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RKLTWBDIE, ZORNEERT 57:0THb, K5
Tid, HREAMEZICB 2 EMEHER &Y
YEZY ) Y TOEREBASIN TS,

RIZ, FL Rk - BRIl 2 A 5ER3E 3 4 2 &1
Yo THzEROZEZMLELIELHIeTH70T 2
FERBNT S HEONGULENMERDEL & - 725k
DEM - BRICHDHD, TV VICbBEHTELLON
%\, FAA & NASA IZ, #iiZEstt, K%, MEED
71 % %% C NDE (Nondestructive Evaluation Systems)
2T TH Y, REMOMFEMEREEL X
ELTWwB, £727 A4 F 7ML RED L E o T 1997
EH 5 AACE (Airworthiness Assurence Center of Ex-
cellence) FIHEI2SED SN TB Y, 5% 2004 4E F TIZ
CEBE, 77y, BEMONIKE, BRACHOME
A RS ORIEAMT % B L CHi O R AR 2 EHET
5ZEIZLTw5h, KREIOMEREIIHT 5 ERAHLD
BB Do
2.4 BRRIZHTHEM

RBIIMZERORENB I UOMET Y ¥ v O N
LD72DDORKRDEANIDOVTHRR S,

FO—oi, REMZEMAICHEST 5EERETH D
ICAO (International Civil Aviation Organization) %%,
R OH AR EOHERIZINT THER L ) — AR LT
LM DOFERR R B % 4T 9 Safety Oversight Pro-
gram ¥ HbH L2 & THDH, FONEILIEVHIPHIZ
bl2nh, LI, BEELE (REMEREI RS
KD 12%) OWZEHFHAED, FTEED 10 FIZDELT
WAHZEIERL, BEEEIREKEDETFEEZE
HLTW At vwbRTwa,

b9 —2iF, KE®DFAA EFKIND JAA L 25, &4
DRI KRR B OFH B AR EAEH R ETOPS IZ# Lo i
LEWERFTITIRALETAZEEbRL TS, 2
NoOBUFHEIE, BAETS FHIEwny I 2iik s
HiR 2 5B BERSELO08 )k, T I Y
A —H RMZEEFICERT B L) X7z BAEMIZIE,



AN 52— OEEERL & FHEEE

AXAR 2 —E L FRE

EEMEREO SRR oM E, 74 27 OEEHAE,
BIERAREM Om L, HFaEFEEmogR, 54 Mo
MEEHRE SREORRENHNRE R > TV, RIET
VI HZEDOMD-88 T2 DRHE T L EHKT,

ZORRE RS2 JT8D VYD T7 7 T4 ATHE
BlZowTid, vy ryoxA—hThsHPEWFHON
HERGHEETOMBEEHRD D) OMER R I
TWwb, TNHDBXIZHL, KOZ Y IV A—H%
i, MR- bH LA TREMICE) HA TY
Liwbhb, TONT, - EHZ2EZE RO
BUK, FHigoFIMRM L L, ETOPS IZHRb % ik o
REOM BV HEERENORNBEDOBE R I N TV S,

3. MERAHRXZ—E > ORI

MBHT A Z —E iZonwTlE, RN/ SY — K
D A N SV Y N1 Dl iy g SV M A A AV
5% T, K REDHEHAIBAINTNS, T/,
FERLY Y VHEREROEMES DL THRASIATY
bo TITIITIE, ZOHERINIAKNT V>
FRFTHICOWTZOREZ[ANT A L & Lz, A
DR T, KE® IHPTET (Integrated High Perform-
ance Turbine Engine Technology) &lHi, 1AE DGA @
AMET &Hii, #f7HFD CF34-8C ¥ Y DRR%IC
DWTERTELDPSDIIEETH S,

MZBRTAY — ¥ U EMiZ, SHEHEM & CFD #
MeaRABLELTREIRELODOD S,
3.1 HSCT (High-Speed Civil Transport) BT > >

KEIDSNASA % HUIZE G L T 5 R & %
HSCT #:#F @ B 92 &1 i HSRP (High Speed Research
Program) IZBWTHIERBHOBKBIFZ YTV 2D
B ORIATCBBNI ST b,

1IZZFIERR SNV I VONHETH 5, KR
i¥ mixed-flow turbofan cycle EFEEND ¥ —K 7 7~
IrIVUTHhY, 77V PRV 2y P ERIRA
S TEEOKRZ K> TWnb, EREE(LDZDKAEL
Bol-BER ) ANDEND, T, Vv 2T —0%%
IR LW RE F &2 EE R TRITT 2REORENEE
Rz TFHHWT, ERIZTESFA 7 VIV ERL
TNANAERITE— FIZID U THEL TWzd, &
DR TIEENEIT> TV, TORICDVTOEZ
HARRTH %,

IV Y OMFEREICIOVWT, MToX ) 2#B TR
BETHEORE LT bITwd, EREHRTL U,

F&5074—1, AMES0~601 v F, F—E 74 R
yOERBIESHEL Yo 2L, BHORM, EH
IOTVEDEBENIIRELS D, £ THWE, F7
Ay —VERERGOEH L Yy THRRT LI L 2%
ZTWi, LaL, EEOTERREFEIMIKRENE
EDHBA L7272, 2006 4FIC L T Y A—AHE 1R
DBEREEHL, 2010FICEEREEVIRED F
ALATF YV a— VIZHIZELEL ZEIIRETHLZ L
WhiroTE&, ZD72, T Y ¥ A — 5% NRC(Na-
tional Research Council) i, V) A 7Kg D7-D 2 £D
FRRRIEFEL ¥ Y OBEDO AT b T RITHAER GE
IV UHE, BEEAUFORE) 217 T L2 ER
LTwb,

AR CHRHAPFESINEEIN TV S ELEMIEIL
ToE:BYTHbH,

ALy ME2RILETHY, PR/ ANiF 2 RLa v
r—=Yr ATV M OIFY -
T JANVTHB, £ Ly PTIE, HEHET A
7 a—FEHGOR I DOEMIREIT R o T b, 2001
225 2002 12DNF T 50% A —IVE TV & BAE L CRER
T Ao HER/ ANVTIE, BFEETE L CTwb 2 RL/ X
WX ) EREROBEREMEL 2 ) 7T TEX 52 b h s
72A, TEREIBSINTWDS, 2 RTT/ X VAR
FeldtE - 72135 D T, CMC (silicon carbide-silicon car-
bide ceramix matrix composite) HFLDWEIT/ A % HEE
LTwb, FI00 =Y Y2 EHLCRETHTFETH
B0 IFHEIAN 7Ty SIIBEEHTH D, BRI
FHIZ DWW TiE, P&W #tid RQL (rich burn/quick guench
/lean burn) 53X %, %72 GE i3 LPP (lean premixed
/prevaporized) HRAZMFEHFTH %, T LDFEZTW
X DIFELWY, FIIEERZVWEWV) I EL LV,
WHNEFI9 LY YU TAS—LVEFLVRBREFELT
W7z, 2001 EICEHRKROEFIVARABEIT) 2 &2
oo B, T3Ivia it aTERETHY,
I AFIICHERD L 2 Edtbh ozt Eb
NTWwb, TIviary -4y 7 20BEMIIHNS
g/kgfuel TH Y, &7 ¥ BEERER Tl 4~7 g/kgfuel D
HALBEOLNT WS, AN, B&&M 7213 CMC
rREhTH D, ¥ T4 A2, 7T L— FRAMEIZ
BREEHESEZHEHTAMREIBVIRETD 5,
FERERLYIrD2~3fEORELEDF -V - F 14 R
IHBBETELPAWHTH B, 2 H M X IHPTET &
WTHRBEL-BMNELFHTLTFETDH 5,

Oy ~ ?

1 HSCTHx ¥ YHimE®
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MZAH X2 —E - OEREER.L EREER

mERER - AR W

3.2 ¥PR-&—=KI7721T>I>%

P&W 4kid, >k GE 4L 1A SNECMA #k 3 [7] B 5
DY —K77 Yy CEMS56ASLER (1997 F F
TOWRFEE T CFM 56 254 8,500 3, TAE @ V 2500
A9 1200 2&) 7S 15,000~23, 000 F >~ K O diss1a1F
LLTEBEDY—K77 2V PWE000 &, F72
H#e57 22,000~30,000 R > FomEmTE LTF7 K -
y—FK7 71V PW8000 DEHFICHEY HT Z &
ZEFE L7, X212 PW 8000 DI % /md . SHIEE
WCREREENRIATND 100 AF D RiEOMERE A
hzudige LTwb, AftiE, ShETEF7RITELY Y
FREENA ALY —KT7 7Y v ADP (Ad-
vanced Ducted Prop) DBFZEMEIJICILEDTE 72,
LA L, #553,008 K, 77 hE1184 ~
F,40,000 BHOFT Ry 7 A% L 2FEiEz v P »
ZBMEL, 1993 FELKRET 82 B o M FEBR %47 - 72
BICHEETRL TV 5, HAE L TiE, BE/LIIRD
o WEAMBEFLLOaX MEEETF TV, 4EN,
FONEREENOZY Y TOFEPFKEE V) Z LI D,

FALIZ ERITPWR00ICL Y, ZOZ T ADBEED
y—XR7 7Y vl LT8~10% @ DOC K
(BB ORE % T M, 600,000 FIVEIK) 2SHRE & 72

o ZE6HEFTICMMIBARK L T, 10 » HEIZTHER
iz, 20 7 R ICRAGEHZ NS FETH 5o

F7IZDOVTIE, FALIZ#EZE 10 F 0, 34 5000 75 F
VT 950 BRI AREBR L C & 720 FYah®IL 99.7%,
FTIMHHTAMBMBRZ Y — R 772V D245
WIEEL v F 72, G EH B HEE b FEF 1T/
XL o TNHDOHEMIZIZ, ADPBRICE » TH S
NP R IE SN T 5,

PW 8000 Tix ADP X h/NITH % O Trfti 2 EH
WKHES WS ke L, F, BMAUEY Yy F TR
FHET, BEOAIFTA MY N—HE2FEHT L, 20
D2y FEL7 77 L— N, GffizrhEre L
BTWwe 77 VEZFWRT~TIA VFE B, FTHITS
T, InEERE 3,050 rpm TH 5,

EL L6 A HatMiket =BG35, CFD atH L
MEDMRGE & FEAERZBEZFIH L THERZ KRS
WL, FIERCHEZINESER 2520y Y0k
LT, @B 40% WAL, @R 50% WA
Th, 77 UL 1,050 74— b BEBLLT
BEEAT—V3IHMBEL ) KIBIKST 5, LaL,

M2 ¥7F -y —FK77 I WEH®Y
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Ty OHERIIZEDL 2V, 77 YRRFEEIT 1, 369
R P B, EHRIEIAWPZY, 7—AMELANT
3.33Td» b, CFDIZX ) 77 v F v 7RIKELRL,
TARY 2.2 %o 72 F FRLL BT, JEMEHED S
BCHENI12 v BAMREHI & o T b, MRBES
\& Talon EIFIZN HE NOx BMiAEH I N T 4,
ZZTH CFD BRI IS TVD, HEy—F
YH1BEOEAM - THY, —MOF AREILHE
LTI D, COREBTOHBERZHET LI LIILo
T2B Y- ERBLRE N E 1~2% ICH
BT EWNTE, WIS X 2B PIE 5 R s ulfim e
TTHy—E VEOBEZHRT 572012, Super &
B W ENZERGEEBIN THAMN & > THEREWIST — %D
AT ERWREICL, RALmERLZEREE TS, £
72, BOMEAEA Y )Y ARR—RETHLHERES
ETBHIEICED, kT Iy B a—T 1 VTR EM
WCHEHBNETAIENTE, KESY—EICIE3ED
FlEE 7 — P HEHASNTWD, FERIIESGHISR
bHo TNHOHEMIZIE, RED ATEGG(Advanced Tur-
bine Engine Gas Generator) #1TH @ & £ X° PW 4084, PW
4098 FHEDO KRB L ¥ 2 THEFRF A O BRFHEM AT A
nontTwb,

I 2T yOY A ZIVETIIE 40, NARARIZNITH B,
3.3 VIOL#AI>> >

EE, VIOLBEAEE 2B TWvw5, BRATIRE
S ETHLH, SHRIGHAROTNE LT, REEIC
L VIOL BPZRHSNLEIRLEEZ LD,

3.3.1 V—22 5 LU TYPE 609 DEIHEIE

KENFOHETH D XV-15 &I 20 FED L
OMBAREHRITITET4 VI —F B VTOL B V-
2F ATV A DR IRE - 720 ThE TITHIE
Bl BRERMEEEHETIOREEL, COBRERTDD
BEBOMIENMEE 572, Zhid, LRIP (Low Rate In-
itial Production) D\mMDO L D TIH Y, S EILBKIC
360 B%, UFERIRBRIC 50 4%, BEICASEIMAINSD &
W, TV VL, V-228RICEHBEEINTY U U4
DIF—KRIx T b Y T406 =2, 6,000 shp
OB THDB, TOBOTy I, BRTHAI LG
BRTH AW, LTI v ERPRET L7020, TV
SEROMYE, i AT L ORESE, L VRHEL ik
FTELEVH D,

1996 ARV K—A Y 7HIZE o —rF3nik
FAN b - u—%—TEXOEH VTOL # TYPE 609 i,
BEOBULEDZEEZBTHWEEShbhTns (M3),
2EBIIIORIT LI A2 NG T 55T TH B, 4
WO ER M, AwmEm~oHk, R, HH, B2
B, BEECHDL, M S 20 ERIC 1000 KEDPTEAS
FREESNT VD, 6~9 A T, RATHEIZ 510 km/hr,
Wi EEEEX 1,380 km L SbhTwb, TV e LT
3, BfED L Z A P&W Canada 4L PT6-67 A ¥ — K



" 5 - B

MERA 2 — € DEREER L &RREER

BERARE—E L $4as

26 ft diameter

60 ft (18.3 m)

33(10m)

K3 TYPE 609 RH VTOL ¥

Py T7 b rY L, 1,848 shp DMENE Z LN T b,
3.3.2 JSF (Joint Strike Fighter) DBRFEm

KE B & O E O K ik B A% B 78 5T JAST
(Joint Advanced Strike Fighter) IZB8WW B F @ JSF
&, TR 3,000 MOFTENRATNTWEETIZ, BE
EEFELVESFZR)IETTV5, oM, 3 v
VarORRLZEHE, BE, HLBRSEHREEIC70%
DEOHREME2F-EL I LI o TREZHRT 52
Lo Twd, BEMICIE, BER-TWS220H
FF— H121999 4 F TIZEH A & STOVL (Short
Takeoff and Vertical Landing) HEO#a% EIFE ST
1F—2A%23RL, 2001 ST EEHREZRGT S0
Thb, BIE, vvF—F~x—F iz hltdsr5—
Lk, K=o izl $5F— ANEEEBERED
T2HODEEFRY 2T TREEZE > Tnb, M4l y
F—F—F U HDISFOLLY I VAT LABEE R
T, EHEOEL LY i, PRWHOF1I9 T VY

JIWCELTEBY, STOVLEOEBEINIZY 77 7
LIFT FAN
F119 DERIVATIVE
ENGINE
ENGINE NOZZLE

LIFT FAN
NOZZLE

/ IN STOVL POSITION

B4 Tv¥—Nv—F Yo JSF (STOVL) i
LYVYYATF L

YRR ANEREET L, 7272, BEICA-LB
DELYIELTI, PRWHODOF119 =Y & GE
HOYF120 L TPV OMiAEPRHAEINSLFELEbR
TWah, koL I x—A1F, V777, R
I AN EEOTHMLRERE ZT>oTwb, ZO—D
£ LT, Rolls—RoyceftizF % o8,y 7+v77 0%
BELTWLY, CRIZZNEFTTRAROT) A2 THh
D (X5), 1.5 F>DA4 Ty FoHID LT 220 K
YFOBGIZLTWBEY, £72, GE4tix, 1 L v b
TAAM=a VICHWETER Y 7 VEBRBL TV,

KI5 Rolls—RoyceftU 7 b7 7 DF% 8Ty 27©

4. BhHi)iZ

MZEHTY Yy OEBEEMIL, 21— ThEMESR
HizkoTh, TA—FTHEHL LYY VREEMIC
EoTHEBBABEEIIRLEERbNS, £LT, Witk
OB IBFRIT L ) —BREICR L LEZ 5N SH,ETOPS
B—RIEL TV BHT, RbFEFICE - TIdE 512
EIELLETH Y, COSHOREL IR L v,
Mzer o T U EMIE, BORBENLESEZZKTOOH
bo ZDJRENIIZ, WA BB, CFD Hffr, BRiE
BEEMOERIIH 5. BHAED ZOWFHIENLZ &
DHEVED, WERICDWELTENTLULENED S,

BEE

(1) BRARAS -V A5 19944E 3 A5

(2) AVIATION WEEK & SPACE TECHNOLOGY, March 30,
1998, pp. 72

(3) AVIATION WEEK & SPACE TECHNOLOGY, October 13,
1997, pp. 70-74

{4) AVIATION WEEK & SPACE TECHNOLOGY, February 23,
1998, pp. 32-34

(5) AVIATION WEEK & SPACE TECHNOLOGY, November
25, 1996, pp. 25-26

(6) AVIATION WEEK & SPACE TECHNOLOGY, March?2,
1998, pp. 39
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FEER - MUZEH T A & — ¥ v OfF M £

ETOPS O#jiy & 3 ER

R P

NAKATA Hideki

1. ETOPS MOBIE #1 FERMY v MREBIZX 5 ETOPS EMikiR
1.1 ETOPS &1 e TR ETOPSSERBIZE &L
BUIEBEAS, RATHICSEEI%AS 1 Hefe il U REEES L B %ﬁ$ 12057 | 18053 | %ofth () Pud)
IO B8, ZERICELZRF) ORITEETO B767 RB211-524H % % 4 (105, 127, 138)
FATHERIAS 1 B2 2 T L E )RR 2RITT 5 EH % ) JT9D-7h4

