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Abstract. Soft robotics is a new and exciting field of robotics which 

heavily relies on compliant materials. Soft robots attempt to copy the 

motion of living organisms and their adaptation mechanisms to the 

environment. New efforts in this field have paved way for the use of 

specific materials, e.g. electroactive polymers and/or magnetoactive 

(magnetorheological) MR elastomers. In this paper the author discusses the 

fundamental characteristics of MR fluids and elastomers, that allow them 

to be used as elements/components of soft robots. The advantages of using 

soft robots and the scope of applications for such robots are presented. The 

advantages and disadvantages of using MR fluids and elastomers in such 

soft robots are also considered. The history of the development of the idea 

of using MR fluids and elastomers in soft robots is presented, too. Possible 

applications for soft robots based on MR fluids and elastomers are 

considered. Various solutions for constructing a robotic gripper using MR 

fluids and elastomers are presented. Based on the above solutions, an 

analysis is made of the development of such technologies and the main 

problems are identified that will be the goal of solving them in the near 

future.  

1 Introduction 

 Soft robotics is a field of robotics that relies on copying the movement of living 

organisms and the mechanisms of their adaptation to the environment and largely depends 

on compatible materials [1-2]. With the increase in the number of new technical solutions, 

the emergence of new materials and new urgent tasks, soft robots are finding even larger 

areas of application. This is also due to the fact that in some cases soft robots have revealed 

a number of advantages compared to rigid robots.  
Nowadays, various approaches are used to build soft robots, such as shape memory 

alloys (SMAs) [3], pneumatic muscles [4-5], dielectric elastomers [6], magnetorheological 

(MR) materials [7], etc. Each of these approaches has its own advantages and disadvantages 

and its potential application scope. With the increasing diversity of the MR materials, there 

have appeared new opportunities for using these materials in soft robots. In this article, the 

author will consider the structures and properties of MR materials that allow them to be 

used in soft robots. Among materials other than MR foam [8], MR fluids and MR 

elastomers can be distinguished. These materials have properties that allow them to be used 
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in various controllable application areas. Depending on the composition used, the 

characteristics of the obtained MR materials may differ, which allows them to perform 

various functions in soft robots. 

2 The structure and properties of MR materials 

MR fluid is a suspension of micron-sized iron particles in a non-magnetizable carrier fluid 

(oil or water) and additives [9-10]. The materials when exposed to magnetic field reveal a 

yield stress. MR fluids are known to operate in three fundamental modes: flow mode, shear 

mode and squeeze mode [11]. Their main application field is vibration damping. 
For comparison, MR elastomers have two important elements: non-magnetic elastic 

matrices and magnetic particles [12-13]. Depending on the ingredients used, their 

proportions and manufacturing methods, various stiffness levels, saturation, hysteresis, and 

the reaction rate of the change in the property of the material to changes in the magnetic 

field can be obtained. Using specific manufacturing methods, the MR elastomers can be 

made isotropic or anisotropic. During the manufacture of the anisotropic MR elastomer at a 

certain period of time, the material is exposed to magnetic fields, as a result of which the 

magnetically active parts are aligned in chains along the magnetic field, which greatly 

affects the characteristics of the final product. In the isotropic MR elastomer, the magnetic 

particles are randomly arranged. As with MR fluids, there are three operating modes for the 

MR elastomer, two common for the MR fluid and the MR elastomer: shear, tension / 

compression and field active mode [14], the latter being useful in soft robots. 

3 Application of MR materials in soft robots  

3.1 Absorbers, Sensors, Adhesion 

Due to their characteristics MR materials can be used in absorbers and isolators in different 

areas. MR fluids are used in dampers [15-16], rotary brakes and clutch systems [17], 

sandwich structures for vibration control of flexible structures [18], etc. On the other hand, 

MR elastomer applications can be seen in vibration isolators [19], dampers [20], etc. Also, 

there is evidence of MR elastomers being used as force/strain sensors [21-23]. One novel 

application area of MR fluids and MR elastomers is a solution for changing the adhesion of 

a material under the influence of a magnetic field. A chip transporter using MR elastomers 

is proposed in [24]. MR fluids also can be used as part of soft gripper due to their ability to 

change adhesion characteristics under the influence of magnetic fields [25]. 

