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SUBSYSTEM MAME: CREITAL MANEUVEAING SYSTIM (SMS) .
REVISION : & 02/05/31
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PART NAME PART NUMBER
VENDOR MAME YENDOR NUMBER
B .=l : YALVE, TANK I[SOLATION, 19X MC2RA.0230.0023,/0047
] PARKER HANNTTIN ©OTTECCE3-.33/.06
a LAk : VALVE, TANK [SCLATION, FUEL MC284-5430-002270028
g FARKER -AARNITIHN 5750630~ 03/106
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EXTEMDED DESCRIPTIOM OF PARY UNDER AMALYS[S: .
VALVE, TANK [3QLATICN, a,C. MOTGR AGTUATED, 11%/200 ¥, AL, 3-PHASC, <50
He, 1.0 AMP MAX (2-PMASE), 1.0 AMP {3 PHASE). (L7482, 384, 461, 4&3,
=62, 584, 541, 563}

GLANTITY OF LIKE ITEMS: 8
4 PIR POD [PARALLEL)

FUNCTION;

TWO PARALLEY, REDUMDANT ISOLATION VALVES ARE USED PER TANX TO [SQLATE OMS
PROPELLANT (QURING OMS CROSS-FEED. THEY ARE ALSO USED T PREVENT HELIUM
INGESTION TO ENGINE AT PROPELLANT RUM OUT, TO [SOLATE LEAXS BY MAMUAL
SWITCH ACTUATION, AND ARE ALSO USED QURING GROUND OPERATIONS. FUEL AND
OXIDIZER VALVE ARE DPERATED INDEFEMDENTLY FOR C/0. THE ACTUATOR ASSEMBLY
CONSISTS OF 115 v.A.C., 400 HZI, THREE PHASE MOTOR (CAPABLE OF 2Z-PHASE
OPERATION) QPERATING THROUGH A PLANETARY GEAR TRAIN WITH MICROSWITCRING
TO CONTROL MOTOR POWER. THE FLOW ASSEMBLY CUNSISTS OF LIFT-OFF BALL
VALVE ACTUATED THROUGH A KUTATING FINGER ORIVEM BY THE ACTUATOR. AN
INTERNAL RELIEF DEVICE IS5 PROVIDED., THERMAL SWITCHES ON EACH AL PHASE
iﬂ;igRUPT ELECTRICAL POWER WHEM YALVE HOUSING REACHES A TEMPERATURE GF
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FAILURE MOOES EFFECTS ANALYSIS (FMEA) -- CRITICAL FAILURE MODE
NUMBER: 03-3-2007-01

REVISLONS & J3/45/91 R
SUBSYSTEM: COBITAL MEMEUVER[MG 3VETEM [ZMS5]
LRU :¥AVE, TANK ISQLATICN, OX CRITIZALITY OF TMIS
ITEM NAME:= JALJE, TANK ISQLATION, FUEL FAILURE MODE:.RZ
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m FAILURE MCDE:
INTIRHAL LIMAGE, TAIL CPEN, F3IL3 70 CLOSE, FAILS 77 AEMAIN 053350

MISSION PHASE:
L3 LIFT-OFF
oo Je-0RBLT

w VEMICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
103 DISCAVERY
104 ATLANTIS
L5 EMOEAYDUR

CAUSE:

CONTAMINATION, CORROSIAN, MATEAIAL DEFECT, SEAT CRACKS, FPRIMATURL
SIGNRL, RELIEF GEVICE FAILURE, JAMMING OF BALL SHAFT QR CAMS, CONTROL
SWITCA FAILURE, MOTOR FAILURE, PROPELLANT LEAK INTQ ACTUATOR CAVITY.
TWO OF 3 THEAMAL SWITCHES FAIL ON OR OFF DEPENDENT O8 VALVE POSITION,

ERITIU«.LIT‘I' I/1 DURING INTACT ABORT ONLY? NO

- e e kel <l ol A P o o ol e A A T o el A N ok ok

REDUNDANCY SCREEM A) PASS
. B} PASS
C) PASS

:?’SSIFAIL RATICNALE:

