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SSNiE FMEASLIL

DESIGN
Component Graup: Combustion Devices Prepared: A_Ray
CIL e A155-M Approwved: T. Naqwnyan
Fart Hurmber: FO3a060 Approval Dale: g5
Component: Siregla The Hoal Exchanger [Phase |[+) Chaange #: 1
FMEA ILeim: AtiS Diractive #: CoBOMEI-01-5233

Failune Meda: Cail Iracmureffaakage.
Fage: 1af 2

Design / Dpoume 1f Refaience
FAILURE CAUSE: A: Coll parent maleral fracture, Fraclure doe Lo Faligue.

THE SINGLE TUBE HEX COIL WITH INTEGRAL END FITTINGS (1] IS FABRICATED FROM 346L CRES MATERIAL, 3'EL HAS BZEN OX¥GEN TESTED AND RATED BATISI 42 TORY. THE
STHEX MATERIAL 15 DOUBLE VALUUN ELTED ANU SUBJECT T8 A STRIST INCLUSION RAT P REQUIREMENT TO REDUCE 51ZE AND NUMBER OF INZLUSIONS FOR, IMPROVED
MATCRIAL INTESRITY (2) 1T EXHIEITS GOOD DUCTILITY AND FAPRICAEILITY, CORROE|ON RESISTANCE, RESISTANCE TO STRESS CORROSION AND RES|STANCE 70 |*YCROGEN
ENVIROMMENT EMBRITTLEMENT (3). TUBE WALL THICKNESS IS LIMITED TQO REDUGE THERSAL STRAINS AND EXTENG LOW CYCLE FATIGLE LIFF, TRE WALL THICKMESS
TRAMSITICNS GRADUALLY INTS EHD FITTING THICKNESS TO EXTEND FATIGUE UIFE (4. ARTIFKGIAL FLAW TESTS (4] WERE PERFORMED ON THE GOIL TUBING. THE TESTS
INZLIIDED CYEI IC | DANING OF DFLIBSRATELY INDUZED |.D. AND 0.0. SURFACE DEFECTS. THE RESULTS SHOWED FLAWS LESS THAN 500 OF THE TUBING THICKMESS 10 NoT
FROPAGATE. COILLOADING 15 MINIM'ZED BY THE BRACKET MCUNTING 578 TEM WHICH ACCOMODATES THERMAL EXPANSICH,

(1] ROIED4T () REOPGO-0T (3 RES-EHR1-10 {2 NASA TASK 094
FAILURE CAUSE: B: Loss of channelibras ket supporis.

THE BRACKETS '1| ARE FABMGATED FROM HAYNES 168 HAYNES WaS SELECTED FOR IT5 HIGH S IHENGIM AT SLEVATED TEMPERATURES AND RESISTANCE TO NOGDANATION Ik
HIZH FREEGUAE HYDROSEN (2, THE BRASKETS ARE CCMBCSED GF CHAMNELS [3) WELDED TOBETHER INTO A RIGID BOX 8 TRUSTURE WITH REDUMCANT. LISHILY LOACED

MELDS WHERE RECHIRED.

(1) ROITDEE {23 RES-BEA1-10 i3 ROI=344, KO39048
FA'LURE CALIRE: € Damage due taimpect from Frsgmented liner, burning vane, ar bracketz.

THZ HEX LIMFE (1) 15 FARRICATED FROMANCOMFL 003, IMSOMFL B3 WAS SHIDSEN FOR TS STRENGTI AND FOR ITS RESISTANCE TO DEGRADATION M HIZH PRESSURE
PFYDROZEN. IT 15 SEMI-CORRDSI0N RESISTANT AND RESISTANT TO 5TRESS CORROSION (2}, THR TURNING WAME (3 1S MALE FROM & SINGEE IMCOREL 625 UAS | ING WITH
FLEWEM ROSRES, TO ACCOMMOOATE MOUNTING PING THAT ARE WELDED TO THE HEX LINFR. THF TURHIMG WNE SLIGES OM THESE DRY-FILM LUBRICATER PRS WHICH
PREVENT BINDING DURING T IERMAL EXPANSION. THIS KZEPS CFERATICNAL STRAIME IN THE ELASTM: RANGE. THEREBY SLIMINATING THE HEED T PRO TG THE IKCOMEL 535
FRCM HYDROGEN ENVIRONMENT EMBRITTLEMENT [2) THE ERACKFETE (4] ARE FARRICATED FROMHAYNES 138, HAYNES 188 WAS SELESTED FOR TS STREMG—H 27 El SWATT
TENFEPATURES ANDFR ITS RESISTANCE TO DEGRADATICH 1N HIZH PREZSLRE FYLURDZEN (2). THE HEAT EXCHANGER WAS IMPAGT TESTED (5).

