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Abstract: Governable or Manageable fluids are fluids those respond to external stimuli. Their 

rheological behaviour will be changing remarkably when exposed to either electric field or 

magnetic field. These types of governable fluids are typically termed as Magneto-rheological 

(MR) fluids, Electro-rheological (ER) fluids. As they produce the highest stress which can be 

applied to many applications, MR fluids are getting lot of attention in the research field. This 

MR fluid can be described as a suspension of micron-sized magnetically soft tiny particles mixed 

in a carrier liquid, which will exhibit substantial changes rain their rheological properties. The 

change can be seen from a free-flowing fluid state to a solid-like state and is reversible and 

dependent on the applied magnetic field. Iron particles are the most accepted material which is 

used as particle inclusion due to its high saturation magnetization. When the magnetic field is 

applied to the MR fluid, the iron particles will arrange in the form of strong chains of flux lines 

with the pole of one particle being stimulated by the opposite pole of another particle. In the 

present work, various MR fluids have been synthesized and later, their characteristics like 

variation of pressure with respect to velocity and input current, and variation of force with 

respect to velocity and input current are studied.  
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1. Introduction:   

Magneto-rheological (MR) fluids as said by Butzut[1] are the suspensions of micron sized, 

magnetizable particles (iron, iron oxide, iron nitride, iron carbide, carbonyl iron, chromium 

dioxide, low-carbon steel, silicon steel, nickel, cobalt, and combinations thereof [4]  in an 

appropriate carrier liquid (non-magnetizable) such as mineral oil, synthetic oil, water or ethylene 

glycol. The carrier liquid serves as a dispersed medium and ensures the homogeneity of particles 

in the fluid. A typical MR fluid consists of 20-40 percent by volume of relatively pure, 3-10 micron 
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diameter iron particles, suspended in a carrier liquid. They are field responsive in nature and the 

magneto-rheological response of these fluids lies in the fact that the polarization is induced in the 

suspended particles by the application of an external magnetic field. This allows the fluid to 

transform from freely flowing liquid state to solid-like state within milliseconds, because the 

magnetically dispersed particles attract each other to form fibril/chain-like structures along the 

direction of magnetic field. The chain-like structures resist the motion of the fluid and increase its 

viscous characteristics. Such a behavior of MR fluid is analogous to Bingham plastics (non-

Newtonian fluids) capable of developing a yield stress. 

 A favorable arrangement consists of particle chains aligned in the direction of the applied 

field and this, in turn, gives rise to a strong resistance to applied strains (Fig. 1).       

 

                         (a)                                       (b)                                         (c) 

Fig. 1: Activation of MR fluid: (a) no magnetic field applied; (b) magnetic field applied; 

(c) Formation of chains/fibril structures. 

The yield stress developed within the MR fluid is a function of the applied magnetic field. 

However, once this yield stress is exceeded, the behavior of the MR fluid deviates from that of a 

Bingham plastic. This is attributable to the breakdown of the chains of particles under the forces 

of the fluid flow, and results in a shear-stress/shear-rate characteristic that is highly non-linear. 

When used in a damping device, the result is a damper whose force/velocity characteristic is non-

linear, but can be changed by the way the magnetic field is applied. 

Having great potential for engineering applications due to their variable rheological 

behavior, MR fluids find applications in dampers, brakes, shock absorbers, suspensions, clutches 

and engine mounts. The key limitations that affect their applications are sedimentation 

(gravitational settling), poor dispersion stability and corrosion of the suspended magnetic particles. 

In order to resolve these, a variety of proprietary additives, similar to those found in commercial 
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lubricants are commonly added to MR fluid to enhance lubricity, modify viscosity and inhibit 

wear.  

