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Abstract: The mechanism of magneto rheological effect and the characteristics of 

magneto rheological fluid are briefly introduced. The working principle of magneto 

rheological device is expounded. The research direction of magneto rheological 

damper is summarized. The development of magneto rheological damping technology 

is urgently needed problem. 
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1. Introduction 

In 1948, Rainbow first discovered the magnetorheological effect and designed a 

magnetorheological clutch. Later studies further revealed that the apparent viscosity of 

magnetorheological fluid changes significantly with the applied magnetic field, and its 

flow characteristics change significantly, even becoming solid, making it a medium for 

force transmission; when the applied magnetic field is removed, the magnetic current 

The fluid returns to its original liquid state and its response time is only a few 

milliseconds. The rheological properties of magnetorheological fluids can vary with the 

strength of the applied magnetic field, and the apparent viscosity of the 

magnetorheological fluid can be adjusted sleeplessly. This controllable property of 

magnetorheological fluid enables people to create "smart" Mechanical components. 

Since the mid-to-late 1980s, the bottleneck of the shear strength of the electro 

rheological fluid after the rheological transformation has never been broken, and the 

research on magnetorheological fluid technology has been widely carried out. The 

damper made by the utility model has the advantages of small volume, low energy 

consumption, simple structure, large damping force, wide dynamic range, high 

frequency response, large adapting surface, etc., in particular, it can generate optimal 

damping force according to the vibration characteristics of the system. Therefore, it 

has broad application prospects in the field of intelligent structure, and has become 
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one of the hot topics in international research, and it has gradually received attention 

in China [1]. 

 

2. Magnetorheological Fluid and Performance 

The magnetorheological fluid generally consists of three kinds of materials: 

ferromagnetic easily magnetized particles, base liquid and stabilizer. Ferromagnetic 

easy magnetized particles are ferromagnetic and paramagnetic spherical particles, 

generally using carbonyl iron powder, pure iron powder or iron alloy; the base liquid 

requires good temperature stability, good flame retardancy and is not easy to cause 

pollution. Silicone oil, kerosene and synthetic oil are generally used; the role of the 

stabilizer is to ensure good sedimentation stability and cohesion stability of the 

magnetorheological fluid. Magnetorheological fluid is a coarse dispersion system with a 

dispersed phase diameter of micron. It is easy to produce sedimentation under the 

action of gravity and centrifugal force, and the polarizable particles are prone to 

coagulation due to chemical and physical effects. When there is no external magnetic 

field, the shear yield stress of the magnetorheological fluid is 2~3kPa, and the 

magnetic field (0.3~0.5T) has a yield stress of 50~100kPa; at 25°C, the viscosity of the 

magnetorheological fluid is 0.20~0.30Pa× s-1, the working temperature of 

magnetorheological fluid is generally -45~+150°C. At present, the mechanism of the 

magnetorheological effect has not yet been fully defined and fully accepted physical 

interpretation. However, it can be observed from the microscope that the particle 

distribution of the magnetorheological fluid is disordered under a zero magnetic field, 

but it is regular under the action of a magnetic field, and the direction of the magnetic 

field is arranged in a chain shape. The schematic diagram of the principle is shown in 

Figure 1 [2]. 

 

Figure 1. Schematic diagram of the principle of magnetorheological effect 

 

The magnetorheological fluid appears as a Newtonian fluid in the absence of an applied 

magnetic field. When an external magnetic field is applied, the magnetic particles of 

the magnetorheological fluid are subjected to a magnetic field force to generate a 

magnetic dipole moment, and the interaction between the magnetic dipoles forms a 
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long chain. As the applied magnetic field increases, the chain structure aggregates and 

transforms. For the macroscopic columnar structure, Bingham characteristics in a short 

time [3]. 

Let τ_y be the shear stress of the magnetorheological fluid shear stress, which is 

subjected to a shear stress of τ. When τ < τ_y, the magnetorheological fluid properties 

are similar to solids; when τ > τ_y magnetorheological fluids exhibit a flow morphology. 

