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RI s BB BRI S A2 I EE B E R G R L TR R 2
R (2 77E3 72 (Aviation Safety & Security Program, Viterbi Engineering School, USC) 4
s i S B A A ERAE (Gas Turbine Accident Investigation, GTAI) » $R B AGIRTE
JrGEST - N 3 KifiA K 12 75 » BFE © — ~ IR B E - 18R Enik
7T ~ 20w R B A R 3. BB SRR P ET - 4. BEIHA ST =
MRIRFELRET - 1062 W85 ~ 2 M RIEREHERAZ - 3. IRBUE AT ~ 4. 5B 528l
EGERRE ~ SAMRHESE AT ~ 6 MR ERIERET - =~ AEEBEEM - 1. USC
=R T B B R (SEM Lab) ~ 2.8 n 38 B 8 8% i (7 5 SR (Aviation Safety
Lab) o 48 HERIEEEIE R R HHV R B H B ZBIHIMET - S4llE G AR im st ek
WO P E BB SR BB - B IPAY e S B R G AR T -
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TSGR E T > SFFREREAVEEIEE 2 — - BSHIRE iz s - femlEE R
BCIER - R AR B E R HEN AR - A6k 5 50 b A AN S A RE S8 s
SEENRER AT AR ~ J7ALURAHREAE > MRHZE A BE R A 25 B s R E 1 -
{SEEN 5 B i S e R R B RV SRAIAE - -

Ao 2 B R SGR A SR 200 2R R IR B 4R L TR B2 e fiii e 2 4
BERZE2F2 (Aviation Safety & Security Program, Viterbi Engineering School, USC)# &5
7RG B EE T 2 2 F2 (Gas Turbine Accident Investigation, GTAI) » £7 F B 42
J7=ETT - N 3 KIAIA R 12 75 » BfE -

— AR IERE - R EERE T RSB AL ~ SRR AR
B~ BRI

=~ PRHRRERET - A i ~ MRS AR R ~ SIS
EHRGIRRS ~ MPRHESREZ T « AR BIHET
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[1]

A8 B B ELRAR - USC falii=(E A B e . (SEM Lab) ~ JEim a8 Bk
YRR VR (Aviation Safety Lab) -

— B

GTAI 3| @RI R T2 NN USC Viterbi Engineering School, Aviation Safety &
Security Program 5828 T LAX Airport EHYERFEZE ~ Alhambra E&HYRZE 5=
(Aviation Safety Lab) ~ DLz USC Rl& A Y 88+ 4 85% B 5525 (SEM Lab) » SR ERSRAZE )T
TP o B BIEHE T - APRHRZEARRE S - B - S0 - REL - I EE
RN IR B T ~ WET © TSR HERIGIE B R B UM G A2 i B
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DUR 53 Bk SR B s RA2 22 R -
21 TR

RN IEe SaE NGt TR Il SRR UE 1PN S w1 G R VA= 07 S A R e
em s BIEE A0 Ken Wolski 5 - #7RHAZZEEIIH Doug Pridemore 5% -

Ken Wolski #3455 Embry-Riddle ffiZ¢ A2 (Daytona Beach - 1980) » #EAfiZe
BHFRERTERAL ~ LUK FAA S0ATZ 2 et S 451 - B ] 248 5583 - Mr. Wolski £
PRAIH R S B ELERG GE Aerospace /X EI(EHRAT 40 4 » EEE(THTS 2R3 - 7Y
SR SR R T 4 TAZ RIS o (R SR IR T4 2 9535 » Mr. Wolski 77
SR AR N R BT 37 1F - B AEERTEESHHEES > M.
Wolski E#&{T: GE Aerospace S 2 #9019 F- (1547 E (Investigator In Charge, IIC) » &
HHEEHE GE HEIA BRI MM SRS /RSB m4 B4 M601E-CF700-
CF34 ~ CFM56 ~ CF6 ~ GE90 1 GEnx - F& R piAIEIFESEE ~ TISK - EX7E ~ 0N ~ 4
PERE ~ TETTR ~ DEEY AR - R - fE - REHE - HA - o - SERE - BT - (REARHT -
EHIERIGE - 2020 4£ 5 A > Mr. Wolski [ GE Aerospace /N E)E{k o

FEZERSEIS > Mr. Wolski A48 75 20 £E5 > — B A FAA 5%J7>35E] Oklahoma City 119
i#f 27 = WTFEHT (Transportation Safety Institute, TSI) FFzmfn ¢ EhidEHEHARE - B
ARQ024)EFEHE - Z B NI LR L TR M ZE 22 2 AR 2 HERE » BidA
7> GTAL SRAE o L sl i S B A a7y - WA -

2.1 st EhHER EIEREEE Ken Wolski



Doug Pridemore /3B HHE KA & TR A T RAEL - fEE2 A EREIR
B @AEE G ah M S Mt TR FER A ERE AT BN A i s B S
i Rolls-Royce (7 £F) & GE Acrospace (28 )Tk > HE S TmEEEIHRITEIRE AT > B
i ENARHY SRR - SR e Cfdmis ~ #y) - =AY (BR%EES - e ) 202
watik (EREER - 28) EEARENEHFHELS - HAT Mr Pridemore E£EH GE
Aerospace 2\ FEIR{R o M AZHGE(ERZ 2L 5] TEENIA #E £ 4 E (Engineering Material and
System Deptartment)#E {75 &5 IV i S AREf] -

Mr. Pridemore #53% | %A RIS EIBUTATIERIR R SC - FB0 S (B @R
HEAWTFE > (EEAFIEHYE S st AT RIUR - SEtHRe A B ReY 1% - At
Mr. Pridemore J&{555E:/@5 @ (American Society of Metals) Z{T- /L - fERAIE
TS A AYALER T TH > Mr. Pridemore EREIASNET ST % (NTSB ~ fl1ZE A TSB ~ JAE] BEA »
HEZEEE) AEXWNEE MR EE T2 HZBEHe B 8Edk
# % (Uncontained) 5% B3 TR 55 1 R E3E50 B2 2Rk A ~ B A B2 T %80k GE-Aviation
25| SEEEIEE S o B 2003 45 - Mr. Pridemore 24 B 4G HEAF SEE R 0N A E2 4
FrEE TR SR Bef 22 4 S R R 2 i i 2 B B HGH & (GTADSRE T A R AT RHA
REEETHE -
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2.1 2024 USC ’Hiiwas Bt B SR ic E R

HEF  BERE |
Day 1
2024/03/25
0800-0900 GRS ~ Sl SRR 1
0900-1000 SR E - B e
1000-1100 ThEREEENIERG (1)
1100-1200
1300-1400 TRERSE BN 1 (2)
1400-1500
1500-1600
Day 2
2024/03/26
0800-0900 AN
0900-1000
R N G W T
1000-1100
1100-1200 J BRI i R ity
1300-1400 USC Rl \E T Em=E Y
(USC Scanning Electron Microscope Laboratory)
1400-1500 1.SEM 5 {# i /7
2.5%%%}# M PR 22
1500-1600 3. AR AR IR 22
4 B P E TR R
Day 3
2024/03/27
0800-0900 NI R B G RE
0900-1000 MBS AR T
1000-1100
E RV E ]

1100-1200
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1300-1400 TR S BN SR B E(D)
1400-1500
1500-1600
Day 4
2024/03/28
0800-0900 e S SR A S (Aviation Safety Lab)
1. S H ZEFER A
0900-1000 2RI T4
3. fE e EE B %T’Em
1000-1100 A4 R B AR E SR
1100-1200
1300-1400 VAL ERE i SN ()
1400-1500
FHEHEREFEER()
1500-1600
Day 5
2024/03/29
0800-0900 FHEEEE P E S (2)
0900-1000
SRR B ZE IR
1000-1100
1100-1200 GER=
GESESEENENY
1300-1400 e =M GEE
iy
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1500-1600
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AFI s B R EGR ARG A2 E 4 (HEIZR ~ 6 (B [F BEALHYTRTZ 2254
HiIFEERRSE - BESEEIINUEY R E TR 1 8 ~ 256 Global-Aero fREZ
H] 1 & - 32K Flight-Safety International fiiZ5 2% 1 & ~ /5 Embraer A% /\E] 1 & ~ {5
WiEmZeZAY | B URKREERTSRELZEE 2 & $ET 7 2282854 -
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3-4 et EHREE AR E 3-5 MRHNZRBEE R E

e PRTE RS TR - BRI h ~ IR EBIFEER - RIS %
JRARA » USC MR LR TAEZEE Y 1 H USB B S T XA SHIEE - TS
TR CHIARTS © AELRERE SR e T S TH AR £ RN BL S sR it |

31 EEREIREAE

k3% Ehi%(Gas Turbine Engine) S FyIE SRS N % (Gas Generator) » J&— 0 H1H)
i oy S RAG B RE A Ry AR (R T ~ EEARHEDRVARE > MiE [ X B FRRR 4 25 (Gas
Compressor)Edj&fi(Gas Turbine) A - 4] 3.1-1 FoR - FESEBIET - #8 ARYZE
SR I T AR BRE AR A — S B SRR IR BARE - LR RE HH SR B IR TR T2 (Gas
Path Expansion Process)f{b/&EaE (ZEE) - —Bl (o HEEimdmis e RikinEn 1 - Herdl]
EEAEAET](Thrust) ©

COMPRESSOR TURBINE NOZZLE
D »
» e

[/

INTAKE COMBUSTOR AUGMENTOR

o>

»

CERRWEIEN A



IR HE TR HAYAE - ATy R DU = Y S B A
1. JERIE S S EhH%(Turbojet) © KX FFANE TSR ZEHETT |

2. R, R R IRES S B (Turboshaft / Turboprop) - ZHEBE S Emts, (HEHh
ENSREEE L) (AR E S E R |

- im R SE B (Turbofan) + 77 i B R i Bla B Ly LU E A HE T

e O e S BUSIR A UR YR P AN 22 2 i o) 2 (o P B 2 > mTBS 2o i it
G SE BN e iR e A SR B [V S SH & - Rk AR CUS iR e A S5 B DLUIE et
IZERZE SRHVER S » 18 R AR AR 2 S A e T o FE s b IR - U e AR USRI
H A AL RSN EER (A 22 SR B BLm AR S Fh P N B R 22 S B A E — LR BIRE & -
iz By T 5538EL | (Bypass Ratio) » SIS » WIFSEIEAISFMBEL B 6:1 1 - IR
RPN ZE SR R R AR S IR B 2 SR EE Y 6 1 - =LA B B =55t
FHERVSEBIEIT S - 49A 75~80%MI8EHE T/ ER (FCRI) FEL » {24 20~25% 2 H
o (ERm) EA -

HRARHY e RS BRI E B S KR fEsT LS 5 8 T2 4EE 1540 (Engine
Maintenance Units, EMUs) » #[I[& 3.1-2 A/ :

1. JEf5(Fan) : #EERZS(Booster) ~ JE 55422 (Fan Frame) ~ JE|55f%[H (Fan Cases)

2. #ZN(Core) : [ BREA = BRBR4E 23 (Low / High Pressure Compressor, LPC / HPC) ~
IER ES(Diffuser) B {7482 = (Combustion Chamber)

3. =B ER(High Pressure Turbine, HPT)
4. {KEESim(Low Pressure Turbine, LPT) » Jf&ifif 1% %245 (Turbine Rear Frame, TRF)
5. [ffff:(Accessories) : tafimAs(Gearboxes) ~ SFBREIE R K 2 &b

