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,-- SUBSYESTEM 'AFT - REACTION CONTROL FMEA NO 03-ZA =201030-1 REV:ddrs1z02:z
ASSEMBLY :PRESSURIZATION CRIT. FouZ: 1=
F/N BRI iMC2B4=041B8=0011, =0012 CRIT. EIW: 3
P/H VENDORi 74339Q000~0L1, =01z VERICLE 1oz 131 i+
QUANTITY :8B C . EFFECTIVITY: X X s

'TWO FARALLEL, SERIES PHASE(S): PLX LD X 0D X D& ¥ 1z ¥

REDUNDANT UNITS PER TANK

FEDUNDANCY SCREEN: A-PASS B-FaIlL C=FA:3

PREFLRED BY: AFPROVED :
bts R GONZIALEZ TDES

REL R P DIZHL REL

QE W J SHMITH =},

ITEM:

RESULATOR PRESS, He SERIES REDUNDANT. SET AT UNEQUAL OUTLET PRES3TRIS
(PR 201/202/203/204 A01l/302/7303/304),

FUNCTION:
10 REGULATE STORED MELIUM FRESSURE FROM 4000 PSIG MAX T¢ ULLAGE PRIZSTES
CF 245 {+ OR = 4) PSIG FOR PURPCSE OF PROPTLLANT FEED TO THRUSTERS. Tu:
PARALLEL PATHS WITH TWD SERIES REGS ARE PROVIDED FOR EACH PROPELIANT
IANK. PRIMARY ELFMENT SET 11 PSI LOWER THAN SECONDARY (PRIMARY - 2.3

FSI, SECONDARY - 256 PSI).

FATLURE MQDE:
FAILS OPEN, LEAKS INTERMALLY.

CAOSE{S) :
CORRCSION. FROZEN MOISTURE, CONTAMINATION, VIBRATION, PILOT &R MAIN
FOPFET SPRING PATL r GALLING OF PISTON/STEM, PLUGSED RESTRICTOR

ORIFICES, CONTAMINATED INLET PILOT FILTER, CHECK VALVE, PROFELLANT
DECOMPOSITION,/ CONTAMINATION,

EFFECT(B) ON:
(A)SUBSYSTEM {B) INTERFACES (CIMISEION (D) CREW/VEEICSLE

(A) LOSE OF REDUNDANCY (L SERIES STAGE) = RISE IN ULLAGE PRESEURE To
SZCUNDARY PRESSURE (286 P3L) . MIXTURE RATIC SHIFT. CONTAMINATION CAM
CAUSE BOTH STAGES TO FAIL QPEN.

(B) NC EFFECT
(€) MISSION MOD MAY BE REQUIRED.
(D) No EFFECT.

(E} FUNCTIONAL CRITICALITY EFFECT- FOSSIBLE EARLY MISSION TERMINATICY oF
FOSSIBLE CREW/VEHICLE LOSS DUE To INABILITY TOQ SEPARATE CRBITER FROM I7,
FRILS TG UTILIZ2E/DEPLETE PROPELIANT IF MOST OF PRESSURANT IS DTpLET=D
THROUGH RELIEF VALVE. FPOSSIELE RUPTUVRE OF PROPELLANT TANK IF 20TH
PRIMARY AND SECONDARY REGULATORS FAILED OPEN, AND RELITF VALVE OR BUEST
Do5C FAILE TO RELIEVE. UNABLE TC VERIFY A FAILFD QPEN SECCHDARY
REGULATUR BECAUSE OF HIGHER SET POINT THAN PRIMARY REGULATCR.
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DISPOSITION & BATIONALE:
{AYDESIGN (B)TEST (o) INSPECTION {D} FAILURE HISTORY (E)OPERATIONAZ CSE

