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REDUNDAN .  SCREEN
Caomponent Grabp: Combuslion Devlces Preparac; o, Kay
CIL “lem: A 5001 . Appraoved: T, Mguyan
Farl Mumher; RSM0EE01 Approval Dake; = =il
Comnmponant Heat Exthanrger Change &: 1
FMEA Ilerm: AlST Cirgctive 4 CCBOMNES 01.5238
Fallure Mode: Coil fracture/laahapa.
Page: 1af 1
Cril-cality
Prase Frilurz f Efftc] Descripn Hazar? Pefza1-n
SR GOX woule i witk the Foekrich hol-gas sl-aam resulting in igndien, delanelicn and Berning, Suarnirg vaould 1esaltidn coil, HGM Enz ar 1
4.1 HPOTF {mbhne armain njector surmsthrougF coasrg 'oss of engine. Fuelrich hol- gas could en‘er the desrwtre aim slda of the cail end MC-915,
comzine with oxygea fre =1 The bygass sysl=m, causlrg @ e o the discharge line that tuppl=s the Fogo accumulator and the velicls WMC-E3A MM

Cxygen orassurizatal syeleq. Loss of vehlels

Aedondaney Szraans; SINGLE POINT FAILLIRE: MYA




CE-v

SSME FMEAMNIL

DESIGN

CoampoAent Group: Combuztion Dovices Prepared: A Kay
CIL [bem: Also-p1 Approved: T. Mouyen
Fart Humiier; RSOQBE0T ’ Approval Date: 9rereg
Component: Heal Exchanger Changs 2: 1
FMEA ltem: 150 Olraethva #: CCBD ME20T-521R
Falture Mods: Coll Iracturetieakage.,

Page: 1nf 2

Design ¢t Docameat Reforenca -

FAILURE CAUSE:  A: Goll weld ar parchl matovial fraclure. Fracture dus ta fatigue.

THE HEX COIL AHD BIFURGATICN FITTINGS ARE MAMUFACTURED USING 316L CRES MATERIAL, MEL IS DUCTILE AND PROVIDES DAMAGE RESIS TANGE W TH RELIABILITY GF
FABRICATICN. THE HEX BIFURCATILON MATERIAL 15 DOUBLE Y45 UUM MELTED AND SUBJEST TO A STRICT IMCLUSION RATING REQUIREMENT TO REDLICE SIZE AND KUNBER 0
IMGLUSIONS FCR IVPROVEG MATERIAL INTEGRITY 14]. INLET FITINGS ARE MADE FROR HAYMES 182, HAYNES 138 WAS CHOSEN FOR ITS STRENGTH. BO MHALLOYS HAVE BECHN
OXYEEN TESTED AMO RATED SATISFACTORY (1). BOTH ALLOYS EXHIBIT CORROSIDN RESISTANCE, RESISTAMCE TO S TRESS CORROSION AMD RESISTANCE TO HYDRASCH
ENVIRDINMENT EMBEITTLEMENT. TUBE WALL THICKNESS |5 UIMITED AN “UBE WELDS EXPOSED TO HOT-5AS FLOW ARE MAGHINED FLUSH TO LEAIT THERMAL STRAINS akD
EXTENDLOW CYCLE FATIGUE LIFE. FATISUE L'FE 1S ENHANCED BY LIMITING WELD MISMATEH WATH LSE OF CCMSUMARLE INSERTE DN THE PRIMARY TUBE AMD ALIGHIENT PING
ON THE SECONGARY TUBE, ARTFCIAL FLAW TESTS (2} WERE PERFORMED ON THE COIL TUBING THE TESTS INGLULLU £YCLIC LOBDING OF DELIBERATELY INDICFED | . AW
0.0 BURFAZE DEFECTE. TIE RESULTS SHOWED FLAWE LESS THAN £0% OF THE TUBING THICKNESS DO NOT PROPAGATE  TEST HISTORY AND COIL TURE WEAN ANALTSIS 1)
SUPPCRTS THE EODY CURRENT INSFECEION INTERVAL GO WELUS ARE TUNYGS TEN INERT (305 WELCED USING J16L FILLER 0L LOADING IS MIMIRIZRD BY 1 B3A7KET
MOUNTING SYSTEM WHICH AZGCMODATES THERMAL EXPANSION CLEARANCE IS PROVIDED AT THE BRACKETS AMMACENT T0 THE INLET AND GUTLE( T REDUGE SEREING

Losds IHERE.

oy RES-RAR1-E; 73 MAZa TASY [e (31 L RELATF-O55; (4) RE2150-07]

FallLIRF Call&F: B: Lo=s of channelfbrackel supporis.

