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	Problem Description
REF: DURING BOTH ATTEMPTED LAUNCHES OF LWT-6 (FLT 41D) THE NO. 2 LH2

ULLAGE PRESS. MSRMNT BECAME ERRATIC & INDICATED A PRESS. LESS THAN

ATMOSPHERIC (14.7 PSIA) WHILE IN STABLE REPLENISH MODE & WHEN THE

VENT/RELIEF VALVE WAS OPEN

	Contractor Investigation/Resolution
CAUSE - RESISTIVE ELE. OF PRESS. TRANSDUCER DAMAGED AT 14.7 PSIA

POSITION BY MISHANDLING OF TRANSDUCER AT SUPPLIER OR MAF

10/11/84 PRB STATUS - THIS (CRIT 3) PROBLEM HAS BEEN CHANGED TO CRIT 1

INVESTIGATION OF VENDOR MFR'G PRACTICES REVEALED SOME TRANSDUCERS HAVE

INCURRED BURNED OUT WINDINGS DURING (REVERSE CURRENT) TESTING WHICH WERE

REPAIRED BY REPLACING THE WINDINGS BUT ONLY VISUALLY INSPECTING THE

WIPER. INSPECTION OF WIPERS UNDER MAGNIFICATION REVEALED DAMAGE DID

OCCUR. THE SUPPLIER IS CORRECTING THESE AREAS OF CONCERN

10/22/84 - LAUNCH CONSTRAINT FOR 51A (LWT-9) IS LIFTED BASED ON

RATIONALE THAT FAILURE ON 41D (LWT-6) WAS AN ISOLATED CASE ALSO SYSTEM

IS FAIL-SAFE FOR WORST CASE CONDITION. DEFECT WOULD OPEN FLOW CONTROL

VALVE INCREASING TANK PRESS. CAUSING WIPER TO MOVE OFF DAMAGED AREA

THIS DECISION HAS BEEN CO-ORDINATED WITH THE ET PROJECT OFFICE -

___G.  P.  BRIDWELL___

12/11/84 - NO CONSTRAINTS TO FUTURE LAUNCHES.  CONSIDERED AN ISOLATED

CASE. SYSTEM IS FAIL-SAFE FOR THIS FAILURE MODE.  WORST CASE LOCATION OF

THIS DEFECT WOULD OPEN THE FLOW CONTROL VALVE WHICH WOULD INCREASE TANK

PRESSURE & MOVE WIPER OFF DAMAGED WINDING - ___G. P.  BRIDWELL___

1/15/85 - EXPECTED CLOSURE DATE AT MMC IS 1-30-85 (PENDING SUPPLIER

REVIEW)

