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Abstract— A Magneto rheological (MR) fluid clutch is a clutch that uses Magneto-rheological fluid or commonly known as MR fluid 

clutch. The application of this device is focus on the automotive sector such as automobile and heavy vehicle. The purpose of developing 

the magnetic clutch is to overcome the mechanical friction that happens to the conventional clutch. MR fluids, carrying micrometer-scale 

particles, are a kind of smart materials whose viscosity can be changed using an external magnetic field. This property of MR fluids allows 

to accurately control the shear stress of the fluid by controlling the intensity of an external magnetic field. A clutch-like mechanism, also 

known as MR clutch, is often used as means of materializing this concept through bounding the amount of transmitted torque based on 

the intensity of an applied magnetic field. The MRF gap shape is a very important topic in the design of clutches, since it directly 

influences the transmissible torque and the power loss. In this paper an approach to MRF clutch design is proposed and tested with four 

different synthesized MR Fluids having 40%  and 36 %  of magnetic particles and  both silicon oil based and mineral oil as carrier fluids, 

including the commercially available LORD MRF132DG.The MR Fluid Clutch was tested and performance was analyzed at different  

input  currents, motor speeds, MR Fluid gaps , number of active surfaces and the different MR Fluids used in the Clutch. Experimental 

results concerning transmitted torque are presented. 
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I. INTRODUCTION 

Magneto rheological (MR) fluid is one of the fluids in the class of field responsive material , that has sensitive rheological 

properties to magnetic field . The development of the fluid, together with the progressing research in the understanding of its 

behaviour, has convinced researchers and engineers that MR fluid is a promising material for future applications. This is 

because of their adaptive force capacity and their inherent ability to provide a simple, fast and robust interface between 

electronic controls and mechanical components. The fluid was first introduced in Rabinow’s Magnetic clutch in 1948  and has 

gained in popularity since entering the automotive market. MR fluid is very responsive to magnetic field, with an estimated 

response time of less than 10 milliseconds , and requires relatively low power to operate. The advantages of MR fluid have 

created great interest in MR based device development in a wide range of applications. In order to achieve a considerable torque 

capacity, multi-disk MR clutches can be used to increase the active areas of the MR fluids. Each individual disk inside a multi-

disk MR clutch can provide two sides of the disk as the active areas and with N output disks, the active areas inside a multi-disk 

MR clutch can be expanded up to 2N times larger than the active area of a single-disk MR clutch.  

 

Magneto rheological (MR) fluid was first reported by Rabinow [1] in the year 1948 and he concluded that MR fluids are 

magnetic field controllable fluids. When the fluid is exposed to an external magnetic field, this MR fluid instantaneously 

changes from a viscous fluid to a semisolid, and forms a chain like structure, depending on the directions of the magnetic field, 

with a yield strength which is controllable. MR fluids can operate at temperatures ranging from 40 ºC to 150 ºC, with only slight 

variation in Yield stress [2].
 
A magneto rheological Fluid (MRF) proposed clutch is designed, fabricated and tested. The 

theoretical torque transfer capacity of the clutch is predicted utilizing Bingham- Plastic constitutive model. The clutch was then 

characterized at different speeds (600, 800, 1000, 1200and1400rpm) and electromagnet electric input currents (0, 0.5, 1, 1.5, 

2A). The torque transfer capacity of the clutch was examined using available MR Fluid MRF132DG, along with four other 

synthesized MR Fluids (40 % and 36% magnetic particles) SMRF40, SMRF36, HMRF40 and HMRF36 at different speeds, 

current inputs, different MR Fluid Gaps (1mm,0.8mm,0.6mm,0.4mm) and using  8 active surfaces . 

In the experimentation process, a test rig was designed and built to perform the experiments for the different configurations of 

MR Fluid Clutch. MRF132 DG activated by a magnetic field generated by a coil using different magnitudes of DC electrical 

International Journal of Scientific Research and Review

Volume 7, Issue 6, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/333



current is used. To finalize the design, a Finite Element Method Magnetics (FEMM) was used to predict the magnetic field 

strength throughout the MR fluids. For each trial, combination of process parameters was experimented with the commercially 

available MR fluid and synthesized MR Fluids . The three process parameters were the electric current applied to the coil, the 

initial gap size, and different MR Fluids tested at different speeds. In every test, the speed and the current in the coil were kept 

constant, while the instantaneous load was recorded. Experimental results showed that MR fluids have distinct unique 

behaviour during the different tests.  

