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Abstract 
 

The new materials have revealed the development of technology that has 

been utilized to promote the presentation of constructions to efficiently 

suppress vibration. Recently, considering the controllable fluids and its 

applications by researchers have increased with given their benefits such as 

lower power requirements, mechanical simplicity and large force capacity to 

a semi-active control system. The fluids which are used in 

Magnetorheological dampers improved their mechanical features. The 

current excitation change that is created by the damper force is applied to the 

eectromagnet that is present in the inner side of the damper. To use the 

benefit of this notable tool, a supreme model is needed to be able to precisely 

estimate damping force according to superior present the behavior of 

hysteresis damper. The Spencer model has been widely utilized for MR 

damper to characterize hysteresis behavior because of supreme covrege of 

nonlinear area of hysteresis loop among of parametric model. Despite this, 

the simulation and experimental results still have significant variations. Here, 

it is used a novelty model according to the Spencer model to simulate the  
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nonlinear hysteretic behavior of damper by recognizing the, current, 

frequency, and amplitude excitations as displacement and velocity as input 

variables. This proposed model has a better advantage than the Spencer 

model traditionally the unknown parameters in which if a various grouping 

of excitation parameters is preferred, it should be re-evaluated. Experimental 

results were performed in the damping force testing machine to validate the 

simulations. Sinusoidal displacement input was provided to the laboratory 

test damper. For this paper, the force that are caused by the hysteresis 

damping forces estimated by the advanced model are confirmed by various 

frequency, current and amplitude excitations with using of MATLAB 

simulations. Simulation prediction have high similarity with experimental 

results which validates the model’s capability to estimate the hysteresis 

damping force precisely. 

 

Keywords: Modelling, simulation, excitations, MR damper RD-8040-1,  

Spencer model. 

 

Nomenclature 
 

MR damper                              Magnetorheological damper 

                                                Hysteresis force 

                                              Experimental force 

Z                  evolutionary variable 

t                                                time 

y                                              internal displacement of damper  

                                       Fixed coefficient 

                                               Frequency of the excitation 

                , β, n, A       characteristic specification 

ci, di, Fz0i, αi, ki, γi                constants 

                                            amplitude of the excitation displacement 

E                                              error 

                                             Evolutionary force allied zero velocity  

I                                               Current 

                                               Critical Current 

                                              mean rate of the measured force 

                                                Displacement 

 ̇                                              velocity 

 

1 Introduction 
 

In the upcoming years, to minimize the causes of evironmental loads like 

major earthquake and wind an significant progress has been designed, 

developed and approved. However, In japan currently, several structures are 

implemented by the semi-active control systems, but it is not full adopted to 

minimize the causes of natural hazards on structures in the structural control 

system by the engineering community.  
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 This non-acceptance raises some questions about reliability, stability, power 

requirements, cost-effectiveness, etc. In order to maximize the acceptance of 

the structural contro system an interesting and intelligent device control and 

methods are constantly evolving to point out these problems.   

MR dampers are effective and suitable tools to use the mitigation of the 

vibration in most of the applications, especially aerospace, civil and 

automotive engineering. Usually, The hydraulic cylinder contained in the 

MR damper contains microscopically measurable particles that can be 

dispersed in hydrocarbon oil. MR fluid have more resistance to flow due to 

the presence of magnetic fields the particles are polarized. Therefore, the 

mechanical properties by controlling the magnetic field can be changed the 

MR damper. Various models present the behavior of MR dampers to 

improve. To describe the damper two models named Quasi-static and 

dynamic model are present. A quasi-static load means a load that is applied 

gradually, and the structure also deforms very gradually (the strain rate is 

very low), so the inertial force is very minute and cannot be cancelled. On 

the other side, a dynamic load vibrates a structure, and the inertial force is 

large enough to be considered. Although quasi-static models can reasonably 

describe the displacement of MR damper' attitude, they are not enough to 

define nonlinear velocity-damper behavior. Some researchers that improved 

the quasistatic models for smart dampers are introduced by [1-7]. It is 

performed using many dynamic models to overcome. The models are 

classified into parametric and non-parametric. These model can be used to 

reduce and control the vibration damper. This paper is  focusing on the 

parametric model. The parametric models are more accurate with a more 

variety. They are defined as a standard or a distribution and solve the 

problem according to formula. In contrast, the non-parametric models are 

free distribution and do not have assumption for error. In general, parametric 

models make a strong assumption (dynamics equation) about underlying 

process. 