(A) DESIGH :
SERILS.REGULATORS LIMIT IMPACT OF LIAKAGE OR OPEN FATLURES. RILIFT var-
PREVINTS PROPELLANT TANK OVERPRESSURIZATION SHOULD BUAL REGULATOR FA--—s'
OCCUR. 25 MICRON INLET FILTER AND 10 MICRON PILOT FILTIR -8 PRCvI-ra ~-
LIMIT THE POSSIEILITY OF CONTAMINATION., MULTI-PLY BELLOWS ART L'mroo-=-
IO LIMIT RUPTURE FAILURE CAUSING REG TO OPEN, CHECK VALVES IIWD
FOTENTIAL FOR PROPELIANT MIGRATION TO THE REGULATOR. MANUAL [So:a——-t
VALVES ARE BEING CLUSED TO PROVIDE FOR ADDITIONAL VADOR MIGRAT-oN
PROTECTION DURING INACTIVE GROUND FERIODS.

(B) TEST
IEE QUALIFICATION TEST PROGRAM INCLUDED PROOF TEST (6000 B5I) AND 50'%s~
TEST (8000 PSI), LIFE CYCLES (100,000 CYCLES-PILOT STAGE AND 50.00c
CYCLES MAIN STAGE), THERMAL CYCLING ({-30 TO +158 DEG F), RANDOM
VIBRATION, FUNCTIONAL TESTING, PARALLEL OFERATION AND PROPETLANT EX=os—z:
(MATERIAL COMPATIBILITY VERIFIEZD). THE RCS WAS ALSO QUALIFIED AS ramn
oF THE POD ASSEMELY DURING VIBRO-ACOUSTIC TEST AT JSC (131 EQUIVACDIT
MISSIONS) AND HOT-FIRE TEST PROGRAM AT WSTF INCLUDED 24 EQUIVA-ENT
MISSION DUTY CYCLES AND APPROXIMATELY 7 YEARS PROPELLANT EXEFOSUEC.
ACCEPTANCE TESTING INCLUDES PROOF PRESSURE, OPIRATING PRESSURE, 85T po-v-
VERIFICATION, FUNCTIONAL, BLOWDOWN (THERMAL), INTERNAL LEAKAGE .
CLEANLINESS AND DRYING, AND TESTING OF THE SENSI RESPONSE IN FoLL D
ASSEMBLY, -

QMRSD FERFORMS THE FOLLOWING: REGULATOR LEAR/FUNCTIONAL TESTS FRICR =3
ZACH TLIGHT AND ON A CONTINGENCY BASIS. MOISTURE CONTENT VERIFICATICN
AFTER THE FIRST FLIGMT AND THEREAFTER ON A CONTINCENCY BASIS. PERFCRMS
He SYSTEM SAMPLE BEFORE THE THIRD FLIGHT AND THEREAFTER EVERY THIRD
FLIGHT. He SYSTEM ACTIVATION EACH FLIGHT., KHe SERVICING TD FLIGHT LOACE
FOR EACH FLIGHT . RCS Be OFF-LOADING FOR FWD AND AFT FQR EACE FLIGHT
BEGINNING WITH THE SECUND FLIGHT, THIS INCLUDES CLOSING THE MANUAL VALVET.

A RECULATOR RESPONSE CHECK BEFORE EVERY FLIGHT. REGULATOR LOW PRESSTRT
RESPONSE TEST QN A CONTINSENCY BASIS.

{¢) INSFECTION

RECETVING INSPECTION '
INSPECTION VERIFIES MATERIALS AND DPHYSICAL PROPERTIES. CERTIFICATICH,
MATERIAL, AND HEAT TREATMENT ARE VERIFIED BY INEPECTION.

CONTAMINATION CONTROL
CLEANLINESS T4 LEVEL 100A IS VERIFIED BY INSPECTION. GCCRROSICN
PROTECTION 1§ VERIFIED BY INSEECTION.

ASSEMBLY/INSTALLATION
PISTONS ARE DIMENSTONALLY INSPECTED AND PISTON ASSEMBLY I5 VERISIED =7
INSPECTION. TQRQUING IS VERIFIED BY INSPECTION. SURFACE FINIEH &F PooEss
AND MAIN SPRING ARE INSPECTED UNDER 20X MAGNIFICATION.
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NONDEETRUCTIVE EVALUATION . .
BENETRANT INSFEQTION OF THE MAIN BELLOWS WELDS AND QOF THE HOUSTNZ
FORGINGS AT THE- FORGING LEVEL It YERIFIED BY INSPECTIGN.

