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Force Measurement Support Service (FMSS) 
 

1.0   Introduction 
 
The mission of the Force Measurement Support Service (FMSS) procurement is 
to provide high quality force and strain instrumentation in support of NASA’s 
Missions, Programs and Projects.  This is to include, but is not limited to, the 
advancement of state of the art new capabilities and technologies that will evolve 
over the life of the contract.  While the majority of work is directly in support of 
Langley Research Center (LaRC), other NASA centers, industry partners, 
Government agencies and remote sites shall also be supported.  LaRC is an 
OSHA Voluntary Protection Program (VPP) Star site, and the Langley 
Management System (LMS) is currently registered to the ISO9001:2000 
International Standard for Quality Management Systems. 
 
1.1   Scope of Work 
 
The effort to be provided under these draft requirements shall support NASA’s 
daily operations through engineering design and evaluation, estimating, analysis, 
drafting, fabrication of calibration and model support related support 
hardware/special adapters, precision wind tunnel model components, 
modification and repair of hardware, strain gage application, calibration, 
metrology, along with fabrication and support of new and existing force 
transducer and strain measuring instrumentation.  The Contractor shall perform 
these tasks on and off-site as needed during normal working hours of 7:30 AM to 
4:00 PM and be prepared to perform exigency requirements on a 24 hour, 7-day 
per week basis.  
 
The Contractor shall electronically interface with NASA personnel using 
computer codes of standard file formats (AutoCAD, Pro Engineer, Pro 
Mechanica, Standard for the Exchange of Model Product Data (STEP), 
International Graphics Exchange Specification (IGES), MS Excel, MS Word, MS 
Project, LabView, Matlab, Design Expert) regarding geometry, drawings, Design 
of Experiment (DOE), statistical methods, analysis and reports.  
 
The Contractor shall use LaRC’s Langley Aeronautics & Structures 
Instrumentation Request System (LASIRS) web-based work request entry 
system to assist customers requesting work, to enter Contractor estimates, to 
collect customer quality surveys, and to show work history.  The Government will 
provide LASIRS & Metrology Information System (MIS), a web-based system. 
LASIRS is an automated database developed at LaRC to track, report, and store 
data for all work orders issued to the Contractor.  MIS is provided by the 
Government at LaRC to track, report, and store service history and metrology 
related data in addition to being LaRC’s balance database with search 
capabilities, outline drawings (PDF format) and a link to the Government-owned 
balance server.  The Contractor shall maintain existing records and keep the MIS 
database updated. 
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The Contractor shall, except as otherwise specified, furnish all personnel, 
training, facilities, equipment, materials, transportation, and management 
necessary to perform the following major categories of work.  The work to be 
performed includes, but is not limited to: 

 
a) Contract management, customer service, task order management and 

control. 
b)  Engineering services, Design of Experiments (DOE), statistical methods, 

Finite Element Analysis (FEA), Stress analysis, safety and risk 
engineering evaluations, fatigue analysis, drafting 

c) Force Transducer Fabrication in support of programs, projects, research 
operations and testing, including all (new and existing) Force Transducer 
support hardware and/or accessories, strain gage application, force 
transducer calibration 

d) Metrology, Inspection, Measuring, & Test Equipment (IM&TE) calibration, 
maintenance services, repair, and strain measurement consultation 

e) Research technology development, development of data acquisition 
     systems, instrumentation systems, and calibration techniques 

      f) Documentation, drawing files, calibration data, virtual libraries and library 
management 

g) Related IT services including administration, documentation, and record 
keeping 

 
1.2   Facilities 
 
The Contractor shall furnish services to NASA Centers and other customers.  
NASA Langley Research Center will provide on-site technical and office space 
for Contractor employees as indicated below: 
 
Approximately 1749sq. ft. of laboratory space is available to support strain gage 
evaluation/application work and 4115 sq. ft. of space is available to support 
Single Vector System (SVS) experiments and Manual calibrations. 
 
 
1.3   General Requirements 
 
The Contractor shall develop processes and initiatives to achieve the following 
specific contract goals while meeting all draft requirements and performance 
standards.  All work shall meet the requirements specified herein and shall be 
accomplished in conformance with approved and accepted standards of the 
industry; equipment manufacturers recommendations; all applicable LaRC, 
NASA, local, state and federal standards, and all applicable codes, as referenced 
in this document.   
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1.3.1 Environmental, Occupational Health, and Safety 
 
The Contractor shall ensure proactive and sustained excellence in providing for 
the environmental, occupational health and safety of employees, and high value 
equipment and property.  Basic characteristics and attributes of environmental, 
occupational health and safety principles include, but are not limited to: 
 

a) Achievement of NASA’s expectation for zero mishaps in the workplace 
b) A comprehensive and effective environment, safety and health 

program that includes: 
 1. Management commitment and employee involvement 
 2. System and worksite hazard analysis 
 3. Hazard prevention and control 
 4. Safety and health training  
 
