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FAILURE MODES EFFECTS AMALYSIS (FMEA) — CRITICAL HARDWARE
NUMBER: 04-2-Lv{3-X

SUBSYSTEM NAME: AUXILIARY POWER UNIT {APU)

REVISION: 4 05/05/93
PART NAME PART NUMEER
YENDOR MAME VENDCR NUMBER
LRu : AUXILIARY POWER URIT (APLT) MC201-0001-023
SUNCSTRAND 729867X00754949
LHU o AUXILIARY POWER UNIT (APL) MC201-0001-03)
SUNDSTRAND : 7288677548494
LA : AUXILIARY POWER UNIT {APLH MCZ01-0001-04 XX
SLUNOSTRAND X742211K
SR : YALVE, SOLENOID 5805137
' SAME
SRU : WALVE, SOLENQID 5907038
SAME
SHU : VALVE SCLENOQID SF30s
SAME

PART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
VALVE, SHUTOFF, THREE-WAY SOLENCID, NORMALLY CLOSED. HIGH SPEED
CONTROL AND APU SHUTOFF.

QUANTITY OF LIKE ITEMS: 3
CNE PER aPU

FUNCTION:

(1} TQ CONTROL APU TURBINE SHUTOFF AND HIGH SPEED WHEN "HIGH SPEED” HAS
BEEN MANUALLY SELECTED GF WHEN PC VALVE {LV12) FAILS QOPEN.

{2) TO SHUT DOWN THE APU WHEN DE-ENERGIZED. -
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FAILURE MODES EFFECTS ANALYSIS (FMEA] — CRITICAL FAILURE MODE
NUMBER: 04-2-LV13-02

REYISION: 4 O0B/09/42
SUBSYSTEM NAME: AUXILIARY POWER UNIT (AP

LRU: AUXILIARY POWER UNIT (APU) CRITICALITY OF THIS
ITEM NAME: VALVE, SOLENGID FAILURE MODE: 1R2
FAILURE MODE:

FAILS CLOSED (FAILS TQ OPEN OR REMAIN OPENYFAILS TO CLOSE BYPASS SIDE
MISSICN PHASE:

FL PHELAUNCH

Lo LIFT-OFF

co DE-ORBIT

LS LANDING SAFING

VEHICLE/PAYLODAD/KIT EFFECTIVITY: 102 GOLUMBILA
103 DISCOVERY
104 ATLANTIS
105 ENGEAVOUR

CAUSE:

INTERNAL MECHANICAL OR WELD FAILURE, CORRGSION, CONTAMINATION,
CONTROLLER LOGIC FAILURE, LOSS OF ELECTRIC POWELR OR SOLENOID FAILURE,
BIMCING DUE TO CONTAMINATION FROM SEAT FRAGMENT, CAACKEL/BROKEN
BYPASS SEAT. CRACKED FLAPPER DR FLEXTUBE, CONTAMINANT IN
ARMATURE/MAGNET GAP.

CRITICALITY 1/4 DURING INTACT ABORT ONLY? YES

ADQA ABCRT ONCE ARCUND
ATQ ABORT TC CRBIT

RTLS RETURN TO LAUNCH SITE
TAL TRANS ALANTIC ABORT

REDUNDANCY SCREEN A) PASS

B) PASS
¢} PASS
PASS/FAIL RATIONALE:
A ~
B}
C)

- FAILURE EFFECTS -

{A) SUBSYSTEM:
LOSS OF ONE APU SYSTEM. TURBINE UNDERSPEEDS AND SHUTS DOWN OR FAILS TO
START.

(B) INTERFACING SUBSYSTEM(S):
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FAILUAE MODES EFFECTS ANALYSIS (FMEA] — CRITICAL FAILUAE MORE
NUMBER: 02.2-.L V13202

LOSS OF SHAFT FOWER TO ONE HYDRALULIC PUMP,

(C) MISSION:
ABORT DECISICN IS REQUIRED, IF FAILURE OCCURS PRIOR TO ENTRY COMMITMENT.

{D) CAEW, YEHICLE, AND ELEMENT(S}:

NO EFFECT UNTIL SECOND SYSTEM LOSS, CRITICALITY 1 FOR SSME- INDUCED RTLS,
ATO, AOA, OR TAL DUUE TO THE POSSIBLE ADDITIONAL LOSS OF ASSOCIATED
APUMHYD AND MAIN ENGINE,

(E} FUNCTIOMAL CHITICALITY EFFECTS:
| 13T FAILURE - LOSS OF SINGLE APU. 2ND FAILURE - POSSIBLE LOSS OF VEHICLE tF
TWO OUT OF THREE APU'S LGST.