3.2 Stiffness change 

Depending on the property of MR materials used, these materials can act as various 

elements of a soft robot [7, 24-30]. In [28], a gripper based on MR fluid is proposed, which 

is capable of holding objects of various shapes. Holding force depends on the applied force 

and the shape of the object.  As can be seen from the presented example, the change in the 

MR fluid’s yield stress can be used to maintain an object at a fixed position. In this case, 

that state can be achieved under the influence of external forces or other soft robot actuators, 

which do not have to be based on MR materials. In order to use MR fluids in soft robots 

with many degrees of freedom, low power actuators can be used in combination with the 

fluid being under the influence of a magnetic field. One example of such a device is the 

snake-like robot in which MR fluid is inside the tube (see fig.1 a). The position of the tube 

is altered using the low-power actuators when there is no magnetic field. When the desired 
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position is reached, the magnetic field is turned on and the MR fluid develops a yield stress. 

The disadvantage of this approach is a complicated control system to handle both the 

actuators and the MR fluid’s rheology. 
Another example is a robot that can change its shape depending on what control signals 

were applied to low-power actuators located on its surface (fig.1 b). The fluid is inside the 

robot. When the desired shape is reached, a magnetic field is applied and the solidified MR 

fluid allows for maintaining its position. Such a robot has a potential to be used in 

applications from grippers to information visualizers. Again, the disadvantage of this 

approach would be its complicated control system. 

 
                                   a)                                                 b) 

Fig. 1. Examples of using MR fluid in soft robots: a) a snake-like robot using MR fluid, b) a gripper 

using MR fluid. 

Next, one approach which is used in soft robotics relies on stiffness change [31]. MR 

elastomers operating in the field active mode can be also used in soft robotics [7, 29]. In 

this case, the desired state of the soft robot is the result of an equilibrium state in which the 

stiffness of the MR elastomer is compensated for by other forces. Any movement occurs in 

the absence of such equilibrium state until the soft robot reaches the desired equilibrium 

state. Thus, by changing the stiffness of the MR elastomer using a magnetic field, 

equilibrium position can be changed and therefore the position of the robot can be 

controlled. This approach may have several disadvantages, depending on what forces 

compensate the stiffness force of the MR elastomer. 
If the stiffness force is compensated for by gravity, then given the constant direction of 

gravity forces, the area of work of the soft robot and, as a result, its application will be 

significantly reduced. An example is a piston that changes its height under the influence of 

a magnetic field (fig. 2 a). Inside the piston is an MR elastomer. In the absence of a 

magnetic field, the stiffness value of the MR elastomer is at a minimum value, the stiffness 

force is compensated by weight, and the piston height is minimal. Under the influence of a 

magnetic field, the stiffness of the MR elastomer increases. To compensate for the 

increasing stiffness force, the MR elastomer is extended until the stiffness force decreases 

to the level, where it can be compensated by the force of gravity. As can be seen from this 

example, such a piston can only work in an upright position, which, as was written earlier, 

limits its scope. 
If the stiffness force of the MR elastomer is compensated by the stiffness force of the 

spring with a constant stiffness ratio, then, unlike the previous case, a soft robot can work 

in different positions, but this approach has its drawbacks, too. First, in addition to the 

stiffness force of the MR elastomer, the stiffness force of the spring in the opposite 

direction will always be present. So, in order to achieve the necessary resulting force of a 

soft robot, it is necessary to apply more force to compensate for the spring stiffness force. 

In addition, the maximum resulting strength of the soft robot may be different depending on 
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the direction. In one direction, it can be limited by the maximum stiffness value of the MR 

elastomer, and in the other, by a constant value of spring stiffness. As an example, in fig. 2 

b) a gripper is represented that contains an elastomer and a spring. Both the spring and the 

MR elastomer are in tension state. By changing the stiffness of the MR elastomer using a 

magnetic field, the position of the beam (which is located in the middle) can be changed 

and the object can be captured using both the left and the right parts of the gripper. 

