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'FAILURE WODES EFFECTS ANALYSTS (FMEA) - CRITICAL HARDWARE

NUMBER: 73-1-0310-X 1258

SUBSYSTEM NAME: MA:iN PROPULIICN
REYISION : 1 04/10/90

PART HAME ' PART HUMBER
VENDOR NAME YENDOR HUMBER
B LRU : VALYE, riut, 2 IN. M{284-2%97..0020
a FAIRCHILD CGMTACL SYITEMS 74328000~ 145
--------------- FART DATA T T

----------------------------------------------------------

a EXTENDED DESCRIPTION OF PART UNDER AMALYSIS:
FILL INBOARD LO2 valvE, % "NCH, PNEUMATICALLY OPERATED, INCLUDES 4

RELIEF wALYE.
m REFERENCE DESIENATORS: %19

w UANTITY OF LIKE ITEMS: 1
OME LOZ

m FUNCTION:
PROVIDES A MEANS DF LOADING AMC DRAINING THE E£T THROUGH THE PROPELLANT

FEED SYSTEM. THE YALYE, 3LONG WITH THE OUTBOARD FILL AND DRAIN YALVE
(PVa), PROVIDES A REDUNDANT MEANS OF CONTAINING PROPELLANT IN THE FEED
SYSTEM, THE VALVE IS MOUNTED DN THE EffD LIME MANIFOLD T0 [SGLATE THE
- FILL LINE FROM THE FEED SYSTEM. THE YALYE [S CLOSED AFTER LOADING
[R OROER TO DRAIN THE FILL LINE (PRICR TO CLOSING THE OUTBCARD FILL &
ORAIN VALVE)}. BOTH THE INBOARD AND QUTEQARD VALVES REMALN CLOSED
DURING ENGIME QPERATION ANO ARE OPEMED FOR MPS YACUUM [NERT TD VENT LO2
RESIDUALS. BOTH VALVES ARE OPEN FOR LO2 DUMP [N RTLS AND TAL ASORTS,
THE INBOARD VALVE REMAINS OPEN AFTER DUMP/INERT, THROUGH REEMTRY AND
LANDING. THE VALVE INCORPORATES AM ANTI.SLAM MECHANISM 7O PREVENT :
SLAMMING DAMAGE ZURING IMPROPER VALVE GPEN/CLOSE QPERATIONS. THE
VALYE INCORPORATES A RELIEF VALVE, RELLEVING FROM THE FILL LINE [NTO
THE MANIFQLD: AND A PORT FOR INSTALLATION OF 002 RELIEF SHUTQFF
ISBLATION VALVE (P¥7).
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FAILURE MODES EFFEETS. ANALYSIS (FMFA) —- cnmr.n FATLURE MODE

KUMBER: 03-1-0110-05 P -
P

REVISION# 1 G4/10/90
SUBSYSTEM; MAIN PROPULSION
LRU zvaLvE, FILL, B IN, CRITICALITY OF THIS

ITEM MAME: VALVE, FILL, 8 IN. FAILLURE MODE:] -]

A A A R M S L o e G Y N S S . AL oW e e

FAILURE MODE :
FaIiLS TO RELIEVE L02 FILL LINE BOILOFF IKTQ FEED MANIFQLD.

WESSIOW PHASE:
LA LIFT=-0FF

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
' 103 QISCOVERY
108  ATLANTIS

RIS

CAUSE:
BIMDING.

CRITICALITY 1/) DURING INTACT ABORT ONLY? NO

REDUNDANCY SCREEN A) N/A
B) N/A
£ N/A

:1;35 FFAIL RATIONALE:

B}
€)

= FAILURE EFFECTS -

- -

{A) SUBSYSTEM:

REEULTS IN POSSIBLE OWERPRESSURIZATION AMD RUPTURE OF THE FILL LIME
OUE TO PRESEMCE OF GOZ RESIDUALS FROM DRAINBACK. POSSIBLE
OVERPRESSURIZATION OF AFT COMPARTMENT AND FIRE/EXPLOSLION HATARD. BLADE
LIFTOFF FORM THE VALVE SEAT MAY ALLOW RELIEF INTD THE MANIFOLD, BUT
THIS FUNCTION IS NOT A DESIGN REQUIREMENT AMD WMAS NOT BEEM CERTIFIED.

(B) INTERFACING SUBSTSTEH{SJ.
SAME AS A.

