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FAILURE MODES EFFECTS AMALYSIS (FMEA) —- CRITICAL HARDWARE
NUMBER: 03-1-0301-X

SUBSYSTEM NAME: MAIN PRCPULSEON
REYISION : 1 0a/10/90
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PART HAME PART WUMBER
VENDOR NAME _ VENDOR HUMBER
P T VALVE, FILL, 8 TN. MC284-0357-0021
- FATRCHILD COMTROL SYSTEMS 74328000-147
--------------- P;RT DATA T
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w EXTENDED DESCRIPTIGN OF FART LINDER AMALYSIS: _
FILL vALVE, 'MBOARD LMZ, & INCH, PNEUMATICALLY OPERATED, IMCLUDES A

PELICF YALVE.
= REFERENCE DESIGMATORS: 2vl2

w QUANTITY OF LIXE ITEMS: |
(ONE LH2

'w FUNCTION: :

PROVIDES A MEANS OF LQADING AKD DRAINING THE ET THROUGM THE PROPELLANT
FEED SYSTEM. THE VALVE, ALONG WITH THE OUTBOARD FILL AND ORAIN VALVE
(P¥1l), PROVIOES A REDUNDANT MEANS OF CONTAINING PROPELLANT IN THE FEED
SYSTEM. THE VALYE 15 MOUNTER QN THE FEED LINE MANIFOLD TO ISOLATE THE
FILL LINE FROM THE FEED SYSTEM. IT IS REQUIRED TO 8E CLOSED FOR
PROPELLANT TOPPING/REPLENISHMENT COPERATIONS. BOTH THE INSCARD aNp
GUTEOARD WALYES REMALN CLOSED QURING ENGINE OQPERATION. FOLLOWING
NOMINAL GR RTLS/TAL ABORY MECD, THE INBOARD & OUTBOARD FILL VALVES ARE
SOFTWARE COMMANDED QPEN FOR OQUMP- OF RESIDUAL LHZ, THE INBOARD VALVE
REMATNS OPEW AFTER [RERTING THROUGH REENTRY AND LANDING. VALVE .
INCORPORATES AN ANTI-SLAM MECHAMIZM TO PREVENT VALVE SLAMMING DAMAGE
DURING IMPROPER VALVE OPEN/CLOSE OPERATIONS. THE VALVE ALSO- :
INCORPORATES A RELIEF VALVE, RELIEVING FROM THE FILL LINE INTO THE
MANLFOLD: AND A PORT FOR IMSTALLATION OF LHZ2 RELIEF SHUTDFF ISOLATION

VALVE {PVB).
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FAILURE MODES EFFECTS ANALYSIS {FMEA) = CRITICAL FAILL!RE MCDE
HUMBER: D3-1-D301-05

REVISION® 3 0110/84 R
SURSYSTEM HAME: MAIN PRORULSION ;
LRU: VALVE FILL, 81N, CRITICALITY OF THIS
ITEM NAME: VALVE FILL. BN, FAILLIRE MODE: 1/1

FAILLRE MODE:

FAILS TO RELIEVE LHZ FILL LINE BOILOFF INTO FEED MANIFOLD.
MISSION PHASE: '
LO LIFT-OFF

YEHICLERAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
103 DISCOVERY
104 ATLANTIE
105 ENDEAVOUR

CAUSE:
BIMCHMG.

CRITICALITY 1/1 DURING INTAGT ABORT ONLY? NO

REDUNDANCY SCREER A) WA

B) N/A

) NVA
PASS/HEAIL RATIONALE:
A}
B)
C)

. FAILURE EFFECTS

(A} SUBSYSTEM: '

RESULTS IN POSSIBLE OVERPRESSURIZATION AND RUPTURE OF THE FILL LINE DUE
TO PRESENCE OF GHZ RESIDUALS FROM DRAINBACK. POSSIBLE
OVERPRESSURIZATION OF AFT COMPARTMENT AND FIRE/EXPLOSION HAZARD.
BLADE LIFTOFF FROM THE VALVE SEAT MAY ALLOW RELIEF INTG THE MANIFOLD, BUT
THIS FUNCTION IS NOT A DESIGN REQNREMENT AND HAS NOT BEEN CERTIFIED.

