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Application of differential quadrature finite element method to the free
vibration analysis of double-layered microplate system

ZHANG Limin, ZHANG Bo", ZHANG Xu, DUAN Yuhang, SHEN Huoming

(Applied Mechanics and Structure Safety Key Laboratory of Sichuan Province, School of Mechanics and Aerospace Engineering,
Southwest Jiaotong University, Chengdu, 611756)

Abstract: This paper developed the free vibration model of a double-layered microplate system connected by Winkler-Pasternak
continuous elastic interlayer within the combined framework of the modified couple stress theory and a two-variable refined shear
deformation theory. The derivation of differential equations of motion and potential energy for the asynchronous vibration of the system
was emphasized. To solve the resulting boundary value problem, the differential quadrature finite element with C'-continuity was
constructed by combining differential quadrature and Gauss-Lobatto quadrature rules. The efficacy of our solution method was
demonstrated by comparing its predictions with the available ones. The effects of various factors on the system's synchronous and
asynchronous vibration characteristics were discussed in detail. It is revealed that: (1) the double-layered microplate system's vibration
characteristics depend on the material length scale parameter, length-to-width ratio, length-to-thickness ratio and boundary conditions;
(2) the elastic interlayer stiffness only affects the asynchronous vibration characteristics of the system; (3) size effects on the vibration
frequencies and mode shapes become noticeable as the material length scale parameter or the elastic interlayer stiffness increases.

Keywords: Modified couple stress theory; Two-variable refined shear deformation theory; Double-layered microplate system;

Differential quadrature finite element; Vibration characteristics.
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SCHRUS: 1OV A& T [ I8 3/ AR o6 B AR o o SR B
FR TGRS TT R T IR AL, RIAEAR R4 R S 80T oy
SRAVE BR IO LT bt A PR oC HL A SE AR AR B 00 B 2 13
Rk, A0 B e S A T B 18 . R 1 4t T A EIN
T~ SSSS-SSSS XUZMIR RZiT 6 M EENEGHE, H
WL./L=1, L./h=8, I/h=1. SR &R, B MK B,
RGITRAEM IR, B4R 15X15 Ik AEgk
FHCSELE R

% 1 TR R TREMK A% 6 DEBREHAE
Tab.1 First six dimensionless frequencies of microplate system under

different meshes
ik it
10x10 15%15 20%20 25x25 30x30

@ 13417 134163 134163 134163 13.4163
@, 146455 14.6449 14.6449 14.6449  14.6449
@y, 323894 323594 323577 323574 323573
@s  32.8624 328328 32.8311 32.8308 32.8308
@, 33.6996 33.6707 33.6691 33.6688  33.6688

2 W T ARSORMEITIERSCHR[201H Levy V2 7 Tl
WL R TR B T RN, IeAbi=0, L,/L, = 0.5, M
W FE20%40, T EEE RS, ARSI [FRR RN T T
BU=0. I 2 ATLUEH, 5o sREE FR 70125 BT Tt 25 S ms
KT Levy ikTMNE IR, (HIRZITE 1.5% LA, BEAMPEE T
7 B K 5L L IR KM 2. 3080/ s W T~ SSSS AR, i3k
MAEMRICS Navier WETMG R0 6 LT FALIH0ER
PREC R EERROR, ARIIRBNANAER O, SR B T 1Y N i 4
W F E ) o T 45 M WP 5

K 2 FERARSFHTENLEEELRITENEM
Tab.2 Dimensionless fundamental frequency of rectangular microplate

under different boundary conditions

WS A

L./h Tk

SCSC SSSC SSSS SFSC
WHR[20]  12.4545  11.8454 113717  9.7241

5 A3 — — 11.4159 —
Ax® 125118 11.8948  11.4159  9.81068
TCHR[20]  13.3367 12,6170 12.0675  10.2326

10 y® — — 12.0809 —
A® 133545 12,6322 12.0809  10.3034
THR[20]  13.5953  12.8407  12.2675  10.3760

