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Abstract - The Electric Power Steering (EPS), as an advanced vehicle steering technology, is widely 
used in present-day society. The EPS provides great convenience for vehicle driving. More and more 
vehicles are starting to equip this technical configuration. For testing the performance of the EPS in 
the laboratory, the study independently develops an EPS test bench for dynamic simulation of 
vehicle EPS steering load. The EPS test bench detects in the mode of the whole vehicle in the loop. 
During the test, the vehicle is placed on a fixed platform of the EPS test bench and connected to the 
tensile component for testing. The EPS test bench provides dynamic simulation of vehicle steering 
load in a pneumatic way. And the load simulation system of the EPS test bench is simulated. The 
simulation test shows the feasibility of the EPS test bench. The EPS test bench is tested through the 
joint real vehicle. The test results shows that the experimental value and the theoretical value are 
within the error range. And the test results also shows that the EPS test bench is accurate. The EPS 
test bench provides valuable text for the future development of the EPS load simulation research. 
Moreover, the study points out the development trend of the EPS test bench. 
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1. Introduction 
 
The vehicle steering system pursues a higher level of 

performance in terms of steering lightness, handling 

stability, safety and reliability. The steering system is 

one of the important systems in the chassis, which 

has a profound impact on the handling stability of 

the vehicle. The steering system has gone through 

four basic stages of development as follows: 

mechanical steering systems, hydraulic power 

steering systems, electro-hydraulic power steering 

systems and electric power steering systems [1-

4].Due to the development of vehicle technology, the 

purely mechanical component have gradually 

developed into mechatronics in order to improve the 

performance of the vehicle [5-7]. The electric power 

steering (EPS) shown in Figure 1 has become the 

main development direction in recent years, and 

each development stage has its own advantages or 

disadvantages. Based on the industrial and 

technological level of modern society and the needs 

of actual users, various steering systems for different 

application scenarios have emerged as the times 

require. The performance test of vehicle EPS is a 

very important part. During the testing process, 

many factors should be considered to make the 

testing technique more practical. 
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Figure 1: Schematic diagram of EPS 
 
Road EPS load simulation test is a key technology 

for simulating actual driving conditions on an indoor 
platform, and there is still a big gap between China 
and foreign countries in this technical field. The 
study can simulate the actual road conditions of the 
vehicle and provide a high-precision driving load 
simulation method. And the study also can improve 
the reliability of the indoor bench test and make the 
test results more effective. Because the technology of 
simulating the load of vehicles on road driving 
conditions is mainly in the hands of internationally 
renowned vehicle testing companies such as AVL 
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and GIF. In order to achieve self-sufficiency, it is 
necessary to break through foreign technology 
monopoly and study specific methods of load 
simulation system. Considering the complexity of the 
basic structure of the vehicle transmission system 
and the fuzziness of the control strategy, higher 
requirements are put forward for the specific 
method of the driving load simulation system. 
Therefore, the scientific and systematic research of 
the load simulation system has very important 
practical significance and vehicle application 
value.[8,9] 

The development of modern products has the 
characteristics of short development cycle and fast 
update. It is especially important to design the EPS 
test bench for the applicability of the whole vehicle. 
The indoor dynamic vehicle simulation has the 
unique advantage of being free from weather 
disturbances and site constraints. The EPS test bench 
adopts the concept of modular design, and divides 
the test bench into basic units with relatively 
independent structures and functions, which has 
good versatility. When carrying out the load 
simulation test in the dynamic steering condition, it 
is not limited by the vehicle model, and the load 
simulation of different models can be completed by 
replacing some components in the bench. It 
effectively reduces the complicated preparation 
work before the test. 
 

2. Research Status of EPS Test Bench 
 

Dynamic bench system is an important way to study 
the dynamic performance of the vehicle. The purpose 
of the dynamic bench is to simulate the load of each 
part of the vehicle in a dynamic environment. With 
the development of vehicle industry, the simulation 
of static load cannot satisfy the test and research of 
vehicle performance, so the dynamic test bench 
comes into being. 

Francesco Vinattieri et al [10] designed a test 
bench containing an actuator that simulates the 
steering rack load of the vehicle. The test bench can 
not only test the stress and strain of the steering tie 
rod of the vehicle, but also perform static and 
dynamic analysis. Chenlei Han[11] et al developed a 
new type of steerable EPS test bench that can 
simulate not only the longitudinal force, but also the 
righting moment. This test bench can verify the 
automatic driving function and fail-safe operation. 
Nikolaus Reiland[12] modeled and identified 
parameters of the steering system through the 
detailed representation of mechanical modules and 
electrical subsystems. The accuracy of the developed 
modeling approach was verified by the test bench 
and vehicle measurement results. Based on the 
functions and characteristics of EPS power steering 
system, Xu Jingyi[13] et al established a power 
model of electric power steering and analyzed the 
ideal power assist characteristic curve. And They 

