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FAILURE MODES EFFECTS ANALYEIS {(FMEA) — CRITICAL HARDWARE
NMUMBER: 43-1-0431 -X

SUBSYSTEM NAME: MAIN FROFULSION

REVISION: 1 03/23/94
FART MAME PART NUMBER
VENDDR NAME VENDOR NUMEER
LRU I VALVE, BALL (TYPE 3) MC204-0205-00352

EATON CONSOLIDATED CONTROLS 1440-.511

PART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
VALVE, LHZ HIGH FOINT BLEED 1.5 INCH. NORMALLY CLOSED, PNEUMATICALLY
ACTUATED OFEN. INCORFORATES RELIEF VALVE.

REFERENCE DESIGHNATORS: Pv22

QUANTITY OF LIKE ITEMS: 1
CONE

FUNCTION: -

THIS VALVE CONTROLS THE FLOW OF GH2 BLEED FROM THE LH2 17-IMCH
DISCONNECT (WHICH IS THE HIGH FCINT IM THE ENGINE FEED EYSTEM) OVERBCOARD
THRGOUGH THE HIGH POINT BLEED DISCONNECT (PD17) INTO THE GRQURD VENT
SYSTEM, THE VALVE IS ACTUATEDR OFEN AT THE START GF SLOW FILL TO BLEED OFF
AMNY GH2 ACCUMULATED (N THE FEEDLINE DURING LOADING OPERATIONS. VALVE IS
CLOSED APPROXIMATELY TWENTY 51X SECONDS PRIOR TO LIFTOFF. THE VALVE
INCORPORATES A RELIEF FEATURE WHICH RELIEVES THE LINE BETWEEN THE HIGH
‘PCINT BLEED DISCONNECT AND THE BLEED VALVE BACK INTO THE FEEDLINE. THE
BLEED DISCONMECT ACTS AS A REDUNDANT INHIBIT AGAINST OVERBOARD FLOW
AFTEER LHZ TSM UMEILICAL SEFARATION.
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SUBSYSTEM ;MAIN FPROPUISICON FMEA MO 03-1 =0431 -3 REV:05/03/8BF
ASSEEMBLY :EATON CGNSOL. CNTLS “RIT. FUHNC: 1
P/N RY TMC2B4-03595-005817 CRIT. HDW: 1
FrN VENDOR: VEHICLE 142 103 lo4
QUANTITY :1 EFTECTIVITY:! X X X
:UNE PHASE(S): L X IO X o0 5.4 L=
REDUNDANCY SCREEM: a- H=- Cm=

FRERARED BY: APPROVED E

DES J E OSLUND LES
REL L B FINERER: REL
QE E M GUTTERREZ QE
ITEM:

VALVE, GH2 HIGH PT BLEED 1.8 INCH. NORMALLY CLOSED, PNEUMATICALLY
ACTUATED OPEN. INCORPORATES RELTEF VALVE. {Pv22)

FUNCTTON:

THIS VALVE CONTROLS THE FLOW OF G2 BLEED FROM THE LH2 17-INCH DISCONNECT
{WHICH IS THE HIGH POINT IN THE ENGINE FEED SYSTEM) OVERBOARD THROUGH THE
HIGH POINT BLEED DISCONNECT (PD17) INTO THE GROUND VENT SYSTEM. THE
VALVE IS ACTUATED OPEN AT THE START OF FAST FILL TO BLEED OFF AMY GHz
ACCUMULATED IN THE FEEDLINE DURING LOADING OPERATIONS. VALVE IS CLOSED
APPROXTMATELY TWENTY SECONDS FRICR TC LIFTOFF. THE WVALVE TIf MANUALLY
OPENED FQR FIRST VACUUM INERT (WIRED TQ THE LHz INBOARD FILL & DRAIN
[FV12] COCKRIT SWITCH; . TEE VALVE INCORPORAYES A RELIEF FEATURE WHICH
RELIEVES THE LINE BETWEEN THE HIGH POINT BLETD DISCONNECT AND THE BLEED
VALVE BACK INTQ THE FEEDLINE. THE ELEED DISCONNECT ACTS AS A REDUNDANT
INHIEIT AGAINST OVERBOARD FLOW AFTER LHz TSM UMBILICAL SEPARATION,

FAILURF MODE:
ERRONEOUS INDICATION.
VALVE CPEN, CLOSED POSITION INDICATION ON DURING TERMINAL COUNT.

