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LINE ASSEMELY, LJ2 RELIEF VALVE SENSE, ¢.38 IHCH DIAMETER. CONSISTS OF
TUBING SEGMENTS, MECHANICAL FITTINGS, AND BRAZE JOINTS.

FORCTION:;

THE LINE EXTENDS FROM THE PILOT SENSE FORT OF THE LD2 RELIEF VALVE RS
TO A PORT ON THE MANIFOLD SIDE OF THE 102 INBOARD FILL & DRATN VALVE

(F¥10), PROVIDING A PATH FOR THE RELIEF VALVE TQ SENSE LO2 MANIFOLD
PEESSURE. '

FAILTRE MGDE: :
. CLOGGED SENSE LINE, POST MECO.

CAUSE(S):
CONTAMINATION .

EFFECT(S] ON:
(A) SUBSYSTEM (B) INTERFACES (C)MISSION {D)CREW/VEHICLE

(A&, B} 3IENSE LINE CLOGS, ISOLATING THE RELIEF VALVE SENSING CAVITY FROM
MANIFOLD PRESSURE. TRAPPING HIGH PRESSURE IN THE SENSE CAVITY CoULD
CAUSE HRELIEF VALVE T¢ RELIEVE ABOVE SYSTEM PROOF PRESSURE (REFERENCE
FMER/CIL 0412~1}. THIS WQULD RESULT IN POSSIBLE LOZ MANTIFOLD LINE

RUFTURE AND LO2 LEAMAGE INTO AFT COMPARTMENT. POSSIELFE AFT COMEARTMENT
O¥VERPRESSURIZATION AND FIRE/EXFLOSION HAZARD.

(C,D) PUSSIBLE LOSS OF CREW/VEHICLE.
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SUBSYSTEM :MAIN FROPULSION FMEA NQ 03=1 —043536 =2 REV:05/03/8

(B} FUNCTIONAL CRITICALITY EFFECTS!
1R2, 2 SUCCESS PATHS, TIME FRAME - LOADTNG AND ASCENT.

1) RELIEF SHUTOFF VALVE (FV7) FAILS TO REMAIN CLOSED.
2) CLOGGED SENSE LINE RESULTS IN RELIEF VALVE {(RV5) LEAKAGE.

SENSE LINE CLOGS, TRARFPING LOW PRESSURE IN SENSE CAVITY. CAUSES
RELIEF VALVE TQ RELIEVE AT A LOWER PRESSURE SINCE INLET PRESSURE MUST

OVERCOME ONLY MAIN POPPET SPRING FORCE AND RESTIDUAL PRESSURE IN THE
PILOT SECTIAOH.

Lo2 WILL DUMP OVERBOARD (5200 POUNDS MAXIMUM} RESULTING IN LISS GOF
PROPELLANT AND PREMATURE ENGINE SHUTDOWN. FPIRE/EXPLOSION HAZARD
EXTERIOR TO THE VEHICLE. POSSIELE VIOLATION OF ET MINIMUM STRUCTURAL
REQUIREMENTS DUE TC REODUCED ULLAGE PRESSURE. POSSIBLE LOSS OF
CREW/VEHICLE, '

DISPOSITION & RATIQNALE:
(A)DESTICN (B)TEST (C)INSERCTYON (D) FATIIORE AISTURY (E)CPERATIONAL USE

{A] DESIGH
THE OXYGEN SYSTEM 1S5 CLEANED AND MATNTAINED AT A CLEANTINESS LEVEL OT

8CG0A. SYSTEM CONTAMINATION IS ALSC MINIMIZED DUE To THE PRESENCE QF AN
ET SCREEN, A GSE DEBRIS PLATE, AND A GSE FILTER.

(B) TEST

ATPE

TEE LINE ASSEMBLY 15 FPROOUF PRESSURE TESTED TO 285 PSIG AND LEAK CHECKED
AT 100 PSIC AFTER INSTALLATION IN THE VEHICLE.

