. VALVE IE CLOSED APPROXIMATELY 9 SECONDS BEFORE LIFTOFF AND 15 NOT
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ITEM:

Le2 ODVERBOARD BLEED VALVE (PV19), 1.5 INCH CIAMETER, NORMALLY QPEN,
PNETMATICALLY ACTUATED CLOSED. RELIEVES TO ITHBOARD SIDE OF VALVE.

FUNCTION:
CONTROLS OVERBOARD RLEED FLOW (DURING LOADING) THROUGH LOZ BLEED
OISCONNECT (PD13) TO MAINTAIN PROFER CRYOGENIC START CONDITIONS FOR LOZ
ENGINE FEED. VALVE IS5 REDUNDANT TO THE L4O2 BLEED DISCONNECT TO PREVENT

OVERBCARD LOS3 OF LO2 DURING ASCENT, PROVIDES RELIEF FEATURE FOR 103
TRAPPED BETWEEN BLEED VALVE (PV19) AND Lo2 BLEED DISCONNECT (PDL2). THE

i

REQUIRED CLOSED BY LCC. FOR NOMIMAL, ATO, AND ASA MISSIONS THE WALVE IS
OFENED AT COMPLETION OF DUMP. FOR RTLS ABORTS THE VALVE TS ODPENED AT GRY
3800 FEET/SECOND. FOR TAL ABORTS THE VALVE REMAINS CLOSED UNTIL DPOWER IS
REMOVED FROM VEHICLE (POST LANDING}. THE VALVE INCORPORATES TWO
REDUNDANT CILOSED POSITION INDICATORS AND A SIMGLE OFEN INDICATOR.

FATIITRE MOLE:
EELIEF VALVE TAILS TO RESEAT DURING ASCENT.

CAOSE ()
PIECE PART STRUCTURAL FAILURE, BINDING, CONTAMINATION.
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EFFECT{S) ON:
(A) SUBSYSTEM (B) INTERFACES (C)MISSION (D) CREW/VEHICLE

{A,B) NO EFFECT FIRST FAILURE. L0o2 WILL ENTER THE ELEED LINE AND WTLL
NOT LEAK OWVERBOARD SINCE THE Loz BLEED DRISCOHNNECT (PD13) WILL BE CLOSED.
THE BLEED LINE CAN WITHSTAND ACCELERATION LOADS WITH LO2 FRESENT. WALVE
IS CIOSED AT T=-9.4 SECONDS (NQ VERIFICATION).

FAIIS B SCREEN BECAUSE RELIEF VALVE LEAKAGE IS UNDETECTARLE N FLIGHT
AND THERE IS NO INSTREUMENTATION IN THE BLEEXD LINE.

PASSES C SCREEN BECAUSE CONTAMINATION CANNGT BE USED AS A COMMCN CAUSE
TOR THE DISCONHECT (PD1l3) FAILURE T0 CLOSE AND THE LO2 QVERBOARD BLEED
RELIEF YALVE (FV15} FAILURE TO RESEAT (BLEED LINE RRESSURE WILL NOT
INCREASE TO RELIEF VALVE CRACKING PRESSURE WHEN DISCONNEGQT FaIls TO
CLOSE). REFERENCE FMEA/CIL 0406-2.

(C,l) NQ EFFECT.
{E} FUNCTIONAL CRITICALITY EFFECTIS:
CASE I: 1R/2, 2 SUCCESS PATHS., TIME FRAME —~ ASCENT.

1) QOVEREGARD BLEED RELIEF VALVE (PV19) FAILS TO RESEAT.
. 2) BLEED DISCONNECT (PD12) FAILS TO REMAIN. CLOSED.

RESULTS IN LOSS OF PROPELLANT QVERBOARD (TWO PHASE FLOW FROM POGOH
SYSTEM THROUGH THE BLEED RELIEFT VALVE) WHICH IS INSUFFICIENT TQ CAU:R
FREMATURE SSME SHUTDOWN. POSSIBLE FIRE/EXPLOSION HAZARD EXTERICOR 'TU
THE VEHICLE. POSSIBLE LOSS OF CREW/VEHICLE.