-DISPOSITION RATIONALE-

(A) DESIGN:

VALVE PROTECTED BY 25-MICRON FILTER IN-LINE UPSTREAM AND FLIEL PLIMP 25-
MICRON FILTER UIPSTHEAM. YALYE 'S CYCLED INFREQUENTLY, ONLY AT HIGH SPEED
OR AFTER PULSE GONTROL VALVE FAILURE. GORRQSION RESISTANT MATERIALS (17-
7, 304L, TUNGSTEN CARBIDE) USED. THE COBALT USED AS A BINDER FOR THE
TUNGSTEN CARBIDE SEATS IS LEACHED QUT ON THE SHUT OFF QUTLET SEAT AS IT
IS EXPOSED TO AMMONIUM HYDROXIDE (DEGOMPOSITION PRODUGT OF HYDRAZINE
AND AIR) AFTER APU SHUTDOWN, AN AGE LIFE LIMIT WAS ESTABLISHED BASED ON
EXPOSURE TIME LISING INSPECTION OF SEATS FROM VALVES USED M SERVICE.

IN 1980, THE SEAT AND MANIFOLD WAS REDESIKANED TO REDUCE STRESSES IN THE
CRITICAL AREA. ASSEMBLY PROCEDURES REVISED TO AVQID QOVERSTHESS OF
POPPETS AND INCLUDE X-RAY OF POPPET ASSEMBLIES. SHARF COANERS AND
HECAST LAYER REMOVED IN SOCKET AREA. SUPPLIER HAS ADDED Z-MICRON FILTER
N TEST FACILITY TC AVOID CONTAMINATICN.

IN 1230, THE GGYM SEAT DESIGN HAS UNDERGONE EXTENSIVE ANALYSIS AND SEAT
CESIGN CHANGES WILL BE INCORPGRATED IN THE IAPU ON AN ATTRITION BASIS.
PATH A SEAT DESIGN WILL CONSIST OF THE FOLLOWING: ADCITIONAL EDM RECAST
LAYER REMOVAL, EXTENSION OF THE SLEEVE, DELETION OF THE O.0. LABYRINTH
GROOVES, ADDITION OF STRESS RELIEF CYCLE TO SEAT RAW MATERIALS AND SEAT,
AND WIDENING THE SEAT LANDS.

TEST:
TéCEF’TANEE LEAKAGE TESTS ARE CONDUCTED AT BOTH VALVE AND APL LEVEL.
CERTIFICATICN TESTS CONDUCTED WERE 2¥ MISSIONS FOR A TOTAL OF 41.7 HA
INCLUDING VIBRATION. IMPROVED VERSICNS OF DESIGN SUCCESSFULLY TESTED
TWO SAMPLES FOR OVER 100 HRS ON DEVELOPMENT IMPRCVED APU. 1APU
GUALIFICATION TEST (QUAL 1) DEMONSTRATED SUCCESSFUL IGGVM OPERATION
FCR OVER 75 HOURS RUNTIME.

| PATH A SEAT SUCCESSFULY PASSED A 20 HOUR CERTIFICATICN TEST.
OMRSD: HELIUM GAS LEAK TEST OF SHUTOFF OUTLET IS PERFORMED, AND GGVM

FERFORMANCE 1S VERIFIED DURI!ING "HOT FIRE", FOR FIRST FLIGHT AND ANY TIME AN
APU IS REPLACED. SHUTOFF AND PULSE CONTROL VALVE QUTLET LIQUID
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FAILLURE MODES EFFECTS ANALYSIS (FMEA} = CRITICAL FAILURE MODE
NUMBER; 04-2-1V13-02

HYDRAZINE LEAK CHECK IS PERFORMED PRIOR TQ EVEAY MISSION. FLIGHT DATA IS
USED TO VERIFY GGYM CPERATION EVERY FLOW AFTER THE FIRST FLIGHT. GGVM
QPERTATION IS YERIFIED DURING CONFIDENGE RUN FOR NEWLY INSTALLED APUS.

{C) INSPECTION:
RECENVING INSPECTION
MATERIAL AND PROCESSES CERTIFICATIONS ARE VERIFIED.

