D H R ] Applied Mathematics and Mechanics
45 %104 2024410 A Vol.45,No.10, Oct. , 2024

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

ZERANNAERFSER
BISEHITAME

Eixwm, ZFE, IEHF
(ARETAb AR EAREKF TR, A0 230009)

TEE . TR AL I AR X AR AR S SR 1Y T 24T S B W R, AR R R 2 AR (PS) B
NFFE TS AR YE Hamilton 2843 JEEE | 4 S8 57 T % JE Steigmann-Ogden 2 1] 33 ME R0 A1 i HL 220 A9 Euler-Ber-
noulli F2BEISAF R FIAR R A0 45 1. 25 A i fnp ST S RE R MRS B WO 4, WFST T % R A5 M O B A il 54, 15
BT S BN B AT Rk R 0 A A R BRI 3 T A AT L VR A AT T SR TR AON, R SE RO Bl el
ARUNE LA R I T3 SN A5 PR 2 % R 23 ) ) A58 s 0P s T R R PR IL A 32 SC R AR 5 485 R0 2 T 44 K e
2 AR R LA B TR A N B T8 SR AL

X # O EESERARE; JEM;  FEsn; Bl

hESES: 034 XERRERAS: A DOI; 10.21656/1000-0887.450200

Static Buckling Behaviors of Piezoelectric Semiconductor
Beams With Steigmann-Ogden Surface Effects

ZHAN Chunxiao, LI Xiaobao, WANG Meiqin
(School of Civil Engineering, Hefei University of Technology,
Hefei 230009, P.R.China)

Abstract: The surface elastic and flexoelectric effects significantly influence the mechanical behaviors of
nanoscale materials and structures. The static buckling behaviors of piezoelectric semiconductor ( PS) beams
were studied through the establishment of an Euler-Bernoulli beam theoretical model in view of the Steigmann-
Ogden surface elasticity and flexoelectricity. The governing equations and associated boundary conditions were
derived under the Hamiltonian variational principle. In combination with the conservation equations for electro-
statics and linear drift-diffusion equations, the analytical solutions of the effective elastic constants and critical
buckling loads were obtained under both short and open circuit conditions. Numerical calculations were carried
out to explore the effective elastic behaviors of the nanoscale PS beam under the effects of flexoelectricity, sur-
face elasticity and shielding of charge carriers. This work provides a valuable guidance for designing high-per-

formance electronic devices with piezoelectric semiconductor beams.
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Fig. 1 The sketch of an n-type piezoelectric semiconductor beam
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Table 1 Critical buckling stresses (o, /MPa) , for the short circuit condition

(46)

I/h
h /nm ¢}y /(N/m)
10 20 50 100

0 -81.97 1304.3 326.08 52.173 13.043
1

81.97 2154.2 538.56 86.169 21.542

-81.97 1641.7 410.43 65.669 16.417
50

81.97 1 805.4 451.35 72.217 18.054

®2 JFEEFMAT HEMIERN S (o, /MPa)

Table 2 Critical buckling stresses (o, /MPa) , for the open circuit condition

i/h
h /nm ¢}y /(N/m)
10 20 50 100
0 -81.97 1316.1 329.02 52.643 13.161
81.97 2 166.0 541.49 86.639 21.660
s -81.97 1641.9 410.48 65.677 16.419
81.97 1 805.6 451.41 72.225 18.056
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