CASE II: 1R/2, 2 SUCCESZ PATHS. TIME FRAME - ASCENT.

1) OVERBOARD BLEED RELTEF VALVE (FV1D} FAILS TC RESEAT.
4) LO2 BLEED LINE BETWEEN FV19% AHD PDL3 RUPTURE/LEAKAGE.

L2 WILL LEAE INTO THE APT FUSELAGE <AUSING POSSIBLE AFT COMPARTMERNY
CVERPRESS AND FIRE/EXPLOSION HAZARD. POSSIBLE LOSS OF CRITICAL
ADTACENT COMPONENTS DUE TO CRYO EXPOSURE. DPOSSIBLE LOSS OF
CREW/VEHICLE,
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DISPOSITICOH & RATIONALE:
(A)DESIGN (B} TEST (C)INSFECTION (D)FAILURE HISTORY (F)OPERATIONAL USE

{A] DESIGH

INTERNAL LEAKAGE CAN QCCUR DUE TO ENTRAPMENT OF CONTAMINANT PARTICLES
BETWEEN THE RELIET VALVE POPEET AND SPAT. EOWEVER, SYSTEM CONTAMINATION

15 MINIMIZED DUE TD THE PRESENCE OF AN ET SCREEN, PREVALVE SCREENS, A GSE
DEBRIE PLATE, AND A GSE FILTER.

THE RELIEF VALVE WILL BRELIEVE AND EESEAT IN THE RAMCE QF 15 TO 40 FSID
WITH A MAXIMUM FIOWRATE OF 1 POUND PER SECOND oF LOZ. THE RELIEF VALVE’S
SIMPLE DESIGH EMPLOYE A SPHERICAL KEL-F POPPET ATTACHED TO A S081~T651
PISTON WHICH IS LOADED BY AN ELGILOY SPRING, HOLDING THE BOFPET ONTC ITS
SEAT. THE PISTON IS GUIDED BY A 8061-T851 CAP AND, TC FREVENT BTHDING,
THE TOLERANCES BETWEEN PISTON AND CAP ARE CIOSELY CONTROLLED (9.002 T
?.005 ON THE DIAMETER). ADDITICNALLY, THE PISTOK IS HARD ANGDIZED.

(B} TEST
ATP

EXAMINATION QF PRQDUCT
I
AMETENT PROGQFE

VALVE BQDY - &00 PSIG VALVE OFEN:! 800 PSIG VALVE CLOSED.
ACTUATCR = 1700 FSIG.

VALVE RESFONSE TIMES

AMBIENT AND CRYQ (=300 DEG F] VALVE PRESSURIZED TD 105 BSIG
ACTUATOR PRESSURIZED TS 740 AND 500 PSIG

EXTERNAL LEAKAGE — AMBIENT AND CRYO (-300 DEG Fj
WALVE BCDY 8 220 BSIG
SHAFT SEAL @ 220 PSIG
ACTUATOR @ 740 P5SIG

RELIEF FTUNCTION (OUTLET-TC=INLET)
CRACK/RESEAT CRYC (—300 DEG ¥, 15-40 FS5ID)

IRTERNAL LEARAGE
INLET-TQ—QUTLET & 220 P3IG

POSITION INDICATIOM: VERIFICATION OF QPERATION

ELECTRICAL CHARACTERISTICS! INSULATION RESISTANCE, DIELECTRIC STREMNGTH
AND RESISTANCE.
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CERTIFICATION

VALVE RESPONSE TIMES

AMBIENT AND CRYCQ (-300 DEG *) = VALVE PRESSURIZED TO 105 PSIG
ACTUATOR PRESSURIZED TQ 740 AND S00 PsIG

EXTERFAL LEAFAGE - AMBIENT AND CRYC (-300 DEG F)
VALVE RODY @ 230 PSIG
SHAFT SEAL @ 220 PSIG
ACTUATOR & 740 PSIG

LIFE
CRYQ (500 CYULES @ =300 DEG F FOLLOWED BY CRYC LEARARGE TESTS)

AMBIENT (15C0 CYCLES. AFPTER EACH S00 CYCLES PERFOREM AMEBIENT LEAFAGE
TESTS AND AMBIENT CRACK/RESEAT TESTE].

