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Efsctiviy:
Harand Flat'._ Ses Listings Bolow
Oparniing Phass Follure Mode, Dezcripfion and Effegt Criticality .
Opeeating Pheasw Fallure Mode; Critipafity:
¥ Loan of Fow cominal with energy o n the brine doe to mis-dineclion, of hinckege. 1A
Pallurs Causs{s}; Hmzerd Raf:
A En 114-02 Fracture of turbing ntst hag dus to vibmtion, thernal growth, ovar tsp, axcasshe loads, or matsdaiimiy detoct. A) BIZ/AMNT [AT] 1B2.1.1.1,
B. Vn 80 Fracturs o bafiows dus 1o wibeaton, hammal growh, over temp, exceselve loads, or matera¥mig defect. ;ﬁ:;ﬁgﬁ: 1‘5'21”1**:
C. th 118 Fricturd ¢f ballows shiakd due o VibraBion, therme growth, over temp, eucosshv loads, or materdal/mly dufect. 1621113, 182.1.1.1.4
0. tn 13 Fraciure of outsl doc! dus fo vibrstion, thermal growth, ovar femp, sxxsesive foads, twrbine biads Rors, or r ) C1SM (AT} 1B2.1.1.1.1.0,
mabteriaimig dofoct tH2 1113 1B2.1.1.1.4
E. Fallyre Causs Delated. 0] BISIAMT [AT) $B2.5.1.1,

1821.1.2 1B215% 1B21.5
F. i 112 or 113 Wsar or smosion of the habine Bp sanls i lo vitwations, themmal prowth, b, materlabinlg datect, comosion, FI BAS/AMG (AT 1B2.1.1.2
or FOI0.

Losa In Wrtina powst rasufin in decrmssed Row canesd by #1 contmilar which Inorsasss oxddtrer Row. B bk
Inw dischargm temp witl conan radfine shutdenn

Svatem:

Englrm shutdewm

MisolonVshiche:

Mixsizn sorub,

Losx of vehicle due o0 HPOTP furbing fallure may medt i not deteciad.

Dekits gotwnuked in flftng could cayze damage o the GO HEX downatream of the tebine exhisust
Bedundancy Scresas:
A: Pass. Aedundant trmrdveana ems are capabla of checkout dudfng nommad ground emarcund.
8: Pase. Loss of & redundant hardware item la delectalin deuring Sfght
C: Poma. Loss of mdundant hardware llema <ould not veeu® from o single cradie everl
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Dperming Phass; Exlure Modw: Cifticajity;
m Loss of Sow corrirol with snemy loss in the airbine dus t mis-frecion, o bBlockage. 1R
Falture Causals}: Hazard R
A, ¥n 11402 Fraciure of oebine infat ey tus fo woration, thermal grirwih, owver Lamp, sncassha Toadl, ar matsdalimiy defocl A} BISIAWG (AT 182.1.1.9,
H. ¥nao Fm@udbﬂrmﬂumdmﬂm.mmm,mm. excaseha Ioads, or matedatmig dafect, ;EE;:IL%E::Z:Eﬁtﬁ
C. U 118 Fractura of baflows shiskt dua to vibration, thenme! growth, over tamp, axceesive loads, o maledakmiy detocl, 1B24.1.13,1B244.1)
0. U 13 Fraciure of cufat duct dus o viwaton, harmal growth, ower femsp, owcasshe foads, turbine blacha fallure, of T} CASM [AT) 1B2.1.1.1.4.9,
materiat'miy dufact, 182.1.1.1.3, 1B2.1.1.14
D) BA5AMG (AT 1B2.1.1.1,
E. Faifire Gaurss Daietod 12112, 1B2.1.5, 1B2.1.5
F. 11201 113 Waar o walon of e urbine ¥ seals dus 1 vibrations, tharma prawih, nb, matsrlalimip delect, comasion, 0F — F) Bas/ARVG (AT) 121 1.2
FQD.
o
! Enllurs Effoct:
= Lo i burking power rasults in decroased flow sersad Iy the controliar wikch increasas oxidlesr Tow, Excass b
Wy i dischargs temp witl CaUSE Rading shiihfomr.
Syatemn:
Engritws shtriceram
Miaalond¥ehiche:
Nisslon abon