3/6/85 STATUSED AT PRB MTG 2-25-85 AS FOLLOWS - CAUSED BY CONTAMINANTS

C/A'S IMPLEMENTED AT VENDOR'S FACILITY. WILL RECEIVE 1ST TRANSDUCERS

WITH C/A'S IMPLEMENTED DURING NEXT 4-5 WKS. IF TESTED OK, WILL CLOSE

CAPS. ACCEPTANCE TEST SCREENS OUT BAD TRANSDUCERS UNTIL NEW ONES REC'D

6/5/85 PRB STATUS 4-16-85 MTG - THIS CAPS IS IN THE PROCESS OF BEING

CLOSED. IMPROVES HANDLING & ADDS AN INSPECTION STEP AT END OF ASSY

CYCLE, AFTER INSTALLING SENSOR

6/5/85 PRB STATUS 5-16-85 MTG - NOT DISCUSSED IN DETAIL. THIS CAPS IS IN

THE CLOSURE LOOP AT MMC.  CLOSURE WILL BE SENT TO MSFC SHORTLY

7/2/85 UPDATED FROM PRB MTG 6-20-85 AS FOLLOWS - PRESENT MFR'G METHODS

HAS THE POTENTIAL OF LEAVING MINUTE CONTAMINATION WITHIN THE TRANSDUCER

COST OF TOTALLY ELIMINATING THIS CONTAMINATION AT THE VENDOR FACILITY,

OR TO PROCURE NEW TRANSDUCERS, IS PROHIBITIVE. MMC PROPOSES CLOSURE OF

THIS CAPS; MSFC CONCURS BUT WANTS THE CLOSURE TO ADDRESS WHAT OCCURRED

DURING STS-25 PRELAUNCH (INTERMITTENT DROPOUT OF TRANSDUCER) & THE

RATIONALE FOR ACCEPTING (USE-AS-IS) TRANSDUCER FOR FLT. PRB ACTION ITEM

ET-40 WAS ASSIGNED TO MR. G. PEACOCK/MMC TO EXPLORE THE FEASIBILITY OF

ADDING A NOTE TO THE OMRSD, TEST PROCEDURE, OR OTHER PERTINENT DOCUMENT

STATING THAT THE ULLAGE PRESSURE TRANSDUCER NOISE SPIKE DISCREPANCY IS A

TOLERABLE CONDITION REQUIRING NO C/A

8/15/85 PRB STATUS - CAPS IS CLOSED AT MMC & WILL BE FORWARDED TO

MSFC/PAS THIS DATE. CAPS E-092 WILL ADDRESS LWT-13

8/22/85 RESOLUTION - PROBLEMS WITH LH2 ULLAGE PRESSURE TRANSDUCERS

ATTRIBUTED TO VENDOR'S ERROR IN THAT SUSTAINED DAMAGE WAS THE RESULT OF

FABRICATION METHODS, AND CONTAMINATION WAS THE RESULT OF FOREIGN MATTER

LEFT IN THE UNITS DURING MANUFACTURE.  RC/CORRECTIVE ACTIONS TAKEN BY

THE SUPPLIER ARE AS FOLLOWS: SUBSEQUENT TO IDENTIFICATION OF THE

FAILURES' CAUSES, THE SUPPLIER PERFORMED A REVIEW OF HIS MANUFACTURING

PROCESSES TO DETERMINE THE SOURCE OF THE DAMAGE AND CONTAMINATION. AS A

RESULT THE MANUFACTURER HAS MADE THREE PRODUCT IMPROVEMENT CHANGES TO

HIS MANUFACTURING PROCESS PLANS. IN ORDER TO REDUCE THE LIKELIHOOD OF

DAMAGE TO THE WIPER OCCURRING DURING TENSION TESTING A NYLON THREAD LOOP

IS NOW USED TO LIFT THE WIPER INSTEAD OF THE METAL HOOK PREVIOUSLY USED

IN ORDER TO REDUCE THE LIKELIHOOD THAT FOREIGN PARTICLES ARE LEFT IN THE

UNITS DURING MANUFACTURE, A THIRTY POWER STEREOMICROSCOPE IS USED TO

INSPECT THE TRANSDUCERS JUST PRIOR TO INSTALLATION OF THE CASES. IN

ORDER TO REDUCE THE POSSIBILITY THAT A DAMAGED WIPER IS LEFT IN A UNIT,

IT IS NOW MANDATORY THAT ANY UNIT THAT HAS THE ELEMENT DAMAGED DURING

IN-PROCESS TESTING BE EXAMINED FOR WIPER DAMAGED BY THEIR QUALITY

ASSURANCE. THE MANUFACTURER REVIEWED THEIR BUILD CYCLE HISTORICAL

DOCUMENTS FOR ANY RECORD OF UNITS WHICH HAD ITS RESISTIVE ELEMENT BURNED

OUT DURING IN-PROCESS TESTING WITHOUT HAVING ITS WIPER REPLACED. SUCH AN

EVENT WAS BELIEVED TO HAVE CAUSED RAPID WEAR SEEN IN SOME UNITS DURING

FAILURE ANALYSIS. NO PRESSURE TRANSDUCERS BUILT SINCE JANUARY, 1982,

WHICH INCLUDES ALL UNITS NOT YET FLOWN, WERE FOUND TO HAVE WIPERS THAT

HAD BEEN IN USE WHEN THE ELEMENTS WERE BURNED OUT. RELIABILITY

ASSURANCE, DEPT. 3741, HAD CHEMICAL ANALYSES PERFORMED ON THE MATERIALS

USED IN THE CONSTRUCTION OF THE TRANSDUCERS. THIS WAS DONE IN AN EFFORT

TO IDENTIFY THE SOURCES OF CONTAMINANTS WHICH HAD CONTRIBUTED TO

PREVIOUS FAILURES OF PRESSURE TRANSDUCERS. NO POSITIVE MATCH COULD BE

FOUND BETWEEN THE CONTAMINANTS WHICH CAUSED FAILURE AND THE MATERIALS

THAT WERE USED IN MANUFACTURE.  THIS TENDS TO INDICATE THE FOREIGN

MATERIAL FROM THE MANUFACTURING ENVIRONMENT IS NOT BEING EXCLUDED FROM

THE TRANSDUCERS DURING ASSEMBLY. ALTHOUGH THE VENDOR HAS MADE CHANGES TO

HIS MANUFACTURING PROCESSES TO DECREASE THE LIKELIHOOD OF BOTH

MECHANICAL DAMAGE TO OR CONTAMINATION OF THE INTERNAL MECHANISM OF THE

PRESSURE TRANSDUCERS, THE LIMITATION OF THE MANUFACTURER'S FACILITIES

AND THE DELICACY OF THE TRANSDUCER MECHANISM ARE SUCH THAT OCCASIONAL,

RANDOMLY SPACED, ELECTRICAL DISCREPANCIES MAY CONTINUE TO OCCUR. THE

EFFECTS OF THESE FAILURE MODES ON FLIGHT PERFORMANCE HAVE BEEN ADDRESSED

AND ARE CONSIDERED ACCEPTABLE. RECOMMEND THIS PROBLEM REPORT BE CLOSED

10/16/85 - THIS PROBLEM REPORT WAS FORMALLY CLOSED ON 9-6-85

& HAS BEEN RE-OPENED AT THE DIRECTION OF THE ET PROJECT OFFICE FOR THE