CONTAMINATION CONTROL

CLEAMLINESS TO LEVEL 100 IS VERIFIED BY INSPECTION. FLUID SAMPLES ARE
ANALYZED FOR CONTAMINATION AND VERIFIED BY INSPECTION. CORROSION
PROTECTION REQUIREMENTS ARE VERIFIED BY INSPECTION.

ASSEMBLY/INSTALLATION

MANUFACTURING, ASSEMBLY, AND INSTALLATION REQUIREMENTS ARE VERIFIED BY
INSPECTION. CRITICAL DIMENSIONS AND SURFACE FINISHES ARE VERIFIED BY
INSPECTION. SOLENOID IS VERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALUATION

FENETRANT INSPECTION CF WELDS AND ASSEMBLIES IS VERIFIED. RADIOGRAPHIC
INSPECTION OR CROSS SECTION INSPECTION OF LOT SAMPLE PERFCAMED ON
SELECTED WELDS. NDE FOR CRITICAL WELDS 1S BEING DETERMINED.

CRITICAL PROCESSES
WELDING PER SPECIFICATION REQUIREMENTS 1S YERIFIED BY INSPECTION. WELDING
PROCEDURES, EQUIPMENT AND SCHEDULES ARE UNDER INVESTIGATION FOR
POTENTIAL IMPFROVEMENTS. DESTRUCTIVE INSPECTION OF CRITICAL WELDS FROM
LOT SAMPLES OF PRODUCTION HARDWARE 1S UNDER CONSIDERATION. VALVE SEAT
FABRICATION I3 VERIFIED BY INSPECTION. SCANNING ELECTRON MICAOSCOPE
(SEM), WHICH SCANS ACRDSS EACH SEAT-WER UPPER SURFACE, IS PERFORMED
FOLLOWING INSERTION OF THE SEAT INTO THE SLEEVE. SEM FHOTOGRAPHS OF

[ EACH WEB ARE MADE. DESTRUGCTIVE TESTINGANSPECTION OF A SINGLE SEAT
SAMFLE. FER EACH MANUFACTURING LOT, FOR REMOVAL OF THE EDM RECAST
LAYER, IS PERFORMED,

UNITS MANUFACTURED PFOST AUGUST 1990 WILL HAVE AN ADDITIGNAL SEM OF THE
ENTIAE INNER AND OUTER SEALING LANDS AND SEM OF THE SEAT SUAFACE. A FINAL
MAGNIFIED OPTICAL INSPECTICON OF THE SEAT WILL BE PERFORMED PRIOR TO FINAL
INSTALLATION QF THE SEAT MANIFOLD INTO THE VALVE ASSEMBLY.

TESTING '
TEST EQUIPMENT AND TOOL CALIBRATION ARE VERIFIED BY INSPECTION. ATP IS
WITNESSED AND VERIFIED BY INSPECTION.

HANDLUING/PACKAGING
HANDLING, PACKAGING, STORAGE, AND SHIPPING FROCEDURES AAE VERIFIED.

{0} FAILURE HISTORY:
NOQ GGVM FAILURES WITH THIS FAILURE MODE.

AELATED GGWM FAILURES -

CAR ACE511 SHUTOFF VALVE SEAT FRACTURE ANALYSIS HAS DISCLOSED THAT THE
COBALT BINDER IN THE TUNGSTEN CARBIDE OF THE VALVE SEAT IS5 LEACHED AWAY
FROM THE SURFACE OF THE MATERIAL WHEN EXPOSED TO HOT DEIGHIZED WATER
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FAILURE MCQDES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MODE
HUMBER: 9d-2-L.V13-02

(USED IN THE VALVE CLEANING PROCESS). LEACHING 1§ CAUSED BY THE AMMONIUM
HYDROXIDE CREATED BY THE COMEINATION OF AIR AND HYDRAZINE VAPOR
COWNSTREAM OF THE SHUTOFF QUTLET SEAT. NORMAL PCPPET CYCLING OF THE
SHUTOFF VALVE DISLODGES TUNGSTEN CARBIDE PARTICLES AND RESULTS IN SEAT
CRACKING. CORRECTIVE ACTION INCLUDED ELIMINATING THE DEIONIZED WATER
CLEANING AND ADDING SEM INSPECTION OF THE SEAT WEBS DURING
MANUFACTURING. ALL GGVYMS REGEIVED NEW SEATS AND POPPETS FOLLOWING
STS-51L.