RS S BT B A% » BRI MIHYZE R AR EIE N « By T i s R AR
BIRREM: - RE R BYIMNE 2 2Rl E 275 S i (Shoulder) » %1fE 3.1-3 < #ZLMEHAE
FREEES BN > IKIE SRS = BR R B 5 a1 0] 43 7%@5[/)ILJQ(AXlal)‘E—ﬁmEﬁ/)ILEE(Centrlfugal) R

M



R4 25 FE P P T i (Rotor Structure)BLYMAIHYZE T [H (Stator Cases)sH A MR »
WE 3.1-4 K 3.1-5 AR > A ARBZER ~ QS0 Rl s i i i T e = R T H.
A% > i ] A _E Y TS e 745 (Variable Stator Vanes, VSVs) » #E IR R /4
PUBE S ERE TR 2 RN R - IR A S EIRATMERE - I > WS B - HEA SR
RAYZE R, 8 EE RS PR RO T T B 1% - AREE = BN S fTiohsee - Hod
PRABE =P REH A H iR 2O 6 % (Can Annulan) EEER RLIPARE = (Annular) ifE - 411E]
1-6 2 3.1-7 fior > S ZRARE -

1y

S

MODULE 1 MODULE 2 MODULE MODULE 4
FAN STATOR CASE FAN 72 -
FRAME | COMPRESSOR STATOR CASE | COMPRESSOR | HP LP TURBINE
[0 REAR TURBINE | typpiNg REAR
LRt FRAME STATOR | gTaTOR FRAME
SUPPORT| casg

\
NI L 4 G
F St {/ N ~ <&~Ju Bl nalut 5 ]-—S

1t
J I T Al O e () 5 _— ' i | \
L | T e i ik
N\ A < N4 ot P
u y el A AR sy Y A \dg B . 4 R
\T‘ N\ (VA" 6048 04°09° ki e \& vl
RN \\\\ CARRANRRANAS S _\\’\\\\\\\\;\:&\v&\\\\\\.\ \
Ry A I I I T T T T T R R
AR RAARRRRE SRR N y S W SRR \
\ S 7 ) )
NN

L ARV TRTANAAANCY
)0 ;w"'&'“—‘-@."iﬂ“%r

T RN

- FEmay > 0 u @
A =
N 4 ”
O ny] | 4

NE )

ACCESSORY DRIVE
MODULE 5

N} LOW PRESSURE SHAFT N; ROTOR
HIGH PRESSURE SHAFT N ROTOR

3.1-2 R EhRAY S AR

(4
3.1-3 SRR



NUMBER 3 BEARING HOUSING.

OIL SUPILY TUBE

RRRAN
WY

3.1-4 BRYEZSHE TR 3.1-5 JBRHEES E T

FLAME TUBE COMBUSTION

TURBINE
OQUTER CASING NOZZLE GUIDE
VANES

QUTER AIR CASING

74 "
bl N )

INNER Aiﬁ CASING \‘( v \
\@
\ \l P ME TUBE
\\ ’ i \ % \ '\.’
\ '

\
\
A\ A
N\ R
J ), ’)

‘| /, v »-;;_:,__ ! :.» ; //
- ‘\’.\ ' 4)\/_// -

PRIMARY AIR SCOOP 7 2

DILUTION AIR HOLES

. TURBINE
3407 MOUNTING FLANGE

H.P.COMPRESSOR OUTLET — 7
GUIDE VANES

4 COMBUSTION INNER
NOZZLE CASING
GUIDE VANE!
4

1

i

IGNITER PLUG FUEL MANIFOLD

DIFFUSER CA: COMPRESSOR CASING DILUTION
Rk MOUNTING FLANGE AIR HOLES

3.1-6 EAREE 3.1-7 IRAUPNEE
(& Rolls-Royce, 1986) (fE & Rolls-Royce, 1986)

TURBINE CASING MOUNTIN
FLANGE

KmPAEE - s SREERY SRS EREE - (VAR PREIRZCE] HPT - HPT A E%HY
Dhfe e Bad) = B BR 4 2518 1(High Pressure Compressor Rotor, HPCR) DUAET T2 SR AR
SEARAH B 5 KT T T (Nozzles) LUK f81-(Rotor) - JEmIE L A B8 2 HH LSRRI »
iz AR A FE W B T S 5 gD e~ T Ehdm il LASE BT 7Y HPCR » EHYELIEHY
FCRORE S RS 1 TREDL L DRIEMEE R st bR B Ry /2 4l LU
REAMBBIR > LAIHE SR ESGT a2 BT R fYRAEET - S
B > EA ERTAE RS 22 SR AR ~ el ~ DURIEEE s UELT - Hrp o A FRY
25 SR A E AR B 5 [ SR (Bleed Air) > B A1 HimilR 1) 25 58 (Air Tube) 2 18 £ #8
TEER MYZERE  FEENERHYE E ~ (U R R R LR RS AR TR - SRIEY HPT Mg
g Lg% 5 RUREANNE] 3.1-8 ~ 3.1-9 Afns -

10



[& 3.1-8 HPT g% & 3.1-9 HPT &1

PRIEECGRAE M HPT ~ B sE B 2 1% - (HiE A LPT 54 - LPT i THAYIAE
JEFE R R B (R BR 4 25 45 1 (Low Pressure Compressor Rotor, LPCR) LUES 722 S A B
4 - 51 HPT AH{LL - LPT {4/ ST (Nozzles) DL R E1-(Rotor) AT - [FHF4E LPT
SR 1 SRR RIS TR h 22 /2 Al A DU S0 S - SHRIEY LPT A& K Y NBATE] 3.1-
10 ~ 3.1-11 FR © WABEEAAE A LPT ~ REEFF U ~ SR » SRR EEDRH S
S SRR S - REPEARERT -

ACC Rear Mount

Stator Casing
Cooling Air and
Instrumentation

upport Plug = No. 6R Bearing

& 3.1-10 LPT f#i& & 3.1-11 LPT 4N

R B Y Rt — BB - SRR - BE T RSN E R B RE R (E
Hljfifi(Drives) - E5iiH#E (Gearboxes) ~ #2 | BLEHITT{4:(Control /Detect Units) < <5 i filizs 45 -
FE S EIRAVZ LEN T BB — RS BN FE A B s SR B & S i B S B A A e

PURI () 2 SR 4R RIS ¢ P B S 2l A Bl A (Inlet Gearbox, IGB) ~ 1% [ &
(Radial Drive Shaft, RDS) - {S &5 sl (S 276 (Transfer Gearbox, TGB) ~ /K- {&H)
fifi(Horizontal Drive Shaft, HDS) ~ LUK {4-E5iim#E (Accessory Gearbox, AGB) © [l ZZ54E1E

11



I eatmaE b - RSB S0 E RECAA © EEUHZE (Main Fuel Pump, MFP) ~
J1¥%EfiEs (Hydromechanical, HMU) ~ JEJ& /[a]H7E (Lube and Scavenge Pump, L&S) ~ %%
&k e (Integrated Drive Generator, IDG) ~ J§BAE i (Hydraulic Pump) ~ 7k fZ 55 EE1% -
FADEC & JJAR ~ N2 BURERI2 - SRR Emm i 2o 250 B DA R N A E
3.1-12 ~ 3.1-13 Ffi7 ©

HYDRAULIC PUMP (2 ea. AUMD) —;

BS! MOTORING \ PMA/CONTROL ALTERNATC

ACCESSORY GEARBOX FORWARD

BLANK PAD -

DG 90 KVA/120 KVA~

ACCESSORY GEARBOX AFT

[l 3.1-12 & R et 2 L E [l 3.1-13 [ FEsimaic (s

32 IAEREEAREEE

ST S B8 JEFE 1 25 25 B (Brayton Cycle) » 1.2 4 {EMSEL : 4E A (Intake)
4fi(Compression) + A#(Combustion) + LR HES (Exhaust) » 4118 3.2-1 FF7 - #8500 -
P AR P LS | AR S TR (RARTIR ) BRI A e e S e B
SORGINE (PRBE(TFD) » MRBHANERIE TS RS R U AR B - B i BE )
RIS (R M BT (SRR 28 - 5 (TR DU AT - BRI
SNSERRAEEE - By T HEAR AT (ErE LR B PRI AE 70 7y S ELTIRE » TERRM-HES
T A T AT BUATEARIPY 43 B PR A (R EL A TRIHE SR - thh R
5% T (VSVS)RIE] 2255 4BHIP (Variable Bypass Valves, VBVs) « $Ep35 2 THAT S
St s (5 D R R 2R TR AR D BE R (St A SR B Ay o A

=

T

12



BEAN > SEEHHRAYE B S IR e T 2 TR B Y S BOE TR 3% > A0{RBR S i
HND)/HEBAEE iR B ) BLER R S SR L BEJJEE{E ) (Engine Pressure Ratio,
EPR)~ /= BA e Em i (N2) ~ PR/t & (Fuel Flow, FF)~ 50 % (Exhaust Gas Temperature,
ECT)FZE - (ERsd BB - SEBIEEAISH KR -

Intake Compression Combustion Exhaust

Cold Section Hot Section

3.2-1 fidE B g (Brayton Cycle)

aEm A ENRAY RS > SRR R LB = A R ER - BREE - RS~ DIRTEEP &
FEVU{E F BRI - [5E BT o XS HRAT =R e B e Rtz s HIl LSS VURE & F -
FEReET b o PR BT B 22 SR AV R RE AR TRATHR(F ~ shim &1 T - DU SEEhissE
R RS TEES] - ISR RIMTZE S » BRSNS S (I E - A5
Al ~ 1RECE A (Mounts) LUK 57 2% (Pylon) » Bf{ZEZ5Hz > 41I[E] 3.2-2 ~ 3.2-3 Frs -

CONNECTING
NKS

REAR REAR
ENGINE MOUNTING BRACKET
REAR MOUNT MOUNTING BEAM

TO AIRCRAFT

REAR MOUNTING
BRACKET e
THRUST STRUT
TO AIRCRAFT
AIRCRAFT PYLON FHO’E]I;ITCDI?ENTTWG

ENGINE
FRONT MOUNT

[ 3.2-2 ELZERE

[E

& 3.2-3 B LZERE

[E

Rl S EN A RE AT R (AL BRACHY SR ENRE (R E T ] 0y 4 REHE S
GC L PRHTPERI RS ~ JEHER R ~ BiEE AT ~ 2R R4 > i |

13



1. PR 22475 (Fuel Control System)

PR » S SR e Y JBR TR &2 (A R M = (L PR AL AR I TR HE T » BLAF
FRSHAZE 200 AR (S S BIIAE TT SRR (IEHE YT - SR BB CRE NS (R
FE AT RS IR S IRRE]) » F 2 E—PAVE LERHDSRER - A2 e 1 R AT
TR h AR E HARCERIETT < FEARIPR R 240 B A R BE AR Uy P22 54 -
HrhEEiREE HPC HERER T ZREE RN & ~ VSVs Bl VBVs FAEUAEHY 3D (i
Bl o AT AR 2 ) 21 4 AILE BR ) BB (LAY 2 D RE B iz B8 126 1l (Full Authority
Digital Electronic Control, FADEC) £ 4t ~ 7% #8488 1-25H B T (Electronic Control Unit,
ECU) LTI P a5 2 B8 B E (0] » 40 F 42 57T(Main Engine Control, MEC) ~ JFAJH
F#EHIT(Main Fuel Contrul, MFC) - ECU B g « 2 S RHIBLE R BT ~ DU
JEEEEE MEEC B AE(Non-Volatile Memory, NVM) > i 3& A MIEURT L EhH2 (L8 K B
TS - AR E T RO AT 4EENE - (FEHEEE T - stEHEH ARV EEE
BHELRE © PRHRRLEREE ~ SHPIALE - 3D imid Bl REIPIRAS - ECU BB S -

