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REDUNDANCY SCREEN
Caomporman] Aroup: Qxldlzer Turbopumps Fropared: C. Abraamls
CIL Item: BAdD-08 Approvad: T. Mguyan
Camp anerd: L Preasyum Qxidizar Turbapump Approval Data: 571499
Part Number: READTA0 Change #; 2
Falum Maode: toan of suppart and pasltlon conbrol. Directiva #: CCEOMEA-M-E2{4
Papge; 1af 1
: \ Crlielity
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Fadndency Screans: SINGLE POINT FAILURE: Nk

coo-4d



509-4

SSME FMEA/CIL

RESIGN
Component Group: Oxidlzsr Turbepumps Propared; C. Abasamis
CIL Ham: BE00-05 . Approved: T.Npuysn
Component: Low Prassure Dxidizer Turbopump Approval Date: &0
Part Hum bar: RSoDTRDY Change #: 2
Fedlure Mode: Loss of suppord and position eontrof, Directive ¥ CCBD MEY-N1.5214

FPage; 1013

Dezign ¢ Docnent Refersnce

FAILURE CAUSE: & High rotor asial thrust boads. !
B: Pump end beering fafture dua to wear, apalling, phting, cape wear or {ailura, corros lon, Iaee of coolant er contamination,
E: Turblne end baarlng laflure dua b weer, spaliing, piting, cage wear or fallura, cormsion, lose of coalam or camtaminailon,

ROTOR AXIAL THRUST IS CAUSED 8 INTERNAL COMPONENT PERFORMANCE RESPONDING TO EXTERNAL ENGINE FLOWMHEAD OFERATIONAL DEMANDS. THE FLIGHT
CONFIGURATION LPOTP INCORPORATES A REDUCED NET THRUST DESISN FOR REDUCED LOADING OF THE PUMP END BEARING H). THE NET THRUST HAS BEEN ASSESSED TO
SE WITHIN THE BEARING DESIGH LOAQ CAPACITY (2). THE FPUMP END BEARING (3} IS A 85MM BORE ANGULAR CONTACT BALL BEARING WHICH TRANSMITS AXIAL AND RADIAL
THRUST LOADS. THE BEARING RACES ARE MANUFAGTURED UTILIZING 440C CRES, WHIGH WAS SELEGTED FOR ITS HARUMESS AND WEAR RESISTANCE CHARACTERISTICS (5),
THE BALLS {15)ARE MADE FROM SINTERED AND HOT ISOSTATICALLY PRESSED $ILICON NITRIDE BALL BLANKS, WHIGH WAS SELEGTED FOR ITS SUPERIOR HARDNESS AND
REQUGED FRICTION, THERE HAS BEEN NO DEMONSTRATED BALL WEAR ON THE BLOCK IIADESIGN [16). THE CAGE POCKETS ARE ELONGATED TO ACCOMMODATE BALL
EXCURSION {13) AND THE CAGE SURFACES ARE COATED WITH MOLYBDENUM DISULFIDE FILLED FLUORINATED ETHYLENE PROPYLENE (FEP) (14). THIS MATERIAL ACTS AS A
SOLID LUBRICANT AT THE GAGE OUTER DIAMETER TO RING INTERFACE AND TRANSFERS FROM THE CAGE POCKETS TO BALL SURFAGES TO REDUCE FRIGTION. THE TURBINE
END BEARING {4) IS A E51M BORE ANGULAR CONTACT BALL BEARING AND IS DESIGNED TO TRANSMIT ONLY RADIAL LOADS A SPRING (5) IS LTILIZED TO PRELOAD THE TURBINE
END BEARING FOR CORRECT ANGULAR CONTACT AND STIFFNESS CONTRIBUTIOH TO THE ROTOR. THE BEARING BALLS AND RAGES ARE MANUFACTURED UITILIZING 440C CRES.
WHICH WAS SELECTED FOR ITS HARDNESS AND WEAR RESISTANGE CHARACTERISTICS (8). THE ALLOY IS SINGLE VACUUM MELTED TO HELP PREVENT INMEURITY FORMATION,
HARDENED, TEMPERED AND COLD STABILIZED (3) (4). THE BALLS ARE POSITIONED BY A MANDREL YWRAPPED GLASS FABRIG/TFE RESIN MPREGNATED CAGE. WHICH |8 BATCH
JESTED FOR LOX GOMPATIBILITY (3) (4. GLASS FABRIC/TFE WAS SELECTED FOR ITS LUBRICITY ANDWEAR RESISTANCE. CODLANT TO THE PUIP END BEARING 18 SUPPLIED BY
THE LEAKAGE FLOW OF THE LABYRINTH SEAL, WHILE TURBINE ENG BEARING COOLANT IS SUPPLIED BY THE HYDRAULIC TURBINE, WHICH |S DISCHARGED THROUGH THE SHAFT
VENT HOLES. THE COOLANT GIRCUITS ARE HANDLED AND ASSEMBLED PER CLEANLINESS REQUIREMENTS T PRECLUDE BLOGKAGE OF THE CIRCUSTS {73, VEHICLE PROPELLANT
CLEANLINESS REQUIREMENTS FTER CONTAMINATION DURING OPERATION (B). THE CLEANING (9), PACKAGING, AND STORAGE SPECIFICATIONS (1) ENSLIRE CORROSKM.FREE
BEARINGS PRIOR TO SERVICE. ENQINE DRYIMG AND TRICKLE PURGES MAINTAIN A POSITIVE PRESSURE BARRIER FROM AMBIENT MOISTURE ENTRY TO THE TURBAPUMB. THE
SHAFT TRAVEL SPECIFICATION LINITS THE ALLOWASLE FUMP END BEARING WEAR TO ASSURE ADEQUATE SHAFT AXIAL CLEARANCE MARGINS PRIOR T NEXT SERVICE {11,
CONTINUED USE WITH ALLOWABLE DISCREPANCIES RESULTING FROM GPERATION IS EVALUATED AND CONTROLLED PER THE REGLUIREMENTS OF THE WMAINTENANCE CONTROL
DOCUMENT (12),

(1) R2A07AM, (2] R/H B173-4050 ) ROOI761; {d) RSO0TAL7, (5) RSDOTE22; ) RS55-B579-8; (7) ALI0OO1; () 10D 13M15000; (1 RATENR051; (10) RLOOAE: (11) RLOORAZ; {13) AGS.
8793 (13 ROSS041;(14] RA1EJE-011, {15) ROSS03E [16] YRS 0553

FAILYRE CAUSE: G:Loss of support bet praksad.

