
International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-10, Oct.-2016 

Study on Control Strategy of Electric Power Steering System With Induction Motor 
 

65 

STUDY ON CONTROL STRATEGY OF ELECTRIC POWER 
STEERING SYSTEM WITH INDUCTION MOTOR 

 
1QINGHE LIU, 2TAO LI 

 
1,2School of Automotive Engineering, Harbin Institute of Technology, China 

E-mail: Qingheliu@sina.com 
 

 
Abstract- Based on the analysis of the structure of the double pinion electric power steering system(DP-EPS)，the power 
steering system with induction motor DP-EPS is modeled and simulated by using the principle of dynamics. By vector 
control, the induction motor is equivalent to the form of DC motor, which reduces the complexity of EPS control, and lays 
the foundation for the follow-up control strategy research. 
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I. INTRODUCTION 
 
With the development of automobile industry and 
electronic technology, people have higher 
requirements on the performance of the car. At the 
same time because of the environment, resources and 
other issues, energy saving, environmental protection, 
safety has become the direction of the development of 
the car [1]. Electric power steering system (EPS) can 
meet the requirements of people on the performance 
of the car and the direction of the development of the 
car.  
In worldwide region the research of EPS control 
strategy is mainly focused on the PID control, robust 
control, fuzzy PID control, neural network control, 
genetic algorithm, the most control and so on. 
Research on the EPS of the asynchronous motor is 
relatively less. In literature [2], the scalar control 
method without speed sensor is proposed. In literature 
[3], EPS AC power control method based on motor 
mechanical characteristic table is proposed. In 
literature [4], the theory of torque control method of 
asynchronous motor is analyzed, and the basic control 
strategy is proposed. In literature [5], the M and T 
poles algorithm of the current of the rotor magnetic 
field are identified according to the parameters of the 
motor. In literature [6], the slip frequency control of 
EPS induction motor is adopted. 
The DC motor has the disadvantages of low torque, 
and the asynchronous motor can provide a large 
torque, so induction motor is very important for the 
control of EPS system. In this paper, the rotor flux 
oriented vector control method is used to control the 
output torque of the induction motor, and the 
rationality of the control strategy is verified, by 
establishing the mathematical model of the vehicle 
and observing the yaw rate of the vehicle. 
 
II. VEHICLE MODEL 
 
2.1. Vehicle mathematical model 
EPS system is to add the control part to the original 
mechanical steering mechanism, so it still follows the 
law of mechanical movement. The model of double  

 
pinion electric power steering system（DP-EPS） is 
simplified, and the simplified process follows the law 
of physics[7]. The simplified DP-EPS structure 
diagram as shown in Fig.1. 

 

 
Fig.1. Schematic diagram of DP-EPS system 

 
The mathematical model of EPS is as follows: 
The steering wheel part mainly includes the steering 
wheel, the steering shaft, the torque sensor part and 
so on. Mathematical models are shown in the formula 
(1) and (2). 
 

c c c c s dJ B T T              (1) 
( / )s c c pT K p r            (2) 

In the equation 
cJ  is equivalent moment of inertia 

for steering wheel steering shaft, 
cK  is steering shaft 

stiffness, c  is Steering wheel angle, 
sT  is steering 

wheel torque detected by torque sensor, dT  is 
steering wheel torque, p  is displacement of 
transverse rod, 

pr  is pitch circle radius, and cB  is 
equivalent damping of steering shaft. 
The interaction force between the wheel and the 
ground is equivalent to the steering tie rod, the 
resistance section includes rigid element, damping 
element, and own inertia. Mathematical models are 
shown in the formula (3). 
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rM is equivalent mass of rack and pinion, 
rB is 

damping coefficient for rack, rK is equivalent 
stiffness of rack, aT is output torque of induction 

motor, mi is reduction gear ratio, 
mK is stiffness of 

motor shaft, 
m is mechanical rotation angle of the 

motor shaft. 
 
2.2 Vehicle model 
Establish two degree of freedom model of vehicle. 
That is, the vehicle only makes the yaw motion 
around the Z axis and the lateral motion along the Y 
axis. Two degrees of freedom model motion diagram 
as shown in figure 2. 
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Figure 2.2 Two degrees of freedom motion diagram of vehicle 

 
The mathematical model of two degree of freedom 
vehicle model is obtained by analyzing the motion 
state of the vehicle, as shown in the formula (4). 
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In the equation (4), 
1 2,k k  is lateral stiffness of wheel, 

,a b  is distance between the front and rear axle to the 
centroid, ,u v  is centroid along X, Y axis direction 
speed,   is centroid sideslip angle,   is front 
wheel angle, r  is yaw rate, m  is automobile 
quality, zI  is moment of inertia of vehicle around 
the Z axis. 
 
