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o1z A&xA dA FFolu, 75U A4A
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A2 ditdog “H)F&e BIIAEEA
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Futsidl 44 E278 Fgdn Uk o] A
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AE _
% (453 Age2] New ceramics
process
4= A4 A4 AqF
gxz(27) | Ba AqF UqAF
HEAER) | Q7 AF 1 9%

BHHLT T

15 AE, KA, A, WAS 952 39 o§
Ay 22F ALE oE 29 AFA AgYx
% Classic ceramicsgt @0 FE3T o]9
& AXFY A g AAA A4FY A
28 AFGY2E New CeramicsZ2 Fine cera-
micsZ A ¥}

F 19 47], 483 Agtg2, New Ceramics&
vl 3t el Botth New Ceramics%, Fine
ceramics? B ¥ I 988 A L3AT A L3e
A% AT AAE 98E AEEo HE
Aoz £ E &9 Ax B AL Fu
g2 zAdse BE Ao

New Ceramicse 1 T¥4 8¢ ®4 A7}
A7 3t e Zo] IAE oY £
o8 FE Bt
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Spark plugdl Aluminaz}7]7} HAAZA ALS
HE Ro2 RE IC packagess AA AR
ol27) 744 BHAFA AHdHe ALE ceramic
condencer, PZT A A, ZnO¥ 2] 2H, ferrite, Zr02
sensors B4 AE A7) 5 ANH B
o] &3t Atg-dte AwrAQd AEL 9yt
(@Engineering Ceramics

Z9 Z&HAZ BHEoAY FXE FEFA o
A3t A Eo A £ de AFSYLE FAFGL
FR Ao & Silicon Nitride, Silicon Carbide®] 1]
AE ARE ANEY 53 1 A9 1
Zx7t EAolth, 7 ALE ExAA Y HEE 76t
Azet Haste a¢ 19 Jehl Bt
(Fine Ceramics

New Ceramics$} 22 v 2 AHEHY I &
Fine Ceramics® ©ol7} ¢ g F8dHx Joh
Fine Ceramics7} 7H|¥ 2d& &3 Zo.
*ANE 9E29L ALEY
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ramics, High Performance, Advanced Ceramics®
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3.1. BSSE ABSojX|= MatRia

FA AZY2A7t AEat FE A4
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%5 A8 #5549

ol &3te A3 AE & A
ALO, pump ¢ FF
Heted SiaN, mechanical seal | &% BE
SiC apeck seal
TiC
TiN bite Ay 34
rocker-arm% 59 Ad4
ALO,TiO2 port liner
RA Cordealite EEER W) Fke AY HE
' wl7] 7k EFeA
Si3N4 rotor, combustor Gas turbine parts
LIRS Sic Qa7
Sialon g izt Diesel engine parts
trbo-charger
o ALO. spark plug ARARE
ceramics heater FNNESRE
ol AxA Zr02 L= AA W77k N A2d
A AA
AR Axz4 Ti02 A AA 2 %
RYSHAAE | & AA 4 %
%}.7.*1_)9 PZT : kflocking sensor engine control system
oil sensor
PbTiO3 ultra-sonic sensor FAHEZA AE0)1EA

WA dE o £ 429 A 2000 dd) o) F
ol el £& A4 € Aoz Y
fem, 2 A tREe F 2 2dd o]§ Ao

2 xge Aess A7 AFHeR o
g4 9 Aot} Diesel engined
Bagsl 99 AEHY AY, B

F +99

#7331 Ao

4.1. Diesel Engine partsZ 2| Engineering
ceramicsZ=Xl CHA|&}

= energy®] F& o, F& ti A AAA
gasoline enginedl H|3) EFAFoZ FEEO] ¢
3l Hl7] Jt2 £9 NOAEo] AL diesel
engine® 29 877} A F7stn i 28y
#A 9 diesel engine %2 EAFEE AUx fle
Aol Aol AZ olE EH3}y] AT B
A7t FP=o)A fon FAHe WPosA

14

A3 B A& 589 FAL VYUY F UL
AolF Azt wFolT,

oz qUA &4 FHE oJEUR
Ae B ASE HAs L gk 28A Fo2A
gddslsie d& 1 Wiy 2y E HF
3o Aol&¥ & A Eth

Bzol AA Ad YAAME diesel enginedl=
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4) Diesel Engine- parts22] Fine-ceramicsS 2]

