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Abstract: Magnetorheological fluid (MRF) is smart material through its inherent properties of change 
in viscosity with externally applied magnetic field. The main aim of this paper design the rotary 
damper and optimization of geometrical parameter which are influential in the enhancement of 
damper characteristics by using optimization technique and design of experiment. Mechanical 
optimization of the different Geometrical parameter of a rotary damper has been carrying out. Effect 
of different dimension for different geometrical parameter like: Rotor Radius, Gap height, Rotor 
Length and magnetic coil dimensions. Magnetic optimization of Magnetic-Field  Intensity and 
Magnetic-Field  density has been done using FEMM software. In the present work optimization of a 
damper parameters is discussed in order maximize the damper performance with low volume of MR 
fluid and high magnetic flux density. 
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1.Indroction 

 

     Magnetorheological fluids(MRF) is smart fluids, 

which react with an applied magnetic field by a change in 

rheological properties, various kinds of MR fluid have 

already been invented and used as main materials for 

different application. Change in shear stress correlate with 

the intensity of external magnetic field in the MR fluid, 

which we call the MR effect is shown in Fig -1. It is very 

high as compare to viscosity of its carrier fluid. MR effect 

is very stable, quick and reversible. Its response time is 

some milliseconds.   

 
  
 

    

  
 
 
 
 
 
Fig. 1 Shear flow and Magnetic flux Direction in MR fluid 
 

        MR fluid made up of iron particles dispersed in a 

carrier fluid. MR fluid Rheological properties change 

extremely in the presence of a magnetic field, which makes 

chain structure and provide resistance against the flow. 

Under field responsive impact, particles within the MR 

liquid are energized by the connected attractive field and 

adjust themselves along the line (Fig.2 b) in direction of 

the magnetic flux. The interaction between the particles 

acts like a resistance to the applied force.   

 

 

                                           (a) 

   

 

                                           (b) 
 

 Fig.2 MR fluid without Magnetic field(a) and with Magnetic 

field(b)                                                                                                          

The level of deformation resistance is dependent up on 

applied magnetic field quality, without the attractive field 

the field comes back to its original phase (Fig 2a). 

Straightforward interface between electrical power input 
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and mechanical power produce and exact controllability 

makes it most attractive for some modern application, 

Because of these MR fluids advantage many application 

like torque governable devices e.g., clutches, brakes,  and 

damper.[1] 

      A damper is a noteworthy segment of suspension 

framework that gives comfort and controllability[2]. 

However, electrically controlled suspension framework 

has been utilized to enhance the dynamic execution of 

vehicles, such as a system are as yet constrained because 

of intermittent damping power auxiliary many-sided 

quality, and high cost. To address these impediments, 

semi dynamic suspension framework with magneto-

rheological (MR) liquids has been generally 

contemplated [3-5]. A MR liquid has variable yield shear 

pressure that depends upon attractive field power. Weight 

decrease and upgrades in the execution of mechanical 

framework that are MR liquid have been examined as of 

late[1,6,7]. 

         The researchers have led the investigations of a MR 

fluid devices invention, As the first generation of the 

rotational MR Breaks. Some investigates and 

organizations[1][8][9] have created single disk brakes, in 

which shear stress of MRF produced at first glance 

(single surface or both surface) of a disk are changed in 

to its braking torque. At that point, Kavlicoglu B. et 

al[10] connected a multi-plate (multi-layered circle) 

structure for high-torque MRBs. A few analysts have 

directed the investigation on MR damper with blend of 

shear and squeeze mode by utilizing Finite Element 

Method Magnetics(FEMM). Parlak et al[11] completed 

plan advancement of MR damper utilizing taguchi 

configuration test to get the ideal setup of MR damper. 

Nguyen et al[12] geometric measurement, the span of 

loop wire and current utilizing FE Analysis. Gao et al[13] 

Present geometric improvement of MR damper for 

prosthetic knees utilizing molecule swarm streamlining 

to lessen the vitality utilization and weight decrease. 

      Unlike related studies in the literature objective of the 

paper is to optimize geometric parameter which are 

influential in the enhancement of damper characterist ics 

by using optimization technique and design of 

experiment. In this paper MR rotary damper design is 

represented which has a rotational cylinder, magnetic coil 

and housing, the MRF is poured into a gap between the 

cylinder housing and rotating cylinder. A magnetic coil is 

put in the inside the cylinder which is generating the 

magnetic flux in the perpendicular direction of shaft 

rotation. In the present of magnetic field the MR fluid 

behaviour changes and generates the MR effect for 

damper. 

