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ABSTRACT: One of the most important challenges in using active vehicle suspension systems is 
the high energy consumption of these types of systems. The use of the energy harvesting system is 
one of the ways to reduce energy consumption in active suspension. In this paper, by designing a new 
optimal controller of the vehicle’s active suspension system and the energy harvesting system, their 
interaction with them has been investigated. The active control loop calculates the required force to 
realize the desired mechanical performance. The method is based on the constrained nonlinear predictive 
control algorithm obtained from the continuous model of the system. Also, the mechanical indices of the 
suspension system, including travel comfort and road-holding, are managed by the weight coefficients 
defined in the active control algorithm. The effect of the weight coefficients on the maximum harvesting 
of energy, while achieving the desired mechanical performance is another issue that has been addressed 
in this article. The simulation results for two types of the road show that the proper use of the active 
control algorithm leads to the realization of the desired mechanical performance along with the maximum 
harvesting of energy.  Also, the external energy consumption of the active control system is significantly 
reduced.
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1- Introduction
The active suspension system is designed to isolate 

the vehicle body from rod roughness while keeping good 
contact between the tire and the road. In designing an active 
suspension system, the control algorithm plays a significant 
role to provide the conflicting objectives, simultaneously 
[1, 2]. One of the most important challenges of the active 
suspension system is the high external energy consumed by 
the external actuator. For this purpose, energy harvesting 
mechanisms are used [3]. Investigating the interaction of the 
active suspension and the energy harvesting systems has been 
very important for researchers [4, 5]. 

In the current paper, the model of an active vehicle 
suspension system with a nonlinear spring and damper is 
introduced. Also, the energy harvesting mechanism which 
includes a linear permanent magnet generator, a full-wave 
rectifier, and a storage source is applied to the system. The 
predictive optimal constrained controller has been designed 
for the active suspension system. By adjusting the weighting 
coefficients in the optimal control algorithm, different 
strategies can be applied to the system. Simulation is carried 
out for various weighting factors of the optimal controller 
to choose the proper one considering both mechanical 
performance and energy efficiency. The rest of the simulations 
are performed with the chosen weighting factors for various 

excitations.

2- Proposed System Model
The quarter model of an active suspension system with 

an energy harvesting mechanism is shown in Fig. 1. The 
dynamic equations of the model are as follows:
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Fig 1. Quarter model of active suspension system 
with an energy harvesting system 

Also, the electrical circuit for the energy 
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governing equation of the electrical circuit is as 
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Fig. 2. Electrical circuit of energy harvesting system 

3- Controller Design 
The optimal control force is obtained as 

follows: 

max 1 2

1 2

max 1 2

;         :  0, 0
;     :  0, 0

;       :  0, 0

a

a a optimum

a

f if g g
f f if g g

f if g g







  
  
  

 

(4) 

where 

 (1)

1- Introduction 
The active suspension system is designed to 

isolate the vehicle body from rod roughness 
while keeping good contact between the tire 
and the road. In designing an active suspension 
system, the control algorithm plays a significant 
role to provide the conflicting objectives, 
simultaneously [1, 2]. One of the most 
important challenges of the active suspension 
system is the high external energy consumed by 
the external actuator. For this purpose, energy 
harvesting mechanisms are used [3]. 
Investigating the interaction of the active 
suspension and the energy harvesting systems 
has been very important for researchers [4, 5].  

In the current paper, the model of an active 
vehicle suspension system with a nonlinear 
spring and damper is introduced. Also, the 
energy harvesting mechanism which includes a 
linear permanent magnet generator, a full-wave 
rectifier, and a storage source is applied to the 
system. The predictive optimal constrained 
controller has been designed for the active 
suspension system. By adjusting the weighting 
coefficients in the optimal control algorithm, 
different strategies can be applied to the system. 
Simulation is carried out for various weighting 
factors of the optimal controller to choose the 
proper one considering both mechanical 
performance and energy efficiency. The rest of 
the simulations are performed with the chosen 
weighting factors for various excitations. 

2- Proposed System Model 
The quarter model of an active suspension 

system with an energy harvesting mechanism is 
shown in Fig. 1. The dynamic equations of the 
model are as follows: 

s s s d em am x f f f f      (1) 

                         
us us s d em st

dt a

m x f f f f
f f

   
 

 
(2) 

where emf KI  and I  is the electrical current 
in the generator. 

 

Fig 1. Quarter model of active suspension system 
with an energy harvesting system 

Also, the electrical circuit for the energy 
harvesting system is depicted in Fig. 2. The 
governing equation of the electrical circuit is as 
follows: 

 s a s a
dIE V R R I L
dt

     
(3) 

 

 

Fig. 2. Electrical circuit of energy harvesting system 

3- Controller Design 
The optimal control force is obtained as 

follows: 

max 1 2

1 2

max 1 2

;         :  0, 0
;     :  0, 0

;       :  0, 0

a

a a optimum

a

f if g g
f f if g g

f if g g







  
  
  

 

(4) 

where  (2)

where emf KI=  and I  is the electrical current in the 
generator.

