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“ATLURE ®ODES EFFECTS AMALYS{S (FMEA) -- CRITICAL HARDNARE
KL=BER: M4-1EG-Lv015-%

SUBSYSTEH HAME: ELICTRICAL POMER GENERATION - CRYO, GENEREC
REVISION : 1 11/12/91
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PART NAME .  PART NLMBER

VENDOR MAKE VENDOR NUMBER
a SEU : SOLEMOID WALYE, 02 CAS SUPPLY MC284-0429-4100
3 EATON CONSOLIDATED CONTROLS 74405-4100
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----------------------------------------------------------------------------

B EXTENDED OESCRIPTION OF PART UNDER AMALYSIS:
SQLENDID YALVE, 02 GAS SUPPLY

REFERENCE DESIGMATORS:  40V4E5LVOLS

a QUANTITY OF LIKE ITEMS: 1
CNE PER VEHICLE

FUNCTION:
PROVIDES CAFABILITY TQ SHUT OFF 02 GAS SUPPLY TO FCP'S GURING GROUND
CPERATIONS.
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FAILURE MODES EFFECTS AKALYSIS (FMEA) -— CRITICAL FAILURE MOCE
HURJER: BA-1BG-1vQl5-01

REVISTIUNS 1 11712/91 &
SUBSYSTEM: ELECTRITAL POWER GENERATION - CRYD, GENERIC

CRITICALITY QF THIS
ITEH KAME; 3SOLINOID YALYE, 02 GAS SLPPLY FATLURE MODE:LIR]

T o e e e e e e

m FAILURE MODE:
FAILS CPEN QR INTERMAL LEAXKAGE

MISSION PHASE:

L0 LIFT-OFF
09 AM-JRBIT
GO DE-ORRIT
LS LANOTNG SAFING

o YEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLYM3EA
r 103 DISCOVERY

: 104 ATLANTIS
IC8  ENQEAVOUR

m CRUSE! .
MECHANTCAL SHOCK, VISZATION, CORRUSIONM, PHYSTCZAL BINDINGAJAMMING,
CONTAMINATLON, ZLECTRICAL QPEN DR SHORT

@ CRITICALITY 171 DURING [NTACT ABORT QHLY? HO

T e e e e e e e o AR W T R ke e ] -

REDUNDANCY SCREEN A) PASS
. B) FAIL
) PASS

aad

FASS/FATL RATIOHALE:
A

o B)

REDUNDANCY SCREEN 8 - ISQUATION CAPABILITY AND/OR POSITION OF YALVE ARE
NOT YERIFIABLE IN FLIGHT,

T L e e B ke A e W o T T P ok v o o o o

T L e W B = - i ————————— " . . T ) -

m {A) SUBSYSTEN:

NO EFFECT AFTER FIRST FAILURE. THE 22 GAS SUPPLY DISCOKNECT PROYIDES A
SECONOARY SEAL.
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HUMBER; Ma-18G-LY015-01

.FAILURE HODES EFFECTS AMALYSIS (FMEA) -- CRITICAL FAILURE MOOF

(B) [HTERFACING SUBSYSTEM(S):
SEME LS (A)

(T} MISSION:
SIME 25 (4]

(D} CREN, VEHICLE, AND ELEMENT(S):
SAME 25 {A&)

(€} FURCTIONAL CRITICALITY EFFECTS:

SN SLJITIONAL FAILURE 3F THE SAS SUPPLY DISICNNECT, FAILING OPEN, HAY
FESLLT I 0355 OF SYSTEM 22ESSURE IF SOTH “ANIFOLD ISCLATION YALVES Fa[l
T) CLOSE. LOSS DF SYSTEM “RESSURE RESULTS IN LOSS GF ALL THREE FUEL
CELL POWERPLANTS (L35S OF CRIW/VEHLICLE),

____________________________________________________________________________

(A) DESIGN:

VALYE T35 MAGNETICALLY _ATCHED., WALYE [5 IPRING-10ADED CLOSED. =0
ATCREN ABS FILTIR AT THE IHLET, WALVE COMTATNS NO S3FT 20005 14
CONTALT WITH THE FLUTO. MOVIKNG PAATS ARS GJLD PLATED TN REDUCE
FRICTION, FOUSING IS CONSTAUCTED CF CRES 304 TJ PREVENT LCOARROSION.
~LL YALYE CCHPONENTS ARE COMPATIBLE WITH WORXING FLUIDS, WALYE IS
MULNTED WITH BOOY AX{S FIAPENDICYLAR TQ WEHICLE X-AX[S TC MINIMIZE
VIBFATIGN EFFICTS, YALYE IS DESIGHED TQ CLOSE WITH A WINIMLM OF 128
VOLTS [NCMINAL JRBITER 3US YELTAGE (S 23 WOLTS).

