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Abstract—This study presents the effect of ferrous particles 
size on impact absorption capability using magnetorheological 
elastomer (MRE). This study aims to determine the optimum 
parameter of ferrous particle size for M R E to obtain the 
maximum impact absorption capability performance. In order 
to develop M R E , the composition of M R E RTV silicon rubber, 
hardener, and C I particles with size of 20, 40, and 60 pm arc 
investigated. In real-life applications, the optimum performance 
of M R E is influenced by the size of ferrous particles. Therefore, 
the preparation of M R E material is evaluated through 
experimentation to obtain optimum MRE composition 
parameters. In this study, three models of isotropic M R E were 
tested in off-state and on-state conditions with input current 
values of OA, 0.5A, lA , I.5A, and 2A. The impact test machine 
was used to validate its performance in impact absorption 
capability. Validation of the performance is done by evaluating 
the response of the damping force of MRE material. As a result, 
this .study proves that the size «if Carhonyl Iron particles and the 
value of injected current can affect the response of damping 
force of MRE. Since the impact absorption capability of M R E 
can he determined by the response of damping force, the 
optimum size of C I particle to absorb the maximum impact is 
determined in this experiment. Therefore, the objective of this 
study is justified by finding the optimum C I particle size for best 
impact absorption capabiiity, which is 60 pm in on-state 
condition with 2A input current. 

Keywords—magnetorheological elastomer, ferrous particle 
size, impact absorption 

I . I N T R O D U C T I O N 

This Magnetorheological Fluid ( M R P ) , M R foams and 
magnetorheological elastomers are considered 
magnetorheological ( M R ) materials. Magnetorheological 
elastomer is the stable version of magnetorheological fluids 
that includes various composite materials. 
Magnetorheological elastomer holds a place in engineering-
ba.sed implications for vibration isolation systems and 
vibration control in damping 11 ] . 

Magnetorheological elastomer ( M R E ) damper is a smart 
material with varying mechanical properties when the 
magnetic field is applied. A n electromagnetic field 
manipulates the material's resistance, overall stiffness, and 

damping properties [2]. This study investigates the impact 
absorption capability of the isotropic M R E in the presence of 
the external magnetic field. M R E contains ferrous particles, 
liquid rubber, binder, and additives. The size of magnetic 
particles in the composition is one of the critical factors that 
affect the impact absoiption capability of M R E . 

The elastomer matrix, the particle content, and the external 
magnetic field are applied to determine the dynamic properties 
of isotropic M R E s . T o obtain the essential model of isotropic 
M R E , the M R E must be modelled theoretically and create the 
design of the experiment so that the dynamic respon.se of 
isotropic M R E can be predicted (31. For isotropic M R E , it was 
made sure that the particles were uniformly distributed in the 
whole volume. No magnetic field is applied in the curing 
process of isotropic M R E |4 | . When magnetic fields are 
applied to M R E , the metallic particles tend to line up 
themselves according to the conduct of the applied magnetic 
field. This realignment of the micron-sized particles raises the 
specimen's stiffness based on the strength of the magnetic 
field. The schematics of this phenomenon are depicted in 
Figure 1. 
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MRE maliix nitbout a maimlic field .MRE rnatiix wiUi a nuRDetic field 

Fig. I . Alignment of ptirticles [51 

M R E can contain various sizes of ferromagnetic particles 
in their composition. The optimum size of the ferromagnetic 
particle to achieve the maximum impact absorption capability 
in M R E for cyclic loading is determined in many studies. 
However, the studies that validate the maximum impact 
absorption capability under the influence of C I particle size 
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for impact loading are still limited. Therefore, the size of 
ferromagnetic particles needs to be detennined for optimum 
composition in M R E and validate its best performance in 
impact absorption capability in real-life applications. 

M R E have gained considerable observation for their 
immense perspective in engineering applications over the last 
few decades (6] . M R elastomers reveal a particular field-
contingent material characteristic and resolve significant 
problems faced by M R E s , such as C I particle deposition, 
environmental pollution, and sealing issues. The research and 
development of M R elastomer products, including vibration 
absorbers, vibration isolators, base isolators, and sensor 
devices, has been presented in a detailed analysis [7]. 

