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Fig.1 Schematic diagram of rectangular Mindlin plate with

crossed elliptical opening
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Tab.1 Stiffness value of artificial spring under classical

boundary condition

N T8 W
FERAE Tl / Kl /
(N'm") (N-rad™)
[ co 0
[ﬁ]ﬁg oo oo
A 0 0
Xof R 0 o
SN B o 0

1.2 {If &A%

5 Mindlin 42 B 37 5 5 32 71 Ry 3 & & (o, ) AN
— R KRR R B al2), b(2), e (¢) 1 A

A LB
w(a,y,t)= Z Né(ay)=a"'é=¢"a
0.z t)=20(0) (2. 9)=0"5 =576 (1)
o0y t)=2el)é(ay)=cTe=§'e

K w(a, ), 0.(ay.2),0,(x, y, 1) 53 B FRM
{9 3 1 (2 B B TR 9 2 Y e O T 0 6 B T T
EERUT v S TH G A
B E=a @B, Q £T B N,
il B4 B AL -
a=[a/(z),ax), alz), - alz)]

B=[8().805). . 8(3) - 8)]
A a F1 BB RN 2 Ay 7 ) Y 3 R BRI A1) )
K. AR A LA R 9 750 M 5 O
AR 57 T R 2

T T A BB R 5

(2)

= SRl i)



1132 £/ B N - S 55 35 %
0o A B AT B 9 O st Pl 2 13 443 H T AR ] TR DR 0 60 34
(2) i B bR () R By ) St R B NP o TR RS e 307 e B0 B R AL
) 3 e ey R (3) P 40 T ARG BT T

)= 2 exp _(Zazq) LS il 5 - A ke A 1 — 2R 91 £ T A B

I 2 (g PRHCIRAAURTTREA (2) 0 9 JE R R i . (4

o T (2o )] [T o 2 0 25 61005 52 300 ok 49 K i 4 PR R AL

Bly) =2 exp| ————— Al 6 14T R 50 ELAT T8 05 19 4 B (A 2 9% )

W p, kA g, r 23 5 R i 46 T R A T

Pha T m S B T8 R B o R, 2545 BT 2 % D7 FE =X
(E#E— 223 .
235
2.0
% 15}
3
& 1.0
2 / \
iﬂﬁ 0.5
0.0
V=4 5 0 2 4 6 3
x/m
(a) FEFEFq=0
(a) Translation factor g=0
2.5
2.0F

ok Fa(x)(E

i 0.5

0.0

B I R e R I R R

x/m
(b) FEHEFq=1
(b) Translation factor g=1
2.5
2.0r

ek Fa(x)(E
S &

[
S
W

S R

x/m
(c) PR Fg=2
(c) Translation factor g=2
P2 AT 44 DR T 7 4 g 0 /N I o B2 IX 3R
AR B S < () [ — 4,41, (D) [—2,2],(c)[—1,1]

Fig.2 Gaussian wavelet curves corresponding to different ex-

pansion factors. The shaded areas stand for their cor-
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Tab.2 Variation of natural frequency of opening plate with expansion factors (Unit: Hz)

i o247 6 T WA

B %

—5 —4 —3 —2 —1 0 1 2 3

1 3722.502 2384.016 111.077 88.468 89.047 85.708 83.314 83.311 83.309
2 5343.560 2563.6640 147.671 103.815 102.893 95.545 84.054 84.047 84.047
3 5401.801 2654.011 186.454 147.987 142.396 130.848 108.827 108.819 108.816
4 5412.313 2787.374 222.402 164.825 160.809 148.058 110.200 110.189 110.189
5 5413.846 3637.278 242.401 211.589 206.497 202.384 194.906 195.028 195.027
6 5437.452 4596.202 273.663 264.495 245.583 227.956 198.186 198.158 198.156
7 6211.013 5183.835 538.234 306.983 249.861 243.196 236.355 236.353 236.352
8 10086.179 5279.269 642.058 309.415 300.752 271.977 239.638 239.636 239.634
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Tab.3 Variation of natural frequency of opening plate with spring stiffness (Unit: Hz)