(8) TEST: '

QUALLFICATICN TEST VERIFIED NORMAL QPERATICN DURING SHOCK (20 G) ANO
JIBRATICK (0.1 G SQ/HI MAXIMUM RANDOM, +/- 0.25 G PEAK SINUSCIOAL] aNO
CHERMAL CPERATING LIFE TZ5T (TQTAL OF 3000 CYCLES FROM -234 TC +220 DEG
F AT OPERATING PRESSURE).

ACLERTANCE VEST VERIFIES FUNCTIONAL CPERATION OF MAGNETIC LATCHES, NG
EACESSIVE INTERNAL DR EXTERNAL LEAKAGE AND THAT PRESSURE GROP IS WITHIN
LMITS.  YALVE YERIFIED CLEANED TQ LEVEL 200A 8Y PARTICLE COUNT AND
NOM-VOLATILE RESIQUE, VYALYE IS FURTHER VERIFIED DURING PANEL MODULAR
ASSERELY AND SUBSYSTEM CHECKOUT.

OMRSD: VALVE OPERATION YERIFIED DURING TURNAROUND CHECKGUT AND DURING
TERMINAL CCUNT,

(C) INSPECTION:

AZCEIVING INSPECTION
MATZR[AL AND PROCESS CERTIFICATION DOCUMENTS ARE REIVIEWED FOR
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FAGET PRINT DATE: Ca/01,32

FAILURE MODES EFFECTS ANALYSIS (FMEA) -~ CRITICAL FAILURE MODE 9{7-‘.
NUMBER: Md4-1BG-L¥O15-0] :

CIMPLIANCT WivH PROGRAM REJUIREMENTS,

CONTAMINATION COMTRCL

ALL CE-ai PARTS ARE CLIANED PTR 20CKWELL APPROVED SUPPLIER PROCIDURES.
ALL CE:ACL PARTS ANO SUBASSEMBLIES ARE WISUALLY NSPECTED FOR FYIOENCE
CF LCNTAMINATION AT 40X MAGNIFICATTON, ALL CRES DETAILS ARE PASSIVATED
10 PREVZNT CORROSION, THE YALYE 13 VERIFIED CLEANED Td LEVEL d00A

ASSEMBLY /[NSTALLATION

ALL DETALL PARTS ARE [MSPECTED UNDER 40X MAGNIFICATICN FOR SURFACE
FIN.5H BURRS AND DAMAGE. THREAD LUBRICATION, TCRCUENG AND LJCKWIRE TS
VERIFIEDS 8Y OC. OOCUMENTATISN IS REVICWEC T0 VERIFY RIZCRNING 5F SdTM
AN ZAP JIMENSIONS USED TC OBTAIN AND MEASURE ARMATLRE STAQKEI.

TRITICAL PROCESSES

THE GOLD PLAT{NG PROCESS I5 WITHESSZD AND THE PLATED ARMATURE 1S
WISUALLY INSPECTED UNOER MAGNTFICATION FOR PLATING QEFECTS. VALVE SZAT
WELDS ARE LEAK CHECKED UNDER FULL PROOF PRESSURE AND VISUALLY [NEPESTZD
UNDER 20% MAGNIFICATION, ELECTRON BEAM WELD PROCESS L5 VERIFIED 3¢
SECTIONING A SAMPLE VALVE SEAT 70 DETESMINE WELD INTEGRITY (20X
MAGHIFICATION INSPECTION). .