. . ) (51802, 247 [ED CR6-80A, 80C2
ETOPS (Extended Range Operation with Two-Engine e P0g1 200
Airplanes/% ;éﬁ% W2 J: Z\) ﬁﬁg%ﬁiﬁ_ II:H Eﬂﬁ) C‘: V%al/\ i To (&3t 75,875 ) RB211-535 22 9 5 (138, 150)
1.2 ETOPS DR B777 PH4000 . L am
FAETIE, 1989 FEICE&HEBIZL o THRIH-/Ny 2 (&t 3652 ) GE90
2 #C ETOPS 12 X % @ WHEOSALAHAE S N0 & 1 i B I
Yiviz, HA#MZ, 79—V F-Z7 -2y bJ—2, H A310 CF6-80 1.0
> t5 o g < e~ Jae CP6-80C2 8 1 2 (90, 170)
KT ITHAED A2 B 767 BUEIZ X % 120 47 ETOPS iy ) X
GE) OEMBEBRAELTVE T, BHOEMEEL S (5173, 257 12D —
A al, EETTOF— 5 TRH6,900 BIZR D EF. A300-600 oo 2 2 ©0)
%3, BEETOPS X 2 EMEOENMEFT > TV B D (&t 21,542 D
I HARZEE 2 H 22T T, OARMZEIEY £ /S V8T, (ﬁ?ew@ V2500 3 (75,90)
EHZERET VT, A&7 = T7HHRT, B767124 5 120 — T——— 0 —
45 ETOPS #47->TwE 4, A330 |~ CF6-80E1 1
S P - . (BE 11,144 [m PW4168 1 (90
GF) ATz TR 1 BEEIE L, 80 0 1 KO RH fILIMED | )

(19964E12 A31 ABE)

TR D ORI E TORITRERIAY 120 77 % %
% ETOPS
HROIZATHRLE, F—A v 7HOHZETIZB
767 % E MY AWML 774D D B 56 42 A ETOPS %
fToTBH, 802,000 RITOEKEHLTVET, [
BRIZ B 757 Tid 105 4L 9 % 36 4L TH 76, 000 AT, W
FOBTI7T TIE 9D B 24 ABEIC ETOPS % G L
TBY, BRI 24 MbLEROATVET, =7
INAKE oM T, A310 ZEMT AMER 234
TH 173,000 AT, A 300-600 Tl 7% T# 21,500 A
T, A 320 T3 34LTH 600 AT, T 72 A 330 Tid 3tk
TH 11,000 RATOFEFEFRERAERONTHWE T, (K1
I ZeiE RIS BT v Y LD ETOPS iR %
RY o)
WMESMELTRTALE, 2HA4F v NfiZe, 72
hUMZE, FINIHLE, T ATy, EEME, 77
G YA, VT IV, AL AFLZE, SAS, HARFHLZE,
HYF AL, TTA T4 TELAE V2L DT, KK
k¥, TYVTOFEHRESTZIILDOE  OMESILA
REMTETOPS # % LT F 3. SIS R REH

JEfaseft 199844 H 3 H
EORTZE B AT e v 5 —
T108-0073 HEHREX =H 1-3-39

* 1
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WBWTIXETOPS 28l b LTHY, KEMEATT
WZDOWTRTASE, MEMIZL ZEMMPBEIC S, 458
WoEMEE B> THY, KMNOMAZEHETH BRI
DEHEA 3, 4 BEOEMBUIEDEZ 20D T7,
ZDOXHIZ, ETOPS B35 HTEEoREWT 5
IRENT, HERMIELSER LTV T T,

2. ETOPS MFER
2.1 ETOPS MEA

1950 F R EFTHOL ¥ T u B RO BEMEIK L,
FATHIZ 1 DOFEEIEIL L, BIEHVTR D D5E)
BLEILT L EEHNER) T LIZ R RERTIE, B
BAEBERTALRATE» 5@ BN TRITT 5 2 & 24l
W ALERHDLEEZONT LTz, 20720, iz
WHEFEITMHE T L MEERIE, RAE U CHERET L RIT
Bdr & 1 BEBEAVEBYF O S E T 60 4 LU F B TRAT
LCiE7 b v ERENERBZEHAN ED O E Lz,
Z D 6043 &) Burid 1940 ER B A S 1950 44K
FiPEOEA Ny IV OFFEEIZESS DOT, L
DEA N YTV ORBEEOKS 25, RITHIZ1D
DOFEEWEDE L L2 BE TR Y OREEDME LT B



m A% - EBim

ETOPS MO &jm & EFEMEKR

HARHR 22— 2EEE

REIIRF Y ORITHIERETE L 201212, HHEZIT
ZHERITEG R OHIZ60 0 UNZRITES S 2820
WHLDTL. (112 ETOPS &M %ERT.)
FOH, RMREHII sy Py I U RHEESNS
Iy, ER Py Y U IZHARTREEEOSHEE
BRELMELF LAz, 8121980 FEfLIZ A - T, B767
REEO RIFMENEREY AL, BEELIEVIY 2y b
IV ORBESHIT 5128 X, MEAHTIES
n%®%ﬁﬁ%k@¢ﬁm%ﬁﬂwﬁwwﬁiﬁﬁ’ﬁ
L nwtHET S IhoT&E L. RED
f—%yﬁﬁmﬁéfu,txb/l///w%g,%
Bk (M) BREL BB IZONTEFEIME T T 5725,
Vv PRy UTIEEEIIEEE EH) okxs
WBRLTIZWwWELTWE T,
INEZIFT, FAA CREEMMZER) Tid 1985 F
6 HIZHERETTRE 2R RAT A0 S 8K 120 25BN % 3EfHLIZ D
WCORRLER EO, KE, -2 5 THDOLE
THZHITER L THSORREELr O F Lz, T/,
ICAO (EIBSREBIHZEHE) 2B WTH 1986 4 11 H I
6 MEE THMEROEN L AUUE S, RS 1R
ﬁ%ﬁﬁ@@ﬁ&ﬁ%ﬁ%%ﬁ%mé%m(mmwi
60 7% HESE) DL LERITH» SBENCTRITT A5 612
KRBT LI L L LT, BT RAREEINED LN
F L7
EAEIZBWT

(&, BERO X924 HZEAY B 767 Al

ZAERUCHRH — /N> 3 7 BRARZ BT L 72B%, 4E% e
AR L2 RATHE A S 1 BRSO FE T 60
GERBIOIMRITICRD I EhD, HEOKLELEET S
VEPELE Lz, T, ZOMOMERIEDS b Ik
TH B 48 AL 22 R (&, 1989 4F 1S

DREXLOFEID Y,

ICAO, FAASDMEEIZHER L T TRFEEKICX 2 BRI
e Y B HUR GRER AT IR, RO % £, 120 40 F T
@D ETOPS &G ENL L )2 T L7

2.2 180 4 ETOPS ~"Mi#kik

120 7 COHO ETOPS " E R L, ZOERBIERIND
IZoNT, 12002825 ETOPS # RO A EMNTTX
FL7

2—1~2-312, KPFEHEFICE - T, HEICHE
L72RATH 20 5 1 SEEMETAVER) CORITIER % & % 60
g5, 120 43, 180 43 & L 72356 O BB O A7l GE sk
ERLTHD T, CORDPLW S X H1Z, 6045
TIEHEKERCHIVIETAVERL VY PRV TR
EORBWICRET V747 =7 0O—8E LR
TTERLDD, 12045 TEEBE7 V72 &mATE
DE4AFTT, 851218040 &hb NI 2aDTIRE
KD AR CTRAT IR & 72 biio%@#%,
PEFRIT 3, 4 FARIZER & T 72 BRI RS H% & sk A X
BN RERD, ﬁ:xbf%ﬁ%ﬁ%% L7
D, BRI OV TCIREFEOEEIE U T
MEEETE, MBEFIIE-TEZOFEIIARXLZDD
b FET,

F7z, BERIBWIIRITTAELTYH, EilkoTiEK
BIDOBRERBEMEDEETE B X5 BRITHE ST LI
PignZ b, FIZHEALTHEEORBESEDOIEH 58
HTERVEDRH D £, 1204 ® ETOPS THWH#
TORBENRHN=—ENTHTH, BEWISTERR % R
TEE5 257, BEITRBICHXTRITREIEL 2o
TLEV, RITHREIRIREOFESEIIRT S, HE
BB KT Lo HfiaGdbZE2oNET, 2L
72HE2 58, HMRICTEEZ 51X ETOPS O il [ i [

----- FRATRERI A TRATH 2 & 60 45 D HiBH

—— RATREE2SRATH » © ETOPS i KFRAT e ] o # B

K1 ETOPS o#t&X
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ETOPS D&pfa & {ERETEEK m iR - S

60min.._. :
B767 / A06NM

K1} ENG OUTIZTRE T SHMIC

L JOHHSTON ISLAND HET M tHll. WA DT
!ll:nm:lﬂwa ------ -
2 AR AN RO B S
WALKTATLIRD, 1

© ORLTRESLHETILENDS.

M 2-1 HRATHEEICE CARITWRENL (60 )

120min ETOPS
B767/761NM

/
T
/Y\ el Lo
\:/ . LSS
ﬁ;o AN MMON B
e p BauasnTonkn wARE
. © BLTSESRMEY3BRHSB

Bl 2-2 BRATEERIIE CRITTaEHIE (120 %)

180min ETOPS
B777/1130NM

KTASALER ’
! il oa
alAtURO !nnnm oy
scHmSTAS S BLTiE fn:l!ftslwu

X 2-3 FRATERERIC U-RITHAEHIE (180 43)
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1. EAHPE

ZERICHEREIND T VY Y IdEEEZRHETRITT S
EHEED SEWEREIER I N L BAFGITICE
DEFNZMEL T 5720, RIERREORHEED S B
IV o TT ) B BRSE THIES A HERMEED
BEzREMEREL Y P ORBEZH L LTRAT 5,

2. ERRA

REMZEEPERT REREIIEBFIIED LN T 5,
ZFOREWRLZDDIZT A HIHZER (FAA) Ofif 22
#i# (FAR) 33— v S#EREDEEC % M4 L L7
19 7 W[ (JAA) TREDzMZEMi# JAR) 255
%o FRASETIL A HLZE R HSAE O 72 i 22 AT FE A
Bhb, (B £1 WzEHEE)

ZZTIEV2500 R CF34-8C Y Y VDR THE
L7 D& 5 FAR ICHER L 72BARIEE L SO
AT BIZDONWTHRR B,
2.1 MRMERAE

FARIZAZFEETELRITT 22 TCORITHRDE
3 BLENSEME TR TORREZEEWICHEL T
bo FEEED Part 21 & T VU BIUFNREH
T LRI AT AR I vV U R EER
4% Part 33 %Y ¥V U A EMRIICE D S Part 34 D
Emission, Part 36 ® Noise 8 & 0N Part 25 O#i%ktESB

F1 e

M |BERETIER B - RN
J PN |] CAB|fitZetEEE E4EH
USA |[FAA |FAR

V2500—-A1/A5/D5

MD 90
CF34—-8C
% |Europe |[AASC|J AR A320/321,/319
Canada AWM CRJ—-700

J CAB : Japan Civil Aviation Beauraw GE#IE#ZE/R)
FAA; Federal Aviation Administration GEFR#ZE/E)
FAR: Federal Aviation Regulation (GE¥RALZE#%)
A AS C ; Airworthiness Authorities Steering Committees
JAR ; Joint Airworthiness Requirements

3 Austria,Belgium,Denmark,Finland, France, Germany,Italy,Netherlands,
Norway,Sweeden,Switzerland and United Kingdom i &% 19 »E

BERZd 1998 4 3 A 30 H
* 1 @HHARRZERT Y UVBHA
F105-0001 HEAEXE/M3-2-2 E30HLEL

LRI T B Part 121 23H 5,
2.2 BBEDFIE
ZONTRHDOFEZT) TIZE ED 2 Part 21 DF
T2 LT ICHEAT 5o
FAR part 21— Certification Procedures for Products
and Parts
Subpart A — General
B, TNEEG - 0k - RBomERE» HE.
Subpart B— Type Certificates (TC)
— R EEN - EmE AME 4 O B O 2B R
(B %A% Part 25, T ¥ v ;Part 33 fth) #iHL T
WHENEBEEINDSL, D720 Type Design (Bl
X, HAEM, MR EM T TROFERS & O =2k
PR L CH A S 2570 0FIR % 2 585 %R
BrRELEL), ERBREHLHESE /B LR TR
3o, 2 EMORRE 21 % Mo OHERE
OO0~ 27 VERME L ARITER 520,
Subpart D — Change to Type Certificates
Type Certification IZ3§ AEHEEZ LY ¥ ¥ £ Dl
DRI BR 5 %2 5L ® (Major Change) &5 2
Z2wvd ® (Minor Change) (25T T& 412DV THEK
A EHE L, HIZ Part 39 TiHZEMEm S5
TEINTBETEEIERE L E2TbRITuEh 5 v,
Subpart G~ Production Certificates (PC)
BEEHORMEHET 56 Type Certification %
ZELREESOMREORL L HE LK T L7700
B EN, HRTEIMETHEI AT ARHFAELTCY
%2k BIERE L CREREA] (Product Certificate) %
ZAFHULENRD B, BiEFE T Type Design Zii7z L
BEEMIRBICHD L 2HEEIITE-ODOHMEL
ZORBHEERB LT - L ENODOREABRHD
HEOBFRE FAHM 2 R~ FM - AL -
MM EOBRAEHEL T ANEEL ELRIBL 2T
TR 6w,
ZOFMIZHE, HE (JAEC) 13 V2500 = > ¥ ¥
TIX IAE (International Aero Engines AG) @ FTH
AT rY v A—Hh—34% (HI/KHI/MHI) & #£i26
FIZEBW L TC & PC 285 L7,
F7z, BAEGEH & LFMAAEPDCF34-8C ¥ ¥
Y TH 2D TC/PCHAFIZIANT THENSEITH TH %o
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FAAD L YT URRFHI TC 2 3ATT 5 72D 1Tk
7t (Type Design) D %4 %479 FAR Part 33 Airworthi-
ness Standards: Aircraft Engines DK % 3 2 127”7
(EX bz OBE Subpart CB LU DA

3. T RR

RIEMZEEHT P Y ORI FAA OKEEZT 5
2OICHETAZ ETIERICHE S,

LYYV ORFEEE, EBY, WEERE~OHEEME
BHili X% TCHUS E TOMM & TC BiRH O 3 M FE
2T CTHRBEB TOREMDEIEDSIE L o722 &
EEBOEMOBE THEELLEIZS U TR T 1 —
FoNw 2 UCikET %223 % Post Certification &
BT AHEZ ). ThoOBBICREMZERD ST -
T b LTOREEEZNFERSMHRET L2 L20kD
bivah,

3.1 Type Certification (TC) DEG

FrLwrLy Y 8 Part 33 O 22D ERIZ A
TAHILEMATLIUELD S, k3, HiEE2 272
FAA %% Preliminary Type Board # B#£ LT, A —#4 —
EH L P rEFIVE FAR O 4 OERIIHT 5
WEMOFA T EEHET L, =0 VY DRFASFAR
BOEREWMETAZLEZRT DU TOHET
FHET BB D 5o

A RERA )5

a. EL VIR

b, EHMEEESBER (U2 REr
c. WEITREINIRF L oMM
d. fadr, 7k bR Ao sHE

INLOBEOHEORRITZ Vv A—h—¢
FAA OFOW@ETHRDO SN B, V2500 =¥ ¥V D%
FFIC Part 33 KB IIHIS LT LEREL Y VB,
V) 7RER, HFRRBE X OMHTIC X 2 IR O RIRG
BHE-SIIR L7z A ORERIZH LT FAA 25K
%52 5FTOREXOTIEE K 1I12RT,

3.2 T2 HEB (Engine Tests)

FAR Part 33 @ subpart F THEI > ¥ V|2 X 5 &R
B EREINT VS, ShSDRERZATS 720, WEET
LYY yOEFABRRNTOREEIRELZIEERL, Fiio
SHRERDEUAIRDEEL S RBEBHREZHET S,
COENEBET LD, TV T CHNEDOIRIGGARE
RIREE AT ORESL. L 7B FESSRDOND, ThHD
TFHORUEEHEHT L0120 ERT U VR
Billed, TNHLORTRENZZ Y Y VRBR%E TRLIC
AT 5,

3.2.1 MWAHER

FAR 33.87 TER XN Tw 5t A#RE: (Endurance
Test) XX 2D 6Hr 4 7 v 25 [#EEH KT, DR
BRCIIHES) - HFRTATREE - BER MEERDOY ¥ 7 b
DEERZ B4 RKFBRMICERTTHZ L2 RDOLNAS

3 2 Part 33 Airworthiness Standards: Aircraft Engines

SECTION
NUMBER TITLE
SUBPART A
GENERAL
33.1 APPLICABILITY.
33.3 GENERAL.
33.4 INSTRUCTIONS FOR CONTINUED AIRWORTHINESS.
33.5 INSTRUCTION MANUAL FOR INSTALLING AND OPERATING THE
ENGINE.
33.7 ENGINE RATINGS AND OPERATING LIMITATIONS.
33.8 SELECTION OF ENGINE POWER AND THRUST RATINGS.
SUBPART B
DESIGN AND CONSTRUCTION; GENERAL
33.11 APPLICABILITY.
33.14 START-STOP CYCLIC STRESS (LOW-CYCLE FATIGUE).
33.15 MATERIALS.
33.17 FIRE PREVENTION.
33.19 DURABILITY.
33.21 ENGINE COOLING.
33.23 ENGINE MOUNTING ATTACHMENTS AND STRUCTURE.
33.25 ACCESSORY ATTACHMENTS.
33.27 TURBINE, COMPRESSOR, FAN, AND TURBOSUPERCHARGER
ROTORS.
33.28 ELECTRICAL AND ELECTRONIC ENGINE CONTROL SYSTEMS.
33.29 INSTRUMENT CONNECTION.

