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Vibration control of a high-speed flexible parallel mechanism based on model predictive control

HU Jun-feng' , ZHANG Xian-min® , XU Gui-yang'
(1. Jiangxi University of Science and Technology, Ganzhou 341000, China;
2. South China University of Technology, Guangzhou 510640, China)

Abstract: Considering the nonlinearity and uncertainty of a high-speed flexible parallel mechanism, a robust model
predictive control strategy was presented to suppress the vibration response of the system. Piezoceramic patch actuator and
strain gauge sensors were used. The finite element method and modal truncation technique were applied to obtain the
dynamic model of the mechanism. The nonlinear, coupling factors and high-order modal effects existing in the dynamic
model of the system were considered as disturbances. The modal force was treated as an uncertain disturbance and the
measurement noise was considered. The predictive model of the system dynamic response was introduced and the output
was forecasted by the model. A Kalman filter estimator was designed to estimate the state variables of the system. A
standard quadratic programming optimization problem was formed where the performance index function minimizes a
quadratic performance function. The constraints were the control input voltage and its change rate. The optimization
problem was solved to obtain the optimal control output voltages and a rolling optimization control system was then
constructed to suppress the vibration response of the system. The optimum placements of the actuators and sensors were
determined by using the controllability index featured as actuating energy and the observability index featured as signal
energy. Taking a novel 2-DoF parallel mechanism as an example, the experimental modal method was applied to obtain
the first two natural frequencies and damping ratios. Comparing with the results obtained by the finite element method, it
shows that the theoretical model is not accurate enough. Using dSPACE real-time simulation system and MATLAB/
Simulink, the control system was built and the vibration control experimental study was carried out. The experimental
results show the proposed controller can effectively suppress the vibration response, and the effectiveness and robustness of
the controller was verified.
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Fig. 1 Block diagram of the model predictive control
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