CAR AC3326 FLEXTUBE FAILLIRE WAS DISCOVERED DURING F&D AFTER ATP HOT
FIRE. EXAMINATION CF THE FAILED FLEXTUBE DISCLCEED AN INCLUSION. THE
CONCLUSION WAS THAT THE INCLUSION CREATED A STRESS CONCENTRATION POINT
AND THE TUBE CRACKED DUE TO FATIGUE UNDER NORMAL OPERATING LOADS.
CORRECTIVE ACTION WAS TO ADD AN X-AAY INSFECTION FOR SCREENABLE FLAWS
IN NEW PROCUCTION TUBES AND REPLACEMENT TUBES FOR REWORKED GGVM'S
RECQUIRING THEM. APU 009 FLEXURE TUBE CRACK IN WELD, HEAT AFFECTED ZONE
AFTER 186 HOURS. BOTH OF THE ABOVE FAILURES CAN AESULT IM A FAILED OPEN
VALVE.

CAR 07F0O10 UNDERSPEED SHUTODOWN DUE TO FOREIGN CONTAMINATION (KEL-F
FARTICLE) ON BYPASES SEAT OF PULSE CONTROL VALVE. THIS CONTAMINATION
CoOULD HAVE RESULTED IN A PULSE CONTROL AND/CR SHUTOFF FAILED OPEN.
CONTAMINATION BELIEVED TO HAVE ENTERED VALYE DURING IT'3 MANUFACTURING
CYCLE. CORBECTIVE ACTION INVOLVED DISASSEEMELY AND CLEANING OF THE GGVM
TEST STAND AT THE MANUFACTURER AND AN INCREASED NUMEER OF CLEANING
AND CLEANLINESS VERIFICATION OPERATIONS.

CAR 31RFG1 APU RAN AT HIGH SPEED WITH LOW CHAMBER PRESSURE WHILE
NCORMAL SPEED WAS SELECTED. THE PULSE CONTROL VALVE OQUTLET SEAT WAS
CRACKED AMD A FRAGMENT OF THE OQUTER SEALING LAND WAS BROKEN. THIS
ANOMALY WaAS DETECTED AT APU START AS THE LEAKAGE WAS PRESENT WITH THE
FIRST CLOSING PULSE OF THE PULSE CONTROL VALVE. INTERIM CORRECTIVE
ACTION INCLUDES LIMITING THE PULSE CONTROL VALVE OPERATING LIFE,
PERFORMING A LIGUID LEAK CHECK OF THE VALVE OUTLET SEATS PRIOR TO EVERY
FLIGHT, AND MANDATORY SEM INSPECTION OF THE SEAT SEALING SURFACES
DURING CRITICAL MANUFACTURING FROGESSES. FINAL CORRECTIVE ACTION IS THE
FATH A SEAT DESIGN AS DESCGRIBED IN THE DESIGN SECTION. THE PATH A SEAT HAS
SUCCESSFULY PASSED A 20 HOUR CERTIFICATION TEST WITH NO SEAT LAND
CRACKS. THE SHUTOFF QUTLET SEAT HAD ONE CRACK IN EACH OF THE THREE
WEES, THEREFORE THE FATH A SEAT 15 HOT CONSIDERED A SOLUTION TO THE WEB
CRACKING PROBLEM. TO SOLVE THIS FROBLEM. SPECIFIC CHANGES TO THE SEAT
WEBS ARE BEING PROPOSED. THIS IE PART OF THE PATH B SEAT REDESIGN.

CAR AD7195 HELIUM GAS LEAKAGE OF THE SHUTGFF OUTLET SEAT DETECTED
DURING APU AEFURBISHMENT. THREE WEBS WERE CRACKED. EXPOSURE TIME WAS
17.5 MONTHS PRIOAR TO DETECTING LEAKAGE. PROPOSED CORRECTIVE ACTION IS A
MATERIAL CHANGE FOR THE SHUTOFF QUTLET POSITION ONLY. THIE 1S PART OF
THE PATH B SEAT REDESIGN.

CAR ADT089 A CIRCUMFERENTIAL CRACK IN THE OUTER SEALING LAND OF THE
SHUTOFF YALVE QUTLET SEAT DETECTED DURING SEAT INSPECTION. THE VALVE
HAD 22 MONTHS OF HYDHAZINE EXFOSURE. THE 5 MINUTE HIGH SFEED RUN TIME
ACCRUED AS A RESULT OF THE PULSE OF THE PULSE CONTRQL VALVE FAILURE
{31RFO1} IS BELIEVED TO BE A CONTRIBUTCR TQ THE CRACK. CORRECTIVE ACTION
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MODE
NUMEER: 04-24 ¥13-02

INVOLVES REMOVAL OF THE APU ONCE ANY HIGH SPEED TIME IS ACCRUED DURING
FLIGHT AND REDLICING THE LIFE LIMIT.