II. MR FLUID AND ITS COMPONENTS 

Magneto rheological fluids (MRFs) are smart materials having several applications in research and industry. The main 

peculiarity is the capability to change their apparent viscosity and to exhibit a variable yield shear stress if subject to magnetic 

field. If the magnetic field is not applied, MRFs behave like Newtonian fluids, while under the effect of magnetic field they 

exhibit a visco-plastic characteristic which is usually modeled either by the Bingham-plastic [3] or the Herschel-Bulkley [4] 

models. MRFs are made of a carrier fluid, which is usually oil, having micrometric ferromagnetic particles dispersed right 

inside along with some additives. In the absence of magnetic field, the ferromagnetic particles are randomly dispersed, while if 

the fluid is crossed by magnetic field, the ferromagnetic particles align themselves along the magnetic field and confer to the 

MRF higher shear strength. These magnetizable particles induce polarization by application of an external magnetic field, 

which results in the Magneto rheological effect of the MR fluids. This is illustrated in the Fig.1. 

 

As stated by suppliers [5], the time needed to change the particles orientation upon the application, or the removal, of the 

magnetic field is less than five milliseconds, as confirmed also in [6], while some studies regarding real MRF devices assess the 

response time is strongly variable in the range 0.01-1.2 s [7]- [8].Even though the first MRFs applications date back to the late 

1940s - early 1950s, when the first magneto rheological clutches operated by coils were designed and patented by Rabinow [9, 

10], the research activity grew up recently [11-13] thanks to the availability of commercial MRFs and to the spread of Finite 

Element (FE) software, which can accurately compute the magnetic field distribution in complex geometries. 

MR fluids are suspensions of micron-sized magnetisable particles in a carrier fluid. They mainly consist of the following 

three components: magnetisable particles, carrier fluid, and some additives.  

 

 
Fig. 1: Chain-like arrangement in controllable fluids 

 

The composition of MR fluid includes a carrier fluid, magnetic-responsive particles, and hydrophobic organ clay. The 

hydrophobic organ clay is present as an anti-settling agent, which provides soft sediment once the magnetic particles settle out. 

The compositions form a thixotropic network that is effective at minimizing particles settling and also in lowering the shear 

forces required to re-suspend the particles once they settle. The composition described herein have a relatively low viscosity, do 

not settle easily, and can be easier to re-disperse than conventional Magneto rheological fluids, including those which contain 

conventional anti settling agents such as silicon dioxide or silica. The composition typically has atleast 10 % less sediment 

hardness than comparative fluids that include silica rather than the hydrophobic organ clay, where the test involves repeated 

heating and cooling circles over a two weeks period. The compositions may cause 10 % less device wear than comparative 

fluids that include silica rather than the hydrophobic organ clay
[5]

.
 
Any solid that is known to exhibit magneto rheological 

activity can be used as a suspension within the carrier fluid. Examples of suitable magnetizable particles include iron, iron 

alloys (such as those including aluminum, silicon, cobalt, nickel, vanadium, molybdenum, chromium, tungsten, manganese 

and/or copper), iron oxides (including Fe2O3 and Fe3O4), iron nitride, iron carbide, carbonyl iron, nickel, cobalt, chromium 

dioxide, stainless steel and silicon steel. A preferred magnetic responsive particulate is carbonyl iron, preferably, reduced 

carbonyl iron. 

III.  SYNTHESIS OF MR FLUID 

The synthesized MR fluids have different concentrations of iron particles. Depending upon the apparatus available to 

measure the concentration of iron particles, 100 ml of particles were measured while synthesizing both fluids and appropriate 
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concentration of carrier fluid was added, to both compositions, in order to balance the proportion of 40% iron particles and 60% 

carrier fluid for the 1 and 40% iron particles and 60% carrier fluid for the MRF2. The MR fluid with higher concentration of 

iron particles, i.e., 40% is relatively more porous than the MR fluid with lower concentration of iron particles, i.e., 36%. This 

can be observed from Figs 2 and 3 where the final quantity of the mixture of MR fluid is different in both the cases. The 

quantity of the MR fluid with 40% by volume of iron particles is less when compared to the quantity of the MR fluid with 36% 

by volume of iron particles even though the total quantity of the concentration of iron particles and carrier fluid was same. This 

is due to the presence of large number of pores for MR fluid with 40% by volume of iron particles.  