2. Synthesis of MR Fluids: 

For the present study, two MR fluids are prepared with the help of two different 

concentrations (by volume) of magnetizable particles. 40% by volume of magnetizable particles 

were the first concentration taken in the synthesis. These magnetizable particles are carbon based 

carbonyl iron particles. To observe the gravitational settling, these ferrous particles are diversified 

with the carrier fluid and left undisturbed for five days. It is seen that the ferrous particles subsided 

down for about 120 ml in a time of five days from the fluid column’s total height. Later on, for 

this mixture of carbonyl iron particles and carrier fluid some additives were mixed. It is observed 

that the gravitational settling when additives were added is observed to be lower than the settling 

of the iron particles without adding the additives. This reduction in the settling of carbonyl iron 

particles shows the prominence of the additives in the MR fluids. The iron particles in the previous 

case settled hard and are not simple to re-dispersible when matched to the latter case. Therefore, it 

can be derived that the additives mixed in the MR fluid enhances the lubricity and also modifies 

the fluid viscosity. Fig. 2 illustrates the synthesized MR fluid for 40% by volume concentration of 

carbonyl iron particles which are inclusive of additives. 

              

                     Fig. 2: (a) SMRF 40                                                       (b) HMRF 40                               

For the second concentration of MR fluid the incorporated volume is 36% by volume of 

carbonyl iron particles. Here the MR fluid is synthesized by directly adding additives with the 

carbonyl iron particles because gravitational settling was observed for the first concentration. 

When compared to 36% MR fluid which has low concentration of iron particles, 40% of MR fluid 
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is more porous. The measure of the MR fluid which is having 40% by volume of carbonyl iron 

particles is in smaller quantity when matched to the quantity of the MR fluid with 36% by volume 

of carbonyl iron particles though the total amount of the concentration of carbonyl iron particles 

and carrier fluid will be same. The reason behind this is due to the existence of large number of 

pores for MR fluid with 40% of volume of carbonyl iron. 

                        

       Fig. 3: (a) SMRF 36                                                              (b) HMRF36                    

Fig. 3 shows the synthesized MR fluid related to 36% of volume of ferrous particles. The 

MR fluids synthesized here have various concentrations of carbonyl iron particles. Based on  the 

equipment present  the concentrations of carbonyl ferrous particles, 100ml of carbonyl iron 

substances were measured while creating both the fluids and suitable concentration of the carrier 

fluids were added, to both the fluids, to balance the 40-60 ratio for the first MR fluid and 36-64 

for the second MR fluid. The list of Magnetorheological fluids used in this work is given in the 

table1. 

Table I: List of MR fluids used in the present work 

S. No. % of Iron Particles Carrier fluid MR fluid 

1 Commercially available (MRF 132DG) Hydrocarbon oil MRF 

2 40% Hydrocarbon oil HMRF40 

3 36% Hydrocarbon oil HMRF36 

4 40% Silicon oil SMRF40 

5 36% Silicon oil SMRF36 
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4. Characterization of MR Fluids: 

After being synthesized, these fluids were characterized using the experimental setup 

shown in Fig. 4. This system consists of sensors, power supply, a hydraulic system and data 

acquisition system. For characterization, a MR damper is used which is filled with the synthesized 

MR fluid. The detailed description of the apparatus used for experimenting is given as follows: 

 

Fig: 4. Experimental setup 

Hydraulic system: The actuator drives the damper which has the configuration of two 10-gpm 

Moog servo valves and having a bandwidth of 60 Hz. To reduce the nonlinear effects, the actuator 

will have a 50 mm diameter cylinder and a 40 mm stroke fitted with low-friction Teflon seals built 

by Denison Hydraulics India Limited, Hyderabad. Servo- hydraulic controller which is in 

displacement feedback mode will control the actuator. The maximum speed for this configuration 

will be 20 cm/sec. 

Sensors: To measure the displacement of the damper, a position sensor which is manufactured by 

OPKON (Model LPT) was used. The position sensor has a full range of 1000 mm displacement, 

speed of 2 m/s and repeatability 0.05%.For measuring the damper resisting force a load cell of 

tension and compression type, made by OIML and rated at 20 KN, was used. Tetronix current 
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probe having a sensitivity of 100mV/A is used to measure the input current going into the MR 

damper coils. Two pressure transmitters which are made by SPY are used to measure the pressure 

difference on either side of the damper piston. These transmitters have a maximum range of 200 

bars.  Also, a Fluke 80T-IR infrared temperature probe with a sensitivity of 1 mV/°C was used to 

display the damper temperature when the experiment was conducted. 

