SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM :MAIN PROPULSION FMEA NOQ 031=1 -0482 -2 REV:05,/04,/88F

 ASSEMBLY  :ROCKWELL INTL.

CRIT. FUEEC; 1
"P/N RI 'VO70-415407 CRIT. HDW: 1
P/N VENDOR: VEHICLE 102 103 104
' QUANTITY ;1 EFFECTIVITY; x X b

{ONE ASSY PHASE(S) : PL X Lo X a0 oo L5
REDUNDANCY SCREEN:

PEEFPARED BY: APPROVED :
GES J E OSLIIND ' [DEE
REL L H FINEBERG REL
QE E M GUTIERREZ OE
ITEM:

LINE ASSEMBLY, LH2 RELIEF VALVE SENSE, 0.32 INCHE DIAMETER. OONSISTS ar
TUBING SEGMENTS, MECHANICAL FITTINGE, AND BRAZE JHINTS. PARTIALLY FOAM

INSULATED.
FUNCTIGK:

THE LINE EXTENDS FROM THE PILOT SENSE FORT OF THE LH2 RELIEF VALVE {RVAa)
TO THE MOUNTING FLANGE FOR THE LHZ RECIRC FUMPS (PPLl,2,3), PROVIDING A
PATH FOR THE RELIEF VALVE TO SENSE 1H> MANIFOLD PRESSURE.

FATLIORE MODE:
CLOGGED SENSE LINE DURING LOADING, ASCENT, AND POST MECC.

CALISE[S) =
CONTAMINATION.

EFFECT(S) ON:
(A})SUBSYCTEM (B) INTERFACES (C)MISSION (D)CREW/VEHICLE

(A,B) SENSE LINE CLOGS, ISQLATING THE RELIEF VALVE SENSING CAVITY FROM
MANTFOLD FRESSURE. TRAPPING HTIGH FRESSURE IN THE SENSE CAVITY COULD
CAUSE RELIEF VALVE TD RELIEVE ABOVE SYSTEM PROOF PRESSURE ({REFERENCE
FMEA/CIL 0436-1). THIS WOULD RESULT 1N POSSIBLE L2 MANIFOLD LINE

RUPTURE AND LH2 LEAKAGE INTD AFT COMPARTMENT. POSSIBLE AFT COMPARTMENT
OVERPRESSURIZATION AND FIRE/EXPLOSICN HAZARD.

(C,D) POSEIBLE LOSS OF CREW/VEHICLE.
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j:LRz, 2 SUCCESS PATHS, TIME FRAME - LOADING AND ASCENT,

1) RELIEF SHUTOFF VALVE (PV8) FATLS TO REMAIN CLOSED.
2) CLOGGED SENSE LINE RESULTSE IN RELIEF VALVE {RV6) LEAFAGE.

ISENSE LINE CLOGS, TRAFPING LOW PRESSURE IN SENSE CAVITY. CAUSES

RELIEF WALVE TQ RELIEVE AT A LOWER FRESSURE SINCE INLET PRESSURE MUST

OVERCOME ONLY MAIN POPPET SPRING FORCE AND RESIDUAL PRESSURE IN THE
IPILOT SECTION.

LH2 WILL DUMF OVEREOARD (640 POUNDS MAXIMUOM) RESULTING IN LOSS OF

PROPELLANT. ~FIRE/EXPLOSION HAZARD EXTERIOR TO THE VEHICLE. POSSTBLE
LOSS OF CREW/VEHICLE.

DISFOSITION & FATIONALE:
(4] DESIGN (B)TEST (C)INSFECTION {D) FATIURE HISTORY (E)CPERATIOHAL USE

{A) DESIGN :
THE HYDROGEN SYSTEM IS CLEANED AND MATNTAINED AT A CLEANLINESS LEVEL OF

400,  CONTAMINATION IS ALSQ MINIMIZED DUE TO THE PRESENCE ©OF AN ET
SCPREEN, 2 GSE DEBRIS PLATE, AND A GSE FILTER.