THE SUPFORT BOLTS {1} ARE PRELOADED AT INSTALLATION TO SECLURE THE NDZZLE ASSEMBLY AND PUME END BEARING SUPPORT FACHAGE T THE HOUSING, THE THREADS
AHE DRY-FILM LUBRICATED {1} TO RELIEVE FRICTION AND ALLOW EGUAL LOAD APPLICATION TO THE THREADED SURFAGES. LOCKNASHERS (2} ARE SECLMED TO FREVENT BOLT
(HEENGAGEMENT DURING OPERATION. THE BOLTS ARE MANUFAC TURED UTILIZING A-285 CRES, WHICH WAS SELESTED FOR ITS STRENGTH AND RETENTHIN OF TOUSHMESS £
DUCTILITY AF CRYOGENIC TEMPERATURES (3). THE ALLOY {5 RESISTANT T CORROSION AND STRESS CORROSION CRACKING (3). THE ALLOY IS SOLUTION HEAT TREATED,
COLDAWVORKED, AGED, AND COLD-WORKED AGAIN (1), THE LOCKWASHERS ARE MANUFACTURED UTILIZING 321 CRES, WHICH WAS SELECTED FOR TS EASE OF FABRICATICM,
COMPRESSIVE STRENGTH. CORROSION RESISTANCE, AND RESISTANCE TO STRESS CORROEION CRACKING {31. THE ALLOY IS AMNEALED (Z). ASSEMELY PRCCEDURES FOR
LOCKING DEVICES ENSURE DEFECT-FREE INSTALLATION (4). BOLTS ARE ASSESSED TO HAVE INFINITE LIFE (5] AND ARE NOT TRACKED BY SERIALIZATION.

(1) RSD07B33; (2) ME56A0; {3) RS5-B579-9; (4) RLO1323; {5) RLI(532, CPI20R00038
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Compaonar Lt Ol kzer Turbopumpy Preparad: L. Abegap

GIL, Irety: Ba00-06 Approved; T. Nguya

Component: Low Presaure Oxidlzer Terbepumip Approval Date: a/THn

Part Number: ASDO7E01 Chanpa #: 2

Faltura Mode: Losa of suppast end poaitlon contro, Clroclive ¥: CCPD MEY-DM-B214
Fage: 2of 3

Deslgn ! Document Ratarencs

FAILURE CAUSE: [+ Loas of pump end bearlng Inner and outer race relaining mul praload due to nut fallurs, lack fallure, ar vhratian.

THE BEARING OUTER RACE 15 SEGURED BY A TWG PIECE BEARING SUPRORT. THE SUPPORT (1) FEATURES A STIFF INTEGRAL THRUST SHOULDER DESISHED TO REAGT TO
BEARING THRUST LOADS. A BEAM SPRING (2} MAINTAING BEARIMG QOLTER RACE TIGH'I'AGAINST THE SHOULPER LINDER AL PREDICTED AXAL AND RANIAL LOAD CONCHTIONS,
THE DEFLECTOR (3)15 SECURED TO THE SUPPORT BY & FLUSH HEAD SGREWS (4), THE DEFLEGTOR PILOTS THE BEARING SUPPORT PACKAGE M PLACE. THE INMER RAGE NUT [5)
CLAMPS THE TWO HALYES OF THE PUMP END BEARIKG INNER RACE AGAINST Ak AXIAL SHOULDER ON THE ROTOR ASSEMBLY. THE RETAINING HUT IS DRY-FILM LUBRICATED T
RELIEVE FRICTION AND ALLOW ECUAL LOAD ARPUCATICN T THE THREADED SURFACES (5). THENUT UTILIZES A LDCKWASHER (6), WHICH IS SECURED DURING ASSEMBLY TO
PREVENT HUT DISENGAGEMENT DURING OPERATION, THE NUT IS MANUFACTURED UTILIZING A-205 CRES, WHICH WAS SELECTED FOR ITS STRENGTH AND RETENTION OF
TOUGHNESS AMD DUCTILITY AT CRYDGEMIC TEMPERATURE (1. THE ALLOY IS SOLUTHIM HEAT TREATED, AGE-HARDENWED (5], AND 15 DORROSIDM AND STRESS CORROSION
CRACKING RESISTANT (7). THE LOCKYWASHER IS MANUFACTUIRED UTILIZNG 302 CHES, WHIGH 15 ANNEALED TO ACHIEVE DUCTRLITY FOR THIS BENDING APPLIGATION (B). THE
ALLOY |5 RESISTANT TQ CORROSION AND STRESS CORAOSION CRACKING (7). ASSEMELY PROCEDURES FOR LOCKING DEVICES ENSIUIRE DEFECT-FREE INSTALLATICH (81, THE
NUT AND LOCK ARE ASSESSED TO HAVE INFINITE LIFE () AND ARE NOT TRACKEE BY SERIALIFATION.

(1) ROI3573; (2) RO33575; (3) ADAIE74; (4) RO33581; {§) RS007827; (6) RSOOTAZE, {7) RES-BSTD-0; (B) RLO1IZY,; (9) RLODS2Z, CP32R000I8

FAILURE CAUSE: F: Turbine #nd bearlng pra- koad spring wear or fisflura.