CRITICAL PROCESSES

VISVAL INSPECTION QF THE TUNGSTEIN INERT GAS (TIG) WELDS WITHIN THE =oo:-
ACTUATOR ASSEMBLY AND WITHIN THE PILOT POPPET ASSEMBLY ARE WERIFZIZD v
INSPECTION. ADDITIONAL TIG WELD INSFECTIOHS INCLUDE THE WELDS TUAT Jooy
THE TUBING, BOTTUM CARS, PILOT DOPPET ASSEMBLY, PILOT ACTUATOR ASZZMEDY,
AND THE MAIN BELIOWS TO THE BODY. THE ELECTRON BEAM (EB} WELDS OF THZ
PILOT ACTUATOR BELIOWS INTD THE PILOT ACTUATOR ASSEMBLY ARE VERIFIED 37
INSPECTICN. THE PROQF PRESSURE TEST/LEAK TEST PROVIDES FURTHER
VZRZFICATION OF THE WELD INTEGRITY. HEART TREATMENYT OF TEE DETAIL PARTS,
INCILUDING THE HOUSING FORGING TO DRAWCNG REQUIREMENTS IS VERIFIED BY
INSPECTION. THE FORGING SUPPLIFR CERTIFIES THAT THE HOUSING FORGINGS
MEET THE REQUIREMENTS OF MIL-F=-715%Q0, AMENDMENT 1, GRADE A. TESTING oF
EACH FORGING LOT FOR CHEMISTRY, AFTER EERT-TREATMENT HARDNESS AND AF-==
HEAT-TREATMENT TENSILE STRENGTH TS VERIFIED EY INSPECTION. CACMITH
PLATING OF BELLEVILLY WASHERS To URAWING REQUIREMENTS IS VERIFIZD Ev
INSPECTION.

TESTING
ATP IS WITNESSED AND VERIFIED BY INSPECTION.

HEANDLING/PACFAGTING
RETURNED AND ACCEPTED GOODS PLACED IN ECONDED AREA. PACKASING I
VERIFIED BY INSPECTION.

{0) FAILURE HISTORY

THERE WAS ONE FLIGHT FAILURE ON OV1D2 WHERE THI LOCKJP PRESSURE SHITTZZ =
PSI HIGH DUE TO A SHIFT OF BELLEVILIE SPRINGS IN THEIR GROCVE (REF cax
0zFD11). THE SUPPLIER ADDED AN INSPECTION POINT TO ASSURE THAT THE
BELLEVILLE SPRINGS HAVE THE FROPER CLEARANGE,

THERE HAVE BEEN TWQ PLIGHT LEAKAGE FAILURES OF OXIDIZER BREGULATORS WEIZ:
DID NOT PEPEAT DURING GROUND TURNAROUND (REF CAR'S 09Fpz2 AND azfoo7).
ONE FLIGHT FUEL LEAXAGE REGULATCR FAILURE (REF 17F012) WAS ALSD HOT
VERITIED DURING GROTND TURNAROSUND. CAR'S ACE471, AC4422, ACmiSS AND
AC74561 ARE OGN FOUR DIFFFRENT FUEL REGULATORS THAT LEAKED DURING FLIGET C=
CURING HELIUM PRESSURIZATION PRICE TO FLIGHT.