FOLLOWING REASONS. 1. DURING STS-28 (51J) FRF TWO TRANSDUCERS WERE

BIASED. 2. DURING STS-28 (51J) COUNTDOWN (TANKING) ONE TRANSDUCER WAS

BIASED. 3. ANALYSIS OF THE FAILED TRANSDUCERS INDICATED THAT THE VENDOR

(GULTON) HAD NOT COMPLIED WITH PREVIOUS RCA DIRECTION RELATIVE TO USING

A NYLON THREAD LOOP INSTEAD OF A METAL HOOK TO LIFT THE WIPER DURING

TEST. 11/8/85 - CAUSES OF FAILURES HAVE BEEN IDENTIFIED AS: (1)

CONTAMINATION OF THE RESISTIVE ELEMENT AND WIPER RESULTING FROM FOREIGN

MATTER LEFT IN THE TRANSDUCERS DURING MANUFACTURE; AND (2) MECHANICAL

DAMAGE AND EXCESSIVE WEAR ON THE WIPER AND THE RESISTIVE ELEMENT. A

RESEARCH PROGRAM IS UNDER WAY TO IDENTIFY THE CAUSES OF EXCESSIVE WEAR

FOLLOWING IS A DESCRIPTION OF AREAS TO BE INVESTIGATED. A. DURING THE

LOADING CYCLE FOR FLIGHT 51J, USING LWT-18, THE NUMBER TWO LH2 ULLAGE

PRESSURE MEASUREMENT BECAME INACCURATE. ANALYSIS OF THE TELEMETRY DATA

INDICATES THAT THE TRANSDUCER HAD SHORTED TURNS IN THE 41 PSIA TO 47

PSIA RANGE. B. THE TWO LH2 ULLAGE PRESSURE TRANSDUCERS INSTALLED ON

LWT-18 IN POSITIONS ONE AND TWO WHICH HAD FAILED DURING THE TANKING FOR

THE FRF OF ATLANTIS, AS WELL AS THE TRANSDUCERS IN POSITIONS THREE AND

FOUR WHICH HAD PERFORMED SATISFACTORILY, WERE REMOVED FOR FAILURE

ANALYSIS AND EXAMINATION. FAILURE ANALYSIS T-86174, STILL IN PROGRESS,

FOUND EXCESSIVE WEAR AND SHORTED TURNS ON THE RESISTIVE ELEMENTS OF

THE TRANSDUCER REMOVED FROM POSITIONS ONE AND TWO. THE UNITS REMOVED

FROM POSITIONS THREE AND FOUR HAD NO SHORTED TURNS NOR WAS THERE

EVIDENCE OF EXCESSIVE WEAR. ALL FOUR UNITS HAD SCRATCHES, PITS OR OTHER

UNDESIRABLE SURFACE CONDITIONS ON THE WIPER AND RESISTIVE ELEMENT. ECD:

1-6-86. AS A RESULT OF THE MULTIPLE FAILURES ON LWT-18 IN WHICH SHORTED

TURNS ON THE RESISTIVE ELEMENT OCCURRED, AN ENGINEERING RESEARCH

PROGRAM HAS BEGUN. THE PROGRAM WILL EXPLORE THE FOLLOWING AREAS IN ITS

INITIAL PHASE: (1) THE ACOUSTIC AND VIBRATION ENVIRONMENT OF THE LH2

ULLAGE PRESSURE TRANSDUCERS TO BE MEASURED ON A FLIGHT VEHICLE. (2) THE

RELATIONSHIP BETWEEN ELEMENT WEAR AND THE RATE OF PRESSURE CHANGE ON

THE SENSOR. (3) THE EFFECTS ON ELEMENT WEAR OF VIBRATION DRIVEN

MECHANICAL RESONANCES. (4) THE EFFECTS OF SCRATCHES ON THE WIPER AS

REGARDS ELEMENT WEAR. (5) THE ADEQUACY OF THE ACOUSTIC FILTER

INSTALLATION IN PRESSURE SENSE PARTS OF THE TRANSDUCERS. (6) THE

VIBRATION TRANSMISSIVITY CHARACTERISTICS OF BOTH THE ORIGINAL

QUALIFICATION TEST SHOCK MOUNT AND A CURRENT PRODUCTION SHOCK MOUNT

(7) THE SUSCEPTIBILITY OF THE TRANSDUCER WIPER AND ELEMENT TO COLD

WELDING. ECD: 12-20-85 3. A REVIEW OF THE MANUFACTURER'S ENGINEERING

DRAWINGS, PROCESS INSTRUCTIONS, TRAVELERS AND THE DOCUMENTATION

ACCOUNTABILITY SHEETS (DAS) ON FILE IS IN PROGRESS. THE GOAL IS TO

ASSURE THAT ALL DRAWINGS ARE LISTED ON DAS AND THAT THE DRAWING

REQUIREMENTS ARE PROPERLY IMPLEMENTED BY THE SHOP TRAVELERS. PROPER

IMPLEMENTATION OF PREVIOUSLY IDENTIFIED CORRECTIVE ACTIONS FOR BUILD

CYCLE CAUSED DAMAGE TO THE TRANSDUCER WIPER IS TO BE ASSURED

SPECIFICALLY, THE USE OF A NYLON LOOP OR OTHER NONMETALLIC DEVICE TO

LIFT THE WIPER DURING TENSION TESTING AND THE INSPECTION OF WIPERS IN

TRANSDUCERS WHICH HAVE BEEN DAMAGED BY EXCESSIVE ELECTRICAL CURRENT

FAILURE ANALYSIS OF TRANSDUCERS FROM LWT-6 FOUND SCRATCHES ON THE

WIPERS BETWEEN THE CONTACT AREA AND THE PIVOT. SUCH SCRATCHES WERE

PROBABLY CAUSED BY THE METAL HOOK USED DURING MANUFACTURING TO LIFT THE

WIPER FOR TENSION MEASUREMENT. A POCK MARK FOUND ON A WIPER FROM LWT-6

WAS IDENTIFIED BY GULTON AS THE RESULT OF EXCESSIVE CURRENT BURNING OUT

THE RESISTIVE ELEMENT WITH WHICH IT WAS IN CONTACT. SUCH EVENTS

OCCASIONALLY OCCUR DURING MANUFACTURE. REVIEW OF THE GULTON FINAL

ASSEMBLY TRAVELER FOR THE TRANSDUCER FOUND THAT 30 POWER MAGNIFICATION

IS NOW REQUIRED DURING FINAL INSPECTION PRIOR TO CLOSURE. THE 30 POWER

REQUIREMENT IS A CORRECTIVE ACTION DEVELOPED AS A RESULT OF THE

CONTAMINATION CAUSED FAILURES OF TRANSDUCERS. ADDITIONAL ITEMS TO BE

ADDRESSED AT THE MANUFACTURER'S FACILITY ARE: (1) THE INACCURATE

MEASUREMENT OF HYSTERESIS FOUND IN THE DATA FROM THE ATP PD

7400098-039, S/N 1532, AS WELL AS SEVERAL OTHER UNITS. (2) THE

CONTINUED USE OF AN ABRASIVE BLAST TO REMOVE INSULATION FROM THE

RESISTIVE ELEMENT IN SPITE OF A 1982 DRAWING CHANGE DELETING IT. (3)

