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Free Vibration Analysis of Cantilevered Composite and Hybrid Composite

Triangular Plates
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For efficient use of composite materials in engineering applications the dynamic behavior, that is,

natural frequencies, nodal patterns should be informed. This study presents the experimental and FEM

results for the free vibration of cantilevered, symmetrically and antisymmetrically laminated compos-

ite triangular plates. The natural frequencies and nodal patterns of a number of CFRP, GFRP,

composite-Aluminum and CFRP-GFRP hybrid composite plates are experimentally obtained. A method

for the determination of the Young’s modulus and test procedures are described. The natural fre-

quencies are determined for a wide range of parameters: e.g., composite material constants, fiber

angles and stacking sequences. Natural frequency and nondimensional frequency parameter results are

compared with the finite element analysis and existing literatures. Agreement between experimental

and calculated frequencies is excellent.
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Table 1 Dimensions of plate specimens
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Table 3 Natural Frequency (Hz) and non-dimensional frequency parameter (1) of isotropic cantilever triangular plate(a
=p=25.4cm, {=2.9 mm)

Mode number
Material Referance
15( 2nd 3rd 4th 5th
Experiment 67.50 250.00 357.50 592.50 842 .50
0.9 (3.59) (5.14) (8.52) (12.11)
FEM 68.33 260.27 366.80 638.10 871.87
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Gustafson'® 0.92) (3.64) (5.09) (8.70)
Mirza® (0.98) (3.67) (5.30) (8.90)
Kim™ (0.98) (3.73) (5.20) (8.94) (12.18)
Lee® (0.94) (3.66) (4.81) (8.56) (11.60)
% Nondimensional frequency parameter
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Fig. 4 Nodal patterns for isotropic cantilever triangular plate (b/a=1, ¢/¢=0.0114)

Table 4 Natural frequency (Hz) and non-dimensional frequency parameter () of CFRP composite cantilever triangular
plate (¢=5=25.4 cm).

Mode number 1% 2nd 3rd 4t 5th
Exp. 80.00 192.50 410.00 465.00 680.00
(1.49)* (3.59) (7.64) (8.66) (12.67)

(020 FEM 79.14 201.94 377.10 455.83 709.84
(1.47) (3.76) (7.03) (8.49) (13.22)

Exp. 67.50 197.50 352.50 557.50 757.50
(0.87) (2.54) (4.54) (7.18) (9.76)

[0°/90°] 10 FEM 69.33 225.40 355.14 619.20 827.36
0.89) (2.90) (4.57) (7.97) (10.66)

CFRP

Exp. 33.75 132.50 227.50 318.75 448.75
(0.66) (2.60) (4.48) (6.27) (8.83)

[+45 ]2 | FEM 42.86 178.40 215.19 387.17 520.00
C0.84) (3.51) (4.23) (7.62) (10.23)

Exp. 5250 212.00 305.00 492.50 680.00
0.92) 3.7 (5.33) (8.61) (11.89)

[45°/ —45°] 10 FEM 54.08 227.65 322.21 508.41 740.23
(0.94) (3.98) (5.63) (8.89) (12.94)

* Nondimensional frequency parameter
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Fig. 5 Nodal patterns for CFRP cantilever triangular plate (b/a=1)

Table 5 Natural frequency (Hz) and non-dimensional frequency parameter (1) of GFRP composite cantilever triangular
plate (¢=6=25.4 cm)

Mode number 1t 2nd 3rd 4t 5th
Exp. 41.25 123.75 215.00 310.00 451.25
(1.18)* (3.55) (6.17) (8.89) (12.94)

(0772 FEM 43.08 132.13 208.75 315.54 477.23
(1.24) (3.79) ;.79 (9.05) (13.69)

Exp. 36.25 117.50 188.75 311.25 427.5
(0.90) (2.92) (4.69) (7.73) (10.62)

[0°/90°] 10 FEM 38.09 133.82 195.83 346.42 463.59
(0.95) (3.32) (4.86) (8.61) (11.52)

GFRP

Exp. 26.25 102.50 163.75 252.50 352.75
(0.83) (3.25) (5.19) (8.00) (11.18)

[+45 ]2 FEM 29.71 128.05 159.58 296.87 384.18
(0.94) (4.06) (5.06) (9.4 (12.17)

Exp. 30.00 112.50 162.50 277.50 366.25
(0.95) (3.57) (5.15) (8.80) (11.61)

45°/ —45°]10 FEM 31.28 127.79 175.57 294.06 411.25
(0.99) (4.05) (5.56) (9.32) (13.03)

* Nondimensional frequency parameter
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Fig. 6 Nodal patterns for GFRP cantilever triangular plate (b/z=1)

Table 6 Natural frequency (Hz) and non-dimensional frequency parameter (4) of hybrid composite cantilever triangular
plate (¢=5=25.4cm)

Mode number 1st 2nd 3rd 4t 5th
Exp. 95.00 350.00 47500 855.00
AL/ (C*)0/AL] (0.88)* (3.24) (4.40) (7.92)
HYBRID FEM 105.41 390.39 545.96 944 63
(0.98) (3.61) (5.05) (8.74)
Exp. 82.50 300.00 420.00 727.50 99000
[AL/(GL") o/ AL] (0.93) (3.39) (4.75) (8.22) (11.19)
HYBRID FEM 83.96 317.56 439.39 759.56 1040.00
(0.95) (3.59) (4.97) (8.59) (11.76)
Exp. 57.50 162.50 310.00 42000 59000
[(CY/(GL) T (1.33) (3.79) (7.18) (9.79) (13.66)
HYBRID FEM 59.35 162.93 283.14 377.38 588.44
(1.37) (3.77) (6.56) (8.74) (13.40)

I L

* Nondimensional frequency parameter
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Fig. 7 Nodal patterns for [AL/(0¢)w/AL] hybrid composite cantilever triangular plate (5/¢=1)
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Fig. 8 Nodal patterns for [AL/(0°c.) 0/ AL] hybrid Fig. 9 Nodal patterns for [(0°¢)/(0°c.) ]1o hybrid com-
composite cantilever triangular plate (b/qa=1) posite cantilever triangular plate (5/e=1)
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