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Free Vibration Analysis of Laminated Composite Plates Based on the
Reconstructed Edge-Based Smoothing DSG Method

LIQing, CHEN Shenshen
( School of Civil Engineering and Architecture, East China Jiaotong University, Nanchang 330013, P.R.China )

Abstract: To avoid transverse shear locking and improve the accuracy, the RES-DSG3 method was proposed through the
incorporation of the non-isoparametric DSG method with a novel edge-based smoothing technique based on global coordinates,
and all the integration of smoothed matrices can be calculated along the boundary segments of smoothed cells without
coordinate mapping. Based on the 1st-order shear theory, the RES-DSG3 method was used to analyze free vibration natural
frequencies of laminated composite plates with different material parameters, edge-thickness ratios and boundary conditions.
The free vibrations of the composite plates were analyzed numerically. The calculation of the example verifies the feasibility and

effectiveness of the proposed method.

Key words: edge-based smoothing technique; discrete shear gap; laminated composite plate; 1st-order shear deformation

theory; free vibration
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Fig. 1 The coordinate system for the laminate
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foe) = 4 j F(0dQ = j (j f(x)dx)n;dr, (44)
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Fig. 2 Triangular elements and smoothing domains associated with edges
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o, AN"J AN” Xf N”E{’meé;w = (25)~(28).
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C=1
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1 2
Yi(x,y) = fNidx = anX+ S+ asy. (58)
i# 1t Gauss FH41, 15
A7 — GP _GP\, m 5
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H I, 25 M BROCES 6 7 R P 0 A B0 LV i S8 1 Bt Bt A TG i A BRI, e PR R AT
TAB BRI FI Jacobi SE F4 Y35,

4 BfE 7

T HE S BE BT R A AENZ A AR A B RS R L A0 TCRR R UL, J2 A RS 2 A A R R, B
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41 EHN
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0~ 0.5 BYAHLIN 250, A0 A RE B30 E1/E=10,20,30, G1,=G13=0.6E,, G»3=0.5E,, v, =0.25, p=1, i4JJ{&
IERF £=5/6.

e 1 AT UL, ASTRI A5 20 A5 RS [R] S PR EU R ) D)2 )2 5 M — B G 2 24 36145 40 %5 Sk [21] i —PBi
SYUVEIE RS B AR B2, AR AT TR B, 3R T AR SO TR A A A IS RIS, DA%« it X
THRRE B2 (R 52 ma AR /DN, BV AEAR AN KLU P A Tt BE AR R e T S T3 45 51, 1E— 2540 98 TIZ Aot i (8

R DR A PR R BB — I T AR

Table 1 The non-dimensional 1st fundamental frequency of the simply supported 4-layer laminated composite plate

E\/ E;=10 E\/ E;=20 E\/ E;=30
number of meshes

0=0 0=0.4 ref. [21] 0=0 0=0.4 ref. [21] 0=0 0=0.4 ref. [21]

13x13 8.293 8.309 9.525 9.526 10.259 10.246

15x 15 8.293 8.306 9.535 9.528 10.275 10.255
8.298 9.567 10.326

17 x 17 8.294 8.300 9.541 9.539 10.285 10.276

19 x 19 8.294 8.301 9.546 9.548 10.293 10.283

4.2 HEHI2

e =R MFRIZ AT (0°/90°/0°), K h a, JEEEH h, MBS ECHR E\/E,=40. 2R 17 x 17 MK BHCR
5, XA S A AN R0 R B A5 T b AT T B T4

e 2 B T R A SO L DU RS2 (SS), PO [ 52 (CC), BIXTILfa] 2. 53 WX i1 [ 5% (SC) = Fhikl
TR [ JEE L ) =226 T R — B [ A A%, I 4300 5 Sk [21-22] 26T FSDT R & IR A 1) ik
PRBCETTHE B 25 R0 AT T X b, B B ay— bk, R, 5 3 30 T =R BAE R BYRT =B F A R, w]
PUE AR SO 5 0 T B 4 B 0K 5 Sk (23] 346 =5 B B9 WIS B 150 1 245 SR AR, 30 00E T AR 3¢
TR A R,

F 2 ZJREAMENEGH— B TC i 9 E A AR

Table 2 The non-dimensional 1st fundamental frequency of the 3-layer laminated composite plate

alh method SS SC cC alh method SS SC cC
ref. [22] 5.211 5.217 5.263 ref. [22] 14.804 17.199 19.678

2 ref.[21] 5.205 5.211 5.257 10 ref. [21] 14.767 17.175 19.669
present 5.149 5.571 5.256 present 14.475 17.346 19.626
ref. [22] 10.207 10.658 11.274 ref. [22] 18.355 28.165 40.234

5 ref. [21] 10.290 10.646 11.266 100 ref. [21] 18.891 28.501 40.743
present 10.116 10.675 11.477 present 18.565 28.616 40.761

®3 ZEEAMRIZERIET = i WEAHE (a/h=10)

Table 3 The non-dimensional 1st 3 fundamental frequencies of the 3-layer laminated composite plate (a/A=10)

model method SS SC CcC
present 14.384 17.346 19.626
! ref. [23] 14.766 17.175 19.669
present 22.040 23.794 25.187
2 ref. [23] 22.158 23.677 25.349
3 present 36.521 37.996 38.553
ref. [23] 36.900 37.720 38.650

5 4 w

ARSOH LT 4 Al bR B TE M B DSG B TE I T E A bR R AR I B 3R 0 I BT . 5 LA 1
DSG BICH H, 17 PR 3 Bt R G57 R T AR AR ST, I 4 2 S A A BT A M e R 43T A b
T 2T RV WU 25 k7B, RES-DSG3 175 & bR G 1 3R 30 43 BT F2 30 1 L 4



5510 1 2N, S BT EMIL SO BT IR BIL N SRR SR A ARSI 1131

AOPERE, BAT B O TTHRORE BE s VA=A MU RO A%, to REARASALUF ISR, 2 — M BT AT I 0505, Ah, %05
LR RDCI B AT LAY B AR R R A7 FROTHESR M.
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