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REDUNDAMN..Y SCREEEN

Campanent Group: Cambustion Davicas ' Prepatad: . Ef.Ahmad
Cit, Item: Aldn41 Apprnvad: T. Hgryran
Part Humbar: REODGE164 Approval Dater [: Bz hele |
Campanant: Hozrte Assembly Change & 2
FMEA Itam: A0 Diraetive & CCBD ME2.01 5224
Fallure Maode; Mulliple Inbkernal tute fuel Inakage thot wallj, *

Fage: 1of 4
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Fallura f EFect Daseriptlan
Loss ol uel ins, Folent |7 causa a irul sRuld own resu!ls in ofl-aestinal mixlira raio and prapellant sensaometlzn. Mes on abot n2y iesud
if ¢ K- neric ol propedland conswmpd o0 l2ac's to g SLE emgine shuldawn ar premature prepellant deplelion .

Redunda-cy Screens: HOZZLE 5¥YSTEM LIKE REDUNIANGY

4 Pass - Radundant hardvars items ae capable of chackaut during ncrmal ground tarreacound,
B: Fail - Les of 2 redundant hardware Rems & ned detectable daring flighl
[ Pass - Loss of redundant hardware items covld pot resull from a single cred ble svent.

Hazzrd Rafararpm

Leas of el io the preburmer increases turbine lamparatura and resolts in exceeding lurbine dizchargs temperature Smit. Logs af miggion
Recundancy Scrneres. NDZZLE SWSTEM: LIKE REDUNDARNCY
& Pazs - Radand arl hardware ftema are capable of checkou® during narmal ground 1urnarsund .

B Pass - Less of g redundant hardware itens i detectable during flighl
O:Pass - Lage of reduorndar] hardwars lams coul not recult [ram a singla credicle avenl.
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SSME FMEA/CIL

DESIGN
Campornten] Sroup: Lombustion Davlzas Preparad: A, El-Ahmad
ZIL Iterm: A4 Approved: 7. HNguyen
Parl Humber-: RSO0R1ES Approval Date: O/oga
Component: Norzle Aasembly Change #: )
FMEA Item: 4340 DHrective & CoBEC MED-D1-5233

Fallume Mode; Multiple Irternal tube fuel [eakage [hot walll.
Fage: Tat 1

Desiga ! Cocumen! RefErence )
EAILUKE GCANSE:  A: Conteminalion cauging tube overhesallng and rupture.

USE OF ROCKE IUYKE CLOSURE GOWERS AND SE4LS AFTER TLEAMNING PREVEMT INCUCTANCE CF COMTAMIMATION INTO THE $Y3TEM. RUPTURE RESULTIMNG FROM
OBSTRUCTION DUE T CONTAKIMATICH WOULD QCCUR CM HOT-G4 3 VRALL SIDE. MULTIFLE TUBE FAILLRES (1 ARE RECLIMEL 7O RESIAT IN TURBIME [I3CGHARGE
TEMPFRATURE REDLINE CUTORF ;21 THE FRE-START FURGE MININIZES THE POESIHILITIES OF IGE FORMATION THE FUEL (S FILTERED TO £00-MICRONS AT THE EXTERMAL TANK

(21

(1) U E0-CD-315Z; (2] CP4JERQO0A 3.2 3T 42 100 i 30 B0
FAILURE CAUSE:  B: Tube faflore, braze Jolnt taflura at 1ube to-tube, tube-1o- manifold, and tube-to{&cket.

