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	Problem Description
THE WIRE HARNESS FAILED DIELECTRIC WITHSTAND VOLTAGE TESTING AT KSC

	Contractor Investigation/Resolution


	MSFC Response/Concurrence
GENERAL:

THE TWELVE AFT SRB/ORBITER CABLES ON ET-48 WERE BEING TESTED AT KSC

THE TEST WAS A 1500 VOLT DIELECTRIC WITHSTAND VOLTAGE (DWV) TEST WHICH

IS NORMALLY PERFORMED AT MAF IMMEDIATELY FOLLOWING THE INSTALLATION OF

THE HARNESSES.  DUE TO AN ERROR IN THE COMPUTER SOFTWARE FOR MAF TEST

PROCEDURE -6C101-FA, THE MINIMUM 1500 VOLT TEST DURATION OF 100

MILLISECONDS HAD NOT BEEN MET.  THE ACTUAL TEST DURATION HAD BEEN

APPROXIMATELY 9 TO 20 MILLISECONDS.  THE VIOLATION OF THE TEST

REQUIREMENTS, WHICH ARE CONTAINED IN MMC-ET-TM04K-B, PARAGRAPH

2.2.2.6.1, HAD BEEN DOCUMENTED ON MARS T-118742 FOR ET-48.  AS THE ET

WAS ALREADY AT KSC WHEN THE TEST ERROR WAS DISCOVERED, THE RETEST WAS

PLANNED TO BE PERFORMED THERE

DURING THE RETEST OF THE ET, WIRE HARNESS 303W3 FAILED THE 1500 VOLT DWV

TEST.  CONTACTS "X" AND "H" HAD LOW RESISTANCE BETWEEN THEM.  THE TEST

FAILURE WAS DOCUMENTED ON INTERIM PROBLEM REPORT IV-6-037547 FOR END

ITEM CONTROL NUMBER T-0048-0058.  SUBSEQUENT TROUBLESHOOTING EXONERATED

THE TEST EQUIPMENT AND CONFIRMED THE FAILURE ON THE ET WIRE HARNESS

THE FAILURE TO PERFORM THE PROPER DURATION OF 1500 VOLT DWV TEST WAS NOT

LIMITED TO ET-48.  ALL 1500 VOLT DWV TESTS PERFORMED AT MAF ON THE

HUGHES FLEXIBLE AUTOMATIC CIRCUIT TESTER (FACT) WERE OF IMPROPER

DURATION.  THE PROBLEM ORIGINATED IN THE FACT COMPUTER SOFTWARE WRITTEN

AT MAF.  THE SOFTWARE FAILED TO CALL THE "PROGRAM DWELL" FEATURE OF THE

FACT.  PROGRAM DWELL APPLIES THE TEST VOLTAGE FOR THE TIME SPECIFIED IN

THE TEST PARAMETER AND TAKES A PASS/FAIL MEASUREMENT AT THE END OF THAT

TIME.  THE SOFTWARE WRITTEN AT MAF USED THE "OPTIMUM DWELL" FEATURE

OPTIMUM DWELL APPLIES THE TEST VOLTAGE ONLY LONG ENOUGH TO OBTAIN A

PASS; THAT IS UP TO, BUT NO LONGER THAN THE TIME SPECIFIED IN THE TEST

PARAMETER

WIRE HARNESSES USED ON THE ET ARE REQUIRED TO BE TESTED FOR A DURATION

OF BETWEEN 100 MILLISECONDS AND 1 MINUTE AT 1500 VOLT DWV IMMEDIATELY

FOLLOWING ASSEMBLY.  ONLY COAXIAL CABLES AND CABLES CONNECTED TO SENSORS

OR OTHER VOLTAGE SENSITIVE COMPONENTS ARE EXEMPTED.  COAXIAL CABLES AND

SENSORS ARE SUBJECTED TO OTHER TESTS APPROPRIATE TO THE DESIGN AND

FUNCTION.  THE TEST REQUIREMENTS FOR POST ASSEMBLY ARE CONTAINED IN

MMC-ET-TM04K-B, "SPACE SHUTTLE EXTERNAL TANK FLIGHT ACCEPTANCE

REQUIREMENTS", PARAGRAPH 2.2.2.1

FOLLOWING INSTALLATION ON THE ET, SEVERAL CABLES ARE AGAIN 1500 VOLT DWV

TESTED.  THE CABLES SO AFFECTED ARE PRIMARILY THOSE AT THE AFT END OF

THE TANK WHICH CONNECT THE SRB'S TO THE ORBITER.  THE TEST PARAMETERS

ARE THE SAME AS THOSE USED FOLLOWING CABLE ASSEMBLY.  THE REQUIREMENTS

