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Analysis of Fracture Mechanics Parameter and Fracture
Surface in Bonded Ceramic Joints

K. S. Kim(Grad. School, Dankook Univ.) H. S. Kim(Dankoock Univ.) N. Y. Chung(Scongsil Univ.)

Abstract

Recently, attempts have been made to be join ceramics to metals in order to make up for
the brittleness of ceramics. The difference in the coefficients of linear expansion of the two
materials joined at high temperature will cause residual stress, which has a strong influence
on the strength of the bonded joints. In this paper, the residual stress distribution and stress
intensity factors of the ceramic/metal bonded joints were analyzed by 2-dimensional elastic
boundary element method. Fracture toughness tests of ceramic/metal bonded joints with an
interface crack were carried out. So the advanced method of quantitative strength evaluation
for ceramic/metal bonded joints is to be suggested. Fracture surface and crack propagation
path were observed using scanning electron microscope.

Keywords Bonded Ceramic Joints(A 2= H &5 A1), Interface Crack(AH T Y), Residual
Stress(ZH-§ %), Boundary Element Method(73 A1 8 4 %), Stress Intensity Factor(& 2 A 7] A%,
Crack Propagation Path(F 93 1734 &)
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Fig. 1 Types of crack propagation path in ceramics/
metal bonded joint
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Table 1 Mechanical and physical properties of materials

Young's | Poisson’s { Thermal

Materials | modulus ratio expan.coef,

(GPa) v (x10-%1)
SisNs 304 0.27 3.0
AlOs3 359 0.22 75
STS304 193 0.30 16.5
SM45C 206 0.30 12.0
Cu 108 0.33 17.7

Z 2do) diside ez Susjes
Abgslgon Ax 84 EEFE FHEFe o
2708 F4dQ A$E 15670, HgZol A= 370
4o Aeole 2628 stk 53 TN
E Eolgid MEQAE AMEslY nAYREQ)
g Ao] o] 7Y AEE 3t

2 Ll

ol

Pr2 P/2

Ceramic - Metal

=3
re——pn{

a0

36

Fig. 2 Shape and dimension of ceramic/metal bonded joint
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Table 2 Stress intensity factors of ceramic/metal bonded joints K : sPavm)

AT] a | SiuN,JSTS30 | SisN,/ SMASC | AL,Oy/ STS304] ALO/ SMASC
(C)jmm))| K, K, Ki Kz K Kz Ki K2

05 1i-00468 | -04747} -0.0272 | -0.3302| -0.0415| -0.3496 | -0.0195{ - 0.1912
3001 1 [|-00413|-04586]-0.0240|-0.3189|-0.0361]-0.3372|-0.0169{-0.1843
15-0.02991-0.4007| -0.0208| -0.2815] -0.0313| -0.2974| -0.0146 | -0.1626
05]-00773]-0.7904{ -0.0450{ -0.5500 | -0.0686 | -0.5822| -0.0324 | -0.3184
501 1 1-00638]-0.7609|-0.0397}-05307{-0.05971-0.5618{-0.0280| -0.3073
15]1-0.0493! -0.6669| -0.0345| - 0.4687] - 0.0518] -0.4952 | -0.0243| - 0.2707
1 051-0.12141-1.2603[-00709| -0.8785] -0.1087| -0.9299 | -0.0515{ -0.5030
R00| 1 |1-0.1003{-1.2147{-0.0621|-0.8482 | -0.0945| -0.8974 | -0.0446 | -0.4914
15[-0.07761-1.2620| -0.0544] -0.7484] -0.0820| -0.7916{ -0.0386 | -0.4313
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Table 3 Stress mtensity factars of ceramic/metal bonded jonts (K : MPav'm)

P SiaN/ STS30:| SiyNy/ SM45C| ALO,/ STS30| AL,0y/ SM45C
Nl g kK| K| K| K| K| K

20318 | -0.0366 | 2.0323 | -0.0447 | 2.0322 [ -0.0715 ] 2.0327 | 0.0365
400 3.2009 { ~0.2051 | 3.2040 { -0.1678 | 3.1965 | -0.2279 | 3.2003 | -0.1904