1.3.2 Technical Excellence 
 
The Contractor shall ensure excellence in providing safe, accurate, secure, 
timely and efficient support to enable NASA to increase its value to its customers 
and partners.  Basic characteristics and attributes of technical excellence include, 
but are not limited to: 
 

a) Experienced and competent technical leaders in each technical area of 
the draft requirements 

b) Comprehensive knowledge of the LaRC/NASA infrastructure that is 
used effectively to consistently meet requirements 

c) Trained personnel who are experienced, versatile and readily adaptable 
to new techniques and technology 

d) Proactive research customer engagement resulting in customer trust 
and satisfaction at NASA 

 
1.3.3 Effective Leadership, Management and Processes 
 
The Contractor shall provide qualified and experienced leadership, management 
and employees that deliver value to the NASA research community.  Basic 
characteristics and attributes of effective leadership, management, and 
processes include, but are not limited to: 
 
   A strong demonstrated experience to: 

1. Maintain, repair, and modify large and small complex machining 
operations, instrumentation support, engineering services, 
calibrations, metrology services, strain gaging efforts, and drafting 
services. 
2.  Manage the services necessary to meet all contract 
requirements. 
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  3.  Manage change: 
a) Personnel and scheduling flexibility efficiency  
b) Effective lines of communication with all NASA partners, 

customers, and interfacing Contractors 
   c) Research & Development efforts 
 
1.3.4  Critical Contractor Interfaces 
 
The Contractor shall interface with the Contracting Officer (CO) and/or 
Contracting Officer’s Technical Representative (COTR) to address and resolve 
contractual and technical issues.  Research test and execution will require 
interface with research customers, other service providers at NASA, and possibly 
other external service providers; scheduling priorities and repair work will require 
interfaces with facility occupants, including Government and other contractor 
employees; engineering services will require interfaces with research customers, 
3rd party partners, and facility personnel. 
 
1.3.5 Licenses and Certifications 
 
The Contractor shall obtain and submit to the CO all licenses required to conduct 
business (e.g. local and state business licenses) prior to beginning work on this 
contract.  Work requiring personnel licensing and certification shall not 
commence before the Contractor obtains and submits to the CO the required 
licensing and certifications as stated below in Section 1.3.6.  All licenses and 
certificates shall be kept up-to-date throughout the contract period of 
performance.   
 
The Contractor shall perform or have performed all nondestructive examinations 
(NDE) and tests as required for fabrication, assembly, and checkout. NDE 
personnel shall be certified to the American Society for Nondestructive Testing 
(ASNT) for Qualification and Certification of Nondestructive Testing Personnel-
ANSI/ASNT CP-189 (most current edition), unless otherwise specified. 
 
1.3.6  Worker Qualifications 
 
The Contractor shall supply and administer a flexible, competent, and qualified 
staff, integrated appropriately across all areas of the contract in order to fully 
support and accomplish the requirements.  The Contractor shall ensure all 
personnel are qualified on the basis of appropriate education, training, 
experience, and certification to perform assigned tasks.  The degree of skill of 
individuals shall be commensurate with that required for the work. 
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2.0   Technical Services Desk For Task Processing and Record 
Documentation 
 
The Contractor shall utilize LASIRS to receive, and process tasks, though 
customer communications/requests for service could also come from additional 
sources, including, but not limited to: phone, email, fax, and walk-ins.  As 
necessary, the Contractor shall provide assistance to the customer to enter these 
or any requests into the LASIRS system.  
 
Though LASIRS represents a virtual technical services desk, the Contractor is 
required to have a technical services representative to facilitate government 
interaction at its place of business. 
 
The Contractor shall process and record the transfer of force transducers and 
associated equipment to and from the Contractor’s facility and Government 
facilities.  The Contractor shall perform and record quality inspections prior to 
delivery or storage of equipment. This includes visual inspection of the 
instrument for any anomalies that need to be corrected.  For example: gall marks 
on mating surfaces, dowel pin holes and keyways; proper operation of 
instruments with adjustable mounting surfaces; damaged wiring or connectors; 
and recording of electrical zeros in the Government supplied data acquisition 
system.  The Contractor shall maintain an electronic database that collects 
historical information for all pertinent force transducer information. 
 
2.1  Contract Performance Management and Assessment 
 
The Contractor shall measure and report to the COTR on timeliness, quality and 
overall customer satisfaction in all areas of contract service delivery and 
outcomes.  The Contractor shall post monthly summaries of the performance 
evaluation results to the FMSS LASIRS website ensuring results are available 
only to the COTR and other personnel designated by the COTR without 
Contractor intervention.  The Contractor shall review and analyze customer 
feedback collected by the FMSS Customer Services Desk in order to identify new 
customer requirements and determine recurring problems with Contractor 
services and supported IT applications.  The Contractor shall present the review 
findings to the COTR at monthly contract status meetings.  
 