Data acquisition: For acquisition and analysis a data logger (Model: TC-800D) with 8 analogue 

inputs, manufactured by AMBETRONICS, was employed. 

Power supply: LORD Wonder Box Device Controller Kit was engaged to provide Direct Current 

supply with a full capacity of 2 amps to input current to the Magneto Rheological damper coils for 

quasi-static damper testing. 

5. Results and Discussions: 

As mentioned in the above section force & pressure-velocity and variable input current 

effect tests have been conducted by using the experimental setup shown above to examine the 

behaviour of the formulated MR liquids. In this experiment, 0.00, 0.05, 0.1, 0.15 and 0.2 m/s 

velocities of were engaged. The damper coil’s input current was kept constant at 0, 0.5, 1, 1.5 and 

2 A respectively. 

  
Fig 5: Variation of Force (F) wrt velocity (VP) 
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Fig 6: Variation of Force (F) wrt velocity (VP) 

Fig 7: Variation of Pressure (P) wrt Velocity (VP) 

Force & Pressure-Velocity Behavior 

At different constant input current levels, the measured force-velocity behavior of all the 

MR fluids are graphed and are shown in Fig. 5. The following are the interpretations made from 

the results: 
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Fig 8: Variation of Pressure (P) wrt Current (I) 

i) At high velocity a larger damping force can be seen. This can be due to the plastic viscous force. 

ii) All the plots in the graph are nearly parallel to each other and are having very less slope. This 

shows that the resistive force (F) of the Magnetorheological damper will be less dependent on the 

velocity (Vp). 

iii) At lower currents, almost all the plots are clustered, which shows that the performance of all 

the fluids is almost same. But, at higher currents the effect of current can be seen on the 

performance of fluids. 

iv) Another interesting observation is that the performance of the commercially available fluid is 

good at higher levels than lower levels of current. 

v) The performance of SMRF-40 and HMRF-36 is almost same at all levels of current. 

vi) The effect of percentage of magnetizable particles is more in case of silicone based MR fluids 

than hydrocarbon based MR fluids at higher current levels. 

vii) The similar effect can be observed for the same percentage of magnetizable particles in both 

varieties of carrier fluids at higher current levels.                                                            

Pressure-velocity behaviors of all the Magnetorheological fluids at different constant input 

current levels are also graphed and are shown in Fig. 7. Similar kind of behaviour is observed in 

this case as well. 

Variable Input Current Behaviour  
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Force-current and pressure-current tests for all the MR fluids and the results of the graphs 

were plotted at different constant velocity levels and can be seen in Figs 6 & 8. The subsequent 

observations are prepared: 

i) All the graphs are in an array (clustered) and are having more slope, that is, the influence of 

piston velocity (Vp) upon the damper’s resisting force (F)/pressure (P) will be much less when 

compared to the input current (I) of the damper. 

ii) The slope of the graphs, corresponding to maximum velocity (Vp = 0.2 m/s), unexpectedly rises 

for a current value of 1.5 A for MRF-132DG and SMRF. This may be due to the saturation of 

magnetic particles in the MR fluid, which shows that the resilience provided by the MR damper at 

saturation quickly, increases and touches its maximal value. 

iii) The slope of the plot, corresponding to commercial fluid (MRF-132DG), is almost same i.e. 

the variation is linear. But in case of synthesized fluids, the variation is non-linear. 

iv) All the plots are crossing with each other for all values of velocity. Initially the synthesized 

fluid values are higher and gradually coming down than the commercial values as the current input 

to the damper increases.  

6. Conclusions: 

Quasi-static experiments on the MR fluid filled damper were conducted to know the 

behavior of MR fluids; these tests include force-velocity tests, pressure-velocity tests and variable 

input current tests. The complete performance of the MR fluids is found to be very promising, and 

the experimental results have shown that the fluids behavior is quite consistent. It has been 

observed that the overall performance of silicon based MR fluids is little better than the 

hydrocarbon based fluids.   
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