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Abstract. Suspension is the general name of the device that connects the conductive force between the car 
body and the wheels. Among them, operational stability and ride comfort are two contradictory requirements 
in actual driving. In the traditional vehicle suspension system, in order to maintain the ride comfort of the 
vehicle, the vibration energy caused by uneven road surface is usually dissipated by passive shock absorber 
in the form of heat. If this part of energy can be recovered in an effective way, the energy demand of the 
whole vehicle system can be reduced. Usually, the stiffness of semi-active suspension is constant, and the 
damping coefficient will change automatically with the change of driving conditions. Its advantages are 
simple structure, no need to consume automobile power, and the damping coefficient will change with the 
change of automobile driving conditions, which can effectively improve automobile riding comfort and 
handling stability. This paper expounds the problems encountered by traditional suspension, and analyzes the 
semi-automatic control strategy of regenerative suspension of new energy vehicles from the perspective of 
energy flow. 
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1. Introduction 
Suspension is the general name of the device that connects 
the conductive force between the car body and the wheels. 
As one of the most important car body components, 
suspension should have the following functions: 
supporting the whole car body or the quality of the car 
body; Transfer all the forces and moments between the car 
body and the wheels, so that the tires are as close to the 
road as possible, so as to minimize the change of the 
balance posture of the car body caused by external factors 
and provide good operational stability; The axle and the 
car body are elastically connected together, and the 
impact from the uneven road surface can be effectively 
attenuated, suppressed and isolated, so as to provide good 
riding comfort [1]. When the vehicle is running, the 
vibration caused by the uneven road surface excitation is 
mainly attenuated by the suspension and then transmitted 
to the body [2]. Although the suspension of modern 
automobile has various structural forms, it is generally 
composed of three parts: elastic element, shock absorber 
and guiding mechanism. In the traditional vehicle 
suspension system, in order to maintain the ride comfort 
of the vehicle, the vibration energy caused by the uneven 
road surface is usually dissipated by the passive shock 
absorber in the form of heat [3]. If this part of energy can 
be recovered in an effective way, the energy demand of 
the whole vehicle system can be reduced. The vibration 
energy recovery of suspension is an effective means of 

automobile energy saving, and it is also one of the 
research hotspots of suspension technology at present. 
The recovered energy can not only be used to drive the 
vehicle, reduce fuel consumption and increase driving 
mileage, but also be directly used to control the 
suspension and reduce its energy consumption [4]. 

As an important part of automobile, the performance 
of suspension system will have a vital impact on the ride 
comfort and handling stability of automobile [5]. 
Therefore, the requirements for automobile suspension 
are getting higher and higher. The traditional shock 
absorber mainly produces damping force through the 
friction of internal hydraulic oil to do work to attenuate 
vibration [6]. When the vehicle frame and the axle move 
relative to each other, the hydraulic oil in the shock 
absorber repeatedly passes through the damping hole with 
the movement of the piston, and at this time, the friction 
between the hole wall and the oil and the internal friction 
of the liquid molecules form a damping force, so that the 
vibration energy is converted into heat energy, which is 
absorbed by the oil and the shock absorber shell, and then 
dispersed into the atmosphere [7]. Usually, the stiffness of 
semi-active suspension is constant, and the damping 
coefficient will change automatically with the change of 
automobile driving conditions [8]. Its advantages are 
simple structure, no need to consume automobile power, 
and the damping coefficient will change with the change 
of automobile driving conditions, which can effectively 
improve automobile riding comfort and handling stability. 
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Energy-feeding active suspension can realize active 
control of suspension, recover the vibration energy 
dissipated by shock absorber in the form of heat energy 
and store it in vehicle-mounted battery, which solves the 
contradiction between the economy and overall 
performance of suspension system to some extent, making 
it possible for it to be widely used in the future [9]. This 
paper expounds the problems encountered by traditional 
suspension, and analyzes the semi-active control strategy 
of regenerative suspension of new energy vehicles from 
the perspective of energy flow. 

