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Abstract

Research on Variable Ratio Characteristics and Stability for Steer-by-Wire

Automobile

As an emerging automotive steering system, Steer-by-Wire (SBW from now on)
system is different from the traditional steering system in the structure which removes the
mechanical link between the steering wheel and the front wheels. The only mechanical
structure remained are the steering wheel module and the steering execution module, in
which information is delivered only by electric signals and a certain motor is assembled to
each module for dynamic inputs. The motor in steering execution module is used for driving
front wheels while simulating road feeling moment between the road and the steering wheel
in the steering wheel module. For manipulating the SBW system, a controller is designed
between two modules to regulate motors by designed control algorithms.

In this thesis, firstly, intense researches are implemented in modeling of the SBW
system, designing of the steering ratio and controlling of the stability by comparison with
different methods. And then the bilateral control is applied in modeling and structure
designing of the SBW system. At last the wave variables control method of passivity-based
control is utilized to design a wave variables controller for global stability of the SBW
system. The main research work is summarized as follows:

Model establishment and simulation verification

In this thesis, the vehicle model is established using a joint modeling of Simulink and
CarSim. Comparing two different modeling methods by experiment simulating, the more
effective method is adopted. In applying this method, the steering execution motor is
controlled by setting parameters of the steering system in CarSim and using a three-loop PID
controller.

Variable angle transmission ratio design

The thesis compares two ways of designing the variable angle transmission ratio and
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analyzes disadvantages of the fixed-gain method of designing the variable angle
transmission ratio. After that, an improved method, which designs the angle transmission
ratio by the fixed yaw rate gain of the fixed vehicle velocity and steering sensitivity, is
proposed. And then the angle transmission ratio changing along with the vehicle velocity and
pinion angle is designed. Eventually the whole variable angle transmission ratio
characteristics of the SBW system are put forward.

Research on bilateral control structure and torque ratio characteristic of SBW system

Based on a large number of literatures, the structure of the SBW system is well studied
using bilateral control and different structures of bilateral control are compared. As a
consequence, the force feedback-position structure of the SBW system, which is widely
applied and simply designed, is adopted. Based on this structure, the characteristic of force
transmission ratio is designed and the whole model is improved.

Research on stability control of SBW system

The passive theory is used for studying the stability control of the SBW system. The
passivity of the system is introduced and briefly proved by Lyapunov-like function. Using
PO/PC method in the passive theory, the observer and controller are designed and analyzed
of their disadvantages in the SBW system. Finally, the wave variables control method based
on passive theory is used to design wave controller which eliminates communication delay

to guarantee the whole stability in the SBW system.
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