CERTIFICATION

DYNATUBE FITTING TO CRES TUBING WAS CERTIFIED FOR THE APQLIC PROPULSION
SYSTEMS, THE FSE, A~%, C130A, 707, 727, AND 737 AIRCRAFT. THE TUBING WA:
QUALIFPIED BY SIMILARITY AND BY ANATYSIS FOR ORBITER USAGE EXCEPT FOR
FLEXURE FATIGUE AND RANDOM VIBRATION FOR THE LONC-LIFE ORBITER
REQUIREMENTS. DATA FROM THE MISSION DUTY CYCLES CONDIUCTED ON MPTA WERE
ALSD DEZED TO CERTIFY TUBING INSTALLATIONS,

DYNATUBE FITTINGS AND SEALS WITH CRES TUBING WERE SURJTECTED TO THE
FOLLOWING QUALTFICATICN TESTS:

PROCF PRESSURE

PRESSURIZED TO TWO TIMES OPERATING PRESSURE AND HELD FOR 5
MIRKUTES.
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SHUTTLE C~RITICAL ITEMS LIST - QREITER

SUBSYSTEM :(MAIN PROFULSION FMEA NO 03-1 -0456 =2 REV:QS5/123/783

EXTEENAL ZERWAGE

LEAK CHECKED AT 1-1/2 TIMES OPERATING PRESSURE. MAXTMITM
ALTOWARLE LEAX RATE I: 1lx10-6& ZCCE.

BUORST TEST
EXCEEDED 4 TIMES QPERATTHG FRESSURE-

IMPULSE TATIGUE :

200,000 CYCLES AT A& CYCLIC RATE oF 70 +/~- 3 CYCLES PER MINCTE
FROM ZEROQ PEIC TO SPERATING PRESSURE TO ZIERO PS1G.

FLEXUTRE FATIGIE

SPECIMENS WERE FILLED WITH HYDRAULIC FLUID AND FRESSURIZED TO

OPERATING FRESSURE. THE SPECIMENS WERE THEM TESTED TO 1C MILLICH
CYCLES OF FLEXURE.

YIBRATION
7 TEST SPECIMENS WERE SURJECTED ToO 45 MINUTES OF RANDOM VTRERATICH
AT 0.4 C2/7HZ, 30 MINOTES AT 0.7 G2Z/HZI AND 10 MINUTES AT 0.2 GI/HZ
AT AMBIENT PRESSURE AND TEMPERATURE CONUDITIONS.

OMRSD

V4-BED.02Z0 RVS LJ2 MANIFDLD RELIEF VALVE INTERNAL LEAK (IS}
V41PBHG.Q70 RVS LO2 RELIEF VALVE FUNCTIONAL/EXIT LINE LEAK CHEICK (I5)
V41BUD,. 150 LS2 FIEDLINE SCREEM INSPECTION (1I5) ’

V41BUD.162 102 FEEDLINE SCREEN INSPECTION - VERTICAL (I2S)
TA1BEZO.190 RVS, 6 SENSE LINE FLOW PATH (IS)

(€} INSEECTION

BECEIVING INSPECTION

RAW MATERIALS ARE VERIFIED BY INSPECTICM FOR MATERIAL AND PROCESS
CERTIIFLCATION.

CONTAMINATION COMTROL
CLEANLINESS T¢ LEVEL 300A IS VERIFIED BY INSPECTION. CORROSTON
FROTECTION IS VERIFIED BY INSFECTION.

ASSEMBELY/INSTALLATION

PARTS PROTECTICON FROM DAMAGE AND CONTAMINATION IS VERIFIED. COMPONENTS
ARE INSPECTED VISUALLY, DIMENSIONALLY, AND INCREMENTALLY DURING
FABRICATION. AXIAL ALIGNMENT OF DYNATUBE FITTINGS AND TUBING 1S
VERIFIED. TORQUES AND SEALING SURFACES ARE VERIFIED. LUBRICATION CF
THREADED FLOID FITTING COUPLINGS, WHEN REQUIRED, IS5 VERIFIED. MANDATORY
INSFECTICON PCINTS ARE INCLUDED IN THE ASSEMBLY PRCCEDURE.