I I . F A B R I C A T I O N O F M R E 

Fabrication of M R E involved the curing process of 
polymeiN (8). The room temperature wi l l harden the silicon 
rubber produced by Craftivity Malaysia as a fabrication 
matrix. The weight ratio for the silicon rubber to Carbonyl 
Iron particles was set to be 3:7. The total weight of each M R E 
material fabricated is 30g. with a composition of 21 g of 
Carbonyl Iron particle and 9g of R T V Silicon rubber. 
Carbonyl Iron particles with 20pm, 40pm, and 60pm 
diameters (Sigma-Aldrich U S A ) produce variable stiffness 
when applying different magnetic fields. Table I shows the 
composition of materials in M R E . 

T A B L E I . COMPOSITION IN MRE MATERIAI.S 

Material Percentage of Composition 

RTV .Silicon Rubber 70% l2lg) 

Carbonyl Iron Particle M)% (9g) 

Hardener ^% from the amount of CI particles 
(0.27g) 

The Carbonyl Iron particles were mixed with silicone 
rubber. Then it was .stirred until it turned into greyish colour. 
The greyish colour proves that the Carbonyl Iron particle and 
R T V Silicon rubber is well mixed. Then, a hardener was 
added to the mixture of C I particle and R T V silicon rubher. 
The hardener added was 3% to the amount of R T V silicon 
rubber. A l l the mixtures were stirred until they turned into 
semi-solid. The semi-solid mixture was then transferred to the 
mould for the curing process. Silicon spray is sprayed into the 
mould so that the mixture does not stick to the mould walls. 
The curing process took place for 24 hours, as shown in Figure 
2. Figure 3 presents the materials used for the fabrication 
process of M R E . The mixture was placed in the mould evenly 
to avoid the porosity and air bubbles in the M R E material. 

Fig. 2. Curing proccs.s at room temperature 

Fig. 3. The material used for fabrication (a) RTV silicone rubl)er(b) 
Hardener (c) Silicone spray (d) MRE mold 

I I I . E X P E R I M E N T A L S E T U P A N D T E . S T I N G 

The M R E device is designed to test the M R E during the 
impact test. As shown in Figure 4, coil bobbin, sleeve, and 
impactor are additional tools used to do the experimental setup 
of the M R E device. The fabricated M R E wil l be stacked into 
the sleeve, and the strut is put in between the M R E . The coil 
bobbin wi l l be the current supply medium for the M R E . 

SIccscIwglcM ) 

(») (b) 

(c) 

Fig. 4. M R E testing devices (a) M R E isolator device (b) Sleeve and 
impactor (c) Coil bobbin 

Instron Drop Impact Machine. Ceast 9350, was used to 
study the impact absorption capability. C E A S T software was 
used to set the parameters for the experiment. As shown in 



Figure 5. Instron D AQ and D C power suppliers were also used 
during this experiment. The fabricated M R E with the size of 
the ferrous particle of 20 pm was stacked into the sleeve and 
impactor and placed into the M R E impact test device. The 
M R E impact test device is loaded into the impact test machine, 
as shown in Figure 6. 

(c) (d) 

Fig. 5. Drop impact lest setup (a) Impact test machine (b) Data 
Acquisition system (c) PC setup (d) DC supply 

Fig. 6. Configuration M R E device on the impact test rig 

The setup of the impact hammer is drawn up to the 
height of 204 mm. Then, the impact hammer is released by 
hydraulic. The impact hammer had an accelerometer and load 
cell attached to it to determine the response of the impact test. 
The values of the damping forces were recorded once the 
impact hammer hits the M R E impact test device. Each model 
of M R E device with different siz.es of magnetic particles of 
20 pm, 40 pm, and 60 pm went through the same steps five 
times as they were tested with five different values of current. 
The five different values of current are OA, 0.5A, l A , 1.5A, 
2A. A l l the damping forces of M R E were recorded and 
tabulated for further analysis and discussion. 