THE S5PRING [17] PROVIDES A PRELOAD TO THE TURBINE EMD BEARMG FOR ANGULAR RACE CONTACT AMD STIFFNESS CONTRIBUTION TO THE ROTDR. THE SPRING IS A
BELLEVILLE OES5|5H MANUFACTURED UTILIZING INCOKNEL 718, THE ALLOY IS SOLUTION HEAT TREATED, COLD WORKED, AND AGE-HARDERED {1) INCONEL 718 VA% SELECTED
FOR ITS REOUIRED STRENGTH AND RESISTAMCE TO GORROSION AND STRESS CORROSION CRACKING 12). THE SPRING IR ASSESSED TO HAWVE 1NFIITE LIFE (3 AND 13 NOT
TRACKED BY SERIALIZATION,

{1) RS007E22; (2) RSS-A579-%, [3) RLOO%AZ, CPAILR0I0IB
FAVLURE CAUSE: & Loss of furbina and hearing ralalning nui preload doa to not fallure, bogk Fatlure, or vibratlon

THE INNEA RACE OF THE TURSINE END BEARING IS5 SECURED TO THE ROTOR BY A RETENTICH NUT (1), THE NUT [S MANUFACTURED UTILIZING Y-MONEL, WHIGH WAS SELECTED
FOR ITS TENSILE STRENGTH, DUGCTIUTY, ARG TOUGHNESS AT CRYOGENIC TEMPERATURES (2). THE ALLOY IS RESISTANT TQ CORROSION AND 15 MAGHETIC AT CRYDGEMIC
TEMEERATURES, WHICH 15 A REQLARENMENT FOR EXCITATION OF THE SFEED TRANSEUCER (). THE THREADED RPORTICH OF THE MUT 15 FLASH SILVER-FLATED (1} FOR LUBRICI Y
DURING TORGUE APELICATION. THE ALLOY 15 SOLUTION HEAT TREATED AND AGE-HARDENED (11, A LOCKWASHER (3) 18 SECURED AT ASSEWELY TO FREVENT THE NUT FROR!
DISENGAGING OURING OFERATION, THE LOCKWASHER 15 MANUFACTURED UTILIZING 302 CRES, WHICH 12 ANNEALED (3} TO ACHIEVE DUCTILITY FOR THIS BENDING

APPLICATION THE ALLCHY IS RESISTANT TO CORROSION AND STRES S CORROSION GRACKING (2). ASSEMELY PROGECURES FOR LOGKING DEVICES ENSURE DEFECT-FREE
RNSTALLATION 9). THE NUT AND LOCK ARE ASSESESED TO HAVE INFIHATE LIFE [5) AND ARE NOT TRAGKED BY SERLALIZATIOHN.

(1) ASUOTEAT; (2) RAS.B7SY; (3 RSOGTE24; (d) RLO1IZT, (5] ALO0S3Z, CP320RG00GE
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Component Group! OxIdizar Turbopumpa Praparad; C. abesamt
. . L

CIL e Babo-g8
A :

Component: Low Pressura Oxidizar Turbaplimip ﬁ:ﬁ::?ﬂﬂh' ;T?Q%uren

P#rt Number: RSO0TAM Changa #: 2

Failure Mcda: Loas of support and pasliben ¢ontral, Dlractiva ;5: CCED MEI-01.5214
Fapa: Jefd

Degign S Dneumen! Relarsnse

FAILURE CAUSE: H: Excesslve fretling et baaring Journals.

THE ROTOR {1) 15 DESIGMED WITH BEARING JOURNALS TO AGCOMMODATE BOTH THE PLMP END BEARING [2) AND TURBINE END BEARING (31 INMER RACES. THE ROTOR |5
MANUFACTURED UTILIZING K-MONEL FORGINGS, WHICH WAS SELECTED FOR ITS TENSILE STRENGTH, DUCTILITY, AND TOUGHNESS AT GRYOGENIC TEMPERATURES t4). THE
ALLOY IS SOLUTION HEAT TREATED AND AGE-HARDENED (1) AND IS RESISTANT TO IGHITION AND CORROSION (4). THE JOURNALS ARE GHROME PLATED (1) AHD DRY-FILM
LUBRICATED {1) TO MIMIMIZE GALLING AND FRETTING. THE MNER RAGES ARE PRELOADED TO THE ROTOR BY INMER RAGE NUTS (5) (6), WHICH PREVENT RELATIVE AX|AL
MOTION DURING OPERATION, RADIAL MOTION IS MINIMIZED BY THE INTERFERENCE FIT DESIGNED 1NTO THE INMER RACE JOURMALS (1). THE GUTER RACE DF THE PUNP END
BEARING IS PILOTED IN PLAGE AND SECURED BY THE BEARING SUPFORY (7). THE SUPPCRT {7) FEATURES A STIFF INTEGRAL THRUST SHOULDER DESIGHED TO REACT TO
BEARING THRUST LOADS. A BEAM SPRING {Bf MAINTAINS BEARING DUTER RACE TIGHT ACAINST THE SHOULDER UNDER ALL PREDICTED AXIAL AND RADIAL LOAD CONDITIONS
THE DEFLECTOR (9) IS SECURED TO THE SUPPORT BY 6 FLUSH HEAD SCREWS (10), THE DEFEECTOR PILOTS THE BEARING SUPPORT PACKAGE N FLACE. THE SUPPORT AND
DEFLECTOR ARE MANUFAGTURED UTILIZMG Al INCONEL 718 FORGING, WHICH WAS SELECTED FOR ITS REQUIRED STRENGTH, RESISTANCE T0 CORROSION, AND STRESS
CORROSION CRACKING (4). THE ALLOY IS SOLUTION HEAT TREATED AND AGE-HARDENED {7) {9). THE SUPPORT JOURNAL IS CHROME PLATED (7) AND DRY-FILM LUBRICATED (7
THE DEFLECTCR FILOT DIAMETERS ARE DRY FILM LUBRICATED (8) ACCURATE POSITIONING SUPPLIED BY THE SPRING (8} AND DEFLECTOR (9) TO THE RACE, REDUSES THE
POTENTIAL FOR GALLING OR FRETTING. THE SPRING IS MANUFACTURED UTILIZING [NCOLGY B03, WHICH WAS SELECTED FOR ITS CRYQGENIC MECHANICAL PROPERTES
THERMAL EXPANSION COEFFICIENT, THERMAL COMDUCTIMITY, ELASTIC MODULUS, AND STRESS CORROS!OH CRACKING RESISTANGE (123, THE PART IS SOLUTION HEAT TREATED
AND AGE-HARDENED. THE TUREINE END BEARING OUTER RACE IS PRELDADED BY AN QUTER RACE SPRING {11) AN IS DESIBNED TO FREELY SLIDE IN THE BEARING SPACER
SLEEVE JOURNAL {12}, THE SLEEVE IS MANUFACTURED UTILIZING ANNEALED {15) 347 CRES, WHICH WAS SELECTED FOR ITS STRENGTH, AND RESISTANGE T0 CORROSION AND
STRESS CORROSION CRACKING {4). THE SLEEVE JOURNAL IS CHROME PLATED (13) AND DRY-FILM LUBRICATED (12). COMPONENT DYNAMIC BALANCE REQUIREMENTS FOR THE
ROTOR (1) AND INDUCER (14} MINIMIZE SYNCHRONOUS UNBALANGE POTENTIALS IWHICH REDUGE THE RELATIVE MOTIGH BETWEEN THE BEARING RAGES ANN ICURNALE  THE
SPACER IS ASSESSED TO HAVE INFINFATE LIFE {15) AND IS NOT TRACKED BY SERIALIZATION, .

