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Analysis for Natural Frequencies and Mode Shapes of Laminated
Composite Plates Using Layerwise Theory

ZHAO Fei, WU Jin-wu, ZHAO Long-sheng

( School of Aircraft Engineering, Nanchang Hangkong University, Nanchang 330063, China )

Abstract : A detailed simulation of natural frequencies and mode shapes of laminated composite plates is presented
based on the layerwise theory and the corresponding finite element method. The influence of finite element mesh size, fiber
orientation, ply number, etc. on the natural frequencies of a laminated plate is analyzed. And its natural frequencies of the
first 9 orders are obtained. The simulation result is verified by the experiment. Consequently, the applicability and the
effectiveness of the present method for accurately computing the natural frequencies of laminated composite plates are
demonstrated.
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Mesh size (error)

Mode Exact [14]
12x12 (%) 36%36 (%) 60x60 (%) 96x96 (%) 120x120 (%)
1 16.347 (7.8) 15.595 (2.8) 15.430 (1.7) 15.336 (1.1) 15.305 (0.9) 15.171
2 35.986 (8.2) 34213 (2.9) 33.849 (1.8) 33.643 (1.2) 33.574 (1.0) 33.248
3 48.224 (8.6) 45.668 (2.9) 45.168 (1.8) 44.888 (1.1) 44.795 (0.9) 44.387
4 64.919 (7.0) 62.278 (2.6) 61.666 (1.6) 61.308 (1.0) 61.187(0.8) 60.682
5 70.710 (9.7) 66.460 (3.1) 65.694 (1.9) 65.375(1.4) 65.137 (1.0) 64.457
6 95.922 (6.4) 92.482 (2.6) 91.603 (1.6) 91.082 (1.0) 90.903 (0.8) 90.145
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R 2 =R SR SRR AR (h=0.06)
Mode
Three-ply Method
1 2 3 4 5 6

TSDT [15] 15.22 33.76 44.79 661.11 66.76 91.69

0°,0°,0°) CLPT [15] 15.17 33.32 4451 60.78 64.79 90.42
Present 15.43 33.85 45.17 61.67 65.69 91.60

TSDT [15] 15.45 34.54 44.25 61.36 68.68 92.99

(15°, =15°,15°) CLPT[15] 15.40 34.12 43.96 60.91 66.92 91.76
Present 15.63 34.62 4431 62.23 67.01 92.32

TSDT [15] 15.92 36.28 43.00 62.05 73.55 87.37

(30°, —30°,30°) CLPT [15] 15.87 35.92 42.70 61.53 71.10 86.31
Present 16.25 37.10 42.93 64.34 72.09 86.61

TSDT [15] 16.15 37.33 42.20 62.45 78.96 81.55

(45°, —45°,45°) CLPT [15] 16.10 37.00 41.89 61.93 77.99 80.11
Present 16.56 39.07 41.50 65.42 78.75 79.59

Mode 1 Mode 2 Mode 3

Mode 4
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R 3 ZRIARE SR SRR AR (h=0.06)

Mode
Three-ply Method
1 2 3 4 5 6
TSDT [15] 30.02 54.68 70.41 89.36 92.58 123.6
0°,0°0°) CLPT [15] 29.27 51.21 67.94 86.25 87.97 119.3
Present 29.39 51.35 67.92 86.45 88.06 119.6
TSDT [15] 29.85 55.25 69.14 88.53 94.92 124.3
(15°, —15°,15°) CLPT [15] 29.07 51.83 66.55 85.17 90.56 120.0
Present 29.29 52.23 66.65 86.63 90.17 121.79
TSDT [15] 29.51 56.84 66.17 87.83 100.5 118.9
(30°, =30°,30°) CLPT [15] 28.69 53.57 63.26 84.43 96.15 115.5
Present 29.09 54.72 63.36 87.49 95.84 115.43
TSDT [15] 29.34 58.19 64.14 87.67 107.38 110.6
(45°, —45°,45°) CLPT [15] 28.50 55.11 60.94 84.25 103.2 106.7
Present 28.99 57.38 60.28 87.99 104.17 105.58

%4 ZRILE LR AR RREAHE (h=3)

Mode
Three-ply Method
1 2 3 4 5 6

TSDT[15] 11.71 22.13 25.38 32.58 35.79 40.89

0°,0°,0°) CLPT[15] 14.16 38.03 48.18 49.11 64.55 73.01
Present 11.05 21.18 24.58 31.08 34.65 39.92

TSDT[15] 11.84 22.38 25.29 32.74 36.13 40.56

(15°, =15°,15°) CLPT[15] 14.37 37.54 47.93 51.03 65.39 74.67
Present 11.14 21.47 24.76 31.33 35.06 39.79

TSDT[15] 12.10 22.97 25.03 33.07 37.06 39.66

(30°, =30°,30°) CLPT[15] 14.80 30.65 36.44 48.34 5491 65.47
Present 11.31 22.25 24.36 31.84 36.17 39.21

TSDT[15] 12.24 23.36 24.80 33.24 38.20 38.55

(45°, —45°,45°) CLPT[15] 15.02 35.75 48.65 59.08 61.04 77.19

Present 11.38 22.97 23.82 32.10 37.45 38.22
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Mode
Four-ply Boundary conditions
1 2 3 4 5 6
SSSS 15.28 33.51 44.74 61.10 65.02 90.76
0°0°0°0°

CCCC 29.36 51.27 67.85 86.34 87.92 119.45

SSSS 15.61 34.59 44.27 62.27 66.87 92.25
15°—15°,—15°,15°)

CCCC 29.27 52.19 66.59 86.69 89.95 121.80

SSSS 16.26 37.16 42.88 64.59 71.93 86.54
(30°,—30°,—30°,30°)

Cccce 29.09 54.76 63.30 87.75 95.62 115.34

SSSS 16.58 39.33 41.29 65.75 78.78 78.34
(45°,—45°,—45°,45°)

CCcCC 29.00 57.67 60.02 88.32 104.18 105.30

® 6 NRIETIBRGHICEAN AR (=0.06)

Mode
Five-ply Boundary conditions
1 2 3 4 5 6
SSSS 15.27 33.49 44.73 61.06 64.97 90.70
0°0°%0°0° 0°)
Ccccc 29.34 51.24 67.82 86.29 87.85 119.37
SSSS 15.62 34.59 44.26 62.33 66.79 9222
1s5°,—15°,15°—15°15°)
CCCC 29.26 52.17 66.57 86.79 89.81 121.85
SSSS 16.28 37.24 42.86 64.81 71.84 86.52
30°,—30°,30°,—30°,30°)
CCCC 29.10 54.82 63.27 87.98 95.49 115.30
SSSS 16.60 39.58 41.11 66.04 78.83 79.18
(45°,—45°,45°,—45°,45"°)
CCcCC 29.01 57.96 59.78 88.60 104.22 105.11
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Mode\

Result Simulation result ~ Experimental result  Error (%)
1 158.18 165.11 438
2 199.91 194.12 2.89
3 284.09 269.77 5.04
4 362.19 345.70 4.55
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