Losa of vehicle due 10 HFOTP turbirm fallurs may msH H not deisctnd,

Debria generaled i Tlfng could rerrce demage = the GOX, HEX downstream of the turbine st
Badwncancy Bopmiin:
A: Frse. Rodundant hardure tems am canable of chackout durite nomnal ground kumaroumsd,
B: Prem. Losa of & radundant hemtwirs Hem s datectabla distng Mgkt
C: Pmse. Lows of reduncand hardwars Bsma could not resll from a sivgls orodinles event.
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Farl Nama/h. Duxign Coneldsrations Dacumant Ref

A

T 11402 FARURE CAUSE A. The Wrtine kist hep Gafesa tha innar and ouvar avpats wals,

Infat hsp.
Tha thin cutar wall 18 & kil hoop camrying shie? which provides a support wal for he 12 cantievsmd sruts. The minda are pll
the aamn sirs for evan ioad diirition and have the 0.0, of the oo closad off by e outar wall ks ellminate core breakout
KTs. Ouwter wall thickensad arees ot the lading end tralling wiiges are optimizad [ mouce e concentratod sraasas. Tha
inner fiewnath wan apiil botween sinrts and |8 supported by the sWis. Thess festures Bré ol incorpanated to elimirets te
cracking suparienced during davelopmemt.
Vant holas In fhe outer Wowr path wa allow het gees parh blat into fin oss caviy 19 eeduos Hamai trogn, and reduca the
datta P on B fnor support, Tha bl have bean sized to allow suficlent flovr whits being smell sncugh to prevent s
Inzaalion of Botis oF murta,
Dual funciion pine tranaler the foad irom the Innar dome 13 the inkd cans, and hold tha seel eonconirde with the soal land,
T inbed ks Is boted B the oltsr e, and s mads of FWA-EP T80 (Wiom-Cusd Mar-M-247) which waa aslecisd for its
strangth in olyvated bempamyre hydrogen, and thermal shock, The kner dome (haatahlah]) Is PWA-SP 1143 {incoloy 909),
which was selaciad for e rayietance fo hydrmgan embritiomant, snd iow 2'pha which mduces therna streasss, _
fn ratpanse o the thermal cracking experdencad in devafopmant, an 0.0, loaxd ring mada of FWa-SP {074 N 1000 matedeal
has haen mmmmm-mmmmmmrmmmmmmmmmm E2rut iraling
adge. YWhils #k bacomes an non asparsbin plocs once Nstilied, H e dertfod as tn 114-02-02.

Te uncoupia thermally driven etrseans from the turbina Infiot housing, thu inled dome ulilzes a radially rém doma and wave
wisher apacer configuration,

The inlel housing LCF (e o tass then CET requirements, but Frscture Machanic LHe 18 greatar than CEJ, st no Inapaction DAR MO, D187
Amits Bro Impaaad (BAR 0181).

LLCF Iifa of the: |.D. kuad ring [i7n 114-04) aleo doms nof o CEI ke, bt the Frackis Mochaniea LFa #s graater than CET, 90 DAR MO, 0182
no inepcion imia mre imposed [DAR 01R2).

DVS 4.1.4.1.5.1, and .2 ata which requieg prool prassung, snd vibrastkn 1aats have boon cornpinted, s can be found b FA
207250 and 2073049, )

CA'S 4.1.4.2.8. 1 toal which requines resonancs testing has ndt yat been storaed.
DY3 4.1.2.8 which requires avuctural design anatysis of Tha fnlet waz comploted In 439 {FR 20729-04, nrd D8A)

' GBD FAILUAE CAUSE B. Tha primary function ¢ the ballows by jo compensata for the raimtve defloctions batwean the praburmor
nial bellowa and burbing infet dus to thrmala, proasura, ard mechanical koada. The hestsifeld Ia attached i e ballawa.

Keyleck aiyd oriantation 18 provided to Teduce Ki's In high stress amas,

Thé balavm matorial Is PWA-SP 1143 (incotoy D03} which was eatected for Ha resistance o hydmagen ambritternent, and low
gipha which reducis tharmal atrans, This b o fully machined baliows o eiminals waktz and improva (e,

Thia part meets CE| LCF recuiramants, bul deas not mest Fractuns Mochankcs fle, and & ke it and inapecion mquirsmant
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Ia Impoaed [DAR 0183), DAR HO, 0153

fin 13
Batdowrs shiakd

¥nn3
Outtal Duct

OVS 4.1.4.1.10.1 trbina batows pressurs Test 1o 1.2 fmes e masximen oparating prassire has besn, completed, and can
bafcund n FR-20729-47.

