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A Study on the Vibration Characteristics
of Laminated Composite Rectangular Plate using ANSYS

o] 7 By
Kee-hyung Lee
(19964 38 22 X<, 19974 6 102 AYEH)

ABSTRACT

Composite materials have various complicated characteristics depending on the ply materials, ply
orientations, ply stacking sequences and boundary conditions. Therefore, it is difficult to analyze
composite materials.

For efficient use of composite materials in engineering applications, the dynamic behavior such as
natural frequencies and nodal patterns should be identified.

This study presents FEM results for the free vibration of symmetrically and antisymmetrically
laminated composite and hybrid composite rectangular plates.

The natural frequencies of laminated composite rectangular plates having the various boundary
conditions (completely clamped, 2-edge clamped, cantilevered) are experimentally obtained.

In order to demonstrate the validity of the experiment, FEM analysis using ANSYS was performed
and natural frequencies experimentally obtained is compared with that calculated by FEM analysis. The
results obtained from both experiment and FEM analysis show a good agreement.
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Fig. 2 Schematic diagram of rectangular plate experimental apparatus

(a) completely clamped B.C

(b) cantilevered B.C

Fig. 3 Geometric size of specimen plates for the boundary condition
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Table 1 Plate size for boundary conditions

Boundaryconditions Size(aXb)(mm)

cantilevered plate 310X 250
completely clamped plate 250X 210
Table 2 Material properties of plates
Material E, E, Gz | Gz | Gn ) e
(GPa] | [GPa] | [GPa] | [GPa) | [GPa] | ~ * | [kg/m?]
CFRP | 135.4 9.6 4.8 4.8 3.0 70.31 | 1500

Steel E=206.84 G=80. 046 0.292 7833.4

Urethane E=0.0098 G=0.00331 0.48 1 100
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Table 3 Natural frequency[Hz] of completely clamped
steel and CFRP[(7] plate with equal bending

stifiness
Steel plate CFRP[0°]
Mode
FEM FEM FEM
number Exp.
(NASTRAN) (ANSYS) (ANSYS)
1 146. 95 147.52 155.0 166. 37
2 258.21 259.13 265.0 342.89
3 337.44 338.05 345.0 420. 80
4 437.05 440. 40 425.0 578.27
5 439.11 440. 85 441.0 593.20
6 611.99 613.33 600.0 753.92

Table 4 Natural frequency[Hz] of completely clamped
laminated composite plate

Mode [45/—45/45/ ~45] ¢ (90/—45/0/45) 55

mumberl  FEM Exp. FEM Exp.
1 180. 61 155.0 358.55 325.0
2 368.92 375.0 732.48 762.5
3 453.92 487.5 1030 1025
4 604. 32 610.5 1218 1220
5 650. 73 662.5 1292 1290
6 815, 64 800.0 1735 1738
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Table 5 Natural frequency[Hz] of cantilevered
laminated composite plate

Mode | [45/—45/45/—45),r | [0/90/0/90)s | Hybrid | [90/—45/0/45] 56
number| FEM Exp. FEM FEM | FEM | Exp.
1 12.71 15 14.47 @32 1832 35
2 38.11 40 20.05 87.61 | 63.68| 66
3 69.70 75 88.86 | 148.46 | 159.86 | 187.5
4 94.89 9% 91.07 | 183.32 | 210.30 | 212.5
5 | 126.48 | 125 97.99 | 211.66 | 254.45 | 258
6 | 177.38 | 180 145.29 | 297.46 ) 366.11 | 337.5
7 ] 221,31 | 25.0 234.72 | 322.00 | 389.94 | 391
8§ | 23.82 | 5.0 253.5 344.81 | 581.32 | 562
9 | 21741 | 285.0 259.66 | 385.84 | 594.17 | 597
10 { 316.26 | 305.0 273.30 | 452.40 | 632.3 | 635
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