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REDLUNDANCY SCREEN
Campanenl Group: Fual Turbropumps Freparsd: D. Eady
CIL llem; HITH-20 AR proved; T. Maren
Componen: High Pressure Fuel Turhopumnp Approval Dale: Firafy: -
Part Humber: RSOAT504 Changa #: 1
Failure Mode; Excassive coclamt fiow, DirecHve & LCBhD MEI-11-5204
Papa: 1of1
Cnbicaliy
Fhaseo Failure ¥ Efact Desorniption Hezard Belerencp
3 Rige ir ceolant liner pressure. Exzess rise in codant Nner 2ressune waukd resul in @ premature anging shuldown. Miszion sorub f iR
41 detacted by redli ng - Loss of vehisle due ta HPFTP failure may result f nol dabacied. LAE D%, I
Redundancy Screens TURBDPUMP SYSTEM - SENSGR SYSTEM: UMLIKE REDUNOANECY
A Fass - Redundant lasdware items sre capabs of chackaut during normal grownd turnaround.
B: Pags - Loss of a redundanl hardwata teme is deleclable durlng fight,
C: Fass - Lass of regundard handware swems could nod result from a eingle eredible event,
R} Rise: i goil pnt fink pressure Excess nse in caolanl lner pressune would rasult in 3 premature engine ehutdawn, Kission abo i deteciad 1R
41 by rediine. Loze of vebicle dua to HPFTP failms may result § ot delaciad. ME-P15 M

Redundancy Screens: TURBOPUMP SYSTEM - BENSOR SYSTEM: UNLIKE REOUNDANCY

A: Pass - Redundant hardwara items are capable of checkoul gduring rommal grewnd tumareund.
B Fass - Loss ol & redundant handwars bems is detectabte doring Night
€ Pass - Loss of redunclant hardware #ema covld nat resolt ko a single credible evert,
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DESIGN
Component Group: Fual Turbopumps Prepared: D. Eariy
CIL [tem: B200-20 Approved: T. lguyen
Caomppnent; High Pressure Fuel Turbapump Approwal Cade: 4131199
Part Numiber: RS007504 Changa #; 1
Failure Moda: Excessive coalant flow. Direcite ¥ CCAD MER.01-5205

Fagm: 10of ¢

Design ! Dozumert Rafenence

FAILURE CAUSE: A: Leakaga of mizin hausing bo | fe-oH seal gialle seal.

A PRESSURE-ASSISTED STATIC SEAL{1] 1S PILDTED iN A GROOVE i THE TURBOPUMP HOUSING (2) BETWEEN THE HOUSING AND LIFT-OFF SEAL FLANGE {7) TO PREVENT
HYSROBEM LEAKAGE INTO THE TURBINE AND THE COGLANT LINER CIRCUIT. THE SEAL IS MANUFACTURED UTILIZING INCONEL 743 BAR AND (5 SILVER PLATED WITH AN
UNDERCOAT OF GOLD. THE IMCONEL 718 PRCVIDES ETRENGTH AND DUSTILITY IN THE CRYDGENIG ENVIRONIMENT (41, THE MATERIAL IS SOLUTION TREATED AND AGE.
HARLENED. THE GOLD UNDERCOAT PROIECTS THE INCONEL 718 FROM HYDRGGEN ENVIRONMENT EMBRITTLEMENT, THE SILVER FLATING PERMITS CONFORMBNCE OF THE
SEAL MGSE TO MINOR IRREGLILARITIES IN THE MATING SURFACE. DESIGN ANALYSIS SHOWS WITH THE WORST COMBINATION OF TOLERANCES ADEQUATE SEAL COMPRESSION
WULLL BE MAINTAINED OVER THE FULL RANGE OF POSSIELE DEFLECTIONS.

i1y RN261-3076; (&) REOCPEYY, AZ0075SE; (3) ROC1E2M, (4) RS5-A560-10

FAILURE CAUSE: 8: Separation of IIfl-odf seal ta turbine (sbyrinth seal inlerface.
C: Excasslve loss of holt predoad.

