
 230 

ISSN 1392-1207. MECHANIKA. Vol. 31, No. 3, 2025: 230−236 

Numerical Investigation of Yield Stress and Damping Force for a  

Modeled Damper Using Different MR Fluids 

Vinod CHAUHAN, Ashwani KUMAR, Radhey SHAM 
Department of Mechanical Engineering, Chandigarh College of Engineering & Technology (Degree Wing), Chandigarh, 

India, 160019, E-mails: vinodchauhan@ccet.ac.in, ashwanikumar@ccet.ac.in, radheysham@ccet.ac.in 

https://doi.org/10.5755/j02.mech.37031 

1. Introduction 

The researchers aim to explore vibration control 

techniques in automotive setups, industrial equipment, civil 

structures, etc., which vibrate abruptly. The magnetorheo-

logical (MR) dampers, which act as a means of vibration 

control are used to mitigate the generated vibrations. Mag-

netorheology is formulated to understand how an applied 

magnetic field manipulates the fluid’s rheology. Jacob Rab-

inow prepared/developed the MR fluid in 1948 at the US 

National Standards Bureau [1]. A MR damper has been de-

signed and evaluated for its damping behavior, i.e., damping 

force experimentally as well as using the FEA approach. The 

damping force obtained through both approaches matched 

well over a wider range of supplied currents. [2]. The MR 

damper is most practiced in motor vehicle suspensions; 

however, its use has lately been escalated to other significant 

structures such as bridges, buildings, landing gear, pros-

thetic limbs, washing machines, etc. [3-6]. Acharya et al. [7] 

developed the MR fluid having optimal Fe particle loading 

and Fe particle size for a mono-tube MR damper. The MR 

fluid samples, combining the various particle loadings and 

Fe particle sizes, were tested to obtain the flow profiles at 

off-state as well as on-state conditions. Magnetostatic anal-

ysis has been practiced to estimate the induced magnetic 

field strength in the MR fluid gap at varying currents. The 

optimal dynamic yield stress and optimal damping force 

were determined for the modeled damper. Nanthakumar and 

Jancirani [8] investigated the impact of various design at-

tributes on the yield stress of a modeled MR damper.  The 

magnetic strength induced in the fluid gap was estimated us-

ing the COMSOL Multiphysics platform. A quadratic ex-

pression has been formulated for the response parameter i.e., 

yield stress using the full factorial design of the experiments 

approach.  Purandare et al. [9] determined the induced field 

in the MR damper using the COMSOL Multiphysics method 

and validated the results with magnetic circuit theory. A de-

viation of 4.8% was observed between the COMSOL and 

the analytical value of magnetic flux developed in the fluid 

gap for an input current of 1 ampere. Li and Yang [10] es-

tablished a numerical model to estimate the damping force 

of a modeled MR damper having non-magnetized piston 

passages. In the modeled damper, the pressure drops result-

ing from the MR effect, viscous loss, and the minor loss at 

the passage inlet & outlet have been taken into account. The 

errors obtained for the evaluated damping force that in-

cludes both viscous loss and minor loss were found to be 

much less in comparison with the results that include vis-

cous loss only. It exhibits that the pressure drops resulting 

from the minor losses are of much significance and can’t be 

neglected. The numerical model considering both viscous as 

well as minor losses is highly effective in estimating the 

stroke load of the MR damper in comparison with the model 

in which minor losses are not included.  

Kemerli and Engin [11] designed the monotube 

type mixed-mode MR damper by applying the FEA ap-

proach along with the computational fluid dynamics (CFD) 

technique. The numerically obtained force-velocity and 

force-displacement results for different input currents 

matched well with their experimental results. The CFD out-

puts are substantial in estimating the realistic attributes of 

the non-Newtonian fluid flowing in the MR damper. Badri 

et al. [12] conducted a CFD analysis for a damper in a car 

rear suspension system using MRF-132DG. A 70% rise in 

viscosity was observed when the current varied from 0A - 

5A. The rebound and compression steady pressure values 

determined from contour illustrations were used to obtain 

the value of the generated damping force. The damping 

force improved exponentially with a rise in viscosity. 

Elsaady et al. [13] investigated the impact of air bubbles pre-

sent inside the MR (AMT-Smartec+) fluid on the perfor-

mance of a designed damper. The off-state viscosity’s higher 

value of the used fluid results in retaining the air bubbles. 

The results indicated a reasonable decline in the calculated 

value of the damping force. Hu et al. [14] established the 

electromagnetic field model, mechanical model, structural 

stress field, and flow field model for the MR damper. The 

stress distribution, static & dynamic field attributes, and dy-

namical performance of the designed MR damper have been 

determined. The damper exhibited an appropriate damping 

force value along with a wider adjustable damping range. 

