Redundancy Screann: SINGLE POINT FRILURE; M'A.

SSME FMEA/CIL
REDUNDANCY SCREEN
Compansnt Group: Prapallant Valves Preparad: P. Lawiimore
CIL Bam: D140-02 Appirowed; T.MNguyan
Campanenl: Ceddlzar Praburner Oxddirer Watsa Approval Data: E/30reg
Farl Humher: RS00AZED Changs #: 2
Fallure Mode: Falla 1o mava or moves alowky. DiracHwe g; CCBD ME3-01-5225
Page: 10f 1
Crttlcaality
Phase Failura ! Effael D2 toription Hazard Re‘erenca
™ Gul-of-Amil valve positian res s In controler switch fo charne| B; cortinuation of Fallure made fesulls in ydraubic actualer lecop of 3l 1R
41 actuators. Bission abort may result when hydraulic lockep oosurs Juring Max O throdtling. ME-BRM .
ME-S5mM
Redundancy Goreans, WALYE SYSTEM - ACTUATOR SYSTER: UMLIKE RECUNDANCY.
A Pass - Redundant hardwara ilems 2re copable of chackaul durlag normmal graued turnaround.
A: Pass - Loss of a redumdont hardware itema iz delectable during flight,
C: Pzxezs - Lags of redundant hardwam itams eauld aok raell from 4 single credibla avent.
[ ] When nal deteciable by SEIl, OPOV failura cavess redietiane in QPB lemperalure, turblne power, Bnd MOC Pe. Contralber Infiales Engine 1R
4.2 shuldown, Miasian abort, WE-BERA,
ME-GERLT
Radundancy Scresna; VALWE S¥STEW - SENSOR SYSTEM: UMLIKE REDUMDAMC Y.
A2 Pase - Redundant hardware kame am eapab'e of checkout duding nemmat ground lurnaround.
B Pass - Loss of 3 redundant hardneara ibkems 15 debeclable during Mght.
£: Pays - Loss of redvrdand haroware lems could nat rasudt from B sing e cred bl mwert,
c Dut-of-limit welve posdion resulls in controller switch lo channel B; continuation of failure mode rasults In prsumatic shutdown mods; valve 1
41 fails 1o mowe, e other propelfant valves also ramaln spen: engine fals to ehuldown untl vehizie pravalva zlosure. Loss of vehicle. ME-ZS1A 0
Radundancy Scraans SINGLE POINT FAILLRE: RU&.
G When nol deleclable by SEIL OPOY ramalne ofien, other vakes closa normally causing overpressurizatian and subsequent rupture ef 1
4.2 LOA duets. Loss of vehicle, ME-CI4A C
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Component Sroup: Propeflent Valres Preparsd: P. Lowrimara
CIL Itemn: 0140-02 Approved: T. Nguyan
Component; Cxidizer Probumer Oxldizer Valve Approval Date: E/30,90
Part Number; RE00BA5E Thange &; z
Fallure Mode! Falls 10 move ar moves slowdy. Diractva &: CoBD ME3-01.E326

