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PIASE

EXCESTIVE HOT-GAN LEAKASE CAUMES SFECONBART TURBIME SEAL CAVLTY PRESSURE AECLINE ¥0 BE EWCEEDED, INITIATING EMNGEME
SHTHONN. WIT9koU SCAUR 1F DETECTED BY REDLAME. LOSE OF MENICLE DME 14 WPOTP FAILURE MAT REWILY IF NOT DETECIED.

[REDUNDANCY RCAEENST TURBOFUNP SYSTEN - SENSUR SYSTEN: UNLIKE REDUMRANCY

A: PASS. AEDUMDANT EANDMARE ITEWS ARE CAPABLE OF CHECKDUT DURING NORMAL GROUNE TURKAROUMD.
Bi PAEE_ LOSS OF A AEQUKDAMT HARDWARE ETEM 15 DETECTABLE DURING FLIGHT.
C: PASS. LOSS OF REQUNOANT UARDMWARE |TEMS COULD NOT MESILT FROM A SINGLE CRECIBLE EVENT.

ENCESSIWE HOT-DAS LEAERGE CAUSES SECOMDARY TURRIME SEAL CAVETY PRESEURE REDLINE TO #€ EXCEEDE®, IMITIATING ERGINE
SNUTOOMA. MISSION AMGEY [F WE1ECTED BY AEDLINE. LOFS OF WEMICLE EUE TO HPOTP FAILURE MAY RESALT |F MOT DETECTED.

CEOUNDAKCY SCAEENS: TURROPUNM SYSTEM - SEMSOR SYSTEN: UNLIKE PEDURDANCY

mEmEmErErEEEr T+ AR

Az PASE. REODLUHDANT HARDMARE 1TEME ARE CAPAMILE OF CAECKOUT PURIMA WORMAL GROUWD TURHWALDUMD .
H: PALE, LOYE OF A REDUMOANT HAROWMRE ITEN 19 DETECIABLE DIMING FLIGHT.
€: PASE, LOSS OF REOUKDANT HARDWARE ITEWMS COLRD NOT RERILT FROM A SINELE CREMELE EVENT.
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FALLURE CAUEE A1 ENLESSAVE CREARANCE AT THE FRIMANY AND SECONDARY MURBINE SEALING EIRFACES, DUE TO RUBKING R CANFPING

THE TURGEHE SEAL ARIEMELY MINEMIZE:S WOY-GAS LEAMAGE ALONG THE SHAFT JOURMAL. THE SEAL ASSEMALY COMSISTS OF A HOUSIHD (1) rS5-85M-11
AND' THT SEAL ELEMENTE. FHE HOUSENG TS FAGRICANED IR TNREE FIECER (HOUBING, WMETALKER, END PLATE) FROM I1KCOLOY PODX. {2 RS00TP0
INCOLDY 90X 1S AN LEONH BASE ALLOY WHICH WAS SELECTED FOR ITH TENSILE STRENITN AND RES[STANCE YO STRESS [ORROEION
CRACKENG AND WTDROGEW EWVIRDNMENT EMBRITTLEMENT {1). TMNE ALLOY TS SOLUTION NEAT TREATED AMD AOE-NARDENEE {2Y. &I¥
BANTIDZEQS- 16 SCREWT ARE USED TO ASSEMBLE YHE HDUSING. THE SCREW THREADS AAE CRY-FILM LUBRICATED FOR EQUAL LOAD
WISTHIBUVIDN AND FRETYING FROTECTIOM. TME HEX®S AAE STAEED 10 PAEVENT SCREV OIGENCAGEMEMT [21. DRY-FILW LUGATCATICW
15 ALSO UTILIZED AT THE SEALING SURFACES WHENE THE NDSR PADY OF THE SEAL ELEMENTS TOMTACT THE MOUSIWG FOR EASE OF SEAL
MOVEREMT (2}. THE SEALING SARFACE [3 GRQUND PO ACNIEVE A MECROFENISN SURFACE (2). MULTIPLE BADLAL PASSAGES ARE
MACHTHED FhOM THE PRIMARY MWD SECOMDARY CAVITIES FOR REDLNDANT PARALLEL DRAIN PATHE TC THE MAIN FUMP NOUSINO DRALINE
{2). THE HOUSING ASSEMELY 5 AASIALLY AND WNIALLY FPILDEED TO THE FAIN PAOMP ADUSING AND 15 SECURED WY 12 AOLYS, TAE
SEi ELEMENTY WRE RAGIALLY FREE-FLOATIRG T ACCOMNODATE EMAFT DYNAMIC BEFLECFEGHS AHD UFILIZE A OUAL MOSE PAD DESICH [N
THE DOMNSTREMM FACE FCR BYPNSS LEAKAGE PREVENFION (2). THE PADS NKAVE A WICAOFINISK SURFACE (2). THE SEAL ELEMENTS
COMTAIN AN OUTER ADAPTER RIWG MAMUFACIUREG UTILIZING IWCCLOY 905 AMD AN (WMER RING OF CARDON P-SM. THE ADAPTEA RING
FROVIDES AN THTERFERENCE FI1T T8 COMPRAESS THE CARBOM RING AMD HAS AMT|-ROTATION TANGES ON THE OUTER DIMMENER T LIMIT
TMGENTTAL MOVEMERT (2). THE CARAON RINOS ARE MAMUFACTURED UTILTZING FURE CARAON GRAPHITE, WHICH 15 SINTERED 1M A
PREFDREN SHWPE. THE MATERIAL 15 THEM IMPREGMATED WIVH LITHIUM-FLOURIDE TO ENNANCE VEAR MESISTAMCE (1). THE MAFERIM
WAE SELELTED FOR IFS WEAR RESISTAMCE, COEFFICIENT OF FRICT:AR, AMD LI0NTVELGAT RESPOMIE ABILITY TO SMAFI MOVEMEMT