{1) RSQ076NS; (2} ASCO?63Y; {3} RSOD?AST. (4) RES-8570-9; (5) RS007427; (B} RSO0TAZY, (7} ROJISTS; (8} ROBISTS; (9) ROIIGT4 (10) ROIISAN; (31) RSO0TE22 (12) RSS-BG7E-11: (1)
AS007E21: {14) REODTE12: (15) RLOOE3Z, CPAZ0A0003R

FAN URE CAURE: |I:Exceaziva roter radial Insdz,

ROTOR RAQIAL LOADS ARE CEMERATED BY THE INDUCER (1} AMD THE ROTOR ASSEMBLY (2). FIXED RADIAL L.OADS ARE MMIMIZED BY THE AXIAL FLOWY DESIGN OF THE INDUCER
AND ROTOR. THE OVERALL DYNAWMIC RESPONSE IS5 MONITORED BY LPOTP RADIAL ACCELEROMETERS DURING GREEN RUN AMD ACCEPTANCE TESTING, AHD {5 SUBJEGTED TO
AN ACCEPTREJECT CRITERIA ESTABLISHED BY THE GREEH RUN SPECIFICATICN (3). ASSEMBLY REQUIREMENTS ENSURE FROPER ALIGHMENT, RETENTION, AND LOCKING OF Al t
ROTATING COMPONENTS [4). RADIAL LCADS FROM UMBALANCE IS MIMIMIZED 8Y COMPONENT SYNAMIC BALANCE REQUIREMENTS FOR THE ROTOR (2) AND INDUGER (F) .
MEAIURED RADIAL ACCELERATION FROM ENGINE TEST DATA SHOWS RADMAL LOADS ARE WITHIN THE CAPACITY OF THE THURBOPUME BEARINGS.

{1) REDOTE12; (2} RSDO7BO0S, (3} ALOMET: (d) RLO 323
FAILURE CAUSE: ALL CAUSES

440C CAEED, A-288 CRES, 311 CRES, 202 CRES, INCOMEL M8, INCOLOY D3, AND H-MONEL SATISFY LOX COMPATIEIL TY REQUREMENTS (1}. THE HIGH CYCLE AMD LOW CYCLE
FATIGLE LIFE OF THE PUMF END BEARING, TUREINE END EEARINGE, ROTOR, SUPPDRT, SURFORT BOLTS AND LOCKE, SPACER, SERING AND BEARING BACE HUTS AMD LOCKS
MEET CEl REQUIREMENTS (2). THE MINIMUNM FACTORS OF SAFETY FOR THESE PARTS MEET CEI REQUIREMENTS (3. THE HARD'YARE PARENT MATERIALS WERE £ EARED FOR
FRACTURE MECHANICS/NOE FLAW GROWTH SINCE THEY CONTAIN NO FRACTURE ERITICAL PARTS, EXCERT FOR THE REARING SUPPORT WHICH WaS CLEARED BY CRITICAL
INTTIAL FLAW SIZE DETECTABILITY AND THE HOUSHMG ASSEMELY WHICH YWAS CLEARED BY RISK ASSESSMENT (4. REUSE OF PARTS DURING DWERHALL ARE CONTROLLED BY
THE REQUAREMENTES OF THE OWVERHALL SPECIFICATION (53

(1} R35-8578-9; (2} RLOGG32Z, CPI20R0M038; (3) RE5-4546-16, CF&ZL‘HGDMH: (%) MASS TASK 117 {8} RLO1210
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INSPECTION »»nD TEST
Componsnt Group: Cxldbar Turbapmps Friparad: G. Abasamls
CIL Itsm: BAM-AE Approved: T. Kguvan
Compuorant: Low Fraasure Caldizer Turbopump Approvat Date: Bi7ran
Part Nutvbat: RS40TI0 Change ¥ 2
Faburs Modms: Loas of suppart and poshion contral, Directive §: CCHO ME3-01-5244
Papa: 1of &
Feiturs Cagan Shynicanl Charactarislics Inspecttonts] ! Teslf) [ocurnent Refere nce
A B BEARING ' ASt07831
BALL ROG5T36
EPRING RSOn7a22
SHIM ASON7A2
SHIK ROIISTE
MATERIAL NTEGRITY MATERIAL INTEGRITY 1S VERIFIED PER SPECIFICATION AND DRAVHNG REQUIREMENTS. RE070-154
PBIH 30-013
RBD1G0-Cid
PR 70-186
RSOM7A3
RE07a%2
RSDO7A12
ROA3576
BEARING RACES ARE FEMETRANT INSPECTED PEA, SPECIFICATION REQUIREMENTS, RAO11E-114
BEARING RACES ARE ECOY CURR EMT INSPECTED PER SPECIFICATION REQUIREMENTS, RA1515004
BALLS ARE ULTRASDONIC INSPECTED ROS50358
HEAT TREAT RACE HEAT TREATS ARE VERIFIED FER SPECIFICATION REQUIREMENTS, Ra1511-405
ASEEMBELY INTEGRITY BALLS AMD RACES ARE VISUALLY INSPECTED PER DRAWMNG AND SPECIRCATION R3Q0TEM
REOUIREMENTS. RLONSTE
THE BALL BEARINGSE ARE INSPECTED T2 AFBMA STANDARDS FOR SIZE AND GRADE PER REOOTAM
DRAVVIMG REQUIREMENTS.
BEARINGS ARE ASSEMPLED AND DISASSEMBALED PER SPECIFICATION REQUIREMENTS. REMNE 16

RiNG |5 VERIFIED TC BE COPLANAR PER CRAVING RECILUIREMENTS. AS007924
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Caomponent Graiep.
CIL Itam:
Component:

Pert Numbes:
Fallure Mode:

Qxidizar Turbopumps

A200-08

Low Prassure Oxidlzer Turbopump
RS0DTE01

Leaa of suppod ard position domral.