CAUSE(S]) :
PIECE-FART STRUCTURAL FAILURE OF THE VALVE, BINDING, CONTAMINATION.
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SUBSYSTEM :MAIN PROPULSION FMEA NO 03-1 -0431 -9 REV:05/03,/38

EFFECT(S) ON;:
(A) SUBSYSTEM (B) INTERFACES (CIMISSION (D) CREW/VEHICLE:

(A,B} LCC REQUIREMENT FOR HIGH POINT BLEED VALVE TO BE VERIFIED CLOSED AT
T-10 SECONDS WOULD BEF SATISFIED. FPOSITION INDICATOR HAS SUTFICIENT

SEPARATION. BLEED DISCONNECT (PDL7?} IS NOT CERTIFIED FOR CLOSURE UNLDER
FLOW CONDITIONS AND CANNOT BE CONSIDERED AS A  REDUNDANCY AGATINST
OVERBCARD LEAKAGE. POSSIBLE RUPTURE OF DISCONNECT HOUSING AND/CR
DUWNSTREAM BLEED SYSTEM OUE TD WATER HAMMER.

LH2 WILL DUNMP OVERBOARD ‘RESULTING IN LOSS OF 210 POUNDS oF PROPELLANT.
THIS WILL NOT EFFECT ENGINE INLET CONDITICNS OR CAUSE A LOW LEVEL CUTOFF.
POSSIBLE AFT CDMPARTMENT OVERPRESSURIZATION. FIRE/EXPLOSIVE HAZARD BOTH
INTERIOR AND EXTERICR TO THE VEHICLE.

RESULTS IN LOSS OF HELTIUM SUPPLY DURING MANIFOLD REPRESSURIZATION CAUSING
10S5 OF AFT COMPARTMENT PURGE (RTLS AND TAL. ABORT CRITICAL).

(C,D) POSSIBLE LOSE gF CREW/VEHICLE.

DISPUSITION & RATIONALE:
(A}DESIGN (B)TEST (C}INSPECTION (D) FATLURE HISTORY E) OPERATIONAL USE:

{A) DESIGN

THE VALVE ACTUATOR IS SFRING LOADED TO THE CLOSED POSITION. THE ACTUATOR
PISTON DRIVES A SPRING LOADED RACK WHICH, IN TURN, DRIVES A PINION GEAR,
THE SHAFT OF WHIZH ROTATES THE VALVE BALL (CLOSURE}. THE SPRING IS
MANUFACTURED FRUM 0.177 INCE DIAMETER ELGITOY WIRT AND HAE A SPRING RATFP
oF 9& PQUNDS PER INCH. IN THE INSTALLED FOSITION, WITH THE ACTUATOR
VENTED, THE SPRING EXERTS A FORCE OF 275 POUNDS. IF THE SPRING SEQULD
BREAR WITH THE VALVE CLOSED, THE INTERNAL FRICTION OF THE ACTUATOR AND
VALVE WOULD PREVENT THF VALVE FROM LEAVING THE CLOSED DOSITION.

