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Campenent Group; Fug| Turbopumies . Praparad: F. Cromwwal|
1L Nem: BRO3-01 Approved: T. Hguyan
Fart fumber: REOOTEaT Approval Date: 11M/00
Codmpanenk: Leow Prassume Fuel Turbopump Change 4
FME®# ILarm: BG0D Diiranctlye ¥ CrAh MEI-0-5243 -
Fallure Moda® Engrgy locs at turbine Inlel .
Fage: 1of 1
Crifical by
Phase FaBura f Effeci Descriptian Hnzard Reference
L] Less of energy av lalila 15 turkne reaults in decreased Labine power | nas sl furhired power causes reduced LPFTP speed and reduced 1R
a1 outpat Iowr and pressure delivered talha HPFTP, The cariroler sanzed the increpsed HREFTP derrared ard [ncregaes the Fuel preburnar ME-C15,M
widizer Now. In the eyent of HRFTP cavitation. escasslve turbire discherga terrperatures rmeanll in apremalee angine shutdawn. Mssion
gt b i cRlgcted by red'ne  Lass of vehisle d. & 20 MPFTF tuibde failure may resut f not detected,
Redundancy Sorears; TURBCPUMP SYSTEM - SENSOR SYSTEM: UNLIKE REDUHMDARNCY
& Pagg - Radundant hardware lems are capabla of checkaul during narmal greumd i arund,
E. Pusg - Loss of a redunda-t hardware items 5 datedable durisg Fight.
C: Pa=s - Loes of redundant hard ware dems conld pot resull fnof 3 single credible evenl
Loss ol enegy avalable 10 Labire “esults in dacroased Wikdng power, Loss of turbine pawer causes redoced LPFTE spead and raducad IR
amp Tow and prasiurs delivered la the HPFTR  Tha eonlinte senees Ie nereaced HPFTE demand and increases Ihe fuel preburmer ME-D' 5 M

avidizer Mow. 10 e event of HPFTP cavitatiar, uxcessiee lorbime discharge termparatures Hay resi'l by 2 premelre @~ gine shutdown
Mis=icn abord if dabazied by redline  Loss of vehicls dos 12 HPFTP lurking: faikire may rasull i rot datected

Redundarcy Sereens: TURBOPLUMP SYSTEM - SEMSOR SYSTEM  UNLIKE REDUNDAMEY

A Paga - Redundant kandware ftereg are capable al checkoul durbng normad gradnd timarauned
B: Pass - Loss a°a radurdant nardwars tems is delectabla durimg Mghl.
C Pazz . Loss ef redundant havdwars [tarms cauld ool result Irom a single ared bla svenl.
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Component Geoup Fual Turbepumps Prepared: F. Cromwe| b
CIL l=m B&De-01 Approved: T. Mguyen
Fart Humber: REINTROA Appmyval Date: 11199
Componemn Low Fressurg Fue! Turbopump Charige #: 4
FMEAL M- 8510 ireglive ¥. CCBO ME301-524p
Failure Made; Enargy lass atluchine inlet,
Page: 1of 1
Oes gn ! Document Rederne: mo -

FAILURE CAUSE:  A; Excesafee Inss al nozzie balt praload.

