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A study on the Thermal Buckling and Postbuckling of a Laminated
Composite Beam with Embedded SMA A ctuators

S. Choi*, I. J. Lee ** and D. C. Lee **

ABSTRACT

In this paper, the thermal buckling and postbuckling behaviour of composite beam with embedded
shape memory alloy (SMA) wires are investigated experimentally and analytically. The results of thermal
buckling tests on uniformly heated, clamped, composite beam embedded with SMA wire actuators are
presented and discussed in consideration of geometric imperfections, slenderness ratio of beam and
embedding position of SMA wire actuators. The shape recovery force can reduce the thermal expansion
of composite laminated beam, which result in increment of the critical buckling temperature and
reduction of the lateral deflection of postbuckling behaviours. It is presented quantitatively on the
temperature-load-deflection behaviour records how the shape recovery force affects the thermal buckling.
The cross tangential method is suggested to calculate the critical buckling temperature on the
temperature-deflection plot. Based on the experimental analysis, the new formula is also proposed to
describe the critical buckling temperature of a laminated composite beam with embedded SMA wire
actuators.
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Fig. 2. Analytical model of the SMA-composite beam using the
cut and paste method. a) the SMA-composite beam, b)
Separation of the SMA wire actuators from the compos-
ite beam, ¢) consideration the geometrical boundary
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tion, &) thermal expansion of the SMA-composite beam
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schematic diagram, b) optical micrography
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Table 1. Material properties of Glass/epoxy composites and wires

Table 2. Phase transition temperatures

Wires
Glass/epoxy i
E(Gp) 4077 )
EGp)  11g0  Ressiance(@m) 100 98
Vi 031

G1(Gpa) 489 Diameter(mm) 038 0.4

Data

Acquisition

& Control
System

Fig. 4. Experimental setup for the thermal buckling test
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Table 4. Comparison between experimental and analytical
results for the critical buckling temperature
change,AT,, of the SMA-composite beam

EquO9)(t) IFEM,(t)|  Experiment
Result, |Increment {(nonlinear,| Result, |Increment
() re  [o=01%%) (%) rate
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SMA- 170 412 | 160 -~ 66.3 1.49*
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Fig. 10. Thermal buckling response of SMA-composite beam
with different imperfections a) load-deflection curves, b)
deflection-temperature
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Fig. 11. Southwell’ s plot of thermal buckling response of the
SMA-composite beam with different imperfections

Table 5. Comparison between Southwell method and cross
tangential method for the critical buckling tempera-
tures change, AT,,, of the SMA-composite beam

Initial geometric Southwell Cross tangential
imperfection conditions method method

small a (Fig. 8(a)) 90.61¢ 70.1¢C

large a (Fig. 8(a)) 88.64 ¢ N.A.
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Fig. 12. Thermal buckling response of the SMA-composite and
the NiCr-composite beam, a) deflection-temperature
curves, b} load-deflection curves
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