      Mechanical optimization of the different Geometrical 

parameter of damper has been carrying out. Effect of 

different dimension for different geometrical parameter 

like: Rotor Radius, Gap height, Rotor Length and 

magnetic coil dimensions. Magnetic optimization of 

Magnetic Field Intensity and Magnetic Field density has 

been carrying out by using FEMM. In the present work 

optimization of damper parameter is discussed in order 

maximize the damper performance with low volume of 

MR fluid. 

      The methodology followed in this work is shown in 

Fig.3 

 

       

                    Fig.3 Flow chart of  Methodology        

 

2.Design Procedure  

2.1 Conventional MRF Damper   

Since MRFs have the intrinsic property of changing their 

yield stress contingent upon the application magnetics 

field, devices composed utilizing MRFs might be 

controlled effectively by differing the current through the 
electromagnetic coil put in the device. 

       The disk-moulded damper shown in Fig.4 consist of 

two plates one associated with the information shaft and 

the other to the output shaft of the damper the MRF fills 

the little gap size between the two plates. The curl is put 

in the lodging as appeared in the Fig.4. As the attractive 

field-in the gap is expanded by expanding the current 

through the curl. The MRF in the gap gets actuated. This  

outcome in more torque being transmitted from the info 
shaft to the out-turn shaft. 
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Fig. 4 Single-disc damper  

       At that point as the second era of the disk type MRF 

Damper connected a multi-plate structure for high-torque 

although, their devices has millimetre estimated gap (0.5-

1.0mm) for the MRF layers and it causes a high attractive 
resistance. Appeared in Fig.5 

Fig. 5 Multi-plate damper [10] 

2.2 MR rotary cylindrical damper  

      In this paper optimization of a new type magneto 

rheological fluid (MRF) Damper which has a rotational 

cylindrical type rotor. Fig. 6 shows its basic structure. 

 

Fig. 6 Cylindrical MR rotary damper 

  In this fig.6 the MRF is poured in between the gap of  

outer and inner rotary cylinder. A magnetic coil is put 

inside of the cylinder and generates  magnetic fluxes is in 

perpendicular direction of the shaft rotation. The change 

in rheological properties of MRF is just at the area in 

which much magnetic fluxes passes through it. After 

basic design, detail design of the system was done using 

Creo parametric CAD software. It has shown in Fig.7 

 

Fig. 7 Exploded view of MR fluid damper 

  The end goal to expand the braking torque of the 

cylindrical rotary MRF Damper, 3coil design is as a 

show in Fig 8. In this structure, Direction of current 

passing through the intermediate coil is opposite in 

direction compare to upper and lower coil, which 

generated the opposite direction magnetic flux.  

 

    

 

 

 

 

 

 

 

 

     Fig.8 Multi coil structure in cylindrical MRB 

3. MR Damper Calculation 

3.1 Analysis of torque  
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Damping torque is produced by change in contact 

between the turning vane and MR liquid because of 

progress in the attractively dependant consistency of the 

MR liquid. The attractive field of the MR liquid is 

controlled electronically by the extent of the current 

(which relies upon the quantity of solenoid curl turn) and 

fundamentally by the material around the loop.  

       Braking torque created in the tube shaped MR liquid 

brake can be separated in the to an attractive field-

subordinate initiated yield stress part TB and viscous 

segment Tn:[14] 

                            
22 rwT BB                                (1) 

 

                           h

wr
T




3

12


                            (2) 

                                                                                                

                                                                                                                                                                                                                                                                                                                                                                                                

The total torque T, 

T = TB + Tn 

3.2 Force Calculation  

 The design of the Rotary vane’s radius R, length Lv  and 

the height of the gap h within which the MR fluid will be 

sheared, direction determines the magnitude of both the 

active yield force and passive viscous force. Using the 

maximum sink rate and transmitted force so the damping 
force can be describe as known in below formula, 

                                             (3)     

                                                   R = Vane radius  

                                               H = Gap height  

                                               L = Vane length 

                                               τ = Shear stress of MR fluid 

                                               Rs = Shaft radius 

 3.3 MR fluid Volume Calculation 

       In this paper MR fluid volume consider as main 

thing. As the volume of MR fluid is increases the cost of 

damper is increases.  From the geometric dimension 

volume of MR fluid is calculated. Further parametric 

study is included for optimization of geometric 

dimensions of damper with higher magnetic flux density 
an lower volume. 

