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ASSEMBLY tPRESSURIZATION CRIT. FLWC: 12
P/N RI sMCiB4=D4168=-0011,=-0013 CRIT. HDW: 3
P/ VENDOR:I74235000~-011,-012 VEHICLE 102 192 1%=
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tREDUWDANT UNITS POR TANK

REDUMDANCY SCREEN: A=PASS B=FAIL C-DASS
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REL R F DIENL EEL T :
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ITEM:

REGULATOR FRESS, HE SERIES REDUNDANT. SET AT UNEQUAL OUTLET PRESSURZS
{(FR 101/102/103/104).

FONCTION:
T0 REGULATE STORED HELIUM PRESSURE FROM 4000 PSIG MAX TC ULLAGE PRESsUD
OF 245 [+ OR = 4) PSIG FOR PURPOSE QF PROPELLANT FEED TQ THRUSTERS. =
PARALIFY, PATHS WITH TWO SEFIES REGS ARE FROVIDED FCOR EACH FROPELLANT
TANK. FRIMARY EILFMENT SET 11 FS5I LOWER THAN SECONDARY (PRIMARY = 145
PSI, SECUNDARY =- 256 PSI).

-
-
-

]

FAILURE MODE:
FAILS OFEN, LEAKS INTERNALLY.

CAUSE(5) :
CCHRQSICN, TROIEN MOISTURE, CONTAMINATICN, VIBRATION, FILOT OR MAIY
POFPET ZPRING FAILURE, GALLING OF PISTON/STEM, PLUGGED RESTRICIOR
CRIFICES, CONTAMIMATED INLET PItOT FILTER, CHECK VALVE, PROPELLIANT
DECOMPOSITION/CONTAMINATION,

EFFECT(5) ON: -
{(A)SUBSYSTEM (B)INTERFACES (C]MISSICN (D)CREW/VEEICLE

(&) LOSS OF REDUNDANCY (1 5ERIES 3TAGE] = RISE IN ULLAGE FRESSURE IO
SECONDARY PRESSURE (256 PSI). MIXTURE RATIO SHIFT. CONTAMINATION CaX
CAUSE EBOQTH STAGES TO FAIL OFEH. .

{B) NGO EFFECT.

(<) MIESIUE HMOD MAY BE REQUIRED.

(D) NG EFFECT.
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(E) FUNCTIONAL CRITICALITY EFFECT - PQSSIBLE EARLY MISSION TERMINATICY
‘OR POSSIBLZ CREW/VEHICLE LOSS LDUE TO INABILITY TO EEFARATE ORBITEZR FROM
ET. FAILS TC UTILIZE/DEPLETE PROPELLANT IF MOST OF PRESSURANT IS
RQEFLETED THERQUGH RELIEYT WALVE. POSSIBLE RUPTURE OF FROFCLIANT TANK IT
BOTH PRRIMARY AMND SECOMDARY REGULATORS FAILED QPEN, BND RELIEF VALVE C3
BURST DIS¥ FAILS T0 RELIEVE. UNABLE TO VERIFY & FAILEDR OFEN SECONIASY
REGULATOR 3ZCAUSE OF HIGHER SET PCOINT THAN PRIMARY REGULATIR.

DISPOSITION & RATICHALE:
(A)DESIGK (B)TEST (C)}INSPECTION (D)FAILORE HISTORY (EYOPERATIONAL USE

(A) DESIGN :
SERIES REGULATORS LIMIT IMFACT OF LEAFAGE OR QPEN FAILURES. IITF TALT
FREVENTS PFROUPELIANT TANE OVERPRESSURIZATION SHOULD DUAL REGULATOR TAIILE
QUCUR. 25 MICRON INLET FILTER AND 10 MICRON PILOT FILTER IS PROVISED T2
LIMIT THE POSSIBILITY OF CONTAMINATION. _

VULII~PLY BELLOWS ARE UTILIZZD TO LIMIT RUFTURE FAILURE CAUSING REG TC
OPEN. CHECK VALVES LIMIT POTENTIAL FUR PROPELLANT MIGRATION TQ THE
RIGULATOR. MANUAL ISCGLATION VALVES ARE BEING CLOSED TC¢ PROVIDE TCR
ADDITIONAL VAPOR MIGRATIGN PROTECTION DURING IMACTIVE GROGUND PERICDS.