03=-1 - 11B4.14F
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FAILURE MODES EFFELTS AMALYSIS (FMEA} -- CRITIZAL FAILURE mODE 1.
NUMBER: 03-1-0310-05

s (C) MISSION:
POSSISLE LOSS OF CREW/VEW!CLE.

a {B) CREW, VEHICLE, AND ELEMENT(S):
SAME AS C.

w (E} FUNCTIORAL CRITICALITY EFFECTS:
Ikf2, 2 SUCCESS PATHS. TIME FRAME-OTED F/D VALVE CLOSURE 70 DLUMP.

1) INBOARD FILL AXD DRAIN VALVE (PV10D) FAILS 70 RELIEVE.
Z) INBUARD FILL AND DRATH YALME (PYIO) LEAKS IYCESSIVELY.

RESULTS IM LOZ LEAKARE INTD FILL LINE., SUBSEQUENT FAILURE 2F THE
RELIEF YALVE MAY CAUSE OQVERPRESSURIZATTION AND QUPTURE 2F THE LINE.
POSSTILE FIRE/EXPLOSION HAZARD [N AFT COMPARTMENT. P2QSSIELE (055
JF GHE SUPPLY OURING MANIFOLD REPRESSURIZATION RESULTING IN LOSS of
AFT COMPARTMENT PURGE (RTLS AND TAL ABORT CRITICAL). POSSIBLE L255

OF CREW/WEMICLE.

e el e it b LB LT L B R L L L T e —————
'

= DISPGSITION RATIONALE -

R T W T YW W e o ol WP N U N A ol S B L . A

m (A) DESIGH:
THE RELIEF VALVE MAS CYCLED 5000 TIMES (2500 EACH AT AMBIENT AND
CRYOGERIC TEMPERATURES) DURING CERTIFICATION TESTING. THE MAIN VALVE
BLADE (CLOSURE) LIFTS OFF FADM ITS SEAT AT 70 RSID AS WAS DETERMINED
IN CERTIFICATION TESTING OF THE LO2 VALVE. THE RELIEF VALVE {5 OF
SIMPLE OFSIGN CONSISTING OF SEVEN PARTS. & SPMERICAL POPPET IS SPRING
LOADED ONTO A KEL-F SEAT ANO IS CLOSELY GUIDED THROUGHOGT ITS SHORT
STROKE. TO FURTHER PREVENT BINDING, ALL SURFACES WITHIN THE RELLEF
VALVE THAT ARE IN CONTACT WITH THE ALUMINUM GXIDE POPPET ARE HARD
ANODIZED &061-T651. CONTAMINATION IS MORE LIKELY 10 PREVENT CLDSURE

RATHER THAN PREVENT QPENING.

w {B) TEST:
ATP

ANTI-SLAM YALVES (BEFORE ASSEMBLY INTO THE ACTUATOR) - EXAMINATION DF
PRODUCT; AMBIENT PROOF (1275 PSIG): AMBIENT AND CRYD FLOW; AMBLENT AND
CRYO CRACKING PRESSURE; POST TEST EXAMINATION,

ACTIATOR {BEFORE ASSEMBLY ONTO THE FILL AMD DRAIN VALVE) - EXAMINATION
OF PRODUCT; POSITION INDICATION; AMBIEMT PROOF (1275): ELECTRICAL
CHARACTERISTICS: AMBIENT EXTERNAL LEAKAGE,

RELIEF VALVE ASSEMBLY (BEFORE [NSTALLATIOK INTD THE FILL & DRAIN

03~1 = 11824.14%
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FAILURE MODES EFFECTS AMALYSIS (FMEA} -- CRITICAL FAILURE MODE 1
: NUMBER: 03-1-0310-05

.}
=

W]
- .

VALVEY- EXAMINATION OF THE PRODUCT; AMBIENT PROOF {340 PSIG); AMBIINT
AND CRYD CRACK/RESEST (15-50 PSIDY 44D INTERNAL _TAKAGE; POST TEST
EXAMINATION.

