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Design of an Intelligent Polymer-Matrix-Composite
Using Shape Memory Alloy

T. H. Jeong, D. J. Lee and H. G. Kim

Key Words: Shape Memory (& 4}7]e1), Polvmer Matrix Composites(523-=} 2] &), Intelligent/
Smart Composite (2] 538 ¥-3Fa] &), Modulus Ratio (5-4]v])

Abstract

Thermo-mechanical behaviors of polymer matrix composite (PMC) with continuous TiNi
fiber are studied using theoretical analysis with 1-D analytical model and numerical analysis with
2-D multi-fiber finite element (FE) model. It is found that both compressive stress in matrix
and tensile stress in TiNi fiber are the source of strengthening mechanisms and thermo-mechani-
cal coupling. Thermal expansion of continuous TiNi fiber reinforced PMC has been compared
with various mechanical behaviors as a function of fiber volume fraction, degree of pre-strain and
modulus ratio between TiNi fiber and polymer matrix. Based on the concept of so-called shape
memory composite (SMC) with a permanent shape memory effect, the critical modulus ratio is
determined to obtain a smart composite with no or minimum thermal deformation. The critical
modulus ratio should be a major factor for design and manufacturing of SMC.

Azl A ma-E el 5= g2 TiNi, CuZnAl,

.M =2 CuAlINi, AgCd & clefaled, o9} 2e 5o o
st Zulofl 4] Bl H-ul= HA o WY E, wElA]
g 47191 g5 (shape memory alloy) o]zt wlel A A=E|= 3, Ao 25 nvldl P4v|dast Gol of
o)5] mofoll A WHE AT A5 shetdd el v g w2 gl Faslo] Pof B ol B
ko sEolrliz H5E HAE spA F4oloh TiNizb 74 oulgt g A7 & 25 vepdin],
Agzh iz me delgere o g8 Ao giEL 2~8%2 MuEc 19624 Buehler
shar, ARg mefor 44 wHygo, aelu o o] Agoer TiNie] garldans wid o
Bgenet A st Ey A F2E daAA 4 dE FEtel AA AR bsAdel e B o
g 7|5 mofo @ slFolrbeda gt mik ww Frb A sle] ghe, 410
shi= wob olwl Agg wtow o 2 3|4 gl d el 7k ® TiNiel 542 weex o
(recovery force)o] wWAsle], Lxrst FrtseE Aol Jfﬂ} vtel = Aol gAJsn, o] sl
GGy o] Frlsks 5% A4S vehfio ol gl Alel . Aol A wlch o]of 7He 33 A
*5)9), oot 77 aet Heli= F 1o dae] 553 A4 Holoh, dubEal
**5)9l AZEdEtm 7] Al };}. TiNie] odgt# 738 3 A7) o (shape memory}



1610 e &l
(7]
! § o
AL
' §
Martensits deformation stress §|
)
Y D B Strain

(a) Shape memory behavior

- ARA
§ A
Martonsits inducing
B
Reversion stress
0 Strain

(b) Superelasticity bebavior
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Table 1 Mechanical properties of TiNi

Elastic modulus Elastic modulus Poisson’s ratio Martensite stress Austenite stress
of austenite (E,) of martensite (Ey) SSOn§ influence coefficient|influence coefficient
30 GPa 13 GPa 0.33 11.3 MPa/C 4.5 MPa/C
M; M, As Ay
5C 23C 29°C 51C
204 35
Da
o Oet0 30
g - —
| 0
] 54 o,
Ge4 -
T T 10 — T T 1T 1 T
0 20 40 80 80 100 0 20 40 60 80 100
Temperature(°C) Temperature(°C)
(a) (b)

Fig. 3 Thermal expansion{a) and elastic modulus(b) of TiNi fiber as a function of temperature and pre-strain
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Fig. 4 Theoretical prediction of average thermal
strain for continuous TiNi/matrix composite
as a function of modulus ratio with volume
fraction 0.5% (a) and 1.09% (b) when the
applied pre-strain is 4%
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Table 2 Theoretical prediction of critical modulus ratio for TiNi/matrix composite

Volume
raction | 0.5% 1.0% 2.0% 3.0% 5.0% | 10.0% | 20.0% | 30.0%
Pre-strain
Pre-strain 2% 45.8 23.7 11.7 7.7 4.5 2.1 0.9 0.5
Pre-strain 4% 40.8 20.3 10.0 6.6 3.9 1.8 0.8 0.4
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Table 3 FEM prediction of critical modulus ratio for TiNi/matrix

Modulus ratio vi=0.5% W vi=0.5% vi=1% vi=1%
(M:/M,) Pre-strain 2% Pre-strain 4% Pre-strain 2% Pre-strain 4%
TiNi region 29.5 22.5 14.5 11.3
Composite 54.2 51.2 26.8 24.2
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