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Camponenl Groune Fuel Turhopumps Freparad:
CIL lfem; BRD-04 Approved:
Fart Number- R540TE0 Approval Dale:
Caomponenl: Low Preasure Fuel Turbopump Change %;
F*MEXL Item: B&AQ Directive &
Fallure Made; Losk af head rise,
Fage:
Mhase Faiu-a/ Effeci Description
3 Fedeced LFFT2 pump sulpet resuks b redecad pressure and flow telivered to the HRFTE, The centrallar senseg tha increased HPT TR
<t demand ard i~creases the buel preburer owidizer Row | lhe everl of HPFTP cavitalion excessive fuling dischange temperatuies may
resul f1 A prematie engice shabdown Mizsise soioh if detezted by re2fi1e. Less of vehicla dus to HPFTE wrblnm fal'ure mdy reso'tif act
detecied
Redundancy Screens, TURBOFUNE SYSTEM - SENSCR SYSTEM: UNLIKE REQUNDARCY
& Pass - Redunda-t hardware fems arz capah e of chechout derng nonm al groumd turngamund .
8 Pacs - Lose of 3 redundamt hamfware lems is delastabla during Night.
o Pa5s - Loss of reguendant handwae Fems could ~o| result from 8 singhe crepible ewanl .
M Rad.ced LPFTT pump outpat resulls in reduced pressee ard Aow defaeved te the HPF TP, The contraller senses the inzreased HPFTP
4.1 damand and increases the fuel preburne: oaldizer fow [0 tha @vent of HEFTP cawlation, exeastia lurkine discharge femasraluras may

rezult in @ pramalure angne shuldown, Misshor abo- f detecled by redling, Loss of vetck due to MPFTE lrbne Failure may result il net
datectad.

Redundarcy Screenx: TURBOPUMP SYSTEM - SFMNSOR SYSTEM: LUMLIKE REDUMNOAMCY

A Fasa - Redundant hardware ilams are capaba of checkou! furing nomat grawed lurnaround
B: Fray - Loas of a recundant hardwars itenrs. is dategtable durlng Hghl.
C: Pass - Loss of seduncant hardwaes ilams could net resuN from a shegle credibia ewent.
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SSME FMEA/CIL

DEEIGN
Companenl Graup: Fuel Terboonmps Frepared: F. Cromwelf
CIL Item: BEQD-0 Approved: T, Hgiren
Farl Humber: RE0GTGM Aparaval Dabe: 111149
Component: Law Pressure Fuel Turbopump Change & 1
FMEA Item: BEO} Oiracinme B CCHO ME3-01.5244
Failure Mods: Lazs of head rlse.
Pags: 1ot
Oetign f Desumeni Referenca .

FAILLURE CAUSE: A; Fracture, dislortion of Inducer vana.

THE PUMZ IMOUCER (1) INCORFORATES FOUR FULL WAMES AND FOUR LONG PARTIAL WAMES WHICH ARE HYDRODYMAMICALLY SHAPED TO FROWIDE THE REUWHED HEAN RISE TO
THE HPFTA PLMP INLET AND MEET THE ICO MIN'ILM NET POSITIVE SUCTION FRESEURE [MP5SP) REQLNREMENTS. THE INCUCER WAS DESIGHED TO MAINTAIM A4 CORTROLLEL
QFERATING CLEARANCE WITH THE PUMP HOUSING (21 TQ MAXIMIZE PUMP BFFICIENGY. THE INOUGER 15 MATED TO THE SHAF {1) BY INWZLUTE SPLINES. A RETAINING NLIT (4) 15
IMETALLED AHD LOCKED (5] TOSECURE THE INDUCER. THE INMDUCER HUB PROVIDES JOURMALE FOR THE TURRINE-END 2| AMD FUKIP-END BEAR|NGS (7). FOURTWILES LOGATED
IN THE INDUCER HUB NEAR THE WANRE LEADING EDGES ALLOW THE BEARING COQLANT TQ RETURK T THE MAIN FLOW STREAM THE INDUCER VARE FILLETS ARF RADIUSED 10
REDLICE STRESE RISERS. THE INCUCER I8 MANUFACTURED UTILIZ'NG FORGEDR SAL-2 588 (ELN TITAMNILR ALLOY (8), THIS MATERIAL WAS SELECTED FQR T3 TOUSHHESS ARD
MECHAMICAL ANO FATIGUE PROFERTIES AT CRYOGENIC TEMPERA FURES. THIS ALLOY IS NOT SUSCEFTIALE TC HYDROGEM EMNVIRCINMENT FMRRITTLEMEMT AT CIPERATING
TEMFERATURES THE MATERIAL |15 AMMEALED T IMPROWE FRCPERTIES. THE ROTATING ASSEMBLY HAS BEEH BESIGH VERIFICATION TESTED FOR VIBRATION
CHARACTERISTICS (2). THE INDUCER HAS BEEN DESIGN VERIFICATION TESTED FOR VIBRATION CHARACTERISTICS [10)

