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SSMEF CAICIL
EDUNDAN.. ¢ SCREEN

Componant Group: Fuel Turbopurmp= Prepared: F. Cromwal|
CiL am; BEM-05 Approved: T. Hguyen
Rart Humhaer: RStOTEM Approval Dot 11/1/98
Campanenl: Law Pressure Fuel Turbopump Changa #: q
FMEA tem: BED CHrasibea #: CCBD ME3-D1-524E
Fallure Mode- Losa of suppert or peslilen contral of rotating azsembly.
Page: 1af1
T ithzalily
Phase Failure ! Effect Daganptic n Vazra-d Re'arance
5 Lots of support or pesilon comret would result ir periormanee degrad ahion, meregsed wbrelon evelz. and rubbing af burbopomp IR
4.1 cempangrla. Red.ced LPFTP pump culpul resulm 'n seduced pressere ang fow delivered lo the HPFTP. In the avant of IPFTP WL =M
cavitation, excessve wrbing discharge lamperaturesz resalt In a premature engine shiotdown. Wssion sorub if delected by redline. | ass al
weehlcke due 1o HEF TP wrblne faliure may result i rod detected.
Redundanzy Scraans: TURBOPLMMP SYSTEM - SENSOS SYSTEM: UHLIKE REDUNDARMCY
A Maaa - Redurdanl hardware dems are capeble of chackaut diming norma? ground tumarourd.
B: Pase. L ags ol & redinddant hardwara itema 9 deteciable during fighl.
L. Pazs - Loz of redur dant hardware 1lemas coubkd nod ‘asall from a sirgle creditda weens.
R Loss of sumpart er posiler conbrol would resull in pedonmance degradatlen, Increazed vleratlen leveds. and rubiking of turbopump 9
1.1 componenls  Redudad LFFTP plmp auiput resulls in reduces pressure and fow delivered o ke HEL 1P [n te avant of HPFTP ME-D-5 &

cavtation sxcassiva turbme diszhargs tmparstores reaul in a preralure angine shotdown  Mresdon abed f detocted by redlire. Loss of

vehicle Jwe o HPFTP torkina failore mnay sas alliF not gatecied,

Redurdancy Screens TURBOPUWP SYSTFM - SENSOR SYSTEM UNLIKE REDUNDANCY

Pass - Loss of & taduhdant bamdware items is detectabla during flighi
: Pags - Less ol regdundant hasdware items could ngt resy ' (<ama sngle cred bl svant.

[r1m>m

Pass - Redundan hardware e arm sapabke of ehackout during notmal ground Wmasound.
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DESIGN
Campgnenl Group; Fuel Turbopumps Frapared: F. Crarmell
CIL. Iberm: BEM-05 Approved; T. Hguyrn
Farl Humter: RaGO7TaMm Approval Data; 1ies
Coamponent: Law Pragture Fuel Turbopump Changs #: !
FMEA Hem: BEOD Directive A: CCED MEX-0 -5240

Fallure Mode: Loss of suppott ar posilicn contral of relaling assembly,
Pagae: 1af 3

Deemgn s [acamert Referenoe .
FAILURE CAUSE: A: Bearlng failure.
Eall fallure,
Cage failura.
Loss of coalart.
Ring Falfure.
Ciarrazlamn,

IHE YUREINE-END BEARING (1} 15 AN AMGLILAR COMTACT BALL BEARING A%0 THE PLUMP END REARINGS 121 ARE SPLIT INMER RING THRUST BALL BEARINGS. THE BCARINSS AR
IMSTALLED W TH A CLSE FIT Gh THE INDUGCER (3) JOURMALS. ' '

THE PUNMF-END BEARING PAIR °5 DESIGNED TO ABSCRR THE LINBALANCEL ROTOR AXBL THRLUST. THE DEAR'NG INNER RINGS ADE BOTTOMED BY “FE SPACER AP AGAIMST THE
MOUGER HLB. TIE BEARING DUTER FINGE ARE RACIALLY PILCTED BY THE CARRIER (53 ANI AXIALLY FOSITIONED %Y THE OUTER RINGS SHIR 46) AHD THFE [;,.-.IR:.,;J;_H LI

THE TLUREIME-END REARIMNG INMER RING [ BAOTTONED AGAINST THE SRACER BY THC BEARING MUT rFh THES NUT IS TOROUED AT ASSEMBLY UNTIL THE HEQUIRFND INJUCER
STRFTCHIS AGHIFVED TO PRELODADR BOTH BEARINGS. THE MUT IS SECURED TC THE INDINAER BY QNE OF FAOLIR T-LOCKS 1B). THE PLIMP SEAL (3 15 FOSITIDHED T Alf-‘.l-l'l ¥ TIHE
REQIRED PRELOAD ON THE SUTER RING THROUGH THE QUTER RING SPACER (10} AND SPRING [11). THE BEARINGS ARE RATILALLY PILOTED BY THE MAKIFOLL 117] BORE 14 UM
IS CHECNE-PLATED FOR WEAR RESIST AN " T