PRESSURE LOADS ON THE VALVE BALL, FROM EITHER DIRECTION, ARE EVENLY
DISTRIBUTED AND WOULD NOT TEND TOQ OPEN THE VALVE. THE RACK AND PINION
ARE OF INCCHNEL 718 AND THE PTINIGN GEAR/SHAFT IS MACHINED FROM A SINGLE
PIECE OF STOCK. STRDOTURAL AWALYSIS INDICATES POSITIVE MARCINS QF SATETY
FOR ALL CONDITICNS OF VALVE OPERATIONS; FRACTURE/FATIGUE ANALYSES SHOW
THAT ALL CRITICAL PARTS ARE SATISFACTORY FOR FOUR TIMES EXFECTED LIFE.

YALVE CLOSE POSITION INDICATES PRICR TC FULL TRAVEL OF VALVE HALL. VALVE
BINDING ({THAT QCCURS DURING FINAL CLOSOURE MOTION) OR INTERNAL SYSTEM
CONTAMINATION PREVENTING BALL MOVEMENT WILL RESULT IN AN ERRONEOUS
INDICATION. SYSTEM CONTAMINATION IS MINIMIZED DUE TO THE PRESENCE OoF AN
ET SCREEN, A GSE DEBRIS PLATE, AND A GSE FILTER,
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SUBSYSTEM :MAIN PROFULSION FMEA RO 03=-1 =0431 -9 REV:0O5/03/88

THE ACTUATOR AND VALVE BEARINGS ARF OF EITHER VESPEL OR FLUQROGOLD AND
ARE DESIGNED 50 THAT THEY WILL TURN WITHIN THEIR HOUSING IN THE EVENT QF
SHAFT/BEARING SEIZURE/BINDING, TO PREVENT BINDING IN THE ACTUATOR, THE
RACR L5 GUIDED ON EACH END BY A FLUOROGOLD GUIDE RING. THE CHROME PLATED
PISTON SLIDES THROUGH RETAINERS TREATED WITH A DRY FILM LUBRIGCANT.

FACTORS OF SAFETY FOR INTERNAL FRESSURE: PROOF ~ 1.5 BODY, 2.0 ACTUATOR:
BURST - 2.0 BODY, 4.0 ACTUATOR.

(B) TEST

ATP
EXAMINATION OF PRODOCT

AMBIENT PROOF:

VALVE BODY - 185 PSIG, VALVE OPEN AND CLOSED
ACTUATOR - 1700 PSIG :

VALVE RESPQNSE TIMES - AMBIENT AND CRYD (=300 DEG F AND -423 DEG F):
VALVE: 55 P5SIG
ACTUATOR: 500 AND 740 PSIG

EXTERNAL LEAKAGE - AMEIENT AND CRYC (~300 DEG F AND =423 DEG F):
VALVE BODY: 130 PSIG
ACTUATOR: 740 PSIS

INTERNAL LEAKAGE = AMBIENT AND CRYO (300 DEG F AND -423 DEG F):
INLET-TO=OUTLET & 55 FSIG
ACTUATOR: 740 PSIG

< POSITION INDICATION: VERIFICATION OF OPERATION

S

ELECTRICAL CHARACTERISTICS - CONTACT RESISTANCE; INSULATION RESISTANCE:
AND DIELECTRIC STREMGTH.

RELIEF VALVE CRACK AND RESEAT - AMBIENT AND CRYO(=-J00 DEG F): 15-40 PSID
CERTIFICATION

LIFE -
CRYO = 500 CYCLES AT -400 DEG F
AMBIENT = 1500 CYCLES

RANDOM' VIBRATION TESTS — IN ALL THREE AXES

13.3 HOURS IN EACH AXIS WHILE PRESSURIZED TC 10% PSIG AND AT -300
DEG F.

OESIGN SHOCK (ALL THREE AXES) - 185 SHOCKS OF 15G EACH, THREE IN EACH
DIRECTION. '