2. JEHTEER %:47(0il Delivery and Scavenge System)

VTR SR —EEIR ~ WALAVREIEES - HIREnR RN S Al i ey £
EERCIMER ~ JFESE - RN E B CHR S AIEEIIEWNRHITI A - A 2
GraHPEERE © JEAE ~ fta/[BCHZR ~ (OHBCE ~ JEmiEns (TEERD ~ [BEUTseE
AETEER T ~ B IS (1 E5 (Magnetic / Master Chip Detector, MCD) ~ 7 H1/F47H]
PSS - EEHGHE T - STENEMIER AV B E BRI | IR
MCD EdjEddta(il ~ @b B EE - MCD fetisaflaiiE 3.2-4 For -

3. R AHE#E 2475 (Bearing Sump System)

S HEARET BV » 2 im 38 B aV RS P e 1 A ()3T RERE R B4 -
& DA AT sE YR RERE EIRAY A - R RRNRE » il VR A e =
Bifif 7K (Ball Bearing) 12k il (Roller Bearing) » #[1[&] 3.2-5 ~ 3.2-6 Fii ©

14



3.2-5 JEBRER 3.2-6 JEEHK

AR o R Y P T o DR R AR ABOR Y BARE - B T IR {EREESES ~ ek DB A TR EA
FARERVEEZE - BROHITE 228t (Bearing Sump System)F A4 » LA 3 iR R
B e o A E R ROR AR P A - AE RS T - SRR 2 DI
BEEHEE  #7% - BEEARE - v - TR - REAPESE -

4, 2SRRI Z47(Airflow Paths System)

FLE R A BRI S > 22 A RUERS T Ry e A SR ENIRAET TIRIEERY 2 SR0ATRS » LR
S BSSHIEEE - BfERRERE PRI ICRURES - ANiE 3.2-7 fos © H
o B EhIRER L L 5 | LY = BE 22 SR A1 R T 88 (Parasitic) 3@t - I LUAAIEN I &4
FYER4ARS ~ i ~ TR MR (Rl RO RE R - £E T RIRES T - VSVs A
VBVs 778 E {8t HPC EESEERRISE A - EBEIZ VSVs il VBVs FARHIA

15



f& » BiiE VSVs B VBVs 2#f23(Actuator) A S BLHEAS _FAVETERYE PR(Impact Mark)
WO DLESR I E T ST pR A EHARE

BYPASS
SECONDARY

......

SECONDARY AIRFLOW
PATHS

3.2-7 ZERMES R E

SN REEDHEZE RO R IR E EEN R R ER SRR R
(Engine Turbine Temperature Indication System) » f5f# A HE g5 & (Exhaust Gas Temperature,
EGT) - [ A& RS EVHES ~ 5 [ FILR AR - ORI Es RENEERE T » BPREE AT o
B R PEETTHREET ECU » {EREEMEIERIN2EL - EGT ST
3.2-8 FT7Is ©

!,44\ 4

f
y |

e —— .
S X
UPPER T/C CABLE
i 0
7

|/ 1 N G-
¢
/ 57
PPPPP Z 7 f \
Ty 8 JUNETION BOX i { \
N A
70 AIRCRAFT s 2"
INTERFACE = p
0
PRLX

Y

3.2-8 EGT 4RI B2 4

LOWER T:C CABLE
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33 HiHEEFHEHER

TR ERE AR HAY > B S [BESHIIRA SRR > R R EERF Y
K EATTEPG TG > DA IEFEREEA: - NI > STRBEE RN R R (AREE S AHY
w5 ) I FR EE > WL - ARG AME R DMEBSUERHIIREE - &
R R ARACH — U BEG TR » LUT il 2 S SRR EAIE ~ DU SR
BB BB TR -

—  BHEHERF

[BRF2% E i 4H &% (International Civil Aviation Organization, ICAO)ABFE ERAT/ALIES 13
4 (Annex 13)FETAETRMISEL BINEAHER - DU ESEHERREFPERRA] > K
SRS EFR AL 7RIS — B VAR E AR S - — RIS - B RO E B S K R
RESEA -

© ABJEC - ZEIORIRE IR |

©  JFEEME(Uncontained) S5 (&3 @RI NERIEREIESM)
© BENEK

I £ 1717 = B [ R G e

© HETERESEE)

©  EEER STRESIEH

FHIA 2B R M2 23 DA R SR SIS  PRIAEET 25BN ~ I R ARSI
7228 (40 Boeing) BEEN% (41 GE) AUSRHEZR T » EEE R Eif % 22 5§ (National
Transportation Safety Board, NTSB)B[1gr DL (X 52 (Accredited Representative, AR)HJ S {7}
S8 WffIZEEs ~ SEENRELE R g DR RAR (Technical Advisor) iy B {7y 2 BiAT 58 &
ZEH NPT Y 4HE o BIPTEERY T 28GR E | o RirRAR R S A B R A R K -
ST FTE RS SRS AR L - SRR - B8 AR R TR EEIRIE RS iy
IV 2E Kk -

{35 ICAO Annex13 > SR EHEA MR BEEER - 017 - 55w ~ ERFIUAHEM D -
Hep #ER A HEFEERIER GBI EEER S - ST - ZEM
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PRREIE ~ ‘et & S TE R - IEMOHY TIF e S rEEiE R - 3 Enik -
HAYGE - TIERMEERN - R ZE28 AT - 2800 HARCRIHEE /%
FEETHBH DL ST RISRAYIRE - MAE TP ES - EniEaR & oy aH Al e s R E Rl
#% 2 (Flight Data Recorder, FDR) M1 AEEEE 40 8% 23 (Cockpit Voice Recorder, CVR) A [#f]
BN - FERAACE - SIBAR - AMFERESETEE BTN L HEEEIR
AREER53#1(Root Cause Analysis, RCA) J7 AR HERANG | ECEMAT S TR Z » Wk H R T
RERVIRIA > S n 4G © 1S R4S ERETEATRCSR IR EER « Sl - EEF
FISEE R - FEREAS R P EE TR - 4% BEIREE A RS R E E E
TRBUERRS - BRI S H B RS RIS R » WE T R 2 KB LHEEEEPET
TE W ARE R  ESEI S 2RO T o A0 ¢ AR E TR
EREIE P B 5 o 5 S s e im i & DA 0 I (Original Equipment Manufacturer,
OEM)Hi %/ 2 (Service Bulletin, SB) ~ DA Br B BHER1$5 < (Airworthiness Directives,
ADYN HEFE BT eSS DIESIREE SRR - MR ES A E

-
N

PHAREME SRS - B L] 0 BB R © SR EE TR - 28
TRBIR M EIRGC SRS = RER () > il |

i

I e

HF S B R g AI RIS FE RS B IRRE I L8 S I E FR i 22
AYJTAL > R A b~ R~ A2 A H > 1R DU » — R IR SR
Fege st 7= NAlE 3.3-1 Fos AR &R 7 5] L DA& J5 1R (After Looking Forward,
ALF)5E - RIECFER SRR B T 3 R - 6 Bhg# - O Bhg# - 12 Rhigs 4
{E5ML © BEHF > FIIEEZ S eI S EA EdmT - BT 2B 5 e
AN B BLRCR 23 B — 2 - A &R -
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| | Clockwise, counterclockwise, clock position
and other directional references apply to the
engine in a horizontal position as viewed
from the rear, and with the accessories
section at the bottom. When components or
frame struts are numbered in a
circumferential direction the number 1
position is at 12 o’clock.

Most Engines Rotate Clockwise (CW) Aft Looking Forward (ALF)

33-1 SEIIEZE e %

BIGIESERT R ~ TS GHAR ~ W - B EE 5 EEZGHIHH]
HL - EEEARAMEBEYREGE (Biohazards)H T HIAE » DRI & 1y &7 58
i (Personal Protection Equipment, PPE) ~ 178} B &S AR 4 RERER
TEZ 4 - RHERYSNIE M aTE - Eatrk - EYER - PR ~ T8
TR ~ ROKORURBR R ~ ORI > T HRERERTE © 75 - EH
B~ PR RS e S o

EAFHORG G HRETAERLERC RSB R R e Z 4L PR AR B i AE
BRHFTAER > W - HEEYR - R R A PURBEDE R ~ T8
BEAEE MCD ~ [BEEL L ECU By NVM &kt ~ BEBfafERE(E (N1 - N2
EGT ~ FF) ELiRAE CHPILE ~ S es50E ~ WRMREP ML E  WOKFAREILE )~
ATEEFHITAFAREE (T HERR % ~ BERECERFL) ~ PRHTZERIEE T (Fuel Control Unit,
FCU)HIRML ~ VSV B VBV Z@hzs{ Ti2 &M - FDR 81 CVR Bk} NakE - 414
i & FIRAESE R HCR IGO0 FDR 805 - HISE SR E/ \HES T 5[5
SH(FF ~ EGT ~ N1~ N2)BER M Tha il - DARERE SRS R (B S RAEh PR ARS
TEMTEE) « BEAD - F57& FDR BURIRAREA A5 > JRE[H] CVR BB HET TARRE
TIMTHUS RS e SR LA HE T -

FH RS RSN I B R SR A R BRI - SR E LR YRR
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IBHRH DREEE TEPER R - A B AT > RBEEA 2R
BREE > V75BN

RAEFREES © R EERLS ) > EEAEEREREE/EE
RS EFA R UC fLkRT - D)7 TS (RERRscHEAL) |
MERE R AL AC RS R E FRTAIRRR

A B DAY A ST i A s B R

A EREAFRGACEE © IRRHES - BTG 1IC BfEERIE S A
BHEATEE TRE A BN R - SREUTEIEEE S Z AR o

r 6 m m o o w r

2. SEENRIETE TRFE

SEENIAN R HUE & TR B TR IR AT - A eV BB R S AR HUIR
KIFA » BRPrgy Tt ENS - HEERNEER — 2y HE - HEER
B e 4 - (BEIFIENZ(Maintenance, Repair and Overhaul, MRO)&E & & HH g
HEFTIRAR o SITIRAREY LIRSS EAR RN - /A A IRBE A fr 2 > 095
IKEERIA BRI GFHEER - DIER TEAVEE AN 228 - NERERA S
G RS R B LN B ELRE I MRO: BL (A S B 5 (Test Cell)
Hfgse B rfascBiae & ~ T IR S DR (Bench Test) ~ FI{TIE
BRI ERRHI(Non-destructive Test, NDT) ~ A TSP 6 B AR ERBLUHE - Hofr
TESC R AR s B PRRE B BN () - Ha Mg Bl T ELIE nl 1 758 BEAURRAH - AAH Trfig
EZMHREE - TRRES B — 2B S ISR T TR R R B O - SRR
fifate - DU NV R AR R