Capturing and holding an object on the left side is carried out using MR elastomer. The grip 

strength will depend on the changing stiffness value of the MR elastomer and weakened by 

the tensile force of the spring. However, the spring in this grip is necessary because it is 

involved in the regulation of the beam position. If capturing and holding an object is carried 

out by the right side of the gripper, then the gripping force will depend on the constant 

spring stiffness and will be weakened by the changing stiffness force of the MR elastomer. 

In general case, the maximum gripping force of both parts for the above gripper will be 

different, which confirms that for this approach the strength of a soft robot can be different 

depending on the application direction of the force. 
If the varying stiffness force of the MR elastomer is compensated by the varying 

stiffness force of the other MR elastomer, then this approach can provide a uniformly large 

resulting force in any direction, however, the implementation of this approach requires a 

more complex control system. Errors in such control system can lead to the appearance of 

large values of mutually compensating stiffness forces of both elastomers, which can lead 

to damage to the soft robot. 

The solution to the problems described earlier is not simple and depends on the 

requirements for its structure and the purposes of its application. For example, for solving 

the disadvantages of using varying stiffness force of the one MR elastomer to compensate 

for the varying stiffness force of another MR elastomer, increased requirements for the 

reliability of the control system are the most common solution. In addition, in some cases, it 

is possible to add additional elements to the system, which can affect it’s work, but at the 

same time reduce the possibility of damage to individual elements of that system in case of 

an error in the control system. If these changes in the work of the system are within 

acceptable limits, then such a solution to the problem is also acceptable. Figure 2 c) shows 

an example of a two-link manipulator that can change the angular position between the two 

links using the varying stiffness forces of two MR elastomers. A high stiffness spring was 

added to this design as an additional element. If, as a result of a system error, a large 

stiffness force value for both MR elastomers occurs, then the additional spring will reduce 

the load on the individual elements of a two-link manipulator, which may be damaged. 

Another advantage of using MR materials is the possibility of remote control of the soft 

robot using a magnetic field, which opens up great opportunities for reducing the number of 

elements in the softest robot and, as a result, its miniaturization. In [30], a snake-like robot 

is presented, which is capable of moving using a magnetic field. In this robot, instead of the 

effect of changing stiffness under the influence of a magnetic field, the ability of an 

anisotropic material to change its position under the influence of a magnetic field is used. 

Unlike the effect of changing stiffness, the robot can be controlled by changing not only the 

strength of the magnetic field, but also its direction. 
A large space for research is devoted to the combination of several functions of one MR 

material in a soft robot [32]. MR elastomer can be used as part of sensor with compressive 

and magnetic sensing abilities. Also, MR elastomer can be used both as a sensor and as an 

actuator. Certain percentage of iron particles in MR elastomer could affect the electrical 

conductivity and be used to create force sensors. At the same time, its ability to change 

stiffness will be used to move the soft robot. However, this approach will definitely make 

its mark on the design of the soft robot. The selection of characteristics of the MR 
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elastomer, acceptable for its use as a sensor, may negatively affect other characteristics that 

will be used to move the soft robot. 

             

                  a)                                              b)                                         c) 

Fig. 2. Examples of using MR elastomers in soft robots: a) a piston using MR elastomer, b) a gripper 

using MR elastomer, c) a two-link manipulator. 

4 Conclusions 

MR fluids and elastomers find more and more applications in various fields, including soft 

robots. Despite the fact that an increase in some useful characteristics can lead to a decrease 

in others, the correct selection of the characteristics of the MR material for a specific task 

can fully reveal its potential. The development of control systems allows for the creation of 

more complex, from the point of view of control, soft robots and, as a result, new 

approaches to their design. Therefore, the use of multiple MR elastomers to affect the 

movement of a soft robot may be a more acceptable solution. Search and research of new 

MR materials could expand the scope of their application, or make one and the same smart 

material based multifunctional within one soft robot.  
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