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Fracture Criterion and Fracture Behavior in SisNs/Metal Bonded Joints

K. S. Kim (Daeyoo Tech. College) H. S. Kim (Dankook Univ.) N. Y. Chung (Socongsil Univ.)

Abstract

Recently, the uses of ceramic/metal bonded joints for structural materials have increased in

various engineering fields such as automobiles, heat engines, and so on. A method of strength

evaluation focussing on fracture criterion of mixed mode was investigated in SizNs/metal

bonded joint. Also, Fracture toughness tests of SizNs/metal bonded joints with an interface

crack were carried out and the stress intensity factors of these joints were analyzed by

boundary element method. From the results, the fracture criterion and method of strength

evaluation by the fracture toughness were proposed in SisN+/metal bonded joints
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Table 1 Mechanical and physical properties of matenials

Young’s | Poisson’s | Thermal
Materials modulus ratio expan.coef.
(GPa) v (x107%7T)
SiaNy 304 0.27 3.0
STS304 193 0.30 16.5
SM45C 206 0.30 12.0
Cu 108 0.33 17.7
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Fig. 1  Shape and dimension of ceramic/metal bonded joint
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Table 2 Stress intensity factors of SiNy/metal bonded joints (K : MPavm)

4T a SiaNy/ Cu/ STSIM SN/ Cuef SHISC
() {mm) Ki Ke K K
0 04758 04658 02463 | -0438
0% -0.3838 -05701 -016% | -05%6

0.06 -0.3618 05923 -0.1487 -0.5506
0 0.07 -0.3413 -06133 -0.1298 -05715
008 -0.32%5 -0.6344 01138 -0.5916
009 -0.3052 -0.6551 -0.1001 -06100
01 -0.2891 -0.6752 -0.0893 -0.6266

Table 3 Stress intensity factors of SisNymetal bonded joints (K : 4Pavm)

P a SiaNuJ Cul STSIA SN/ Cul SMISC
N (mm) K K Ki K
0 04079 0.0807 0.3989 0.0831

0.06 06190 0.0663 0.6086 00687
0.06 0.6650 0.0623 06582 0.0621
04 007 07110 0.0583 0.7036 00581
008 0.7587 00662 0.7466 0.0563
009 0.7946 00831 0.7868 0.0632
01 0.8324 0.0509 08237 0.0514




Table 4 Stress intensity factors of SisNy/metal bonded joints (K : MPavm)

Crack length (mm)

Fig. 4 Relation between KK, and crack length

AT P a SisNyf Cue STSI04 SiaNi/ Cul SMISC
©] N {mm) g, Ke KK, K K | KKy
0 -0.0678 | -0.3805 | -29410 | 01526 | 0.3493 |-1.278
005 | 0232 | -05038 | -2142 | 04387 | -0.4599 [-1.048
006 | 03032 | -05300 | -1.748 | 05085 | -0.4885 {-0.959
80| 04 | 007 | 03697 | -05651 | -1.501 | 05738 | -05134 |-08%
008 || 04362 | 05782 | -1.325 | 06328 | -05363 |-0848
0.09 {| 04834 | -06119 | -1.250 | 06868 | -0.5068 [-0811
01 [ 05433 | -06243 | -1.149 | 07344 | -05752 [-0.783
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Table 5 Experimental result of fracture toughness K : MPa vm

Model |a/W| K™ | K™ | K | K° | Kie'| Ka' | Ke

0 |-0.3838[-0.5701{0.7690 | 0.0087|0.3852{-0.6665(0.7661

SiyNo/ Cue/ STSH04 10.167 | -0.0922 [ -0.9772 | 0.2190 | -0.0060 | 0.1268 | -0.98320.9913

0.333-0.0741 | -0.9584 | 0.3231 | -0.0206 | 0.2490 | -0.8790 | 1.0086

0 |-0.16991-0.5286|0.9191 | 0.0104 (0.7492|-0.6162{0.7383

SiyN/ Cuf SMASC | 0.167 | -0.0041 | ~0.7920 | 0.2398 | -0.0053 | 0.2357 | -0.797310.8314

0.333{-0.0118-0.7384 | 0.3588 | -0.0199 | 0.3470 | -0.7583 | 0.8337
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Fig. 7 Relation between fracture toughness, K. and crack length
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