¢13. DURIHG DPERATION, THE SEAL RINGS ARE WYONODYNAWICALLY CEWTERED BY PREYSURE LOADINDG DN THE COUVERGIES TAPER DETIGH
OF THE JWNER JOINMAL DEIAMETER (2).
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FAILURE CAUSE Bn  ENCESSIVE LEAKAGE PART STATIC BEAL DH TURBEHE SEAL HOUSIRG

THE TURBINE SEAL HQUEING STATEC SEAL [1» FNEVENTS BYPASS LEAKAGE OF HIXED CINLANT FHDH THE HEAT SHIELD HMIPFOLL:, USED (1} RES113A
TO THERMALLY PRECONDITION THE TURBIME SEAL HOT-CAS. THE SEAL 1S SECURED WM A RELLEF CAVITY BETWEEM THE TUREINE SEAL (¥} R53-B3TA-11
HOUSING AND THE WATH PUMP HDUSINE, AMD HAS A "W CONFIGURAT QN CROSS-SECTION [1). THE SEAL I3 EYMMETRIC AND (3] RLEOSS2,
INSENSITIVE TO DRTEMTATICN DURING INSTALLATION. SEALING IR PAOVIDED BY [NE CONPRESSION OF THE SEAL LIPS AND EWHAMCED CPI20R000%E

EY FRESSURE LOMYING BLRING DPERATION, THE SEM TS WANUFACTURED UTILIZING A-284 CRES AMD WME YELECTED FUR §TS

SFRERaia, pUCTILITY, AMD ELASTIC MODULUS {2}. THE ALLUY IE RESISTAMT T CORROSICH AND STRESS CORRGSION CRACKING (2},
HAROGEN EMVTRONMENT, AT ANY TEMPERATUAE, DOES KOT HAVE A S1GKIFICANT EFFECT ON YHE FROPERTIES OF THIE ALLOY (23, THE
SEAL 15 AGE-HARDENED AMD S1LMEN PLATED FDR LUBRECITY, FRICTIORAL WEAR RESISTANTE, AMDE ANTI-GCALLDMG CNARACTEASSTICY

(1). THE SEALIMG SURFACES ARE GROWMD TD ACHIEWE A MICROFINISE SURFACE (1), TEE SEAL 1S ASSESSET TO HAVE INFINITE LIFE
(3), MD [$ ROT TRACKED OF SERIALIIATIOM.