 QUSstBntasrainmlE - fF A 0] ~ EEIRRR R sk (EH]

o B SENIRE © TR0k T PRI DL M AER R 52

s AR - BEiRE  BA - WEHEFS  HHEB e

© EEAERTHY AR ¢ ERAVIESREZ AIAE 1-2 RN ES RS P
Tt~ BB AIFR = 7-10 REL LAY

o BIRFECER-STHACR © SHEE BN A SRS 2

o FELFRIGHT ARG ST
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RTINS Et i TSPt )i s A R RN (S )= =y
BEsRE A AT e iErT NDT J8

e R
ESE R AR IR B S IHRE IR - W HIRY NDT

HHE X Yt(X-Ray) ~ Y625 EE(Fluorescent Penetrant Inspection » FPI) ~ )3 A

A R A H(Immersion Ultrasonic Inspection)

(Borescope) &= o

/e i(Eddy Current) ~ Py

e A S VIR E Rl > R A (5 AR - il
VB EZETT > (F R R EURA RS SR H B 2% -

3. WENRBIRIEING 3%

H— 2R ESEEEARINS

» FEFH AR TR R RIS SRIH A

® AN > FEMAEEMTT) Y (AR e e S EE))

® (feHEh AR 7 (JEUGE ~ HAE -

SR ~ TR

® EOALTEERE NS EREIEFEREEHIRE ? (RYRA - JE
BRI ~ PEADKE ~ SHETJ 252 MNAES ~ RS RATE )

LLEHVE S B R A A S ABRE
ARVIEBRE T - @A R IR R E N R - @

SLERHSE IR E AR - ARG
YAERP AN

Bk o HEINZR S TRIEZEE - TR ~ HERIRAR (RREE ~ FE %) -
—RIME @ EAEEEAEEREE RAREMINVEROFR 3.3-1 Frdl - f£41FH
TEHGIRRE NSRRI - SERAITEIRE A ATER > 0% 3.3-2 Frd

% 3.3-1 AEAEREY RAERREMIR

Elalizce

(B9sslicget

* SRBIIRELR S Sk

« VENEIEA

* EBIRBRFEEAY

o PEHITCIFAIT st L L 2 BE AL oy e
o SFEIRAH IR IR BT

* REMNFEYITA

o SEBITRIELR S TR R EAT

© REIRRF e

o PERITCIAFRIT I i i R e A L

* B ITFER = IR  SE R /D BAYEER
TR
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% 3.3-2 KA RAVREMIR

[ S B byl
. A%%:/xﬁ AP |« VEREYRA o BUEREEGIRAEALL > (H iR
ﬁﬂﬁﬁaﬁ%tﬂﬁﬁﬂ G o (EEYR s N E Y R 2L UN
ﬁﬁEPT%%T%ME * A —EHHRE MR « TEREAEIRE
AR MR R EIHIRES —#
s WTER ST (FRIE | « MENEREONEET
A TR
o BER ST 5 A B F
E)S3
s FEARECHTEL

34 EHUERISEEBIT

W B LR EZB] - FHUREE (F o Fr s A A S BITRAHRR i > RELA] DAY Ryl U
AL OKSE B ~ FREAVEIREE - HEEZGREMIE S - ik -

— K

WA T GIGTET - S EhRINEE IR 5 [ 22K S il H (RIRAE = 11,000
SREU - EEBHIGREES) - S8 EHR - &5BEUR - RITTRARERA KK
AR AERETRENET ~ SR 5,000 JERAVEERSEY » MM E 09K Kb
AR SRS o SR SKAVE RIUR RN BLf 3 AEEER © 2V ~ ATiRMRs ~ BURBY
PP (RIEGR) - 40l 3.4-1 R » 2o 2R DI B Ay B Rm ~ KAE ~ B¢
TR AR R ERERTZE NN ~ B R -

Oxidizing Element: \ Ignition Sources:

« Oxygen . * Hot Surfaces
) ' * Sparks
o * Friction
& %
AN

Flammable Fluid Sources:
* Jet Fuel
* Engine Oil
*  Hydraulic Fluid n———) FUE L

[l 3.4-1 SIEOKEKRY 3 KRR
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AR A I PREE R - B = PO KL (Flash Point, FP)LUK H PR fE (Auto Ignition
Temperature, AIT) ({75 EFARL) o POKEEE /S EAY AT IA M R A B A 22 SRR S —
TE R & P EE A PR IR RAAE - KB PURE RS EAY I ARG B ~ 72
SRR T 3 A2 B AR B (RORE © FERTZERiskrh » & R AT ARG A3 K
M40E% 3.4-1 Ar¥l -

FEpPiESET B BAYIA T KE ) (Fire Zone)IHES: - el T KR | > riGs@hik
THET AT RE 3 A K SEHYRFE I > ST IIE ISR RE FR AT A E T2 DU S
EOK SEER Ay ATRENE » R ORI BRI

©  PhibrEI AR AR R R AIT

o BEPFEEENEY ARG

o ERARKE

o [HIEKEEIE

o FAHEREK

% 3.4-1 F R AR Re 5 K

Mobil Jet Oil Il Mobil Jet Oil 254 (3" Gen) Mobil Jet Oil 291 (4t Gen)

Flash Point 270 C/5I18F 254 C /489 F 260 C /500 F
Auto Ignition Temp 404 C/760F 399 C/750F 405C/ 76l F
Fuel Jet A JetB

Flash Point >40C/ 105 F <-18C/0F

Auto Ignition Temp 225 C/437F 230C/ 446 F

Hydraulics Skydrol 500B

Flash Point 182 C/360F

Auto Ignition Temp 510C /950 F

K HY 224 1] DL TR (Prevention) ~ #& ] (Containment) ~ {5 H](Detection) ~ J& K
(Extinguishment)Z§ 4 & & A2k ERaT - 4017F= 3.4-2 -

FEFANG T > Bt > BAFAVEERGRAR AT DU S NG EE S AIT - B AR
FESCEA FEVEIREHATER ~ B IR T RES [FUR - R AR DUy 81
ZE SRALHE (Air Changes Per Minute, ACPM)AGTR » GRS AR AR TIE B
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(L - HI > SPNRHACHY R H R E n 8 R R S B AE N I A =
HY 6 B B G e B EE KT HAPE LA E rTREH R EIRAS AUR EE -

FEABHI T > RS EHK @SB K DA R oK BRI TS E R &N - RS
i o BRANHTEEEIOK & AL B ST KAEAE 3.4-2 ~ 3.4-3 o B KRB FCi KRt
HIEA R EARRE AT 73 Rl K (Fireproof) BRf K (Fire Resistance) fitESA] - E 5K
it AT ARAZEELR, 20002150 BEKHEEE 15 gDl b BRI T et B
Fireproof o 5[5 K& A A ZHELR, 20002150 K0 5 o0 - BHIRITHIIRREE
Fireproof » {H¥A{EHh AIIARERI]/& Fire Resistance

% 3.4-2 K&ZF AT 4 {EH [

ii:1%] 2] = Bk
s SRt R DUREE A | « MRS | « BESE (BE) | « 125 B B 9
HEREVER | EHEKEAE | KEENEE S| HHA5H HEE

HEHER K& & FMNERZENR
« EL{f AT 1k 2 1%k JHERET T

IR A o T Y BB « B L BN

RE KRR E

Fan compartment

flammable leakage zone

Upper bifurcation fire seal Core cowl and primary
/ nozzle with fireshield

=1 43

Fireproof boundary
enclosing core

\ compartient
Lower bifurcation fire seal GE90-115B
fire zone

3.4-2 #FERKIEIE
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Fireproof Inflight and On the Ground
Withstanding a 2000 deg F flame (+/- 150 deg F)
for 15 minutes minimum.

Fireproof Inflight, Fire Resistance On the Ground
Withstanding a 2000 deg F flame (+/- 150 deg F)
for 5 minutes minimum.

3.4-3 ZEFENHEL KRS

-

KEAVEATEA R SRR - R —E R R (UVE) BEsh (%l AVRGIE TR
ZENRFHBR ST LT HIET - (SRS BCEAE 3.4-4 - ERCIVE IR - &
AECH N E RBRRE AN - (MR BE IR - (RS4IPS RERGPH &8 e - [FIIF B &
SR o PSS EIRAIIZ O RSB ERSNE ~ PUR BLIEEESAVIR M - A
B 360 ERRGE ~ 1L ER A K S 2 U SRR THEDIAE

c%iﬁﬁt

ELECTRICAL
.‘ L ISOLATOR TUBE
WALL /r\n(Av

Jf °>)

BLECTRICAL ALARM
WIRE BUND CERAMIC SwiTCH
M INSUL Avu
( rnt SENSOR
/0 m.\(

L

el [ [ ——

2 ]..

9] | &

> -

E HYDROGE \H.s R
c cmncl:"
\ CORE

) i m:cn TY MONITORING SV mw

1 (Mol Closed by Aver Cas Pressur
- SHUNT o i AVERAGING

PLATE HELIUM GAS

[ 3.4-3 KA EER
EFRRCK > BN EEFEEHKE - BRI ERCK BEIEREEE (HoH) - B
FEREH RS e DBEROK EHVEERITIE ~ R  E R - DURRESE -
T SLHROK 2SR R B N ] 3.4-4

ING SINXLAR

3.4-4 K ERER
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FrHEfEEEhOK S
TR 3.4-3

R 2
e SR

AECERAY IR ELFEAT R »
ERTRHE G 2 SIERH (A8 3.4-5 ~ 3.4-6 FiR

HTRE

IRIERE ~

% 3.4-3 SO KR AL

MEHES

REERE

ATHEK TR

© fE - B - BERERIEE
Bk

s SBNEEBREED - B
REokReh (BEZORE Y
RFFEI AR )

o AlPATEEREHI R

* FKERFRERIZZIRIT

* 4R (Formation / Pattern)

© ESERL{E(Trails) - E2IEH
BB A K KA L oy AT 4R
%

o BRENERIE - PEPKECERIRS
o FHETE YK K 8% AR IR ] DUR
BENE > HEEHAKIA
s IS FIER—2X

Normal range
for inflight fires
(forced draft
effect)

Black —7m™@8M —o- = |
Blisters— |

3500°
3000°

Burns off

Tungsten melts (6170°F)
Molybdenum melts (4760°F)
Chromium melts

Vanadium melts

Titanium melts

\WTT

| ————— Aluminum becomes plastic, sags
{ ——— Zinc melts
+——————— Soot does not adhere above 700°F

Iron melts
1 Stainless steel melts
/ Nickel melts
T Silicon melts
2500° =1
RS Manganese melts
= Porcelain glazes
- |
/Brass melts (1600° - 2000°F)
2000° ==———————— Copper melts
Normal range _
for ground fires il .
(fuel, oil, S s— Silver melts
hydraulic fluid)
- Glass softens (1400° - 1600°F)
1500°
— |- Silver solders melt (1165° - 1450°F)
T Magnesium melts
] % Glass cloth fuses
, ,__(_,_——Aluminum alloys melt
1000° [

|If\\”\\l|\‘Ill\‘\l\l\\llllll\llll

/ | ———Lleadmels
Dark brown . | - ——Cadmium melts
Brown Discolors ——— | Tin melts
Tan 500° L——— —— Silicon rubber softens
Softens ——— | Q Selenium melts
Cellulose distorts
‘\t Phenolics delaminate/distort
Zinc Aircraft Polystyrene distorts
Chromate Paint —_ Plastic vinyl chloride distorts
Primer Wax melts

0°F

TEMPERATURE COMPARISIONS FOR AIRCRAFT FIRE INVESTIGATION

(Ref. Aircraft Fire Investigator's Manual — National Fire Protection Association)

3.4-5 8

& =R ERE IR
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FLAME TEMPERATURES VS. FIRE DAMAGE