THE LIPT-DFF SEAL HOUSING (1) 13 MANUFACTURED UTILIZING AN A-296 CRES FORGING (). THIS MATERISL WAS SELECTED FOR ITS GOMPRESSIVE STRENGTH, RESISTANGE T9
HIGH-PRESSURE HYGROGEN DEOGRADATION, AND MECHANICAL PROFERTIES AT GRYDIGEHIC TEMPERATURES. THE MATERIAL IS SOLUTION TREATED AND AGEHARDENED THE
TURRINF HLR | ABYRINTH SEAL (3)15 MANUFACTURED UTILIZING AN INCONEL 718 FORGING (2). THIS MATERIAL WaS SELECTED FOR ITS CRYQGEMIC DUCTILITY. STRENGTH,
RESISTANGE TO LORROSION AND STRESS GORROSION CRACKING, AND ITS PROPERITES ARE NOT DEGRADED IN A CRYDGENIC HYDROGEN ENVIROMYENT (21, THE MATERIAL IS
SOLUTION TREATED AND AGE-HARDEMEC, A SCALLOPED CHAMNEL MACHINED ON THE HUB LABYRINTH SEAL FLANGE FORMS A COOLANT ANNULUS, YWHEN INTERFACED WITH
THE LIFT-OFF SEAL. COOLANT ENTERS THIS MAINFOLD WA 4 HOLES DOWNSTREAM OF THE FIRST LABYRINTH STEP AT THE SEAL HUB. THE COOLANT DISCHARGES FRGM THIS
MANIFOLD %218 12 HOLES [N THE LIFT-OFF SEAL FLANGE AND ENTERS THE COOLANT LINER BY 12 HOLES 1N THE MAIN HOUSING (4) A PRESSURE-ASSISTED STATID SEAL 515
PILOTED IN A GRODIVE ON THE TURBINE HUB LABYRINTH SEAL AT THE LIFT-OFF SEAL INTERFACE. THIS SEAL PRECLUDES DIREGT LEAKAGE O THE HIGH PRESSURE HYOROGEN
UPSTREAM OF THE LABYRINTHS, INTO TIIE COGLANT MANIFOLD. THE SEAL IS MANUFACTURED FAOM INCONEL 718 WHICH PROVIDES THE REQUIRED STRENGTH AND DUCTILITY
IN THE GRYDGENIC ENVIRONMENT (2) THE MATERIAL 1S SOLLUTION TREATED AND AGE-HARDENED THE SEAL 15 GOLD PLATED TO PROTEGT THE BASE MATERIAL FROL .
HYDROGEN ENVIRONWMENT EMORITTLEMENT ANR ALSO IMPROVES THE SEALING CAPABILITY THE LIFT-OFF SEAL STACK 15 ATTACHED TO THE HOUSING UTILIZING 12 A 285 CRES
STRETCH BOITS (5} AND 321 CRES CUPWASHERS [7) A-285 CRES WAS SELECTED FOR ITS RESISTANCE TO HIGH-PRESSURE HYDROGEN DEGRADATION IT5 MECHANICAL
PROFERTIES AT GR TOGENIC TEMPERATURES, AMD RES|STANGE T0 CORROSION AND STRESS CORROSION CRACKING {21 THE MATERIAL IS SOLUTIGN TREATED AND AGE.
HARDENED. 321 CRES WAS SELECTED FOR ITS DUCTILITY RESISTANCE TO CORROSION AND STRESS CORRUSION CRACKING. AND INSENSITIVITY T HYDROGEN ENVIRDNMENT
EMBRITTLEMENT (2). THE MATERIAL IS ANNEALED TO IMPROVE MECHANICAL PROPERTIES. AND THE CUPWASHERS ARE YIELDED PRIOR T0 ASSEMELY TO INCREASE THER
COMPRESSIVE STREHGTH, STRETCH BOLTS ARE UTILIZED TO ASSURE THE REQUIRED CLAMFING LOAD IS ACHIEVED  THE CUPYWASHERS ARE STAKED AT ASSEMELY 10
PREVENT BOLT ROTATION ASSERBLY PROCEDURFS FOR LOCKING DEVICES ENSURE DEFECT-FREE INSTALLATION (81, THE BOLTS. CUPVWASHERS. ANG 51ATIC SEAL ARE NOT
SERIALIZED OR TIME HISTORY TRACKED, BUT HAVE INFINTE ALLGYWABLE LIFE (),

{1 ROD1SZI0; (2p ASS-ATE-10; {h RSOOTS53, (4) RSCOTATZ, RSCOTSEE: (5) RE1B21: {8) RSOOTSAR. {7} RSOOTEOY: [4) RLOO3SY; 9] RLC-DSBE,GF'BE&RDGIJJB
FAILURE CAUSE:  D: Fraclume ol =acond-slape aft platferm saal, .

THE SECONN-STAGE AFT PLATFORM SEAL (1) 18 MAHUFASTURED LUTILIZING & REME-] FORGING (2} WHICH YWAS SELECT1ED FOR ITS TEMPERATURE AND STRERGTH PROFPERTIES,
AMND GORROSHM RESISTANCE (2). THE MATERIAL |5 SCLUTION TREATED AND AGE.HARDENED. THE SEAL IS COPPER-PLATED TG PROTEGT THE BASE MATERIAL FROM
BYDROGEN ENVIRONMENT EMERITTLEMENT () THE SEAL CONTROLS THE ENVIRONMENT ON THE DOVWHSTREAM SIDE OF THE SECONDLSTAGE DISK. 1T IS PILOTED AT
#35EMBLY ONTHE DUTSIOF DIAMETER OF THE HUB LABYRINTH SEAL (). PILOTING IN OPERATION IS PROVIDED BY G RADIAL TANGS WHICH ENGAGE SLOTS (N A RETAINER (B A
THIN CIRCULAR UP Oh THE PLATFORN SEAL ENGAGES A SLIGHTLY WIDER GROOVE IN THE RETAINER THIS POSITIANS THE SEAL AXIALLY, WHILE FERMITTING THE SEAL TG
EXPAND AND CONTRACT FREELY UNDER ITS OWN THERMAL ENVIROMMENT T REDUGCE ITS COPERATING STRESSES. THE RETAINER M5 SECURED T4 THE LIFT-OFF SEAL STACK BY
12 A-2B6 CRES BOLTS (5) AND 321 CRES CUPWASHERS (61 STRETCH BOLTE ARE UTILIZED TO ASSUPE THE REQUIRED FRELCAD ON THE STACK IS ACHIEVED. THE CLEARANCE
BETWEEN THE BLADES AND THC SEALS |15 CONTROLLED TO MIMIMIZE RUBBING WHILE REOUCING BYRASS LEAKAGE