TESTING '

ALL 3PATNGS ARE LOAD TESTED AT DETAIL LEVEL AMD ARE LOT TRACEABLEZ. .
LATCH FORCES ARE CALISRATED AKD VERIFIED BY INSPECTION DURIMG FINAL

ALLEFTANCE OF THE MAGNETIC LATCH. INTERNAL LEAKAGE IS YZRIFED LESS

THAN 18 SCCM OURIMG VALVE ACCEPTAKCE TESTING,

HANOL ING/PACKAGING
HANOL NG, PACKAGING, STORAGE AND SHIPPING PROVISIONS ARE VERLFLED BY
INSPECTION,

o {0) FAILURE HISTORY:
CAR NO. 23834-CI0 OCWNEY, VALVE PBKEL ATP
AN 02 SIJTRECTICKAL MANIFOLD SHYTOFF WALYE EXMIGITER INTERMAL LEAKAGE
CURING DOWNEY 02 PANEL ACCEPTANCE TESTING. TEE QUT OF SCECIFECATION
-EAKAGE «€3§ ATTRIBUTED TQ EXCESS FOROSITY OF THE BALL (POPPET) MATERIAL.
LLRRECTIVE ACTION INCLUBED CORRECTION OF THE BALL'S MANUFACTURING
PROCESSES TQ ELIMINATE THE EXCESS POROSITY.

CAR NO. 49895-010 SUPPLIER, ATR

AN HZ AIDIRELTIONAL MAMIFOLD SHUTUFF VALYE FAILED [TS INSULATLGN
RESISTANCE TEST. AN ANALYSIS DETERMINED THE CAUSE TO BF BURKED
LEADWIRES WHICH QCCURRED DURING WELDING OF THE UMIT'S CLOSEQUT PLUG.
THE WIRES WERE IN CONTALT WITH THE VALVE'S OUTER £OVER OURING THE
AELDING PROCESS OUE TO THE LEADWIRES BETNG EXCESSIVELY LONG.
CIRRECTTVE ACTICN [NCLUDED INCORPORATION OF AN INSPECTION STATION ON
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. FAILURE MODES EFFECTS ANALYSIS (FWMEA) -- CRITICAL FAILURE MOQE

NUMSER: WA [RG-LVO15-01

“RE OPERATION ASSEMBLY SHEETS 70 REQUIRE [NSPECTICN OF ThE LEADWIRE
LENGTH FRIDR TO [NSTALLATICN OF THE CONNECTCR.

CAR MO, ACTO74-010 OOWNHEY, VALVE PANEL ATP

~C7326-010 DOWNEY, WALYE FANEL ATP .
sHoAZ ARD AN Q2 BIDIRECTIONAL MANEFOLD SHULTOFF VALYE FAILED TO TRANSFIR
TO THE CLOSED POSTITION DURING OCWNEY FAMEL ICCEPTANCE TESTING.
THEPECTICN REVEALED CCRROSION AND FLAKING OF THE SOLD PLATING JN 30TH
VALVES' ARMATURES. FAILURE DF THE VALVES TD TRANSFER WAS ATTRIBUTED 117
THE PLATTNG PROBLEM. M&P EVALUATION [NDICATED THE- PLATING PROBLEM TO
SE TYRICAL OF POOR PLATING PREFARATION TECHNIQUES, THE ARMATURE 2LaTNG
SRCBLEM WAS [SQLATED TQ Tw0 JF THEEE PLATING MaRUFACTUREZS A1™Y PARTS
FLATED BETWEEZH 1381 AND 13E3.
CCRRECTIVE ACTION [NCLUDED: THE RETURM OF ALL YALVES [DENTIFIED TO HAVE
SLSPECT PLATING FOR ABMATURE INSPECTION AND REPLACEMENT 25 REQUIRED,
AND RETURN OF UNITS ALREADY INSTALLED WITHIN S YEARS OF [TS PLATING
CATE. IN ADODITION, [WPROVED CONTROLS OVER PROCESSING AND TMSPECTION OF
~EMATUAES AND VALVES AT THE vALVE MANUFACTURER WERE [MPOSED. SEE MCR
11065 FOR ~OOITIOWAL DETAIL.

CAR NQ. ADO9CO-Q10 DOWMEY, YALYE PAKEL ATP

AN 02 2I012ECTIOMAL MANIFOLD SHUTOFF VALYE FA{LED ~0 TRANSFTR CLOSED AT
THE REQUIAED TSPLT YOLTAGE (18 YOLTS) CURING GOWNEY PAMEL ACCEPTANCE
TESTING. ONCE THE YALVE CLOSED AT A HIGHER ThAN NOFMAL THPUT VOLTAGE
(23,2 VOLTS), THE YALVE QFERATED SATISFACTIRILY WITH FURTHER CYCLING.
INSPECTION WITHIN THE YALYE FAILED TQ REVEAL ANY D!SCREPANCIES.

