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FAILURE MQUDES EFFECTS ANALYSIS (FMEA) - CRITICAL HAROWARE
HUMBER: 04-2-CLV13-IM-X

SUBSYSTEM NAME. AUXILIARY POWER UNIT {APU)

REVISION: 0 0372154
PART NAME PART NUMBER
VENDCH NAME VENDOR NUMBER
LRU - VALVE SQLENCID ME289-0588-0001
VALCOR ENGINEERING V27200-709
PART DATA

EXTEMDED CESCRIPTION OF PART UNDER ANALYSIS:
VALVE SOLENQID, WATER, NCRMALLY CLOSED

GQUANTITY OF LIKE {TEMS: 3
THREE. ONE PER APU

FUNMCTION:

CONTROLS FLOW OF COOLING WATER TS APU GAS GENERATOR (GG} TO LOWER
INJECTOR TUSE BAANGH PASSAGE TEMPERATURES TC PREVENT HYDRAZINE
DETCNATION DURING APU HOT RESTART. GG INJECTOR COOLING MUST BE
PERFOAMED PRIOA TG APU START IF GG INJECTOR OR BED TEMPERATURE IS ASOVE
415 DEG F (DUE 7O SOAKBACK) PER VASTOX740 DR V46 TOX22A. CREW OPENS VALVE
FOR 209 SECONDS (MINIMUM; WITH CONTRQLLER POWER OM AND APL OPERATE
SWITCH IN “INJECTOR COGL* POSITION. CREW MONITCAS AEAL-TIME CISPLAY TO
CONEIRM INJECTOR TEMPERATURES ARE DECAEASING. AT END OF COOLIMNG
PERIQC, CREW MUST CYELLE APU DPERATE SWITCH TO "START/RLNT POSITION
IMMEDIATELYTO PREVENT REHEATING OF INJECTOR BRAANCH PASSAGES.

INJECTOR COGLING CAN BE USED FOR BOTH PAD AND MISSION APU HOT RESTARTS
(REFER TO THE FOLLOWING AEFERENCE DOCUMENTS).

REFERENCE DOCUMENTS: NSTS-18007, LCGC SECTIONS: APU-19, APU-20, APU-2+ 2 2.

NSTS-06334. (VOL 0} SO08 SECTION 3.44.3.5
NSTS 12820, FUGHT RULE SECTION 10-3
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL FAILURE MODE
NUMEBER: 04-2-CLV13-M-02

_ REVISION® 0 02154
SUBSYSTEM HAME: AlUXILIARY FOWER uNIT (&P
LAW: VALVE SOLENCID CRITICALITY OF THIS
| ITEM NAME: VALVE SOLENOID FAILURE MODE: 172

FAILURE MODE:
| EXTERNAL LEAK. STICK OPEN. INTERNAL LEAK

MISSION PHASE: pFliciAcwim

| Lo LIFT-OFF
oo ON-CREIT
EnTRy

VEHICLE/PAYLOADXIT EFFECTIVITY: (02 COLUMBIA
103 DISCOVERY
104  ATLANTIS
106 EMDEAYOUR

CALISE:
] CONTAMINATION, CORROSION ; JAmmel

[ CRMCALITY 14 DURING INTACT ABORT ONLYT YES

ACIA ABORT ONCE ARGUND

REDUNDANCY SCREEN A) PASS )

B} PASS

C) PASS
PASEFAIL RATIONALE:
)
B)
&

- FAILURE EFFESTS -

{A} SUBSYSTEM:

NO EFFECT FOR NOMINAL MISSION. GROSS WATER LEAKAGE RESULTS IN LOSS OF
COOLING CAPABILITY TO ALL THREE APU'S. POSSIBLE HYDRAZINE DETONATION AT
RESTART DUE TO EXCESSIVE GG BRANCH PASSAGE TEMPERATURE IF COOLING IS
NOT AVAILABLE. APU'S CANNOT BE SAFELY RESTARTED WITHOUT WATER COOLING
UNTIL GG INJECTOR OR BED TEMPERATURE (VASTOXT4A DR VASTOX224) FALLS BELOW
415 DEG F (APPROXIMATELY 4 HOURS AFTER SHUTDOWN).
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FAILURE MOGES EFFECTS ANALYSIS (FMEA) — CRITICAL FALUAE MOGE
: . NUMBER: 04-2-CLV1)-IM-02