 

2  Literature Review  
 

The Bouc-wen model was originally stared by Bouc [8] to provide a 

function that expressed mathematical expressions for the hysteretic 

phenomenon system when the system is independent of time and because of 

the extreme nonlinearity of the function he used the one type of the Stieltjes 

integral. Later, Wen [9] explained the smooth hysteresis model based on the 

formulation of Bouc. However, in [10] used the Bouc-wen formula to apply 

an equivalent to a mechanical model. They used in practical in structure to 

describe velocity for damper with applied clipped optimal controller under 

earthquake. Spencer introduced the new Bouc–Wen hysteresis design for MR 

dampers [11]. That is capable to take the force in the low-velocity area in the  
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experimental data. This model has been widely selected to gain its ability, a 

wide value of forms of hysteresis curves that consistent with the features of a 

long-ranging of actual nonlinear hysteresis systems by some researchers such 

as Spencer's team, Vinogradov [12] and the same year, Spencer and Dyke 

introduced the model with generalized of parameters with an applied voltage 

that displayed accurately and forecast the attitude of the MR damper for a 

fluctuating magnetic field and improved the modeling accuracy under a wide 

value of operating conditions, such as phase excitation, random displacement 

at constant or random voltage. This model has difficulties because it has too 

many parameters to identify so, this is the limitations of the Spencer model. 

Stanway proposed the Bingham model which explained the ER 

(Electricalrheological) behavior and later for MR when the Coulomb friction 

element  is equivalently placed to viscous damper [13] and [14]. They used 

MR (and ER ) to describe the behavior of liquids. Plastic viscosity has been 

explicated in this method as the slant of the calculated  shear stress against 

the shear strain data. The width of the hysteretic loop is narrow for Bingham 

model. Gamota introduced a modified Bingham model by parametric 

viscoelastic– plastic model [15]. This model is a series of Bingham models 

that has a standard model with linear solid, and the usual differential 

formulas are very rigid due to the nonlinear friction element of the Colom. 

Therefore, it requires very small time steps to simulate with explicit 

integration methods. Yang [16] investigated the occurance of MR fluid 

viscous  along with the inertial and shear-thinning impacts. He improved the 

Bouc-Wen model by the damping constant with a reducing function in 

accordance with the absolute speed. Jimnez modeled a developed LuGre 

dynamic friction to describe the behavior of the MR dampers [17]. Arsava 

presented some models to estimate the shock isolation performance of RD-

8040-1-type MR damper under effect loads and found the Bouc-Wen Model 

with fitting rates of models was about 3% [18]. Study of [35] implimentaed 

hybrid multiphysics model which is combination of the FE electromagnet 

model and hydraulic lumped parameter model. [36] described Bouc wen 

model using the PZT actuators and identification of the parameters of 

hysteretic PZT by hybrid adaptive differential evolution and Jaya algorithm. 

A polynomial model has promoted by Choi which covers the excitation 

current as a variable input. A combination of parameter sets can be 

considerably larger but this solution is not accurate [19]. As he is searching 

for a search space solution, the ultimate solution cannot be logically similar 

to real hysterics. Therefore, the significant variations have been recorded 

between the experimental data and the simulations by available models. On 

the other hand, one of the main difficulties in these models is the assessment 

of its fixed parameters. For the identity of those who can use the 

optimizations and then the error should be decease between the results of 

experimental works and predicted simulation. Here, it proposed a new 

Spencer model with including frequency, amplitude and current excitations 

as input variables, additionally, the specific parameters in the simple Spencer 
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tradition are not stimulated by frequency, current, or amplitude functions. 

