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Abstract: Electric Power Steering (EPS) is a full electric system, which reduces the
amount of steering effort by directly applying the output from an electric
motor to the steering system. In this paper, the constitutions and its operational
mechanism of electric power steering system, and the construction and the
equivalent circuit of the DC motor used in EPS were introduced; and the EPS
hardware framework based on the ARM was presented and the EPS motor
control strategy was designed. The full-car tests were performed and the
results confirmed that the system designed was stable and credible, and can
meet the requirements of steering performance.
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1. INTRODUCTION

Electric power steering (EPS) system has attracted much attention for
their advantages. It uses power only when the steering wheel is turned by the
driver, it consumes approximately one-twentieth the energy of conventional
hydraulic power steering systems and, as it does not contain any oil, it does
not pollute the environment both when it is produced and discarded.
Additionally, the software built into the EPS controller results in high
performance and easy tuning during the development of prototypes of EPS
systems (Jiang Haobin et al., 20006).

Fig.1 shows a vehicle with a column-type EPS in which the reduction gear
is located directly under the steering wheel. The EPS system consists of a
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torque sensor, which senses the driver’s movements of the steering wheel as
well as the movement of the vehicle; an ECU, which performs calculations
on assisting force based on signals from the torque sensor and vehicle
sensor; a motor, which produces turning force according to output from the
ECU; and a reduction gear, which increases the turning force from the motor
and transfers it to the steering mechanism (Toshinori Tanaka et al., 2003).

The main purpose of electric power steering system is, of course, to
provide assist to the driver. This is achieved by the torque sensor, which
measures the driver’s torque and sends a signal to the controller proportional
to this torque. The torque information is processed in the controller and an
assist command is generated. This assist command is further modulated by
the vehicle speed signal, which is also received by the controller. This
command is given to the motor, which provides the torque to the assist
mechanism. The gear mechanism amplifies this torque, and ultimately the
loop is closed by applying the assist torque to the steering column.
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Fig.1: A column-type EPS system

2.  DESIGN OF EPS CONTROLLER

The motor for EPS is a permanent magnetic field DC motor. Attached to
the power steering gear assembly, it generates steering assisting force. This
study introduced the motor control strategy, the design of the EPS Electric
Control Unit(ECU),and the full-car test system. The full-car tests were
performed and the results were analyzed.

2.1 Motor control strategy

Fig.2 illustrates the construction of a DC motor, consisting of a stator, a
rotor, and a commutation mechanism (Massachusetts Institute of
Technology). The stator consists of permanent magnets, creating a magnetic
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field in the air gap between the rotor and the stator. The rotor has several
windings arranged symmetrically around the motor shaft. An electric current
applied to the motor is delivered to individual windings through the brush-
commutation mechanism, as shown in the figure. As the rotor rotates the
polarity of the current flowing to the individual windings is altered. This
allows the rotor to rotate continually.

The actual DC motor is not a loss-less transducer, having resistance at the
rotor windings and the commutation mechanism. Furthermore, windings
may exhibit some inductance, which stores energy. Fig.3 shows the
schematic of the electric circuit, including the windings resistance R and
inductance L.
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Fig.2: Construction of DC motor Fig.3: Equivalent circuit

In the equivalent circuit of the motor, the relationship between the

terminal voltage Vi ,the impendanoeL,the resistanc R the induced voltage
constantX ,the revolution speedN , the current i ,and the time 7 ,is expressed
by the following equation(Ronald K et al.,1999).
V,=L-(dildt)+R-i+k-N (1)
UOR-i+k-N )
And it is known that the current / is proportional to the motor torque T,
As can be understood from Eq.(2),the motor can be controlled based on

the so-called motor current control method which is shown in Fig.4.

I

In the motor current control method, the target motor current "7 ,which is

proportional to the motor assist torque Ty ,is determined from the signal
output 7 from the torque sensor, and control is performed so that there is no

difference between this target current value I+ and the value detected through

feedback from the current sensor Ly .
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In this method, the target value, which is determined by the assist
characteristic based on the input of torque sensor and vehicle speed sensor,
for the motor current is set so that it is equal to the vehicle speed response
type derived from the signal of the vehicle speed sensor. The assist
characteristic is shown in Fig.5 (Takayuki Kifuku et al., 1997).