20 A3 — — 122711 —
AU? 135999 12.8446 122711 104417

B @ Navier i @ B sREA I ITIE
4.2 SYEHH
TR, AN R 30x30MHE . 3 3 5
th T CCSF-CCSF 54 T XUZ Tt R Gi Rl 6 B I 2 4 il 7 43
K, L/L=1HL,/h=8. 4R, BEHEI/AUEK, R0
R FEWR, HR BRSNS % M55 (14 52 i 3 55 0 A AR R
1/ h=1H11/h=08}, H5PEX MR AT 1.7 2 2.5,
X5 SCER[2] B AL E i IRB) SLI0 TR 4 R A —
# 3 CCSF-CCSF # 7 T 77 7 B AR & 42 o9 T & A%
Tab.3 Dimensionless frequencies of square double-layered microplate
system with CCSF-CCSF boundary condition
@, I/h
0 0.2 0.4 0.6 0.8 1

o] 4.9885 5.5555  6.8278  8.4451 10.2557 12.1797

@, 8.2426 8.5559  9.4118 10.6742 12.2184 13.9521

o} 9.8255  11.0123 13.8992 17.635 21.7897 26.1683
IoN 134916 14.2844 16.3244 19.2186 22.6422 26.3924
s 135175 14.9591 18.3786 22.8275 27.8288 33.1398

g 16.6732 17.8417 20.9049 25.1712 30.1366 35.5107
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Fig.3 Variation of dimensionless frequencies of a double-layered microplate

system with different aspect ratios
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Fig.4 Variation of dimensionless frequencies of a double-layered microplate

system with different elastic interlayer stiffness
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Fig.5 Variation of first two dimensionless frequencies of a double-layered
microplate system with different boundary conditions
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Tab.4 Size effects on the vibration modes and frequencies of a SSSS-SSSS double-layered microplate system when L,/h=10

I/h PRI S5 A

@ =60626 @, =139537 @, =139537 @, =212688  @;=258710 @, =258710 @, =324230 @ =32.4230

@, =13.7064 @, =33.1762 @, =33.1762  ®,=51.8416  @;=63.9082 @, =639082 @, =81.5259 @, =81.5259

F 5 L,/h=1008 ] BE RN XF SSSS-SSSS i F el S 25 5 45 2 (52 1

Tab.5 Size effects on the vibration modes and frequencies of a SSSS-SSSS double-layered microplate system when L./A=100

I/h IRBNBES S

®; = 6.2456 @, = 15.0250 w; = 15.0250 o, = 23.8231 s = 29.6868 W = 29.6868 w; = 38.4766 wg = 38.4766

®, = 13.9575 , = 34.6274 w3 = 34.6274 o, = 55.2991 s = 69.0755 g = 69.0755 w, = 89.7304 wg = 89.7304
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Tab.6 Size effects on the vibration modes and frequencies of a CCSF-CCSF double-layered microplate system

I/h PRI 5 A

0
®; = 5.5298 ®, = 10.7921 w3 = 14.5385 o, = 19.6123 s = 20.2832 W = 27.1584 w, = 28.6307 wg = 31.7408
1
W, = 12.5948 @, = 25.3538 w5 = 35.0916 w4 =47.9372 s =49.4516 W = 68.3797 w,; = 71.6552 wg = 80.5847
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Tab.7 Effect of the elastic interlayer stiffness on vibration modes and frequencies of CCCC-CCCC double-layered microplate system
() AN A SR
(CIRY)
@, =10.1116 @, = 19.3665 @3 = 19.3665 w4 = 27.2746 ws =31.7784 W = 32.2263 ®,; =38.9134 wg = 389134
(50, 10)
@, = 12.0888 @, =21.6303 w3 =21.6303 w4 =29.7277 w5 = 34.2953 we = 34.7655 w7 = 41.5830 wg = 41.5830
(500, 100)
®, = 23.7602 @, = 36.9819 ®; = 36.9819 w4 = 47.4337 s = 53.1203 W = 53.6456 @, = 62.0186 wg = 62.0186
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