
[image: image1.wmf]


George C. Marshall Space Flight Center
ET21-CEW-OWI-800
Marshall Space Flight Center, Alabama  35812
BASELINE

FEBRUARY 16, 2005

ORGANIZATIONAL WORK INSTRUCTION

MEASURING AND TEST EQUIPMENT CALIBRATION PROCESS

APPROVING AUTHORITY

Robert Bobo                         Structural Strength Test Branch Lead                      ET21                2/16/05

DOCUMENT HISTORY LOG
	Status

(Baseline/

Revision/

Canceled)
	Document

Revision
	Effective

Date
	Description

	BASELINE
	
	2/2/00
	Document converted from OWI-ED72-002 Revision B due to reorganization. 

	REVISION
	A
	1/9/01
	Revised Section 4, Section 7, Section 8, and Appendix A.

	BASELINE
	
	2/16/05
	Document converted from ED27-OWI-SST-002 Revision A due to reorganization.

	
	
	
	


MEASURING AND TEST EQUIPMENT CALIBRATION PROCESS

1
INTRODUCTION

1.1
Scope.  This document describes processes conducted by the Structural Strength Test Branch, ET21, relative to the calibration of test equipment that includes measurement acquisition, load application, and other control systems.  

1.2
Purpose.  The document establishes responsibilities within ET21 and the procedures required for executing the calibration requirements for testing space flight hardware in accordance with the MSFC Management System.

1.3 Applicability.  This OWI applies to test conduct calibration, measurement acquisition, and control processes of space flight hardware by ET21.

2
APPLICABLE DOCUMENTS





MPR 8730.5
Control of Inspection, Measuring, and Test Equipment

3
DEFINITIONS AND ACRONYMS

3.1
Transducer.  A device that converts power in one form, e.g., a physical quantity, into proportional power in another form, e.g., an electrical signal for measurement.

3.2
Measurement Acquisition System.   An electronic system that can acquire electrical signals, record the signals, convert the signals into representative physical quantities, and display the measurements acquired, e.g., during a test.

3.3
Automatic Control System.  An electronic system used to apply a series of programmed exact loads, pressures, temperatures, or other stimuli conditions, e.g.,  to a test article.

3.4
Transducer Calibration Contact.  A calibration contact responsible specifically for transducer calibration.

3.5
Measurement Acquisition System Calibration Contact.  A calibration contact responsible specifically for measurement acquisition system component calibrations.

3.6
Automatic Control System Calibration Contact.  A calibration contact responsible specifically for automatic control system component calibrations.


ACRONYMS


EDI – Electrical/Electronic Displacement Indicator


ID -- Identification


LCS – Load Control System


MAS – Measurement Acquisition System


OWI – Organizational Work Instruction


RTD – Resistance Temperature Device


SST – Structural Strength Team

4
PROCEDURE

4.1  Transducer Calibration.  All transducers used by ET21 are classified as Category II as defined in Appendix A of MPR 8730.5.  Calibration intervals of repetitive use type transducers are delineated in Appendix A of this document. The procedure for transducer calibration is as follows:

	Actionee
	Step
	Action

	ET21 Test Engineer
	4.1.1
	Identify measurement/control needs for each planned test activity

	ET21 Test and Instrumentation Engineers
	4.1.2
	Identify transducers needed to provide required measurements for acquisition and control

	ET21 Test and Instrumentation Engineers
	4.1.3
	Check calibration decals on identified transducers to verify valid calibration for the projected duration of the testing

	ET21 Test and Instrumentation Engineers
	4.1.4
	Notify Transducer Calibration Contact of any transducers requiring calibration

	ET21 Transducer Calibration Contact
	4.1.5
	Contacts the Calibration Facility, requests calibration services, and delivers transducers per MPR 8730.5

	Calibration Facility
	4.1.6
	Calibrates transducers according to approved procedures

	ET21 Transducer Calibration Contact
	4.1.7
	Receives calibrated transducers and calibration data in hardcopy (all) and standard personal computer electronic text file format (load cells, pressure cells,, and deflection transducers only) from the Calibration Facility.  Electronic data is generally located in the Calibration Facility shared server space.

