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102 OVERBQARD ELEED VALVE (PV¥19), 1.% INCH DIAMETER, HORMALLY QOPEN,
FNEUMATICALLY ACTUATED CILOSED. RELIEVES TO INBGARD SIDE OF VALVE.

FUNCTICH
CONTROLS OVEREDQARD BLEED FLOW (DURING LOADING) THROUGH LO2 BLEED
DPISCONNECT (PD13) TG MAINTAIN PROFPER CRYOGENIC START COWDITIONS FOR Loz
ENGINE FEED. VALVE IS REDONDANT TQ THE LO2 BLEED DISCOMNEST TO PREVENT
OVERBOARD LOSS OF LO2 DURING ASCENT. FPROVIDES RELIEF FEATURE FOR LO2
TEAPFED BETWEEN BLEED VALVE (PFV19}) AND L2 BELEED DISCONNECT (PD13).  TIZ
VALVE 15 CLOSED AFPROXIMATELY 9 SECONDS BEFORE LIFTOFF AND IS NOT
FEQUIRED CLOSED BY LCC. FOR NOQMINAL, ATO, AND AOA MISSIONS THE VALVE I
QPENED AT COMPLETION OF DUMP. FOR RTLS ABORTS THE VALVE IS OJFENED AT T
3800 FEET/SECOND. FOR TAL ABORTS THE VALVE REMAINS CLOSED UNTIL POWER -
REMOVED FROM VEHICLE (PQST LANDING). THE VALVE INCORFDRATES TWO
REDUNDANT CLOSED POSITION INDICATORS AND A SINGLE OPEN INDICATOR.

FAILURE MODE
FAILS TO CLOSE DURING TEEMINAL COUNT.

FAILS TO REMAIN CLOSED (INCLUDES BUILT-IN RELIEF VALVE) DURING TERMINAL
COUNT.

CAUSE(S)
FAILS TC CLOSE - PIECE PART STRUCTURAL FATLURE, BINDING, CONTAMINATIONM,
ACTUATOR LEAKAGE, ACTUATOR FILTER CLOGGING.

FRITS TG REMAIN CLOSED - FIECE PART STRUCTURAL FAILURE, ACTUATOR LEAKAGI
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EFFECT ($) ON:
(A) SUBSYSTEM (B) INTERFACES (C)MISSION (D)CREW/VEHICLE

(A,B) FAILURE QF VALVE TOQ CIOSE/REMAIN CLOSED WILL RESULT IN CONTINUID
BLEED FLOW RESULTING IN LOSS OF LOLX OVERBOARD WITH FAILURE OF BLEED
UDISCONNECYT (PD13) TGO CLRSE. BLEED DISCOWNECT IS HOT CERTIFIED FOR
CLOSURE UNDER FLOW CONDITIONS AND CANNOT BE CONSIDERED & REDUNDANT
INHIBIT AGAINST QVERBOARD FLOW. POSSIELE RUBTURE OF DISCONHNECT HOUSING
AND/OR DOWNSTREAM BLEED SYSTEM CUE TO WATER HAMMER. RESULTS IN LCSS OF
APPROXIMATELY 3000 LBS OF PROPELLANT (TWO PHASE FLGW FROM POGQ SYSTEM)
WHICH IS INSUFFICTENT TQ CAUSE PREMATURE SSME SHUTDOWN,

POSSIBLE AFT COMPARTMENT QUERPRESSURIZATION. FIRE/EXNPLOSIVE HAZARD =0TH

INTERICR AND EXTERIOR TOQ THE VEHICLE. NO LCC EXISTS FOR VERIFICATICN OF
VALVE POSTTICM PRIOR TO T-0.

AISO RESULTE IM LOSS OF HELIUM SUPFLY DURING MANIFOLD REPRESSURIZATICH
CRUSING LOSS QF AT COMPARTMENT PURGE (RTLS AND TAL ABORT CRITICAL;.

{C] VALVE I5 CYCLED DURING LAUNCH COUNTDOWN TO VERIFY PRUOPER QFERATIOIM,
FAILURE WOULD RESULT IN LAUNCH SCRUE.

(D) FOR FAILURE OCCURRENCE DORING TERMINAL COUNT, FOSSIBLE LOSS OF
CREW/VEHICLE.

(E} FUNCTIONAL CRITICALITY EFFECTS:

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

1) BLEED VALVE (PV19) FAILS TC REMAIN CLOSED.
2} ELEED LDISCONMECT (PR13) FAILE TO CLOSE/REMAIN CLOSED.

RESULTS IN 1TOSS OF APPROYIMATELY 3000 LBS. (TWO FHASE FLOW FROM FCGO
SYSTEM) COF PROPELLANT OVERBOARD WHICH IS INSUFFICIZNT TO CALUSE
PREMATURE SSME SHUTDOWH. POSSIBELE FIRE/EXPLOSION HAZARD EXTERIOR TO
THE VEHICLE. POSSIBLE LOS5 OF CREW/VEHICLE.