June Q1, 1975

| €IL NVEMz @&D0-16

g0t -4

PFOSS1EBLE CMIGES

T EETTET-mm—— - -—ffpLinasimEs

FAILUME CALSE A:

CIt 1TEM:  8400-16 |

AisassimssrmsEmLEEErEfr i A L I IEAET IEFEETAIFTr——ffLELSELEEEAEEEEEEmE

CNITICAL EYEME L1ST PAGE 3

EmEEETETER-——--—liEAsEEEEEE LEAN. I EEEEE I EES IEAEEE IEWEEEEEREEE EEE -

| BESEEN

FALLURE CMUSE €= EMCESS IVE LEAXAGE UNODER SHARFT SLEEVE DUE 10 DISTORTION #NOM RURSING

A SLEEVE MANLFACTURED UTILIZING IHOOLOT M3 15 WELLZEC ON THE ENAFT PO ACT AS THE BHATTHO SURFADE FOR THE TURBIWE SEAL
Wor-eAs RINES. [HCOLOY 903 5 AM IRON BASE ALLOY WNECH WAS SELECTED FOR FTE COEFFICIERY GF EMPANSEOM, FEKRILE STRENETH,
AND MESISYANCE WO STRESE CORROSION CRACKING AMD A¥OROGEW ENVIRONHEWT EMORITILEMENT £1)_ THE ALLOF |5 SOLUYION HEAF
TRELTED MWD AGE-KARDEMED [21. TVRE SLEEVE 15 FIRAL FENISH SROUED O THE SHAFT Y0 AGHTEYE CORCENTRICITY AND MUCADF I¥15H
SURFACE FINLSH REGUIREMENTS {2), THE SLEEVE IS FHEN PLAME SPRAY COATEG HITH TUKBSTEM CARAIDE To #RDVIDE A HARC FINISH
fOR ENMANCER WEAR RESISTAMCE, THE SLEEVE IE PADIALLY POSIVIOMED BY TUOD INTERFERENLE FILOTS OH THE SWAFT. THE
IMTERFERENCE F1Y RETWEEN TRE SLEEVE AWD SHAFT PRNEVENFS LEAXMIE WETMEEN THE PILON CAVITIES. THERMAL CONOUCTEON FROM THE
SLEEVE IS PROVIDEC BY THE SEAFT PILOVS WHICH WERYWIZE O1STCRTION FROM EXCESSIVE HEATIWG. VENT NOLES ANE |HCORPORATED
INTO THE SLEEYE T0 PREVENT DASTORT!ION FROH PRESSURE BLHLEUF. THE SLEEVE DETAIL NE HOI TRACKED WV SERIALITATION.

AL CAUSES:

TRE HLGE CYCLE RHD LOW CYCLE TATHGUE LEFE OF THE TUREEME SEAL, HDUSIKE STAL, Aub SHAFT SLEEYE HEET CE1 REQUINEMEMTS
£14. THE HIHIMUH FACTORS OF SAFETY FOR THESE PARTS MEET CE1 MEOUTREMEHTS {2). THE TURBINE SEAL, HOUSING SERL, AND
SHAFT SLEEVE FAREHT WATERIALS WERE CLEARED FIN FRACTURE MECHAKICS/MDE FLAW GROWTH SIMCE THET CONTAIN RO FRAGTURE
CRITICAL PARTS €3). THE COMTROLLER SOFTWAAE |5 CONFIGURED 1O OETECT MKD MESPOHD TO WHE FAILURES 1DEHTIFIED AND COMMND
& SAEE EWGINE STATE (4). REUSE DF PARTS DUR{NG OVEANAUL ARE COMTROLLED 6T THE REQUIREHERTE GF THE OVERHAUL
EPECLFICATION ¢5).

TUSPECTION AKD TEST

| SIGHIFICANT CHAAACTERISTICE 1 IMSPECTIOH(S) /TEST{S)
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RSODT%a4 - TUREINE SEAL
ASSEMELY
RSGOTPONF - EEAFT (ALEEVE}

MATERIAL EMTEGRITT HATERIAL INYEGAITY 15 VEAIFIED FER SPECIFICATION REQUIREMENT.

SHAFY SLEEVE IS ULFNASONIC [NSPECTEQ PER SPECIFICATION REQUIREMENTS.

SURFALE IMTEGRITY EHAFY SLEEVE TUNGSTEN CAABIDE FLAME-SFRAYING 1% VENEFIED PER DAAHING REOUIREMENTS.
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INSFECTION AND 1EXT

| SNGHIFICAHT CHARACTERISTILS | INSPECTION(S)/TES1[S)
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ASSEMELY IHTEQRITY

[REOGTRES - TURRIME SEAL
ASSEMBLY
JRESII3E - SEAL
|Rs0D¥T2R - walN BOUSTHG
IRI0OT I35 - FLANEE)

|HATERIAL EWYECRETY

HEAT TREAT
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SEAL AND SHAFT SEALITNG DIAMETERS ANE YERLFIED PER SPECIFACATICH REQUIAEPENHTE.