 

The concentration of these materials plays a vital role as the properties of the MR fluid depend on these concentrations. The 

properties are subject to change if different concentrations of carrier fluid, magnetic particles and additives are used. For the 

current study, five MR fluids were prepared using five different concentrations (by volume) of magnetic particles. The first 

concentration of MR fluid incorporates 40% by volume of magnetic particles. These are carbon based iron particles and are 

called as carbonyl iron particles. They were mixed with the carrier fluid only and kept undisturbed for a period of five days to 

observe the gravitational settling. It was observed that the particles settled approximately 120 ml in a period of 5 days from the 

total height of the fluid column. Five MR fluids: SMRF-40, MRF-132 DG, HMRF-40, SMRF 36 and HMRF-36 were used for 

testing the Magneto rheological fluid clutch. 

 

i. SMRF40: 40% by volume of magnetic particles (carbonyl iron), additives and silicone oil as carrier liquid. 

ii. MRF 132 DG: Commercially available Fluid provided by Lord Corporation.   

iii. HMRF40: 40% by volume of magnetic particles (carbonyl iron), additives and mineral oil as carrier liquid. 

iv. SMRF36: 36% by volume of carbonyl iron particles, additives and silicone oil as carrier liquid. 

v. HMRF36: 36% by volume of magnetic particles (carbonyl iron), additives and mineral oil as carrier liquid. 

 
TABLE I: COMPOSITION OF CONSTITUENTS OF SAMPLE AND THEIR VOLUME PERCENTAGE 

 

Sample 

Designation 

Total 

Volume of 

MR Fluid 

(cc) 

Volume 

Fraction of 

CIP (%) 

Mass of 

Iron 

Powder 

(gm) 

Volume 

of Silicone 

oil  (%) 

Mass of 

Silicon Oil 

(gm) 

Total 

Mass of 

MR fluid 

(gm) 

Density of 

MRF(g/cm3) 

SMRF40 20 40 56.18 60 17.1 73.28 3.66 

HMRF40 20 40 56.18 60 17.1 73.28 3.66 

SMRF36 20 36 46.8 64 16 62.8 3.14 

HMRF36 20 36 46.8 64 16 62.8 3.14 

 

First, Magneto rheological fluid sample was prepared by using Silicone oil as a carrier fluid and is mixed with CIP (carbonyl 

Iron particles). In order to reduce the sedimentation, oleic acid and white lithium grease was mixed as an additive in the fluid 

sample. An electrical stirrer with speed control unit was used for preparation of the fluid samples. The sedimentation properties 

were studied by visual inspection.  

 

 
 

Fig 2: (a):Synthesized MR fluid40% by volume of iron particles in siliconoil–SMRF40 
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                        (b):Synthesized MR fluid 40% by volume of iron particles in hydrocarbon oil-HMRF40 

 

 
Fig 3:(a)Synthesized MR fluid 36% by volume of iron particles in silicon oil-SMRF36 

                       (b)Synthesized MR fluid 36% by volume of iron particles in hydrocarbon oil–HMRF36 

 

     A severe limitation of commercially available Magneto rheological Fluids for its industrial application is its high cost 

($ 750/ liter). Moreover there is only one firm in the world i.e. Lord Corp. USA, that supplies M R Fluid for research and allied 

work all over the world. Hence, the primary focuses of this work was to develop and preparation of Magneto rheological Fluid. 

 

 Later, additives were added to the mixture of iron particles and carrier fluid. The gravitational settling in this case was 

observed to be less than the settling of particles without the additives. This decrease in the settling of iron particles depicts the 

importance of the additives in an MR fluid. The particles in the former case settled hard and were not easily re-dispersible when 

compared to the latter. Hence, it can be concluded that the additives added to the MR fluid enhances the lubricity and modifies 

the viscosity. Fig.2 shows the synthesized MR fluid for 40% by volume concentration of iron particles inclusive of additives 
[6]

. 