VIBRATION

TRANSIENT VIBRATIOW - (5 TO 35 HI) PRICR TQ EACH AXIS OUF RANDOM
VIBRATION TEST.

RANLCOM VIBRATION — (13.3 HOURS IN EACH OF THREE AXES WHILE PRESSURLZ
TS 105 PSIG AMD AT -300 DEG F.

. FRIOR TC EACH AXIS TEST, PERFORM CRYOQ WALVE RESDONSE TIMEE
TEST. FOLLOWING EACH AXIS TEST, PERFORM CRYC VALVE RESPON
TIMES TEST, CEYC LEAKAGE TESTS, AND CRYO CRACK/RESEAT TEST
AFTER TEST UONIT HAS WARMED, PERFORM ELECTRICAL
CHARACTERISTICS TESTS, AMBIENT VALVE RESPONSE TIMES TEST.
AMBIENT LEAFKAGE TESTS, AND AMBIENT CRACEK/RESEAT TESTS).

THERMAL CYCLE TEST (+70 DEG F TO =300 DES F, T0 +70 DEG F, TO +275 DEG
TO +150 DEG F, TO AMBIENT) BY SIMILARITY TO TYPE TITI VALVES (Lo2 POGYH
VALVE) .

ELECTRICAL CHARACTERISTICSE TESTS AND ELECTRICAL BONDING TEST

DESTGH SHOCE - B3Y SIMILARITY TO THE TYPE I (RECIRC AND TOPFING VALVES)
AND III VALVES (INBOARD RTLS DUMP AND HI POINT BLEED VALVE)].

BURST TEST
VALVE BOQDY @ 800 PIIQ
ACTUATCR £ 3400 PSIG

OMRSD

V41AYO. 130 LOZ FPROFELLANT SYSTEM DECAY [(EVERY PFLIGHT)

V41EFQ.070 PV19 Loz OVERBOARD BLEED SEAT LEAK CHECK (EVERY FLIGHT)
V41BHO. 050 PV19 LOZ OVERBOARD BLEED FEELIEF VALVE FUNCTIONAL (110)
V41BU0. 1560 LO2 FEEDLINE SCREEN INSPECTION (I3}

¥41BU0.1682 LO2 FEERLINE SCREEN INSPECTION - VERTICAL (IZE)
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{C) INSFECTION

RECEIVING THSPECTTON

RAW MATERIAL VERIFIED BY INSPECTION FOR MATERIAL AND PROCESS
CERTIFICATION. TEST REPORTS REQUIRED ON CAST MATERIAL. COMPLETION OF

HOT ISOSTATIC PRESSING (BIP) PROCESS IS VERIFIED. CAST HOUSING (ROUGH
MACHINED) 15 INSFECTED FOR PORQSITY.

CONTAMINATICON CONTROL

CONTAMINATICN CONTROL PROCESS AND CORROSION PROTECTION PROVISIONS ARE
VERITIED. THE INTERNAL WETTED SURFACES ARE CLEANED TO LEVEL 400A AND
VERIFIED BY INEPECTION.

ASSEMBLY / INSTALIATYON

ALL DETAIL PARTS ARE INSPECTZD FOR CRITICAL DIMENSIONS, SURFACE FINISH,

BURRS, DAMAGE, AND CORROSICHN. CRITICAL POFPET AND SLEEVE SURFACES ARE

LAPPED AND INSPECTED WITH 40X MAGNIFICATION. TORQUES ARE VERIFIED TO RE

IN ACCORDANCE WITH DRAWING REQUIREMENTS. FPRIOR TO INSTALLATICN, SEALS

ARE VISUALLY EXAMINED WITH 10X MAGHNIFPICATION FOR DAMAGE AND CLEAHIINESS.

ALL SPEINGE ARE LOT TRACEABLE AND LOAD TESTED AT THE PIECE PART LZIVEL.
MANDATORY INSFECTTION POINTS ARE INCLUDED IN THE ASSEMBLY PROCEDURE. .

