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Tab. 1

Material property parameters of

the piezoelectric FGM beams

L AR ‘ LWk FR SRR
E/Gpa Y 0 ROW/mb
Al/m 70 0. 31 23X 1076 204
710, /m 151 0. 2882 10 X 1076 2.09
G-1195N/p 63 0. 30 1.2 X107 0.17
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Fig. 1 Characteristic curves of aspect radio ¢
versus critical temperature rise of FGM beam

uniform temperature rise
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Tab. 2 Non-dimensional critical temperature rise

of a pinned-pinned beam for different values of ¢

8 5 10 15 20 30

Euler 2 39.478 39.478 39.477 39.477 39.477
AR . _

Timoshenko % 28.796 35.435 37.469 38.298 39.286

JCHR[14] Euler & 39,478 39.478 39.478 39.478 39.478

gk Timoshenko %t 28.797 35.436 37.476 38.301 39.361
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Tab.3 Parameters z,.,and @,.,

in the critical load curves of Eq. (11)

n=0 n=05 n=2 n=5 n= 100

T —1 Tocr 78.82  55.24  45.58  43.34  36.44
Do, 44,37 34.99  28.84  26.78 21.79
T —5 Tocr 67.80 38.68 30.96 29.15  24.30
Docr 44,37  34.99 28.84  26.78 21.79
T - 10 Tocr 32.00 11.38 8.680 8.050 6.630
Do, 44,37 34.99  28.84  26.78 21.79
T, — 20 Tocr 19.28  6.040  4.570  4.230  3.380
Docr 44,37  34.99  28.84  26.78 21.79
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Fig. 3 Characteristic curves of central non-dimensional
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Fig. 6 Characteristic curves of central non-dimensional

deformation versus non-dimensional temperature rise
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Fig. 7 Characteristic curves of central non-dimensional
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temperature of FGM beam subject to uniform temperature field
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Thermal post-buckling of functionally graded material timoshenko

beams with surface-bonded piezoelectric layers

SU Hou-de'*, LI Shi-rong*"?, GAO Ying'
(1. School of Science, Lanzhou University of Technology. Lanzhou 730050,China;
2. School of Civil Science and Engineering, Yangzhou University, Yangzhou 225009, China;

3. Lanzhou Petroleum Machinery Research Institute, Lanzhou 730050, China)

Abstract: Post-buckling of functionally graded material Timoshenko beams with surface-bonded piezoe-
lectric layers subjected to temperature rise and electric field is studied. By accurately considering the axi-
al extension and transverse shear deformation in the sense of theory of Timoshenko beam, geometrically
nonlinear governing equations, for functionally graded beams subjected to thermo-electro-mechanical
loadings were formulated. In the analysis, it was assumed that the material properties of the beam vary
continuously as a power function of the thickness coordinate and that the piezoelectric layers are isotropic
and homogenous. By using a shooting method, the obtained nonlinear boundary value problem was nu-
merically solved and buckling and post-buckling response of the beams with the both ends fixed and sub-
jected to transversely non-uniform heating and uniform electric field were presented. Characteristic
curves of the post-buckling deformation of the beam varying with thermal load, the electrical load, and
the power law index are plotted. Numerical results show that the tensional force produced in the piezoe-
lectric layers by the voltage can efficiently increase the critical buckling temperature and defer the ther-
mal post-buckling to occur. Due to being transversely non-uniform in the material properties, there ex-
ists tension-bending coupling effects in the beam even in uniform temperature rise in the thickness direc-
tion. However, for the piezoelectriccFGM beam with the two ends fixed the post-buckling is also bifur-

cation form under transversely non-uniform temperature rise.

Key words: functionally graded material; Timoshenko beam; laminated piezoelectric beam; shoot meth-

od; thermal buckling; buckling voltage