designed the EPS steering system test bench on the 
test bench and conducted the driving simulator 
hardware-in-the-loop test. Pop Piglesan Florin[14] 
conducted a research analysis of permanent magnet 
synchronous motors (PMSM) for electric power 
steering (EPS) in the automotive industry. And 
existing PMSMs were investigated using finite 
element analysis (FEA) to examine flux linkage, flux 
density, cogging and electromagnetic torque values 
at different speed and current values. Kilian 
Rehorik[15] et al proposed a zero- and low-speed 
saliency tracking technique based on square wave 
signal injection, which is combined with slow 
sampling current control and modified pulse mode 
to simplify necessary signal processing. Mircea 
Ruba[16] et al introduced a real-time model-in-the-
loop (RTMiL) test platform based on a field-
programmable gate array (FPGA) to analyze the EPS 
of a vehicle and connected two FPGAs to simulate a 
real test bench. Duo Fu[17] et al proposed a new 
method for EPS system stability analysis and 
stability controller module design. The dynamic 
characteristics of the EPS system are analyzed, and 
the two key factors affecting the stability of EPS are 
studied by experiments. Haobin Jiang[18] et al 
proposed a new electric power steering system, and 
established an intelligent vehicle-human-simulation 
steering system control model based on human-
simulation intelligent control (HSIC) in the 
Simulink/Carsim co-simulation environment. And 
the intelligent vehicle steering system test bench 
with steering resistance torque simulation device 
was built, and the human-like intelligent control law 
was realized by using dSPACE rapid prototype 
controller. Mircea Ruba[19] et al. conducted a study 
through internal permanent magnet synchronous 
motor (IPMSM) installed on the actual EPS unit. A 
real-time Model-in-the-loop (RTMiL) program was 
created to simulate the transient behavior of the 
machine. Junho Lee[20] et al utilized the function of 
the electric power steering system for automatic 
steering control without driver torque. Jakubl[21] et 
al discussed the noise and vibration problems in 
electric power steering systems used on modern 
vehicle platforms. The dynamic properties of the 
mechanical system were studied by the finite 
element method, and the NVH performance of EPS 
system was field tested. Peng Chong [22] et al 
designed a new type of electric power steering test 
bench that can work in two modes of passive loading 
and active loading. The EPS system test bench 
developed by them can improve the adjustment and 
testing efficiency of the existing EPS system. The test 
bench supported development of new EPS system. 
Xu Eryong [23] et al obtained the basic structural 
parameters of the EPS system, the power-assist 
characteristic curve family, the relationship curve 
and equation of the force of the steering gear rack at 
different vehicle speeds, etc. Li Hongqiang [24]et al 
developed a PMSM-based recirculating ball EPS 
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system, and completed the development of the EPS 
performance test bench measurement and control 
system based on LabVIEW. At the same time, 
performance tests were carried out on the EPS test 
bench to verify the feasibility of the control strategy. 
Liao Linqing [25] et al based on the test bench test 
requirements for the performance of the automobile 
electric power steering system, the motion controller 
was used as the upper control unit of the AC servo 
motor to control the input end rotation angle and 
speed, and the electro-hydraulic proportional 
control method was used to control the output end 
force and speed. The test bench realized the 
simulated loading of the steering resistance torque 
under different working conditions, and can quickly 
realize the automatic test of the electric power 
steering system. Dai C[26] et al. proposed a three-
part composite control algorithm for the EPS to 
improve the loading accuracy. Firstly, a fuzzy 
proportional-integral + feed-forward controller with 
force feedback was proposed. Secondly, a friction 
compensation algorithm was established to reduce 
the influence of friction. Then, the relationship 
between each quantity and the extra force during the 
fast rotation of the steering motor was analyzed, and 
a net torque feed-forward compensation algorithm 
was proposed to eliminate the extra force. Cianetti 
F[27]et al introduced an innovative 
analytical/numerical method for vehicle steering 
system modeling, and determined a simplified 
steering dynamics model, which not only ensured 
the replication of real system dynamic behavior 
(usually represented by a more complex multi-body 
model), but also reduced the simulation time of the 
entire vehicle system, made it suitable for special 
numerical computing environment. Wei[28] et al 
designed an overall model of an electronic driving 
vehicle, realizing the control of pressure reduction 
valves and pump motors in the electronic stability 
program (ESP), and have good decoupled effects.  

Can effectively recycle brake energy. NikoLay 
Sergienko[29]et al proposed a tractor tracked 
opening hinge load research algorithm. The 
theoretical research of OMH's SSS and its 
components is possible to solve the reliability and 
durability of transportation and traction mechanical 
tracked moving. Gatot PrayoGo[30]et al analyzed the 
torque of the traction wheel when the monorail 
trains pass through the curve track. The results 
showed that the train passes the track with a small 
curvature radius, the torque difference is very large, 
but for the rail with a large curvature radius, the 
torque difference is small. 
 