50094 { -04000 | 5.0108 [ -0.3305 | 4.9939 | -0.4604 | 5.0033 | -0.3893
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Fig. 3 Relationship between stress intensity factor(Ki) and

normalized crack length ceramic/metal bonded joints
( P=400N, 4 T=800T)
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Fig. 4 Relationship between stress intensity factor(Kz) and

normalized crack length ceramic/metal bonded joints
(P=400N, 4 T=800T)
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Fig. 5 Relationship between stress intensity factor(Ki) and

normalized crack length ceramic/metal bonded joints
( P=400N, a=0.5mm)
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Fig. 6  Relationship between stress intensity factor(Kz) and

normalized crack length ceramic/metal bonded joints

( P=400N, a=0.5mm)
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Table 4 Stress intensity factors of ceramic/metal bonded
joints (h=02mm, ceramic side) [K : MPa Vm)
AT a || SiaNy/Qu/ STS304 Si;N./OA/SMdSCJ AhO3/ Cuf STS:| ALOy/ Cuf SHASC
(O {{mm)|| Ki K2 Ki Kz Ki Kz Ki K2
05 [[-0.03541]-0.3677 | -00021 | -0.29871-0.0289]-0.2723 | 0.0060 |-0.1987
3000 1 11-002851-036061-00049 | -02784 | -0.0234 | -0.2657 | 0.0014 | -0.1787
15 -00277 03139 [ -0.0062 | -0.2426 | -0.0223 [ -0.2307 | 0.0002 | -0.1560
05 |[-0.0585(-061201-0.00311-04968 | -0.0479 | -04534 | 0.0097 | -0.3307
5000 1 ji-00471]-06000 | -0.0079 | -0.4628 | -0.0387 | -0.4424 | 0.0046 | -0.2974
15 -0.0458 | -0.5224 | -0.0101 | -0.4036 | -0.0369 | -0.3847 | 00006 | -0.25%
05 |i-0.0922 | -09772 1 -00041 | -0.7920 | -0.0756 | -0.7241 | 0.0170 | -05176
8000 1 [[-00741]-09584] -00118] -0.7384 [ -00613 | -0.7069 | 0.0044 | -0.4745
15 |[-00722 | -08343 | -0.0153 | -0.6436 { -0.0585 | -06149 | 0.0001 | -0.4142

Table 5 Stress intensity factors of ceramic/metal bonded
joints (h=0.2mm, ceramic side) [K : MPaz Vm)

P a Si3Ny/Cue/ STSH| SigN,/Craf SMA5(| ALO,/Cu! STSI| ALO, Cu/ S5
N |[{mm)| K K2 Ki Kz Ki Kz Ki K

05 117601 {-0.0482 11,7334 | -0.0379{ 1.6109 | -0.0161 | 1.7285 ) -0.0327
400 | 1 127402 [-0.1746 [ 277071 | -0.1498 | 2.5079 | -0.0437 | 26864 | -0.1666
4.3656 | -0.3784 | 4.3169 | -0.3350 | 4.0182 | -0.1596 | 4.2853 | -0.3809
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Fig. 7 Relationship between stress intensity factor(Ki) and
normatized crack length ceramic/cwmetal bonded joints
(ceramic side) ( 2=0.2mm, P=400N, 4T=800T))
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Fig. 9 Relauonslup between stress intensity factor(K:) and
normalized crack length ceramic/cu/metal bonded joints
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Table 6. Experimental result of static fracture strength

Crack length Pmax O max

Model (mm) N) (MPa)

. 05 1996 166.3
SiaNe/ Cul STS304 1.0 188.7 157.3
. 05 221.1 184.3
Sigef Cul SMASC 1.0 2122 176.8
SisN, 1.0 88.69 739
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Fig. 11 Schematic illustrations of crack initiation
sites and fracture pattern
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(c) Interface of Cuw/SisNy4

Fig. 12 SEM at the interface of SuNy/Cu/SM45C
bonded joint

(a) SuN¢/Cu/SM45C Joint
(fracture section of metal side)

(b) SisNy/Cuw/SM45C Joint

(fracture section of ceramic side)

(c) SisN/Cuw/SM45C Joint
(fracture shape)

Fig. 13  Optical micrograph of microstructure
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