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Variable Stiffness Control Mechanism of Shape Memory Alloy Hybrid Composite Laminates
Wang Yanxue, Ke Jun, Wu Zhenyu, Yang Yinze
(College of Mechanical Engineering, Zhejiang Sci-Tech University , Hangzhou 310018, China)

Abstract : Shape memory alloy hybrid composite (SMAHC) is an intelligent composite material that can actively change stift-
ness. In order to study the effect of shape memory alloy (SMA) on the stiffness regulation of SMAHC laminated plates, three-point
bending experiments were carried out on the laminated plates with distributed and modular SMA implants. The orthogonal experi-
mental design was carried out with the number of SMA, the arrangement position of SMA in the single layer and the pre-strain of
SMA as three independent variables. The stiffness values of different samples at different temperatures were tested to study how to
effectively realize the stiffness control. The finite element model of SMAHC laminates was established by equivalent thermal expan-
sion method and compared with the experimental results. The variable stiffness control mechanism of SMAHC laminates was
summarized. The analysis results show that the average stiftness of the laminated plate with asymmetric SMA arrangement is
16.67 % higher than that of the laminated plate with symmetrical SMA arrangement. The average stiffness of the laminates implant-
ed with 8 SMA segments is 15.26 % higher than that of the laminates implanted with 4 SMA segments. By adjusting the temperature
of SMA, the stiffness control of SMAHC laminates can be accurately realized. The modular and distributed implantation method can
change the overall stress distribution of SMAHC laminate, improve the stiffness control accuracy of the laminate, reduce the amount
of SMA fiber, and ensure that the laminate still has a certain variable stiffness after individual SMA failure.
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SMA B HALAE AR /B 4T 24 i it = S
LRI AN (] A5 8 6T I B2 42 1l () s i 45 2 25
T SMAHC (45 By , i 550 45 5% Hok 56
WEDT BLAS R RIE AP o RS 2 2 L5
T

(WX T2EFH W5 SMAHC JZ2 &0, il L 5 )2
AR A I R TR o B B 1 SRy
HHLE SMA 22K 152 W4 , 53502 G A H 3
W T e o it B A T B, )25 M R 3 i
K, TE 60~70 °CLEAT IR B i KA, Bl Xz AP

() & HEAT % SMAHC i 5L 7 W 132 (1% 5% il
K, SMA U 52 MK 22, SMA Hil i 28 % SMAHC
M ) 5] e/ )N

(3)il o PHHE A A 22 IR, TT LRSS B
SMAHC JZ A4 1 Wil 4

A B AL | o A A A Ty =X AR 08 ok AR
SMAHC 2 & HCE AR B N 153 A, 32T+ )2 A A
VA S B, BRI SMA 21 4 FH 4, it 5 BB AR IEAS 91
SMA R 2 A MEARA IR A — 2 1 AE NI B R
AFF 5% 245 SR AT TS B A5 #4 T 5 L Rl A AR I B
UK fy SO VR 18 T R4



FMES A5 JERICIC A RIS AR RUZ G A R RE TR L 15
®7 SRS HERITE R
WS EEXE a b c d e m
| T<Ty ~7.600x10™" 1.872x107% -1.803x10™* 8.532x10™" —1.984x10™" 4.576
T>T, 7.694x107" —2.146x107% 2.125%x10™" —7.875x107% -2.268x107" 7.087
5 T<Ty —3.347x10™* 8.084x107" —7.705%10"* 3.616x10™™ —8.325%10™" 10.35
T>T, —2.738x107% 7.249%107% —-6.792x107* 2.372x107" 6.832x10™" 8.510
3 T<Ty —8.825%x107" 1.856x10™" 2.134x107" -2.290x107" 8.791x10™" 2.139
T>Ty 5.624x107" -5.796x10"" -1.160x107" -1.549x107" -1.380x107" 3.398
4 T<T, —4.493x10™* 9.943x10° —8.694x10 " 3.763x10™" —8.062x10™" 10.05
T>Ty -3.268x10™" 8.570x10™" —7.954x10™" 2.752x10™ 7.929x107 9.722
s T<T, 9.733x10™” -1.958x10™ 1.519x10™" —5.594x10"" 9.661x10™" 2.738
T>T)y, —2.243x10™" 5.765x10™" —5.238x10™" 1.772x10™ 5.106x10™ 4.570
6 T<T, -2.013x107% 4.579%107% —4.142x107* 1.871x10™" —-4.218x10™" 6.855
T>T, 4.345x107" —1.167x107 1.138x10™ —-4.261x107" -1.227x107" 5.658
; T<Ty —1.438x10°% 3.712x107 -3.756x10°" 1.863x10™" —4.520%10"" 7.885
T>T, 1.743%107" —-2.087x107% —4.177x107"° -5.577x107" —-4.969x107" 3.879
o T<Ty 3.142x107% 4.923x107" -1.816x107" 1.664x10™" -5.938x10 " 4.652
T>T, 7.370x10"° -7.307x10"" —1.463x10"" -1.953x107" —1.740x10"" 4516
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