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REDUNDANCY SCREEN

C om ponant Group; Fuel Turbapumpsy Prapared: D. Early
L Hem: H200-06 Approvad: T, Mguyen
Lomponent: Hlgh Prassure Fuel Turbopump Apprereal Date: 442490
Part Humber: R&00Y5A1 Change &: 1
Failure Mode: Flatfonm 3eal leakage. D rertctive 2: CCBD ME-04-5208
Page: 1081
Crificanty
Fhasa Fallure ¥ Efect Degcripticn Hatard Reference
& Leakage causes loas In lurbine power wiHen reduces turk gpump speed, haw and discharge pressuse. Decreased flow is sensed by iR
4.1 cunlraller whick increages uel praburner oxidizer Fow. Exveate lurbine discharge termpemlure will cause redling shutdown, Mlzgion saub ME-D1S.M
delevlad by redrie Loss ol vehuchs dua to HPFTE turkine Faiure may resull it not detected
Radundaney Screens: TURBOPUMP SYSTEM - SENSOR SYSTEM: UNLIKE REOUNDANCY
A: Past - Redundent hardwara itarms ans capable of checkout during normal ground fumaneued.
B: Passg - Loas of a redundant herdware iemes is datectable during flight.
C. Pass - Loee of redundant hardware dems caukd nat result Irom a single credible svenl.
Kt Ledkage causas kss Inturbine power vich redoces (urbopump spesd. flow snd discharge pragtuns. Dacrepsed flow b tansad by iR
4.1 cantrelter which increases fuef prabumer axidizer Mow. Excess turbing dischange Mmperatune will CEUSE radins shuldonm. Mission bt i ME-D1E M

getected by redina. Log of vehicla due b HPFTP turbine failure may resut F nod delzcled,
Redundancy Sreens: TURBOPUMP SYSTEM - SENSOR S¥YSTEM: UHUIKE SEDUNDANCY

A: Pags - Redundant handwars items are capable of ehisckaul dusing nosmad greund tama rpund,

B Pasa - Loss of 3 redunfant hardaae Hems 1s daleclable during Nighl.
C! Prage - Loss of redundani hardware fems could not resull from a single credible event,
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DESIGN
Compannnt Grouop: Fuel Tuwrbn pimps Prepared: D, Enrly
CIL ikem: B2a0-05 Approved; T. Nguyen
Companent: High Pressure Fuel Turbopnmp Appravel Datar 4021790
Farl Number: RE0O7E0T Changa #: 1
Failure Mode: Flatform saal feakags. Diractive 3: CCBD ME1-41-5205

Page; 1of 2

Design / Dacument Referenca

FAILLURE CRUSE: A: Excesslva loss of boll preload
B: Genl fracture.
C: Seal erosion.