HOZZLE CODLANT TUEES ARE WALE FROA 4:280 WHICH EXHIBITE STRENGTH AMD RESISTANCE T HYDROGEH EMBRITTEEMENT. 1EAT TREATMENT OF A-285 |§ TOMPATIELE
WITH THE HICH-TFNEERATURE BRAZE CYELE REQUIRFD BY THE NOZZLE FABRICATION PROCESS AND THE MATERIAL DEVELCFPS IT FULL FROPERTIES DURING FERCI®ITATION
AGE-HAROEYING {1 ARTIFFGALLY BFNTED TUSES WERE BURST TESTCO AND THE RESULTS EXCEEDED CEI REQUIREMNERTS (20, THE NOZZLE TURES AND MAMIFEOI M ALSFMB: IF5
ARF NICKEL PLATED T ASSUAE G200 BRAZE BONDING BETWFFN THE PARTS  THE PLATING 15 CONTROLLED PER SFECIFICATIONS (3). THE BRAZE GLQIAPCUNDS HAWVE GLGD
FLOW AND GAD FILLIHG CHARACTERISTICS OM HICKEL FLAED MATERIALE, THE BRAZE OPEPATICME ARE CONTROLLED PER SPECIFICATICNS (d). THE JACKET I8 COMITRUCTED
OF PARCLS REHFORCED AY HAT SECTIONS THIS FORMS & REINFORCFD COHTER SHELL WHICH 1S BRAFFE T THE O D. OF THE GCODLAMT TUBE STACGK TO FORR AR INTESRAL
FRESSURE YESSEL [4). THIS COMTAINS AND EXPANDS TE EXHAUST QAS OF THE EMGINE. THE TURES AMD MANIFOLDS HAVE TIGHT TOLERANCES TO ENIURE A CIDRPRECT TURS
STACK, Akl PROFPER BRAZE GAFS (B HIGH CYCLE ARD LEWN SYCLE FATIGLE LIFE OF THE TUBES MEET CEI REQUIREMERTS (7). MIMIRUM FACTORS OF H8i-L1Y | 21 THE TUHLES
MEFT CEILIFE REQUIREMEMTS i81 THE MOZFLE ASSEMEBELY FAREHT MATERIALS WERE CLEARED FOR FRACTURE MECHAMICS/MOE FLAW GROTH SINCE T CONTAINS HO
FEACTURE CRITICAL TATTS (3 THE NOZZLE HAS EEEM STRUCTURALLY DESKS K VERIFICATIOM TESTED (10},

My AS5-RET3-10 (2 LL G127 404, 3IEME 15-0043: (3] RATEDD-027, FAT109LS, RAAGNA.COS; {4) RA1EDT-014 [3) RSCH6S, 61 RSI0017S, RIOGEIS) RSCI9AE6 REMIQITE [T
RLIKIS 32, CPI2CRCODSE, (5] RSS-3345, CF3zM03IB. (9 HASA TASY 117, (U RE5-303-33, FCA-23

FAILURE C&USE: ©:Gorrosian,

HISTORY HAS SHOWH HOZZLE COOLANT TUEE FARILURE RESULTING FROM CORROSIOM PITTING MANIFESTS AS LOCAL LEAKAGE (COLD ARNDYCH HOT WaLLY, WITHCUT EXT=MEINE
FAILURE OF TUoCS, FRIMA=Y CAUSE OF TUBE CORROSION |S CHLORIDE CONTANUMATIOMN (1), MANLIFACTURING COMTROLS HAYE REEN IMFLEMENTED TC PREVENT CIHLOR DE
CONTAMIMATION, ETCHAMTS USED [N GRITIGAL AREASIPROCESSES HAVE BEEN GHANMGED TO HOH-CORROEICN MEDIA (). FMANE PURGING AND DRYING SROCEDURES
PRECLUDE ACCUMULATYON OF MOISTURE MNTERNALLY |3). ROCKETOYNE CLOBURES AND MOISTURE INDICATORS ARE EMPLOYED DINUNG SHIFPING/STORAGE T4 A D3R MAT
CHOSEN FOR THE NOZZLE REGEMERATIE COOULANT TUBE MATERIAL BECALLSE OF ITS RESISTANCE TO HYDROGEM ENERITTLEMENT, DUCTILITY. AMO RCIISTANCE 13
CORROSIOM THE COUHANT TURBES ARE SOLUTON TREATED AMD PRECIMTATION-HARDEMEL DURING THE NOZILE FAIRICATION PROCESS TO DEVELOP MATERIAL FRCFERTILE
i}, THE TUBES ARF MICKEL FLATED [FOR BRAZING PURPISES) WHICH AIDS M RESISTING CORROSION ¢35).

(1 WP E30712 [ 2A010%200; (1) ORASD VAICEO 080 @ STO1 16RA01CE, RK3I5A0163 [3) RES.A573-10; (G RSA091T2 AA110RHE

FAWURE CAUSE: ALL CAUSES .

