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Evaluation of Static Strength on Ceramic/Metal Bonded Joints
Considering Stress Singularity
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Abstract

Recently, the cases of using bonded dissimiliar materials which have each of the different
components tend to increase for the purpose of developing new materials and using the special
objects in the field of industry. Among the cases the strength evaluation of the joining materials
of vehicle engine and the structural materials with ceramic/metal bonded joints becomes more
important.

But the residual stress occurs., because the joining of ceramics and metals is performed in
extremely high temperature. It becomes a dominant cause to reduce the strength of the
ceramic/metal bonded joints.

In this paper, strength evaluation method of ceramic/metal bonded joints considering stress
singularity was investigated by boundary element method and 4-point bending test. An
advanced method of guantitative strength evaluation for ceramic/metal bonded joints is to be
suggested.

Keywords : Ceramic/Metal Bonded Joint(Al2b/F4% H¥ol¥), Residual Stress(FFEH)
Stress Singularity(€8Eol4), Boundary Element Method(BA&4%), Strength
Evaluation Method (FEH7H4) . 4-Point Bending Test(43d 538A13)
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Table 1 Mechanical and physical properties of

materials
Young's Poisson’s Thermal

Materials modulus ratio expan. coef.

(GPa) (v) 2 (x10%/0)
SisNy 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 Model of BEM analysis on
ceramic/metal bonded joint

2.2 38 84UEAQ 54
Fig. 194 #3359 FA(h)7E 021 2ol thate

SHEO Y S AMsE EARFHAL Bogy'Wel o)
FEHUY, AW e S8 oy AUTGo g RE
o] A rofl 93 S Zo] Hrl
I
0= I-F (o) = § (D) o)



FRZANAZIETHA A 6 @ A 1 Z 1997, 3

A71A Te FHENGAFIR, (D Fatzd 3§
Bl &t Agold. SHENAT Az 4 AR
of @ 2F5A 3 ZHHE Gl

SHSOAF MEA (0 EE p 2 1o1F 39
Aol aEse £ o BEY M BAFE He
o A3 e AEHelde] $YRez dq.

Ir
7,1—5

o]

=

=
]

73

o, = [c; cos(gln7) + ¢;sin(7ln )] (2)
G714, p= &+in °l@, o §FE NS rE o
S A3 e B osRE P

AR +2Baf+ Ca®—2DB—2Ea+F=0 (3)
a, B¥ Dunders Helvjelon] thd 23} o] Jg}
EEA
p (g +1) = po(x;+1)

= §23 1(XQ+1)+ /12(x1+1)
M 1(x2“‘1)‘ #2(751_1)
B =G D+ a1 D) @
3—4y; (F¥d )
w={,_, (i=12 (5
o (R
__i__
Hi= 2(1+v;)
A7\ E;: MEREAAS
;o ARG A S (6)
y; ! EQ}%H]
52 JgyEst A4 o BFSHY B4 o
223} o] BAG 4 ¥,
aa—2R) <0 (equal, good pair) ;
(7
0; = 0Oy (log 7’)
ala—28>0 (bad pair) ;
(8)

0; — 0 (V—A) + di,-(log 7’)

Equal pair ¥ good paireld log r8l di4¥ #HF

_61-

23 EolYo] ZA3t:, bad paird AS$E 19 log

re] §olido] FEaHA drt.
3. SHR0|4 sz ¥ D@

A /FE JEqANY SYHE N FE Al
Aeted AlEHY 43E dFg 2=xE 300T.
500C, 800CE ¥sAAMNAN SN E A8
t}, olmf 79 FAE 0.2mm, 0.5mm, 1.0mmE
B3, 43 F¥AE 85& 20N, 50N, 100N%
7hetiA SEEME A G T AEAUG g &3
Eol R4 A E Atalgc).