— FATLURE EFFECTS -

{2} SUBSYSTEM:
SUBSYSTEM DEGRADATION - LOSS OF REDUNDAMCY, LOSS OF ABILITY TO ISOLATE
TANK IN REACTION TD FAILURE.
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{B) INTERFACING SLUBSYSTEM(S):
L0535 & AEDUNGANCY FIA LEAX [SCLATION [2ACK-UP 70 JM§ JRISSFEZD 43L4L
F2R INTERZINMECT GR RTS CROSAFIEDY.

(C) MISSION:

NO SFFIZT.

(D) CREN, VEHICLE, AND ELEMENT{S):
SME 1S (C)

(E) FUNCTIGNAL CRITICALITY EFFECTS:

PUTENTTAL LCSS OF CREW/NEHICLE. EXCESSIVE LCSS OF ARCPELLANY JUE 70
NaILITY TO 1SOLATE eXTIRNAL LEAK, (NABILITY 70 ISOLATE M3 FRCM RLS
FCA INTERCONNECT OF RCS CROSSFEED. INSBILITY TO JTILITI 3QQPELLANT

#3CM OPROSITE PZD TN OMS CROSSFEED. BA3 HCE TION INTQ GMS ZaGINg AT

PROPELLANT RUN-QUT,

- OISPOSITION RATIONALE -

il e e A O N N N o O G A A I N G RN R A e e il ol ol R W W

(A) DESIGN;

AC MOTOR VALVE IS 1-PHASE - ¢ OF 3 WINOINGS ARE ADEGUATE FOR VALVE
FUNCTION. SER{ES (HYBRID) RELAYS PAOVIDE REQUNDANCY FOR ELECTRICAL
POWER SIGNAL. REOLNDANT MICRO SWITCHES ARE PROVIDED FOR CLOSING, 4
4CO-MICRON FILTER IS UTILIZED OM THE [NLET ANG OUTLET TO LIMIT THE
PCTENTIAL FOR CONTAMINATION CAUSED FALLURE OR JAMMING OF MQVING PARTS.
GPC OR MANUAL COMMAND CAPABILITY IS PROVIDED. OUAL BALL SEALS ARE
PROVIDED FOR B81-DIRECTIONAL SEALING, BELLOWS IM VALVE FLOW SECTION
[SOLATES PROPELLANT FROM ACTUATOR ELECTRICAL CUMPONENTS. BELLOWS ARE
TWO PLY .003* THICK RESISTANCE WELDED TOGETHER, AND THEN EB WELOED TO
TWO EMD PIECES, WHICH ARE THEN E3 WELDED INTO THE VALVE. THE BELLOWS
ARE FILLED WITH KRYTOX GREASE. SWITCHES ARE WERMETICALLY SEALED TO
PREVENT PROPELLANT FRUM REACHING CONVACTS. MATERIALS ARE SELECTER THAT
ARE COMPATIBLE WITH PROPELLANTS. ALL THREE PHASES OF THE MOTOR CONTAIN
& THERMAL SWITCH. THE THERMAL SWITCH FROVIOES OVERTEMPERATURE
PROTECTION FOR THE VALVE'S ACTUATOR. THE SWITGH [S DESIGNED TO OPEN AT
255 OEGREES FAHREWHELT AWD CLOSE AT 225 DEGREES FAHREMHEIT,

= (B) TEST:
QUALIFICATION TEST
(4 UNITS), SHOCK, ENDURANCE ({2500 CYCLES), THERMAL CYCLING {+20 T0
+150 DEGREES F.), RANDOM vIBRATION, PROPELLANT EXPOSURE, SURGE
PRESSURE, BURST (2000 PSIY, THE vALVE WAS CONTINUCUSLY POWERED FOR
SEVEN DAYS WITH THERMAL SWITCHES CYCLING QN AND OFF (TEMPERATURE [5 NOT
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FAILURE, MOOES EFFECTS AMALYSIS {FMEA) — CRITICAL FAILURE MODE

