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Optimal Vibration Control of Rigid Plate Elastically Supported at the Edges
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Abstract

Rigid plate elastically supported at the edges is modeled and the performance of the optimal vibration
control under sinusoidal excitation is tested. The controller based on the linear quadratic regulator with output
feedback is designed to control the multi-degree of freedom vibration. Relative weighting parameters are
considered as design constraints to determine the limitation of maximum control force and state parameters.
Control force calculated by proportional output feedback of the displacement and velocity is used to suppress
the vibration induced by the sinusoidal external force. The active vibration control of vibrating plate by the
LQR controller is examined through the numerical simulations that show the effectiveness of optimal control
scheme on the three degrees of freedom structure.
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Fig.1 Schematic diagram of rigid rectangular plate
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Fig.2 F.B.D of plate viewed on y-axis
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Fig.3 F.B.D of plate viewed on x-axis
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Table2 Maximum control force for each frequency

Freq. o Max. control force(N)
(Hz) | 8P T, f, fy fy
- 15 0.96 2.74 223 403
025 0 0 1 25 3 097 274 22 203
[M]Z 0 0.0017 0 , [El]: 0.03 40 0.93 2.58 2.08 3.83
0 0 0.0008 _0.03
_ Table 3 Maximum state responses(z, 0, ¢) for each
3520 -264 -17.6 100 frequency
[K]=|-264 717 0.1 |, [£,]=|0 1.0 Max. displacement & angle e
~176 0.1 31.9 001 lzlr_lezq) log p | _onC.G of plate(m, radian) Control ratio(%)
- z 0 [ z| 0| ¢
L 15 00009 | 00015 | 0.0032 [ 94 | 92 | 90
Matlab Program Simulink 25 3 0.0005_| 0.0009 | 0.0019 | 94 | 96 | 94
Fig.4 40 0.0003 | 0.0006 [ 0.0012 | 81 | 97 [ 96
4.2 Table4 Output control gains
P logp Output control gains(8 x 4 matrix)
043 014 014 -0.14 2372 791 791 -7.90
3 0.14 043 -014 014 791 2372 -790 791
0.14 -0.14 043 014 790 -790 2372  7.90
Fig.5,6  Table2,3,4 0.14 014 014 043 790 791 791 2372
Fig.5 P
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. . g ? ’osO\O\\Zso\ +>(‘/ 0.008 :2
Fig.4 Block diagram of output feedback control 8 15 + 0,006 ": g
:; 1 0.004 S
Tablel Properties of vibrating plate O'z booe
m 0.25 Kg
3.3 0.0017,0.00075 | Kgm®
ki, ko, ks, ky 880 | N/m (c) Frequency 40Hz
Dimensions 285(L) x 190(W) x 1.5(H) mm
LD I 1y 150, 135,100,90 | mm Fig.5 The comparison between max. control force
a, b 30,30 | mm and max. state responses(z, 6, p)
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