CRSE IX: 1R/2, 2 SUCCESS PATHS. TIME FRAME - ASCENT.

1l; BLEED VALVE (FV19) FAILS TO REMAIN CLOSED.
2} LO2 BLEED LINE BETWEEN FV19 AND PDRL3 RUPTURE/ILEANAGE.

L0O2 WILL LFEAK IMTO THE AFT FUSELAGE CAUSING POSSIBLE AFT COMPARTMENT
QVERFRESS ARD FIRE/EXPLOSION HAZARD., PQSSIBLE LOSS OF CRITICAL
ADTACENT COMPOHENTS DUE TO CRYO EXPCSURE. POSSIBLE LOSS OF
FREW/VEHICLE.,
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DISPGSITION & RATICHALE:
{A)DESICN (B)TEST (C)INSPECTION {(D)FAILURE HISTORY (E)OPERATIOHAL USE

(A) DESICK
YALVE

THE VALVE ACTUATOR IS5 SPRING LOUADED TCO THE CFEN POSITION AND IS DESIGNEL
T0 CLOSE WITH THE APPLICATION OF 300 TO 804 PSIG GF HELIUM 2REISURE TO
THE VALVE ACTUATOR. THE ACTUATUR PISICK ORIVES A SPRING LOADED RACK
WHICH DRIVES A PINION GEAR, THE 3HAFT QF WHICH ROTATES THE VALVE BALL

{CLOSURE) . THE BISTON IS OF 104 CRES AND THE RACK AND FPINICHM ARFE OF
INCONEL 712. THE PINION GEAR/SHAFT 15 MACHINED FROM A SINGLE PIECE OF
STOCE.

THE ACTUATOR AND VALVE BEARTNGS ARE OQF EITHER VESPEL OR FLUQRCGOLD AND
ARE DESIGNED 30U THAT THEY WILL TURMN WITHIN THEIR HOUSING I¥ THE EVENT GF
SHAFT/BEARING IEIZURE/BINDING. TO PREVENT BINDING IN THE ACTUATOR, THZ
RACE IS GUIDED CON EACH END BY A FLUCROGOLDO GUILDE RING. THID CHROME FLATE:
PISTCN SLIDES THROUGH RETAINERS TREATED WITH A DRY FILM LUBRICZANT.

THE ACTUATOR PISTON SERAL DESIGN USES A KEL=-F STATIC SEAL AGAINST THE
MOVING, CHROME-PLATED PISTON. THE SEAL TS LOADED WITH A COBRER-SERYLLIN

. SPRING AND THE ACTUATOR PRESSURE FURTHER ASSISTS IN MINIMIZING LEAKAGE
ACROSS THE PISTON. EXTERNAL LEAKAGE FROM THE ACTUATOR IS PREVENTEL 3¢

THE USE OF A CRERVEY~TYPE SEAL (TEFLON COVER OVER A SANDVIK SPRING) &ND .
KEL F STATIC SEAL.

TO CONTROL CONTAMINATIGON, A& 10 MICRCOE FILTER IS DESIGHED INTO THE
ACTUATOR PEESEUORIIATICN PORT.

FROPELILANT SYSTEM CONTAMINATICON IS MIHIEIZED OUE TO THE PRESENCE OF AN E
SCREEN, FREVALVE SCREENS, A G3E DEBRIS PLATE, A GSE FILTER, AND
MAINTAINING A CLEANLINESS LEVEL QF BQ0A.

T

THE VALVE WAS CYCLED 24000 TIMES (1500 CYCLES AT AMBIENT TEMPERATURE AND
500 AT CRYOGENIC TEMPERATURE] DURING CERTIFICATICON TESTING WITHOUT EVER
FAILING TO CLOSE OR REMAIN CLOSED. FACTORS OF SAFETY: PROQF - 1.5 BODY,
2.0 ACTUATOR; BURST = 2.0 BQDY, 4.0 ACTUATOR,

THE RELIEF VALVE'S SIMPLE DESIGN EMPLOYS & SPHERICAL KEL~-F POPPET
ATTACHED TO A 6061-T651 PISTON WHICH I3 LOADED BY AN ELGLLOY SPRING,
HOLDING THE POPPET ONTOQ ITS SEAT. THE PISTON IS GUIDED BY A 6061-T6&51
CAP AND, TO PREVENT BINDING, THE TOLERANCES BETWEEN PISTON AND CAP ARE

CLOSELY CONTROLLED (0.002 T® 0.009 ON THE OIAMETER). ADDITIONALLY, THE
PISTON IS HARD ANODIZED.
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SYSTEM