(B} TEST
THE QUALITICATION TEST PROGRAM INCLULDED FROOF TEST (6000 PSI) AND BURST
TEST (8Q00 PSIl), LIFE CYCLES {100,000 CYCLES-FILOT STAGE AND 50,000
CYCLES MAIN STAGE), THERMAL CYCLING (-30 T +155 DEG F), RAVLCHM
VIBRATICN, FUNCTIOMAL TESTING, PARALLEL OPERATION AND PROPELLANT LNDPCSUS
(MATERIAL COMPATIBIL-TY VERIFIELDL].

THE REG WAS ALSD QUALIFIED AS PART OF THE POD ASSIMBLY DURIKG
VIBRC-ACGUSTIC TEST AT JSC {131 EQUIVALENT MISSIONS) AND HOTeFIRE TEST
PROGRAM AT WSTF INCLUDER 24 EQUIVALENT MISSION DUTY CYGCLES AND
APPROXIMATELY 7 YEARS PROPELLANT EXPGSURE,

ACCEFTANCE TESTING INCLUDES PROOF PRESSURE, OPERATING PRESSURE, S5TT POINT
VERIFICATION, FUNCTIONAL, BLOWDOWN (THERMAL), INTERNAL LIAKAGE,
CLEANLINESS AND DRYING, AND TESTING OF THE SENSE RESPONSE IN FULL UP
ASSEMBLY.

OMRSD PERFORMS THE FOLLOWING: REGULATOR LEAR/FUNCTIONAL TESTS PRICR T2
EACH FLIGHT AND THEREAFTER ON A CONTIMGENCY BASIS. MOISTURE SoNTEHT
VERIFICATION AFTER THE FIRST FLICHT AMD THEREAFTER ON A CONTINSENCY
BaASIS. HE SYSTEM SAMPLE BEFORE THE THIRD FLIGHT AND THEREAFTER EVERY
THIRD FLIGHT AND A CONTINGENCY BASIS IF EXCESSIVE PROFELLANT VAFPOR OR
MOISTURE IS SUSPECTED. HE SYSTEM ACTIVATION EACH FLIGHT. HE SERVICING
TC FLIGHT LOADS FOR EACH FLIGHT. RCS5 HE OFF=LOADING FOR FWD AND AFT Fox
THE SECOND FLIGHT AND EACK FLIGHT THEREAFTER, THIS INCLUDES CLOSING TUZ
MANUAL VALVE. A REGULATOR RESPONSE CHECX BEFORE EVERY FLIGHT. LOW
PRESSURE REGULATOR RESPCNSE TESTS ON A CONTINGENCY BASIS.
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(C) INSPECTION

RECEIVING INSPECTION
IMSDECTION VERIFIES MATERIALS AND FPHYSICAL PFROFERTIES. CERIITICATICH,
MATERIAL, AND HEAT TREATMENT ARE VERIFIED BY INSPECTION.

CONTAMINATION CONTROL
CLEANLINESS T$ LEVEL 1C0QA IS VERIFIED BY INSPECTION. CORRUSICON
PROTECTION IS VERITIED BY INSPECTION.

ASSEMELY/INSTALIATION -

PISTONS ARE DIMENSIONALLY INSPECTED AND PISTON ASSEMBLY IS VERIFIZD BY
INSEECTION. TORQUING IS VERIFIED BY INSPECTION. SURFACE FINISH OF PIps:
AND MAIN SERING IS VERIFIED BY INSEECTION.