An error of 5.5% and 9.9% has been observed between the 

experimental and simulation output for the generated damp-

ing force and adaptable damping coefficient respectively. 

Marathe et al. [15] designed a lower-cost MR damper, with 

a focus on optimizing geometric attributes of the annular 

valve using the Taguchi technique. A higher damping force 

and lower resulting force transmissibility have been ob-

served for the developed damper in comparison with the 

passive damper, which improved the comfort and handling 

for vehicles.  

Aralikatti et al. [16] evaluated the influence of 

base-oil viscosity and CI particle fraction on the damping 

range and largest yield stress of a little-stroke MR damper 

fitted on a lathe machine to control the tool vibrations. An 

improvement of 28.66% in the level of tool vibration and 

68.18% in cutting force amplitude has been noticed. A sig-

nificant improvement in surface roughness (value declines 

from 4.8 μm to 1.6 μm) has also been noticed. Abdalaziz et 

al. [17] designed a varying stiffness and varying damping 

capacity MR damper having a spherical-radial bypass valve. 

The designed damper exhibited a damping force of 7800 N 
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and a dynamic range of 4.5. Liang et al. [18] introduced a 

simulation model operating on a gas counterbalance to a sin-

gle-rod MR damper for characterizing its performance pre-

cisely. The impact of the compensating mechanism on the 

damper's performance under varying excitation currents, 

speeds etc. has been investigated. The experimental and 

simulation results were found to be in good agreement with 

one another. Delijani et al. [19] proposed a novel model 

combining the features of a parametric model and a neural 

network model. In the suggested model, the parametric fea-

tures employ an algebraic model accompanied by hyper-

bolic tangent-type hysteresis, while a set of multilayered 

perceptron neural networks is utilized to establish the model 

attributes under varying excitation settings. The developed 

model exhibited a more accurate predicted damping force 

and indicated greater strength and improved consistency un-

der varying excitations in comparison with a conventional 

model. Kumar et al. [20] developed a novel machine learn-

ing-based black box model that precisely forecasts the com-

plex damping characteristics exhibited by MR dampers, 

thereby improving both ride comfort and vehicle safety.  A 

machine learning technique integrated with real feedback 

control was used, thereby securing the model’s reliability 

and accuracy. Fu et al. [21] analyzed the damping behavior 

of MR mounts by establishing the fluid motion equation in 

the channel based on a parallel plate model. The effect of 

magnetic core depth, height of inertial channel, etc. on the 

magnetic flux density along with the damping force has 

been investigated. Kumbhar et al. [22] developed a MR dy-

namic vibration absorber mechanism using MR fluid to reg-

ulate vibrations generated in a quarter-car suspension sys-

tem. The mechanism has been validated using experimental 

and numerical approaches. 

Kim et al. [23] investigated damping capability of 

the MR damper having an additional flow passage. An opti-

mal model using fluid dynamic relations was designed and 

evaluated by electromagnetic analysis using ANSYS Max-

well software. The Amesim software has been used for car-

rying out vibrational analysis utilizing a sinusoidal road sur-

face model at different frequency values. Bajkowski et al. 

[24] evaluated a novel synthesized MR fluid in a translation 

vibrational damper having a varying excitation frequency 

range. The damper’s response of compressible fluids exhib-

ited a significant variation from that noticed incase of non-

compressible fluids. On activation, the MR fluid’s motion 

resistance gets improved, thereby enhancing the damper’s 

flexible response. Jin et al. [25] proposed a MR fluid-based 

damper model for use in motor vehicle engine mountings. 

The precise design of the magnetic circuit has been vali-

dated using static field simulation. A genetic algorithm for 

the proposed model has been utilized to recognize its vari-

ous parameters. The proposed MR damper efficiently mini-

mizes the vibrations passed from the engine to body, thereby 

enhancing the damper’s damping performance. Silva et al. 

[26] proposed an innovative hybrid optimal methodology 

that integrates a differential evolution algorithm together 

with a native approach adopting Nelder-Mead simplex 

searchable technique. It incorporates an empirical design to 

govern the excited frequency, input current, as well as piston 

displacement. 

 

 

 

2. Magnetorheological Damper Design  

The MR damper design relies on its load-carrying 

capacity, availability of material, and size constraints.  

2.1. Basic geometry  

The MR fluid passage in MR dampers is normally 

held in the range of 0.5 mm - 2 mm to generate an effective 

magnetorheological effect. The magnetic flux navigates 

right through the outer pole and arrives at inner pole within 

the MR fluid passage, building a closed magnetized loop. 

The schematic of the modeled magnetorheological damper 

is presented in Fig. 1 [27]. The materials assigned to the pis-

ton and cylinder are low-carbon steel (steel 1008), while the 

coil (size - 26 gauge) is made up of copper. Nitrile Butadiene 

Rubber (NBR) seals are provided to prevent any leakage in 

the modeled damper. The in-house synthesized optimal MR 

sample contains silicon oil as carrier fluid, carbonyl iron 

particle (6 μm average particle size), iron particle proportion 

as 24% (by volume), and ethylene glycol mono-stearate (1% 

by volume) as an additive.  