COCLANT IS SUPFLIED TD SOTH BEARINGS B HYDROGEN FLOW BETWEEN THE INGUCER ANG HOLSING [13]. THIS AXIAL GAP 1S COMTROLLED BY DEAWING REQU BEMEN=5 THE
H¥DROGEH FLOWS THROWUGH THE PLUMP-ERD BEARINGS AND CONTIMUES ALCHG THE SPACER JUTSIDE DWBMETER TQ THE TURBINE-END BEARINGYS. THE FLG";"‘:' THEH ’
CONTINLFS BETWEEN THE INUUCER SPLINES, THROUGH THE SHAFT [14) AND INDUCER HUR, AND FINALLY RETLRNS TG THE MAN FLOAW STREAM VI8 FOLR *IALES W -1 '
MOLICER HUB NEAR THE VAKE LEADING EDGES. THE NUMBER OF PARALLEL FASSAGES, THE SIZE OF THE PASSAGES. AND THE QUANTITY OF FLOVY MAKE THE BEARI MG
ELODGlC Lf:% c ;ﬂg; érgﬁ hﬁlmt TOMINGH FLOW PASSAGE BLOCKAGE. THE PRAPELLANT FILTER AT THE EXTERNAL TAMK FRECLUDES CONTAMINARTS |LARGE ENCUGH To

E PAE MLy ) =

THE BEARING BALLE AND RINGS ARE MANUFACTURED UTILIZING 440C CRES (1G] THIS MATERIAL WAS SELEGTED FOR (TS ; r~ o
RES-STANCE AMO TS INSENSIT IVITY 1O HYDROGEN ENYIRONMENT EMBRITTLEMENT AT TEMPERATUIRES RELCIW 200 nEGi%ﬁégﬁgE%iﬂ?ééﬂ::ﬁﬁﬁrfg&&”%L?:;"RHUSMJ
STABILIZED, TENPERED, AND STRESS RELIEVED T0 ACQUIRE THE DESIRED PROPERTIES THE BALLS ARE POSTIGNED BY AN ARMALON CAGE THE CAGF IS FARRILATED FROM
TFE (TEFLON) GOAIED FIBERGLASS FABRIC THAT IS HOT (MANDREL VWRAPEED. THE CAGE IS COATED WITH FEP (FLUORINATED ETHYLENENE POLYMER) (17) AND MO YROENUM.
DISLILFIDE MIXTURE WHICH IS BAKED ON. THE FEP/MOLY COATING PRGVIDES BEARING LUBRIGATION. FEP WAS SELEG ED FOR T3 LUBRICITY, IMPREMEABILIFY. RESISTAYSE 10
?ﬂ.@”& L"':JII-} ?Hﬁ:& ?E Egtﬂrg rgeﬁgsc gr;m g;ri;mfgégsﬁg hr;J: ?T Eﬂ%@?ﬂm MECHANICAL PROPERTIES AT CRYOGENIC TEMPERATURES {18). THE TFE (TEFLGN) GONMTAINED IN
I 1 1 AHM
IPIS MANDREL WRAFPEO FIBEROLA G LUBRICATFON. THE MATERIAL WAS SELECTED FOR ITS LUBRICITY, LOW WEAR CHARACTERISTIES.

THFE FRARINGS ARF Tl FANFD, PACKAGED, HAMOLED, AMD STOREOD (19 TO PRECLUDE INTROBUCTION OF COMTAMINANTE PRIOR O SERVICE. THE FQTOR |5 021 &L BALANT

. B . = LAMCED
AT ASSENBLY T PRECLUCE EXCESSIVE LCA DS DURING TEST (209, HOUSING MOUNTEL ACCELEROMETERS MONITOR TURECRLMP [ H T
TEST TOROUE CHECKS WOIILD DETECT A DEGRANCD EEARIMG 121}, VIBRATI ONALLGROUNG TESTS. POS

i1} REICTE0S 21 RSCITEOS [3; RSO07604; {4 ASOITELL; (5) RSOOTS0E; (6) REMTECE; (T) RSO0THIT (4) RSCOTA1A: (3) RESIDGL, RODIOSES: (40 RSOOTA1R: (111 BEAGIE{ L. (*
REODEOS (13VR3I07ELE (14) RECOT623 (15)ICH 1315000; (16) RES-8577: [17) RAIAIE-011. {18) MPR.31.CO1: (19} RLOOS15: (200 RLOGGAE: i21}'Htl.'Ezjmﬁuauq TN RGOCTEL: (72)

BEE-L 1
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Component S roup: Fuzl Turbepumps W CITET (7T [T T =
CIL Irem: BEOD.DS Approved- T. Hguyen
FPart Mumb. REOOTEN Appraval Date: 111138
Companeni: Low Presaure Fusl Furbocpump Change a: q
FMEA MHoyn: BEOD Clrective #; CCBD ME3-1M.5748
Failure Made: Loss of srpport or positlen control of rolaling assembly.

Pape: 2af 2

Dieslgn ¢ Dacume-t Refenenoe -
FalLURE CAUSE:  B: Failure of pump-end bearing rarner or excessive [pas of halt prelaad.