OVA 4.1.4.1.10.2 which requirs tataws and shisid resonant irequancies had been completad 1229, (FR 20730-17)

FAILUAE CALSE . The funcion of the batiows shiokd i ¥ provide B amooth Fowpath along ha oriside of the HFOTP,
Metarial usod b Haynes T8 (AMS mmmdﬁmmmmmhﬁ:wmmhmmumhhmm.

Vanil holes hav baan Incorpansiad fo reduce the dets P and thersfors burighng poteantial.
This part maats CEN roquinements.

FALURE CAUSE D. The cullst duct (TAD) mmmmmmmmmmwmummmmm
22 piruts are provided iof Suppost, 14 for shiEs fo a¥ach o T pump hag.

Th midapan sphtter Ia cast na m hA ring and hen siced betwoen ssch sind & sfiminata Hhamaly Inducad sirasa In the
apiitter Aitet redil. Tha hurbine-side endwall it alo sliced rdiafly between sach st and then cut dcumisrentially to croete &
Thematfy compsienl Bow guide i .

Exparlonce ik demonsimted a eracking condiifon of the integml TAD lorwan? cuber Fowpath wall dus 1o thenmeals. To comect
thia condiiton, an Ingdapandant sng haa basn incompoiated &x part of tha uppar vl assembly.

Davelopmant testing dermonsiratad & ioaas snsp cordition, Batwisn e tap url snd fhe lurbie dizcharga inmar wal, as wal
ns 8 crackirg condiion. To comact this, the curl [lowguide) han beon sepamied InciTa thie canlled duct by malkdng h an
Indapendan ploca, This cur 13 icwntiled sa b 282, and (s mods of PWA-ES 1144 (iricoloy 909) matedal, Gaskels mre
provided sl both tha fotwdrd and of [oirte {Es 2B B 284) phich am madu of AMS 5544 matorsl,

The sal {i'n 11) provides a partion of the Inner Aompath wall batwean e Sad blade exit and tha tict,

Thn TAD muat rsam® the thnrsl and torque frem ha urbine sisters o tha punp hag.

Englom beved losting ravesled a downatrosm impact on the englne tuming vana durmblify. A recesion to twa TAD aifad was
accomplished to siiminels this prablem. )

Matevied used L PWA-GP 14Bg (mar-m-247) for s strength in slevated tempamaiure hydimgen,

This part doss nal moet CEl requirements, and nepecton IMita hwrs bésen mposed (DAR 0183, ' DAR NO. 0188
DVE 4.1.2.0 which requinas struciured deslgn anabeis of $e TAD can be found in FR-20723-0TA

DVS 4.1.211 which requires & babine et fowpeth enalyala was completed, snd I documenied In FR-20804.91,

DYS 4.1.2.2 4.2 which mcuies » furbine et alr Hmw chamctarzation has beon partially complebad, and he Lost plan can bg
fourd In FA-20088-4, and FR- 20820-4, and 208935,

OVE 414162 raquires proof presaure tesl, and vibrakion mais, hes besn complatad, and can ba found in FR-20720-07A,
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Subwystem: HPOTP B50G - 4750000-700 . Propamsd by: M.T. Sponcar iy 32 105
Functional Aswy: Dive Turbina Ssction BSOOG2 Approved by: R.L. Pugh Rev. Drte: B inad e
CIL e D201 v. Dete: _Decombar os,
n NA FAILLURE GAUSE E. Fallura cathe daialad,
NiA
ffn112 & M3 FAILURE CALZE F. Tha wubine Bado Hp sedle which ara supparied by the fner vane support (TIVS Vn 097), end the cutar
Turbine 1p saaly vima suppor {TOVS ¥n 58], defina the flow path O.D. The safid guter blade Ep eaat (95) ring fs itegml with the vana asay,
Tha TIVE dosa nat mesi CE1 #a s0 an inspaction St has been impesed (DAR $193]. DAR NO. 91p3
The 20d vans carres the 18 and Znd O3, and the 3 vane saiies e 3rd OS. Thess vane siaemblies are segmeonted, and
fenther aania ere used bolween segruni t ool laakege,
Tha Znd vane dows nol meet CE) LGF [He, o e Fmibs hevs been Impoasd (DAR 2186). DAR NG 0188
Tha 3rd vare doas not mest GELGF Iife, bt dosa mest Freciune Mechank= Fe, k0 no Emite havs been Impased (DAR DAA NO. 0187