CRITICAL FPROCESSES

INDUCTION BRAZING IS VERIFIED BY INSPECTION. ELECTRICAL BONDING,
ELECTROPOLISHING, HEAT TREATMENT, AND PARTS PASSIVATION ARE ALSO
VERIFIED. NICEKEL PLATING IS VERIFIED BY INSPECTIQN. J
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SUBRSYETEM :MAIN PROPULSION FMER NO 43-1 =l45m =2 REV:05/03/55

KONDESTRUCTIVE EVALIIATION
RADICGRAFPHIC INSPECTION OQF INDUCTION BRAZED JOINTS IS VERIFIED BY
[ INSPECTION. PENETRANT INSPECTICN OF DETAIL DARTS IS YERTFIED.

| TESTIRG
: ATP IS YERIFIED BY IN2PECTION.

HANDLING/PACKACTNG
FPACKAGING FOR SHIPMENT VERIFIED BY INSEECTION.

(D) FAILURE HISTORY

GEN TEM CONTAMIN

THIS FAILORE MODE HAS NOYT QCCURRED ON THIS COMBCNENT DUE TG

| CONTAMTHATICN. HOWEVER, GENERAL MPS SYSTEM COMTAMINATION HAS SECURRED
| WHICH MAY TODGE ANYWHERE IN THE SYSTEM CAUSING THIS FAILURE hylel el
(REFERENCE THE FOLLOWING PARACRADHS) .

CONTAMINATION FAILURES HAVE OCCURRED AT ALL FHEASES OF MANUFACTURING AND
PARTS REPLACEMENT. IN ALL CASES, STRICT ADHERENCE TO CIFANTIWZSE CONTRCL
‘ PROCEDURES IS THE PRIMARY METHOD OF CONTAMINATION PREVENTTION,

. NUMERQUS LARGE PARTICLES OF BELACK RUBRER MATERIAL WERE FOUND DURING &
POST FLIGHT EXAMINATION OF THE LH2 17 INCH DISCONNECT QF ovoee (FLIGHT 7/,
REFERENCE CAR AC3B8Q0). THE LOZ AND LH2 SYSTEMS OF ALL VEHICLES WERE
EXAMINED, NO RUBBER WAS FOUND IN ANY OTHER VEMICLES. AFTER EXTENSIVE

| INVESTIGATION THE CRIGIN WAS NOT DETERMINED.

METAL SHAVINGS HAVE BEEN DISCOVERED IN LINES AND COMPONENTS, WHICH WAS

! MOST LIKELY GENERATED WHEN THEY WERE CUT QUT AND/OR FEPLACED (REFERENCE

| CARs ACSB68, A9654, AC221d, AR1706; DR AD2226). METHODS ARE BEING

' REVISED TO MINIMIZE PARTICLE GENERATION WHEN INSTALLING/REPLACING
COMPONENTS, LINES, AND FITTINGS REQUIRING WELDED OR BRAZED JOINTS
(PRODUCT QUALITY IMPROVEMENT COUNCIL). PERSONNEL HAVE BEEN CAUTICNED.
ROCKWELL FROBLEM ACTION CENTER WILL CONTINUE TO MONITOR BRAZING/WELDING

‘ REWORK CONTAMINATION. PROCEDURES ARE BEING REVISED 'TO IMDPROVE
CLEANLINESS HAINTENANCE DURING COMPONENT BUILD UP AND REWOEX {REFERENCE
MCR 12%12). SUPPLIER DOCUMENTS/PROCEDURES HAVE BEEN REVIEWED AND
CLEANLINESS MAINTENENCE PROCEDURES HAVE BEEN IMPROVED.