I V . R E S U L T S A N D D I S C U S S I O N 

In this study, the impact absorption device featuring M R E 
was developed. The M R E material was prepared composed of 
room temperature vulcanization ( R T V ) silicone rubber and 
carbonyl iron ( C I ) particles. Three models of M R E material 
that consisted of various carbonyl iron particle sizes of 20 pm, 
40 pm, and 60 pm for impact isolator device. Then, the various 
type of C I particles of M R E material is used and installed to 
the impact absorption device for evaluating the performance 
of each type of M R E material using an impact drop machine 
[9] . The impact absorption device of M R E is tested by 
regulating the input current of coils from 0 A to 2 A with an 
increment of 0.5 A . During the experimental testing, the 
parameter of the drop impact machine is set based on the three 
parameters as listed in Table I I . Three inputs were kept 
constant throughout the test: impact energy, impact velocity, 
and the falling height of the hammer. Table I I I shows the 
inputs that were kept constant throughout the test. 

T A B L E I I . L I S T O F PARTS AND M A T E R I A L S FOR LAMINATED M R E 
ISOLATOR 

Part No Part Name Type of 
Material 

Material Type 

1 Housing Magnetic Low Carbon 

Steel 

1020 

2 Steel Plate Magnetic Low Carbon 

Steel 

1020 

3 Coils Non-

Magnetic 

Metric Copper 

Wire 

O.Smin 

4 Coil Cover Non-
Magnetic 

Aluminium 1100 

T A B L E I I I . CONSTANT PARAMETF.RS DURING E X P E R I M E N T 

Input Energy (Jl Impact Velocity (m/s) Falling Height (mm) 

11.00 2.0 204.(K) 

The experimental result for the damping force of a 
magnetorheological elastomer with 20 pm. 40 pm, 60 pm of 
ferrous particles was presented in Figures 7. 8 and 9, 
respectively. Since the impact absoiption in M R E occurs in 
compression mode, the graphs were plotted from 0 ms until 
0.25 ms. 

http://siz.es


Fig. 7. Graph of Force (N) vs Time (ms) for M R E with 20 pm 

The experimental results (Figure 7) show the damping 
force response characteristic for impact absorption devices 
featuring M R E under impact loading. The expected results 
were demonstrated for 20 pm of M R E material. The impact 
absorption device is tested by evaluating the device's 
performance in two conditions: off-state and on-state 
conditions. The off-state conditions did not apply any input 
current on the M R E coils, while the on-state condition applied 
the input current to the M R E coils. Based on the results 
obtained from experimental testing, the impact absorption 
device featuring M R E could produce the maximum force of 
5654.76 N at ma.ximum input current. Meanwhile, in the off-
state condition, the impact absorption device could produce 
5087.62N. 

0 5A 
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Fig. 8. Graph of Force (N) vs Time (ms) for M R E with 40 pm 

The damping force characteristic of M R E material with 40 
pm C I particles was exhibited in Figure 8. T w o circumstances 
were used to evaluate the M R E material containing Carbonyl 
Iron particles with a diameter o f 40 pm. Oft-state and on-state 
situations are used to evaluate the device's perfomiance. The 
off-state condition does not apply any input current to the 
M R E coils, but the on-state condition does. According to 
experimental data, the impact absorption device with M R E 
could produce a maximum force of 6205.22 N at the 
maximum input current. Meanwhile, the impact absorption 
device could produce 5254.42N in the off-state condition. 

-s.»L 
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Fig. 9. Graph of Force (N) vs Time (ms) for M R E with 60 pm 

Figure 9 illustrates an M R E material's damping force 
response characteristic when 60 pm C I particles are used The 
M R E material was evaluated in two states: on-state and off-
state. The off-state condition does not apply any input current 
to the M R E coils, but the on-state condition does. According 
to experimental data, the impact absorption device with M R E 
could produce a maximum force of 6305.31 N at the 
maximum input current. Meanwhile, the impact absorption 
device produced 1234.37 N in the off-state condition. The 
maximum force values for all particle sizes and cunenLs are 
shown in Table I V . 