Preparad:
Approvad:

Approval Dyla:

Chanpge g;
Olrectiva A

Fape:

C. Abseamls

T. Nguyain

|ty

2

CLED ME-P1-5214

2oF ¢

Fallyra Cauzas

Slgnificant Charadsrisilos

Imspeciien(s) [ Test(s}

AR

ASSEMBLY MTEGRITY

CLEAMEINESS OF
COMPOKWENTS

HCU3ING
ROLT
WASHER CUPAOCK

WA TEPRLAL INTEGRITY
HEAT TREAT - -

SURFACE FINISH

ASSEMBLY INTEGRITY

Docurent Refsrenog

CAGE QUALITY 18 VERIFIED PER DRAWING RECUIREMENTS.
CAGE COATING 15 VERIFIED PER DRAWING ANC SPECIFICATION REQUIREMENT,

AXIAL GAP IS INSPECTED PER DRAVANG AND SPECIFICATION REQLIREMENTS.

BEARMG RACES AND BALLS ARE VERIFIED CLEANED PER SPECIFICATION REQUIREMENTS,

LOX COMPATBILTY OF THE CAGE IS MAINTAIMED PER DRANVING AND SPECIFICATION

REQUIREMENT.

PEARINGS ARE INSPECTED FOR CORROSION PRIOR T PACKAGING, BEFORE ASSEMELY, AHD

BEFORE INSTALLATION PER DRAWING AND SFECIFICATIN REDUIREMENTS.

RO55041
HA 16034011

RS307E1
RLME22

RA1610:051
RL100gt

RO5E041
RA1103-0059
RLODS12

REOHTEI
RA1110:014
RS00TAH
RLOIA1E
RLO1323

MATERIAL INTEGRITY IS VERIFIED PER DRAWING AMD SPECIFICATION REDUIREMENTS,

HEAT TREAT IS VERIFIED PER SPECIFICATION AND DRAVINGE REQUIREMENTS.

BCOLT DRY-FILM LUBRICATION 1S WERIFIED PER GRAWING AND SPECIFICATION REQUIREMENTS

BOLT INSTALLATION AND TORAUE ARE VERIFIED PER ORAWING AND SPECIFICATION

RECLIREMENTS,

BOLT LQCK DEFORMATION IS5 VERIFIED PER ORAWING AND SPECIFICATION REGUIREMENTS,

RE00TA0
RSA0TaY]
MEaEED

R3007313
MEEBED
RBMTY-029

FLADG 1 1-020
M S3680
RSyazd

REDO7ALY
RAD1Z-CIS

REDOTAH
RLO1323



Compona I 7-H Oxldlzer Turbopumps Praparad: C. Abesa
CIL ltamn: Bad0-06 Approvad: T. Mguya
Companent: Lovwe Prassu re Crul dizer Turbopump Approwal Date; 700
Pzer1 Numbar: REQDTAOS Chanpgs ¥ X
Fallura Wiode: Loas of suppor! end pasiten ¢ontrof. Clractve i CCED ME3-I-5214
Pagu! Iof &
Failuza Cauzas Signdfizant Characharksthes Inspectian(s} ! Tastfs) Document Reherenca
MUT - INNER RACE REDOA2T
LK - INNER RACE REOTAE
ROTOR R500TA05
SUPPORT ! ROJ3ETS
DEFLECTOR ROASTY
SPRING RO32575
EHIM ROYI57E
MATERIAL INTEGRITY WATERIAL IMTEGRTY 15 VERIFIED PER DRAVWING REQUIREMENTS. REMTENS
RJI13ET3
RS007827
RESa07828
ROA1ETS
RO1357
RO3357E
DEFLECTCR, SFRING. SHIM, SUPPORT AND ROTOR ARE FENETRANT INSPEGTED PER RAM15-116
SPECIFICATION REQUIREMENTES, _
DEFLECTOR, SUPFORT AND ROTOR ARE LLTRASONIC INSFECTED PER SPECIFICATION RAD 15012
REQUIREMEKTS, .
Il::u HEAT TREAT DEFLECTOR., SPRING, SHIM, SUPFJRT, AND ROTOR HEAT TREAT IS5 VERIFIED PER SFECIFICATION  RAQGT 1020
Or REQUIREMENTS
:: SURFACE FINISH SUPPORT, DEFLECTOR, AND NUT ORY-FILM LUBRICATION AND EURHISH ARE VERIFIED PER R3007E27
DRAWING AND SPECIFICATION REQUIRELENTS. ROMETI
R{O13674
RAJ112-000
AAO112-007
SUPPORT CHROME PLATIMG 15 VERIFIED PER DRAWING AND SFEC RECUIREMENTS, ROG35T3
RA1EDD-002
ASSEMBLY IMTEGRITY HUT INSTALLATHZH ANG TORCOUE ARE YERIFIED FER DRAWING AND SFECIFICATION RE00TE01
REQLNREMENTS, RLD 323
NUT LOGK DEFORMATION I5 VERIFIED PER DRAWANG AMD SPECIFICATION REQUIREMENTS.
THE SPRING CALERATICH AND LOAD CHARACTERISTICE ARE YERIFIED PER DRAVWING AMO RLOO410
SPEGIFICATION REQUIREMENTS. RO3257%
RE0DOTAMH
SFRING FAD COPLANAR AND PARALLELISM IS YERIFIED PER DRANMYING REQUIREMENT. ROFASTS
E BEAHIHK.}. ; . B . REOOTEET
MATERAL INTEGRITY MATERIAL INTEGRITY IS VERIFIED PER SPECIFICATICN AND DRAVWING REQUIREMENTS. RBO12-013
REQ190-064

