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Analysis of Nonlinear Vibration for Hybrid Composite Plates

Young-Shin Lee and Young-Wann Kim

ing Sequence (A Z&ul¥), Aspect Ratio (& Ahu])

Abstract

Nonlinear Vibration(#]A3& 2 %), Stack

Using the Lagrangian equation, nonlinear vibration analysis of laminated hybrid composite

plates is carried out. The effects of stacking sequences, aspect ratios, number of modes, number

of layers and various elastic properties on nonlinear vibration are investigated. The presence of

bending-extension coupling in antisymmetric plates yields a second power term in addition to a
cubic nonlinear term in governing differential equation of motion. In the other symmetric case,this

second term vanishes. The fundamental frequency of analytic results are compared with that of
ABAQUS FEM analysis. For nonlinear vibration of antisymmetric unimaterial plate, the result

of reference is presented for comparison with this result.
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(a) Plate geometry and coordinate system
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(b) Section geometry

Fig. 1 Geometry and coordinate system of a plate
and its section

&=3—Z+—%—[%—Z)]Z (1a)
eng—z-F%[%—?;)]z (1b)
Exyzg_z % %%%—L; (1¢)
= =T (1d)
w=—3 (1e)
xxyz—zai;% (1f)

AN wu, v, we A% x, y, z BHo Y T}
W YOk #y koe TEHIE VERACL

kel Aeolde] 38 N Ny, No?t Pzl
My My, Mye Fig. 20 F A st e, gt
o] Ao},

E
v
5

Zk

N, M1=2 [" o (1, 2) d @

Zh—1

(i=x, v, xy)



(b) Moment and transverse shear resultants

Fig. 2 Resultant forces, resultant moments and shear
resultants in a laminated composite plate
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Fig. 3 Variation of nondimensional amplitude with
time of BFRP/CFRP anti-symmetric hybrid
plates
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Table 1 Comparison of frequency ratios with Ref. [8] for [0°/90°] CFRP square, rectangular plates(E,/

Ez:40, Ez/Glzzo.S, V:0.25)

Frequency Ratios(wn./w.)

VZ’" Square plate(a/b=1) Rectangular plate (a/b=2)

Present Ref.[8] Error Present Ref.[8] Error
0.3 1.0825 1.0796 0.268 0.9437 0.9448 0.117
0.6 -1.2651 1.2867 1.707 0.9584 0.9568 0.167
0.9 1.5672 1.5691 0.121 1.1424 1.1432 0.070
1.2 1.9091 1.8933 0.828 1.4358 1.4376 0.125
1.5 2.2340 2.2414 0.331 1.7826 1.7826 0.000
1.8 2.5610 2.6040 1.679 2.1579 2.1521 0.269
2.1 3.0000 2.9759 0.803 2.5448 2.5341 0.420
2.4 3.2813 3.3541 2.219 2.9055 2.9235 0.620
2.7 3.6207 3.7366 3.201 3.3243 3.3172 0.214
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Table 2 Linear natural frequencies of square hybrid composite plates for various stacking sequences and

material properties

MODE 1,1 1,2) (1,3) 2,1 2,2) (2,3

][_,?I;/RAPJJS ABAQUS 237.62 | 414.47 | 769.07 | 833.10 | 947.83 | 1210.6

PRESENT 238.38 | 415.80 | 772.20 | 836.82 | 956.94 | 1212.1

MODE Ly | 12 | a3 | en | @2 | a4

gi;{{}}]s ABAQUS 936.42 | 398.14 | 714.42 | 826.86 | 943.39 | 1178.3

PRESENT 237.25 | 400.00 | 716.85 | 820.88 | 947.87 | 1183.4

MODE 1,1) (1,2) 2,1 (2,2) (1,3) (2,3)

([301;/1{},”8 ABAQUS 149.88 | 327.27 | 444.50 | 599.05 | 636.97 | 885.86

PRESENT 150.72 | 364.30 | 445.43 | 604.23 | 638.98 | 883.89

MODE 1,1) (1,2) 2,1 2,2) (1,3) (2,3)

Al ABAQUS 250.29 | 628.67 | 685.37 | 1034.4 | 1252.9 | 1400.3

PRESENT 262.12 | 634.92 | 692.04 | 1047.1 | 1257.9 | 1418.4

MODE Ly | a2 | ev | @2 | a3 | 61

[ayols ABAQUS 260.38 | 653.74 | 708.66 | 1074.9 | 1301.8 | 1444.8

PRESENT 972.11 | 660.07 | 716.85 | 1092.9 | 1307.2 | 1459.9

MODE a,y | @2 | e | @2 | a3 | 61

LT ABAQUS 254.82 | 634.12 | 644.05 | 1016.8 | 1268.0 | 1298.0

PRESENT 258.06 | 638.98 | 651.47 | 1036.3 | 1273.9 | 1307.2
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