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Preface

P.1  PURPOSE

This document defines the Electromagnetic Test Engineering process necessary to demonstrate compliance of space hardware with the detailed electromagnetic compatibility and magnetic profile requirements specified for flight hardware and tested in facilities managed by Code 549.3. 

P.2  APPLICABILITY

The requirements stated in this document apply to the electromagnetic test engineering test process under the authority of Code 549.3.  It is applicable to both the electromagnetic compatibility and magnetic properties test functions.

P.3  AUTHORITY 

Authorization for the requirements stated in this document is contained in the requirements of 549-PG-8700.1.1 (Environmental Test Engineering and Integration Process) as well as the general GSFC ISO 9000 policy.

P.4  REFERENCES

a. GSFC Document GEVS-SE “General Environmental Verification Specification for STS and ELV Payloads, Subsystems and Components”, Revision A dated June 1996.

b.  GSFC Document 549-PG-8700.1.1, “Environmental Test Engineering and Integration Process” 

c. GSFC Manual titled “Mechanical Systems Center (MSC) Safety Manual”

d. GSFC Engineering Services Division (now MSC) “Facilities and Capabilities” Manual, Jan. 1995

e. GSFC Document GPG 8730.1, “Calibration and Metrology”

f. MSEC Document 09PC-PP08 “Electromagnetic Compatibility Process Operating Procedure”  (EMC POP)

g. MSEC Document 09PC-PP09 “Magnetic Properties  Process Operating Procedure” (MAG POP)

P.5  CANCELLATION 

This document supersedes and cancels Revision A of this Document 549-PG-8700.1.4

P.6  SAFETY 
All operations shall adhere to the requirements specified in the MSC Safety Manual. The Project Design Lead (PDL) is responsible for completing the Code 549 safety questionnaire and the Code 549.3 Test Engineer (TE) is responsible for insuring that any safety considerations reported in the questionnaire are addressed prior to the start of testing.  Code 549.3 letter “Safety Requirements for EMI Testing” dated 2/8/99 shall be inserted as an Appendix in all Test Article Test Procedures.  Primary safety concerns addressed in the safety questionnaire include the possibility of personal injury resulting from test personnel exposure to high-level radiated electromagnetic fields.  The Test Engineer is responsible for ascertaining that the PDL and all other test personnel are aware of the requirements of the letter.  In addition, the TE is responsible for insuring that the letter requirements are complied with at all times when the test object is in Code 549.3 testing facilities.

P.7      TRAINING 
Test engineers and technicians performing testing in accordance with this document are required to complete the requirements for and pass the test specified by the National Association of Radio Television Engineers for test engineers and test technicians respectively.  Meeting these requirements and maintaining the NATE-required re-certification provisions, adequately insure the training of test personnel 

P.8      RECORDS

Table 5.1 lists all of the quality records associated with the electromagnetics test process. The quality records include all original data sheets recorded during performance of the various tests which are  included as appendices to the Test Reports.  The original copy of the Test Report, which is signed by the TE, the PO, and the Lead Support Contractor Engineer, is retained by the support contractor document repository manager for five years.  An electronic media copy of each Test Report is posted on the 549 Branch network for a minimum of 90-days. The archival period for all documents is 5-years.

Table 5.1 Quality Records Listing

	Source Name
	Number
	Quality Record
	Contact
	Location
	Index Method
	Retention period

	EMC POP
	09PC-PP08
	Test Procedure
	N. Block, x2526
	Bldg 7/Rm 148
	Doc #/Date
	5-years

	EMC POP
	09PC-PP08
	Test Report
	N. Block, x2526
	Bldg 7/Rm 148
	Doc #/Date
	5-years

	EMC POP
	09PC-PP08
	Test Data
	N. Block, x2526
	Report Appendix
	N/A
	5-years

	EMC POP
	09PC-PP08
	Test Folio
	N. Block, x2526
	Bdg. 7, Rm.8
	Date, Proj., 

Name
	5-years

	EMC POP
	09PC-PP08
	Maintenance
	N. Block, x2526
	Bdg. 7, Rm.8
	Date
	5-years

	EMC POP
	09PC-PP08
	Facility Records
	N. Block, x2526
	Bdg. 7, Rm.8
	Date
	5-years


	EMC POP
	09PC-PP08
	Cal Records
	N. Block , x2526
	Bdg. 7, Rm.8
	Date
	5-years

	Mag POP
	09PC-PP09
	Test Procedure
	N. Block, x2526
	Bldg 7/Rm 148
	Doc #/Date
	5-years

	Mag POP
	09PC-PP09
	Test Report
	N. Block, x2526
	Bldg 7/Rm 148
	Doc #/Date
	5-years