R30Q 7857
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Component Greog: Cxldlzer Turbopumpa Preparail: C, Abssamls
CIL e BA00-08 Approvad: 1. Nguyen
Compeonenl: Low Frassure Oxkdlzer Turbopump Approval Daks; LT
Pirt Humber: RSODTADY . Chanpe #: 2
Fallure Mode: Logs of supporl and positten condral, Diractive & CCAL MEX-1H-5214
Fape: 408 8
Failura Cauees Significant Charaderisiica Inspeaclion}a) ! Tesly) Doctment Beferencs
E HEAT TREAT BALL AND RACE HEAT TREATS ARE WERIFIED FER SPECIFICATION REGUREMENTS. RATE11-005
A.SSEM_EL‘( INTEGRITY BALLS AND RACES ARE EDOY CURRENT INSPECTED PER DRAYING REQUIREMENTS. REDOTRST
' BALLS AND RACES ARE VISUALLY THSPECTED FER DRAWING AND SPECIFICATION RECOTESY
RECU REMENTS. RLODO1E
BALL BEARINGS ARE INSPECTED TO AFEMA STANDARDS FOR SI2E AND BRADE FER DREWING REBA0TESY
RECGUIREMENTS.
BEARIHGE ARE ASSEMBLED AND DISASSEMABLED PER SPECIFICATION REQUIREMEMNTS, RLOCD 4
RING IS YER{FIED TO BE COPLANAR PER DRAVWING REQUIRENENTS. REAn7RET
CAGE FABRIC LAYERS ARE INSPECTED PER DRAWIHG REQLIREENTS.
CLEAMLIMESS OF HEARING RACES AND BALLS ARE VERIFIED CLEANED FER SPECIFICATION REQUIRENENTS, RAIG1D-051
COMPUNENTS RL 10004
BEARINGS ARE INSPECTED FOR CORROSIDN PAICR TO PACKAGING, BEFORE ASSEMBLY, AND RENITAET
BEFORE INSTALLATION FER DRAVANG AMD SPECIFICATION REGQUIREMENTS . RENITEOA
RLooo1g
RLO1az3
-F_-_ - SPRING (‘I’i.iREIHE END . RE007ex2
BEARING PRELGADY
MATERMAL INTEGRITY MATERIAL INTEGRITY 15 VERIFIED PER SPECIFICATHIN REQUIREMENTS. RBI170-154
HEAT TREAT HEAT TREAT 13 YERIFIED FER SFECIFICATION REQUIRENENTS. RAG11.020
ASSEMELY INTEGRITY THE SPRING PRELOAD CHARALTER|STM B ARE VERIFIED FER DRAVANS AND SFECIFICATION REQGTEZD
RECHNIREMENTS. RLO1323
G NUT - INMER RACE )  REI07E2) o
LOCH - INNER RACE RE00TE24
ROTOR RS0GTEDS
MATERIAL INTEGRITY WATERIAL INTEGRITY |5 VERIFIED FER DRAWING ANC SPECIFICATION REQUIREMENTS., REQGTA05
RE00Ta23
REB00TE24
RBEQ170051
HEAT TREA&T HEAT TREAT |5 VERIFIER PER SPECIFICATION REQUIREMEMTS. RADE 1 1-020
SURFACE FIMNISH NUT SILVER PLATING IS VERIFIED FER: SPECIFICATION REQUIREMENTS. RAYACE011
ASBEMBLY INTESRITY HUT METALLATION AMD TORGUE 4RE VERIFIED FER DRAWING AND SPECIFICATION RS0 TEN
REQUIREMENTS. RLGO1323
HUT LOCK DEFORMATICN |5 VERIFIED PER DRAVING AND SPECIFICATION REGUIREMENTS,
F N il



Compang w: Txldizer Turbopumps Pra parad: L, Bnegay
ZIL liemn: BB 1-DG Approved: T. Kguyen
Companent: Lowr Presaure Ox(dizer Turbopump Approval Date: a7y
Part Humber: RE007501 Change #: 2
Failurs Madea: Losa of support and poaliien contral, DilrocHve #: CCED ME3.01-5214
Page: Sof §
Fallure Cavaes Sigrifican| Charactariglics Inspectioniz) § Tesi(s) Documeant Referenca
H ROTOMR RSDM7R0S
BEARIMNG RSMTA
BEARIMNG RSM¥FAET
SLUPPORT ! ROAIET3
EPRING RO23575
EPACER REMTRzZq
MATERIAL INTEGRITY MATERIAL INTEGRITY |3 VERIFIED PER DRAWING AND SPECIFICATION REQUIREMENTS. RSMTEZ
RBOI 70-054
RBO7C-153
REMAC-013
REDIS0-064
REQITD- 196
REQITEDS
REQGIEAY
HEAT TREAT HEAT TREAT k5 VERIFIED PER SPECIFRCATION REGUIREMENTES. FRALG1 1020
RAYS11.006
BURFACE FIMISH SUPPORT, ROTOR ORY¥-FILM LLBRICATIIH IE YERFIED PER SPECIFICATION REQUIREMENTS, RAQ 12-03
o JOURMAL CHROME PLATING IS VERIFIED PER SPECIFICATION REQUIREMEMT S, FAQ1803-002
Eln ASSEMEBLY INTEBRITY AGTOR, BLUPPORT, SPRING, SPACER, AND BEARING JOURNAL DIAMETER DRAENSIONE ARE REON7RA5
ury INSFECTED FER DRAVIING REQUIREMENTS. RD33572
L RO32575
RSO0
RS007Ta3
RE0A7RST
HUT INSTALLATION ANG TORGILE ARE WERIFIED PEF, DRAWING AMD SPECIFICATICN RS007BH
AEQUIREMENTS. RLA1323
MUT LOCK DEFORMATION IS VERFIED FER DRAVIING AND SPECIFICATION REGUIREMENTS.
} ROTOR FS007E05
IOLMCER EEXITE1?
MATER AL INTEGRITY MATERIAL INTEGRITY |5 VERIFIED PER SPECIFICATION REQUIREMENTS. RBO1 T0HI51
ASSEMBLY INTEGEITY ROTOR AND INDLUCER. BALANCE ARE VERIFIED FER DRAWING REQUREMENTS. RIAGTR03
RSODTATE
INDUCER BLADE CQORDIMATES ARE INSPECTED PER DRAWING RECUIREMENTS. RENGTELZ
ALL CAUSES LFOTP RIO0TIN
ASSEMBLY INTEGRITY THE PLRAP SUBASSEMBLIES ARE INSPECTED DURIMG OVWERHALIL FER SPECIFICATION AL 218
RECUIREMENTS. Ra{115-%16

