SSME FMEA/CIL
REDUNDANCY SCREEM

Companerl Group:  Owld izar Turbopumps Preparad: C. Abenam|x
GIL Item: BEDO-02 Approvad: T. Nguyen
Componant: Low Preasura Oxldizer Turbopump Appraval Data: &rTrag
Part Numitsr: RS0OTAN Change #: )
Fallure Moda: Loss gf turhe porser, Diractve ¥: CCED ME3-01-5214
Page: 1n0f 1
Critical-ly
Phase Feilure / Effact Descriptian Hezard Reference
= Reduced pump oufpul prasewa. HPOTP discharga pressara ie recdiced due to the lower Intet pressure and head logs fram cavilalkon of the i
41 mein pump The MCE pressure decreases and is sensed by the controller, which coeracls by Inereasing the ovidzer Syratem power by ME-C15 1
opening the OPOVY, Correction raguired ho malnlain MCOC preasurs may cause a vielatian of the HPGTP wrbme exhapst temperature
redling and nriate prematuna engna shutdown. Wisslon seruh if datectad by redie, Loaa of vablcis dua te HPOTP furbine o hegt
exchanger fallura may resull i nol detected.
Redurdancy Scresns: TURBOPLW SYSTEM - SENSOR SYSTEM: UNLIKE REDUNDANCY
A- Pass - Redundanl hardware smis ere capabile of checkout during nanmal ground Turnaround,
E: Pass - Loss of a radwnd ant hardware Aems (= dataclaile during Mgkt
C. Pase - Loss of radundant hatdware iterms could not rasult ffom o sing ke credioby sye nt,
I Faducad pump oulput préssura, HPOTP dlscharge prossure b reduced dus to the bower (niat prenufa and hasd ke from cavilalion of |he 1R
LR maln pump. The MCG preasura decreases and is semsed by Lhe conlnaller, which zomects by incraasing tha oxfidizer syslarn pouer by ME-C15 k)
o opening the QPOV. Comeclien required ta malrtain MCC pressune may cause a violalion of the HPOTP turbing exheust lemparalure
' radiing and Infiate premalurs engine shutdown. Misslon sborl [ datacled by radine. Loss of vahicls due te HROTE turblhe or heat
h exchanger fallura may rasult [F nol dedected,
e
'h.q

Redundancy Soreens; TURBOPLAP SYSTEM - SENSDOR SYSTEM: UMLIKE REDUWNDANCY

#: Pess - Redundant hardware kems are copable of checkout during nermp| ground urnarourd.
B: Paze - Loxs of a redundanl hardware kams Ia dedectable during Might.
€ Pass - Loss of redundanl hardwara items could nat rasull froun a sfnpls credible evenl
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DEzGN
Companerd Grows:  Quidizer Turkopumps - Propered: C. Abmeamis
CIL itkem: Bat0-ax Approved: T. Nguysn
Componen! Low Praaeirre Owl dizer Turhopump Approval Date: BT
Parl Number: REGITIM Change #: z
Fallura Mede: Loas of tirbilna Fmr. [HracHvp #: ooaD "EJ_D.I -E214

Page: 1af 1

Cesign f Documen| Raberanca

FAILURE CAUISE: A: Robor Hp leakape.
B Stator tfp leakags.
G: Turhine bfade damage.
D:

Statar varm damane.