4 3 g A4 ckk]
rocker-arm seat(8 B.Z) SiC,SiaN,,ALOs K
top seat v K
¥}7] port liner SisN, LASMAS MICA,ZrO; S
#l7] valve SiC,SisN, RI
turbo-charger v LS
valve seat i K
cylinder liner SiC,SisN,,AlOs R
piston crown " KR
piston pin " ¢)
rocker-arm chip(push rod%) ” KI
push rod chip v 0
ddid SisN, LASMAS MICA,ZrO, I
blow plug E SiC,SisN, K
tappet o ,  SiCSiN,ALO: K
cylinder head SiC, SiNi K

K: 23 Za2 4% I Injection 3% 0:¢4& 4Y
R: rubber pressd¥  S:slip castdd

129, F71&A rotor7t 1Al 7] 74A 9
AQ Aol BopA L HFo] FL AYaAgz
Eﬂﬂlﬁ}ﬂl %°ﬂ E}E} *Jr*éﬁﬂ 7.—1317*] g9 1

oA EAY #AES ¥ 39 yell R ¥
4o oFF FFEo| Azg2dse A9
Ao AL 7l s o)A AL £ AFEE JE
Hopth a2l ¥ 590 diesel engine?F9 8.7
A S-S el B} ol&8 a3 4EF

A9 diesel engine parts¥ 2% AIZEF dES "’?:'5]"’“ 1% 5] \_8 7}——9‘1] 3 ceramics
Ao wgth rotor®) AFL % gas turbined] Tl YN =
74 o3& -‘?'%«] Aze 2z 480 e e

4.2. Ceramics turbo-charger rotor e Frx 3.,

Ceramics rotor®] 7dole S5 A4 7l

Turbe-charger rotorZ A= 23se A+ A ol AAANZ & e AE7} Y5 Aot} Rotors}

& AAAY AR A A AEEx A 2 14 AN AHY2E AT A

ZQA 9 F2& el 23 gith 19853 104 AA He FRAQA $8 A5 3¢ 98 7 =S

29| ceramics turboit7t & AEBABEGD uge M F4E A8 FEaLye A

o <& AL3=c) o] ceramics rotordlE H go] Brivan AR ALAs FHE Y
KERYGEAA AZ2F gasBAZ A8F24(Sllicon 240 3T

Nitride) 7} AH&-H oAt} 27 3ol& Ceramics tu-
rbo-charger rotor®] AtA& JERH I 1t Turbine
rotor8] EFZA 9] metal rotord THE B34

BHH IS

AA 9 ceramics rotordl YAME 1&3A T2
e 7t2d) FEA € W 94 9, 488
AEHBEMRDY Asd JdHMT 2§ 459
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2 3) Y=oA{ MAEQCl New ceramics#t Automobile engine partse| ©f.

2ol Yehy gl
4.3. Ceramics Gas Turbine

Ceramics Gas Turbined AB(AR)E d43d
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A 1 7t2d duAzA BYle AAA
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High Strength Engineering Ceramices®] XHfC Automobie partsftE #& 7|4

$&Eof 5 F a7 7% % 54
F#71 valve 2%, WASAAYY, s (B )
wl7] valve 2%, WA3AAYA, sealdd, WARA(AR)
valve seat Wetd A, WEA, sealld
8 A4 chip el
rocker-arm opd A 20ymo) SHEZFEA S, F¢%50-100kg/mm”
tappet W34 4(d : diesel, prophane)
valve lifter A= (3F)
d cam piece Wk, W4, 3533
2 valve guide Wotd A, WA (3 )
11000 T
ZAE  40-50kg/mmeo] (1 BFE 125kg/mm’)
H rotor fitcreep : 5000A17t22 10% 13
turbo W 4+3HA 500041 72 20.1mg/em®®] 3
T L - SR O
# housing 1000 T
s, YA, J1A% 3%, WAL=
7 8% bearing Wepdy, &84
apex seal Weld A, sealdd
¥} 7] port ling dASE, ARFASF, WASAE(8106)
W= (ef 1100C)
¥} 7] manifold WA=} 950C), HATHE, dAEE
ZgE F+100C(8G)
71 : vane, housing, HEY 24kg/em?, 500C, vHEAE 5X10km=
W oo g (aircone, oil g% 100um ©l3}
AEEA pump A2 24kg/om?, 500C, FEEE wHEASF 01013
2] A8 ¥A cam ring

