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Fig. 1 Rectangular thin plate with elastic boundary constraints
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Tab.1 Relation between the spring stiffness value and the boundary

condition
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K/(N-m/rad) 5x107 0 0 0~5x107
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Tab.2 Dimension one frequency of the C-C-C-C rectangular thin

plate with different number of truncated terms

1 —J*% Dimension one frequency

M=N
1 2 3 4 5

5 36.273  74.161  74.161  109.73  135.37
6 36.085 73.999 73.999 109.73 132.84
8 36.023  73.618 73.618 108.79  132.05
10 35996 73.473  73.473 10842 131.73
12 35988 73.407 73.407 108.28 131.57
13 35986 73.399  73.399 108.22 131.56
14 35985 73.394 73394 108.21 131.56
15 35985 73.394 73394 108.21 131.56
FEM 35985 73.392  73.392 108.21 131.58
ii?zi?i 35985 73393  73.393  108.21 131.58

Xof 2 2 v R 0B M=N=14 BB SR R
fift B XF IO 118 2% B R ALE ) S A B AR B B 2 174 e L I
JTT R, I e ZARA BN 2 (2) 7 2R 19 30 AL 5 bR
B, BT BIRS IR A, o S FROTR S IR AL 45
HEATEEXT, an sl 2 K 3 R

(a) 1Y (b) 5B
(a) Istorder (b) 5th order
B2 xHigH A EBEIR C-C-C-CHERRE
Fig.2 Vibration mode of the C-C-C-C thin plate obtained by the
proposed method
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(b) 5K
(b) 5th order

(a) 1B

(a) 1storder

3 BRTHEREN C-C-C-CHEiRiRE
Fig.3 Vibration mode of the C-C-C-C thin plate obtained by finite

element method
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2 3 T 7R g AR AR Bl R R B AR TE x=0 Ab [
COIOFEHAR N T i 3R 4 PR AR R B R
XoF IO MR TE x=0 8] 3, 7E v=a F 1, 75 H AR 11 5716 32
i 1 Rayleigh-Ritz 28 43154k k6 B 5 2 3 oK MR AL
BRI A3 2 A 5 Brm e i BUESs R . X T HA R 58
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Tab.3 Dimension one frequency of the C-F-F-F rectangular plate

with different aspect ratios

=)

2N — 4% Dimension one frequency
r=alb

1 2 3 4 5

3.472 8.512 21.289 27.205 30.978

1.0 3.470° 8.504° 21.279* 27.201° 30.948"
3.471" 8.506" 21.283" 27.199" 30.953"

s 3.456 11.673 21.477 39.371 53.568
’ 3.453" 11.654" 21.283" 39.319" 53.544"
0 3.443 14.840 21.448 48.249 60.195
’ 3.439° 14.800° 21.430° 48.171° 60.143"
55 3.432 18.033 21.413 57.322 60.173

3.427° 17.960" 57.209°  60.115°
L AR a B IR T 275 SCHR (3 125295 AR b VBRI TA
FRICHT AT

Notes: the data labeled by superscript a are sourced from reference

21.392°

[3]%%29; the data labeled by superscript b are sourced from the finite

element simulation results.
PA_E SsSB4 R s 55 7 L4 Rk
B S B AT SCHRBAE AR H W45 IR T A SO A A 2L
P HERR P, B T SCHRL 1] v 4 H B ot A 0]
2 TECHE , AR T SCRR 3 15 g ke A L SR RO U
LSRR N e
2.3 AEIEMERE BTG T R ERIRN ST
X T EAT AN [ M E 4 67 B Y SO 3 LR 24
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Tab.4 Dimension one frequency of the C-S-S-F rectangular plate

with different aspect ratios

4% Dimension one frequency

r=alb
1 2 3 4 5
16.810 31.171 52.449 64.114 67.661
1.0 16.785" 31.115° 51.392° 64.016" 67.549°
16.791" 31.112" 51.402" 64.021" 67.551"
15 18.514 50.551 53.570 89.015 107.92
18.463" 50.409* 53.453¢ 88.682° 107.65°
20 20.658 56.422 77.509 111.02 117.49
20.577¢ 56.265" 77.316" 110.69* 117.24*
05 23.108 59.867 112.08 114.72 153.29
22.997¢ 59.705* 111.90° 114.54* 153.06*

TE: D4R a BRI T 275 30417070 BAR b B RIR T4
FROCHTEAER.

Notes: the data labeled by superscript a are sourced from reference
[4] 776 the data labeled by superscript b are sourced from the finite

element simulation results.

