MEAKXKZEZHR (B RN Z R P E L)
NATURAL SCIENCE OF HAINAN UNIVERSITY

#ff 5T i€ 3 |Research Article SeidtHliE 5 3 £ | Advanced Manufacturing and Equipment

2% 1 JE FB AR TR R SR T RY AR et E A iR
540, HRFO

B EARER TR BE, R 1810 570228)

W OE: BT ONEIREE SO X S e AR IR A R AR AR s AR PE von-Karman Al KB FRIE,
Zh A i 2 A BRAR R SEA 38 M Bubnov-Galerkin 3, #E5 T RGEMIEL MRS TR S HE TR, @
T FH, ARAS T F 0 R A AR AR AR AR T A AT i AR . AR Y% Routh-Hurwitz £ I8, X 5 45 A
B R E P AT T 40T, JERI R0 BB AT T BUERL, IR AR S8 (R BE L K SELL . ANl R
22 ) X AR 32 LR R AR . A5 AR R AE (L, DEGST, R X R W3, e (2, DAL, 2) 88
AT WA Bt/ o AR A3 5 B0 G IR (EAH B HEIN 5 BE 5 TR L AR SR T L A 3G, 2R 4 I £ 0 9
INo TEFILPRRET, Zoth R i AR AETE 2 L5 5020 05 o 2 ABRERAY S 2 AT 43 X I 2R 45 1 B M) i
T 2 AR A5 2 18] 4 3 43 DU X6 by = A 1, 5 2 R A Rl — A AR o 2 AR 19 U] R i e 2
ISR T 25— S R A e D) 5 4 IR A o

KB MR PL; dEL M IR RERDY ; ZRILE

hESES: 0322 XEKFRAERD: A

DOI: 10.65658/j.hndk.2025081601 CSTR: 32403.14.hndk.2025081601

Nonlinear principal resonance of a flexible piezoelectric thin
plate under temperature effects

Xu Yikun®, Xue Chunxia
(School of Civil Engineering and Architecture, Hainan University, Haikou 570228, China)

Abstract: This study investigates the variation of nonlinear primary resonance in flexible piezoelectric plates
under different thermal effects. Based on the von-Karman large-deflection plate theory, the nonlinear vibration
equations and the associated compatibility equations are derived using the fundamental principles of finite
deformation elasticity in conjunction with the Bubnov-Galerkin method. The averaging method is subsequently
applied to obtain the amplitude-frequency response equation for the plate under primary resonance conditions.
The stability of the obtained solutions is analyed using the Routh-Hurwitz stability criterion. Numerical
simulations are performed in MATLAB to explore the influence of various parameters, including plate
thicknesses, aspect ratios, external excitations, and temperature difference, on the primary resonance response,
with corresponding amplitude-frequency response curves presented accordingly. The results show that the

instability region of the solution is more pronounced in the (1,1) mode, whereas it diminishes in the (2,1) and
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(1,2) modes. The response amplitude increases with greater external excitation, but decreases with rising
temperature, plate thickness, or aspect ratio. Under primary resonance, two saddle-node bifurcation points
exist. Outside the interval between these two jump points, the system exhibits a single-valued response; within
the interval, a triple-valued response emerges, consisting of two stable solutions and one unstable solution. The
trajectories near the two stable points converge, whereas the remaining point is a saddle point, around which
the trajectories diverge.

Keywords: flexible piezoelectric thin plates; average method; nonlinear principal resonance; thermal effect;

coexistence of multiple solutions
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