FHE BRACKF TR ARF COMSTRUCTED OF HAYNFR 183 HAYNSSWAS SR ECTFD FOR HIGH STRENGTH AT ELEVAT=0 TEMPERATURES AND RESISTAMCE TO DEERADAT OH N H |
PRESSURE PYDROCER (1) THRE RRACKETS ARE COMPOSED OF CHANNFL G WELDED TOGETHER WATH RECUNDANT, LIGHTIY LOADEQWELDS AND DOUR EKY HERE RECLIRED
WTD A 2GI0 B3 STRUCTURF

/1] 25535819
FAILURE CALIEE: C: ODamage dwe la Impact fram fragmenled liner, turning vanes, or =hanpals,

BURST TESTS WERE CONDUCTED O TUBES WITH DELIBERATE MECHANICAL D4MAGE (13, TESTING SHOWED HIGH WMARGING MAINTAINED ON PRESSURE CAPARILIY OF THRSS
EVEN WITH EXTREME DAMAGE. THE “YEX LIMZRS ARE MALE FAOM INCONEL 907, INGTNEL 503 WAS GHOSEN FOR TS5 STIENGTH AND FOR ITS RESISTANCE T DEGIADATICHN N
HisH PRESEURE FYDROGEN. IF IS SEMI-CORROSICN RESISTANT AND RESISTANT TO S1RESS CORROGION (20 THE TURNING WANE IS MADE FROM & SINGIF NCoRLL fos
CAS1ING WITH ELEYEN BOSSES TC ACCOWOADATE MOUNTING PINS THAI ARE WELDED TO THE HEX LINER. THE TURNIMG VAMES SLIDES OM THESE DRY-FI I LISRICAT=0 FIMG
WHICH PREVENT EINEME DURING THERMAL EXPANSION. THIS KEEPS THE STRAINS IN THE ELASTIC RANZE UNDER GPERATION: THERERT ELIMINATING THE HEED 15 Flac £ 1
THE INCCNEL 525 "ROM HYDROGEN ENVIRCNMENT EMBRITTLEMENT (23 THE BRACKETS ARE COMKTRUCTED CF LiAYNES "EE. HAVNER 18 WAS SELECTED FOJ ITS STREHGTH
AT FLEVATED TENPCRATURES AND FOR ITS RESISTANCE 10 CESRADATIIN N HIGH PRESSURE HYGROGEN.

1) R33-833247; (£) RE5-2501-8
FAILURE CAUSE: D: Tube well near at support poirs.

CLEARANGE |5 PROYIDED BETWEEN THE TUBE AHD BRAGKETS OR LINER AT S3ELECTED LOCATIONS TO PREWENT GONTACT DURING OFERATION, AT ALL OTHER LOCATIONS, T-IC
TUEE 15 HELD IM THE BRACKET DMFLES 70 MINIRAZE RELATIVE WOTOM  |M ADDITION TO OUS {11, & LOSE BRACKET WIBRATIOH TEST (2, TO THE [vS RECUNREWENTS WAS
PESFORMED ENGHME 2010 AND STHER 435EMBLIES WERE DEZTRUCTIVELY ANALYZED FOR WEAR RATES TO DETERMINE HSPECTION INTEDVAL S, AN ECOY CURRCHT
IMSPECT!ICN OF ['E PRIMARY TUBE 15 USED TO CETERMINE CO'L WEAR DUE T3 ITS WaLL THICKNESS AND SENS'TIATY TO DETECTION (3,

oy REG.Z12.6; |2 SEWE-B3-Z3ZE; ¢3) BIAG1343G

RSS 1l
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Comporen p: Cambusilzh Devlces F L g
CIL Ifem: ATSICT Approved: T. Naimg
Part Humhbear: [ai=yn i Fla Lok Approval Data: fro/og
Component: Heat Exchanger Change #4: 1
FRIEA [temn; A1E0 Orecfive #: CCRD MEZ-01-52138
Failure Mods: Coil fraciuvve|gakaqe

Page: Zof 2

Besipn ¢ Digument RelErenoe
FAILURE CALISE:  E: Tuha damage durirg HPDTF ramoval and [nstadlation.
BURST TES ™S WERE COMDUCTED CM THREE wATH DELIRERATE CAMASGE TESTING SHOWED HIGH MARGINS N PRESSURE CAPARILTY OF TUBES, EVEM WITH SXTRCWMF Da'MAGE
71} TEE TUBE I3 PROTECSTEDG FROWA IFECT FUMP CONMTACT BY THE BRACKETS ) BRACKFTS AREDESIGHED FOR CLEARANCE FAROM THE FUMP AND SHAME LES ARE FROVIDEL
TOPREVINT DARAGE IF CONTACT DOES 2CCLE NURIMG INSTALLATION OR REMOWAL

(1} RES B585-17; (2y RSICAEDE

FAILURE CAUSE. F:Call collapsc.
THE HEX COIL S MADE FROM 21EL CREE TUBING. J16L HAS EXCELLENT DUCTILITY AHD PECVIDES PIGH DAMAGE PEZIS TARCE WITH RELIABILITY OF FABPICATION, THE ALLOY