3.0   Requirements 
 
All work is subject to review and/or witness by NASA representatives at all times. 
 
The Contractor shall provide force measurement instrumentation system support 
for all test phases (pre, test, and post).  The Contractor shall conduct testing to 
ensure that instrumentation functions as designed, resolve all instrumentation 
related problems as needed.  Instrumentation systems support includes, but is 
not limited to: 
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3.1   Force Transducer Evaluation and Hardware Design 
 
The Contractor shall provide engineering design and analysis of strain gage type 
multi-component force measuring transducers, including single piece and multi-
piece designs. All balances must be designed to meet LaRC criteria.  Evaluations 
of finite element analyses shall be in accordance with Guidelines for Interpreting 
the Results from a Force Balance Finite Element Analysis, Model Systems 
Branch, NASA-LaRC, Revised by: Peter Parker 4/1/02.  The transducers will 
include, but are not limited to, wind-tunnel force balances, load cells, tension 
links, and calibration hardware.  The Contractor shall be capable of measuring 
from 0.001 to 200,000 pounds.  Wind tunnel balances will range in size from 1/4 
to 30 inches in diameter and be required to measure forces from 0.001 to 20,000 
pounds and moments from 0.005 to 1,000,000 inch pounds.  Typical accuracy 
requirements are 0.05% (95% confidence interval) of full-scale output.  Related 
accessories include but are not limited to water-cooling shields, wind shields, 
calibration fixtures, Single Vector System (SVS) templates, calibration arms, 
keys, dowels, stings, and other calibration hardware/special adapters.  This 
category of work shall encompass: (I) Force transducer related engineering 
studies and stress analyses; (II) Preparation of design-related documentation 
such as formal detailed design drawings, calculations and calibration data; (III) 
Monitoring of the force transducers and accessories through final laboratory 
calibration and evaluation, and assessing the results to ensure the achievement 
of required performance characteristics; (IV) Evaluating and monitoring the wind-
tunnel use and performance of force transducers; (VI) Preparation of cost/time 
estimations for work to be performed.  
 
3.1.1  Stress Analysis 
 
All stress analyses reports and documentation shall contain the following 
information or conform to specified requirements or procedures.  As listed below: 
 

a) Conformance with NASA-Langley Research Center Wind Tunnel Model 
Systems Criteria (LPR 1710.15) July 22, 2004  (such as: analyses of all 
critical sections of transducers or hardware, clearly defined equations, 
labeled input values and results summary tables.) 

 
            b) Guidelines for Interpreting the Results from a Force Balance Finite 
                Element Analysis, Model Systems Branch, NASA-LaRC, Revised by: 

     Peter Parker 4/1/02 
 

c) A cover sheet designating personnel responsible for the analyses, 
    checking the analyses and approving the analyses with signature 
    blocks provided for each. 
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3.1.2  Drafting 
 
 All drawings shall contain the following information or conform to specified   
 handbooks or procedures. 
 

 a) Conform to NASA LPR 7320,1 Engineering Drawing System, 
ANSI Y14.5M, and MIL STD 100 drafting standards. 

 
 b) All specifications (dimensions; tolerances; surface finishes; 

materials; material conditions; material certifications and 
inspections; fitting requirements and procedure designations; axis 
system designation; assembly instructions; color codes; electrical 
component designations, schematics and installation requirements 
or procedures; pin outs; and title blocks and drawing numbers) to 
properly manufacture, modify, strain-gage, calibrate, inspect, 
assemble, or perform a specified function are required. 

 
3.2  Force Transducer Fabrication, Modification, and Repair 
 
The Contractor shall fabricate, modify and repair force measuring transducers 
such as single or multi-piece balances, load cells, and tension links.  This also 
includes fabricating, modifying and repairing related accessories (water-cooling 
shields, wind shields, calibration fixtures, SVS templates, calibration arms, stings, 
keys, dowels, and other calibration hardware/special adapters).  The machining 
process will frequently require the use of electrical discharge machining (EDM) 
equipment.  The Contractor shall ensure that all individuals involved in the 
fabrication, modification and repair process, including, but not limited to, Design 
Engineers, Quality Assurance personnel be familiarized with LPR 1710.15 
requirements and assure all work complies with the requirements of LPR 
1710.15.  Failure to meet the LPR 1710.15 requirements may result in LaRC's 
inability to accept hardware and possibly require re-fabrication of components. 
Langley Research Center Quality Assurance personnel may perform final QA 
inspections and acceptance at NASA LaRC.  
 