The second concentration of MR fluid incorporates 36% by volume of iron particles shown in figure 3. and it is termed as 

SMRF36 and HMRF36. As the gravitational settling was observed in the synthesis of the first fluid, the second MR fluid was 

synthesized by directly mixing the carrier fluid and additives with the iron particles.  

 

IV. MRF CLUTCH AND ITS OPERATING DETAILS 

MR fluids, carrying micrometer-scale particles, are a kind of smart materials whose viscosity can be changed using an 

external magnetic field. This property of MR fluids allows to accurately control the shear stress of the fluid by controlling the 

intensity of an external magnetic field. A clutch-like mechanism, also known as MR clutch, is often used as means of 

materializing this concept through bounding the amount of transmitted torque based on the intensity of an applied magnetic 

field. This form of torque transmission lends itself to a new type of compliant actuator also referred to MR actuator.  

   
        

        Fig 4: Cross section of MRF Clutch                                              Fig 5: Manufactured MRF Clutch  
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An MR clutch generally consists of input and output disks, the MR fluid that fills the volume between the input and output 

disks, and one or multiple electromagnetic coils used for generating a magnetic field. An electric motor provides the mechanical 

power to the clutch. The rotating speed of the motor can be constant (as in our case) or it can be adjusted based on maximum 

required speed, optimum operating condition, safety, and other factors. The MR clutch controls the amount of shear torques 

between the input and output disks by varying the input current to the electromagnetic coil that generates a magnetic field. This 

allows the MR clutch to transmit the input power received from the motor to a load attached to the output shaft of the clutch as a 

function of shearing between the input and output disks. Fig. 4 demonstrates the cross-section of a typical multi-disks style MR 

clutch. The input shaft breaks out into a set of input disks aligned with a set of output disks attached to the output shaft. MR 

fluids fill the volume between input and output disks. By energizing the electromagnetic coil, the shear stress of MR fluids can 

be controlled by an applied magnetic field, which leads to altering of the output torque.Fig.5 is the image of manufactured 

clutch. 

V. EXPERIMENTAL SETUP 

MR fluids, carrying micrometer-scale particles, are a kind of smart materials whose viscosity can be changed using an  

In the process of experimentation, for each type of MR fluid tested, three types of parameters were varied to perform the test on 

the magneto rheological fluid clutch.  

 
 

Fig.6: Experimental setup 1-Data logger unit; 2-DC motor; 3-DC drive (to control the speed of the DC motor) ; 4-DC drive 

(to control the current to Electromagnet); 5-MRF Clutch; 6-Load cell 

 

An experimental test setup has been established to measure the output torque for the performance evaluation of MRFC, under 

various operating speeds (600, 800, 1000,1200, 1400,1600 r.p.m) and control currents (0.0 to 2 A).The performance of the 

Magneto Rheological Fluid clutch significantly depends upon the magnetic flux density induced between the plates in the fluid 

flow gaps (1mm, 0.8mm, 0.6mm and 0.4mm) when different fluids were used viz., SMRF40,SMRF36,HMRF40,HMRF36 and 

MRF132DG.. The load exerted on the load cell when the magneto rheological fluid clutch is rotating at different speeds and at 

different current inputs is being tested. For a complete set of each test, the same sample of the MR fluid was used at a specified 

initial and then later on the different Fluid combinations were used in the similar fashion for testing the magneto rheological 

fluid clutch.During all the experiments, the load acting on the output shaft was measured for a supplied current to the Magneto 

rheological fluid clutch.  

Before starting the motor, the reading shown on the data logger is calibrated to zero. 

 Both the DC drives are turned on i.e., one connected to the motor and another connected to the electromagnet. 

 The speed of the motor is set to 600rpm using the knob on the drive. 

 The current flowing through the electromagnet is set to 0 amps using the knob on the drive connected electromagnet. 

 The corresponding reading of load (in kgf) on the data logger is noted. 

 Keeping the speed of the motor constant the corresponding values of load for different currents flowing through the 

electromagnet are noted. 
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 The same procedure is repeated for different speeds of motor varying from 600 rpm, 800 rpm, 1000 rpm, 1200 rpm, 

1400 rpm, and corresponding readings are tabulated and performance characteristics of the MRF clutch are plotted.and 

shown in figures 7 to 26.  