T A B L E I V . COMPARISON O F THF. PEAK V A L U E O F DAMPING FORCE.S 

Particle size 
(pm) 

Damping force Particle size 
(pm) 

OA 0..5A l.OA I..5A 2.0A 

20 .6087.62 51X7.70 55.57.99 5588.04 56.54.76 

40 .5254.42 5.T54.51 5854.9.1 60.58.42 6205.22 

60 54.54..59 5971.69 6271.95 

Based on the analysis referring to Table 3, the response of 
damping forces is influenced by the size of C I particles and 
the input current values. A n increase in the size of the C I 
particles also causes a rise in the damping force. Meanwhile, 
the value of the input current increases, the damping force of 
the M R E also increases [ 1()|. This trend shows that the applied 
current can control the damping force response in M R E . 
Magnetic flux produced by the input current increases the 
lateral stiffness of the M R E to obtain the desired value of 
damping force in M R E . Current values of more than 3A could 
burn the coil. Therefore the input current is regulated from OA 
to 2A with an increment of 0.5A. 

The value of the damping force.s obtained can determine 
the best size of the Carbonyl Iron particle that helps dissipate 
the impact energy and gradual fading of the oscillation 
amplitude. The higher damping force increases the damping 
effectiveness of a mechanical system. Generally, when 
damping is increased in a system or structure, there w i l l be a 
minimization in the vibration, .sound and dynamic stres.ses 
applied [11]. The reaction force of the spring is calculated by 
multiplying the displacement and spring constant. A damping 
force is calculated by subtracting the spring reaction force 
fmm the transmitted load. However, the damping force in this 
test is directly obtained from the Instron data acquisition 



system. The obtained damping force values are further used to 
validate the performance of M R E in impact absorption. 

Therefore, the M R E material with C I particle size of 60 
pm that is tested in on-state condition with an input value of 
2A shows the highest damping force response. The M R E 
device with 60 pm C I particles has the highest vibration 
damping device than the M R E devices composed with 20 pm 
and 40 pm C I particles. Since the M R E device with a C I 
particle size of 60 pm that is tested in on-state condition 
absorbs the highest impact energy, the desired C I particle size 
for maximum impact absorption is determined. The optimum 
size of ferromagnetic particles to absorb the highest impact 
energy is determined through the response of damping forces 
f 12], Carbonyl Iron particle with 60 pm in on-state condition 
absorbs the highest impact energy. 

The peak damping force value of M R E material with C I 
particle size of 60 pm tested in the off-state condition is 
considered an error value in this experiment. The peak value 
is 1234.37 N , the lowest of other damping force values. 
Theoretically, the value should have been higher than the 
damping force values of M R E materials with 20 pm and 40 
pm in ofY-state conditions. This trend is an unknown error, and 
the reason is yet to be found. Multiple tests to obtain average 
values could have prevented this error. Limited accessibility 
to the laboratory during this pandemic caused time constraints 
to conduct multiple tests. However, this error is neglected in 
the analysis of the experimental results as it does not affect the 
evaluation of results in determining the optimum C I particle 
size in M R E to achieve the highest impact absorption 
capability. 

V . C O N C L U S I O N 

In this study, the properties and behaviors of 
magnetorheological elastomer were studied. The laminated 
magnetorheological elastomer isolator was designed to 
achieve the optimum magnetic flux density of M R E . The best 
current value to be injected into the M R E material and 
optimum magnetic flux density of the designed M R E isolator 
was determined using the simulation of E E M M . The best 
current value determined is 2A and the optimum magnetic-
flux density achieved is I T . The lateral stiffness of the M R E 
is increased when there is a current input during the 
experiment. 

The performance of the M R E materials was tested under 
impact loading. This study proves that the size of C I particles 
influences the response of damping force in M R E under 
impact loading. The higher response of damping force in M R E 
under impact loading attenuates the vibration in M R E . The 
greater size of C I particle and higher lateral stiffness can give 
the higher response in damping force to absorb higher impact 
energy. Based on the results provided, the optimum size of C I 
particles to absorb the highest impact energy is M R E with 60 
pm C I particles in the on-state condition of 2A with 6305.31 
N damping force. The respoase of damping force and the 

impact absorption capability of M R E can be increased further 
i f more than 60 pm increases the size of C I particles. Since the 
scope of this study subjected to 20 pm, 40 pm, and 60 pm size 
of C I particles, the C I particle with 60 pm tends to be the best 
size in impact absorption performance. 
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