THE FIRST-ETAGE FORVARD Pt ATFORM SEAL (1512 BLMETALLIC. THE INMER STRUGTURE |5 PANUFACTURED UTILIZING REME 41 FORSING [2), BEECALISE OF THE MATERIALS
RUPTURE STRENGTH. HYDROGEN ENVIKUDNMENT EMBRITTLEMENMT IS NOT A PROBLEM AS THE SEAL OPERATES IN THE ELASTIC RANGE. THE ACTIVE FLATFORM SEAL PORTION
IS MANUFACTURED UTILIZING AN INCOMNEL 525 RING (2), WHICH 15 ELECTRON BEAM VELDED T THE REME 41 FI ECTRON BEAM WELDS FRODLUCE A CLEAN WELD IYITH A SMALL
HEAT AFFECTED ZONE AND MINIMAL MISTORTION, THE INCOMEL B25 HAS THE BEOUIRED THERMAL PROPERTIES, HIGH CYCLE FATIGUE LIFE, AND IS IMSENSITIVE TO HY DRCGEN
EMVIRCMNMENT EMBRATTLEMENT AT OPERATING TEMPERATURES (2} THE MATERIAL |5 S0LUTIOM-TREATED AMD AGE-HARDEMED. THE SEAL MINIMIZES PARASITIC HOT-GAS
LEAKAGE THAT COULD DILUTE COOLANT EFFECTIVENESS QR REDUGE TURBINE EFRIGENGY. THE SEAL 15 SECURED TO THE IURBINE SURFORT 11} BY 24 A.288 CRES BOLTS (&
&0 221 CRES CUPWASHERS {3). 4-286 CRES WAS SELECTED FOR TS AESISTANCE TO HISH PRESSURE HYORDGEH DEGRADATION, MECHANICAL FROPERTIES, RETENTIQN OF
TOUGHMESS AMD DUCTILITY AT CRYCGENIC TEMPERATURES, AMD RESISTANGE TO CORROSION AND STRESS CORROSION CRACEING (2], THE MATERTAL 12 SOLUTION-TREATED
AND AGE-HARDENED. 321 GRES WaS SELECTED FOR ITS DUCTILITY. ITS RESISTAMCE TO CORROSION AMND STRESS CORRDSION CRACKING, AND ITS INSENSITVITY TO HYD ANGEH
EMVIHONMENT EMBRITTLEMENT {2}, THE MATERIAL IS ANNEALED TO INPROVE MECHAMICAL FROFPERTIES THE CUPMYASHERS ARE STAKED TO PREVENT ROTATICN OF THE
BOLIS. ASSEMBLY PROCECURES £OR LOCKING DEWICES ENSURE DEFECT-FREE IMSTALLATION (5. DRY-FILM LUBRICANT 1S APFLIED T THE BOLT THREADS AT ASSEMBLY AND
THE BOLTS ARE SILVER-FLATED WHICH REDUGCES THE FRIGTIONAL FORGES, PROYVIDING A MORE CONSISTENT CLAMPING LOAD, A STATIC SEAL (7} BETWEEN THE FPLATFORM
SEAL AND THE TURRINE SUPPORT PREVENTS DIRECT EXPASURE OF THE BOLTS TO THE HIGH TEMPE RATURE TURBIME GASES. THE PLATFORM SEAL IS RADNALLY PILOTED B 4
FING tH THE TURBINE BEARIMNG SUPPORT WHICH ENGAGE SLOTS IN THE SEAL FLANGE, CLEARANCE BETWEEN THE BLADES AND SEAL IS CONTROLLED TO MINIMZE RUBBING
VWHILE REOLUCING BYPASE LEAKAGE.

THE FIRST-ETAGE AFT PLATFORM SEAL (4) 1S MAKUFACTURED UTILIZING A HAYNES 188 FORGING {21. THIS ALLOY Wi SELECTED FOR TS TENSILE STREMGTH AT ELEVATED
TEMFERATURES, LOW GYCLE FATIGUE LIFE, AND RESISTANCE TO DEGRADATION AND X IDATION [N A HKGH PRESSURE HYDROGEN RIGH STEAM A TMOSPHERE. THE MATERIAL 18
ANNEALED TO BAPROVE MECHANICAL PROPERTIES THE SEAL MRNIMIZES PARASITIC HOT-GAS LEAKAGE THAT COULD DILUTE COOLAMT EFFECTIVEHESS OR REDLCE TURBINE
EFFIGIENGY. THE SEAL 15 ATTACHED T(1 THE SECONDSTAGE FORWARD FLATFORM SEAL (%) BY 12 A-2B6 CRES BOLTS (10) AND 321 CRES CLPYASHERS (113, A.2B8 CRES WhsS
BELECTED FOR ITS RESISTANCE TC HIGH PRESSURE HYOROGEN DEGRADATION, MECHANICGAL PROPERTIES, RETENTIOM OF TOUGHHESS AND DUCTILITY AT CRYDGENIC
TEMPERATURES, AN RESISTANCE TO CORROSION AND $TRESE CORROSION CRACKING, THE MATERIAL 15 SOLUTION-TREATED AKD AGE-HARDENED, 131 CRES WAS SELECTED
FOR ITS QUETILITY, RESISTANCE TO CORRUSION, STRESS CORROSION CRACKING, AND INSENSITHITY T HYRROGEH ENVIROMMENT EMBRITTLEMENT tZ). THE KMATERIAL IS
ANNEALED TO IMPROVE MECHAMICAL PROPERTIEE. THE CUPWASHERS ARE STAKED TS FREVENT ROTATION OF THE BOLTS. ASSEMBLY PROCEOURES FOR LOCKING DEVICES
ENSURE DEFECT-FREE INSTALLATICN 5}, DRY.FILM LUBRICANT 15 ARPLIED TO THE BOLT THREADS AT ASEEMBLY, WHICH REDUGES THE FRIGTIONAL FORCES, FROVIDING A
MORE CONSISTENT CLAMPING LOAD, BIX LUGS EXTEMD RADIALLY IMVARD FROW THE NOZZLE IMHER SHROLID AND ENGAGE 5 SLOTE IN THE SEAL TO PROVIDE RADHAL FILOTING
FOR THE PLATFORI AND INTERSTAGE SFEAL ASSEMBLY. THE SECOND-STALGE FORWARE PLATFORM SEAL PILOTS OM THE INSIDE DIAMETER OF THE FIRST-STAGE AFT PLATFORM
SEAL THIS PILOTING ARRANGEMENT ACCOMMODATES THE THERMAL CROWTHS OF THE SEALS. THE SLOTS ARE DIMENSIOMEDR T FROVIDE A SMALL DEGREE OF BXMIL MOTIH
RELATIVE T3 THE LUKGS AND ASSURES EVEN, UNIDIRECTICHAL LOADING OF THE LUGS. THE CLEARANCE BETWEEN THE BLADES AND THE SEAL I CONTROLLED T MIMIKIZE
RUBEING WHILE REDLUICIMG BYPASS LEAKAGE. [