	Mag POP
	09PC-PP09
	Test Data
	N. Block, x2526
	Report Appendix
	N/A
	5-years

	Mag POP
	09PC-PP09
	Test Folio
	N. Block, x2526
	 Bldg. 304, Rm C
	Date, Proj.,

 Name
	5-years

	Mag POP
	09PC-PP09
	Maintenance
	N. Block,  x2526
	Bldg. 304, Rm C
	Date
	5-years

	Mag POP
	09PC-PP09
	Facility Mod Records
	N. Block, x2526
	Bldg. 304, Rm C
	Date
	5-years

	Mag POP
	09PC-PP09
	Cal Records
	N. Block, x2526
	Bdg. 7, Rm.8
	Date
	5-years


P.9       METRICS 
No specific metrics are associated with this process.  The support contractor charged with performing these tests is, however, graded monthly and compensated in part based on the degree of customer satisfaction as reported on test performance evaluation forms

P.10      DEFINITIONS

The specific definitions listed below apply to this process and are not intended to alter or supersede the general definitions discussed in document 549-PG-8700.1.1

· Process Owner (PO):  Code 549.3  Electromagnetics Test Engineering Section Head

· Test Engineer (TE):  The engineer designated by the Process Owner to execute the test process. 

· Product Design Lead (PDL):  The project manager or leader responsible for the test article.   

· Project Test Plan: Documentation provided by the Project describing the overall plan for conducting a particular test.

· Test Procedure:  Test item specific document.  Derived from POP and Test Plan.

· Process Operating Procedure (POP):  Document that details the steps necessary to setup, calibrate, maintain, and operate required test equipment; perform standard EMC and Magnetic Property tests; and provide details of process operations.

P.11     Procedures

In this document, a requirement is identified by “shall,” a good practice by “should,” permission by “may” or “can,” expectation by “will,” and descriptive material by “is.”

· Cost Estimation/Work Directive: The individual  tests to be performed for a particular Test Article are determined by the TE based on the Test Plan. A Laboratory Cost Estimate is then prepared by the TE and reviewed by the PO.  A Work Directive is prepared by the assigned environmental project engineer and based on the Cost Estimate. Following verification by Code 549 of adequate funding, the Work Directive is posted on the Code 549 network.  Test personnel are then authorized to proceed with test preparations and performance of the tests.

· Pretest Coordination Meeting: In preparation for the final development of the Test Procedure and start of testing, a Pretest Coordination Meeting is typically conducted by the TE. Mandatory attendees include the designated representatives of the PDL and of the PO. Based on the complexity of the required test setups and the test facility to be used, additional personnel are typically invited by either the TE or the PDL. Routine tests involving one of many subsystems of a particular project do not require a Pretest Coordination Meeting unless requested by the PDL. Any test procedure requirements in question are resolved at either the Pretest Coordination Meeting or by informal contact between the TE and the PDL.  Functional performance requirements to be placed on the Test Article, particularly during susceptibility tests, are discussed. Safety precautions are stressed to insure that project personnel are aware of the various safeguards imposed and the hazards relating to both test personnel and the Test Article.

· Test Article Test Procedure: The Test Article Test Procedure defines what specific test circuitry; test equipment; and facilities will be used to perform the required tests.  The Test Procedures are based on the Process Operating Procedures (POPs) which have previously been approved by the PO. When a POP does not define the test procedure for a unique test, the complete test procedure is included in the Test Article Test Procedure.  The Test Article Test Procedure is written by the assigned Test Engineer and approved by the PO and the PDL prior to the start of testing.  The latest Code 549.3 Safety Requirements Letter and the project-generated Test Plan are included as Appendices to the EMC Test Procedures.

· Test Performance: The required tests are performed in accordance with the approved Test Article Test Procedure.  Modifications to the Test Procedure are accomplished during the course of testing by the TE and PDL red-lining and initialing the approved Test Procedure upon concurrence by both the TE and the PDL that the modification is appropriate. In the event of any failures observed during the test conduct, the TE, in consultation with the PDL, determine whether additional testing or failure analysis is appropriate.  Unless otherwise specified in product specific test requirement documentation, tests are conducted in accordance with the General Environmental Verification Specification for STS and ELV Payloads, Subsystems and Components, GEVS-SE REV A. The Project Test Plan establishes the test conditions and the Test Article Test Procedures provide all operational details.  When a Test Article is managed by an organization other than GSFC, the requirements of the managing organization take precedence over the GEVS-SE document.