THE RECURRING PROBLEMS WITH SCRATCHES FOUND NEAR THE TIP OF THE WIPERS

AS SEEN ON TRANSDUCERS FROM LWT'S 6, 18 AND ON A TRANSDUCER FROM THE

LOT BUILT FOR INSTALLATION ON LWT-17 AS A SPECIAL ORDER. (4) POSSIBLE

INCREASES IN THE MAGNIFICATION USED FOR VISUAL INSPECTION OF THE

TRANSDUCERS ABOVE THE 10 TO 30 POWER NOW USED AT VARIOUS LEVELS OF

ASSEMBLY. (5) IMPROVEMENT IN THE STORAGE AND TRANSPORTATION OF THE

WIPER AND THE RESISTIVE ELEMENT FROM THE TIME OF FABRICATION UNTIL

THEIR INSTALLATION IN A TRANSDUCER ASSEMBLY. (6) SYSTEM LEVEL

IMPROVEMENTS TO ENSURE COMMITTED CORRECTIVE ACTIONS ARE IMPLEMENTED AND

REMAIN IMPLEMENTED. (7) RECOMMENDED IMPROVEMENTS OF TRANSDUCER

PROCESSES TO ENHANCE HARDWARE QUALITY. ECD: 11-27-85 4. REVISE CAPS

PROCEDURE, PAP 17.11.2, TO INCLUDE A FORMAL COMMUNICATION SYSTEM FOR

SUPPLIER CORRECTIVE ACTION. ECD: 11-4-85 5. AUDIT CAPS CORRECTIVE

ACTIONS FOR SUPPLIERS. ECD: 11-4-85 6. REVIEW DOCUMENTATION AND

IMPLEMENTATION OF CAPS AND FAILURE ANALYSIS SUPPLIER CORRECTIVE ACTIONS

FOR THE PAST TWO YEARS. ECD: 11-27-85

11/21/85 PRB STATUS - PROBLEM REOPENED ON 10-14-85. NEED TO RESOLVE THE

MECHANICAL DAMAGE, SIGNAL DROPOUT, AND EXCESSIVE WEAR ON THE ELEMENT AND

WIPER. LWT-21 WILL BE INSTRUMENTED TO DETERMINE LOADING UNDER TRUE

ENVIRONMENT. MMC TO CONTACT MR. J. MCBRIDE/ED23. SAME TYPE FAILURE AS ON

CAPS E-091 AND E-092

1/16/86 PRB STATUS - LWT-21 IS IN PROCESS OF BEING INSTRUMENTED FOR

TANKING ON 2-19-86. EXPECT TO HAVE TEST DATA COMPLETE BY 2-27-86

3/20/86 PRB STATUS - ENGINEERING RESEARCH PROGRAM IS ONGOING, ALTHOUGH

SOMEWHAT DELAYED BY RESCHEDULING OF THE CENTAUR PRIME "G" TANKING TESTS

AT KSC. MSFC IS NOW LOOKING AT THE FEASIBILITY OF REPLACING THE HWT AT

MPTA WITH A FLIGHT CONFIGURATION LWT. THIS WOULD ALLOW TANKING TESTS AT

MPTA THAT WOULD PARALLEL ACTUAL TANKING ENVIRONMENTS AT KSC. QUALITY

DEFICIENCIES AT THE TRANSDUCER VENDOR, GULTON INDUSTRIES, HAVE BEEN

IDENTIFIED AND CORRECTIVE ACTION IS BEING DEVELOPED. MMC EXPECTS TO HAVE

THIS CAPS RESOLVED BY 7-11-86

4/17/86 PRB STATUS - THE ENTIRE FLEET OF ET'S ARE TO HAVE THE -039

TRANSDUCERS REPLACED WITH AN IMPROVED -089 TRANSDUCER WHICH HAS BEEN

BUILT WITH MORE STRINGENT INSPECTIONS AND ALSO INCLUDES A 200 CYCLE

OPERATIONAL CHECK.  LWT-31 WILL BE INSTALLED AT NSTL AND WILL BE

INSTRUMENTED FOR TESTING THE TRANSDUCERS. EXPECT THIS TO BE DONE

SOMETIME THIS SUMMER

5/15/86 PRB STATUS - IT IS DOUBTFUL THAT THE CENTAUR TANKING TEST AT

NSTL WILL BE SCHEDULED IN THE NEAR FUTURE. MCC TEST PLAN FOR THE CENTAUR

TEST IS AT MSFC FOR REVIEW. THIS TEST WAS TO DETERMINE THE ROOT CAUSE OF

THE PROBLEM. AN ENGINEERING CHANGE WILL BE RELEASED TO FAB MOD KITS TO

INCORPORATE THE -089 TRANSDUCERS. TWELVE OF THE -039 TRANSDUCERS IN

STORES AT KSC. FIFTEEN MOD KITS REQUIRED FOR BOTH KSC AND VAFB. THE

VENDOR, GULTON, HAS CORRECTED ALL PAPER. MMC IS CURRENTLY CONDUCTING

TESTS OF TRANSDUCERS WITH LONG AND SHORT HOSES IN CONJUNCTION WITH THE

VARIATION IN ORIFICE SIZE (SEE A09937) TO DETERMINE THE EFFECT ON

AMPLIFICATION DURING FLIGHT. THIS TEST SHOWS SIGNS OF DUPLICATING THE

PROBLEM

6/19/86 PRB STATUS - TESTS WITH THE LONG AND SHORT HOSES SHOW SIGNS THAT

THE HOSES MAY BE AMPLIFYING NOISE TO THE TRANSDUCERS.  TESTS ARE

CONTINUING.  TANKING TEST IS IN ABEYANCE.  IMPLEMENTATION OF TANKING

TEST IS UNDETERMINED AT THIS TIME

7/15/86 PRB STATUS - MSFC MANAGEMENT REJECTED -039 TRANSDUCERS. THEY

WANT TO INCORPORATE NEW ELECTRONIC TRANSDUCERS. A PRESENTATION ON THESE

TRANSDUCERS IS SCHEDULED FOR AUGUST 6, 1986 AT MSFC

8/21/86 PRB STATUS - ADDITIONAL TESTING NECESSARY TO BETTER UNDERSTAND

FAILURE. -089 DOES NOT RESOLVE PROBLEM. MSFC MANAGEMENT WANTS SOLID

STATE TRANSDUCER.  EXPECT TEST RESULTS IN 2-3 WEEKS. ECD 10-31-86

9/18/86 PRB STATUS - TESTING AT MMC DENVER WAS INTERRUPTED. EXPECT TO

RESUME TESTING 9-22-86.  ATTEMPTING TO EXACTLY DUPLICATE THE TANK

ENVIRONMENT AT TIME OF FAILURE.  TESTS WITH THE LONG FLEX HOSES SHOW

SIGNS THAT THE HOSES MAY BE AMPLIFYING NOISE TO THE TRANSDUCERS. THESE

TESTS ARE ATTEMPTING TO QUANTIFY THE EFFECTS OF THE LONG HOSES ON THE

TRANSDUCERS. ECD TO MSFC IS 11-14-86

10/16/86 PRB STATUS - TESTS ARE TO BEGIN 10-17-86. ECD FOR TEST REPORT

IS 10-31-86

11/24/86 PRB STATUS - TESTING HAS DEMONSTRATED THAT BOTH THE LONG AND

SHORT HOSES AMPLIFY NOISE. TEST EQUIPMENT AT MMC/DENVER IS INADEQUATE TO

MEASURE ENTIRE SPECTRUM OF TEST ENVIRONMENT.  NEW EQUIPMENT HAS BEEN

PROCURED AND IS BEING INSTALLED. TEST TO BE RESUMED FIRST WEEK IN

DECEMBER. EXPECT TO COMPLETE TESTS BY END OF SECOND WEEK IN DECEMBER

ECD FOR CAPS CLOSURE TO MSFC IS 1-30-87

2/19/87 PRB STATUS - NO CHANGE.  FURTHER TESTING/EVALUATION IS UNDER

CONSIDERATION

3/26/87 PRB STATUS - NO CHANGE. FURTHER TESTING/EVALUATION IS UNDER

CONSIDERATION (REF.  ACTION ITEM48)