- N T 580558 2 B
0 10° 10* 10° 10° 10" 10" 10" 10" 10"
1 15.719 15.719 15.725 16.301 42.327 77.326 83.248 83.314 83.314 83.314
2 17.138 17.138 17.144 17.698 45.181 78.186 83.987 84.054 84.054 84.054
3 36.583 36.583 36.587 36.964 57.916 102.149 108.753 108.827 108.827 108.827
4 38.216 38.216 38.219 38.469 63.427 103.988 110.128 110.200 110.201 110.201
5 45.819 45.819 45.821 46.055 64.920 172.862 194.663 194.906 194.908 194.908
6 54.951 54.951 54.953 55.174 72.895 178.568 197.956 198.186 198.188 198.189
7 74.041 74.041 74.043 74.149 83.493 204.403 235.977 236.355 236.357 236.358
8 88.793 88.794 88.795 88.983 104.652 210.285 239.278 239.638 239.640 239.641
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Tab.4 Natural frequencies of rectangular plates with crossed elliptical openings under different boundary conditions

(Unit: Hz)
SSSS CSCS FCFC
BrEC foen/ R T IRD fye,?/ﬁ?ﬁ?ﬁ e Sem/ SR AFBF 1] ﬁ«er‘n/ﬂ?ﬁ?lﬁ Y Soen/ R AFEF ] ﬁ~e,?/j?ﬁﬁﬁﬂt .y
4.27 s ] 4.9 s 4.52s [ 5.1s 4.33 s ] 5.3s
1 33.549 34.151 1.762 51.269 51.763 0.948 47.478 47.347 0.278
2 46.223 46.405 0.392 66.257 66.944 1.025 47.525 47.381 0.307
3 64.486 65.072 0.901 68.105 68.657 0.803 87.877 88.268 0.443
4 81.898 82.029 0.160 87.132 87.975 0.958 89.014 89.126 0.126
5 133.057 133.662 0.451 162.959 163.922 0.586 103.881 103.463 0.407
6 154.404 155.780 0.883 186.313 186.990 0.362 104.812 104.430 0.366
7 174.311 176.661 1.330 201.613 203.631 0.991 141.533 141.510 0.016
8 188.642 190.370 0.908 220.054 221.160 0.500 142.496 142.380 0.081
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Fig.4 Modal diagram of rectangular plate with cross ellipse

opening
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Tab.5 Natural frequencies of rectangular plates with different types of combined openings under clamped boundary

conditions (Unit: Hz)

- L4 SRR - [ 1 8] -5
Saen Jrem w2/ % Jen Srem w2/ % Saen Srem w2/ %
1 77.655 76.953 0.912 65.717 65.256 0.707 62.809 62.423 0.619
2 77.794 76.982 1.054 98.153 97.397 0.776 101.268 100.76 0.504
3 91.133 89.567 1.748 109.382 108.11 1.177 109.395 108.68 0.657
4 91.232 89.62 1.798 124.798 123.91 0.717 123.927 123.11 0.664
5 177.507 176.051 0.827 136.554 135.84 0.526 136.374 135.92 0.334
6 178.076 176.212 1.057 180.760 180.09 0.372 180.531 180.13 0.223
7 218.903 217.63 0.584 261.299 259.18 0.818 255.277 254.23 0.412
8 219.429 217.811 0.742 270.419 269.68 0.274 269.153 268.76 0.146
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Flexural vibration analysis of rectangular Mindlin plate with combined

openings using Gaussian expansion method

YANG Zhou', FENG Qing-song', DENG Ji¢", ZHANG Ling', GUO Wen-jie'
(1.State Key Laboratory of Performance Monitoring and Protecting of Rail Transit Infrastructure , East China Jiaotong University,
Nanchang 330013, China; 2. Key Laboratory of Ocean Acoustic and Sensing , Northwestern Polytechnical University,
Xi’an 710129, China)

Abstract: Gaussian expansion method is introduced into the study of flexural vibration of rectangular plates with combined open-
ings based on the Mindlin plate theory. The localization characteristic of the Gaussian wavelet function can accurately capture the
characteristics of the local opening and improve the computational efficiency by selecting the Gaussian wavelet function as the dis-
placement shape function. The expansion factor and shift factor of the Gaussian function are defined, and the basis functions used to
fit the displacement field of the plate with opening are generated by a series of expansion and shift transformations. The larger the
expansion factor is, the higher the resolution of the shape function will be. It can accurately simulate higher-frequency vibration
field. The Lagrangian energy functional of the plate with opening is established by taking the energy method as the basic frame-
work. The artificial spring model is introduced into simulate various boundary conditions, and the influence of boundary conditions
on vibration of plates is transformed into the influence of increased elastic potential energy on stiffness matrix. The accuracy and ap-
plicability of the method is verified by comparing the results of the research example with that of the finite element software, which

provides a reference for practical engineering problems.

Key words: flexural vibration; rectangular plate with combined opening; Mindlin plate theory; Guassian expansion method; ener-

gy method
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