	ET21 Transducer Calibration Contact
	4.1.8
	Delivers calibrated transducers to the ET21 Test Engineer

	ET21 Transducer Calibration Contact
	4.1.9
	Delivers electronic calibration data files to the ET21 Instrumentation Engineer

	ET21 Transducer Calibration Contact
	4.1.10
	Applies to load cells, pressure cells, and deflection transducers only.  Merges the electronic calibration data file supplied by the Calibration Facility for each transducer into the transducer’s master electronic calibration data history file maintained by ET21. The current calibration results are automatically compared against previous calibrations as an error-check per Appendix A. Calibration data is automatically processed (using least squares 1st and 3rd order curve fits for load cells and 1st order curve fit for pressure and deflection transducers) into engineering unit conversion sensitivities. The electronic master calibration data history files are maintained on an electronic file server available only to approved ET21 personnel.

	ET21 Transducer Calibration Contact
	4.1.11
	(Applies to transducers other than load cells, pressure cells, and deflection transducers only.) Processes calibration data (using least squares 1st order curve fit) into engineering unit conversion sensitivities before use.

	ET21 Instrumentation Engineer
	4.1.12
	Copies the engineering unit conversion sensitivity for each transducer called for on a given test into the measurement acquisition system instrumentation database for that test. (Choice of 1st or 3rd order curve fit data depends upon linearity of the transducer output and required measurement accuracy.)

	ET21 Transducer Calibration Contact
	4.1.13
	(Applies to load cells, pressure cells, and deflection transducers only.) Copies the name of the test for which the transducer is being used into the corresponding test equipment master list.

	ET21 Test Engineer
	4.1.14
	(Applies to transducers other than load cells, pressure cells, and deflection transducers only.) Copies the name and date of the test for which the transducer is being used into the transducer’s log book.

	ET21 Load Control Engineer
	4.1.15
	Copies the engineering unit conversion sensitivity for each feedback transducer called for on a given test into the automatic load control system database for that test.


4.2. Measurement Acquisition System Component Calibrations.  Some ET21 measurement acquisition systems use calibrated reference sources to perform their own internal hardware and software calibrations. These reference sources are classified as Category II in MPR 8730.5.  A list of included items and their calibration intervals is included in Appendix A of this document. The procedure for measurement acquisition system component calibration is as follows:

	Actionee
	Step
	Action

	ET21 Test and Instrumentation Engineers
	4.2.1
	Determine measurement acquisition system and corresponding components (reference sources) to be used for a given test.

	ET21 Test and Instrumentation Engineers
	4.2.2
	Check calibration decals on identified reference sources to verify valid calibration for the projected duration of the testing.

	ET21 Instrumentation Engineer
	4.2.3
	Notify Measurement Acquisition System Calibration Contact of any measurement acquisition system components requiring calibration.

	ET21 Measurement Acquisition System Calibration Contact
	4.2.4
	Delivers all identified measurement acquisition system components to the Calibration Facility

	Calibration Facility
	4.2.5
	Calibrates measurement acquisition system components according to approved procedures

	ET21 Measurement Acquisition System Calibration Contact
	4.2.6
	Receives calibrated measurement acquisition system components from Calibration Facility


4.3  Measurement Acquisition System Hardware Calibration.  All LCMT and SST ET21 measurement acquisition hardware not covered in Paragraph 4.2 of this document is classified as Category IV.  Calibration of measurement acquisition system hardware includes internal (signal processing hardware) and external (transducer circuit) calibration. External calibration consists of two phases: (1) evaluating the circuit integrity of each channel, and (2) applying a physical stimulus at the transducer on each channel. Actual values obtained during internal calibration are compared to ideal theoretical values and/or reference standards calibrated by the Calibration Facility, as applicable, and any necessary correction factors are automatically applied. Actual values obtained during external calibration are compared to ideal theoretical values and/or transducer calibration data supplied by the Calibration Facility, as applicable, and any discrepancies are dispositioned dependent upon accuracy requirements. As required by MPR 8730.5, internal and external calibrations are performed before each test series with the results indicated on the appropriate sheet from Appendix B. This sheet is part of the Quality Record package for each test.