NONDESTRUCTIVE EVALUATION
PENETRANT INSFEQTION OF THE MAIN BELLOWS WELDS AND QOF THE HOUSING
FORGINGS AT THE FORGING LEVEL IS VERIFIED BY IKSPECTION.

CRITICAL PROCESSES

VISUAL INSFECTION OF THE TUNGSTEN INERT GAS (TIG) WELDS WITHIN THE PIIIT
ACTUATOR ASSEMBLY AND WITHIN THE PILOT POPPET ASSEMBLY ARE VLRIFILD BY
INSPECTION. ADDITIONAL TIS WELD INSPECTIONS INCIUDE THE WILDS THAT JOI&
THE TUBING, BOTTOM &APS, PILOT POPRET ASSEMBLY, PILOT ACTUATOR ASSEMALY,
AND THE MAIN BELLOWS TO THE BODY. THE ELECTRON BEAM (EE) WELDS OF IEH=
PILOT ACTUATOR BELLOWS INTO THE PILOQT ACTUATOR ASSEMBLY ARE VERIFIZD BY
INSPECTICN. THE PROOF PRESSURE TEST/LEAK TEST PROVIDES FURTHER
VERIFICATION OF THE WELD INTEGRITY. HEAT TREATMENT OF THE DETAIL PARTS,
INCLUDING TEE HOUSING FORGING TO DRAWING REQUIREMENTS IS VERIFIED BY
INSPECTION., THE FoRSING SUPPLITR CERTIFIES THAT THE BOQUSING FORGINGS
MEET THE REQUIREMENTS OF MIL-F-7190, AMEMDMENWT 1, GRADE A. TESTING CF
FACH FORGING LOT FOR CHEMISTRY, AFTER HEAT-TREATMENT HARDNESS AND AFLUER
HEAT=TREATMENT TENSILE STRENGTE IS VERIFIED BY INSPECTION. CADMIUM
PLATING OF RELLEVILLE WASHERS TO DRAWIKG REQUIREMENTS IS VERIFIED BY
INSPEICTICON.

TEESTING
ATP IS WITNESSED AND VERIFIED BY INSPECTION.

HANDLING/PACFAGING
RETURNED AND ACCEFTED GQODS ARE PLACED IN BONDED AREA. PACFAGING I3
VERITIELR BY INSPECTICN.

(D] FAILORE HISTORY
THERE WAS ONE FLIGHT FAILURE ON OV102 WHERE THE LOCKUF PRESSURE SHITTID !
PST HIGH OUE TC A SHIFP OF BELLEVILLE SPRINGS IN THEIR GROOVE (REF CAR
02F011l}. THE SUPPLIER ADDED AN INSPECTION POINT TO ASEVRE THAT THE
BELLEVILLE SPRINGS HAVE THE PROFER CLEARANCE.
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THERE HAVE BEIN TWD FLIGHT LEAXAGE FAILURES OF OXIOIZER REGULATORS WET-Z
QID NOT RIFEAT DURING GROUND TURNARCUND (REF CAR'S CG9FO0Z2 AND 32FOCT) .
ONE FLIGHT FULRL LEAKAGE REGULATOR FAILURE (REF 17F012) WAS AILSO MHoOT
VERIFIED DURING CROUND TURNAROUND. CAR'S ACS47T1, ACi422, ACS54$%5 AND
AC74683 ARE oY FOUR DIFFERENT FUEL REGULATORS THAT LEAMNED DURING FrIce—
OR DURING HELIUM PRESSURIZATION FRIOR TO FLIGET.

