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SUMMARY OF Ph.D. DISSERTATION

Automotive performance has improved from a demand for riding comfort and driving stability.
Many research have proposed various control system design methods for active and semi-active
suspension systems. In recent year, research on dynamics of human body and vehicle dynamics are
actively done. However, there are few research about a suspension control method considering those
characteristics.

A purpose of this study is to establish a design method of control system considering dynamics of
human body and vehicle dynamics at different vehicle speed for the vehicle suspension. The dynamics of
human body means response of seated human due to vibration in seated position. The vehicle dynamics
means vertical and lateral motion of the vehicle due to road input. First of all, to consider the dynamics of
human body, seated position and vertical motion of the vehicle, “Passenger Control” is proposed. Second,
the design method of control system which considers lateral motion of the vehicle due to change of tire
side-force is proposed. In addition, the control system considers the characteristic of vehicle motions
change depending on the vehicle speed is proposed. Those control performances are verified by some
numerical simulations.

The contents of this dissertation are summarized as follows.

Chapter 1 describes the background and the purpose of this study.

In chapter 2, a vehicle and passenger model including the dynamics of human body at seated position
is constructed. The disturbance accommodating H,, control which considers both dynamics of human body
and power spectral density of road disturbance is proposed. In order to verify the effectiveness of the
proposed control system, the numerical simulations are carried out by using a full vehicle model. From
numerical simulation, it was confirmed that in nearly the resonance frequency of a passenger’s head, the
proposed control system is effective in reducing a passenger's vibration better than the general control
system.

In chapter 3, the control system for the active suspension designed in Chapter 2 is applied to a semi
active suspension. In order to control the jerk which is generated by changing of a damping coefficient
rapidly, the robust controller is designed based on Lissajous figure of damping force. From numerical
simulation, it was confirmed that the proposed control system reduces the jerk better than general control
system.

In chapter 4, to consider suspension characteristic, which is change of tire side force caused by
suspension stroke and tire side-force, a vehicle model including lateral motion is constructed. The
disturbance accommodating H,, control which considers the vehicle model, and sets the lateral acceleration
of the vehicle to one of controlled outputs is proposed. From numerical simulation, it was confirmed that
the proposed control system is effective for reducing the lateral motion of the vehicle due to antiphase road
disturbance.

In chapter 5, the vehicle model in chapter 4 is defined as the linear parameter varying system taking
amount of vehicle speed. The gain-scheduling controller based on the linear matrix inequalities which sets
the vertical and lateral acceleration of the vehicle to one of controlled outputs is proposed. From the
numerical simulation, the proposed gain-scheduling controller can reduce the vertical and lateral motions
caused by road disturbance at a different vehicle speed better than a normal H,, controller.

Chapter 6 is the conclusion of this dissertation.



