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Abstract:- For a damper design in 2D axisymmetric plot, 

Ansys Apdl 2020 R2 software has been used. Ansys Apdl 

software has been chosen over MATLAB Simulink for 

designing damper in 3D shape. For the MR damper design 

B-H curve MR fluid 132 DG had been required. For the 

designing process of the damper firstly software learnings 

have been done. Ansys Apdl is the best software for 

determining FEM analysis. Beginning of the process of 

designing, different kinds of relative permeability for the 

MR damper parts has been collected. Basically, there are 

five different kinds of parts contains in an ideal MR 

damper. In the entire research vibration control for semi-

active devices was first concern. Again, application of MR 

damper studied with proper arrangement. After defining 

the area of the MR damper, the plot data from 2D 

axisymmetric plot for damper design has been put. During 

the damper design its strongly kept in mind to design the 

damper more efficient and vibration controllable for any 

kind of vehicle. A brief study on coil wire gauge has been 

performed and implemented higher value of wire gauge to 

make the design. Accordingly, meshing of the MR damper 

has been done to see the current flow and boundary 

condition. The solution result for magnetic flux density and 

magnetic field intensity has been kept for current value 0.1 

to 1.5 to analysis those with the shear stress. Vector 

diagram and 2-D flux line had simulated for having better 

analysis data and also for understanding the behavior of 

MR fluid region. Application and limitations on MR 

damper have been investigated through the entire process 

of the writings of this research and also a logical 

comparison with shear stress vs magnetic flux density and 

intensity has been shown. 

Keywords:- MR Damper, B-H Curve, Ansys Apdl 2020 R2, 
Shear Stress. 

 

I. INTRODUCTION 

 

MR damper is an interest of research for the modern 

time. It plays a vital role in the economy of semi active 

devices. In near future MR damper will be available to control 

the vibration of semi-active vehicle more effectively than 

today [1]. It will also be available to control the vibration of 

bridges. MR damper basically capable of controlling vibration 

of any matter. It could be semi -active devices from vibration, 
buildings from earthquakes etc. For the upcoming generation 

the wants of MR damper is beggar description. MR fluid is a 

great invention of modern science and technology. MR 

Damper technology has been using for a long time to improve 

the semi-active devices [2]. MR damper has been used in 

many cars to control the vibration. To control the vibration of 

the semi- active device’s MR damper plays a significant role. 

For the higher efficiency MR damper is far ahead than any 

other conventional damper [3]. The basic construction of an 

MR fluid damper is the suspension of ferromagnetic particles 

into ferromagnetic particles. Any carrier fluid with particles 

containing mostly carbon particles, as they are relatively 
inexpensive, for procurement [4]. 

 

II. FINITE ELEMENT ANALYSIS 

 

2D flux line of a MR damper shows where to where 

electron is flowing and where the electron exists. 2D flux 

showing different values in the right side. From different 

studies it is known that 2D flux line A can be equals to the 2D 
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area E and A. 2D flux line. Dot of two products represents the 

products of their magnitude [5]. 
 

 
(a) 

 

 
Fig. 1. (a) 2D Axisymmetric Plot of MR Damper (b) 2D flux 

line 
 

In Fig 1(a): Area 01: Cylinder (Relative Permeability= 1) 

Area 02: MR Fluid (Relative Permeability= B-H Curve) 

Area 03: Air Gap(Plastic) (Relative Permeability= 0.005) 

Area 04: Coil (Relative Permeability= 1) 

Area 05: Piston (Relative Permeability= 1137) 

Current Density, Js=NI/A (where, A= Area of Electrical Coil, 

N= Number of Turns, I= Current)  

 a current density of Js=2711864.4 A/m² for N=800 turns, 

I=0.4A and Area=118x10-6 m² is used.  

 
Vector diagram has been observed as predefined values. 