 

 

 
 

Fig. 7: Output Torque Vs Current at 600 rpm and gap 1 mm            

           for 8 Active surfaces 

 

 
 

 

Fig. 9: Output Torque Vs Current at 600 rpm and gap 0.6     

             mm for 8 Active surfaces  

 

 

 
 

Fig. 11: Output Torque Vs Current at 800 rpm and gap 1  

              mm for 8 Active surfaces 

 

 
 

Fig. 8: Output Torque Vs Current at 600 rpm and gap 0.8    

            mm for 8 Active surfaces 

 

 
 

Fig. 10: Output Torque Vs Current at 600 rpm and gap 0.4 

mm for 8 Active surfaces 

 

 

 

 
Fig. 12: Output Torque Vs Current at 800 rpm and gap 0.8          

              mm for 8 Active surfaces 
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Fig. 13: Output Torque Vs Current at 800 rpm  

and gap 0.6 mm for 8 Active surfaces 

 

 

 
 

Fig.15: Output Torque Vs Current at 1000 rpm and gap 1 

mm for 8 Active surfaces 

 

 

 

 
 

Fig.14: Output Torque Vs Current at 800 rpm and gap 0.4  

             mm for 8 Active surfaces 

 

 

 
 

Fig.16: Output Torque Vs Current at 1000 rpm and gap 0.8 

mm for 8 Active surfaces 

 
 

Fig.17: Output Torque Vs Current at 1000 rpm and gap 0.6 

mm for 8 Active surfaces 

 

 
 

Fig.18: Output Torque Vs Current at 1000 rpm and gap 0.4 

mm for 8 Active surfaces 
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Fig.19: Output Torque Vs Current at 1200 rpm and gap 1    

mm for 8 Active surfaces 

 
Fig.21: Output Torque Vs Current at 1200 rpm and gap 0.6    

mm for 8 Active surfaces 

 

 
Fig.23: Output Torque Vs Current at 1400 rpm and gap 1 

mm for 8 Active surfaces 

 

 

 
 

Fig.20: Output Torque Vs Current at 1200 rpm and gap 0.8  

 mm for 8 Active surfaces 

 
Fig.22: Output Torque Vs Current at 1200 rpm and gap 0.4  

mm for 8 Active surfaces 

 
 

Fig.24: Output Torque Vs Current at 1400 rpm and gap 0.8 

mm for 8 Active surfaces 

 

Fig.7-10 shows the Torque response of the MR Fluid Clutch at 600 rpm and with different MR Fluids, and varied Fluid Gap 

Dimensions i.e 1mm, 0.8mm, 0.6mm and 0.4 mm. Fig.11 -14 show the Torque values at 800 rpm, Fig. 15-18 show the results at 

1000rpm, Fig. 19-22 show the response at 1200rpm and the Fig.23-26 shows the torque responses at 1400 rpm.. 
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Fig.26: Output Torque Vs Current at 1400 rpm and gap 0.4     

             mm for 8 Active surfaces 

Fig.25: Output Torque Vs Current at 1400 rpm and gap 0.6 

mm for 8 Active surfaces 

  

 During the experiments, initially, we measured the no-field torque generated by the viscosity of the MR fluid (plus the 

mechanical friction torque). The torque generated due to the viscosity of all the fluids used both hydrocarbon based 

and silicon based at various rotational speeds, various input currents in the range of 0, 0.5, 1, 1.5 and 2A ,with 8 active 

surfaces and different fluid gaps (1mm, 0.8mm, 0.6mm, 0.4mm) are tabulated and the results are plotted. 

Initially the MR fluid clutch with 8 active surfaces was tested by using the commercially available MRF132 DG fluid, at 

different currents, different motor speeds and different fluid gaps. At 0.5 A, coil current the output torque was noted as 1.5 N-m 

for a fluid gap of 1 mm at 600 rpm with 8 active surfaces. The value of torque kept on increasing gradually from 1.5 N-m to 4.4 

N-m at 2 A current. Later the fluid gap was changed to 0.8mm which generated an output torque of 5.4 N-m. Then a gradual 

increased value of 5.9 N-m was generated at a gap of 0.6 mm. A maximum value of 6.1 N-m was calculated at 0.4 mm.  