III. INDUCTION MOTOR VECTOR CONTROL 
 
The induction motor vector control is through the 
coordinate transformation of the induction motor 
space vector, and then the induction motor is 
equivalent to DC motor under the flux-oriented. 
Rotor flux oriented vector control is based on the 
synchronous coordinate transformation. By 
controlling the rotor flux constant, the torque current 
of the coordinate transformation can be controlled, 
and the control performance of the DC motor is 

obtained. The rotor flux oriented vector control 
process of EPS system induction motor as shown in 
Fig.2 below. 

 
Fig.2. Induction motor vector control system block diagram 

 
IV. SIMULATION ANALYSIS OF POWER 
STEERING MODE 
 
The overall simulation model of EPS system is 
established as shown in Fig.3. The model includes 
power characteristic function (power function) 
module, induction motor vector control (AC Motor 
VC) module, EPS mechanical steering module 
(Steering Model) and two degrees of freedom vehicle 
module (Car Model). 
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Fig.3. The overall simulation model of EPS 

 
4.1 Torque response simulation.  
The most effective way to detect the dynamic 
performance of a system is to observe the step 
response of the system. The amplitude of the rotor 
flux is 0.022Wb, torque is changed from 1.5N-m to 3 
N-m after 0.5 seconds. Simulation results are 
obtained as shown in figure 4.2 and figure 4.3. 
From Fig.4, the system can quickly follow up to 1.5 
N-m in the small electromagnetic torque and 
fluctuates in the vicinity. In the 0.5s electromagnetic 
torque suddenly becomes 3 N-m, the electromagnetic 
torque response quickly. This is a gradual transition 
process and conforms to the actual conditions. 

 
Fig.4. Electromagnetic torque step response 
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From Fig.5, when the electromagnetic torque is 1.5 
N-m, the rotor flux can be quickly and smoothly. In 
0.5s, with the electromagnetic torque sharp increment, 
the rotor flux amplitude also increased, but there is a 
certain drop. The error range is within 3.1%, but the 
increment of the electromagnetic torque is doubled, 
so that the error is within the acceptable range. 

 

 
Fig.5. Rotor flux step response 

 
4.2 Stability simulation and analysis 
Yaw rate is an important index of vehicle handling 
stability. The performance of vehicle steering can be 
evaluated synthetically by observing the yaw rate 
under different conditions. 
In this paper, the speed range is divided into the high 
and low speed by 50km/h, and the simulation analysis 
is carried out for different speed range. When the 
vehicle speed is respectively 70km/h and 30km/h, the 
steering wheel torque were 3 N-m 6 N-m, 8 N-m, the 
yaw rate contrast diagrams were shown in Fig.6 and 
Fig.7. 
 

 
Fig.6. Yaw rate of different steering wheel torque at 70km/h 

 

 
Fig.7. Yaw rate of different steering wheel torque at 30km/h 

From Fig.6, under the high speed condition, with the 
increase of the steering wheel torque, the yaw rate 
increases, the time to reach the equilibrium is 
basically the same. From Fig.7, the yaw rate 
overshoot is small, and the time to reach the balance 
is smaller. This conforms to the actual state. 
Given steering wheel torque 5 N-m, speed 
respectively is 100km/h, 85km/h, 75km/h, the 
simulation results of yaw rate are shown in Fig.8. 
From Fig.8, vehicle's yaw rate can reach the 
equilibrium in a relatively short period time. The yaw 
rate decreases with the increase of vehicle speed, but 
the overshoot increases, the shock intensifies, the 
time to reach the equilibrium increases, so if the 
speed continues to increase will lead to the 
phenomenon of roll. 

 

 
Fig.8. Yaw rate at different speeds 

 
In summary, the EPS model is correct and the control 
performance meets the requirements. 
 
V. SUMMARY 
 
In this paper, the EPS system is simulated and 
analyzed, by forming the model of EPS system and 
combined with induction motor vector control. We 
can see that the model is in line with the actual 
working status of EPS. Based on the two degree of 
freedom model, the simulation results of the yaw rate 
are obtained. The results show that the DP-EPS 
system model and the control strategy are effective 
and reasonable. 
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