4.4  Measurement Acquisition System Software Calibration. All ET21 measurement acquisition software is verified prior to service. As stated in MPR 8730.5, all software in use prior to February 23, 1998 is deemed to be verified by demonstration. The verification procedures employed for subsequent measurement acquisition software upgrades or new measurement acquisition software systems will be filed as ET21“Memoranda to Record” Quality Records.

4.5  Load Control System Hardware Calibration. All ET21 load control hardware is classified as Category IV as defined in Appendix A of MPR 8730.5.  Calibration of load control system hardware includes internal (signal processing hardware) and external (transducer circuit) calibration. External calibration consists of two phases: (1) evaluating the circuit integrity of each channel, and (2) applying a physical stimulus at the transducer on each channel. Actual values obtained during internal calibration are compared to ideal theoretical values and/or reference standards calibrated by the Calibration Facility, as applicable, and any necessary correction factors are applied. Actual values obtained during external calibration are compared to ideal theoretical values and/or transducer calibration data supplied by the Calibration Facility, as applicable, and any discrepancies are dispositioned dependent upon accuracy requirements. The default value for the specified tolerance is +/- 0.3% of the full scale range. As required by MPR 8730.5, internal and external calibrations are performed before each test series with the results indicated on the appropriate sheet from Appendix B. This sheet is part of the Quality Record package for each test.

4.6  Load Control System Software Calibration. All ET21 load control software is verified prior to service. As stated in MPR 8730.5 all load control software in use prior to February 23, 1998 is deemed to be verified by demonstration. The verification procedures employed for subsequent load control software upgrades or new load control software systems will be filed as ET21 “Memoranda to Record” Quality Records.

4.7  Reference Test Equipment.  Test equipment used for indication, e.g., presence of signal, troubleshooting, non-critical physical parameters, etc., is classified as Category III as defined in MPR 8730.5 and not subject to recall by the MSFC Calibration Facility. This test equipment is not employed in direct application of measurement acquisition or control functions required for space flight or space flight support test hardware evaluation.

4.8  Load Application Test Machines. Test machines that are permanently installed are classified as Category II as defined in MPR 8730.5 and calibrated in situ by the MSFC Calibration Facility. These machines apply tension and compression loads to hardware requiring axial loading, only. The test machines are labeled by the MSFC Calibration Facility with a decal containing a unique identification, date calibrated, and due date for the next calibration. The calibration cycle is two years.

5
NOTES

See Section 5 of MPR 8730.5.

6
SAFETY PRECAUTIONS AND WARNING NOTES

Applicable precautions or warnings are identified in the respective test equipment usage and test procedures.

7
APPENDICES, DATA, AND REPORTS 

7.1 Appendix A – Transducer Calibration Specifications

7.2 Appendix A – Transducer Calibration Intervals

7.3 Appendix A – Measurement Acquisition System Component Calibration Interval

7.4 Appendix B – Measurement Acquisition System Calibration Record

7.5 Appendix B – Control System Calibration Record

8
QUALITY RECORDS

8.1 “Calibration Records” generated by ET21.  The ET21 Quality Records for Category IV hardware calibrations are (1) the sheets in appendix B, maintained in the ET21 Central Files, (2) a measurement database, test data recorded, and a listing of the test equipment for each test conducted, maintained in electronic files at the ET21 MAS Central Facility, and (3) the control system event log for each test conducted, maintained at the ET21 MAS Central Facility in electronic format or stored with the Quality Record package for each test in the ET21 Central Files, as appropriate. These Quality Records are retained for three years or a specific period requested by the customer. These Quality Records satisfy the portion of MPR 8730.5 pertaining to calibration records generated by the Using Line Organization.

