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Piezoelectric multi-mode vibration control of stiffened plate
using active disturbance rejection method

LI Sheng-quan’, LI Juan, MO Yue-ping, ZHAO Rong, ZHANG Ke-zhao
(School of Hydraulic, Energy and Power Engineering, Yangzhou University, Yangzhou Jiangsu 225127, China)

Abstract: Considering the problems of model uncertainty and various unknown disturbances in the multi-modal active
vibration system, we propose a multi-modal active disturbance rejection vibration control (ADRVC) scheme which is
independent of the accurate mathematical model of the structure. The output superposition, the control input coupling of
other modes, the harmonic effect and external excitations are considered as lumped disturbances, which are estimated by
the multi-loop extended state observer (multi-loop ESO) and compensated via the feed-forward part. Then, an independent
PD feedback controller is designed for each vibration mode. In order to improve the vibration control performances, we
introduce a practical performance index function based on the characteristics of multi-modal structural vibration, which
is optimized by self-tuning the parameters of ADRVC based on the logistic mapping. The experimental vibration control
system for an all-clamped stiffened plate (ACSP) is conducted by using dSPACE semi-physical simulation platform. Results

show that the multi-modal ADRVC is effective in the suppression of multi-mode structural vibrations.
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Fig. 1 Schematic representation of the all-clamped plate
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Fig. 2 Diagram of the multi-mode electromechanical model
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Fig. 3 Experimental set-up for identification
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Table 1 Values of measurement and model parameters
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Fig. 4 First two modes vibration control system of

all-clamped stiffened plate
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Fig. 5 Time response of the multi-modal ADRVC for the first

two modes vibration control
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Fig. 6 Control performance of the proposed ADRVC

technique in first two mode vibration control
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Table 2 Control performances of the multi-mode

ADRVC
WMz EHRT/AB ZEIAADRVC/AB

142.9 -20.68 -38.36
190.5 -5.475 -26.74
238.1 -37.55 -55.11
2479 -64.93 -59.55
285.7 -55.42 ~73.87
333.3 -39.4 -57.28

381 —42.84 -51.28
428.6 -68.58 -80.08
476.2 4322 -5431

5 %5 (Conclusions)
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