NUMBER: Q3-3-2007-01

ALLGWED O EXCEED 3CQ GEGRETS FAMRENFEIT). ALSC CUALIFIED A% FLAT OF
PCO ASSEMBLY - VIZRD-ACOUSTIC TESTING AT ISC (131 FOUTYALINT MISSLONES,
SCT-FIAE TEST PROGRAM AT WSTF - 517 TESTS (24 fOUIWALZHT ¥ISTICNSY.
<APRCY, 7 YEARS PROPELLANT Fipasyare,

AGOHITIONAL CUALIFICATION TESTING WAS PIIFSAMED TO EviLyATS JELLOWS
PITRLEMS. THE TESTING CONSISTED 0F 3 1°0-MIS2{ON LIFE TE8T (2LTUATING
CYCLIS AND SURGE PRESSURES) ON FALVES W!TH [AMAGED 3f_L0WS, THREE
VSITS HAVING BELLTWS WITH THE MAXIMUM CISTCATION ALLIWED WESE U521 Fra
THIS TESTING. {™W0 UWITS WTAE AEMOVED FRCM 3 VEYICLE 2KD OME FACM
SPARES). WO UMITS COMPLETED § MISSIONS AND 1 COMPLETED 50 “I£S[ONS.
AS A RESULT FLIGHT UNITS aRE TO BE CHECKED FOR BELLOWS LEZKAGE PRTIR 70
EACH MISSIOM, ADDITICNAL ACCEPTANCE TESTS FOR REWORKED YALVES And NE4
ValLYES JEE:

1Y HELEUM MASS SPEC OF THE SELLOWS FIR 10 MINUTES AT A MAX T34 QAT OF
10-8 SCCS. .

2) HELIUM MASS SPEC OF THE BELLOWS ASSEMELY AFTER INSTALLATION INTO

THE YALYE 200Y, BUT PRIOR TO KIyTOX FiLL FOR 30 MINUTES AT A MAX FiK
RATE GF iD-7 SCCS. '

3) REPEATE) FILL, WEISH, AND CLEAN PROCISSES TO VERIFY XRYTOX LEVE. !
OVER 95% FILL.

g] A-RAY BEFQRE AND AFVER FROOF PRESSURE TO DEMOMSTRATE 4O BELLOWS
AMAGE.

ACCEPTANCE TEST

M PROCESS BELLOWS LEAK TEST, THERMAL PROTECTION SWITCH ACTUATION,
PROOF AND EXTEANAL LEAKAGE, INTERNAL LEAKAGE, RELIEF VALVE FUNCTION,
iEEE:T?NEES?IERATIDH. ELECTRICAL PERFOAMANCE, PRESSURE DAOP,
CLEANLINESS.

GROUND TURNAROUND
V43CA0.045 PERFORMS FIRST FLIGHT ELECTRICAL VERIFLCATION.
vd3(B0.130 PERFORMS INTERMAL LEAK CHECKS ON 10 FLIGHT INTERVALS.
V43CB0. 120 {TANK ISOLATION VALVE RELIEF DEVICE £/0) VERIFIES FROPER
~ FUNCTION OF RELIEF DEVICE AT 10 FLIGHT INTERVALS.
¥A3CRO. 18% REQUIRES EACH FLIGHT SNIFF TEST TO YERIFY NO PROPELLANT
VAFOR IN VALVE ACTUATOR.
¥43CAD.070 ;ggrunns REDDNDANT CIRCUIT VERIFICATION ORBITER/ POO EVERY
FLIGHT,
V43CA0.072 PEAFORMS REDUNDANT CIRCULT VERIFICATION ORBITER/POD EVERY

FLIGHT.

VA3CAQ.Q75 PERFORMS ELECTRICAL INTERFACE VERIFICATION URBITER/POD ON A
CONTINGENCY BASIS.

