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The Bending and Twisting Analysis of SMA/Composite Beams
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ABSTRACT

Shape memory alloy (SMA) has demonstrated its potentials for various smart structure applications.
SMA wires undergo a reversible phase transformation from martensite to austenite as temperature
increases. This transformation leads to shape recovery and associated recovery strains. If SMA actuators
are embedded off the neutral surface and are oriented in arbitrary angles with respect to a beam axis,
then the beam bends and twists due to the coupling effects of recovery strains activated. In this study,
the bending and twisting of a SMA/Composite beam were controlled by both electric resistive heating
and passive elastic tailoring. 3-dimensional finite element formulations were derived and validated to
analyze the responses of the SMA/Composite beam. Numerical results show that the shape of the
SMA/Composite beam can be controlled by judicious choices of control temperatures, SMA angles, and

elastic tailoring.
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Fig. 2. Vertical deflections with temperatures for a validation

study
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Fig. 3 Schematic of a SMA/Composite beam
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Table 1. Material properties for SMA

i Transformation Initiai
Moduli Temperature L.
Constant Condition
Dp=67x 10?
M= 9 Cu=8MPaT"' =|
MPa = 9T w=8MPa £1=0.067
Dm=67x 103
" M=184T | Ca=13.8MPaT'|  £4=0.0469
MPa
8 =0.55x10°
A=34.5TC o s"=100MPa To=20.0
MP¥T | ° ¢
v =033 A=49T o ("=170MPa

Table 2. Mechanical properties of AS4/3501-6

E| =141 96GPa E23=E33=9.760P8
G|z=Gu=6.0GPa sz=4.83GPa
v 1270 13=0.24 v n=0.5

Table 3. Beam dimension ( mm )

Length ( L) 300
Width ( b)) 30
Radius of a SMA wire 0.1
Thickness ( h ) 0.75
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