EXHIEITS SCC0 CORRDSION RESISTANCE, HIGH RESIS [ANCE ¢ STRESS CORRCSION AND RESIS!ANGE 10 HYORDGEN ENVIRONMENT EMERITTLENENT (1% 0L ARSF
PRISSURE CAPARILITY OF THIC SO WAS ANALYVZED AND MET CEI RECUIREMEHTS (2. THIS ANALYSIS WAS BASED OM ACTUAL COLLAPSE PRESSURE TSSTING OF THE THISE 5,

i1 RES-EE0LE 07 RAS.A%40, CPI20MENDI8
FAILLURE CAUSE:  ALL CAUSES

THE HEAT EXCHERMGER ASFEMBLY HAS SUCCEZSFILALY COMPLETED OWVS VIBRATION TESTIHG (1), DVS PRISFURF CYLRLING TESTIMNG (2), DV ULTIMATE PRESSUEE TESTIMNG (3
O3S FRODE FRESSYSE LEAY TEST'NG (4), ANT MFT ALL DWE RFCLIREMENTS  ADCITIONAL VIRRATION TESTING WAS PERFORMED YWITH LOGCSE BRACKETS T EVALUAIE
EFFECTS OH THE ASSEMBLY, HO COIL FRAGTURE OCCURED (51, THE HEAT EXCHANGER ASSEMBLY PARENT MATERIALS WERE CLEARED FOR FRACTURE MECHAHILSMITE 1LAYY
GROINTH SINCE IT CONTAMNS HO FRACTURE CRITICAL PARTS 8], THE SMEACIL WELDS ARE CLEARED FDR FRACTURE MECHAMICS/MIE F1AMY CROWTH BY THE \WELD
ASFEISMENT (7). TABLE A150 LISTS ALL FMEACIL WEL DS ARG IDEKTITIES THOSC WELDS BN WIIRCH T1HE GRITICAL IITIAL FLAW S1ZE IS NOT DETECTABLE AND THOSE "WELLS (4
WHICH THE ROOT SIDE IS NOT ACCESSIBLE FOR INSPECTION. THOSE WELDS 1N WINCIH THE CRITICAL INITIAL FLAVY SIZ7F I3 NOT BETFCTARLE ARE ACCERTABLE FOR FUGHT B+
KISK ASSESSMENT (7). ENGINE 2010 AND DTHER ASSEMBLIES WERE DSSTRUCTIVELY ANALYZED AND THERE WAAS N0 EVWDENGE OF IMFERDNNG FAILURE DLE TO GO
FATIGUE NAMAGE, 1055 OF BRAGEET SUSFORT, IMPACT DAMASE, 0% COIL COLLAPSE. A FATIGUF ANAL VSIS WAS FERFORMED FOR HIGH SYCLE FATIGUE ANEH |0 GYCLE
FAllGIIE SATH RESULTS SHOWING CEI LITE REQUIREMENTS MET (). THET MINIMUM FACTORS OF SAFETY MEET GEI REGUIREMENTS i)

(1) RSS-513-0; (2} RES-512-3 (3 RS5.51290 (4 RSS5.5°1.2; (5) SSME-L5-2628 (5) MASA TASK 117; 71 RSS-8755; (8) RLCISIZ CPIZOROCIIE; (%) RS5-E4%, CRIZORMOCIE
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Compegnent Grorp:
CML "hern:

Fart Humh=r:
Component;

FMEA tmine

Failure Mode:

Combustion Devices
Atsb-nd

RSDHREH

Heal Exchanger
A1ED

Coil fracturefleakage.

SSME FMEA/CIL
INSPECTION AND TEST

P reparad:
Appraved:
Approval Date:
Change #;
Direcibee 4

Prarge;

-
T. Myuyen
19,04

CCBA MES M-52348

1Tof ]

AF

Failire Cauzpz

syrificant Characteristizs
COL ASSEMBLY
TURE ASSEMEBLY

VIELD IMTEGRITY

U ZRIFA D E RODT
WELDS RE0033°2 C_AES - 4

MATERLEL INTEGR. TY

Inepection’z) f Tagtjs!

ALLVWE_DZ ARE INSPECTED T DR&WING AND SFECIFICATION RECIHREMENTS PER WEL

CLASE. INGPCOTHING INCLUDT wviSusL, IMENSIONAL PERNSTRANT, RADIOGRAPHIS,
ULTRASDNIC, AND FILLER MATERIAL . AS APFLICABI F

DMVERIFIABLE ROCT WEL 0% ARF INSPECTED PER 0AWANG AMD SPECFICATICH RECUIREMENTS
AR APPLICARL F

YWELD GEOMETRY !5 IMSPECTED PER DRAWIMNG REQLIREMEHTS.

AN LD BORESUOFE PEMETRANT INSPECTION IS DONE AFTCR COMPLETION QF UL TUBS WYELERS,
FRIJR TOWELD FLUSHMG PER, DRAVINES REQUIREMZNTE. REN0ART WELDS 1-3, R539881 1
WELDS 1-2. '

WELD AND ALACENT PARFMT MATERIAL Vit t THICKMNESSES INSPECTED FOR THINMIMGE AMND
STEFS AFTER FLUSHING DFERATION. RE30088 12 WELDS 1-3, FRS00RET LWELOS 1-3.