(B) TEST

ATF

THE LINE ASSEMBLY IS PROOF PRESSURE TESTED T 66 PSIC AND LEAXK CHECKED At
30 PSIG ATTER INSTALIATION IN THE VEHICLE,

CERTIFICATION

DYNATUBE FITTING TD CRES TUEING WAS CERTIFIED FOR THE APOLLO PROPULSION
SYSTEMS, THE FSE, A=5, CLl30A, 707, 727, AND 737 AIRCRAFT. 7THE TUEING WAS
QUALIFIED BY SIMILARITY AND BY ANALYSIS FOR ORBITER USAGE EXCEPT FOR
FLEXURE FATIGUE AND RANDOM VIBRATION FOR THE LONG~LIFE ORBITER
REQUIREMENTS. DATA FROM THE MISSICN DUTY CYCIES CONDUCTED ON MPTA WERE
ALSO USED TO CERTITY TUBING INSTALLATIONS.

DYNATUEE FITTINGS AND SEALS WITH CRES TUBING WERE SUBJECTED TO THE
FOLLOWING QUALIFICATION TESTS:

FROOF PRESSURE

PRESSURIZED TO TWC TIMES OFERATING FRESSURE AND HELD FOR &
MINUTES. _

EXTERNAL LEAFAGE

LEAK CHECKED AT 1-1/2 TIMES OPERATING FEESSTURE. MAXIMIIM
' ALLOWARLE LEAK RATE IS 1x10=46 5CCS.
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BURST TEST
EXCEEDED 4 TIMES OPERATING PEESSURE.

IMFULSE FATIGUE

200,000 CYCLES AT A CY¥CLIC RATE OF 70 +/=- 5 CYCLES PER MINUTE
FROM ZERD PSIG TO OFERATING PRESSURE TO ZERD PSIG.

FLEXURE FATIGUE -

SPECIMENS WERE FILLED WITH HYLDRAULIC FLUID AND PRESETURIZEDR TO

CGPERATIRG FRESSURE. THE SPECIMENS WERE THEN TESTED TGO 10 MILLION
CYCLES OF FLEXURE.

YIERATION

7 TEST sSPECIMENS WERE BUBJECTED TG 45 MINUTES OF RANDOM VIBRATION

AT 0.4 G2/HZ, 310 MINUTEES AT 0.7 G2/HZ AND 10 MINUTES AT 0.2 G2/EZ
AT AMBIENT PRESSURE AND TEMPERATURE CONDITIOHE.

OMRSD

V4lBEC.030 R¥e LHz MANIFOLD RELIEF VALVE INTERNAL LEAK (I5)
V41lBHO.120 RVSE LHZ MANTFOLD RELIEF VALVE FUNCTIOHAL (FRICE TO FIRST
REFLIGHT QF EACH VEHICLE)

V4lBUD.151 LH2 FEEDLINE SCREEN INSPECTION (I5)
V41BUG, 163 LH2 FPEEDLINE ESECREEN INSPECTION - VERTICAL (IZE) ‘
VA1BZ0.150 EVS,6 SENSE LINE FLOW PATH [(IS)

fC) INSPECTTON

BRECEIVING INEPECTION

RAW MATERIALS ARE VERIFIED BY INSPECTICN FOR MATERIAL AND PRCGCESS
CERTIFICATICON.

CONTAMINATION CONTROL

CLEANLINESS TO LEVEL 400 IS VERIFIELD BY INSPECTION. CCORROSION
PROTECTION IS VERIFIEL BY INSPECTICN.

