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Abstract: The sound insulation performance of symmetric laminate structure was estimated and
verified by experiments. Based on the classical laminate theory, the symmetric laminate structure was
equivalent to a single anisotropic plate, and its sound insulation characteristics under broadband noise
excitation were analyzed by the FE-BEM (hybrid finite element-boundary element method) . In order to
verify the applicability of the equivalent method, modal experiments and numerical analyses of symmetric
composite laminates were carried out. To verify the correctness of the predicted conclusions, FE-BEM
results were compared with FE-SEA (hybrid finite element-statistic energy analysis) results and
experimental results. The results showed that the equivalent method can correctly simulate the natural

characteristics of symmetrical laminates, the simulation results were consistent with the experimental
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results and the corresponding error was 6.9%. The equivalent method combined with the FE-BEM was

effective for sound insulation prediction of symmetric laminates, and the predicted results of the FE-BEM

agreed well with the experimental results. The equivalent method combined with the FE-SEA method was

effective for sound insulation prediction of symmetric laminates, the calculation time of FE-BEM model

was more than FE-SEA model, and the calculation time increased by 4.4%.
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loss experiment
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Fig.2 Symmetrical laminated plate
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Table 1 mechanical parameters of the laminate material

- Bl
BEELT Y HmOVIE FHEIRE MEER

HJE/ (kg/m®) 1608 1290 998 33
J5 % /mm 0.11 0.186 0.25 9.49
E|1/GPa 16.19 27.55 1.67 0.001
Ex/GPa 16.19 27.55 1.67 0.001

Ga1/MPa 2755 2000 600 13

G12/MPa 2755 2000 600 23
TR LY 0.15 0.09 0.4 0.01
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K HSCHES 1195 XK 2 A A SRR B
Z A MR 2 A A AR, R (2) ~
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Table 2 Natural frequencies of the laminated plate
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Table 3 Comparison of modal shapes between experimental

results and numerical calculation results
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(2,1)

(2,2)

Firix BEf#/Hz 6 {H/Hz WRZEY%
(1,1) 89.80 84 6.90
(2,1) 159.28 162 1.68
(1,2) 192.45 191 0.76
(2,2) 241.61 253 4.50
(1,3) 327.62 336 2.50
(4,3) 565.80 595 4.91
(5,2) 670.11 643 422
(5,3) 715.25 726 1.48
(6,2) 836.79 800 4.60
(6,3) 874.83 869 0.67
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