THE BEARING CARRIER (11 AXIALLY RETAINS AND RADALLY PILOTE THE NUTER RINGS GF THE PURP-EMT BEARINGS (2) THE BEARIHG CARRIER FLANGE 15 DESIGYED WITH
E13 T POCKETS OW THE HOUSING SICFK, WHICH FACH HAVE THROWUSH HOLES 70 THE INDUCER SIDE. THESE POCKETS PRECLUDE PRESSURE BAHLD-CE SEHHD THE FLANGE
THE CARAIFR 15 MANUFACTURED LUTLIZIRG AN INCOMEL T18 TORGING (3) WHIZH HAS THE REQUIRED CRYOGENIC STRENGTH AND RESISTANCE 10 CORRCSIOY AND 5 TRESS
CORROLON CRACKING INCGMEL 713 15 NOT SUSCEPTIBLE TO HYDROGEN ENVIRONYMENT ENBRITTLEMENT AT CRYDGENIC TEMPERATURES. 1HE MATERLAL 15 50045100
TREATED AMD AGE-HARDEMED. THE CARRIER 13 ATTACHED TO THE HOUSING UTILZING EIGHT BOLTS (4] AND CLPWASHERS (5. THE ACLTS ARE MANUTACTURED UT LIZING 4-
2£9 CRES BAR, WHICH WAS SELEGTED FOR ITS CRYDGENK: STREMGTH AMD RESISTANCE TO HYDROGEN ENVIRUNMENT EMBRITTLEMENT (3). THE MATERIAL IS SOLUTION
TREATED AND AGE-HARDEMED. THE CUPWASHERS ARE MAHUFACTURED UTILIZIMNG 321 CRES, WHIGH WAS SELECTED FOR TS5 CRYOGENIS STRENGTH DUCTLUTY, AN (TS
IMSEMSITIWITY TO HYDROGEM EMVIROMMENT EMERITTLEMENT 13]. THE MATERIAL |5 &N NEALED TD IMPROVE MECHAMIZAL PRORERTIES, THE ROLT THREALS ARE LUBRICATED
AT ASSEMBLY TO REDUCE FRICTION, CROVIDING A MORE CONSISTEMT CLAMPING LOAD THE CUMAMASHERS ARE STAKED TO PREVENT BOLT ROTATION. ASSEMELY
FROZEOURES FOR LOCRING DEVICES ENSURE DEFECT-FREE {NS1ALLATION (5], THE AQLTS AND CURWASHERS ARE NOT SERIAL IZFD OR TIME HISTORY TRACKED SUT HAVE
INFINITE ALLCWAARLE LIFE (7)

[1» REOOTEDE 42) REQOTEDS, (Ap RSS-B57T: (4) RSCIFEER. [5) REOOSSLD; () RLOO3SY, (7)) RLLOS32, CPIZOGO0CID
FalLURE CAUSE: C:Excessive loss of preload on bearing spacer.

TI'E SEARING SPACER {1} SUPFLIES THE PRELOAD T THE PUME-EMD (21 AMD TURBINE-EMD BEARING [ INMER RIMGS. THE PRELUDADNS SET AT ASSEMBLY BY TORCUING THF
TUAREIME BEARING MUT () UNTIL THE DESIRED IMDUCER IS} STRFTCH IS ACHEVED. THIS STRETCH ASSHRER FROFER BEARIME PRELDAD UNDER OPERATING SORDITIONS THE
BEARING SPACER IMCORPDORATES 4 AXIAL SLOTS QN THE TURRINE-END ANO TWi DRILLED MOLES NEAR THE PURMP-END TQ EGIUALIZE THE PRESSURE AND TEMPERATURF
ACROSS THE SPAZER. EIGHT LOBES ON THE SPACFR OUTSIDE DIAMETER ARE UTILIZED T MAGNETICALLY RECOSRD SHAFT SPEED. THE SPACER |5 MANUFACTURED UTILIZING K-
WMOMEL BAR (G). THIS MATERIAL WAS SELECTED FOR ITS COMPRESSIVE STREMNGTH AND MASNE TIC PROPEATIES RECQUIRED [0 ACTURTE THE SPEED TRANSDUGFR. HYDPRDGER
ENVIFCNMFNT EMARITTI EMFRT 45 NOT A PROBLEM IN THE SPACER'S OFERATIMG ENVIROMIENT THE MATERIAL IS SOLUTION TREATED AND AGEA MEDERED,

f1; RED00FE12; 42) RID0OVE0S, (3) RSOOTEOS, (4] RSO0FR1T; (S0 RSOITED4: (5] RSS-ACFT
FAILUAE CAUSE: D:Exces=ive loss af prefoad an turkine beadng nob

