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A Three Dimensional Elasto-Plastic Stress Singularity Analysis of the
Ceramic/MMC Joint

M. K. PARK*, J. H. JOO** and S. M. BAHK*

ABSTRACT

Employing a three dimensional(3-D) finite element method a thermal elasto-plastic stress
analysis was conducted to investigate residual stress distributions on the brazing joint of a ZrO;
ceramic and a SiC whisker-reinforced aluminum composite. The stress results from the 3-D
elasto-plastic finite element model were analyzed to understand the influence of reinforcing SiC
whisker volume fraction on the residual stresses at the interface. From those obtained results, a
method to estimate the stress singularity parameters were suggested. As the reinforcing whisker
volume fraction increased, the intensity and order of stress singularity were shown to decrease at
the interface between ceramic and interlayer.
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Table 1. The mechanical properties of the materials
E (GPa) a {(x10%K)
Material v
300K 550K 800K 300K 550K 800K
10% 894 76 54 0.322 20.8 21.7 23
Al 6061-T6 20% 111 98 76 0.314 18.2 19.7 21.8
SiC whisker 30% 139 118 % 0.306 157 172 208
40% 180 159 118 0.298 13.3 14.7 16.2
Stabilized ZrO,"” 138 - - 0.33 10.5 - -
Al 6061-O Temper® 68.9 59 47 0.33 235 24.1 25.7
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Fig. 1. Configuration of Al+SiC, composite/ZrO,
joint model.

Fig. 2. Element meshes for 3-D FEM analysis.
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Fig. 3. Geometry of bonded edge.
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Fig. 5. Change of E’ for volume fraction.
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Table 2. Stress singularity order by analytic solution.

0.001 0.01 4.1
Distance from interface x ( mm )

Fig. 14. Calculation of stress singularity order(\)
along AD-line.
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5. 2 2
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AR e Apegs Agelrds A 24

Intensity of stress singularity
Analytic solution FEM Qx
Analytic FEM @
o 10% A=0.269863 1=0.269094 5.381 5.127 0.046
SIC whisker 20% 2=0.266493 A=0.261179 5.045 4891 0.037
aluminum 30% 2=0.263122 2=0.251295 4759 4,686 0.036
composites
40% A=0.234571 1=0.240608 3.785 3495 0.034
== A, 203 T4 289 So) ARl 4%L
| e nlch. 2oz, ol HHEAE AAY &
- i 1 Facde] HFEHL weA AAe e
£ b L Axshx Qe =1, AT 2R ATHE
sty At BF-H e Fesad dHME
g SR o x-agse] A 9@ a7} Wbt Basi
E 3314 BaA NS FY AI60610) SiC. AAF
3 fgoll BE AFSHe] d A A3l
A Fe sy AHE o] 43 Y Fo A St
) ol 28 E E3to] tha¥ & AES Ao

(1) 9y 2 detrAds)de SHEERFYS
zron} AH-2HZHe B34 o vls) " e
o] 747}t AA A & AFSHRE el
oleny, AR AAA AF-&H 2haurete sl
Fzbz0] £4WYS w8l dekaA S sk
Aol A=bel/FE&AgA AR sl el
A pchulsrA g sla ubgoleta Wbd o

@) Fosdde 3 IdFvE BEAse
7rO, A&t A o) A5-¢-2-& Al60610] SiC, AT
o] Z71g4E AURASE A Fastn
Z7 A9 A AA S 2polrt AE AR LR s}

242 (BE-line)o| A = AF3H o] Fr)ska it
o2 Aateale] A AL o)zt A A AbobA
A2be] Z(CF-line) {24 Z4428S o4 4 3
o},
(3) 319 B 2A fateadA A o] 484
T8 A gAA Bo) 4 (singularity point)ol|x] 2] 5
HEo| XS A= AW BdS o] 43t o] £
o} 2 dAFE & sk

@) AgARL] 2Bl A Ak
2l r,uotE 338 o0 o JFFe] o A
HlA gl e SH S| 7] 0y 09 HIEE F
ste] & 4 gled, o =79 Yl et AAS



FE104 FE 148 19973

Alge F5430E A 34 g B4 4 99

HellA A7 2714 =9 B9 Febolg 24
242 s e Aoz 9l o

®) SiC. AXFTfr&ol F7HEFF T Al
2He] 35 SHE A oA SHFe) A4t 2
a3y §HFeldmr] =3 oyt oo
A& S7e W AT AF 4
o] A3k eE ¢ 5 ek

6. % 1 ¥ 4

(1) ols}eieta, Al 35 - SiC 2§89 Zr0
2 Aol B A", '89H DI A A o
FAI}R 7.4, 1991, pp.1~12.

(2) 758, /MRS, "Aele/g% HPFL
o] 32kl 3} 22H8] ke A o] v, giEly]
Asts] 95U E FASEUE=EH (1), 1995,
pp.656~661.

(3) Harrigan, W. C., "Discontinuous Silicon
Fiber MMCs" ASM Engineered Meterials
Handbook, Vol.1 Composites, 1987, pp.889~
895.

(4) Agarwal, B. D. and Broutman, L. J, "
Analysis and Performance of Fiber Com-
posites”, John Wiley and Sons, Inc., 1990, pp.
56~61, 85~ 86.

(5) Ibrahim, I. A. Mohamed, F. A. and Lav-
ernia, E. G., "Particulate Reinforced Metal Ma-
trix Composite - A Review", Journal of Met-
erials Science, Vol.26, 1991, pp.1137~1156.

(6) Mecdanels, D. L., "Analysis of Stress-
Strain, Fracture, and Ductility Behavior of Alu-

minum Matrix Composites Containing Discon-
tinuous Silicon Carbide Reinforcement”, Metal-
lurgical Transactions A, June Vol.16A, 1985,
pp.1105~1115.

(7) Cook, J. L. and Mahn, W. R., "Whisker-
Reinforced MMCs" ASM Engineered materials
handbook Vol.1 Composites, 1987, pp.896~902.

(8) ASM International Handbook Committe,
Properties and Selection : Nonferrous Alloys
and Special-Purpose Materials, Metals Hand-
book, Vol.2, 10th edition, ASM International,
1990, pp.62~122, 1019~1024.

(9) Bogy, D. B., "Two Edge-Bonded Elastic
Wedges of Different Materials and Wedge An-
gles Under Surface Tractions", J. Appl. Mech.,
Vol.38, 1971, pp.377~386.

(10) Sakata, S. Hattori, T. and Hatsuda, T.
and Murakami, G., "A Stress Singularity
Parameter Approach for Evaluating Adhesive
Strength”", JSME Int. J., Ser. I, Vol.31, No.4
1988.

(1) AMIE R, FRIRELE, PREE, "eT 3V 7
A% BB A PR R N R IR O JEREGTH
7", BAMEEHE (AR, 57TH  543%%,
1991.

(12) Kimura, O. and Kawashima, T., "Effect
of Interlayer Thickness on Residual Thermal
Stresses in a Ceramic-to-Metal Cylindrical
Joint", Communications of American Ceramic
Society, Vol.76, No.3, 1993, pp.757~17509.