(13 RISICS0, 120 RSS 955410 [ RSI06684 (41 ROIMCAL, RIIT0ME (5 1L IEPHDOST
FAILURE GALSE: [x Tube wall waar at support pofnis.

CLEARANCE 15 PROVIDED BETWEEN THE TUSE [1) AND THE BRAGKETS (2) a0 LIKER [3) AT SELECTED LOCATIHYS TO PREVENT CONTACT CURING OPERATICR. AT ALL OTHER
LOCATIONS. THE TUBE |2 HELB I THE BRACKET BIMPLES TO MIMIMIZE RELATIVE MOTION. ASSEMBLY OF BRACKETS QKTO THE Z0IL IS PERFORMED 1IN SPECIAL TOOLING WIS 1
FAINIMMZES §HE FOSIIBILTY OF RELATIVE LOOSENESS. INCREASED iALL THICENESS OWER THE BIFURCATED HEX, IS 51ICH THAT THE TUHE WEAR WALL MOT SE DETRIMENTAL
THROLICHIUT THE OPERATIONAL LIFE OF THE HEA™ EXCHANCER

(1) RC3gd~ [y ROISM: ROZODMG (3 ROIIIED

FAILURE CAUSE: E: Tuba damaga during HPOTP remaoval Rind inslallatien,

THE TUBE (1113 PROTELED FACH QIRZCT FLMP CONTACT BY THE BFRACGKETS 42, THE BRACKEETS ARE DES'GHEL [ D FROVIDE CLEARANTE FROM THE PLIMP. ClIAMEERE ARE
FROVINEL fM THE BRAZKETS TO PREVEMNT DAMAGE IF CONTADT QOES QCCUR MURTNG INSTALLATICN OR REMOAAL .

(1] RO33049; (20 R2IIC44, ENIT0LE
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Lomponen 1.8 Combustion Devices FIYpaien. My
ZIL bom: LSS | Approvsad: T. Hguys
Par Humher; 029060 Approval Date: | HDD
Component; Single Tube Haal Exchangar [Phase I+ Change # 1
FIMEA Itetr:: AtEE Clrective g CEBD ME3-D1-5230
Failura Mode: Cell fractureticakage.

Pana: 2of 2

[hesigr f Document B2 erence -

FAILURE CAURE: F:Coil collapse.

TIFE HEX GOIL¢4) 1S MADE FROM JMEL CRES TUBING. 3161 HAS EXCELLENT OUCTILITY AND FROMIDES HIGH DAMAGE RESISTAMCE THWCK WALL TUBING KAINTAING ROUND CROSS
SECTION TOMINIRIZE COLLARSE POTENTIAL. THE ALLOY FXHIEITS G000 CORROSION RESISTANUE, HIGH RESISTAMCE YO STRESS CORRUSION AMO RESISTANCE TO FYDROGEH
EMvIROMMERT ERBRITTL ERENT (2!, COLLAFSE PRESSURE CAPARILITY OF THE CON MIETS CEI REQUIREMEMTS {3,

{71 BOATD4, 2y REZ-8541-10; [ RES-EHE CPISOROOOIS

FAILURE CALUSE: ALL CAUSES

1HE HEAT EXCHANGER ASSENWBLY PARENT MATERIALS WERE CLEARED FOR FRACTURE MECHANICS/MOE FLAW GRCWTH SINCE IT CONTAINS NO FRACTURE CRITICAL PARTS )
THE FRELGIL'WELDES ARE CLEARED FOR FRACTURE MECRANICSMDE FLAVW GEOUWTH BY TAE WELD ASSESSMEMT 128, TABLE &155 LISTS ALL FMEACI WELDS AMC IDFMTIFIZS
THOQSE WELDS IMWHICH THE CRITIGAL INTTAL FLAVW SIZE 15 NQT DETECTABLE AND THOSE WELDS IN WWHICH THE ROOT S1TE 15 NOT ACCESSIBLE FOR IMSPECTION. THIME
WELDS N WHICH THE SRITRCAL INITIAL FLaW SIZE |8 NOT DETECTABLE ARE ACCEPTARLE COR FLIGHT RY RISK ABSESSMENT 12) THE AMALYS!MS FOR YIGY AND LEYN CVCLE
FATIGUE AME MINIMUDM FACTORS OF SAFETY WEET CTEV SECUIREMEMN TS (3]

(11 HASA TASK 17 {2 RES-8756; (3 CEA2IROMAE
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SSME FMEA/CIL
INSPECTION AND TEST