SUBPART C
DESIGN AND CONSTRUCTION: RECIPROCATING AIRCRAFT
ENGINES

£
SUBPART D
BLOCK TESTS: RECIPROCATING AIRCRAFT ENGINES
kL

SECTION
NUMBER TITLE
SUBPART E
DESIGN AND CONSTRUCTION: TURBINE AIRCRAFT ENGINES
33.61 APPLICABILITY.
33.62 STRESS ANALYSIS.
33.63 VIBRATION.
33.65 SURGE AND STALL CHARACTERISTICS.
33.66 BLEED AIR SYSTEM.
33.67 FUEL SYSTEM.
33.68 INDUCTION SYSTEM ICING.
33.69 " INDUCTION SYSTEM.
33.71 LUBRICATION SYSTEM.
33.72 HYDRAULIC ACTUATING SYSTEMS.
33.73 POWER OR THRUST RESPONSE.
33.75 SAFETY ANALYSIS.
33.77 FOREIGN OBJECT INGESTION.
33.79 FUEL BURNING THRUST AUGMENTOR.
SUBPART F
BLOCK TESTS: TURBINE AIRCRAFT ENGINES
33.81 APPLICABILITY.
33.82 GENERAL.
33.83 VIBRATION TESTS.
33.85 CALIBRATION TESTS.
33.87 ENDURANCE TESTS.
33.88 ENGINE OVERTEMPERATURE TEST.
33.89 OPERATION TEST.
33.90 INITIAL MAINTENANCE INSPECTION.
33.91 ENGINE COMPONENT TESTS.
33.92 WINDMILLING TESTS.
33.93 TEARDOWN INSPECTION.
33.94 BLADE CONTAINMENT AND ROTOR UNBALANCE TESTS.
33.95 ENGINE-PROPELLER SYSTEMS TESTS.
33.96 ENGINE TESTS IN AUXILIARY POWER UNIT (APU) MODE.
33.97 THRUST-REVERSERS.
33.99 GENERAL CONDUCT OF BLOCK TESTS.

APPENDIX A INSTRUCTIONS FOR CONTINUES AIRWORTHINESS.

— 2o
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ILTUURRICE T BERIEORER W ERE - BER

¥ 3 V2500 Certification Programme Requirements
£ Testfertification Plan Avtzetments " T BREIA ™ pus tosuertitication Pan avtatwens " U HEEEHPrearoen

I _ENGINE TESTS I_COMPONENT TESTS

A Rated Thrust{150ht) u.87 Ul Fuel Systen Cospanents 33.67, 9t
B Hax Exaust Gas Teap(150hr) .87 « Electric Engine Control
13 Hax Low Rotor (N, )(15007} ne « Software
D Hax HIgh Retor (N&)USDM) n.87 + Hardware
€ lnitial Haintenance Inspection  33.90 + fued Controf Unit
{2000Cycles) « fuel Pusp and Filter
F Sea level Operation 33,65, 13, 89 - EEC Alternator
& Altitude Operations 33,85, 73. 89 - fuel Distribution Valve
H1 . HPC Rotor Stress 8.8 U2 Hiscellaneous Conpanents .67, 91
H2  «HPT Rotor Stress na Ny Picko
1 €Engine Overteaperature .88 . PL/TZ Probe
J Fan Blade Containzent and 319, 94 - hetive Clearance Control Valve
Rotor Unbalance « Station 2.5 8leed Actuator
K1 - LPT Rotor Stress .83 « Stator Yane Actuator
K2.1 - fan Strain Gauge .83 « Turbine Cooling air Valve
"K2.2 - LPC Rotor Stress 1.8 + Starting Bleed Valve
L Foreign Object Ingestion - Vi Gaar Sox Endurance .25, 87
U1 - Hediun Bird Ingestion 8T Y2 0il Tank 8.7
2 -large 8ird Ingestion un ¥ Lubrication System Components n.31
13 - Hater Ingestion un - fuel Qi Cooler
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75 Contribution of Major Element to Reliability

Fan /L. P. Compr. 4%
Intermediate Case 11%
H. P. Compr. 18%
Comb. 27%
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L. P. Turb. 5%
External Gear Box 1%
Accesories 15%
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# 6 V2500 SERVICE STATISTICS - FEB. 11, 1998 -

V2500-A5 V2500-A1 V2500-D5
Number of Aircraft Delivered 126 143 57
Number of Engine Delivered 281 370 125
Operators with V2500 Powered Aircraft 19 23 8
Total Engine Hours 1520737 4298213 374804
Total Engine Cycles 764733 2306071 266686
High Time Engine Hours 14429 23784 8538
High Time Engine Cycles 7633 12199 4529
Basic Engine In-flight Shut-down Rate 0.003 0.012 0.004
Basic Engine Shop Visit Rate 0.027 0.109 0.037
Dispatch Reliability (%) 99.90 99.91 99.84

Rate are 12 month rolling average , average-events per 1000 hours
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SEXH

(1) IAE -~ Airworthiness Presentation fill

) FMEA ZEWRFIH 1, JAEC HMNEHR

) Concourse V2500, March 1998 IAE

) TSF EHZEFM, JAEC HHNEFR

) IT. 74922V F FRMER K—A ¥ 7 777 OR%
H A2 F ¥R, 45516 (97-1),p. 1

(6) The Goal and The Journey, 6 ¥ 2~ - 7+ 54 HE:L%
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400 N

?
o AN
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) AN
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0 T : T I
0 5 10 15

Flange Width to Thickness Ratio : (b¢-1)/2/t
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2) AIFER], HAMETHPRIE, 32-370 (1984-11), p. 612
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) T. M. Albert, Materials Evaluation, (1993.9), p. 1020

5) fRE W, 7 I4 7R, 28 (1991-8), p.25

) J. P. Komorowski, et al, Proc. of 40th Int. SAMPE Symp.,,

(1995)
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Ren' 142 Bal 12 7 1.5 6.4 5 6. 2 1.5 3Re
PWA1480 Bal 5.3 10 12 4.1 1.4 5
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RS2 1998 4E 3 A 23 H
* 1 E”]%*Hm%kﬁﬁ

T188—-0012 REHBMAET I 4-6-4 (LVEAE L)

Download service for the GTSJ member of ID , via 216.73.216.204, 20257003~



m SRRt - AERE W MZEIL T CHHOERYE o) MBI Y FAEEHERNMICH I 3EEE AXA X2 —E ¥R

o ‘ 4Ty POBEMERRECSUTEE SN, BEIC

| BHSNTVD. 4Ty MIShsee R &msmEL,
. g o MEMOIRR & % 5 REAKEREL, EHESH 21T
¥ " . TRMOBAZBILLTWA, 72, 4Ty MIdH,
S R R L L WRET, HE, BRSSO S N, MBS
" e S VI ICEB IR TV,
. o .. WA, FEESHEHA Iy bOBMBEMIELE L, FA
x "ios EOMBEIZDOWTHL, %, MDY 5 v TEHEDH
P e o FEFRELTHEASHTYS, b0 & — Y
s s e w0 w0 dm e twm oz HEOBEHEDS 50% OHWETEEEINR TS,

HELLA YTy FEMBORSC X VEEE, X8
M1 $EaenT Yy ~0@EREY BENEL b 2, Br/uLG&TEEFENEL L
D, RO 74 HPELR2EIHAHOT, WEEHER

2.2 BE-HE T520, CRHLOEEREZERL TWb,
HEDY —VC VRBIZFREPEEIHM - HEHEICXY BRH L2133, BmEOT7TIVIF, Ya=
#MEINTW5S, Y, R AVYPEHIN TS, 52030 FEHEEHE
BIRHA YTy ME—#ICA v Ty bOA =I5 A W9 5720, @, BTEJIOSWERLBICKET 5,
FLTVD, A—AEEOBRIZ, LT X — 7 OREEFERK =, BRIIHEZRTIT) . FTEDRIEIELLZS,

EmEEHRRE S 2y 795 LT, HEICRREH O WO KO A2 BHESE GBY, mETHY%) » 564
MH2ZBA L TERICHmzRIET 50 L2, B tro

WEES L UORGOREOMEREIT- 2%, e L BABOBIHEIELOREIIREL EET IS
THEEIND, BHHDOT, MEEBIIEDOONI-FIETEHHT S, K4

DR IZERITHDOF A P —2 21T TBY, %
RN OWTEBSTE2ITV, MEADOHRZITI .
2.3 —FHrREEFRE (DS), HifE& (SC) 1t
HBHEOLZHERE LV EEOREREE 2 LTS 20,
Eim e L 2B E LC—HmEEAIRSE (DS) k¥
kidh (SC) o2 ¥ H 5, DS/SCEDEE Hi: %X
3, UHTORMERO~ 7 uffifii% X4, DS/SC D &R
25 IIRT, ETHBEEOFOF LT L~ (K
WL 28Rzt y b L, SFRIMBURIZHER %2 4
L, @BEORMELLE100~200T OREINET 59,
BRI EIE 2 BRI S 2 S SR OIS 28 A &
B2 FEEsEERmOBLE TR FNTL— FOEFIE 140~610 mm D b DAHEH X
NTWBY, JiE, KEIARAY — Y &2 DS/SC B A

@%e <l o= <l
M%ﬁ_g — EHRmK < | Q! — LEERIE <~ |l®
#tin, <@ o P

© <— #ZAzL Q| > < |l©®

@ < © —iﬁ <— | ©

© < Q| — e

9 - 9| = <o

| SERE—
BERE EHwH
Ry —%Fuy”
<HERELI S
< BREAS -5 Tavy
O 0 O O l<— k&L
(a) —HEEE (DS) (b) BEEER (SC)

X3 DS/SC BD Rk

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/077&0 —



2
%I:IE

Vol. 26 No. 101 1998.6 #MZZI > U MEDEFEME c) MEI LT AREHEIRICH T ZEEE n - RS m

BHENL LHCRY, FLVTL—bbRmARESED EAEREENY MOMETIE, BISIZX SRR

R 50 DY 5y I HBETH oA, NT =T L% 0.75~2%
$hRI O BE IR EE 2 H 1000C BAET, 25 3Iv s 3 BMTBERRI Sy 7 FRUBENLZENRERSL
7 OB 3B H 1200C BETH S DT, DSHFOD (PWA 1422), 1970 FARICILS BEH ENZ L H Xk 572,
FBRUMBFORE TR 30 2L, TS OMEZ B NTZIAPEL e B eNT7 =y MR, a7 & Ks
L, MEZLLELBICHALY ¥F5IvraTO L, £BLHEZOLRCEILNT =7 LD IE
BRIENPTEL, EEFELAEAR, £I3IvraT % BEN, MELEOMEIREEL, RVEEMTEIL
EBY VTXZ, BERERET 5, BTELRv, T, FICHBRONEHIEN, Y FyDT ) A
BRI 2 B L, FEESEEMIZ, &BOEHE - UNOEERD B L, ZBELIRETSHDT, RELHH
W%%mhﬁz/737®wmﬁkiémﬁﬁ%$¢éo ZREETHZENEETHLY,

5 Iy AT OBRBEIETELEZORNPKRE ZFOMMOMFE LT, Rene’80H 12 GE 12 & Y, Mar —
{7, BRI ICHERERET S, §TEDH L M 002 12 Rolls—Royce /& & O, Mar—M 247 i Garret
BNIKEL Do £oT, €53 v 7 a7 OBRME WX OEREsh, BHEIRTwo729,

B SDOMBEIIHLT, Ny APERTWRITAE SC B3 1960 FRUCHR I N7z2%, THROBEMS, B
o, ERICIE, a7 0BEBEREICITHET SWRENEE a2 FOmN S 1982 £ F TEAfL SN
RELOT, Wido TREBEERITV, ThbHOREFE oo
HEEFEHT 50 DSE T, AEOTERMILEROEELRELE
HRllze—b - bR T77EREL, A5 OME boTwhvy, SCETW, DSHDOIIITRE, IV
WMRE LB T R0, REHEDOHAZHEHT LY, az=wh, WE, N7 a0L) RRRMLITEE Y
502 1 BERTIZ 100~500 mm O B THMZLEH 5 5] B Lpwid, BEOMEE LIF5Z L ReE 20,
XCTEHT LY, BROBIRIZ L Y 5HHEE 22t ERME AR LTSI EAITE S,

&, BEREORENREIHKLZITREL LD L) BAIZERE SN SC A4 I1d PWA 1480 T, 451 AL
WCHEST 2. BETIE, Iy ¥a—F2HHLT, HE GEL VbR TWS, 20, H1HAEEL V31
HHETED LI IThoTS, ~36C BVWRE T TORNIOD 5 E 2 MREGEVHTE

B R OREA B O, FIEICX ) EEE X h, FREShTWwES, BFETIE, Bi22~31TH
FADT, BEICER - RS Tw S, BIZ, RO WiIREF TORIOHLHEIHAGEVHEILTY
MHE, RIEIZXDAMIIKESEBEINLOT, InbH %7

%ﬁ%tﬁ@énfma it,am%ﬁrihk§< EHAIZR A, Re DX ) RILMOBVEEITEN
%@éﬂé@f ARRTBL R CRkENE L BN A ICL Y £ b0, BHRALLIEREILE 1 A EGETIEN
aﬁﬁfégt#kﬂfbéo 10 BeETH 525, 42 A EITHK 20 e, 28 3 AL
DS@Z&—&TUvﬁ%ﬁ®+w7b—F’%%é HAETRHIHHZLELT L 03H5,
BT, —HRIORIREERESE 508 BfEATIERA Y — HgsE Ty B L O y—y 5o EELIRE
y7ay 7 IERLT, BEEROEL ¥ 2RITHED &, EOAERNRIE & ORIEHPHAIER IS DT, £i
AU, BARWLENTH S, Bl v b OE & BLBRE IR ICEBE SN 2 TR
DS B O®IE 13 P&W 41T 1960 FEACICRFE S 7z, b v, WAKMULEETIE, EoEm, EREASERIL
Mar—M—200 & DT, 27U — 7 DM/ T 5720, Bimik Tl if?’z IHEBL (AT v TIE),

2k (1% UTF) »HMEELARY, TOMRKELTDS RENF—/N—2 2= P LAEVEIITTEHILPRYT

(7] DS(PWA1422)

%, m SC(PYA1480)

557 Se4PRA
8 ) (PRA1484)

7Y - THE

B4 SC/DS/CC D#MER 5 DS/SC OBimAFE"

Download service for the GTSJ Member of ID , via 216.73.216.204, 2025703 —



m 5% - BB

MZEI D MEOEEE o MEI D CAREHERGRICEU3EREE AFRHT X2 —E 2R

Hbo

B O IR S PRI 5, BSLBRIE OWmEE A6 FE
EEELTCTA N —X2EEBEL, S0H Ty MM
BAMSRIC L ) I 7 oM AR L, MEERIEL T b,
2.4 BEHEOHE

HEHEE T RICK 20T E2RT, WNIZELZ
HAT &, ISR FBORMERSE, Svidihy
BEEAETICHD 17, BEOFHERMEZBIET 5 0h5%
WTH 5D,

LAE, MR Y — ¥V BIZKR, EH - BELOME
MZH o, FlziE, BEI300mm 2825 7L—FT
X, BAEL TORMEREI#EL 2> TE TV,
MERCIIERAES R THV20, BEICES 2D
fHF5 2050, —RRICHERTIIEmIEE 2H
DT AZ EIEFFIN TR,

BEHEEA—D—F, PlZE 25y Fif&h$ET
L— FO%E, BIKEH L BN 2 »0h 55T 5
BENECHEETIEMEZHARBL, ML Twa,

2.5 5E

MHAOFERIZ V) v FE— )V FEERIENS LT,
PiEH RN TH BB ZHAVTDD (V) =&
W) R AN, fEER (B F vy =)
LTS O LR B LU VL (a4 FIROBEER
VEE - T, FEERICRE) 2RET LB 2T
TARRELIZAT Y R LAR, FIVERIETE®,
B CREEME L THA T2 HETHD Y,

LIRFOMBHIFICKRABEROI NNV NEETH Y,
YUY UVBRO L) LEANROREINETH 72, T
7o, SBEFAALZEZEOGHHEEIEL, Sl &ED
BUGSHETH o 72,

1950 SFAREFICIE, SHOEHRTHE2ESIvr v
WE— N FEDBS &N ZOBE K 2 121”3 F,

COFHEE, H)ERD Y ) — 2RO K &R
Al (FllaaA vy h) »o6bAT7)ITREL,
Z D EIHAROME K & AF55 S ¢ T T 2, IS,
COTRZHEHEIERL, WMEMIIHI R 2 VAED
R ZBUEST 2 i TH B, SR ELTIZYY A,
vvar, 7IVIFEOERBALYRON KR &
s,

SRIAGER L7z 5, SR 2 MEE, vz &t — b
ZL—=TTHAH)T 5, RIZEBEM% 1000C LA LD &R
gL, WA EZBE L THrOEM L TER 28HA.
BRIIS T, $FHOBERE, HFMANROHREK, %
R[ETHEL, BIRICTFELTHLEBT AL,

BRIPHEIL 726, IREEF TV ERBLERET S,
RIZ, FWEOWEE, TSAT7T— 7 THENTAZEL
TV —holET b,

I IvI T NE—VEIIROFERED 5T b,
1. SRS, BRI TRIETLZZENTEBDT,

AEREVEDS L v B, BAMN L L, HARMED

iz,

2. SFHOBRMEN®L, SiRE THRTES0T,
BRORGEBET L2 LD TE S,

3. BB VOT, &, BWIZEsmIcRIRL,
AARBOGHEEZAET LI TE, 3704
MOWEBLBEZ L2280 T& 5, BIZ, #E
RiaELHLTHIENTE S,

SHTESY - HOFEHFEA - DT TXTET
IV VI NVE—NVINEERAL TS, SHEIM YL
LTREMERLE OIS E TELZFVRLTH20,
SEMEICEMT 2B —T 1 IZEREDO YV a
v, BTV I FEOBRB KA EICMHER ST
Bo NNy 2Ty A= 4 VIR R & S5
DRBEUE»S YNV, TVIF, AF54F, T3
Joe )= EMERA I TN 5,

