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Abstract. In the beginning of the paper are briefly presented various types of semi-active and 

active suspensions. The advantages and disadvantages of the solutions analyzed are 

highlighted. There is a mathematical model for the study of an active suspension. In the 

next chapter we present a calculation model of active suspension controls based on 

elements of linear dynamic systems theory. The optimal synthesis of the dynamic 

system is based on a set performance criterion. At the end of the paper are presented 

the numerical results obtained for a two-degree system model used in several 

configurations. 

1.  introduction 
Since 1970, the idea of suspension control has emerged. In the automotive industry, various concepts 

have emerged with regard to suspension control, so in the early 1980s, starting with the development 

of electronics, the concept of controlling road adaptability for the semi-active and active suspension of 

vehicles began to develop. 

In this regard, following thorough studies, this topic becomes of great interest. Semi-active and 

active suspensions have been a subject of research for a long time because of their potential to 

improve vehicle performance. Many analytical and experimental studies have concluded that semi-

active and active suspensions can provide substantial improvements over passive ones [10],[1]. 

Suspension passive -conventional suspension systems are passive suspensions consisting of a 

spring and shock absorber, making the link between the wheel and the body. The primary function of 

the arc is to store the energy of the vibrations, and that of the shock absorber is to dissipate the energy 

stored in the arc. The suspension system passively does not have flexibility [15]. 

Suspension semi-active - suspension systems have the ability to make changes in the damping 

coefficient and spring characteristics so that dampers can change the level of energy dissipation but do 

not provide energy to the system [7]. The damping coefficient can be controlled by a switch to 

increase comfort [15]. 

Suspension active – suspension systems are driven by an electric motor or a hydraulic cylinder, 

generating independent forces [7] having the ability to change the damping coefficient continuously. 

2.  Solutions used by car manufacturers in various models 

2.1.  Hydraulic or pneumatic suspension 
The active or pneumatic suspension is made of a spring and a device that acts hydraulically or 

pneumatically by making damping forces between the suspended and the unsupported mass BMW has 
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developed an active suspension with the hydraulic stabilizer bar. The system is made of: hydraulic 

pump, lateral acceleration sensors, command emitter, hydraulic suspension block and two active 

stabilizing bars with rotary hinged devices. 

The advantages of this solution are: 

Mercedes has developed the hydraulic active suspension system, consisting of a hydraulic arc, hydraulic 

structure, high pressure accumulator, hydraulic pump, shock absorbers and control unit. The control unit 

analyzes the signals received from the sensors, acting on the hydraulic system, while the vehicle is running. 

The hydraulic system independently controls the oil flow for each hydraulic spring [14]. 

AUDI has developed an active pneumatic suspension system, consisting of a pneumatic spring, 

reservoir, control unit, sensors, compressor, pressure sensor electromagnetic valve block. The active 

pneumatic suspension uses compressed air from a compressor or electric motor to perform damping 

[14]. The sensors measure certain parameters and the control unit determines the control mode in 

which the amount of air required for each shock absorber.  

Ground clearance is done automatically, depending on the vehicle's driving conditions. The sensors 

constantly monitor the height of the car, so the amount of air in each shock absorber is adjusted to 

maintain the vehicle's height from the ground [4]. 

2.2.  Active electromagnetic suspension 
The electromagnetic active suspension system consists of an electromagnetic device and a mechanical 

spring. The device can function to recover energy from the suspension, thus reducing the energy 

consumption of the vehicle.  

The following figure shows a BOSE suspension that uses a linear electromagnetic motor. A power 

amplifier provides power to the engine for vibration control. It also stores the energy generated at each 

compression of the suspension.  

An electromagnetic damper compresses or relaxes much more, eliminating the discomfort of the 

passengers. 

2.3.  Advantages and disadvantages 
 

Table 2. Advantages and disadvantages 
Parameters Passive suspension Semi-active suspension Active suspension 

Construction simple complex very complex 

Cost low medium high 

Comfort bad good very good 

Dynamically perfected passive passive good 

3.  Calculation methods used in the study of active suspensions 
In the paper [3] there is a calculation model for the active suspensions.  

This quarter car model allows research to increase or decrease the displacement of the suspended 

and unscrewed mass depending on the irregularities of the running track (fig. 1). 
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 Figure 1. Suspension active. 

