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Abstract. This paper describes semi-active vibration control by a controllable damper with 

high reliability and wide dynamic range using magnetorheological (MR) grease. Some types of 

cylindrical controllable dampers based on pressure difference between chambers in the 

dampers using “MR fluid”, whose rheological properties can be varied by applying a magnetic 

field, have been reported as a semi-active device. However, there are some challenging issues 

of them. One is to improve dispersion stability. The particles dispersed in MR fluid would 

make sedimentation after a period. Another is to expand dynamic range. Since cylindrical 

dampers require sealing elements because of pressure difference in the dampers, the dynamic 

range between the maximum and minimum damping force according to a magnetic field is 

reduced. In this study, a controllable damper using the MR effect was proposed and its 

performance was experimentally verified to improve the dispersion stability by using “MR 

grease”, which includes grease as the carrier of magnetic particles, and to expand the dynamic 

range by adopting a shear type structure not requiring sealing elements. Furthermore, semi-

active vibration control experiments by the MR grease damper using a simple algorithm based 

on the skyhook damper scheme were conducted and its performance was investigated.  

1.  Introduction 

Magnetorheological (MR) fluid is a type of controllable fluid whose rheological properties can be 

varied by applying a magnetic field. It is basically composed of micron-sized magnetic particles 

dispersed in carrier fluid such as mineral or silicone oil [1]. When a magnetic field is applied, the 

dispersed magnetic particles form chain-like structures called “cluster” along the magnetic circuit. It is 

considered that they prevent the movement of fluid and generate the yield shear stress. Due to its rapid 

response, low energy requirement, and wide dynamic range, MR fluid has attracted much attention 

and a variety of applications such as controllable dampers, clutches, and brakes have been developed 

[2]. Especially, controllable dampers using MR fluid have been actively studied due to its high 

potential in semi-active control applications.  

Some types of cylindrical controllable dampers based on pressure difference between chambers in 

the dampers using MR fluid have been reported as a semi-active device. However, there are some 

challenging issues of cylindrical MR fluid dampers. One is to improve dispersion stability. The 

particles dispersed in MR fluid would precipitate and make sedimentation after a period due to density 

difference between the particles and the carrier fluid. When sedimentation is formed, it is difficult to 

re-disperse the particles and it would degrade the performance. In order to improve dispersion stability, 

MR grease, which includes grease as the carrier of magnetic particles, was developed [3]. Three 
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dimensional network structure in grease might hold dispersed particles and sedimentation of particles 

is drastically reduced. Another challenging issue is to expand the dynamic range. Cylindrical dampers 

require sealing elements because of pressure difference between chambers in the dampers. Since there 

is sliding friction in the sealing elements, the damping force without a magnetic field increases and the 

dynamic range between the maximum and minimum damping force according to the strength of a 

magnetic field is reduced not making the best use of MR effect.  

In this study, MR grease was applied to a shear type damper and its performance was 

experimentally verified. Furthermore, the MR grease damper was installed in a one degree-of-freedom 

model structure and its effectiveness as a semi-active damper was investigated by the vibration control 

experiments under sine excitation and pseudo-random excitation using a simple algorithm based on 

the skyhook damper scheme.  

2.  Magnetorheological grease 

Grease is a solid or semi-solid lubricant composed of base oil, solid thickener, and additives [4, 5]. 

Internal thickener basically forms a three-dimensional fibrous structure and it is presumed that grease 

becomes solid because the base oil is maintained between these structures [6]. We used grease 

including the three-dimensional fibrous structure of thickener to stabilize the dispersion of magnetic 

particles instead of carrier fluid in MR fluid and developed “MR grease”. It was considered that 

magnetic particles dispersed in grease might be held by this fibrous structure and no or little 

sedimentation was produced in MR grease.  

Figure 1 shows photographs of appearance of a commercial MR fluid and the developed MR 

grease composed of mineral oil, 1 wt% lithium soap thickener, and 75 wt% carbonyl iron particles 

when they were left in static state for 30 days. MR fluid was separated into two layers and its 

supernatant was observed. On the other hand, there was no apparent change in the MR grease. It is 

clear that the dispersion stability was improved by using grease as a carrier of magnetic particles. 

3.  Shear type magnetorheological grease damper 

3.1.  Structure 

Figure 2 shows a schematic diagram of the proposed MR grease damper. The principal specification of 

the damper is shown in Table 1. In order to expand the dynamic range by realizing lower damping 

force in off-state of a magnetic field and higher damping force in on-state, a shear type structure was 

applied to the damper. A shear type damper requires no sealing element and sliding friction for sealing 

is basically zero different from a pressure type damper. In addition, there is no leakage due to the 

property of grease. A brass plate was inserted in a flat brass box without a top part. The gap between 

the plate and the inside wall of the box was 2 mm and filled with MR grease. When the plate was 

oscillated, shear force, which was determined by the shear stress of MR grease and the surface area of 

the plate contacting with MR grease, was generated as damping force. A magnetic field was applied to 

MR grease by an electromagnetic coil through an iron core to cross perpendicular to the direction of 

     
            Day 1            Day 30             Day 1          Day 30 

        (a) MR fluid        (b) MR grease 

Figure 1. Photographs of MR fluid and MR grease kept in static state. 
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shear deformation of MR grease. The damping force can be controlled by the strength of a magnetic 

field, which was varied by adjusting electric current in the electromagnetic coil.  