Its shows the vector line for electrical coil area. From the 

figure it is clear that the vector line is moving slightly right 

side upper from the lower portion [6]. The moving vector 

particles has its own value & position. From the process given 

bellow the vector diagram of MR damper: 

 

Main Menu > General Postprocessor > Plot Results 

>Flux Pearl > Vector Diagram. Vector Diagram represents 

where the MR fluid are moving in the surface area of the 

designed MR damper. In Fig. 2 there is showing vector lines 

clearly which is continuously moving upwards. Unlike 2D flux 
the process to see the vector diagram is Main Menu > General 

Postprocessor > Plot Results >Flux Pearl > Vector Diagram. 

Vector Diagram represents the flow rate and direction of the 

MR fluid in presence of magnetic field. 

 

 
(a) 

 
(b) 

Fig. 2. (a) Mesh Analysis (b)Vector Diagram 

 

The result found for the magnetic field intensity sum 

which is known as HSUM. To get the value of Magnetic flux 

density vector sum, it has been taken average the value of 

minimum and maximum value of BSUM which can be 
described by below equation [7]. 

 

𝐻𝑎𝑣𝑔 =
𝐻𝑚𝑎𝑥+𝐻𝑚𝑖𝑛

2
               (1) 

 

For having the magnetic flux density there is an equation 

which consists current, number of turns produced by the coil,  

 

𝐽𝑆 =
𝑁𝐼

𝐴
                 (2) 

Here N= Number of turns produced by coil 

          I= Current 

        A= Area of the coil 
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Magnetic field intensity captures the fluid boundary in a 

MR coil region. Magnetic field intensity is the area where 
force applied by the north unit pole. Magnetic field intensity 

unit is A/m. [8]. 

 

Magnetic field intensity is necessary to calculate in the 

MR damper as with the increasing of magnetic field intensity 

the value of shear stress also increases. 

 

 
(a) 

 
(b) 

Fig. 3. Magnetic field intensity 

 

For the magnetic flux density, the same path has been 
followed in the result section.  

 

Main Menu > General Postprocessor > Plot Results 

>Flux Pearl > Magnetic flux density 

 

𝐵𝑆𝑈𝑀
𝑎𝑣𝑔=

𝐵𝑆𝑈𝑀𝑚𝑖𝑛+𝐵𝑆𝑈𝑀𝑚𝑎𝑥

2

     (3) 

 

Fig.  4 shows the 3D design of MR damper. 3D design of 

MR damper is much more necessary to understand the shape 
of MR damper. There had been used five materials to design 

the Damper which is clearly showing in the 3D view of the 

damper.  

 

 
Fig. 4. 3D design of MR damper 

 

III. RESULTS 

 

Magnetic flux density vs current showing in Fig 5 which 

is a linear line. For the increasing value of flux density current 

also increases. when current is 0.1 then the magnetic flux 

density is 0.8. Again, when current is 1.6 A flux density also 

1.6 A.  

 

 
Fig. 5. Magnetic flux density vs current 

 

In Fig 6 shown, the magnetic flux density for the lowest 

magnetic flux density is 0.6 it it’s clearly affected the shear 

stress with 33 and for the increasing number of magnetic flux 

density to 1 shear stress also increasing. From 1 to 1.5 shear 
stress is dropping below accordingly. Again, proceeding from 

1.5 to further shear stress is gaining again. 

 

 
Fig. 6. Shear stress vs magnetic flux density 
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Shear stress vs magnetic flux density also act 

proportionally. With the increasing value of shear stress, the 
value of magnetic flux density increases. Again, for the Fig. 7 

with the shear stress the value of current also increases. 

 

 
Fig. 7. Shear stress vs current 

 

Unlike first data, it is noticing that for the increasing 

number of magnetic field intensity shear stress is also 

increasing. Shear stress is 0 when magnetic flux density is at 

500000. again, shear stress at best high when magnetic flux 

density is at 10000000, shown in Fig 8. so, it can learn from 

the graph that shear stress does increase with the increasing 

number of magnetic flux density. 
 