THE TLIRBINE BEARING WUFT (1} SUPPLIES THE PRELDAD TO THE PUMP-END AND TLIRRINE-EMNO BEARING MMER: RIMGS. THE NUT IS TORZUED AT ASSEMBLY TO AT ITAIN THE
REQUIRED INDUCER STRETCH SPEC/FIEC BY DRAWING FEQUIREMENTS, THE MAXIMUM 1ORQUE 1S LIMITED BY DRAWING REQUIREMENTS T AVOID DVERS TRESSING THE MUT.
THE MUT IS LOCKED W PLACE BY OME OF FOLR TLOCKS (2} ASSEMBLY PROCEDURES FOR LOCKING DEVICES ENSURE DEFECT-FREE (NSTALLATION {31 THT TURBINE REAJING
NUT IS MANUFAGTURED UTILIZING FORGED A-286 GRES (41, WHICH Was SELECTED FORITE CRYOGENIC STRENGTH, EESISTAMCE T0 CORROSION BMD STRESS CORBOS N
CRACEING, AND RESSTANCE TO HY DROGEM ENVIROKNMEMT EMERITTLEMENT. THE MATERIAL IS SOLUTION TRCATED AMD AGE-HARDEMED THE LOCKS ARE "ANUFAS TURELD
UTILIZING 202 CRES SHEET [4) WHICH WS SELECTED FOR ITS CRYDGENIC TENSILE STREHMGTH, DUCTILITY AMD ITS INSEMS TRITY TO HY DROGEM ENVIRONMENT
EMBRITTLEMENT, THE MATERIAL 1S AMMEALED TO IMPECVE 1TS MECHANICAL PROPERTIES. THESE PARTS ARE MOT SERLALIZED 2R TIME HISTORY TRACKELD ANL HAVE NFINITE
ALLEWYAELE LIFE (5},

(1 RIVDFELE A2y ASN0AE18, [0 RLOU3ST 4} RSS-B577 (5 RLICSH3Z CRIZCRMOSIA
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Caomporen! Group: Fuel Turopurips Freparea; FLoroinwel

CIL ltem: BE0G 035 Appraved: T, Mglryen
Fart Mumher: RE00FEM Approval Date: 11111493
Campanent; Law Pressure Fusl Turbepump Changa #: 4
FMEA Nem: BEOD . Direcllva - CCHD ME3-1-5244
Failure Mode: Laas of support of position gentral af rolalng assambly,

Page: tof 2

Bezign/ Dzzur-2nl Referonce
FAILURE CAUZE:  E:Excessive wear or fajlure of turblie-end bearing spring.
F: Pozitioning loss a1t pump seal:
Lock 1alturs. .

. 3
THE QUTER RING OF THE TURBINE-END BEARING 15 PREI DADED BY THE BEARING SPACER (1), BEARING SPRING {23, AND THE PUMP SCAL {3). THE PUMP SEAL THREADS NTD THE
TURGHE *A0MIFOLD AND 12 LOCKED |N PLACE UT'LIZING ONE OF FOUR T-LOMGKS M), ASSENBLY PROCEDURES EOR LOCHING DEVICES FHELRE DEFECT-FREE IMSTALLATIOH 15|
THE FRFI GATYON THE AEARINGS IS SET BY THREADING THE PUMP SEAL INTO THE MAMIFOLD TG THE DEPTH REQUIRED TO ACHIEVE THE INSTALLED SPRING HEWSHT SPECIE ED
PER DRAWING REQUIREMENTS THE BEARING SPACER A0 FUMP SEAL HOUSING ARE MANUFAC TURED UTILIZRHS A-285 CRES (5], WHICH WAS SELECTED FOR ITS COMPREESIWE
STREMGTH AMD RESISTAMCE TO HYDROSGEN ENVIRONMENT EMARTTLEMENT THE MATERIAL IS SOLUTION TREATED AND AGE-HARDEMED. THE SFRING |5 MANLE &L 1URED
UTILETIRG MCOMEL 718 (59, WHIGH WAS SELECTED FOR ITS COMPRESSIVE STRENGTH AMD ITS RESISTANCE T01 CORROSION AND STRERS CORRDEION CRACKING INCOMNEL 714 13
NOT SUSCERTIBLE TO HYDROSEN ENVIRCMMENT EMBRITTLERENT IN THE SPRIMNG'S (PERATION EFVIRDMNMENT. THE MATERLAL 15 SOLUTION TREATED AND AGE HACDENED TRE
T-LOCKS ARE MANUFACTURED LITILIZING 302 GRES SHEET, THIZ MATERMIL WAS SELECTED FOR ITS DUCTILITY, ¥IELD STREMGTH AT CRYOEENIC TEWMPERATURES, 8NDITS
INZENSITIVITY TO HYDROGEN ENVIRGNMENT EMERITTLEMENT (51 THE MATERIAL 13 AMMEALED TO IMPROVE KECHANIGAL PROPERTIES. THE BEARING SPACERS ANM SPRIMG
AND T-LOTKS ARE N(H SERIALIZED OR TIME HISTORY TRAGKED AND HAVE INFIMITE SLLOWABLE LIFE {7),