2. Problems encountered by traditional 
suspension 

At present, most vehicles mainly use passive suspension 
due to technical and price reasons, and research and 
experiments have long shown that active suspension has 
superior performance, which can not only control the 
posture and height of the car body to adapt to various road 
conditions, but also improve the driving stability and ride 
comfort of vehicles by changing the damping 
characteristics of the suspension. Faced with the 
increasing shortage of petroleum energy and soaring 
prices, energy waste is widespread in the automobile 
industry. It has become an inevitable trend to develop 
environmental protection and energy-saving technologies 
in the automobile industry. Then the effective way to 
reduce the energy consumption of automobiles is to 
recycle these wasted energy, so as to achieve the purpose 
of saving energy [10]. If the motor can only run in a single 
quadrant, then the energy can only flow in one direction, 
that is, forward electric or reverse electric, and it can't be 
changed from power generation operation to electric 
operation, and vice versa. If you want to make the energy 
flow in two directions, you can only use a four-quadrant 
motor, that is, you can run in the starting state or the motor 
state. In the traditional passive vehicle suspension system, 
vibration energy is damped and converted into heat 
energy in the form of friction, and this heat energy is 
finally dissipated into the atmosphere and wasted. The 
amount of energy dissipated by the damping element is 
not only related to its friction coefficient, but also closely 
related to the vehicle speed, road bump and body weight. 
Then in order to recycle this part of energy, the necessary 
suspension system uses an energy recovery device to 
replace the damping element on the traditional passive 
suspension, and connects it in parallel with the elastic 
element to finally form the vehicle suspension. 

3. Control system structure and energy 
flow analysis 

The motor actuator is in the form of ball screw combined 
with motor. This kind of motor actuator has the 
advantages of low cost, high energy feeding efficiency, 
good reliability, high adaptability and simple structure, 
which meets the requirements of suspension system. In 
terms of energy storage, it adopts an energy storage device 
that combines a large-capacity battery with an energy 

storage electrolytic capacitor. Different from the ordinary 
active suspension, the electromagnetic energy-feedback 
active suspension uses the energy-feedback damper as the 
active actuator, and controls the actuator through the 
executive circuit, so as to realize the function of active 
control and energy recovery of the energy-feedback 
suspension [11]. The electric energy recovered by the 
motor can be quickly stored in the electrolytic capacitor 
and then released into the storage battery, where the 
electrolytic capacitor plays a buffering role and avoids 
charging the storage battery with a large instantaneous 
current. When the vehicle driving environment is poor, it 
is hoped that the controller will restrain the vibration 
caused by uneven road surface to the greatest extent, so as 
to achieve good vehicle driving smoothness. Therefore, at 
this time, the actuator control current covers all its 
realizable areas, and this mode is called full active energy 
consumption mode. The energy flow process of 
regenerative suspension system is shown in Figure 1. 

 

Figure 1 Energy flow process of regenerative suspension 
system 

When the motor runs electrically, the electric energy 
needed is released from the electrolytic capacitor first, 
because the instantaneous discharge capacity of the 
battery is not enough to drive the motor to start with a 
large torque, which can not only prolong the service life 
of the battery, but also improve the driving capacity of the 
motor. By analyzing the simplified control circuit, it is 
known that different regions of the realizable range of 
control current correspond to different motor running 
states and energy flow states respectively. The motor used 
for the motor actuator of the regenerative suspension 
needs to meet the normal operation requirements of the 
whole suspension system, and the motor needs to move in 
the limited space between the car body and the tire, so the 
volume should be small. The rotating direction of the 
motor needs to be changed frequently and repeatedly, 
which requires it to have a strong ability to change 
direction. Because the weight of the suspension is 
changing, the motor must have a strong overload ability. 
The vibration of the car body causes the rotation of the 
motor to start and brake frequently, so the motor should 
have a small moment of inertia. When the on-board 
battery is too low and the requirement for road vibration 
suppression is not very high, the control current can be 
limited to be stable, so that the motor can work as a 
generator and charge the battery. This mode is called 
semi-active energy feeding mode. 
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4. Semi-active control of regenerative 
suspension 