ARE CONTAINED IN TM04K-B, PARAGRAPH 2.2.2.6.1

THE FACT CIRCUIT ANALYZERS, THERE ARE 6 AT MAF, WERE PUT IN SERVICE

BETWEEN 1984 AND 1988.  THEY REPLACED EARLIER APS OMNITESTER CIRCUIT

ANALYZERS.  THE RESULT OF THE PHASED REPLACEMENT OF THE OLDER CIRCUIT

ANALYZERS WITH THE FACT WAS THAT SOME, BUT NOT ALL, OF THE CABLES ON THE

OLDEST EXISTING ET'S HAD BEEN TESTED PROPERLY.  NEWER ET'S, TESTED

ENTIRELY BY THE FACT, WERE IMPROPERLY TESTED THROUGHOUT

AT THE TIME THE COMPUTER SOFTWARE ERRORS WERE DISCOVERED, ET-43 WAS

STACKED FOR FLIGHT AT KSC AND ET-50 WAS ABOUT TO BE STACKED.  THE BUILD

HISTORY FOR THESE TWO VEHICLES WAS RESEARCHED COMPLETELY AND TEST ERRORS

WERE DOCUMENTED ON MARS.  AS A RESULT OF THE ENGINEERING DISPOSITIONS

FOR THE MARS ON ET-43 AND ET-50, DIRECTION WAS GIVEN TO RESEARCH AND

DOCUMENT ALL OTHER ET'S AND HARDWARE AS FOLLOWS;

A)  WIRE HARNESSES 314W10 AND 314W11, WHICH WERE TESTED ON A FACT AFTER

INITIAL ASSEMBLY, ARE TO BE RETESTED ON BOTH COMPLETED INSTALLATIONS AND

UNINSTALLED CABLES

B)  WIRE HARNESSES 303W01 THROUGH 303W12, TESTED ON A FACT FOLLOWING

INSTALLATION, ARE TO BE RETESTED

C)  WIRE HARNESSES ON COMPLETELY ASSEMBLED ET'S, OTHER THAN THOSE IN A)

AND B) WERE TO BE DOCUMENTED AS "SUSPECT" OF BEING IMPROPERLY TESTED

THESE WERE DISPOSITIONED USE-AS-IS, NOT RETESTED

D)  WIRE HARNESSES NOT YET INSTALLED ON COMPLETED ET'S OR HIGHER

ASSEMBLIES WHICH PROHIBIT THE APPLICATION OF HIGH VOLTAGE, DUE TO

SENSOR/COMPONENT INSTALLATION, ARE TO BE RETESTED

THE RESULT OF THESE REQUIREMENTS IS THE ATTACHED LIST OF MARS.  IN ORDER

TO SIMPLIFY THE LIST, WIRE HARNESSES NOT YET INSTALLED ON ET'S ARE

LISTED AGAINST THE PLANNED EFFECTIVITY FOR INSTALLATION.  ADDITIONAL

MARS WRITTEN AS A RESULT OF FURTHER PROBLEMS WITH THE HUGHES FACT

ANALYZERS, SEE TASK II. D., ARE ALSO LISTED

TASK I.  FAILURE INVESTIGATION

THE CABLE WAS REMOVED FROM ET-48 AND SHIPPED TO MAF FOR FAILURE

ANALYSIS.  THE FAILURE ANALYSIS IS IN PROCESS

     ECD:  6/4/92 FOR COMPLETION OF COMPONENT TESTS

           6/12/92 FOR RELEASE OF REPORT

           COMPLETE:  6/18/92

CLOSURE STATEMENT:  ANALYSIS OF THE WIRE HARNESS FOUND THAT THE FAILURE

OCCURRED IN THE PHENOLIC INSERT OF CONNECTOR 303W3J3.  THE ROOT CAUSE OF

THE FAILURE COULD NOT BE DETERMINED DUE TO BURNING/ARCING OF THE

PHENOLIC.  HOWEVER, A SILICONE BASED FOREIGN OBJECT WAS FOUND MOLDED

INTO THE PHENOLIC DIRECTLY ADJACENT TO POINT OF FAILURE AND MAY HAVE

BEEN THE CAUSE.  THE FAILED CONNECTOR BORE PART NUMBER NB0E22-55PXT AND

LOT CODE 8211-07.  THE CONNECTOR, A FLANGE MOUNT PIN INSERT RECEPTACLE,

WAS ASSEMBLED IN MARCH 1982 BY TIME ELECTRONICS FROM ITT CANNON

COMPONENTS.  REFERENCE:  FAILURE ANALYSIS REPORT T-126604/126605

REVIEW OF THE MAF RECEIVING ACCEPTANCE RECORDS FOUND THAT SEVEN (7)