2.2. Geometrical parameters 

A detailed magnetic circuit for the modeled MR 

damper is presented in Fig. 2 [27]. A 2-dimensional axis-

symmetric MR damper model has been designed to perform 

the Finite Element Analysis (FEA).  

The geometrical parameters (outer piston radius, 

inner piston radius, piston head length, pole length, cylinder 

thickness, fluid gap, coil width) for the modeled MR damper 

are demonstrated in Table 1. 

 

Fig. 1 Schematic of MR damper 

 

Fig. 2 Magnetic circuit for modeled MR damper 
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Table 1 

MR damper dimensions in mm 

Outer piston radius (ro) 24.10 

Inner piston radius (ri) 12.30 

Pole length (h2) 12.00 

Cylinder thickness (gc) 5.00 

Piston head length (h1) 45.00 

Coil width (b) 11.80 

Fluid gap (g) 0.90 

3. Determination of Magnetic Field Intensity Using 

FEA 

The magnetic field Intensity (H) may be obtained 

by performing a magnetostatic analysis on the modeled MR 

damper. An axisymmetric analysis of the geometrical MR 

damper is sufficient for solving the problem instead of per-

forming the analysis of the complete geometry. ANSYS 

Maxwell v.16 software, utilized for this purpose, is very 

much capable of computing the Maxwell equations and as-

sessing the values of the magnetic field at different points 

inside the fluid gap. The magnetic field intensity plots and 

magnetic flux lines plots at 0.8 ampere for the MR damper 

filled with in-house synthesized optimal MR fluid sample 

are presented in Fig. 3 and 4, respectively. 

The computed values of magnetic field intensity at 

different input currents (0.1 – 0.8 A) for various MR fluids 

have been presented in Fig. 5.  

4. Results and Discussion  

An important stage in designing of MR damper is 

the determination of deviation in the MR fluid yield stress 

with change in the magnetic field. After computing the yield 

stress, the total damping force has been obtained using 

Eqs. (7)-(11). 

4.1. Computation of yield stress 

After computing the magnetic field intensity by 

performing magnetostatic analysis, the equations represent-

ing the yield stress relation with the intensity of the mag-

netic field (y-H equations) for various MR fluids are ob-

tained using the least squares technique, rheological plots 

published in the research, and the manufacturer's datasheet 
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Fig. 3 Magnetic field intensity plot at 0.8 ampere for the MR 

damper filled with in-house synthesized optimal MR 

fluid sample 

 

Fig. 4 Magnetic flux line plot at 0.8 amperes for the MR 

damper filled with in-house synthesized optimal MR 

fluid sample 

6 3 3 24 5 10 2 9 10

0 7436 0 2066

y . H . H

. H . .

 − −=  −  +

+ +  (6) 

In the above equations (Eq. (1)-Eq.(6)), H is repre-

sented in terms of kA/m and y in terms of kPa. These Eqs. 

(1-6) represent the y-H relations for MRF-122 EG, MRF-

132DG, MRF-140CG, in-house prepared Optimal MR 

fluid, AMT MAGNAFLO+, and AMT RHEOTEC+. The 

computed values of yield stress for various MR fluids are 

presented in Fig. 6. The yield stress is enhanced non-linearly 

for all fluids used in the present study when the input current 
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increases from 0.1 - 0.8 A. The computed yield stress is 

maximum for AMT RHEOTEC+ fluid and lowest for MRF-

122EG for all input current values. 

Initially, the yield stress improves rapidly, but the 

increment in yield stress declines with a further increase in 

the input current. The computed yield stress of the in-house 

synthesized optimal MR fluid exhibits good agreement with 

the commercially available MR fluids. 

4.2. Computation of shear, viscous and total damping force 

The total damping force (F) is composed of shear 

force (Fτ), viscous force (F), and frictional force (Ff) [28]: 

fF F F F = + + , (7) 

1

3

6 p

avg

h A
F Q

R g





= , (8) 

( )22 p y p

h
F c A sgn v

g
 = , (9) 

2

c
avg o

g
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where  denotes the fluid’s plastic viscosity, Q denotes the 

flow rate, vp denotes the piston’s velocity, Ap denotes the pis-

ton head’s cross-sectional area, Ravg is the fluid gap average 

radius, y denotes shear yield stress, and c is a constant 

(value range is 2.07-3.07), regulated by flow velocity pro-

files. The constant (c) is evaluated as follows: 

2

6
2 07

6 0 4 avg y

Q
c .