TLEEWELDS ANE X-RAYT[: ANO FEHE TRAMT (HSPECTED AF TER RIACHIHING AND ETCHNE O
2.0 HBCIR512 WELDS 1-3 FER SPFCIFISATION REQUIREMENTS.,

ALL Gl ASSCRBLY WELDS ARE FEMETRAMT IMSPECTED OM "HE 0.0 AND MICROFDCUS $-Ra Y
INSPESTED AFTER HYBROSTATIC PRESEURE TESTIMG PER SPECIFICATNOM REQLIEEMENTS.
RE0033F1 WELDS 1-3, REAEGS1 2 WELDS 1-3. RSCI0617 WELD 4. '

TUBE wELD:S BORESCOPEL 2 10 AFTER HYDROSTATIC PRESSURE TESTIMNG RSIBE{1 WELUS 1-
2, REOG3M 2 WELD 4.

MATERIAL IMTESRITY 15 VERIFIED PER SPECIZIZATION REQURSKENT 5 (DOUSLE YACLUN MZ1 T
N6L CRES BAR PERRBMME1.O7 D]

=HE ot

Decemen] Refecace
[l it Tl
L4t R

o1t

FAMIIT-[-34
FAMCE HE
RA011932E
A § R
Fat113001

SACAES 1L
FRMIART]

lR&00R31z
REo03311
AAI1E-116

FEHEI12
REHIEA 1

AA0115-1 16
RACT1A-THIG

F3003511
fs00antz
RAO11T 006
RAOT1G-7 16

REDHEE 1L
RAE0O8332

203180077



Coprponan Ip: Combuslian Gevices LR b s
ZIL llem: A150-11 Approved: T. Nouye
Fard Humber: RSO0EAN1 Approval Date: Blara
Cempananl; Heat Exchanger Change #: 1
FMEA llem: A150 Plr=ctlve & DCRD ME3OY-5218
Failure Mods Coil fracture/|eakaga.
Fane: 2ol §
Failre Cause: Signifizant Feraciarnisiics Inzpectiontsl ! Tesms) Dooamenl Redere-ce «
A rdaTEJAL INTEGRTY THE STRAIGHT TUEING 12 INMSPECTED FOR CHEMICAL COMPCOSITICN, SURFACE FIMISH ARL REQ1GC-CE0 "
DISCONTIMUITIES, TENSILE AHD BURST STRENGTH, EXPANSION. GRAIN SIZE AMD EHARE,
SURFACE OXICATION AMN SUSCERTABILITY TO INTERGRANULAR ATTACK PER SPECIFICATICN
RECQILLREN EMTS.
THE TURIFG |2 ENSPECTED FULL LENGTH TC VERIFY ALL INSIDE aMil OUTSIDE DIMNMETERS AND
waL: iHICKNESS ARE PER SPECIFM-ATION REQUIREMENTS.
AFTER CYCLIC PROOF PRESSURE TESTIRG. STRAIGHT THAIMNG 15 ULTRASONIC INEFECTED FOR RaZiig-17d
iINTERMAL DEFFCTS AND TV IE O D15 PCHETEAMNT INSCECTED PER SPECIFHZATION RAII5 115
RPQLUIRFMENTS.
GO HNTEGRTY THE 0L 15 PENETEANT INGPECTED O THE ©.0. AFTER FORMING AND PRDOF TESTIMG PEXR RAII1G-116
SPECIFICATION REQUIREMENTS, SAMPLES FROMW FORMED COIL ARE IMSPECTED FOR WALL RAT] 238005
THICKENESS AND FORMIKG DEFECTS TO YERIFY ADEQLATE PROCESS CONTROL PER
SPECIFICATION REQIREMENTS.
>
1 ASSEMBLED COIL IS INSPECTER FOA BENTS, SCRIATCHFS AND OTHFR DAMAGE AFTER RLCOME
% FAHRICA S IGN PER SFPECGIF.CRT IO REJUIREMENTS
BRACKELS ARL INSPESTED FOR SLCARANCE TO LIMER AND HPOTP CHVECLOPC ATTESR ASSCMALY. RSaCLEf
R1 043
COIL 18 WISUALLY INMSPECTED OM SURFACES SUSCERTARLE TS DAMAGE WHENEYER HPOTF IS RLCMO3
AEMOVED O EVERY 5,000 SECONDE, OMASD VA 1B 82
COMRSE Ve 1HML 15
ASSEMILED COQIL IE INSPECTED FOR SECURE BRACKETS AND TUBE SEATING IMDIMPLES
WHEKNEYER. HPO™F 15 REMOWVED OF EVERY 5,000 SECONDIS,
5] Lo L BRAGKET ASSEMALY S B0
CHAMMEL =L LR I
GHAMMEL FesA R 14
EHAMMEE Pa0J3g13
CHANNEL RS04 A0S
CHAMMEL ASEERMELY YT LAGLE L
Cild RE004916
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Campenant Group: Combustion Davicas Prepares: L
CIL Ham: 815001 &pproved: T. Mguyen
Part Humber: RES00A101 Appraval Data: =5 e:ie]
Compenent: Heal Exchanger Change #; bl
FMEA har: AN5D Diracilve #: CCBDNE2.DM-c232
Fallura Made: Ccil fracturafieakage.
Page: Zof &
Talme Gauzes Signiliz ar| Charasieri| 28 Inapectian(sp/ Tazlls) Docurrant F=fampre
=] MATERIAL 1M TEGRITY MaTERL M EGHE 1 1S VERIFIED MER DRAVING AMD SFPECISICATION REQUIRFMENTS, [L5 00EHCS
RSDLOS13
RSICES03 .
REOCE610
RAO 718G
R 0-170
WELD HTEGRITY ALLWELDS ARE MHEFECTED TO DRAWIMG AND SPEC FICATICK RECUIRENENTS PER WELD FL1004 -
TLAGS, INGPECTIONS INCLUDE: wiSUAL, DIMENSKINAL FENTTRANT, RATICGRAF] NG, PAGSCT-02e
LULFRASONIC, AND FILI FR KATFRIAL, A5 AFFIICABLE. RAN115-216
RAD*15-C0
RAQT15-127
RA&T1MECT1
ATACKETS ARE IWSFELTED FOR COWNTACT BY HPQTP, HPOTP ENVELOPE, COIL SECURITY WITHIM  RLIC40A

