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Abstract: Suspension systems in modern vehicles are considered one of the essential parts in developing the vehicle 

industry; in the same way, they are the central part responsible for ride comfort and avoiding road obstacles. In this 

paper, some previous studies of passive, active and semi-active suspension systems have been reviewed. The focus 

was on reviewing the semi-active suspension system using MR damper technology to highlight the pros and cons of 

using MR. This could help to lead many researchers to deeply study this technology (MR damper) to reach the 

requirement. 
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I.   INTRODUCTION 

A vehicle's suspension system is a crucial component that shields the frame from road disturbances. This suspension 

arrangement for a standard car is shown in figure 3.1. The tyres of a vehicle must stay in constant contact with the pavement. 

The damper is the most vital component of a suspension system. Absorbing the shock lessens the effects of an unexpected 

hiccup on the road. Most shock absorbers convert vibrational energy to heat, which is then released into the surrounding 

area. The viscous damper uses a viscous fluid to turn energy into heat. The hydraulic fluid is heated in hydraulic cylinders. 

The hot air is released into the atmosphere from air cylinders. As for electromagnetic dampers, the working principle is 

different, which is" Here, a synchronous machine, induction machine, or DC motor is used to transform vibration energy 

into electricity, which is then stored in a condenser or battery for later use[1]. 

 

Figure 1: Suspension system: (a)Passive (b)Active (c)Semi-Active [2]. 
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II.   CLASSIFICATION OF VEHICLE SUSPENSION SYSTEMS 

Depending on their degree of controllability, suspension systems are divided into three categories: passive, active, and semi-

active. Even though each form of suspension system has a unique set of benefits and drawbacks, they all make use of spring 

and damper units. 

A. Passive  Suspension System 

Passive suspension systems are considered one of the most widely used systems in the automotive industry due to their high 

reliability and low cost. They contain a spring with a Passive damper. These systems give stable and specific damping 

properties. See figure (1a). 

A.C. Mitra et al. [3]. This work presents a simulation model based on the Box–Behnken architecture of RSM to analyse 

ride comfort with correct independent variables. Regression analysis is used to create a prediction model for the response 

variable, RC, which has a high level of agreement with the simulated model (R2 = 99.74%). The quarter-car model was 

used in the response analysis with the help of the Matlab/Simulink program. 

Ali I. H. Al-Zughaibi[4]. Proposed a new nonlinear friction model using a quarter-car passive suspension system. The 

experimental results and the dynamics system analysis found that there is an exact match between the experimental and 

analytical results of the nonlinear friction model. The proposed model includes most friction behaviours that appeared in 

the test results, as it is considered more accurate than the simple friction model. Figure 2 shows a device that was used to 

gain the practical results of the model. 

 

Figure 2:  (a) Photograph of the test rig. (b) Road simulator and schematic of testing equipment [4]. 

B. Active  Suspension System 

Active suspension systems are considered one of the best systems that give satisfactory results in damping vibrations. The 

passive elements in the suspension systems are replaced by a control element that gives strength to the system and is called 

an actuator. The actuator represents one of the most critical parts of a system and can be classified as an electromagnetic 

actuator, pneumatic, and hydraulic actuator. Some Literature reviews were given about this system [5]. 

Amit A. Divekar Bhushan D. Mahajan [6].focused on the development of control algorithms for suspension systems for 

a quarter car (2DOF) by proposing a control system to reduce the sprung mass displacement and known as Fussy Logic 

(FLC) control with the use of MATLAB/Simulink. Program to simulate the response results. It compared the proposed 

control system with the traditional PID, showing that the Fussy PID control device has better results. 

P. Dowds and A. O'Dwyer [7]. The study discusses the modelling of active and passive damping using a quarter-of-a-

vehicle and a full-vehicle model. While compared to the passive suspension system, the active suspension system allows 

for a much-improved regulator response, As shown in figure (3). The actuator's power usage is the most significant practical 

difficulty in establishing active suspension. The actuator is typically the controlling component of an active suspension. 
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Figure 3: Suspension response for both passive and active system [7]. 

S.Kilicaslan et al. [8]. The approaches for using ASRE and SDRE techniques to nonlinear control ASS are present in this 

work, which used a quarter-car suspension model of a Ford Fiesta Mk2. The simulations suggest that the regulation of ASS 

utilising SDRE and ASRE approaches gives good results. Both approaches' simulation results are compared to the PSS 

equivalent. Both SDRE and ASRE approaches are effective in meeting performance requirements. 

Sellami et al. [9]. The Luenberger observer approach is proposed in this study to design automobile active suspension 

systems. The key idea is to employ a bond graph approach to diagnose utilising the observer. Where it is displayed an article 

on the bond graph tool's efficacy in modelling industrial systems based on its structural qualities and ease of use as a 

graphical tool; provided us with a better representation of the physical system. 

C. Semi-Active  Suspension System 

This study was devoted to semi-active suspension systems, which have been the focus of many researchers as it mixes the 

advantages of passive and active systems. The semi-active suspension system contains a spring and damper with variable 

damping characteristics. The most important characteristic of this system is that it turns into a passive system when a 

malfunction occurs in the control system; this shows high reliability. Some literature reviews of semi-active suspension 

systems and MR dampers will be present in this part. In order to analyze the dynamic nonlinear behaviour of MR dampers, 

there are both parametric and non-parametric methods. 

