SUBSYSTEM MAME: AUXILIARY POWER UNIT (AFU)
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL HARDWARE
: NUMEER: Oub2-CLW15=X

‘REYISION: b | s =T BT
PART NAME - PART NUMBER
VENOOR HAME 'VENDOR NUMEER
LA . VALVESOLENOID - ME284.0552-0005
CARLETON CONTROLS 1808-001-58
' PART DATA,

ESTENDED DESCRIPTION OF PART UNDER ANALYSIS:
VALVE SOLENCID, WATER - )

QUANTITY QF LIKE [TEMS: 3
THREE L

' ONE PER APU

CONTRCLS FLOW OF COQLING WATER TO APU GAS GENERATOR (GG) TO LOWER
INJECTOR TUBE BRANGH PASSAGE TEMPERATURES TO PREVENT HYDRAZINE
DETONATION DURING APU HOT RESTART. GG BUECTOR COOLING MUST BE
FERFORMED PRIOR TC APU START IF GG INJECTOR OR DED TEMPERATURE IS ABOVE
415 DEG F [DUE TO SOAKBACK) PER VAETQX74A OR V46TOX22A, CREW OPENS VALVE
FOR 209 SECONDS (MINIMUM) WITH CONTROLLER POWER ON AND APU OPERATE
SWITCH IN “INIECTOR COOL® PGSITION. CREW MONITCRS REAL-TIME CISPLAY TO
CONFIRM BUECTOA TEMPERATURES ARE DECREASING. AT END OF COQLING
PERIOD, CREW MUST CYCLE APU GPERATE SWITCH 7O "START/RUN" POSITION

IMMEDIATELYTO PREVENT REHEATING OF INJECTOR BRANCH PASSAGES.

f INJECTOR COOLING CAN BE USED FOR BOTH PAD AND MISSION APU HOT RESTARTS

(REFER TC THE FOLLOWING AEFERENCE DOCUMENTS). B

REFERENCE DOCUMENTS: NSTE-16007, LCC SECTIONS: APU.18, APUR20, APU-24- 2
NSTS-08934. (YOL [) 5008 SECTION 34435 _ :
NSTS 12820, FLIGHT RULE SECTION 14-3
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. FAILURE MODES EFFECTS ANALYSIS (FMEA) = CRITICAL FAILURE MODE
NUMBER: 04-2-CLV13-02

REVISION® 3 o2 1754

SUBSYSTEM NAME: AUXILIARY ROWER UNIT (apu)
LAU: VALVE SOLENQID CRITICALITY OF THIS
| ITEM NAME: VALVE SOLENQID FAILURE MQODE: 1R2

FAILURE MODE:
EXTERNAL LEAK, STUCK OPEN, INTERNAL LEAaK

MIZZION PHASE: & nor -

|Lo LIFT-OFF
=le ON-ORBIT
Er -

VEHICLEFAYLOADXIT EFFECTIVITY: 182 COLUMEBIA
108 DISCOVERY
104 ATLANTIS

I 105 ENDEAVOIUR

CALUSE:
| CONTAMINATION, CORROSION |, T~ RAn&l

CAITICALITY 171 DURING INTACT ABOAT ONLY? YES
ACA ABORT ONCE AROUND
. REDUNDANCY SCREEN A} PASS c 8

B} PASS

CIPASS AL
PASS.FAIL RATIONALE:
A)
B)
)

- FAILURE EFFECTS -

[A) SUBSYSTEM:

NG EFFECT FOR NOMINAL M!SSION. GROSS WATER LEAKAGE RESULTS IN LOSS oF
COOLING CAPABILITY TO ALL THAEE APU'S. POSSIBLE AYDARAZINE DETONATION AT
RESTART DUE TO EXCESSIVE GG BAANCH PASSAGE TEMPERATURE IF COOLING 1S
NOT AVAILABLE. APLI'S CANNOT BE SAFELY AESTARTED WITHOUT WATER COOLING
WNTIL &G INJECTOR QR BED TEMPEAATURE (V4STOXT4A OR VAETOXZ22A) FALLS BELOW
415 DEG F {APPROXIMATELY 4 HOURE AFTER SHUTDOWN).
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MODE
C R T NUMBER: 04-2.CLVI1ZIZ
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{6) INTERFACING SUBSYSTEM(S}:  ~ - - T
] NO EFFECT:FOR NOMINAL MISSION. LOS3 OF SHAFT POWER TO ASSOCIATED
HYDRAUUIG SYSTEM(S). - . om0 0 7707

P R . {'. .L.;E"' EAILL'::“-'.""' I
. in

NG EFFECT FOR NOMINAL MI.ES!DH..-:EHEEL'UDEE'E&FE APU RESTART IN THE EVENT OF
CONTINGENCY ABORT, OA SYSTEM-INOUCED ADAWITHIN FOUR HOURAS OF APL -
SHUTDOWHN. . IF INJECTOR COOUING NOT AVAILASLE, ABCHTS POSSIALY DELJ"‘I"ED

UNTIL GG INJECTOR TEMPERATURES FALL WITHIN SAFE AANGE. . -

(RN

D) CREW, VEWICLE, ANDELEMENT(S): . © . .o iio o oo oo
NG ERFECT FOR NOMINALMISSION: LOSS OF CREWNVEHIGLE IFREENTAY IS

ATTEMPTED WITHOUT HYDRAULK POWER. POSBIBLE LOSS OF CREWNVEHICLE IN THE
EVENT OF EMERGENCY. SITLATION IF DEGREIT 1S DELAYED. HAZARDOUS CONDITION

| EXISTS iF APU HOT RESTART/SIATTEMPTED WITHOUT INJECTOR GOOUING.