BRACKET AND ARACKET SECURITY W IEMEVER HFOTR 12 REMCVED, NOT TO EXCEED 5,000
SECONDS

OMRS0 Y4 BLD.CEZS

[ TURMNING YViakE
MATERIAL INTEGRI TY

YANE INTEGRITY

FEAT SXCHAHGIR EINER
MATERLMY INTECGRITY

WELD INTESRITY

UYWERIFIABLE ROCT

MATERIAL INTESRITY 15 YERIFIED PER SPECIFICATICN REQUIREPAENTE,
WAKE CASTING |5 X-RAY INSPECTED PER CRAWIHG AND SPEC'FICATION RED HRFMFHNTS

WANE ASSEMOLY 15 FERETRANT INGFECTED AFTER MACHINING T3 VERIFYT BBESEMTE OF CASTING
DEFEZTS PER SPECIFKCATICM RECUIREMEMNTS

WAKE [ INSFECTED FOR THICKMNESS AND LE&DING EDGE RADIUS PER DRAWING REQUIREMENS
JRY-FILM LUBE 5 INSFEZTED FER SFECISICATION REGLIREMENTS

1-E wAHE |5 INSFECTED MR CLEARAHZE ARD DAMATE. WANE IS INSPECTED FCR CACESSWE
PACWENESNT AND DAVAGE EATH TIME HFOTF |5 REMOWVE D QR 5.000 SECONDS.

MATERIAL IKTEGRITY |S ¥W=R'FIED PER SPECIFICATIOM REQUFREMENTE.

MATERIAL 13 MAGHETIC FARTICLE INSPECTED AFTER CHEM MILL, AMNMESRL, 8D HEAT TREAT PER
EPECIFIZATION FECLIREMENTS.

ALL WELDS ARE IMEPECTED 70 DAAWING AHND SPEZITICATION REUIREMENTS PER WELD
CLASS. MEPECTIONS INCLUDE: vISUal, CIMENSIONAL  PFHNETRAMNT, RADICGRAPHIC,
ULTRASCHKIZ, AND FILLER MATERIAL, A% APPLICABLE.

UIMVERIFIRBLE ROOT WELDE ARE INSPECTED PER ORAMMNG AMD SPECIFICATYOMN REQUIREMENTS

WELDS REMIICT CLASS Il- AS AFPLUICABLE

E5S -1

REDXE684
EBEUIT-" 67

BIFIC1-0n
PGl 1 5-003

RECOA634
AALTI15-115

RECOBG34
REC1£0017

RECODEOS
Rl 043
OL'RSD VY BUC 0520

RS0 S006
REMIC {0
RADIE-115

F1d01

RADGCF-102
PAO7 5115
RAG 15005
Pl 5.02r
P BT



Gomponen®
TIL Thenr:

Part Mumber:
Ctwmepanent:
FIMEA Mem:
Failure Rtode:

pr Combustien Deviaces
A150-01
REQ08404
Heal Exchangar
AtED
Coif fractureleakage.