8.2 “Software Verifications” generated by ET21.  The Quality Records for software verifications (see paragraphs 4.4 and 4.6 of this document) are maintained as “Memoranda to Record” in the ET21 Group Files for the duration of the use of the software plus three years. These Quality Records satisfy the portion of MPR 8730.5 pertaining to software verifications performed by the Using Line Organization.

8.3 “Calibration Contacts”.  The Quality Records identifying ET21 Calibration Contacts are maintained as “Memoranda to Record” in the ET21 Group Files. These Quality Records satisfy MPR 8730.5 pertaining to calibration contacts.

8.4 “Tracking Records”.  The Quality Records for tracking each use of test equipment are (1) test equipment master list (see paragraphs 4.1.13 and 8.6 of this document) maintained in electronic format at the ET21 file server, (2) log books stored with the transducer, where applicable (see paragraph 4.1.14 of this document), (3) the measurement database stored electronically in the ET21 MAS Central Facility, and (4) the listing of the test control equipment for each test conducted, maintained in the ET21 MAS Central Facility. These Quality Records are retained for three years. These Quality Records satisfy MPR 8730.5 pertaining to ability to trace prior use of test equipment in the event that equipment is found to be out of calibration after use.

8.5 “Disposition of Out-of-Calibration Equipment”.  If the out-of-calibration equipment function was not used during the calibration period it is noted as such in the appropriate “Test Equipment Master List” Quality Record (see paragraph 8.6).  The Quality Records for disposition of out-of-calibration equipment used on a test during the applicable calibration period are maintained as “Memoranda to Record” in the ET21 Central Files for a minimum of three years. The memoranda contain at minimum (1) an analysis of why the out-of-calibration equipment was not detected during pre-test verification, (2) the steps taken to trace prior use of the out-of-calibration equipment, (3) what errors (if any) the out-of-calibration equipment may have introduced into previous test data, (4) the steps taken to notify the recipients of any affected data, and (5) the responses of those notified.  The Test Engineer is ultimately responsible for the signatures and placement in the ET21 Central Files in the proper folder.  These Quality Records are retained for three years. These Quality Records satisfy MPR 8730.5 pertaining to disposition of out-of-calibration test equipment.

8.6 “Test Equipment Master List”.  Each ET21 Calibration Contact maintains a master list of the test equipment for which he/she is responsible. The lists are maintained in standard electronic format on the ET21 file server. These Quality Records satisfy MPR 8730.5 pertaining to test equipment master lists.

APPENDIX A

TRANSDUCER CALIBRATION SPECIFICATIONS
	Transducer
	Parameter
	Calibration Lab Limit, Requires Disposition per Paragraph 8.5 (%)
	ET21 Limit, Optional Removal From Service (%)

	LVDT (except RDP D2/200A)
	Linearity
	0.25
	0.15

	
	Sensitivity Change
	0.25
	0.15

	RDP D2/200A
	Linearity
	0.25
	0.2

	
	Sensitivity Change
	0.25
	0.2

	String Potentiometer
	Linearity
	1.0
	0.15

	
	Sensitivity Change
	1.0
	0.15

	Load Cell (strain gage type)
	Linearity (1 Direction)
	0.25
	0.15

	
	Linearity (Both Directions)
	N/A
	0.30

	
	Sensitivity Change
	0.25
	0.15

	
	Sensitivity Variance from Nominal (ex. 3 mV/V)
	5.0
	1.0

	
	Zero Offset Shift
	5.0
	2.0

	Pressure Transducer (strain gage type)
	Linearity
	0.25
	0.15

	
	Sensitivity Change
	0.25
	0.15


NOTES:  Linearity limit is a % error of full-scale value.  Sensitivity change limit is a % difference from previous calibration.  Sensitivity variance from nominal limit is a % difference from the manufacturer specified nominal sensitivity in mV/V.  Zero offset shift limit is a % error of full-scale value compared to the previous calibration.  All other transducers and equipment are treated on an individual basis.

