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Abstract: Magnetorheological fluid is a widespread attention smart materials in recent years, which consists of soft
magnetic particles, carrier liquid and additives. The paper details the characteristics, composition and rheological principle of
MREF and the application of magneto-rheological fluid in engineering and the working principle of magneto-rheological fluid
devices, provides a basis understanding for the scholars of magneto-rheological technology and components.
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1. Introduction

Magneto-rheological fluid, calls MRF, is a new branch of
smart materials[1]. It is a kind of suspension that consists of
magnetic particles and carrier fluid and its rheological
property can be changed rapidly and reversibly under the
action of an external magnetic field, otherwise, it can realize
the real-time active control[2]. Magneto-rheological fluid
has the extremely widespread application prospect in many
fields including aerospace, automotive industry, hydraulic
transmission, biotechnology and medical because of its
characteristics of continuous, reversible, rapid and easy
control[3-6].

2. Composition and Principle of MRF
2.1. Composition of Magneto-Rheological Fluid

Typical magneto-rheological fluid consists of 3 parts: soft
magnetic particles, the carrier fluids and additives[7].

Soft magnetic particles mainly including Fe304. Fe3.
Fe. Co. Ni etc.. Among them iron cobalt alloy has the
biggest magnetic saturation and its magnetic saturation can
reach 2.4T, but its price is expensive. In fact, the most widely
used materials is pure iron and carbonyl iron powder, their
magnetic saturation can reach approximately 2.1T, other
metals, alloys and oxide particles’ magnetic saturation is
lower than iron. Magnetic particles’ diameter is 0.1~ 100 um,
the typical value is 3~ 5 um, only the oxide particles’
diameter reach 30 nm, but the magnetic saturation of this

oxide particles is relatively low and the maximum stress can
reach 5 kPa of corresponding MRF[8].

The carrier liquid is an important component of
magneto-rheological fluid, it is a media of soft magnetic
particles suspension. Synthetic oil, Mineral oil and water etc.
can be carrier liquid. The carrier liquid of
magneto-rheological fluid should have the following
characteristics: Mhigh boiling point and low freezing point.
This ensures that the magneto-rheological fluid has a wide
operating range of working temperature; @suitable
viscosity. Zero magnetic field of MRF should have low
viscosity, the lower viscosity, the better characteristics of
carrier liquid. But the sedimentation stability becomes worse
as the viscosity reducing.

Additives include dispersant and anti-sedimentation agent
etc. The main function of additives is to improve the
sedimentation stability, dispersion, zero viscosity and shear
yield strength of magneto-rheological fluid. Dispersant
includes oleic acid and oleic acid salt, naphthenate, sulfonate,
phosphate, stearic, glycerol monooleate, alcohols and silica,
etc. Anti-sedimentation agent includes high polymer,
hydrophilic silicone oligomer, organometallic silicon
copolymer, ultrafine amorphous silica, organoclay and
oligomer containing hydrogen, etc[9].

2.2. Principle of Magnetic-Rheological Fluid

Micro particles are magnetized to produce orderly
movement when an external magnetic field is applied, this
movement generating at the beginning of micro particles are
magnetized and finishing until reaching a relatively stable
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state, forming a fixed structure. These particles are attracted
to each other under the force of the magnetic field forming a
chain structure, this process is called chain process, as
shown in figure 1. [10] These magnetic micro particles are
seen as some of rigid sphere.
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Figure 1. Principle of magnetic-rheological fluid.

Figure 1 (1) indicates the micro particles disperses
irregularly in the carrier liquid when there is no magnetic
field, and this time dynamic yield stress is zero. Figure 1 (2)
indicates micro particle magnetic is magnetized forming
magnetic dipole when the magnetic field is applied. Figure 1
(3) indicates the micro particles in MRF connecting into
chains under the action of medium magnetic field and then
the viscosity of MRF increases. Figure 1 (4) indicates MRF
presents obvious magneto-rheological effect: number of
chains increases, diameter of chains thicken, dynamic yield
stress and apparent viscosity of the magneto-rheological
fluid continues to increase. Figure 1(5) indicates that when
the external magnetic field removes, the MRF materials
recover quickly and return to the original state of irregular
dispersion. This entire chain process takes only a few
milliseconds.

3. Application in Damping

According to the characteristics of MRF rheological
properties in the magnetic field, MRF dampers can adjust
itself damping in real time according to external vibration to
achieve the purpose of damping. So the MRF damper is an
important field of MRF application in engineering.

Its working principle is shown in figure 2.

When MRF damping work properly, the coil produces the
magnetic  field, magnetic field line acts on
magneto-rheological fluid which is in the multiple circular
damp channels on the baffle, the piston to do reciprocating
linear motion in the cylinder body changing the motion
characteristics of MRF in the annular damping channel and
changing the pressure difference between the upper and
lower chambers, and then achieving the controlling to
damping force.

The Maryland University designed a two fold annular gap
throttle MRF damper for artillery recoil device, Yang
Guangqiang et al [11] tested the damping force performance
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of 200kN magneto-rheological damper systematically;
Nevada University research team CIML laboratory led by
Professor Gordaninejad developed a double-piston magnetic
magneto-rheological fluid damper[12]; Li Zhongxian et al
[13] designed and produced double rod shear wvalve
magneto-rheological damper; Wang Hongtao et al [14]
designed a disc-sharped slit binoculars magneto-rheological
fluid damper based on passive tube shock absorber; Wang
Xiuyong et al [15] designed and produced rotary shear MR
damper which damping force adjustable range is large and
displacement is not restricted.
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Figure 2. Principle of magnetic-rheological fluid damping.