Api;med:
Approvel Date:
Change #:
CHracklvs 3

Pagw:

T. Houye

WRaE

1

CCRD MEM-5238

tof &

Fallaa Caases

&

All CALSFS

Higil-eznl Cha-aclerr=l-cs
ERACKET ASSEMBLY
CHAHMEL
CHAHMEL
CGHAMHEL
2HAKKEL
GHAKNEL ASSEMELY
ZAM

rraTERIAL IMTFGR T

WELD INTEGRITY

BESEMBLY ‘MIEGRITY

COLINTECGRITY
IMSPECTIOMN

GOl AMD BRACKETS ARE NSELE [EG 1918 CEFOMMATION AMD DAMACE  BRACKET TO PUMD

|nspesiionie) 7 Tesls)

MATERIAL INTESRITY 15 VER'FIED PER DEAWRG AND EFECIFICATION REQUIREMEMTS.

BRAGKE 76 ARE IMSMECTED FOR SECURITY AND CLEARANCZE AT MANMUFLCTURE, EVERY TME
HROTF 15 REMOVED COR 5,000 SECONDS.

BLL WELDS AFE INSTPCTRD TO DRAWING AND SPECSFICAT ICIN BRFDUIRFMENTS #FR WFEITY
CLASS. INMSPCLFIONS IMCLUDE; WISUAL, DIMENSICHAL, PFENE TFANT, RAMOGRANHIC,
ULTRASHIC, AND FILLER MATERIAL. AS &PL'CABLE.

ASSEMELED COIL M INSPES I ED FOR §2LURE BRACKETS, TUBE SEATING AN CLEARAMCES, AND

COIL IMOVERENT AFTER &5 SEMBLY, WHENEWVER HRDTP 8 REMOWED, OF. FER TINELYELE
AEQUIREMENTS

HEAT EXSHANGER IS ERNY CURRENT INSPECTED FOR PRIMARY TUEE WEAR AFTER THE FIRET
3,200 SECONDS DF QPERATIOR ANDQ SURSEOUENTLY AT AN INTERVAL HOT TO EXCEED 2,400
EECONDS D= JPEIATION,

CLFARANCE ENWVELCPE IS INSPECSTED 10O ASSURE NO INTERFEREMCE BETVWEEN PUM= AND COIL
BESCMELY WHENEVYER HPOTF 13 REMOVED.

ASSENBLY INTEGRITY

THEHAT F‘.EE TESTIMG aME ZHD E & M INSPECT NG VERIFT ASSEMELY INTEGRITY,

COIL IS LEAK TESTED PRIOR TO EAZE FLISHT. (LAST TEST)Y
HEAT EXCHANSER |3 FROQF TESTED AFTER EVERY HPOTP INSTALLATICHK,

Donimeant Refarzne: =
REDOE3ZE .
RE00e21s

R (g 24

RSCO89% 2

RECRAZE

RErga1]

REDDB215

ESO0A3IE
RIG08E33
REI108870
RGIER ™2
RBECATE-170
RESAT0-19E

RLOOOE
JMEED VA1RLDOEFC

RL I

RAZEOT-094
RAZIIN-1"E
RAIN] H-002
RAZLIG-127
L ERRERIG

RLOQ412
OMEED V41BL'0LDERT
DMRSD COUSAD HS

TMARSD YA 1BL°0. DEG
OMESD COOSR0. 145

RIIC S04

RL{142a
OMRED w4 1R002L25

FLOICSR-0O5
RLOKCEGR-0OF

CHIRSD VA1EFDOZ0
OMRSD YA 3F 0020
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Compgnent Group: LOmausno Lavicas

CIL Hem: AV5D.04 Appraved: T. Nairyen
Fart Mumbar: RSOTEEDT Appraval Ceata: BiniaG
Camponent: Heal Exghanger Changa #: 1
FMEA [lem: A1ED Dhraztlvs 2: CCED ME-0-5231
Failure Mada: il lracture/leakage.
Page; Sof 3
Failere Cauzes Signifizant Cheraclerstics Ingpetinns) ¢ Teskis? Diac am=rt E.:f,n.-.;_. e

Fai'ure Hisiony: Comprzhena ve ‘alere a'story dalais maintai-ed in the Proklem Reporiing dalabase (FRAMSIFRACA]
Ralerenza WASA [allsr SA2ER3LA and Reckeldyne leber BERCAZTSI,
Cperaticnal Heee Mat Apphicable