But, in recent years, they are focusing on simple Bouc-wen to modify with 

different exactions.Hence, the evaluated variables have described the 

behaviour of measured MR damper with certain different conditions; if 

different sets of excitation parameters are considered, it is recalculated, 

which is especially costly in terms of computation. Therefore, Wang 

introduced the equivalent characteristic method, which studies the relations 

among the phenomenon of hysteresis and amplitude and frequency as well as 

the current exhilaration  [20]. Later, Dominguez studied a current dependent 

Bouc–Wen model with the type of RD-1005-3 that for any desired excitation 

current is capable to forecast the force of hysteresis by MR damper and 

frequency and amplitude are not included of the stimulus as a variable input 

[21]. Consequently, if the excitation frequency and amplitude change, the 

characteristic parameters are re-evaluated.  And then they extended the 

model according to the Bouc–Wen model which perform the inputs are 

current, amplitude and frequency excitation [22] and recently some 

researchers are using this technique (different excitations as input variables) 

for a different model [23] but most of them using optimization to improved 

models. Xiang [24] updated Dominguez model with developed damping 

coefficient, the elastic coefficient, and the evolutionary variable under high 

impact loads. This model uses only a nonlinear auxiliary differential equation 

to define the hysterical behaviour of the MR damper, which is very 

challenging when combining various impact loading cases with different 

types of current signals. Ali [25] improved a new model by considering the 

causes of displacement amplitude and input current of the excitation 

separately in specifications as a quadratic function of the amplitude and 

linear for current. And using the optimization to find the optimal parameters 

in constraints area. Peng are modified BWBN design which Describing the 

distorted attitude of the MR damper hysteresis using the Bouc-Wen-Baber-

Noori method, it shows a soft hysterical slip model with a 'slip-lock' element 

that can explain the "spending" of the hysteresis loop to solve the force-lag 

phenomenon in pinching hysteretic [26]. Recently, Cheng [27] used the Tanh 

model based on Kwok [28] which used hyperbolic tangent function with 

changing the input current and also the frequency and amplitude excitations 

to improve the original model. 

In this paper, it focused on three type of excitations (frequency, 

amplitude and current) as input variables to develop of spencer model to 

simulate the hysteresis curve for any satisfactory inputs. It is necessary to 

confirm that some researches have been performed stronger system 

identification parameters in the field of modelling of hysteretic systems. 

These models can neither be non-parametric nor hybrid-nonparametric. 

The purpose of this work is to formulate excitations of the frequency, 

current, and amplitude-based on the model by Spencer and Dyke which can 

show the more similarity between the lab and prediction works for any type 

of excitation. Following, a short explanation of the MR damper and the 
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experiment are presented. The experimental data and the simulation results 

are considered together for various groupings of mentioned excitations 

(frequency, amplitude and current) to verify the model. Also, error analysis 

in displacement, velocity and time are explained, which validates the 

precision and efficiency of the design to catch the hysteresis behaviour. 

 

3 MR Damper Characteristics and Experimental Setup 
 

The MR damper-RD-8040-1 (cylindrical type) is illustrated in figure 1. 

The MR damper is commonly described as a semi-active damper controller 

of that can be adjusted regularly using the minimum required source. 

 

 
 

Figure 1 MR Damper Design RD-8040-1 (short stroke) with the Current Driver 

[29]. 