LV Hongzhan et al.[10]. investigated the Bouc-Wen model, the modified Bouc-Wen model, the viscoelastic plastic model, 

and the hysteresis bi-viscous model. The experiment served as the foundation for the four models. Tests are used to measure 

the magnetorheological damper's mechanical characteristics. This study showed that, among parametric models, the revised 

Buoc-wen model had the highest accuracy in explaining the behaviour of MRD, As shown in figure (4). At lower speeds, 

the prediction error for the damping force is more significant. 

 

Figure 4: The hysterical behavior of the Bouc-wen model with voltage variation: 

(a) test device (b) force-displacement diagram (c) force-velocity diagram [10]. 

Hingane, Amit A., et al. [11]. Shows a brief comparison between the semi-active and passive suspension systems. A 

Bingham model with an MR damper was selected to be tested with the quarter car model  (2DOF), and the results were 

simulated by MATLAB/Simulink program. The results showed a clear improvement in decreasing the acceleration of the 

spring-mass when using the MR damper. 
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This article [12] examined the dynamical models of the magnetorheological damper. The expanded Bingham model was 

frequently employed. After that, the simulation was run, and the benefits and drawbacks of the two models were compared 

(figure (5). Last, a novel dynamical model based on the tangent function was presented. A simulation was used to show the 

parameters' physical significance. The simulation results demonstrated that the new model's curve was accurate and smooth. 

The simulation and research of the magnetorheological damper may be done using it. 

 

Figure 5: The force-velocity diagram for two models [12]. 

Tu, Fengchen, et al [13].Presented an experimental study of semi-active suspension systems (MRD) with the structural 

design of the MR damper, which was tested with the experimental results of the damper. The magnetic circuits are well-

designed with the structure for the MR damper. Figure (6a) shows the MR damper that was designed and tested, and on the 

other hand, figure (6b) shows the test results and their comparison with the relevant result. 

 

Figure 6: (a) MR damper (b) force-velocity diagram between experimental and analytical results[13]. 

Şahin et al. [14]. Designed, manufactured and tested the MR damper as shown in figure (7), where eight parametric models 

were used to explain the behaviour of nonlinear MR dampers. Also, an evaluation was made between three parametric 

algebraic models and five ordinary differential parametric models. The results showed that the parametric algebraic models 

better predict the hysterical behaviour of the damper MR. 

 

Figure 7: MR damper tester[14]. 

Choi, S-B[15]. have compared the measured and predicted damping strength of the Bingham, Buoc-wen and the polynomial 

proposed model. The two results show that the Bingham model provides good damping power, but it cannot predict all 

behaviours of the MR damper. On the other hand, either the Buoc-wen or polynomial model has predicted the nonlinear 

behaviour of the MR damper well. 
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III.   SEMI-ACTIVE VIBRATION CONTROL STRATEGIES 

Because the MR damper can only be directly instructed to change the voltage applied to its electromagnet, as a result, in a 

control system that determines the damper force necessary for the system to respect a reference model, a damper controller 

is also necessary. For the damper's actual force fa to match the desired force fd, this controller calculates the voltage v that 

should be supplied. Some control strategies developed and tested for the system controller include H control, fuzzy logic 

control, flexible neural network control, Skyhook control, linear quadratic Gaussian control, and sliding-mode control 

robust control [16]. 

Haiping Du et al. [17]. This study investigated how an MR damper is adapted to a quarter-car model in conjunction with 

a polynomial model derived from testing data and an appropriately built static output feedback H∞ controller shown in 

figure (8). The performance of this technique, as tested by numerical simulation, has proven that despite its simplicity, With 

the polynomial model of the MRD and the static output feedback H∞ controller, equivalent performance to active 

suspension can be achieved. 

 

 

Figure 8: Comparison of practical and analytical results of MRD behavior[17]. 

Ahmed E. et al. [18]. have studied and simulated semi-active suspension systems using PSO and LQR technology as a 

system control unit using the Matlab/Simulink environment. By comparing the simulation results, it was concluded in this 

paper that the PSO technique gives better and more accurate results to improve the performance of the car suspension while 

reducing vibrations. 

K.Dhananjay Rao [19]. Has been used a MATLAB Simulink model to evaluate the effectiveness of a semi-active system 

for a quarter automobile model utilising a PID controller. This study's dynamic system is linear. Essential vehicle suspension 

performances like wheel displacement, wheel deflection, suspension travels, body acceleration, and body displacement can 

be captured using a linear system. The system takes two types of road profiles. According to the results, the proposed PID 

controller enhances the body and wheel displacement performance. 

Alisina S.et al.[20].A theoretical and experimental study using semi-active suspension systems in a quarter-car model with 

control units was presented. It was used in the Skyhook, fuzzy and On-Off control systems, and the damper control unit 

was represented by Havsid technology. Figure (9) shows the simulation results for the control techniques with the MR 

passive suspension system. 

 

Figure 9: The response of the suspension system with the different types of control systems [20]. 
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IV.   CONCLUSION 

This chapter reviews some literature specialising in automobile suspension systems, concentrating on semi-active 

suspension systems that use MR dampers. The main objective of the previous literature is to reach a dynamic model that 

explains the behaviour of the MR damper with high accuracy in order to be used practically. On the other hand, this field is 

complicated because of the non-linear behaviour of MR fluids, which are non-Newtonian fluids. From the literature 

reviewed, it was concluded that the parametric models are the most polarising for researchers because of the theoretical 

physical behaviour through which the hysterical interpretation of the MR damper is interpreted. On the other hand, the 

Modify Bouc-wen model is considered one of the most accurate models in numerical analysis. 
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