CAR ADY547 CIRCUMFERENTIAL BREAK OF DUTER SEALING LAND DURING YENDOR
TE3TING. TEST INVOLYED RUNNING THE APU AT NORMAL SPEED FOR 10 HOURS AND
HIGH SPEED FGR 1.5 HOURS. LIQUID LEAKAGE OF SHUTOFF QUTLET WAS DETECTED
FOLLOWING THE 1.5 HOUR HIGH SPEED TIME. APU PERFORMANCE WAS NORINAL.
THE EXPOSURE TIME WAS APPROXIMATELY 18 MONTHS AND THE SHUTOFF VALVE
HAD ACCUMULATED 12,000 CYCLES,

CAR AD//03 GGVM S/N 3004 SHUTOFF OUTLET QUTLET FALED LIGUID LEAX, TEST DUE
TO ERODED SEAT LAND. TWQ WEBS WERE FOUND CRACKED. GGEYM HAD 24
MONTHS EXPOSURE AND 188 MINUTES QF HIGH SPEED ELINTIME.

CAR AD7543 GGEVM S/N 4003 BROKEN FRAGMENT DURING ATP (SIMILAR TO 31 AFO1}
WITH APPROXIMATELY ONE HOUR RUNTIME ON P/C SEAT.

CAR AD7327 L EAKING PULSE CONTROL OUTLET SEAT DUE TO GUTER LAND CRACKS.
THREE WEBS WERE CRACKED. SHUTOFF YALVE OUTLET SEAT HAD THREE WERS
CRACKED AND FASSED LEAKAGE REQUIREMENTS, THE PULSE CONTROL VALVE HAD
72,000 CYCLES AND THE SHUTOFF EXPOSURE WAS 26 MONTHS.

CAR AD7310 PULSE CONTROL VALVE QUTLET SEAT LAND CRACKED ANC ONE WER
CHACKED. VALVE PASSED LEAKAGE REQUIREMENTS. RUNTIME WAS 40,000 CYCLEE.

CAR ADBG2S GAS GENERATOR AVERAGE PEAK PRESSURE MEASLIRED 1040 PSIA, ATF

SPECIFICATION LOW LIMIT IS 1150 PSIA, GEVM SN 3001 WAS FOUND TO BE LEAKING

GROSSLY TO PULSE CONMTROL BYRASS. EXAMINATION OF THIS SEAT FOUND

APPROXIMATELY 45 OEGREES OF THE SEALING LAND TO BE DAMAGED WITH IMPACT
| MARKS FROM CONTAMINATION OR MISALIGNED POPRET.

CAR AD2626 SHUTOFF VALVE OUTLET SEAT WEBS FOUND CRAGKED AFTER THE 20
HOUR CERTIFICATION TEST FOR THE PATH A SEATS. THE PATHE SEAT IS THE
| PROPOSED CORRECTIVE AGTION,

CAR ACE687 CGVYMAGEYM EB WELDS FOUND TC BE UNDIEA PRINT REQUIREMENT FOR
WELD PENETRATION IN SOME LOCATIOMNS, WELD CRACKS FOUND IN FLEXTURE TO
| FLAPPER WELDS. INTERIM REMEDIAL ACTION INVOLVES LIMITING GGYM RUNTIME. |

CAR 43RF10 APU S/N 306 CHAMBER PRESSURE DID NOT RETURN TGO ZERO LEVEL
AFTER EACH PULSE FOR 35 SECONDS DUAING RE-ENTRY. EXAMINATION OF GEVM
SM 3003 DISCOVERED A BROKEN PULSE CONTAGL QUTLET SEAT.

(E) OPERATIONAL USE:

IF AP SHUTS DOWN, REMAINING APU'S GO TO HIGH SPEED AND AUTOMATIC
SHUTDOWN 1S INHIBITED TO PRECLUDE INADVERTENT SHUTDOWNS DEPENDING ON
MISSION FHASE.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ CRITICAL FAILURE MODE
NUMBER: 04.2-LV13-02

- APPROVALS -
EDITORIALLY APPROVED : Rl
ECITORIALLY APFROVED JSE
TECHHICAL APPROVAL (¥IACA
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