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Exact solution for sensitivity analysis of simply supported piezoelectric laminated plates

ZHANG Hongwei* , WU Fengfeng, QING Guanghui
(College of Aviation Engineering, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to analyze the sensitivity coefficients of piezoelectric lamina in terms of Hamilton canonical
equation, based on the H — R (Hellinger — Reissner) variational principle of piezoelectric materials, the expression of
operator was deduced for Hamilton canonical equation, and the governing equations of static response were
established for piezoelectric plates simply supported on four sides as well. According to the definition of sensitivity
analysis, the hybrid governing equation of static response and sensitivity coefficients was obtained by uniting
Hamilton canonical equation and the equation of sensitivity. The mechanic, electric parameters and the sensitivity

coefficients of static response would be gained by this hybrid governing equations at the same time. This algorithm

simplifies the process and improves the efficiency of calculation and stability. The results of numerical examples,

compared with those of the finite difference methods, show that the present solution is efficient.
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Table 1 Material properties of PZT - 5A
Elastic modulus / GPa Shear modulus / GPa Poisson’s ratio
E, E; E, G Gus Gas i P 23
61.0 61.0 53.2 22.6 21.1 21.1 0. 35 0.38 0.38
Piezoelectric constant / (C+ m™—2) Dielectric constant/10 ®farads « m™!
31 €52 €33 ers €24 / €1l €22 €33
374 —171 —171 584 584 / 1.53 1.53 1. 50
*2 EAHREAFREMLITREAMNEKR XAHE w, D.MREE
Table 2 Sensitivity coefficients of generalized displacement w and D, of the interface, top and bottom surface
f 2/h df/dE, df/dR df/dess df/des, df/d e
0.0  —1.85950E—22 1. 95636E—11 3. 66882E—12 1.23563E—12 4.89767E—13
4 a 0.4 —1.83078E—22 1.97051E—11 —2.34254E—12 3.03376E—12 4.82926E—13
w(777~2) 0.6 —1.83227TE—22 1.97051E—11 —8.16498E—12 4.78665E—12 5.07692E—13
1.0 —1.86393E—22 1.95636E—11 —1.37934E—11 6.46996E—12 4.88595E—13
0.0 —2.50601E—32 1. 96086 E—38 —3.66882E—12 —1.23563E—12 —4.89768E—13
¢ a 0.4 —2.68460E—32 3.13525E—9 —6.30168E—12 7.66814E—12 5.66878E—13
o <7 7&) 0.6 —1.43720E—32 —6.45863E—9 —1.11614E—11 4.46822E—12 —5.66785E—13
1.0 —1.61725E—32 —9.60871E—9 —1.37934E—11 6.46996E—12 4.88596E—13
®3 EANEERASRATEMN XEANREE
Table 3  Sensitivity coefficients of generalized out-plane stress of the interface
f /b df/dE df/dR df/dess df/des df/ders
0.4 3.14903E—12 0.212279 0. 067725 —3.67122 —0.216303
J(()%z) ) _
0.6 2.82605E—12 0.212405 —0.0681763 3.33369 —0.0995074
4 a 0.4 4.93163E—16 —7.38851E—5 0.0143071 —6.71094E—3 —0.0166233
- (7’7’2) 0.6 2.92093E—16 3.84639E—5 0.0142127 —6.66666E—3 —3.40737E—3
¢ a 0.4 3.05868E—26 2.39390E—3 4.46285E—5 —3.39794E—5 —3.80002E—7
§0<7-7’Z> 0.6 3.05050E—26 1. 90228 E—3 4.46192E—5 —3.39725E—5 —3.80064E—7
R4 BAMEXNEEL RORFERY
Table 4 Sensitivity coefficients to static responses of width and thickness ratio R
w(%,%.z) D(%,%:) m:((%%-z) a;;(%;%;z) <p< = ~%,z> 6.y (0,0,2) D..
Difference method 1.95638E—11 —9.60864E—9 0.212405 3.84636E—5 1. 90227E—3 —2.1465 —1.46403E—38
Present solution 1. 95636E—11 —9.60871E—9 0.212405 3.84639E—5 1.90228E—3 —2. 1465 —1.46403E—8
Error 1. 92997E—9 6.60979E—8 1.71142E—8 4.00891E—6 2.08796E—7 2.8871E—9 1. 73143E—8
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