Flame Temperature Fire Damage

> 3000°F (Torching Flame) Melt/Burn: titanium, steel, nickel-based alloys, magnesium, aluminum, plastics,

rubbers, composites, paints

2700°F - 3000°F (Torching Flame) Melt/Burn: steel, nickel-based alloys, magnesium, aluminum, plastics, rubbers,
composites, paints

2450°F - 2700°F (Torching Flame) Melt/Burn: nickel-based alloys, magnesium, aluminum, plastics, rubbers, composites,
paints

1100°F - 2450°F Melt/Burn: magnesium, aluminum, plastics, rubbers, composites, paints

700°F - 1100°F Melt/Burn: plastics, rubbers, composites, paints

< 700°F Low intensity fire/Thermal decomposition/Distress: plastics, rubbers, composites,
paints

FLAME TEMPERATURES VS. METAL DISCOLORATION

Titanium (Ti): Discolors at 700°F; tan (gray or beige) to light blue at 900°F, to dark blue, and to
tan with increasing temperature; yellow shade and oxide scale at ~ 1200-1500°F

Aluminum (Al): Becomes plastic and sags at about 800°F and melts completely at about
1,200°F

* Aluminum alloys when heated to the melting range, they wrinkle and pull apart, leaving
bright cracks and fissures

5 3.4-6 F RIREVHIRELLR & 2 ¥ 1E

JEIK > AR ERNEREY) (ARES ) CEEE RS E R BTG - 45
FHAAEH AT SR M E R | > TEMT RO IR B 2 - 28 A B A B
 HBIINHEE K SR AEHVIERR - —fTT S > ERAEITEMEEE 750°F /Y
L HOK S B B AV IR B A B - SUSRE LR nT RE Y KR AL -
BEAT - 2 B PR IGE IR A DR R = 8 SR SR A > IR R 23R R D ~ TR
PEEEEE T (RATPRE - BRYRRRRE LUK B GG R 40E 3.4-7 ~ 3.4-8

g

SOOT
AND
DISCOLORATION

ﬁ FIRE SITE

AIR FLOW

ﬁ

B 3.4-7 HAVHIENG)FABLRR
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3.4-8 fEIRIFEEH

Sra DA b B SEEMEOK SCHRE > B LT BARE RHIR&(E 5 A TR R AR

L YNIE T

© K Cowling ST (B T AEK SEEE AN )

o JEIREERE - EZE (BRZJEIRER FTAE Ry KR )

o IFEAEERTAE (T~ 5E ~ (HKER)

o AR ¢ SPRRES - S8 KAT - BRI - BRESEGHE - SMREY)

(AT ~ B )

o HEHCKR (PR - FEIL - BER - WARR - PABREISER ~ BEK ~ JREE
B~ SNBIRA )

© MRFTA I HE R EEK EBFR

o BPIEE -~ HERCE ~ KEES ~ PRHBEET - BOKIET ~ RO~ 2B

RS S AR AR AR CRUHZR ~ WM R 28t )

It BT EIHOK SKAYZEBT > SEIES [ TR BB ZE A (& 5 BB et R AE T - —
2002 4 10 H#EEN BRI - —22 747-400 B EHEHAEETT 84 4 55558
POKEAEANEN: - 55— AILZ 2007 4 8 F 884 4£ A EEHlE - —28 737-800 &Y
FRETERRET 38 A AR PR BRI IR E R SR - i B SE IR B B AT RATTES 18
F T » RIS BITAE 2B R SO G 28 A A AR TP A B 25 RDREE ~ [H 28
HPT Al G HPT 25 1 Sh3ER FEl s R Bl Pty - a4 E5UHY
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SRR S BRNHIE B KRR = R ~ PRHBURITIZECK K - &R
AEZA RS 5 SRRATEER (S0 M ~ #55% 2 STl 2 HiE = s N iiE=
PIEY N IEfEEHF(Down-stop Assembly) %7 - PR FLIMEITEEZR - &b
EIERFEIEGRTR - AR Z IR EL A SR B S s P 5 [ 5% K Sl SR e e -

B Ll T EZEGITRES - SRR B EBIE L R4 R DU ZEE,

1. BREGEAEERSHEHAE
BUB MR EERTRRAY TR EEUE ~ §5 BRI > 15 n AR S il E] - HPT
BRI R YR EERR 1,200 [ - ISR TR 1T BB e ihIRy 3 A siE (55K
1,100 - 1,350 /& ) »

2. BAUMERER I S CBRARHY T R4 BT
AREHELET [ T 24 ) IURRE - TR BIEEE - B AR -

3. FETHIREBIRIE ~ (EHSIEZHEM > el wHhFEhs e B e TIFER
HHZEB EGT BIB4EH5 » AIRIME 1999 SERELRE 1B EEHY EGT Margin 1555 » (it
FEIR A R REAE B H BRI A G S8 el B -

4. SR(T)EJE 2 22X -
£ 700°F B (K EEBOR 1) 900 °F I 2B 0 EER T & 2R T -
£ 1200-1500°F fRf 3R s5 s Ak AL -

5. HEESRE/HBERRE ZZGEE

6. TlEREIEtEEmACE: « GIEET - EEUETTE ~ (R

7. BARGALIMREARE B, © SRBTRER S IR

= BYRA

SR A SRR > wT L B A B 253 (Domestic Object Damage, DOD)F15|
2R FA R (Foreign Object Damage, FOD)RYAJH © 451K FOD JFIAAIMEA

s 5B FHIZERESEAR - BFREES RIS - WIIGEE

o mfn - FURZHEM: - EETHR

o KUK ~ JKEK S b~ K

LN
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MAEREAVAIRE - (K2 R B0 EE | SZHEEE AT Aoy Rt il R B P R R 1155
(Soft Body Damage) ~ DL % %5 B e EEA HRAY I 14 #5 (5 (Hard Body Damage) » H AR LR A]
Wz 3.4-4 > EHIIER 20E -

% 3.4-3 FEHRER/IER GRS

FHRE ill &?Ef%
* R ﬁH SPHIHRFEKR * R SREIRNEL ~ BRIHIG IR G
* BRI ATREREHHIN B ~ VKB ~ SRRt ’EJJ EUZTE;E%
ﬁﬁﬁﬁ“?ixi%wﬁﬂ%%%%ﬁ%’z)\%%%ﬁz * A AR R EIEBEN  REE L~ TS

SR BRI

& 3.4-9 é@iﬁﬂéﬂﬁ/ﬁﬁ B\EER £ R A i)

Pl REVSBEMN S - EE o LIEE IR 7 I BRSNS RO T
AEFOREEREA ~ SRR R - BUREER - BRMEes ACIEE(LPC) ~ SHES s iAticL
R HECOREs - BEIE ST EE TN REEAPIE - B - ARG ]
PRE HRBHESES - BREMKRECPIERI A E— A DNA ~ 808 SIEE PRI H YT
AR A SRR < SRAE TP ERIM M AE T 5B S AR BRI R B AR S YRR
V6% 72 B 5 = (Feather Identification Lab, The Smithsonian National Museum of Natural
History) » AR BB EIHINTZE BB EHHR M T IFE sV EL s giat &t - ol {E
FoARA H S EBRERS - MHEAPESEE - LEHII2EEIR

ALY AZE BT T > sERERE T EBAIET TR )~ tEE 2009
T IEMIZE A320 BRI 1549 SIS LUK 2001 SESEEHEFIHRIE DC10-10 BUEH
2 SRSFEHIIE K - e R TR A S EIIRAVIIET - WIEE R BTS2 AURAEETR
TP B A SRR A S BRI - BT E R BN K B S8 - BRI (E 3 Eh i
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[EIRRIEK > TR R &% A R ARG TR I T 5 18 & AR AMERR A S SN SR R g T
LIRITT S HIREK > HE R\ 35 7 B RER S~ e SRR SR i - MR IR At
FZHETJes BT 5 158 HPT SRR > B 2R R KIEREIR 1 oA R B = Y /o B e 28
HEHE—DRCK K -

= JFEAEMEE

FREA PRI A oy R MR - —2IREE R BB - 2 EE T 8 (Nacelle)
TR 5 SRR I R RS MR ERAe - fem i e A g - BRIFa s
TEIEAAE BIECe: - T LUEMBDUT 3 ERTERATF

1. JFEBIEIRCMES [ZE 5 4H 38417 2 (Fan/ HPC / HPT / LPT)

2. 41478 2 (Disk / Spool / Shaft / Seal)

3. ZHMFERE

4. FEOHEEARN RS > BIEAEE - BE - B SE-ITESE -
ZBAEERTTE R R R B E RS - —RIBEEERN - et R G

ALREEIFE © AHIRFTEAL B LA ~ R AIAR CRIZEEGEUR ) » J71AEF (ALF ~ IFg#%R;
HiED) o sk AAEE B 3.4-10 -

iiiiii

3.4-10 JERIAEMHERIIE A 4ok
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FEAh - ] DRI R 555 (48 07 SR TR (i i S ELA B A BRI/ R o
#7(Trajectory / Debris Analysis) » #[& 3.4-11 » DABEIEE SIEIFE 0 RERYE 4 A2 - (E R
EREFTENSF -

@

SR>
:.,.‘u_ = [TA

Sy 3!
(2 o)

3.4-11 BB/ B PSR E

SR A TEIRIRAY B - SHEES [ 1989 £ S22 DC10-10 BUZH 232 5
FRBE S SOETTERET - S RAY 2 SRS TEERATRIERIE - 55 1 SRR\ Rt A A4 AR 25 (Low
Cycle Fatigue, LCF)E Sl [ A B -8R 3 - HERET AR R I8 71 E =208
ILHVRBE 245 B SR AR ZE R RE 50 e[ AT 5E N A (Sioux City, Towa) °

VO~ GRS

S mAE R AN S HIFTEEM - Z0 GBI HEE 2 —E 0 - 4008 3.4-12-
EIRA SRR - SRR TR BN AMEALE - BRAHAVEN > FIRGREZ 0 iR
SEIIREE ~ DU A2 B B AR 2 H AR Z 0 E PR BT (A IRRR AR AC ek A RfE R ~ &
B - il RO (Cowling) Sy BEAVIRIC - AIIE SLER EA ST IRFBGAH BRI P A 2238 > LAE
R FIERT B ATZ S R SE A HIIREE - B

*  $HM(Latches) © B4 ~ 1R ~ BHE ~ P - DURAIE R S LAY S

*  $X§H(Hinges) « 5 ~ SEPEEX

¢ J[Iff:(Fasteners)1f(Holes) * S BT
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[FJikF > (ESFENEREAITBAE T ~ PRAGESTS - M3 - #%5 ~ DURIZERIE EAYZIE ~ [MIREATR]
2 fiA AR N SRR AT G py 2 THRE - W JEEFE AR, - 55— 5 -
HHYHEAE 24 4 1 2 AT 2R > NIt A T B B m] RE (N2 BN BB R G TR
& BRI DORES - S - BEGRIRTE - 413K 3.4-4

Fan Cowls

/ Core Cowls

Inlet Cowls

N
Exhaust Nozzle &

* EEREAERREY ? S REEN S TYIRE

Centerbody
Fan Reverser & Components
3.4-12 FEEHRIEREN 2 & H4H M
7 3.4-4 B R EGRG A EIR
YEBIR B =] PRI
s FiEmEEM? e BMEBEANG A REH AT | » IR KA - BREZET
o SEEITRAEAR K K ? MA-25 (RTV 2\ZEJE ) SHL 1M RS E I 5 I 8 B

BB ) BB  TEERE | L

AR R E AR AYZEG] > SEEET [HE 2001 FESEEIfTZE A300B4-605R A%
1% 587 SIS MCEI THRET - SZARHOEETRIF A T AT — AR AL - TR
AH BB E TR AL T8 P T S BHRE T [IRE BB A T B2 e
PRSI B > (EISAIR R AP IEEHIRRE - b — IR Ry 22 SR @ ) S (e (£ 35 8
PR AR I RS N BTIE ST » B EL S BT ER s i S o e s A
S EEHIRE A o
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35 BN

R SR BITRA A EER BT ot - 4/NER Ry (EBR ~ Ax(BOm » 1T BB A R = B ~ A
o > RIS A S S B S (i - SRR AR - gR ARSI N B
H o —fRIME - MRS RN TS 7 I IRBOREEE AR K - A E
FISRIETR K ~ B AYERFE: ~ ploARBBGE nIf T - mTRAE M - BEA (SRS > 200 3.5-
1o Horr > fERABLELE nRE RSNy - SR e AB T Be 3t ~ it 2 et
T S ARSI UEA R ER L

Common Factors in Materials Selection

1. Temperature use range Strength, environmental resistance
2. Static strength requirements Short term (tensile), long term (rupture)
3. Cyclic strength requirements Crack initiation (N;), crack propagation (N,),

crack growth rate (da/dN)
4. Physical properties Density, stiffness, heat conductivity

5. Cost & Producibility Alloying element cost, processing,

processing windows, inspection & quality req'ts,
volume, machining, heat treatments

machining, surface finishing, etc

Lots of DOE Studies
6. Reparability New parts, field returned parts (parts can be
very expensive!!)