WLZ2x > VU HREULT 51206, & — ¥ U RIGHA,
KEULOMEINZ D Do T72, MHD ERREN®RL 25
WPV, BROEEDS V%L o TETWE, BRBOE
REMRT 2720, FHOBERBELZBRLTESL L,
Ry T (BRAR) RAELRLT b, T2, 8
T2 L RPHEFFTE LV,

—77, BEMBORMEE LHRONED, WEDON
EHENTE, BWiIERa 7 1 MRS B, itoT,
INHRIEERBIIET 2 & FRRIIRE HRFT 5 72012,
FALTEHERME, a—F 1 Y HEB I UPTRICT RS
oL, SFAMNELREICEELT, BRoEHEEL
FLTWS, WL, a—F 4 Y 7IF(E3EADERY v %
HRTAHIEIZED, NTVFDLLVWHERNETEL L
Ik oTETWS,

26 €53yva7

I IvrariaERInG T, TEREWIZHM
BIIRD S O3% <, PEIBIEER KD AT ) 24~
N2 LT, $R28ELTWAs, 5, e, &
Ftho=— &5 KEZ, BORMMicTast53y
7 a7 ORBEFEFT TV,

LaE, MM ZEAETIIRL, AERAZERAL.
BHaAiE, FLRETLARBICE A a7 A H I A,
EIRITHEAMT, $S$WoHZEE LTIE, BHIVEILLA
BEEBRSET, I7OREDEL HMTH 72,

LL, #RAY—E OB LS, HHEIEA
WERHAINE L2, a7oRKRIBEHIIIRY, it
ROBEHFETIIRIETE %L o7z, 1950 FALEKIC
i, BB ESET Iy 7 a7 ORGEENBSE S
h7-2,

SATE, BOBHBE IR ABICRY, RE LT
BTERBEOB VSRR SN, 0.4mm BEOEA
DEFTIvZATHIEETEDL LI RhoTETW S,

—RICEMBERE (CC) ¥ I IvrarvoEksit
BRFERET, ZRUIT7 VIS, IVaryERReashT
WA, FESBMOESIEMEICEYES RITTEATXR,

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/67&12 —



Vol. 26 No. 101 1998.6 I I MEOEREN ) MPI O ARESENSICH T2 EEH

B ERER - AR m

i, HEOHMBITRIMBICER IR TV,

DS/SCEHtIIvr7a7oEHSIECCOar L
FEAERIIEDL S VS, BIREEOMES X URET O
a7 OBIEIRICE 2EN D0, BsrE S Ess
FEEICE B INT WS,

AT HRERE AR L2207 5 v 7 B L O
AR—= ¥ 7 O EEEEOLE, B IR O
EFEDYEZEDD, 4y N T ARMBRMLEEEH
EHEND LI R >T0DBY 4 v MY o AEAY
MEOBALY & OIEATE N 20, BRRED LS 2t
HREASNT, 7VIF, £ 9 VI TDXS LEAM
BBEHI N TR0, 7OV H ) IS ER L7290,
ITERFO A L TRP L ENT WS,

R2WCELIT7THRALEE HZEY, M6ickT3Ivra
TOREHL, K7 ICSHTHERLhEROET Iy
AT OBERT,

HAY—¥ rEIIEARELOMEIIZHY), -
BOGHMEE DS A HHILL TETwh, TEEDL S
I 7 aTIZFMEAEO ALY, 4 H TIZBREL
PR, SO I EMRE 2 N Ve Lk - BT
FTHRELETEETEL LI IR TETV S,

2.7 HEEROHMEL

DO HSEEROMNE I EERS, T, Beto

HATRESN, HBRIEELS VL Tho7 L1,

PREPJE IR DL E D S VRSB EOR B E T
TWize #6oT, WHOBRETIX, TX27278A0E
ZTIF2 2L DB L TV, BRETTADIE
%0, WAOHREZEET L EEETH -7,

1960 4EEHIC, SAEIDME R 5 VIS EM Y1
BRAL SV b, RRICT VI VEETINOL M) RRAIL,
H ORI E M T 5 HENEEINY, AR
EEZRELSTAHIEDWREE R Y, TNADDOMEI X
N7z AHTE, TRTOEGR ISR A b
PhiEE TS,

1960 4E XM, FFINBROFT A Y — ¥ LI XN
TVARETFARAIVPRII G >T VB - ru—%
DIZPFROAEN £ 7 WIS DI E 22 ), WEDWIE =
nTwiz,

HAE CRIBHEBRET DL, HBRSMNL 2D
EWFHERINT WD, AR Y7 1 255844 2 77
DI, EFRAML EHh o720 FOH%, HOWMET # T T
HOKE (GRAINEX i) & HIP (BEEH KT T L R)
WKEOSHERORT YT 1 2 ET O AABE SN
AU 71 ORBEIIMRL, EALEINTHno7, $72,
Z 0%, ML EEORSE ET#HALREN (MICRO-
CAST-Xi%) ZBRZL, EALLTWVBY,

K2 Iy ra7oORBKNEEEY

YRS v * )i:| &

B A Bk B AFEY, JLRCMAMASY 2K [ UEWEMABRCER. AR

(Slip Cast) HRICLXDED 3 ODHEVWDOICERBAETE RN

#% A kB NAEFEMAREZASUZHMIALA | PR TRERSELZI T ICE B

(Chemical Set) H.AEFEWMICED %

oAk B MEHOEIIVvIRBEBETS 1 (L. K. ESEHELBRIC
ZxBELTHLET. # A

7L ARKR NAFEEAREYII v I/ERNZ2E | AEZEOARVWITEEDR, ©
BMICEAL. BETMERMT 3 BAOEENZEMET B DI

BHT 3,

5 HY AR AY BB, FLRABELRENS DI E (BHR. BHEBRO T R YA

(& Transfer Ao, BFE, SVWEBEETER 228 8. g 2B HABROEEYIC

AR A ) WEAL., BT 5, BRHT 2,

M6 tI3vrayroiElR

Download service for the GTSJ member of ID , via 216.73.216.204, 2075 &1Ba—



m AT - BEie

MEI I MAOERYE o MEIL Y AERBENAICH I 2E8E BRI X2 -—EC2R5H

3. SREOFE
BLZEHA A Y — ¥ Y ROEEE, BEHEMOBER
HB X OZOFHE BB 5 & HREICH
EENTW5B,
TFEIEEZERL,
oG %8ET 5,

TEMES L2 o F, LEEE
HEAOT Yy FOKESEFLTL
HHEE L TRV, —BMICKEILL OSSR % 8EL,
ZORMIZOVTmEHMliBREZ E/RL, A LES
WEEICRSL, ZOERMBT, HETEI HFEINDL, &
Boyr—Y U EOBER, TV Y VINARBREOMRE
= BN LSRRI L, BB MRAR 2 Mk
L, BEVPLZOHAICERICHESI NS,

RIZ— Wy e MERHEIZDOV TR S,

B
BE, BWMAYE 2 MG A2 R II R E 308k
ANZERAA THEIET 50 BB OEMKD S RERF % B
T356ZEiERv, DS/SC DA T D DOEHER IR
FEzRYFTTEETL2HE60H 5, RBHIHESH
BB EREL ok, TIRAR(EER, SR%), 7V -
T T Ty —RABRELERT S, FAEERTIE, EY
REBRELERTL2HEDH 5,

HEOBBOEEORBRII~A Y —— & (2~3
FY) WCERT S, 72, FANIRGE FH UHENHEO
bOZHAL, RELFEUBHHFETHERL, Bl
(2) 327 ok

37 uffiE CCETIZ—RBICHMR I T 250 E
iz Vas, B LS BEEWE MY 5,

EROERMMIIOVTIEE—RICKAOEHE, Bk,
HARRMEOBRENDH ), BRI —EOHBEATHFAEII
TWwb,

DS/SC DEGAEIZ I 7 oI EICHES R TWw 5,
AR - B, a7 moOBkL, WowEs, My v <
T4 L, BfEGR, RICHOKE ZEOFERE I
BEETRENTVWS, DSEEIINTITLAEZEATE
D, TOBALWEIN—-ZAEEIIETNR TV, T,
IKBISL, BETRIBYTH 0L %5+ 5
ZEFRRUTH S,

DS/SC B o s fLJ8 1385 m DR IS H, L Ej
DY Y BT A MEOBEBMIENIC X W BETHOTY,
TRIIEFICERINRITIUE R 52w,

(3) HEEAEE < 7 Ok

RN EOFMIIRRICLIEAE, SV IIERE AR
WCEBET S, NMAZBEICEAEL, SELOMENRE
Lawnwd )i, EMOEMETEDOD & THEEZERL,
TROREEZMRT Do KIT—MH R EHELIRT,
SEHE iR DK & &8 HWEIND E Gl *I;Uiﬂaﬂ

DHFHBEIHE I TV,
DSE ; —#iZ, DS ORFOBRDFFEHICH T 2 HE
DHERDH Y, B, B AR ROMA
B, BORoEROM 1 EOKLOEIHE

(1)

SNTVLEEDIDH L, —RRIZT7 Ly 7 IVKHE
GHR DS WS ITEESHMTIZHINE WV,
SCHE ; SCEDREN LMK RIZHAT S,

Low Angle Boundary ; fidbki o AEEMN 5~6°
BEOR R

Equiax ; %80%, WiZEE R

Striation ; #& &k B A A7 Low Angle Boundary
DESETHEREF A THD

Sliver ; #5EE R EFENIHE C Y, My L THE
ERY 1Y A

Zebra Grain ; &8 O A K2 HME 0% Low An-
gle Boundary O HEAHK THRBEMRIZHN S &5
pia

INOHDRRIZISCRTRELELRTVLDTH D7,
Low Angle Boundary, Striation ldFAFINTW5,
Sliver, Zebra Grain i3& 2#PH CTFFEINL TV 5, %)

i HRR AT EFREEF S TW S,

FZEROHERHITEEORETRIRETER VDT,
TARRE VR IR I L VRS 5, OB
WEICHE, RFEBOBRBLOTES I vy 7 aT7omy
Kib%&?%@?,:h%ﬁ%ﬂéhfwh@,ﬁﬁ

IFAEL 2V,

/ké_r‘fnaajﬂiti DS WA DIEAETH 255, HELTEG
vy bL, XBEFICL ) EREICHIESN S,

(4) WEBRT 7 4

a3 7ol B 2L, EgRTRo s 71
OHBRELWET S, ~MRICEEHMNTIRIBEHS
SN, HBEBMUATIEIBBEETFEEIN TS, Eik
EETHREITRINIHZEDD 5,

(5) I 3Ivrayoniky

BEEIIERTRET L2, a7%27070) THEEL
%, EKOBAXZEEZHNE LTI TR 2HET 5
BEbd 5D, WIRPIEE ICHEMTHROPZEROEAITE
CRBIRE L 2B F AR THRET 2 560D 5,
(6) FEmEMA

RERGREB L X HEBMEIEETHON S,
MR HE & PR IR ISR E TV B, —RICHL
mOEALIZ & ) REEREEN R > T b, X HERRE
AL TRRBOMEE & KE SAYASTM E 192 »iEik
BHE, BiVIIRETREND,

DS/SCE DA, HIEE#EIZ CC LIZIFRAKETH D
B, BEOBREFAMICEELZE FZIETT FE—2L4)
TRTFYFIA4 MR Y7 4 BFRELRLT VDT,
RERGWMETIIH HHPATRO Y 7 4 ﬁfﬁéﬂfwéo

ERICIEZ T4 —FETROI VT ZRELEZNI I
RIBT B, TEICEERETD Z & ilﬂ%ﬁ&%ﬁﬁ‘%’?wo
(7) EEERIE

HEEORBEEHEIIEE RN ERTERL TV,
HE1Z, DS/SC B CIZEE £ HE st LTtk
ROBRTTERD L7:0, EHEEICEROHETOREIC

Download service for the GTSJ Mmember of ID , via 216.73.216.204, 2025/5770%. 4 —



Vol. 26 No. 101 1998.6 #MZ I ¥ MHOEEE o MBI T AREHEELICH 58N

m SRR - ARG m

HWCREORBRN TREICHIEZITY, BEZHZEL T
Wb

4. HeHZ
WEHFEROMBIEIIIE L T, WEHESIoRE
&M EHEIC B L CREE L 7z SR TIE, MMEWRA O
feoD A ¥ Ty FOB/A Y- LEMH, SRELEHOH
%, SBOBEBYT, %4 HAD SCREDFHFEED
LNTW5b, 73 v 7R, HEMBFEOHTMEONIZE
LEATHLY, BEHERIIEENE, BEEILSR
ELFERLTITCHDEZER DN,

BEXE

(1) Joseph L. Mallardi “From Teeth to Jet Engines”, Technical
Paper of HOWMET, P1-P16

(2) L.E.Dardi, R. P. Dalal,C.Yaker “Metallurgical Developement
in Investment Casting Technology”, Technical Paper of HOW-
MET, P25-P39

(3) G.L.Erickson “Polycrystalline Cast Superallys”, Metal Hand-
book Vol. 1, 10 th Edition, P981-994

(4) D. A. Ford “Impact of second generation singlecrystal su-

peralloys on foundry technology”, Proc Instn Mech Engrs, Vol
210, 1996, P147-P155

(5) K. Harris, G. L. Erickson and R. E. Schwer “Directionally So-
lidified and Single Crystal Superalloys” Metals Handbook, 1989,
P995-1006

(6) MREELAHE, HWPEE, fRilE—, "—JnEEMIZEA O HIO,
KE RGO LB OB BT BHF5E" 554, 55 62 % 7 5, 1990,
P505-509

(7) Cannon Muskegon Technical Informations, March/April
1994

(8) G. L. Erickson “The Developement of CMSX-10 Third Gen-
eration SX Casting Superalloy, Technical Paper, June 18, 1995

(9) BHAZEX - -EREN “BRSBLI =y rhofy by
7 L EBEROLHE" SLW, Vol 80, 1994, p359

10 ZARBE, AME HBEGHEOPTOLEEIZOWTY, 1997/
12

W KEZFHE, Lk, =l KRG, HEKHIIBTS
REFHRBEDTIE - 7 ) — TREILATTRE, THIEH
£26%, £5%, WM614EIH, PL-PS

12 A% 5L EASESHER Y - BoOBERN", F A5 —
Y RkERE S, 1990, P267

PSFVIP-2 BIEDIBH O E

The 2 nd Pacific Symposium on Flow Visualization and Image Processing (B&FR : PSFVIP-2) 233k 4E
5B LIz THgENE T, &) AR HRALICEE L Z2B)5AWHEET, Bhouffes L Ehic
FEOLEHNEO AR 59, ke LoYWBROTHIL, Heo7—% OWEBRIR, 74 77 VEGLE, £0
M ES 2 TR FFEOEARBEE YO FORHEF T2 E&A T T, Proceedings 12 CD-ROM & L THAT X
n, BERH T —EREE LI TEET T, MRFRLOF v PRERKRLNT A2 THBIEE S
BEATTOT, 520 TmX e - BRTEVWET LI BHEHLET,

- BIMEHIE © 199945 A 16 HE)~19 HK
- B#E3 T . Sheraton Princess Kaiulani Hotel, Honolulu, Hawaii, USA
- BSCBLAEHIPA | Flow-Field Visualization, Surface Flow Visualization, Computer-Assisted
Flow Visualization, Graphical Display of Data Sets, Digital Image Processing and Oth-
ers.
- T7TANT 7 MK D 1998%E 8 H 1 0 (33X 500 words FE. 3 HE% £ 7213 E-mail.)
<R fE OB B 1998%E10A31H
- FERRIZ DT ICBRIVWEE T 3 vy,
T184-8588 RLUHR/INEHTHTHET 2-24-16
HWHAETKY T8 B A7 218 #ix LHAAEK
TEL/FAX : 0423-88-7088 E-mail : psfvip—2@mmlab.mech.tuat.ac.jp
A—LR—V ! http: //www.cc.tuatac.jp/ pstvip—2
% F I ZEAAM GREBIKY¥) TEL/FAX ! 0423-88-7088

(I 0 D 0 I 0 I 0 IO IO 0 O X0 O 0 0 D X0 IO O [0 0 OO OO IO CHO D CHO O O O CHO O RO OO ICIO o o o o o o o)l

gw%m%%%%m%%%%%%@@%m%%%%@@%%%@@%mmm

Download service for the GTSJ member of ID , via 216.73.216.204, 20250 5@ —



Vol. 26 No. 101 1998.6 #MZ I ¥ MHOEEE o MBI T AREHEELICH 58N

m SRR - ARG m

HWCREORBRN TREICHIEZITY, BEZHZEL T
Wb

4. HeHZ
WEHFEROMBIEIIIE L T, WEHESIoRE
&M EHEIC B L CREE L 7z SR TIE, MMEWRA O
feoD A ¥ Ty FOB/A Y- LEMH, SRELEHOH
%, SBOBEBYT, %4 HAD SCREDFHFEED
LNTW5b, 73 v 7R, HEMBFEOHTMEONIZE
LEATHLY, BEHERIIEENE, BEEILSR
ELFERLTITCHDEZER DN,

BEXE

(1) Joseph L. Mallardi “From Teeth to Jet Engines”, Technical
Paper of HOWMET, P1-P16

(2) L.E.Dardi, R. P. Dalal,C.Yaker “Metallurgical Developement
in Investment Casting Technology”, Technical Paper of HOW-
MET, P25-P39

(3) G.L.Erickson “Polycrystalline Cast Superallys”, Metal Hand-
book Vol. 1, 10 th Edition, P981-994

(4) D. A. Ford “Impact of second generation singlecrystal su-

peralloys on foundry technology”, Proc Instn Mech Engrs, Vol
210, 1996, P147-P155

(5) K. Harris, G. L. Erickson and R. E. Schwer “Directionally So-
lidified and Single Crystal Superalloys” Metals Handbook, 1989,
P995-1006