I¥ THE LO2 BLEED VALVE FAILS TO CLOSE BEFORE T-0 THE LO2 SLEED DISCONNERT
WOULD BE CLOSING WITH AN OXYCEN FLOW OF 4.1 POUNDS/SECOND. THIRTY-TWO
PERCENT OF THIS FLOW WILL BE VAPOR. THE LO2 BLEED DISCONNECT IS NOT
CERTIFIED FOF CLOSURE UNDER FLOW. HOWEVER, THE CIOSURE IS AT A ONE "gW
ACCELERATICON RATE (T-0 UMBILICAL SEPARATION RATE), WHICH LIMITS THE
IMPACT ENERGY ON THE VESPEL SEAL TO A LEVEL WHICH IS BELOW THE LO2/VESPEL
ISNITION LEVEL (NOT PREVIOQUSLY TESTED WITH THESE CONDITIONS). THE WATER

HAMMER EFFECT GENERATED DURING THIS CLOSURE HAS BEEN CALCULATED "Q BE
APPROXIMATELY 60 PSIG. SYSTEM PROOF PRESSURE LEVEL IS 28& PSIG,

{B) TEST
ATP
EXAMINATTION OF PRODUCT

AMBIFNT PROOF

VALVE BODY - 600 PESIG VALVE QPEN: 500 PSIGC VALVE CLCEED.
ACTUATOR -~ 1700 PF5I1G.

TALVE RESPONSE TIMES

AMBIENT AND CRYO (—300 DEG F) VALVE PRESSURIZED TO 105 PSIG
ACTUATOR FRESSURIZED To 740 AND SO0 PSIG

EXTERNAL LEAKAGE - AMBIENT AND CRYO (-300 DEG F)
VALVE BOoDY @ 228 PSIC

SHAFT SEAL # 220 PSIG
ACTOATCR B 740 PSIG

RELIEF TUNCTION {QOUTLET-TO=-INLET)
CRACK/RESEAT CRY¥OQ (-200 DEG F, 15—40 PFSID)

INTERNAL LEAKAGE
INLET-TO-QUTLET @ 2290 P3IG

POSITION INDICATION: VERIFICATION COF OPERATION

ELECTRTCAT. CHARACTERTSTICS: INSULATION RESISTANCE, DIELECTRIC STRENGTH
AHND RESISTANCE.
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CERTIPICATICN

VALVE RESPONHSE TIMEZ

AMEIENT AND CRYS (-300 DEG F) - VALVE PRESSURIZED TO 105 PSIG
ACTUATCR. FRESSURIZED TO 740 AND 500 DPSIG

EXTERNAL LEAKAGE - AMBIENT AND CRYO (=300 DEG F)
VALVE BODY 8 220 FSIG
SHAFT SEAL B 220 PSIG
ACTUATUR @ 740 PSIG

LIFE
CRYO (500 CYCLES @ -300 DEG F FOLLOWED BY CRYC LEAWAGE TESTS)

AMBIENT (1500 CYCLES. AFTER EACH 500 CYCLES PERFORM AMBIENT LEAMAGE
' TESTS AND AMBIEMT CRACK/RESEAT TESTS).

VIBRATION

TRANSIENT VIBRATION = (5 TQ 35 HZ] PRIOR TO EACH AXIS OF BANDOM
VIBRATION TEST.

FANDCOM VIBRATION - (13.3 HOURS IN EACH OF THREE AXES WHILE DPRESEURIZ
TQ 105 PS1& AND AT -300 DEG F.

' ‘ PRIOR TO EACH AXIS TEST, PFERFORM CRYC VALVE RESPONSE TIMES
TEST. FOLLOWING EACH AXIS TEST, PFERFORM CRYO VALVE RESPCY
TIMES TEST, CRYQ LEAKAGE TESTS, AND CRYO CRACK/RESEAT TE:T
AFTER TEST UNLIT HAS WARMED, FERFORM ELECTRICAL
CHARACTERISTICS TESTS, AMBIENT VALVE RESPONSE TIMES T=ST,

AMBTENT LEAKAGE TESTS, AND AMEIENT CRACK/RESEAT TESTS .

THERMAL CYCLE TEST (+70 DEG F TD -300 DEG F, TO +70 DEG F, TO +275 DEG

TO +150 DEG F, TO AMBIENT) BY SIMILARITY TO TYPE II VALVES (LQ2 POGOQ
VALVE) .

ELECTRICAL CHARACTERISTICS TESTS AND ELECTRICAL BONDING TEST

CESIGN SHOCK - BY SIMILARITY TO THE TYPE T (RECIRC AKD TOPFING VALVES)
AND IXI VALVES (INBOARD RTLS DUMP AND HI POINT BLEED VALVE).