CONNECTORS HAD BEEN RECEIVED WITH THIS LOT CODE.  SIX (6) HAD BEEN USED

ON ETS FLOWN PREVIOUSLY.  THERE WERE NO DWV/IR FAILURES OF OTHER

CONNECTORS FROM THE SAME LOT

B.  A SECOND WIRE HARNESS DWV FAILURE OCCURRED.  THE FAILURE OF THE

314W11 WIRE HARNESS OCCURRED IN THE MAF HARNESS FABRICATION SHOP.  THE

HARNESS IS "CRITICALITY 3" IN THE FMEA.  THE TEST FAILURE WAS IN FACT A

RETEST OF DWV FOR THE SAME "DWELL TIME" PROBLEMS DESCRIBED IN THE

"GENERAL" STATEMENT OF THIS CAPS.  THE CABLE WAS NEW, NEVER HAVING BEEN

INSTALLED ON AN ET.  WHEN INSTALLED, IT CONNECTS THE RANGE SAFETY

COMMAND DESTRUCT/SYSTEM (RSS) OF THE LEFT AND RIGHT SRB THROUGH THE ET

INTERTANK.  FAILURE ANALYSIS WAS PERFORMED ON THE CABLE

     COMPLETE:  6/19/92

CLOSURE STATEMENT:  ANALYSIS OF THE WIRE HARNESS FOUND THAT THE FAILURE

OCCURRED IN THE PHENOLIC INSERT OF CONNECTOR 314W11P2.  THE ROOT CAUSE

COULD NOT BE DETERMINED DUE TO BURNING/ARCING OF THE PHENOLIC.  THE

FAILED CONNECTOR BORE PART NUMBER NB6GE22-55SNT AND LOT CODE 8551E.  THE

CONNECTOR, A SOCKET INSERT PLUG, WAS MANUFACTURED BY DEUTSCH IN DECEMBER

1985.  REFERENCE:  FAILURE ANALYSIS REPORT T-118346/T-118741-3.  REVIEW

OF THE MAF RECEIVING ACCEPTANCE RECORDS FOUND THAT 136 CONNECTORS HAD

BEEN RECEIVED WITH THIS LOT CODE.  FORTY (40) CONNECTORS ARE CURRENTLY

IN INVENTORY STORES AND THE REMAINDER WERE INSTALLED ON CABLES ON ETS

THAT EXIST TODAY OR WERE PREVIOUSLY FLOWN.  THERE HAVE BEEN NO DWV/IR

FAILURES OF OTHER CONNECTORS FROM THE SAME LOT

C.  A THIRD WIRE HARNESS DWV FAILURE OCCURRED.  THE FAILURE OF THE 303W1

WIRE HARNESS OCCURRED IN THE MAF HARNESS FABRICATION SHOP.  THE FAILURE

OCCURRED AT THE HARNESS ASSEMBLY LEVEL.  THE FINAL ACCEPTANCE TEST OF

THIS HARNESS, FOR DWV, OCCURS AFTER INSTALLATION ON AN ET.  THE TEST

FAILURE WAS IN FACT A RETEST OF DWV FOR THE SAME "DWELL TIME" PROBLEMS

DESCRIBED IN THE "GENERAL" STATEMENT OF THIS CAPS.  THE CABLE WAS NEW,

NEVER HAVING BEEN INSTALLED ON AN ET.  WHEN INSTALLED, IT PROVIDES

CIRCUITS BETWEEN THE LEFT HAND (-Y) SRB AFT ATTACH POINT AND THE ORBITER

LOX (+Y) AFT ATTACH POINT.  A FAILURE INVESTIGATION WAS PERFORMED ON THE

CABLE

     COMPLETE:  6/11/92

CLOSURE STATEMENT:  TROUBLESHOOTING ISOLATED THE FAILURE TO AN

INDIVIDUAL CABLE SHIELD TERMINATION NEAR 303W1P41.  A SINGLE STRAND OF

THE WIRE BRAID ON THE CABLE HAD PUNCTURED/PROTRUDED THROUGH THE SHRINK

TUBING OVER THE SHIELD TERMINATION AND ARCED TO THE WIRE HARNESS OVERALL

SHIELD (OVS).  THE DEFECT WAS THE RESULT OF A WORKMANSHIP ERROR AT THE

TIME OF ASSEMBLY.  THE SHRINK TUBING IS NOT A WATER-CLEAR PRODUCT AND