TEMPERATURE STRENGTH PROPERTIES, AND RESISTANCE TO DECSRADATION AND AXIEATION iN £ HEFH PREESURE HYDRODGEN RICH STEAM ATMOSPHERE. THE MATERIAL 12
ANNEALED TO IMPROWE MECHANICAL FROPERTIES. THE INTERSTAGE SEAL INFRECTS THE COOLANT FLOWING FROM THE CURYVICS CAVITY PAST THE DISG FACES. THE SECDOMD-
STAGE CODLANT CIRCUIT HAS A SERIES OF LAEYRINTH TEETH T INCREASE THE RESISTANGE RELATIWE TO THE FIRST-STAGE SIDE  THE IMTERSTALE SEAL |5 CONNECTED T
THE SECCHND STAGE FORWARD PLATFORM SEAL THROUGH £-285 CRES RATHAL FINS WH KK ALLOW FRECCOM OF RELATIVE MOTION DUE TO THE THERMAL EHY REINMENT. A-2B5
CRES WAS SELECTED FOR {TS RESISTANCE TO HYDRQGEN DEGRADATION AND MECHAMICAL PRORER TIES AT CRYOQGENKE TEMPERATURES, THE MATCRIAL |5 SOLUTKIN-
TREATED AND ASE-HARDENFD. THE PRESSURE LOAD ACROSE THE IMTERS TACE SEAL |3 MINIMIZED BY VENT PASSAGES CUNNECTING THE URSTREAL AND DOWNETREAM
SIDES. THE CLEARANCE BEETWEEN THE BLADES IS CON TRULLED TO MIMIMIZE RUBBING WHILE REDUCIMG BYPASS LEAKAGE.,

THE SECOMD-BTAGE AFT PLATEORM SEAL (121 1S MANUFACTURED UTILIZINGE A REME 41 FCRGING, 'WHICH Wa% SELECTED FOR ITS FLEVATED TEMPERATURE AND STREMGTH

E___ %
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Componant Gesop: Fugl Turkopstape Praparad: 0. Early

