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Abstract

In this paper, a study on the development of expert system for Al matrix composite with shape
memory alloy fiber is performed to evaluate termomechanical behavior and mechanical properties.
Expert system is very useful computer-based analysis system designed to make analysis technique and
knowledge conveniently available to a lot of fabricable condition. In the developed system, it is
possible to predict termomechanical behavior and mechanical properties for other composite with shape
memory alloy fiber. The smartness of the shape memory alloy is given due to the shape memory
effect of the TiNi fiber which generates compressive residual stress in the matrix material when heated
after being prestrained. For finite element analysis, an analytical model is assumed two dimensional
axisymmetric model compared of one fiber and the matrix. To evaluate the strength of composite using
FEM, the concept of smart composite was simulated on computer. Thus, in this paper, the FEA was
carried out at two critical temperature conditions; room temperature and high temperature(363K). The
finite element analysis result was compared with the test result for the analysis validity.
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Table 1 Mechanical properties of TiNi and matrix

Al6061 Al2024 TiNi

RT [ 363K | RT |363K| RT (363K

Elastic Modulus

70 70 1724|724} 41 83
[GPa)

Poisson’s Ratio [ 0.33 | 0.33 | 0.33 | 0.33 | 0.43 | 0.43

Coef. Of Thermal
Expans. 2341 234 | 2321232 66 | 11
[x10-6/K]

Yield Stress [MPal| 275 | 260 | 325 | 315 | 280 | 710
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Fig. 3 Engineering stress-strain curve of Al6061
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Fig. 19 Comparison of the results from the finite element
analysis and tensile test for TiNi fiber
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Fig. 20 Stress and strain history of TiNi/A16061
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Fig. 21 Stress and strain history of TiNi/Al2024
composite for the tensile test using FEA
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Fig. 24 The relationship between the tensile strength
of TiNi/Al6061 composite obtained from
FEA and prestrain

Tensile strength, MPa
&
\\;

400 - —a—v{=3.2%
—o—vi=5.2%
~A—vi=7%

m 1 L 1 1 1 1 1 I

-1 ] 1 2 3 4 5 6 7 8

Prestrain

Fig. 25 The relationship between the tensile strength
of TiNi/Al12024 composite obtained from
FEA and prestrain
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Fig. 26 Comparison of the results from finite element
analysis and tensile test for TiNi/Al6061 and
TiNi/A12024 composite (v=5.2%)

5.4 B

TN 71 238 AVl 34719 5389
AAH EA4L Hrshr] Astd fFaadA A
TN 2ES g B E dFA o2
4E¢ 3k
M) AEE AEZ AM2dE o] 8o EFAR

NAH 549 AFABEE A= A B
AR
(2) E@AgY AFHL T, APgHoz

e 4 Y FArIdasel 9% A=
718 AFHo FAd 5 Ut
Q) EFdAse e 7AFEHY F= B2
dage wgs A

@) At FEsidA 2l fAYYL 3
4710 B FEEAHE Hristrldl Ad
4=

e

oy

ikl
rar

tne

(1) Hamada, K., Lee, J. H., Mizuuchi, K., Taya, M. and
Inoue, K.,1998, " Thermomechanical Behavior of TiNi
Shape Memory Alloy Fiber Reinforced 6061 Aluminum
Matrix Composite," METALLURGICAL AND MATERIALS
TRANSACTION(A), Vol. 29A, pp. 1127~1135

(2) Park, Y. C. and Furuya, Y., 1992, "Thermal Cyclic
Deformation and Degradation of Shape Memory Effect
in Ti-Ni Alloy," Nondestr. Test. Eval., Vol. 4, No. 8,
pp- 541~554

(3) Furuya, Y., 1995, "Design and Experimental
Verification of Intelligent Materials Using Shape
Memory Alloy," Proceeding of the International
Symposium on the Microsystems, Intelligent Materials
and Pobots, Sendai, Japan, pp. 313~318

(4) Tadaki, T. and Otsuka, K., 1988, "Shape Memory
Alloy," Ann. Rev. Mater. Sci., pp. 25~45

(5) Liu, C. T., Kunsmann, H. and Otsuka, K., 1992,
"Shape memory Materals and Phenomena Fundamental
Aspects and Applications," Proc. of Mat. Res. Society,
Vol. 246, pp. 299~369

(6) Young-Chul Park, Dong-Sung Park, Jun-Hee Lee and
Guy-Chang Lee, 2002, "Fabrication and
Characterization of TiNi Shape Memory Alloy Fiber
Reinforced 6061 Aluminum Matrix Composite by
Using Hot Press," Korea Society of Mechanical
Engineers(A), Vol. 26, No. 7 pp. 1223~1231

(7) Young-Chul Park, Dong-Sung Park, Dong-Hwa Lee and
Guy-Chang Lee, 2002, "The Strength Evaluation of
TiNi/Al6061 Composite by Using Finite Element
Method,” Korea Society of Precision Engineering, Vol.

19, No. 2, pp. 72~78

(8) Hamada, K., Lee, J.H., K. Mizuuchi, K., Taya, M. and
Inoue, K., 1998, "Thermomechanical Behavior of TiNi
Shape Memory Alloy Fiber Reinforced 6061 Aluminum
Matrix Composite," Metallurgical and Materials
Transactions A, Vol. 29A, pp. 1127~1135