Work includes, but is not limited to: 
 
Mating Surface Inspections, Balance Calibration Fixtures and Related Hardware, 
Calibration Fixtures, SVS templates, Calibration Stump Adapters, Calibration 
Knife Edges, Calibration Pitch Adapters/Calibration Pitch/Roll/Yaw Arms, 
Calibration Weight Pans/Hangers, Balance Front-End Expander Hardware 
Fabrication, Dowel Pin/Key Fabrication, and Model to balance adapters.  
 
3.2.1  Quality Assurance and Inspection 
 
The Contractor shall provide quality assurance inspections of all hardware, 
including the following documentation with appropriate signatures. 
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 a) Material and part certifications. 
b) Dimensional inspections of machined or fabricated parts listed against 

drawing specifications in a summary of table, with non-conformances 
highlighted. 

c) Procedures required to be followed (including, but not limited to, 
 assembly, fit checks and proof the item performs its designed function) 
 require a document stating the procedure was followed with a signature 
 of the responsible person. 

 
The Contractor shall ascertain what components require Ultrasonic Testing (UT) 
early in the design process, as well as the level of UT.  The requirement for UT of 
critically stressed components, as defined in Section 1.3 of LPR 1710.15, is 
stated in Section 2.11 of LPR 1710.15.  The Contractor shall ensure compliance 
with the Ultrasonic Testing requirement of LPR 1710.15.  The Contractor shall 
ensure that designated Contractor's personnel such as Design Engineers, 
Quality Assurance personnel, and Purchasing Agents are familiar with this 
requirement and ensure compliance with LPR 1710.15.  Failure to meet this 
requirement may result in LaRC’s inability to accept hardware and possibly 
require re-fabrication of components. Procedures for NDE (visual, liquid 
penetrate, magnetic particle, eddy current, radiography or ultrasonic) shall as a 
minimum be established in accordance with the American Society for Testing 
Materials (ASTM) following guidelines for personnel qualifications set forth by the 
American Society for Nondestructive Testing (ASNT) for Qualification and 
Certification of Nondestructive Testing Personnel-ANSI/ASNT CP-189 (most 
current edition), unless otherwise specified. Inspection reports shall state the 
qualifying standards met and procedures used. All inspection reports and X-Ray 
film shall be submitted to COTR with completed tasks or earlier if requested by 
COTR. All NDE inspections are subject to review and/or witness by NASA-
Langley Research Center representatives. 

 
Reference the following: 

 1. NASA-Langley Research Center Wind Tunnel Model Systems 
               Criteria Manual (LPR 1710.15) 

            2. American Society for Nondestructive Testing (ASNT) for 
   Qualification and Certification of Nondestructive Testing  
   Personnel-ANSI/ASNT CP-189 (most current edition.) 

 
3.3 Strain Gage Application 
 
The Contractor shall apply strain gages, as designed, on single or multi-
component transducers and test articles.  Strain gages include, but are not 
limited to, all commercially available strain gages and strain sensors and include 
foil, semi-conductor, flame sprayed, and fiber-optic sensor types.  The Contractor 
shall attach all ancillary materials that are an integral part of the instrumented 
transducer or test article including, but not limited to, compatible lead wires, 
sleeving and connectors; provide Wheatstone bridge circuit adjustments 



 
 

             
                    

9 

(temperature compensation, compensation bridge balance adjustments, span 
corrections) and moisture proofing of strain gage installations; install and repair 
thermal conditioning devices such as cooling tubes/shields/jackets, miniature 
bellows, and heater strips; provide special clamps for mounting the strain gages;  
support research testing of new strain gages and special connectors, including 
those purchased by the Government, to ensure compliance with procurement 
specifications. In addition, final temperature compensation tests shall require 
digitally recorded temperature and strain gage output unless otherwise noted in a 
respective work requirement.  Most strain gage installations operate in a normal 
ambient environment, however, a significant number operate in cryogenic 
environments and a growing emphasis on hypersonics extends some 
installations to 2000 degrees F or higher and a few installations extend 
temperatures from cryogenic to 2000 degrees F.  Performance of services under 
this contract shall conform to the standards provided by publication NASA TM-
2004-213017, Suggested Procedures for Installing Strain Gauges on Langley 
Research Center Wind Tunnel Balances, Custom Force Measuring Transducers, 
Metallic and Composite Structural Test Articles.  
 

Reference the following 
1. Suggested Procedures for Installing Strain Gauges on Langley 

Research Center Wind Tunnel Balances, Custom Force Measuring Transducers,  
Metallic and Composite Structural Test Articles, NASA/TM-2004-213017, May 
2004, Thomas C. Moore, Sr.  
 