(6) MREELAHE, HWPEE, fRilE—, "—JnEEMIZEA O HIO,
KE RGO LB OB BT BHF5E" 554, 55 62 % 7 5, 1990,
P505-509

(7) Cannon Muskegon Technical Informations, March/April
1994

(8) G. L. Erickson “The Developement of CMSX-10 Third Gen-
eration SX Casting Superalloy, Technical Paper, June 18, 1995

(9) BHAZEX - -EREN “BRSBLI =y rhofy by
7 L EBEROLHE" SLW, Vol 80, 1994, p359

10 ZARBE, AME HBEGHEOPTOLEEIZOWTY, 1997/
12

W KEZFHE, Lk, =l KRG, HEKHIIBTS
REFHRBEDTIE - 7 ) — TREILATTRE, THIEH
£26%, £5%, WM614EIH, PL-PS

12 A% 5L EASESHER Y - BoOBERN", F A5 —
Y RkERE S, 1990, P267

PSFVIP-2 BIEDIBH O E

The 2 nd Pacific Symposium on Flow Visualization and Image Processing (B&FR : PSFVIP-2) 233k 4E
5B LIz THgENE T, &) AR HRALICEE L Z2B)5AWHEET, Bhouffes L Ehic
FEOLEHNEO AR 59, ke LoYWBROTHIL, Heo7—% OWEBRIR, 74 77 VEGLE, £0
M ES 2 TR FFEOEARBEE YO FORHEF T2 E&A T T, Proceedings 12 CD-ROM & L THAT X
n, BERH T —EREE LI TEET T, MRFRLOF v PRERKRLNT A2 THBIEE S
BEATTOT, 520 TmX e - BRTEVWET LI BHEHLET,

- BIMEHIE © 199945 A 16 HE)~19 HK
- B#E3 T . Sheraton Princess Kaiulani Hotel, Honolulu, Hawaii, USA
- BSCBLAEHIPA | Flow-Field Visualization, Surface Flow Visualization, Computer-Assisted
Flow Visualization, Graphical Display of Data Sets, Digital Image Processing and Oth-
ers.
- T7TANT 7 MK D 1998%E 8 H 1 0 (33X 500 words FE. 3 HE% £ 7213 E-mail.)
<R fE OB B 1998%E10A31H
- FERRIZ DT ICBRIVWEE T 3 vy,
T184-8588 RLUHR/INEHTHTHET 2-24-16
HWHAETKY T8 B A7 218 #ix LHAAEK
TEL/FAX : 0423-88-7088 E-mail : psfvip—2@mmlab.mech.tuat.ac.jp
A—LR—V ! http: //www.cc.tuatac.jp/ pstvip—2
% F I ZEAAM GREBIKY¥) TEL/FAX ! 0423-88-7088

(I 0 D 0 I 0 I 0 IO IO 0 O X0 O 0 0 D X0 IO O [0 0 OO OO IO CHO D CHO O O O CHO O RO OO ICIO o o o o o o o)l

gw%m%%%%m%%%%%%@@%m%%%%@@%%%@@%mmm

Download service for the GTSJ member of ID , via 216.73.216.204, 20250 5@ —



HAHZ2—E 245 Vol. 26 No. 101 1998.6

YE4E - MBI A 7 — ¥ OfF SN L

(ELI AN RO YS3ES

1. 3UBIC

My Y oM RTIE, PORIICEE2EELT
Test Analyze And Fix @ TAAF ¥4 7 ViZ &k Y8
HEtE - MESELIHEH XTI TE ., TAAF
P A 7V TOEEVPENIZFTREN L, BRETEBEOEH
PEENC K E {HKAF§ 5, RFRTIE, TAAFBEY A
NI BT B EREER RS PO EREEN Lo FE

oW THlR %,

2. {SFRMEDESR

SHONMEEHOE Z FXBICERNIRKETTE E
Mo TV, BEEIEREZRICR > TRETA IS
AT TH b BEMOFERIL, 1942 4£(2 MIT Radiation
Laboratory THAr - R IN - SEHEEEFE (HE
H) »oETwdbwvnbisd, KEFEKRS, BiEmess
L TOBFEEOHELRm TREELEORE - #IgE)
M A, KEEAF O FEET 1952 £ AGREE (Advisory
~ Group on Reliability of Electronic Equipment) 723%
J&,1957 £ AGREE REPORT T, BEDRBHEEDE
ATDIFEALETRESN TS, ZDHE, FORER
NER MIL-SPEC L 2 M4 HORBEMEARRZTE Lo
AR = -

142 MIL-SPEC Z#H.v & L2 EBHEOEE % /R 7,
# MIL-SPEC 3 MMRFEATDFEREZ R —ZIZR LT Do

3. EEMRLODEZS
3.1 ERRRIFTCOEREEDHER

fERAME LI, G AONEMHT, HEoliEd, Bk
SNMEREE BT ILOTEAIHE L ERSNS B
D 80% 13, ZNEKET S AL ZICkELEFD
NTWBED, RS TZORNHEY AT N5
W Z & % EAEHEE (Inherent Reliability) &9,
At LolglE 2 BESEREL Y Uid, EEORR
ERTUBSNERACHZ ) 2BEL Y Uy~ LEERKE
EREZIELY, THICREVWRENMZzLEE L, &
HEABRRRTIC B TEAEEEZERT 20138 L
W, T CTEMEBTOREEZEREHE (Opera-
tional Reliability) & vyo TXHIT 5,

LY UIL, BEERBRBEICBWTS TAAF 1 2

BEAsZft 199844 H 30 A
* 1 T B HREE R T 00 5 IR ER
T190—1212 REHRVE S EERR L RENT gt - 4 229

A B

FUJIMOTO Ryoichi

WX o THMEEZ 85 L, #9100 I RITEER Tt
KR, HILIZIZEARBEHEICEET 5,

1963 4F, NASA R EHME 7w 75 A NPC250—-1®
BT, FARRTEZOEFVEEREHOEF L EDE
FHERFAETHLI L, BIb, B TR CEBMER
RiIIETL, BAGRHEZERLTVWLIEE2ERLE
CHITEEBEVVLRIA MNRAY V2=V TDY A
7 EBLTOERTH -7,

oML, ERAMGBLURNICERLTBL I &2
YFLWIEREIFTTH RV 1990 FIZ Ao THIFE
BNz GE90 X, B EMM A o [E A 15 HHEE AR IEH ok
LZEVBERLTHEINALLZY YV TH D,

3.2 Proven Reliability

GE90 - ¥ ik, #EICH T INHEMOFHIZ
o T CTHYBTHRE SNz, BARRIZIZCF6-
82C2,CFM56—3, —5 DEMEHTH 54, ThHo
IV Y VIZIFSD A%0.01 205 0.02 DEFEZ L, B
\ZFAA ® ETOPS B3R T3 % IFSD % 0.02 % 3£ 1 L
TWwWie INHDIY Yy OEHEEDERIE, EIZTF
39RJ79 LYY Uzl B, ‘

17913, BElE - BiMIsZEINROUOT VY
THY, Bz I1E%b D FMEA 1213 50 % D12 I H M
EVRFE L EDbRL, SOV UL, BEREGRE
DI0FEMTI7000 BEBITNA LT =220, 4
HEBAE LTI N TERELARVOGBEEZRLT
Wk, ZOJTYOEEEREFEZETLELTBIER
BEEBACHEINZONF10l 2 Y ThHY, F 101
A5 CFM 56 (F101 Core) 4 F h, HIZ GE90 I
Do TWVAh, GEIO X 1995 FE XA SEAICAN S
H % TIFSD : 0, Dispatch Reliability : 99.98% @ &\
BT ERL T,

BVWEEHEORG L HVHIM TELIREDOLTER, &
HEE ASRERH & 72 AR O HfT % 8 o THESE 70 800 % G5
THIETHD, TITRREIZL o THEN SN2 BEAFDH
i) BAEE, BICRAGRTIEREHFDOTBY, M
EEHOFPIFIIHRELTE TV 5,

4. EEMRLEDOFE
I s 5 355, B%s, =, EHOmNIC
FoT, BEEMLEOTHIIOVTRT, (M2BHK)
4.1 (M0 74
MIL-STD-756 ®#& 2 i 3R =R 27> THY, R

Download service for the GTSJ Member of ID , via 216.73.216.204, 2025707/2486 —

el



Vol. 26 No. 101 1998.6 EEMAEDAE mERER - AEEE W
19354 19374
Gumb?l EEEOESR A.Wald:
EER Sequential Analysis

1942
19394 ,1 911 . i MIT Radiation
. KAy KE Lab.T
Weibull : 5% viO4sy hTEH APHUETE m‘més%i
HoE LR FEORMER o . BR
19614 19474
Earies : Epstein :
B :
§;¥2§§§ HBENMER WS - EHS
P 19522 HH RFERRIUE
- - AGREERE .
19505~1958 i
19524 N (Advisory
Kao : REREFd 4 EAMEAd Hoc Group on
AR Reliability of
L——1 Electronic 19614
Equipment) - -
KM : 19545% M]E STD ffe
%1 ER&M BT
o) —1982: kET
PZ 2B
B-1
19576 -/_
19574 AGREE
Vi 37 ~pIyd REPORT
15 EIf v
19614 g
1961% 19572 MIL-STD-810 MIL-STD-217
" Duane_: 19624 NASAZ3 o B E?‘ﬁﬁfﬁﬁﬁ
EHRMERR 7 Dt ERRES E-1 ] A
1965& F-1 19602
19637 MIL-STD-785 _/_ MIL-HDBK-108
NPC250-1 fE9RIE7 007 Jh &/ RABDE
{E4EMET 07 54 -1 9:8%@1 HOEDR
-2
y y
1969F /——J' 19664 19654 56
19662 MIL-STD-882 19692 MIL-STD-470 il STgieo
5 5% : FMEA VATARSHMER 740118 B BBET 00 54 R R ma_ﬁ - -
19965 EKITC-1 G 19696 1989 FHHTR —1986ZE4ETD ks
T974m MIL-STD-
MIL-STD-1629 JIE_?TED_ 19704 499 19664
o]  FMECA T35 NHB-5300.4(1A) - ’x;f ,
—1984F T = {E8RME7 14" 54 e BHEETH
A2 {E8At R R -1 9,7115& 066 y
1974% : MIL-STD-471 19874
IRhyty BARIERET - MIL-HDBK-781
WASH14000 RII - BF(E EEnRR
FRAOFTABRA B% : 1975%F —1978%%iT — 198654 EID
19758 NASDA-SPC- : A _/—
19855 AMSAA 1177 19714 983%
|EC Pub 812 Crowe : ﬁ?ﬁtﬁ%ﬂ Space Shuttle
FMEA WeibulliB2IC &£ % 707" 74 Main Engine g
_/_J MR eo7e st 1989 2HT-1

19814
MIL-HDBK-189
EEERRER

v

y

NASDA-STD-17

1981%F
Space Shuttle

MI34b
19765
MIL-STD-975 MIL-STD-883D
NASAEEESI®RR | |osppzL o hO
—1993F AT —H ARBK
k-2 L

1972%

1990%F
IECPub 1025

FTA
_/—

MIL-STD-1521

1986%F
IEC Pub 863
RAMF i

19804 1983%F
ATA : MSG-3 MIL-E-5007E

BRHE IV E—HK

707 54 i

19934
I[EC300-1/
ISO 9000-4

Dependability |

1992%F -
IEC Pub 1160 BWBECEE
BT — 19855 AT

B-1

1 SRR

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/05/F4—

Programme
Managemant

7




u RE: - BBt e (BRI L DS ik BAAZ 52— a5
igg: EEBHEE HESHEE | | DENBEsE
3 b 3
A HRETINEYE y
— it BEETFINEAE
WELE | FE e mams G T T S R S 3
— R (HREL - BEED)
\ L3 Lessons Learned BHarE) Lessons Learned *
Fail-Safelg&t Fail-Safeg&#
O/NZR b EE sPAV S35 =R
EhRR HHE
RS (DPA) REM#H(DPA)
BERE BREE b
: Y
y
FRACAS FRACAS uﬁzﬁf!fm .
’ Bt AREE ! ERERREE ARSI
y y #HHIFMCEA -
o mnTns5a | | A FTA conmEs
BRETR - - . ERETY - BS REHIHE -1
AR EERR g EWEETH - KBS BEE T
RCM(MSG3) ||  EWHE L |
__-/_

K2 F%7 = — X8B3 5BEEETR

TP U CEENEZ I E X825 % R385l E % 5K
L, ThiZZ-> TEEENLEEEZ1T). GEI OB4E
X, Tur o AEE, et RERR - BGE, S - RER
Ak, HLEH % &L EEEERETE (Early ETOPS Im-
plementation Plan) »™ES 7z,
4.2 {E¥EETH - BES
(1) (EEMEEE
FRROMPFICBWTIRT > Y U EHBE G U Tk
DERTARICL, COHREZMI2Z2H050LOED
%o BEMEIIMABEOERFICESTVTREL, AR E
L CHEMEERICHT CTEEERREZEHT 5, =0
YEHEEREICIUTORZ L ONH 5,
EHIAMIETAHDELT
@Shop Visit = (FtE4} + &) 1000 EFH
@UER (Unscheduled Engine Removal) ¥ =514}
I 2T BUEME$% 1000 EFH
(DENGINE MTBF=@R&tT > ¥ v RATRE (LRU
BUEN - % + UER -8~ LRU BR @l © 72 ¥ » UER 4
¥
@O HMTBF=27t=T v ¥ v RATH B <4 H & B
B wH A R 1 %
®LRU (Line Replaceable Unit) == =34 LRU 5%
#441000 EFH
®MMH (Maintenance Man Hour) =727 kX M7z
DOL Y Y BE & B 151000 EFH

(DOMMH = #i#5 LA % & &4k T3 1 EFH
@M FRBREE 1000 EFH
@#BhEE & AT# M. 1000 EFH
BUGHEICE T2 DE LT
0% RS ) I UL TESES V8
g s
@MTBMA (Mean Time Between Maintenance Ac-
tion) =7RATIR [ (Bt 1 2 i 4 4 + 5 i A4 2 A 1
¥
EBERETLL0LLT
(OMission Abort 2 = Air Abort #%% 1000 EFH
@Dispatch Reliability = F & #* & 15 2 LL A & 58 5
MORETER
OURBHMEHEE = 1RBI T M 1k Eh [ml 4%
(WIFPL % (In Flight Power Loss #) =#71 R 10%
UL Eof¥. 1000 EFH
®IFSD #¥ (In Flight Shutdown %) = ([AI{EARE +
EERERITH = > ¥ U E 150 1000 EFH
iy, WAKICHETZ250E LT
4§ M7 v, B10 Life, 1% Life=Weibull 747 T & 1k
D 63.2% MBS B F @, 10% B HET 5 HF
i, 1% WSR3 % FHay
@ATTFSV (Average Time To First Shop Visit)
@MTTFF (Mean Time To First Failure)
LREOEED ) b, BIEARER IFSD 3R EMHICKE

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/0779.8 —



Vol. 26 No. 101 1998.6

{EFEMER LD HE

= 5% - HBim

S Eb-THY, BTk, Ry 107, #HHA
LYV YTI0 DA —FDRREEEIERETH D, 7
PRLUBRNEE (=Y VKK, stV —--av
FA YA MR, T Y AR, Y B,
BEHNADRZHEAANDRAE) 120V TIE, BEHEI
k235 @?é%mu)uT®%¢W+ﬁ%iénéo
(2) {EHHEE HAEAEAC S

IY Yy ORFEBEBUSEOIERICE S KED
YR—=F Y MIEDT B,

(3) BEHEETH

HIZEETOWERO TR A LITFH» SRS SN2 E
F“@EE‘Z#T )P RET 5. THIREZROEHERS

L bHENERS,

%%-37ﬁ—$7F®ﬁ%$?wtowu,%%%
M2 2 W T O MIL-HDBK-217 (B B 50k, R b
L 2i%), Bellcore i (EBZEF— ¥R 74—V FF—
F s cEN) AMiibihs, BRI A1E
FHEFINZOWTIE, AROF— % R—=2H 513 RAC
(Reliability Analysis Center) %25 DT — % % Fl
A3 525, o3RO ayYa—7y 7 (R
Fe I R—AE{HZTD) X VEHETH»»Z Y
BAHI 5T b,

Z O, SRS L MESA D SRR LR TS
Stress-Strength %, HCF TR WHE 2 i ERA % KD
% Stair-Case 3% (7 v ¥ a vy PRIHOEEHERZ KD S
FHEELTTNV—A ik, EYORRBIRELZ KD S
Dixson/Mood I:IZE L), T VDO F— 5 2 HHFGR
MEEHET SR AEELEFORTNFEL bR S,

AT AOFEETHEABIL, MIL-STD-756 B 12
HIEHEIN TV D, 7272, BT 27 L5128 5 ES
1, FTA & % i Marcov #TIC & 2 7 700 — F 23E
bbb,

4.3 ¥ AT LERET

#EHZoWT, FAA Fail-Safe Design Concept (AC-
25.1309-1 A5.) TIEXRD 11 DERE H T 2T Tw b,
ZDiEHh, @LRUTH 5,

OFFeHEEm LY, FaRA

QORNERH LIy T T

OUBEDIREME © — D> DI OBED K22 6 72

WERIZT %o

(O RS WAL=y e

O REDER - FoR

OB RE DR B OIS FIE

@arvR—A2 Y FOWRREF v 7 TEDHEN

®MEDHEORA % %5t | OB LA ~

K7 PEHIRT 3720, BEFEORNIZED S,
O EDORE % a5t - #etA X7 b2IkT 5 &
BB, HEDT 5,
ORI T L2HRBD 5 VIR ETORHEED 5
WIE TR RE LA 2 2 ERIZAN S,

s — Et - Bk - 8LE - GEH - BEOTH
%&wlv DAFI B2 ERT 5,
Q@ FERZEBGIE | MR Ui & xR D B i
WERFE D EEIZFH T { Lessons Learned # &% &t12
S L TR D FREEIE % 13792 %6
4.4 {EFEMEERT
(1) FMECA (#Fs®— F & 28 K O BERRAHT)