In the paper [14] there are two calculation models for active suspensions. One refers to an active 

suspension in parallel and the second to a suspension (fig. 2). 

 

Figure 2. Suspension 

active. 

4.  Dynamic systems 
It is called a dynamic system a mechanic system that evolves in time. The time evolution is described 

by a system of first order reductive differential equations, 

�
�
�
�
�

n ..., 2, 1,

) t, ..., , , , ..., , ,( 2121

i
uuuxxxfx mnii�

 (1) 

where ( )x n1 2, x , ..., x  they are called state vectors and ( )u m1 2, u , ..., u  are called command vector. 

If the functions fi , depend directly on time, the system is unsparing and if it does not depend 

directly on time, the system is called autonomous. 

A linear autonomous system with constant coefficients is written in the form, 

� � � 	� � � 	� � � 	� �
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where: 
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� � � �x x x xn
T� 1 2 .......  represents the state vector; 

� � � �u u u um� 1 2 .......  is the command vector; 

� � � �y y y yp� 1 2 .......  is the observable vector; 

� � � �w w w wk� 1 2 .......  is the excitation vector; 

� 	A aij i n
j n
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 is the matrix of coefficients; 
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 is the observables matrix; 
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 is the excitation matrix. 

(3) 

The system 

� � � 	� � � 	� �
� � � 	� �
�x A x B u
y C x
� 

�

 (4) 

is called stabilizable if there is a � �u  so as to achieve equality: 

� � � �lim  x
t

�
��

0
. (5) 

Obviously, a system in which the matrix � 	A  has its own negative real values or its own complex 

values with the negative real is stabilizable, because such a system can be taken � � � �u � 0 . 

Either the system 

� � � 	� � � 	� ��x A x B u� 
  (6) 

with the initial state � �x0 . 

 It is required to determine {u} the optimal control that drives the system � �x0  from � �0  the state 

towards the time interval T minimizing the functional performance: 

� � � �� �J L x u dt
T

� � , ,  t
0

. (7) 

The most common performance criterion is: 

� � � 	� � � � � 	� �� �J x Q x u R u dtT T
T

� 
�
1

2
0

 (8) 
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where � 	Q , � 	R  represents weight matrix, � 	Q  being positively semi defined, � � � 	� �� u R uT
� 0 , 

� � �� �x Rn  and � 	R  positively definite � � � 	� �� u R uT
� 0 , � � �� �u R p . 

It is shown by varied calculation that the solution is 

 

� � � 	� �u K x�  (9) 

the reaction matrix being  

� 	 � 	 � 	 � 	K R B PT� � �1
 (10) 

where the matrix � 	P  is the solution of the Riccati algebra equation: 

� 	� 	 � 	 � 	 � 	� 	� 	 � 	 � 	 � 	 � 	P A A P P B R B P QT T
 � 
 ��1
0 . (11) 

5.  Numerical results 
In the figure (figure 3) the following is an active suspension system with the following notations:  

� 1m  - 1/4 car body mass, 

� 2m  - suspension mass, 

� 1k  - spring constant of suspension system, 

� 2k  - spring constant of wheel and tire, 

� 1c  - damping constant of suspension system, 

� Vc  - control force, 

� 1z , 2z  - the displacements of the two masses, 

k2

k1

c1
cv

m1

m2

z1

z2

 Figure 3. Suspension active. 

In the initial step, the passive suspension response time will be analyzed by comparing the results 

of the analysis with the response time of an active suspension.  

The following numerical data were used: 

� 4001 �m kg, 

� 2002 �m kg, 
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� 80001 �k Nm, 

� 800002 �k Nm, 

� 6001 �c Ns/m.  

The active suspension response time is shown in Figure 5. 

 Figure 4. Suspension passive. 

The passive suspension response time is shown in figure 5. 

 

Figure 5. Response for suspension 

passive 

In order to obtain numerical data for the active suspension, a calculation program was developed in 

Matlab where on the basis of the relations 1 ... 10 the graphs of Figures 6 - 8 were obtained. 

The following numerical data were used: 

� �1m 200[kg] 

�  �2m 200[kg], 

�  �1k 8000[N/m], 

� �2k 80000[N/m].  