Faga: 1o 1

Deslga / Decumeard Beferanca

FAILURE CAUSE:  A: Seirum of OFOY shaftbearings.,

THE QPOV 1), THRUST {2), AND SHAFT BEARINGS {3) ARE ROLLER BEARINGS THEY ARE USED FOR THEIR FRICTION AND LOAD CAPATITY CHARACTERISTICS. THE ROLLERS AND
RACES ARE 440G (2] (%), WHIGH YWAS SELECTED FOR IT5 HARDHESS, STRENGTH, AND CORROSION RESISTANCE {4). THE ROLLERS ARE SEPARATED 8 A BE-CU RETAINER (7) 13).
THE SHAFT BEARING RETAINERS ARE DRY-FILM LUBRICATED (4] TO REDUCE ROLLER-TO-RETAINER FRACTION (2), THE RETAIMER PREVENTS RDLLER-TO-ROLLER CONTACT AND
MINMAIZES THE ROLLER RUBBING VELOTITY. THE RETAINER PREVENTS SEIZURE CAUSED BY ROLLER SKEWING. THE LOW ROTATIONAL VELOCITY WITH LESS THAN 9C DEGREES
TRAVEL PRECLUDES SEIZURE CALISED BY WEAR OR SPALLNG. THE YALVE COMPONENTS ARE CLEANED PRICR TO ASSEMBLY (5). THE VALVE IS ASSEMBLED IN A
CONTAMIMATICH CONTROLLED ENVIRONMENT (6). THE DXIDIZER SURELY 1S FILTERED TO RIO-MICRONS (7). BINDING OR SEIZURE OF THE OPOY WILL BE DETECTED BY THE
AGTUATOR RVOT GONTROLLER MONITOR AND RESULT IN A VEHIGLE CORMANDED SHUTDOWN (B). THE MOMITOR SYSTEM IS GCOMERISED OF REDUNDANT SERSOR ELECTRONICS,
REDUHDANT HARNESS, ANG REDUNDANT CONTROLLER CHANMELS.

(1) RS00BZ5S; (2] RES1032; (3) RES1027: (4) RSG-958% (5) RLIGDGT; (&) RAITI-6AD; (7) ICD 13W15000; (8} CPAOGRGDOZ PT 13,2.35.1
Fal.URE CAUSE: B: Broken shaft ar coupling.

THE 3 FIECE COURPLING TRAMSFERS TDROUE FROM THE AGTUATOR TGO THE OPOY SHAFT (1] {2). THE COUPLING PREVENTS SIDE LOADS CAUSED BY ACTUATORNALVE
CENTERLIME MISALIGNMENT, THE S5HAFT, UPPER ANDLCWER COUPLIHGS {3) ARE INCORMNEL 718 YWHICH WS CHOSEN FOR ITS CRYVOGENIC STREM3TH, DUCTILITY, AMD
CORPOSICON RESISTAMCE {4). THE INTERMEDLATE COURLING (5] IS HEAT TREATED MITRIDING STEEL THIS PROVIDES CORE STRENGTH AND DULTILITY T2 TRANSMIT TORZUE
AND SURFACE HARDHNESS TO RESIST WEAR (d). THE INTERNMEDMTE COUPLING 15 DRY-FILM LUBRICATERD TO REDUCE FRICTICN AND WEAR (51,

(1) ASO0E258 (M RSO0MB2EE (1) REO0EA1E; {(4) R33-8502; (5) R300632C
FAILURE CAUSE: ALL CAUSES

HIGH SYCLE AND LOW CVCLE FATIGUE AS WELL AS MIMIMUM FACTORS OF SAFETY FOR THE OXIDZER PREBURMER OXICIZER VALYE MEET CE| REQUIREMENTS (1). THE 0PSOy
wuAS CLEARED FOR FRAGTURE MECHANICSNDE FLAW GROWTH, SIMCE IT CONTAINS NO FRACTURE CRITICAL RARTS (2). THE DXIDIZER PRERLURMER DXIDIZER WALYE
SUGCESSFULLY COMPLETED DVS TEST REQUIREMERTS /4, INCLUDING ENDURANEE (4}, AND VIBRATION i5),

(1) RLOPSI2, CP320RO0096, RSS-8546: {2) NASA TASK 117, {3) DVS-BSME-515; () RSS-515-17. (5) RSS-515.24
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ALl CALISES