INSPECTIONS IMCLUDE VISUAL, DYMENSIGNAL, PENETRANT, AND REPLACEMENT OF USACE

ITFMS A% APP ICARIF PRR NYFRHLL SPECIFICATION
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b b i g L P Usrdizar durbopdmpy Hrapared;

e LS STNE

CAL Iem; BENT-06 Approved: T. Nguyen
Componant: Low Preszura Oxidizer Turbspump Approvel Date: gI7iea
Fart Numbsr: AS0aTET Chanpa #: 2
Fallura Mode: Loxa of suppart and poshlon central, CHrachiva i CCHD RE3-04-6214
Page: gof B
Fallva Ceusea Shgniicanl Gharscheratics Inapection(e) ) Teak{sh Dacurmend Referance
ALL CAUSESR ASSEMBLY INTEGRITY OFERATIONFERFORMANCE 15 VERIFIED BY EMGINE HOT FIRE TESTING AND ZNDE & M TESTS ON RLOODSD.04
INSFECTIONE. RALGO08G -6
. ALOQODSG.47
| RLOOa61
TORQUE CHECKS ARE PERFORMED FRIOR T0 EACH FLIGHT. OUMRED V1850 030
SHAFT TRAVEL IS PERFORMED PRICR TO EACIH FLIGHT [PHASE Il AND BLOCE 1. CMRSD V1850002
SHAFT TRAVEL IS PERFORMED FRIOR TO AND AFTER ACCEPTANCE TESTING AMD EVERY 10 OMRSD Va1 B50.013
STARTS THEREAFTER (BLOCK 1| AMD [1A).
DATA FRCM THE FREVICLLS FLIGHT 08 HOT FIRE 1S REVIEWED FOR PROFER TUREQGFUNP MSFC PLN 1228
OFERATION'FERFORMAMCE, (LAST TEST)
Failura Hiztony: Cormprehenabye fallure history data i maielemed n the Problerm Repoding detebese (PRAMER RACE)

Qparellonal Uaa:

Reference: MASA leller SAZ1BIE0E and Rockeldyne ltter BBRCO97E1.
Net Applicable.
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SSME"™ :A/CIL
WELD +JINTS
Companent Group: Oxidizer TUrBopumps Praparad: G, Abesamis
CIL Ham: Baoo : Approved: T. Hguyen
Camponent: Low Praasure Oxldizet Tisbopump Appraval Date: LT
Part Kumber; REQDTAD Changs ¥: 2
Diractive #: CCBD MELO1-BI14
Page: 1of t
Critieal Inttial
' Faosl  Flaw Size Mol
Side Mol  Delectsble
C-amponert Baszic Part Nurnber Vilald Mumber Wedd Type  Class Aocesd HGF LGF Comments
ROTOR RSQITACS 1PLCIORT) GTAW |
ROTOR RSI07I0E 1FLEOPTY  EBW |
NOZZILE RSGoTath 1PLC EEW |



Sr9-4d

SS5ME FMEA/CIL

FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Coomn panen? Group: Oxbdizer T .
[tem ?'Iame: i Low FressL:lTrtl;ug:Ir:ri}II;:r Turbopump ::;:l:ad:;: $ ::..:::Ts
e e el
Directiva #: CCBD MEJ.11-5214
Page: 1af 3
Baza Lina Rallohak Variance . Chanys Retienale Vatanl Dash Mumber
1. BA0Q-06, BEM]-0B EEARINGS BEARINGS ARE PROCESSED AND  LONG IERM FATIGUE LIFE OF AFARINGS 12 EXTEMDED BY BEDUCIMG THE 014, 121, 631, -

ARE PROCESSED AND
INSPECTED PER SPECIFICATION
RECQUIREMENTS (RLODIG). (ECP
00m)

2. BROG-D - GAUSE C ¢ BBOD-03
CAUZEE

THE SUPPORT IS PILOTED RY
THE GEFLECTOR. WHICH IN
TURM 1S FILOTED BY THE

M ZLE.

3 BBGD-04 CALISE A

THE IMDLKCER S REDESIGMNED
FORIEE WAITH THE LARGE
THROAT MCC, THE NEW
CESIGN DEMONETRATED
INCHEASEL FUMP CAPABILITIES
AT HIGHER FLOW!SPEED WITH
ACCEPTABLE INCREASE IM HEA(
OUTPUT.

INSFECTED PER SPECIFICATION
REQUIRENMENTS [RLOOSES).

THE SEAL IS PILOTED BY THE
EUPPORT _
THE SUFPORT |3 PILOTED BY
THE HOZ2L.E.

THE INDUCER 15 DESIGMED FOR
PHASE I BLOCK | OPERATIMG
COROITIONS

4. BBOI-06 -CAUSED, H

THE BERRING OLITER RACE 15
SECURED BY & TWO FIECE
BEARING JUFPFORT. THE
SUPPORT FEATURES A STHFF
INTEGRAL THRUET SHULDER
DCSIGHED TG REACT TO
BEARING THRUST LOADS.

S, RANO-0F - CAUSE R ¢ RAM.DB -

CALUSE |

BALLS ARE MACE FROM SILICON
HITRIDE. WHICH WILL ELIMINATE
WIEAR.

THE ATER RACE NUT SECURES
THE FUMP END BEARING OUTER
RACE T THE SUFFCRT.
PRELOAD SUPPLIED BY THE
OUTER RACE NUT REDUCES
POTENTIAL FOR FRETTING QR

GALL MG

THE BALLS AMD RAGES OF THE
BEARIMGE ARE NANUFACTHRED
LUTILIZING 4402 CRES

ALLOWABLE SIZE AKD QUANTITY OF ALLOWWABLE DEFECTS.

USE A% 1S RATIOMALE:

1. THE HiGH CYCLE AND LOW CYCLE FATIGUE LIFE CIF BEARINGS
PROCESSED PER RLO0SSA MECT £E| REQUIREMENTS,

2. THE MIMILILIM FACTORS OF SAFETY FOR BEARIMGS PROCESSED PER
RLOAS58 MEET CEI REQUIRENMEMNTS (R55-1546-15).

07, OBY 091, 104, -
111, 1412151, 161, -
181

THE PHASE M SILVER SEAL IS DESIGNED TO &E FILCTED BY THE OME FIEGE
BEARING SUPPORT.