For constants 1c  were used 3 values:  
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� �1c 400 [N*s/m], �1c 600 [N*s/m] and �1c 1200 [N*s/m]. 

 

Figure 6. Closed-Loop Response with 

PID Controller for �1c 400 [N*s/m] 

 

Figure 7. Closed-Loop Response with 

PID Controller for �1c 600 [N*s/m] 

 

Figure 8. Closed-Loop Response with 

PID Controller for �1c 1000 [N*s/m] 
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6.  Conclusions 
Active suspension systems can maintain the necessary stability and comfort due to the adaptability 

of the suspension according to the driving conditions. 

In the present paper we presented the main types of active suspensions, and the model shown 

showed the efficiency of the active suspension using the Matlab computing program. 

The analysis of the three diagrams resulted in the following conclusions: 

- the damping time was reduced by about 30% 

- the mass distribution m1 has considerably decreased 

 
References 
[1] Youngjoo Cho, Byung Suk Song, Kyongsu Yi, A Road-Adaptive Control Law for Semi-Active 

Suspensions, KSME International Journal, Vol 13, No. 10, pp. 667 - 676, 1999. 

[2] Hamid Reza Karimi, A Semiactive Vibration Control Design for Suspension Systems with Mr Dampers. 
[3] Bart L. J. Gysen, Johannes J. H. Paulides, E.A. Lomonova, Jeroen L. G. Janssen, Active 

Electromagnetic Suspension System for Improved Vehicle Dynamics, IEEE Transactions On 

Vehicular Technology, Vol. 59, No. 3, March 2010. 

[4] Adaptive air suspension in the Audi A8, Home study program 292. 

[5] Guido P. A. Koch, Adaptive Control of Mechatronic Vehicle Suspension Systems, 2011. 

[6] Tomoaki Mori, Itthisek Nilkhamhang, Akira Sano, Adaptive semi-active control of suspension 
system with mr damper, Yokohama 223-8522, Japan. 

[7] Wajdi S. ABOUD, Sallehuddin Mohamed HARIS, Yuzita YAACOB, Advances in the control 
of mechatronic suspension systems, Aboud et al. / J Zhejiang Univ-Sci C (Comput & 

Electron) 2014 15(10):848-860. 

[8] M.S.P Leegwater, An active suspension system capable of economically leveling a car during 
cornering, 2007. 

[9] Ayman A. Aly, Car Suspension Control Systems: Basic Principles, International Journal Of 

Control, Automation And Systems Vol.1, No.1, January 2012. 

[10] Wolf R Kruger Ondrej Vaculin, Martin Spieck, Semi Active suspension systems for road and off 
road vehicles, Mecca 4/2004. 

[11] Hassan Elahi, Asif Israr, M. Zubair Khan, and Shamraiz Ahmad, Robust Vehicle Suspension 
System by Converting Active & Passive Control of a Vehicle to Semi-Active Control System 
Analytically, Journal of Automation and Control Engineering Vol. 4, No. 4, August 2016. 

[12] Emanuele Guglielmino, Tudor Sireteanu, Charles W. Stammers, Gheorghe Ghita Marius 

Giuclea, Semi-active Suspension Control, 2008. 

[13] Takayoshi Fujita, Takanori Fukao,Tomohiro Kinoshita,Noriaki Itagaki, Semi-Active Suspension 
Improving Both Ride Comfort and Handling Feel, 7th IFAC Symposium on Advances in 

Automotive Control The International Federation of Automatic Control September 4-7, 

2013. Tokyo, Japan. 

[14] X. D. Xue, K. W. E. Cheng, Z. Zhang, J. K. Lin, D. H. Wang, Y. J. Bao, M. K. Wong, and N. 

Cheung, Study of Art of Automotive Active Suspensions, July 2011. 

[15] Sharad S Jadhav, Dr.S.S.Kulkarni, Prof. Amod .P.Shrotri, Suspension System With Broad 
Classification And Various Models: A Review, International journal of advances technology 

in engineering and science. 

[16] Rajesh Rajamani, Vehicle Dynamics and Control, 2012. 

[17] Pandrea, N., Popa D., Parlac S, Modele pentru studiul vibratiilor automobilelor, Ed. TIPARG, 

Pitesti, 2001. 

 


