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Fig. 1  The sketch of the honeycomb-cored plate under elastically constrained boundary conditions
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Table 1 Comparison of modal frequencies between the theory and the FEM model (unit; Hz)

K =

( * denote FEM results)

modal order

boundary condition

1 2 3 4 5 6

809.74 1214.49 1571.20 1 967.56 2 053.21 3314.47

F-F-F-F 809.89 " 1205.80" 1 569.50 " 2016.00" 2113.60" 3454.90"
-0.019% 0.721% 0.108% -2.40% -2.86% -4.10%

222791 3 930.55 4225.10 5 758.84 6 269.43 6 808.83

C-C-C-C 2210.70" 3976.4" 4257.2* 5702.3" 6 386.6" 6959.5"
0.778% -1.15% -0.754% 0.99% -1.83% -2.16%

1210.74 2 637.60 2 917.60 3 944.80 4 196.20 4 524.00

S-S-S-S 1220.40" 2 636.30 " 2 872.90" 3949.50" 4.405.70 " 4652.7"
-0.792% 0.004 9% 1.56% -0.119% -4.76% -2.77%
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Fig. 3 Comparison of modal shapes of the honeycomb-cored plate between the theoretical and the FEM model
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A A 3] AR,

F 2 ORISR T 5 I MR A % (i Ha)

Table 2 Modal frequencies of the honeycomb-cored plate under different torsional spring constraints( unit: Hz)

modal order

k/(N/m)
1 2 3 4 5 6
0 1 210.74 2 637.60 2 917.60 3 944.80 4196.20 4 524.00
10! 1 215.52 2 638.74 2 930.44 3949.93 4201.96 4 525.50
10 1 567.15 2 992.69 3326.10 4239.92 4659.31 5372.63
10° 2213.24 3923.23 4215.27 5 745.38 6 260.57 6 800.31
10° 2227.91 3 930.55 4225.10 5758.84 6 269.43 6 808.83

SSHLFERIEE & A 0 JITE) 10° A 24T M 185 30300 T8 4 52 00 TR 7. o 26 2 7
Tt BT L 0 SR AR , M A1 4R 85 45 SR 20 26 1 o IE 28 20 A A1 A
R w, = /R/m WG BT SIS RIE M 10V L] 10°, G5 Ha BT B A R T 2441
EERIEE AN 10° (L0 10°R , FIAT AU A0 6, 30 ol T 2 HLAE R REAE A 10°R , HLF: L P 4
BT A T | B 2 T8 S 0G0 R T | 13 (RS0 S 25k,
23 EH-ESMESEHNHHI

e BB PSR A PR AT L T2 K O, ST i B 55— T T4
T ) RER Bl 72 D DELIEG T 43 - R 2328 B0 A5 4R 30 1 3 .

F 3 LM AT T ARG R BEXT A AR A R (B . Ha)

Table 3 Influence of the coupling stiffness on the modal frequency (unit: Hz)

boundary coupling

1 2 3 4 5 6
condition stiffness
- B=0 2 762.50 4992.16 5226.93 7 110.08 8 807.49 8 905.68
eee B#0 2 778.31 4954.49 5363.74 7 059.59 8 770.48 9 058.72
B=0 1 062.45 1 592.24 1 722.46 2 502.69 2 555.09 2 858.10
P B#0 1 053.66 1 591.58 1 707.67 2 482.27 2 534.80 2 836.04
- B=0 1824.72 3 726.34 4164.82 5 827.44 7 043.16 7 485.41
38 B#0 1 814.32 3 697.94 4135.43 5 786.86 6992.19 7 436.55

M SRR 2 al A, RGE N - ISz 37 AR A AR R RS2 AR X PRIZ A A, B L
N HAR AR S LS By DO Ak e i e B RIS EE DA 1 mm, T ARFE RN 2 mm
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Free Vibration Analysis of Rectangular Honeycomb-Cored
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Abstract: Honeycomb-cored plates are widely used in aircraft, high-speed trains and other
fields, with clear scientific value and engineering significance worthy of vibration analysis. Oth-
er than classical boundary condition assumptions ( such as simple supports), the elastic con-
straints were considered to analyze the free vibration characteristics of honeycomb-cored plates.
Specifically, the sandwich plate problem was transformed into a 3-layer structure with the hon-
eycomb core layer simplified as an equivalent anisotropic layer. Furthermore, the displacement
field function for the structure was expressed in the form of the improved 2D Fourier series,
and the natural frequencies and modal shapes of the structure were derived with the Rayleigh-
Ritz method based on the energy principle. The theoretical results are in good agreement with
the numerical ones. The proposed theoretical model can be used to systematically discuss the
effects of boundary constraints on the free vibration characteristics of honeycomb-cored plates,

and provides a theoretical basis for the design of constraint schemes for this kind of structures.

Key words: honeycomb-cored plate; elastic constraint boundary; 2D Fourier series; free vi-
bration
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