This behavior is called the Bonham plastic model. After a lot of experimental research, 

the shear stress τ of the magnetorheological fluid and the shear strain rate γ satisfy the 

following relationship under the action of a magnetic field. The expression is: 

 

Where τ_y is the shear stress of the magnetorheological fluid, η is the 

magneto-rheological fluid viscosity coefficient, and sign is the mathematical symbol. 

The magnetorheological effect has three important characteristics: 

(1) Continuity: The yield stress of the magnetorheological fluid changes continuously 

with the change of the magnetic field strength; 

(2) Reversibility: The magnetorheological fluid can become a semi-solid as the 

magnetic field strength increases, and can become a fluid as the magnetic field 

strength decreases; 

(3) Short frequency response time: The time required for the positive and negative 

changes of the shear yield stress of the magnetorheological fluid under the action of 

the magnetic field is several milliseconds. 

At present, the United States is in a leading position in the development of 

magnetorheological fluids. The magnetorheological fluid produced by Lord in 2002 and 

the damper MagneRideTM made by Delphi were used in the Cadillac series of car 

suspension systems; in 2004, the production of magnetorheological fluids for 

intelligent dampers in the United States has reached One hundred tons. Koran et al. of 

BASFAG, Germany, have developed stable Nan scale magnetorheological fluids. 

Domestic research on magnetorheological fluid technology started later than foreign 

countries. In the mid-1990s, research on magnetorheological fluid technology began, 

but certain results were achieved. Furan University has studied the basic theories of 

magnetorheological mechanism and magnetorheological fluid performance test and 

relatively stable magnetorheological fluid preparation. The University of Science and 

Technology of China has conducted research on the mechanical properties of 

magnetorheological fluids. Guan Inchon of Harbin Institute of Technology developed a 

magnetorheological fluid and studied its mechanical properties. The performance 

parameters of the series of magnetorheological fluids developed and produced by 

Chongqing Instrument Materials Research Institute are close to similar foreign 

products, and are widely used in domestic damper development and testing. Ningbo 
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Luo gong Monitoring Company has also developed a magnetorheological fluid with 

good performance [4]. 

 

3. Magnetic Rheological Damper Works 

The research goal of magnetorheological fluid technology is to use magnetorheological 

fluid to change the rheological properties under the action of external magnetic field, 

and to develop magnetorheological damping devices for various purposes. The current 

working modes are as follows: 

(1) Flow mode (Valve mode): The principle is shown in Fig. 2(a). The 

magnetorheological fluid passes through a fixed magnetic pole under the action of 

pressure. The direction of the magnetorheological fluid flows perpendicular to the 

direction of the magnetic field, and the excitation coil can be changed. The current 

controls the damping force of the magnetorheological damper. The system can be used 

for servo control valves, dampers and dampers. 

(2) Shear mode (Directshearmode): As shown in Fig. 2(b), the magnetorheological 

fluid passes through the controllable magnetic field under the action of the movable 

magnetic pole, and the magnetic pole moves in a direction perpendicular to the 

direction of the magnetic field. This system can be used for a clutch. 

Magnetorheological devices such as brakes, locking devices and dampers. 

(3) Compressivesqueezefilmmode: As shown in Fig. 2(c), the magnetic pole moves in 

the same direction as the magnetic field. The magnetorheological flow flows around 

the magnetic pole pressure, and the magnetic field direction and the magnetic fluid 

flow direction vertical. The displacement of the magnetic pole is small, and the 

damping force generated by the magnetorheological variant is large, and can be 

applied to a magnetorheological damper with small displacement and large damping. 

The direction of the magnetic field in the extrusion mode is parallel to the direction of 

motion, which is not suitable for linear large-stroke dampers. 