FILL AND DRAIK WALVE ASSZMBLY -
EXAMINATION OF PRODUCT

ELECTRICAL BONDING

AMBIENT PROOF WITH VALVE OPEN (358 PSiG)} AND CLOSED (275 PSID) APPLIED
AT INBOARD SIDE

£EYD PROOF WITH VALVE OPEN (358 PSIG) AND CLOSED (358 PSID) APPLIED AT
INBOARD SIDE

AMBIENT AND CRYD EXTERNAL LEAKAGE OF YALVE 30DY (270 PSIG)
CRYO EXTERNAL LEAKAGE OF ACTUATOR (740 PSIG} '

AMBIENT SNO CAYQ RESPONSE TTME (NORMAL AT 400 AND 7a0 PSiG ACTUATOR
PRESSURE, AND SLAM AT 740 P3iG)

AMBIENT AND CRYQ ACTUATOR LEAKAGE FROM PORT TO PORT

AMBIEMT AND CRYO VALVE SHAFT SEAL (PRIMARY AND SECONDARY) LEAKAGE WITH
270 PSID ACROSS THE SEAL :

AMBIENT AND CRYD VALVE INTERNAL LEAKAGE {INLET-TO-QUTLET WITH 15 PSID,
GUTLET-TO=-INLET WITH 270 PSIG) '

' AMBIENT AND CRYO RELIEF VALVE CRACK AND RESEAT (1S TO 50 PSI0)
POST TEST EXAMINATION

CERTIFICATIDN

STRUCTURAL LOWD AT CRYQ TEMPS (-300 DEG F) (AXIAL, SHEAR, TORSION,
BENCING) WITH THE YALVE IN TEMSION, PERFORM VALVE RESPOMSE TIME
(NOMINAL AMD SLAM) ACTUATOR INTERMAL LEARAGE, PRIMARY AND SECONDARY
SHAFT SEAL LEAXAGE, INTERNAL LEAKAGE (DUTLET-TO-INLET AND
INLET-T0-OUTLET), RELIEF VALVE CRACK AND RESEAT, AND EXTERMAL LEAKAGE
(BODY AND ACTUATOR) TESTS.  REPEAT WITH THE VALVE IN COMPRESSION,

YALVE LIFE CYCLING:
3400 CYCLES AT AMSIENT TEMPERATURE WITH 5 PSIG IMTERNAL PRESSURE {525

03~-] = 1184.150
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FAILURE MODES EFFECTS ANALYSIS (FMEA} -- CRITICAL FAILURE MODE
NUMRER: 03-1-0310-05

NORMAL CYCLES AMD 1875 SLAM CYCLES)

100 AMBIEMT CYCLES {50 NORMAL =MD 50 SLAM CYCLESY WITH vALVE INLET
YENTED TO ATMOSPHMERE &MD vALVE OUTLEY CONMNESTED ™0 A & CURIC FOQT
JOLUME PRESSURIZED 70 220 PSIG WITH 302

2400 CRYO TEMPERATURE {-300 DEG F) CYCLES WITH 220 PSIG INTERNAL
PRESSURE {1775 NORMAL CYCLES AMD §25 SLAM CYCLES)

100 NORMAL CRYQ CYCLES WITH THE YALVE INLET VENTED 7O ATMOSPHERE AND
THE QUTLET PRESSURIZED TO 220 PSIG

FOR THE FOREGUING LIFE TEST. PRIDR TO AND EVERY 106 CYCLES TREREAFTER,
ACTUATOR INTERNAL LEAKAGE, PRIMARY AND SECONDARY SHAFT SEAL LEAKASE,
AND VALVE INTERMAL LEAKAGE (OUTLET-TQ-INLET) TESTS WERE PERFORMED.

RELIEF VALVE LIFE CYCLING :
2500 CYCLES AT CRYO (-160 OES F) TEMP. 2500 CYCLES AT SMBIENT.

FOLLOWING EACH 500 CYCLES PERFGURM FILL OND BRAIN VALVE IWTERANAL
LEAKAGE {OUTLET=TO-INLET AND INLET-TQ=JUTLET}, AND CRACK/RESEAT TESTS.

POST CYCLE EXAMINATION.
VIBRATION:

PRE-VIBRATION TESTS -

VALVE RESPONSE TIME (NORMAL AND SLAM), ACTUATOR INTERWAL LEAKAGE,
PRIMARY AMD SECONDARY SHAFT SEAL LEAKAGE, INTERNAL LEAKAGE
(OUTLET-TO-INLET AND INLET-TO-OUTLET), CRACK AND RESEAT, AND EXTERMAL
LEAKAGE (BODY AND ACTUATOR)

