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Fig. 1 Schematic diagram of composite plate structure
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M AR AR sh e s 28 B BE AT LR R

1 rLe Lo
U =3 fo L (Nxsg + N, &) + Ny, + Mok + Mok, + Mk, ,)dxdyz

1 ple Lo (9u0 aVO auo aVO aZWO [92W0 2(92W0
0 e Gy G G o e (G e Jeer 02

054204-3



EURRE FEREMESF: 5T GalerkinBE WA N PN E T SRR 3 12K 78 55

Je A AR 2l i i Y B RE (5 RE A% BB ) nl AR

h/2 Ly P > (Ow,
e 0 ) R
NI A, w Auy 6w, vy Pw, Pw,\ *w,
2I , [( ) (ﬁt) I"( az) ZI'EM_%anat”z(axaz) ”z(aa)]dd (13)
b o 1 1= 3 (1 2 ), o 0 K BERHIO R
A5 % 2 B2 30 A 519 5 T B35

W = %IOL jo (Zw) dxdy (14)

2% & Hamilton 2553 JR 3, B
6IIZ(T—U+W)dt:0 (15)

Bl (12)~ 20 (14) FRA S (15) FHt T2 05, nl s
6Nx+any_I M_'_ 83W0
ox  ox o loxor
ON, ONy vy Fwy

ay oy o Thaer

M, . M, _26‘2MXy ~ (62w0 N 62w1) ! Pw, oy ( Fuy N vy )_ ( 0*w, N 8*wy )
axz 0y axdy '\ axz = ox 0 a 2 TN oxar T axorr] \oxor T yror
X T 132 4% 1] S 1 X R I A0 4 18 10 A2 45 R R, G K 8 4 e v 2 1)
D16=D26=0 A16:A26:0 Bij=0 (19)
FR 4 Kirchhoff A B ¢ K 20 L BHE AR P 1 78 AR T i B v 04 TR AR TR, B AR AR 48 56 2R
FRAZL (16)~2 (18) Hr, W& 2555 uo v (T, 45 20 & A R4 LR A T [i) B9y 8K 7 2380l 1 16 42 o1 O 2

(94 4 6 Wy BZWO azwl (3 Wy 64W0 (94W0
Dz +@Di+4Ds) 5a s + Dapr + N ( o " ae | " T"\avar * ayar

=0 (16)

=0 (17)

(18)

ax4 26 2 a 4 + Ny
1 18 AR F W AERE B L (W (Lersy, 1) = W) (Legy v, 1) = 0) B B IR B pREL7 Ny

} ] +1
wo (x,y,1) = R;; [sian—x + L sin G )nx} sin ]Ly sin(wt+ ) 21)

):o (20)

i+1 Lcr b

Jir FHASS 25 A 1) R B 2 A SR AR A H B n] BB R 2R 00 JiE iR 3, RE RS AR A M i 45 4 114 R g
’E}jﬁ@“*l XF TS BRI AR L i 3 e A v SR B LA R, A S B4 e AR TR AT S 90 46 L
R pE, W LSRR

. . 1 )
wy (x,y) = &R;; [Sin MY+ _sin G )nx} sin ]Z—y
b

L, i+1 L.
e iy j MBS AL, i j = 1,2,3,-+ R, AR (i, ) VLS IR (E; e287m 00 R JLAT i R A0
PG 1) A1k (22), A B 52 o 6 5 #2520 (20) TP A k1R SR ), 153

2 .
D,](Li) [i4+(i+1)4]sin(wt+gp)+(2D12+4D66)(L—Cr) [i2+(i+1)2](£) sin(wt +¢) +

(22)

cr

. \4 2
2Dzz(i—”) sin (w? +¢) —Nl(Ll) |7+ G+ 17| [sin (wr + @) + £] + 20w sin (wt + @) +
b cr
- 2 .n 2
b (7o of ] fancarr <o @)

054204-4



%535 % FEREMESF: 5T GalerkinBE WA N PN E T SRR 3 12K 78 55 5 )