SHUTTLE CRITICAL ITEMS LIST - OREITER

EUESYSTEM :MAIN FROPULSION FMER HOQ 03-1 =0431 -5 REV:05/03/82

THERMAL CYLE TESTS - FERFORMED THREE TIMES
70 DEG F TO =400 DEG F TO 70 DEG F TO 275 DEG F IO 150 DEG F

VALVE RESPONSE TIMES = AMBIENT AND CRYQ (—-300 DEG F AND =423 DEG F):
VALYE: 53 PBIG .
ACTUATOR: S00 AND 740 F5IG

EXTERNAL LEAFAGCE - AMBIENT AND CRYO (-300 DEG F AND -4223 DEG F);
VALVE BODY: 1310 PSIG
ACTUATOR: 740 PSIG

INTERNAL LEAFAGE = AMBIENT AND CRYOD (=300 DEG F AND =422 DEG F):
INLET-TO—OUTLET @ 55 FPSIG
KRCTUATOR: 740 FS1G

ELECTRICAL CHARACTERISTIGE - CONTACT RESISTANCE; INSULATION RESISTANCE;
AND DIELECTRIC STRENGTH.

ELECTRICAL BONDING -ILESS THAN 100 MILLICHMS . )

BURST = BY SIMILARITY TQO THE TYPE V VALVE. 800 PSIG VALVE BODY, 31400
PSIG ACTUATIOR

OMRED

V4lAYQ.140 LH2 PROPELLANT SYSTEM DECAY {EVERY FLIGHOT)

V41lBFO. 080 LH2 HI POINT BLEED VALVE {PW¥22) SEAT LEAK TEST (EVERY FLIGHT)
V41BHO.090 LH2 HI POINT BLEED VALVE (Fv22) RELIEF VALVE FUNCTIONAL (Il10)
V41BO0.161 LH2 FEEDLINE SCREEN INSPECTION (IS)

WV41BU0.162 LH2 FEEDLINE SCREEN THSPECTION = VERTICAL (IZ5)

{c) INSPECTICN
RECEIVING INSPECTION

EAW MATERIAL VERIFIED BY INSPECTION FOR MATERIAL AND FPROCESE
CERTIFICATION. TEST REPORTE REQUIRED ON CAST MATERIAL. COMPLETION OF
HOT ISQSTATIC PRESSING (HIP) PROCESS IS VERIFIED. CAET HOUSING (ROUGH
MACHINED) 1S5 INSPECTED FOR POROSITY.

CONTAMIHATION CONTROL
CORTAMINATION CONTROL. PROCESE AND CORRDSETON FROTECTION FPROVISICHS ARE

VERIFIED. THEE INTERNAL WETTED SURFACES ARE CLEANED To LEVEL 400A AND
VERIFED BY INSPECTION.

Al_1 - TREC
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ASSEMBLY/THSTALLATTON

ALL DETAIL PARTS ARE INSPECTED FOR CRITICAL DIMENSIONS, SURFACE FINISH,
BURRS, DAMAGE, AND CORROSION. CRITICAL POPFET AND SLEEVE SURFACES ART
LAFPPED AND INSFECTED WITH 40X MAGNIFICATION. TORQUES ARE Y¥ERIFIED TCO BE
IN ACCORDANCE WITH DRAWING REQUIREMENTS. PRICR TO INSTALLATION, GEALS
ARE VISUALLY EXAMINED WITH 10X MAGNIFICATION FOR DAMAGE AND CLEANLINESS.
ALL SPRINGS ARE IOT TRACEABLE AND IOAD TESTED AT THE PIECE PART LEVEL.
MANDATCRY INSPECTICN POINTS ARE INCLUDED IN THFE ASSEMELY FROCEDURE.

CRITICAL PROCESSES

HEAT TREATMENT OF THE VALVE BALL AFTER MACHINING IS VERIFIED.  BART
PASSIVATION AND HARD ANODIZING ARE VERIFIED. CERTIFICATION OF WELDING.
POTTING, AND SOLDERING IS VERIFIED. PAINTING (ON BODY), ELECTRICAL
BONDING, AND DRY FILM LUBRICANT ARE VERIFED BY INSPECTION. ALL CASTINGS
ARE SUBJECTED TO A HIP PROCESS.