THE TURBINE NUZZLE ASSEMELY (1}15 BOLTED TO THE YCLSING (2 BY 18 BOLTS AND CUPWASHERS [3). THE BOLTS ALSD SECURE THE TURBINE SEAL (4) AND THE LIF -OFF
SEAL (5) TO THE HOUSING. Tl IE NOZZLE BULTS ARE MANUFACTURED UTILIZING FORGED A- 766 CRES (5). WHICH IS RESISTANT T HYDROGEN ENVIROKNIZEST EMORI—TLEMEN T
AND HAS THE REOUIRED MFCHANICAL PROPERTIES. THE MATERIAL IS SOLLTION TREATED, COLDWORKED, ADED AND COLO-WDRKED TO IMPROVE MECHANICAL PROPER [ES
THE CUPWASHERS ARE MANUFACTURED LITILIZING 221 CRES i6), WHICH WAS SELECTED FOR I 1S FENSILE STRENGTH, DUGTILITY, AMD ITS INEENSITRATY TD HYDROGEN
EMVIRQONMENT FMARITTLEMENT. THE MATERIAL IS ANNEALED T IMPROVE MECHANICAL PROPERTIES, THE BOLTS ARE DRY-FILM LUBRICATED TO REDUCE FRICT 10N,
PROVIDING A MORE COMSISTENT CLAMPINGLOAD  THE CUSWASHERS ARE STAKEL AT ASSEMBLY TO PREVENT BOI T ROTATION ASSEMBLY PROCEDURES FUR LOCK NG
DEVICES EMSURE DEFECT.FREE INSTALLATION (7). THE NOZZLE BLOCKAGE AND TURBINC DRIVELINE DRIFICE {F-7) ARE SIZED TO PREGLUDE EXGESSIVE TURBINE DFLTA P AND
BOLTLOADING. THE GREEN RUN SFECIFIGATION LIMITS THE MAXIMUM ALLOWABLE TURBINE DELTA PRFSSURE (3} THE BOLTS AND CLPWASHERS ARE NOT SCIUALIZER DR MME
HISTORY TRACKED BUT HAVE INFINITE ALLOWABLE LISE )

11} RCDI97Z; |2) RED07612, {3+ RS007607, RE0OTE2D: (4) RODIIVIL (5) RODIZISZ, (5} R3S-B577, (7) RLOOISE, (8} RLIGAGT; {90 RLOUS3Z, CP3Z0RN00IA

FAILURE CAUSE:  B: Fracture, gistortion of nozzle vane.

THE HOZZLE [1) HAS 47 WARNES AND A MIMIMUM OF 12 PASSARES ARE BLOCKED TO THCREASE TURBINE PERFOISMANGE. THE WANES GUIOE AMD ACCELERATE THE HYDRIHZEN
FLOW TOWARDS THE FIRST-STAGE ROTOR. THE NOZZLE VANF FILETS ARE RADIUSED TO RECUCE STRESS RISERS. THE CLEARANGE BETWEEN THE NOZZLE ASSEMALY [2) 4ND
ROTOR 1S CONTROLLED BY THE NOZZLE £1il# 13) AND CRAVANG RECUIREMENTS, THE NOZZLE 1S MANUFAGTURED UTILIZING AN A-285 CRES FORBING. A.285 CRES WAS

SELECTEO FOR IT3 RESISTANCE TO HYORCGEN FNVIRONMENT ELERITTLEMENT AMO TS MECHANIZAL PROPERTIES (41 THE MATERIAL |5 SCLUTION-TREATED AND AGE-
HARDEMED.

1] RSA7S22: (2} POCISTAT 4T RS00TS1E, 4] RSS-BET}
FAILIFIRG CAUSE: 5 Excessive higohing plale leakage.

THE NOZZLE ASSEMBLY (1) INCLUDES 2 §YMMETRICALLY LOCATED FLATES (2)WHIGH BLQCK A MINIMLUM OF 13 OF THE 4% NOZZLE (3} PASSAGES TO INCREASE TURE'NE
FEFRFORMANCE  THF RI QUICNG FLATE AXIAL CLEARANCE IS CONTROLLED PER DRAWING REQUIEEMENTS THE BLOCKING PLATE LEARAGE 15 CALCULATED DURIMG T#-T i "ER
CALIGRATICHN TEST OF THE HNRQZILE. SPECIFICATICN REQUIREMENTS LIMIT THE AMOLUNT OF ACCERTABI F LEAKAGE f4). THE BLOCMING PLATES ARE HELD IM PLACE BY THE G425
(33 WHIZH ARE SFCURED 8Y SCREVIE (51 THAT ARE STAKED IN PLACE, ASSEMELY PROCEDURES FOR STARING ENGURE DEFECTFREE INSTRLLATION (7). THF NQZZLE. CAFS
BLOICH:NG FLATES AND SCREVSS ARE MANUFAGTURED UTILIZING A-285 GRES (8], WHICH WaS SFLECTER FOR ITS RESISTANCE TO HYOROGEN EHVIRDNMENT EMBRITT. FHERT
ARD TS MECHAMICAL PROPERTIES THE $AATERIAL 15 SOLUTION-TREATED AMND ASE-HARDENED.