Componant Gralif: <ombugllan Cevices Frepared; h Fay
Sl ke A155-11 Anprovad: T. Mouyen
Part Wtirtiter: RO3904 Approval Date: 1R
Companentk: Single Tube Heat Exchargst {Phass (1+] Change #: 1
FA*E A [tam: A1ES Qireciiva £ CCBEO ME340--5218
Failure Mods. Cof fraclurelsakatys,
Page: fell
Faivre Causes Slgnifizant Characle: stics Irapection:s) ¢ 12800 Acumact ReelEnee: »
AF ol 235041
MATEIIAL INTEGRITY BAR STODKKMATERIAL INTEGRITY 15 WERIFIED FER SPECFICATICK RECL . REMENTS. [REO1GE S0
THE STRAMGHT TUBING 15 INSPECTED FOR CHEMICAL COMPCSITICN, SURFACE FIMISH AKD RRHRBT 277

MSCOMTINUITIES, TEWNSILE AWND BURST STRENGTH EXFAMGION, GRAIM BIZE AKD SHAFE.
BURFACE OXICIZAT ON AND SUSCEPTIBILTY TO INTERGRAMLI AR ATTACK PER SPECIFICAT QM
REQUIREMENTS.

THE TUBING |3 INZPECTED FULL LENGTH BEFORE AND AFTER FROOF TEST TO VERIFY ALL
QU TSIIE DIGMETERS AMD WALYL THICKNESS ARE PFR S25CINCATICH RESIAREMENTS.

AFTER GYGLIG PROGIF PRESSURE TESTIMNG, STRAIGHT TUBIMS 15 LLTRASONIC INSPECTED FOR FECIED-D

INTERMAL DECECTS, AMD THE 2B 15 FENETRANT [MSPECTED P=R SPECIFICATHSN PA1Z16 025

FECUIREMEHTS. HAGT115-116
GOl 'tHTEGRITY THE COIL IS PEMETRANT INSFECTED OM THE O.D. AFTER FINMING AT PROCE TEETING PER REO1ED-07F

SFECIFICATICN REQUIREMENTS. FORMED COIL 15 IM3PECTED FOR VAL TMICKMESS AMO RANT]5-116

FORKWING DIFECTS TO WERIFY ACEZUATE PROCESS COMTROL PSR SFECIFICATION RACICE-003

RECUIREWEMTS.

COIL 15 LEAK TESTED PER SPECIFICATION REJUIREMENTS. HAD"15-105

COL 1S WISUALLY IMSPECTED OH SURFACES SUSCEPTIBELE TO CAMAGE AFTER FABRICATION FER  ROIE0SD
SPECITICATHON RECINREMENTS AND PER TIMECYCLE REGLUIREMENTE. RLZ1355

(ARG G 11y

ASZSEMBLED COIL 1S 'NSPECTED FCR SESURE BRACKETS AkD TUEE SEATING N CHARNMNTL
DIMFLES FER TINENGYULE REULIRENENTS.

R53 H



Compznent a:

Combustmn Uevices

cil linm: A15501 Appraver; T. Hguyel
PFart Humber: RO25060 Appraval Dale: Bty D
Camponant: Single Tute Heat Exchanger (Phase [+3 Change # 1
FMEA ltem: B15% Directive &: CCBD MEI-M-523A
Fallure Made: Coil Fractureleaksge.
Page: zof 3
i ure aysen 5 grificant Cha-asteisthe lrapecllongs) ! Tests) Ceocuront Rcfergize
H STHEYX LIKFR ASS5Y RIZWIRZ
BRACKET 2%a5
CHARMEL Ra3uua4
CHAMMEL RI39055
BRACKET SUPPORT AIY R2A028
P TERIAL IKTEGTY MATERIEL INTEGRITY IS VERIFIZD FER (RAWIMNG AND SPEC'FCATION RECIUIREMENTS ARIE £30E
RE017 - 16R
WELD INTEGRITY ALl WELDE ARE IMSPELCTED TO OPFAWIMG ANO SPECIFICATION REQUIREMENTS FER WELD L0
GLASS, ‘NSPECTIONS INCLUDE: vISUAL, OIMENSICHAL, PEMETRANT, RADIDGRAPHIC ANDFILLER  RAQ*EI7-07 )
MATFRIAL, AS ADELICABLE. Rl 15-7 T8
FANT 18- 105
BRACKET CONTAZT WITH HPCTP, HMQTP FNVALOPE, COIL SECHRITY WITHIN ERACKET ANM RLalkEs
ERACKET SECURITY ARE INSFECTED PER TIMEACYCLE REHREMENTS. CURSE0 YMIBLO 156
c  TUBMING AME ns0o9sed
LA TERIAL INTEGR T PAATERIAL INTEZRITY 1S VERIFIED PER SFECIFICATION RECINREMENTS. BB ¢ 8%
VARE CASTING IS X-RAY INSFFCTED PER DRAWING AND SPECIFICATION REQUREMENTS RFSI oo
I FAO115.005
' WANE ASSESOLY 15 PENETRAHT INSPFESTED AFTER MAZHINIMG T WIRITY ABSERCE OF SASTING  RAD1I15-715
E‘; DEFESTS FER SPECICHCATION RECUIRERENTS
VALEINTEGRITY WANE |5 IMSPECTED FOR THICKMESS AND LEADING EDGE RADILS PER DRAWING REQUIREMENTS.  RS00EER4
CFY-FILK LUBE |8 IM3PECTED PER SPECIFICATION RECAIREMENTS. FHEQ140-017
THE YANE IS INSFECTED FOR CLEARANCE AWD DAMAGE PER T'ME/CYCLE REQLUIREMEANTS. RO30057
Ri01025

