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Analysis on the Behavior of Shape Memory Alloy
Fiber Metal Matrix Composite

Dae Su Kim*, Deuk Man An*, Bu Sob Kim**
Ik Min Park®* and Il Dong Choi***

ABSTRACT

In this paper stress-strain relationship and strengthening mechanism of TiNi shape memory
alloy fiber/Al matrix composite were studied. For the analysis of mechanical behvior of composites
Eshelby’s equivalent inclusion method and rule of mixture were employed. Using above mentioned
methods the composite yield stress and residual stress in various fiber volume fraction and
amount of prestrain were calculated. Also residual stress were calculated using finite element
method and compared with the results of above methods.
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Fig. 1. The mechanism of shape memory of a
TiNi alloy in austenite state[9]
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Fig. 3. Analytic model based on Eshelby’s Equivalent
formulation for residual stresses
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LIOOAL | (7i50.2% at Ni)
matrix | (Aygtenite phase)
Young's modulus
(Kgf/mm2) 7034 8359
Poission ratio 0.34 0.43
Yield strength
(Kt /) 3.364 50,97

Table 2. Composite(2) :

matrix and fiber

Mechanical properties of

TiNi fiber
ACAA | (Ti44% at Ni)
matrix | (Austenite phase)
Young's modulus
(Kgf/mm2) 7300 6292
Poission ratio 0.34 0.43
Yield strength
(Kgf/mm2) 11.3 80
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Table 3. Predictions of Composite yield stress taken from Taya[4] and calculated composite vield stress
by Eshelby model and modified law of mixture

. Matrix Stresses Fiber Stresses Composite
Vol. fraction . .
. Calculation Gy = Oy o3 O] = O O3 Yield Stress
of fiber f
(MPa) (MPa) (MPa) (MPa) (MPa)
Tayal4] —-4,3 ~25.1 102.1 602. 1 52.4(*50.0)
0.04 Eshelby 0.8 -20.0 -19.1 480.9 54.1
Law of Mixture X -20.8 X 500 51.7
Tayal4] -10.0 ~42.5 100.7 429.3 67.0(*70.0)
0.09 Eshelby 1.1 -31.9 —4.6 127.4 67.7
Law of Mixture X —-33 X 202.2 67.1

* experimental data from Taya[4]



10 Al 5 R4 - kel - Y E WEBAVRRER
A8 9 Aaghe vlmstged Tayal4]el A4 S . | ; ;
el 257k 9l Aoz AEEch o e
- g 4 B, -
FZAE(2) = 0.05 F3)E8d H o s £ /
Pom & We) AFTYe AL SAAgAA] L
2 3r K .
& Fig.11(b)8 CAAH F fiber FA2ZHE £ Y%
Lomm =& A9 Ase} vjmshd F 2dzst F of / -
g o
Hliza 4 gl 3 /
=
- - . . . LR m
FEard s B3 matrixll @] prestraingFel] E /v ;?:ﬂ:ey
Ed
2 EAE(2) 9] matrixe] Fuhee] £ALF <Ly FEM
$4¢ Fig. 11(b) 2 AB & o=} 4715 849 5 d . , , ‘ .
. . 0.00 0.01 0.02 003 0.04
Aloll il A vlell® Fig.16, 173 #ch, Fig.16 . '
g prestrain
< Fig. o8k 4=z 84 ZA 3o ig. 17-& ) - .
& Fig.10(g)ell <1 F3s)4 2 sfo]w] Fig. 17 Fig. 14, Absolute value of longitudinal residual st-
0 ress in matrix from Eshelby type model,
: T ' T modified law of mixture and FEM, (Com-
. as| =009 i posite(2))
En [
E R ] 16 . . . . .
3 3.0 I T ‘(ao_os T
> o225t R
§ =004 G ish u
__5 20} | EEEEEEEmmm oo 4 E """""""""""""""""""""
‘g 15} d §D Hr .
£ 10 - 3
5 % 13} E
£ Eshelby E__,
5 R 7 Mixture { 7 ;
& oot . g T
1 s Il H 1 1 g
0.00 0.04 0.02 0.03 0.04 3
T ) 5 RIS =
g prestrain v ) \ ) ,
Fig. 12. Absolute value of longitudinal residual st- 0.00 001 0.02 003 004
ress in matrix from Eshelby type model and ¢! prestrain
modified law of mixture. (Composite(1)) Fig. 15. Composite yield stress from Eshelby type
75 T T T T r model and modified law of mixture(Com-
b f=009 s ] posite(2))
asl ] 00— —— ; ;
= 4 B T - a3 -
\é ol ] PN -0.5 S oo
K3 f=0.04 g o  ooereeeen? ]
M =
~ 85k E ?: & =001017
- /
a . [ ¥ 1.54 o -
’E 50 | / o R w [
3z 4 g 20 & ~000763 §
S, 45 . ] .
s Eshelby ] s I T
g 40k 4/ ] = Mixture 4 _E 304 T =0.00509 ]
g 3 m  Experiment 9 £ S/
3 asf E 2 354 [ d
5t Ee of =0.00254
3.0 i | . ¢ . I . i 3 4.0+ e
0.00 001 0.02 0.03 0.04 & s
T : 4.5 T wn T T T
g prestrain 06 05 1.0 1.5 20 25
Fig. 13, Composite yield stress from Eshelby type r Distance from fiber center (mm)
model, modified law of mixture and ex- Fig. 16. Longitudinal normal stress at Fig. 10.(g)