{BE) INTERFACING SUBSYSTEM(S):
SAME A5 A,

(C) MISSION:
PQSSIBLE LOSS OF CREW/VEHICLE.

(DY CREW, VEHICLE, AND ELEMENT{S):
SEAME AS C.
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FAILURE MQDES EFFECTS ANALYSIS {FMEA) = CRITICAL FAILURE MODE
NUMBER: 03-1-0301-05%

{E) FUNCTIONAL CRITICALITY EFFECTS:

1RA/2, 2 BUGCESS PATHS. TIME FRAME OTBD F/D VALVE GLOSURE TO DUMP.
1) INBOARD FILL AND DRAIN VALVE {P¥12) OR TOPFING VALVE (PV13) LEAKS
EXCESSIVELY.

2) INBOARD FILL AND DRAIN VALVE (PV12) FAILS TO RELIEVE.

RESULTS IN LH2 LEAKAGE INTO FILL LINE. SUBSEQUENT FAILURE OF THE RELIEF
VALVE MAY CAUSE OVERPHRESSURIZATION ANC RUPTURE OF THE LINE. POSSIBELE
FIRE/EXPLOSION HAZARD IN &FT COMPARTHMENT. POSSIBLE LOSS OF HELIUM
SUPPLY DURING MANIFCLD REPRESS RESULTING N LOSS OF AFT COMPARTMENT
PURGE (ATLS AND TAL ABORT CRITICAL). POSSIBLE LOSS OF CREW/VEHICLE.

-DISPOSITION RATIONALE-

{A) CESIGN:

THE RELIEF VALVE WAS CYCLED 5000 TIMES (2500 EACH AT AMEIENT AND
CRYOGENIC TEMPERATURES) DURING CERTIFICATION TESTING. THE MAIN VALVE
BLADE {CLOSURE) LIFTS OFF FROM ITS SEAT AT 70 PSIC AS WAS DETERMINED IN
CERTIFICATION TESTING OF THE LO2 VALVE. THE RELIEF VALVE |5 OF SIMPLE
DESKSN CONSISTING OF SEVEN PARTS. A GPHERICAL POPPET IS SPRING LOADED
ONTO A KEL-F SEAT AND IS CLOSELY GUIDED THROUGHOUT ITS SHOAT ETROKE. TG
FURTHER PREVENT BINDING, ALL SURFACES WITHIN THE RELIEF VALVE THAT ARE IN
CONTACT WITH THE ALUMINUM OXIDE POPPET ARE HARD ANODIZED 6061-T651.
CONTAMIMNATION IS MORE LIKELY TQ PAEVENT CLOSURE RATHER THAN PHEVENT
CHFENING.

(B) TEST:
ATP

ANTI-SLAM VALVES (BEFORE ASSEMBLY INTO THE ACTUATOR) EXAMINATION OF
PRODLICT; AMBIENT PROGF {1275 PSIG): AMBIENT AND CRYO FLOW; AMBIENT AND
CRYO CRACKING PRESSURE: POST TEST EXAMINATION.

ACTUATOR (BEFORE ASSEMELY ONTO THE FILL AND DRAIN VALVE} EXAMINATION OF
PRODUCT: POSITION INDICATION; AMBIENT PROGF (1275), ELECTRICAL
CHARACTERISTICS: AMBIENT EXTEANAL LEAKAGE.

RELIEF VALVE ASSEMBLY (BEFORE INSTALLATION INTO THE FILL AND DRAIN VALVE)
EXAMINATION OF THE PRODUCT. AMBIENT PROCF (340 PSIG); AMSIENT AND CRYO
CRACK/RESEAT (15-50 PSID) AND INTERNAL LEAKAGE; PCST TEST EXAMINATION.
FILL AND DRAIN VALVE ASSEMBLY -

EXAMINATION OF PRODUCT -

ELEGTRICAL BONDING

AMBIENT AND CRYQ PROOF WITH VALVE OPEN AND CLOSED - 143 PSIG

AMBIENT AND CRYO EXTERNAL LEAKAGE OF VALVE BODY {110 PSIG)