TRANSDUCER CALIBRATION INTERVALS
	Transducer
	Calibration Interval
	Calibration Verified & Validated for Each Test Series

	Load Cell (Force)
	2 years
	Yes

	Pressure
	2 years
	Yes

	Electrical/Electronic Displacement Indicator 
	1 year
	Yes

	Resistance Temperature Device (RTD)  [Special]
	1 year
	Ice Point & Function Check

	Resistance Temperature Device (RTD)
	NA
	Function Check – N.I.S.T. Tables

	Thermocouple
	NA
	Ice Point & Function Check N.I.S.T. Tables

	Torque Wrench (manual)
	2 years
	No – Register maintained for each Category II use

	Pressure Gauge
	1 year
	No – Register maintained for each Category II use

	Hydra-Set
	1 year
	No – Register maintained for each Category II use

	Spring Scale
	1 year
	No – Register maintained for each Category II use

	Resistance Decade
	1 year
	No – Register maintained for each Category II use

	Remote Data Harvester Programmable Voltage Source
	6 months
	Yes


APPENDIX B

MEASUREMENT ACQUISITION SYSTEM CALIBRATION RECORD

TEST PROJECT #_____________________________________ DATE: ________________

PROGRAM/PROJECT: _______________________________________________________

TEST ITEM: ________________________________________________________________

TEST CONDITION: __________________________________________________________

Physical RDH Numbers: _______________________________________________________

VALIDATION & VERIFICATION
VALID MSFC CALIBRATION FACILITY LABEL(S)

· Transducers:
___Yes
___No

· Reference Calibration Source (PVS)?      ___Yes   ___No   ___NA

· Other ____________________________________________?
___Yes
___No

SYSTEM CALIBRATION FUNCTIONS

· Internal Health Test Passed?
___Yes
___No
___NA


If NO, Disposition? ______________________________________________________

· Internal Calibration Passed?
___Yes
___No
___NA


If NO, Disposition? ______________________________________________________

· Internal System Verification (Tolerance) Passed?
___Yes
___No
___NA


If NO, Disposition? ______________________________________________________

· Sensor Excitation Calibration (All Types) Passed?
___Yes
___No
___NA


If NO, Disposition? ______________________________________________________

· External Individual Measurement End-To-End Validation Passed?  ___Yes  ___No  ___NA


If NO, Disposition? ______________________________________________________

Comments _________________________________________________________________

___________________________________________________________________________

Instrumentation Engineer ______________________________________

Test Engineer _______________________________________________

Other ______________________________________________________

CONTROL SYSTEM CALIBRATION RECORD

TEST PROJECT #_______________________________________ DATE: ______________

PROGRAM/PROJECT: _______________________________________________________

TEST ITEM: ________________________________________________________________

TEST CONDITION: __________________________________________________________

SYSTEM USED:  __AERO-90  __OTHER (specify)__________________________________

VALIDATION & VERIFICATION
VALID MSFC CALIBRATION FACILITY LABEL(S)

· Transducers:
___Yes
___No

· Reference Calibration Source?
___Yes
___No
___NA

· Other ____________________________________________?
___Yes
___No

SYSTEM CALIBRATION FUNCTIONS

· Internal Calibration Passed?
___Yes
___No
___NA


If NO, Disposition? ______________________________________________________

· External System Calibration Passed?
___Yes
___No
___NA


If NO, Disposition? ______________________________________________________

· External Individual Control Measurement Validation Passed?
___Yes
___No
___NA


If NO, Disposition? ______________________________________________________

Comments _________________________________________________________________

___________________________________________________________________________

Control Engineer _____________________________________________

Test Engineer _______________________________________________

Other ______________________________________________________
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