GIL 1am: 8200-08 Approvad: T. Hguysn

Component: High Pressure Fud Turbopump Approvat Date: 412133

Fart Hum ber: R5007 501 Change g: 1

Failura Rode: Platlorm seal leakage. Directive #: CCAR MEI-T1-5206
Fage: Zof 1

Pesign / Document Reference

FROFERTICS, AND CORROSION RESISTANCE (2), THE MATERIAL 15 SCLUTION-TREATED AND AGE-HARDENED, THE SEAL IS COPPER-PLATED TC PROTECT THE BASE MATERIAL
FROM HYDROGEN ENVIRONMENT EMBRITTLEMENT (2) THE SEAL GONTROLS THE ENVIROMMENT DN THE DOKMNSTREAM SIDE OF THE SECOMO-STAGE DISK. IT 15 FILOTED AT
LESEMBLY 0K THE OUTSIDE OIAMETER, QF THE HUE LASYRINTH ZEAL (13, FILQTING IN OPERATION 15 FROVIDED BY B FADIAL TANGS WHICH ENGAGE SLOTE (M A RETAINER (14).
4 THIK CIRCULAR LIF Ol THE FLATFORM SEAL ENGAGES A SUGHTLY WINER CROOVE IN THE RETAINER. THIE SOSITIONS THE EEAL AXIALLY \WHILE PERMITTING THE SEAL T
EXTAMD AND CONTRACT FREELY UNDER ITS CWH THERMAL ENVIRONMENT TO REDUCE ITS OPERATING STRESSES THE RETAINER 15 SECURED TO THE LIFT-QFF SEAL STALK BY
2 A-486 CRES BOLTS {15) AND 321 CRES CUPWASHERS (11} A-286 CRES WAS SELECTED FOR ITS RESISTANCE TO HKGH FRESSURE HY DROGEN DEGRADATION, MECGHARKZAL
FROPERTIES, RETENTION OF TOUGHNESS AND DUCTILITY AT CRYOGENIC TEMPERATURES, AMD RESISTANCE TO CORROSION ANO STRESS CORROSION CRACKING {2). THE
MATERIAL |5 SOLUTHOM-TREATED AND AGE-HARDENED. 371 CRES WAS SELECTED FOR ITS DUGTILITY, RESISTANGE TO CORROS KON AND STRESS CORROSION CRACKIMG, AND
INSEMSITIATY TO HYDROGEN ENVIRCNMENT EMBRITTLEMENT (Z) THE MATERIAL IS ANMEALED TO IMPROVE MECHAMNICAL FROPERTIES ANO THE CHFWASHERS ARE YIELDED
PRICR TO AZEEMELY TG INCREASE THEIR CCMAPRESSIVE STRENGTIL THE CUPWASHERS ARE STAKED AT ASSEMBLY TC FREVENT ROTATION OF THE BOLTS. ASSEMBLY
PROGEDURES FOR LGCRING DEVICES ENSURE DEFECT-FREE INSTALLATION (§). STRETCH BOLTS ARE UTILIZED TO ASSURE THE RECLIRED PRELDAD ON THE STAGH IS
ACHIEVED THE CLEARAWCE BETWEEN THE SLADES AND THE SEALS |5 CONTROLLED TO M NIMIZE RUBEINI WHILE REOUCING BYFASRS | EAKAGE.

THE HIGH AND LYW CYCLE FATIGUE LIFE FOR THE FOUR PLATFORM SEALS, BOLTS, AND CUPWASHERS MEET CEI REQUIREMENTS (15] THE MINIMUM FACTDRS OF SAFETY FOR
THESE PARTE MEET CE| REQUIRENEMNTS (17). THE FIRST AND SECOMD-STAGE FORWARD AND AFT PLATFORM SEALS PARENT MATERIALS WERE CLEARE D FOR. FRACTURE
WECHANICS/HNDE FLAW GROVWTH SINCE THEY CONTAIN NO FRAGTURE CRITICAL PARTS (18) THE FIMEANTIL VUELDS ARE CLEARED FOR FRACTURE MECHANICSMHOE FLAW GROWTH
BV THE WELD ASSESSMENT (10). TABLE B200 LISTS ALL FMEAIL VIELDS AND IDEMTIFIES THOSE WELDS IN WHICH THE CRITICAL INITIAL FLAWY 3ILE 13 HOT DETECTABLE AND
THOSE WELDS IN WHICH THE ROOT SIDE 15 NOT ACCESSIBLE FOR INSFECTION THOSE WELDS 1M WHICH THE CRITICAL NFTIAL FLAWY GIZE 12 NOT DETECTABLE ARE AL CEFTAELE
FOR FLIZHT BY RISK ASSESSMENT (18] THE CONTROLLER SOFTWARE IS CONFIGURED TC QETECT AND RESPOND PROPERLY T THE FAILURE S IDENTIFIED AND COMRLAND A
SAFE ENGINE STATE (201 REUSE OF PARTS DURING CWVERHALL |5 CONTROLLED BY THE REQUHREMENTS OF THE OVERHAUL SPECIFICATION 21},