VAILFQ.010 PERFORMS PROPELLANT SERVICING TO FLIGHT LOAD EVERY FLIGHT
AND VERIFIES PROPELLANT CONFORMANCE TO SE-5-0C073.
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m {C) INSPECTION:
RECZIVING IMSPECTION
MATERJALS AND PROCISIES CIRTIFICAVIOND IAE WERISTZD dy THSPEZrIM,

CINTAMINATICN CONTIOL
CWIANLINESS TQ LEVEL 200 FOR MWW AND Z0QA FORE NTQ 3ND CISRRLS M
PROTECTION PROVISIONS ARD WERIFIED 2y INSPECTICN.

ASSEMBLY/INSTALLATIN

MANUFACTURING ASSCMBLY AND INSTALLATIONM PROCEDURES ARE VER[FIeD BY
THSPECTION, CRITICAL DIMENSIONS aMD SURFACE FINISHES ARE WERIFIED BY
INSPESTION, AQCITIONGYL [MSPECTIONS MAVE EEEN ADDED FOR NEW MALVE
BUILAS INCLUGING LOO% INSPECTION OF SELLOWS WELD, W#ZLO SAMPLES AT
BEGINNING QF EACH SHIFT, AND INSFECTION OF €4AC0H CALLAR AFT=R TRIMMING,
BELLOWS KRYTOX FILL VERIFICATION IS ALSJ PERFORMED,

NCNRESTRUCTIVE EVALUATICM

CASTINGS ARE PENETRANT AND ¥-33y INSRECTED ON THE CEVAIL LEVEL. WEL DS

RECEIVE YARIOUS COMBINATIONS OF X-RAY, PENETRANT, VISUAL AND LEAK TEST.

SOME WELDS SUCH AS BELLOWS END WELDS ARE NOT X«RAYED. SBEL:OWS ZND

WELDS ARE LEAK TESTED AND VISUALLY EXAMINED, THE VALVE (3 X-RAY

EEEFEE;EE AFTER PROGF PRESSURE TEST TO YERIFY THAT THE BELLOWS HAS nOT
LA '

CRITICAL PROCESSES

THE WELDING PROCESS AND VERIFICATICN THAT WELDS MEET SPECIFICATION
REQUIREMENTS ARE WERIFIED BY INSPECTION. MWELDING PER 2 EPS 5750023,
SOLDERING PER NRBS300.4 (3A) AND KRYTOX fFILL PER 2 EPS 5750023 ARE
YERIFIED BY INSPECTION.

TESTING

TEST EQUIPMENT AND TOQL CALIBRATION ARE VERIFIED BY INSFECTION,
ACCEPTANCE TEST IS VERIFIED BY INSPECTION, THERMAL SWITCH ACTUATION
VERIFIED AT PRE-ACCEPTANCE TEST LEVEL (PRIOR TO ASSEMHLY INTD VALVE).

HANDLING/PACKAGING _
HANOLING, PACKAGING, STORAGE AND SHIPPIMG REQUIREMENTS ARE YERIFIED 8Y
INSPECTION,

m {0) FAILURE HISTORY:
THIS FAILURE HISTORY AEFERS T ANQ IS APPLICABLE TO BOTH THE GMS AND
RLS, NUMEROUS CASES OF QUT-QF.SPEC INTERNAL LEAKAGE, MOST 4ERE
RELATIVELY MINQR AMD WOULD NOT CAUSE TYPE OF PROBLEM REFERENCED !N
FAILURE EFFECTS. MOST DECREASE SIGNIFICANTLY UPON PROPELLANT
EAPOSURE, EXCEPTION TS LEAKAGE DUE TO RELIEF DEVICE UAMAGE.
PROCEDURES WERE REVISED TO MINIMIZE POTENTIAL FOR RELIEF DEYICE DAMAGE
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FAILURE MODES EFFECTS AMALYSIS {FMEA} -- (RITICAL FAILURE MODE PAGE 5T 9F

MUMBER: 03-3.72067-01
SURING CHELXOUT AND GROUNC OF3.