CPE CXIOIZER WALYVE RS0CRZ58
SHAFT RENOAZES
SHAFT BEARIMNG RES14027
THRUST BEEARING RES1032
MATERIALINTEGRITY MATERIAL RTEGRITY 15 YERIFIED PER SPECIFIGATION FEQUIRERMENTS. RSMMAZE
RES1027
RES{032
HEAT TREAT {5 VERIFIEQ PER CRAWING REQUIREMENTS.
LUBRICATION DRY-FILM COATING GF SHAFT BEARINGS IS VERIFIED PER DRAVING REQUIREMENTE, RES{027
ASSEMBLY INTEGRITY DURIMG ASSEMALY AND FUNCTIONAL TEST OF THE OPE OXIDIZER VALYE TOROUE ACTUATICON IS RLOGAT?
VERIFIED.
VALVE IS ACTUATED AND RESPONSE TIME |5 VERIFIED DURING CONTROLLER FLIGHT READINESS  OMRSD V41450010
CHECKOUT AND CURING ACTUATOR CHECKOUT. OMRED V4TASO00
VALVE IS ACTUATED 10 TRES DURING HYDRALUGC CONDITIONING, (LAST TEST) OMRED Z0OFAD. 211
SHAFT (=53] :uiaEz"
COUPLING RS00EY1E
SLIDER RS00s120
MATERIAL INTEGRITY MATERIAL INTEGRITY 15 YERIFIED PER SPECIFICATION REQUIREMENTS.
HEAT TRFAT |3 VERIFIED PER DRAWANG RECLIREMENTS
MACHINED PARTS ARE FEMETRANT INSPECTED PER DRAWING RECU REMENTS R50082623
RSO03320
LUBRICATION CRY-FILM LUBRICATION 5 YERIFIED PER DRAWING REGLUIREMENTS. RSUDRIZD
OPB OXIDIZER VALVE RS0062:8
ASSEMELY INTEGRITY FINISHED PARTS ARE VERIFIED CLEAN PER SPECIFICATION REQUIREMENTS. RL1a60
WVALVE IZ ASSEMBELED IN A COMTAMINATION CONTROLLED AREA. 207 1-600

HOT-FIFF ACCEPTANCE

VALVE 15 RE-FLOW TESTED WHEMEVER IT IS REPLACED, DR OPOW CUTLET FLAMNGF FASTENERS
ARE LOQSENED,

VaLVE 1S ASSEMELED ANDFUNCTICMALLY TESTED PER SFECIFICATION.
HOT FIRE TESTING AND ZNDE & M VERIFY SATISFACTORY YALVE OPERATICN.

Ul VE ADERATION IS WVERIFIER THEAINZH INT_FIDC AAPEDTARE TESTILG (1 AST THAT

QMAZ0 V4180015

RLDO4T2

RLDO0A50-04
RLQa56-08
RLOADRE-07
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CIL Marm: 0140-02 Approved: T. Nauyer,
Compaonenl, Orxictzar Prebumer Ouidizer Walve Approval Data: it
Farl Number: R2008254 Change #: z
Fallure Mode: Falls 1o mova or moves slowly. Directivae #: CCED MELA1-5208
Papa: 2of 2
Failure Causss Signifizant Characlenistizs Inspectmm|s} ! Tesil{s) Docurent Petarancs

Fallre Histony:

Operatlonal Lise:
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Camprehwnsiva failure hislory daka is mainlained In the Problam Repoding delabase (PRAMSFRAGA)

Referance: HASA tsler SA21/B8306 and HAocketdyne letter BARCOS761,

FAILLRE MOCE CAKM BE DETECTED INREALTIVE BY THE FLIGHT CONTROL TEsM WHZ WILL EVALUATE EFFECTS UPGN VEHICLE PERFOQRMANCE AND ABRDRT
CAPERBILITY. RASED O THIS EVALUATION THE APPROFRIATE ABDRT MODE OR SYSTEM CONFIGURATION WILL BE SELECTED. FAILURE DETECTION CUES ANO
ASSOCIATED S5ME FERFORMANGE DATA HAVE BEEN COCRDIMNATED BETWEEN THE EMNGINEERING AMD FLIGHT QFERATIONS ORGANIZATIONS 'WIIH THE
RESFONSES DOCUMENTED M MISSION FLIGHT RULES.
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BELLOWS R5006220 14 GTALY 1] b A
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