('y REQOPEEY (7)) RESHIA0-10. () REDOTEA3; (4) RSOOFALE; (A RAOCTSES, [F) RSLOFSIE
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Comporent Group! Fual Turbopumps Preparce: D. Eardy

CiL llem: B2a0-20 Approwvesd: T. Nguyan

Component; High Prossura Fual Turbdpump Approval Cate: 412440

Part Humbar: REMATEM Changa ¥: 1

Faltuing Made- Excopsive cookanl flow. Creclive #; CCED MEA01-5208
Pape: 2! 2

[Dr=signd Document Fefaranca

FARILURE CAUSE: E:Pump back plate through crack.

THE MAIN BACY DF THE "URBAFUIMEP HOUSHG (1] 15 A WELDMENT CF AN INCONFL 718 FORGING AHD AN INCONEL 718 CASTING (BACKPLATE) (2} INCOMNEL 718 WAS SELECTED
FOR |73 HIGIH STRENGTH, CRYWOSENIC DUCTILITY, RESISTANGE TO CORRGSICN AND STRESS CORRBOSION CRACKING. AND S INSEMSTIVE T HYDROGEM ENVIROMJENT
CMORITTLEMENT AT GF‘ERATING TEMPERATURES {2} THE WMATERIAL |5 SOLUTION TREATED AND AGE-HARDEMED. THE PARTS ARE IHKNED BY AN ELCETRON BEAM WELD.
ELECTROM BEAM WELDING PROGUCES A GLEANMWELD WATH & SMALL HEAT EFFECTED ZOME AND MINIMAL DISTORIION. IHE BALANCE CAMTY PRESSURE PASSAGE AND LIFT-
CFF SEAL ORAIM LIME #555AGE ARE MACHINED THROUGH THE BACKPLATE, BY THE JOINIMG OF TWG QRILLED HOLES. THE LOCATION OF THE HOLES ARE CLOSELY TOLERANCED
10 MSEIMIZE THE Al DUN T OF SURRDUNUING @ATERIAL. THE MAIN HOUSING HAS BEEN DESIGH YERIFICATICN TESTFN FOR | 0W OYGLE FATIGUE LIFE AND DEFLECTICH (1. THE
FACTOR OF SAFETY Ot BURST HAL BEEM DEMOKNSTRATED BY DESIGN VERIFISATIONM TESTS |3).

(1) RECOTSTT, REMOTSSS, 1) RS5-0580 10, {3) RSS-404.25
FAILURE CAUSE: ALL CAUSES

THE HIGH ANDLOW CYCLE FATIGUE LIFE FOR MAIN HOUSING TG LIF 1-GFF STATIC SEAL, LIFT-DFF SEAL, TURBINE HUE LABYRINTH SFAl LIFT-CFF SEAL TO TURBIME HUB
LAERYRINTH SEAL STATIC SEAL, LIFT-OFF SEAL STACK BOLTS AND CUPWASHERS, MAIN HOUSING BASKPLATE AND THE SECOMD-STAGE AFT FLATFORM SEAL MEET GEI
REQUIREMENTS (1) THE MINIMUM FACTORS OF SAFETY FOR THESE PARTS MEET CFI REQUIREMENTS {2} THE LIFT-OFF STATES SEAL AND HOUSING, AKND THE SECOND 5TAGE
AFT PLATFORM SEAL PARENT MATERIALS WERE CLEARECD FOR FRACTURE MECHAMICS/NDE FLAW GROWTH SIMGE THEY ARE NOT FRACTURE CRITICAL PARTS, EXCEFT FOR THE
HPFTF HOLUSIHG WHICH Wa 5 CL EARED BY CRITICAL INITIAL FLAW 512E DETECTARILITY (3). THE FMEA/CL WELDS ARE CLEARED FOR FRACTURE MECHANICSHOE FLAW CROWTH
BY THE WELD ASSESSMENT (4). TABLE B20D LISTS ALL FMEA/CIL WELDS AND IDENTIFIES THOSE WELDS IN YYHICH THE CRITICAL IMITIAL ELAYY SIFE 1S NOT DETECTABLE AND
THOSE \WELOE INWHICH THE R00CT SI0E 15 NOT ACCESSIBELE FOR IMSPECTION. THOSE YWELDS IMWHICH THE CRITICAL INITIAL FLAW SIZE 15 NOFDETEC TAGLE ARE ACCERTAELE
FOR FLIGHT BY RISK ASSESSKRENT (4). THE CUNTROLLER SOFTWARE 15 CONFIGURED T DETEGT AND AESPOND PROFERLY 7O THE FAILURES IDENTIFIFN AND COMMAND A SAFE
EMGIME STATE ¢5). REUSE OF PARTE DURING QVERHALIL IS CONTROLLED BY THE REQUIREMENTE OF THE OWERHALL SPECIFICATION (6},