ASSEMELY / THSTALLATION

FARTS PROTECTION FROM DAMAGE ANT CONTAMINATION IS VERIFIED., COMPCONENTS
ARE TINSPECTED VISUALLY, DIMENSIONALLY, AND INCREMENTALLY DURING
FABAICATION. AXTAL ALIGNMENT OF DYNATUBE FITTINGS AND TUBING IS
VERIFIED. TORQUES AND SEALING SURFACES ARE VERIFIED. LUEBRICRTION OF
THREADED FLUID FITTING COUPLINGES, WHEN REQUIRED, IS5 VERIFIED. MANDATORY
INSFECTIOK POINTE ARE INCLUDED IN THE ASSEMBLY PROCEDURE.

CRITICAL, PROCESSES

INDUCTION BRAZING IS VERIFIED BY INSPECTION. ELECTRICAL BONDING,
ELECTROPOLISHING, HEAT TREATMENT, AND PARTS PASSIVATION ARE ALSD
VERIFLED. NICEEL PLATING IS VERITIED BY INSPECTION.

NONDESTRUCTIVE EVATIATION

RADTOGRAPHTC INSPECTION QF INDUCTION BRAZED JOINTS IS VERITIED BY .‘
INSPECTION. PENETRANT INSPECTION OF DETAIL PARTS IS VERIFIED.

p2-1- 2114
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TESTING
ATP: 18 VERIFIED BY INSPECTION.

HANDLING/EFACKAGTING
PACKAGING FOR SHIPMENT VERIFIED BY INSEECTIGH.

D) FAILURE EISTORY

GENERA EM CONT TIGH

THIS FATLORE MODE HAS NOT OCCURRED ON THTS COMPONENT DUE TO
CONTAMINATION. HOWEVER, GENERAL MPS SYSTEM CONTAMINATION HAS QCCURRELD

WHICH MAY LODGE ANYWHERE IN THE SYSTEM CAUSING THIS FATLURE MODE
(REFERENCE THE FOLLOWING PARARCHEAFHEY ,

CONTAMINATION FAILURES HAVE OCCURRED AT ALL PHASES OF MANUFACTURING AND
PARTS REPLACEMENT. 1IN ALL CASES, STRICT ADHERENCE To CLEANLINEEES ZCHTRSL
FROCEDURES IS THE PRIMARY METHQD OF CONTAMINATION FREEVENTION.

NUMEROUS LARGE PARTICLES OF BLACK RUBEER MATERIAL WERE FCOUND DORING A
POST) FLIGHT EXAMINATION OF THE LHZ 17 INCH DISCONNECT OF OV099 {FLIGHT 7.
REFERENCE CAR AC98C0), THE LO2 AND LHZ SYSTTMS oF ALL VEHICULES WERZ
AAMINED, NO RUBBER WAS FOUND IN ANY CTHER VEHICLES. AFTER EXTENSIVE
NVESTIGATICN THE ORIGIN WAS NOT DETERMINED.
HETﬂL SHAVINGE HAVE BEEN DISCOVERED IN LINES AND COMPONENTS, WHICH WAS
MOST LIKELY GENERATED WHEN THEY WERE CUT CUT AND/OR REFLACED (REFERENCE
CARs ACSBER, A9654, AC3210, ABL706:; DR AD2226). METHODS ARE BEING
REVISED TO MINTMIZE PARTICLE GENERATICN WHEN INSTALLING/REPLACING
COMPONENTS, LINES, AND FITTINGS REQUIRING WELDED OR ERAZED JOINTS
{PRODUCT QUALITY IMPROVEMENT COUNCIL). PERSONNEL HAVE BEEN CAUTIONED.
ROCRWELL PROBLEM ACTION CENTER WILL CONTINUE TO MONITOR BRAZING/WELDING
REWORE CONTAMINATION. FPROCEDURES ARE BETNG REVISED TC IMPROVE
CLEANLINESS MAINTENANCE DURING COMPONENT BUILD UP AND REWCRE (REFERENCE
MCR 12512). SUFPFFLIER DOCUMENTS/PROCEDURES HAVE BEEN REVIEWED AND
CLEANLINESS MAINTEMENCE PROCEDURES HAVE BEEN IMFPROVED.