CRITICAL PROCESSES

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

HORDESTRUCTIVE EVALUATICN

FRIOR TO FINAL MACHINING, THE HQUSING IS5 X-RAYED, ETCH AND DYE PENETRANT
INSPECTED, AND LEAK CHECKED AT PROQF PRESSURE. ALL WELDS ON THE

ELECTRICAL CONNECTOR ARE DYE PENETRANT INSPECTED AND VERIFIED DY
INSFECTION.

TESTING
ATP VERIFIED BY INSPECTION.
HANDLING/PACFAGING

HANDLING, PACKAGING, STORAGE, AND SHIPPING REQUIREMENTS ARE VERIFIED BY
INSPECTICN. :
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(D) FAILURE HISTORY

DURING ATDT AT ROCEWELL-DOWNEY, THE TYPE IV BALL VALVE EXHIBITED
EXCESSIVE CUTLET-TO-INLET LEAKAGE AT LHX TEMPERATURES {REFERENCE CAR
AN1422). THE LEAFAGE WAS DUE TO HIGH PORPCSITY OF THE VALVE RODY (Al5é
ALUMINUM) AT THE BALT, SEAL BODY CONTACT AREA. CORRECTIVE ACTICH WAS TO
IMPLEMENT A HOT ISOSTATIC FRESSING (HIP) PROCESS WHICH REDUCES THE
PORCSITY OF THE PARENT METAL. THE PROBELEM IS ATP SCREENABLE DURING THE
HYDROGEN ATP. OV103 AND OVi04 BALL VALVES (LH2Z2 ATPped BUT NOT HIPpad)
HAVE EXHIBITED NC LERKAGE. THE OW102 VALVES WERE NOT ACCEFTANCE TESTED

WITH LH:. THE V102 LHZ VALVES ARE SCHEOULED FOR REMOVAL AND REWORK TOR
OTHER DESIGMN CHAMNGES.

OURING TEAK TEST AT HSC, THE RTLS INBOARD DITMP VALVE LEAKED INTERNAELLY
{EEFERENCE CAR AB568%). LEAKAGE WAS DUE TO CONTAMTINATION OH THE RELI:IF
WALVE POQFPET. THE VALVE WAS REPLACED AND SUBSEQUENTLY PASSED THE VEHICL
LERK CHECK REQUIREMENTS.

HATT

THIS FAIIURE MODE HAS HOT OCOURBRED ON THIS (MOMPONENT DDE T
CONTAMIHATION. HOWEVER, GENERAL MPS S¥STEM CONTAMINATION HASE OOCURRED
WHICH MAY LODGE ANYWHERE IN THE SYSTEM CAUSING THIS FAILURE MODE

. (REFERENCE THE FOLLOWING PARAGRAPHS).

CONTAMINATION FAILURES HAVE QCCURRED AT ALL PHARSES OF MANUFACTURING AND
2ARTS REFLACEMENT. IN ALL CASES, STRICT ADHERENCE TU CLEANIINESS CONTRS
PROCEDURES IS THE PRIMARY METHOD OF CONTAMINATION PREVENTION.

NUMEROUS TARGE PARTICLES OF BLACK RUBBER MATERIAL WERE FOUND DURING A
POST FLIGHT EXAMINATION OF THE LH2 17 INCE DISCONNECT OF OVOSS {FLIGHT -
REFERENCE CAR ACSB00). THE 102 AND LHZ SYSTEMS OF aALL VEHICLES WERE
EXAMINED. NQ RUBBER WAS FOUND IN ANY OTHER VEHICLES. AFTER EXTENETIVE
INVESTIGATION THE CORIGIN WAS NQT DETERMINED.

