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A magnetorheological elastomer (MRE) is fabricated, with Fe microparticles in the shape of chains, parallel among 

themselves and parallel with the cylindrical bar generator ( 36 62 mm
2
). For constant values of the moment of force , 

we measure the rotation angle of the cylindrical bar in longitudinal magnetic field with intensities in the range  0  H(kA/m)  

200. For the cylindrical bar with undefined flat sections, the turning angle is also determined as a function of H, for constant 

values of . It is shown that the rigidity of MRE is increased under the influence of the longitudinal magnetic field. The 

obtained results are presented and discussed. 
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1. Introduction 

 
Magnetorheological and magnetic elastomers (MREs 

and MEs) are made of elastic matrices in which 

magnetizable micro- and nanoparticles have stable 

positions in time [1-3]. Magnetorheological suspensions 

(MRS) [4-6] and elastomers (MREs)[1-3, 7-17] have 

physical characteristics that are dependent on the 

properties and on the volume concentration of the 

magnetizable phase [10, 11, 15]. As active magnetically 

material, MREs are used in achieving passive and active 

elements of electric circuits [9-14,18,19] and in equipping 

vibration and mechanical shocks mufflers [20-23]. Active 

research for the fabrication of new MREs [18, 19] and 

MEs, experimental, theoretical and computer simulation 

investigation of their structural [24-31] and macroscopic 

properties are in progress.   

 Production of magneto-mechanical devices for 

operation in unfriendly environments is of great interest 

nowadays, and for this purpose MREs is a promising 

active magnetic material [13]. Thus, the knowledge of the 

response function of MREs under external magneto-

mechanical actions is very important. In this paper, we 

address this issue and the turning angle of cylindrical bar-

shaped MREs is determined, as a function of magnetic 

field intensity at fixed values of the moment of force 

(torque). 

 

 

 
 

2. Experimental 

 
2.1 Materials 

 
The materials used for the production of MRE are: 

 silicone rubber  (SR), type RTV 3325, from 

Bluestar - Silicones; 

 catalyst (C), type 60R from Rhone - Poulenc,  

 magnetorheological suspension (MRS) based 

on silicone oil (SO) and carbonyl  iron (CI). 

 

 

2.2 Methods 

 

   The materials CI and SO are of Merck type. CI is 

a powder with granulation ranging between 4.5 m and 

5.4 m. The iron content of CI is min. 97%. MRS is 

obtained by using the procedure described in Ref. [18]. 

The mixture formed of 810
-6 

m
3
 CI and 810

-6 
m

3
 SO is 

kept at T = 580K  10%, for  600 s. During this time, CI 

decomposes into iron atoms and carbon oxides. The Fe 

atoms condense in nucleation points of the solution [18]. 

Fe particles (IM`s) formed in SO have the shapes and sizes 

shown in Fig. 1a. The particle size distribution is shown in 

Fig. 1b as relative frequency fr function of the diameter d. 

The mean diameter of the IM`s is dm = 0.435 m. The IMs 

together with SO compose what is known as MRS [9-11, 

18]. 
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A volume of MRS, at T  300 K is properly mixed 

with 3510
-6

 m
3
 SR. Further, 3510

-6
 m

3
 of C is introduced 

in the mixture. The mixture is homogenized, and 

introduced into a non-magnetic cylinder. The length of the 

cylinder is of 0.062 m and its inner diameter is 0.036 m. 

The cylinder filled with the solution made up of SR 

(67% vol.), SO (8% vol.), IM`s (15% vol.) and C (10% 

vol.) is placed between the poles of a Weiss 

electromagnet. Along the cylinder, the field is set at Hmax  

400 kA/m. After about 4 hours, the SR has polymerized. 

The final product obtained has a cylindrical bar ( 36 62 

mm
2
) shape. 

 

 
(a) 

 
(b) 

Fig.1. IM`s: a) shapes and sizes from EM image; b) size 

distribution: relative frequency fr  function of the diameter d. 

 

 

Longitudinal cross sections of the cylindrical bar are 

studied by transmission X-ray microscopy method (TXM). 

It can be observed that chains of IM`s are formed. The 

chains are parallel among themselves and with the TXM 

image of the cylinder (Figure 2a). Also, it can be observed 

that IM`s are finely dispersed in the elastic matrix (Figure 

2b). The magnetization curve of MRE is obtained using 

the “conventional AC method” [19] and has the shape 

shown in Fig. 3. 

 

 
(a) 

 
(b) 

 
Fig.2. IM`s in SR by means TXM: a) longitudinal section; b) 

cross section. 

