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Fig.1. Dimensions and coordinates of a laminated
composite plate.
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Fig.2. Assumption of displacement u in DLT.
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Table1. Convergence study for DLT, HSDT and-CLT solutions of frequency parameters.

Frequency parameters

=/ CLT HSDT DLT

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th
5 | 19.06 | 59.41 | 71.13 | 8462 | 19.06 | 59.41 | 71.13 | 84.62 | 19.06 | 59.41 | 71.13 | 84.62
6 | 18.98 | 59.41 . 71.03 . 84.62 | 18.98 | 59.41 | 71.03 | 84.62 | 1898 | 59.40 | 71.03 | 84.62
7 | 1898 | 58.90 | 70.30 | 83.90 | 18.98 | 58.90 | 70.30 | 83.90 | 18.98 | 58.90 | 70.30 | 83.90
8 | 18.97 | 5890 | 70.30 | 83.90 | 18.97 | 58.90 | 70.30 | 83.90 | 18.98 | 5890 | 70.30 | 83.90
9 | 18.97 | 5890 | 70.30 | 83.90 | 1897 | 58.90 | 70.30 | 83.90 | 1898 | 58.90 | 70.29 | 83.90
10 | 18.97 | 58.90 | 70.30 | 83.90 | 1897 | 5890 | 70.30 | 83.90 | 18.97 | 58.90 | 70.30 | 83.90

Table2. Convergence study for DLT, HSDT and CLT solutions of specific damping.

Specific damping capacities (x 10°%)

=/ CLT HSDT DLT

1st 2nd 3rd 4th 1st 2nd 3rd 4th 1st 2nd 3rd 4th
5 | 1569 | 2.329 | 6.345 | 1.691 | 1569 | 2.329 | 6.345 | 1.692 | 15.75 | 2.329 | 6.345 | 1.697
6 | 15.61 | 2.329 | 6.294 | 1.691 | 1561 | 2.329 | 6.295 | 1.692 | 15.61 | 2.323 | 6.293 | 1.691
7 | 1561 | 2329 | 6.252 | 1.691 | 15.61 | 2.329 | 6.252 | 1.691 | 15.60 | 2.330 | 6.258 | 1.692
8 | 15.61 | 2.329 | 6.252 | 1.691 | 15.60 | 2.329 | 6.252 | 1.681 | 15.59 | 2.320 | 6.247 | 1.691
9 | 1561 | 2.329 |6.251 | 1.691 | 15.60 | 2.329 | 6.251 | 1.691 | 15.78 | 2.325 | 6.258 | 1.720
10 | 1561 | 2.329 | 6.251 | 1.691 | 15.61 | 2.329 | 6.251 | 1.691 | 15.55 | 2.330 | 6.248 | 1.689

Table3. Material property for CFRP.

E; | 138GPa |v;r| 025
Er | 69GPa |vy | 0.016
G, | 45GPa |y, |00015
G| 35GPa |y, | 001

o | 1,570 kg/m?| 5,0 | 0.016
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Table4. Comparisons of frequency parameters for
an isotropic plate from Lemke”, CLT, HSDT, DLT

and ANSYS.
Frequency parameters
Mode
Lemke” | CLT | HSDT | DLT | ANSYS

1st 13.09 13.08 | 13.06 | 13.06 | 13.09
Difference(%) - -0.08 | -0.18 | -0.18 | 0.01
2nd 19.23 19.11 | 19.10 | 19.10 | 19.19
Difference (%) - -0.64 | -0.68 | -0.68 | -0.23
3rd 24.58 2447 | 24.46 | 24.46 | 24.64
Difference (%) - -0.46 | -0.50 | -0.50 0.25
4th 62.68 62.47 | 62.36 | 62.36 | 62.97
Difference (%) - -0.33 | -0.561 | -0.50 0.47
5th 68.35 67.78 | 67.65 | 67.66 | 68.78
Difference(%) - -0.82 | -1.01 | -1.01 | 0.63
6th 77.38 76.93 | 76.79 | 76.80 | 78.56
Difference(%) - -0.58 | -0.76 | -0.75 | 1.52
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Fig.3. Vibration mode shapes obtained from CLT.
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Fig.4. Vibration mode shapes obtained from
ANSYS.
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Table5. Comparison of frequency parameters for
CFRP from CLT, HSDT, CLT and ANSYS.

Frequency parameters

h/a | Mode

1st 2nd 3rd dth 5th 6th

- CLT |18.97 |58.90 |70.30 |83.90 |92.12 | 128.8

HSDT | 18.97 | 28.90 | 70.30 | 83.90 | 92.12 | 128.8

0.001 | DLT |18.98 |58.90 |70.30 |83.90 |92.12 | 128.8

ANSYS| 19.00 [59.20 | 70.67 | 84.32 | 92.59 | 129.7

HSDT | 18.97 | 58.89 |70.27 | 83.87 | 92.07 | 128.7

0.005 | DLT [18.97 |58.89 |70.27 |83.87 |92.07 | 128.7

ANSYS| 19.00 |59.18 | 70.64 | 84.28 |92.54 |129.6

HSDT | 18.94 | 58.84 | 70.18 | 83.76 | 91.93 | 1284

0.01 | DLT |18.94 |58.84 |70.18 | 83.76 |91.93 | 128.4

ANSYS| 18.98 | 59.13 | 70.55 | 84.18 | 92.40 | 129.3

HSDT | 18.43 |57.45 |67.74 | 80.67 | 87.91 |120.7

0.05 | DLT |18.43 |57.41 |67.70 | 80.63 | 87.86 | 120.6

ANSYS| 18.51 | 57.67 |68.04 |81.01 |88.30 |121.3

HSDT | 17.60 | 53.77 |62.30 | 73.12 | 78.81 | 105.5

0.1 DLT |17.59 |53.60 |62.11 | 72.89 | 78.56 | 105.0

ANSYS|17.67 |53.81 |62.33 | 73.15 | 78.87 | 105.4

Table6. Comparison of specific damping capacities
for CFRP from CLT, HSDT and DLT.