3. Development of EPS Test Bench 
 

According to the technical requirements, the overall 
design scheme of the steering load simulation test 
bench is developed. The system of the test bench is 
mainly composed of five modules: fixed platform, 
tensile component, sensor component, loading 
mechanism and control component. The overall 
scheme design is shown in Figure 2. The main 
functions of the designed five modules are 
introduced below. 

(1) Fixed platform 
The whole platform adopts the framework of 

standard profiles, and the profiles are connected 
through the installation corner code, which fully 
excavates the advantages of the standard profiles in 
the use process. Each module can also be well 
applied to the whole platform with standard profile 
as the basic structure. The profile material is 
aluminum alloy, with low density and strong 
corrosion resistance. In the process of use, the elastic 
coefficient is small and the strength is high. In the 
development process of the test bench, it can be 
organized and installed arbitrarily, and can be well 
adapted to different types of power source devices. 
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Figure 2: Overall scheme diagram of the steering load test bench 

 
According to the interface characteristics of the 

profile, various parts can be fastened with special T-
bolt. 

The mechanical system of the fixed platform 
module in the test bench includes: fixed load 
simulation cylinder bench, slide rail and other basic 
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components. The fixed platform is fixed on the lifts 
with position control function, and other 
components of the test bench are built on this basis. 
Tension component, sensor component and loading 
mechanism are constructed on the fixed platform. In 
order to ensure that the detected vehicle does not 
move during the loading process, the design of the 
fixed platform and the position of the lifts is 
completely fixed, and the relative position of the 
detected vehicle and the lifts is also completely fixed. 

(2) Tensile component 
The tensile component includes a cylinder, a fixed 

base and an air compressor. The selected cylinder is 
obtained by calculating key parameters such as 
cylinder diameter, piston area, and piston rod 
diameter. In addition, the key parameters are 
calculated according to the exhaust volume, exhaust 
pressure, air compressor exhaust temperature, unit 
input power and unit input specific power, and the 
appropriate air compressor is designed. 

(3) Sensor component 
The function of the sensor component is to 

measure the steering Angle of the steering wheel. 
Essentially, the sensor element directly measures the 
displacement of the push rod in the cylinder. This 
displacement can be converted into the steering 
angle of the steering wheel. According to the 
transmission ratio of the steering system of the 
vehicle, the steering angle of the steering wheel can 
be obtained. 

(4) Loading mechanism 
The loading mechanism includes tie rod joint, 

rope component, slide rail and fixed pulley. The 
cylinder is a cylindrical metal part that guides the 
piston to perform linear reciprocating motion in the 
cylinder. The push rod inside the cylinder is fixedly 
connected to the piston, and the piston and the inner 
wall of the cylinder are fully lubricated, so the piston 
can reciprocate. The inner piston of the cylinder is a 
circular design a nd is  not fixed.   During the   
 

movement of the piston and push rod inside the 
cylinder, the piston can rotate freely on the inner 
wall of the cylinder. In the test bench, the cylinder 
push rod is connected to the cable end of the cable-
type displacement sensor through the synchronous 
piece. This end is easy to be affected by the gravity of 
the synchronous piece and the interference of the 
cylinder connection. The pull end of a wire-pull 
displacement sensor can only work in a straight line, 
otherwise the sensor will be damaged. Therefore, the 
guide rail is designed to support the end of the push 
rod to prevent the piston inside the cylinder and the 
connected and fixed push rod rotation. The surface of 
the guide rail is fully lubricated, and a slide seat is set 
above the guide rail, and the slide seat is used to 
support the cable end of the wire-pull displacement 
sensor. The sliding seat connects the cable end and 
the cylinder push rod through bolts, so as to ensure 
the linear movement of the cable end. 

(5) Control component 
The control component includes a controller, and 

the solenoid valve and the electric proportional valve 
are respectively connected with the controller. 
Pneumatic valve includes solenoid valves and 
electrical proportional valves. The output end of the 
air compressor is connected with the electrical 
proportional valve. The output end of the electrical 
proportional valve is connected with the input end of 
the solenoid valve, and the output end of the 
solenoid valve is connected with the cylinder. 

 

4. Simulation and Test 
4.1 Simulation of EPS Test Bench 

 
As shown in Figure 3, a simulation model of the 

steering load simulation system is established. The 
input signal can be any analog signal, such as step 
signal, formula signal, etc. Solenoid valve is used to 
control load simulation cylinder to communicate 
with the atmosphere. 
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Figure 3: AMEsim simulation model of electric proportional valve 

 
The simulation model of the electric proportional 

valve is established, and the control loop inside the 
electric proportional valve is simplified as PID 
control. There are built-in solenoid valves for air 
supply and solenoid valves for exhaust, which 

respectively control the intake and exhaust of the 
proportional valve to control the air pressure. 