RE5 A0
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WELD _ JINTS
Campunanl Group; Combusilan Devices Preparad: A Hay
CIL ham: A150 Appreved: T. Nguyen
Campardst: RS 000 Approval Date: B/E198
Part Number: Heat Exchangor Chanie ¥ 1
L Er Dl rective #: CCBD MET 4t 6233
Fage: 1 af 4
Crificar |nikial
R FlIw Size nok
Sida MNed Detactah &
Somparer Biasdc Part Mumnkber Wals Humber Weid Type  Glaas Access HOF LCF Comments
HEX BV PASS LIMF F5004685 12 GTAK | X
HEX QUTLET MaMIFCLD REN0A595 1.7 GTAW | X
FIEX, CUTLET MaMIFCLD FrSU0AGAR 34 T |
HEX G| DIAF 2 TANK RSnnsan 1 GTAS i X
X CRIDIZER TANE RsnnEan z GTAW n
H=x CXIDIZER TAMNK R HEERN a GETAN I x x X 1ALS0}
HEX CXIZZZR TANK ALOEAN d T A4S I X x
HEX OXIDZER TAME RS MRS 5 GTAWS ! x X
Hi-¥ DEIDIZER TAME B AR 8.7 GTaW" f x
HEX 2 CHZER TAME. RE AR BT ST |
[MF¥ DD ZER TAME. RS NDARM AOFT) Ean |
HEY, QUTER SHELL RS5 OOEREE AiOrT EgN | (AOR
HEX JOUTER SHE'L RE&ACRANT aiaFT) GTAN | 14 J50
HEX QULIZER FaMk |LIMFR RS ICEBOE *.8 GTAL It X
HEX QXiDIZER TAMNE LINER RS IDRBOE 20-23 26- GTAN If x
AR 72-87
HEX QXIIJER TAME LINER RSICEDOL 24,70 STAM | X
HE% O FER TAMWE LINER RSICEROR GE,7 GTAN |
HEX OXIDIZER TAME LINER RE2CEAOE o855 GTaM It X
HEX X IDIZER 1ANK L 'NER RECOAEDS 9310 ST 1] X x
FRACHET RSCOIE13 17 GTAW I X
ARAGKET RSCIA43 Fa ERNY 1l
BEACKET RE0u2E1Y 840 ETAVY il
HEX INNZR SHELL 25023811 1 GTANY |
HEX .MMHER SHZLL RE0GA211 23 FTAV |
FEX GG R50083+2 1z GTANY |
HEX CCIL RSOME 2 3 GTAV |
HEX CCl REO0ea1 2 4 LAY |
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S5ME ' ACIL
FIELD CONFIGURATION YARI~nCES FROM GiL RATIONALE

Componenl 3houp: Cambusticn Devices Frepared: N Ky
Item Mame: Heat Exchangs: Approvad: T. Kguyen
Item Numher. A5 Aparoval Date: g
Parld Mumtcr: REOCHEN Change #: 1
DFractiva #: CCEDMEY.01-5235
Fape: 1af z
3aze Line Ralisnzla Warianza Change Ratianake VanartDazh Humbar +
- - —
1. A15091 TURE WELLS NO WWELD POSITIGH MEASURCMENT ASSURED THAT WELDER COMPLETELY FUSED JOINT. "WHICH 201, .44+
MEATURED T WERIFY WFI T MEASUREMENT. PROVIDES HESH CONFIDENCE THAT MO SIGNIFICANT WFLD DFFFLTS EXIST.
VACTH AnDO CENTERED DN USE AS 15 RATIONALE:
JOINT {0OF.BE.229) 1. WELD WDTHS EEAN FROM DRISIMNAL XS AN COMFIDENCE THAT

JOINT WA S COMPLETELY FIRSED.

2, THINWRALL ALLOWYE HIGH RESCLUTIOMN X.RAYS AND X-RAY -
EWHARCEMERT AND INTERFRETATION 8% LEVEL * NOE GIWVES ADDED
ASSURAMCE OF MO EMGMIFICANT DEFECTE.

3. ETGH AND TYFE IV PENETRANT AFTER PROWOF AKL HOT FIKE (1
RS008311 WELD 1 ASSURES NO SICKRIFICANT | D, DEFECTS.

4. HIGH RESCLUTICN LD, BORESGOFE INSPECTION ARTER PRIMIF AN HOT
FIRE OF REGE811 WELD 1 ANE REIDER1Z WELD 3 PROVIDES AODITIONAL
CONFICENCE THAT NG SIGNIFICANT |.O. CEFECTS EXISTS.

5. X-FAY AFTER PRCOF AND HOT FIRE QF REMIEI12WELDS 1, 2, AMND 1 8005
COMFINENCE THAT NO ZIENIFICANT DEFECTS EXIST.

2 ALE00Y TUEBEWELDS ARE M PEWETIRMMT BEFORE REAM FROVIDED ADDITIONA] COMPIDENCE THA™ 1.0, SURFACE DEFFCTS DO HOT EHARRLER]
PESETIRART INSPECTED EEFQ3E  OF PRIMARY TURE WELL | IF.5. EXIT.
REAMIHG (GE-BB-229) USE A5 |5 RATIOMALE:
THIN WaLL ALLCWYS THGH RESOLUTOM £-RAy5. AL X-RAY
ENMHAMTEMENT AND INTERPRETATION BY LEVEL 3 HMEE SIVES ACDED
ASSURANCE OF MO SIGNIFICANT DEFGCTS
2 ETOMAMD TV PE IVC PEMETSANT AFTER FROOF AND HOT FIRE Cr
RSICEETY WELD 1 ASSUHES MO SIGNIFICANT LD, EFFECTS
3 HIGHRESDLUTION |.0. BORESCOME INSPECTION AFTER FRODE AMND HOT
FIRE OF REDDBET WELLD 1 AND R3003312 WELD 3 FROVIDES ADMNTIONAL
CONFIDENGE THAT NGO SHGHIFICANT |0, DEFECTS EXIST,
4. X.EAY AFTER FROCF ANMO HOT FIRE OF RSGLES12 WELD 3 ADDS
SONFIDENCE THAT MO SKINIFIZANT DEFECTS EXIST.
5 LEAK. TRET PREZH TO EACH FLIGHT WILL CETECT THROUGH CRACKS,
F. RE00RZ11 WELD S 1.0, 13 FENETRANMT INSPECTED AFTER REAMING, BUI
WITHOOT ETCHING