s | Mode Specific damping capacities (x107)
1st 2nd 3rd 4th 5th 6th
- CLT [15.61 [2.329 |6.252 |1.691 |4.028 |6.824
HSDT | 15.60 | 2.329 |6.252 | 1.691 |4.028 | 6.825
0.001 DLT |[15.59 [2.320 |6.247 |1.691 |4.019 |6.807
0.005 HSDT | 15.61 | 2.335 |6.256 | 1.701 | 4.037 | 6.832
DLT [15.61 [2.335 |6.256 |1.701 |4.037 |6.832
HSDT | 15.61 | 2.352 |6.267 | 1.732 | 4.064 | 6.856
0.0t DLT [15.61 |2.353 |6.268 |1.7/33 |4.065 |6.857
0.05 HSDT | 15.71 | 2.868 | 6.634 | 2.632 | 4.866 |7.499
DLT [15.71 [2.891 |6.655 |2.647 |4.881 |7.517
01 HSDT | 15.81 |4.173 |7.636 |4.688 |6.721 | 8.823
DLT [15.82 [4.257 |7.709 |4.765 |6.793 | 8.903
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Fig.6. Vibration mode shapes obtained from
ANSYS.
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Fig.7. Variations of frequency parameters from
CFRP for CLT, HSDT and DLT.
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Table7. Comparison of frequency parameters from
CFRP for CLT, HSDT, DLT and ANSYS.

Frequency parameters
1st 2nd 3rd 4th 5th 6th
CLT [18.97 |58.90 | 70.30 [83.90 [92.12 |128.8
HSDT | 17.60 [53.77 |62.30 |73.12 | 78.81 | 105.5
DLT [17.59 |53.60 |62.11 | 72.89 | 78.56 | 105.0
ANSYS[17.67 [53.81 |62.33 |73.15 | 78.87 | 1054
CLT [12.58 |26.18 |36.63 | 72.18 |81.61 |83.89
HSDT | 11.86 | 25.07 |33.80 |[63.12 | 70.10 | 73.11
DLT [11.86 |25.04 |33.75 [62.82 |69.80 |72.89
ANSYS[11.88 [ 25.07 |33.76 |63.20 |70.11 | 73.15
CLT [9.352 | 14.73 | 24.16 [40.61 |49.67 |83.79
HSDT | 8.891 [14.36 |22.65 |37.46 |44.76 | 70.16
DLT [8.889 |14.35 | 22.63 |37.36 |44.66 |69.77
ANSYS[8.893 [ 14.37 |22.61 |37.50 (4473 | 68.36
CLT [7.416 |9.426 |17.92 |25.89 |34.61 | 54.44
HSDT | 7.083 [9.274 |16.94 (2464 |31.93 |47.41
DLT [7.082 |9.270 | 16.93 | 24.60 |31.89 |47.23
ANSYS[7.081 [9.276 |16.90 | 2465 |31.88 | 4594
CLT [6.130 |6.546 | 14.21 [18.05 |26.21 | 37.81
HSDT | 5.871 [6.472 |13.51 [17.38 | 24.50 | 34.06
DLT [5.870 |6.470 | 13.50 [17.36 |24.47 |33.96
ANSYS[ 5.868 | 6.467 |13.47 |17.37 |24.43 | 32.82

b/a | Mode

1.0

1.5

2.0

25

3.0

Table8. Comparison of specific damping capacities
from CFRP for CLT, HSDT and DLT.

Specific damping capacities (%107
1st 2nd 3rd 4th 5th 6th
CLT |15.61 |2.329 |6.252 | 1.691 | 4.028 |6.824
1.0 |HSDT|15.81 |4.173 | 7.636 |4.688 |6.721 | 8.823
DLT |15.82 |4.257 |7.709 |4.765 |6.793 | 8.903
CLT |15.51 |2.333 |8.785 | 2.329 |5.204 | 1.686
1.5 |HSDT|15.70 |3.250 |9.347 | 5.187 | 7.686 | 4.683
DLT |15.70 |3.290 |9.378 |5.298 | 7.785 | 4.761
CLT |15.41 |2.333 |10.59 | 2.334 |6.721 | 1.700
2.0 |HSDT|15.57 |2.872 [10.91 |4.133 |8.147 | 5.845
DLT |15.57 |2.894 |10.92 | 4.206 |8.209 |5.961
CLT |15.35|2.333 |11.77 | 2.333 | 8.095 | 2.333
25 |HSDT|15.48 |2.685 [12.01 | 3.555 |8.985 | 4.980
DLT |15.48 |2.700 |12.02 | 3.604 | 9.025 | 5.065
CLT |15.33 |2.333 |12.56 | 2.333 | 9.250 | 2.334
3.0 |HSDT|15.43 |2.580 [12.75|3.211 |9.851 | 4.405
DLT |15.43 |2.590 |12.75 | 3.246 | 9.877 | 4.470

h/a | Mode
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Fig.9. Variations of frequency parameters from
CFRP for CLT, HSDT and DLT.
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Fig.10. Variations of specific damping capacities
from CFRP for CLT, HSDT and DLT.
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