FMECA ¢t ix, TV YV v DLETHORBOMHWEE—F

%%ML FOAH=AL (JFR) LV RATAIHNTS
WAMGLT, BGNMHEEEE— F2MHL, &
CHATEE B MY BT T, JEARKREN & BEMIERET T

%kﬁﬁo

FMECA OFH BB ZUEIch 720, LLFD 6D
H5bo

O 7z H R O & 2 1 PR BE O #iEd

@FaFtEL 70—

IFHHEE Tl

@MSG 3 " RCM ~DA ¥ T b

G dni B ROV L B EHEEE (3 —4) oxE

@AM @ 384 L7zighE & FMECA & ok

#iZer ¥ > » FMECA 1%, Ta2o 3 Bt#o FMECA
2T CiThh b,

OFADECH#H MO x v ¥ v A —H H3EMT 5 FADEC

B> A7 00D FMECA

QFNUNDIY Vv A— I DWEHT LYV vHT

3 A5 5D FMECA

Ot A — h D FERT % MO FMECA

INBLDFMECA #0204 EH5b¥b7-20121E, D
405 72— AZHBEIZILTBLLLEI DY, &
FMECA @ OUT/IN O g EikE1E o — ML - i@k s
nTwb,

B O Y Z MIL-STD-1629 icfFE & 5 FIHT
FMECA #EWEL, YAF L AV F 7 L—F 34
DFMECABIDA % 72— AWEELINLPRICE
WL rdb, FFMECADVRKT S E, 1 77
L—r i3Iz A TReli iz 174 ). et
(Safety Assessment) (2, EH Y — YT (Opera-
tional Hazard Analysis) ® FTA (Fault Tree Analysis)
PHWOLNTW5S,

¥ 3124 FMECA, FTA B OB #EME % RS,

(2) FTA (kD ARMBEHT)

FTA X, BWRENWEREZTHLFERL LT, WHES— b
FHLCEDORREE 2 BRIEFERANLY -2 REALT
VAT LADFEOFEHEMINT A FRTH S,

B 275 (AEPHET2HE6bEL) 2ROk
HEBER VAT AICEMT 5D D TH S, FMECA »¢
N—=F 27 (BEHVIENME) KFET, L &SET
0L, FTAWRY 7 by T 7IRGERIC, B EL
RN HUR A H 1, FMECA & FTA XIS E 2 fH
VI ALETH B |

Download service for the GTSJ member of ID , via 216.73.216.204, 20255 @a—



m RE - AR

EEERLEDORE

BEHZX2—EFRFHE

o
FMEA FADEC
%1 ]
B2 FMEA
FMEA EVEEY
3 Criticality
FMEA Analysis
DR
3
h
YT LATA]
FMEA
MEOANZX A T U
(RED YTLRF A2
- FMEA
RO IKRE
(HBE—F) 1l IS T
YTLRTA3
HEI—-K FMEA
Criticality
Analysis
DR

............

1 i
E REWE |
] I
IOrm
FMCEA : )
CUEED NY— KRR
& FTA
[ E et 4
> mohm
DA & 3R
BEHAD
- -k s
e
> EEETW
MSG 3
' L[ (RCM) ~oA >
Zu bk
FRACAS a
- || BRRER |l gegmmp
Fm g K= 2 L

K3 FMECA®DA Y%7 xz—2A

FTA X, FT (MEDOKR) e T 2 FEE, €OFT
Mg A FEICHIT o N5,

—&IZ, FT OFE I RSMERH SN L A5, FHliFEE
ROIEFELD 55

Om/A v VEE, RS AEERR

O FHR O ZEA TR

@K HR O EEE M

Bz, OOEZEEFMIE, BEEEE LMEERE
WKHIN S DICHEREERICE, 7THEHEOEREER L 2
BEHOA Yy Py PEEESREIN TS, THIZE
DEZEEF»HENICEHL CTEEEOR WD O»HHIC
W (FF ), WNROBEMTFEWLPIZTE S,
F70, WRMGROELEEOFEIIL Y, WKOMAE T
HTE 5,

GE, NASA, Boeing, General Dynamics, Lockheed
Martin fifl, REOHEEEZFTOITEA LT E 21—
%12k 5 FTA (Computerized Automated FTA) % fif
HLTw3,

DTWKFTAZ Y Ya—7ur 508N L TEL,

(MCAFTA for Windows (http://losaltos.saic.com/

html/cafta.html)

(@FaultTree + (http://www.itemuk.mcmailcom/

pro_ftp.html)

®CARA (http : //www.sintef.no/sipaa/prosjekt/

cara/)

@)/Importance (National Energy Software Center)
(2]

HR I OMREERE L I,
= HRi 2 EOLFT OHEHROERMHER - [HR |

% B\ 7z FT OTH LB O A3
=g(@:(t), ), Qi) - a: () —gla(t), q: (1),

""" Qi-1 (t) s Qi+1 (t) (e (t) )
g:FT TH FHREH D720 OFFEfiRI
a:(t) KM 2B IT 2G| DA
TEHRIND,

HREZEO FT OTH FEROAREROFH T, £
TOFEROAEERY 0.5 & LTHELL L ZPHEER
RETHY, BEERPAPE EOREREET v F 07
Wb b,

(3) Sneak Circuit Analysis (U & B#EHT)

Y EBOFAHBICEHINS 5, &ETOTF IS

A TYR—F Y PHPEFIHEEL TS EIRELT,

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07708 0 —



Vol. 26 No. 101 1998.6

(EFEMER LD E

m iR - ARRR w

HERLAVEEREE LVWEIEZHIE T 2 EN /S
(A=—Z ) #BINTL720DOFETH B, 1967 4
Boeing #: A B8 #4k L, MIL-STD-785B TASK 205
TERBINTVD,

SoHaR #® SCAT for Windows Ti&, V7L ¥ A A
T FU S HDECRT VI NEECBIT L AL v FEEK
DD sneak paths & R EREEEBLIENTE S,
4.5 (SRR

Wizer Yy cHERRRIE, KB %5 FAR3S H
H 72 5 MIL-E-5007 % MIL-STD-1783 T e &b, L
ML, ERRIIZBRENMOERLE I, S DI, &
OBIMABAE EEL TV EONERETH 5,

GE 90 TlX, FAA ® AC120—42 A ETOPS ] 180
BV —VIZHT HERE BRI 23 2012, 2 FEFH D
FHER Y I 2 L— M2ET 3000 %4 7 Vi B A
& Boeing 777 WCHB L TO1EHOEEHT I 2
L— b a&t 1000 4 2 VDL Y Y v RATREBAE M
EhTwb,

—F, ERATyY T, AMT n#s v a3 » &
Bg o SER S — U R EHE L 72RER) R, SFHEORITHR
BRABEME N5,

4.6 {SFEMRR

FHEEREOM21Z, TAAF 34 7 Vo R &
MREf# R (Closed-Loop ¥3) TMHZDH D TH 5o
412, HrrryyrvarE—ir FORBEERRMREO
HE AR, BEEEEEEFVICED, 2 R-F T
LIy Y yRERD S ORBEEMRE, FOR LRI,
RO LT v Fv 7, BIREEIYHEHDIZEH T
ZHhEERLT, TV UVRABKRT - ERRGBRED
MTBF & IFSD @ HEEER A G2 &9, B

CHET A ENTE S,

BHRFEE E L TIIRANR, ey Yy ofitgics<
HAwsNhTH Y, Space Shuttle @ Main Engine T Fil
HEnhTwbs, GE9 Early ETOPS Tix, #iLwF
BELTEHEREEHRLIY) ARTWwS, M41
TAAF %4 7 VL BEERREROMVEN T Z25RT,
(#fi 2 ]

1961 48, BAZRIARI IS AT 5 iR Bods 338 th g 12
FoTHAT 5HEER GE @ James T. Duane "E#H L
72D M E Y T,1975 4 12 1 AMSAA @ Larry T.
Crowe %%, 74 7V @BR2HNT, BHRERAE7 - X
DO OEFEMEREZ EFMELT, REEOZMES X7
20T R 22 BAFE A R I B0 B MG - BN
H o L7 GE9 TIIEIE Crowe EMEDL N TV %,
4.7 FRACAS

i ESRE, AT, xP, A7 4 (Failure Re-
porting, Analysis, and Corrective Action Systems:
MIL-STD-785B Task 104) @& Z & T,4.6 JH D TAAF
I A7 M B v (42 H)

Advanced Logistics Development #: @ FRACAS
Programs 13, BRI 7 41—V FTOMET— % %I
£, SH, WL, SEMERE (Duane) RUHIEEHE
AR EE & F0 . FRMBEOME, v A7 LEHIDOW
TOEH, BWEOmT, Bk - 727 50Ol
HTE, OIVAT A Z7ERHIIOVWTOTF—5 %252 %,
GE90 T, FkkAR Y AT AHMEH E N2,

4.8 MSG 3/RCM

Bl e EREEEZZER L2050, SHIRET
e f ) 3 CEMREE, €= %) > 7 #dR, A3 T4
oo URAE, BEL, eI, &ERED RRET S TR

==t = E=—
1 1181 1l
T J1§1 | 11
FAA ETOPS
i i — REPORT
——f
il
il
=
FRACAS
fy e mEss 27 (@ \
sHER B o m’;ﬁ&a LT xm

4 TAAF 4 7 VL EEEEESHE

Download service for the GTSJ Member of ID, via 216.73.216.204, 202510060k —



m RS - BERR W

EREm EDAE

BAEAZX 4 —E ¥R

Tdh 5. GE 90 TiZ Simplified MSG 3 28w 57,

av¥a—%7as 56k LTI, Boeing D FFHi{R
£70 75 L% Item Software £ RCMCost 233 % o
BEZ, YIal—YarEFMIEIYARL, VR,
REIZ L AEORKRLZER L THEE OBER T %
RBHEH LT, YAT7TL08FEMIINTEEMI A7 L
BV ) T ERBEILTATUTTATHD,

4.9 F0Oft
EEEUAZ L, BIZIEUTOL ) BERRFEND S,
(1) EXEtEEAE

MREOLXY Y TREFHELYEDNOEMEK - BEBRE
(#H3H) ICLBHEEZTY, RETOMEAERLZ LM
ZHERT Bo
(2) QFD (FEREBEREE)

FRERZ RMOKBIZERN L THRmOMBHE - HHAF
BAZZIL TS, Hifbs 7 QFD BMELN T 5,

(3) anNAMFHFAL Y (FTFAVYK)

FHED ) A XK L TRE L7488 - HEE iR o b
BRI 24T Hihe BROHBHEERZPLICERL
THY, MEFHOSTHTOHEAFHE > TV 5,

5. ¥&®

TAAF 44 7 VHZ & % TFF (Test Fail Fix) # 1
N Ed ) VA, RIETIIRBERBRTREZ ML TR
3 2AEANGARPMPRLS 220 0 BHRIZZE D%
%D o2H 5%, FRLIZHBRRIAFENR EOKEE, &
FrOMRBICESZEVTERTS2IET, KitDOR
WERFE T OO & RIEATTREE 20, HREHH%Z
HfTAILATE S,

SE W

(1) OAEEEERE FRENY K7y 7, ARSCEHE
(2) R FEETEAM, A

(3) HREEEEETEY Y - X4 15%, OR-EH AR
(4) GE AIRCRAFT ENGINE HOME PAGE (http://www.ge. -

=z =z

com/aircraftengines)

(5) Bellcore Standard TR-332 Issue 5 DEC 95

(6) NSWC Standard 94/L 07 Handbook of Reliability Prediction,
Procedure of Mechanical Equipment

(7) FNPRD-3 Non electronic Parts Reliability Data : Reliability
Analysis Center

(8) NPRD-95 Non electronic Parts Reliability Data: Reliability
Analysis Center

(9) RAC-NRPD: Reliability Analysis Center

10 RADC-TR-85-91 : Impact of Non operating Periods on Equip-
ment : Reliability, Rome Air Development Center

1) Duane : 1964 “Learning Curve Approach to Reliability Moni-
toring” IEEE Transaction on Aerospace. 2 : 563-566

(120 Crowe: On Tracking Reliability Growth, Proceedings of the
1975 Annual Reliability and Maintainability Symposium,
pp. 438-443

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/67708.2 —



BARAZXS2—E %458 Vol 26 No. 101 1998.6

HAY —C VR ia—54 7 (4)

ER A

YOSHIBA Masayuki

SIHAS—KE Y, Vv bR VI Y, Ea—T1 V7, BRa—T 41 V7, BEE,
EIRE A, EiRERIL, RGN

Gas Turbine, Jet Engine, Heat-Resistant Coating, Thermal Barrier Coating,
Superalloy, Hot Corrosion, High-Temperature Oxidation, Failure Analysis

5. A—F 1 > THEMOFRER L RE
51 ®ERI-Fc27

HAY—VyHRa—F 4 v 7O BRIEIEER, Al
% MCrAlY Z2A &2 & 502 - i E®om bild -7,
LALEETIE, Yoy by I viddbe O EBHY
AZ = IBYTOEAMF AR/ LATITOXEL
W EFEENIE, B AEEONHIRERR & 3 —¢
B2\ EN BB HEFICEREND L) ITRD,
PRI T2, - WAL & Wi B & A 2 7o B o —
F4 v (TBC) VAT ANEIESY — ¥ v OE#HRE
WHEASNLAEMIIH S, BE, TIATENIILL
TBC A BIfE$ TIZ 1500C A A & — ¥ > (501 G/701
G) IZBWTHEILERBIIH ™, KTBC Y AT LDME
FEME % dhuls & 3 B PEREPREE A Y T 00 F B A P AN AR &
BEOFHNTw5,

L LZFD—5T, ZROBEBHN A Y — ¥ A HAfi#E
PHEHC T ERAOBLHFEO—DIE, Yoy by
VYOBHBRIIBOTEREERDDOHLETFE—LY
H#ZEY: (EB-PVD) I2X 5 TBCOREHH A S —
CYANDOBEHETH S 5. Y.0: b 2r0. (YSZ) &
53y A% EB-PVDIZLD by Fa—MI#EHL
72 SR TBC ¥ A 5 & O Wi 1 #L 4% o 6 % 1 32 12K
3%, KTBCI%, £93Iv 27 by Fa— b Pa—74
v E S FRNERMICRE LR GERE R T4 2
AT H Y, B SJEISHANE L < BIA L 7R &

K32 EBPVDIZL D YSZ % TBC ¥ X5 LD WAL

EREZA 199844 A 28 H
* 1 BN RZRFER TEMTA
T192-0397 HEHANLTFHEARILI-1

KWADPBROTAZNET LM (Ex 75— a Ui
BE) 2R L CHILHOBANCEHS T 5, L72dio T,
A RO T Y Y Y OREMEIER M HEBFICL D
BB AL I N EZFE Yy bV U I—T 4 Y
FYATLERETH D FE, K33ITRLAELD
12, EB-PVDIZX % YSZ % TBC (PWA 266) &, K
[T TA<EE (APS) WXV ZfLER LTI v I by
Fa— b EET AR TBC (PWA 264) L) bHEEIC
BENT-2 ¥ (spallation) UM% FHES 57,

DL BRREPS, Vv bRV A—SEZHRD
sz X b, #1213 PW 4000, GE 90, TRENT 7%
ERBIOBHNT YV U OBRFMIIERAITIRT LD
hETuky VM EAGHE TBC VA7 A
PR SN TV LA™, 51 EHRE TIZEB-PVDIZ X
% TBC ZSBEDE NI % - T b,

LA L—JTid, UWTo L) % EB-PVD Hf D%

Relative
spallation
life
[3,]

0 [
i TBC with TBC with
B h
De:sec cv::amic Porous YSZ Columnar YSZ
by APS by EB-PVD
(PWA 264) (PWA 266)

M 33 TBC Did < HEEIMEIZ KT T
YSZ 5 3 v 7 BHARDET

£4 EERS v bV VB REBRICIBITS
TBC Y AF LDERE Taty 7™

Top-Coat . Bond-Coat Alloy Substrate
EB-PVD YSZ** | VPS MCrAlY Ni-Base SC**
APS YSZ* EB-PVD MCrAlY Co-Base CC*

Al or Pt/Al Diffusion

*: NGV, +: Blade

Download service for the GTSJ Mmember of ID , via 216.73.216.204, 205578/



miE =u

H2a—E RAM#I—71>7 4)

BEAZ 22— FR5E

R TRk T REFELH L™,

(1) EB-PVDIZ&kBt53Iv s by 7a—FDOKEHE
BIIRENOBTE— 282 HWTOHAE 5~20 um/
min T, 7 XA<EHIIHARD LRSIV, L
7o T, HEERMEDZDIZH 10 L EoREM
FRRICAETE % X 9 R 2EORKAEDSA TR 2RI
5o

(2) REZHERFE Ny FTa—FP2RESEL-0I1,
MEEE 1000C BEICFRT L L LI, BETLE
BREPLETH L, EOHICHEOHES 25720
W, AEBRECTEMICHERREEZ M ZLESH D,

CDDDEER Y AT 2MEPLET, KEDIIEEIIH
HrOoORMTH 5,

(3) by 7Ta— oK EZHAIEL CEM L7290
2, FBRRY Fa— FOREEZMESICE D Pt
FIFRUENS L (K34), R Fa— MEEDFIH
ThWE, FARIIR L L) SRS OB A EN 7,
Wb b “spitting” 24 L5, Ry Fa— FREADF
WietdEEtombt B E LT, Ky Fa— I Al
R BN T - I3 PU/AI AL B2, £3%
B) 2RHLTWAIL Iy A—hbdb,

(4) FPEBFRET I vy (YSZ) HKOMMMREMEEIC
BOTHRY Fa— FREITEESH 1 um LT OBE LR
ALO; fZfE (Thermally Grown Oxide, TGO) 234 L,
IhoREEIHFERET I vy 7 BERY Fa— bOES
UEXET LD, FAWZ, €I v s by Ta—
PO BEIZH DL TBC Dt HFHaid TGO B 1
REMAMEIZEKAL, BIZEHBESEZEALE
BREVTHESHTL L) RBBEHTIR Y- /iZBWT
13 FF AR A MR 3 A W RS 5o