7Y AR dAezx Eogd 2423 dF
olmg A9y EelFd wWol AA turbine
blade®) Wzt 7177F ARk Fhe HH 7t
AddNe Bdade wlge d3E Ade
yagzol gol AgHAE geth odE E
ASS HAd7 989 ‘e FYZ Ceramics
Gas Turbine” 0] F45 0] vlZ M AGT(Advan-
ced Gas Turbine)projectzte W¥ A7 A7}
oA Yot ¥ 6ole "ZY DOE &
DDAA Y E& Jehlo] Bgta ® 79 Ceramics
Gas Turbined A& AA7 1 A¥¥E veh

BRI T T

Bt

43.1. Mcl2 7t= 0|=22| Ceramics Gas Tur-

bine Rotor

Gas Turbine Rotors 1 3224 angular
type? radial type 272 TFEFT. Angular
type ceramics blade ring® ceamics hub® A%
2.2 ceramics hub®ll ceramics blade secment A4
ARHA BHE solBFol=gor AL AAF
S50tk Radial typee 1 724 3ol &l
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a8 4) Ceramics rotor®] 4 2%

=3 oy Aggx dAF T PR

ceramics rotor+ceramics shaft typeo] IL{EHIL -

Ak,

12l 5) Ceramics rotor?] HS

(DAngular Turbine Rotor
©® Ceramics blade ring+ceramics hub :
of 3 EZF I4E #t Ceramics blade

DOES] AGT100 A¥ DOE9] AGT101 A3 HEYFFFATL
ERH: DDA(GM) Air Research Z2ub(F)
Bl = Pontiac Div &3 Ford A% Ceramics . 2
Carborundum @-SiC Carborundum o-SiC ; MTU
GTE Zirconia SisN, Air Research casting
ceramics
: Coning Regenerator Coning Regenerator
type, €%, HP 2 %, 100 1% 13 ® 130133
A%, mpm 86,240/68,000 100,000 52,200
turbine}] #2ETC 1288 1371 1010
turbine ¥ € radial ceramics+metal radial ceramics
1714 84 7H4 nozzle &
5% model phoenix(1,362kg) " Fairmount(1,419kg) VW.GT150(1,700kg)
it 18.1km//(42.4mpg) 15.3km//(36mpg) 106km//(25mpg)
0-100km/h 7}4sec 15 119 14
43 type S Regen 0945 Regen 0929
272 T 288 , 327
*AGTS Z%: '

o

(D 94nE 198499 kTEBK A3 AEAY A$RT 0% F4.
(2 283 Wy g4 daiNe 713 948 vdgFAdE F,
3 dA 52 HAf dgg A2l s
(9 1990 ddl Zole dF A4 Ax A9,

*AGT ! Advanced Gas Turbine®] 2k7}.

DDA I GM9 Detroit Diesél Allison DIV.9] 9}

e
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High Strength Engineering Ceramices® Xtf¢ Automobile partsft& #& 7/t

parts item Hg A 484
- Combustor SiC R
Power turbine, Gasifier turbine . SiC,Si3N4 1S
Turbine inlet guide vanes " "
Scroll v S
Regenerator LAS, MAS, AS D

* R:Rubber press 4% I:Injecton 43%Y S:Slip cast %Y
D : Doctor sheet 334

AGT-100 AGT-101 Az Ang AW

0 ACC IMSSN

0 Carborundum IM-aSiC,T.Casting RBSic

(@) O " HP-aSiC(Core) + IMa-SiC(29) 2)
0 Ford Slip casting SRBSN

Q GTE IMSSN

0 0] { Pure carbon Slip casting SRBSN (refel type)

* IM: A& 4% Teasting: 9%

d A a4+ A A 8 otord] % 24 A+
1981 .5.2 Ford SRBSN AGT 95,000
shumilate rotor (cold spin)
5.29 Garrett ACCSN(Air research | AGT 115,000
Casring Co. ) shumilate rotor (cold spin)
6.1 DDA a-SiC ceramics blade+ 37,000 (937¢)
metal hub®) rotor 4434+ 100%
6.3 DDA ” AGT rotor 109,000
(cold spin)
7.7 Ford SRBSN' AGT 134,000 %
shumilate rotor (cold spin)