Table 1. Magnetic flux density and shear stress 

Current 

(A) 

Average Magnetic 

flux density 

Shear stress(pa) 

0.1 0.807265 33.25835 

0.2 0.85337 34.1754 

0.3 0.90993 34.94334 

0.4 1.095735 34.92643 

0.5 1.025165 35.35067 

0.6 1.08438 35.02438 

0.7 1.14396 34.40196 

0.8 1.02425 33.54893 

0.9 1.264955 32.55906 

1 1.325855 31.54855 

1.1 1.387155 30.64795 

1.2 1.448795 30.01475 

1.3 1.510605 29.82878 

1.4 1.5726 30.2882 

1.5 1.63569 31.64325 

 

 
Fig 8: Current (A) versus Magnetic Field Intensity (H). 

With the increasing of current it has been witnessed that 

the magnetic field intensity can be boost. As a result, the 
vibration in semi- active devices can be controlled.  From the 

figure it shows that the figure constructed a straight line for the 

increasing value of current. For the increasing value of current 

to 1.5 the magnetic flux density is 10000000. The straight line 

changes a little bit higher for 0.9. For the increasing number of 

current value shear stress also increasing. For the current value 

1.5 shear stress is at its highest which is between 6E+29 to 

5E+29. In Fig 9 demonstrated that shear stress increases 

exponentially with the increasing number of current. 

 

 
Fig. 9: Current (A) versus shear stress (Pa). 

 

 Table 1 is showing the value of minimum magnetic flux 

density and maximum magnetic flux density which has been 

simulated from finite element analysis. For the current value 

of 0.1A to 1.5A there is the average magnetic flux density and 

shear stress. 

 

𝜏 = 52.962 ∗ 𝐵4 − 176.51 ∗ 𝐵3 + 158.79 ∗ 𝐵2 + 0.144 
 

IV. COMPARISON WITH PREVIOUS WORK 

 
For different current values of the magnetic flux density 

T is showing in the table 2 which clearly shows the difference 

between previous work and this work.  For about 15th number 

of models designed for current value 0.1 the magnetic flux 

density is 0.2527. on the contrary in Ansys Apdl 2020 R2 

software the value is 1.61453 which is clearly ahead.  

     

                                Table 2. Comparison 
Currents 

A 

Magnetic flux 

density T  

(own data) 

Magnetic flux density 

T  

(Normal Damper) 

0.1 1.61453 0.2527 

0.2 1.70674 0.3176 

0.3 1.81986 0.4610 

0.4 2.19147 0.5909 

0.5 2.05033 0.6801 

0.6 2.16876 0.7380 

0.7 2.28792 0.7951 

0.8 2.4085 0.8493 

0.9 2.52991 0.9027 

1 2.65171 0.9259 

1.1 2.77431 null 

1.2 2.89759 null 

1.3 3.02121 null 

1.4 3.1452 null 

1.5 3.27138 null 
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V. CONCLUSION 

 
In the entire research application of MR damper has been 

learnt. Vibration control of MR damper is a basic problem for 

semi-active devices. The way in this research shown graphical 

relation between magnetic flux density and shear stress, 

vibration control is very much possible to meet the needs for 

automobiles. Through the entire research further application of 

MR damper rather than semi-active devices has been 

investigated. With the continuation of magnetic flux density vs 

shear stress, a comparison of magnetic field intensity with 

shear stress logically explained. In this research a 

magnetorheological damper has been designed which has 

better magnetic flux density and magnetic field intensity than 
another damper. Better slopes for magnetic flux density vs 

shear stress, current vs shear stress, magnetic field intensity vs 

shear stress has been found in this research which designed 

damper is quite different from another damper as the wire 

gauge of the deigned damper has been increases 10 times 

bigger for having better torque and efficiency. In the designed 

damper the used materials compatibility was accurate than 

other conventional dampers. Future vibration control 

experiment will be possible by this.  
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