111 RS007503. (2] RSS-ESH0-D: (1) RSOOTEXL (41 ROD1SA1S, {5} RSOOTEET. (6} RLOOISL. (M) RES1192; (B) RSGOPSS1; (3) RS007592 {10} RSOUTECH: (1) R3O037523. {12) BS00759.
UL RSIUFSES, (14 RE007E%G (15) RB00TLES, (16) RLOCS32 CP320R0003E, (17) RS5-8546-16, CPIZ0AD0NIE, (18) MASA TASK 197 {14} RSS-758; 120} CRADERDDGZ PT 1 3.2 3:5.3; 11}
FLM5Z8

FAILURE CAUSE: D: Plaform ercslon,

THE FIRST AND SECOND-STAGE BLADES (1] ARE MANUFACTYRED UTHIZING INVESTMENT CASTINGS, THE MATERIAL IS MAR M-248 (HF MOD) {21 AND 15 DIRECTIOMALLY
SOLICHFIED. MAR-M-2dB HF MOD) HAS THE HIGHEST STATIC MECHANICAL, PROPERTIES GOF THE NICKEL BASE ALLOYS FROM RODE TERMRERATURE TOH 2300 R. THIS ALLOY WAS
SELECTED FOR TS RUP TURE 5 1 RENGTH AND RESISTAMCE TO CRFEP, THE MAFMILIM ADDITICN TO THE BASIC ALLOY IMPROVES THE DUGTILITY AND THE CASTABILITY OF THIN
WALLED SECTIONS. THESE PROPERTIES GPTIMIZE THIS ALLOY'S RESISTANCE 70 EROSION, FIRST-STAGE BLADE PLATFORM EROSION OOES OCEUR DUE TO THE HIGH THERMAL
SPIKE EXPERIENCED DURING THE ENGINE START TRANSIENT. SIMCE THE INCORPORATICN OF THE FUEL PREBURNER AND EMGINE START SEQUENCE MORIFIGATIONS (3) THIS
EROSICH HAS BEEN MINOR, THE AMOUNT OF ACCEPTABLE ERGSIGN 1S CONTROLLED PER FIELD SPECIFICATION t4). THE CONTRCLLER SOFTWARE 1S CONFISURED T0 DETECT
ANL RESFOND PROPERLY TO THE FAILURE HOENTIFIED AHD COMMAND A SAFE ENGINE STATE (5.