3.4 Force Transducer Calibration 
 
The Contractor shall calibrate single and multi-component strain gage type force 
measuring transducers utilizing static calibration stands, semiautomatic, 
Automatic Balance Calibration System (ABCS) or using the Single Vector 
Balance Calibration System (SVS) that may be provided by the Government or 
by the Contractor.  Calibrations may be conducted at room temperature (72°F), 
slightly elevated temperature (120°F), elevated temperatures (1200°F), or at 
cryogenic temperatures (-250F°) Pertinent combinations of loads to determine 
first, second or higher order interactions on each component will be applied using 
Design of Experiment calibration load schedules.  Requirements shall include the 
proper fitting of balance fixtures and hardware and complete evaluation of 
calibration data such as tabulating, plotting, and iteration of loadings necessary 
to assure that the required accuracy is achieved.  LaRC approved calibration 
techniques must be adhered to at all times.  LaRC balance engineers will review 
for approval any deviations and the Contractor shall document the process. 
Contractor calibration techniques that offer improvement may be submitted at 
any time for COTR approval.  The Contractor shall produce files that are to be 
uploaded into the Government owned Balance Server located inside the LaRC 
firewall.  They are the “I-Deck and the J-Deck” and they contain balance 
calibration constants along with other balance information, including the standard 
8 page summary, in a pre-determined format.  These files are used by wind 
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tunnels to reduce the test data. 
 
3.4.1  Manual Calibration 
 
A typical example of a Langley calibration procedure for a six-component strain- 
gage balance would include the following tasks.  As defined in Langley  
Research Center Calibration and Evaluation of Multi-Component Strain Gage  
Balances, March 1964, the Contractor shall perform the following actions: 
 
 1). Visually inspect the instrument for any anomalies that need to be 
corrected. For example: gall marks on mating surfaces, dowel pinholes and 
keyways; proper operation of instruments with adjustable mounting surfaces; and 
damaged wiring or connectors. 
 2). Attach, as needed, connectors or adapter cables to the balance that 
will interface with the data acquisition system. 
 3). Install the balance into the calibration hardware. 
 4). Install assembly into a calibration stand. 
 5). Perform and record resistance checks; record electrical zeros; perform 
a data acquisition system checkout. 
 6).  Connect the wiring into the data acquisition system. 
 7). Obtain and assemble the required calibration hardware such as 
weights, knife-edges, hangars and weight pans or baskets. 
 8). Perform the calibration loadings according to the loading schedule. 
(Examples of load types: Manual Loadings are performed with dead weights on 
hangars or baskets that are transferred to the calibration fixture through a double 
knife-edge arrangement. Also, when loadings are required to be applied 
perpendicular to gravity, dead weights are applied over a bell crank mechanism 
and transferred to the balance as mentioned above.)  
 9).  Record the data with the data acquisition system (software written in 
LabView). 

10). Analyze the data (when the calibration loadings are completed) using 
available software, again written in LabView. Review the results and determine if 
the required accuracy has been achieved. If not, troubleshoot data to determine 
the next step to take. 
 11). When the desired accuracy has been achieved, provide electronic 
data files for customer access on LaRC’s Balance Server and hard copy 
printouts of the calibration results in the balance file. 
 12). Disassemble the calibration set-up, perform final inspections and 
record electrical checks as in steps 1 and 5 and deliver the balance to the pre-
determined location. 
 

  Reference the following:  
      1). NASA-Langley Research Center Calibration and Evaluation of Multi-Component  
  Strain Gage Balances, March 1964. 
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3.4.2 SVS Calibrations 
 
The SVS (Single Vector System) is a calibration procedure developed by NASA 
to calibrate wind tunnel balances in 2-3 days versus the typical 3-4 weeks for 729 
points by combining Design of Experiments (DOE) methodology with a novel 
load application system that applies forces and moments using a single vector.  
The objectives are to provide a calibration system that enables the efficient 
execution of a formal experimental design, be relatively inexpensive to 
manufacture, require minimal time to operate, and provide a high level of 
accuracy in the setting of the independent variables, leads to achieving the goal 
of an accurate mathematical model to estimate the aerodynamic loads from 
measured balance responses.  The references included at the end of this section 
are intended to provide insight into work completed at LaRC.  At NASA LaRC 
there are three SVS calibration systems in use: a 250 lb. (based on the largest 
normal force that can be applied), a 500 lb., and a 3000 lb. (3K).  
      
The SVS hardware components consist of a non-metric positioning system, a 
force positioning system (FPS), a two and three-axis angular measurement 
system, and calibrated weights. The non-metric positioning system rotates the 
force balance about the three axes.  A multiple degree of freedom load 
positioning system utilizes a novel system of bearings and knife-edge rocker 
guides to maintain the load orientation, regardless of the angular orientation of 
the balance.  The load system, combined with the angular manipulation of the 
balance, allows the uni-directional load to be used to produce three force vectors 
and three moment vectors, with respect to the balance moment.  Due to its 
simplicity the SVS has fewer components than a manual calibration system and 
has fewer sources of systematic error.  
  