(11 ROOT9IEY; (3} ROO1GVEND (3] RSIO7E22; (4} RLOCSIE, §5) RODYOZEY 8) NAS1102E0S; 7) RA1G18-CIS; (8) RE5-0577
FAILURE CAUSE: ALLCALSES

THE H'GH ARND LW S22 E FATISUE L'FE FOR THE HOZZLE ASSEMELY, BOLTS, AND CUPWASHERS MEET CEI REDUIREMENTS ). THE MIMIMUM FACTORS 0F SAFE™Y FOR TIHEAL
FAATS MEET CEFAEQUIREMENTS (21, THE HARIWARRE PARENT MATERIALS WERE CLEARED FOR FRACTURE MECHANICSINDE FLAVY GROVWTH SINCE THET CONTAIN NO EEACTLSE
CRITICAL PARTS (3 THE CONTROLLER SQFTWARE |5 CONFIGURED T2 DETEST AND RESMIND FROPERLY TO) THE FAILURES IDENTIFIED AND SOMMANT & SAFC CHGINE STATE
(43 REUSE OF PARTS OURIMG OUERHALL 15 CONTROLLERD BY THE RECUIREMENTS OF THE OVERHALL SPECIFICATION (5.

[} RLOOZ3Z, CPA2CAOOUIB. (2 RS5-B546 CPIMRUCITE; (1) HASA TASK 117 {4 CPA0SRODOZ FT 1 A2.L45 (5 RLOOSA

RES-2740-11
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Failure Mode-

Fuel Turbapumps

BENO-01

REI0TAM

Lerwt Proge e Fusl Turhopump
OELD

Energy |osT at turbine inlet.

SSME FMEA/CIL
INSPECTION AND TEST
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4

CLBD MED-D1-5248

1af 1

Failura Czasas

ESignificary Characheniztlus
BOLT
CLIPWASHER
MAMIFOL O

MATER WL INTEGEITY

HEAT TREAT

SURFACE FINISH
ASSEMELY INTEGSITY

LPFTP
ASSEMELY INTEGRITY

MNOZILE ASEEWBLY
NOZZILE

MATERILL INFEGRITY

HEAT TREAT

CLEAKNLIMESS GF
COMPONENTE

S SEMBLY [NTESRITY
LFFTR
ASEEMBLY INTEGRITY

HOZH E BS5EMELY
M2 E

AP

PLATE

SCASW

Insoeclionis) / Teslt sk

MATERAL INTESRITY 15 YCRIFIED PER DRAVANG RECANREMENTS
BT |5 FENETRANT INSFEC ED PER SPECIFICATION REULIREMENTS.
HEAT TREAT |15 VERIFIED PER SPECIFICATION REQUIREMEMT S

BOLT DCRY FIEM LUBRICATIGN 15 VERIFIED PER SPECIFICATION REQUREMENTS.
BOLT TORGUE 5 VERIFIED PER OAANWING REQUIREMEMTS.

CLUFNATHER OEFORMATION 15 VERTEIED FER DRAWING REQUIREMENTE.
ZUBASSEMELIES 8RE VERIFIED A5 BOTTOMED FER SPFZIFIZATICN PFOIIRRIMTNTS.

TORQUE CHECK S ARE FERFORMED FRICR TO EACH FLXGHT FLCW TO VERIFY ASSEMBLY
INTEGRITY.

MATERIAL INTFGRITY IS wFRIFIED PER DHRAWING FEQUIREMENTS.

NOZELE FORGING IS PEMETRANT AND e TRASQHIC INSPEGTCO FER SPECIFICATION
REQNREMENT 5

NOZZLE IS PENETRANT INSFECTED PER SPECIFICATION AEGLIREMEMTS.
HEAT TREAT 15 YERIFIED PER ORAVANG REQLIREMENTS.

