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FAILLRE MDBES EFFECTS ANALYSIS (FMEA) — CIL HARDWARE
NUMBER: 04-2-LV13-IM -X

SUBSYSTEM NAME: AUXILIARY POWER UNIT (AP}
REVISION: BASIC 03/26/98

PART DATA
PART NAME FART NUMBER
VENDOR NAME VENDOR NUMEER
LRU  AUXILIARY POWER UNIT {APU} MC201-0001-06XX AND SUBS
SUNDGTRAND 763758
SRU - 1GAS GENERATCR VALYE MOQDLULE, 0810213
SOLENOID . _
SUNSTRAND SAME

EXTENDED DESCRIPTION OF PART UNDER ANALYS1S:
SOLENOQID SHUTOFF VALVE, DIRECT ACTING, 3 PCRT, 2 POSITION POPPET TYPE
VALVE. NORMALLY CLOGED. HIGH 3PEED CONTROL AND APU SHUTOFF.

REFEREMCE DESIGNATORS:

QUANTITY OF LIKE TEMS: 2
CHE PER APU

FUNCTION:

{1) TO CONTROL APU TURBINE WHEN "HItzH SPEED" [1713%) HAS BEEN MANUALLY
SELECTED OGR WHEN FULSE CONTROL {PC) VALVE{LV12) FAILS OPEN.

{2) TO SHUT DOWN THE APU WHEN DE-ENERGIZED AND SHUTOFF FUEL FLOW TQ
MAINTAIN APLI INLET PRESSURE FOR SUBSEQUENT ARU START/QPERATION

042 - 138.01



FAGE 2 PRINT DATE: 03/30/08
FAILURE MODES EFFECTS ANALYSIS FMEA — CIL FAILURE MODE
NMUMBER: 04-2-LV13-IM-02

REVISION#: HASIC 03/26/98
SUBSYSTEM NAME: AUXILIARY POWER UNIT (APL)

LRU: AUXILIARY POWER LINIT (&PU) CRITICALITY OF THIS
ITEM NAME: SHUTOFF VALVE, SQLENGID FAILURE MOCE: 1R2
FAILURE MODE:
FAILS IN THE DE-EMERGIZED POSITION {OPEN TC BYPASS, CLOSED TC CUTLET)
MISSION PHASE: PL PRE-LAUNCH

LO  LIFT-OFF

DO DE-DRBIT

LS LANDINGISAFING

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
103 DISCOVERY
104  ATLANTIS
106 ENDEAVOUR

CAUSE:

INTERNAL MECHANICAL , CONTAMINATION OR CORROSION IN THE VALVE OR
ARMATURE MECHANISM, SEAT CONTAMINATION, GONTAMINATION IN
ARMATUREMAGNET GAP, BYPASS SEAT/SEAL LEAKAGE, DUAL CONTROLLER LOGIC
FAILURES, LOES OF ELECTRICAL POWER OR WIRE/SOLENOID FAILURE, O-RING FAILURE

CRITICALITY 111 DURING INTACT ABORT OMLY? YES
A0A  ABDRT ONCE ARCUND
ATO  ABDRT TOORBIT
RTLE RETURN TO LAUNCH SITE
TAL  TRANS-ATLANTIC LANDING

REDUNDANCY ECREEN A) PASS

B) PASS
C) PASS
PASS/FAIL RATIONALE:
A)
B}
€)
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FAILLIRE MODES EFFECTS ANALYSIS (FMEA)] — CiL FAILURE MODE
NUMBER: 04.2.1v131.1M- 02

- FAILURE EFFECTS -

{A) SUBSYSTEM:

LOSS OF GNE APU SYSTEM IF SOV FAILS TO QPEN OR REMAIN OPEN. OR IF BYPASS
SEAT LEAKS. APU FAILS TO START OR SHUTS DOWN (UNDERSPEED}, ALSO POSSIBILITY
CF FUEL OVERHEATING AND DECOMPOSING WITH MULTIPLE CONTROLLER FAILUYRES
CAUSING SCLENOID TO REMAIN PCWERED, RESULTING IN RUPTURE OF VALVE WHILE
APU |3 NOT OPERATING.

(B) INTERFACING SUBSYSTEMIS):
LOSS OF SHAFT POWER TQ ONE HYDRAULIC PUMP FOR THE CASE OF APU FAILLIRE TO
START OR SHUTDOWN (UNDERSPEED).

{C) MISSION:
ABORT DECISION |S POSSIBLE IF FAILURE OCCURS DURING ASCENT {TIMING AND
FLIGHT TRAJECTCORY DEPENDENT).

{0) CREW, VEHICLE, AND ELEMENT(S):

NOQ EFFECT IF FAILURE OCCURS FRIOR TO LIFT OFF OR UNTIL-SECOND SYSTEM LOSS.
CRITICALTTY 1 FOR ANY NON-ARU INDUCED RTLS, ATO, ADA, OR TAL DUE TO THE
FOSSISLE ADDITIONAL LOSS OF ASGDCIATED AFUMYD AND MAIN ENCGINE.

{E) FUNCTIONAL CRITICALITY EFFECTS:
FOSSIBLE LOSS OF VEHICLE IF TWO OUT OF THREE APU'S LOST.