(5) &7 v rHERMOBRNTEIL, BREXSOKR Y F
T— FOEGBRARR LRI T 2720, BRUE»EYS
THEI)GRBLVEERETCER Y Fa— FoEEIR
AR XN B GBS, DX AT,

BIRIEHRET I v 7 BORKRAO A% BELS L8
GERELEOBRMZEZICEY, BREORAZIIETE S
£ RHREFIEALEIC R B, UL, BElLsnL
73y VRABIZHIC, BEBIEROSILE V) Hi
BRIVAZEBERH IR 5,

(6) HAxDtF I v ZHEREIZEFET, [ LD
HWEDHLE DT, BfmEFR T APSIC L 5 TBC &

X34 EB-PVDIZX5 YSZ I v 72—t ORIRMERIC
Blgg ARy Fa— b RMEEROZE

DL —fRIZKREWVW®, L2 T, APSIZX 5 TBC &
FEEDEBHE %2 EB-PVDIZ X o THE L 201211,
YSZ B DOMMUDIERALE 5 LB D S,

INSOMBED) LA, AT A Y — ¥ VI DOH
MEREE LT, (4&6)D X)) RMtBREMEICH B L2 MEE
PaBLEZONL, ZOWE, by Fa—b KUK
a— FPREICBT S TGO K EHIH O K & A TBC ¥ A
T AEROWREEZRT LD LA TI W,

5.2 J¥RICrA TOEHTERRE

TBC ZHl & T2 RMERDM T — 7 1+ v ZHifTo
FESACAN R B BRHEME LT, F TBC Y A7 24D
WRFE LS, (15 - FAB oM, 5 - Fask
B R EPRT—F 4 VT U ADRBEBATEE
Thb, ChoLRAEEHEL CUTIZERS,

5.2.1 ¥ TBC ¥ A7 LDFFHE - BR

TBC by 72— OBREDESTH S YSZ Rt S
I v 7 AL, EREETICACBERES O T, Zhic
EOLKTHHBEVFAET 5. Z OMHIREIX, YSZO
R, 79 XA<BE EB-PVD o7 at A5, B&
CZNLLBERICEELZYSZ by Fa— FOBEL
EIRIF L TEALT %25, BlzIE 7% Y.0, Mo PSZ
TiX APS, EB-PVD Wi hiZ & o TH# 1050C LA
L THOHMICL 2BF P ERTE R 2D, TR
PEVBYRERE SRHITIE KT L 2 EHRE SR TV 5%,
WK, APSIC X ZEBEE YSZ by 73— DO HBE
BT S BREROMIMFII R X v,

L7255 T, Bitfb 7R & — ¥ Vit B o %R TBC
VAT LADOHEFE - FRICBEL, by 7a— MINTLE
KEFHEE LTUTOSEEBEIF SN,

1) BUREENBYSZR LD /S, LA ERTD

HAk (BR) Liewv,

2) EMAELEREBRF Y Fa— MOEWEBBERKS

Y %o
3) ERLD), 2) LOLEEICEET B, EI i A
BREEAT S,

4) TEHBPERIRBE N A FZME N TORAEICERL TV 5,
5) FKIEDBBETRSKE

SOOI BEHERZTH TBC VA7 AI3HAET T
R 5 08, B E AR REHBRIL LS 3 v
7 ADBARER & B RARIOBRE K 35 (2R,
EA O Ni A& S MCrAlY 2K Fa— b o#EE
FEIIEA 14~18%10° (C) 2H 20T, MOLAT
ZHHrLIIv 7 AIE My 77— MHHICIIIFEE VR B,
SiO; 1, ZrO I RIE s S EN e L&
FEMESITEVBIE IR el 2 T 70, Bz
i ZrSiO, (=Zr0, - Si0,), CasSi0, (=2 Ca0 - Si0,)
70 EHY TBC MEOBEMIC Ao 72 A - 72, L
L, THHIE—MIZ SO, ¥ AR EDERE L &
FOSHEZ RS 720 g L WERIRIE R T oM %
IIARED D 5,

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/07708 4 —



Vol. 26 No. 101 1998.6

HAa—E Bm#a—71>7 4) miE Em

20
| Ca0
_10F Al,03-MgO @D oo
~ s ALO (i408) (30.98)
p L Al,O3-Si0 03 .
£ s[ "5 @n® Ca0:S0; (i,
< [ 'R _ aaine e
z 3A1,03-25i0, Oéﬁg)
~ (2103) 059 pario
B 70,-Y;039 (1986) @FaTlOs
4 (2533)  2Mg0-Si0,
ﬁ ° 20 @ (2158)
® L HfO, (2950) . °
s (3050) ' Ce0
E 2r0si0; Si0;"Mg0 5572
(2693) (1830)
0.5t
L L L Il L ' 1

4 6 8 10 12 14 16
BEIRFAEY (x10°/K)

B35 RENBELW LTIV ADBRERE MG RBH
() Wo¥FidRs (T)

¥/, EIRBENMEE R2EHTAY —¥ XTI,
Ny Fa— FOERDIZT TR, BEARE FHhET
DEMBAED DBALENREE D EETH S, 3.2.303)
I (28 THRRZEIIICPSZIZBITA Y0, & V05
LOBIRWIIGIZ X 5 ZrO, OB ELRE LI LD,
ek D TEALK TRAFE OB AW & DR USED
ﬁ:‘i%_k &O 7':0 DL ;) &Eﬁﬁé:jo VC, ﬁﬂibi CeOz,
Sc,0s, In:0s, Yb,Os 72 E D& L FEALM 2.0k LT,
BAL S SUS R I e D W 2R L E & L COBFMME
PHEEE TV 5B,

TBC VY AFLIZBITAET I vy by Ta— DG
BEVEIZ F 72, BOHARIC DR CIKAFET HDT, APS R
EB-PVD Z&Da—F 1 ¥ 7k 7u v A5EHM0OKE
RICE D E 2L L A TRETH %0 LD DITR
ILERORAIE, B L i 2 E R OB 53
F LW, WWAROHE THrZ-TYAZ ZERKIELD
T, by 7S a— MATERILEZ BRI ST
DOEEEHRESES L) REFERILD LIS T
Uy FIES BRI E LTH D, Bz, L —¥FHH
kBt T 3 vy RBEOERMZE (Laser glazing) 12
Lo THILF 3B 25 ik (Seal coats) 7% &
PIREINTVENE®, BRELVPOIEITZ RV,
5.2.2 1% - BERN

M (48 THRAMLIZELIE, TAFY—-EEE
BRI X E R ERBOBRESILE T H, TD7
W, EIZHOMBELRERE= YY) VRN IR~
Z a7 VICEED W TIRB O L BE L RO, JTRI
BHBICE L LRSI B T — 5 1 ¥ 7 &2 HuG &3 541
FAWRZ T &A%, REMOMRIED & XD EmFF
GOLEE (IA M) REOEMPLILHETH L, FIZIT
HAY -V BRI T, I2—T7 1 ¥ 7 DHILIARE,
TI—F 4 Y RLPIEMEETOERAR, 2—T 4
YRS NIEMEEHOBE, BoOMY - &l - Al
NEF, BEROBER - B U FELEENATH
5D, THHITHHLT R XS - BAEBR O E HE)
IbEmlE LIZEESEHEL 2o Tnb Y,

Ty bV UDOBEEFNE 5T, BEFEIHIC
o3 A TREE LS IORTY, BETIEX, &k
VEB O BRI RIS IR R L 7B TR0 & % 595,
CHOBED OISR AR L 72 20H 7 L ABIERHE
M ESIC L ARERENFI—T 14 Y TIZKL-T
fThhb, 0%, Hiba—7 41 v FEEOBHERED
HMEER TN AEDS, T TSI —F 1 VI
R — MO X )RR R T REBMIIHTEH T
AF VIRV BEETH L, TBELFLL LTHE
HHEEICS LTI, T ) S AR LSk
W2 X AR OBREI TN AA, NEMOI—T 1~
7 (AlEEUR BB 2 L) #REEIRED DI, Wik
BOTNVA)BROZELBRELIERTH L, TOK,
s DA B, RS SIS U CEE, mEdEs,
WE RSO XERBESRE SN S, COREMIZD
WTIEZ ZTIREET LY,

FTL R4 v TR, ATV TR OBEREONE,
W BA ARSI TIRZ ETHY, MR
D 3 RICHE A L CRER MM S 2 &%tk
FRiThiEebhwzo, ETORREBLZE) O
B FELEEMTELON TV A, 5, BELHMED
W EEEADIZORy Mz Lo L35 HEMLEH#E
T HUEND 5.

RS 2 EOMIBIZ X - THED 572 HHEL
BELILLAT IR kv, 22T, EEOHREM
T kb dREISEHREAEER L —FEI 1~2s9L)
PERLODOHDLN, FXRLEORHETHREMLOERE
HHEo TWAHZFDR, MBI —T 1 ¥ FOTH LA
DSEFREIATON LD, ERIITHFEMIIN TS D
DEFEBRTH S,

Befl # A & — E VM OBEEMIBHAM b £ /23RS
WZet L v ¥ U b DERBICED VTV A 7023
FEHEDSENS, LA LBET RS - vEFRORRNE

£5 Vv hIYYYBBRICET 5 EENHIE LR

B R » N
BAME BAMRE
(B8, <T& SOLR®) (BN, 5 BERE XB
J 4
!HE&KIE (=)0 153
g
IE&%R% RARO{LEN®ES
g
B ﬁ%ﬂ@ﬁ& RumEROBMIIRE
g
E’ﬁ@#ﬁtﬁﬂé b Eau s 3dre ] plat-
4
;E?E'ﬁ%?f@?’l/‘/F RBBMOTL >~ K
{
;%ngﬁﬁﬂ)ﬁ#ﬂ HEEZ RO E 3
4
iﬁm&%wiiﬁ &M&E&Jﬂf
Ny 7B ﬁﬂjﬁgtﬂ-ﬂ
{
TERIREE FERLIREE
(B, Tk ARG, (B, & SRS,
ZEHm) zaRk X))

Download service for the GTSJ Mmember of ID , via 216.73.216.204, 202508/&—



m g #Zm

HRE2—ECHAEBI—FT 17 (4)

BAHZRE—E L 2ast

ELT, BEREVSEMEENIBICETTERL TV
A2, FIEOBIZIEEE S G - MR B %
TRCEDD) 2ZEIBRELTErRVE, TEHE
CEENE» OERECHEEBEFIHET 2 ERErH 5, £
=Yy LYV VOBELIEEBLT, NiEBEED
HiE &b (SC) *—FHMEEM (DS) DO#ifEIZHB VT
FINTIFH N TEE AR R H 72\ EASh A E, &
DGV EIRBEEOR T 2R T 5720, HEREGER
ROBEIENRONL L 2B ERENH S, Lizdto
THIRTIX, ZhOFERHEAEOME - B IR
THELWIRIRIZH 555, SHR00% 0 #IBHEAM O R AR
(RDOLENLHIDEALND®,

5.2.3 FHERT

TBC 2 ED/MEI—T 4 ¥ FBHAY —E VEiR
HMOLAEZEMBEITFSNTETWLLUL, 4%
D—F 4 V7Y AT L OFREF 7 — & R B IEAT IE R
AERLT, a—F 1 0 FOFEGTRARHT A - Uik
FHI TR TE L L) B4 D5 2 LB E2BORE
Tdhbo NAY—Y VEBFEHIEI I —FT1 27 %0
PIZEM EEOMBEALRBESILICEH L Ca—7 1
YTV AT b DHACE B & FF a2 A B T FE AR
HEIN® SHICHIMICBVTEZR I LT 728
BRI L ZO—HELTLDOTH D, 5%, b
D7 BIRFER HBROIFNERE X— A2, IAELA
WTCDI—F 4 7Y AT 5O S O HH 5
FriZBed 2" JRBER I L2 BIINIRRT % LEH
HBHEIIHE) & ATFHMEMICE L CEE L Bbh
HDUTO3HBIZOWTEZEDOH R 2B,

(1) FEREESEAM

MEha—F 1 V7V AT ADRELERO-OIZIE,
P BB 2T VICEDOWT, BESERREF
BRI CX L VAT AR TAHAZEDREETH S,
Vv VLI YOBE, 794 VMEO BEEBR» S A
AR X B #ah D IMIEFE (NDE) £ TEERR
DEMF = v 7 HPMBEIRESINTBY, ThiZL-T
IV VM OBBIRE AT SRR T X B LD 2 EENIC
HoTwh, LHL, XN—Au— FHORBHF XS —V¥
YD XD ICRIFB OMEEEE AT 5k WIEITE,
EEEFOSAEBW R RIS T AMS DM iEE=5 Y ~
TWLREERDLN, I—FT 4 Y THEERNREL-DLD
ERY 50,

&L, I—T4 Y 7OREEORIRE=Y ) ¥ R4
FFaEHli 720123 — 7 4 ¥ NI 2 MLARA
72HfElb 2 — 5 1 > 2 (Smart coatings) DO¥EZAIEE
SN, BRELEAVS, BN AT ATELEEES R
TV nds, b LIPEHTIE, Lo oolEH
ZHEDWTI—T 1 ¥ 7 OHALIRRIIES U 7B im0
B B2 &) 2, HBATy V2 —-LOH
BB ZZEIERO&RD 2 L) PRI R L7280
AVBERE L AT D 2L D REDDOREN 2 EH

ERBHIRSIFCTE S,
(2)  BhAEMIE 574815 FF i

HAY =¥y HtEa—5 4 ¥ 7 OBiRE M
WZHT AT IZRORIE R ICER S, 9 A<E
BHz &k b MCrAlY 2—5 4 > 7 HH5WIE TBC Y A5 4
ERNRLELTZ ) =7, BREYHA 799 5N
A A 7 Vg G50 000099 1m0 L SRS & RS
BT A EE BN A SR IIER IO DOH 5,

LA L%dS, HAY—V 2 ERIEE RIS RS
ZF 5 BRIV ET RO THMETH 0, WM M
570 —7, ST H5HVIIBIEFEORRIZT T
BEBEOEMRES 0 Ial—varaniéil
WR BV PIZIE, TR - VBEOY—F 1 v Ty
VT B BB ILX 36 D X ) I2EKE LA,
SR LT, EMVThoBEd 0 FAOE -2
FHMRESTREAET L, Fhwi, RERELRAD
T HRP—F%T 54 (in-phase), 5V IidEHERE
EB/NOTAHADP T LA A (outof-phase) 12X 5
B RBROANEG L IZF L B LD, ZOMEITY
#X, DSS R° WSS O L 9 IZRE B & 1L A EBI R S L b
BAITEIEL, o R—20— FA% TR
BT AHAAY—E VM TRELAZ Y —FEEMD
HEAZEERTLLENH LY,

IHIHMB7TICARLZEHIE, BROBMICE-TH
BMAERIIKECRL LY, 20k 2 BRRNa
MRRROM BRI & A&, BEAFTAS—E 2D
IO BRKBETIEIVHSZFIHEEIILRDLEZOLND, L
7235 T, TOXHITHEMTE R AR E AENIC
SRS X BB 1 JE 57 (Thermo-
Mechanical Fatigue, TMF) FERIZEOw TR &
BB 2479 LBl H D, M37TICHBMTRLZL D
BEFVERNL— FI2E 5 TMF RER 1 7 L & 9B
WIT%121%, O3 AREEESRBICBWTEhER=
FHIC L B84 7V EBMIH T AT A 7 VORI HE
MARNVMEEZGZTTU 505200 0Y, ok
9 7% TMF SBRIC L i, PIZISHROF Y FAKR v b
AN T 5 L9 BEMOT A (DT AL=—-0) £HT

c

'é o~ \Emergency Shutdown
[ 7/ ~ ~

/ Normal AN

5 Shutdown \\TEMPERATURE
T N
7}

8

[7]

g

o

5

[6)

Fast Acceleration

BI36 HAY—EVEFY—T 4TIy IIZBTA
BB R A 7 ™

Download service for the GTSJ Mmember of ID , via 216.73.216.204, 2025/07108.6 —



Vol. 26 No. 101 1998.6

HAE—E BRI —7 17 (4) ki Zu

LEADING i PRESSURE

EDGE SURFACE
z §
i
. < ¥  Blade Cycle
2 Subsirate £ Substrate Y 3
& 0N e :\ j{)
- A
/\k\ \\q: Temp., & Temp.
I< L B N 51 F
N o, ~
S - *::\q > TMF Test Cycle
Blade Cycle ™~ N
. Ny

TMF Test Cycle

K37 HRAY—Y BRI T 5 HAMMOYERTTA 7
(FEH#) & TMF REH A4 700 (i) @

T NAIEEF 2 —F 14 ~ 27, MCrAlY # —/3—1 A4
TA—F 4 Y IRIFDY AT LBV THEME4 SRR
99 X b IRFEAVRYLL, pOoRREREDFLL
WRTLZZENRHEINTVE®,

ERARI—T 4 v 7 OBBEMGELE LRI, 2—
T4 v 7MoY - it EREE (DBTT) T OKIER
WTRKERBBREOTAZZITAEHICEILT A L8
HHENTWBEY, T2, HAF—V U EREEIDICER
M 23521 F B e TMF RFEETTOME Y A7 4 D1
BHibEs e ZEL-Fa Pl - HH A7 4 (Life
Prediction and Management System, LMS) 233H4%Fd
BExho0H 5",

CDES B A—T 1 VT Y AT HAOBBEMIGIRE AT
D LA E LT, FHEI—T 1 ¥ F RSOOSR
BEROERW M YEEILEE 2D, LrL, S8
BRA—F 4 77O AL D ERINERIZET 5
BEEOBVENEFT— 7 OERIZITZLALEATVR WY
DOHBRIKRTH 002 2 LB R E O
TF—=IRX=2 L SGHROEERETH %,