4. Application in Transmission

Magneto-rheological ~ transmission was a new
transmission technology developing in the 1990s, the
transmission theory is based on the rheological effect of
MREF. Its working principle is shown in Figure 3,
magneto-rheological fluid is the transmission medium,
magnetic field generates by the coil acting on the MRF
between the turntable and the housing, the input shaft drives
the turntable and then rubs the magneto-rheological fluid, by
adjusting the magnetic field intensity to change the
magneto-rheological fluid shear yield stress, thereby
changing the value of the transmission torque and force[16].
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Figure 3. principle of magnetic-rheological fluid transmission.

Domestic and foreign scholars do a lot of research on the
magneto rheological fluid transmission device. Zheng Jun in
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Chongqing  University[17] developed a cylindrical
magneto-rheological fluid actuator, discussed the MRF
transmission fluid dynamics, studied the flow field in the
steady and transient conditions and explored the response
time and influencing factors of MRF transmission device.
Hou Youfu etc. in China University of Mining
Technology[ 18] studied the power transmission mechanism
of MRF between the rotating interface, applied for the
related patent about MRF actuator and development small
power actuator; Ding Boqun etc. in Northeast Forestry
University[19] designed an automobile within wheel
impeller MRF brake and deduce its braking torque
calculation. This brake braking torque can meet the needs of
the general small car.

5. Application in Hydraulic System

Magneto-rheological fluid is the working medium of the
hydraulic system, under the control of MRF valve it can
complete the action of the implementation drive. In this
system, the MRF valve is a proportional control valve
without moving, shown in Figure 4. Compared with the
conventional hydraulic proportional valve, MRF valve has
longer life and cheaper price.
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Figure 4. Magnetic-rheological fluid hydraulic valve.

Kordonsky [20] proposed a hydraulic cylinder piston
motion control scheme and designed variety of structures
compact, channel-optimized MRF valves and systems.
Magneto-rheological principle of hydraulic system is shown
in figure 5, valve resistance changes when the coil of the
corner two pairs of hydraulic valves is energized causing the
piston-cylinder generates pressure differential, and then the
piston moves. This system can locate the actuator.
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Figure 5. Magnetic-rheological fluid hydraulic system.

6. Application in Polishing Device

W.I. Kordonski, L.V. Prokhorov etc. [21] combined the
theory of electromagnetism and fluid dynamics and invented
polishing technology. MRF basic principle is shown in

Figure 6, we may even just take the Polishing spherical
surface device as an example, puts the MRF on the rotating
tray, the workpiece is mounted on a rotating shaft, rotating
tray sends the MRF to the workpiece surface, The MRF will
stiffen and be dragged into the gap between the workpiece
and tray when DC magnetic field is applied in the vicinity.
The workpiece is polished because shear in the area
becomes high. Workpiece surface sweeps high shear stress
area since shaft deflection controlled by the program,
therefore, the entire workpiece is polished.
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Figure 6. Schematic view of magneto-rheological polishing.

In 1995, the optical processing centers of Rochester
University made use of MR and processed a number of
spherical and non-spherical optical elements that diameter is
smaller than 50mm[22]. In 1997, they polished fused silica,
glass material, and some types of infrared materials whose
surface roughness is about 30nm[23].

7. Application in Other Fields
7.1. MRF Sealing Device

Kordonsky[24] studied the rotation shaft single-stage
sealing technology by experiment where
magneto-rheological fluid is sealed medium. It controls the
viscosity of MRF in sealing gap to achieve the sealing
purpose, its structure is consistent with the magnetic fluid
sealing and has the advantages of simple structure, good
sealing performance, no wear parts, easy maintenance, etc.
Furthermore, Fujita[25] studied the effect of the
magneto-rheological particle size, shape, and the viscosity
of the carrier liquid on the rotational torque and the sealing
pressure. Li Jingsong etc. [26] in Harbin Institute of
Technology proposed a new MRF seal ring of low friction
and long service life.

7.2. MRF Composite Component

In mechanical systems, such as plate, disc, beams, rods or
other components, closing the MRF as a structural element
in the relatively sandwich is a common practice to is a
common practice to change the stiffness and damping of the
composite components by changing the MRF shear and
compression / tensile modulus. The composite components
can be embedded in many mechanical systems to control the
vibration and other properties of systems. Weiss[27] and
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Carlson[28] applied for a variety of composite component
patents.

7.3. MRF Flexible Fixture

To solve the processing of small or irregularly shaped
member in manufacturing process, using
magneto-rheological flexible fixture can ensure the accuracy
and reduce the processing time by making use of MRF
characteristics of phase transition rapidly and the large yield
strength. Tang[29] studied the possibility of manufacturing
MRF flexible fixture and took the method of changing
single-chain of microstructure into coarse columnar by
pressure to meet the required of fixture carrying capacity in
manufacturing processing.

8. Conclusion

Magnetorheological fluid is a new smart material and it is
easy to control, under the action of an external magnetic
field, it can achieve the transition between high yield stress
viscoplastic colloid and Newtonian fluid in milliseconds and
this transition is irreversible, continuous and controllable, so
it has broad application prospects. This paper mainly
introduces the composition of MRF, magneto-rheological
principle and MRF application field. Domestic and foreign
scholars achieved many achievements around the
mechanism, testing, preparation, application and other
aspects of MRF. But MRF technology and its applications
still have many problems that need further research in
following aspects: low performance of MRF; easy to leak,
difficult to seal when working; poor particle sedimentation
stability and instability; device cooling effect is not ideal;
MREF control element, such as brake, clutch, output torque is
not ideal, etc.. This technology will be widely used in the
field of mechanical engineering after overcoming the above
shortcomings.
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