i REI0ME04 (2 RSCD7E32 AQOAA964; (3) R3I007TE23; (41 RSCOVEAS; (5 REMJEID (B) RI0AQYEOG; (71 RSOOTE0S; (A) RESA57T; (9) R5S.402 {10} RS5-402

FAILLIRE CAUSE: B: Fracture, dislortion of difinzer wang.

THE HOLIZING WO LITF (1) HAR 13 DIFF SRR VANES TO GUIDE THE FLOY FAOAA THE INGUCER TURMMEL IMTO THE WILUTE. THE DIFFUSER YAME FILLETS ARE RAAILISER 10
REDLICE STRESS RISERS. THE PUMP YOLUTE 13 MAMUFACTURED UTILIZING CAST TENS-50 ALLMINLUM 2), WHISH wWas SELECTER FOR TS MECHANIGAL PRORFRTIES AT
CREYOGEFN'C TFMPFRATURESR. AND RESISTANCE TO HYDROGEN ENVIROMNYENT EMBRITTLEMENT. THE CASTING |15 HOT ISOSTATMALLY PRESSED TO MEROVE MECHAMICAL
PRCFERTIES THE MATERIAL IS ALSO SOLUTION TREATED &ND AGE HARDEMED. THE WOLUTE 15 ANGDIZED FOR CORROQSION PROTECTION. THE VOLUTE IS PROOFE PRESSLRF

TESTED TOWERITY ITS STRUCSTURAL INTEGRITY (3}, THE FACTOR OF SAFETY ON BURST AND LOW CYCLE FATKSUE LIFE FAS BEEM DEMOMNSTRATED BY CESISH VERIFICATICH
TESTING (42,

{1y ROCH 8354, (2) RES-8577, [3) RLODMOE, () RIS-402
FAILURE CAUSE: ALL CALSES

THE HIGH AMO LOW CYGLE FATIGUE LIFE FOR THE INOUCER AND WCLLUTE HOUSING MEE T UEI RESLIREMENTS (1), THE RINIMUM FACTORS OF SAFETY FOR TAFSE PARTS VYEET
CEl REQUNREMENTS (2%, THE LFFTE IKDUCER AND VOLUTE HOUSING PARENT MATERIALS WERE CLEARED FOM FRACTURE MES HANIC SMOE FLAW GROWTH BY CIUTICAL IHITIAI
FLAYY SIZE DETEGTABILITY 13). THE CONTROLLER SOFTWARE IS COMFIGRED |0 DETECT AMD RESPOND PROFPERLY T0 THE FAILUIRES IDEMTIFIED AND COMMAND A SAFE
EMGINE STATE (4). RELSE OF FARTS DURING DWERHALIL 12 CONTROLLED BY THE REQAUIREMENTS OF THE OWERHALL SPECIEICATION 15}

(1) RLCD332 CPIIOROQIME: (2} RES 8346, CPICRICIIE: (4] MASA TASH 117, 4] CR4eGRIOLE PT 312352 (5] RLOGS3

RES~ .
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Comparent Grovp:
CIL Reny:

Part MumkEer:
Camnnnent:

FIMEA Men:
Faflure Mode:

Fuel Turhnpumps

BEON 13

RS0aTEM

Low Pressure Fued Turboaump
BE30

Loss al Mead e,

5SME FMF IL
INSPECTION ~ _J TEST

Prepared;
Appraved:
Aporoval Dake:
Change #:
Direciive &

Page:

Farure Cauzes

AlL CALISES

Sigvfizan Charar-ta- shics
INOUICER

MATERIAL INTEGRITY

ASEEMEBLY INTEGRITY

LFFTP
ASSEMBALY INTEGRITY
vOLUTE

HOUSING ASSEMBLY

YAATERIAL INTEGRITY

HEAT TREAT
SURFACE FIHIZH

LoFTP
ASSEMBLY INTEGRITY

F. Cromwrdl

T. Nauyen

+itM9

i

CCHO MEZ-D1-5248

Taf 2

Insazclioris! f Tachs)

MATERIAL INTEGRITY |5 YERIFED PER SPECIFICATION REQUIREMENTS.