FOWER TO THE INDUCER IS SUPBLIED BY A SIX-8STAGE, FLAL-ADMISSION, UNSHROUDED RYDRAULIC TURBIMNE. THE TURBINE BLADES ARE MACHINED FROM AMND INTEQRAL WITH
THE RCOTOR ASSEMBLY (1). THE STATOR YANES (2] ARE WADE IN THREE 120-DEGREE SEGMENTS OF A CYLINDRICAL SHELL AND ARE JCINED TC FORI A COMPLETE CYLINDER
ARCUND THE RGTOR PRICR TO INSTALLATION, THE HOZZLE ASSEMBLY (3) FITS QVER THE SEGMENTS TC PREVENT LEAKAGE FROM THE HIGH FRESSURE SOURCE AHD
MAINTAINS CORRECT STATOR LLIGNMENT. THE ROTOR AND STATORS ARE MAKLFACTURED UTIUZING K-MONEL FORGINGS, YWHICH WAS SELECTED FOR ITS RESISTANCE TD
CORROSION, WHILE MAINTANKG DUCTILITY AND TOUGHNESS AT CRYOGENIC TEMPERATURES (4). THE TIF LAMDS FOR THE TURBINE BLADES AND STATDR YANES ARE SILVER
FLATED (1] (2] T FURTHER ENHAKCE THERMAL CONDUCTIVITY AND RESIETAMCE TO1GHITION. THE ALLCY 15 SOLUTION HEAT TREATED AMD AGE-HARDENER {1] {2), 1-MONEL
AMD SILYER SATISFY LOX COMPATIRILITY REQUIREMENTS (4). A TIP CLEARANCE VERSLIS TURBINE SLADING PERFORMANCE STUN WAS COMDUCTED O A FULL SCALE TV
STAGE TESTER TQ CPTIMEZE CLEARAHCE WHILE MAINTAIM NG A MARGCIN FROM RUBBING [5). THERE ARE NQ IDENTIFIED TURBNE BLADE RESONANT CONDITIONS IN THE
OPERATING RANGE. THE TURBCPLAP OFERATES BELOW THE FIRST ROTOR CRITICAL SPEED, IMPROVING STABILITY, WHILE REDUCING RADIAL CEFLECTIONES. DYHAMIC
CIOWVPONENT BALANCE RECANREMENTS MINIWZE ROTOR SYNCHRONOUS UNBALANCE POTENTIALS (1), CLEANLINESS RECHNRENMENTS AT THE HANDLIMNG, ASSEMBLY (B), AMD
YEMICLE OPERATIONAL LEVEL () MINMIZE CONTAMINATICON INDUCED RUBBIMNG AND IMPACT DAMAGE POTENTIALS. THE STATOR WANES HAVE COKMPLETED DESIGN
VERIFICATION TESTING FOR VAME HATURAL FREQUENCY (8. THE HIGH CYCLE AMD LOW CYCLE FATIGUE LIFE OF THE ROCTODR MEETS CEI REQUIRENENTS (). THE MIMIMLIM
FACTDRS OF SAFETY FOR THIS PART MEETS CEI REQUIREMENTS (10}, THE STATOR YANES ARE HIGH CYCLE FATIGLE LIFE LIMITED BY MAJOR WANER {15). THE STATOR AND
ROTOR ASSENMBLIES PARERT MATERIAL WAS CLEARED FOR FRACTURE MECHAMICE!NDE FLAYW GROWTH SIMCE THEY CONTAIN NO FRACTURE CRITICAL PARTS {11}, THE FMEA/CIL
WELDS ARE CLEARED FOR FRACTURE MECHARNICSINDE FLAW GROWTH BY THE WELD ASSESSMENT (12). TABLE BEBDD LISTS ALL FIREA/CIL WELDS AND IDENTIFIES THOSE WELDS
1 YWHIGH THE SRITICAL IMITISL FLAYW SIZE 1S NOT DETECTAALE AND THOSE WELDS IN WHICH THE ROOT SIDE 1S NAOT AGCESSIELE FOR INBPECTION. THOSE WELDS [N WHIGH THE
CRITICAL INITIAL FLANY S12E IS NOT DETECTABLE ARE ACCEPTABLE FOR FLIGHT BY RISK ASSESSMENT (1Z). THE CONTROLLER SOFTAARE [5 CONFIGURED TO DETECT AND
FESPCND TG THE FAILURES IDENTIFIED AND COMMAND A SAFE ENGINE STATE (13). REUSE OF FARTSE DURING OVERHALL ARE CONTROLLED BY THE REQUIREMENTS OF THE
OVERHAUL SPECIFICATICN {14). LPOTR NOZZLES ARE LIFE LIMTED PER DEVIATION {16). ROTOR ASSEMELIES MANUFACTURED BY CONTLIRA WHICH KAY DONTAIN WORSE CASE
(ZERO RADIUS) DISCREPANCIE S A4RE LIFE LIMITED PER MAME WAIVER {17,

{1} RS007A05; (2] RSO07BOE; [3] RS007E1D; |4) AGS-8578-0; (A} OWS-ESME-A01A; (B) RL100GT; (7) ICD {35000, (&) RES-401-6; (%) RLODS3IZ, CPIZOROCDIE; (10) RSS-B546-15,
CPIZOROAOIE; (11} NASA TASK 117; (12) RSS-B756; {13 GP40BR0003, 3.2.3:5.2, (14] RLO1218; {19 DAR 2545, {18} DAR 2956; {17) DAR 2160
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Failure CR13ES

Signilicamt Characteristics

Inspactionis) / Testis)

Cvcumenl Referancs

ABCD

BES-H

ROTORTURBINE BLADE
STATORISTATGR VANE

MATERRAL INTEGRITY

HEAT TREAT

WELD INTEGRITY

MATERIAL INTEGRITY |5 YERIFIED FER SPECIFICATION REQUIREMENTS,

ROTOR I3 FENETRANT INSFECTED PER SPECIFICATION REQUIREMENTS,

STATOR |5 PENETRANT INSPECTED FER SPECIFICATION REQUREMENTS.