DECOMPOSED MMH DEFOSITS WERF FOUND IK THREE OF THE REGULATORS THAT WIRZ
REMCVED. THE THIRD REGULATOR I SETILL INSTALLED AND REPORTED TREEPING
(REF CAR AD19%l). ANOTHER FUEL REGULATOR ON OV099 WAS REPORTED LEARTY:
CURING SYSTEM FRESSURIZATION AND IS REPERTED AGAIN DURING SUCCEEDING
FLIGHTS AND GROUND TURNARGUND. {REF CAR ACE471, DR ACT464, AND CAR
ACS623 AND DR A0453) THE REGULATOR WAS REMOVED, RUT FAILURE WAS NoOT
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VERIFIED AT THZ SUPPLIER ALTHOUCH I7T DID BAVE MMH VAPOR FUMES IN -, -
WaS SUBSEQUENTLY ATP'd AND REINSTALLFD TINTO OViIf1 RIaHT POD WAERE TE=T
FREIMARY STAGE SHCOWED A SLISHT DECOP [REF CAR AD1ZE4) WHICH Was NCT
VERITIED IN SUBSEQUENT RE=-TEST. NOTE THE PARALLEL FEGJULATCR IMETARI=ZC 2-
SAME TIME WAS REMOVED FDOR THE SAME FAILIRE MODE {REF CAR AD 2327 AND F¥Ta
C3-02A-301030-2).

TWO OTHER K$¢ CHECKOUT FUEL RECULATOR LEARAGES OR GREEPAGE FAILIURES (acr:
CAR ADQUB9 <DESTROYED IN S1L> AND ADL821) HAVE BEEN BOUGHT BY WATvTRs -
DID NOT REPEAT. . ~

-— -
o -

THREZ OXIDIZER REGULATORS WHICH HAVE SLIGHTLY EXCEEDED THE LEAKACZE CR
CREEPACE TESTS REQUIREMINTS KSC CHECKOUT ARE STILL INSTALLED AND AWAZITIN:
ADDITIONAL CHECKOUT OR WAIVERS (REF DR'S ADO134 & AD1843, ON THE SAME
REGULATOR, ADIB&Z AND ADIEE4).

TWO PARALLEL CXIDIZER REGULATORS FAILED LFAFAGE DURING THE OV102 MOD A=
DOWNEY (REF CAR ACS134) AND WERE FOUND TO BE CORRODED DUE TO A MIXTURE -
N204 AND MOISTURE. 1IT 15 ASSUMED THAT THE MOISTURE WAS INTRCCUCED EITHIC
AT KSC OR DOWHEY DURING REMCVING OR REPLACING A COMEONENT IN THE SYSTEM
(K5C HAD REPLACED THREE REGULATORS IN THIS SYSTEM PRIGR TO THE
MODIFICATION PERIOD). TIGHTER MOISTURFE CONTROLS HAVE BEEN ACDED T2 TEE
OMRSD. THE HELIUM SYSTEIM IS5 ALSO BEING SAMPLED FOR MOISTURE MORE
FREQUENTLY. THE CORRECTIVE ACTION TO PRECLUDE FROPELLANT MISRATICN -5 7T:
FURGE THEL PRESSURIZATICN SYSTEM AFTER LANDING TO REMOVE RESIOUAL
PROPELLANT VAPORS AND CLOSING THE MANUAL VALVES AND LERVING THEM CLOSED
URTIL PROPELLANT SERVICING. THE PROCEDURE SHGULD ALSQ LESSEN THE
PUSSIBILITY OF CONTAMINATING THE REGULATORS.

DURING CHECKOUT OF OV099'S AFT POD AT KSC PRICR TO FIRST FLIGHT THE
SECONDARY STAGE LOCRUP PRESSURE WAS 380 PSI {RET CAR AC4025-010). THE
REGULATOR WAS GROSSLY CONTAMINATED WITH METALIC CHIPS WHICH WAS LATER
DISCOVERED TCQ COME FROM CUTTING A WELD DOWNSTREAN OF TEE REGULATDOR, WELZE
WAS LOCATED VERTICALLY ABOVE THE REGULATOR DURING THE CUTTING QPERATION.

