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Analysis of Stress Singularity on Ceramics/Metal Bonded Joints
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Abstract

With increasing use of ceramics/metal bonded joints, It is required to analyze the residual
stress distribution and stress singularity at an interface edge for its bonded joints. In this paper,
the residual stress distribution and stress singularity index of the ceramics/metal bonded joints
were analyzed by using 2-dimensional elastic boundary element method. The variations of
residual stress distribution and stress singularity index are studied with changes for the combina-
tions of ceramics/metal, thickness of interlayer and temperatures on 4-point bending specimens

of ceramics/metal bonded joints.
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Table 1 Mechanical and physical properties of materials

Materials| Young’'s modulus (GPa) Poisson’s ratio, v Thermal expan. coef, a(x107%/C)
SizNs 304 0.27 3.0
ALOs 359 0.22 7.5
STS304 193 0.30 16.5
SM45C 206 0.30 12.0
Cu 108 0.33 17.7
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Table 2 Stress singularity index by BEM analysis
Temp Load SizN,/STS304 SisN./SM45C AlLO;/STS304 Al,O,/SM45C
() (N) Mo | AMre) | Ao | Am) | Ae) | Alse) | Aad | Alz)
300 0.4024 | 0.0375 | 0.4047 | 0.0339 | 0.4182 | 0.0516 | 0.4214 | 0.0470
500 0 0.4026 | 0.0376 | 0.4047 | 0.0340 | 0.4186 | 0.0519 | 0.4239 | 0.0471
800 0.4037 | 0.0378 | 0.4048 | 0.0343 | 0.4189 | 0.0519 | 0.4242 | 0.0472
300 0.0171 | 0.2406 | 0.0152 | 0.2370 | 0.0274 | 0.2752 | 0.0248 | 0.2766
500 20 0.0166 | 0.2355 | 0.0149 | 0.2337 | 0.0270 | 0.2752 | 0.0246 | 0.2752
800 0.0158 | 0.2270 | 0.0143 | 0.2284 | 0.0263 | 0.2683 | 0.0242 | 0.2731
500 50 0.0172 | 0.2429 | 0.0151 | 0.2383 | 0.0279 | 0.2766 | 0.0249 | 0.2767
500 100 0.0177 | 0.2453 | 0.0158 | 0.2405 | 0.0278 | 0.2777 | 0.0250 | 0.2776
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Table 3 Stress singularity index by BEM analysis(ox/ 0.)

Thickness | Load [Temp | SiNa/Cu/STS304 | SisN./Cu/SM45C | ALO,/Cu/STS304 | AlOy/Cu/SM45C
(mm) (N) | (C) || A{(AB) | A(CD) | A(AB) | A(CD) | A(AB) | A(CD) | A(AB) | A(CD)
300 [ 1.1501 | 0.3483 | 4.0200 | 0.2371 | 1.1551 | 0.3586 | 1.2684 0.4653
0.2 500 || 1.1528 | 0.3477 | 3.7891 | 0.2366 | 1.1540 | 0.3586 | 1.2668 | 0.3993
o | 800 || 1.1462 | 0.3500 | 3.5353 | 0.2384 | 1.1488 | 0.3596 | 1.2683 | 0.4004
0.5 500 | 11118 | 0.7222 | 3.5175 | 0.1003 | 1.8250 | 0.1704 | 2.4849 0.0632
10 | 500 | 0.8769 | 0.0629 | 1.2765 | 0.0868 | 0.9050 | 0.0159 | 1.5248 | 0.1957
300 | 0.0296 | 0.0128 | 0.0266 | 0.0112 | 0.0413 | 0.0215 | 0.0390 | 0.2028
0.2 20 | 500 | 0.0297 | 0.0125 | 0.0267 | 0.0110 | 0.0423 | 0.0213 | 0.0391 | 0.2009
800 [ 0.0299 | 0.0121 | 0.0269 | 0.0105 | 0.0424 | 0.0209 | 0.0392 | 0.0198
05 0.0657 | 0.0319 | 0.0653 | 0.0349 | 0.0796 | 0.0299 | 0.0791 | 0.0328
1.0 20| 00 0.0676 | 0.0393 | 0.0759 | 0.0434 | 0.0801 | 0.0406 | 0.0801 | 0.0437
{ 50 0.0295 | 0.0124 | 0.0265 | 0.0113 | 0.0421 | 0.0217 | 0.0388 | 0.0203
02 100 20 0.0206 | 0.0130 | 0.0266 | 0.0114 | 0.0422 | 0.0219 | 0.0391 | 0.0206
Table 4 Stress singularity index by BEM analysis ( zxy/ 00)
Thickness | Load Temp | SisNa/Cu/STS304 | SigN./Cu/SM45C | ALO,/Cu/STS304 | ALOy/Cu/SM45C
(mm) | (N) | (C) | A(AB) | A(CD) | A(AB) | A(CD) | A(AB) | A(CD) | A(AB) | A(CD)
300 [ 0.0226 | 1.6580 | 0.0513 | 0.3833 | 0.0393 | 2.7531 | 0.5651 | 0.2510
0.2 500 | 0.0233 | 1.6252 | 0.0512 | 0.3860 | 0.0393 | 2.7330 | 0.7868 | 0.5691
o | 800 10.0233 | 1.6423 | 0.0513 | 0.4454 | 0.0400 | 0.9400 | 0.0790 | 0.5754
0.5 500 || 0.0255 | 0.4414 | 0.0211 | 0.0955 | ©.0397 | 0.2285 | 0.0221 | 0.0687
1.0 500 [ 0.0596 | 0.3707 | 0.0452 | 0.7199 | 0.0755 | 0.2498 | 0.0567 | 0.1257
300 | 0.1054 | 0.0996 { 0.1084 | 0.1040 | 0.1185 | 0.1226 | 0.1214 | 0.1257
0.2 20 | 500 1 0.0972 | 0.0855 | 0.1032 | 0.0932 | 0.1151 | 0.1128 | 0.1183 | 0.1190
800 | 0.0845 | 0.0626 | 0.0952 | 0.0756 | 0.1064 | 0.0972 | 0.1136 | 0.1084
0.5 0.0926 | 0.0364 | 0.0820 | 0.0463 | 0.1027 | 0.0146 | 0.1024 | 0.0305
1o | 218007 0.1642 | 0.1337 | 0.1557 | 0.1460 | 0.1843 | 0.1305 | 0.1828 | 0.1413
50 01093 | 0.1073 | 0.1108 | 0.1092 | 0.1230 | 0.1275 | 0.1232 | 0.1293
02 100 | o0 0.1133 | 0.1145 | 0.1136 | 0.1138 | 0.1256 | 0.1323 | 0.1249 | 0.1316
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