1 {B) INTERFACING SUBSYSTEM(S):
NO EFFECT FOR NOMINAL MISSION. L OS5 OF SHAFT POWER TO ASSOCIATED

HYDFI;AULIC EYETEH{E]

{C) MISSION: (sar ""*“-*-‘*“»? .

MO EFFECT FORA MOMINAL MISSION. PRECLUDESSARE APU RESTART IN THE EVENT OF
CONTINGENCY ABODRT, OR SYSTEM-INDUCED A ITHIN FOUR HOURS OF APLY
SHUTCOWN. IF INJESTOR COOLING NOT ﬁVHLﬁBLE ABORTS F'GE_SHLY DELA"I'ED
UNTIL GG INJECTOR TEMPERATURES FALL WITHIN SAPE RANGE,

(D) CREW, VEHICLE, AND ELEMENT(S):

NG EFFECT FOR NOMINAL MISSION, LOSS OF CREWVEMICLE IF REENTRY IS
ATTEMPTED WITHOUT HYGRAULIC POWER POSSIBLE LOSS OF CREW/VEHICLE IN THE
EVENT OF EMEAGENCY SITUATION IF DEORSIT IS DELAYED. HAZARADCUS SONDITION
EXISTS IF APU HOT RESTART IS ATTEMPTED WITHOUT INJECTCR COOLING,

(E} FUNCTIONAL CRITICALITY EFFECTS: -

NG EFFECT FOR NOMINAL MISSION. LOSS OF AEROSURFACE CONTROL, NOSE WHEEL
STEERING (APUYS 1 & 2). BRAKING, AND LOSS OF LANDING GEAR DEPLOY (AP0 1)
REDUNDANGY UNTIL APL'S CAN BE STARTED. CRITICALITY. 1 FOR SYSTEM-INDUGED
ABORT-ONCE-ARQUND IF APLI'S ARE SHUT DOWN PRIOA TO INITIATION OF ABOAT,

.~ .. . HSPOSITION RATIONALE. -

]
{A) DESIGN:
THE VALVE IS NORMALLY CLOSED, DIRECT ACT ING [2 POSITION) SOLENQID VALVE,
AND WOULD NOT BE OPENED LKLESS APU HAS TO START IN THE "INJECTOR COOL*
FOSITION TO ALLOW HCT RESTAAT, THEREFOAE THE FAIL OPEN MODE |5 REMCOTE.
THE UNFOWERED VALVE IS SLOSED, WITH A RETUAN SPAING FORCING THE PLUNGER

ASSEMBLY INTO THE VALVE QUTLET.

THE ENGAGED SOLENOID COIL ASSEMBLY IS DESIGNED TO ELECTROMAGNETICALLY
ATTRACT THE PLUNGER ASSEMELY (ARMATLRE) WITH FORCES TO OVERCOME THE
RETUAN SPRING. WATER FLOW THRQUGH THE VALYE IS FILTERED THEN PASSES
THROWUSH A SINGLE FLOW PATH INTS THE PLUNGER. WITHIN THE PLUNGER, THE
FLOW SYMMETRICALLY TRIRADIATES AROUND THE INTEANAL SEAL . INTERMAL
SEALING 18 ACCOMPLISHED USING A CAPTURED EFR O-FING INSTALLED ON THE
PLUNGER ASSEMBLY SEATING IN A CONCIAL SHARED VALVE OQUTLET.