periments from Taya[4](Composite(1))

(Composite(2))



BoH, B3, 19%.9

BE7IAEE A BE B4 YR ASA4 11

0 T 1 T T T
20| g =001271 E
& G
70-] |
£ & =001017
?:) 604 o900 ]
%
504 & =0.00763 ]
3 PR
@ J
K] & =0.00509
£ S ]
=
E &7 = 0.00254 E
g o-e-o-os0004
5 104 ! 4
§ b
o] | sronsomiograuie
g [t e e e R e s ]

T T T T T T 4
0.0 05 1.0 1.5 20 25

r Distance from fiber center (mm)

Fig. 17. Longitudinal normal stress(uniform fiber

stress superposed on Fig, 16,)

Fig. 10(g)°ll Fig.10(D) 2} fiber®] #U& 5% F
A AA g e §HEEh

5. 2 &

o, prestrain®] F71454EF ojx A 7R Ft
shedch.

(2) % fiberdd ZHole £33z znds)
Eshelby?] 2dg A48 Ax2 F 2ee] vlny
4 wigkeowl AF-EHel e F3eA e
Z wbeket, wEbA 5 2dE A7 EF fiber
247 BipAze] 73 dHo A4 sbesich

F 7

2 d7e Z&Fe AaddEeok AR
2 E A7EAR2A AR qEA FHe

= 31

il

Hd

1. J.D. Eshelby, “The Determination of the
Elastic Field of Ellipsoidal Inclusion and Relate
Problems”, Proc. Vol. A241, pp.
476—-396, 1957.

2. Y. Furuya, A, Sasaki and M. Taya, “On
Enhanced Mechanical Properties of TiNi Shape
Memory fiber/Al Matrix Composite,” Materials
Trans JIM, Vol.34, No.3, pp.224-227, 1993.

3. Y. Yamada, M. Taya and R. Watanabe,
“Strengthening of Metal Matrix Composite by
Shape Memory Effect,” Materials Trans JIM,
Vol.34, No.34, pp.254-260, 1993.

4. M. Taya, Y. Furuya, Y. Yamada, R Wa-
tanabe, S Shibata and T. Mori, “Strengthening
mechanisms of TiNi shape memory fiber/Al matrix

Roy. Soc.,

composites.”, Proc. Smart Matter. ed. V.K.
Varadan, SPIE 1919, 37-383, 1993.

5. M. Taya, K.E. Lulay and D.]J. Llod,
“Strengthening of a Particulate Metal Matrix
Composite by Quenching”, Acta metall. mater.
Vol.39, No.l, pp.73-87, 1991.

6. M. Taya, A. Shimamoto and Y. Furuya,
“Design of Smart Composites Based on Shape
Memory Effect.”, Proceedings of ICCM-10,
Whistler, B.C., Canada, August 1995.

7. NISA II User's Manual, Engineering Me-
chanics Research corporation. 1992.

8. T. Mura, Micromechanics of Defects in
Solids, 2nd ed, Martinuse Nijhoff, The Hague,
1987.

9. Y.C. Fung, A First Course in Continuum
Inc.,

Mechanics, Prentice~Hall International,

1994.