5/28/87 PRB STATUS - ENGINEERING TESTS HAVE BEEN UNABLE TO DUPLICATE THE

FAILURE, SHORTED TURNS, WHICH OCCURRED ON LWT -18. ONLY ACOUSTIC NOISE

OF GREATER MAGNITUDE AND DURATION THAN OCCURRED ON LWT -18 HAVE PRODUCED

SIMILAR DAMAGE.  ELECTRICAL ENGINEERING HAS DEVELOPED RATIONALE FOR

CONTINUED USE OF THE TRANSDUCERS BASED UPON THE LOW RISK TO FLIGHT

SAFETY. CAPS CLOSURE IS BEING WRITTEN. ECD 6/19/87

7/31/87 CLOSURE UPDATE - REF CAPS E-082(R)A: GENERAL A. FUNCTIONAL

DESCRIPTION OF THE PRESSURE TRANDUCERS THE LH2 ULLAGE PRESSURE

TRANSDUCER COVERS THE RANGE OF 12 PSIA TO 52 PSIA. THE ELECTRICAL OUTPUT

DEVICE IS A 5000 OHM POTENTIOMETER (SEE FIGURE 1). AN ANEROID CAPSULE IS

CONNECTED TO THE PRESSURE SENSE PORT.  THE MOVEMENT OF THE ANEROID

CAPSULE IS CONVERTED TO ROTARY MOTION OF THE POTENTIOMETER WIPER BY A

GEARLESS DRIVE MECHANISM. THE WIPER HAS SLIDING CONTACT WITH THE WIRE

WOUND RESISTIVE ELEMENT. THE RESISTIVE ELEMENT CONSISTS OF APPROXIMATELY

500 TURNS OF A PLATINUM-TUNGSTEN ALLOY WIRE WHICH IS WOUND ON AN

INSULATED COPPER MANDREL. IN USE ON THE ET, THE POTENTIOMETER IS

CONNECTED BY A SERIES OF WIRE HARNESSES TO A SIGNAL CONDITIONER IN THE

ORBITER. THE SIGNAL CONDITIONER PROVIDES 5 VDC TO THE RESISTIVE ELEMENT

AND THE WIPERSENDS A VOLTAGE PROPORTIONAL TO THE PRESSURE TO THE SIGNAL

CONDITIONER. THE TRANSDUCER THUS HAS A VOLTAGE RESOLUTION OF

APPROXIMATELY 10 MILLIVOLTS AND A PRESSURE RESOLUTION OF APPROXIMATELY

.08 PSIA. THE ACCURACY OF THE TRANSDUCER IS SPECIFIED AS +/- 1% OF FULL

SCALE IN THE ET FLIGHT PRESSURE CONTROL BAND OF 32 TO 34 PSIA WITH THE

ALLOWABLE ERROR REACHING +/- 3% OF FULL SCALE AT THE ENDS OF THE

TRANSDUCER PRESSURE RANGE. THE TRANSDUCER IS MOUNTED IN THE INTERTANK ON

THE FORWARD DOME OF THE LH2 TANK. THE PRESSURE SENSE PORT IS CONNECTED

BY A FLEXIBLE HOSE TO THE TOP OF THE LH2 TANK. B. FAILURE DUE TO SIGNAL

DROPOUT/HIGH CONTACT RESISTANCE THE PROPER FUNCTIONING OF THE TRANSDUCER

REQUIRES THAT THE INTERNAL POTENTIOMETER HAVE METAL TO METAL CONTACT

BETWEEN THE WIPER AND THE RESISTIVE ELEMENT. ANY NONCONDUCTING MATERIAL

THAT COMES BETWEEN THE WIPER AND THE ELEMENT WILL CAUSE A LOSS OF

SIGNAL. IF THE LOSS OF SIGNAL IS DETECTED DURING A TEST OF THE ACCURACY

OF VOLTAGE VERSUS PRESSURE, THE CONDITION IS CALLED A SIGNAL DROPOUT. IF

THE LOSS OF SIGNAL IS DETECTED OF WIPER TO ELEMENT RESISTANCE, IT IS

CALLED HIGH CONTACT RESISTANCE. FAILURE ANALYSES OF A NUMBER OF

TRANSDUCERS WITH THESE FAILURES HAVE FOUND THREE SEPARATE FAILURE

CAUSES. THE MOST COMMON CAUSE IS PARTICULATE MATTER, SUCH AS DUST, THAT

IS LEFT ON THE TRANSDUCER COMPONENTS DURING MANUFACTURE. PARTICLES AS

SMALL AS .002 INCH BY .001 INCH BY .0005 INCH HAVE BEEN SHOWN TO CAUSE

SIGNAL DROPOUTS. A SECOND CAUSE IS THE FORMATION OF FRICTIONAL POLYMERS

THE TRACE HYDROCARBONS, LEFT IN THE TRANSDUCER DURING MANUFACTURE, FORM

POLYMERS AT THE POINT OF SLIDING CONTACT BETWEEN THE ELEMENT AND

WIPER. THE THIRD CAUSE THAT HAS BEEN IDENTIFIED IS THE PRESENCE OF A

WAXY OR OILY RESIDUE LEFT ON THE ELEMENT OR WIPER DURING MANUFACTURE

THE FIRST TWO CAUSES RESULT IS DISCRETE SIGNAL DROPOUTS AT ONE OR MORE

POINTS IN THE TRANSDUCER PRESSURE RANGE. THE THIRD CAUSE TYPICALLY

RESULTS IN CONTINUOUS HIGH CONTACT RESISTANCE ACROSS MOST OF THE

PRESSURE RANGE. THE ABOVE DESCRIBED CAUSES ARE FAIRLY WELL UNDERSTOOD IN

THE INDUSTRY. FAILURE ANALYSIS OF A TRANSDUCER WITH A SIGNAL DROPOUT

DOES NOT ALWAYS RESULT IN PROOF THAT ONE OF THE ABOVE CITED CAUSES IS

RESPONSIBLE. THE PARTICULATES ARE OFTEN FREE TO MOVE ABOUT IN THE TRANS-

DUCER AND MAY BE MOVED AWAY FROM THE POINT OF FAILURE BY THE VIBRATION

OF THE CUTTING OPERATIONS USED TO REMOVE THE TRANSDUCER FROM ITS CASE

FRICTIONAL POLYMERS AND OILY RESIDUES WILL REMAIN ATTACHED TO THE

ELEMENT BUT ARE OFTEN DIFFICULT TO DETECT WITH EITHER OPTICAL OR

SCANNING ELECTRON MICROSCOPES. OTHER CAUSES MAY EXIST FOR SIGNAL

DROPOUTS WHICH HAVE NOT YET BEEN IDENTIFIED. C. FAILURES DUE TO SHORTED

TURNS ON THE RESISTIVE ELEMENT IN A POTENTIOMETER USING THE WIPER AND

RESISTIVE ELEMENT MATERIALS USED IN THESE TRANSDUCERS, THE ELEMENT CAN

BE EXPECTED TO LAST MANY THOUSANDS OF CYCLES OF OPERATION WITHOUT

EXPERIENCING SHORTED TURNS DUE TO WEAR. HOWEVER, EARLIER IN THE ET

PROGRAM, TRANSDUCER FAILURES WERE EXPERIENCED AS A RESULT OF SHORTED

TURNS. THE LH2 TRANSDUCERS EXPERIENCED FAILURES ON MPTA WHICH ARE TRACED

TO VIBRATION OF THE STRUCTURE. THE TRANSDUCERS WERE SHOCK MOUNTED TO

CORRECT THE PROBLEM. A FAILURE ALSO OCCURRED ON SWT-1 AT KSC. THE SWT-1

FAILURE WAS ATTRIBUTED TO THE COINCIDENCE OF THE VENDOR ATP VIBRATION

TEST PRESSURE AND THE KSC PROPELLANT UNLOADING PRESSURE RANGE (REFERENCE

CAPS E-055). THE LOX TRANSDUCERS EXPERIENCED FAILURES ON SWT-1 AT KSC

THE CAUSE WAS FOUND TO BE THE VERY HIGH ACOUSTIC NOISE LEVELS IN THE

NOSE CONE DUE TO THE FLOW OF PURGE GAS AND THE HIGH NOISE LEVEL IN THE

LOX TANK DUE TO THE PRESSURIZATION FLOW. NOISE SUPPRESSION WAS ADDED TO

THE PURGE GAS SUPPLY AND ACOUSTIC SNUBBERS WERE ADDED TO BOTH THE

PRESSURE AND REFERENCE PORTS OF THE TRANSDUCERS. NO FURTHER TRANSDUCER

FAILURES, DUE TO SHORTED TURNS, OCCURRED UNTIL THE FAILURES ON LWT-18

D. LIST OF FAILURES, INVESTIGATIONS, AND CORRECTIVE ACTIONS IN

CHRONOLOGICAL ORDER, FOR THIS CAPS 1. THE NUMBER TWO LH2 ULLAGE PRESSURE

MEASUREMENT ON LWT-6 (STS-41D) BECAME ERRATIC AND INDICATED A PRESSURE

LESS THAN ATMOSPHERIC (14.7 PSIA). THE PROBLEM OCCURRED WHILE THE

PROPELLANT LOADING WAS IN THE "STABLE REPLENISH" MODE WITH THE LH2 VENT

VALVE OPEN. 2. THE TRANSDUCER FROM LWT-6 WAS REPLACED AND A FAILURE

ANALYSIS, T-62770, WAS PERFORMED. 3. A LOX PRESSURE TRANSDUCER FAILED

VENDOR ATP BY EXCEEDING THE MAXIMUM ALLOWABLE CONTACT RESI- STANCE. A

FAILURE ANALYSIS, T-35886, WAS PERFORMED. 4. BASED UPON INFORMATION FROM

FAILURE ANALYSIS T-62270, AS A PREVENTATIVE MEASURE, THE THREE RE-