When the input signal is a 2Hz sinusoidal signal, 
the simulation time is 2s. The air source pressure of 
the proportional valve is set to 0.7MPa, and the 
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theoretical and simulated values of the output air 
pressure are shown in Figure 4. When the theoretical 
value is up to 0.7MPa, the simulation value fails to 
reach the theoretical value. 

The output pressure error of the electrical 
proportional valve is shown in Figure 5. The 
simulation error is relatively large around 0.5s, and 
the maximum error reaches 3.6775%, which is 
greater than the measured output deviation of the 
electric proportional valve. 

 

 
Figure 4: Electric proportional valve output air 

pressure 
 

 
Figure 5: Electrical proportional valve output pressure 

error 
 
The AMEsim simulation model of steering load 

simulation system is established, as shown in Figure 
6. It is set to an ideal state, and gas leakage is not 
considered, so the gas leakage coefficient is set to 0. 
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Figure 6: AMEsim simulation model of steering load 

simulation system 
 

The external load is the EPS boost signal. Because 
the EPS boost signal is unknown, in the simulation 
process, the EPS boost signal can be set to a fixed 
value for research, as shown in Figure 7. The 
selection of the constant value should ensure that 
the cylinder push rod can be followed to ensure the 
authenticity of the EPS load simulation process. 
According to the design requirements of the test 

bench, the input signal can be a step signal such as 
constant force input, linear increment, linear 
decrement and custom signal. 

 

 
Figure 7: The simulated value of air pressure in the 
rod chamber is compared with the theoretical value 

 
On both sides of the peak air pressure, there are 

fluctuations, which are caused by factors such as 
friction inside the cylinder and uneven output force 
of the cylinder. 

 

 
Figure 8: The cylinder has an air pressure error in the 

rod chamber 
 

The air pressure error controlled in the rod 
chamber of the cylinder is shown in Figure 8, and the 
maximum error does not exceed 10% within the 
simulation time of 2S. The reason for the error is due 
to the friction inside the cylinder, the control circuit 
itself, the limitation of the maximum frequency of the 
solenoid valve and the insufficient control accuracy 
of the electric proportional valve. 

 
4.2 Test of EPS Test Bench 

 
Figure 9 shows the comparison between the 

theoretical value and the measured value of the 
cylinder under the control of the analog voltage. 
When the analog voltage is above 4V, the internal air 
pressure of the system is in a relatively high-
pressure state, and the measured value and the 
theoretical value deviate greatly. When the analog 
voltage is less than 4V, the theoretical value and the 
measured value are basically the same. During high-
pressure control, the output load of the cylinder 
cannot reach the theoretically calculated maximum 
value due to gas leakage in the pneumatic pipeline 
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and unstable gas source pressure. The load 
simulated by this test bench is controlled by the 
voltage below 4V, and the error is within the 
allowable range. 
 

 
(a) 

 
(b) 

Figure 9: Cylinder output test result, (a) load 
comparison, (b)load error. 

 

5. Development Trends 
 

In the development process of the vehicle, the 
convenience of vehicle operation and the overall 
safety have always been the scope that vehicle 
manufacturers need to consider. In this aspect of 
convenience, the EPS is a crucial part of the vehicle 
steering system, so the performance test for the EPS 
is also particularly important. With the progress of 
science and technology, the EPS load simulation test 
bench has great development potential. 

 

6. Discussions 
 

The EPS load simulation test bench designed in the 
study can meet the expected demand. However, 
there are some errors in the simulation text process, 
mainly due to the friction inside the cylinder, the 
limitation of the maximum frequency of the solenoid 
valve and the control accuracy of the electric 
proportional valve. But the error caused by it is 
within the range of allowable error, and the test bed 
can be improved and perfected in the follow-up 
research. 
 

7. Conclusions 
 

The study firstly introduces the importance of EPS in 
the steering system of vehicle, and then develops an 
EPS load simulation test bench, which provides a 
way of simulating the load with the cylinder. The 
study carries out the overall design of the test bench, 
and through the vehicle-in-the-loop simulation test 
to obtain the test data. Finally, the designed load 
simulation pneumatic circuit is modeled based on 
AMEsim, and the steering load simulation process is 
simulated. The experimental data and simulation 
data are within the error range, which further 
verifies the feasibility of the test bench. 

The design and implementation of the test bench 
involves various theoretical methods and 
technologies. There are still many new problems to 
be solved in the test bench, which need to be 
continuously accumulated and improved in practical 
applications. For example, the currently designed 
test bench is mainly for front-wheel drive vehicles, 
and the function of testing rear-wheel drive vehicles 
and four-wheel drive vehicles can be added in the 
future. 
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