EURST TEST
VALVE BODY @ 800 P3IG
ACTUATOR @ 34490 PSIGC
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UMRIED .

V41AY0. 010 03 PROPELLANT VALVE SHAFT SEAL AND EXT. LEAX TEST (IS)
V41AY0. 130 LO2 PROPELLANT SYSTEM DECAY CHECLK (EVERY PLT)

VA1AYOD. 221 HELITM SIGNATURE LEAK CHECH (EVEPRY FLT)

V41220.131 PROPELLANT VALVE ACTUATOR LEAE TEST (I5)

Y41BFO.070 PV1S LOZ OVERBOARD BLEED VALVE SEAT LEAK CHECE (EVERY FLT)
Y41BI0.170 1LO2 OVERBOARD BIEED VALVE RESPONSE (EVERY FLT)

V4lBIo.230 INFLIGHT VALVE RESFOHSE (POST FLIGHT DATAR ANAIYSTSE)
W41BU0.150 LOZ FEEDLINE SCREENMN THSPECTICH (I5S)

V41800, 162 LO2 FEEDLINE SCREEN INSPECTICN — VERTICAL {(IZ25S)

{C) INSPECILICH

RECEIVING INSPECTICH

RAW MATERIAL VERIFIED BY INSPECTION FOR MATERIAL AND PROCESS
CERTIFICATICN. TEST EEPQRTS REQUIRED ON CAST MATERIAL. ©COMPLETION OF

HOT I[SOSTATIC PRESSING (HIF) PRGCESS IS5 VERIFILD. CAST HOUSING (ROUGH
MACHINED) IS INSPECTED FOR POROSITY.

CONTAMTNATTON COWTROL

CONTAMINATION CONTROL PROCESS AND COPROSICN PROTECTICHN PROVISIOCNS ARE
VERIFIED. THE INTERNAL WETTED SURFACES ARE CLEANED TO LEVEL 400& AND
YERIFIED BY INSPECTION,

ASSEMBLY / INSTALLATTON

ALTL DETAIL PARTS ARE THSTECTED FOR CRITICAL DIMENSIONS, SURFACE FINIGSH,
BURRS, DAMASE, AND CQURROSION. CRITICAL POPFET AND SLEEVE SURFACES ARE
LAPPED AND INSPECTED WITH 40X MAGNIFICATION. - TORQUES ARE VERIFIED TO BI
IN ACCORDANCE WITH DRAWING REQUIREMENTS. PRIOR TO INSTALLATION, SEALS
ARE VISUALLY EXAMINED WITH 10X MAGHNIFICATION FOR DAMAGE AND CLEANLINESS.
ALI. SFRTNGE ARE 1OT TRACEABLE AND LOAD TESTED AT THE PIECE FART LEVEL.
MANDATORY INSPECTION POINTS ARE INCLUDED IN THE ASSEMBLY FRUCEDUREL.

CRITICAL FPROCESSES

HEAT TREATMENT GF THE VALVE DALL AFTER MACHINING IS VERIFIED. PART
PASSIVATION AND HARD ANODIZING ARE VERIFIED. CERTIFICATION OF WELDOING,
POTTING, AND SOLDERING IS VERIFIED. PAINTING (ON BODY), ELECTRICAL

BOMDING, AND DRY FILM LUBRICANT ARE VERIFIED BY INSPECTIDN. ALL CASTINGS
ARFE SURTECTENR TO A EBETP PROCESS.

NONDESTRUCTIVE EVALUATION

FRICR TO FINAL MACHINING, THE HOUSING I3 X-RAYED, ETCH AND DYE PENETRANT
IHSPECTED, AND LEAR CHECKED AT PROOF PRESSURE. ALL WELDS ON THE
ELECTRICAL QONWECTOR ARE DYE PENETRANT INSPECTED AND VERTFIED BY
INSPECTION.
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TESTING
ATE VERIFIED BY INSPECTION.

HANDLING,/PACKAGING

HANDLING, PACKAGING, STORAGE, AND SHIPFING REQUIREMENTS ARE WERIFIED 3V
INSPECTION.

(D) FAILURE HISTORY

INTERNAL LEARAGE:

MINOR INTERNAL LEAKAGES HAVE OCCURRED AT THE SUPPLIER DURING ATE.
CORRECTIVE ACTIONS WERE DESIGN CHAMGES TO THE BALL SEARL AND RETAINER,
DISCREPANT FARTS WERE REPLAGCED, MANUFACTURING ASSEMBLY DROCEDURES WERE
CHANGED, AND ALLOWABLE ACTUATOR AND SHAFT SEAL LEAKAGE RATE REQUTIREMEVTS
WERE RELAXED (REFERENCE CARS ACS714, ACS5%63, ABI341).