      

 

4.Parametric study 

 There is need to calculated different parametric for 

finding optimum design dimension which are force, 

volume of MR fluid, Gap height, Vane length, Magnetic 

flux density and intensity 

Parts Name Symbol Design Range 

Vane radius Rv 47-51mm 

Vane length Lv 60-90mm 

Gap height H 0.5-1.5mm 

Output Shaft 

diameter 
Ds 25.4mm 

 

Table.1 Dimension range for rotary cylindrical damper   

optimization  

4.1 Effect of different parameters on Force 

        With the help of equation (no 3) we have found 

force for different Rotor radius(R), different Gap height 

(h) and for different rotor length. All result shown in 

graph  

 

 Fig. 8  Force vs. Rotor radius plot 

      Fig. 9  Height vs. Force plot   
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  Fig. 10 Length vs Force 

4.2 Magnetic optimization  

        In this paper, by using FEMM software magneto 

static analysis is done, and it gives the value of  

Magnetic-Field  Intensity and Magnetic-Field  Density. 

All material and magnetic properties, including the B-H 

curve along the Rotor length, were entered into the 

software, the design was optimized in view of the highly 

attractive flux density. 

  In a design of damper, MR effect of MR fluid is very 

important, which is chosen by the outside magnetic field. 

Design of MR damper magnetic field distribution is very 

important investigation to enhance damping 

performance. Optimization finished with design of a 

magnetic loop at with FEMM software by change in 

length of coil, Number of turns; place of coil, etc for the 

simulation reasons made  MR fluid Rotary damper 

FEMM software and design parameter tacking from 

Table 1 and different material use in design of 

Cylindrical damper can be shown in Fig.11   

        

        

 

 
        

          

 

 

 

 

 

 

Fig. 11 MR damper in FEMM 

      For Fig.11 wire diameter is 28AWG number of turn 

in coil is 600 and current is 1A and material for MR 

Damper is 416 steels. It generating a colour density plot 

it seen like below  

  

Fig. 12 Magnetic flux distribution 

      So follow this method and taking different 

materials for MR rotary damper component so the results 

shown in below graph  

 

  Fig. 13 Length of rotor vs magnetic field Intensity plot 

 

      Fig. 14 Length of rotor vs magnetic field Density plot 

           The plot between length of rotor vs MF Intensity 

and length of rotor vs MF Density at coil area there is 

low magnetic force and without coil area there is high 

magnetic force that shown in fig.13 and fig.14. To find 
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out optimum value of parameters Design of experiment is 

carried out with different levels. 

   

4.3 Design of experiment(DOE) 

More than one input parameter influencing an the 

response or output to solve this problem DOE is 

used[15]. Different kind combination of the parameter is 

distinguished. These are referred to as design points a  

Various combination of design point are chosen and 

arrangement of examination are performed with 

identified set of parameters within the range specified the 

upper and lower limits of factors are mentioned in table 

2. The DOE is led by thinking about the focal composite 

plan (CCD) conspire. Absolutely 25 runs are produced 

and the reactions are assessed for each run 

 

 

Table.2 Design of Experiments  

 

 

 

 

4.4 Optimization the Parameter Using Grey 
Relation Analysis Method   

In the grey relational analysis(GRA)[16], exploratory 

outcomes were first standardized and after 

 

