installation Photographs  1 Copy (1) 2 Copies  
Installation Transparencies   2 Copies  
     
Photographic Data   1 Copy (1) 1 Copy (4)  
(Tufts, Oil Flow, Schlieren, PSP, etc.)     
     
Tape Data  1 Copy (1)   
     
Tabulated Data    As Required 
     
     
     
     
(1) Provided directly to customer     
     
(2) From WT Division Chief to Customer - there are two formats, for internal and external customers 
respectively 
     
(3) Provided to customer by WT Division    
     
(4) Representative data only     
 







Wind Tunnel Test Process Manual 
(Check Master List @ http://ao.arc.nasa.gov to verify latest revision before use) 


 


 


A027-9791-XB4 126 Revision 6 


 


 
 







Wind Tunnel Test Process Manual 
(Check Master List @ http://ao.arc.nasa.gov to verify latest revision before use) 


 


 


A027-9791-XB4 127 Revision 6 


Appendix N  Post-Test Action Handling Procedures 
Action items that have not been resolved during a test (including open TCR/TDR’s) 
must be communicated by the Test Manager to a responsible party and tracked to 
assure they are appropriately addressed.  The following procedure is used to 
handle post-test action items. 


The source, subject, and responsible party for post-test action items can be varied.  
For example, problems or suggested improvements that are identified during a test 
can relate to the facility, data systems, software, instrumentation, or procedures.  
Often there is not time or resources to solve these problems nor implement 
improvements during the charged atmosphere of a test.  The Action Item Tracking 
process is used to handle these items when the test is over. 


The first step is to make sure that each action item is clearly documented with a 
definition of the subject and key individuals working the issue. In the case of 
unclosed TCR/TDR’s, attaching them to the action item should suffice.  A list of all 
action items resulting from the test is prepared by the Test Manager at the end of 
the test close out.  This list is provided to the Facility Manager who establishes a 
prioritization of which item to start with.  The Facility Manager also decides which 
organization is appropriate to assign responsiblity for the action item. 


Action items will be managed using an automated Action Item Tracking 
Application.  This proposed system will create lists for the following categories of 
action items. 


• Facility Repairs and Upgrades (Wind Tunnel Operations Branch) 


• Instrumentation and Data Systems Repairs and Upgrades (Wind Tunnel 
Systems Branch) 


• Wind Tunnel Test Process Improvements (Wind Tunnel Operations Branch) 


• Wind Tunnel Business Process Improvements (Wind Tunnel Division) 
 


The Branch Chiefs of the Wind Tunnel Division are responsible for tracking and 
close out of action items that are placed on their respective lists.  The Division Chief 
is responsible for the Business Process Improvements list. 
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REVISION HISTORY


REV Description of Change Author Effective
Date


0 Initial Release T. Ogden 5/99


1 Removed reference to AO Quality Manual  and
the Data Management Manual


Changed document format


H. Finger 9/99


REFERENCE DOCUMENTS
Document Number Document Title
53.ARC.0016 Quality Records System Level Procedure


A027-9891-XV4 FOI Quality Records Matrix


1. Purpose


This Training and Qualification Plan defines how instrumentation engineers and
technicians are trained to assure that data quality meets the customer’s requirements and
that the customer’s expectations are exceeded.


2. Scope


The Wind Tunnel Systems Branch will continuously train and maintain the qualification of
all instrumentation technicians (ITs) and instrumentation engineers (IEs) that conduct tests
in the three major Ames wind tunnels.  The Branch is committed to maintaining complete
and accurate records of the qualification status of these ITs and IEs.


3. Definitions and Acronyms


3.1. IE Instrumentation Engineer


3.2. IT Instrumentation Technician
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4. Flowchart


New Employee
Qualification 


Expired
New 


Equipment
Individual 


Needs


IE/IT Training Process


Consult with
Inst. Group Lead


Define 
Training 
Necessary


Find and procure 
appropriate class 


Schedule one-on-one 
training w/ 


experienced instructor


Schedule and conduct 
class at Ames


Find and schedule 
off-site training class


END


No Training
Required


Group
Training


Individual
Training
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5. Responsibilities


5.1. The IT (including Test Support ITs, Facility ITs, and Model Prep ITs) shall:


• Operate the wind tunnel data acquisition system.
• Obtain up-to-date training and verified knowledge that is documented in the


TNC database (http://tnc.arc.nasa.gov) .


5.2. The IE (including Test Support IEs and Facility IEs) shall:


• Provide leadership to the instrumentation support team for the wind tunnel
tests.


• Assure that through proper planning, preparation, and operation the
customers’ data quality and schedule requirements are met.


• Obtain up-to-date training and verified knowledge that is documented in the
TNC database (http://tnc.arc.nasa.gov) .


5.3. The FOI Branch Chief shall:


• Have overall responsibility for the establishment of policy and authority
governing this plan.