[1: RLOCS32, CR3Z0A0003E, (2) RE5-A546-16. CPAMIRCOGIE; () HASA TASK 11T, (d) RES-ATSE; {5 CP40SRACDZ FT13.2.3:5.3%: 18y RLDOS28
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S3ME FMEA/CIL

INSPECTION AND TEST
Cemponent Groop; Fuel Turbopumps Fraparad: O Earky
CIL ltem: B2aCH -2 Approved: 7. Npuyen
Compotmnt: Hlgh Presaure Fuel Turbopump Adpproval Date: 4121198
Part Humbar: RE0OFE0 Changs #: 1
Faliura Mode; Excessive conlant flow. Directve #: CCal MEI-525
Pape: 1of &

Falure Causas

Significant Charachenatos

mspactionis) ) Tegt(s)

Docviment Rafarancs

ABCD STATIC SEAL RO261-2015
HOUSING R5007568
MATERAL IMTEGRITY MATERISL INFEGRITY 15 VERIFIED FER DREWING RE QUIRFMENT S

THE SEAL IS PENETRANT INSPECTED PER SPECIFICATION REQUIREMENTS. RAMHI5-116
HEAT TREAT SEAL HEST TREAT IS VERIFIED PER SPEC FICATION REQUIREMENTS. Fea D&Y 1020
SURFACE FINISH SEAL SLVER AND GOLD PLATING 4RE VERIFIED PER SPE CIFICATION RECUIREMENTS. PA1508-04H

ACEEMBLY INTEGRITY THE SEAL, LIFT-QFF SEAL, AND LABYRINTH SEAL SEALING SLRFACES ARE INSFECTED PER RSO0THGE

DRAWING AMND SPECIFICATION RECUIREMENTS 1 AD019230
N RE261-3015

RLO03

HPFTR RS0G5

——
a—
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Componen! Group: Fual Turbopumps Fragarad: D. Exrly
CIL them: 82001 Approvad: T. Nguyen
Comporenl; High Fresaure Fual Turbopump Approval Diate: 42199
Part Number: RE0OSHT Changa &: 1
Faifura Mode: Excesslve caolanl Now. Direxclive #: CLHD ME3-11-5200
Page: 2ol B
Faikire CaJses Significart Charaztanshcs Inapection(s) / Tesls) Documant Relerence
ABRCD HFFTR RSDOT501

ASSEMELY IMTEGRFTY SEAL LEAK CHECH IS PERFORMED AT TLIRBOFLUMF ASSEMEBLY.

ESEAL LEAK, CHECK |5 PCRFORMEDR PRIDR TO EATGH FLIGHT,

SEAL ASSERMALY HOUSIMNG
L&BYRINTH SEAL
SEAL, STATIC

KATERIAL INTEGRITY

THE LABYRINTH SEAL 13 PENETRAMT INSFECTED FER SFECIFICATION REQUIREMENTS.

HE4T TREAT LABYRINTH SEAL AMD STATIC SEAL HEAT TREATS ARS VERIFIED PER SPECIFISATION

REQUREMENTS

SUREACE FINIGH SEAL GOLO FLATING |5 VERIFIED PER SPECIFICATION REQUIREMENTS,

MATEHIAL INTEGRITY |3 VERIF IED FER DRAWIN G AND SPECIFICATION REQUIREMEKRTS.

ALOGAET

CMASED W4 1Ba0.010)

Foa1923a
RSOO7 553
RE1621

RO015230
RBO1TO-152
FeBul170-154

RAO115-118

RADRY1-020

ARAL109-007
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LI By | .]II..ILJLH_,H'.IJE

. e Prepared; . Early

CIL ltam: Baon-2a Apprraved: T. Mouyen

Cowmpancnt. High Pressure Fusl Turbupump Appraval Dala; 4121499

Part Humbei: REQI7FE0 Chanpa #: 1

Failura Madea: Excascive caslant fow. Direcliva #: CCBD ME1A1-2205
Paga: 2of &

Failure CaLzes

Significant Chara e istics

Inzpacticnis) ! Taclz)

Dacaument Reference

ABLCE

S.JRFACE FINISH

ASSEMBLY INTEGRITY

BOLT
CUFVASHER
HOUSING

MATER!AL INTEGRITY

HEAT TREAT

AURFACE FINISH

SEAL GOLD PLATING |5 YERIFIED FER SPECIEICATION REQUIREMENT 5

THE STATIC SEAL LIFT-OFF SEAL AND LABYRINTH SEAL SEALIMG SURFACES ARE INSPECTED FER
DRAWING REQUIREMENTS.

THE LIFT-DFF SEAL AMD LABYRIMTH SEAL FLANGES SURFACE FIMISH AND FLATMESS IS vERIFIED
PER DIAMIMG REQUIREMENTS.

MATERIAL INTEGRITY 15 VERIFIED FER DRAMSING RECLIREMENTS.