CRYO EXTERNAL LEAKAGE QOF ACTUATOR (740 PSIG)
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -~ CAITICAL FAILURE MODE
NUMBER: 03-1-0301-05

AMEBIENT AND CAYO RESPONSE TIME (NORMAL AT 400 AND 740 PSIG ACTUATOR
FRESSURE, AND SLAM AT 740 PSIG)
AMBIENT AND.CRYO ACTUATOR LEAKAGE FROM FORT TQ PORT

AMBIENT AND CRYQO YALVE SHAFT SEAL (FRIMARY AND SECONDARY) LEAKAGE WITH
110 PSID ACRGSS THE SEAL

AMBIENT AND CRYO VALVE INTERNAL LEAKAGE {INLET-TO-OUTLET WITH 15 PSID,
OUTLET-TO-INLEY WITH 110 PSID)

AMBIENT AND CRYQ RELIEF VALVE CRACK AND RESEAT (15 TO 50 PSID)

POST TEST EXAMINATION

CERTIFICATION

STRUCTURAL LOAD AT CRYQ TEMPS (400 DEG F) (AXIAL, SHEAR, TOASION, BENDING)
WITH THE VALVE IN TENSION, PERFCRM VALYE RESPCNSE TIME (NOMINAL AND
SLAMY ACTUATOR INTERNAL LEAKAGE, PRIMARY AND SECONDARY SHAFT SEAL
LEAKAGE, INTERNAL LEAKAGE (OUTLET-TO-INLET AND INLET-TO-QUTLET), CRACK
AND RESEAT, AND, EXTEANAL LEAKAGE (BODY AND ACTUATOR) TESTS. REFEAT
WITH THE VALVE IN COMPRESSION.

VALVE LIFE GYCLING:

2400 AMBIENT TEMPERATURE CYCLES WITH 5 PSIG INTERNAL PRESSURE {525
NORMAL CYCLES AND 1875 SLAM CYCLES)

100 AMBIENT CYCLES {50 NORMAL AND 50 SLAM CYCLES) WITH VALVE INLET VENTED
TO ATMOSPHERE AND VALVE OUTLET CONNECTED TO A 4 CUBIC FOOT VOLUME
PRESSUAIZED TO 110 PSIG WITH GN2

2400 CAYQ TEMPERATURE ({-400 DEG F} CYCLES WITH 50 60 PSIG INTERNAL
FRESSURE {1775 NORMAL GYCLES aND 625 SLaM CYCLES)

100 NORMAL CRYO CYCTLES WITH THE VALVE INLET VENTED TQ ATMOSPHERE AND
THE OUTLET PRESSURIZED TG 110 PSIG.

EOR THE FOREGODING LIFE TEST, PRIOR TO AND EVERY 100 CYCLES THEREAFTER,
ACTUATOR INTERNAL LEAKAGE, PRIMARY AND SECONDARY SHAFT SEAL LEAKAGE,
AND VALVE INTERNAL LEAKAGE (OUTLET-TO-INLET) TESTS WERE PERFORMED.
RELIEF VALVE LIFE CYCLING:

2500 CYCLES AT CRYO (400 DEG F) TEMP, 2500 CYCLES AT AMBIENT.

EOLLOWING EACH SO0 CYCLES PERFOAM FILL AND DRAIN VALYE INTERNAL LEAKAGE
(OUTLET-TO-INLET AND INLET-TO-OUTLET), AND CRACK/RESEAT TESTS. POST GYCLE
EXAMINATION.

VIBRATION:
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FAILURE MODES EFFECTS ANALYSIS (FMEA) - CRITICAL FAILURE MODE
_ NUMBER: 03-1-0301-05

PRE-YIBRATION TESTS - VALVE BESPONEE TIME (NORMAL AND ELAM), ACTUATCR
INTERMAL LEAKAGE, PRIMARY AND SECONDAAY SHAFT SEAL LEAKAGE, INTERNAL
LEAKAGE (OUTLET-TO-INLET AND INLET-TO-OUTLET), CRACK AND RESEAT, AND
EXTERNAL LEAKAGE (BCDY AND ACTUATOR).