7. Existing Experience Metals are highly empirical; experience
counts a lot!

[ 3.5-1 MRHEEEE E N T

FE B — < AR M B DA IR S8 B e T 2GS R R S IR LA S8 B B 2%
DeeRhERNES  G8ikee  #oe  mdlthias  LARGE% > ZHAREN
piEfL - piEel - PUSH 2R REEIRER SRS - 4 HEEREFHY
JEFfI EAE 3.5-2 FoR « TREGEMREEEARESBNET - s e TP
Y RS (Crystals)&HEY « fEamAgH » i1 ~ B0+ AEENECE P ECE FriEisl »
1 3 2P EE I - (7t - B A eSS b RAECE S © AL 5 (Face
Centered Cubic, FCC) ~ # 0, 37 77 (Body Centered Cubic, BCC) Ll K 75 77 5% % Hi F&
(Hexagonal Close-Packed)< 3 i -
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Titanium Allovs Iron Allovs

Ti-6A1-4V: Fan & Booster Disks, HPC Blades and Disks

‘1) Ti-6Al-2Sn4Zr-2Mo (Creep Resistant): lll’('JJi Spool

Mi152: Compressor Case 17-4PH:  HPC Actuator Rings, IGV’s

e

—_— R
Ti-17: Fan Forward Shaft Diffuser :Iu‘r;llge Zfl): : _Ir.l”l.' Nh;;:l,‘ l.{:miniug Nuts (“:?:”\_:501\;.[;\] ?:?ring\
(Stronger Than Ti-6A1-4V) Stainless Steel: Tubing, Brackets SE s L Sha!
Form: Cast and Wrought Condition Ti-6Al1-4V Alloy Form: Primarily Wrought Condition
Good Strength to Weight Ratio Workhorse Alloy in Jet Engines High Strength Materials

Nickel Alloys
. ‘ HPT/LPT Blades, Vanes, Shrouds
Aluminum and Cobalt Allovs

Rene’ 41: HPT Thermal Shield
e Rene’142, 80: HPT Blades
Rene’ 77: LPT Blades, Vanes
HPT Blades, Shrouds

IN718: HPC Aft Spool, HPT, LPT Rotor Discs and Seals,
Cobalt: Combustor Swirlers, Seals, Liners, 4 Compressor Rear Frame, Turbine Frame Case

And Splash Plate (HS188,L605) Rene’ 88DT, Rene’ 65: Rotor Discs

HPT Vanes (X40), Shrouds (M509)

z HPT/LPT Rotating
Aluminum: Fan Case, Spinner, Componeats and Cases

Form: Primarily Wrought
Light Material | Form:  Cast and Wrought Form:  Cast (HPT Blades) and Wrought Conditions

(Not High Temp. Material) . . . i -

5 Good Wear and Impact Resistance Higher Temperature Applications

3.5-2 BFE SRS ZERAE

Ry B AL & ™ & (8 7R SR AVIRAR - 00 73 4848 [E] 1L (Solidification) FI#H AL
(Conversion) i 78 FEATREFF < FEELENM - EFERSBARHAE  EABE LAl 5EE
s EEEsE e T o B ER S ORRR LA FIERRAGIRAEE L BYLE Y - ALEHEH
#lyin i (Heat Treatment) HIZN¥HH 1 T(Thermal-Mechanical Processing) » {5 <5 /85 (i &5
SEALLARFRE S KAVAEAR - BBELEIET - BaS e nZ2alimbsh CRE ZBEEE) [
PIHERE » PP RCHVRFIRBEGS TN RE By “Fdt” (Dendrites) » ‘& B A RHAIY 7> L EZ
TESR g 2 AN BB T T IR - SRR LR E A RIS GO & -
(Efe @ RHE R 5 _E 23R IFYHE (Non-homogenous) Y1 5L 99 1L B @5RIE » [NIEE
WHIERE IR NN LR PR A ERAHN T T Ak DA 38 < Ja i 4t - (S HL 9 D e FE R AR OK
B RLE LR 15 (Casting) 2 #E(Wrought) HY#HFE - fi75 Zi/E “Heat It and Beat It” © [fi4E
FEEeEAORIEVE LR o 8 R ERE T H 58 b(Precipitation Strengthening)
[ 7558 {E(Solid Solution Strengthening) ~ fi# {4758 {E(Carbide Strengthening) 5 —fd - #f7it
s b AE B R BRI I B ARG TPbT A GRS R/ ) T 2kayss L 5 EDE b
e T A RLE DT RIS ~ 2m B EURF TR 1 (0 RS 2 0 8 A P Ryt
e LA A B HIT 2 e BRI A B B [ A Hh - %2 — i LRI P 5 |2y 5t
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36 MRIRMEFHERE

BB AR AR - (R S £ 3 s T RERVEE N - BT il RE (e fE % 58 N
SAYINZR - JIRE SRR AL I - & R LSRRI 38 4 > 00F RoRARTRR B FEH
TERHIS - BRI BIREIENE > SALIT 8 & ¢

* EETA A * JITAEEEAE

o MRHEREAE  FNERE - BH L

o PRI ERL o JETHIHAVEERRAE

« HIEAR o EHUEHZFAHEEIEH

By 1 TR R S ERRE A IR RN SU ST PRI R TR AT © Se BRI
FERREEEREFEE T AREE - (DEICER - QRUSEYRIEERT REJR - ) HHH
Bt ~ (DR ~ (S)IFEBERMM - (e Hmtnd « (7)eAHmbR - 8)LEERST
EABEE ~ (YRR ~ (10)FEaE R % - SIHERNEMEL T ¢

— ~ s CRFEEER - BN BB )
© FHERAHAEIEEIEA (ex. NTSB, FAA, other agencies, etc.)
o WSS DR RSORS00 e A SRR A
o B ELER IR - SR - EEAFGEHEREETHRIIREEEE A
o B EEARITOG 8BTS HA Y mEIT T E(GO-KIT)
o EEZEEIATAEERE
= BRI R R B
« JEHUHEAESESLIE

o V& B R AR BRI A R A NS EHUE,
o V& ERRHARRREY (e = B

o SRR R BIR

©  RERBIESEEIMEARN B e R EE

«  HRIEFEHIIE(ES R

o EIRSEEIREE ARG

o AERBUTHT R 1 = R AR DL
= M Rind
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© HEREIZAMFE AR

o ZUAMPEECNIRT

©  ECEHMEMEFEREN

© feEAEEEIRVERRE

o REHREAEE PSS RE

o WIEWE - (ERIAHAS - SRR ZH A R e BB AR ~ YRS

o WAWNE > RACHIZHAAGETT HREELEL
Hep TR RS e &y - Fachs

1. HiezZdretE

2. tpEZEMEC FATA IR - G5 0 SR - Ut fst - ea e/

(E2FREe

[FikF - RT R BAE A BERM R DT AN Z mrderT > DAHUSHRE RS BAE - 8
&~ RIE -~ WE - FYRRTE - e e E T > e R B A E
AR B SR AP ] ~ BRIV AEE - 40 ¢V JP4I(Chevron Markings) ~ &4
(Beach Markings) ~ 5977/E(Shear Lip) + #EM:#/)# (Ductile Dimple)Z 5 » UE Rittda
KA E I ~ B RRRATHIMR R - SIS —([Efn s RV EHETT - B
" ERHIEET  (Oblique Lighting)fYER] - fEE#E ~ EEAVIRIAT > EEAESEL
SAGEAHE R FR S > 1T o HE B Pl e 2 B LH SR ot s e 5 RN ] e TR GEE i - 2 B
S [ e o2 P R ek e I il e A B8 2 1 DA 2@ B A R R Y R TR (20 40T 3.6-1

Direct Light

“Beachmark™ or
C'rack Arrest Feature

& 3.6-1 Bzl () B () ZiEH
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» R o

o RyoRZEME - AEEIT R YIEIZ A S E B A RS
o FHERR T ERARIIRRVER ~ B 2RI E AN

+ B A

© HHY : SIETERIMNRE SR E IR S
o JIA T EOUSE - WG - AR - BE - XOtFE -
o WAETFRE - A DEREANESRAIERER AR MRS - WWRECA DI IR

eI

TEET AR A T B (o0 FH s (A B Ry B8 B (Scanning Electron Microscope,
SEM) - Jil& FHAY #i 8 ELFEETALRRE /34T » DURATRE ~ BER ~ SNEZRHER - —ARAIIESE
SAZEZOT

« FEEHREAETRENEHE

o WIHWE - FEEEEN DI T DU H B A s MR fn R T

« (FHEREZERE

o LDLSEM EEfTHedE (MERIHURAVEELAR, ~ B - pddiRisi=l - AmREE)

o EEREGETEH MBS mRE AN

TEETEIREE 4T | 808 “Secondary Mode”Eil “Backscatter Mode” » Fij# A H{ 5
BUHITHEERETE s - 1% ] 2 EREE B ERYEG) - A0lE 3.6-2 Fiw - 1Ak
TERBORMEZE N AT DAE A B iR ~ 28 S B SR B R 22 52 - oyl
3.6-3 [7 3.6-4 Flios ©

SECONDARY IMAGE BACKSCATTER IMAGE

Thermal Fatigue Fracture Test Bar

[l 3.6-2 SEM A~ [E] B A A FEH]
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Ductility Brittleness

Defined by the Degree to
Which a Material Can Sustain
Plastic Deformation Under
Tensile Stress Before Failure

Defined by Fractures With
Little Elastic Deformation
and  Without Significant
Plastic Deformation

3,63 HEVEBUIGMEREIR SEM IR 25

See Individual Grain
Boundary Faces

3.6-4 ZFEL LR SEM infi AR

SoY ISy

AR RREREY H Y > SR R IR A A E S T RE R E I 40 I
MIET ~ REEE ~ JBERE > P

o EfFEmEREHYIA

o SFHECHUUERRIGI BRI (JRehZ] -~ ehZl - SHERE T )

o ERRZIRMET o EEBQLEC sk R AR RIS B RAG (B AE — A dlig Y= R

o EUBRPTAHRARIE  WFEEE AL SEM HUE TSR LE R A Y I
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o mERMEEE (B

s LR R > AR R AR V) R iy - TEAR o] DU R SR A B =T
BIETVIE] > 2 ehZ S C IR T i K SEATREAORE - W4T Ay aieE -
SEAHRRERAYARE « DURBUSREAA (I B A & B I41E] 3.6-5 ~ 3.6-6

. i
Typical Process 1!