 

Hysterical behaviour testing was performed on the MR damper design 

RD-8040-1 produced by Lord Company, USA, which contains maximum 

pressure nitrogen gas (300 psi) that was taken to laboratory of university of 

Chamran, Ahvaz, Iran, for measured analysis in the damping force analysis 

machine as illustrated in Figure 2. The viscous and shear property of MR 

fluids are maintained by a functional magnetic field and  that have been 

mentioned as a operation of the excitation current. A maximum current of 2 

A can be utilized as the steering signal to applied to coil; However, when 

testing to protect the MR damper against any possible damage, it was limited 

to 1.5 A. All information for the damper of RD-8040-1 is displayed in Table 

1. In the experiment  the MR damper is installed on between two sides, on an 

electro-hydraulic vibration and the other side has a sensor as a force 

transducer. Test runs are taken at different ranges of current, frequency and 

amplitude applied to the damper. As a result, the response signals calculated 

by the position sensor (LVDT) and the load cell (for force) is returned to the 

computer to implement all information gaining with input and output signals 

by a data acquisition board. During every test run, by the Wonder Box of 

Lord Corporation design RD-3002-03 (control driver) is applied a fixed 
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current to the coil and the currents are measured using a multimeter. The 

current given is measured by DC clamp current meter. In other words, there 

is a converter with fixed input voltage and output current which is monitored 

on the MR damper response as for the current although the input voltage can 

be measured to denote the damper response. The inputs of the MR damper 

are harmonic excitations in various excitations (       (    )  as shown 

in Table 2. 

 
 

Figure 2 Schematic of Experimental Setup [37] 

 

Table 1 Specification Data of Fluid Damper RD8040-1 

 
Lord MR damper RD-8040-1  

Specification Range 

Extended length (mm) 208 

stroke length (mm) 55 

Body Diameter (mm) 

Shaft Diameter (mm) 

42.1 max 

10 

Weight (g) 800 

Operating temperature (°C) Damper should be 

stored -40 to +100 (-40 

to +212 °F) 

Electrical component: 

Maximum curret input (A) 

Input voltage (VDC) 

Resistance (Ω) 

 

2 max 

12 DC 

5 Ω at ambient 

temperature 7 Ω at 71°C 

Mechanical component: 

Maximum extension force (N) 

maximum tensile strength 

Maximum operating temperature 

(deg) 

MR fluid (MRF132-DG) data 

 

2500 

8896  

71°C max 

Response time (ms) 

(amplifier & power supply dependent) 

<15 (time to reach 90% 

of max level during a 0 

to 1 amp step input) 
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Table 2 Different Levels of Sinusoidal Excitation Frequency and Current in a 

Velocity Amplitude 2πfa (M/S) (Range 0-0.8) for Experimental Test 

 

Input frequency         displacement amplitude            Current    supplied 

    f (Hz)                A (mm)                                          I(A) 

 

2.5                                 2.54                0 

                             

5                                  4                                0.25    

   

7.5                                6.35                                        0.5 

 

10    9                 0.75 

 

12.5                  12.7                   1 

 

15                  16                 1.25 

 

17.5                  19.5                                1.5 

                 

  

3.1 Proposed Model 
 

A mechanical model of the proposed design has been illustrated in Fig 2. 

 
Fig 3 Mechanical Model of MR Damper [11] 

 

In the model, the total damping force is explained by Spencer which is 

managed by the following equations: 

    ( ̇   ̇)    (   )    (    )        (1) 

here the evolutionary size variable z is controlled by the following 

equation; 
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 ̇    | ̇   ̇| | |     ( ̇   ̇)| |    ( ̇   ̇)      (2) 