(1h BHEO0YE1E [20 ASCOTENA: (31 RES1009, ROD198G:: {4) RSODVEIR (5} RLOOIAS. (B) RSS-B8577; (1) RLOARYS CPIZNRO0GLE

FAILLIRE CALISE:  ALL CAUSES

THE HIGH SND LOW! CYCLE FATIGUE LIFE FCR THE TURBINE-END BEARINGS. BEARING CARRIER, BEARING CARRIER BOLTS AND CUPWASHERS, BEARING SPACER (7). TUPBINE
BEARING NUT AND LOCK, BEARING SPRING. BEARING SPACER (TN, AMD PLUMP SEAL ANDI 0K MEET CE| REQUIREMENTS i1). PUMP END BEARIMNGE AME L'FE LIMITED B FA8J XS
WAyER (6], THE MIMIMUM FACTORS OF SAFETY FOR THESE PARTS MEET oL REQUIRERENTS 12}. THE HARDWARE FnREMT MATERIALS WERE CLEARED FOR FRACTLIRE
FECHANIGSMDE FLAW GROWTH SINGE THEY GON LAIN NO FRACTURE CRITICAL PARTS (3 THE CONTROLLER SOFTWARE |5 CONFIGURED TG DETECT AND RESPOND PROPERLY
TO THE FAILURES IDEMTIFIED AND COMMAND & SAFE ENCGINE STATE 14).

) RLOSAZ, CRIZOROICIE, [2) REE-85468 CPIZORMOOIA (1) MASA TASK 11T {4) CP4I5R000Z PT 1 1.2.556.1; 5y DAR 2205

RSE. I
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SSME FMF  “IL
INSPECTION ». ) TEST

Component Group: Fuel Turbapumps Frepared: F. Cromueacdl
CIL Itemn: Ber0-DE Approved: T. Mgupen
Fart Mumher: RS007EH Appraval Date: i3 Lal: b
Cemponent: Low Fressure Fusel Turbopump Chanpgs #: 4
FMEA [1%m: Bans Oiractive §; CCBO ME3Q4 5248
Failure Made; Loss of suppor ar posltlon contral of retating assembly,
Page: 1ol 4
Faium CGaLees & grificani Charactaristios l.nspeﬂ'uuf_s] ! Testz) Document Rafarn - re
A FORYWARD BEARING R&noraasn.
AFT BEARINWES REDNAG0R
YATERIAL IMTEGRITY MATERIAL INTEGRITY |5 YERIFIED PER SCECIFICATION AN DRAWING REOUIREMENTS. RBO1ZG40 2
REJ160-064
» NEA07T605
R SOCTENS
THE EEARING BALLS 45C WWER A%l (UTER RINGS ARE EDCY CUARFNT INSPES TED PRIGE TO REOA7EDS
INETALLATION RSK7EQR
RA1G15- 330
RA 1615030
THE INYER AND OUTER RINGS ARE PENETRAMT INSFECTED FER SPECIFICATION REQUIREMENTS. RAQ1 151 16
HEAT TREAT THE BEARING BALLS AND INMFR AND QUTER RINGS ARE HEAT TREATED FER EPECIFICATION FAd1B11-0C0
AEQUIREMEMTS.
ASSEMBLY INTEGQRITY THE BEARING BALLS CAGE, AN INNER AND OUTER RINGS ARF INSPECTEOVIELALLY PER REO0TSNS
ORANING AMND SPECIFICATHIN RESUIREMENTS. RE00TEE
RLQsM4 3
THE BEGRING BALLE ARE INSPECTED PER RAWING PRECUIREMENTS TO AFBRA STAH CARDS FOR  RSGOTEOS
EIZE AND GREDE. REN07EME
BEARINGS ARE ASSEMBLED AND DISASSEMBLF[ PER SFECIFCATION REQUIREMENTS oLOM G
THE INMER AND DUTER RINGS ARE YERIFIED TG BT CAOPLAMSR FER DRANING REJUIREMENTS RE0OCTERE
REOCFER
THE BEARING CAGE FABRIC EAYERS AAE INSPECTED PER DRAWIMNG REQUIREMENTS.
FEP CCATING IS APBLIED TO BCARING CAGE PER SPECIFICATION AECMNREMENTS, RA{603-01 1
CLEANLINESS CF THE BEARING RINGS AND BALLS ARE VERIFIED CLEANFD PER SPECIFICATION REQUIREMENTS. (EES LA LNy E |
COMPOMNENTS
THE CAGE |5 INSPECTED FOR ORGANIC FLINDS PER CRAWING REOQUIREMENTS RSCOTE0S
HSCO760E
THE BEARINGE ARE INSPECTED FOR CORRDSICN PRICGE TO PACKAGIMG, EEFCRE ASSEMBLY, RO 6
AND BEFORE INETALLATION IN THE PUMP PER SEECIFICATION AND DRAWING RECLI'REMENTS. =LOGE53
REQCIEDS
REN0TENS
REMTEM
THE UPSTREAM CONFOMENTS AND THE BEAR|MNG ASSELMBLY ARE YERIEIED CLEANED PER RL0cn1
SPECIFISATION AND DRAVING REQLIREMENTS. REM75M
R3U0fECS