(1) RO115621 RSOCTS2(: |2) RES-BS80-10; (3) ECP ES4 BBY: 4) RFI001-053 OMRSD V41BU0.07S; (5) CP406RADDZ PT 13.2353
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INSPECTION AND TEST
Compene Group:  Fusl Turbopumpa Freparad: . Early
CIL kem: B200-05 Approved: T. Nguy en
Companent: High Freszure Fual Turbgpump Approval Date; 4r21094
Part Humber: RS00FS04 Change # 1
Falura Moda: Platform seal lwakage, Qirectiva §; CGAD MEA-01-5704
Paga: 1of §
Failure Cauzas Significant Charaztaretics Insgecllonls) ! Testia) Deeument Reference
A BOLT FIRST-STAGE RODTIER1S
FORWARD PLATFORM SEAL RE00TE24
SUFFORT
MATERIAL INTEGRITY MATERIAL INTEGRITY 15 VERIFIEC PER DEAWING REQLUIREMENTS,
THE BOLT 15 PENETRANT INSPECTED PER SPECIFICATION FEQUIRENMENTS. RAI 15116
HEAT TREAT HEAT TREAT IS VERIFIED PER SPECIFICATION AND DRAWING RE U IREMENTS. RBHMEDO14
R3Q07524
SURFACE FIMNISH THE BOLT DRY-FILM LUBRICATICN IS VERIFIED PER SPECIFICATION RECIUIREMENTS. RAMT12.002
ASSEMBEY INTEGRITY BOLT TORGQUE |5 VERIFIED PER ASSEMBLY DRAWING REQUIREMEMTS. RLSa07sR
SUBASSEMELY 1S VERIFIED BOTTOMED PER SPECIFICATIZH REQUIREMENTS. RLOO3A1
CUPAASHER REQ0TEST
MATERIAL INTEGRITY MATERLAL INTEGRITY |S VERIFIED PER DRAWING RECUIREMENT S
ASSEMOLY INTESRITY THE SUP'WASHER DEFORMATION IS YERIFIED PER DRAWING REOUIREMENTS. REMITEDN
BOLT, FIRST-STAGE AFT R5MTEEE
AMND SECOMD- STAGE RE0OTEDZ
PLATFORM SFAL
SEAL ASSEMELY
MATERIAL INTEGRITY MATFRIAL INTEGRITY 15 VERIFIED PER DRAWING REAUIREMEMTS
HEMAT TREAT HCAT TREAT 1S VER/FIED PER SPECIFICATION REQLIAEMENTS REMIT5EE
AMAS-5T M
BURFACE FIMISH THE DRY-FILM LUBRICATION |5 VERIFIED PEA SPECIFICATION REQUIHEMENTS Raf112.003
ASSEMELY INTEGRITY THE BOLT TCROQUE |5 YERIFIED PER ASSEMELY DRAWING REQUIREMENTS RI00FE
CLUPMOSHER RE00T52]
MATERIAL INTEGRITY WATERIAL IKTEGRITY 15 VERIFIED PER DRAWING RECUIREMENTS.
CUPMAASHER |5 LOAD TESTED PER DRAWING REGUIREMENTS. ;
A PEMETRANT IMSFECTION |5 PERFORMED AFTER LOAD TESTING PER SPECIFICATION ° RAI15-115
REQUIREMENTS,
ASSEMELY INTEGRITY THE CUPWASHER DEFORMATION IS VERIFIED PER DRAANNG RECUIREMEHTS. RS0a75H
BOLT, SECOND-STAGE AFT RE007RO5
PLATFOREM SEAL RE0O7 569
HOUSING
MATERIAL INTEGRITY MATERIAL INTEGRITY 15 VERIFIED PER DRANING REQUIREMENTS.
THE BOLT IS5 PENETRANT MMSPECTED FER SPECIFICATION HEQUIREMENTS. RA0115-116
i
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Component Groupm: Fual Turbopumps P rapansd: D. Early
CIL lterm: B240-086 Approved: T.Nguyen
Camponent: High Pressure Fue! Turaopump Approwal Dats: 2500
Fart Numibar: R&S007 5D Changa #- 1
Failure Mode: Flatlorm seal |pakago, Direclve #: CCED ME3-D1-5204
Page: 2uof 3§
Failure Causes Significant Charasterlshics Fepaclion(s) f Teaifs) Dvmcurmmt Referepne
A HEAT TREAT HEAT TREAT 15 VERIFIED PER SPECIFICATICH RECUIREMENTS, REMHMGD-014
RA0B11-020
SURFACE FIMIZH THE DRY-FILM LUBRICANT |3 VERIFIED PER, SPECIFICATION REQUIREMENTS. Rad112003
AESEMBLY NIEGRITY BOLT TORCUE |5 WERIFIEDR: FER 8S5EMELY DRAWING REQUIREMENTS. RS007TA01
SUBASSEMBLY 15 VERIFFED BOTTOMED PER SPECIFICATION REQUIREMENTS. RLDO351
CUPWASHER, SECOND- RE00T523
ETASE PLATFORM SEAL
MATERIBL INTEGRITY MATERIAL INTEGRITY IS WERIFIED FER DRAWING RECLUIREMENTS,
THE CLIFWASHER |5 LOAD TESTED PER DRAWING REQUIREMENT 3
A PEHETRANT INSPECTION |5 PERFORKED AFTER LOAD TESTING FER SPECIFICATION RAD115-118
REQUIREMENTS
ASSEMBLY INTEGRITY THE CUPWASHER NEFJRMATICHN 15 VERIFIED PER DRAVVING REQUIREMENT 5. RSMITS01
B,.C FORWARD ROTOR SEAL R3DOT5EE
FIRST-5TAGE ROTOR -
MATERLIAL INTEGRITY MATERIAL INTEGRITY 5 VERIFIED PER SPECIFMATION REQUIREMENTS. REDt70-149