DECOMPOSED MMH DEFOSITS WERE FOUND IN TEREE OF THE REGULATORS THAT WIzr
REMOVED. THE THIRD REGULATOR IS STILL INSTALLED AND REFORTED CREED %=
(REFT CAR AD1951). ANOTHER FUEL REGULATOR ON OV0S9® WAS REPORTED LEAR Y
DURING SYSTEM PRESSTRIZATION AND IS REPEATED AGAIN DURING SUCCEEDTHA
FLIGHTS AND GROUND TURMAROUND. (REF CAR ACS471, DR ACT464, AND CAR
AC9E23 AND DR AD453} THE REGULATOR WAS REMOVED, BUT FATLURE WAS o
VERIFIED AT THE SUFFLIER ALTHOUGH IT DID HAVE MMH VAPOR FUMES IN IT. 1=
WAS SUBSEQUENTLY ATE'd AND RTINSTALLED INTO OVi03 RIGHT POD WHERE wus
FRIMARY STAGE SHOWED A SLIGHT DROOF (REF CAR ADI264) WHICH WAS NOT
VERIFIED IN SUBSEQUENT RE-TEST. NOTE THE PARALLEL REGULATOR INSTALLTH -
SAME TIME WAS REMOVED FOR THT SAME FAILURE MODE (REF CAR ADL222 AND s
03=02A-201010e2) . - -

- TWQ QTHER RSC CHECKOUT FUEL REGULATOR LEAXAGES OR CREEPAGE FAILURES (3rrT
CAR AD0O089 «<DESTROYED IN 51L» AND ADl881) HAVE BEEN BOUGHT BY WAIVERS C=
DID NQT REPEAT.

THREE QXIDIZER REGULATORS WHICH HAVE SLIGHTLY EXCEEDED THE LEARAGE CR
CREEPAGE TESTS REQUIREMENTS KSC CEECKOUT ARE STILL INSTALLED AND AWAITIN:
ADDITIONAL CHECKOUT OR WAIVERS (REF DR'S ADO134 & ADL1S83, ON TTHT SaM=s
REGULATOR, AD1382 AND AD1BS4).

TWO FARALIEL OXIDIZER REGULATORS FAILED LEAKAGE DURING THE OV102 MOD 27
DOWNEY [REF CAR AC9134) AND WERE FOUND TO BE CORRODED DUE TO A MIXILRS ¢F
N204 AND MOISTURE. 1IT IS ASSUMED THAT THE MGISTURE WAS INTRODUCZD EITES:
AT K30 OR DOWNEY DURING REMOVING OR REPLACING A COMPONENT IN THE SYSTEM
(KSC HAD REPLACED THREE REGULATORS IN THIS 5YSTEM PRICR TO THE
MODIFICATION PERTOD). TIGHTER MOISTURE CONTROLS HAVE BEEN ADDED TO THZ
OMRSD. THE WELIUM SYSTEM 15 ALSC BEING SAMFLED FOR MOISTURE MORE
FREQUENTLY. THE CORRECTIVE ACTION TO FPRECLUDE PROPELLANT MIGRATION IS T2
PURGE THE PRESSURIZATION SYSTEM AFTER LANDING TC REMOVE RESIDUAL
FROFPELLANT VAPORS AND CLOSING THE MANUAL VALVES AND LEAVING THEM CLCSED
UNTIL FROPELLANT SERVICING. THIS FROCEDURE SHOULD ALSD LESSEN THE
FOSSIBILITY OF CONTAMINATING THE REGULATORS.