Also, the electrical circuit for the energy harvesting 
system is depicted in Fig. 2. The governing equation of the 
electrical circuit is as follows:

1- Introduction 
The active suspension system is designed to 

isolate the vehicle body from rod roughness 
while keeping good contact between the tire 
and the road. In designing an active suspension 
system, the control algorithm plays a significant 
role to provide the conflicting objectives, 
simultaneously [1, 2]. One of the most 
important challenges of the active suspension 
system is the high external energy consumed by 
the external actuator. For this purpose, energy 
harvesting mechanisms are used [3]. 
Investigating the interaction of the active 
suspension and the energy harvesting systems 
has been very important for researchers [4, 5].  

In the current paper, the model of an active 
vehicle suspension system with a nonlinear 
spring and damper is introduced. Also, the 
energy harvesting mechanism which includes a 
linear permanent magnet generator, a full-wave 
rectifier, and a storage source is applied to the 
system. The predictive optimal constrained 
controller has been designed for the active 
suspension system. By adjusting the weighting 
coefficients in the optimal control algorithm, 
different strategies can be applied to the system. 
Simulation is carried out for various weighting 
factors of the optimal controller to choose the 
proper one considering both mechanical 
performance and energy efficiency. The rest of 
the simulations are performed with the chosen 
weighting factors for various excitations. 

2- Proposed System Model 
The quarter model of an active suspension 

system with an energy harvesting mechanism is 
shown in Fig. 1. The dynamic equations of the 
model are as follows: 

s s s d em am x f f f f      (1) 

                         
us us s d em st

dt a

m x f f f f
f f

   
 

 
(2) 

where emf KI  and I  is the electrical current 
in the generator. 

 

Fig 1. Quarter model of active suspension system 
with an energy harvesting system 

Also, the electrical circuit for the energy 
harvesting system is depicted in Fig. 2. The 
governing equation of the electrical circuit is as 
follows: 

 s a s a
dIE V R R I L
dt

     
(3) 

 

 

Fig. 2. Electrical circuit of energy harvesting system 

3- Controller Design 
The optimal control force is obtained as 

follows: 

max 1 2

1 2

max 1 2

;         :  0, 0
;     :  0, 0

;       :  0, 0

a

a a optimum

a

f if g g
f f if g g

f if g g







  
  
  

 

(4) 

where 

 (3)

*Corresponding author’s email: Mirzaei@sut.ac.ir
                                  
                                  Copyrights for this article are retained by the author(s) with publishing rights granted to Amirkabir University Press. The content of this article                                                  
                                 is subject to the terms and conditions of the Creative Commons Attribution 4.0 International (CC-BY-NC 4.0) License. For more information, 
please visit https://www.creativecommons.org/licenses/by-nc/4.0/legalcode.



R. Azmi et al., Amirkabir J. Mech. Eng., 54(12) (2023) 555-558, DOI: 10.22060/mej.2023.21412.7444

556

3- Controller Design
The optimal control force is obtained as follows:
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consumed in the active control, stored power in the energy 
harvesting system, and net consumed power were presented. 
The proposed active control law provides the ability to 
achieve the optimal mechanical indices of the suspension 
with less energy consumption.
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power saved in the harvesting system 

 

Table 1. Performance indices in control logic  
Control logics 

Index 
AC1 AC2 AC3 

acc  smof  RMS  0.21 0.424 0.81 
Consumed energy  209.5 153.5 141.4 
Harvested energy 40.21 30.98 29.66 
Net consumed energy 169.3 122.5 111.8 

 
5- Conclusion 

In this research, the interaction of active 
control and energy harvesting systems was 
studied. The effect of adjusting the weight 
coefficients of active control on both 
mechanical indices and energy harvesting was 
investigated. As a result, the most suitable 
combination for controlling mechanical indices 
with minimum energy consumption was 
introduced. In order to clarify the importance of 
using the energy harvesting system in active 
suspension, the power consumed in the active 
control, stored power in the energy harvesting 
system, and net consumed power were 
presented. The proposed active control law 
provides the ability to achieve the optimal 
mechanical indices of the suspension with less 
energy consumption. 

References 
[1] M. Madany, Z. Abduljabbar and M. Foda, Optimal 
preview control of active suspensions with integral 
constraint, Journal of vibration and control, 9 (2003) 
1377-1400. 
[2] L.G. Rao and S. Narayanan, Preview control of 
random response of a half-car vehicle model traversing 
rough road, Journal of sound and vibration, 310 (2008) 
352-365. 
[3] M. Abdelkareem, L. Xu, M.K.A. Ali, A. Elagouz, J. 
Mi, S. Guo, Y. Liu, L. Zuo, Vibration energy harvesting 
in automotive suspension system: A detailed review, 
Applied energy, 229 (2018) 672-699. 
[4] Y. Suda and T. Shiba, A new hybrid suspension 
system with active control and energy regeneration, 
Vehicle system dynamics supplement, 25 (1996) 641-
654. 
[5] R. Wang, R. Ding and L. Chen, Application of hybrid 
electromagnetic suspension in vibration energy 
regeneration and active control, Journal of Vibration and 
Control, (2016) 1–1. 



This
 pa

ge
 in

ten
tio

na
lly

 le
ft b

lan
k


	Blank Page - EN.pdf
	_GoBack