NO TEE SAILUIRES RESULTING IN TURENE TEMPERA TURR RFDIIME CUTOFF, HAVE BSEN EXPERIENCED SINCE IMPLEMENTATICN UF "EAYY WALL' TUEES. A TLRBINE
TEMPERTURE GUTGFF LIMITS THE DEGREES OF FAILURE. THE TURBINE TEMPERATURE REDLINE SLUTOFF S¥STEM IS COMPRISED OF REDUNDANT SENSORS, REDUNDANT
HARNESSES AND REDUMDAMT CONTROLLER SHANNELS 1], COWTINUED USE WITH ALLOWABLE DISCRFFANCIFS RFSLLTING FROM OPFRATION 'S FVAILISTS ] AND CORTI I ES
RER THE RECUMREMENTS OF THE MAIN TENANCE CONTRGL DOGUMENT ;25.

(1) CP4ASRO0IS 1.2 353 (2) RRS-RTAY
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Component Group:
CIL Iterm:

Part Humbar:
Crmpnnent:

Fi'EA

Ilerm:

Failurs Madn:

Cambuslizn Devices
B350

REMOX16A

Nazzle Aszermbly
B341

S3SME FM" TIL
INSPECTION A.. TEST

FPrepared:
ApRTOYEd:
Approval Date:
Change #:
Cirectve H:

Mult|ple Internal tube fuel leakage [hat walll,

Faga;

A, El-Ahrmad

T. Nguyen

amTh

2

CoRb MC2-01-5233

1of 2

m

Faie Czuyes

Sign-fiza¥, Tharaciershics
HZIF
TUEE

ICING BLOCKHAZE OF TLIBES

WS TREARM COMPONENT
CLEAMLIMESE

TUBE
TLRF MATFRIA INTEGRITY

FEAT TREAT
TUSE TO MAMIFOLD ERAZE

TUBE- ~O-TUBETURE-TOD-
JACAET BRAZE

Inzpectlanis) ¢ Testis:

SEWE PROPELLAKT 3YSTEM IS5 DRIED aNL VERIFIED IR PRIOR TS EASH FLIGHT

DURING PROFELLANT CONDITIORIMG THE FUEL SYSTEW 15 PURGED TO k*AINTAINIT FREF OF
MBISTURE AMD ICE.

THE UPSTREAN COMPOMENTS ARE WERIF ED GLEAN T FUEL SERVICE GR BETTER FER
SPECIFICAT:ON REQUREMENTS.

TUBES ARE FLOW TESTED AFTER EACH BRAZING CTCLE DURING THE MANUFACTURIMG PROCESS.

MATER'Al INTFGRITY |3 VERIFIED PFE, SFEEZIFICATICN RFOLHEEMENTS.

AT LEAET ONE OF EVERY 15D TUEBES M A LOT IS BEECTIONED AN EXARINED TOR MATERIAL
INTESRITY, WALL THICKMESS, FLATING ACHESIOH AMDQ THICKKESS, AND ARSEMCE OF FORMINTG
CEFECTS.

EVER'T TUBE 15 LEAKR TESTED ATTER FORMING PER CRALING REQLIAEAEHTS,
EaCH TSE 13 PENETRAMT INMSPECTED FOR CEFECTS PER SFPECIFICATION REQIUIREMENTS.

EACH FORMED TUBE 1S EXAMINED FOR CRACKS, FITS, SCRATZCHES TOOL MARKS, OF OTHER
DETRIVENTAL DEFECTS

HEAT TREAT IE VERIFIED BY EPECIFICATION REQUIREREKTS.

TUBE-TO-MAMIFCLD BRAZE JOINTS ARE YISHUALLY INSPECTED FOR PROFER BRAZE FLUAN AT
BOTH THE [MTERIOR AND QUTSIDE AREAS OF THE MAMIFZLDS,

THE ERAZING OFERATIONS ARE PERFORMED M & CONTROLLED ERYIROMMENT AMND INSPECTED
FER SEFECIFICATI.

FOLLOWANG BRAZIMG OPERATIONS, THE SHELL ASSEMELY 15 VISUALLY AND RabiOSRAPHICALLY
INGFECTED FOR BRAZIMNG: DEFECTS.