The Force Bracket System is an alternative method to the FPS when sensitive 
loads are required. It is essentially a bracket that is mounted to the load template 
and then the specially made weights can be attached to each side of the bracket 
once the balance is positioned. The current FBS load range is from 2 to 25 
pounds. 
 
Design of Experiment uses randomization to defend against systematic errors 
due to time, temperature or order of loading; replication to cancel out random 
error and estimate pure error; and blocking, which affords the ability to prevent 
variation between blocks by breaking the experiment into manageable pieces. 
DOE also use indicators such as the center points, which act as zero load points 
to assess the pure error and curvature effects in the experiment as long as the 
full-scale loads are symmetric. Repeatability must also be mentioned with 
regards to the measurement environment. Typically, all the same equipment is 
used and recorded for each experiment, except possibly the weights, whereas in 
a manual calibration, this careful allowance is currently not considered an issue. 
Essentially the design is a modified central composite design (CCD), which is 
formed in 3 blocks: one block for corner points (37), one for axial points (27) and 
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one for confirmation points (20). Also, each block includes 5 center points to test 
for curvature and estimate pure error. 
 
The calibrator, in order to defend the process integrity when designing each 
experiment, utilizes customized Excel spreadsheets that use the statistics 
relative to a particular balance (2, 3 or 6 components) to calculate the anticipated 
and applied calibration loads within the balance limits, the load distances, the g-
vectors co-ordinates (the x, y, and z coordinates that make up the single vector), 
and also the layout of the load points used to fabricate the load template. The 
Force Positioning System (FPS) or Force Bracket System (FBS) tare geometry 
files are generated, which account for changes in the location of the applied load, 
based on the individuality of the FPS or FBS and the position matrix file.  
 
The Contractor shall conduct balance calibrations using the Single Vector 
System. This requires knowledge in experimental design and analysis theories: 
 
1. Generate the experiment design using Design Expert software, making 
            necessary adjustments to load schedules and/ or the load template. 
2. Generate a design for a load template and any other hardware if needed 

 for the balance to be calibrated utilizing the SVS. 
3. Use Pro-E software to check the template/ hardware design for feasibility. 
4. Set up the SVS and the data system for the experiment. 
5. Conduct the experiment following the SVS training manual, for example: 

take tares at the beginning and end of each experiment day and the data 
for Block 1, Block 2 or Confirmation points must be completed in the same 
day in which they are started. Training videos are available. 

6. Analyze and process the data using Excel, Matlab, and Design Expert 
software. 

7. If the Matrix is acceptable, process the results through the Balance 
Calibration Data Analysis Computer and then place the files on the 
Balance Server. 

8. Produce the required documentation for each experiment. 
9. Maintain the integrity of all SVS experiments on Government Furnished 
 Computers. 
10. Maintain current calibration dates and requirements on all hardware and 
           instruments in the SVS Lab and provide all required constants. 

 
Reference the following:  

1.  Parker, P.A.; Morton, M.; Draper, N.; Line, W.: A Single- Vector 
Force Calibration Method Featuring the Modern Design of 
Experiments (Invited). AIAA 2001-0170, 38th Aerospace Sciences 
Meeting and Exhibit, Reno, Nevada, January 2001. 
2.  Parker, P.A.; DeLoach, R.: Response Surface Methods for 
Force Balance Calibration Modeling. IEEE 19th International 
Congress on Instrumentation in Aerospace Simulation Facilities, 
Cleveland, Ohio, August 2001. 
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3.  Parker, P.A.; Liu, T.: Uncertainty Analysis of the Single-Vector 
Force Balance Calibration System. AIAA 2002-2792, 22nd 
Aerodynamic Measurement Technology and Ground Testing 
Conference, St. Louis, Missouri, June 2002. 

 
3.5   Force Transducer and Test Article Installation and Troubleshooting 
 
The Contractor shall determine and/or develop procedures and processes to 
install and troubleshoot strain gage force measuring transducer systems, test 
articles and related accessories. Requirements shall include, but not be limited 
to, connecting interface wiring between force strain sensors and permanent wind 
tunnel instrumentation, and laboratory specimens. The Contractor shall perform 
sensitivity verification checks and troubleshooting of force-transducer-systems 
and test articles at the test site. 
 

3.6 Metrology, Calibration and Management of Inspection, Measuring, 

          and Test Equipment (IM&TE) 
 
To provide/protect reliability and confidence in the accuracy of force 
measurements for NASA’s IM&TE applications, LaRC: 
 

• Maintains an “unbroken chain of comparisons” to the reference standards 
at the National Institute of Standards and Technology (NIST) with its 
primary laboratory standards to greatly reduce measurement uncertainty.  

• Procedures and processes are in control to maintain consistency to further 
reduce uncertainty and sources of system error. 