MAINING ORIGINAL LH2 TRANSDUCERS WERE REMOVED FROM LWT-6.  A FAILURE

ANALYSIS, T-75056, WAS PERFORMED IN ORDER TO LEARN THE INTERNAL

CONDITION OF THE UNITS. THERE WERE NO ACTUAL FAILURES WITH THESE UNITS

5. FOUR LH2 TRANSDUCERS, WHICH HAD BEEN IN SERVICE ON MPTA FOR FOUR

YEARS, WERE REMOVED AND SUBMITTED FOR FAILURE ANALYSIS TESTING ON MARS

T-71061. THERE WERE NO ACTUAL FAILURES WITH THESE UNITS. THE FAILURE

ANALYSIS WAS PERFORMED IN ORDER TO LEARN THE INTERNAL CONDITION OF THE

UNITS. 6. TWO LH2 TRANSDUCERS, INSTALLED ON LWT-19, FAILED ATP DUE TO

SIGNAL DROPOUTS. FAILURE ANALYSES T-79641 AND T-79642, WERE PERFORMED

7. ENGINEERING TESTS IN SUPPORT OF FAILURE ANALYSIS T-35886 FOUND THAT

NONE OF THE MATERIALS USED IN THE TRANSDUCER HAVE THE SAME MASS

SPECTROMETER SIGNATURE AS THE CONTAMINATION FROM THE TRANSDUCER IN THE

FAILURE ANALYSIS. 8. A COST ESTIMATE FOR A FACILITIES UPGRADE AT GULTON,

WHICH WOULD ALLOW REDUCED RISKS OF CONTAMINATION AND RELATED FAILURES,

WAS PREPARED. 9. THE CAPS WAS CLOSED BY BOTH MARTIN MARIETTA AND NASA

IT WAS NOTED IN THE CLOSURE STATMENT THAT FAILURES DUE TO SIGNAL DROPOUT

WOULD BE A CONTINUING PROBLEM. 10. DURING THE PROPELLANT LOADING AND

UNLOADING OPERATION FOR THE FRF OF ATLANTIS, USING LWT-18, TWO LH2

TRANSDUCERS BECAME INACCURATE. THIS CAPS WAS REOPENED TO ADDRESS THE

LWT-18 FAILURES. 11.  ALL FOUR LH2 TRANSDUCERS ON LWT-18 WERE REPLACED

AFTER THE TWO UNITS BECAME INACCURATE DURING PROPELLANT LOADING

OPERATIONS. A FAILURE ANALYSIS, T-86174, WAS PERFORMED. THE TWO FAILED

UNITS WERE FOUND TO HAVE SHORTED TURNS. 12. THE NUMBER TWO LH2

TRANSDUCER BECAME INACCURATE DURING PROPELLANT LOADING OF LWT-18 FOR

STS-51J.13. A SERIES OF ENGINEERING TESTS TO DETERMINE THE CAUSE OF THE

SHORTED TURNS ON LWT-18 WERE BEGUN. 14. DURING THE FOURTH PROPELLANT

LOADING OF LWT-23 FOR STS-61C, THE THREE PREVIOUS ATTEMPTS HAD BEEN

ABORTED, THE NUMBER TWO LH2 TRANSDUCER SHORTED APPROXIMATELY SIX TURNS

THE TRANSDUCER WAS NOT REPLACED. THE FIFTH PROPELLANT LOADING ENDED WITH

A LAUNCH AND THE TRANSDUCER PERFORMED SATISFACTORILY. 15. THE

ENGINEERING TESTS TO DETERMINE THE CAUSE OF THE LWT-18 FAILURES WERE

COMPLETED. THE TESTS FAILED TO IDENTIFY THE CAUSE. TASK I FAILURE

INVESTIGATION A. THE LWT-6 NUMBER TWO LH2 PRESSURE TRANSDUCER GAVE

ERRONEOUS PRESSURE INDICATIONS WHEN OPERATED NEAR THE AMBIENT AIR

PRESSURE OF 14.7 PSIA. THE PROBLEM OCCURRED DURING TWO ATTEMPTED

LAUNCHES OF STS-14 AT KSC. THE UNIT WAS REMOVED AND FAILURE ANALYSIS

T-62770 WAS PERFORMED. THE ROOT CAUSE OF THE FAILURE WAS FOUND TO BE

DAMAGE TO THE RESISTIVE ELEMENT WHICH HAD OCCURRED DURING MANUFACTURE

THE SURFACE OF THE ELEMENT HAD BEEN DEFORMED BY SOME OBJECT AND A

PARTICLE OF INSULATION HAD PROTRUDED INTO THE PATH OF THE WIPER. WHEN

THE WIPER RODE OVER THE TOP OF THE PARTICLE IT LOST CONTACT WITH THE

ELEMENT AND A SIGNAL DROPOUT OCCURRED.  ADDITIONALLY, AN AREA OF

EXCESSIVE WEAR WAS FOUND ON THE ELEMENT BETWEEN 33 AND 35 PSIA. LATER

EXPERIENCE HAS FOUND THAT FEW SIGNAL DROPOUTS ARE TRACED TO DAMAGE OF

EITHER THE RESISTIVE ELEMENT OR THE WIPER. B. THE THREE REMAINING

ORIGINAL LH2 PRESSURE TRANSDUCERS ON LWT-6 WERE REMOVED.  THE UNITS HAD

NOT FAILED BUT WERE SUBMITTED FOR ANALYSIS IN ORDER TO GAIN INFORMATION

ABOUT THEIR INTERNAL CONDITION.  THE FOUR LH2 PRESSURE TRANSDUCERS ON

MPTA, WHICH HAD BEEN IN SERVICE FOR APPROXIMATELY FOUR YEARS, WERE ALSO

REMOVED AND SUBMITTED FOR ANALYSIS IN ORDER TO GAIN INFORMATION ABOUT

THEIR INTERNAL CONDITION.  FAILURE ANALYSIS T-75056/71061 WAS PERFORMED

ON THE SEVEN TRANSDUCERS.  THE NUMBER FOUR UNIT FROM LWT-6 WAS FOUND TO

HAVE EXCESSIVE WEAR ON THE ELEMENT BETWEEN APPROXIMATELY 20 AND 28 PSIA

THE NUMBER ONE UNIT FROM LWT-6 HAD A "POCK" MARK ON THE WIPER WHICH

ROUGHENED THE POLISHED SUR- FACE OF THE WIPER NEAR THE CONTACT AREA WITH

THE ELEMENT. THREE OF THE TRANSDUCERS HAD LOWER WIPER TENSION, THE

SPRING PRELOAD BETWEEN THE WIPER AND THE ELEMENT, THAN THE

MANUFACTURER'S SPECIFICATION CALLED FOR.  THREE TRANSDUCERS HAD MINOR

SCRATCHES ON THE POLISHED SURFACE OF THE WIPER. PERSONNEL AT GULTON WERE

ABLE TO IDENTIFY THE POCK MARK AS THE RESULT OF THE WIPER HAVING BEEN IN

CONTACT WITH AN ELEMENT THAT HAD BEEN BURNED OPEN DUE TO OVERCURRENT

SUCH DAMAGE CAN OCCUR IF THE TRANSDUCER LEAD WIRES ARE INCORRECTLY

CONNECTED TO TEST EQUIPMENT DURING MANUFACTURE. APPARENTLY, SUCH AN

EVENT HAD OCCURRED WITH THIS UNIT AND IT HAD BEEN REBUILT WITHOUT

REPLACING THE WIPER. C. A LOX PRESSURE TRANSDUCER FAILED THE VENDOR ATP

DUE TO HIGH CONTACT RESISTANCE ACROSS MOST OF THE PRESSURE RANGE

FAILURE ANALYSIS T-35886 FOUND CONTAMINATION EVENLY DISTRIBUTED ACROSS

THE ENTIRE LENGTH OF THE RESISTIVE ELEMENT.  FOLLOWING THE FORMAL

FAILURE ANALYSIS, INVESTIGATIONS CONTINUED TO TRY AND OBTAIN A MATCH FOR

THE MASS SPECTROMETER DATA OF THE RESIDUAL GAS IN THE CONTAMINATED

TRANSDUCER.  NO MATCH COULD BE FOUND BETWEEN THE TRANSDUCER AND THE

MATERIALS USED IN ITS MANUFACTURE. THE RESULTS INDICATED THAT SOME

FOREIGN MATERIAL, PROBABLY CONTAINING A HYDROCARBON OIL, HAD

CONTAMINATED THE TRANSDUCER PARTS DURING MANUFACTURE. TEST DATA RETAINED

IN MASTER FAILURE ANALYSIS REPORT FILE. D. TWO LH2 PRESSURE TRANSDUCERS

INSTALLED ON LWT-19, FAILED DURING ACCEPTANCE TESTING AT MAF. BOTH UNITS

HAD SIGNAL DROPOUTS AND WERE SUBMITTED FOR ANALYSIS.  FAILURE ANALYSES

T-79641 AND T-79642 FOUND THE PROBABLE CAUSE OF BOTH FAILURES TO BE

FOREIGN PARTICLE CONTAMINATION OF THE INTERNAL PARTS.  PARTICULATES WERE

FOUND ALONG THE LENGTHS OF BOTH ELEMENTS BUT THE SIGNAL DROPOUTS COULD

NOT BE MATCHED TO THE LOCATIONS OF THE PARTICLES THAT WERE FOUND. E. THE

CONTINUING PROBLEMS WITH CONTAMINATION OF THE INTERNAL COMPONENTS OF THE

TRANSDUCERS CAUSED THE VENDOR'S MANUFACTURING PROCESSES AND FACILITIES

TO BE REVIEWED BY MARTIN MARIETTA WITH THE INTENT OF FINDING A MEANS OF

REDUCING THE FAILURE RATE. THE VENDOR BUILDS THE TRANSDUCERS IN A SHOP