 

 
(a) 

 

 
(b) 

Fig. 3. Magnetization function of the MRE (M versus the 

intensity H of the magnetic field): a) longitudinal section;           

b) cross section. 
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3. Experimental device 

 
The experimental device (Fig. 4) includes the 

electromagnet A, the steady current source B and the 

Gauss-meter C with a Hall probe. The cylinder bar is 

placed between the poles N and S. The bases of the bar are 
fixed rigidly, one upon N and the opposite one upon an 

aluminum disk. Between the disk and the S pole of A, a 

distance of 0.0035 m0.0005m is set. 

An indicator handle is fixed on the disk. The tip of the 

indicator handle is pointed to a millimeter graded dial. A 

rotation of the disk of 0.0057 rad corresponds to a 

movement of the indicator handle along the dial of 

0.001m. The moment of force   is applied to the diameter 

of the aluminum disk 

 

 

 
 

Fig.4. Experimental device (overall layout): A, Weiss 

electromagnet (type Phylotex-Germany); B, Gauss-meter 

(type GM-04) with a Hall probe h; C, current source 

(type CAB EC 3010); N and S, polar parts; F


, force;                          

1, cylindrical bar; 2, aluminum disk ( 1200.5mm2);             

3, indicator  handle  (length  0.175m);  4,  dial;  5,  coil;  

6, magnetic core. 

 

 

4. Results and discussions 

 
The experimental device used for the study of the 

influence of the intensity of the longitudinal magnetic field 

upon the turning angle of MRE, in the shape of cylindrical 

bar, is shown in Figure 4. The torque   is applied in such 

way that the cylindrical bar not makes an arrow. For               

  = 0 and H  100 kA/m, the cylindrical bar shows no 

deformation of volume and, respectively, it shows no 

deformation of shape.   is fixed and the rotation angle of 

the cylindrical bar is measured, in absence of a magnetic 

field. The values found are those given in Fig 5. 
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Fig.5. The rotation angle 0 of the cylindrical bar, based 

on MRE, function of the torque     for H = 0. 
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Fig.6. The turning angle  function of  H, for various 

values of   as parameter. 

 

It can be observed in Fig. 5 that the angular 

deformations of cylindrically shaped MRE bar, increase 

linearly with the increase of  (i.e. with the increase of the 

shearing stress). The magnetic field H  is applied parallel 

to the symmetry axis of the cylindrical bar.   is set fixed, 

and for each value of H  the rotation angle of MRE in the 

shape of cylindrical bar is read. The obtained values are 

presented in Fig. 6. 

It can be observed in Fig. 6 that  decreases with the 

increase of H, for fixed values of . The plane-parallel 

bases are parallel for 0.240   (Nm)  0.480. Also, the 

two plane-parallel sections in the cylindrical bar stay 

plane-parallel after turning. The lower base (x3 = 0) of the 

bar is fixed (Fig. 7). Then, it is natural to assume that the 

turning angle is proportional with the length h of the 

cylindrical bar [33]: 
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h                                  (1) 

 
in which  is the rotation angle per unit length of the 

cylindrical bar. The relation (1) is valid for a MRE in the 

shape of cylindrical bar, in absence and respectively in the 

presence of longitudinal magnetic field. 

      In Fig. 6,  is so selected that 1(H)  2(H).      

The values thus selected are introduced in (1) and for         

h = 0.062m, one obtains: ( )
T

H  , and 
0

(0) 


 . It 

is calculated the ratio 0

( )H






 
 
 

and obtained the graphs in 

Fig. 8.  

 

 
 

Fig.7. The cylindrical bar with undeformed flat sections: 

OX1X2X3, coordinate system; F , force;  , torque, 
m

 , 

magnetic moment torque; 2R, disk diameter; “a”, MRE 

in the shape of cylindrical bar radius; H , magnetic field 

intensity;  M ,  magnetization;   ,  turning  angle;  ,  

rotation angle. 

 

 

It can be observed in Fig. 8 that, for fixed , the 

turning angle increases with H. For H = 200 kA/m, the 

increase of  is of 10%, as compared with the value of the 

turning angle of MRE in the shape of cylindrical bar, in 

absence of a longitudinal magnetic field and with  fixed. 

The IM`s in the matrix considered to be perfectly 

elastic become magnetized in the presence of H . In the 

dipolar approximation [21], the magnetic moment of a 

chain can be considered identically equal to that of a 

magnetic dipole that is: 

 

Hdm pm




 3

6
                       (2) 

 

in which md 0.435 m is the diameter of the IM`s The 

magnetic susceptibility of IM`s is  3p , where 

 =    epep  2/   is the contrast factor [21]. 