Here,   - MR damper scaling range which is simiar to the material yield 

stress [30],     and   - damping coefficients at large velocity and less 

velocity respectively and    - spring stiffness which has been implemented 

to regulate the rigidity at high velocities and     defined as the damprs 

accumulator stiffness with    is the starting displacement of MR damper due 

to accumulator effect [31].  - dampers internal displacement. The 

evolutionary variable  - dampers hysteretic deformation. A, β, γ, n are model 

parameters to manage the figure of the hysteresis loop, in other words, these 

are the adjusting parameters. These specifications are also used to control the 

smoothness of pre-production transfer to the post-yield area. The major 

difficulty of Spencer method is to find and describe the characteristic 

parameters and the most common techniques to solve this problem is 

optimization methods which utilized to predict the characteristic 

specifications of the design but because of the unlimited solution space, these 

methods are expensive and more costs because of the computational to make 

the optimal variables that is not capable of explaining the the behaviour 

hysteresis of the MR damper in a precise manner [22]. During estimating the 

number of model coefficients aother issue arises due to this. In other words, 

this is due to the assumption of a linear association among the applied current 

parameters and the model. The relationship between applied current and 

unknown model parameters are nonlinear and must be performed to the 

superior prediction of the model parameters. 

 

 
 

Figure 4 Hysteresis Curve with Its Linear, Viscous and Hysteresis Bouc–Wen 

Components [21]. 

 

Spencer has explained the impact of the variable n on the hysteresis 

loop’s shape. He found that increased, the radius of curvature near the P1 and 

P2 transmission points decreased, known as the transfer rate points as 
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illustrated in Figure 4. Considering   = 2 [32] and [33]. The parametric 

investigations reveal that this power parameter n has a significant effect on 

the hysteresis loop when 1< <2 and practically no effect when  > 2 [34], so, 

most effected see in n=2 and also, the response exhibits a linear hysteretic 

behaviour when  =0, a hardening hysteretic behaviour when  <0 and a 

softening hysteretic behaviour when  >0. On the other hand, the impact of β 

variable on the distinctive hysteresis curve is highlighted in Figure 4. It has 

been monitered that, the radius of curvature ,smoothness of the curve has 

decreased in the near close of the points P1 and P2 when the parameter β 

increases. In consideration with this, it is possible to approximate the 

hysteresis phenomenon of MR dampers in better way with the assumption of 

β = 0. 

Relying  on the sign of z,  ̇ and  ̇ , Equation 2 rewrite as Equation 3 and 

the effect of the parameters   and    that explained above, assigned as 2 and 

0 respectively. 

  
√  

 
     (√  (( ̇   ̇)    ))  

For (                            ) 

                               (3) 

  
√  

 
     (√  (( ̇   ̇)    )) 

For                              ) 

It is noted that Equation 3 is utilized to determine    and the    (as the 

integration constants) the lower and higher hysteresis loops, respectively. 

The fixed variables A and γ determine the shape of the hysteresis curve and 

the evolutionary force has been investigated by        .so, the points (    , 

 ̇   ̇   ) and (    ,  ̇    ̇  )  The evolutionary forces are at zero 

speed, and for the higher and lower parts of the hysteresis curves, the speed 

can be obtained with zero evolution. The integration constants    (with 

around the minimum velocity point which can ignored because y is a very 

small value compare to x but for    is obtained with given force of part    

mines initial force (about 39 N)) and     as explained by [21] can be defined 

using the coordinate point (      ̇   ̇   ). And also, considering the 

coordinate point (   =0, ̇  ), the parameter γ, α and then     and    (same 

formula of      with minimum velocity because stiffness tends to zero) be 

defined. 

Here, the changing all characteristic parameters against the excitation of 

current for a 5 Hz frequency and amplitude 6.35 mm given in experimental 

results is shown in Figure 5 for the path of the parameters when the current 

increases from 0 to 1.5 A. 

As displayed in fig 4, constants   ,   ,     ,     α ,γ are the operations of 

current exhilaration. Therefore, Equation 1 all parameters dependent current 

has been rewritten. 

  (   
  )(      

  )   ( )( ̇   ̇)    ( )(   )    ( )(    )  
 ( )                             (4)   
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Here   is the frequency of the excitation,             are fixed coefficient 

using from [22] and z is the evolutionary parameter, which has been provided 

through the subsequent differential equation: 

 ̇( )   ( )| ̇   ̇|| |(   )   ( )( ̇   ̇)| |   ( )( ̇   ̇)         (5) 

 

 
Figure 5 The Characteristic specification    ,       ,     α, γ and    , versus the 5 Hz 

Current Excitation and Amplitude of 6.35 mm. 