REOC7ELS
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Eomponeni Group
CIL Itemn-

Fart Mumier:
Component:
FMEA Ham:
Fellure Mode:

Fuel Turbopump=

BEOd 05

RSA0 MM

Law Pressure Fusl Turbopump

BEDD

Loss of support or positlan cantrol of ratating assembly,

Frapared:
A pproved:

Agrproval Dale:

Change #:
Directive ¥

Pana;

F. Cromwsall

T. Nguyen

1100

4

CCHED ME3 01-5242

Igf 4

Failoe Cauzes

SiqniTcart Charazierisl cs Inznactionis)/ Teelied
CARRIET

AT

CUPWAEHER,

VOLUTE
MaTERIAL IMTEGRITY

MATERIAL INTEGRITY |15 YERIFIED FER DRAVITNG AND SPECIFICATION REQUIREMENTS.

CARRIER FORGING |5 ULTRASCRIC AND FENETRAMNT IMSPECTED PER SFECIFICATION

FREQLUIRERMENTS.

CARFIER 'S PEMETRANT INSFECTED PER SPECIFICATION RFQUIREMERTS.
BOLTE ARE PENETRANT INSPESTED PER SPECIFICATION REOUIREMENTS.

HEAT TELAT

SURFACE FIMITH
REQUIREMENTES.

ASSEMBLY INTEGRITY BOLT TORQOUE 1S VERIFIED PER DRAWING REZJUIREMENTS.

FIEAT TREAT IS VERIFIED PER SPEGIFICATION RECMNAREMENTS,

THE BOLTS DAY FIL LUBRICGATION 15 VERIFIED FER DRAWING AND SFECIFICATICIN

THE CLFYWASHERS DEFORPMATION IS WERIFIED PER DRAVWING REQUREMENIS.
SUBASSENBLIES ARE VERIFIED AS BSTTOMED PFR SPECIFICATION RECHIREMENTS.

SPACER
MUT
T-LOCK

MBI SHIAL INTEGSITY

MATERIAL INTEGRITY 15 WERIFIED FFR NRAVAHNG AHD SPECIFICATON REQUIREMENTS.

THE EPACER |5 FEMETRAMT INSPECTED PER SPECIFICATION REQLISEMENTS.

HFAT TREAT

. MUT FPARNHESS 15 YERITIED FER DRAWING REQUIREMEMTS.

RSS- "1

ERACER HEAT TREAT IS VERIFIED FER DRAWING AND SPECIFCATION REQUIBRENENTS

Cacvren Zzlomnee
HEOL7GRNA
REOCTHGE
RESCLFAET .
RCD 19354

MEENJ I
RSOa7528
FBO172. 09y
ROg173-155
RE00750R
REONTE RS
[RA012h5a

RADTIE-D-
RADI15-1

RAII15-

[ LI ]

-1

AAE2545

RS 007GEA
NS LT3

RS0 EEY
QANT42.G03

AGO0TED"
RLEO3SD
[ R

RECIIBAT
[5007518

RBA: 7 3-951
KS001512
RE0078 17
RRONTATR

Rag1: t--16

RE0OTE12
RADG! 1022

RSOZTELT
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Companenl Croup: Fusl Turhapumes Frepareal; F Tl e
GIL 1em; BEOC-05 Apmravad: T. Hguyen
Fart Kumb. RSO07EM Approval Date: 1111139
Canpanenl; Law Preasyure Fiuel Turbopump Change ¥: 4
FMEM [lam: REH Diractva #: CCE0O MED-21-5248
Fallure Mode: Lasx of suppard ar pasition contrel ¢l rolallng asserbily.
Pape: IcF 4
Falure Cazes & gnificant Tharaclarshics mspRcHar[s)f Tegi[s) Docurem Refeieace,”
[ HEAT TREAT N:T HARDHESS |5 VERIFCO PER ORAWANG RECLIREMENTES. REIO?EIT
SUREALCE FIMSH THE HUT THREADS ANMD BEARIMNG MATING SURFACES DRY FILM LUYBRICATION |15 WERIFIZO FER READTHRIT
AW HE AND SPCCIFICATICN REQU'REMENTS. Ranf12nre
RLGIAZY
ASSEMBLY IN IEGRITY THE 'NOUCER HUB STRETCHING 5 WERIFIEDR PER DRAVWING AND SPECIMICATICH RCCUIRCAMENTS.  RSD0R604
RLaGss3

YUT TCREUE 15 YERISIED PER DRANMNG AND SFECIFICATION REQUIREMINTS.

