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Stochastic Response Analysis of Viscoelastic Shape Memory Alloy System

GUO Rong, LI Junlin’, LIU Jiankang
(School of Applied Science, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: This article investigates the dynamic response of a viscoelastic shape memory alloy (SMA) spring oscillator system under
narrow-band noise excitation. According to the constitutive relation of SMA polynomial, viscoelastic medium is introduced to de-
scribe spring damping, and the stochastic SMA dynamic equation is established. By using the method of combining Lindstedt-Poin-
caré¢ and multi-scale, we get the amplitude-frequency response and steady-state moment equation of the system, and discuss the influ-
ence of viscoelastic parameters and noise intensity on the amplitude-frequency response and steady-state moment. The results show
that the viscoelastic term can affect the nonlinear stiffness and structural damping of the system. Both noise intensity and viscoelastic
parameters can induce random transition in the system. These results provide a theoretical reference for the stability of viscoelastic
SMA composite structures.
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Fig. 1 SMA spring oscillator system with viscoelastic damping
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Fig. 2 Steady-state amplitude response of the viscoelastic SMA spring oscillator system. The system parameters are fixed as [ —
3.0,h=0
(a) f/=0.1; (b) 2= 2.65. The blue area represents the multi-valued response area.
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Fig. 3 Steady-state response of the viscoelastic SMA spring oscillator system under different initial conditions, the system parame-
ters are fixed as /=3.0, /= 1.0, 2=2.65, h=0
(a) The initial conditions are x(0)=0.01, 2 (0)=0.01; (b) The initial conditions are  (0)=0.1, (0)=0.1.

Rk, FATHE AL 8 % 15 T A 5] S0 38 Pl W8 AL/ L% % 1 2 80 0 % SMA 33 &R e A 25 T
WL, G RN 4 Pros o NI 4 (a) AT LR B, B8 35 S0 3R 80l B8 (6L B 38 O, ORI 1) A4 4% 8, 3 1 IX
[ f) i AR A 08 R o TR B R R B 2 B L AR R, BURR DX i AR L T 4 R, R 4 (b) BT s . X
TR R N R E SRR T REMEEMLE 48 & 7 SMA R 581y 4544 W

AR, AR B A AR 2 M 75 58 8 A 7= 0 B9 2 9 SMA R ¢ 09 £ 285 i 13 5 A7 % 40 23 A o i i A



AR BRI A & R G HIBEH LR L 7T 441

0.40
(a) —f=05 0241
—f=1.0
032} 0.20}
0.241 0181
©
® 012f
016}
0.08}
0.08}
0.04}

B4 F5E SMA FIENR T R AR RS H R IE IR 1y (B AR 3 = 0)
(a) ZhFMESH = 3.0; (b) SMREIIIRIE /= 1.0,
Fig.4 Amplitude-frequency response of the viscoelastic SMA spring oscillator system with different amplitude /'and viscoelastic
parameter / (noise intensity 2 = 0)

(a) Viscoelastic parameter /=3.0; (b) External excitation amplitude /=1.0.
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(a) Steady first-order moment; (b) Steady second-order moment. The blue area represents the multi-valued response area.
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Fig. 6 Amplitude-frequency response of the viscoelastic SMA spring oscillator system with different viscoelastic parameter / (the
system parameters are f=1.0, #=0.05)

(a) Steady first-order moment; (b) Steady second-order moment.
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