FFRE AT oM 565 1 A5 30 20 3O N B x=a
Hly=b , K [r) 55035 1 W J32 51 5 7 ka’/D=10, ie 5% 20 5
FRAE LT 4SRRI K- 25 1% Ka/D=1.10,100
1.000; 45 2 A6 BPE 2 SR TR N F a=a F y=b , Jigh
SHLSEE 1) DI [ 72 7E Ka/D=10 , B [0 2 R 55 7E DL 4
ARV BE K% 0% ka’/D=1.10.100.1 000, DL |54
B35 2R A T8 B 1R TH5E AR AR SR an 3k 5
FOFTR,

x5 AREEENEKET C-F-F-FERTEN—IRE

Tab.5 Dimension one frequency of the C-F-F-F rectangular plate

with different rotational stiffness levels

B —47*K Dimension one frequency

KalD
1 2 3 4 5
7.537 11.717 24.322 29.457 33.076
1 7.534° 11.708*  24300°  29.445"  33.029°
7.522" 11.693>  24.287°  29.431°  33.015
0 7.813 12.326 28.431 32.729 35.967
7.810° 12.317* 28408 32.720°  35.924°
100 7.902 12.604 30.239 34.546 37.611
7.899° 12.597° 30218 34.537°  37.574°
7.912 12.642 30.483 34.810 37.859
1000

7.910° 12.635" 30.463° 34.801° 37.825"

T b a BRI 27 3Gk 31749 TR b ik i T4
[{ESTH AR P

Notes: the data labeled by superscript a are sourced from reference
[3]%%2%; the data labeled by superscript b are sourced from the finite

element simulation results.

% & AT T AL R g B S LR XA R
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Tab. 6 Dimension one frequency of the C-F-F-F rectangular plate

with different lateral stiffness levels

20— Dimension one frequency

ka*/D
2 3 4 5

1 5.552 10.525 27.834 32.011 35.335
5.534* 10.498* 27.802° 31.988" 35.312*
10 7.814 12.326 28.432 32.729 35.967
7.796" 12.308" 28.404" 32.705* 35.945"
100 15.042 21.823 33.835 39.140 41913
15.031* 21.812* 33.813* 39.119° 41.897¢
1000 20.222 32.762 51.295 60.085 63.138
20.215 32.750" 51.272* 60.068" 63.122*

T AR a BRI TAT BT BLA5 R
Notes: the data labeled by superscript a are sourced from the finite

element simulation results.

WA T A T R D s B R AR DL R A R 4 —
SRR K LG R I R, gk 7 PR .

F7 AREKIFELL THE-E-E-EEFRIREHN TR
Tab.7 Dimension one frequency of the E-E-E-E rectangular plate

with different aspect ratio

4% Dimension one frequency

r=alb
1 2 3 4 5

17.511 25.297 25.297 33.900 46.288

1.0 17.509°  25.292*  25.292°  33.893*  46.285"
17.474>  25231"  25231" 33797 46.265"

20.719 27.459 35.436 44715 47.696

1.5 20718  27.455% 35433 44.712°  47.694°
20.664"  27.367" 35360  44.598"  47.626"

0 23.218 29.350 48.774 50.240 60.026
’ 23217° 29.346°  48.772°  50.239°  60.024°
55 25.375 31.073 49.814 70.381 80.412
’ 25.374"  31.096"  49.812*  70.381*  80.411°
30 27.323 32.678 50.824 94.187 95.857
’ 27323 32,675  50.822°  94.186"  95.857°
35 29.124 34.195 51.808 94.718 126.54
’ 29.123*  34.192*  51.807°  94.717°  126.54°

TE - B4R a BB IR T2 SCHk[3 174275 EAs b BB R IR T4
ST E=ECE N

Notes: the data labeled by superscript a are sourced from reference
[3]2%2%; the data labeled by superscript b are sourced from the finite

element simulation results.
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Research on free vibration characteristics of thin plate structures based on

improved Fourier series

WU Baoning' LIU Fang' DONG Rong’ NIE Shaoqing' LIU Yafei'
(1. School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)
(2. Tangshan Institute, Southwest Jiaotong University, Tangshan 063000, China)

Abstract: Aiming at the problem of structural vibration modeling and characteristic analysis of rectangular sheets under
arbitrary boundary conditions, an improved Fourier series method was proposed. Based on the Rayleigh-Ritz method, the
allowable function of vibration displacement of thin plates was expressed as a linear combination of double Fourier cosine
series function and auxiliary series function, which effectively avoided the possible discontinuities or singularities of the
traditional Fourier series at the boundary. Firstly, the variational equation of the sheet vibration model was established by
using the Hamilton energy variational principle, and the energy expressions in the equation were calculated and the
displacement tolerance function was brought in. Secondly, the variational solution of the unknown Fourier coefficient was
carried out to obtain the matrix equation of the model. The matrix equation was solved by numerical calculation method to
obtain the free vibration frequency and eigenvector of the thin plate. Finally, the classical boundary conditions and elastic
boundary conditions were used as examples to calculate and analyze. The calculation efficiency and accuracy of the proposed
method were verified by comparison with the results of finite element simulation and existing literature. Additionally, the
influence of the aspect ratio and constrained the spring stiffness coefficient on the vibration characteristics of the thin plate was
discussed.
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