BOLT AND CUPMVASHER ARE FENETRANT INSPEGTED PER SFECIFICATICON REQLIREMENTS

BOLT HEAT TREAT IS WERIFIED PER SPECIFICATION RE QIREMENTS.

BOLT DRY-FILM LUBRICATION 15 VERIFIED FER SEECIFICATION REQLIREMENTS.

RACI0G8037

ROD1523]
RE007553
RE1621

RAt1=230
RENITEES

REO0THY5
RE007523
R&S0CTSEA

RAGI15-118

RBO1E0-014

Fead1 1. C0%
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LCamponent Graup:
CIL liem:
Componant

Part Number;
Faliure Mode:

Fisl Turbapumps
B240-20

High Pressure Fual Turbopump
R50075M

Excesslve coolant How.

Falure Causes

Hgnfleam Charaderistics

Inspechans) # Tesls)

Proparad:
Approvey;
Approval Date:
Charyge #;
Directive #:

Paga:

0. Early

T. Hguyen

s

1

CCED ME2UY-5245

L

Decurnent Reference

AB C D

SURFACE FINYEH

AZIFMBLY INTEGRITY

SECOMD-ETAGE PLATFORM

SEAL (TURBINE-EMDN
RETAINER

MATERIAL INTEGRITY

BOLT DEY-FILM LUBRICATION 1S VERIFIED PER SPECIFKCATEIN REQUIREMENTS

THE CUPWASHER 15 LOAD TESTED PER DRAWING RECLIREMENTS

THE CUFWASHER DEFORMATICN 15 VERIFIED PER CRAVING RECUIREMENTS.

THE BOLT GTRETCH |5 VERIFIED FER ASSEMBELY DRAVING REQLIREMENTS.

LIFT OFF SEAL STACH IS VERIFIED AS BOTTOMED FER SFECIFICATION RECUIREMENTS

MATERIAL INTEGRITY IS VERIFIED FER SPECIFICATION REQLHREMENTS.

SEAL FORGING IS PENETRANT AND ULTRASONIC INSFEGTED PER SPECIFICATION

REQUIREMENTS.

RA1 12-0073

RS007323

R3a07EM

RLOD3S]

RI07583
RE0N 7585

RBD17T0-043
RED170-154

RAM115-116
PAD115012
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Lociz i ek argup:
CIL tam:
Compondsnt:

Part Number:
Fallura Maoda:

Fuel Turlxoputps

B200-20

High Fressore Fuel Turbopomp
REMTEOM

Excessive coolant Row.

Fropared:
Approved:

Approval Cata:

Change :
Directive &

Fapm;

0. Early

T. Hguyen

4/21/99

t

CCED MEZ-DM-5206

Sof &

Feillura Causes

Sigaificant Characterslics

Inspactionis} f Tealis)

Cocument Aeference

A B C 0O

MATERIAL INTEGRINY

HEAT TREAT

FURFACE FINISH

ASSEMELY INTEGRITY

HFFTH

ASSCMOELY INTEGRITY

HEOWZING, HPTTR
RIFMG

MATERIAL INTEGRITY

SEAL FORGING IS PENETRANT AND LLTRASONC INSPECTED P
RECUIREMENTS. ER SPECIFICATION

THE SEAL I3 PENETRANT INSPECTED PRIOR TO COPPER PLATING.

HEAT TREAT 15 VERIFIFD FER EPECIFICATION REQUIREMENTS.

SEAL COPPER PLATING I3 VERIFIED FER SPECIFICATION REOUIREMENTE.

SEAL AND PLATF ORI SEALING SURFACE OHMENSIONS ARE YERIEHD
REOLIREMENTS. PER DRAWING

TORQUE CHECKS ARE PERFORMED PRICR TO EACH FLICHT.

KATERIAL INTEGRITY |5 VERIFIED PER SPECIFICATION RECQUIREMENTS.

RADTIS-115
RAN 15012

RAO115-116

RADR11-020

A& 1105-D02

REDOTS01
R200T583

RI075M

CHAR 30OV 1 850 020

RS00T56E
RSD0TSTE

RBC170-153
FPBL170-155
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Carpponent Group:
CIL llem:
amponent,

FPart Hurhbsr:
Failure Mode:

Fued Tuibopnaps

B200-20

High Pressyre Fuel Turbopump
REMOTE0

Excessive coolant flow.

Prepared:
Approved:
Approval Daje:
Changa A;
Dirgcliva #:

Pane:

D. Earky

T. Houyen

4121799

1

CLBC ME3)1-6208

Gal B

Failure Canses

Srgmlicant Chareckerislics

inspwction]s) © Testis)

AL CALSES

Fa lere History;

h"l;'.l ERRAL INTEGRITY

HEAT TREAT

WELD INTEGRITY

ASSEMBLY INTEGR|TY

HFFTP

C1 FANI INF55 OF
COMMPOMENT 5

ASSEMELY INTEGRITY

Document Baference

THE HOAIS!ING AMO RING FORGINGS ARE PERETRANT AND LI TRASQNIC INSFECTED PER
SPECIFICATICN
REQUIREMENTE.