* 4% Ad 94 $¥L 74 M0m/sec tubined AT W el AT
SRBSN: 2% &2 A4 (Silicon Nitride)

ringt 99 BEARE ZE ceramics hubFAE  1F A48 B4l 7] AE 3D 22
7zt w2 Q¥ fE F IAE NN ZL de AL A 19 2A02A B ¥
g Aotk Ceramics blade ringF#lole ¥l gxuk Ao o8 520] A9 g RBSNAZE
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A5 jecion§ PP o2 BER U 34
hubF & 2=E 83 A% Y4o] B&3te Hot
press SNAA S AT FAe] HPoE 54
hub®-9] hot pressZAld] blade ringH=E ¥
Al FAI e FEE AR Utk E blade
ring? ceramics hubg 27t A 24 SN,
A& B89 2ZFANY £ AL 9§, YAE
AN e YYE 8T JAoh
®Ceramics Blade Secment+24 hub:
BffH1%E 2+ Ceramics Blade Secment®
EZ 28 34 wE YA 3F, M9 e
239 34 B 3 AP WYPoEA A
goa F&79 Adde e WIEHE 79
wol &9 35 wig 9 F{NY 37 g3ls
A1t} &, Ceramics Blade Secmentt ¥+e 47
SiNAF, 34422 SiNALLE A& 4AP8o
gEx o

@Radial Turbine Rotor

Radial rotore all ceramics® A&F¥ Hgr}
Aoy AFHoz W 2AHFde ZBEAY
A7} 943 hot pressB2& A2 A A7} Utk
a8y a¥F 39AF SiN, 3% 24 SiCse
1% Aol MEHZ FFey, AE AYAE
Yzt 13} 3 0] Zo} AR AAS} G017 2
ANMAE AR @A HW AY Wy U
Ui Z2FA AAA 71271 ZAHA He B
Aol A7,

AGTY radial turbinedl 2y U@ AGT
rotor®] 8 H2AE ANE E 87 99 Zz Ao
L) g= %

5. 2%

&9 75 19819 FH 10892 “AAG Y

Ag ¥of qs BEA
(D w713, 1200col 3] DeBA3tl 100007 $AEF SBAANA
g3 ge A5AE WEE A,
© A4 (Weibull A4) m:20 o4,
IREAR L@ AE (9T QARE) o Wkg/mm? oA
2 9AZ, 12000014 2e@As] 100047+ Creep AN o]
e g A5AE ¥EE A
W74 (Creep) o: 10kg/mm? o4}
B71Z, 130T e TL@As 100047 HARE SRAGANN
e gL H5AE BE
WA= @ N4 (Weibul A%) m:20 o4

@ We44 (BALE8) © Img/em? 4.
;@ 3= (37 AFAE) o Wkg/mm?® o4,

WY A

e

(D d71%, 800CAHA 10004 HARE F@ANN &3 A g ‘

@ NFHY (Weibull AF) m: 22 o)A
k) @ %= (37 J4%4%) 0. 50kg/mm? o4
@ Bed 32L& 420 AYse dge HEAE #=2E A
© WobE (e ) 10°mm¥kgmm ol :
1 @ AYYEF2E): Rmax 2um o . S

140

Bime MK 38 13 (1991 &)
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8 Fo} g H 27 7% ¢ 84
Combustor 1250-1450 €
273, WAEAZEG0 Cfs), WA
Scroll 1250-1450 T
2%, WE3AZE, Wiy
Stator (FF¥) 1250-1450 T
3%, Wd34%E, Wasy
Gas turbine Rotor(Ey#) 1250-1450 €

7% | 3045kg/mm?o] A (Thg/mm? © VA7 E)
fitcreep - 1,000A1 7kl 0.2% o] 3}

wgd3AZE  (500C/s), WA

A 1000/ 7 S G 3HE, RHR T ERNHE

LAFEEA D v@AF 01013
Power turbine rotor max. 1200C
2% 7%, 48337, Wiy
4@ 1000-1250C

We247s, 934 55X108/Cols}

7l A AE"2e 9o 11000 A9 ¥
AHE A8 HG ol dFE FHIYL:
Atk olF AlFgHs &A Eopdx 130 g9
dA7HE FA389 Gas Turbine Engne, 44 Z,
et F& 229 &4 Mg BE IFE 3
Art o] AT ZFo] Age s Folol & BER
32 e WFE ¥ 104 Jehy Bgidh

agy oFA AMgYxst Gas  Turbine
Engine72 AE 522 €457 984 d¢
ol old EFF I AA ad29 54
H7te A3 A RFHIAEE NEE A
Y Jpdo] Ha3dy, old W FE3 FA:
g3t}

Gas Turbine Engine® &7 EAL ®E 119
vehd Bttt UM Aggs &3
3 ZAF A7} AF3) Al H o] Ao} e, oA
AFeARe] AeA A 2F-AF 71E-o
584 dF45Y Ad FF 977 #3H9
HEg Ad ud Hod Hg 71F 71ed 9
Rolo] tig 24 A 71& Aol ol FA 79 9A
2 £2 Zd, 49 ZAY F& FF AAcL

HRRLS T

A

183
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