 

Figure 2. Three basic modes of operation of a magnetorheological damper 

 

Currently used are the flow mode and the shear mode, and the mixed mode of the two 

modes. Figure 3 is a schematic diagram of the operation of a magnetorheological 

damper based on a hybrid mode. The basic components are: piston, piston rod, 

electromagnetic coil and so on. The electromagnetic coil is wound around the piston 
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and the power cord is drawn through the piston rod. Since the flow characteristics of 

the magnetorheological fluid change under the action of the magnetic field, different 

currents are used to generate different magnetic fields, and the flow characteristics of 

the magnetorheological fluid in the damping channel are adjusted to achieve the 

control of the damping force [5]. 

 

Fig 3. Working principle of magnetorheological damper based on mixed mode 

 

4. Research Status of Magneto rheological Damper at Home and Abroad 

At present, magnetorheological dampers have entered engineering applications 

abroad, mainly in the fields of construction, machinery and automotive structures. The 

United States, Germany, Japan and other countries are in a leading position in the 

development and application of magnetorheological dampers. The domestic research 

and development work started late and is still in the stage of trial and exploration. At 

present, the research of foreign magnetorheological dampers is mainly in structural 

improvement, control mode and dynamics modeling [6]. 

In terms of structure, in 2013, David Case et al. of Dallas Southern Methodist University 

designed a small magnetorheological damper, as shown in Figure 4, and applied it to 

the upper limb tremor suppression orthotic drive [7-9]. Relieve the patient's condition. 

 

Figure 4. Experimental device for damping characteristics 

 

In 2013, Fiorina Imaduddin and others of the Vehicle Systems Engineering Research 

Laboratory of the University of Malaysia designed a rotating magnetorheological 

damper. As shown in Figure 5, the damper is compact and light in weight, so it saves 

space when the equipment is installed. Rotating magnetorheological dampers require 

less magnetorheological fluid than linear magnetorheological dampers, resulting in 

significant cost savings. 
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Figure 5. Rotating magnetorheological damper structure 

 

In 2014, Iyana Biryani Mohr Yazd and others at the Malaysian Institute of International 

Technology designed a magnetorheological damper for shear and extrusion mixing 

modes. As shown in Fig. 6, the finite element software was used to simulate the 

magnetic field generated by the electromagnetic coil. According to the simulation 

results, the magnetic flux density generated by the electromagnetic coil is higher, and 

the damping force increases with the increase of the current. Under the same 

experimental parameters, the mixing mode can generate a higher damping force than 

the single mode [10]. 

 

Figure 6. Structure of a new hybrid magnetorheological damper 

 

In terms of control methods, Have et al., ATLSS Engineering Research Center, 

Pennsylvania, USA, designed a large-scale magnetorheological damper with 

semi-active control, as shown in Figure 7, and applied this to civil structures. To a good 

role in earthquake and disaster reduction [11]. 
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Figure 7. MR damper performance test 

 

In 2014, Do Xuan Phi proposed a new type of adaptive fuzzy control 

magnetorheological damper, which establishes a fuzzy control model and then 

combines improved adaptive control to achieve precise control of the required damping 

force. In 2014, Katarina, Nitin P and Jagged, RS, Department of Civil Engineering, 

Indian Institute of Technology, proposed a magneto rheological damper based on the 

optimal semi-active seismic control hybrid system, and applied it to the lateral bending 

bridge to analyze the mixing. The effectiveness of the system and the important 

parameters of the seismic control of the variation curve bridge. In 2013, 

Mohammadabad Zeal et al. designed a cross-structure intelligent control strategy 

based on magneto rheological damper. Two magneto rheological dampers (long stroke 

damper and short stroke damper) were used in the experiment to successfully verify 

MR. The behavior of the damper is of sufficient accuracy. In 2014, G. McLaughlin and 

others introduced a driving seat suspension of a semi-active magneto rheological 

damper. The control system calculates the required damping force by the system 

controller through the fuzzy logic control algorithm. The simulation results show that 

the proposed the fuzzy controlled semi-active suspension provides a significant 

increase in ride comfort [12]. 

