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Experimental Test and Numerical Simulation on the SMA Characteristics and
Behaviors for Repeated Actuations

Sanghaun Kim and Maenghyo Cho
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Abstract

In this study, we observe the application of shape memory alloy(SMA) into smart structures for repeatable
actuation, because SMA changes its material properties and characteristics progressively under cyclic loading
conditions and finally reaches stable path(state) after a certain number of stress/temperature loading-
unloading cycles, so called 'training'. In this paper, SMA wires that have been in a stable state through the
training are used. Stress-strain curve of the SMA wire at different temperature levels are measured. In
addition, we observe other important effects such as the rate effect according to strain rates for rapid actuation
response. The current work presents the experimental test using SMA wire after training completion by
mechanical cycling. Through these tests, we measure the characteristics of SMA. With the estimated SMA
properties and effects, we compare the experimental results with the simulation results based on the SMA
constitutive equations.
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Table 1 Transformation Temperatures from DSC
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Table 2 The slopes of transformation stress-temp. &
transformation temps. about load trained SMA
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Slop Cyy Cye C, - Cy
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(T) -39.14 | -3319 | 1735 | 21.65
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Fig. 5 The experimental result of isothermal tension
behavior above 25°C (Pseudo-elastic behavior)
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Fig. 9 The transformation stresses — temperature
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Fig. 11 The simulation result of SME by Brinson
model

Table 3 The Clausius-Clapeyron constants and

transformation temps. for Brinson model

c, c, o ¥
5.47e+6 9.16e+6 0 70e+6
M of M os Aa.v Aﬂ/
42C 31T 16C 22T

Table 4 The difference of entropy and transformation
temps. for Lagoudas model

(Asa )Ml Mofl Mosl
-31 -46C -36TC

(Aso )MZ va2 Mmz
-53 -1437C -8.5C

(ASO)A Aos Aﬂf
-56 16C 23T

Table 5 The SMA material constants for both models
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Fig. 12 The simulation result of pseudo-elasticity by
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