IMCLCER FORGING |12 PEMETRANT AND LLTRASOMIC INSPECTED PER SPECIFICATION
REQUIREMENTE.

INDUCER 15 PFNFTRANT INSFECTED PER SPECIFICATICN RESLIREMENTS.
BLADE FILLET RADII, EDGES, AHD DEEURRING ARE INSPECTED PER DRAMNG REQUIRELENTS.
BLADE CQORMMMATES ARE YERIFIED FER ORAWING REQUIREMENTS.

THE BLADE EDGES ARE VISUALLY INSPECTED AT TURBCPUMP ASSEMELY DER SPCCFICATION
REQUHREMENTS

INDUCER. BLACE TIP-TO-HOLISING CLEARANCE IS INSPECTED PER DRAWING REQUIREMENTS.

TORQLUE CHECKS ARE PERFORMED EAGH FLIGHT FiLCAN T wEHIFY ASSEMBLY RTEGRITY.

MATERLAL INTEGRITY 15 WERIFIED PER SFECIFICA TION REQUIRERENTS.

CASTING HOTY IRNSTATIC PRESS IS WERIFIED FER SPEC'FICATION REAUREMENTES.
HOUEING NS FROOF FRESSURE TEATEN PER SPECIFICATION REQUIREMENTS.
CASTING 15 RACICGRAPHIL INSFEL TED PER SPECIFICATION RECUIRFMEMNTS

THE PENETRAMNT AND HIDDEM SURFACE INSPECTIONS ARE PERFCAMOO O THE YOLUTE PRIOR
TOAKD AFTER PROOF PRESSUIRE TESTING PER DRAWING AMD SFECIFICATION PEOLIREMENTS

{IEAT TREAT 15 VERIFIED PER DRAWING REQUIREMENTS.
THE CAST SURFACE FINIEH 1S5 WFRIFIED PER DAAWANG AND EPECIFICATION REQBEMEMTS.

YOLUTE AMCLIZAT 0N 1S VERIFIED PER SPECIFICATION RFQUIREMENTS.

THE PUMP SUBASSEMELIES ARE INSPECTED DURING CWERHALL FER SPECIFICATION
REQUIREMENTE, INSPECTIONS INCLUDE: VISUAL, DIMENSICHAL PEMETRANT, AND
REFLAZEMENT OF PSAGE ITEMS AS APPLICABLE. FER OVERHALL CLASSIFICATION.

Dacsiinant Referanc»
FSOOTECd

RE01 TR 52

RAD{1311E
RAC116-012

RACTIS-1-8
RSCOTED

o033

REQ e s
RAC19A54
RO TES2

REMITE0
CM2S0 VA1BS0.0FD

ROI11CE6

REN7522
RO 73-000
LA b B
RLO{425
RL1anal

RO 3754
FACTI15-1'F
AL 4

REGRE4

RoeCd
AAI 15007

FA1609-003

RSTENI

RLOGE31
Al 15-116
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Lampohanl Group:
CIL Morn;

Part Number
Componeni;

FMEA termn:

Fallure Mods:

F Ukl {LurBRUmEE

E400-04

REOOTEN

Low Pressure Fuel Turba pump
gEDo

Losa clhead risa.

Faiure Causes
ALL CALISES

Failare Hislary

Sgnificanl Characle: stizs
ASIENBLY INTEGR Y

CEEAATION!/PFERFIRMAMCE IS VERIFIED BY ENGIME HOT.FIRE TESTING AND HCE & M TERTS OR

INEFECTIQNS

Inspachonis)f Tests)

i Haraa:
Appraved:
Appraval Data:
Change #;
Direrthve §:

Fage;

ol T s g

T. Houyen

114188

1

ECED ME3-04.5248

ol 2

DATA FROM RREWVIOUS FLIGHT £R HOT FIRE |5 REVIEVED FOE PROPER TURBCFLUMNFE

Pefarance; HASA lelier SA21/8E/20E and Rockeldyne el tar EBRCOSTE

CperMional Usa:

Yol Applizakle.

REE-

DPERATICNFPERFORMANCE. (LAST TEST)

-1

Comprerenskae laie Fistzy cala 3 man‘aised nthe Prob'em Repsring dalabaze PRAMEFRACA)

Bhoument Referar rx
RLOQCEO-(t

, RLOOC5E-06
ALMYIES.0F .

RLO045 1
MEFL PLA 1223
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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
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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