 

VI. RESULTS AND DISCUSSIONS 

 Although the generated torque was very small, as the current was increased step by step at constant speed 600 rpm 

values of output torque also increased, the last value was 6 N-m at coil current 2 A and a fluid gap of 0.4 mm. 

 Second value of Output Torque was measured on the MR Fluid clutch prototype at speeds 800rpm taken as constant. 

First reading at 0.5A, coil current the Torque was 2.3 N-m at 1 mm gap, the torque also increased as and when the 

fluid gaps were changed in steps from 1mm, 0.5mm, 0.6mm to 0.4mm. The last value of Torque was 4.3 N-m at coil 

current 2 A, this value was lesser than the last value of Torque at 600rpm.Third value of output Torque was measured 

on the prototype MR Fluid Clutch at speeds 1000rpm taken as constant current varied from 0.5 Ampere to 2 Ampere. 

The torque value varied from 1.3 N-m to 3.7 N-m. Later the prototype was tested similarly at 1200 rpm and 1400 rpm 

with results varying from 1.2N-m to 3.8 N-m and 1.1 N-m to 3.4N-m. 

 

 Later on all the other four synthesized fluids i.e silicon based SMRF40, SMRF36 and the hydrocarbon based magneto 

rheological fluids HMRF40, HMRF36 were used to investigate the performance of the MR fluid clutch. From all the 

experimental investigations conducted with the Hydrocarbon based and Silicon based fluids including the 

commercially available fluid (MRF132DG) for the Magneto rheological Fluid Clutch, the maximum output torque of 

6.6 N-m was generated at a current of 2A with 0.4 mm Fluid gap for 8 Active Surfaces at a speed of 600 rpm with 

SMRF40 as shown in figure 8.. 

 The difference between the torque curves at speeds 600 rpm, 800 rpm, 1000 rpm, 1200 rpm and 1400 rpm is directly 

due to the Clutch coil current. The resulting plots between the torques generated due to the applied magnetic field and 

the current applied is shown in Figures from figure 8 to figure 27. All the plots are almost identical, with a slight 

deviation which shows that speed is dependent with coil current initial (at 0 A) and final (at 2A) values. 

 From all the plots it is clearly observed that the silicon based SMRF40 and SMRF36 based MR fluids generated more 

torque comparatively than the hydrocarbon based MR fluids. This may be because of the more particle effect in 

Silicon based Fluids than Hydrocarbon based fluids. When the input current is less than 0.5A, the two curves of 

silicon based SMRF36 and HMRF40 are crossing each other and further the torque of SMRF40 is getting increased 

more when compared to the torque of HMRF40. Also, it is observed that, when compared to the commercially 

available MRF, the generated torque of synthesized silicon based MR fluids SMRF40 is more.  
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 The curves of hydrocarbon based MR fluids (HMRF40, HMRF 36) including the commercially available MRF 132 

DG are linearly increasing. But the behaviour of SMRF40 and SMRF36 showed the plots which were parabolically 

increasing. There is a deviation between SMRF40 and SMRF36 when 8 Active surfaces were used at speeds of 1000, 

1200 and 1400 rpm for a fluid gap of 1 mm. 

 As shown in the plots of all the fluids are seen as a cluster and all are showing the same performance i.e linear 

increasing torque when when 8 active surfaces were used at 1200rpm (gap 0.4 mm),600rpm (gap 0.8 mm,1 mm). It is 

also observed that plots for HMRF40 and MRF132DG, the plots were intersecting below the currents of 1 A, when 8 

active surfaces were used at 1200rpm (gap 0.4 mm),600rpm (gap 0.8 mm,1 mm). 

Hence it is clearly evident that torque generated is more at lower rpm and minimum fluid gap for all the five MR fluids used 

for testing the performance of the prototype MR Fluid Clutch. 

                             

VII. CONCLUSIONS 

 Magneto rheological fluid (MRF) clutches are expected to be used in several automotive systems such as auxiliary 

engine devices, active differentials, and automatic transmissions. The design and performance of the clutch are 

optimized by electromagnetic finite element analysis. Though the transmitted torque is reasonable, the power 

consumption of the MRF clutch needs to be optimized for automotive application. It is concluded that the transmitted 

Torque is not sensitive to the input speed since the viscous Torque is negligible compared to the Torque due to MR 

effect.   

