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Research on vibration characteristics of strain gradient
higher-order shear deformable microplates
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Abstract ; This paper develops a free vibration model of rectangular microplates including three material
length scale parameters and two displacement field variables using the modified strain gradient theory and
a refined higher-order shear deformation theory,and presented the related governing differential equations.
The analytical vibration frequencies of a four-edge supported rectangular microplate were obtained via the
Navier method. Combining the Gauss-Lobatto quadrature and differential quadrature rules,a four-node sev-
enty-two-DOF differential quadrature finite element was constructed to solve the free vibration of rectangu-
lar microplates with general boundary conditions. Through typical numerical examples,the effectiveness of
the present model was established, and the effects of boundary conditions, material length scale parame-
ters, aspect ratio and length-thickness ratio on the vibration frequencies and mode shapes of rectangular
microplates were revealed. The results indicate that the vibration frequencies and some mode shapes of rec-
tangular microplates exhibit significant size effect,and its intensity is associated with the boundary condi-

tions and geometric dimensions.
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Tab. 1 The first five dimensionless frequencies of epoxy resin Kirchhoff microplate (1/h =0)
WA Tk TR
w, w, w5 Wy w5

SSSS ﬂ(ﬁﬁﬁfi‘ 19.625 4 48.6479 48.6479 77.1922 95.966 6

N 19.707 6 49.1530 49.1530 78.456 8 97.9244

SCHR[31] 19.7390 49.3480 49.3480 79.400 0 100.1700
SFSF ﬂ(ﬁﬁﬁ@ 9.624 1 16.116 4 36.6325 38.8263 46.5773

SCHR[31] 9.6140 16.1350 37.1800 39.1340 47.2800
SCSC AW 27.7733 53.6555 65.960 2 91.1756 100.7330

SRk [31] 28.9500 54.8730 69.3270 94.703 0 103.7100
SCSF A5 12.588 2 32.393 5 41.500 2 62.1416 70.477 1

SCHR[31 ] 12.687 0 33.067 0 41.7140 63.260 0 73.8700
SCSS Zt_iﬁﬂ:?fz\‘ 23.2067 51.1392 57.1217 84.407 6 99.206 7

Sk [31] 23.646 0 51.8130 58.6500 86.2520 101.800 0
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Tab.2  The first two dimensionless frequencies of epoxy

resin Kirchhoff microplate (I/h=1)
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@y W
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SCHk[31] 23.6856 59.3124
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SCHik[31] 15.2855 39.816 9
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Fig.5 Influence of dimensionless material length-scale parameter on the dimensionless frequencies of a microplate
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Influences of geometric sizes on the dimensionless frequencies of a microplate
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Tab.3 Influence of scale effect on the dimensionless frequencies and mode shapes of a microplate( CCFF)
h To AR B S PR
W, w, w3 Wy Ws We w7
0.664 9 2.2109 2.402 6 4.1790 5.258 8 5.4580 7.0203 7.1208
1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
\ | W ‘ \ 4 % e ' —
() X
o ‘ Q
1.5129 5.0827 5.4383 9.6796 12.158 4 12.4538 16.5242 16.6779
0.9999 0.999 6 0.9992 0.9990 0.998 1 0.996 1 0.9872 0.9857
N\ \ =~ N NS~
“ ' A\ § 1 A
( S
& ‘ S
2.7830 9.3669 9.9949 17.859 1 22.428 8 23.1114 30.584 1 30.8290
0.9999 0.999 6 0.999 1 0.998 9 0.997 8 0.9955 0.9827 0.9810
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Tab.4 Influence of scale effect on the dimensionless frequencies and mode shapes of a microplate ( FC-CF-SF-FS)
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