In terms of dynamics modeling, RS prebake of the Department of Mechanical 

Engineering of the Indian Institute of Science and Technology in 2013 proposed a 

quarter-vehicle model with the best magneto rheological damper parameters, using a 

non-dominated sorting genetic algorithm (NSGA) using multi-objective optimization 

techniques. II), the performance of the suspension system equipped with the magneto 

rheological damper is superior to that of the passive suspension system and the active 

suspension system with limited feedback state, as shown in Fig. 8. In 2014, R. Zale ski 

et al., Institute of Mechanical Design, Warsaw University of Technology, Poland, 

proposed a coupled nonlinear differential equation involving displacement and 

temperature variables to optimize the system response by controlling the viscosity of 

the fluid. 
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Passive suspension system MR damping suspension system Bingham Model System 

Figure 8. Automotive Suspension Control System 

 

Although domestic research on magneto rheological technology is later than foreign 

countries, significant progress has been made in recent years. Domestically produced 

magneto rheological fluids and dampers have entered the engineering test and trial 

stage. In 2015, Hu Guiling and others from the School of Mechanical and Electronic 

Engineering of East China Jiao tong University in Jiangxi Province designed, analyzed 

and experimentally evaluated the double-coil magneto rheological fluid damper, as 

shown in Figure 9, using ANSYS's Parametric Design Language (APDL). The optimal 

damping performance of a two-coil magneto rheological damper is also tested. In 

addition, the experiment is also carried out, and the factors affecting the damping force 

in the same direction and in the opposite direction are analyzed. The relevant results of 

this analysis it can be easily extended to other types of magneto rheological damper 

designs. 

 

Figure 9. Double coil MR damper structure 

 

In 2015, Gong Xinglong et al. of the University of Science and Technology of China 

studied the magneto rheological damper in the extrusion mode. The operation 

direction of the damper is parallel to the direction of the external magnetic field. The 
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performance of the damper is tested by MTS809. The experimental results show that 

the small The squeeze damper can generate a large damping force, and the maximum 

damping force increases rapidly as the coil current increases. This damper can be used 

for vibration isolation of precision equipment. 

 

Figure 10. Schematic diagram of the extrusion mode MR damper 

 

In 2016, Xiao Ping of Hefei University of Technology proposed a new type of built-in 

permanent magnet magneto rheological damper structure, and based on the magnetic 

field model of the energized solenoid and the magnetic charge model of the permanent 

magnet, the hybrid magnetic field model in the damping channel is established. The 

Bingham model is used to establish the mathematical model of the damper and the 

mathematical model of the semi-active suspension of the vehicle. The simulation 

results of the dynamometer and the velocity characteristics of the damper prove that 

the damper has good working performance. 

 

Figure 11. Magneto rheological damper structure with built-in permanent magnet 

 

In 2016, Wang Weise of Zhejiang University designed an energy feedback type 

magneto rheological damper for the work of magneto rheological damper, which can 

realize the feedback of vibration energy while the output force is controllable. 
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Figure 12. Principle of energy feedback type magneto rheological damper 

 

5. Conclusion 

Although the research and application of magneto rheological damping control as a 

semi-active control technology in engineering started late, due to its excellent 

controllability, it has developed rapidly and has broad application prospects, which has 

attracted great attention at home and abroad. Many scholars in China have devoted 

themselves to the development and application of magneto rheological damping 

technology. However, there are still many problems in the theory and technology of 

magneto rheological damping control and its application: 

(1) The performance and manufacturing process of the magneto rheological damper 

need to be further improved. The main problem is to solve the problem of settlement 

of magneto rheological fluid during long-term use, determine the working point of core 

material and magneto rheological fluid, and design the internal and external structure 

of the damper. 

(2) Improve the test equipment of the unified magneto rheological damper in order to 

determine the standard, more accurately measure the mechanical properties of the MR 

damper, and facilitate the comparison of magneto rheological dampers produced by 

different units. 

(3) Since the dynamic system of the magneto rheological damper exhibits complex 

nonlinear dynamics, the established magneto rheological dynamic model is still not 

perfect, so the reasonable mathematical model and the nonlinear dynamics are studied. 

Very important theoretical value and application value. 

(4) The magneto rheological damper control system and analysis system in practical 

engineering applications need to be further improved and improved. 
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