-DISPOSITION RATIONALE-

4) DESIGH:

L#::LUE FPROTECTED BY 25-MICRCON FILTER tN-LINE UPSTREAM AND FUEL FUMF 25.
MICRON FILTER UPSTREAM. SHUTOFF VALVE 1S CYCLED NFREQUENTLY. CORRDSION
RESISTANT-MATERIALS (17-7PH. 304L. MP3SN, TITANIUM) ARE USED. NGEWM
INCORPORATES THE FCLLOVWING: 1. INSPECTABILITY OF CRITICAL WELDS, 2
INCREASED THE BARRIER THICKMNESS BETWEEN THE COIL AND FUEL CHAMEER TO
REDUCE STRESS. 3. ADOPTED A BOLTED DESIGN TO FACILITATE OVERHAUL AND
REPAIR, 4. A SEGMENTED COIL TO PRECLUDE FAILURE INCUCED OVERHEAT, &
FRACTURE/CORROSION RESISTANT INTERNAL VALVEARPOPPET MATERIAL, 6. ADDITIGNAL
TESTS ON SELECTED MATERIALS HAVING LIMITED DATA.

(B) TEST:

NGGVM PERFORMANCE IS VERIFIED DURING AECEF"TANCE TESTING AT THE VENDOCR.
ACCEPTANCE LEAKAGE TESTS ARE CONDUCTED AT BOTH VALVE AND AFU LEVEL
CERTIFICATION TESTS CONDUCTED AT THE WHITE SANDS TEST FACILITY COMPLETED
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: 04-2-LV13-IM-02

338 HOURS IN 1988, APPROXIMATELY 30 HOURS ADDITIONAL TESTING TO BE
PERFORMED 1587-99.

OMRSD: ELECTRICAL AND EXTERNAL LEAK CHECKS ARE PERFORMED ON THE ORBITER
AFTER APU INSTALLATION. CPERATION IS THEN VERIFIED THROUGH A CONFIDENCE
RUN PRIOR TC FLIGHT OF EACH NEWLY INSTALLED APU. LFIGHT DATA IS USED TO
VERIFY NGGVM OPERATION EVERY FLOW AFTER FIRST FLIGHT. BETWEEN FLIGHTS,
ELECTRICAL CONTINUITY AND CONTROLLER TESTS ARE FERFORMED TO VERIFY
FLIGHT READIMNESS,

{C} INSPECTION:
RECEMVING INSPECTION
MATERIAL AND PROCESSES CERTIFICATIONS ARE VERIFIED.

CONTAMINATION CONTROL '

CLEANLINESS 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
INSPECTIGN. SOLENODID IS VERIFIED BY INSPECTION.

NCONDESTRUCTIVE EVALUATION

PENETRANT INSPECTICN OF WELDS AND ASSEMELIES !S VERIFIED. RADIOGRAPHIC
INSPECTION OR CROSS SECTION INSPECTION OF LOT SAMPLE PERFORMED ON
SELECTED WELDS. NDE IS PERFORMED FOR CRITICAL WELDS.

CRITICAL PROCESSES

WELDING PER SPECIFICATION REQUIREMENTS IS VERIFIED BY INSPECTION. WELDING
PROCEDURES, EQUIPMENT AND SCHEDULES ARE REVIEWED/APFROVED BY THE AFU
CORE TEAM. DESTRUCTIVE INSPECTION OF CRITICAL WELDS FROM LOT SAMPLES OF
PRODUCTION HARDWARE 15 VERIFIED BY INSPECTION.

TESTING
CALIBRATION QF TOOLS AND TEST EQUIPMENT ARE VERIFIED BY INSPECTION. ATF IS
WITNESSED AND VERIFIED BY INSPECTION.

HANDLING/PACKAGING
HANDLING, PACKAGING, STORAGE, AND SHIPPING PROCEDURES ARE VERIFIED.

{D} FAILURE HISTORY:
REFER TO PROBLEM REPORTING AND CORREGTIVE ACTION (PRAGA} FAILURE HISTORY
DATABASE.

{E) OPERATIONAL USE:
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FAILURE MODES EFFECTS ANALYSIS (FNMEA) ~ ClL FAILURE MODE
NUMBER: 04-2-LV13-M- 02

PRELAUNCH OCCURRENCE WILL CAUSE LAUNCH TO BE SCRUBBED. IF VALVE FAILS
GCLOSED, SHUTTING DDWN AP DURING ASCENT, REMAINING APUS ARE COMMANDED
T HIGH SPEED AND AUTOMATIC SHUTDOWN IS INHIBITED TO PRECLUDE INADVERTENT
SHUTDOWNS. IF APU SHUTS DOWN DURING DESCENT, REMAINING APUS ARE
COMMANDED TO HIGH SPEED AT TAEM AND AUTO SHUTDODWN REMAINS ENABLED.

« APPROVALS -

BOEING DESIGN : 8TAN BARAUSKAS
BOEING 3-3YSTEM MGR : TIBOR. FARKAS
BOEING SS&PAE MGR : POLLY STENGER
BOEING SAFETY ENG : GOPAL RAQ
BOEING RELIABILITY ENG . DAN HUNTER
NASA-ISC MOLD T MEL FRIANT |
NASA-JSC DCE REP - BRAD IRLBECK
T2 35em4 : DAL BERUSH

Ush OrziTen Eemeant | Mg BudowsrnT
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