INTERNAL LEAKAGE DURING ATF WAS CAUSED BY BURRS AT THE SEALING CONTACT
AREMA OF THE BALL SEAL (REFERENCE CAR ABSO88). SUPPLIER INITIATED A
DEBURRING QPERATION UNDER 30% MAGCNIFICATION., CORRECTIVE ACTION IS
EFFECTTIVE FOR TYPE I THRU TYPE V VALVES.

INTERNAL LEAKAGE DURING ATP WAS DETERMINED TO BE CAUSED BY INSUFFICITH™
SEALING PRESSURE BETWEEN THE BALL SEAL AND THE BALL (REFERENCE CAR
ACS5985) . THE SEAL RETAINER WAS FOUND TO BE DIMENSIONALLY DISCREPANT,
CAUSING THE LACK OF SEALING PRESSURE. ALL EXISTING SEAL RETAINERS (PN

80652) HAVE BEEN INSPECTED AND REWORKED TQ THE CORRECT ANGLE OF 26
DECREES.

DURING ATP AT POCKWELL-DOWNEY, THE TYPE IV BALL VALVE EXHIBITED EXNCTI5IV
CUTLET-TO-INLET LEAKAGE AT LH2 TEMPERATURES (REFERENGCE CAR AD1422). THE
LEAXAGE WAS DUE TO HIGH FOROSITY OF THE VALVE BODY (RA3Sé ALUMINUM) AT TH
BALL SEAL BODY CONTACT AREA. CORRECTIVE ACTION WAS TO IMFLEMENT A HOT
ISOSTATIC PRESSING (HIP) PROCESS WHICH REDUCES THE POROSITY OF THE PAREN
METAL. THE FROELEM IS5 ATP SCREENABLE DURING THE HYDROGGEN' ATP., OV103 AN
UV104 BALL VALVES (LH2 ATPped BUT HOT HIPped) HAVE EXHIBITED NO LEAKAGE.
THE OV102 VALVES WERE NOT ACCEPTANCE TESTED WITH LH2. THE oV1iaz LH2
VALVES ARE SCHEDULED FOR REMOVAL AND REWORK FOPR. OTHER DESIGN CHANGES.

DURING ATP, THE INLET TO QUTLET LEAKAGE AT CRYC TEMPERATURES EXCEEDED TH
LEARAGE REQUIREMENT (REFERENCE CAR AS441). OURING DISASSEMBRLY, IT WAS
HOTED THAT THE TORQUE ON THE BALL SEAL ASSEMBLY RETAINER WAS LOW. THE
RETAINER WAS RETURQUED AND TEE VALVE WAS RETESTED AT CRYO TEMPERATURES
ANL LEAFAGE REQUIREMENTS WERE MET. ASSEMBLY FROCEDURES WERE CHANGED TO
INCORPORATE AN INSPECTICON POINT TOQ VERIFY PROPER RETAINER TORQUE.
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CURING ATP CRYQO TESTE, LEAFRAGE PAST THE BALL SEAL WAS NOT WITHIN THE
LEAKAGE REQUIREMENTI (REF CAR ASdOQLy. DIS-ASSEMBLY OF THE VALVE SHOWED
NG QBVIOUS LEAK PATHZ. THE ATP WAS REVISTED TO ESTABLISH & ONE HOUR CCLD
SOAF STABILIZATIOW TIME PRIOR TQ FUNCIIONAL TESTING. ALSC, THE
FRQCEDURES WERE ESTABLISHED TO OBTAIN CORRECT SEAL LOADING DURING
ASSEMELY. THE VALVE HAS BEEN REDESIGMED AND THIS SEAL CONFISCURATION IS
NOQ LONGER IN USE.

OURING ATP, THE TNLET=-TO=0UTLET LEAFAGE (125 AND 162 SCIM - MAX ALICWABLZ
100 S5CIM} EXCEEDED THE REQUIREMENT ON TWO VALVES (REF CAR A%47Z). DUE TO
MFTA TEST SCHEDULE DEMANDE, BOTH VALVES WERE WAIVED AND APPROVED FOR META
TESTING. HNOQ TATILURE ANALYSTS WAS PERFORMED QN EITHER VALVE.

DURING ATP, THE INLET-TO-OUTLET LEAKAGE (320 SCIM - MAX ALLOWABLE 400
SCIM) EXCEECED THE REQUIREMENT (REr CAR A28J2). ALSO, THE RELIEF VALYVE
FLOW REQUIREMENTS WERE NOT MET. DUE TO MPTA TEST SCHEDULE DEMANDS, THE

VALVE WAS WAIVED AND APPROVED FOR MPTA TESTING. NO FATLURE AHALYSIS WAS
FERFDEMED.