DURING CHECROUT QF &V099'S AFT POD AT X5C PRIOR TO FIRST FLIGHT THE
SECONDARY STAGE LOCKUP PRESSURE WAS 280 PBSI (REF CaAR AC{025=010). TEI
REGULATOR WAS GROSSLY CONTAMINATED WITH METALIC CHIPS WHICH WAS LATER
DISCOVERED TO COME FROM CUTTING A WELD DOWNSTREAM OF THE REGULATOR, WHIZH
WAS LOCATED VERTICALLY AROVE THE RFPCULATOR DURING THE CUTTING COPERATION.
IN THE MEAN TIME 9 OTHER REGULATOR LEAWAGE OR HIGH LOCKUF FAILURES WI=T
BEING EXPERIENCED ON OVO0SY9 AND CV103 PODS AT MDAC (REF CAR AL3IBI0,
ACA301, ACO77B, AC4601l, AC4E76H, AC44l?, AC4418, AC4a437, AC48S5a, AND
ACBILEB). THE CORRECTIVE ACTICON FOR THESE FAILURES WAS: (1) IMPROVE TH=
TEST FROCEDURES AT THE RECUILATAR SUPPLIER TO ASSURE THAT THE REGUILATIRE
WERE LEAK FREE DURING ATP. (NOTE A FACILITY VALVE IFAKING SLIGHTLY CoUls
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PASS A MARGINAL LEAXING REGULATOR): (2) THE CLEANLINESS AND REWORK
PROCEDURES WERE REVISED AT MDAC T3 ASSURE THAT ALL LINES MET CLEANIINZZZ
FEAUTREMENTS PRIOR TO INSTALLING COMPGNENTS. ALL WELD CUTS WOULD BE
PURGED DURING: CUTTING WITH A MAGNET ABOVE AND BELOW CUT. ALL LINES BzZIn
CUT WoULD BE KOEIIONTAL FRICR To CUT . OV104 PCDS WERE BUILT WITHIOCT
INCIDENT.

DURING DOWNEY INSTALIATION AND CHECKOUT OF THE FTRCS TWO REGULATORE WIEE
FAUND TO LEAK SLIGHTLY OVER SPECIFZCATION ALLOWAEBLE {REF CAR'S ACl2lz |
£OV059s AND ACTI9) <OV1Q4>). ONE REVEALED CONTAMINATION INTROCDUCED PRI
BEVERSE FLOW. THE OTHER FAILURE WAS CAUSED BY FROQTRUDING TEFLQN IN Ti:z
MATH SEAT INTERFERRING WITH THE MAIN POFPET SEATING. CORRZCTIVE ACTIZU
FOR BACE TLOW WAS TO ADD CAUTION NOTES TP OMSED AND SUBSYSTEM ASSEMILY
IRSTRUCTION TO ELIMINATE BACK FLOW. THE SURPLIER ADDED NOTES TO DRAWIL
T CLARIFY THAT TEFLON SHOULD NOT EXTEMD BEYOND THE RETAINER. THIS
PEQUIREMENT WAS TO BE VERIFIED BY R 20X MAGNIFICATION INSPECTION.

(%]

DURING QUALIFICATION. LIFE TESTING THE REGULATOR LEAXELD 3000 SCCH AFIER £
AND 70K CYCLES BOT AT 80, §0 AND 100X CYCLES THE LEAKAGE WAS BACK IN
SPECIFICATION (REF CAR AB363¢)., THE CAUSE OF LEAKAGE WAS ATIRIBLTED T2
TRANSIENT CONTAMINATION.

THERE WERE ALS9 9 TAILURES OF EITHER LEAXAGE, HIGH LOCKUF OR CREEFY
FAILURE MODE REPORTED FROM WSTF. ALL THESE WERE JUST SLIGHTILY OUT OF
SFECIFICATION, AND EEMAINED- IN THE TEST ARTICLES, WHERE THEY FUNQTIONIC
UNTIL THE END OF THE TEST WHICH IS5 ALSQO TYPIFAL OF THE REGULATORS THAT
HAVE BEEN WAIVERED FOR LEAKAGE ON FLIGHT VEHICLES.

{E) UPERATICNAL USE
OPS #2 SOFTWARE AUTOMATICALLY CLOSES THE HELIUM ISOLATION VALVE IN THE
1EG CONTAINING THE FAILED OPEN REGULATCR. LOSS OF CAFABILITY MAY ERISU_.
IN EARLY MISSICON TERMIMNATICON,

DURING TAUNCH AND RE-ENTRY THE CREW MAY NOT BE ABLE To REACH THE HELITHM
ISCLATION VALVE SWITCH, BRIGR TO LOSING EXCESSIVE HELIUM.