• Administer the plan and provide final approval on all qualification records.
• Waive qualification requirements if necessary.
• Rescind qualifications if necessary based on the recommendation of the


appropriate Facility Manager, Group Leader, or Test Manager.
• Provide time and opportunity for staff to become and remain qualified.  This


responsibility includes support of:
• Basic safety and skills training
• In-house group training sessions
• External training (if appropriate)
• Refresher or skill enhancement training


• Prompt maintenance and posting of Qualification status information
• Constant and thorough review of Qualification requirements


5.4. The Instrumentation Group Leader shall:


• Be responsible for assuring that all active ITs and IEs are qualified to conduct
tests in their respective facilities.


• Maintain the IE Qualification Status Sheet and qualification records for IE/ITs
for each respective facility within the TNC database (http://tnc.arc.nasa.gov) .


• Be responsible for developing and maintaining procedures and qualification
documentation.
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6. Description of Training


Training of IEs and ITs will be conducted on a group or one-on-one basis with
designated instructors.  Training requirements are defined in the facility specific
qualification instructions.  Course requirements are listed, by facility, in Appendix A.  The
FOI Branch Chief has overall responsibility for setting up training necessary to assure
ITs and IEs can achieve proper qualification.


6.1. Types of Qualification


Qualifications will consist of two components:  General and Facility Specific.  ITs
and IEs who qualify at the general level will be limited as to the types of projects
and facilities that they can support.  They will not be able to undertake any
assignment that affects data quality.  Facility Specific training will be provided for
the 3 major wind tunnel complexes:  12 Ft. PWT, Unitary Wind Tunnels, and the
NFAC.


At this time, this plan only addresses qualifications for ITs and IEs in the 12 Foot
PWT.  As other facilities come on-line, ITs and IEs will be qualified in those
facilities.


IEs must be qualified in a facility before being assigned to a test without
supervision.  The qualification assures that the individual has received training and
demonstrated competence to plan, prepare, validate, and operate the data
acquisition and instrumentation systems in an efficient and effective manner.


6.2. Annual Requalification Program


The qualifications of instrumentation engineers and technicians expire on a yearly
basis.  Requalification may or may not require re-training based on the overall
experience of the individual and his/her activities during the previous year.  The
FOI Instrumentation Group Leader has the responsibility for recommending IEs
and ITs for requalification.


6.3. Training Process


6.3.1. Instrumentation Technicians (ITs)
• General qualification addresses the fundamentals of the facility


instrumentation and data acquisition systems.
• Training units can be completed in any order.
• Sources of information referenced should be augmented by


discussions with other knowledgeable engineers and technicians to
gain a full understanding of the training unit.


• Besides the references listed, additional information may be found on
the AO Server.


• Candidates must be able to answer any questions posed by the
qualifier on each training unit.


• Upon completion of each unit, the instructor will sign off each passing
student on the roll sheet.  Students who fail a unit are required to take a
make-up class.
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• Complete units as specific on the FOI Instrumentation Group
Qualification Record for the facility.


• Read and understand BEAP and safety documentation.
• Read and understand organization requirements and procedures.  Be


able to find specific topics.


6.3.2. Instrumentation Engineers (IEs)
• Complete all IT training for the facility
• Have completed measurement engineering and electronic design


courses and be able to apply sound measurement engineering
principles and techniques.


• Demonstrate knowledge of measurement and signal conditioning
techniques with experience in supporting wind tunnel tests.


• Understand and demonstrate use of project planning tools/techniques.
• Demonstrate leadership to the Instrumentation Group leader by:


Generating schedules, bubble charts and schematic drawings for
implementation (Instrumentation Plan).
Conducting crew briefings as appropriate to assure that information is
disseminated.
Ensuring that staff, working on different shifts, communicate so that the
test runs efficiently.


• Understand the function and implementation of various accuracy
checks and diagnostic tools.


• Understand the calibration process for the various measurements.


6.4. General Group Training


Most of the group training will be facility specific and conducted during facility
downtimes or during an annual Training and Safety Week.  Group training may
also include subject matter that is outside of the requirements for qualification and
contributes more toward a general improvement of testing practices.  Training
requirements include a verification of knowledge either through demonstration of
performance in the facility, a written test, or a verbal test.


6.5. General One-on-one Training


One-on-one training with designated instructors will be arranged when group
training is not necessary or possible.


6.6. New Equipment Training


As new or upgraded equipment is introduced into a facility, thorough training of
the staff will be a necessary part of the final operational readiness.  Branch
management, in conjunction with the Development and Instrumentation Group
Leads, will ensure that all appropriate staff has been properly trained in the use
and troubleshooting of new items.  Training should be given to the most
immediate operating crew first, but all IEs and ITs should be cycled through the
training class during for first six months of operation introduction.
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7. Metrics


Metrics for this procedure are defined in completeness, accuracy, and timeliness of the
calibration operation


8. Quality Records


The following Quality Records shall be generated and managed in accordance with the
FOI Quality Records Matrix (A027-9891-XV4) and 53.ARC.0016.


Required Record Custodian


Training Records Maintained in TNC
database
(http://tnc.arc.nasa.gov) .


9. Form(s)


There are no forms associated with this procedure.