THE HOUSING | PENETRANT INSFECTED FER SPEGH ICATIDN REQUIREMENTS,
THE NCGLSING |5 PROGF PRESSURE TESTED PER DRAWING AND SPECIFICATION REQUIREMENTS.

HEAT TREAT IS VERIFIED PER SPEGIFICATEN REQUIREMENTS

ALL WELDS ARE INSPECTED T DRAWIENG AND SPECIFICATION REQUIREMENTS PER WELD CLASS.
INSPECTIONS INCLUDE: VISUAL DIMENSIONAL, FENETRANT, RAOIOGRAPHIC, ULTRASONIS, AND
FILLER MATERIAL, AS AFFLITABLE.

DRAIMN LINE ANC BRLANCE CAVITY PRESEURE PASSAGE POSITION IS INSPECTED PER DRAWING
REQUIREMENTS

COMPONENTS ARE WERIFIED CLEAMED PER SPECIFICATION REGUIREMENTS.

TFERATERIFERFORMANCE |5 VERIFIED BY ENGINE HOT-FIRE TES TING AMD 2D E & M TESTS OM
IMSPECTIONS

THE PUMP SUBASSEMABLIES ARE INSPECTED OURING OVERHAUL PER SPECIFICAT ICH
REQUIREMENTS INSPECTIONS INCLUDE: ViSUAL, DIMENSIONAL, PEMETRANT, 8ND REFLACEMENT
OF USAGE ITEME AS APPLICAELE, PER OVERHALUL SLASSIFICATICH,

DATA FROM FREVIGUS FLIGHT OR HOT-FIRE 15 REVIEYYED FOR FROFER TURBGPUKE
(OPFRATIDNPERFORMANCE. (LAST TEST)

- - ——— —————— - e e e b

Gompretenzive 1 lure lnstury data ts mainained in tha Prablen Reporing dalzbasa (PRAMZFRACA)

Eielererce; WNASA |ettar 3A2 BR300 and Rochendyre lklter BBRCOSTE

Operatinnal Use

Mai Applicahble.

RAOTIS-115
RAaG1t5-012

RADX115-116

REMTSI?
RLO143

RADE11-020
REBMTI-155

RL10011

RAGOT-334
RAM15-114
RADTS-E
RAd 1154001
RAOI15-127

REMT5EA
RSM7EN
RL 10021

RLOADS0-04
RILOQDEE-06
RLOUDSE-O7
RLO0451

RLAOS2E
RAD115-115

MSFC PLM 1228
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Componant Group:

Itern Mamma:
llem Number:; =1
Part Humber: RIHTE01

Fuel Turbopnm ps
High Fressure Fuel Tyrbopamp

SSME FMEAICIL
FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Pragerad:
Approved:
Appravval Dam:
Change g:
DOlrective &;
Page;

D. Early

T. Kguyan

202

2

CCBO ME3-11-52G8

1of 2

Basze Line Ralionale

VYenanca

Crange Rationale

Varignl Dash Murmber

1. HIOD-15 REOOFA0E CAUSE A
B220-24; REI07005; CALISE A

THF IMMFER AND OUTER BE&LRIMG
RACES ARE EDOY CURRFMT
INSPECTED PER BLIO M2,

2 B2I0-13 RSOGTSZ7, ASMTSIZ,
CAJSE AL B. B2OG-JE;

RE0CTE32 CALUSE B. OIFFUSER
HIDNDFN SURFACES ARE
FEMETRANT INSPECTED PER
RLO0343,

3 BrDOG14 CAUSE A, RSO0TAGE
B200-21 CAUSE B, R3007563
R200-26 CALSE A, RE007SER
WELD JOUNTS RS007TER: TABLE
E20Q HRFIP FMEA/CIL WELD
JOINTS RECU 68 HOLSING
CURRENT COMFIGURATION |5
FHE GMETI PICCE "-112° CAp,
USIMNG FOUR [y WELDS AND
FI¥JR [4) WFI I MUMABZARS

4 BAOD-0Z; CAUISE A, RSCD7524
CAUSE B, RS00753; CAUSE C,
R5 007 R74

BEARING RACES RECEIVED
FROM SLPFLIER SPLIT BALL
HEARING INCORPORATED
FRECEIVED MO GENFRAL EDOY
CURRENT INSPECTICN

SCME DIFFUSERS fMdAY NGT
RECENVE THE POST FROOF TEST
HIDDEN SURFACE ()3
PENETRAMT MSPECTION

SOME HOUSINGS [POSSIBLY
TWUl) fAY HAVE BEEN
FABRICATED "1 TH THE TWD |2
FIECE 113" CAPS (THIS HAS AN
EXTRA WELD: %13 AMD THREE
FXTRAWELD MUMBERS 13, 68 &
63

E£0ME TURBIMNE BEARING
SUPFORTS {R50D7524) ARE
FABRICATED LSRG A
VUELOMENT OF HAYFS 188
ZHEET METAL INSTEAD QF THE
EOM FORGIMNG.