When the vehicle is running, the vibration of the vehicle 
is mainly caused by the irregular shape of the road surface. 
The greater the roughness of the road surface, the more 
intense the vibration of the vehicle and the worse the 
posture of the vehicle body. When analyzing the dynamic 
performance of active suspension, we must first determine 
what kind of road excitation to use. According to the 
different types of pavement, it can be divided into discrete 
pavement input and random pavement input. For the 
suspension system, the disturbance input can be expressed 
as pulse and step signals from the road surface, which 
expresses a fixed pothole [12] on the random road surface. 
According to common sense, this kind of disturbance 
signal we analyze has the characteristics of transient and 
sudden, so we can directly regard this kind of disturbance 
signal as pulse or step signal. When the car is running, the 
tire bumps and deforms due to the uneven road surface, 
which leads to the vibration of the whole car. At this time, 
the shock absorber produces vertical displacement, and 
the ball rolls on the threaded track of the lead screw, 
which converts the vertical displacement caused by road 
surface excitation into rotational displacement. At this 
time, the vehicle-mounted ECU calculates the ideal 
operating force through the controller, and the motor 
circuit supplies power to the motor according to the weak 
signal sent by the processor, so that the motor is in an 
active rotation state, so that the movement direction of the 
lead screw is opposite to the vibration direction, and the 
ball is in a follow-up state during this process. 

Active suspension adopts active control mechanism, 
and the control law calculated by on-board ECU is 
transmitted to the actuator, so that it can provide driving 
force to resist road vibration. Energy-regenerative 
suspension is one of the active suspensions, which has the 
characteristics of energy recovery besides the related 
performance of active suspension. The main components 
of the energy-feeding active suspension structure are 
spring, suspension dynamic deflection sensor, drive 
energy storage circuit, main controller, vehicle battery 
and motor actuator, as shown in Figure 2. 

 

Figure 2 Energy-feeding active suspension structure 

When the vehicle runs on uneven road, the energy-
feeding suspension converts the linear motion between 
the sprung mass and the unsprung mass into the rotary 
motion of the energy-feeding motor, and the energy 

conversion device composed of the ball screw mechanism 
and the rotary motor can recover the vibration energy and 
deliver it to the battery or capacitor for use in other parts 
of the automobile. The relative motion of the spring-
loaded mass, at this time, the energy feeding mechanism 
will convert the kinetic energy of this relative motion into 
electric energy recovery; However, excessive vibration of 
the car body will make the rider feel uncomfortable, and 
the ride comfort and handling stability will also be 
affected. At this time, the controller calculates the 
required damping force according to the car body state 
and the pre-designed control algorithm, which is obtained 
by the current value of the motor control circuit. When the 
vehicle is running, the road roughness, as the vibration 
input of the vehicle, will cause the relative motion 
between the sprung mass and the unsprung mass. At this 
time, the energy feeding mechanism will convert the 
kinetic energy of this relative motion into electric energy 
recovery; However, excessive vibration of the car body 
will make the occupants feel uncomfortable, and the ride 
comfort and handling stability will also be affected. At 
this time, the controller calculates the required damping 
force according to the state of the car body and the pre-
designed control algorithm, and the damping force is 
obtained by the current value of the motor control circuit.  

5. Conclusions 
With the growth of automobile industry, people have 
higher and higher requirements for the ride comfort and 
handling stability of automobiles. Suspension system is an 
important part of automobile, and its performance will 
have a vital impact on the ride comfort and handling 
stability of automobile. As an important part of 
automobile suspension, shock absorber has great 
influence on automobile performance. Due to the energy 
and environmental crisis, electric vehicles will become 
the future development trend of the future automobile 
industry. However, electric vehicles have the problem of 
short driving range, so how to improve the driving range 
of electric vehicles is also very important. The actual 
output control force of the actuator should always be 
consistent with the ideal active control force calculated by 
the controller. The direct current controller controls the 
energy feedback loop to adjust the motor winding current, 
so that the electromagnetic damping force of the linear 
motor can track the ideal electromagnetic damping force 
required by the system, and the motor damping force can 
be adjusted in real time. The vibration suppression ability 
and energy recovery ability of electromagnetic suspension 
system are mutually restricted. In full active mode, the 
controller can get better ride comfort on the premise of 
consuming battery energy. In semi-active mode, energy 
can be recovered to the battery, but the improvement level 
of ride comfort is reduced. 
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