In this expression, p  and c  are the relative magnetic 

permeabilities of IM`s and respectively of the perfect 

elastic matrix, respectively. Because p  >> c  = 1, it 

results that  = 1 and p  = 3, the expression (2) therefore 

becoming: 

 

Hdm m


  5.0 3 .                    (2’) 

 

If haV 2  is the volume of the MRE, hdV me

225.0   is 

the volume of a chain formed of IM`s, and  is the 

volume fraction of the magnetic phase, then the number of 

chains formed in the elastic matrix can be calculated with 

the formula: 

2

4 














me
e

d

a

V

V
N ,              (3) 

 
in which the notations used are the known ones. 

In the presence of a magnetic field, the MRE in the 

shape of cylindrical bar (Figure 7) has the magnetic 

moment mNM e


  which, with (2’) and (3), becomes: 

 

HdaM m


 22                  (4) 

 

The direction of M  is that of the 
e

N chains with magnetic 

dipoles. By turning, M  forms angles  with the direction 

of H , as shown in Fig. 7.  

The dipoles columns eN , are considered as a 

permanent magnet whose magnetization equals that of 

MRE. In magnetic field, it takes place a rotation 

movement of the magnet, where the rotational moment is  

 

MHm


 0                          (5) 

 

in which 
7

0 104   H/m is the magnetic 

permeability of the vacuum. 
m

  has the direction and 

sense contrary to those of . Therefore, in the presence 

of H , we obtain that 0  , for fixed  . 
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At equilibrium, the following equality holds  

 

m


  or    NMdd
h

RF
00

2
 ,    (5’) 

 
in which case: 

RF

HMh

2
1 00 




 .                              (6) 

 

 Accordingly, using Eq. (4) we have 

 




2
2

0

0 21
H

da m



,                     (7) 

 
in which the notations used are the known ones. 

However, the proposed model does not consider the 

internal magnetic field; the existence of chain fragments 

with magnetic dipoles, due to the turning of MRE; the 

internal friction;  also, it does not consider the magnetic 

interactions between the magnetic dipole chains. 

Therefore, Eq. (7) does not verify satisfactorily the 

experimental data. 

This implies a more general model is needed, and by 

changing Eq. (7) according to: 

           



n

m
H

da2
0

0 21 



,            (8) 

 

a better agreement can be obtained. Here   and n have a 

dimensionless values.  

Considering the experimental data in Figure 8 

and respectively, for 
7

0
12.56 10


  H/m; a = 0.018m; dm 

= 0.435m and values of , one obtains: 

 

n = 1.4 and  = 7.90,  at  = 0.240 Nm;  

n = 1.4 and  = 6.32,  at  = 0.360 Nm;          (9) 

n = 1.4 and  = 6.20,  at  = 0.480 Nm. 

 

We introduce the values for n and  from (9) into (8) 

and obtain  /0  function of H. It can be observed from 

Fig. 8 that the agreement between the theoretical values 

and experimental data is much better. 

It is well known that the total torque moment 

acting on the stub is [34]: 

 

,/5.0 2

000 haGhRF    for H = 0 

or  

,/5.0 2 hGahRF    for H  0. 

 

where G0 and G stand for the Poisson modulus for  H = 0 

and H  0, respectively. This leads to 

 

G

G00 



                         (10) 

which also means that the quotient 0 0
( )

G G
H

G G


  is 

identical with the one from Figure 8, with 

0 0
( )H

 

 


 . This means that under the influence of 

the longitudinal magnetic field the MRE-rigidity 
increases. 
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Fig. 8.  /0  function of H, for: a)  =  0.240 Nm;  

b)  = 0.360 Nm; c)  = 0.480 Nm; ■, , ▲  

experimental data;  theoretical values calculated with 

the formula (8); Note: 0 is the turning angle of MRE in  

the shape of cylindrical bar, at H = 0. 
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5. Conclusions 

 
The MRE obtained in the shape of a cylindrical bar by 

polymerization in longitudinal magnetic field has a matrix 

filled with Fe particle chains, parallel among themselves.  

In longitudinal magnetic field, with H  200 kA/m, 

the MRE shows no deformations of shape or volume, at 

torque  = 0. However, for fixed values of , the turning 

angle of a MRE in the shape of cylindrical bar decreases 

with the increase of H. 

By using the dipolar approximation and the model of 

linear elasticity, a new theoretical model which shows 

qualitatively, the mechanisms involved in the rotation of a 

cylindrical bar of anisotropic MRE subjected to the 

influence of a magnetic field, have been developed. The 

correction factors n and Ω in Eq. (8) lead to a reasonably 

good agreement between the theoretical values and the 

experimental data. 

The obtained results can be used for the fabrication of 

rotary transducers or for manufacturing devices, which can 

perform rotation movements controlled by the variation of 

an external magnetic field. 
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