"HI§ FLILJRE MISTIRY RIFIRS TC 34D IS APPLITAELE T2 B0TH THE CMS aND
L5, EI34TEEN CASES CF VALYE FAIL T FYNITION DUE 70 30120 WALYE
POSITIZN TNLIZATIR (WPIY SWITIRED (18 FLISAT, 2 ZATUND).

TAR IIFENL ACCRISSES LIMIT SWITCM FATLURES, THE CAITICAL TANK AND
CROSSFEEG JALVE SwITCHES ARE BEING REPLALID WiTH "PIND® TISTEL
SWITCHES JURING THE PAST E7S-5IL STAND OOWN PERID0.  ACTUATORS WITH
PINC-TESTED SWITCHES SRE [N PRCOUCTION, PLAB CHANGEZUT ON ATTRITIZN
SAS1S (EACEPT WALYES CRITICAL FOR AABORT).

THI5 FAILJRE HISTORY REFZAS TO AND IS APPLICASLE TO BOTH TAE (M3 AMD
363, 3 TOTAL OF 13 BELLOW FA[LURES MAVE BEEN AECORDED T DATE FCR OMS
~dD RCE. :

1y 2 FAILUAES WHTSH YAVE NOT BESN EYALUATED SRE RECCRDED OM AD3IVE,

{2} & WERE JUE T3 PCROSITY (PCRCUS WELD AT END COLLAR AND ARE
ECCRRES ON ACT0L3).

{3) 4 WEAE DUE TO COLLAPSED BELLCWS (DEFORMED BELLOWS CONVOLUTES) aND
ARE RECORDED OM AQOO3S [INCLUDES L FALLURE FROM ITEM 2) ABOVE wHiCH
ALSQ EXWIBITED POROSITY.

DEFCRMATION QF THE BELLOWS HAS BEEN ATTRIBUTED TQ INSUFFICIENT FILL UF
THE BELLOWS WITH KRYTOX DURING ASSEMBLY. THE DEFORMATION QCCURS
DURTNG SUBSEQUENT PROOF PRESSURE TESTING, TAALE DELTA VERIFICATION
TESTS WERE CONDUCTED ON VALVES WITH DEFORMED BELLOWS. ALL THREE
VALYES DEVELQPED LEAKS (REF AD1637) ACROSS THE BELLOWS OURING TEST.
TWO VALVES COMPLETED & MISSIONS AND DNE VALVE COMPLETED 50 MISS[OHS.
THE LEAKAGE WAS LESS THAN L X10 -4 SCCS. HOWEVER THIS LEAK RATE CAN
AESULT IN A KON-FUNCTIONING VALVE AFTER AN EXTENODED FROPELLANT EXPOSURE
TIME IN THE ACTUATOR., THE ALLOWABLE LEAK RATE FOR THE BELLOWS HAS
BEEN CHANGED TQ 1 ¥ 10 EXP-8 SCCS, IMPAROVED PROCESSES AND PROCEDURES
INCLUDING YERIFICATION UF PROPER FILL OF THE BELLQWS WITH KRYTOX HAVE
AEEN [MPLEMENTED FOR FUTURE BUILDS. ALL INSTALLED VALVES WERE
INSPECTED BY X-RAY FOR BELLOWS DEFORMATION. VALVES WITH UNACCEPTABLE
BELLOWS WERE REPLACED. A SNIFF TEST OF ALL YALYE ACTUATORS I3 ALSO
REQUIRED FUR EACH FLIGHT.

(E) OPERATIOMAL USE:

USE OPPASITE POD'S PRAOPELLANT FIRST AKD COMPLETE IN STRAIGHT FEED IF
QM5 CROSSFEED IS NECESSARY.
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RELIABILITY ENGINEERING: J. M. HART
DESIGN ENGINEERING ! ¥. F. RDINQS
QUALITY ENGIMEERING : 0. J. BUTTHER
NASA RELIABILITY :

NASA SUBSYSTEM MANAGER :

NASA QUALITY ASSURANCE :
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