The typical control system of EPS device is shown in the block diagram of
Fig.6 (Masahiko Kurishige et al., 2001; Ji-Hoon Kim, 2002). The target

current setting unit determines the reference current  to the motor based on
the driving conditions, and the controller computes the control signal which

minimizes the error between ' and the actual current % .
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Fig.4: Principle of motor current control Fig.5: Assist characteristic
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Fig.6: Block diagram of EPS control system

2.2 Design of EPS controller

The EPS controller is designed based on motor current control method.
The EPS controller (refer to Fig.7) consists of an interface circuit that
coordinates the signals from the various sensors, an A/D converter and a
PWM unit that are all built into an one-chip microprocessor, a watchdog
timer (WDT) circuit that monitors the operation of this microprocessor, the
motor-drive circuit that consists of power MOSFETSs in an H bridge circuit
driven by pulse width modulation (PWM) over a 20kHz carrier (Ronald K et
al., 1999; Takayuki Kifuku et al., 1997; Yuji Kozaki et al., 1999; Masahiko
Kurishige et al., 2001).
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The ECU conducts a search for data according to a table lookup method
based on the signals input from each sensor and carries out a prescribed
calculation using this data to obtain the assist force.

In addition, trouble diagnosis for the sensors and the microprocessor is
also carried out. When a problem is detected, power to the motor is
interrupted, an indicator lamp illuminates, and the problem condition is
memorized. Then this problem mode flashes on a display as necessary
(International Rectifier Application Notes; Geoffrey Walker, 1998; Jeff
Burns et al., 2000; Sergio Fissore et al., 2000).
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3. TESTS AND ANALYSIS

On the basis of the motor control strategy and design of EPS controller,
full-car tests are performed. The framework of test system is shown in Fig.8.
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Fig.8: Test system
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The test system is made up of the following parts.(1)sensors:ZL-1 steering
parameters test system, vehicle speed sensor, VG400 gyroscope (Grossbow
co.), (2)controller: Electric Control Unit with ARM S3C44B0X, the main
input signals include torque signal, vehicle speed signal and motor current
signal, (3)signal collection system: WaveBook 512H, computer and
DASYLab8.0.

3.1 Steering handiness test

When the EPS system works normally and the vehicle speed is zero,
rapidly turn the steering wheel to an angle about 600° and keep still, the
angle-torque curve and angle-current curve which is shown in Fig.9 can be
obtained.
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Fig.9: Steering with zero vehicle speed condition
Also, when the EPS system works normally and the vehicle speed is
Skm/h, rapidly turn the steering wheel to a angle about 600° and keep still,
the angle-torque curve and angle-current curve which is shown in Fig.10 can
be obtained.
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Fig 10: Steering with Skm/h vehicle speed condition
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And, the detailed comparation is listed as Tablel, when there is Esther
handiness is obvious. When the vehicle speed is zero, the handiness is
increased 69.5%, and Skm/h 56.3%.

Tablel. Steering handiness test efficiency

condition item No EPS EPS
zero speed peak torque/Nm 26.42 9.658
average torque/Nm 14.11 4.308
handiness target 3.275
Skm/h speed peak torque/Nm 19.11 7.8
average torque/Nm 8.713 3.806
handiness target 2.289

3.2 Step input test

When the EPS system works normally and the vehicle speed is
respectively zero and 5km/h, rapidly turn the steering wheel to a angle and
keep still for several seconds, the corresponding motor current response
curves are shown in Fig.11.

It’s revealed that the motor current response is rapid and can rapidly
achieve stabilization, and can fully meet the demand of real time.
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Fig. 11: Motor currnet response

4. CONCLUSIONS AND DISCUSSIONS

The results show that the EPS controller designed is stable and credible,
and can meet the requirements of steering performance.

The demands for faster speed, higher quality, and reduced power require-
ments in vehicles are continually increasing. In order to respond to these
demands, research and development is under way on the application of
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electronic control with the aim of further improving functions and
performance. Features that are being proposed include the introduction of
intelligent control strategy and the application of power steering, which
responds to the driving environment by varying the assist amount in
accordance to fit the sensitivities of human operators.
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