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Material parameters and geometric

Tab. 1

dimensions of the beam

ZH Bl

h 20 nm

SHI 131 GPa

ds) 1.87X10° Vem !
ass 0.79X10% Veme«C !
fiiss 5V
fins 0

Poisson’s ratio v 0.38

Young’s modulus E 42.9 GPa

k2 x=L/3AWTERNMEEMEA
Tab. 2 Dimensionless deflection and rotation

at point x=1L/3

ST V¢ w 0 M
6 3.278209 5.220639 —29.697134
12 3.278197 5.222370 —29.795079
18 3.278197 5.222369 —29.795157
30 3.278197 5.222369 —29.795157
60 3.278197 5.222369 —29. 795157
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Research on finite element method of nanobeam considering flexoelectricity
based on general strain gradient elasticity theory

CHEN Ling-ling, YANG Xu, LIU Yang, WANG Bing-lei”
(School of Civil Engineering, Shandong University,Jinan 250061, China)

Abstract: Flexoelectricity is a special electromechanical coupling that exists in all dielectrics. It is
essentially a linear coupling between strain gradient and polarization. However, the strain gradient
introduces high-order partial derivate of displacements, which often make it difficult to solve the
flexoelectric problem theoretically. Moreover, studies have shown that the strain gradient elastic term
affects the electromechanical coupling responses in nanostructures, but the effect of strain gradient
elasticity was mostly ignored in the existing research. Therefore, this paper proposed an effective
numerical method that considered both strain gradient elasticity and flexoelectricity. Based on the general
strain gradient elasticity theory,this paper established a theoretical model and a finite elé}@nt model of
nano-Euler beams. Three independent material length scale parameters were included 1r1('g% two models.
And an element with two nodes and six degrees of freedom was proposed, whidhDsatisfied C, weak
continuity. Based on the finite element method proposed in this study,a simply éup/ported Euler beam
was studied. By analyzing the deflection, electrical potential and energy e}ﬁ}?ency, the effects of
flexoelectricity and strain gradient elasticity on the electromechanical Cou mg/re%pon%e% were studied.
The results show that the flexoelectricity is size-dependent, and.thnguénce of the strain gradient

)
elasticity on the flexoelectric response of nano-dielectric structures €a be ignored.

Key words: {lexoelectricity; general strain gradient elasticity theory;‘ﬁjli element method; Euler beam;

size dependence ,(:\ )
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