T-LOGK INSTALLATION IS VERIFIED PER DRAVWING REQLUIREMENTS. |HEHITG
EF EPRINGS REOO7E
SRACER REMITE 1N
T-LOCK REMTE 18
Fl'MP SEAL PES1099, RG9S
MATERIAL THTEGRATY MATEFRIAL INTEGRMTY |8 VERIFED PER DREAWING AND SPECIFWCATION BEQUNREMENTS, [ZE0 LA b
4500 FE1E
RES10a%, AMI9355
PO F0-154
HEAT TREAT SPAIMG A40 SPACER HEAT TREAT IS YERIFIED PER SPECIFICATION AND DRAWING P 11-020
REQUIREMENTS. REAOTE1S

RES-09%, RM15I55
ASZEMBLY INIESRITY SPRIMG CHARACTERISTICS ARE VERIFIED PER DRAVWING REQUIREMENTS. RENOFET4
SPAING PRELOALD IS VERIFIED FER ORANING REQUIREMENTS RSCIPEM

THE T-LOCH METALLATION |5 VERIFIED PER DRAWING REQUIREMENTS.

ALL CALSES | FFTF RE007H"



gs5-H

[ L T

T. Nguyen

111199

4

CCBDME1.OF 5248

dof 4

Component Group: Fual Turbapumps Fre a:
CIL Item: E609-05 Appl:ﬁa:e&;
Part Number: RSH0TETT Approval Dala:
Camponent: Low Pregzeura Fusl Turbopumg Change #:
FHEA tigm; 400 Directive ¥:
Falliwra Mada: Lote of support or pasition conlrol of ratating assembily,

Paga:

Failure Caoses: Sigaiilizat Charectz-istics Inspecdionis) f lagie)

ALL CAUSES ASEEMBLY INTEGSITY THE PUMF EUBASZEMBLIEZ ARE INSPECTED DURING OVERHALNL FER SPECIFICATION

REQUIREMENTS  INSFEC ITLNS INULUDE: VISUAL DIMEMNSIONAL, PFMFTRAMT, AND
QEPLACENENT OF USASE ITEMS AS APPLICADLE, PCR DWERHALL CLASSIFICATION.

QFERATICHPERFORMANGE 15 VERISIED EY ENGINES HOT-FIHE TESTING AND2NDE & M TESTS ()
INSFEZTICHWS.

TERQUE CHECKS ARE FERFORMED FRIDR TO EACH FLIGHT.

DATA FROM FREVICALIS F| IGHT OR HOT-FIRE IS REVEWED FOR PROPER TURBOPIME
QCERATIOMIFERFORKANCE. (LAST TEST)

Falure Hslany Sempretenshke fa ke Flslcry dala £ -nanlaired inthe Problem Report ng deiabase [PHAMSIPRACA}
Relarznze MASA I=lber 502 /00300 and Rocketdyne fetter QARCOSTE .

Opurabizeal Use Mot Appl zatle,

RE5- 1

Zeoemakl Relerence
RLCOFS
AL FE-1 16

RLOCIE0-04
Rl Q2256 06
RLODIEE-OF
RLOJ4E1

PIARES T V41853 010
MSTC PLMN 122E
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Fooacn .
CMponent Sroug Fuel Turbepa:mpe Prepared: F Cromwell
CIL Mam: Ba0) Approved: T. Nguyen
Part Humber: RS 0W7 B Approval Dan: 111194
Campanent: Low Pressure Fuel Turbepump Change & 2
FMEA Itom: BEM CHresctive #: COBD WE3-01-5244
Page:’ UL
Crileal Inilial
fioot  Flaw Size Naol
Sida Mot Deleclable
Cempsrant Basic Part honle: Meld Humbar wWeld Type  Class Arcast HCF  LOF Comneris
MAMNIFCLE R3007E03 1 EBw) la b1
MARIFOLD RSCITENS z CTaw !
SMANIFOLD RSO0MEDZ £41d GTAW Il x X
MAKITOLD R5407803 g.10 GTAW 1l x
RAHLIFOLD REOMGCA 13 GTAM I
MAMNIFOLD REMIFEN] 17 EBIN Il b Y
RAMNIFILTY RA0OTE] 18 TSTAa b X X X

RE5-g140-11



185-9

Compoedt G oup:

e Narne:
Hem Number: i [0
Farl Minrhar RSaoTEDd

SSME FMEA/CIL

FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Fuel Turbopumps
Law Pressure Fusd Tirbopump

Prapared: F. Crammel|
Appresed: T. Hguyen

Approval Date: 11108

Change ¥: 3

Di rective COED ME1O1.5248 .
Fape: {ef1

Enze Lina Rationale

Var-ance

Cranps Rativnale Wariar! Cash Menber )

1. E620-0%: REMITEDS, REOATEDS,
CALUSE A, THE INNER aND
CLTER EEARING RINGS ARE
EDOY CURRENT INSPECTFD PFR
FA NG E- D3,

2 BE800-10. THE HOUSING
INSULATION IS FROTECTED BY A
KEYLAR COMPOSITE SURFACE
WITH L.T-40 FIRE RETAROANT
ALUMINUM TAPE APPLIED TCr
THE KEYI AR SLIRTACE

3 BEQQ-0F THE BALLS ARE
FOSITIQONED BY AM FEP COATED
ARMALCN CAGE, FEF GOATING
OM CAGES USED TO RETOLIZE
FAOCKET ARG BALL WEAR THUS
IMCREASING BEARIMG LIFE.