CLEARANCE BETWEEW THE SEAL AMD SLEEVE PS VERIFIED PER DRAWING REQUIBEMENTS,

THE PRIMARY AMD SECOMDARY TUREIHE SEALS ABE LEAK TESTED AT ASSEHELY #NO AFI1ER WDT FLRE
PER SPECIFICATION REJUIREMERTS .

|HATEREAL EXTEORIIY 15 VERIFIER PER SPECIFICATION AND DAAMIMG PEQUIREMEUTS.

1LRHIAE SEAL ASSEMELY 15 PEMETRANE 1NSPEC1ED PER SPECIFICATEOM REQUIREMENTS.

FLANGE 15 ULTRASONIC AMO PEMETRANT JWSPECTED PER SPECIFICATION REQUIRENENTS.

SEAL I3 FEMETRANF IMSPECTEGC PEA SPECTFICATIDN REQUIREMENTS.

HEAT TREAT 15 VERIFIED PER DRAJING AND SPECNETCAF)ON PEQGUIREMENTS.

[PAil HOUSING WELDS 22 & 24 ARE MASS SPECIRQMETER LEAK CHECKED PEM SPECIFICATIDN
MEDUIREMENTS .
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| IMSPECTION 3 )/ TEST(S)

SEELIMG SUNFACE FINISHES ARE IMSPECTED FEA DRAMIVE AND SPECIFICATION REQUIREMENTS.

IMATERIAL IHTEGRLITY IS WERIFIED PER SPECIFICATION REQUIREHERTS.

HEAT TREAT 13 YERIFIEQ PERA SPECIFECRYION REGUIAEHEMTS.

SLEEVE FLAME SPRAYING 1S VER|FLIED FER DRAWING AEQUTALMEMIS.

CLEARANCE HETWEEW THE SEAL AMD SLEEVE 15 IWSPECTED PER DAAMINE REJUTREHENIE.
SLEEVE SEALTNG SLRFACE I3 [NSPECTED FEN DRAWING RECUIREHENTS.

THE PRIMANY AME SECONOARY TURBEME SEALS ARE LEAK TESTED AT ASEEMBLY AMD AF1ER NOT FIRE
PER EPECIFICATION PEQUIREMENTS.

THE PLMF SUAASSEMGLEES AAE [NSPECTED DURIHS DVERNALL PER SPECEFICNTION RECGUIREMENTS.
INSPECELOMS ERCLUDE: VISUAL, DIMENSIOMAL, PENETRARY, AND REPLACEMENMT OF USAQE JTEMS AS
AFPLICARLE, PERX UVERHAUL LLASSITICATION,

OPERATION/PERFDRHANEE IS VERIFIED BY EWGIME HDT FINE TES11MQ AMD 24D E E M IKSPECTIONS.
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TORRUE CHECKS AAE PERFDRMED PAIOR TO EACH FLEIGHT.

|[oaIR FROM PAEVICUE FLIGHT OR NOT FIRE EE REVIEWED FDR PROPER VLRDOELMP
CRENAT IDM/PERFORMANCE.  {LAST TEST)