RES-A740-17

A F_N 9
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LU!;IUHBIII: Lsradup: LB LSl b Lo e

[tam Mama; Heal Exchanger #.pp:ramd: T. Ngi;y&_-n
Iterm Mumber: A15D Approval Dake: = [, e
Part Mumhber: Reaogim Fhange #: 1
DMreclive & o8B0 ME2-D1-5338
Papge: 2n0f 2
fase Lire Ralonale Warianez Charge Ratignale Wa-iant Dask N ko .
1 A150-01 COIL WELDS ARE X- DMLY 3 2 RAY VIEWS CF CACH CGAVE aRDITIONAL 433 URANCE THAT SIGHNIFICANT DEFECTS ARE NGT <01, -4 *

FAYED (4 VIEWS) AFTER PRCCF  WELD. MO X-R4Y AFTER PRODF
PRELBURE TEST. {ECF 180287 FOR RSO0EE: Y WELDS.

DOUBLE VACUUM MELTING SFECIFICATION HAS A STRICT INCLUSION RATING <311, 341, 351,

I3 WERIFIED PER SPEC'F'CAT:ON 13 CIMMERICAL GRADE AIR
REQUIFEMFNTS (DOMIBLE MELT 313 CRES,

WACLIUM MELT 31EL SRES BAR

PFR R3O AI07M

MISZED AND THAT PREVIOUSLY UNCETECTED DEFECTS WHICH MAY GROW
TOCETECTABILITY IM FRCOOF TEST ARE FINND

USE AS IS PATIOMALE

|. PEMETRANT AFTER FROCF WOULD CETECT NEFECTS WHICH GROW TO
(X

4. THIMWALL ALLEAS HAGH AESQLLTION X-BAYE AND X-RAY
EMHANCEMENT AMD INTERPRETATION BY LEVEL 3 HDE GIYES ADELD
ASSURANGE OF MO SIGNIFICANT DEFECTS.

3 FTCH AND TYPE S PEMETRAMT AFTER PROCF AHND HOT FIRE CF
RIECIEEIT WELDS 1 ASSURES MO SIGMIFICANT [.0. DEFECTS.

4 LEAK TEST PRIOR TOQ EACH FUGHT WILL DETECGT THROUGH CRACKS,

REQUIREMENTS AND RELALMCES THE INCIDENCE OF MON-METALLIC G AT 3, 3 -
IMCLUSIONSTRINGERS WHICH COULD RESLUILT IM LEAKS A0 42, 431, <441 -
LISE AS 15 BATICHALE: £51 451, A7, -431

1. HEAT EXCHAMGERS ARE SUR JECT TO A FDST ACCERTAMCE TEST liass 491, -3, -321

SPECTROMETER LEAK DETECTOR (MSLEY CHECHK FER FLADISN.04 TO YERIEY
LOx CO'L LEAKAGE WATHIN AGCEPTANCE LIWITS,

2 FIVE HEAT EXCHAMGER FABRICATION UMITS UTHIZ ING &lR-MELT
MATERLAL WERE CRYQ-SYSLED AND MASE SPECTROMETER LEAK, CHECK
TESTZO TO VERIFY BIFURCATION JQINT INTEGRITY PER £0R 157925

2 ENGINEERING PROBABILITY AHALYSIS SHOWS | ESSENTIALLY NO
CHANCE CF HAVING & CRITHCALLY SIFED LEAK DSCLUR OURIMG A FLESHT
THIS AWMLY SIS WAS BASED ON CX TCHEIVE TESTING CF ACTUM. MATERLAL
SAMPLE 5 INCLUDING: INCLUSION CROSE-SECTIONAL AHALYSIS, CRYO.
CYCLING AND KPASE SPLCTROMETER LEAK DETECTION {(MSLD) TESTING.
REFERENCE UCR a0t1178.

4. ENGINEERING HAS DETERMINED THAT LEAMAGE RESLULTING FROM
BIFURCATION JOINT INCLUSION STRINGERS 1S "NOT HAZARDOUS TO ENGIME
HARDMARE" AS EVIDENCED B ENGINE 0209 WHICH SUS TAIMED THREE
NAINSTAGE TESTS WITH HROWH BIFURCATION JOIMT LEAMAGE WITHOUT AMNY
DELETERIOUS EFFECT 0N ENGINE HARDWARE QR PERFIRMAKCE,
REFERENCE UCR AD22612.