4. BEOO-0I. BLOCH | HOZZLE
ACSEMBLY ALLOWS A MIMIRALIRA
QOF 12 QF THE 4A NQZZLE
PASSAGES TO BE BLOCKED.

5 Beac.t2 CAUSEBRC

THE SECOMD STAGE RQTOS
ERAZE JOINT INTEGRITY IS
LLTRASOMIC INSFECTED PER
DRAWING REQLUFREMENTS.

E. BRIC-0Z. CAUSE D

NQZILE COFFER PLATIMNG
A0HESION IS5 VERIFIED FER
ORAWING AEQUIREMENTS.

PASSAGES TOBE BLOCKED
CERTAIN SECOND STAGE-

BEAR™MT RINCGS RECENELD
FROM SUFFLIER SPLIT BALL
BEARING INCORFORATED -
RFCFMED MO GFMFRAL ENOY
CURRENT IMNSPECTICN.

CERTAIN FLEZHT HGUSINGS
HAYE NICKEL PLATED
INGLALATICN WITH COPPER
PLATED TIE-IM AREAS.

BLOCK LAMND FHASE || FUMPS
DO NOT HAVE FEP COATED
CRAGES.

BLOCK PHASE NI NOZZLE
AGEEMBLY ALLCWES A MINIRTURM
OF 16 OF THE 43 NOZZLE

ROTORE RECEIVED NO
LILTRASOMIC IMSPECTION OF
THE BRAZE JOMkT.

CERTAIM MOZZLES IO MOT
RECEIYE A BAKE TEST,

THE BLCOCK [ ANO PHASE I HAVE NICKEL FLATING T FRCI‘TE_E‘.'i' THE

THE BRAZE JQINTS O ALL SECOMD STAGE ROTORS HAYVE RECEIVED A

ADHES D BAKE TEET 15 MOT REQLIRED FOR NO22LES WHICH HA"."E- BEEH

SEE DAR 2745 FOIL
VARIANT DART
SERIAL HUMEFRS

GENERL EODY CURRENT IMSPECTION OF RIMGS REPLAGES TYFE IVC IN
PEMETRAMT INSFFCTION I DETECTTNG SURFACE FLENTS,

LISE AZ 15 RATIOHALE.

1 RINGE ARE SUPFLIED BY SPLIT BALL BEARING INCGRPOALTED RECEIVED
FROVISUAL AND TYPE IVE PERETRANT INGPECTION INSTEAD OF GEMERAL
EDDY CURRENT INGPECTION. FLAW DETECTABRILITY RELIABILITY LEVELS
BETWEEN PENETRANT AND GENERAL EDDY CURRENT INSFEGTICNS ARE
0 060 AML OOEF AESPECTIVEL Y

RISCOTEIT 174, 131,
<21, .0

INSULATION FROM MECHANICAL DAMAGE AND PROVIDE A MOISTURE
BARFIER. THE HOUSING 18 COFPER PLATED AT THE INSULATON SLOSE-CUT
AREAS TO WIPROVE THE MICKEL BOND. THE MINIMUN FACTORS OF SAFETY
FDR THFE INSUILATED HOUSING MEET C.E.|. REQUIREMENTE. DAR 2059
ADDREFFED THE TIME CONSTRAIMTS FOR MICKEL PLATED INSULATION WATH
COPPER Pl ATED TIE-IN CONFIGURATIONS.

BLOCHE L AND PHASE Nl CAGES HAVE TEFLOY CONTAINED IN THE FIRERGLASS - lIQS-'_‘IE-'."BD"S-UE? “
CAGE THAT PROVIDES BEARING L LIBRICATIOH. RSAC-FEME T, 025

THE Bl OCH | FHASE || NOZZLE ASSEMBLY DOES MOT WMILATE Tilé
REQUIREMENTS OF THE BLOCK | HOZZLE ASSEMBLY. BLOCHK | PHASE 11
WA MEETS CE MOZALE WANE REQUIREMENTS.

RUG157a1-031

RS0 F5ES-031
VISUAL AND PFEMNETRAMNT IMSPECTION, ALL PARTS SUSPECTED TO HAVE i
BRAZE JOrNT AMNOMALIES HAVYE BEEN ADDREZSED,

RS007622-025
FREVIOUSLY HOT FIRE TESTED. THE HOT FIRE ENVIRDNMEMT ADECLUATELY  ROD 9707 [0

YERIFIES THE CQOFPER PLAT ING ADHESIOHN IMTEGRITY.

7. 60002, CAUSEE.
THE STATOR COPPER FLATING

ADHESICH 15 YERIFIED FER

ORAWING REQLIREMENTS

GERTAIN STATORS DID NOT
RECENE A BAKE TEET.

ADHESION BAKE TEST |S NOT REQUIRED FOR STATORS 'WP'IICFi HA'U-'E- BEEM REIJT6230
FREVICLSLY HOT FIRE TEETED. THE HOT FIRE ENVIROMMENT ADECUATEL Y

YERIFIES THE COPPER, FLATING ADHESICH INTEGRITY