NONDESTRUCTIVE EVALUATION )

FRIOR TQ FINAL MACEINING, THE HOUSING IS X-RAYED, ETCH AND DYE PENETRANT
INSPECTED, AND LEAK CHECKED AT PROOF PRESSURE. ALL WELDS ON THE
ELECTRICAL CONNECTOR ARE DYE PENETRANT TNSPECTED AND VERIFLIED EY
INSPECTION.

TESTING

ATP VERIFTED BY INSPECTION.

PACKAGING/HANDLING

HANDLING, PACRAGING, STURAGE, AND SHIPPING REQUIREMENTS ARFE VERITIED BY
INSPECTION.

(D} FAIILIORE HISTORY

THERE HAVE HEEN NC ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FAILURES ASSQOCIATED WITE THIS FAILURE MODE.

A FAILURE OF THE VALVE TO CLOSE OCCURRED- DURING QUALIFICATION TESTING
{REFERENCE CAR ACl189). THE CAUSE WAS INTERFERENCE DUE Te THE OVERSIZED
DIAMETER OF THE PISTON GUIDE RING CROGVE. THE DESIGN WAS CHANGED {THE
GROUVE DIAMETER WAS REDUCED) TO ELIMINATE THE PROBLEM.

A FAITIORE. AT NSTL OF A VALVE T0O ACTUATE WAS CATSED BY BINDING OF THE
ALITMINIM BRONZIE BUSHING TO THE SHAFT., AN MCR AUTHORIZED DRAWING CHANGES
TC TEPLON COAT AND POLISH THE SHAFT {(REFERENCE CAR A7950},
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sysT c AMTH O

THIS FAILURE MODRE HAS NOT OCCURRED ON THIS COMPONENT DUE "TO
CONTAMINATION. HOWEVER, GENERAL MPS SYSTEM CONTAMINATION ‘HAS OCCURRED
WHICH MAY LODGE ANYWHERE IN THE SYSTEM CAUSING THIS FAILURE MODE
(REFERENCE THE FOLLOWING FARAGRAFHE) .

CONTAMINATION FAILURES HAVE OCCURRED AT ALL PHASES OF MANUFACTURING AND
PARTS REPLACEMENT. 1IN ALL CASES, STRICT ADHERENCE TQ CLEANLINESS CONTROL
FROCEDURES 15 THE PRIMARY METHCD OF CONTAMINATION PREVENTION.

NUMEROUS LARGE PARTICLEE COF BELACK RUEBER MATERTAL WERE FOUND DURING A
FOST FLIGHT EXAMINATION OF THE LH2 17 INCH DISCONNECT OF OVOSS% (FLICHT 7,
FEFERENCE CAR ACSE0O) . THE LO2 AND LHY ESYSTEME OF ALL VEHICLES W'ERE
EXAMINED. HQO RUBBER WAS FOUND IN ANY OTHER V'EHICLES AFTEE EXTENSTVE
INVESTIGATION THE ORIGIN WAS NCT DETERMINED.

METAL SHAVINGE HAVE BEEN DISCOVERED IN LINES AND COMPONENTSE, WHICH WAS
MOST LIKELY GENERATED WHEN THEY WERE CUT OUT AKD/OR REPLACED (RETFERENCE
CARz AC%86R, ASeS4, ACR210, AB1706: DR ADz22s). METHCDS ARE BEING
REVISED 'TD HMINIMIZE PARTICLE GENERATION WHEN INSTALLING/REPLACING
COMPONENTE, LINES, AND FITTINGCS REQUIRING WELDED OR BRAZED JOINTS
{PRODUCT QUALITY IMPROVEMENT COUNCIL). FERSONNEL HAVE BEEN CAUTIONED.
ROCEWELL PROBLEM ACTION CENTER WILL CONTINUE TOC MONITOR BRAZING/WELDING
REWORE CONTAMINATION, PROCEDURES ARE BEING REVISED TO IMPROVE
CLEANLINESS MAINTENANCE DURING COMPONENT BUILD UP AND REWORE (REFERENCE
MCR 12312, SUPPLIER DOCUMENTS/PROCEDURES HAVE BEEN REVIEWED AND
CLEANLINEESS MAINTENENCE PROCEDURES HAVE BEEN IMFROVED.