ROTOR {5 ULTRASONIC INSPECTED AFTER WELDIMNG FER SPECIFICATION RECLHREMENTS.

HEAT TREAT IS YERIFIED PER SPECIFICATION REDUIREMENTS,

ALLWELDE ARE INSPECTED TO CRAVING AND SPECIFICATION REQUIREMEMTS PER WELD CLASS.
[NSFECTIONS INCLUDE: VISUAL, DIMENSIONAL, PENETRANT, RAOIDGRAFPHIC LILTRASORIC, AND
FILLER MATERIAL, AS APPLICABLE.

RE0ATHS
RE00YEO0R

REM1FDDe

RAG115-1 15

RADIS-DI2

RAOS1T-020

AL
RAIEZTF-OTH
RAM1IS11E

BARIAC ARG
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Low Prassurs Dxldizer Turbopump

RS007EO1
Lasa of iurbina power.
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Feilure Causes

Significan! Characteristics

Inzpaclion{a) £ Teal(s)

Dacumenl Reterance

A B C D

065 - d

WELD INTEGRITY

SURFACE FINIEH

ASBEMELY INTEGRITY

CLEANLINESS OF
COMFPONENTS

ALLWELDS ARE INSPECTED TO DRAWING AND SPECIFICATION REQUREMENTS PER WELD CLATS,
IWSPECTIONS IMCLUGE: \1SUAL, DIMENSIONAL, PENE TRANT, RADIOGRAPHIC, ULTRASONIC, AND
FILLER MATERiAL AS AFF'LIC#ELE

SILVER PLATING 15 VERIFIED PER DRAMWING AND SPECIFICATHON REQLIREMENTS.

ROTOR/STATOR CISWMETRICAL CLEARANCES AND SEALING SURFACES ARE INSFECTEE PER
DRAWING AMD SPECIFICATION AECIUREMENTS.

ROTOR TURDINE TQ STATOR AHIAL GAF §5 INSPECTED FER DRAVANG AND SPEGIFICATION
RECILREMENTS.

BEADE AIRFOIL CONTGUR AND RADI ARE INSPECTED FER DRAWIMNG RECLIREMENTS.

UPSTREAM COMPONENTS AND THE ROTOR AND STATOA ASSEMBLY ARE VERIFIED CLEANED PER
SFPECIFICATION AND DRAWING REQUIREMENTS.

RL1GIHMA

RA16DT-071
RADT15- 116
RADY15-006
AAT1 15001
FAD115-127

REOOTEIS
5007805
0160001

RE00TaM
RE00TANE
REDOTE0S
RLM323

Radoran
RL[H 322

REQ0TRO:

RL100a1
RSao7edt
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Component Group: Queddizar Turbepumps Prapared! C. Abpsamie
EIL Tenn: Bap0-02 Approved: T. Nguyan
Companant: Low Freseyrg Coddzar Turbopump Approeal tate: aITia
Pasrl Number: RECGTE Changs #: 2
Fallure Mode: Loeg of turkina power, Clractive & LoD MEA-D-B14
Fage: 1ar =
Fallura Causea &rgmilicant Characlar|siles Inapaciion{s] / Taxl(s) Docurment Reference
ALl CALISES {POTF REAGFACT
ASSEMELY INTEQRITY THE PUMP SUBASSEMBLIES ARE IMZPECTED DURING DVERHALL PER SFECIFICATION RLOAZ D
L RECQUMREMENTS, INSPECTIONS INCGLUOE: WIS DIMENSIONAL PEMETRANT, AND RAO115-11E
REFLACEMENT OF USAGE ITEMS AS APPLICABLE. PER OVERRAUL SFECIFICATION,
CPERATION/PERFORMANCE 15 VERIFIED BY EMCGIMNE HOT FIRE TESTING ARD ZNDE LM TESTS ON  RLOGISO-04
INSPECTIONS. R LOCHI 566G
ALOODEEG
RLRO4R
TOROQUE CHECKS ARE PERFCRMED PRIDA T3 EACH FLIGHT. DMRSD Y41850.030

Ca7A FROM THE FEEVIOUS FLIGHT OR HOT FIRE |5 REVIEWED FOR FROFER TURBODPLUMP
CGPERATION/FERFORMANCE. (LAST TEIT}

Failur Hiswry: Comprehensive failiea hislony data | meaintalaad [ the Prablsn Raporing dalabass (PREMEPRACA)

Refaranca: MASA ietler 542108308 ardd Rockeidyne latter BERCODTGT,

Operatianal Uae:  dot Applicabla.

MSFCPLH 1228
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Camponent: Low Praasure Oxldizet Tisbopump Appraval Date: LT
Part Kumber; REQDTAD Changs ¥: 2
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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 |
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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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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
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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.