“RE PRCBLEM HAS CLOSEC WITH THE FOLLOWING RATIOMALE: “H'S 1S5 THE FIRST
FEPORTCI INSTANCE QF A BIDIRECTIOMAL YALVE FAILING TO CLOSE WHOSE CAUSE
COULD NOT 2E [OEMTIFIEQ, THERE HAS BEEM TWO OTHER BIDIRECTICNAL VALVE
FAILURES WHICH FATLEQ T3 CLOSE BUT THE CAUSE WAS ATTRIBUTED TO FLAKING

oF THE ARMATURE'S GQLO PLATING. THE PLATING 0N THE FA[LED YALVE'S

~RMATURE APPEARED SATISFACTCRY. IN ADDITION, THE VEWICLE'S INPUT
WOLTAGE IS ROUGHLY 28 VDC WHICH WOULD HAVE BEEN MORE THAN ADEQUATE TO
LLOSE THE SUSPECT VALVE.

SISIRECTIONAL SHUT OFF YALVES ARE USED ON THE 02 & H2 MANIFOLDS WHICH
=AE LEFT SPEN THROUGHOUT A FLIGHT ANO WOULD NOT BE CLOSED UNLESS
RECUIRED OUE TO A SYSTEM FAILLRE. THESE VALVES 4RE ALSOD USEQ FOR THE o2
% HZ GAS SUPPLY VALVES WHICH ARE VERIFIED TO BE CLOSED PRIOR 7O LAUNCH.

CAR NO. AD3199-010 SUPPLIER, RECFIVING INSPECTION

AD3437-010 SUPPLIER, RECEIVING INSPECTION

A00325-010 X3C, Ov-102, GROUND CHECK
Tnld HZ BIOIRECTIONAL T-0 SHUTGFF VALVES EXHIBITED EXCESSIVE INTERNAL
LEAKAGE AT THE 3JUPPLIER. OKE VALVE HAD BEEN REMOVED FROM QV-104 AND
CHE WAD BEZH REMOVED FROM OV-103, FOR INSPECTION OF THE GOLD PLATING ON
THE WALVE'S ARMATURES. THE CAUSE OF LEAKAGE WAS IDENTIFIED IN 8OTH
CASES T2 BE A RESULT OF SADTAL CRACKS QN THE VALVE SEATS. CRACKS WERE

M4-1BG - 73

vaGL: 2 PRINT JATE; Q47017832

-



PAGE: & DQINT [ATE: 04/71/82 G2

FAILURE MOOES EFFECTS AKALYSIS {FMEA} -- CRITICAL FAILURE mManE
NUMBZR: M4-18G-L¥015-01

SCUNG AT 20TH THE UPPCR 24D LTWER WELDS.

AN A2 SIDIRECTIONAL MAMIFALD SHYTOFF WALVE SXHISITID INTEAHAL LIAKAGT
CURING OV-102 SYSTEM CHECKGUT. LEAKAGE wAS YERIFIED AT 7S syreLrcz
2ND [WEPECTICN REWEALED AN INDENTATION O4 THE vALVE'S SEAT SZALTNG
SCRFACE. A LEAk CHECK OF THE SEAT ALSO EVEALED & CIRCUMFERENTIA.
<AACK ALONG THE SEAT WELD, ~NALYSIS [DENTIFIED WMQIAL RACKS at T=E
E0TTOM WELD SIMILAR TQ "HE VALYES RIPORTID IN CARS AD3199-010 ANO
203437-010,

SulH LEAKAGES ARE OMRSD SCREENABLE ZYERY TURNAROUKD BY & MANIFOLD
PRESSURE CECAY TEST (10 PSI/LO MIN REPRESENTING 18 SCCM ALLOWABLE
LEAKAGE].

a (E) OPERATIOHAL USE:
MO CREW ACTICH AFVER FIRST FAILLRE. A

FTZR SECOND FAILURE CREW WIL:
ATTEMPT [SOLATION OF LEAK TO MANITOLO | Y CLOSING ITS MARIFOLO VALVE.
___________________ _ APPROVALS - TTTmmmemmmemees
AELTABILITY ENGINEZRING: M, 0. WSt I D)oo =ode
DESIGH ENGINEERING  : M. M, SCHZIERN - A i

GUALLTY YANAGER ;2. J. EUTTNER W
HESA SELIABILITY : =

NASA SLESYSTEM MANACGER .
HASA QUALIYY ASSURANMCE :
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