 

The individual effect of parameters  ( )  ( )       are assumed to be 

1, 0 and 2, respectively as before said. There is a linear association amidst the 

variables and current excitation,     and     Moreover, a closer look at the 

results showed that the specific parameters    ,   and     to stimulate in low 

current linearly and for high current exponentially with the following 

relationships: 

   ( )  

{
 
 

 
        (       (    )                                      

 
 

    
       

  
                                          

            (6) 
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   ( )  

{
 
 

 
          (        (    )                                      

 
 

     
         

  
                                          

 (9) 

 

  ( )                                  (10) 

 

  ( )                   (11) 

 

 ( )                  (12) 

 

where 26 constant parameters    ,    ,    ,    ,    ,    ,    ,    ,   , 

  ,   ,   ,     ,     ,     ,     ,    ,    ,    ,    ,   ,   , ,          and 

   calculated and defined the characteristic shape parameters dependent the 

current excitation to superior describe the behaviour of MR dampers, it must 

be determined in some way. For this specific MR damper as mentioned by 

[22], the critical current was reported approximately 0.25 A and indicated the 

results with great settlement and agreement between the lab and prediction 

works for frequencies above 0.5 A with the error of nearly 5%. On the other 

hand, a close look shows that there is some discord (about 25%) between 

experimental results and the prediction impacts of minimum current 

excitations (I = 0.25 A). Equation 3 be updated with current dependent 

parameters to the below form: 

 ( )  
 

√ ( )
    {√ ( ) [( ̇   ̇)  

 

√ ( )
        (

   ( )√ ( )

 ( )
)]} 

For (                            )              (13) 

 ( )  
 

√ ( )
    {√ ( ) [( ̇   ̇)  

 

√ ( )
        ( 

   ( )√ ( )

 ( )
)]} 

For (                              ) 

 

3.2 Validation of the Model 
 

With knowing the output and inputs of the MR damper can be simply 

assessed, not like the traditional Bouc–Wen model, used and stimulates 

specific parameters for only one current, frequency or amplitude. 

According to the characteristics of the damper measured in lab, the 

parameters of Bouc-Wen in mechanical model were determined. In the first 

step, find all the unknown specifications in various currents, then get the 

relationship in the middle of damping current and current, frequency and 

amplitude, piston rod speed and displacement. As explained here, the 

constant parameters have been predicted in a way that the predicted model 

can be matched perfectly with experimental results. The 26 parameters 

introduced in Table 3. It is exciting to know that all parameters are confirmed 

for each set desired from  aforementioned excitations. To another mean, the  
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model can estimate the MR damper's hysteresis behaviour without each re-

evaluation of the characteristic parameters under any excitation conditions. 
 

Table 3 All Parameter Results 

 

Parame

ter 

Unit Valu

e 

Parame

ter 

unit valu

e 

    N.s.m
-

1 
150    Nm

-1 
750 

    N.s.m
-

1
 

310    Nm
-1

 1380

0 

    A
-1 

0.8    A
-1 

3.8 

    N.s.m
-

1
 

20    Nm
-1

 90 

    N.s.m
-

1
 

825      N 7 

    N.s.m
-

1
 

1705      N 310 

    A
-1

 4.4      A
-1

 1.3 

    N.s.m
-

1
 

110      N 1.32 

    Nm
-1 

121    m 5.08 

    NA
-1

 

m
-1 

450    s rad
-

1 
0.33

3 

    Nm
-1

 11.1    s rad
-

1
 

0.25

1 

    NA
-1

 

m
-1

 

43    - 0.45

1 

   m
-2 

2000   , m
-

2
A

-1 
680 

 