P (23) TS 3 N £ AR

4 2 . 2 .
N:{Du(Li) [i4+(i+1)4]+(2D12+4D66)(L1) [i2+(i+1)2](’L—") +2D22(i—“) + 20w+
b b

cr cr

2 . \2 .
el e

ZT)[ﬂ+{i+lf]Btht+¢)+s]

cr

B L T I i B 25 R w = OB, AR AR (24) nT 541k 3l i s 5o 0

2 i+ @i+ 1)*|sing T\ G 0 \2 -
Ncrlel(Li) - [ S ] +(2Dy, +4D66)(E) .Sli"‘ZDzz(%) L, — Slzl(p - (25)
r [12+(z+ 1) ](sm<,0+£) L,) (sinp+e) L, [12+(1+ 1) ](s1n<p+s)

2 BHIoHh

FIHI MATLAB KUE 50 A7 B 7 5 R SO I 0 4 JLART Sl e« WIARE . B2 A2 L i SE2S l i4¢
JREFE AL A 2% 22 MO0 52 5 AR I 9 e ot 1 47 28040 82 ), P O R RO 2 1Y,
®1 EAMRIRS K

Table 1 Material parameters of composite plate™"!

E,/GPa E,/GPa G,,/GPa Hi L/m L/m
140.0 8.6 5.0 0.35 0.60 0.50

B3R TESHER BB E0 o 1, 2, 3,7 09 1 I B9 e RS2 o AR A9 x 77 [ B3 R ),
x T 4 Je RS 55— UV 8 DR L O o, T 1 4 e RS £ TR X AR A o RS B BB e £
MR 2l 9 St A A8 A5 B 5 2

o 02 04 06 L9 02 04 06 L, 55 04 06

L. L, 0 L,
(a) i=1, j=1 (b) i=2, j=1 (c) i=3, j=1
3 x 7 I RS R AR 14 i A2
Fig. 3 Buckling mode of composite plate with increasing mode value in x direction
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Table 2 Example analysis parameter table
Initial defect Order of mode . . Number of Thickness
Group . Laying angle/(°)  Initial phase .
coefficient x direction  y direction layers laid of the plate/m
A Variable i=1 j=1 [0,0,0,0,0] /2 5 0.01
B 0.1 Variable j= [0,0,0,0,0] /2 5 0.01
C 0.1 i=1 Variable [0,0,0,0,0] /2 5 0.01
D 0.1 i=1 j= Variable /2 5 0.01
E 0.1 i=1 j=1 [0,0,0,0,0] Variable 5 0.01
F 0.1 i=1 j=1 [0, 0,0, 0, 0] /2 Variable 0.01
G 0.1 i=1 j=1 [0,0,0,0,0] /2 5 Variable
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EURRE FEREMESF: 5T GalerkinBE WA N PN E T SRR 3 12K 78 55

Dynamic Instability of Composite Plate under Stress Wave
Based on Galerkin Method

WANG Zhipeng', HAN Zhijun’>, WANG Longfei’

(1. College of Mechanical and Vehicle Engineering, Taiyuan University of Technology,
Taiyuan 030024, Shanxi, China;
2. College of Biomedical Engineering, Taiyuan University of Technology,
Taiyuan 030024, Shanxi, China)

Abstract: Based on the Kirchhoff thin plate theory and Hamilton principle, the vibration control equation of
composite plate is established. The equation is simply supported on three sides and fixed on one side with
initial geometric imperfections. The expression of buckling critical load is obtained. The numerical
calculation is carried out by MATLAB programming. The effects of initial geometric imperfections, initial
phase, ply angle, buckling mode order and layer number on the critical buckling load of the plate are
discussed. Results show that the critical buckling load is decrease with the increasing of the critical length,
the decreasing of the laying thickness, the increasing of the initial geometric defect coefficient, and the
decreasing of the initial phase of the mode function. In addition, the smaller the angle between the laying
angle of each layer and the load direction is, the greater the buckling critical load is. And the buckling critical
load tends to be stable when the layer number of symmetrical laminate reaches seven.

Keywords: composite plate; effect of stress wave; initial geometric defect; buckling; critical load
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