THE SSIME 575 |EM GLESNLINES S 15 WERIFIED THROUGHOUT ASSEMBLY PER SRFCIFICATION
RECQLNREMENT 5

VANZ RACH AMD COCRDINATE MEASUREMENTE ARE VERIFIED PER DRAWING REDLREMENTS,

TORDUE CHECKS ARE PERFORMEL FRICIR TO CACH FLIGHIT, TO VERIFY ASSEMBLY INTEGRITY

Losumren! Fo'trence
REOD7G0 7
RS007R29
REO07A02

F115.176

RBCAE0 12
RACITI L

RAD 1 z-003
RsB0cTa0

FLIG353

RS107501

OMHSR VY 550010
RLI197RY

RSar?adz

REALILI2

Rt 1E-118
Lagi1E.C1z

RA011E-118
RE00TE &
RL1aon1

RSO07E 22
REMI 7R
QMEED WA 10532 2

RMITAIAZ
R3FI076IZ
Romaroz
ROD137
HA451"C2ECS
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GIL [kem:
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Component:

FMEA [berm:

Failure Mode:

Fugl Turbopumpa

BEQD-OY

ASTO7EdT

Low Prezsure Fuel Turbopump
BEnd

Energy loas at turbine Inlet,

Frepared:
Approved
Approval Data:
Change fi:
TrecHun H:

Page:

F. Cromwelt

T. Hguyen

11/1r39

4

CCBD MED 21.5248

2af 2

Falura Caytas

ALL CALSES

Failu-e His'ory: Comareherralve (3lkre hislary 2a0 |5 maktained n iha Problem Reporting database FRAMSPRACNY

S grificanl Chaacier<lics
MATERIAL INTEGRITY

HEAT TREAT
ASSEMBLY [MTEGRITY

ASTENMBLY INTEGR'TT

Insnechon(sh f Teshs)

MATERIAL ‘HTESRI™Y |15 WVER'FIED PER DRAW|NG REQUIRENENTS.

THE CAP AND PLATE 4RE PENETRANT MSPECTED FER SPERIFICATICN REQUIREMENTE.
THE CAP AND PLATE HEAT TREAT IS VERIFIED FER SPECIFICATION RECHNREMENTE
THE NDZZLE ASSEMBLY IS FLOW CALIBRATED PER SPECIFICAT 2N REQUIREMENTS.
THE BLOWGKING FLATES BHE ANL POSITION IS YVERIFIEDR PER DRAYUING REQILNIREMENT 5

THE BLOGEING PLATES ARE WERIFIED FLIISH TO NCZZLE WANES PER DRAWING BEZHNREMENTS.

THE SCREN STAKING |5 VERIFIED PER DRAWING AND SFECIFICATION REQUIREMENTS.

THE L™ SLIBASTEMBLIES ARE INSPECTED DURING OWER! AL FER SPECIFICATEZN
REQLIREMENTSE. INGFECTIONS INCLUDE: WIS1UAL, DIMEMSIONAL, PENETRAMT . AND
REFLACEMENT OF UIGAGE 'TERS AS AFPLIGAELE, FER OVERHALL CLASSIFICATION.

CPERATIOMFERFORMARNCE IS WERIFIED BY FMNGINF HOT.FIRE TESTING AND ZND E & M TEETS OM

IMSFECTIONS.

DATA FRUM FREVIOUS FLIGHT DR HUT-FIRE 15 REVIENED FOR FROPER TUREDFUF

OPFRATIOMPERFOBMANCE [LAST TEST)

Ralarance: MASA 'eter BAZ1/88/208 and Rockeldyns leter SRRCOTTEL.
Opz-al omal Uta Met Applicahle

RES-B740-1T1
-

Dacemery FHaferepce
RSC37R22
RcO19782

ROIES73
HAZ11CZEDE

FAOT15-116
FANE11-220
RLoz52a
RUG137ED

R0 5783
Fai1813-005

RSCOTGT]

RLOGATF
RAJIIG-1'2

RLOACED-04
RLOGER-D
RLOMGE-C?
RLOM=E

MASFC PILM 1228
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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