Figure 6 demonstrates the simulation of the model and experiment with 

the hysteresis force-time, which is created for the 17.5 Hz frequency, the 

6.35 mm amplitude and various range of current exhilaration. Based on the 

results, the model can accurately estimate the force of the hysteresis. The 

simulation results are shown for hysteresis speed and hysteresis displacement 

force and different frequency, amplitude and excitation groupings of them 

have been experimented, the comparison data of which are highlighted in the 

Figures 7-8-9. Fig 7 illustrates the effects of the frequencies of 5, 10 and 17.5 

Hz at various values in the excitation of current (0.00, 0.25, 0.50, 0.75, 1.00, 

1.25 and 1.5 A). The amplitude of frequencies is supposed to be 6.35 mm. 

Also, for various ranges of excitations, the simulation, and experimental 

results are shown in Figures 9. 
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Figure 6 Hysteresis Force-Time Compared Between the practical and Model For 

Various Currents. 

 

 
(a1) 

 
 

(b1) 
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                 (c1 ) 

 
           (a2) 

 
          (b2) 
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           (c2) 

Figure 7 Comparison of Practical Data and Models Provided for the 

different Current. (a1,a2) 5.0 Hz and Amplitude 6.35 mm.(b1,b2) 10.0 Hz 

and Amplitude 6.35 mm. (c1,c2) 17.5 Hz and Amplitude of 6.35 mm. 

 

The plots for Fig 7 represent which there is a rational and acceptable 

accord between the test results and the simulation. Mathematical modelling 

was performed for a specific frequency of excitation to show the behaviour 

of the MR damper. Therefore, according to the same procedure, 

mathematical models can calculate perfectly the damper' characterises at 

various groups of current and other excitation frequencies and a high 

generalized design is gained for estimation of the damper behaviour. They 

can make more use of the semi-active control method for building vibration 

using the MR damper. The damping force-velocity diagram in Figure 8, at 0 

A current, is an almost straight line that passes through the source, as is the 

case with any normal passive viscous damper. In high currents, the slope of 

the graph rises and it gains much more force for the equal velocity range 

amplitude. The force versus displacement graphs illustrates that for each 

given frequency of input fluctuations if the current applied to the MR damper 

increases, the damping force increases. The area under the force-

displacement curve is energy loss. From the force displacement plots, the 

higher values of the applied current cause more energy to be lost by the MR 

damper. 

The force-displacement graphs for various frequencies (2.5, 5.0, 7.5, 10, 

12.5, 15 and 17.5 Hz) at three fixed ranges of current, 0.5 A, 0.75 A and 1.5 

A, are illustrated in Figure 7. The velocity of the damper is proportional 

directly to the result of frequency and amplitude length. Because the 

amplitude length is kept fixed for all practical steps and increasing the 

frequency increase the damper velocity proportionately. For any given 

current, we can see from the graphs in Figure 8 while the frequency 

increases, the damping force, and energy loss by the damper increase. This 

suggests that the MR damper model also be utilized in passive and semi-

active suspension as a damper. 
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           (a2) 

 
(b2) 

 
         (c2) 

Figure 8 Differentiation between the Practical and the Model data for the different 

Frequency of 2.5, 5.0, 7.5, 10, 12.5, 15 and 17.5 Hz. (a1,a2) I = 0.5 A and Amplitude 

of 6.35 mm. (b1,b2) I = 0.75 A and amplitude of 6.35 mm.(c1,c2) I = 1.5 A and 

Amplitude of 6.35 mm. 
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             (a2) 

 
            (b2) 

 
       (c2) 

Figure 9 Differentiation between the Practical and the Model data for the different 

Amplitude of 2.54,4, 6.35,9, 12.7,16 and 19. 5 mm. (a) I = 0. 5 A and Frequency of 5 