ALL METALS USED MSIDE THE VALVE, WITH EXCEPTION OF THE COIL WINDINGE AND

POWER LEADS ARE CONSTRUCTED OF 17-4, 17.7, 300 SERIES CRES. MAXIMUM
WORKING PRESSURE IS 145 PSIA. PROOF PRE ESUHE DF 220 PEK3 AND EURST

PRESSURE OF 200 PSIG.
VALVE IS PROTECTED BY A 40 MICRON INLET FILTER

THE '1MI€E1‘DFI COOL* POSITION OF THE COCKFIT SWITCH IS USED TGO OPEN EAGH
VALVE IN'THE ORBITER.
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FAILURE MOGES EFFECTE ANALYS!S {FMEA) — CRITICAL FAILURE MODE
. HUMBER: Q4-2-CLV13-IM-G2

(8} TEST: . - - .

ATP INGLUDES CLEANLINESS VERIFICATION, PAOOF PRESSURE TQ 220 PSIG, LEAK
CHEGKS AT 145 PSIG, FUNCTIONAL OPERATION, DIELECTRIC WITHSTANDING VOLTAGE
(OWV). INSULATION RESISTANCE (IR}, COIL RESISTANGE AND EXAMINATION OF -
PRODUCT. -~ - R

GROUND TURNAROUND TEST =
ANy TURNAROUND CHECKOUT TESTING IS ACCOMPLISHED IN ACCORDANGE WITH
OMRSD. |

AUALIFICATION TESTING HAS BEEN COMPLETED SUCCESSFULLY WITHOUIT ANY
FAILURES. THE VALVE CEATIFICATION CONSISTS OF BOTH TEST DATA AND
MATE RIAL/CONSTRUCTION ANALYSIS TO SATISFY DESIGN AND ENVIRONMENTAL

AECLNAEMENTS.

(C} INSPECTION:
| RECEIVING INSPECTION _
MATERIAL AND PROCESSES CERTIFICATIONS ARE VERIFIED.

| CONTAMINATION CONTROL

CLEANLINESS TO LEVEL 102 1S VERIFIED BY INSPECTION. CORROSION PROTECTION IS
VERIFIED BY INSPECTION,

| ASSEMBLYANSTALLATION 1 -

POTTING AND TOROQUING ARE VERIFIED BY INSPECTION. DIMENSIONAL INSPECTIONS
AAE PEAFORAMED AMD YERIFIED 8Y INSPECTION. SURAFACE FINISHES ARE VERIFIED
BY INSPECTION. MANUFACTURING, ASSEMELY, AND MANUFACTURING PROCEDURES
ARE VERIFIED BY INSPECTION. TIG WELDMENTS ARE VERIFIED BY INSPECTION.

| NOCNDESTRUCTIVE EVALUATION ' :
VISUAL INSPECTION UNDER 10X MAGNIFICATION OF SEALING O-RINGS ARE VERIFIED

HY IMSPECTION,

| CRITICAL PROCESSES
HEAT TREATMENT 18 VERIFIED BY INSPECTION. SOLDERING REQUIREMENTS ARE

VERIFIED BY INSPECTHON, ' -

| TESTING
TEST EQUIPMENT AND TOOL CALIBRATION ARE VERIFIED &Y INSPECTION. ATP 1S

WITHESSED ANMD VERIFIED BY INSPECTION.

| HANDUINGPACKAGING ' '
HANDLING, PACKAGING, STORAGE, AND SHIPPING PROCEDURES ARE VERIFIED.

(D} FAILURE HISTORY:
CURRENT DATA ON TEST FAILURES, FUIGHT FAILURES, UNEXPLAINED ANDMALIES, AND

OTHER FAILURES EXPERIENCED DURING GAOUND PROCESSING ACTIVITY CAN BE
FOLING.IN THE PRACA DATABASE.

{E} OPERATIONAL USE:
NONE

04-2 - 16.21
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FAILURE MODES EFFECTS ANALYSIS (FMEA} — CRITICAL FAILUAE MOCE
NUMBER: 04-2.CLY13-M-02

- APPRAOYALS «

PAE MANAGER K. L. FRESTON

PRODUCT ASEUAANCE ENGH : T. Al
DE3ZIGN ENGINEERAING 1J. G ROBINSON

HAZA S5MA :
HASA SUBSYSTEM MANAGER
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