 The performance characterization of the MR fluid Clutch prototype experimentally investigated with  different  

Magneto rheological fluids  silicon based SMRF40, SMRF36 and the hydrocarbon based magneto rheological fluids 

HMRF40, HMRF36  including the commercially available MRF132DG was studied. 

 To demonstrate the controllability of the MR torque-transfer device, a Load Cell was used to measure the output 

Torque. The experiments were conducted to explore the steady state output torque of the prototype MR fluid Clutch 

(MRFC). In this MRFC a commercially available LORD MRF-132 DG is used initially. Later different compositions 

of Magneto rheological fluids were also used and tested at different speeds and different number of active surfaces. 

The output torque is determined by multiplying the exerted force on the Load cell with the distance from exertion point 

of the load to the centre of the output shaft. As a part of this research, it is expected that this model enabled to perform 

high fidelity force /torque control in demanding automobile applications.  

 The design and performance of the clutch is optimized by electromagnetic finite element analysis. Experimental 

magneto static torque analysis have shown that the clutch is capable of transferring nearly 6.9 N-m for an input current 

of 2A. Although the transmitted torque is high, the power consumption of the MRF clutch needs to be optimized for a 

possible automotive application. 

 It is also concluded that the transmitted torque is not sensitive to the input velocity since the viscous torque is 

negligible compared to the torque due to MR effect.  

 The operating speed of the clutch does not affect the torque performance, since the viscous torque is relatively small 

compared to the torque generated by the MR fluid effect. The experimental torque output results are plotted. The 

Ansys results predictions are in good agreement with the experimental results for various input currents. Different 

configurations of Magneto rheological fluids  SMRF40, MRF132DG, HMRF40, SMRF36, HMRF36 were tested . 

 From the transmitted torque plots, it can be seen that the torque linearly increases with the input currents of up to 2A, 

which suggests that, the MR fluid itself was still in pre-saturation region and increasing the current further would 

increase the transmitted torque. 

 From all the experimental investigations conducted with the Hydrocarbon based and Silicon based fluids including the 

commercially available fluid (MRF132DG) for the Magneto rheological Fluid Clutch, the maximum output torque of 

6.6 N-m was generated at a current of 2A with 0.4 mm Fluid gap for 8 Active Surfaces at a speed of 600 rpm as shown 

in figure 6.14 with SMRF40. 

 It is observed that the settling time is more with the addition of less percentage of additives. In characterization of MR 

fluids, it is observed that the fluid having more plastic viscosity and less percentage of magnetisable particles is 

performing well. 

 It is evident from finite element magneto static analysis that the magnetic lines of force are nearly perpendicular to the 

shearing flow direction of the MRF in the working area. The lines distribution is nearer from the coil, denser and 

coincides with the actual working condition of the clutch. Therefore this design of magnetic circuit is rather ideal as far 

as the utilization of magnetic flux density. 

 It is concluded that all the plots were clustered when 8 Active surfaces were used at 600rpm and with a fluid gap of 0.8 

mm. It is observed that at lower currents the cluster is formed in all the plots and at high currents the plots are varying 

linearly. Moreover, from the transmitted torque plots, it can be seen that the torque linearly increases with the input 
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currents of up to 2 A, which suggests that, the MR fluid itself was still in pre-saturation region and increasing the 

current further would increase the transmitted torque. Tests at higher currents could not be performed due to the 

limited current carrying capacity of the electromagnet. 

 It is evident from the experimental results that the Torque generated by the SMRF40 is more and parabolic in nature. 

The performance of clutch is increased from OFF-state to ON-state. It is observed that the particle effect is more for 

SMRF40 and MRF132DG,HMRF40, when compared to SMRF36, HMRF36. 

 It has been shown from the results that the variation of torque at lower input current levels is less when compared to 

higher input current levels of the clutch. The saturation of the particles might be rapid between 1A and 2A of input 

current as observed from the plots. 

 It is also observed that the SMRF40 resulted with a more torque values when compared with the other fluids. This 

could be due to presence of higher plastic viscosity and complete magnetization of particles in the SMRF40 (40% by 

volume of iron particles), which indicates that the saturation offered by the fluid having SMRF40 is relatively higher 

when compared with MRF, SMRF36, HMRF40 and HMRF36.  
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