DURING ATF, EXCESSIVE INLET-TU—OUTLET LEAKAGE CON TWQC VALVES CCCURRED AT
CRYD TEMPERATURES (REF CARs ACE&T7E3 AND ACEZ01). THE VALVES WERE
CISASSEMBLED AND THE BALL SEAL REVEALED HAIRLINE CRACKS AT SEVERAL PCINTS
N THE INMER DIAMETER. TESTING INDICATED THAT THE CRACES WERE CAUSED EY
THE CEOMETRY OF THE BALL SEAL. THE BALL SEAL WAS REDESIGHED TO
INCORPORATE A LARGER IMNER DIAMETER: THE VALVE BASSED SUBSIQUENT LEAKACE
TESTS. THIS DESICH CHANGE WAS INCORPORATED ON ALL FIVE BALL VALVE
CONFIGURATIONS.

DURING LEAK TEST AT ESC, THE RTLS INBOQARD CUMP VALVE LEARED INTIRMNALLY
(REFERENCE CAR ABS689). LEAKAGE WAS DUE TD CONTAMINATION ON THE RELIEF

YALVE POPPET., THE VALVE WAS REPLACED AND 3SUBSEQUENTLY PASSED THE VEHICLZ
LEAW CHECK REQUIREMENTS.

FATLS REMATN CIO i
THERE HAVE BEEN NO FATIURES OF THE VALVE TO REMAIN CLOSED.

THE FOLIOWING ACTUATOR LEAFAGE FAILURES HAVE QCCURRED WHICH MAY CAUSE
FAILURE QF THE VALVE TO REMAIN CLOSED:

ALP
ODIURING ATP PROOF PRESSIIRE TEST, EXCESSTIVE LEAKAGE PAST THE ACTUATOR SEAL
WAE NOTED (REF CAR AS70Q5). TEARDOWN REVEALED A SCRATCH ON TIHE PISTON

SEAL. THE SEAL WAS REFLACED AND ACTUATOR MET LEARAGE REQUIREMENTS.
CORRECTIVE ACTION WAS TQ INCORPORATE A MANDATCORY INSPECTION POINT OF THE
SEALS PRICE TO INSTALLATICN.
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- QUALTFICATION

DURING QUALIFICATION TEST, ACTUATOR LEAKAGE WAS OBSERVED (EEF CAPR AZBD34:
X-RAY OF THE ACTUATOR REVEALED A BROKEN ERCE/PISTAN SPRING. UPON
TEARDOWN, A BROKEN STATIC SEAL WAS ALSG FOUND. PAILLRE ANALYSTS OF THE
SPRING DETERMINED THAT THE SPRING FAILED FROM IMPACT EMERITTLEMENT. TH=
ACTUATOR SPRING MATERIAL WAS CHANGED FROM TITANIUM TC ELGSILOY AND

REDUNDANT ACTUATOR STATIC SEALS WERE ADDED. THE QUAL UNIT WAS REWORKED
AND SUCCESSTULLY RETESTED.

DURING QUALIFICATION TEST AT CRYD TEMPERATURE, THE ACTUATGCR SHAFT SEAL
LEAKAGE WAS 400 SCIM, MAX ALLOWABLE IS 100 SCIM {REF CAR ACA%E3)}., THE
CAUSE ATTRIBUTED TQ NORMAL INTERNAL WEAR IN COMEBINATION WITH MIGRATING
LUBRICANT. THE SFECIFICATION FOR MAXIMUM ACTUATOR SHAFT ESEAL LEAKAGE Wa:

REVISED TC 500 SCIM (TYPE II VALVES ONLY), TO EE MEASURED AFTER EXPUOSURE
To QUALIFICATION VIBRATIOGN TEST.

DURING CRYOGENIC QUAL TESTING, ACTUATOR PISTON SEAL LEARAGE ar 1340 scix
WAS NCTED. MAX ALILOWABLE IS 100 SCIM {REFERENCE CAR ARL30&). THE
LEAFAGE WAS DUE TOQ METALLIC PARTICLE GENERATION DITRING ASSEMEIY PROM
IMPROPERLY CLEANED PARTS CAUSING GALLING DURING AS3EMEILY. SUPPLIER

ACTUATOR ASSEMBLY PROCEDURE PS-152M WAS CHANGED TO ADD CAUTION AND
INSPECTION MOTE.

DURING QUALIFICATION TESTING, ACTUATOR PISTON SEAL LEANAGE OF 220 SCIK
WAS DETECTED. MAX ALLOWAELE IS 100 SCIM. LEAXACE WAS DUE TO METALLIC
PARTICIES GENERATED DURING ASSEMBLY WITH AN INADEQUATE ASSEMBLY TCOL.
REDESIGNED TOOL ELIMINATED THE PROBLEM (REFERENCE CAR ABO137).