Section Specimen i Rough Grind
EDM, Cutoff Saw, Air |——> | 80 Grit to 600 Grit

Press Mount, Epoxy,

Conductomet, etc Paper

Grinder, Water
Cooled Wheel, etc.

|

Final Polish

Examine Etched

————-hl Examine Unetched I———’

2.0 t0 0.05 pm Various Microetchants
Diamond Paste for Different Materials

3.6-5 ARSI

l Section Cut ’

Fine Cracks in Stabilized

Structure (Ha: d Alpha)

llard Alpha at Origin

& 3.6-6 HIEHLAAN B iR B 5

I\~ ABER RS EARE T
ARSI SEH B B Ry EE 2B G HEE
FBHE H AR T AR 3.6-1 « Hrft > BB NAVEN D - RS S
HHEFEREEE ~ SN EFREAY A REN: - MESHRATT AT - XEIgEE RO,
(Energy Dispersive Spectroscopy, EDS) J&f T 2HT/ T A -
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% 3.6-1 LR B S BRI

BFPRE Y- Wapes
* FE & ¢ SEM/EDS (FET#ifs REE RO
R AR o BER ¢ (ERMALERSHY WDS O REBUEEE)

* R * U ICP-AES (EUEMG BRI

* WUFGEEAARR 2 AR EI
MR RIS L SR | « EUPRE
* E% - SRR

= o FEEGHE L (Bulk Hardness) > 411 © Rockwell C.B.A B A 7574
= * FYEREEE (Micro Hardness)

HAERS M AT * SEAHIHT ~ X JESes

EfkanE R SEM Iy > AEHHY BRI LR e AT

* EDS > HIDIHESREIFELZEE — wlBdatstE ths

o JGEY) > WER FIONICITRY) — B AR A A Y E

* F(bFEaREE — MR RERHE
FiaH EDS > BLZ#EH SEM i X FH4R(Characteristic X-Rays)AYREE 37T > 2fchE
TEZ AR EMER Sy - $LAIHY EDS S alE 3.6-7 -

12th POLISH - 60 MILS - BEI

& 2hrt :ﬁclﬁzgs e
E‘.:“““ 150 Delta €S Preseis
Ver sbao psed:

sount 1-9831 Anomaly
12th polish &

K1

15-Sep=1951 01+ 04+ 44
GE RIRCRAFT Eiv. il - EMTL
Cambridge 1°0 (v * K elta

EDS Spectrum
Showing Chemical
Differences Between
Anomaly at Origin
Compared to Base
Metal

3.6-7 EDS S &
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Fr T SEM Z4b - igdA — R i TAREN =] PLGE AV B2 A T > A0S
© ETMAEEWDS)  iEENEHRBOTRE AN - FrAlERN SR - &
[EIpTREC R IE RS
o P ¢ RS LR E B TAE IR
fE537T © fRAGEE TR AN (ppm ZF5R)
o REOMT SR - HilE - ERE (ppm FH)
o XOUBHH : FRERIE i ~ HEAeSERNE
— PR TR R AR IITRER S -
MAERERE ST ER D > HEY LB RE B RHE TR AR EERAYAE Y] - IHI A
HIRFIGRIA R ED - BRERAT B 2 S AR RFT - BEENAY AR HZBRAFE 3.6-
2 ¥l

[} \

P

= 3.6-2 B A

2l BEHTEERAR
g B i o 5 /574  Brinell, Rockwell A/B/C %

(Macro-Hardness) o IR ¢ ORI KRS 2 hgikin ~ ilian B SRR e
o &H1757% ¢ Knoop, Vickers 2
/T 3 E E-‘/‘ .
i L | I Rk s
o fafak#EIE : 10-1000 gms

* FEERMIE

Fr T EFTAEAZSN > B TERFEE AT E R AT S R E R AT THY A -
piran - SEFLAG ~ BUREENTIE - FRERIE I 0T ~ JEekbTTE ~ B EAES -

v R AR R

FtGELEE AT - SR AR A LAY A - IR UG- = B RSB TG ECR - i
EHEHY BN EVHE 2 BFTEEIRHEE R T > “BEFACTUAL” | [E]RF .0
JHIEME ~ 2 Z MR BB S B TE T R - MG EERE S A B5E

ARENHER(R - EEREREE S 2 (HERE - 1 BRI EEAZIENE > 2 Al aE5k
BRSBTS - 77 RIa0% 3.6-3 ~ 3.6-4 FA -
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7% 3.6-3 REUIITHIFE(Do’s) B4 (Don’ts)

* BRI ER RS s R R AR (D
* WEE T B SRR e A

o fE%F5EHE ~ SR ~ Tk H BIRIAC R

Do’s * FERI R RS RI 2 (M B AR R

- F 2 P A ] T ROAR AR ST

BARH - SR EE |

« EELEHIRDEY (L0EWE ~ 35 ) FAEARYZ A

AAR SRR S —E (FEREMmTR ! )

B RAS R HIEEIR AT > B0 ~ VA

« NEA THETER ) HILEE  BrARIRR RIS
TERERERYZE S - B MNBEEEAARAE L

Don’ts

% 3.6-4 JAEH ARSI ESIH

ER AE

1 e o B SR OSSR AV BB B AL - S S7AEN R ~ T HIAVIAE -

5 BERGETRREEMA M N AT AR AR G EECEEA G R (FralEi %
R - TR S M R B A (R IS BRI 5%

3 R R VAR ~ SO A I R PR ER 3

4 [Fp=8eaC = | wlE Tt

5 HERIEEE 23 TR -~ B HEE I IAVERE

6 FrABIRE R ARG SS  (RE SR V)RR S & i
FIRE &S A BB TS -

; FotReERaEY e 2 IR el BRI 8 - AR ER il E— A e
VCI AR EE (SEFIEEaIHIRD - Rl &SRt

8 TR RN e Y SRR B~ BEACLS - DAMEREER - I HOHEE |

9 i A REFH IR A SCeRaH (i sEr R Iy (BEREEPIR ! )

10 | V)75 s iR | RS - BRI R AR B 2l

11| WrEseH > sFBEHEN AR - ant B 58

3.7 JERRERAR IS

FERPRIR R B i A BB IR > 9A 151 5 1

1. BER YL 25 MH (Liquid Fluorescent Penetrant Inspection, FPI)
IR 2 AR T > FEHR RIS CREHBI A AR GG - S5TRRLE -

2. Wi EESE (Magnetic Particle Inspection, MPI)
FH DUt LSRG MDY 2R A R 18 - FEE SR EAR B SR =
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3. JEEFfEH] (Eddy Current Inspection, ECI)
FIAH EREVE R - N EEEWEMRIAE RIS ERRFRZM R (E22
FHE) WPEESEGEE o A IFE R AV I ER R T A & -
4. FEE Ml (Ultrasonic Inspection, US)
{55 FH i R R R R A R R R T4 - DA R R 220 R AR R R Ry AN & o
5. GP&RIEAH (a0 X 5E)
PSS 2R B DL S IADRERbG BN FLBR AR > R Bk i —
ERST  an] DIERB R _EAgHlE] -

BT PR R A AL A A e AR » 28T A R el A H 3 2 ol PAMH A
ey > NEAEEPEA ] BRI FR EAcsh B M - DS B &GN -

38 SMNREVEBBEREE

BB S - G5 2URHREN NN RS - B -~ JKEIK - s ~ Kdk
D~ fizERsEN  ISIREENECEYEE > B UARBNUKE R R - sl
VIS AR SRS - AIlA] U R EIR BRI SR MR G M AR > A rl e SR A
% 3.8-1 A5l > RUREANE] 3.8-1 AR -

% 3.8-1 FEFRSMFRYHBEHRAE

* Frfd HER 2RIEEIVNE > R EERAVRTGNIRE
il BRG] LB
« WJRESEN T BT RAEL - TS ROy R ARLTE

o Bl RSP - BRHRAE - mE R ERREER

« ATREEEN ¢ B UKER - ERiniGIEN YRS SRR HIYIG

it K s RS MR (R RrE SRR > BUA
B KRG BT IEHAE RO BT AR

FMARE

PUR AT S5 (Bird Strike) SR Ry 5] » 385 G128 R 35 7 AU AR Rk M1
{5 - WA LAES IR ERRFEZE] - Al S8 nI e G RU R IE R B - (M EEL
BEINAMITERES - BB RS - Rl B RS (BES - lAIK)
[ETRERE B R BRI B~ (B R0 ARG a R RE  NIbOAEE |
R ~ BUsHIE R - A REEFIR G R AR Rk -
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Hard Body

/f

Soft Body

[l 3.8-1 WIP:ESR IR AR

MESEEAAE L - EE v DR Ehsny SR B Boflls « Bucites - DL
KD 25520 AR EISHHVIEY, - BB RN R IR R R IE R - ] DLSEsR
R EAESE - fE 3.8-2 -

Fan Blade Fragment - Bird Strike

3.8-2 RIDLE AR R B

3.9  HPRRBHE AT

SEBIRATRIY RS0 ELIRARIE R RIETIIN R ~ 5N ~ B B BUE AN ZR
FoRED ridn)E

—~ JETIRE

JE F7 385 BRI A RS %G » RN F- i 3 2 o1 (Stress Concentration) B 5E 7 #H # (Tensile
Overload) fNfEARRE > Bl #E 2 HIRAEZE A0 A EE —fE LIEgE > 1% RIER ST B
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AP fr I A R B ~ BT ~ PR SRR o T B o LR 7 a1 B A
3.9-1 ~3.922 A/ ©

]7 Decreasing Fillet Radii }——'

{ Increasing Stress Concentration 4’—»
’ g ==

Thread #
1st
2nd
3rd
4th
“sth I e i
6th 7 1 (k) ; (m)
o OO — Single Notch Thread Root [ Ref: 1 - Permission of ASM, All Rghts Reserved
= .
&l 3.9-1 [ESI&EFREI
Uniaxial
(o) Equioxed dwm;
S0 AR - oval
o by WA dimple
Shearing
Tearing
e e —(c)Elongated dimple (wasite tearing S MO e el
Fig. 7. Influence of direction of principal normal stress on the shape
of dimples formed by microvoid coalescence. See text for discussion.
(Ref 7)

4'[ ) Ref: 3 Permission ASM, All Rights Reserved J—_—
[ 3.9-2 SRR B

SR T SES

W5y T LM RHEIR R AR > MG S S S B - @R Al
TEFR ST FTAERY o LT 73 bR 55 0 R BR B S ] ~ S RY B AR AT {F —HEAC
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J R A

SR 55 SO - 18R A AE S B {7k Cyclic Loading)AI{FR(F T - [&] 3.9-3
FyHRIHY S-N [ > (RN E ST th e i 8 - DA [ESsIR R EL By
V&7 HEAT R (T e AR A 2 AR B 5] 58 R B P (S BIRY IE T 58 B
- SRR B R - [ P R R SR AR R BRI 55 - BRI
[FJER I B 52K 7 5 FEE P RAE > ARt mIR AZ Y R A B G A B i - /BT
PRI Y A R R BLFT 52 SHHE TSR A PRI A RE T HRIE A e > PRt el i —
HHES UG E ROViE= > A0 3.9-4 Fror o O LRSSy A -