PREVENTS VISUAL EXAMINATION FROM DETECTING ALL SUCH FLAWS AT THE TIME

OF ASSEMBLY

PAC NOTE:  6/29/92 - THE PROBLEMS REFERENCED IN "TASK I, B AND C" ARE

NOT PRACA REPORTABLE.  ONE IS A CRITICALITY 3 IN THE FMEA AND THE OTHER

WAS DETECTED PRIOR TO THE FINAL ACCEPTANCE TEST.  THEREFORE, THESE

PROBLEMS ARE IDENTIFIED FOR HISTORICAL PURPOSES ONLY

D.  THE HUGHES FACT ANALYZERS WERE A SUBJECT OF CONCERN AS A RESULT OF

THE PROGRAMMING ERRORS WHICH HAD RESULTED IN THE SHORT DWELL TIME.  A

TEAM WAS ESTABLISHED TO FULLY INVESTIGATE THE DWV/IR TEST PERFORMANCE OF

THE ANALYZERS

     COMPLETE:  6/15/92

CLOSURE STATEMENT:  THE FACT ANALYZERS WERE FOUND TO BE INCAPABLE OF

PROVIDING THE REQUIRED 1500 +/- 75 VDC TO AN ARTICLE UNDER TEST WHICH

HAS A RESISTANCE OF LESS THAN 3 MEGOHMS.  THE FACT ANALYZERS ALSO CANNOT

PROVIDE THE 1500 +/- 75 VDC TO AN ARTICLE UNDER TEST, USING "OPTIMUM

DWELL," WHICH HAS CAPACITANCE OF APPROXIMATELY .01 MICROFARAD OR

GREATER.  REFERENCES:  IOM 3613-92-107; HUGHES AIRCRAFT CO. PROPOSED

GIDEP ALERT R4-A-92-01

TASK CLOSED

TASK II.  CORRECTIVE ACTION

A.  NO CORRECTIVE ACTION IS REQUIRED FOR THE DIELECTRIC WITHSTAND

VOLTAGE (DWV) TEST FAILURE ON ET-48 AT KSC.  THE FAILURE OCCURRED IN AN

ELECTRICAL CONNECTOR.  THERE HAVE BEEN NO OTHER FAILURES OF CONNECTORS

FROM THE SAME LOT CODE.  NO OTHER CONNECTORS FROM THE SAME LOT ARE

INSTALLED ON ETS THAT NOW EXIST AS THEY WERE INSTALLED ON PREVIOUSLY

FLOWN VEHICLES.  THE DWV TEST IS STRINGENT AND OCCASIONAL FAILURES CAN

BE EXPECTED.  THE MAXIMUM SERVICE VOLTAGE OF ANY CABLE ON THE ET IS

32VDC

B.  NO CORRECTIVE ACTION IS REQUIRED FOR THE DWV FAILURE OF THE 314W11

WIRE HARNESS DESCRIBED IN TASK I. B.  THE FAILURE OCCURRED IN AN

ELECTRICAL CONNECTOR.  THERE HAVE BEEN NO OTHER FAILURES OF THE MORE

THAN 90 CONNECTORS OF THE SAME LOT NOW IN SERVICE.  THE DWV TEST IS

STRINGENT AND OCCASIONAL FAILURES CAN BE EXPECTED.  THE MAXIMUM SERVICE

VOLTAGE OF ANY CABLE ON THE ET IS 32VDC

C.  NO CORRECTIVE ACTION IS REQUIRED FOR THE DWV FAILURE OF THE 303W1

WIRE HARNESS DESCRIBED IN TASK I. C.  THE FAILURE OCCURRED DUE TO A

SINGLE STRAND OF WIRE PROTRUDING THROUGH THE SHRINK TUBING INSULATION

OVER A INDIVIDUAL SHIELD TERMINATION.  THE PROCESS INSTRUCTIONS FOR WIRE

HARNESS ASSEMBLY PROVIDE ADEQUATE CONTROL OF THE WORKMANSHIP OF SHIELD

TERMINATIONS.  HOWEVER, DUE TO INHERENT DIFFICULTIES OF VISUAL

INSPECTION THROUGH SHRINK TUBING, OCCASIONAL FAILURES OF THE DWV TEST

MAY OCCUR

D.  CORRECTIVE ACTION FOR THE PROBLEMS ENCOUNTERED WITH THE HUGHES FACT

CIRCUIT ANALYZERS INCLUDE:

  1.  DOCUMENTATION OF ALL INCORRECTLY TESTED HARDWARE ON MARS.  SEE THE

      MARS LIST ATTACHED TO THIS CAPS

  2.  REVISION OF THE FACT CALIBRATION TEST PROCEDURES TO VERIFY PROPER

      DWV/IR TEST VOLTAGE AT 3 MEGOHMS ARTICLE RESISTANCE.  REFERENCE:

      IOM-3613-92-118

  3.  ALL ET FLIGHT HARDWARE TEST PROCEDURES WERE REVISED TO

      INCORPORATE A THREE (3) SECOND "PROGRAM DWELL" ON THE DWV TEST

      THE DWV PASS/FAIL RESISTANCE WAS REVISED TO "THREE (3) MEGOHMS OR

      GREATER"  REFERENCE:  IOM 3613-92-118

TASK CLOSED

TASK III.  CLEARANCE OF EFFECTIVITIES

ALL ET'S CLEARED.  ALL ET'S WHICH WERE NOT PROPERLY DWV TESTED HAVE

BEEN DOCUMENTED ON MARS.  SEE ATTACHED LIST.  MARS ENGINEERING

DISPOSITIONS CONTROL ALL RETESTS, WHERE REQUIRED.  THE REPAIR OF ET-48

IS CONTROLLED BY IPR-T0048-0058

-  FLIGHT CLEARANCE AND DEFERRAL RATIONALE UPDATE SUBMITTED ON 6/2/92:

ALL ET'S CLEARED.  ALL COMPLETED ET'S AND ET COMPONENTS WHICH WERE NOT

DWV TESTED FOR THE PROPER DURATION HAVE BEEN DOCUMENTED ON MARS.  ALL

HARDWARE REQUIRING RETEST HAVE BEEN SO DISPOSITIONED ON THE MARS.  THE

REPAIR OF ET-48 IS CONTROLLED BY IV-6-037547 AND SUBSEQUENT REPAIR

DOCUMENTATION

TASK CLOSED

TASK IV.  CAPS CLOSURE SUMMARY

THE  1500VDWV TEST FAILURE ON ET-48 AT KSC WAS THE RESULT OF AN

ELECTRICAL CONNECTOR DEFECT.  NO FAILURES OCCURRED ON ANY OF THE OTHER

CONNECTORS FROM THE SAME PRODUCTION, ALL OF WHICH HAVE PREVIOUSLY FLOWN

THE TWO ADDITIONAL WIRE HARNESS DWV FAILURES, WHICH OCCURRED AT MAF,

RESULTED FROM A CONNECTOR DEFECT ON ONE HARNESS AND A DAMAGED PIECE OF

SHRINK TUBING ON THE OTHER.  ALL THREE FAILURES OCCURRED DURING RETESTS

REQUIRED BY PROBLEMS WITH THE ORIGINAL DWV TESTS.  ALL IMPROPERLY TESTED

HARDWARE HAS BEEN DOCUMENTED ON MARS.  CALIBRATION AND TEST PROCEDURES

ASSOCIATED WITH THE HUGHES FACT CIRCUIT ANALYZERS HAVE REVISED TO

PREVENT A RECURRENCE OF THE DWV TEST ERRORS.  A GIDEP ALERT HAS BEEN

RELEASED BY HUGHES AIRCRAFT CO. FOR THE FACT ANALYZER PROBLEMS

TASK CLOSED

**********************************************************************

5/27/92 - DEFERRAL RATIONALE

**********************************************************************

THIS PROBLEM HAS BEEN DEFERRED FOR THE NEXT SIX(6) MONTHS PER NSTS

08126, REVISION D, PARAGRAPH 3.3.10.1, ITEM D WHICH STATES "THE PROBLEM

CONDITION IS CLEARLY SCREENED BY PREFLIGHT CHECKOUT OR SPECIAL TESTS

(I.E. FAILURE MODE SHOULD NOT OCCUR FOLLOWING THE TEST)."

APPROVAL: ______GERALD C. LADNER (SIGNED)________   DATE: ___6/1/92____

                GERALD C. LADNER

                ET PROJECT MANAGER
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