DURING QUALIFICATION TESTING, LEAKAGE AT THE ACTUATOR PISTON EEAL
RETAINER INTERFACE WAS 560 SCIM. MAX ALIOWABLE IS 100 SCIM (REFERENCE
ARE ABDO88]. LEAKAGE WAS DUE TO INSUFFICIENT SEAL RETATINER TOQRQUE QF 7¢
FT-LBS. ASSEMELY TORQUE WAS INCREASED TO 95 = 100 FT-LES WITH REEFPEAT

APPLICATIONS AT 5 MINUTE INTERVALS UNTIL SUB-ASSEMBLY STOPS MOVING.
IMPLEMENTED OV=102 AND SUBS.

EIRLD

DURING MPTA CHECKOUT, HELIUM WAS LEAKING THROUGH THE VENT PORT OF THE
ACTUATOR WHILE THE VALVE WAS IN THE OPEN POSITION. DCURTNG DISASSEFMBELY,
IT WAS FOUND THAT THE STATIC SEAL WAS PRCTRUDING OUTSIDE ITS RETAINER
AREA AND THAT TEE SEAL RETAINER TORQUE WAS LOW, IT WAS CONCLUDED THAT
THE ACTUATOR STATIC SEAL RETAINER TORGQUE RELAXES EITHER FROM SEAL
MATERIAL COLD FLOW OR RETAINER BRACKING OFF. THE VALVE WAS REDESIGNED TOQ
ADD REDUNDANT ACTUATOR SEALS AND LOCKTITE IS APPLIED TO THE RETAINER TGO
PREVENT TORQUE RELAXATION AND A SERIES OF RETCORQUING TO MINIMIZE <OLD
FLOW. THE VALVE WAS REWORKED AND PASSED SUBSEQUENT LEREAGE TESTS.
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AT PALMDALE ACTUATOR LEAFRAGE QCCURRED FROM UNDER THE EMDCAP OF THE
ACTUATOR {REFERENCE CAR AD2446). THE ORIGIN OF THE LEAK WAS DUE T0 TWO
DAMAGED GASKETS P/N 1297-60 AND A SEAL 2/N 1337=-29-2. THE FATLURE WAS
DUE TO A FAILUREE TO BACK UP THE END CAP SN THE ACTUATOR WHILE TURNIHNG A
LINE FITTING DURING THE INSTALIATION OF THE VALVE. GASKETS AND SZAL
REPLACED. NO FURTHER ACTION REQUIRED.

DURING CHECKOUT AT FALMDALE ON QV-099, THE ACTUARICR END CAP LEAKED
EXCESSIVELY (REFERENCE CAR AC2Z152). NEW SEALS AND END CAZ WERE INSTALLEZD

o THE VEHICLE BY THE SUFPPLIER AND PASSED SUBSEQUENT LEAR TEST. CAUSE
FOR LEAKAGE WAS NOT DETTRMINED.

AT H

4 FAILURE OF THE VALVE TO CLOSE OUCURRED DURING QUALIFICATION TESTING
(REFERENCE CAE ACl189). THE CAUSE WAS INTERFERENCE DUJE TO THE QOVERSIZELD
DIAMETER OF THE PISTON GUIDE RING GROOVE. THE DESIGN WAS CHANGED {THE
GROOYE DIAMETER WAS REDUCED) To ELIMINATE THE PRCBLEM.

A FAILITRE AT HSTL OF A VALVE TO ACTUATE WAS CAUSED BY BINDING QF THE
ALUMINUM BRONZE BUSHING TO THE SHAFT. AN MCR AUTHORIZED DRAWING CHANGES
TO TEFLON COAT AND POLISH THE SHAFT (REFERENCE CRR AV350).

1, 8¥S CONTAMT 0 ' : : .

THIS FAILURE MODE HAS NQT OCCURRED ON THIS COMPONENT DUE TO
CONTAMINATION., HOWEVER, GENERAL MPS 3YSTEM CONTAMINATION HAS CCCURRED
WHICH MAY LODGE ANYWHERE IN THE SYSTEM CAUSING THIS FAILURE MODE
{REFERENCE THE FOLLOWING PARAGRAPHS) .

CONTAMINATION FAILURES HAVE OCCURRED AT ALL PHASES OF MANUFACTURING AND
PARTS REPLACEMENT. 1IN ALL CASES, STRICT ADHERENCE TC CLEANLINESS CONTROL
PROCEDURES IS THE PRIMARY METHCD OF CONTAMINATION PREVENTICN.

NUMEROUS LARGE FARTICLES OF BLACK RUBBER MATERIAL WERE FOUND DURIKG A
POST FLIGHT EXAMINATION OF THE LH2 17 INCH DISCONNWECT OF OVD&8 (FLIGHT 7,
REFERENCE CAR AC9800). THE LO2 AND LH2 SYSTEMS OF ALL VEHICLES WERE
EXAMINED. HNO RUBBER WAS FOUND IN ANY OTHER VEHICLES. AFTER EXTENEIVE
INVESTIGATION THE ORIGIN WAS NOT DETERMINED.