GENERAL EDDY CURRENT INSPECTION OF RACES REPLACES TYPE W2 1M
FEMETRANT INSPECTIOM N DETECTING SURFACGE FLAWSE

USE AS I3 AATIOMALE:

1. RACES SUPPLIED BY SPLIT BALL BEARING INCORPORATED RECEIVED 10X
WISUAL AND TYPE IWC PENETHANT INSPECTION IMSTEAD OF GEMERAL EQDY
CURRENT INSFECTION. FLAW DETECTABLITY RELIABILITY LEVELS RETWEEM
PENETRANT ANMD GENERAL EDDY CURRENT INSPECTIONS &RE G050 AND
0.057 RESFECTIVELTY.

LEE AS 15 RATIOMNALE

1 IMPLEMEMTATION OF HIDDEM SURFACE INSPECTION REQUIREMENT 12
NOT A RESULT OF AN OBSERVED HARDWARE ANACMELY BUT A5 & RESULT
OF ROCKETEYRE'S STAMD DLAUN,

SEE DAR 2745 FOR
VARIANT PART
SERIAL HUMBERS.

5EE DAR 2751 FQR
VARIANT PART
BERIAL NUMBERS

TO REDUCE CONFUSION ON THE DRAMING AND ON THE MAMUFAD TURING SEE MCH 2524,

FLOOR

hIGH CYCGLE FATIGUE INDUGED [NLET SHEET METAL CRACKS 00 DCCUR
FROM THE CPERATIOMAL EMVIROMMENT EXFERIENCED DURING ENGINE
DPERATION. THE CRACKING IS CONTRDL | ED PER THE REQUIREMENTE .OF
THE SHEET METAL INSPECTION SPECIFICATION (RLIOGSE) YVWHICH LIMITS THE
CRACHING LEMGTH, SPACING, AND SHARE, TO PRECLUDE SHEET METAL
FIECES FROM DISLODOING. THE CRITERIA IS BASED 0N CRACK GROWTH
FATES AND ENGINE TEST EXPERIEMCE. ANY CRACHS, WHICH EXCEED THE |
SPECIFICATION LIMITS, ARE WELD REPAIRED IRFOH)T-007). THE TURBINE
BEARIMNG SUPPQRT WITH WELDED S1EET METAL IS LIFE LIMITED BY MAJORH
WIAIVER DT 2773,

SAME -113 DASH
NLEER.

RE0GTE24-201 AMD

SLBS.
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LS AP LTS Sarg Fuel Turh LY P Prepa red: . E.-qu:.r
Item Hameg: High Precsure Fuel Turnapomp Appraved: T. Nguyen
fem Yumber: EZ00 Apprayel Data: 4129699
Fart Mimher: RE007501 Chanpe a: s
Diraciive &: CLBD ME3-01-5206
Fage: 2of 2
Baso Lime Ratinnale Varianoe Change Ralionale Yariant Dash Bumber
5 B:lO-15 CAUSE A B200-17 SOME LIFT-OFF SEAL HOUSIMG LEWY CYGLE FATIGUE CRAGKING HAS EEEM OBSERVEN [N THE PLIA WELD, RO S2:0-07 AND
CALISE A BELN-1A CALIRF A, DA LINES SRE FAERICATED CRACK INITIWTION AND FPROPAGATHON DCCURS AT SHUTDOWNCOOLDOWN SUBS.
B2051% CAUSE A, B200-22; USING INTERSECTING LINE Al L UNITS RECEIVE A STANDARD POST FLIGHT INSPECTIONS BY LEAK
CAUNSEARCE BRILLED HOLES THE HGELE CHEZK. LEAK CHECK POST FLIGHT VILL DETECT A CRAGK PRIDR TO

THAI INTERZECTS THE CUTSIDE
DIAMETER OF THE HOUSING
FLAMGE HAS & PLLMG
IMSTALLED. THE PLUS 1S THEM
WELDED AT THE HDUSIHNG
OUTSIOE DIAMETER TO FORM A
TIGHT GAS SEAL

RFFLIGHT. POST LEAKAGE AT THE DRAIM LINE ¥ LIMITED TO 10 SCIM. ALL
FLIGHT LIHITS WWALL SONWTINUE TC RECEIVE A LEAK CHECK POST FLIGHT FOR
THE ORAIN LINE PLUG WELD UNITL THE ENTIRE FLEET 12 RETROFIT "WITH THE
EDR DRAIN LINE CONFIGURATION
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SSME FMEA/CIL
WELD JOINTS

Companent Group: Fuoel Turbopumpa Propared: D. Early
CIL Itam: B200 Appraved: T. Nguyean
Companenl: High Pressure Fog| Turbopump Appraval Date; 421,90
#aH Humber: RS00T 501 Change 3: 2
Directive & CCA0 MED-01-5206
Fage; 1of 3
Cr ticat Inilial

Raat  Flawe Size Mot
Side Mot Deleclable

Cemaponent Basie Part Nomber Weld Mumaer Wekd Type  Class Atcess HOF  LCF Lommenls

SlIELD RAGT2171 1.24, 28-82  GTAW I X

SHIELD RoO121n . GTAW n

LIFT-GFF SEAL RON15230 1,2 GTaw I X

SHIELD ROOTO7ER 25 0B GTAW H

SHIELD ROa147e8 27 50 GTAMY n ES

SHIELD RAD{TES E1, 52 GTaw 1

EHIFID ROGI97 88 55 55 GTAW 1l

BELLOWNS RELLF 505 1-4 GTANY 1 X

BELL Oz REAQT505 5,5 Efnnr | x

INLET R3007512 4 GTAW I X

INLET REMTEZ 36 GTawr !