Hz. (b) I = 0.75 A and Frequency of 5 Hz. (c) I = 1.5 A and Frequency of 5 Hz. 
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As it is seen, there is a very acceptable agreement between the lab and 

practical model for harmonic excitations. So, the MR damper hysteresis force 

for each of the desired combinations of the mentioned excitations can be 

performed simply and without re-calculation of parameters. With this feature 

of its ability, it is ideal for semi-active control. The proposed model can 

precisely and with adequacy predict the force of hysteresis compared to 

previous models. The normalized error for determining the quantity of the 

difference between the experimental and the model data is determined by the 

next equation. 
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Where      - experimental force and         is the force got from the 

model.           ̇  are errors in time, displacement and velocity domains 

respectively.    isconsidered as the the mean range of the practical force in 

the time  T and    is the standard deviation. 

Using the equations above, the relative error for most figures is below 

10%. So, Optimization algorithms can be utilized to more perfectly predict 

the parameters and so decrease the error. In Figure 10, it is shown the graphs 

of the orginal Spencer model as force-time,displacement and velocity. The 

spencer’error is compared with the proposed model’error in Table 4 and the 

proposed model is more accurate and precise. 

 
Figure 10 Comparison Between Exprimental and Simulation of the Spence Model 

[11] 
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Table 4 Normalized Errors in Time, Displacement and Velocity Domains for 10 Hz 

frequency and Amplitude of 6.35 Mm. 

 

                                    Current (A) Spencer 

(1997)[11] 

 0 

A 

0.25 

A 

0.5 

A 

0.75 

A 

1.00 

A 

1.25 

A 
1.5 

A 

 

   0.127 0.09 0.079 0.067 0.049 0.034 0.024 0.0351 

   0.079 0.03 0.014 0.012 0.0109 0.009 0.009 0.0228 

  ̇ 0.019 0.017 0.015 0.013 0.011 0.006 0.0038 0.0445 

 

Table 4 indicated the results with a good settlement of comparison of the 

predicted model and laboratory test works for frequency with current above 

0.5, the error is about 1%. Regarding the above figures, it is achievable with 

an acceptable error between the prediction and experimental works for 

aforementioned excitations as a result of the validating which the method has 

the capacity to estimate the hysteresis force in MR damper precisely and with 

adequacy. The high current accuracy is better than small current based on the 

compare.  Compared with the spencer model the error has reduced and also, 

here, the simple model [22] has errors of up to 13% for velocities, 5% for 

displacements and 9% for a time. So, if the parameters of the Spencer model 

are defined by a single current excitation, the model may not precisely 

estimate for other currents levels. And also, if this model utilizes only one 

nonlinear differential equation to explain the MR damper's hysteretic 

behaviour, which includes various impact loading cases with very different 

signal differences, it is very challenging. As a result, for the accurate 

parameters for better showing the nonlinear behaviour of the damper, it 

should use different excitations cases as the proposed model. 

 

4 Conclusion  
 

In this paper, a new hysteretic model according to the Spencer model 

proposed which can estimate the hysteresis force under different excitations 

of the current, amplitude and frequency as a variable. To achieve this 

purpose, first, the parameters of the model have been evaluated precisely and 

with adequacy. The results have explained which the predicted parameters 

have an exponential or linear relationship with the current excitation. 

Besides, from the test laboratory, it was found that the force of hysteresis has 

an almost different relationship with the stork and frequency of stimulation. 

As a results, a new spencer model with different excitations have been 

introduced as input variables to reproduce the MR damper's force. The force 

measured by the data collected from experimental experiments performed on 

the MR damper has been confirmed. The results made by the proposed have 

been presented an excellent acceptance of the model with the lab data. 

According to the error in time (2.4 %), displacement (9%) and velocity 
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 (3.8 %) in error study have also been managed to describe the acceptable 

error between the measured results and laboratory works. The value of error 

is satisfactory compared with those published in the literature and also 

compared with the spencer model the error has reduced. 
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