ENVIRONMENT WITHOUT ANY SPECIAL AIR FILTRATION, CLEANING CONTROLS, OR

ASSEMBLY METHODS TO PREVENT CONTAMINATION OF THE TRANSDUCERS. THE

TRANSFER OF THE ENTIRE MANUFACTURING AND TEST OPERATION TO A CLEAN ROOM

ENVIRONMENT WAS EVALUATED. IT WAS CONCLUDED THAT ALTHOUGH FOREIGN

AIRBORNE CONTAMINANTS CONTRIBUTED TO THE DEBRIS FOUND IN THE

TRANSDUCERS, THERE WAS NO PROOF THAT SUCH CONTAMINATION WAS THE

PREDOMINANT CAUSE OF THE DROPOUTS.  DEBRIS GENERATED ON THE TRANSDUCER

COMPONENTS DURING CERTAIN MANUFACTURING OPERATIONS WERE CONSIDERED TO BE

A MAJOR SOURCE OF CONTAMINANTS. THE MARTIN MARIETTA CORPORATIONS'S

DECISION WAS THAT UPGRADING THE VENDOR'S FACILITIES WOULD NOT ASSURE A

SIGNIFICANT REDUCTION IN THE NUMBER OF CONTAMINATION CAUSED PROBLEMS

ADDITIONALLY, THE VENDOR STATED THAT A NEW BUILDING AND NEW EQUIPMENT

WOULD BE REQUIRED IN ORDER TO BUILD THE TRANSDUCERS IN A CLEAN ROOM

ENVIRONMENT (REFERENCE GULTON LETTER DE:5-131). THE CAPS WAS CLOSED AND

INCLUDED A STATEMENT THAT SIGNAL DROPOUTS WOULD BE A CONTINUING PROBLEM

NASA AGREED TO THE CLOSURE OF THE CAPS ON SEPTEMBER 6, 1985 (REFERENCE

PAS RECORD NUMBER A08475). CORRECTIVE ACTIONS DEVELOPED LATER, AFTER THE

CAPS WAS REOPENED, WILL HELP TO REDUCE THE FREQUENCY OF CONTAMINATION

CAUSED PROBLEMS (SEE TASK II.A). F. THE TWO LH2 ULLAGE PRESSURE

TRANDUCERS INSTALLED ON LWT-18 IN POSITIONS ONE AND TWO, WHICH HAD

FAILED DURING THE TANKING FOR THE FRF OF ATLANTIS, AS WELL AS THE

TRANSDUCERS IN POSITIONS THREE AND FOUR, WHICH HAD PERFORMED

SATISFACTORILY, WERE REMOVED FOR FAILURE ANALYSIS AND EXAMINATION. THE

TRANSDUCERS, SHOCK MOUNTS, ACOUSTIC SNUBBERS, AND MOUNTING HARDWARE WERE

INSPECTED DURING THE REMOVAL OF THE TRANSDUCERS AND WERE FOUND TO BE

PER DRAWING REQUIREMENTS (REFERENCE AR M5387). FAILURE ANALYSIS T-86174

FOUND EXCESSIVE WEAR AND SHORTED TURNS ON THE RESISTIVE ELEMENTS OF THE

TRANSDUCERS REMOVED FROM POSITIONS ONE AND TWO. THE AREAS OF SHORTED

TURNS ON THE ELEMENTS HAD LARGE NUMBERS OF VERY SMALL METALLIC PARTICLES

CUT FROM THE WIRES WITH STRIATIONS IN THE WEAR PATH ALIGNED THE MOVEMENT

OF THE WIPER OVER THE ELEMENTS. THE UNITS REMOVED FROM POSITIONS THREE

AND FOUR HAD NO SHORTED TURNS NOR WAS THERE EVIDENCE OF EXCESSIVE WEAR

ALL FOUR UNITS HAD SCRATCHES, PITS OR OTHER UNDESIRABLE SURFACE

CONDITIONS ON THE WIPER AND RESISTIVE ELEMENT. G.  AS A RESULT OF THE

LWT-18 FAILURES, A SERIES OF TESTS WERE CONDUCTED IN AN ATTEMPT TO

IDENTIFY THE CAUSE. SINCE THE TRANSDUCER SHOCK MOUNT AND ACOUSTIC

SNUBBERS ON LWT-18 HAD BEEN FOUND TO BE CORRECTLY INSTALLED, THE FIRST

TEST SERIES FOCUSED ON THE POSSIBILITY OF MANUFACTURING DEFECTS ON THE

SURFACE OF THE WIPERS HAVING CAUSED THE FAILURES. BOTH THE VENDOR'S AND

MARTIN MARIETTA PERSONNEL BELIEVED THAT SCRATCHES ON THE WIPER COULD

CAUSE RAPID WEAR OF THE RESISTIVE ELEMENT. ON SEVERAL TRANSDUCERS, THE

WIPER CONTACT AREA WAS HEAVILY DAMAGE, BY ONE OF SEVERAL METHODS, AND

THE TRANSDUCERS WERE THEN ASSEMBLED AND CYCLED THOUSANDS OF TIMES

(REFERENCE GULTON TEST REPORT 1015). RATHER THAN CAUSE WEAR OR SHORTED

TURNS, THE WIPERS WERE SMOOTHED BY THE SLIDING CONTACT WITH THE ELEMENT

WITHOUT PRODUCING DAMAGE ON THE WIRES OF THE ELEMENT. THE RESULTS OF

THIS TEST VIRTUALLY RULED OUT WIPER DAMAGED AS THE CAUSE OF THE

FAILURES. ANOTHER SERIES OF TEST SUBJECTED TRANSDUCERS TO HIGH LEVELS OF

VIBRATION (REFERENCE MMMSS TDC 826-2316, VIBRATION TEST). WHILE EXTREME

HIGH LEVELS OF VIBRATION COULD EXCITE MECHANICAL RESONANCES IN THE

TRANSDUCERS, THE RESULTING SHORTED TURNS HAVE A VERY DIFFERENT

APPEARANCE FROM THOSE FROM LWT-18. THE VIBRATION INDUCED FAILURES HAVE

NO EVIDENCE OF METAL PARTICLES. IT WAS AS IF THE RESISTIVE ELEMENT WIRES

HAD BEEN PEENED FLAT. A THIRD SERIES OF TESTS SUBJECTED THE TRANSDUERS

TO EXTREMELY HIGH, UP TO 150 DB, ACOUSTIC NOISE LEVELS (REFERENCE MMMSS

TDC 826-2318, TEST REPORT). THE TEST DID PRODUCE SHORTED TURNS WITH

STRIATIONS ALIGNED WITH THE DIRECTION OF TRAVEL OF THE WIPER OVER THE

ELEMENT. HOWEVER, VERY LITTLE METAL WAS CUT FROM THE WIRES AND MUCH OF

THE DAMAGED AREA APPEARS TO HAVE BEEN PEENED FLAT. NONE OF THE THREE

TEST SERIES, DESCRIBED ABOVE, DUPLICATED THE FAILURES SEEN IN THE

TRANSDUCERS FROM LWT-18. IN EACH OF THE THREE TEST SERIES FOR THE

CHARACTERISTICS BEING EVALUATED, THE TEST CONDITIONS WERE MORE SEVERE

THAN THAT BELIEVED TO EXIST ON THE ET.  COMPLICATING THE PROBLEM OF

TRYING TO REPRODUCE THE LWT-18 FAILURES IS THE LACK OF INFORMATION ABOUT

THE PRELAUNCH LH2 TRANSDUCER OPERATING ENVIRONMENT. THE PRESENT

VIBRATION, ACOUSTIC, TEMPERATURE, AND ELECTRICAL ENVIRONMENTAL

SPECIFICATIONS ARE LARGELY THE RESULT OF ENGINEERING ANALYSES WHICH HAVE

NOT BEEN VERIFIED BY ACTUAL MEASUREMENTS. MARTIN MARIETTA PROPOSED TO

NASA THAT AN ET BE INSTRUMENTED TO MEASURE THE ENVIRONMENT DURING EITHER

A TANKING TEST OR A FLIGHT READINESS FIRING AT KSC. DUE TO PROBLEMS AND

DELAYS RESULTING FROM THE CHALLENGER ACCIDENT AND THE CANCELLATION OF

THE CENTAUR PRIME-G, THE PROPOSED TESTING WAS REJECTED BY NASA. TASK

CLOSED TASK II CORRECTIVE ACTIONS A. MARTIN MARIETTA ADDED FIVE

MANDATORY INSPECTION POINTS (MIPS), TO BE PERFORMED BY THE PROCUREMENT

QUALITY REPRESENTATIVE, TO THE VENDOR'S WORK TRAVELERS (MANUFACTURING

PLANS).  THE SURFACE FINISH AND CLEANLINESS ARE INSPECTED AT 30X FOR THE

WIPER, THE ELEMENT, THE WIPER INSTALLED IN THE TRANSDUCER, AND THE

COMPLETED TRANSDUCER OPERATING MECHANISM. THE WIPER TENSION TEST IS

WITNESSED, VERIFIED, AND THE VALUE IS RECORDED. THESE INSPECTIONS SHOULD

REDUCE THE RISK OF CONTAMINATING THE OPERATING MECHANISM AND THEREBY

REDUCE THE OCCURRENCE OF SIGNAL DROPOUTS (REFERENCE PRODUCT VERIFICATION

PLANS PD7400098-079 AND -089). B. THE PD7400098-039 TRANSDUCER, THE LH2

UNIT, WAS SUPERSEDED BY THE -089 VERSION. THE SOLE DIFFERENCE BETWEEN

THESE TWO UNITS IS THAT THE -089 HAS ALL OF THE MIPS LISTED IN "A"