· Post Test:

Following the test completion, a debriefing is typically held, with the TE, PDL, and PO present as a minimum.  At this meeting, the PDL is asked to complete the Test Facility Feedback Sheet and to provide any constructive comments concerning possible improvements to the test process and lessons learned during the conduct of the test process.  For projects requiring testing of multiple sub-systems, a post test debriefing is not required after each sub-system test unless requested by the PDL.

P12  TEST EQUIPMENT

· Electromagnetic compatibility test facilities and equipment are described in the GSFC Facility Capabilities Manual. Major facilities include the Large EMI Test Facility; the Small EMI Test Facility, and the 40-ft Coil Satellite Magnetic Test Facility (SMTF). The facility manual provides physical descriptions and performance capabilities for each of these test facilities. The capacities and performance capabilities of the equipment are suitable for conducting tests as specified in GEVS-SE. All test equipment is located in environmentally controlled facilities that maintain a high degree of cleanliness. Class 10K cleanliness requirements can be met in the Large EMI Test Facility and at the 40-ft Coil Satellite Magnetic Test Facility upon a minimum 2-week notification to the TE.  The facilities provide a suitable work environment for safely and efficiently conducting the EMC and Magnetic Properties processes.  Modifications to the facilities must be reviewed and approved by the PO prior to implementation.  Major alterations to the facilities that could affect the articles under test require performance verification testing prior to resuming test operations as specified in the POP..  

· Test equipment required for the specific EMC and Magnetic Properties tests are specified in the Test Procedure.  Detailed operating and calibration requirements are included the POPs. The EMC testing facilities are shielded, semi-anechoic enclosures. Ambient electromagnetic noise levels are confirmed to be a minimum of 6-dB below test specification levels prior to the performance of any radiated tests.  Both shielded enclosure facilities have RF absorbent materials on  the facility walls to minimize the effects of wall reflections of electromagnetic radiation. Each of the EMC test enclosures has two adjoining enclosures for housing the Test Object ground support equipment and the EMC test instrumentation.

P13   MAITENANCE AND CALIBRATIONS

Test facilities and equipment are maintained and calibrated in accordance with the requirements detailed in the EMC POP and the Magnetic Properties POP.  Test equipment is calibrated in accordance with the requirements of GPG 8730.1, “Calibration and Metrology”. Detailed test equipment calibration, maintenance, and repair records are also maintained in accordance with the requirements detailed in the EMC and Magnetic Properties POPs.

P14  PROCESS CONTROL

Process control is maintained by requiring that all tests be performed in accordance with a PO and PDL-approved Test Article-specific Test Procedure. EMC tests must be implemented by, or under the technical direction of a NARTE-certified EMC test engineers.  The PO is required to be a senior NARTE-certified EMC Engineer and/or a state-registered Professional Engineer. EMC testing controls consist of requiring 3-rd party (NARTE) certification of the competency of test personnel as EMC Technicians and/or that the technician hold a current license as an amateur radio operator.  Test equipment is required to be calibrated to NIST standards by a certified third-party (except that magnet field calibrations are self-performed using a reference standard); and computer-control of all test functions is required wherever feasible.  

P15  PROCESS IMPROVEMENT

Process improvements are typically generated from a review of the completed Test Facility Feedback Sheets by the TE and the PO.  Improvements are also generated when newer technology test equipment is introduced into the test process.  These improvements are generally budget limited.  Funding is also allocated to allow at least one attendee at the annual IEEE EMC Professional Technical Group international symposium.  Improvements resulting from the symposium attendance evolve from discussions with other professionals in the field; review of new product availability from vendors; and incorporation of controlling specification upgrades, particularly the military standards.  Support is also currently being provided to the international effort to standardize EMC test procedures for satellite testing.  It is anticipated that this effort will result in more repeatable test results and general improvements in process operating procedures

P16   PROCESS APPROVAL

Process approval is effected by the requirements that both the EMC POP and the MAG POP be reviewed and approved by both the PO and the lead Support Contractor EMC Engineer, both of whom are required to be NARTE-certified EMC Engineers.  Test Article Test Procedures are also required to be reviewed and approved by both of the POP signatories in addition to the PDL or the PDLs designee.  At the option of the project responsible for a particular Test Article, the additional requirement that test data be certified accurate  by a representative of the GSFC Office of Systems Safety and Mission Assurance is imposed for critical payloads or under unique circumstances as specified in the project Test Plan..

CHANGE HISTORY LOG

	Revision
	Effective Date
	Description of Changes

	Baseline


	02/01/1999
	Initial Release

	A


	07/15/2004
	Updated Table 5.1 “Quality Record List”.

	B


	02/07/2005
	Revised document format and content to comply with GPG 1410.1.  
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