3.2.  Typical properties 

Typical properties of the MR grease damper were measured. The damper was set to a servo-hydraulic 

actuator. While the servo actuator was reciprocated in the harmonic wave of constant frequency and 

amplitude, the displacement of the plate in the damper and the damping force were measured by a 

magnetic scale and load cell, respectively. The vibration frequency was set to 1, 3, or 5 Hz at the 

constant amplitude of 5 mm and the electric current to the coil was varied from 0 to 4 A; 0, 1, 2, 3, or 

4 A by a DC power supply. In advance of the experiments above, it was experimentally confirmed that 

the damping force based on the eddy current loss was much smaller than that based on the 

characteristics of MR grease. 

Figure 3 shows the hysteresis loops of damping force and plate displacement. The hysteresis loops 

at each electric current were superposed in figure 7. As a result, it was shown that the damping force 

increased with the intensity of the applied electric current, i.e., with the strength of the applied 

magnetic field. The hysteresis loops appeared to be rectangular shape, which means that the frictional 

damping was predominant in the MR grease damper. As shown in figure 7, it was found that the 

damping force increased with the plate frequency. In other words, as the plate velocity increased, the 

influence of the viscous damping of MR grease became larger in the damper. 

Since the damping force in the case of the maximum velocity of 1 Hz was approximately 1 N and 

 

Figure 2. Schematic diagram of the shear type  

MR grease damper. 

Table 1. Specification of the shear type  

MR grease damper. 

Stroke 10 mm 

Gap filled with MR grease 2 mm 

Area of oscillated brass 
plate 

2100 mm2 

Height 180 mm 

Width 160 mm 

Depth 130 mm 

Winding number of coil 125 or 1000 

 

 
(a) 1 Hz        (b) 3 Hz                (c) 5 Hz 

Figure 3. Hysteresis loops of damping force and displacement of the MR grease damper. 
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70 N at 0 A and 4 A, respectively, the dynamic range of the damping force was seventy times. It 

indicates that the dynamic range obtained in the present MR grease damper is more than five times as 

high as the conventional MR fluid damper or MR grease damper [3, 7]. 

4.  Control algorithm 

In order to verify the wide variation of dynamic characteristics of a structure by the MR grease damper 

and its vibration controllability, a simple semi-active vibration control was conducted for a one 

degree-of-freedom model structure. A control algorithm based on the skyhook damper scheme 

(Karnopp, et al., 1974) was used to control electric current supplied to the MR grease damper.  

Figure 4(a) shows the relationship between damping force F and velocity of the plate in the damper 

rx  measured under sine excitation at the amplitude of 10 mm and the frequency of 2 Hz at the electric 

current I of 0, 1, 2, 3, and 4 A to the MR grease damper. The relationship was linearized by  
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where a(I) and b(I) are functions of I and approximated by quadratic curves using coefficients a0, a1, 

a2, b0, b1, and b2 as shown in figures 4(b) and(c), respectively. Desired damping force can be achieved 

in the controllable domain plotted in figure 4(a) and was set as the velocity-proportional form of 

damping force given by 

 0bxcF re    (2) 

where ce is the equivalent viscous damping coefficient and b0 is small damping force at rx  = 0 and I = 

0. Using equations (1) and (2), the control current Ic required for ce is obtained as the following 

expression.  

   
(a) Damping force vs. velocity at 0, 1, 2, 3, and 4 A.                (b) Gradient a(I) vs. current. 

   
(c) Intercept b(I) vs. current.                                  (d) Control current vs. velocity 

Figure 4. Control current required for desired damping force (red line). 
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ce which is as large as possible is determined as 55.4 Ns/m in the controllable domain as shown as the 

red line in figure 4(a). The relationship between Ic and rx  is shown in figure 4(d).  

Considering that damping force cannot be generated in the second and fourth quadrants in figure 4 

(a) due to the passivity of the damper, the control algorithm based on the skyhook damper scheme is 

determined by  
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where x  and 0x  signifies the absolute velocity at the control target floor of the model structure and 

the base part, respectively. If the MR grease damper is installed between the target floor and the base 

part, the following equation is obtained. 

 0xxxr
   (6) 

5.  Semi-active vibration control experiments using the magnetorheological grease damper 

5.1.  Experimental setup 

Figure 5 shows a schematic diagram of the experimental setup for the semi-active vibration control. 