HEAT EXCHAHGER LINER
MATERLAL INTEGRITY MATERIAL INTEGRITY 15 VERIFIED PER SPECIFICATION REQUIREMENTS.

KATERIAL IS FEMETRANT [NEPECTEDAFTER CHEM MILL. AKWMEAL, AND HEAT TREAT FER
BPEGIFISATION SEQUIREMENTS. :

HEAT TREAT HEAT TREAT 15 YERIFIED FER ORAWING AND SPECIFICATION RFEQUIREMENTS

WELD IMTEGRFTY ALLWE DS ARE IMGFECTED TO ERAVING AND SPECIFICATION REQUIREMENTS PER WELD CLASS
INZFECTIONS IKCLUDE: WISUAL, CIMIENSICHAL, PEMETRANT, RADIOSRAPHIC AND FILLER,

MATERIAL, AS APPLICARLE.

STHEX LINER AS5Y
BRACKET
CHAMMEL

CHAMNMEL
BRACKET SUPRORT PIM

OMBEED va{BLED 1
RO35047
RECI7)- 195
RAC145-1"6

RCI8047
FAZS1N-D20

RATSL -0
PAJF15116
FAT115-000

[ChE IR
RO293045
RO20044
RO
Tnanes
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Camponent Group:
GIL ltem:

Fart Humber:

LorH panant:

FMEA Nlem:
Failure Made:

Cambeetion Devices
AtS5.g1
ROJIOER

Singhe Tubo Heat Exchanger (Phase 11+}

A1ES
Coil frazluraleshage.

Approved:
Approval Date:
Change ¢!
Direcilve #:

Page:

T. Mguyen

/838

1

CCBD MEZ-Ot-52318

1af 3

Fail.re Zaumag

Signifcant Characlz- stics
MATERIAL INTESRI™Y

WELD INTEGRITY

UNVERIFLAELE ROOT
WELDS RE3MAS O30S0

irapectlons) ! Tasti=)
MATERIAL INTEGRITY 15 VERIFIED FER CROWING ANT SPRECIFMCATION REDINREMENTE

BRACKETI ARE INGPECTED FOR SECURITY AND CLEARANCES PER TINE/CYCLE REGLIRFMFMTS

ASLLUAWELDS SRE INSPECTED TO DRAVWING AYD SFECIFICATION REQUIREMENTS PER WELD CLASS.

INEPECTIQNS INCLUDE WISUAL, DMENSIOMAL, PEKETRANT, RADMOGRAPHIZ AND TILLER
MaTERIAL ASMNPPLIGAELE

UNVYERIFIABLE ROOT WELDS ARE INSPECTED FER DRAWING AND SPEGIFICATION RECUIREMENTS
AS APPLICABLE. ALL CIFS ARE THROMMGH FLAWSE WHICH £AM BE DETECTED BY THE M4
PENETRANT INSCECTION O 1HE FAUE SIDE.

ASZENBLY INTEGRITY

ASSEMSLED COIL IS IMSFECTED FOR SECURE BRACKETS, TUEIE-SEA:I'ING .H.MD L E_AR.MIEES-IND
O MOVEMERT AFTER A55EMDLY AMND PER TIMECYCLE REQUREMENTS.

ALL CAUSES

FalLre Hizlory:

COHL INTEGRITY
INSFECTON

AEZEMBLY IMTEGRITY

COlL AND DIRACKETE ARE INSPECTED FOR DEFORMATION AND DAKIAGE. BRACKET TO PUME
LEATWANCE EMVELOPE 15 INSFECTED TO ASSURE MO INTERFERENCE BETWEEHN PLMP AND COIL
ASSEMALY VHENEWYER HPOTPR |5 REMOVED.