A PIECE OF A BRAZING PREFORM LODGED IN A 2-WAY SQLENQID VALVE OGN OV-059
AT PAIMDALE CRUSING A LEAFKAGE FAILURE {PEFERENCE CARs AC2111, ABZ538).
STEEL AND ALUMINUM FARTICLES CAUSED EXCESSTVE LEAKAGE ON THE 850 PSIG
HELIUM RELIEF VALVE (REF CAR AC2229). FOR BOTH FAILURES CORRECTIVE
ACTION WAS TQ ADD SPECIAL PURGE PORTS TO THE MPS HELIUM PANEL ASSEMELIES
TO IMPROVE THE QUALITY GF FINAL CLOSEDUT BRAZES.
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SEVERAL FOREICN MATERIALS WERE INTRODUCED INTC THE MPS SYSTEM DURING
MANUTACTURE AND PARTS REFLACEMENT. EXAMPIES ARE: GLASE CLOTH IN LINE TO
PREVENT TEAVEL OF CHIPS DOWN LINE! PFOLYSTYRENE OBTECT TO HOLD VALVE
POPPET COPEN WHILE FURGINWG; COTTON SWAR MATERIAL AND GLASS BEADRS FROM
CLEANTNG OFERAMICON: MISCELLANEOUS PLASTIC; FOAM; AND TAPE (REFERENCE CARS
AB4751, AC2217, AC676B, ACY9868, MPSIAQ005, ACYS12, ABO520). MATERIALS
WERE REMGVED AND PERSONNEL WERE CAUTIONED. & HIGH FLOW DELTA P TEST AT
FALMDALE WAS ADDED TO VERIFY THAT LINES WERE NOT PLUGGED. GRIT BLASTING
{GLASE BEADS AND SAND USED TC CLEAN A LINE} IS NC LOKGER PERFORMED.
PROCEDURES ARE BEING REVISED TO IMPROVE CLEANLINESES MAINTENAMNCE DURING
COMPONENT EUILD UP AND REWORK (REFERENCE MCE 1:2512). SUFFLIER

DOCUMENTS /FROCEDURES HAVE BEEN REVIEWED ARND CLEANLIHESS MAINTENENCE
PROCEDURESE HAVE EEEN IMFROVED,

ONE PIECE OF WIRE Wa5S FOUND IN THE IWNTERNAL RELIEF VALVE QF THE Lo2
PREVALVE ON OV102 (REFERENCE CAR ACS101). THE SQURCE OF TEE
CONTAMINATION WAS HEVER FOUND, EBUT IT WAS BELIEVED TC BE FROM THE ET. .
OTHER CONTAMINATION HAS BEEN FOUND ON THE FEEDLINE SCREENS, SUCH AS AN
THIDENTIFIED ROUMD OBJECT AND VARIOUS METALIIC PARTICLES (RETTRENCE CARS
ABOS29 AND ABQRIO) . EOURCE OF CONTAMINATION WhAS ONDETERMINED. BGRESCOPE
EXAMTNATIONS ARE CONDUCTED ON ALL FEEDLINE SCREENS EVERY FIFTH FLIGHT TO
VERIFY CLEANLINESE. CONTAMINATION WAS REMOVED WHEM POSSIBLE. ‘

(E) OPERATICHAL USE
PLICHT: [H2 MANIFQLD PRESSURE IS ON CAUTION AND WARNING.
TOST MECO/FEE DUMP: START MPS PROPELLANT DUMP A5 SCON AS POSSIELE.
POST DIMP: OPEN THE LHZ FILL/DRAIN VALWVES.

GROUND: OMI S1004 SEQUENCE TITLED “EMERGENCY PROCEDURE FOR MAJOR LIAK

QR FIRE IN THE ORBITER AFT FUSELAGE® CONTAINS SAFING SEQUENCE OF EVENTS
FOR MAJOR LEAKS IN THE EYDROGEN SYZTEM.
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