THE FORGING |5 PENETRANT AND UL TRASCNIC IMSPECTED PER SPECIFICATION REQWNREMENTS  RADM 15-116

RADI1S-0M2
T |E 5EAL 15 PEHETRANT IMSFECSTED PEF, SFECIFICATHON REQUIREMENTS, ) RAM 15116
WELD INTEGRITY ALL WELDS ARE INSPECTED TO DRANWING AND SPECIFICATION SECUIREMENTS PER WELD CLASS  RL10GI
INSPECTIONS INCIUDE WISUAL GRAENSIONAL, PENETRANT, RADIOGRAFHIZ, LLTRASOMIC. AMD  RADGD?-704
FILLER MATERIAL, &5 AFFLICABLE. RADI15-116
) RADN 15006
. Ra1118-001
1 RAD115127
HELT TREAT HEAT TREAT {S VERIFIED PEF SFECIFICATICN REQUIREMENTS, RAMG11-020
ASSEMELY IMTEGRITY FTHE DIAMETRICAL CLEARANCE IS INSPECTED PER DRAVING RECUIREMENTS R30M7T58d

RSDOrEM
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CIL em:

e mep

Component
Part Humilsar:
Fatlure Moda:

e | W Laplieps

B100-04

High Pressure Fuel Turbopump
RI0G7 501

Plalform s=al leakaga.

Prepared;
Approvod;
Approval Date:
Changa
Diragiiva ¢

Page:

(. Early

T. Hguysn

LLrarL]

1

CCHD ME1-04.5208

Aaf F

Feilare Causas

Significant CRaracternisies

Inspecdanis) f Teays)

Cosumeni Referenca

p.C

ASSEMBLY INTEGRITY
HPETP

ASSEMBLY INTEGRITY

AFT ROTOR SEAL FIRST-
STAGE ROTCOR

MATFRIAL INTESRITY

AESEMALY INTECRITY

FORWVARD ROTCR SEAL
SECONC-ETAGE ROTOR

MATERIAL INTEGRITY

WELD INTEGRITY

TURBINE BLADE PLATFORM HEISHT IS INSPECTED PE

R NRAY NG REQUIREMERTS

IHE SEAL |5 BORESCOPE INSFECTED PRICR T¢ EACH MLIGHT

PMATERIAL INTEGRITY 12 WERIFIED PER DRAWING REQUIREMENTS

THE FORGING |5 PENETRANT AND ULTRASONIS INSPECTED PER SPECIFICATION REQLIREMEMTS.

THE SEAL 15 PENETRANT INSFECTEQ PER SPECIFICATION REQUIRE WENTS.

THE BHAMETRICAL CLEARANGE |15 INSFECTED PER QRAVING RFOUIREMENTS.

TURBINE ELADE FLATFCORM HEIGHT IS INSPECTED PE

F DRAWING RECUIREMENTS.

MATERIAL INTEGRITY |5 VERIFIED PER DRAWING REGUIREMENTS

DETAI. FORGCINGS ARE PENETRAMT AND ULTRASON|G INSFECTED PER, SPEGIFICATION

REQUIREMENTS.

ALLWELDS ARE INSPECTED T DRAVYING AND SPECIFICATION REDUIREMENTS PER WELD CLASS,

INSPECTICNS INCLUDE: VISUAL, DIMENSIONAL, PENE
FILLER MATERIAL, AS 4FPLICAALE.

TRANT, RADIQGRAPHIC, ULTRASCNIC AND

ROO19821
RE00TS01

OMRSD WATBU0.OE

REMTAS]

PAINME-116
FAOT] 5012

RAD115-116

RI0OTIET
RS00T51

RO019321

RSGIFRSZ

RA0115-115
RAT115-012

RLTOD11

RADG7-Lid
RA0 15-T16
A 1 5006
RAT11 5001
RAD115-127



e-g

Caomponsnt Group: Fuel Turhop mps p X

CIL. Item: B200-06 A:pl::‘:'r:ad:i- ?.:arrym

Conpannt: High Presgure Fue Turbopump Approval i:l-ata' mﬂ?