TRANSIENT SINUSOIDAL VIBRATION -
| (AT 110 PSIG AND -250 DEG F) IN EACH AXIS

RAMDONM VIBRATION TESTS -

113.3 HRS IN EACH OF THREE AXES WITH VALVE CLOSED AND AT -250 DEG F MAXIMUM.
HALF ©OF THE TIME THE VALYE INTERNAL FRESSURE 1S 110 PEIG, THE OGTHER HALF AT
5 PSIG. ONCE EACH HOUR, CLOSING PRESSURE IS REMOVEDR FROM THE ACTUATOR.
ALSO BOTH CLOSING AND OFENING PRESSURES ARE AFFLIED CONCURRENTLY TO
THE ACTUATOR. IN BOTH CASES THE VALYVE REMAING CLOSED.

DESIGN SHOCK: 18 SHOCKS OF 15G EACH THREE IN EACH DIREGTION ALONG EACH
QOF THREE AXES, ALL WITH VALVE OFEN AND ACTUATOR VENTED

DESIGN SHOCK POST TEST:

AMBIENT VALVE RESPONSE, INTERNAL AND EXTERNAL LEAKAGES. CRYO VALVE
RESPONSE, INTERMNAL AND EXTERMAL LEAKAGES. ELECTRICAL CHARACTERISTICS;
POSITION INDICATION.

BURST: 165 PSIG VALVE OPEN 165 PSIG ON OUTLET OF CLOSED VALYE, 1700 PSIG
ACTUATOR

GROUND TURNARGQUND TEST
V41BH0.030 PV10,12 FILL VALVE FUNCTIONAL {(EVERY FIFTH FLIGHT)

{C} INSPECTION:

RECEVING INSPECTION

RAW MATERIALS ARE VERIFIED BY INSPECTION FOR MATERIAL AND PROCESS
CERTIFICATION. BODY HOUSING FORGING |S ULTRASCONICALLY AND FENETRANT
INSPECTED.

CONTAMINATION CONTROL
PARTS ARE YERIFIED CLEAN TO LEVEL 400. THE ACTUATOR IS CLEANED TO 400A,

ASSEMBLY/INSTALLATICN

ALL FARTS ARE PROTECTED FROM DAMAGE AND CONTAMINATION. LOWG OF CLEAN
ROOM AND TOOL CALIBRATION ARE VERLIFIED BY INGFECTION. ALL SURFACES
REQUIRING CORRGSION PROTECTION ARE VERIFIED. VISUAL (3X TO 7xX) AND
CIMENSIONAL INSPECTION OF vALYE BOLDY AND COMPONENTS ARE YERIFIED
DURING ASSEMBLY. THREADED FASTENER TORQUES ARE YERIFIED BY INSPECTION.
MANDATOQRY INSPECTION POINTS ARE INCLUDED IN THE ASSEMBLY PAOCEDURE.

CRITICAL PROCESSES
HEAT TREATMEMT AND DRY FILM LUBE AFPLICATION ARE VERIFIED BY INSPECTION.

NON DESTRUCTIVE EVALUATION

YALYE BODY., PRICR TCQ FINAL MACHINING, 13 SUBJECTEDR TQ BYE PENETRANT
IMSPECTION. REQUIREMENTS FOR DETAIL PARTS PENETRANT INSPECTICN ARE
BASED UPOH CONFIGUHATICN, MATERIAL, AND MANUFACTURING PROCESSES.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = CRITICAL FAILURE MODE
NUMBER: 03-1-0301-05

TESTING

ACCEPTANCE TEST VERIFIED BY INSPECTION.

HANDLING/PACKAGING
PACKAGING FOR SHIPMENT VERIFIED BY NSPECTION.

{D) FAILURE HISTORY:
THERE HAVE BEEN NO ACCERTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FAILURES ASSOCIATED WITH THIS FAILURE MOLE.

(E} OFERATIONAL USE:
NO CREW ACTION CAN BE TAKEN
- APPROVALS
EDITORIALLY APPROVED TRl
EDITORIALLY AFPROVED 1 JSC
TECHNICAL APPROVAL :VIAGR
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