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Table 1 Ihdependent variables to be selected

A5 KR WY '3 mS XER H5 KR

1 \4 4 V3 7 Vivi 10 &%
2 Vz 5 Vlvz 8 ln (]+ V]) 11 eVZ
3 vi 6 ViVo(Vi—-Vy) 9 In(1+V,)
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1 = Vl
414 = V% (3)
Ty = ez
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i=1,2,-,1 (4)
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¥, sk =11, X, RELTHERESHE
HAZEHRR:
agf = f3(vi)0 (5)
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0y =487 - 6724 V, —1943 V2 -3365 V,V, +

3960 V,V,(V, = V,)+11731In (1 + V,) +

8710 In (1 + V;), (6)
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Table 2 Flexural strength of Al,O; - SiC— (W, Ti)C

ceramic tool materials

e Vo, Vsc  Viw.mc oE op Aoy
/% /% /% /MPa /MPa /MPa

1 100 0 0 501 487 14
2 90 10 0 564 579 -15
3 80 20 0 609 623 - 14
4 70 30 0 627 619 8
5 60 40 0 576 570 6
6 90 0 10 629 642 -13
7 80 0 20 702 727 =25
8 70 0 30 765 751 -14
9 60 0 40 728 723 5
10 80 10 10 728 700 28
11 70 10 20 731 744 -13
12 60 10 30 693 718 -25
13 70 20 10 712 718 -6
14 60 20 20 729 728 1
15 60 30 10 678 697 -21
16 70 15 15 753 740 13
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Table 3 Fracture toughness of Al,O; —SiC—- (W, Ti)C

ceramic tool materials

% B Vao, Vse Vwme K Kicp AK ¢
/% /% /% /MPa:m'? /MPam'? /MPa*m'”?
1 100 0 0 3.82 3.78 0.04
2 90 10 0 4.58 4.65 -0.07
3 80 20 0 5.02 5.08 -0.06
4 70 30 0 5.17 5.15 0.02
5 60 40 0 4.91 4.89 0.02
6 90 0 10 4.61 4.54 0.07
7 80 0 20 4.84 4.99 -0.15
8 70 0 30 5.2 5.15 -0.05
9 60 0 40 5.06 5.01 0.05
10 80 10 10 5.11 5.13 -0.02
11 70 10 20 5.18 5.3 -0.12
12 60 10 30 5.02 5.18 -0.16
13 70 20 10 5.21 5.29 0.08
14 60 20 20 5.25 5.19 0.06
15 60 30 10 4.93 5.08 -0.15
16 70 15 15 5.32 5.34 -0.02
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Table 4 Hardness of Al,O; — SiC— (W, Ti)C ceramic

tool materials

B Vao, Vs¢ Vwme He Hp AH
/% /% /% /GPa- /GPa /GPa
1 100 0 0 18.14 18.18 -0.04
2 90 10 0 18.46 18.41 0.05
3 80 20 0 18.65 18.62 0.03
4 70 30 0 18.81 18.81 0
5 60 40 0 18.92 18.98 -0.06
6 90 0 10 18.52 18.57 -0.05
7 80 0 20 18.79 18.83 -0.04
8 70 0 30 18.92 18.97 -0.05
9 60 0 40 19.06 19.02 -0.04
10 80 10 10 18.81 18.75 0.06
11 70 10 20 19.11 18.97 0.14
12 60 10 30 18.92 19.08 -0.06
13 70 20 10 18.79 18.92 -0.13
14 60 20 20 19.14 19.09 0.05
15 60 30 10 19.06 19.07 -0.01
16 70 15 15 19.07 18.96 0.11
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Fig.1 Relationship between the flexural strength
and the compositions of Al,O; —SiC— (W, Ti)C

ceramics(the unit of the flexural strength is MPa)
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Table 5 The optimum results of the mechanical
properties of Al,O; — SiC— (W, Ti)C multiphase

P
Eﬂ composite ceramics
:E Va,o, Vsc Vw,10c  Ctmax K 1Cmex Hoax
g /% /% /% /MPa  /MPa-m'? /GPa
i% 69 10 21 748 5.32 18.99
3 (miRE) O '
5.34
68 15 17 743 (BARME) 18.99
SICHEIRER V% 19.21
51 29 20 691 4.78. (BARAE)
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Fig.2 The optimum field of the mechanical
properties of Al,O; — SiC— (W, Ti)C ceramics (1] W XTRALWMBEOBTEL]. THHNE

#, 1999, 14(2): 193~198
[2] Ai Xing, Li Zhaogian, Deng Jianxin. Development and

4 T 5 AR LB AR 4 4 BT X R B LA 7 S 4 B 4

perspective of advanced ceramic cutting tool material[J].

PRfE. &I FAERRIFATER — 4 5 AL B BB AR Key Eng Maters, 1995, 108~110(1): 98~112

H AERZEHNBR. ERFWNL, #TEEEE (37 mmm nmasnBSEMR0UL #RFRER,
TEMBEITABBAANEE, 2000, 14(2): 124~126

4 @ [4] HIfEHE. MEMSREFAR—MEEXRNTEHE

#I]. B, 1987, (5): 16~19
BV EZHESBEIIEME ¥ MESHEA (5] RAL®. sAREBSFFE(M]. L% EER¥H
HZEM%ER, 3HLALO, - SIC- (W, Ti)C &M At ; 1980: 102117

B R AN R ’ [D]. R : W Tk kMM TARAEE, 1998

Design and Fabrication of Multiphase Composite
Ceramic Tool Materials

Xu Chonghai!, Ai Xing?
(1. Department of Mechanical and Electronic Engineering , Shandong Institute of Light Industry, Jinan
250100, China; 2. School of Mechanical Engineering , Shandong University, Jinan 250061, China)

[ Abstract ] The multiphase composite and the computer aided design of the ceramics are two significant
trends in the development of the advanced ceramic materials in the 21st century. Mathematical models have been
built for the description of the relationshi;;s between the mechanical properties and the material compositions of
_ the multiphase composite ceramic tool material with the combination of both theoretical and experimental meth-
ods. The optimum compositions of the material have also been achieved by means of the computer aided opti-
mization technology. Then, an advanced Al,O; — SiC — (W, Ti)C multiphase composite ceramic cutting tool ma-
terial is fabricated with hot pressing technology. The material is found to possess high comprehensive mechanical
properties, which proves that the method proposed in the present study is reasonable and feasible for the design
of multiphase composite ceramic tool materials.

[Key words ] ceramic tool material; multiphase composite; material design; model; mechanical property
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