Piart Humber: RS0OTa0 Change & I 1

Faifure Mode: Plattarm seal lepkage. Diractiva l CCBD MEZ-01-5208
Page: dof 5

Failure Causes

Significant Characieistics

Inspeclions) ! Teslis)

Doz nl Referance

All maliEa

ASSERBLY INTEGRITY

AFT ROTAOR SEAL SECOMD-

STACE ROTOR

AATERIAL INTEGRITY

HEAT TREAT
SURMACE FIMISH

ATSEMBLY INTEGRITY

FIRST-5TAGE BLADE
SECOMD-3TAGE BLAGE

MATERIAL INTEGRITY

HPFTR
ASSEMBLY INTEGRITY

HOETD

THE DIAMETRICAL CLEARANCE |S INEPECTED PER DRAWING REQUIREMENTS.

TURBINE BLADE PLATFORM HEIGHT IS5 INSFESTED PER DEAWING REQUIRENMENTS.

MATERIAL INTEGRITY 15 VERIFIED FER SPECIFICATION REQUIREMENTS.

FORGING |5 FENETRANT AND ULTRASOMIC INSFECTED FER SPECIFICATION REQUIREMEMTS.

THE SEAL 15 PENETRANT INSPECTED PER SPECIFICATICHN REQUIREMENTS,
THE HEAT TREAT IS VERIFIED PER. SPECIFICATION REQUIREMENTS.
COPFER PLATIMG |5 WERIFIED FER DRAWING AMD SPECIFICATION REDOUIREMENTS.

THE GIAVETRICAL CLEARANMCE IZ INSFECTED FER DAAWIMNG REQLUIRFMENTS.

TUREINE ELADE PLATFORM HEISHT IS INSPECTED PER DRAWING REQUIREMENTS.

1
MATERIAL INTEGRITY 1S YERIFIED FER SPECIFICATION RECUIREMEMNTS. :
BLADES CAST SURFATES ARE PENETRANT INSPEGTED PER SPECIFICATION REQUIREMEMNTS.

BLALIES MACHINED SURFACES ARE PEMETRANT INSFECTED PER SPECIFICATION RECUIREMENTS,

THE FIRET-STAGFE Bl ADE FLATFORMS ARE RORESCORE INSPECTED PRIGR TO EACH FLIGHT.

R&E007532
RS007E01

RAO0FSI0

RAN07S60

RBO170-040

RADTS- 1B
RAD115-012

RAQL15-116
RADG1-020
RA1109-002

RS007ES3
RE0a7s0

R3007320

RoOd 4 582-1. S
R3007520

RBO I 2365

RAO1 15116
RA1515-022

R3007TEM

QMRSD VY41 B0 075
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C e e s s bsapan TP M P HT T 1) Prepared: D. Early
CIL Tbeme B0 Approved: T. Hguyan
Comparent: High Pressure Fuel Turbopump Approval Date: Af 2184
Part Humber: RS007501 Changa A; 1
Failure Mode: Flatform seal leakape, Diracthes #; CLED MEX-01-5205
Page: Saol &
Faildre Jausas Sigrificant Craracteristics Inspeciinn(s) ! Tesl{s) Dacumant Rafarencr
Akl CALISES CLEANLINESS aF COMPONENTS ARE VERIFIED CLEANED PER SPECIFIGATION RECGUIREMENTS. RL10001
COMPONENTS
AZCEMBLY INTEGRITY THE PUMF SUBASSEMELIES ARE INSPECTED DURING OVERHALL PER SPECIFICATION RLOCEZE
RECQUIREMENTS, [INSPECTIONS INCLUDE: WISLAL DIMENSIONAL, FENETRAHNT, AND RAQT15.11E6
REFLAGEMENT QF {SAGE ITEMS AS APPLICABLE, PER CWVERHALUL CLASSIFICATNIN,
OPERATION/PERFORMANCE 15 VERIFIED BY ENGINE HOT-FIRE TESTING AND 2N EAM TESTS ON  RLODOSD-4
INSFECTHING. RLO0A55-08
ALMOSE-{7
RLM347
DATA REVIEW DATA FROM PREVIOUS FLGHT OR HOT FIRE 15 REVIEWNED FOR PROPER TURBCOFLMP M3FC PLMW 1238

OFERATIONPERFOFMANCE. [LAST TEST)

Fail_re Histom: Comprenengive fadure hista~y data iz maintained i the Problem Reponing detebase {PRAMSPRAGA)
Reference MASA lettar 5A21/887308 and Rnckrtdyna lalter BERCDOTE,
Cpergtianal Use:  Not Applicaba.
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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.



2]

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