A PIECE OF A BRAZING PREFORM LODGED IN A 2=WAY SQLENQID VALVE ON OV=-099
AT PFAIMDALE CAOSTNG 2 LEAWAGE TFATIITRE (REFERENCE CARs ACZ111l, AB2528).
STEEL AND ALUMINUM PARTICLES CAUSED EXCESSIVE LEAKAGE ON THE 850 PSIG
HELIUM EELIEF VALVE (REF CAR ACZZ2%9). FOR BOTH FAILAORES CORRECTIVE
ACTION WAS TO ADD SPECIAL PURGE PORTS TO THE MPS HELIUM PANEL R.SSEHBLIEE
To IMPRGVE THE QUALITY OF FINAL CLOSEDUT BRAZES.

SEVERAL FCREIGN MATERIALS WERE INTRODUCED INTD THE MPS SYSTEM DURING
MANUFACTURE AND PARTS REPLACEMENT. EXAMPLES ARE: GLASS CLOTH IN LINE TO
FREVENT TRAVEL OF CEIPSE DOWN LINE; FOLYSTYRENE OBJECT TO HOLD VALVE
POFPET OPEN WHILE PURGING: COTTOH SWAE MATERIAL AND GLASES EBEADS FROM
CLEANTNG CPERATION; MISCELLANEOUS PLASTIC: FOAM: AND TAPE (REFERENCE CARS
AB4T751, ACZ217, ACET6E, ACHEsE, MPEIADOCS, ACT912, ABDS30). MATERIALS
WERE REMOVED AND PERSONNEL WERE CAUTIONED. A HIGH FLOW DELTA P TEST AT
PAIMEALE WAS ADDED TO VERXFY THAT LINES WERE HOT PLUGGED. GRIT BLASTING
{CLASS BEADS AND SAND USED TO CLEAN A LINE) IS NG LONGER PERFORMED.
PFROCEDUREE ARE BEING REVISED TO IMPRCVE CLEANLINESS MAINTENANCE DURIKG
COMMONENT BUILD Uk AND REWORK (REFERENCE MCR 12512). SUPPLIER
DOCUMENTS,/PROCEDURES HAVE BEEN REVIEWED AND CLEANLINESS MATRTENFENCE
PROCEDURES HAVE BEEN IMFROVED.
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ONEF, PIECE OF WIRE WAS FOUND IN THE INTFRNAL RELIEF VALVE OF THE 1032
PREVALVE ON 0OV10) [REFEEENCE CAR ACS1017., THE SCURCE QF THE
CONTAMINATION WAS NEVER FOUND, BUT IT WAS BELIEVED 7o EE FTRUOM THE ET.
CTHER CONTAHINATION HAS BEEN FOUND ON THE FEEDLINE SCREENS, SUCH AS AN
UNIDENTIFIED ROUND OBJECT AND VARIOUS METALLIC PARTICLES (REFERENCE CARS
ABOS29 AND ABOS3I0). SOURCE OF CONTAMINATION WAS UNDETERMINED. BORESCOPE
EXAMINATIONS ARE CONDUCTED ON ALL FEEDLINE SCREENS EVEREY FIFTH FLIGHT TO
VERIFY CLEANLINESS. CONTAMINATION WAS REMOVED WHEN POSSIBLE.

{E) OPERATIONAL USE

HO ACTION CAN BE TAKEN.
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