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Buckling and Postbuckling Control of a Composite Beam
with Embedded SMA Wire Actuators.

S. Choi*, J. J. Lee **, D. C. Seo** and S. W. Chot #**

ABSTRACT

In this paper, an experimental study on the buckling and postbuckling control of a laminated composite
beam with eccentrically embedded SMA wire actuators is performed. For the purpose of enhancing the
critical buckling load, buckling control is investigated through the use of reactive moment associated with
the shape recovery force of SMA wire actuators. To improve the control authority for the buckling and
postbuckling control of the SMA-composite beam, closed-loop control is used. The buckling and
postbuckling control behaviours are presented and discussed qualitatively and quantitatively on load-
deflection plots considering the stacking sequence of the laminate, slenderness ratio of the beam and
activation conditions of the SMA wire actuators. By maintaining the desired deflection shape with the
proper reactive moment, buckling control can be extended to the postbuckling of the SMA-composite
beam subjected to an external load.
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Fig. 1. Models for buckhng control of a composite beam with
embedded SMA wire actuators. a) model of previous
studies [9], b) modet of this study
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Fig. 2. Effect of the reactive moment, M., for the buckling
control with equivalence between fixed-ends condition of
length 2/ and simply-supported condition of length [. a)
the SMA-composite beam, b) bending moment, My sub-
jected to an external load, c) reactive moment, Msuya
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Table 1. Material properties of Glass/epoxy and wires

Wires
Glass/epoxy VA NG
E/(Gpa) 40.717 ;; ;8(2)
Ex(Gpa) 1170
Vi 0.31 033
Gix(Gpa) 4.89
Resistance({Y/m) 10.0 9.8
Diameter(mm) 0.38 0.4

(A : austenite, M : martensite)

SMA wire

/ actuators
/ <
# fioeey

Specimen (B) Specimen (A)

@

®)

Fig. 3. Cross sections of SMA-composite beam of a) schematic
diagram, b) optical micrography
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Fig. 5. Load-deflection curves of the SMA-composite beam and
the NiCr-composite beam subjected to external com-
pression load with different lengths (specimen A)
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Table 2. The critical buckling loads

unit : N
Stacking ‘
Sequence Po(FEM) Po(Euler) | P,(Experiment)
(90/04]; 704 715 635
[0490), 106.9 109.0 100.1
160

e et

120

A 1o b e B o ol 624

— NiCr-comp., no activation, H=150
80 L weo— NiCr-comp., & =0.1, =150
8
vvvvvv SMA-comp., no activation, 2=150
~~~~~~ SMA-comp.,3 =0.1, 2/=150
-

P(N)

e NiCrcOMP.,, 0O sctivation, 20=170
—<—NiCreomp.,& =0.1, 24=170
.ﬂ

40F

»»»»»» SMA-comp,, no activation, 2=170
- SMAconp. 0 2:;170

~02 0.0 02 0.4 06 08
8(mm)

O i
-04 1.0

Fig. 6. Load-deflection curves of the SMA-composite beam and
the NiCr-composite beam (specimen A)
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Fig. 7. Load-deflection curves of the SMA-composite beam with
different a) the geometric initial imperfections (specimen
A), b} the stacking sequence. (B)+SMA indicates speci-
men (B} with embedded SMA wire actuators
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Fig. 8. Load-deflection curves of the SMA-composite beam
(specimen A) with different a) activation time, b) activa-
tion starting position of deflection.
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Fig. 10. Load-deflection curves of the SMA-composite beam
(specimen A) for the closed-loop control at 2/=150mm
with a) large geometrical initial imperfections, b) small
geometrical initial imperfections
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Fig. 11. Comparison load-deflection curves of the SMA-com-
posite beam (specimen (A)) between open-loop and
closed-loop control with different specimen lengths a)
21=170mm, b) 2/=150mm.
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