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ABSTRACT:  In this paper a brief introduction to MR damper and its various types with a brief introduction to 

vehicle primary suspension system is presented along with analysis of a semiactive suspension system. Isolation from 

the forces transmitted by external excitation is the fundamental task of any suspension system. The heart of a semi 

active suspension system is the controllable damper. In this paper, the ride and handling performance of a specific 

vehicle with passive suspension system is compared to semiactive suspension system. The body suspension wheel 

system is modeled as a two degree of freedom quarter car model. 

 
 Simulation is carried out using MATLAB/Simulink. The developed design allows the suspension system to behave 

differently in different operating conditions, without compromising on road-holding ability. Controller has been 

developed for semi active suspension. The result shows improvement over passive suspension method. 
 

KEYWORDS: MR Damper, Active suspension system, Semi Active suspension system. 

 

I. INTRODUCTION 

 

A damper (shock absorber) is a mechanical device designed to smooth out or damp shock impulse, and dissipate kinetic 

energy. MR damper technology was originally developed by General Motors for use in the Cadillac and Chevrolet 

Corvette in 1998[1]. In recent years, a flurry of interest has been shown for a relatively old technology called magneto-

rheological fluids, or MR fluids. Multiple types of devices have been designed to implement this versatile fluid, 

including linear dampers, clutches, work-piece fixtures, and polishing machines. The devices have been used in 

automobiles, washing machines, bicycles, prosthetic limbs, and even smart structures. The MR dampers provided a 

more stable ride than that of the OEM dampers. By reducing suspension displacement, settling time, and suspension 

oscillations, the MR dampers were able to reduce suspension geometry instability[2]. A MR damper consists of a 

hydraulic cylinder containing MR fluid that, in the presence of a magnetic field, can reversibly  

 

change from a free-flowing, linear viscous fluid to a semisolid with controllable yield strength in fraction of a second. 

Magneto-rheological damper (MR damper) has been expected to control the response of civil and building structures in 

recent years, because of its large force capacity and controllable force characteristics. 

 

I.I Task of automotive suspension system on vehicle:  

1) To isolate a car body from road disturbances 

2) To keep road holding 

3) To support the vehicle static weight 

Primary suspension is the term used to designate those suspension components connecting the axle and wheel 

assemblies of a vehicle to the frame of the vehicle. This is in contrast to the suspension components connecting the 
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frame and body of the vehicle, or those components located directly at the vehicle’s seat, commonly called the 

secondary suspension[4]. There are two basic types of elements in conventional suspension systems.  

These elements are springs and dampers. The role of the spring in a vehicle’s suspension system is to support the static 

weight of the vehicle. The role of the damper is to dissipate vibrational energy and control the input from the road that 

is transmitted to the vehicle. The basic function and form of a suspension is the same regardless of the type of vehicle 

or suspension[5]. Vehicle Primary Suspensions is divided into passive, active and semi-active systems. In Semiactive 

suspension system, the conventional. 

 

 In Semiactive suspension system, the conventional spring element is retained, but the damper is replaced with a 

controllable damper. Magnetorheological (MR) damper is a kind of semiactive device. A wide range of Magneto-

rheological (MR) fluid based dampers are currently being explored for their potential implementation in various 

systems, such as vibration control devices and suspension system. The main function of vehicle suspension systems are 

to minimize the vertical acceleration transmitted to passengers to provide ride comfort and to maintain the tire road 

contact to provide holding characteristics, and to keep suspension travel small. In this paper, performance of semiactive 

suspension model (2DOF) based on the Bingham model subjected to random road excitation is compared with passive 

suspension system. This semiactive vehicle suspension shows improvement over passive vehicle suspension. 

 

I.II  MAGNETORHEOLOGICAL FLUID: 

        A magneto rheological fluid (MR fluid) is a type of smart fluid in a carrier fluid, usually a type of oil. When 

subjected to a magnetic field, the fluid greatly increases its apparent viscosity, to the point of becoming a viscoelastic 

solid. Importantly, the yield stress of the fluid when in its active ("on") state can be controlled very accurately by 

varying the magnetic field intensity. The upshot of this is that the fluid's ability to transmit force can be controlled with 

an electromagnet, which gives rise to its many possible control-based applications as shown in Figure 1. 

 

 

 

 

 

       

 

 

 

 

 

 

 

 

I.III  WORKING OF MR FLUID: 

With no applied magnetic field (off state), MR fluids behave with Newtonian-like characteristics. Applying an external 

magnetic field through the fluid activates MR fluids, causing the micron-sized particles to form magnetic dipoles along 

the lines of magnetic flux, as shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

Figure1: Schematic of a magneto rheological fluid 

 

 

Figure 2 : Off-state MR Fluid particles (left). Aligning in an 

applied magnetic field (right) 
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The dipoles align parallel to the induced magnetic flux lines to form chain-like Structures of iron particles between the 

north and south pole. The ferrous particles that form each of the chains resist movement out of their respective flux 

lines, and the amount of resistance is proportional to the intensity of the applied magnetic field. The reluctance of the 

ferrous dipole chains to move result in a restriction of the fluid flow. 