oluf iy AWYY 8 BEs 2 He
go] glonz Ay Azl rol U3t 1 ALt
o, EF Ao I FHENASF I'E T3l
el fA)E Aujste FFAY AUz ot
2ot B&3Q B=HstE dAstna sl

B oo ok o

3.1 HerHpiel 22 s

Fig. 29 Fig. 32 SisNy/Cu/SM45Ce 2329
SAME 0.2mm. 44 FYNEH BE 48352
20No2 dAsA #A4%n, 2xAE 300T. 500C,
800TE W3 AAE W £ 2 AV $TE U

Bl Aolth, I#XE ¢ F ko] AR-gH Hlg}
100 .
é: roeerall sawges | cusmsc
300 [] X

501 500 0 x

. 800 a |

©

@ 0

@

Q

1

s

1]

~ =50

o

=]

™

o

=

-100 v . |
0 0.2 0.4 0.6 0.8 1

Normalized distance (r/W)

Fig. 2 Normal stress distributions at
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joint(h=0.2mm, P=20N)
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Fig. 6 Calculation of stress singularity index
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Fig. 7 Extrapolation of I' for distance from the
interface edges of  SisNy/Cu/STS304
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Table 2 Stress singularity index by BEM
analysis(SisNy/Cu/SMA45C)

Thickness | Load | Temp. Interface of Ceramic Side(ShNiy/Cu)
tmm) | NV O [ 4 1T A, I I 1 r
300 | 0.02660.1084 | 61.0901 | 6.0401 | 0.1116 |61.3879
0.2 20 | 500 {0.0267|0.1032{61.1035 | 6.3380 | 0.1066 | 61.4313
800 [0.0269(0.0952 | 61.1048 | 6.8161 | 0.0989 | 61.4838
0.5 20 | 500 0.0653 | 0.0820 } 54.2714 | 6.8830 | 0.1048 | 54.7061
1.0 0.0759 | 0.1557 | 54.4178 | 4.8102 | 0.1732 | 54.6299
0.2 i()_ 500 0.0265]0.1108 | 148.5697{ 14.7611 | 0.1139 | 149.3011
100 0.0266 | 0.1136 1297.0534| 28.7782 | 0.1167 | 298.444]
Table 3 Stress singularity index by BEM

analysis(SiaNs/Cu/STS304)

Thickness | Load | Temp. Interface of Ceramic Side(SisNi/Cu
(mm) | (N) | (T Al Aa I T A r
300 |0.0296|0.1054 60,9276 | 6.1339 | 0.1095 | 61.2356
0.2 20 | 500 10.0297|0.0972160.1298 | 6.0124 | 0.1016 | 60.4296
800 {0.0299 | 0.0845 | 59.7756 | 6.279% | 0.08%6 |60.1045
0.5 90 | 500 0.0657 | 0.0926 | 53.9550 | 6.0107 § 0.1136 | 54.2887
1.0 0.0676 | 0.1642 | 56.8981 { 4.5060 | 0.1776 | 56.9376
0.9 | 50 | 500 0.0295|0.1093 | 1502334 | 144127 | 0112 | 1511921
100 0.0296 | 0.1133 | 302,759 | 284269 | 01171 | 304.0906
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Fig. 8 Relationship between A1 and I': for
the ceramic side of SisNy/Cu/SMASC
bonded joint(h=0.2mm. P=20N)
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Fig. 10 Relationship between 4 and I’ for
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Fig. 11 4-point bending strength and displacement of Ceramic/metal bonded joint
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(@) Si3Ny/Cu/SMASC Joint (b} SisNy/Cul SMISC Joint
(fracture shape) (fracture section of metal side)

(©) SizN,/Cu/SMA5C Joint () SiN,/Cu/STS304 Joint

(fracture section of ceramic side) (fracture shape)

(e) SizN,/Cu/STS304 Joint (©)  SisN,/CulSTS304 Joint
(fracture section of metal side) (fracture section of ceramic side)

Fig. 12 Optical micrograph of microstructure
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