ABOVE.  ENGINEERING CHANGE SUMMARY B0 1746 IS OPEN TO CONTROL THE

PROCUREMENT AND INSTALLATION OF THE -089 TRANSDUCER. CHANGE SUMMARY BO

1773 IS OPEN TO DEVELOP AND PROCURE A NEW TYPE OF TRANSDUCER TO BE BUILT

BY THE TAVIS CORPORATION. C. FOLLOWING THE FAILURE OF THE LH2

TRANSDUCERS, THE VENDOR'S PROCESSES AND FACILITIES WERE AUDITED. THE

SIGNIFICANT PROBLEMS WHICH WERE FOUND ARE LISTED BELOW, ALONG WITH THE

CORRECTIVE ACTIONS: 1. PROBLEM A TOOL USED FOR WIPER TENSION TESTING,

WITH PROVISIONS TO PREVENT DAMAGE TO THE TRANSDUCER, WAS NOT BEING USED

THE TOOL HAD BEEN DEVELOPED AS PART OF PREVIOUS CAPS ACTION. CORRECTIVE

ACTION THE INCORRECT TOOLS WERE REMOVED FROM THE WORK AREA. THE TOOL

NUMBER, REQUIRED IN SHOP TRAVELER, NOW MATCHES THE NUMBER OF THE CORRECT

TOOL (REFERENCE SPAR 2808). 2. PROBLEM THE VENDOR WAS USING ABRASIVE

BLAST (SODA HONE) TO REMOVE THE INSULATION FROM THE ELEMENT.  THE

ENGINEERING DID NOT ALLOW THE USE OF THE ABRASIVE BLAST. CORRECTIVE

ACTION THE ENGINEERING WAS CHANGED TO USE ABRASIVE BLAST, AS THIS METHOD

WAS JUDGED TO BE THE MOST DESIRABLE METHOD OF INSULATION REMOVAL

(REFERENCE SPAR 3807 AND THE APPLICABLE DAS). 3. PROBLEM THE HIGHLY

POLISHED WIPERS WERE NOT PROPERLY PACKAGED TO PREVENT HANDLING DAMAGE

CORRECTIVE ACTION THE SHOP TRAVELER FOR THE WIPER WAS CHANGED TO REQUIRE

THE USE OF PROTECTIVE PACKAGING AND THE PACKAGING WAS MADE AVAILABLE

(REFERENCE SPAR 2812). 4. PROBLEM THE "POCK" MARK FOUND ON A TRANSDUCER

WIPER DURING FAILURE ANALYSIS RESULTED FROM THE TRANSDUCER ELEMENT

HAVING BEEN BURNT OUT WHILE IN CONTACT WITH THE WIPER. THERE WERE NO

REQUIREMENTS FOR REINSPECTION OF THE WIPER AFTER SUCH AN INCIDENT

CORRECTIVE ACTION THE BUILD RECORDS FOR ALL TRANSDUCERS STILL REMAINING

WERE REVIEWED BY THE VENDOR. NO OTHER TRANSDUCERS WERE FOUND THAT HAD

BURNT OUT AT ANY TIME DURING THE MANUFACTURING CYCLE. THE VENDOR'S QC

REQUIREMENT NOW INCLUDES REINSPECTION OF WIPERS AFTER SUCH BURN OUTS

(REFERENCE GULTON LETTER SW:84-009). 5. PROBLEM A NUMBER OF THE

VENDOR'S SHOP TRAVELERS DID NOT AGREE WITH THE ENGINEERING DRAWING.  THE

DOCUMENTATION ACCOUNTABILITY SHEET'S LISTING OF THE VENDOR'S DRAWINGS

DID NOT HAVE THE PROPER REVISION LEVELS. CORRECTIVE ACTION THE DAS AND

SHOP TRAVELERS WERE CORRECTED (REFERENCE SPAR 1447 AND THE APPLICABLE

DAS). D. THE USE OF THE WRONG WIPER TENSION TOOL, IN VIOLATION OF

PREVIOUS CAPS ACTIONS, INDICATED THE LACK OF PROPER TRACKING OF VENDOR

CORRECTIVE ACTIONS. AS A RESULT, PRODUCT ASSURANCE PROCEDURE 17.11.2 WAS

CHANGED TO REQUIRE THE USE OF THE SUPPLIER CORRECTIVE ACTION DIRECTIVE

(SCAD) TO OBTAIN DOCUMENTED EVIDENCE OF THE IMPLEMENTATION OF SUPPLIER

CORRECTIVE ACTIONS. A REVIEW OF ALL ELECTRICAL CAPS THAT HAD BEEN CLOSED

IN THE LAST TWO YEARS, WHICH REQUIRED VENDOR ACTIONS, WAS PERFORMED. NO

OTHER SUCH OVERSIGHTS COULD BE FOUND (REFERENCE LETTERS FROM PROCUREMENT

QUALITY REPRESENTATIVES CONCERNING CAPS E-070, 071, 075, 077, 078, 081,

AND 088). ALL OTHER CAPS REQUIRING VENDOR ACTIONS DURING THIS TIME WERE

WORKED BY SCAR ACTION. TASK CLOSED TASK III CLEARANCE OF EFFECTIVITIES

A. THERE ARE NO CONSTRAINTS FOR SIGNAL DROPOUT/HIGH CONTACT RESISTANCE

TRANSDUCERS FOUND TO BE DEFECTIVE DURING ACCEPTANCE TESTING EITHER AT

THE VENDOR OR AT MAF, ARE REJECTED AND DOCUMENTED ON A MARS. SHOULD A

SIGNAL DROPOUT DUE TO A PARTICULATE OCCUR IN FLIGHT, THE ORBITER FLOW

CONTROL VALVE WOULD OPEN AND CAUSE A CHANGE IN THE ULLAGE PRESSURE

THE PRESSURE CHANGE WOULD MOVE THE WIPER OFF OF THE CONTAMINATION AND

RESTORE THE OUTPUT SIGNAL. B. THERE ARE NO CONSTRAINTS FOR THE SHORTED

TURNS ON THE RESISTIVE ELEMENT OF THE LH2 TRANSDUCERS. LAUNCH COMMIT

CRITERIA PROTECT FLIGHT SAFETY BY REQUIRING THREE FUNCTIONAL PRESSURE

TRANSDUCERS AT T -10 SECONDS. IN ADDITION, THE PRESSURIZATION SYSTEM IS

TOLERANT TO ONE "HARD" FAILURE IN FLIGHT ALWAYS AND PROBABLY TWO,

DEPENDING ON OCCURRENCE TIME AND FAILURE MODE. HISTORICALLY, UNITS

FUNCTIONING AT T -10 SECONDS HAVE PERFORMED WITHOUT ANY SHORTED TURNS IN

FLIGHT (REFERENCE INTEROFFICE MEMORANDUM 3513-87-016). TASK CLOSED TASK

IV CLOSURE SUMMARY A. THE VENDOR MADE CHANGES TO HIS MANUFACTURING

PROCESSES TO DECREASE THE LIKELIHOOD OF BOTH MECHANICAL DAMAGE TO OR

CONTAMINATION OF THE INTERNAL MECHANISM OF THE PRESSURE TRANSDUCERS

MARTIN MARIETTA ADDED MANDATORY INSPECTIONS, TO BE PERFORMED BY THE

PROCUREMENT QUALITY REPRESENTATIVE, TO THE SHOP TRAVELERS WHICH TRACK

THE MANUFACTURE OF EACH TRANSDUCER. BOTH OF THESE ACTIONS SHOULD REDUCE

THE FAILURE RATE OF THE TRANSDUCERS DUE TO SIGNAL DROPOUT. SUFFICIENT

SCREENS EXIST IN THE VENDOR ACCEPTANCE TESTS OF THE TRANSDUCERS AND IN

THE ACCEPTANCE TEST OF THE ET TO DETECT TRANSDUCERS WITH SIGNAL

DROPOUTS. HOWEVER, THE LIMITATION OF THE VENDOR'S FACILITIES AND THE

DELICACY OF THE TRANSDUCER MECHANISM ARE SUCH THAT OCCASIONAL FAILURES

DUE TO SIGNAL DROPOUT WILL CONTINUE TO OCCUR. (REF. A ON PAGE 3) B. THE

ROOT CAUSE OF THE SHORTED TURNS ON THE RESISTIVE ELEMENTS OF THE LH2

TRANSDUCERS COULD NOT BE DETERMINED. TESTS OF THE ACTUAL OPERATING

ENVIRONMENT ON AN ET WERE CANCELLED DUE TO THE DELAYS RESULTING FROM THE

CHALLENGER ACCIDENT AND THE CANCELLATION OF THE CENTAUR PRIME-G

ENGINEERING CHANGE SUMMARY B0 1746D, SUPPLEMENT H, REMAINS OPEN TO

PERFORM THE TESTS DURING THE LWT-21 "WET COUNT DOWN DEMONSTRATION" TEST

SHOULD THE TEST RESULTS NOT CONFIRM THE PREDICTED ENVIRONMENT, THE

CHANGE SUMMARY WILL PURSUE ADDITIONAL ACTIONS. THE SAFETY OF FLIGHT OF

THE SHUTTLE IS JUDGED TO BE UNAFFECTED BY THE SHORTED TURN FAILURE MODE,

AS THIS TYPE OF FAILURE IS SCREENED FOR BY THE LAUNCH COMMIT CRITERIA

9/28/87 - UPDATE SUMMARY - THE CONTROL SHEETS WERE UPDATED TO REFLECT

MMC CAPS E-082(R) B. THIS PROBLEM IS SUBMITTED TO MSFC FOR CLOSURE

REVIEW AND APPROVAL

5/18/88 - THIS REPORT HAS BEEN DEFERRED FOR STS-26, PER NSTS 07700,

VOLUME XI AND NSTS 08126 PARAGRAPH 3.4.1, ITEM C WHICH STATES

"PROBLEM CONDITION DOES NOT EXIST IN THE FLIGHT HARDWARE AND IS

CLEARLY SCREENED BY ACCEPTANCE TEST, PREFLIGHT CHECKOUT, OR SPECIAL

TEST."

THE DEFERRAL STATUS HAS BEEN APPROVED BY THE ET PROJECT MANAGER,

MR. G.P. BRIDWELL_____G.P. BRIDWELL (SIGNED) 5/25/88______
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	FCRIT CD
1R 
	CAUSE CD
MAW - MFG-ASY-WORK 
	FAIL MODE
MT - P/T HI OR LO 

	Asmnt FMEA
3.4.1.2 
	Asmnt FM
2 
	FMEA CSE
G 
	FMEA SCSE
4 

	Asmnt FMEA
-- 
	Asmnt FM
-- 
	FMEA CSE
-- 
	FMEA SCSE
-- 

	Asmnt FMEA
-- 
	Asmnt FM
-- 
	FMEA CSE
-- 
	FMEA SCSE
-- 

	Correlated Part#
-- 
	Correlated Part#
-- 
	Correlated Part#
-- 

	Associated LRU#
-- 
	Associated LRU#
-- 
	Associated LRU#
-- 

	MAJOR DESIGN CHANGES

	APRV DATE
-- 
	DESCRIPTION OF CHANGES
-- 
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