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Study on Simplification of Vibration Suppression Control and High Accuracy of Steering

Force Estimation in Electric Power Steering

Tomokazu Abe

So as to reduce the driver's load by assisting the steer torque, power steering system begun to be
adopted since 1960s. At the beginning, the system driven by oil pump whose name is HPS was
adopted to assist the steer torque. However, this system caused the deterioration of fuel consumption,
because the oil pump was always working on regardless of the driver’s steer.

Therefore, so as to meet the present stringent fuel economy regulation, the system driven by the
motor whose name is EPS has been begun to adopt. And now, the number of vehicle with EPS has
already been more than half of the total number of the present vehicle.

This paper describes the research products which can contribute to develop the EPS control

necessary for fuel economy improvement. And the summary of each chapter is described below.
® Chapter 1

In this chapter, the problem of current EPS control and this research objective are shown as a
background. EPS is the control object which is difficult to manipulate, because it is two inertia
resonance which causes the vibration. So, the complicated vibration suppression control is included
in EPS control. As a result, there is a problem that it takes a huge amount of time to calibrate the
controller.

Therefore, this research target is to propose the simplified and practical vibration suppression
control which is possible to replace with a current control.
® Chapter 2

In this chapter, the overview and problem of current EPS control are described in detail. And
furthermore, the literature investigation results regarding to overcome the above problem are shown.

The current EPS control can be classified into two parts. The first one is the fundamental part of
EPS and the assist torque is calculated. The second is the part to suppress the vibration comes from
two inertia resonance systems. This vibration suppression control consists of the many
compensations which have the different functions and a lot of tables. So, the current EPS control
has a problem that it takes a huge amount of time to calibrate, as described before.

The literatures regarding to overcome the above problems were investigated. Certainly, such a
research was intensively performed around 2000, there is no literature to show that it has enough
performance to replace with the current control. Nevertheless, the main theme for EPS control has
already moved into the automatic driving etc. Therefore, it is considered that the research to

overcome the above problems is not sufficient.



® Chapter 3

This chapter shows the system identification, that is the way how the model structure and model
parameters are decided. Regarding to the model structure, at first, the three derivative equations
are derived, showing the dynamics of steering, motor and tire. And then, these three equations are
simplified into two equations by converting the gear ratios refer to the tire axis.

Regarding to the model parameters decision, the prediction error method consisting of two steps
is adopted. In the first step, so as to prevent from the local solution of prediction error method, the
initial values of state space model are estimated by using the transfer function model. And in the
second step, the physical parameters (stiffness, damping coefficient) are estimated by converting the
model.
® Chapter 4

In this chapter, the viscosity and phase compensation are theoretically designed and simplified,
which are the components of current vibration suppression control.

Regarding to the viscosity compensation, at first, the controller which regulates the four variables
(steering angle, steering angular velocity, motor angle and motor angular velocity) was designed by
using linear quadratic regulator (LQR). However, the problem occurred that the steer torque became
heavy because steering angle and motor angle are included as regulating variables. Therefore, the
LQR which regulates only two variables (steering angular velocity and motor angular velocity) was
redesigned.

As a result, the steer torque was improved, on the other hand the problem of steering vibration
appeared clearly. It was apparent that this vibration was caused by the phase difference between
the motor angle and torque sensor output which should be suppressed. Therefore, the controller was
changed so as to suppress the torque sensor output itself by utilizing the model conversion. However,
the vibration could not be sufficiently suppressed because of the model error.

As this countermeasure, the sliding mode control which has the robustness to the model error is
applied to the regulator. As a result, it was confirmed that the vibration could be sufficiently

suppressed.
® Chapter 5

In this chapter, considering the market demand, the test vehicle is changed to the micro vehicle.
And the remained inertial compensation is designed theoretically.

To confirm the performance of the controller designed in chapter 4, the same controller was
applied to the micro vehicle. As a result, it was confirmed that the vibration could be suppressed in
case of both of low and middle speed steering. And this shows the robustness of this controller.

Finally, the inertial compensation is designed theoretically. Specifically, the regulator based on

SMC whose control variables were two (torque sensor output and motor angular acceleration) is



designed. As a result, the sufficient effect of vibration suppression is obtained in case of not only low
and middle speed steering but also high speed steering.
® Chapter 6

This chapter proposes the observer which is possible to estimate the driver’s steer torque
accurately by using the steer angle and torque sensor output. It is difficult to measure the steer
torque, because the steering and tire is connected in EPS. Therefore, the observer which is treating
the steer torque as an un-known input is designed. As a result, the steer torque could be estimated

accurately.
® Chapter 7

In this chapter, the knowledge obtained in chapters 1 to 6 is summarized as a conclusion.



