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Analytical Solution for Buckling of FGM Plates with Integrated Piezoelectric Layers
under Open and Closed Circuit Conditions

M.A. Ghasemabadian A.R. Sadi

Abstract In the present paper, based on the classical plate theory, buckling analysis of piezoelectric
coupled FGM rectangular plates is investigated. By assuming the transverse distribution of electric
potential to be a combination of a parabolic and a linear function of thickness, the equiblirium equations
for buckling analysis of plate with surface bonded piezoelectric layers are established. The Maxwell’s
equation and all boundary conditions including the conditions on the top and bottom surfaces of the plate
for closed and open circuited and Levy type of boundary conditions are satisfied. Numerical results show
that, the critical buckling load for open circuit is more than that of closed circuit. Furthermore, the
critical buckling loads increase by increasing the thickness of piezoelectric layers.

Key Words Buckling, piezoelectric, rectangular plate, open circuit, closed circuit, functionally graded
material.
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[8] CLlasn 5 somms s 13 3230 i b ol ol dlie )

R
a -
n /s 2hy) 1 0 1
SSSC 05 [8] 1.84256 2.35369 3.22520
Closed 1.84370 2.35515 3.22720
Open 1.84400 2.35553 3.22172
1 [8] 0.91450 1.97146 3.22520
Closed 0.91506 1.97268 3.22720
Open 0.91521 1.97300 3.22172
15 [8] 0.77870 1.86533 3.22520
Closed 0.77918 1.86648 3.22720
Open 0.77931 1.86678 3.22172
SSSF 05 [8] 1.36347 1.49598 1.61262
Closed 1.36432 1.49691 161361
Open 1.36445 1.49711 161385
1 (8] 0.36238 0.48137 0.66578
Closed 0.36261 0.48167 0.66620
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Open 0.36264 0.48172 0.66628

15 [8] 0.17213 0.29459 0.75284
Closed 0.17224 0.29478 0.75331

Open 0.17225 0.29480 0.75340

SCSF 05 [8] 1.37663 1.53290 1.66765
Closed 1.37749 1.53385 1.66868

Open 1.37763 1.53405 1.66893

1 [8] 0.39275 0.56755 0.85305
Closed 0.39200 0.56790 0.85358

Open 0.39302 0.56796 0.85369

15 [8] 0.21682 0.44346 0.98636
Closed 0.21696 0.44374 0.98697

Open 0.21697 0.44377 0.98710

[1] 5555 Jbos 53 gm0 i L Jol ol islie ¥ I

n Pcr
1-0-1 2-1-2 1-1-1 1-2-1

0 [11] 6.86896 6.86896 6.86896 6.86896
Open 6.86593 6.86593 6.86593 6.86593
Closed 6.86571 6.86571 6.86571 6.86571
0.5 [11] 3.82699 4.12798 4.39032 4.80762
Open 3.82577 4.12659 4.38877 4.80582
Closed 3.82555 4.12637 4.38855 4.80561
1 [11] 2.66624 3.01366 3.34075 3.89203
Open 2.66572 3.01294 3.33983 3.89078
Closed 2.66550 3.01271 3.33961 3.89057
5 [17] 1.36540 1.55352 1.82866 2.42859
Open 1.36565 1.55367 1.82864 2.42820
Closed 1.36543 1.55344 1.82841 242798
10 [11] 1.28493 1.40170 1.62962 219111
Open 1.28523 1.40194 1.62972 2.19087
Closed 1.28501 140171 1.62949 2.19065

S S5 5 ilises 3lgn ol ¥ J s

Elastic constants (GPa) Electric constants Dielectric constants
materials (CIm?) (CIVm)

Ci, C& Cc& c5 cf ©s 2 6 En Es
PZT-4 132 115 26 71 73 141 4.1 105 7.124e-9 5.841e9
PZT-5A 121 111 211 759 754 15.8 54 12.3 811e9 7.35e9
PZT-6B 168 163 355 847 842 7.10 0.9 4.60 3.60e9 342e9
PZT-7A 148 131 253 761 813 9.50 21 9.20 4.07e9 2.08e9
PZT-8 137 123 31.3 699 711 175 4.0 10.4 7.97e9 514e9
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