TRANSIENT SINUSOIDAL VIBRATION -
270 PSIE AND -250 DEG F IN EACH AXIS

RANDOM VIBRATION TESTS -

13.3 HOURS IN EACH OF THREE AXES WITH VALVE CLOSED AND AT -250 DEG F
MAXIMUM. HALF OF THE TIME THE VALVE INTERNAL PRESSURE IS 270 #31G;
THE OTHER MALF AT 5 PSIG. ONCE EACH HOUR, CLOSING PRESSURE IS REMOVED
FROM THE ACTUATOR. ALSO BOTH CLOSING AND QPEWING PRESSURES ARE
APPLIED COMCURRENTLY TO THE ACTUATOR., IN BOTH CASES THE VALVE REMAINS

CLOSED

DESIGN SHOCK: 1B SHOCKS OF 15G EACH - THREE IN EACH DIRECTION ALONG
EACH OF THREE AXES, ALL WITH VALVE OPEN AND ACTUATOR YENTED

03i=-1 =~ 11§4.151
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FAILURE MODES EFFEETS AMALYSIS {FMEA] — CRITICAL FAILURE MODE

NUMBER: 03-1-0310-05.

DESIGN SHOCK POST TEST:

AMBIENT _ yALVE RESPOMSE, INTESNAL AND EXTERNAL LZAKABES e~
CRYOD - JALVE RESPCRSE, NTERMAL aND EXTTRNAL LEAKAGES L :
ELECTRICAL CHARACTERISTICS: =OSITISN IRDICATION

BURST: 413 PS[G VALVE CPEN 412 P5IG JN QUTLET J7 CLOSED VALYE, 1700
PSIG ACTUATOR

GROUND TURNARQURD TEST
v418H0.030 #v10,22 RELIEF VALVE FUNCTICNAL (EVERY FIFTH FLIGHT)

{C) INSPECTION:

RECEIVING INSPECTIGN

RAWM MATERTALS ARE VERIFIED BY INSPECTION FOR MATERIAL AND PROCESS
CERTIFICATION. BODY HOUSING FURGING 15 ULTRASONICALLY AND PENCT2ANT

INSPECTED.

CONTAMIMAT (DN CONTROL ' .
PARTS ARE vERIFIED CLZAN “0 LEVEL 3004, THE ACTUATOR T3 CLEANED TO
4004,

ASSEMBLY/TNSTALLATION

ALL PARTS ARE PROTECVED FROM DAMAGE AND CONTAMINATION. L9G OF CLEAN
ROOM AND TOOL CALIBRATION ARE VERIFIED BY IMSPECTION, ALL SURFACES -
REQUIRING CORRCSION PROTECTION ARE VERIFIED. VISUAL {IX TQ 7X) AND
OIMENSIONAL INSPECTION CF VALVE BOOY AND COMPONENTS ARE VERIFIED
CURING ASSEMBLY.  THREADED FASTENMER TORQUES ARE VERIFTED BY
INSPECTION. MANGATORY INSPECTION POINTS ARE INCLUDED IN THE ASSEMBLY
PROCEDURE .

CRITICAL PROCESSES
HEAT TREATMENT AND DRY FIILM LUBE APPLICATION ARE VERLFIED BY

INSPECTION,

NOM OESTRUCTIVE EVALUATION
VALVE BODY, PRIDR TO FINAL MACHINING, IS SUBJECTED TO DYE PEHETHAHT

INSPECTION. REQUIREMENTS FOR DETAIL PARTS PENETRANT INSPECTION ARE
BASED UPON COMFIGURATION, MATERIAL, AND MANUFACTURING PROCESSES.

TESTING
ACCEPTANCE TEST VERIFIED 8Y INSPECTION.

HANOL ING/PACKAGING
PACKAGING FOR SHIPMENT VERIFIED BY INSPELTION.

#H} FAILLURE RISTDRY:
HERE HAVE BEEN M) ACCEPTANC: TEST, QUALIFICATION TEST, FIELR OR

03-1 - 1134.15zZ
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.; EFF S (FMEA) -~ CRITICAL FATLURE MOOE
FAILURE MODES EFFECTS AMALYSIS (FMEA) R o 0310-05

FLIGHT FA[LURES ASSOCIATED WITH THIS FAILURE MOGE .

a (E} OPERATIONAL USE:
ND CREW #CTION CAN BE TAKEN.
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RELTIABILITY ENGIMEERING: K. ANVAR]
DESIGN ENGINEERING : H, P. SAFFORD
QUALITY ENGINEERING : 0. J. BUTTNER
NASA RELIABILITY :

NASA SUBSYSTEM MAMAGER :

NASA QUALITY ASSURANCE :
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