D167,
Meteral b microcast PAWA-BP 1489 {mar-m-24T) which vas seloctad for B strength in slevated hydrogen lamparsturss,
Theaa party are manufeciured with 8 procsss to control fow matt oy contamination (FWA-BP 109),
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Subsystem: HPOTE A500 - 4750000-700 Pripared Iry:  W.T. Spanicit i
Functonal Assy: Drive Turhiing Secfon BSOO02 Approved byr  RL Pugh _ !lnm Date: mnmz& T
CRLMem: 0201 . Datw: rag. 1695
nspaction and Tast
Posslble Caunas Signifiesnt Chersciaristics fnapecilon snd Teal Dacument Ref
Falfure Cause A Kuatarie! Intagrity Matariaf intugitty s veriiad psr spacification raquiremens. PWA-SP 1489
tn AT4-02
Inlathag
Hont! Treal Heat wraatl in verilfiad par apacifcaton requirément. PWA-EP 11-19,
PWA-5P 1488
INSPECTION
R Malnrist ¥-Ray per QAD SP-XAM Mastor
Finl shied Merturlal £PI - housing par OAD SP-FFM Mnster
Axnambly intagrity Loosiing pfna fior inner wal ars drilled af aseambly REi 013
Fits and ctearmnces of wxdal dimensions varftod par th sssemidy dravwing,
Supporting hardwars Matwrial Inegrity Malariel Intagity b vartied ger spactication requiremeants. PYWWA- SP tO74
0201
En 1 402013
Ring
MNEPECTION
Amy Materinl Sorflc par QAD
Hinkshad Maberis FPI par QAD SP-FPM Meser
EGI par CHAD SP-ECM Waster
Supporting hardware Marenal Intagrity Mubwin integrity ln varified ps apacifiaiion. PWA-SP 1074
020im
b 1 144
Fling
INGPECTHON
Raw Matarkd Sonfc par OAD
Finished Mataria| FF par QAD SP-FPMW Masler
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CiL Mo 0201

Supporing hamdwara Material Intagrity
Qe .
Fnif4-8
Fing
Supporting ha cwarns
0201s
' 11d4-7
Heatghlakt
INSPECTION
Paw Wairial
Firtched Matorial
Supporting hardware Materdat Intagriny
f01a
inam
Daflactor
MSFECTION
Finlstwed Malapisl
Fallure Cauga B MataXs Intagrity
i/n D8O
Bafloss
aat Tooed
Braza integity
m
|
~ INSPECTION
4y}
- HAaw Mptedal
Fhnlshad Mabarfst

Matarisd Intngrity s vorifad par speciication and drawing regulrements. AP 1074
Watarial ntagrity b vodiied por speeificaion. PWASP 1143
EDMA PWA.SF 97-R
Bonla par QAD
FFI par GaD BP-FPM Maogtar
Mutarnl Indegrity bs virilled par speciication. AMS 5508
FP| par QD SPEPM Mpshar
Matonia intagrity s veriflod por epeciication roquirsmems. PAVA-SP 1143
Hui Wrant Iy verifind par apacification, and dmwing requiraments. PWA-SP 1132,
PWASP 1143
Eircrm Intogrity b variiad par spoctization, PWA-SP 18
Sonlc - datal kovel par DAL
X-ray - Aasnbly vl parQAaD SP-NAM Mptor
ECI - Aseombly lovsl par QAD SP-ECM Mastar
EGI » Detal vl pey OAD SP-ECM Mastar
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¢Sk -4