INLET REMOTI12 012,13 GTAW |

IMLET REMITE12 i EBVY i

IMLET REOOFS12 14 15 STAa |

INLET REI0TE12 1B GTAaMY I x

BFARING SUFFORT RS a4 14 EBWY I

BEARIMG SUFPORT R5007524 18 EBv I X

BEARIMNG SUFPORT R30074524 29, 20 GTARY I X X

BEAR NG SUPPCRT R3007524 1B GTAWY I X

BEARMG 5PPORT REDOTEDL 115 121 oLy I

BEARING 5LIFPORT RSLOTE24 |28 GTAW I X

EFARING SLFPFORT REQOTE2 228-c11 GTAW ] x

HOUSIMG R SODTsGA 7823, GTAWN I X X x :
228 330 p
FOH

HIHISING RE007 565 4 GTAw I

HSUSING RE00Q7 568 48 EB I X X X

HOUSING K30075SER 43 GTaw I b

HGUSING R&E00753R 5" araw ] X X

HULEIMNG RECNY56E 52 GTAN [} K

RO JSIMG HSCo7RE4 1 EEY 1
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Lampanent Group: Fuel Turbopumps Fraparad; D. Early
CIL ain: B.ZEII:I Approved; T. Mouyen
Componen|; High Fressuna Fual Turbopump Approvat Data: 4021798
Part Number: REDITSM Change #: 2
Blrechve #: CCED ME-01-5205
Paga: 2of 1]
Criticar nitlal
Ragt  Flaw Size Mot
Bide Mar  Detectable

Carnpon end Basic Pl Mumbear Wekd Mumber Weld Type  Clasg dccess HCF  LGF Camments
HOUSIMG RE0G6 T46A 55 alc L ] }-{
ROUSING RE0NTEE 36 OTAW ] R
HOLIS NG RI007ESY OF, 324 325 GTAW It
HOLUIGING RIOO75E8 & ETALY M X x X
HOUSHHG RSO0Q75E8 50 EBWY I
HOUSING RS0LOFEaE 14,229, 297 GTAW 1 X X x
HNOUSING RSCOT6S 76,77 GTaWY I X
HOUSIHG RS040 7564 T.EO GTAW I X
HOUSIN G REA07553 20-101 GTawW 1l x
HCLUSING RENCTSER 10z GTAWS 1 X
HOLISING REM TEEA 123 GTAW n x
HOUSING REMTELS 140 GTAW " X
HOLIRING RS0O7ESR 133, 154 CTa N E
HOUIS G REHITS5E 174a-185 GTAW Il X
HEOLSING R2207554 181 192 GTAWY ] X x

195 106

£245, 455

45E
HOLSING RENI7TSES 153, 244, GTAW I ES

15/-402

24-J07
HOUISING RESBOPEEH 03, 17, GTAW 1 X X

214, 234,

235
ADUEING REDOTS5E 21z, i3 GTAMY I
HOUZING RZI0756A s 215 GTAMY n X
HOUSING RS0LT5ER 222, 139 GTAMY ! x .
HOUSIMNG RSCI7HGA 224, 225 GTAW | 4 X 1
FOUSING RE007 563 226, 227 CTaN I ]
HOUSING RE007 5656 231, 137 GTaln I X X
HOHPSING RE0DNTEER 231 GTAaN li bt
HOUZIMG REDOTIES 237 234 GTAN |
HOUZING RECOT558 AG-2408 GTAVY Ml
HOLSING AEI0TI5E Jeh-344 GTAV ] |
HOUSING REA0TSHE3 37e-3497 GTANY ] X
HOUS MG R S0CTSEE KL GTAW | x x X

i
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Comnporen] Gidup: Fugl Turbopumps Prepare d: D, Early
CIL tern: B200 Approved: T. Nouyen
Compenenl; High Fressure Fuel Turtepump Approval Data: 4r21/89
Pad Numbar RE007501 Changs & 2
Crructive 0; CCHO MEI11-530%
Page; aol 3
GCritlcal dnilial

Fopt  Flaw Size Mot
Sige Npt  Uelectable

Component Basic Part Mumber ¥ield Mumber Weld Type  Clazs Access HODF o LCF Comrwats
HOUSIMG F3007 568 407.434 GTAW 1l x

HCUSING RS007 REH 405449 GTRN I X

HOLSING RSDOTESE 4548 HOPT) GTAW Ir

HOLSING RECQOTEGE 450 (OPT)y  EBPw Il F

HOUSING RELOTSGE 454 GTAN fl B

HOUSING RSCOTEEE 37 IOPT) GTAWY fl

ROTOR BEAL ASA07534 1 EBwY I

SEA. AGAN7HI2 5 EBwY 1] X