THE HOT FIRF TESTIKG AND ZNO E & 1 INSPECTIONS "-"EFHF-"I' eSEEMBLY 1N TéGHIﬁ,

COIL NG LEAK TESTED PRIGKR 70 EACH FLIGHT [LAST TEST ).
FEAT EXCHAMGER |5 PROGF TESTED AF-FR FWERY HPOT 2 INS TALLATIOH,

Comprabentloa falurs history data is mae-taired in the Prob’er Reood ng delabase {PRAMESPRACA)

Refarance: YARA [eler BA21RAL0S and Rockeidyrm [ellar 3ARCLOTET.

Operatianal L5 a:

Wal Applicat'e,

RES- 11

Oezcurient Re‘sence
ARG BECR

RHEI37 135

FeLo DG

OMRS0D W 1B 115

RL13211

RAAENr 07
RAM15-7 15
RADL15 OCS

Ra0118-118

RL:]"F-GEJ
CMRED VIS H 115

FLO1IJES
MRS v4 1800 125

RLIDCS0-0c
REOO0SE. D
RLONGER-LT
ONRED v41BP2.02]

DWRSD V41BPC.E30
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WELD JOINTS
Component Gropp: Combaslian Devlces Praparar: A, Hay
CIL llam: A1ES Approved: T. Nguyen
Companant: RO390ED Approval Dale: grargq
Pa=t Humber Single Tuba Heat Exzlanger (Phaze -] Change #: 1
A155 DMrective #: CCHD MEZ-01-5238 =
Page: 1al 1 i
crirealinif=t
Rogt  Flaw Size Mot
GCide Mot D[Eteciacie

Camgpcnznl Eagiz Part Number Yvald Number Vink Type Chzs Azears HCF ICF (ammen
STHFX COIL ASZEMEY RA32CA0 1 Eaw |
SIHLE ZDILASSEMBLY Rar2d40 2 EBW f
STHEX XRACKETS ROAI45 1-2 GTA I A
STHEX FRACHETS RO3I04E 4 ST 1 b3
STHEXR BRACHETS Jpcial 1 ER 1 ST L} X
STHEX LOWER LINER FO3a047 - Ly 1 X LS =
ETHEX | DwdFR | IMETE RO3A0s] ‘-1 GTAN I} ¥, LS X
STHL# LoweER LIMER Ro3tnsn 156 GTAW 1
STHEX LOWEDR ! INETR: RO3e05) 157 TSTAW |
ETHEXL LOWER L INFR RC3S050 {21337 58. STAW 1] H

173
STIHEL LILNWALFE LINER R0 35050 1470 47 " dB- ETAVY | X,

155
ETHEX STRUZTLIRAL Se[=1 RI118051 5 EBWY 1
STHEX BYPASS LME R39CE4 12 GTAW 1
SVHEX 0|0 TANK PRESSDAMT IIYCEC ROZ P0G 1
STHEX 42 TAYK FRESSURANT RO393ED z GETAV 1l A )
STHEX OXI12 TAMY FRESSLRANT ROEFIETROIECH 3, ST 1] X 13 LS
ETHEX QXD TAMK FREEZURANT RO300ED, RN LA 1 STAVY Il x Ed #
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SSME AL

FIELD CONFIGURATION YAR. .4CES FROM CIL RATIONALE

Companent Group: Soambirstlon Devices Prepared: A Kay

Ibart Mame: Single Tube Heat Exchanger (Phage I1+} Apgroved; T. Hyuwyen

|lem Mumber. A1EE Appraval Date: R0

Part Numboar: FREI%0ED Change - 1
Dirapffwp #: CORAD MEJ-CT-5228
Fage- 1aof 1

Haze Line !‘-.a1i-:|:a'e Waciaree Changz= Ratianalk “a-ianl Dazh r.lumhﬂ: -
1 MO RATIONBLE EFFECTED CUTBACK TURMING WAKE CUTBACK DESIGH WAS INPLEMENTEDR TQ STCOF CRAGKING OBSERVED WHEN  ROO35E4-025
FODIFICATION EXISTS OMONE ATD HPOTP WAS USED,

? MO RATICHALE SFFECTEQ

POAwEHARAD BSEEMBLY.

USE AS IS RATIONALE:

I-?ﬁﬂgﬂm WELDF 34 A EXIZT CN 3
FOAWERHEAD ASSEMBLIES.

STRUCTURAL ANALY 513 SHOWS WO HFRE FROTECTION REQUIRED ROGO0E - 11

R3586740-41