• Documentation provides 100 % traceability and provides control, 
repeatability, isolation, containment opportunities as well as years of data 
for trend or health analysis 

• Provides IM&TE maintenance, repair and consultation for measurement 
integrity 

 
3.6.1 Metrology and IM&TE Calibration Laboratory Requirements   
 
The Contractor shall comply with metrology, calibration laboratory regulations,  
Procedures, and standards in LAPD 8730.1, Metrology and the Control of  
Inspection, Measuring and Test Equipment. 
 
The Contractor shall assign a Metrology Representative (MetRep) with 
agreement by the CO and COTR. The Contractor shall notify the LaRC 
Metrology Officer via e-mail of the MetRep’s contact information. 
 
The Contractor MetRep shall be required to fulfill those responsibilities detailed  
under the Metrology Representative in NASA LaRC LPR 8730.1 as they apply, for  
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example: the MetRep shall be required to meet quarterly and participate with the  
LaRC Metrology and Calibration Working Group (MCWG) to establish and  
review metrology and calibration policy and identify noncompliance issues at  
LaRC including, but not limited to: failure to calibrate Category 1 or Category 2  
IM&TE, as defined in Section 1.1(d) that is in use, improper calibration interval  
adjustment, lack of stated uncertainty requirements, and task descriptions  
related to calibration that are incomplete and other matters pertaining to  
metrology issues. 
  
The Contractor MetRep shall use the LaRC Metrology Information System (MIS)  
to record, report and store service history, documents, inventory and metrology 
related data and notes for NASA IM&TE as per LAPD 8730.1. 
 
3.6.1.1  Laboratory Calibration Standards 
 
The Contractor shall maintain LARC’s measurement uncertainty traceability to 
NIST for all LARC Primary laboratory calibration standards including mass 
standards and load cells. These Primary laboratory standards shall then be used 
to calibrate the LARC working standards, which are used to certify all NASA 
weights used in force transducer calibrations and to calibrate/certify NASA 
IM&TE such as load cells, torque wrenches, scales, and analytical balances.  
 

a) Mass standards: LaRC has an established 5-year recall on its mass 
standards.  The Primary set shall be sent by the Contractor to NIST for 
calibration.  Upon return, the Primaries remain secured at the Contractor’s facility 
in the Standards Laboratory and require special handling and usage procedures 
referenced by NIST. 

b) Load cells: LaRC has established a 5-year recall on its load cell 
standards. The Contractor shall establish a history on the load cells for 
determining their recall interval. When they are calibrated by NIST the interval 
can be reassessed according to how they match the previous calibration.  
 
3.6.1.2 Calibration   
 
The Contractor shall perform functions as outlined in LMS-CP-0506, Selection 
Use, and Control of Inspection, Measuring and Test Equipment (IM&TE) and 
LMS-CP-0510, Procurement of Inspection, Measuring and Test Equipment 
(IM&TE) to ensure compliance with the LaRC instrument recall program.  The 
existing instruments listed on a scheduled calibration and maintenance plan that 
requires this service are contained in MIS (a Government owned database) with 
the recall schedule and other information pertinent to the instruments. The 
Contractor shall interface with Government employees and other support service 
Contractors in various capacities. Calibrations will be performed using 
combinations of Government Furnished Equipment or Installation Accountable 
Government Property (IAGP). All of this equipment is traceable to the National 
Institute of Standards and Technology (NIST) and this traceability must be 
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maintained. The Contractor shall input data into the MIS and LASIRS systems, 
and provide e-mail/or phone updates to users of their status.  The Contractor 
shall provide email notification to users and MetReps on all Category 1 items 
found to be out-of-tolerance.  Category 1 items require annual calibrations. 

 
The Contractor shall maintain calibration procedures electronically and hard copy 
maintenance/manufacturers’ manuals and shall provide the COTR with an 
electronic index of this information within 6 months of the contract’s effective 
date.  The Contractor shall ensure the electronic index is updated when 
procedures are changed or added.  These procedures and manuals shall be the 
property of the Government, and the electronic versions shall be transferred by 
the Contractor to a Government provided external hard drive provided for this 
purpose and delivered to the Contracting Officer by the Contractor at the 
conclusion of this contract. 
 
3.6.1.3 Maintenance, Repair & Consultation   
 
The Contractor shall provide instrument maintenance, repair and consultation 
services in support of IM&TE.  These services contribute to the integrity of 
measurements, and involve the design of tests and methods by which the 
measurement and comparisons are made, and analysis of the test results.  
Metrology technical services include: 

 
a). The Contractor shall repair, modify, assemble, and maintain Inspection 
Measurement and Test Equipment (IM&TE) in accordance with the instrument 
manufacturers’ and LaRC specifications’ identified in LARC-LMS-CP-506 as 
Category 1 or Category 2 and also devices that are maintained in reserve for use 
when required. Examples of such force measurement instruments are torque 
wrenches, load cells, analytical balances, scales. 
 