 

II. BINGHAM MODEL 

 

          The idealization of the visco-plastic MR damper model presented in uses similarities in the rheological behavior 

of ER and MR fluids and the similar techniques in the modeling of ER dampers In the rheological structure in Figure 6, 

on which the Bingham model is based, there is a Coulomb friction element fc placed parallel to the dashpot c0.[7] 

 

 

 

 

 

 

 

 

 

 

 

 

According to Bingham’s MR damper model, for non-zero piston velocities ẋ, the damping force fa can be expressed as 

 

    

 

 

Where fc is the frictional force, C0 is the viscous damping parameter; f0 is the force due to the presence of the 

accumulator. This last simplification in the model results from the assumption that the elasticity replacing the 

accumulator activity has a low stiffness and linear characteristics. 

 

III. MODELLING OF SYSTEM 

 
III.IQuarter Car Model with Semi active Suspension System: 

The proposed system is 2DOF quarter car vehicle with a MR damper. The dynamics of the damper are modeled with 

the Bingham model i.e. first model used to describe the behavior of MR damper. The Bingham model contains the 

nonlinear behavior of a viscous fluid going through an orifice. 

 

III.II  Notations 

ms represents one quarter of sprung mass; mu represents unsprung mass (wheel, damper and spring etc.); xs and xt are 

the masses displacement and q represents the road disturbances, kt is the tire stiffness; ks is the spring between wheel 

and chassis[3]. 

 

 

 

 

 

 

 

 

 

 

Figure 3:  Schematic of Bingham model 
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For the controller, (ẋs) and (ẋt) represents absolute velocity of sprung mass and unsprung mass respectively. Controller 

generates the voltage v in the MR damper and it modifies the force fa of semi active suspension. The motion equations 

of the car body and wheel of this model are as follows, 

 

 
 

IV. ACTIVE SUSPENSION SYSTEM 

 

To provide the vehicle with improved ride quality, handling and performance under various operating conditions, the 

concept of an active suspension emerged. The spring and shock absorber in conventional system are replaced by a 

forced actuator in an active system. The actuator may also be installed in parallel with a conventional suspension 

spring. Operating conditions are continuously monitored by sensors. Based on the signals obtained by sensors and 

prescribed control strategy, force in the actuator is modulated to achieve improved ride, handling and performance. 

Generally speaking, optimum control strategy is defined as the one that minimizes the following: 

1) RMS value of the sprung mass acceleration. 

2) RMS value of suspension travel. 

3) RMS value of dynamic tire deflection. 

Usually these quantities are multiplied by weighing factors, and then combined to form an evaluation function. Various 

control theories have been applied to establishing the optimum control strategy to minimize the evaluation function. 

The active suspension can also be used to control the height, roll, dive and squat of vehicle body. By exercising height 

control, ride height of vehicle body can be kept constant despite change in load. This ensures adequate suspension 

travel for negotiating bumps. It should be noted, however, that an active suspension system requires significant external 

power to function, and that there is also a considerable penalty in complexity, reliability, cost and weight.There is a 

four different type for car suspensions. In our model we modeled and analyzed only one suspension type. The 

following figure shows an active suspension of automobiles. Active suspension systems are different from the 

traditional passive suspensions especially with energizing, damping characteristics and retention features. 

 

 

 

 

 

 

Figure 4: Quarter car vehicle with MR damper 
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V. SIMULINK MODELS OF ACTIVE AND SEMI ACTIVE SUSPENSION SYSTEM 

 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VI   Parameters taken for Simulation of both Active and Semi-Active Suspension Systems 

 
 

 

 

 

 

VII.     RESULTS OF SIMULINK AND DISCUSSION OF RESULTS 

 

 

 

Semi-active Suspension Parameter Active Suspension 

400 Ms or M2 400 

40 Mu or M1 40 

 
 

 

Figure5 : MATLAB/Simulink Model of Semiactive Suspension System based on  Bingham Model 

 

 

Figure 6 : MATLAB/Simulink Model of  active Suspension System based on Bingham Model 
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2500 Ca 2500 
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The percentage variation in maximum sprung mass acceleration of semiactive suspension system based on Bingham 

model is 20.52% from passive suspension system. So it shows that semiactive suspension system gives lower value of 

maximum sprung mass acceleration for given random road excitation. 

 

VIII. CONCLUSION 

 

The semi active suspension system and active suspension system with MR damper (Bingham Model) is simulated. The 

simulation results shows that active suspension system with Bingham model gives lower value of maximum sprung 

mass acceleration for given random road excitation. Hence suspension model with active suspension provides good 

passenger comfort and vehicle stability than semi active suspension system. 

 

 

 

 

 

Figure 7 : For Semi Active suspension system. 

 

 

Figure 8 : For Active suspension system : 
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