ENVELHFFE CLEARAMCE BETYW/EEMN THE MICC ANO THE MCZZLE THEES |5 THECKED PER O04AWIMG
ARND SEECIFICATICN REQU REMENTS

STRUCTUAL INTESRITY

'WOZZLE 1S PROOF PRESSURE TESTED PER SPECIFICAT ON REQUIREMENTS,
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Camnpanent Croog: Combuston Devices Ve
GIL llem: Al Approved:
Pad Number: RS0A2168 Approval Date:
Componart Hozle Azsambly Chamge 4;
FME& liem: Alan CHrectlve #:
Fallure Mode: Wultiple iz mal lube fusl l2akage (hot wall),

Papge:

T. Mgy

MY

)

LCCBD ME3-0+-521p

Zal 2

IgpesHants) S Teoi[2)
NOZZLE |5 LEAK TESTEL &FTEFR, BRAZLE ANIN FROCF FRESSLURE TEGTING

Fa lure Caursas Significort Charadleriel os
C SIRUZTUAL 'NTEGRITY

THE HOT FIRE TESTING AMD 2ND E & M INSPFOTIONS VERIFY NO771E TURF INTEGRITY

BSSEMELY INTEGRITY

ALL CAUSES

THE MOZZLE |S IMSPECTED FOR DakdiEE DEFORE CACH LALMCHL

NOZZLC EMZAMSLLATION LEAY TEET £ PERFORMED OGN NOAZLE 14th BAY FOR NO2ZLEE WATII
POSITICN INIGUE TPS FER TIMECTCLE RECFIREMENTS.

THE MOPZLE INTERICR |2 LEAK TEETED PRIOR TO EACH FLIGHT AT THE MANIFOLDS AMD TURS
REPAIRS. [L&ST TEST}

HOZZLE TUBES ARE LEAK TESTED FRIOR TO EACH FLIGHT.

Fa um Hizlary Comprehanefes Bilime Fislny dala s ralntained in tha Problem Beponing datatase [PRAMSFRACA}
Feererce: HWASA Ielber 54215637208 and Rockeloyre [etter EBRCOITEL.
Operationel Use; Mot Applicabe
R =11
il e

Ooeumnant Befererre
F3n0at s
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SSME FMEAMGIL

WELD JOINTS
Componert Group:  Combngtion Devices Frepared: & . El-Ahmad
GIL [tem: AT Approwed: T. Nguyan
Gompanent: REHOE1E] Approwal Dale: re39
Part Humber: Hozzle Asxembly Change #: 1
2340 firective & CCRO MFI01-5218
Page: 1al 2
Critical [miral
Brol  Flaw Jire Mal
Side jot  Dedeclable
Compenart Rasic Part Mum=er Wheld Mimhbar Weldf Type  Class fmccess HCF LCF Cormonts
MOFZLF STEERHCRN RCIT2279 IGPT, TALY 1 X x
. 20007

MNOZZLE STEERHCRM ROM{2273 3 GTAMN 1 X X X
MOZILE STEERHCHM ROO122TG 4 ETAN | X
MOZZLE STEERHCZRN Ra0i2z7a 55 GTAN 1 X X
MOZZLE SIEERHORH FOC1Z278 & TN 1 X X
NOZZLE STEFRHCRH a0 3270 16 ETAVY 1. X x X
CCw OUCT Eonnateq 1 FERwW | X X
oy NUCT REQNB1E] 2 ERW 1 X
oW OUCT [Rd=1 1 ik RYl a GTAWY I b X
CCAW OUCT REMA° 51 E == I
MNOZZLE JAZKET REBpI5] 14,516 ETAV t X
MOZZLE JACEET REMI 50 238710 11 ETa Il H

14,15,18.14

22,232627,

03,2 35
NOZTLE JACKET RS009- 50 B3 12,1017, STy I

20
HOZZLE JATKET REM9: 50 aH GTANY 1
HOZZIE JACKET RE09T 50 202528 28, GTAN I

32,3325
{4LET DIFFUSER RSMI1 5E 1 PLCICHRETy  EBWY | X
MIXER REMI 53 q ETAVY 1 X
MIXER RS0 53 E GTaw | x X
MIXER REM0S 58 7 ETAYY I
MIXER R30MO156 H GTAWY |
MIXER RSIME1EA 10 (ATAUY 1 X X
PO MANIFCAD . RE3oCoqes 44,45 GTAW I
S MANITCLD REJCRIES 4E ETAVYS 1 x
AT MANIFSLD REICE1ES 47 GTAW ' X
MOXZLE RE40E1ES 1.2 GTAW 1 X * X
NOIZLE RENCR1ER . ] STAW | b4 ! "
HOZIZLE REOCE{ES 12,14 GTAN | x b

e
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COrmpInen s Combusties Devlces