A PIECE OF A BRAZING PREFCRM LODGED IN A 2-WAY SOLENCID VALVE ON oV-095
AT PAIMDALE CAUSING A LEAKAGE FATLURE (REFERENCE CARs AC2111, AB2523).
STEEL AND ALUMINUM PARTICLES CAUSED EXCESSIVE LEAKAGE ON THE 880 PEIG
HELIUM RELIEF VALVE (REF CAR AC222%). FOR BOTH FATLURES CORRECTIVE
ACTION WAS TO ADD SPECIAL PURGE PORTS TO THE MPS HELIUM PANEL ASSEMBLIES
TQ IMPROVE THE QUALITY OF FINAL CLOSEOOT ERAZES.
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SUBSISTEM :MARTHN PROPULSION FMEA HC O03=-1 -0456 -2 REV:Q5/03 /28

SEVERAL FCRETSHN MATERIALS WERE THTRODUCED INTS THE MPS SYSTEM DITRING
MANUFACTURE AHND PARTS BEPLACEMENT. EXAMPLES ARE: GLASS CLOTH IN LINE TG
FREVENT TRAVEL OF CHIPS DOWH LINE; POLYSTYRENE OQBITECT TaO HOLD VALVE
POPPET OFEN WHILE PURGING: COTTON SWAB MATERIAL AND GLASS BERDS FROM
CLEANING QPERATION; MISCELLANEOUS PLASTIC; FOAM; AND TAPE {EREFTERENCE CARS
AB4731, AC2217, ACE768, AC9868, MPS3A0005, ACT912, AROSIO). MATERIALS
WERE REMOVED AND FPERSONNEL WERE CAUTIOGNELD. A HIGH FLOW DELTA P TEST AT
PALMDALE WAS ADDED TO VERIFY THAT LINES WERE NOT PLUGGED. GRIT SLASTING
{GLASS BEADS AND SAND USED TO CLERN A LINE}) IS HC LOHGER PERFORMED.
PROCEDURES ARFE BEING REVISED T IMPROVE CLEANLINESS MAINTENAMNCE DURING
COMPOMENT EUILD UP AND REWORYE (REFPEFEMCE M{CR 12512). SUFPLIER

DOCUMENTS /PROCEDURES HAVE BEEN REVIEWED AND CLEAMLINESE MATNTENENCE
FROCEDURES HAVE REEN TMPROVED.

OHE PIECE OF WIRE WAS FOUND IN THE INTERNAL RELIET WALVE OF THIZ Lo2
FREVALVE ON OV103 (REFERENCE AR AC31d1). THE SOURCE OF THE
CONTAMINATION WAS NEWVER FOUND, BUT IT WAS BELIEVED TC BE FROM THE ET.
QTHER COMTAMINATION HAS BEEMN FOUND QN THEI FEEDLINE SCREENS, SUCH AS AN
UNIDEMTIFIED ROUND OBJECT AND VARIOUS METALLIC FARTICLES {REFERENCE CARS
ABOSZ9 AND ABGE30). SOUDRCE OF CONTAMINATION WAS UNDETERMINED. BORESCOPE
EXAMINATIONS ARE CONDUCTED ON ALL FEEDLINE SCREENS EVERY FIFTH FLIGHT TG
YVERIFY CLEANLINESS. CONTAMIMATIUON WAS REMOVED WHEN POSSTBLE.

{E] OFERATIOHAL USE
FLIGHT: LOZ MANIFOLD PRESSURE IS ON CAUTION AND WARNING.

POST MECO/FRE DUMP: START MP5S PFROPELLANT DUMP AS SOON AS POSSIEBLE,
POs8T CDUMP: OQPEN THE Lo2 PILL/DRAIN VALVES.

CROUND: OMI 351002 SEQUENCE TITLED "EMERGENCY FROCEDURE FOR MAJOR LEAK
DR FIRE IN THE ORBITER AFT FUSELAGE"™ CONTAINS SATING SEQUENCE CF EVENTS
FOR MAJOR LEAKS IH THE OXYGEN 313TEM.
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