Run 
Radius-

mm 
Gap-mm 

Length-
mm 

Force-N 
Volume-

mm3 
M.F intensity (H)-

A/m 
M.F Density 

(B)-T 

1 47 0.5 60 1338.826772 45681.2538 324964 0.408362 

2 47 0.75 70 1578.449567 59493.13255 120371 0.348602 

3 47 1 80 1822.88126 76196.5588 112230 0.329011 

4 47 1.25 90 2072.158937 95791.53255 81711.9 0.251379 

5 47 1.5 100 2326.319685 118278.0538 77206 0.239332 

6 48 0.5 70 1628.42378 50237.3938 156293 0.430164 

7 48 0.75 80 1880.291339 65824.94255 140445 0.395132 

8 48 1 90 2137.079055 84366.8388 96149.1 0.288962 

9 48 1.25 100 2398.824016 105863.0826 89121.2 0.270862 

10 48 1.5 60 1453.943622 86039.6738 81747.4 0.251474 

11 49 0.5 80 1938.591496 54944.2538 186584 0.493371 

12 49 0.75 90 2203.000512 72370.27255 130148 0.37157 

13 49 1 100 2472.440945 92813.4388 106491 0.314931 

14 49 1.25 60 1498.336299 78593.75255 78948 0.244007 

15 49 1.5 70 1765.495906 97535.2138 77287.1 0.23955 

16 50 0.5 90 2269.923307 59801.8338 143984 0.403082 

17 50 0.75 100 2547.170472 79129.12255 96382.1 0.289556 

18 50 1 60 1543.396535 70764.3588 111709 0.327743 

19 50 1.25 70 1818.325787 88558.54255 77714.2 0.240693 

20 50 1.5 80 2098.410079 109432.6738 67022.3 0.211544 

21 51 0.5 100 2623.012598 64810.1338 96191.6 0.289071 

22 51 0.75 60 1589.124331 62551.49255 122737 0.354214 

23 51 1 70 1871.934488 79135.5988 93201.7 0.281416 

24 51 1.25 80 2159.973858 98862.45255 88953.9 0.270426 

25 51 1.5 90 2453.279528 121732.0538 57854.3 0.185838 

International Journal of Pure and Applied Mathematics Special Issue

1996



           

Table. 3 Data pre-processing, Grey relation coefficient and Grey relational grade calculated 

  

that, the grey relational coefficient was figured from the 

standardized test to express the connection between the 

desired and real experimental data. Then, the grey 

relational grade was computed by averaging the grey 

relational coefficient according to each process reaction 

(3 responses). The overall assessment is depends on the 

grey relational grade.  

       In the study, a linear data pre-processing method for 

the MF flux is the higher-the-better and for MR fluid 

volume lower–the-better. (Table 3)                                      

4.5 Results and Discussions 

Table 3 shows the Grey relation co-efficient and grade or 

given range of geometric dimension and values of MR 

fluid volume and magnetic flux density. From that 

response of GRA calculated as shown in Table 4. 

As per the table 4 most influent parameter for magnetic 

field density and MR fluid volume are Height and gap of 

MR fluid. Radius is having less effect on both the 

parameters.  From table 4 Optimum parameter selection  

based on the higher values of each parameter for each 

given different 5 levels. From that for radius level 5 gives 

maximum values at level 5 which is maximum at 51mm 

and for MR fluid gap maximum values at level 5 which is  

1.5 mm. But for height of the damper is maximum at 

level 2 which is 70 mm. table 5 shows the optimum 

parameters for both the conditions of lower the volume 

and height  the magnetic flux density. 

Run 
Smaller the 

better(volume) 

Higher the 
better(MF 
intensity) 

DEVIATION 
(volume) 

GREY RELATIONAL CO EFFICEINT 

volume MF intensity GRG 

1 0.999996663 3.672312001 3.33723E-06 0.99999 0.299606 0.64979969 

2 0.818383288 0.982104114 0.181616712 0.73355 0.68217 0.70786028 

3 0.59874875 0.875057527 0.40125125 0.55478 0.718686 0.63673524 

4 0.341093049 0.473772863 0.658906951 0.43144 0.899103 0.66527192 

5 0.045416184 0.414524464 0.954583816 0.34374 0.933711 0.63872575 

6 0.940087654 1.454445043 0.059912346 0.893 0.557241 0.72511874 

7 0.735125869 1.246058566 0.264874131 0.6537 0.60622 0.6299614 

8 0.491317158 0.663608631 0.508682842 0.4957 0.803662 0.64967878 

9 0.208661523 0.571198275 0.791338477 0.3872 0.847453 0.61732387 

10 0.469320932 0.474239655 0.530679068 0.48512 0.89884 0.6919787 

11 0.878196818 1.852743554 0.121803182 0.80411 0.482698 0.64340564 

12 0.64906086 1.110662582 0.35093914 0.58759 0.642939 0.61526237 

13 0.380252215 0.799595009 0.619747785 0.44653 0.746869 0.59669928 

14 0.567227879 0.437430146 0.432772121 0.53604 0.92002 0.7280282 

15 0.31816526 0.415590854 0.68183474 0.42307 0.933064 0.67806757 

16 0.814324154 1.292593128 0.185675846 0.72921 0.59455 0.66187902 

17 0.560188261 0.666672365 0.439811739 0.53202 0.802287 0.66715431 

18 0.670177134 0.868206861 0.329822866 0.60254 0.721157 0.66184745 

19 0.436200148 0.421206822 0.563799852 0.47001 0.929675 0.69984391 

20 0.161724714 0.280618269 0.838275286 0.37362 1.022677 0.69814616 

21 0.748469661 0.664167467 0.251530339 0.66531 0.803411 0.73435985 

22 0.778168695 1.013214816 0.221831305 0.69268 0.672244 0.6824632 

23 0.560103104 0.624853059 0.439896896 0.53197 0.821464 0.67671848 

24 0.300713304 0.568998435 0.699286696 0.41691 0.848553 0.63273388 

25 -7.0742E-07 0.160067586 1.000000707 0.33333 1.118633 0.72598302 
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Levels 
Parameters 