(3)  Zhiy — B — L2 AR ATAR

RBEHATAY - THREESMEL 2555, S
R Cl 2 EiREEATZTREEN AR TR 2 SR X
LRR)D & 5 REEBEMIRE TN 2, LR G T D
FRIZZT 5 L722%> T, By — BEMY — (L2215
FEROFTOI—F 4 ¥ 7T AT L DOFFEFHEAXEE &
Bh, COMBEOREAMNEZ FERRTHERB DL
I, HE BK) - BEMR) B (LEm)
MH%b 3WMOBAMEMANOMBEE LTHYHH 2 &1
HAHMW, T LR, EROMESTFIZVTNRD 2
WOBMACREENR TV EEDLEL2HLV, 2hi
TIZHLNTE 7SR B R (X 38 DO )
EBAEBRAAEIIIMENICI S 2 e TENE, 2
Ny HEELFFMESFHITETH S, L LHEI
i3, Zho 3SEOHMEERMIRESERTE LVWEES
{, W2 354 7OAMEROREERT TOMMN

Temperature

@ — Tensile Fracture Loading

Creep & Stress Rupture
High—Cycle Fatigue
Creep—Fatigue Interaction
(Low Cycle Fatigue)
(Thermal Fatigue)
(TMF)

@— High Temperature Oxidation
High Temperature Corresion
(Hot Corrosion)

. Corrosive
Loading

@~ Stress Corrosion Cracking (SCC)

Mechanical Corrosion Fatigue

Loading

1 : for Jet Engine & Aircraft Gas Turbine
IT : for Land—Base Industrial Gas Turbine

X138 EAHY - BEBREY — fL2m R ZER] 7 00

N LETH S, SCHEBEERT A ¥ — VMOl
BE -SRI REC Y2y b Vv OFNICEREL
TETWAEA, LIHFE4E (B3 THALALD
2, HEeHEE (471 FHEFTTEI—T4 0TV R
TAEVZESBAEMEIIEMTE 2V,

COLEI L 3MOAMEMATI—T 1 ¥ 7Y AT 4
DR T — & DM & D DA, BRI RS PE
RIS L7505, ThEAWERE NHER
EITTERATAER6DLIICEHTELY, &,
INSFERTACH L CEY RN XA =5 2REL, AH
BRSPS IS & o TR 7 — & 2 B0l $ 5 2 & AV sk
DHAY—¥ rHERBMORER O RIZAEMFIEZX
5)ZTEEREO—-DLFRZ L) TORMICL-ST
BEBREBHILERO T TOBEE%L LI a — 5 4
VIV AT O ETHN & SR AT I BT 2 FgELE,
HEELOWELEO THEEDLNTVE2Y, LT+
FEIRE R e,

MBI, RO TBC OMREREE, ThEERT S
RODOTTa—FERETAHERK9D L HITEE LD,

K6 I AR RIS 5 R AR BN T

Q) BHEF (Fmesh)
. %mmjj ............ s U__.j
ﬁlﬁ‘]ﬁ;jj ............ ﬁg;-
cWEOEE e oU—J-mHHEEAER
2) BE - RERAF
- BERBOES - HARR
BRE - HEBR
BRERSTOMREERE
- BESKGE -0 HAMEE (B2 p 0, p 2 E)
H Rk
cEAH, EOME (kD e )
(3) HEEF
- MRRERF - a&®R, FMILER BEEELL
- MR F e ke, BREE, NAMREL
CO=F A Y e JO+X, #HeK, 8 (EEs),
REtERa E

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/08/F4—



m Enu HA2—E B —7+1>7 (4) HEHZX 2 —E 245
Goals Issues & Challenges BEX

* Microstructure, Stabilizer

Higher thermal
(g snerma « APS, EBPVD, etc.

stability
Reduced spallation g:aobilized \
at the interface 2 Understanding damage
Bond coat mechanisms
Oxidation,Fatigue, Creep, Phase
& Property changes, Hot
Improved ) Ni-based corrosion, Erosion, Diffusion, etc.
oxidation/corrosion | g prailoy Reliable [ife prediction
Protection

* PtAl, MCrAlY, Desulfurization
* VPS, HVOF, CVD etc.

39 %GH#E TBC Y AFA0URBELERY Fu—F %@

6. BHYIC

WAEDH A Y — ¥ v ORI s RzhE L LT,
BEFE & 0 & T 5 EIREA O ERBE M M AT I B IR
HICBITL22 Wy X h & LA, HEMICE TLEIL
L7728 & B2 BREFFVRMMLLDDOH D LV
FRELCEIITS, 2020, WEHEI—F1 v 7
R AIREE LR LI L, ShRICEvT—
TA Y TOEEEICHTEERDFTEITRLLADD
DHHEEEZ X,

o, 21 HEORHIZERAEPHREINR TS
WE-NET R BB 2 KEREES — ¥ > Tid, gk
IR BRI EIRE SN TE D,
TITHH A TOBBRME L WEREE T —F 1 v
VAT LD AR —F 2y /aY—n—2k LTH
EOF SR TWS M,

BT, "RERTHEER T, L) EVH L. KifFEH
T, FAY - VI RATF AOEZRFME L COMEH
WD bigha—5 1 V7 ICHTHFEEL 41025 T
B FIFCE7%, I2uiBicosh) BT,
AT LD~ aHE L OBESEICRITFERT
HolzPbHNLVEREL Twh, L IZHEYD 2 [
DFEFRL, MBS BHONEE - NN E L HUERL T
Ty TFE—= MLENT 20T, B LB X B S,
LHL, [FROFRAY—¥ rO5EIZN LT TBC % £
RE T DR a— 5 1 ¥ 7 E & M EER OB D
A% MIREL, TRASOEHIZL>TEHIZ 3~
4% OMEEEDNHETELLORBIDH L™, X5
WEBHOZ VTSR (=) 7)) ORFWBICLVH
0.4~0.6% DMEM ELREL ASN B H®, 22T
b APSHIZEI BT TV —YarHa—F4 7 DEH
U EELELIRS> TWb,

%4 TIRHBIK) MEHBRIC R L2 BHPT S
B, AERIMEFEFIZD L L0, RSOGO 4
W2 S DRI TIUTHENTH b,

BbYIZ, KROPEICEL, BEREREZRMLLT
W RV BE D BMREAL, FRRTFT—5 250
RO B W 72720 2 U S KPR b

e BBFE, RUORBHEFRERACHEZRLT Y.

5 FWE=, FKHE%HE], WHEL  HARF R ¥ — ¥ 245, 25-
100 (1998), p.2

@9 HEFIEE  BEERES 15 MEH 7 + — 95 288, (1997)

@7 S. M. Meier, D. M. Nissley, K. D. Sheffler and T. A. Cruse:
ASME Paper, 91-GT-40, (1991)

@ O siRSaRE 23 (1997), p. 203

(9 S. Bose and ]. DeMasi-Marcin: J. Thermal Spray Tech. 6
(1997), p. 99

®80) W. P. Parks, E. E. Hoffman, W. Y. Lee and I G. Wright: J.
Thermal Spray Tech. 6 (1997), p. 187

@81) T. E. Strangman and J. L. Schienle: Trans. ASME, JEGTP,
112 (1990), p. 531

82 R. B. Dinwiddie, S. C. Beecher, W. D. Porter and B. A. Naga-
raj : ASME Paper, 96-GT-282, (1996)

63 (HEESRE | WM OTIFE, 47 (1995), p. 848

@) R.L.Jones:]. Thermal Spray Tech, 6 (1997), p. 77

®39 M. Yoshiba, K. Abe, T. Aranami and Y. Harada:]J. Thermal
Spray Tech. 5 (1996), p. 259

#89 R. A. Miller : NASA TM 87288, (1987)

®) WO & HESRAY - r%agE, 2182 (1993), p. 3

B8 ffatsc, ILHER, BRFEZM, SB[ L, 2493
(1996), p. 43

B9 HREH, AR, NL 8, Bk, RIS MR, 4
(1992), p.1724

©00 J. Kameda, T. E. Bloomer, Y. Sugita, A. Ito and S. Sakurai:
Mater. Sci. & Eng, A229 (1997), p. 42

01 W.J. Brindley : J. Thermal Spray Tech, 6 (1997), p. 3

02 {REEFAERE, HEEIESA, RIE M ERESWIE, 15 (1997),
p. 657

03 frEdkmE, AMEIESL, fiiE # ML, 15 (1997), p. 359

POECKARME, ROIGIEAD, BEERENS, PEESEEE, FAUEIESL [ M 46

(1997), p.32

P AL, FRKE, KEsE, REKE, BU—®: AL, 46
(1997), p.58

bo fREEZEHE, FEEIESA, A B BEHERWLE, 15 (1997),
p. 141

07 fEEER T OARHA R & — ¥ AL, 2597 (1997), p. 41

©®8 Mechanical Performance of Advanced Materials, Inst. An-
nual Report 95, Joint Research Centre, EC, (1995), p. 4

©9 - Gas Turbine Life Management System, Final Report on
EPRI Project RP 2421-2, EPRI, Palo Alto, CA, (1988)

(00 K. Schneider and H. W. Griinling: Thin Solid Films, 107
(1983), p. 395

@) M. I Wood: Mater. Sci. & Eng., A121 (1989), p. 633

(o fREEZRM, FHEIEsL, BIFHRA BEBMESRLE (A
W), 60-579 (1994), p. 2538

@3 R. Viswanathan: Damage Mechanisms and Life Assessment
of High-Temperature Components, ASM Intl, (1989), p. 415

() BIZIE, FHEAN @ %3 123 ToFseikis, 38 (1997), p. 157

Download service for the GTSJ member of ID , via 216.73.216.204, 2025/67/08.8 —



AARA X2 —E %% Vol 26 No. 101 1998.6

30k 3

FHT 5720, ZO@EWRHFEEL

N A & — € ¥ K NOx BRBEdR D Fa¥E

Development of a low NOx Combustor for Small Size Gas Turbines

flewg MR
SATO Hiroshi MORI Masaaki
Ay fEEE

NAKAMURA Tsuneaki

Abstract

A dry low NOx gas turbine combustor for cogeneration systems has been developed. In the series of
development, a double swirler combustor was first developed. To achieve lower NOx emissions in
wider operating range, a three-staged combustor has been newly developed, whose concept is based
on the lean premixed multi-staged combustion. The combustor is controlled only by controlling fuel
flow without employing complex variable geometries for air flow control. Atmospheric combustion test
has demonstrated a superior performance of the three-staged combustor. Less than 13 ppm (O2=0%)
and more than 99% combustion efficiency are maintained over the wide range of 25% and 100% engine
load. This NOx emissions level is expected to meet the development target of 40 ppm (02=0%) if con-
verted empirically to the actual operating pressure. Theoretical consideration of lean premixed multi-
staged combustion is made by comparing the temperature distribution measured in the atmospheric

combustion test.
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Measurement of Surface Heat Transfer inside a Serpentine
Passage by Use of Liquid Crystal

iy f—", fE R

FUNAZAKI Ken-ichi ISHIZAWA Kohei
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YAMAWAKI Shigemichi

Abstract
The objective of this study is to reveal heat transfer characteristics of a three-pass serpentine cooling

channel inside a 10:1 scaled model of an actual turbine blade. A transient method using Thermochro-
mic Liquid Crystal (TLC) is employed to measure the surface heat transfer distribution inside the
model. Prior to the measurement, the soundness of the measurement technique adopted in this study
is verified through heat transfer measurements of straight-duct models with and without turbulence
promoting ribs. Great attention is paid to the streamwise decrease in the mainstream temperature due
to the heat absorption into the test model, which otherwise results in indetermination of the reference
temperature inside the model. To overcome this problem, the present study estimates the local air
bulk temperature by linear interpolating or arithmetic averaging of the inlet and outlet flow tempera-
tures. It follows from the heat transfer distribution of the serpentine model that streamwise variation
in cross-section of the cooling passage substantially affects the heat transfer characteristics in compari-

son with that of the straight duct model.
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Application of Nonlinear Numerical Optimization to the Design of Turbomachinery
Part 2: Multiple Arc Airfoil Design
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Turbomachinery, Optimization, Axial-flow compressor, Multiple circular-arc airfoil,

Navier-Stokes analysis

Abstract

A new design technique for the two dimensional transonic compressor airfoil is presented, in which a

non-linear numerical optimization algorithm is combined with a compressible Navier-Stokes flow solver.

The total pressure loss and the error of the outlet flow angle are chosen as the objective functions. To

each objective function, the flow solver is directly used to estimate the most efficient correction direc-

tion of the design parameters. The weighed summation of the correction directions is used to deter-

mine the correction vector for the next optimization step. Also, the optimization is accelerated by di-

rectly adjusting the camber angle to the flow angle.

The new design system is applied to the multiple circular arc airfoil (MCA). Three examples show

that, within only ten steps, the total pressure losses and the error of the outlet flow angles are greatly

reduced.
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Effect of Periodic Wake Passage over Flat-Plate Boundary Layers
Experiencing Favorable and Adverse Pressure Gradients

Abstract

/N R HR

KOYABU Eitaro

iy e —

FUNAZAKI Ken-ichi

gz &

WATANABE Takashi

The purpose of this study is to investigate the interaction between the periodic wakes and the bound-
ary layers on a flat plate with elliptic leading edge, which is subjected to favorable and adverse pres-

sure gradients. Detailed boundary layer measurements are performed by use of a hot-wire probe. A
spoked-wheel-type wake generator is used to simulate the unsteady flow field over the suction surface
of a turbine blade or a compressor blade by changing the direction of the rotation of the wake-
generator. A noticeable difference in forced transition appears between the two wake-generating con-
ditions. It follows that effect of velocity deficit and relative motion of the fluid inside the wake, so-called
negative jet, plays an important role in the transition process. It is found that the wake passage tend

to delay boundary layers transition at decelerating flow region.
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8 Distace-time plots of ensemble-averaged turbulence intensity and raw velocity traces
taken within the wake-disturbed boundary layer at y =0.2x103m (S=3. 23/normal rotation)
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Lean-Non-Premixed Combustion for Low-NOx Emission
(Gas Turbines : Emission Characteristics

Pl R A R

TERASAKI Takashi HAYASHI Shigeru

F—TJ—K IRy —¥ >, fKNOx i, IEFREG, MEMABE, BB, B L ERORE, DS
IN—F, SSS/N—F, LSS/N—F
Gas Turbine, Low-NOx Emission, Non-Premixed, Lean Combustion, Combustion Effi-
ciency, Fuel-Air Mixing, Double-Swirler Burner, Small-Hub Swirler Burner, Large-

Hub Swirler Burner

Abstract

This paper describes the low-NOx emissions of a non-premixed, direct fuel injection double-swirler
burner which is being developed for high-temperature combustors of methane-fueled gas turbines and
supersonic aero engines. The burner has concentric, circular and annular air channels to which
swirlers are fitted. The circular channel on the burner axis is converging into a throat and then di-
verging downstream. Fuel is injected by a multi-hole fuel nozzle in the inner air channel. Gaseous spe-
cies were measured at the flame tube exit by using a gas-sampling rake, at atmospheric pressure, at
inlet air temperatures of 650, 950, and 1,100 K. Emissions measurements were made for conventional
swirl burners equipped with single axial swirlers of different hub sizes. The double-swirler burner
achieved the lowest NOx emissions levels over the range of equivalence ratios tested while the con-
ventional, large-hub swirler burner showed the highest NOx emissions levels the difference being
larger at leaner conditions. The difference between the NOx emissions characteristics of these burners
was discussed, based on the fuel-air mixing in the region near the burner exit under non-burning con-
ditions. At 950 K inlet air and 1,800 K gas temperatures, emission indices of 0.5, 1.1 and 2.2 g NO./kg
fuel were measured for the double-swirler burner, conventional small-hub and large-hub swirler burn-

ers, respectively.
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Development of the Combustor Liner
Composed of Ceramic Matrix Composite (CMC)

Abstract

()220 i U B
NISHIO Kozi IGASHIRA Ken-ichiroh

T2V = Kt B,
TAKE Koji SUEMITU Takeshi

The Advanced Material Gas-Generator (AMG) R&D Project was initiated in 1993 as a ten-year pro-
ject funded jointly by the Japan Key Technology Center and the fourteen participating domestic com-
panies. The objectives of the project are to develop techniques for maunfacturing advanced materials
and to design and test the components of a gas generator. The three main technological targets of the
project are to produce a gas generator that weighs 50% less, uses 20% less fuel, and emits 70%

less NOx than its most refined counterpart as of 1993.

As our contribution to the project we studied the use of a ceramic matrix composite (CMC) as the com-
bustor liner with the aim of developing the combustor, which is one of the components of a gas genera-
tor. We confirmed the appropriateness of using the selected a SiC"/SiC ceramic matrix composite as
the combustor liner through the process of evaluating the CMC combustor liner produced on trial on
the combustion test, and by performing thermal stress analvsis of model CMC liners.
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Study on Internal Hydrogen Reheat Gas Turbine

g — " "
HARUMI Kazuyoshi KAN Susumu

Fh o SEIET, e E
HIRAOKA Katsuhide IKAME Masaru

WH Rz, HRE OB

SHIROTA Hideyuki MORISHITA Teruo

Abstract

We developed an experimental single stage turbine for demonstration of an internal hydrogen reheat
gas turbine, in which hydrogen is discharged from the trailing edges of the nozzle vanes into the tur-
bine passage to reheat the working gas. A series of experiments with this turbine were carried out
and the results showed the possibility of its realization.

Almost complete combustion efficiencies of the hydrogen for the internal reheat are achieved in a wide
range of hydrogen bleeding rate. The increments in the output power by the internal reheat indicate
30% to 70% of those by a one-dimensional turbine performance analysis. The reheat does not affect the
amount of NOx in exhaust gas in the experiment at temperature of 1240 K, but the ratio of NO to NOx
is diminished by the reheat process and its tendency has a correlation with the concentrations of the
unburned hydrogen gases in the exhaust gas. After the operation with reheat by hydrogen for eleven
and a half hours in total, considerable problems associated with the internal reheat are not observed in
the turbine structures.
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