IRk A Applied Mathematics and Mechanics

46 %

8 2025 4F 8 A Vol.46,No.8, Aug. ,2025

© N FHHCF R % 9 %6 4% 1SSN 1000-0887 http ://www.applmathmech.cn

1R A TR R RS T
BB, FUBEWS, o &S

(1. B ATV HRMY AR RS LB T 2% BE , B9 At 2100235
2. B AU MUR R AU R A 2 S el 4 EE S S0 %, Bt 210016,
3. MRS LR RS Z I BE R AR RS 540 TR E S g =, R AT 210016)

(RFV IV RIRF)

TEE . Y5 RSB R R B, — 0B 8 0 o r s A 30, (BB il 5y ) @ &k S B2 ST T 7R
2 e Hh HELBSONT A P T AR AR SRR IR T 5 R 1 0 R D B R Sl . 2 R T B i ER RN 1 49 K E A o B
1, NHLAE Gibbs A HTREREE 1 & 158 T Helll AR 4548 7 #2912 F Bernoulli-Euler %2 14 380 B 5 F1 A5 43 i 3
et 2 e L ARORE BRI DA R S i R A0 Y % I st ) R e A R R TR R T B Ak
A7 T AR W BB 254, LA R BRAK T2 2 1 [ 03 T T B 1 R 30800 LA B 485 4 2 00T 861 7 A0 S R B 1Y)
REM LA S5 R, Be il A kN R = T B AR v i MU S SR AR B ST IR 2 R S B 25 R W)
GBE SR T IR T A R RS TAERT 4 5 25 et r 8Os B T oK 75 - Al AR R R R T HR LS 48 .

X g A Belvbmoy; A TRARRE; GREuhd; EEER; BB

RESES: 032 XEkFRERD: A DOI: 10.21656/1000-0887.460003

Analysis of Wave Propagation Properties of
Flexoelectric Phononic Crystal Beams

YANG Shasha'*, KONG Yifan’’, SHEN Cheng’"’
(1. School of Mechanical Engineering, Nanjing University of Industry Technology ,
Nanging 210023, P.R.China;

2. State Key Laboratory of Mechanics and Control for Aerospace Structures,
Nanging University of Aeronautics and Astronautics, Nanjing 210016, P.R.China;
3. MIIT Key Laboratory of Multifunctional Lightweight Materials and Structures,
Nanging University of Aeronautics and Astronautics, Nanjing 210016, P.R.China)
(Recommended by LIU Shaobao, M.AMM Editorial Board)

Abstract: When the structural scale is reduced to the micro and nano sizes, a new type of electromechanical
coupling effect (i.e. the flexoelectric effect) becomes increasingly important. A phononic crystal beam model
with the flexoelectric effect in micro scale was established. The dispersion curves and vibration responses of the

structure were studied. Based on the nanodielectric theory under flexoelectric effects, the constitutive equation
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for flexoelectric materials was derived from the electrical Gibbs free energy density. Based on the theoretical
hypothesis of the Bernoulli-Euler beam and the variational principle, the governing vibration equation for the

beam under flexoelectric effects, micro-inertial effects and dynamic flexoelectric effects, was derived. The en-

ergy band structure of a phonon crystal beam under flexoelectric effects and the natural frequencies of a finite

5l

—

length cantilever beam were calculated with the transfer matrix method. The flexoelectric effects and the influ-

ences of structural parameters on natural frequencies and band gaps were studied. The results show that, the
=]

flexoelectric effect significantly increases the natural frequency, and the wider band gap can be obtained by the

sign of micro and nano phonon crystal beams under the flexoelectric effects.

change of the structural parameters. The simulation results are in good agreement with the theoretical ones,
which proves the validity of the theoretical method. The work provides a theoretical guidance for the future de-
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Fig. 1  Schematic of the flexoelectric phononic crystal beam
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Fig. 3 Dispersion curves of phononic crystal beams under various microscopic effects
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