THE PHASE [l PESIGN ADEGUATELY CONTROLS THE STACIK.UP OF THE
STATIONARY HARDWARE TO PREVENT MOTICN BETWEEN MATING FARTS,

THE PHIASE I IMDIMCER WAS CESIGNED FOR QFERATION WATH THE
STANMDARD THROAT ENGIME.

THE PHASE 1 DESIGN USING A HUT TO RETAIN THE QUTER RACE PROVWIDES
ADEQUATE CLAMPING AMND AL IGHRIENT

THE 4400 BALLS |M THE FHASE || DESIGH ARE CONMTROI 1 £ FOR WEAR AND
SrALLING BY OMRS0 AND DAR 7580

REO0TR10.021
R Sa07a01-191,
2N

R3I07A12-005
R5I07A01-20
-149

R300Ta14-015

RE00TE25-207

R EODTHME-003

RSI07am-201
1ot

RS007E31-051, 181
RSOGTEN1-201
191
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e e gt Juidizer [urbapumps

Ilem Hamu L0w Presaure Oxldizar Turbaplmp
llam Murmnber: Badd

Part Number: RSaLTH0

Preparad:
Appraved:

Approval Date:

Change §:
Directive ¥

Fage:

G, Atosar
T. Hjuya: -
arras

1

CCRD ME3-.01.5214

dof 3

Hase Line Rationale Varanes

Changs Rathanala

Warenl Dash Mumber

€ B200.01 - CALUSE ASB, BO0OC.02,
CAUSE A-D, BEM-0B CALSE O
LFOTF NOZI ES ARE LIFE
LIMITED FER DEVIATION DAR
2956

7. BHO0O-IN - CASE M

THE SHIM AMD SFREG ARE
MANUFACTURED UTILIZING
IHCOLOY 803, WHICH Was
SELECTED FOR CRYOGENIC
MECHANICAL PROFERTIES,

LFOTP WOZZLES ARE LIFE
LIMITED PER DEVIATION D4R
<142

BEM0A - CALISE K

THE SHIMS \WERE
MANUFACTURED UTILLANG
HICHEL 200,

BROD-0O - CAUSE D

THE PUMP END BEARING CUTER
RACE 15 PILOTED BY THE
SFPORT ANMD 15 RETAINED,
ALONHG WITH A SHIM, BY THE
OUTER RACE MUT.

THE FULHE EHND REARING DUTER
RACE 1§ PILDTED BY THE
SUPPORT AHND 1S RETAIMED,
TIGHT AGANGT THE SUPPORT
SHOULBER ALONG WITH SHIMS
AND SPRING, 4WD 15 SECURED
IN PLACE BY THE DEFLECTOR.

8. Baco.-0% THROUSH BROG-02
THE PUMF SUBASSEMBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQLIREMEMTS RLO1213

THE PUMFP 5UJBASZEMEBLIES ARE
INSPECTED DURING OVERHALIL
PER SPECIFICATION
REQUIREMENTS RLODATS

PHASE Il LPOTP NOZ2ZLES ARE LIFE LIMITED PER DEVIATION DAR 2742

THE FHASE Il DESIGM SHiki MATER AL, MICKEL 200, PROVIDES ADEDUATE
FROPERTIES FOR TS FLUMNCTION.

THE PHASE H DESIGN LGING A MUT TO RETAIN THE GUTER RACE PROMIDES
ADEQUATE CLAMPING AND ALIGNMEMT.

THE RLOOATIWAS SEPECIFICALLY WRITTEN FOR THE PHASE 1 DESKZH

4. BBgU-02 THROUGH BET0-Da
AND BEM-06 THROUWGH BEX] -0
ASSEMELY INTEGRITY 15
YERIFIED FER DRAWIMG AND

ASSEMELY INTEGRITY 15
WERIFIED PER DRAWING AND
SPECIFICATION RECUIREMENTS

SPECIFICATION REQUIREMENTS  RLOODAE.

RLO1323

10. BEOO-34 FAILLURE CAUSE A -

AND B HET ROSITIVE SUCTION

HET POSITIVE SLUCTION PRESSURE REQUIREMENTS
PRESSURE REQUIREMENTS WERE SATISFIED OVER THE
WERE SATISFIED OVER THE ENTIRE OPERATING RANGE BY

DESIGN VERIFICATION TESTING
CvE-5EME-401B :

ENTIRE QPERATING RAMGE BY
DESIGN VERIFICATION TESTING
YRS 0553

THE RLOGAGDE WitAS SPECIFICALLY WRITTEN FOR THE PHASE || DESIGN

THE DVE SEME 4018 WAS SPECTFICALLY WRITTEM FOR THE FHASE 1l CESIGH

R E0OTa1n02

RIJ07a17
ASA07A01-201
-1

REI0TA0T-191,-2G1

R5a0Fea1-191,-201

RS3073a1-191 201
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Lamrponanl Grovp: Qxidizer Turbopumps Freparod: C_Ahagamin

lterm Marme: Low Frasaure Oxidlzer Turbopump A N
ltem Homhbar: BADO A:E::::::Iﬁate ;ﬁrfg;ﬂm
Parl Number; RSODTEOT . Change é: ) 1
Diractiva A: CCHD ME3- 1 -B214
Page: 3of 3
Base Ling Rallonake Varlance Ghange Ratonale Yarlanl Crash Mumber
11, BEQOH - CALUSE G .
WENT HOLES DESIGNED INTO WENT HOLES DESKGNED INTG PH4SE Il DESIGM ADEQUATELY PREVENTS PRESSURE BUILD UP RSO07816-009
THE SEAL RING STRUCTLURE ~ THE SUPPDRART STRUCTURE RS007AM-201
PREVENT FRESSURE BUILDUP ~ PREVENT PRESSLIRE BLILDUP ! 101
AND DISTORTIGM OF THE SEAL AND DISTORTION OF THE SEAL
RIMG OWTO TIE LABYRINTH RIMNG QNTO THE LABYRINTH

GEAL, SEAL.