CIL lams: ATd0 Ap-ﬁrwcd: T. Nguye
Gomponent: ASCOX 6 Approval Date: LT T
Parl Numhbar: Hozzle Busembly Charge & 1
AAD Direclive §: CoDE MEZ-01.5231
Fage: 2ol 2
Crlial [nilip!

Bomt  Flaw Slze Mol
Sije Mg Detectable

Somparienl Basiz Part Hurrber vyokd Number Wield Type  Class Groess HCT LGF LovTiFe enls
HWOZZLE RELCE1ER L8 GTAW | X X
HOFZLE R5tE0168 7 BTV 1 X X
NOZZLE RELISER 1B GTAW ! X X
NOZILE ASCIS1ES 13 GTAW | a
HOZZLE AS0I5164 l T4 | *
WOZZLE S S0AS164 i GTAW | S X
NOFFLE . AE00=168 gt Srans | ® A
MNOZZLE RECI=1RE M SOTaW, | # A x
HOZZLE ASCIE168 25 GTAW | A
HOZZLE RE0IS168 h GTAV 1Ln )
WOZZLE RECues 15% STAW | X
NOZFL_E HSIIE1Rd 172 ST 1 A
NOFFLE RS005 165 EA GTAN 1 X x 4
NOFZLE 8015166 1503-1508 GTAN 1 x X *
MNOF?IF RASI3=1F4 18230784 GTAW 1 X = K
MHOZIZLF R5SCI1EA 17251726 GTAW F X X X
NOFZLE TVHIAFE STACK R50I51RG 1 GTAW | X
MOFZLF T1RF STACK RS0D51ED 73 GTAW 1 x x X
MOZZLE TURE STACK R5008169 49 5] GTAW | X X
MOZILE TUBE STACK ASCIEIES A7-568 GTAW I X X
MOZZLE TUBE STACK RE001EY 183-10 GTAN ILI
aFT MAMIFOLD REND93RE 12 GTAWN |
AFT MANIFOLD Fa00azRE 30-35 GLTAW | ] X
WOZZ_E FUEL FEEILINE R SRE S0 1 GTAW I X
RES5-B740-14

i . e .



SEMEF AICIL

FIELE} CONFIGURATION VARIAGWCES FROM CIL RATIONALE

Companenl Sroup: Gombustlon Devices

Hem Mame: Mozrie Assembly
Iterm Mumber: Ad40
Parl Number: RE0091ER

Frepared:
Approved:

Rppreneal Digte:

Change &:
Ciractive &

Fane:

A. El-ahmad

T. Kijuryen

BlE L L]

2

CCEL ME1-01-523%

1al1

Fase Line Falionalz

Wariance

Changa Raticnzla

Vanant Dazh Hunber

GEL-Y

A0 02, Elincination of 9 weelds
‘ram ncrele fae! coo'ant ond
disboanlien girsy | This change wil
uil'lze 3 ane pEce S am wekdod tLbe
with 3 vreldas ranzilion ring which 15
welthen T paperence of Tight
history. Decign elim nalzs 9 wekds
durrg ihe [bricalon ol each rofze
3 wels each [aazling, 3 femd| ne=
pear na=zal

Lze of rine wald desar
ROOIZET - We'd Mo Tl Vield
Heo. 2 ey REAQCA16E -

Weld Mo (456, 1437 1512, 1503-

1811

The poxzle bigh prassura fuel feed syatem parspt modeda s were cleared Terfracture
mecharies: M OE Naw growdk slece they cordgin po rAchme ciical pars (HASA TASH
1471 The FMEAKCIL welds ere cleared {2+ fractare inecharmieNDE flaw growth by thi
wi"] assessment [RS5-B7E5],

162,132 1021, 1201 16
21.1031 10465 17581 10
51,1081 MO0 1101 ,11
TATRL 114 18 1
gl et A&, 191,12
0112111221 231,124
1123 1281,271 12487,
1251.13M