METAL SHAVINGS HAVE SEEN DISCOVERED IN LINES AND COMPONENTS, WHICH WAS
MOST LIKELY GENERATED WHEH THEY WERE CUT OUT AND/OR REPLACED (REFERENCE
CARs ACO8&8, A9654, AC2210, AB1706: DR AD222§). METHODS ARE BEING
REVISED TO MINIMIZE PARTICLE GENERATION WHEN INSTALLING/REPLACING
COMPONENTS, LINES, AND FITTINGE REQUIRING WELDED OR BRAZED JOINTS
{PRODUCT QUALITY IMPROVEMENT COUNCIL). FERSONNEL HAVE BEEN CAUTIONED.
ROCKWELL PROBLEM ACTTION CENTER WILL CONTINUE TO MONITOR BRAZING/WELDING
REWORK CONTAMINATION, PROCEDURES ARE PEING REVISED TO IMPROVE
CLEANLINESS MAINTENANCE DURING COMPONENT GUILD UP AND REWORK (REFERENCE
MCR 13512). SUPPLIER DOCUMENTS/PROCEDURES HAVE BEEN REVIEWED AND
CLEANLINESS MAINTENENCE FROCEDURES HAVE BEENM IMPROVED.
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& PIECE OF A DPRAZING FREFURM LOLDGEZD IN A 2=-WAY SOLENGQID VALVE oN OV-I90
AT PALMDALE CAUSING A LEFAKAGE FAILURE REFERENCE CARS AC2111, AR2533).
STEEL AND ALUMINUM PARTICLES CAUSED EXCESSIVE LEAKAGE ON THE 350 PSIG
HELTUM RELIEF VALVE (REF CAR ACZ2223). TFOR BOTH FAILURES CORRECTIVE
ACTICN WAS TO ADD SPECIAL FURGE FORTS TO THE MPS HELIUM PANEL ASSEMBLIES
TO IMPROVE THE QUALITY QF FINAL CLOSEOUT BRAZES.

SEVERARL FOREIGN MATERIALIS WERE INTRODUCED INTG THE MPS SYSTEM DURINEC
MANUFACTURE AND PARTS REPLACEMENT. EXAMPIES ARF: GLASS ©LOTH TN LINE 7o
PREVENT TRAVEL OF CHIPS DOWN LINE; POLYSTYRENE OBJECT T0O HOLD VALVE
FOPPET CPEN WHILE PURGING; COTTON SWAR MATERTAL AWD GLASS BEADS FROM
CLEANING QPERATICN; MISCELLANFQUS PLASTIZ: FOAM: AND TAPE (REFERENCE CARS
AB4751, AC2417, ACKT6R, ACHS63, MPS3A0005, ACTI1Z, ABON30). MATERIALS
WERE REMOVED AND PERSONNEL WERE CAUTIOWNED. & HIGH FLOW DELTA P TEST AT
PAIMDALE WAS ADDED TO VERIFY THAT LINES WERE NQT PLUGGED. GRIT SLASTING
{GLASS BEADS AND SAND USED TO CLEAN A LINE) T2 MO LONGER PERFORMED.
FROCEDURES ARFE BEING REVISED TO IMPROVE CLEANLIKESS MAIMTENAMNCE JURING
COMPONENT EBEULILD UP AND REWCRE (REFERENCE MCR 12513). SURDLIER
DOCUMENTS/FRUCEDURES HAVE 3EEN REVIEWED AND CLEANLINESS MAINTENENCE
PROCEDURES HAVE BEEN IMPROVELD.

ONE PIECE OF WIRE WAS FOUND IN THE INTERNAL RELIEF VALVE CF THE LO2

FREVALVE ON ©V143 (REFERENCE CAR ACS%101). THE SOURCE OF THE -
CONTAMINATICH WAS NEVER FOQUHD, BUT IT WAS BELIEVED To BE FRCM THE ET. .
OTHER CONTAMIWMATION HAS BEEMN FOUND ON THE FEEDLINE SCREZNS, SUCH AS AN
UNIDENTIFIED ROUND QBJECT AND VARIOUS METALLIC PARTICLES (REFERENCE CARS
ABOSZ9 AND ABOS3Q). SOQURCE OF CONTAMINATION WAS UNDETERMIMED. BORESCOPE
EXAMTIHATIONS ARE CONDUCTED ON ALL FEEDLINE SCREENS EVERY FLFTH FLIGHT TC
VYERIFY CLERNLINESES. CONTAMINATION WAS REMOVED WHEN POSSIBLE.

f{E) OPERATICHAL DUSE
N2 CREW ACTICN CAN BE TAKEN.
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