Benko - Crons Drited Holes Orly per QAD

FF1 - Dotal and aszambly lavel per QAD

SPFPM Masin
Firaduce stats for tocking ey per drawing FadLiraments,
Pmdmh&hdufuodmhzhﬂnﬂhdwmmmm.
in-Pryenin Teating Hmfmﬂmtulnlmhmptﬂm b refloct proof Tactor pelted ot in REl a0%
Erginasring Inatnscticns,
Falurs Caurs C Matarial Inbegrity Materia Intagitty In vertlad par spociication requinemants, AMS 57
bn 115
Shiatd
INSPECTION
Fndahed Materkl FPI par GAD BP-FPM Master
Fallura Cause D Waieried Iniegriy Wataried trimgrty I vartlsd por spaciivation raguframents. PWA-5P 148D
nMa Fing malerial integrity fs varifiad per epecification requirementy. PWA-3P 1174
Oullat Dl .
Hont Treat ok irmad 13 mﬂmwm.mmnqurm FWA-SR 1119,
PYWA-BF 1489
MIPECTION
A Matsrig) X-ray par QAD EP-XAM Master
Hing Sonic par QA0
Finlahad Matsdal FP| parQaD SP-FPM Master
ECI pex QAD SP-ECM Master
Ring FPI par AD SP-FPM Manter
Aing EC per QAD SP-ECM Mastar
SUppORting hardwars Makerinl Inlogrity Matorial iningrity I8 verified per apaciication requiramants. PAWA - BP 1143
omid
fin 242
Flawguide
INSPECTION
Peyw Material Eonic par QAD
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Functional Assy:  Drive Turbme Sechon BS0002 Approvedby: AL Pugh Iwmm Date: _ Docembar 23, 1983
L Merm; 0209 Fow. Dotw:  Dacomber 15, 1995
Finlahad Matadal FP p 24D SP.FPM Master
Falture Cauas E Fafure causa dofated
Fokurd Gause F Matarial Integrity Matarfal intecxfly s varfod por apectication requiremants. FiVA-3P 1483, AMS 5539
Fn 112, 8 113 Comrol of low melt altoys PYWA-SP 108
Tip sanls
Haat Tros Hoat iraal 1 verifed por speciication and drawing mquiremonts PWA-SP 1117, PINAGP 18,
FYA-5F 1488
Brazs Intogrity Bz imingrity o vorifiod par speciication requirements. PWA-SF 10
m INSPECTION
'y Rew Matarisl X-ray pa GAD SP-XAM Maoter
n
€l
Firdehad Mataial FPI - Vans sol per DAD SP-FPM Masiar
FPI - Vann sassmibly baksu bruzs por 2AD SP-FPM Mastar
FPI - Yans sssembly sftar braze gar OAD SF-FPA Maxter
K-vdy - Vare oot por OA0 &P-XFRM Master
EGI - Vana sal par QA0 BP-ECIA Meater
Vann wall ticknesa varfied per drawing.
Supporting hardwarg Materlal fritegrily Matarn! integrity (s varifsd pos apecificafion. PWA-BP 1943
D2o1f
Un c9r
Suppornt
INSPECTION
Fisw Material Sonfc per QAD
Fininhad Pisiorsl FPI par AD EP-FPM Masier
All Causs Bansral Qualky Asquiremants; Buppllar Qie:lity Assurance requinemans ara Included In FW-QA-B07H, and Inclsds PWA-EP A

Auch raquiramants as frat place Inpouts. This reguires the documentabon of
Emensions on BT charscherstics regrexanted an te defiverad aticle,
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1mmmmmmhmmmmmmmpmw
mmﬂnmhhhnmwmwmhlnllnmmamqmmmh
mnawmmmrﬂmmmmmm. For shop
mmmmmmmumwmmum.
MWMMMMWWHpﬂhmﬂmp&uﬂhPWﬂ-SPm
ﬂmﬂhhhmFmamme.Mrnqmmmwﬂmmmuu
Matnrnl, procees, end dmenclenal information o ha Thrality Dapanmeant.
At piarcs mmmmumnmmwmnmmmmaumw DH EE 13
perfonmancs.
Meimanancs On nﬁmrlrnm basis, parforn & tbine Inigt borsscope on Poat Fit thru parl @1 Y41BUG. 128
and 31,1,
All Caupe Walwom mnmmmmmmcmtthMmMmeMmmm DAR NO. &8
13 TAD, &1 Hinlts are imposed [DAR 3181},
050 Ballows, .
097 THWE, mmmmmmcamrmmm;mm‘ummnm DAR NO. 0182
112 2nt Warm, mﬁﬁhmhnpou.d{bhﬂmﬂz}.
113 2l Vene,
11402 Indat Holaing, MHEHMGEILCFWMMMMFHM&MMH&NlW DAR NO. 0183
113-04 Logd Ring Amil s Wapaction requirsmsan In imposed {DAR D183)
Th;uzmvancthuthEEILCFHuaoﬂnlmmhwubtmhmm[DAH DAR NO. 0188
0104)
1111Hrd‘h'amdwndeEILGFdeuuummHuumHmlnhuWHuu DAA NO. Ota7
no KMl are Impossd (DAR 0167).
MTAdemmEEwmmnhﬂmmmm“bﬂm DAR MO, 0134
hrepoaed (DA 01 889,
mnvsummmcmwmunmmmmmhmmmm DAA ND. D183 .
{CAR 0133},
1 %]
1
.Y
n
iy




