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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, the buckling and post buckling behavior of composite laminates with piezoelectric layers
Received 25 January 2018 subjected to compressive in-plane loading have been investigated. The eftects of coupled electro-
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mechanical field on the post buckling and bifurcation point in cross-ply and general lay-up sequences
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have been studied using layer wise theory (LWT). The LWT used in this study for analyzing the piezo-

composite laminate is based on the assumptions of the first order shear deformation theory (FSDT). In

Keywords: i fam e 2 . - i .

Bﬁ?l:li:m order to obtain the equilibrium equations, the principle of minimum potential energy has been
Postbuckling employed. The obtained nonlinear equilibrium equations have been solved using Newton-Raphson
Piezoelectric iterative algorithm. Furthermore, the three dimensional finite element analysis has been performed to

Composite Laminate

: examine the accuracy of the results obtained using the proposed method. The obtained analytical results
Layerwise Theory

are in good agreement with those achieved through the finite element analysis. Obtained results showed
that, location of the piezoelectric layers have significant effect on the buckling and post buckling
behavior of the composite plates. Moreover, number of degrees of freedom which is used in proposed
method is less than finite element method which decreased the computational time cost.
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Fig. 6 The normalized out-of-plane deflection of an active plate versus
normalized end-shortening for plate type A (the critical buckling end-
shortening of piezo-composite laminate with zero voltage is
15=0.00255mm)
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Fig. 10 The normalized out-of-plane deflection of an active plate versus
normalized end-shortening for plate type C (the critical buckling end-
shortening of piezo-composite laminate with zero voltage is
11 =0.00565mm)
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Fig. 11 The normalized out-of-plane deflection of an active plate versus
normalized end-shortening for type D (the critical buckling end-
shortening of piezo-composite laminate with zero voltage is
Ug=0.0051 lmm)

Gt 4 D g5 aaY oad am g amio jl 25 olral 11 S

Sl Sl -Cujgals amio i plradz) s @l Sadss
(Sl #=0.00511mm 5Lg g0 Sl

207

25
o4 < =
3 =
&3c .. cE&
2 - = & -
= c e s - -
= d
e P
L5 e 2
u
= -1 - e FEM 0 vt
= ¥ =
= & - +enns FEM 4300 volt
!y = o= FEM .30 volt
: o s © Layer-viseOvolk
2 a2
0.5 ¢ O Layer-wise =300 vok
L & Layer-wise-300 vok
[
d
0
0 0.2 0.4 0.6 0.8 1 12 14
wit

Fig. 7 The normalized out-of-plane deflection of an active plate versus
normalized end-shortening for plate type B (the critical buckling end-
shortening of piezo-composite laminate with zero voltage 1s
1=0.00222mm)
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Fig. 8 The normalized load carrying of the plate versus normalized end-
shortening for various applied voltages for plate type A
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Fig. 9 The normalized load carrying of the plate versus normalized end-
shortening for various applied voltages for plate type B (Ner=51.6(kN)
is the critical buckling load of piezo-composite laminate with zero
voltage)
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Fig. 12 The normalized load carrying of the plate versus normalized
end-shortening for various applied voltages for plate type C
(Ner=31.20(kN) is the critical buckling load of piezo-composite
laminate with zero voltage)
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Fig. 13 The normalized load carrying of the plate versus normalized
end-shortening for various applied voltages for plate type D (Ner=25.6
(kN) is the critical buckling load of piezo-composite laminate with zero
voltage)
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