ATLURE HIEFTORY CATA ES MAIMIAIMEG [H THE PROALEH NEPOATIHG DATANASE (FRAMS/PRACK) .
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PAGE 1 OF 2
GIL JVEMS: BADD-XH | _ wors PSR RSOOTFY
e L L L L L L L L E T R R T I T T g ey S
BASE LINE RATIOWALE | VAR [ANTE ] CHANGE RATIONALE [* VARTANT DASH HUMBER
e L R L e T T
1. BMB-02, BADO-03 SECOHD  |SECOND STAGE WOZILE CARTINGE |WDT [SOSTATIC FRESS IMCREATES STAUCTUAAL INTEGRITY §¥ REQUCING CASTING -121, -§31, -r4r, 154,
ATARE ROXPLE CAETINE 15 NOT HAVE MOT @€EM HO! 1SCSTATIC  |WICROFORDSLTY. =141, -tr1, =199, -1,
ISOSTATIC PRESSED PER DAAMIND |PRESSED =M1, 211, 22, -5,
REQUIREMENTS. {ECP 1K-2R40) |usE AS ES RATIOMALE: -241, -251, -281, -a,
: . =201, -30F, =317, -18%,
1. LEFE LIMIT oM WoM KOT ISOSTATIC PRESSED ZWD S1AGE ROXILES REDUCES =350, -IM, -4
PROBARILITT ©F LOW CYCLE FATIGUE CRACKING RESULTIMG FROM EXLESSIVE
HICROPURDEIFY. C(OAR 294T)
Z. A PENEIEMNT INSPECTION IHTENVAL WAS BEEN IHPOSEC OR WOM HDT 1305TATIC
PRESSED 2MD STRGE NOZILES TO VEAIFY MO CRACKIHG M ENCESY OF ALLOHABLE
LIHITE.  (PAR 2147}
2. B4O0-13, A400-22 BEARINGS ARE PROCESAED AND LOWG TERH FATIGUE LIFE ©F BEARING |5 ENTEROED BY REDUCING THE ALLOWELE SIZE AKD {-121, -131, -1, -15t,
PROCESSEC: MNO IMSPECTED PER  |INSPECTED PER SPECIFITATION  [GIMATIVY OF ALLWARLE DEFECTS, : -1, 10, -1, -,
SPECIFICATION REGLIREMEMTE REQUIREMENRTS (RLOOSSA), -2, -4, -211, -IN,
(RLODD1S].  LECP M9} JUSE AE IS5 FAT!OMALE) =21, -39, -281. -2,
-291, -3, -911, -33%,
1. WEAR LIFE LIMIT ON DEARNHGY PREVENTS WEAR FROM CRCEEDING NLLOWMILE -3R1, -3IM, 404, AW
LIMITY. (DAN 2054, DAR P02 -R21, -4, 44y, -E51,
-4 41
2. CONTIRUED WSE HITE ALLOWMALE DISCREPAMCIES 15 COMTROLLED PEN THE
WAIMTENAHCE COMTROL OOCUMENT REUUIREMENTE {PA£-270%).
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CIL ITEMS: B&00-NK |
BASE LINE RATTONALE | VAR IANCE
3. BAG0-21 HOUSING PETAILS |[HOUSIMG DETAILS HAWE NOT BEEM

ANE ULTRNSONIC LNSPECTEG PER |UI.'I'IH.EBI.III: INSPECTED PER
ORAVING AMD SFECIFICAYTION IIIIMHII[‘- ARD SPECIFICATION

RECIREMENIR. {ECP &HB0% |REQUIAE PEMTE.
£, B&D0-21 FITTIK] ASODTTZ7-059 TEE-FATTING 15
. |NATERIAL IHYECRITY I§ MAMUFACTURED FROM AIR MELT

VERIFIET PER SPECIFELRYIOH 321 cRES DAR (0D-5-TEX CLE
FECUIREMENTS {IACOMEL THE, COMD AD.
REDIID- 153,

b
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FIELD COHFIGURATION VAREANCES FROH CIL RATIDWALE

hPoTR
| CHAMGE RATIUNALE

THE ADDED WDt PROVIGES ADOED CONFIDENCE THAT THE CRITICAL FLAY 21ZE 1% DETECTEN
IW THE PAREWT MATERTAL OF THE HOUEING OETAILS.

USE A5 [5 RAFICHALE: -
1. HWOUEING DETAILS ARE ACCEPTABLE WITHOU1 ULIRASUMIC INSFECTION DUE T A

PENETRANT IWSPECTION OF JHE HOUSING QETAELE, TIE PEMEVRAMT PRSPECTION
[9 ADEQUATE VO BETECT CRITICAL IHITIAL FLAUS UNILH ARE THROUGH TRALKS.

INCOKEL T15 MATERIAL DOES MOT EXHIAIT IWCLUSION STRIMGERS WHICH ARE SUSCEPTABLE
T CHEMECAL ATTACK AHD MAY RESULT 1N LEAYAGE.

|UST AS 15 RATIOMALE:

{. FITFINGS ARE LEAK CHECKED FOLLOWING PNOOF PRESSUNE TEST PER RLIDST.

7, LOADS THOUCER BT FAHRICATION {WELDIHG AHD PROOF PRESSUNE TESTING) ARE

HIGMER THAW DPENATIOHAL LOADS AND EUFFICIENT TO SCREEM -O5¢ FITTINGS
FOR LEAKAEE.
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P/ REODFT
VAR AU DASH HUMBER

121, 131, -1, 16,
81, =171, 4181, -1,
201, -211, -281, -8,
261, -251, <261, 27,
s2¢, =301, -3, -331,
-351, -371, -501, 411
421, -§31, -&&1, -451,
481, K71, -4B1, 591,
-5M

-1M1, -t
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