| m‘EFFEGTE_': Y i-_:.-'ﬁ}-'i.:'- ;-. .
NO EFFECT FOR NOMINAL MISSION. LOSS OF AERCSURFACE CONTROL. NOSE WHEEL

| STEERING(APU'S 1 & 2), BRAKING, AND LOSS OF LANDING GEAR DEPLOY (APU 1) _
AEDUNDANCY UNTIL APU'S CAN BE STARTED: CRITKCALITY 1 FOR SYSTEM-INDUCED

o — A

| ABORT-ONCE-AROUND.IF APU'S ARE SHUTDOWN PRIGR TO INITIATION OF ABORT..

A "»“"":‘-:DlEFUE-rHQN.HlmE' et .;,;,IN e

WDESIGN:
THE VALVE IS NORMALLY CLOSED. TWO POSMION SOLENCID VALVE, AN WOULD NOT

| GE OPENED UNLESS APL HAS TO START N THE "INJECTOR COOLLPOSITION TO ALLOW

HOT RESTART; THEREFORE THE FAIL OPEN MODE IS REMOTE.

THE ENERGIZED SOLENOID, COKL ASSEMBLY 1S DESIGNED TO ELECTROMAGHETICALLY

ATTRACT THE PLUNGER SLIDE {ARMATURE) WITH FORGES T0 DVERCOME THE

S ALED BELLOWS SPAING FORCE. THE BELLOWS 1S MADE OF NICKEL AND PROVIDES A
DYNAMIC INTERNAL SEAL IN.CONJUNCTION WITH AN EFR {E515-8) STATIC SEAL THE
BELLOWS IS MECHANICALLY FITTED TO PLUNGER SLIDE TO ALLOW BELLOWS.-

COMPERESSION WHEN THE SOLENGID IS ENERGLZED.

ALL METALS USED INSIDE VALVEWITH THE EXCEPTION OF THE RELLOWS, COL -
WINDINGS. AND POWER LEADS ARE CONSTRUCTED OF CRES . MAXIMUM WORKING
PRESSURE (S 140 PSIA, PROOF PRESSURE OF 155 PSIG AND 8URST PRESSURE OF 200

PSIG. . T
VALVE IS PROTECTED BY INLET FILTER.

THE “IRJECTOR GOOL" POSITION OF THE COCKPIT SWITCH IS USED TO ENERGIZE
EACHVALVE \N THE ORBITER. - : o :

sk '
{B] TEST:¥ . ,
ATF INCLUDES CLEANLINESS YERIFICATION, PROOF PRESSURE TO 135 PSIG, LEAK
GHECKS AT 125 PSIG, FUNCTIONAL OPERATION, DIELECTHIG WITHETANDING VOLTAGE
{DWV). INSULATION AESISTANCE [IR), COIL RESISTANGE AND EXAMINATION OF

PRODUCT.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = CRITICAL FAILURE MODE
NUMBER: D4-2-CLV13-02

GRQUND TURNARCOUND TEST
ANY TURNARQUND CHECKOQUT TESTING IS ACCOMPLISHED IN ACC CRDANCE WITH

CMRSD

{C) INSPECTION:

RECEIVING INSPECTION

MATERIAL AND PROCESS CERTIRICATIONS ARE VERIFIED,

CONTAMINATION CONTROL

| CLEANLINESS TO LEVEL 300 IS VERIFIED BY INSPECTION. CORROSION PROTECTION (5

I

YERIFIED BY INSPESTION.

ASSEMBLY/ANSTALLATION

FOTTING AND TORQUING ARE VERIFIED BY INSPECTION. DIMENSICNAL INSPECTIONS
ARE PEAFORMED AND YERIFIED 8Y INSPECTION. LUSRICANT APPLICATION ON SEAL
RING IS VERIFIED BY INSPECTION. SURFACE FINISHES ARE VERIFIED BY INSPECTION.
MANUFACTURING, ASSEMBLY. AND INSTALLATION PROCEDURES ARE VERIFIED BY
INSPECTION. BELLOWS FABRICATION 15 VERIFIED BY INSFECTION. EB WELD IS
VERIFIED BY INSPECTION,

NOMDESTRUCTIVE EVALUATION
VISUAL INSPECTION LUNDER 10X MAGNIFICATION OF SEALING O-RING IS VERIFIED BY
INSPECTION, 1

CRITICAL PROCESSES
HEAT TREATMENT IS VERIFIED BY INSPECTION, SOLDERING REQUIREMENTS ARE

VERIFIED BY INSPECTION,

TESTING
TEST EQUIPMENT AND TOOL CALISRATION ARE VERIFIED BY INSPECTION. ATP 8
WITNESSED AND VERIFIED BY INSPECTION.

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

(O} FAILURE HISTORY;

CURRENT DATA ON TEST FAILUAES, FLIGHT FAILURES . UNEXPLAINED ANOMALIES, AN
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CAN BE
FOUND IN THE PRACA DATABASE

{E) OPERATIONAL LSE:

] NONE
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