b). Consultation with the COTR regarding measurement practices, instrument 
selection based on measurement requirements and providing specialized 
calibration capabilities 
 
c). The Contractor shall participate in the NASA Measurement Assurance  
Programs (MAP) as outlined in NASA Metrology and Calibration Program Plan. 
 MAP is a technique by which the user measures, using well defined 
procedures, an artifact (item or instruments with an associated metrology  
calibration history) sent by the Map’s “pivot” lab.  After comparing the artifact to  
standards, the participant assigns it a characteristic value.  The pivot laboratory  
local laboratory then compares the participants’ results to the pivot laboratory’s  
own measurement results for that artifact.  The participating laboratory receives a  
report stating the systematic and random error components of its measurement  
process. The Contractor shall be provided details of the artifact, procedures,  
participants, funding, and results by the COTR. 
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3.6.1.4 Logistics   
 
The Contractor shall provide transportation service for all standards and 
instruments requiring repair or calibration.  Examples of this service shall be to 
and from NASA facilities, other local support service Contractor facilities, and 
occasionally remote facilities such as the National Institute of Standards and 
Technology (NIST).  The Contractor shall perform periodic pickup and delivery 
from facilities, as required.  When notified, the Contractor shall use a receipt 
method to identify instruments submitted for service and as subsequent evidence 
that the item(s) have been returned after service and return delivery has been 
completed.  The Contractor may use the existing receipt method – LaRC 
Maintenance Shipping Form (LaRC 145) or may implement its own with COTR 
approval.   
 
The Contractor shall initiate task tracking and documentation by performing the 
following: 
 

a). Upon receipt for each instrument submitted for service, visually inspect 
and initiate/submit an individual LASIRS work order to provide an estimate for 
customer and COTR review  

b). Generate a return shipping tag (NASA Form 162) and attach it to the 
equipment to be dispatched to the work area for service (as practical or to be 
kept with the work order) 

c). The LASIRS work order/estimate shall be used to authorize 
acceptance testing, adjustment, calibration, fabrication, repair or environmental 
testing of an item(s) of test equipment with customer/COTR approval 

d). Communication in the form of phone and email shall be initiated with 
the customer to provide details of the work order, tracking information and 
condition, especially initial (preliminary) performance consultation. 

 
The Government will furnish the Government furnished property to be used in the 
repair and calibration of instrumentation by the Contractor.  The Contractor shall 
develop and follow a GFE maintenance program, which maintains the GFE in 
accordance with FAR clause 52.245-1, Government Property.  The Contractor 
shall submit a GFE maintenance program for CO approval within 30 days of 
contract effective date and update annually.  The Contractor shall document in 
the Metrology Information System (MIS) all maintenance work performed on 
IM&TE GFE. 
 
The Contractor shall keep all of the documentation and file information listed 
above up to date at all times with signatures by responsible persons.  The COTR 
will randomly review records with the Contractor on a quarterly basis. 
 
 
 



 
 

             
                    

17 

3.7  Force Transducer Exigency Requirements 
 
The Contractor shall be prepared to perform exigency requirements on a 24-
hour, 7-day per week basis.  A contractor employee, on 24-hour, 7-day per week 
basis, to allow for quick and easy access, shall carry a cellular phone.  If directed 
by the COTR, the Facility Safety Head or Test Engineer, the Contractor shall 
arrive to designated LaRC test facility within 1 hour after notification.  
 
4.0   FMSS Library 
The Contractor shall support the Government-owned FMSS Library.  The Library 
shall be a centralized, single point of access through which the government and 
Contractor shall post and retrieve FEA analysis reports, engineering design 
changes, calibration reports, Pro Engineer & Auto Cad drawings and wiring 
diagrams pertaining to work performed on this contract.  It shall remain inside the 
LaRC firewall, accessible only from machines utilizing the NASA IP address 
space and CO authorized off-site machines.   
 
 a) Information uploaded into the FMSS Library by the Contractor shall be 

done in such a manner as to permit Government retrieval of various, 
multiple document formats (e.g. Pro Engineer files, Microsoft Word and 
Excel, PDF, AutoCAD, Pro Mechanica, MS Project, LabView, MatLab, and 
Design Expert) documents without Contractor intervention 

 b) Access to post materials to the library will be controlled by the 
Government and the information will be accessed as "read-only" within the 
NASA-LaRC firewall. Atypical cases will be addressed individually through 
the task order.    

 
5.0 IT Security  
 
Contractor computers outside the NASA IP address space shall connect inside 
the NASA IP address/firewall and must use a NASA LaRC Two-Factor 
Authentication account. The Government will sponsor Contractor Two-Factor 
Authentication accounts as required in the performance of its official contract 
duties.  Two-Factor Authentication accounts shall be granted to United States 
citizens only. 
 


	3.6 Metrology, Calibration and Management of Inspection, Measuring,
	and Test Equipment (IM&TE)