Q . R g


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= +

+
. (11) 

The computed shear damping force, which is the 

controllable force in the MR dampers, is presented in Fig. 7. 

AMT RHEOTEC+ fluid exhibits the largest shear damping 

force, while MRF-122 EG is the one that exhibits the lowest 

value of it. It is the shear damping force that varies on vary-

ing the input current, while the viscous force remains un-

changed. The viscous damping force in case of various MR 

fluids has been presented in Fig. 8. 

The MR fluid must possess a lower viscous force 

to attain a higher dynamic range. The results exhibit that the 

MRF-140CG owns the largest viscous damping force 

(204.83 N) while MRF-122EG owns the lowest viscous 

damping force (30.72 N) for the modeled damper. Hence, 

from a viscous damping force point of view, MRF-122EG 

fluid may be considered better in comparison with other MR 

fluids used in the current study. 

The total damping force generated by various MR 

fluids has been presented in Fig. 9. For the MRF-122EG 

fluid the total damping force for the modeled damper in-

creased from 60.72 N to 1571.86 N when the current varied 

from 0 A to 0.8 A. Incase of in-house prepared optimal MR 

fluid, the computed value of total damping force rises from 

70.23 N to 1770.02 N for similar variation in the input cur-

rent. The magnitude of total damping force is enhanced from 

111.93 N to 2112 N, 234.83 N to 2440.64 N, 101.69 N to 

 

Fig. 5 Magnetic field intensity at different input currents for 

various MR fluids 

 

Fig. 6 Yield Stress at different input currents for various MR 

fluids 

 

Fig. 7 Shear Damping Force at different input currents for 

various MR fluids 

2447.89 N,  205.57 N to 3274.34 N  for MRF-132 DG, 

MRF-140CG, AMT MAGNAFLO+, AMT RHEOTEC+ 

fluid, respectively for similar variation in the input current. 
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Fig. 8 Viscous damping force for various MR fluids 

 

Fig. 9 Total Damping Force at different input currents for 

various MR fluids 

5. Conclusions  

The present study investigates the impact of vari-

ous MR fluids on yield stress as well as the damping capa-

bility (damping force) of a modeled MR damper. The mag-

netic field intensity at varying currents has been determined 

by performing magnetostatic analysis in ANSYS Maxwell 

v.16 software. In conformity with the estimated results, the 

conclusions depicted are given as: 

• All the used MR fluids exhibit an improvement in 

yield stress and damping force with a rise in input 

current. 

• Initially (at lower values of input current), the rise 

in yield stress is large, but at higher values of cur-

rent, this rise in yield stress is much less as depicted 

by the slope of the curve.  

• AMT-RHEOTEC+ fluid exhibits the highest values 

of yield stress, while MRF-122 EG fluid depicts 

the lowest yield stress for all values of input cur-

rents. 

• MRF-122 EG fluid exhibits the lowest viscous 

damping force, while MRF-140CG exhibits the 

highest viscous damping force. 

• The total damping force is largest for AMT-RHE-

OTEC+ fluid, while it is lowest for MRF-122 EG 

fluid at all values of input currents. So, the best MR 

fluid for the damper is AMT-RHEOTEC fluid. 

However, the in-house developed optimal MR 

fluid also exhibited sufficient damping force, 

which is in good agreement with the commercially 

available MR fluids. 
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V. Chauhan, A. Kumar, R. Sham 

NUMERICAL INVESTIGATION OF YIELD STRESS 

AND DAMPING FORCE FOR A MODELED DAMPER 

USING DIFFERENT MR FLUIDS 

S u m m a r y 

This article presents the yield stress, shear damping 

force, viscous damping force, and total damping force gen-

erated in a modeled damper using various magnetorheolog-

ical (MR) fluids. The values of the generated magnetic field 

intensity in a modeled damper have been obtained by per-

forming a magnetostatic analysis using ANSYS Maxwell 

v.16 software. All the used MR fluids exhibit growth in yield 

stress and damping force on increasing input current. The 

magnetic field intensity values are fitted into (y - H) quad-

ratic equations, which are developed for all the used MR 

fluids using the least square technique for computing the 

yield stress. The estimated yield stress is maximum for AMT 

RHEOTEC+ fluid and lowest for MRF-122EG for all input 

current values. The computed yield stress of the in-house 

prepared optimal MR fluid exhibits good agreement with 

the commercially available MR fluids. The results exhibit 

that the MRF-140CG owns the largest viscous damping 

force, while MRF-122EG owns the lowest viscous damping 

force for the modeled damper. AMT RHEOTEC+ fluid pos-

sesses the largest shear damping force (controllable force) 

as well as total damping force, while MRF-122 EG is the 

one that exhibits the lowest value for shear as well as total 

damping force.  

Keywords: MR fluid, MR damper, yield stress, shear damp-

ing force, viscous damping force, magnetostatic analysis. 
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