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Hybrid Model Predictive Control of Semi-Active Suspension
with Variable Damping Shock Absorber

ZHANG Liangxiu', WANG Yu', WU Guanggiang'?, LIU Zhaoyong'
(1. School of Automotive Studies, Tongji University, Shanghai 201804, China;

2. Institute of Industrial Science, The University of Tokyo, Tokyo 153-8505, Japan)

Abstract: To coordinate the contradiction between ride comfort and handling stability of damping
continuously variable semi-active suspension, and considering the satisfied nonlinear constraints
for damping force, a hybrid model predictive control algorithm for semi-active suspension is
proposed. A single wheel model of semi-active suspension is established, and the optimal
objective function that comprehensively determines comfort and stability and the satisfied
nonlinear constraints for semi-active suspension are put forward. The semi-active suspension
hybrid system is described with mixed logic dynamic modeling method. A finite-horizon optimal
control problem of semi-active suspension is set up following model predictive control theory. For
the convenience of solving, the nonlinear constrained optimization problem can be transformed
into a mixed integer quadratic programming one including real and binary vectors, and solved by
means of branch and bound algorithm. The simulations on random profile and single sine wave
bump pavement show that the proposed hybrid model predictive control algorithm improves the

comprehensive performance of damping continuously variable semi-active suspension system
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effectively compared with passive suspension and the traditional linear quadratic regulator

algorithm, and better control performance is realized under different road input excitations and at

different vehicle speeds.

Keywords: semi-active suspension; non-linear constraints; mixed logical dynamical; hybrid

model predictive control; mixed integer quadratic programming
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