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Free Vibrational Characteristics of Four-Point-Supported Rectangular

Thin Plate with Different Supporting Locations"
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(Department of Engineering Mechanics, School of Civil Engineering, Suzhou University of Science and Technology,

Suzhou 215011, China)

Abstract The {ree vibration characteristics of rectangular thin plates with four-point supports at differ-
ent locations are studied. Firstly, the lateral constraint springs are introduced at different locations of the
plate structure model, and the stiffness values of artificial springs are set to simulate the boundary condi-
tions of four-point supports. Then based on the two-dimensional modified Fourier series, the admissible
displacement function of the structure is expressed, in which the additional terms of the improved parts
can solve the discontinuity problem of the derivatives of the displacement function on the boundary. The
energy functional of the rectangular plate system is established, and the linear equations are established
by letting the functional choose the stationery value. Finally, the free vibration frequency parameters of
the point-supported rectangular plate are obtained by solving matrix eigenvalue problems, and the vibra-
tion characteristics of the rectangular plate supported by four points at different positions are given. In
the two-dimensional modified Fourier series method, the additional terms can improve the accuracy and
rate of convergence. The research results provide some reference for the free vibration of rectangular

plates supported at different points.
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Fig.1 Plane model of rectangular thin plate with four-point supports
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Fig.2 Rectangular thin plate model with four-point supports
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Table 1 The first 5 dimensionless frequency parameters

Q of the rectangular plate supported by four corners
under different spring stiffness coefficients

k/D\ .Q] \Qz Qj Q,\ -QS
10 5.2352 10.2955 10.2955 19.5961 22.5473
10% 6.8357 14.8745 14.8745 19.5961 34.6995
10° 7.0820 15.6751 15.6751 19.5961 38.008
104 7.1080 15.7607 15.7607 19.5961 38.3887
10° 7.1106 15.7693 15.7693 19.5961 38.4274
106 7.1109 15.7702 15.7702 19.5961 38.4312
107 7.1109 15.7703 15.7703 19.5961 38.4316
108 7.1109 15.7703 15.7703 19.5961 38.4317
107 7.1109 15.7703 15.7703 19.5961 38.4317
1010 7.1109 15.7703 15.7703 19.5961 38.4317
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Table 2 The first 5 order dimensionless frequency parameters
0 of rectangular plates supported at four corners

a 0 fop Q3 0, Q5
7.111 15.770 15.770 19.596 38.432
1 7.111# 15.77% 15.77¢ 19.60° 38.43°
7.110° 15.771° 15.771° 19.598" 38.447"
2.323 6.874 8.206 12.969 15.949
2 2.323° 6.874% 8.206° 12.97¢ 15.95°
2.323 6.874" 8.209° 12.976" 15.954"
1.501 5.378 5.729 10.818 11.980
2.5 1.501° 5.378* 5.729¢ 10.82¢ 11.98*
1.502 5.378b 5.729° 10.819" 11.981°
1.046 4.104 4.425 8.535 9.590
3 1.0467 4.104* 4.425% 8.535° 9.590°
1.046" 4.104° 4.425° 8.536° 9.590"
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Table 3 The first 5 order dimensionless {requency parameters
0 of rectangular plates with different aspect ratios
supported at the midpoint of each edge

a o2 Q> Q3 0, Q5

1 13.468 17.877 18.813 18.813 26.938

13.47¢ 17.83% 18.78¢ 18.78¢ 26.91°

13.467° 17.836" 18.782° 18.782° 26.913°
8.931° 11.628 12.129 12.386" 19.089"
2 6.644 8.209 8.227 9.046 15.844
6.644" 8.207" 8.218" 9.029" 15.840°
2.5 5.278 5.616 6.316 6.899 13.721
5.278" 5.614° 6.297° 6.862" 13.678"
3 4.021 4.376 5.095 5.306 11.922
4.021° 4.376° 5.083b 5.286° 11.866°"
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Table 4 The first 5 order dimensionless frequency parameters 2 under the support condition of the center point of
each edge of the rectangular plate

Coordinates of four support points
0.

* It a ol 2, Qs Q, Q;
1 14.96 15.45 20.25 20.25 31.21
20 2 b
0,22 o(20) (20 (as— 1.5 8.19 12.28 12.34 13.31 21.51
3 3 3 3
2 5.45 7.87 9.74 9.83 16.93
3 3.22 3.77 6.23 6.46 9.77
1 11.77 17.62 20.71 20.71 41.59
(oﬁ) (io) (J‘—“b) (a/—’) 1.5 6.36 11.92 14.21 16.04 24.61
0 o) b b
2 3.85 7.85 12.41 13.04 15.72
3 1.96 4.00 8.25 8.86 9.62
1 10.28 18.61 19.83 19.83 45.80
0,9 <o) (5a b 1.5 5.58 11.47 15.01 15.72 24.43
[ R o 5 0 LN ) ) E R e D.0 . J. O. 4.4
(7) - (F0) (7 4) («7)
2 3.29 7.75 12.83 13.64 15.43
3 1.58 4.14 7.29 9.36 11.19
1 9.84 18.86 19.44 19.44 46.57
7b a Ta b
v = Y . — 1.5 o. 11.30 15.17 15. 24.64
(08)(80) (85) (a8) 5 5.35 3 5 5.33 6
2 3.14 7.70 12.15 13.88 16.02
3 1.48 4.18 6.84 9.37 11.88
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Fig.4 A square plate with four support points symmetrically 8 sk F
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Fig.6  The trend of dimensionless natural frequency parameter {2
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Table 5 The first 5 dimensionless frequency parameters £ under the condition of asymmetric support stiffness

at the corner of the rectangular plate

No el ey e ey 0 2, Q3 0, Q5

1 1 8 1 8 6.098 10.296 15.770 19.596 26.062
2 1 2 7 8 6.373 12.797 15.314 19.596 30.729
3 1 3 6 8 6.429 12.806 15.723 19.596 30.924
4 2 4 6 8 7.038 15.314 15.765 19.596 37.277
5 3 3 8 8 7.096 15.723 15.723 19.596 38.218
6 3 8 3 8 7.096 15.675 15.770 15.596 38.214
7 O > 8 8 7.111 15.770 15.770 19.596 38.429
8 5 6 7 8 7.111 15.770 15.770 19.596 38.430
9 5 8 5 8 7.111 15.769 15.770 19.596 38.429
10 7 7 8 8 7.111 15.770 15.770 19.596 38.432
11 7 8 7 8 7.111 15.770 15.770 19.592 38.432
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