METAL SHAVINGS HAVE BEEN DISCOVERED IN LINES AND COMPONENTS, WHICH Was
MosT LIFELY GENERATED WHEN THEY WERE CUT OUT AND/OR REPLACED [REFERENCE
CARs ACO868, A9654, AC2210, AB1706; DR ADZ226) . METHODS ARE BEING
REVISED 10 MINIMIZE PARTICLE SENERATION WHEN INSTALLING /REPLACING
COMPONENTS, LINES, AND FITTINGS REQUIRIMG WELLDED CR BEAZED JOINTS
(PRODUCT QUALITY IMPROVEMENT COUNCIL) - PERSONMEL HAVE BEEN CAUTIONED.
ROCKWELL PROBLEM ACTION CENTER WILL CONTINUE TC MONITOR ERAZING/WELDING
REWORE CONTAMINATION. FROCEOURES ARE BEING REEVISED TO IMFRGVE
CLEANLINESS MAINTENANCE DURING COMPONENT BUILD UFP AND REWORK {REFERENCE
MCR 12512). SUPPLIER DOCUMENTS/PROCEDURES HAVE SEEN REVIEWED AND
CLEANTINESS MAINTENENCE PROCEDURES HAVE BEEN IMPROVED. ‘
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A PIECE OF A BRAZING PREFCHM LODGED TN A 2-WAY SOLENGID VALVE ON CV=09n
AT PAIMDALE CAUSING A LEAFACE PAILURE {REFERENCE CaRs AC2111, ABZE3R).
STEZEL AND ALUMINUM PARTICLES CAUSED EXCESSIVE LEAXAGE ON THE 850 PSIG
HELIUM RELIEF VALVE (REF CAR ACZ279) . FOR BOTH FAILURES CGCERECTIVE
ACTION WAS TO ADD SPECIAL PURGE FORTS TQ THE MEPS HELIUM PANEL ASSEMBLIEZS
TO IMPROVE THE QUALITY OF FINAL CLOSEGUT BRAZES.

SEVERAL FOREIGN MATERIALS WERE INTRGDUCED INTO THE MPS SYSTEM DURINS
MANUPACTURE AND PARTS REPLACEMENT. EXAMPLES ARE: GLASS CIOTH IN LINE T
FEREVENT TRAVEL OF CHITS DOWN LINE: POLYSTYRENE OBJECT TO HAQLD VALVE
POPPET OPEN WHILE PURGING; COTTOM SWABR MATERIAL AND GLASS BEADS FHOM
CLEANING QPERATION; MISCELLANECUS PLASTIC; POAM; AND TAPE (REFERENCE CAR
AB4751, AC2217, ACH75E, ACSE&8, MPS3IA0005, AC7912, ABOS230). “ATERIALS
WERE REMOVED AND FERSONNEL WERE CAUTIONED. A HIGH FLOW DELTA P TEET AT
PALMDALE WAS ADDED TO VERIFY THAT LINES WERE NOT PLUAGED. GRIT BLASTING
{GLASS BEADS AND SAND USED TO CLEAN A LINE} I3 WO LONGER FERFOERMED,
FROCEDURES ARE BEING REVISED TG IMPROVE CLEANLINESS MAINTENANCE DURING
COMPONENT BUILD UP AND REWCEK (REFERENCE MCR 12512). SUPPLIER
DOCUMENTS/PROCEDURES HAVE BEEN REVIEWED AND CLEANLINESS MAINTENENCE
FPROCEDURES HAVE BEEN IMPROVED. .

ONE PIECE OF WIRE WAS FOUND IN THE INTERNAL RELIEF VALVE OF THE L&o
PREVALVE ON OV103Z (REFERENCE CAR AT9191). THE SOURCE OF THE
CONTAMINATION WAS NEVER FCUND, BUT IT WAS BELIEVED TdJ BE FROM THE ET.
OTHER CONTAMINATION HAS BEEN FOUND ON THE FEEDLINE SCHEENES, SUCH As AW
UNIDENTIFIED ROUND OBJECT AND VARIOUS METALLIC FARTICLES (REFERENCE CARS
ABGS29 AND ABOS30). SOURCE OF CONTAMIMATION WAS UNDETERMINED. BCRESCOE
EXAMINATIONS ARE CONDUCTED ON ALL FEEDLINE SCREENS EVERY FIFTH FLIGHT T2
VERIFY CLEANLINESS. CONTAMINATION WAS REMOVED WHEN POSSIBLE.

(E) OPERATIONAL USE

HC ACTION CAN BE TAKEN.
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