The model structure was composed of a target floor plate of 1.5 kg fixed to leaf springs of 600 N/m 

and a base plate. The target floor plate of 100 mm in length, 200 mm in width, and 20 mm in thickness 

was placed at 400 mm from the base plate. The MR grease damper was installed between the floor and 

base plates. The base plate was fixed on two linear bearings and given forced excitation by an 

electromagnetic actuator. 

 

Figure 5. Schematic diagram of the experimental setup for semi-active vibration control. 
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The displacement of the floor and base plates was measured by laser displacement sensors. The 

data of time series of displacement were acquired by an analog to digital converter of the sampling 

frequency of 10 kHz. The velocity of the floor and base plates was obtained by numerically 

differentiating the displacement using 100 samples. The control signal was calculated using the control 

algorithm as mentioned above and output to a bipolar power supply by a digital to analog converter at 

the frequency of 100 Hz. The electric current to the coil was set to 4 A in on-state and determined by 

the control algorithm using equations (4) and (5), and figure 4(d) in control.  

5.2.  Sine excitation 

Figures 6, 7, and 8 show time series of the displacement of the target floor and the supplied electric 

current under the sine excitation of the 3 mm amplitude and the 2.5, 6.0, and 9.5 Hz frequencies, 

respectively. In these figures, the displacement responses in on-state, off-state, and control were 

superposed. When the displacement response in on-state was smaller than that in off-state at 2.5 Hz, 

the response in control was almost same as that in on-state by controlling the supplied electric current. 

On the other hand, when the displacement response in off-state was smaller than that in on-state at 6.0 

and 9.5 Hz, the response in control was almost same as that in off-state. 

The frequency response of the target floor is shown in figure 9. The dynamic characteristics of the 

model structure were highly varied by switching the electric current to the MR grease damper from 

  

Figure 6. Time series of the displacement of the target floor and the supplied electric current  

under the sine excitation of the amplitude of 3 mm and the frequency of 2.5 Hz. 

-15

-10

-5

0

5

10

15

0 0.2 0.4 0.6 0.8 1

D
is

p
la

ce
m

en
t 

[m
m

]

Time [s]

OFF ON Control

0

1

2

3

4

0 0.2 0.4 0.6 0.8 1

C
u
rr

en
t 

[A
]

Time [s]

  

Figure 7. Time series of the displacement of the target floor and the supplied electric current  

under the sine excitation of the amplitude of 3 mm and the frequency of 6.0 Hz. 
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Figure 8. Time series of the displacement of the target floor and the supplied electric current  

under the sine excitation of the amplitude of 3 mm and the frequency of 9.5 Hz. 
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off-state to on-state. The displacement amplitude in control was almost same as that in on-state in the 

low frequency range in which that in on-state was smaller than that in off-state. In the same manner, 

the displacement amplitude was almost same as that in off-sate in the high frequency range in which 

that in off-state was smaller than that in on-state. It is shown that the control algorithm realizes the 

ideal semi-active control.  

5.3.  Pseudo-random excitation 

Figure 10 shows time series of the displacement of the target floor and the supplied electric current 

under the pseudo-random excitation in the range from 2.0 to 9.5 Hz. The displacement response in 

control was reduced compared to off-state and on-state. The reduction rate to off-state is 40.3% in 

maximum and 38.6% in root mean square in control while that is 25.1% in maximum and 24.1% in 

root mean square in on-state.  

The frequency response of the target floor is shown in figure 11. In the same manner as the sine 

excitation, it is shown that the control algorithm realizes the ideal semi-active control. The results 

 

Figure 9. Frequency response of the model structure equipped with the MR grease damper 

under sine excitation. 
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Figure 10. Time series of the displacement of the target floor and the supplied electric current  

under the pseudo-random excitation in the frequency range from 2.0 to 9.5 Hz. 
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under the sine excitation and the pseudo-random excitation indicate that the semi-active vibration 

control is successfully conducted by the MR grease damper using the control algorithm. 

6.  Conclusions 

In this study, MR grease was applied to a shear type damper and its performance was experimentally 

verified to improve the dispersion stability by using MR grease and to expand the dynamic range by 

adopting a shear type structure. As a result, it is confirmed that MR grease has the high dispersion 

stability and that the dynamic range of the present damper according to the supplied electric current is 

seventy times, which is more than five times as high as the conventional dampers using the MR effect. 

Furthermore, the MR grease damper was installed in a one degree-of-freedom model structure and its 

effectiveness as a semi-active damper was investigated by the vibration control experiments under sine 

excitation and pseudo-random excitation using a simple algorithm based on the skyhook damper 

scheme. The results indicate that the semi-active vibration control is successfully conducted by the 

MR grease damper using the control algorithm.  
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Figure 11. Frequency response of the model structure equipped with the MR grease damper 
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