iN THE MEAN TIME § OTHER REGULATOR LEAKAGE OR HIGH LOCKUF FAILURES WIRS
BEING EXPERIENCED ON OVD99 AND OV103 PODS AT MDAS (REF CAR acnazp,
ACI3ICL, AEQTTH, AC46D1, ACEETE, ACE412, RC4418, A4437, ACLES4, AND
ACB118). THE CORRECTIVE ACTON FOR THESE FAILURES WAS: (1} IMPROVE THE
TEST PROCEDURES AT THE BEGULATOR SUPPLIER TO ASSURE THAT THE REQULATCIRE
WERE LEAE FREE DURING ATP. (NOTE A FACILITY VALVE LEARING SLIGHTLY CoUID
FASS A MARGINAL LEAKING REGULATOR) ! (2) THE CLEANLINESS AND REWCERK
PROCIDURES WERE REVISED AT MDAC TO ASSURE THAT ALL LINES MET CIEANLINESS
REQUIRFMENTS PRIOR TC INSTALLING COMPONENTS. ALL WELD CUTS WOULL BE
FURCED DURING CUTTING WITH A MAGNET ABGVE AND BELOW CUT. ALL LIKES BEZIN:C
CUT WOULD EE HORIZONTAL PRIGR TO CUT . OV104 PODS WERE BUILT WITECUT
INCIDENT,.
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ODURING DOWNEY INSTALIATION AND CHECKOUT OF THE FRCS TWQ BFGUILATARS Wr=s
FCUNDL To LEAK SLIGHTLY OVER SPECIFICATICN ALLOWABLE (REF CAR'S AC1z2732
<0V09%> AND ACY7793 «0Y¥104>). ONE REVEALED CONTAMINATION INTRODUCED Faov
REVERSE FLOW. THE OTHER FAILURE WAS CAUSED BY PROTRUDIMC TEFLON IN T=T
MATN SEAT INTERFIRRING WITH THE MAIN POFPET SEATING. CORRECTIVE AS™Io:
FOR BACK FLOW WAS TO ADD CAUTION NOTES TS OMSED AND SUBSYSTEM ASSEwnt.w
INSTRUCTION TO ELIMINATE BACK FLOW. THE SUFPLIER ADDED NOTES Ta DRAW-YNS
TO CLARIFY TEAT TEFLCN SHOULD NOT EXTEND BEYOND THE RETAINER. THIS
REQUIREMENT WAS TQ BE VERIPIED BY A 20X MAGNIFICATION INSPECTION.

DURING QUALIFICATION LIFE TESTING THE REGULATOR LEAFED 1000 SC&M ATTIR £-
ANO 70K CYCLES BUT AT 8¢, %0 AND 100K CQYCLES THT LEAWAGE WAS BACK IN
SPECIFICATION (REF CAR AB3636). THE CAUSE OF LEAKAGE WaS ATTRIBUTZID T2

TRANSIENT CONTAMINATION,

THERE WERE ALED 9 FAILURES OF EITHER LEAWAGE, HIGCH LOCKUP OR CREETPTNGS
TAILURE MQDE REPORTED FROM WSIF. ALL THESE WERE JUST SLIGHTLY OUT of
SPECIFICATION, AND REMAINED IN THE TEST ARTICLEIS, WHERE THEY FUNCTIONTD
UNTIL THE .END OF THE TEST WHICH IS ALSO TYPICAL OF TME REGULATCORS THA™
HAVE BEEN WAIVERED FOR LEAKAGE OK FLIGHT VEHICLES,

(E) OPERATIONAL USE

QPS5 #2 SOPTWARE AUTOMATICALLY CLOSES THE HELIUM ISCLATION VALVE IN T=-
LEG CONTAINING TEE FAILED OPEN RESULATOR. LOSS OF EXCESSIVE HELIUM MR
RESULT IN¥ THE REDLINING OF ADDITIONAL PROPELLANT IN THE G0CD PCD FOR
ENTRY RCS REQUIREMENTS. LOSS5 OF CAPABILITY MAY RESULT IN EARLY MISSToN
TERMINATION.

DURING LAUNCH AND RE-ENTRY THE CREW MAY NOT BE ABLE TQ REACH THE MPLI ™
ISOLATICN VALVE SWITCH, FRIOR TO LASING ENCESSIVE HELIUM.

¢2-28 - 19

-\.'.;:_L
[