 A(radius) B(gap) C(height) 

1 0.65967857 0.68291258 0.68282344 

2 0.66281229 0.66054031 0.69752179 

3 0.65229261 0.64433584 0.64819646 

4 0.67777417 0.66864035 0.66361502 

5 0.69045168 0.68658024 0.65085261 
Table. 4 Response table for GRA value 

Table. 5 Optimal parameter obtained from GRA  

technique 

     According to optimization method MR Damper 

should be Radius (51), Gap height (1.5) and Rotor length 

(70) so paper main objective can be fulfil. 

5.Conclusion 

       In this paper, Geometrical optimization of MR 

Damper is carried out using theoretical calculation, 

FEMM software and Grey Relation Analysis Method. 

The Purpose of Optimization is to minimization of MR 

fluid volume and maximizing of Magnetic flux density. 

Optimization is done by using design of experiments and 

Grey Relation  Analysis Method. The parameter such as 

force, MR fluid volume, Magnetic flux density and flux 

intensity has been optimized to get objective of this 

paper. The optimum values of an MR damper parameter 

were searched between lower and upper boundaries. The 

optimum result acquires from GRA methods. The 

parameter value which full fill our objective. Optimize 

design parameters are helpful for development of 
Rotatory MR damper. 

References 

[1] M. R. Jolly, J. W. Bender, and J. D. Carlson, J, 
Intell. Mater. Syst. Struct. 10, 5–13 (1999) 

[2] I.P. Kung, W.K. Baek suv sterring with MR 

damper 13, 26 (2009) 

[3] Q. H. Nguyen, J. C. Jeon, and S. B. Choi,  Appl. 
Mech. Mater.52–54,371–377 (2011) 

[4] Kum-Gil sung, seung-bok chai electronic control 
suspension 28 , 31-39 (2011) 

[5] A. Turnip, S. Park, and K. S. Hong, Int. J. Precis. 

Eng. Manuf. 11,209–218, (2010) 

[6] K. Karakoc, E. J. Park, and A. Suleman 
automotive brake 18, 434–447 (2008) 

[7] Shapna.E,2K.Kavitha., " Blocking Misbehaving 

Users In Cross Domain Network", International 

Journal of Innovations in Scientific and 

Engineering Research (IJISER), Vol.2, no.2, 
pp.22-27, 2015. 

[8] J.-H. Lee, C. Han, D. Ahn, J. K. Lee, S.-H. Park, 

and S. Park, ScientificWorldJournal 2013, 
894016 (2013) 

[9] J. D. Carlson and M. R. Jolly, Mechatronics 10, 
555–569 (2000) 

[10] S.-B. Choi, H.-S. Lee, and Y.-P. Park, Veh. Syst. 

Dyn. 38, 341–360 (2002) 

[11] B. M. Kavlicoglu, F. Gordaninejad, C. A. 

Evrensel, Y. Liu, N. Kavlicoglu, and A. Fuchs, 
19,235  (2008) 

[12] Z. Parlak, T. Engin, and İ. Şahin, J. Mech. Des 

135,81008 (2013) 

[13] Q.-H. Nguyen, S.-B. Choi, and N. M. Wereley,  
Smart Mater. Struct. 17, 25024 (2008) 

[14] F. Gao, Y. N. Liu, and W. H. Liao, Smart Mater. 
Struct 26,3 (2017) 

[15] J. Huang, J. Q. Zhang, Y. Yang, and Y. Q. Wei,  

J. Mater. Process. Technol. 129,559–562 (2002) 

[16] T. M. Gurubasavaraju, H. Kumar, and M. Arun,  

J. Brazilian Soc. Mech. Sci. Eng. 39, 9 (2017) 

[17] H. Hasani, S. A. Tabatabaei, and G. Amiri, J. 
Eng. Fiber. Fabr. 7, 2 (2012) 

 

 

 

 

Radius 

(mm) 

Gap 

(mm) 

Length 

(mm) 

Volume 

(mm
3
) 

M.F 

intensity 

(H)-A/m 
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