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Nonlinear free vibrations analysis of a piezoelectric bimorph nano actuator
using nonlocal elasticity theory
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ARTICLE INFORMATION ABSTRACT

In this paper, the nonlinear free vibrations of a bimorph piezoelectric nano actuator are studied based on
nonlocal elasticity. The Euler-Bernoulli beam theory and Hamilton’s principle are used to derive the
equation of motion of the actuator. In order to obtain the reduced-order form of equations, the Galerkin
method is used. The mode shapes of a multi-span beam are used for a faster convergence. The nonlinear
natural frequencies are obtained by using He’s variational approach. Equations are solved for clamped-
clamped boundary conditions, and the effects of values of DC voltage, actuator length and thickness,
length of piezoelectric layers and nonlocal parameter on the nonlinear natural frequencies are studied.
The results show that applying a DC voltage induces a static deflection and an increase in the stiffness
of the actuator. Therefore, the natural frequency increases. Moreover, increasing the nonlocal parameter
decreases the rate of change in frequency variation. An increase in the nonlocal parameter or the length
of the actuator increases the nonlinear to nonlinear natural frequency ratio. Finally, the effect of the
middle layer material of the actuator on the frequency ratio is studied.
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Fig. 1 Nano actuator that is modeled as a piezoelectric beam
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Table 1 Material and geometric properties
0 e alg oS
= 59 GPa Ep
506 105 GPa E,
& -12.54 cm-2 sy
S - 7800 kgm=3 Pe
- 9000 kgm~3 Pp
§-15 240 x 107° m L
Z 8x107° m b
E o 4%x107° m h,
A 4x107° m h
207 GPa Esteel
25 70 GPa En
128 GPa Ecop
3L : . s . 7800 kg m=3 Psteel
0 0.2 04 06 08 1 2700 kgm~3 DAl
WL 8900 kgm~3 Pcop

Fig. 4 Deflection of the beam for different values of nonlocal
parameter and vpc=0.1V
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Fig. 5 Beam deflection for © = 0 and different values of the
applied voltage
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Table 3 Comparing the natural frequency (Hz) calculated by
the Galerkin method and FEM

S szl s, oS e, SeSlon Job

NENTEY Sgae u=0
0.13 2.8300e8 2.8345¢8 L, =025L 1
11 7.2612¢8 7.3422¢8 L,=075L 2
071 1.9543¢9 1.9682€9 3

0.008 3.1208¢8 3.1215¢8 L, =02L 1

0.036 8.2516e8 8.2486e8 L,=08L 2
0.99 1.8234e9 1.8417¢9 3
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Fig. 2 Convergence study of the deflection in the galerkin
method for vpc=0.1V
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Table 2 maximum values of the deflection calculated by

Galerkin method and FEM for vpc=0.1V

RS szl 5o

(.5 U5 S o0l oolatul gla
s [nm] sgazce (M) 518" 5> e s
12% 3.35e-9 2.94e-9 1
12% 3.35e-9 2.94e-9 2,1
4.3% 3.35e-9 3.5e-9 3,1
4.3% 3.35e-9 3.5e-9 32,1
1.3% 3.35e-9 3.39%e-9 53,1
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
USUM (AVG)
RSYS=0
DMX =.335E-08
SMX =.335E-08

Fig. 3 Calculated deflection of the beam using FEM for
VDC:O-lv
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Table 4 The values of linear natural frequency [MHz] of the
beam for :—Z= 02, hi,, = 20 and different values of nonlocal
parameter

Blslacyy  [Plazp ol i poobie coyo

0.00 34.6783 34.6781 0
1.68 33.2842 32.7236 0.1
51 29.9135 28.3894 0.2
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Table 5 The values of dimensionless linear natural frequency
for different values of nonlocal parameters and piezoelectric
length

ey S 2y S Jsbo
oo ol oo oo oSy s
u=03 u=02 u=01 pu=0 i
0.094 0.108 0.120 0.125 L, =0.25L 1
0.165 0.216 0.283 0.324 L, =0.75L 2
0.293 0.412 0.637 0.869 3
0.099 0.115 0.129 0.135 L, =02L 1
0.185 0.242 0.318 0.364 L, =0.8L 2
0.286 0.400 0.609 0.813 3
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Fig. 6 Effect of the length of piezoelectric layer which is
located at the center of the beam on the first four
dimensionless linear natural frequencies
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Fig. 7 Study of different length of piezoelectric layer located

at the corner of the beam on the first four dimensionless linear
natural frequencies
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Fig. 11 Variation of the first mode frequency ratio versus the

dimensionless amplitude for different values of beam length,

VDC:01 L1=0.25L, L2:075L and "= 0
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Fig. 12 Variation of the first mode frequency ratio versus the
dimensionless amplitude for different lengths of piezoelectric
layer, vpc=0and u =0
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