100 Plastic Strains (LCF)
a0k Fraclure region
(all specimens fractured)

80—
"ga Fatigue - fracture band
gy T0F — . -
58 Elastic Strains (HCF)
ga - .
592 €0 Finite-life region
§ w (no specimens fractured)
— 5 S0 — ———
S~
o 2
g T 40
55
@ 30 [~
& Fatigue limit Infinite-life region

20

10

0 | | 1 1 | 1 1

100 10 102 108 104 108 106 107
(1) (10} (100) (1,000) (10,000) (100,000) (1,000,000) (10,000,000)
Number of cycles 1o fracture
=X [ =]
3.9-3 #iLAYS-N
Cyclic Tensile [ ['—
) | Three Stages of Fatigue {
Highest AK > !
Stage | Initial Fatigue Damage Leading to Initiation
and Very Early Crack Propagation
Stage 11 Crack Propagation
= Stage 111 Cyelic Tensile and Final Overload Fracture

Region 111

Righer AX Unstable Reasonably Good Agreement Between Observed
Crack
Macroscopic da/dN vs Measured Microscopic Fatigue

‘L Striation Densities (dN/da) in Stage Il Region

Log scale

Fatigue Crack Growth Rate (da/dN)

| Lower AK Generic Crack Growth Formula
AK = 1.1Ac Vra
/ AK = Stress Intensity Range

A o = Stress Range

Al\'n./ a = Crack Depth |

AK (Stress Intensity)

3.9-4 LR REANE S50 R A
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Sy 318 > AR AL R ST (Grain Size) B PUnk ~ UK S7 588 BLRLGEAY 4
RIE e R A A00E 3.9-4 - FRE AT SR RST AV N8 - PR
DU S5 58RE ~ B IRERAE RE T - HI IR A S A RRIIRE ST - MEE AR
TSR A (KB RGE E RARAIE S - INIE - TERE 1A T B S ki
KT — RS -

i

‘iner grain size (higher GS numbers): srain size generally controlled by: |

F higher GS 1bers) ( Z 11 trolled by:
Increases tensile strength « number of recrystallization steps
Increases fatigue strength « cogging and forging temperature

* die temperature (uniformity)
* heat treat temperature

Reduces creep strength
Increases crack growth rate

Improves ultrasonic inspectability

e e = BIANDARD GRAIN SIZE NUMBERS
Finer GS Material = Stronger Material '.' .v'i. 352‘." 7z
8
6, « (Grain Size Diameter) -2 @ 4 ".'! ".’ I
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Fig, 14 Schematic, highly enlarged sketch of a typical fatigue-fracture sur-
face. Sketch shows three origins (stage 1) at O; thousands of micro-

scopic, closely spaced fatigue striations (stage 2) at S; a few beach marks, or arrest
lines, at B; and twao ratchet marks at R where fatigue cracks growing from the ori-
gins join as the cracks become deeper.
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| Schematic Intrusion and Extrusion Formation l

; __Siip Exirusion
Plane
Ny
\ Intrusion T

Yo —
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| Ref: 19. Permission ASM, All Rights Reserved '

Correctly Oriented Individual Grain(s)

The More Stress, The More Surface Grains
Starting to Slip A /
[ > \«/’

|

o AN
Intrusions/Extrusions (Local Slip) Within j)\\ el
[

HCF = Less Origins LCF = More Origins
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Well Defined, Coarser Fatigue Striations More
Consistent With Higher Alternating Stresses

Each Striation Feature Assumed to Represent
Individual Alternating Stress/Load Cycle
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HCF Type Curve l

Striation Density

rack End for Cycle Estimate
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Distance From Origin

3.9-13 A REUEE RN

Striation Density vs Depth | '""'2""“‘“‘5
250,000 - & 250,000 P,
Final Crack J 0.360 2 F
e . Depih ,-_J - J 011581 ¢¢ 14276 "X ax
A Jogor ]
= ° =
150,000 O 150000 |
g s y = 21158114210 £ -y 'vele Estimate
@ ) = g
E 100,000 ° N e g g 100,000
s I Excel Fitted Equation -| -
50,000 50,000
o o
00 o1 02 03 0.4 0.0 0.1 02 03 0.4+
Depth, inch Depth, inch

3.9-14 LCF ¥ 25 R ] I 51
FRL ST

BB S IR - (9T T

(1) BRI 25 (LCF) © (1556 E) (EUEARER - =g S))

(2) =B 25 (HCF) © IrENEEE) (Ereif » ERES)

(3) =ik 57 (High Amplitude Fatigue, HAF) * i/ 2028 (=0 ~ EEST)
(4) )R &S ¢ @ Fs LCF/HCF 5 {FH

(5) #4755 (Thermal Fatigue, TF) : JEFERSFEAVEE(E » JIEL - /540

(6) 74l (E (XA 55 (Sustain Peak LCF, SPLCF) * Fféfisrm [MAVERIEINZR
(7) #Hir 55 (Dwell Fatigue, DF) * {FAERFEEERE 5 > BRI SR

Y ERBRAR ZAH (A S AR 55 2 1 o R R (BB ORIT A ) ~ IR~
APy - PEREIEEH SR SR EMEEGT TR E R - DU R
YERTERIREAE ] o (NI - SRR TR TR BN S SR RE T - B

52



#H o Sy J3IE

BRIV T TAZAT 2 B i 55 IR B BT B Ay - 7 RE
et ERIAERTAE] 3.9-15 L5

s LR (e —

(3

Standard Fatigue Interpretation

{2 IR SR SR
1SHEN -

High Cycle Fatigue (HCF)

High Amplitude Fatigue (HAF)

* Often Single Origin

¢ Fracture Texture: Smoother

* Large Fatigue Zone

¢ Small Overload Zone

¢ “Feather-Like" Fracture Appearance
*  Striations May Not Be Resolved

* Striation Densities, If Resolvable, Not

*  Multiple Origins

e Extensive Propagation Before Separation
(Deflection Controlled Event)

¢ Rougher Surface Compared to HCT

«  Secondary Cracking Implies Higher Stre:

Condition
e Constant Striation Spacing
o Lsually Driven by Higher Load Frequencies

Decreasing Rapidly With Distance From
Origin

Generally Stall or Out of Balance Driven!

Generally Vibration Driven! /’{ Ge
s

No Failure e

4

/ Low Cycle Fatigue (LCF)

Load Frequency

. \/I sually Multiple Origins

¢ Fracture Texture: Rougher

*  Small Fatigue Zone

« Large Overload Zone

o LEasily Observed Striations with Secondary
Cracking

¢ Rapidly Decreasing Striation Density

*  Thermal Fatigue ('Thermal Stresses Instead of
Mechanical Stresses)

e SPLCF (Intergranular Due to Environmental
Effects at Elevated Temperatures)

+  Area Should Not be Susceptible to Fatigue
| Cracking

Generally Mission Driven!

Increasing Stress ' »
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Only Atomic H* Can Diffuse
Through the Lattice

Corrosion stress

Ref: 7 Permission ASM, All Rights Reserved

Aroqon

fatigue

Stress

embrittiement corrosion Static
- : stress
Metal Separation Mechanisms
i e Anodic Dissolution
« Hydrogen Assisted Cracking Mechanisms
(Embrittiement) Due to H* ARk Y.
Accumulation Ahead of Crack Tip [ Ref: 10 Permission ASM, All Rights Reserved « Stress Accelerated Dissolution
« Adsorption of Causative Species at « Brittle Film Rupture
2 < Tip - R ing B Sti
CoyeicTin=Reduciiz Bond Stength « Film Rupture + Dissolution
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Erosive Wear Concerns - Engine Areas

wear
(fan blade)

Impact wear

(combustor seal)

Erosive wear
¥ (compressor airfoils)
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BRI - 12 B B i i A - SRR anR A IR S HY[UR > &S SEM

Bl EDS HYHE) - A3 Ry SPLCF ~ B 2LEAGREA R T171(F - Blinii wI4anIse
GeEMAE - HEEE FOS BAHATHY HPT Disk - S8 RAEAHEEL B BA 2V RE
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Altered Plating Setup at Plating Source:

1. Cathode Connection Clamped to Vertical Leg of Rusty
Iron Lift Fixture Loop (Short Circuit Configuration)
2. Fixture Bolts Wrenched Turned (Not Fully Tightened)

3. Activation (Jogging) of Electric Hoist During Plating
at 100 Amps, 5 Volts

4. Arcing Induced Between Iron Fixture and Bore Face

[Zﬂ.

A Plating Bath

Flexible Anode (+)
Used Plating 1D Pilot

Several Simultaneous Atypical Events Necessary to Successfully
Reproduce Arcing Damage Between Fixture and Aft Bore Face

»  Untorqued Lift Fixture Baolts

» Cathode Connection Directly to Left Fixture :‘I]n\x Il e l‘_ ‘:‘ \l
»  Activation (Movement) of Hoist While Plating
B A e == 2.
3.10-1 ZEB 1 Z Ehn=HEEER g FE

Typical Alloy 718 Spectrum

Iron (Fe) Peak Higher Than Nominal
Typical Alloy 718 Spectrum

Primary Origin
(Divot Appearance

Origin Region - BEI ~70X

T y T . ; ; ' s
- ©.03¢ | Parser  10.23¢ bV . 10210 4
iotegral & 2000w

3.10-2 ZEf5i] 1 2 EDS [hif
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MOLTEN APPEARING
ANOMALY GERE / CamScan SEM / NORAN Series 1! EDS TUE 23-AUG-42 14:55
e Cursor: 0.000keV = @ ROI (1) © 000:20 480:=0/sec
N\ - 1

|~

[ coreer |-
Elements found '
in nickel based ] i

FOS material |

NCFNS6 FOS 00001 1000pn

i8 CFM36-SC FOS EDS 1

Electron Dispersive Spectroscopy (EDS) was used to study the chemistry
on the anomaly surface. Note a significant amount of copper (Cu) was
found in the anomaly. Copper is not a component of the FOS material.
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3.11 USC fFigETRMRER=ERE (SEM Lab)

MR AR B i 5 FE PRI BER T e & T B RS S 2R B L SEM -
REESE2 Bt A BIRAVEE  FOTES 2 K MR ig e el e ia st 8
HI{EALTY USC feAES Core Center of Excellence in Nano Imaging (CNI)HY SEM Lab H.75 -
A R E AR SEM 25 B Nova NanoSEM 450 » &— 3k N 538 B (Field-Emission ) {4
At ~ #E EDS IfjREHY SEM ([&l 3.11-1) ° 5%/ Pridemore AE{f | 2 4HTRSGHEIA BB
ErAiRY = - HPT Blade Bl HPT Disk - (52 & DA & R B fn (i R RN (fE 3.11-
2) > [EIRFIAS FHERZEAVHRIE N B A SEM > DU & 53R 2 HRENIE (R4 - HraaEs B4R

BBl SEM 28 > WE R I8 S AT B TR AT IIRE > 400E 3.11-3 -

057 WISONUNVION |

3.11-1 SEM g fF

3.01-2 SRR E 3.11-3 SEM fa I 74X

59



3.12 jEEGESSEIE R ARtRESK (Aviation Safety Lab)
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