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ABSTRACT

This paper presents the review of electromagnetic damper as a vibration/isolation material. A bunch of articles about
vibration and suspension system was reviewed and the key factors that contribute to electromagnetic damper was
identified. Electromagnetic damper has been given special attention from many researchers and thus being among the
important research area in vibration system. Vibration concept of electromagnetic damper has been elucidated by
referring to several paper that demonstrate the usage of electromagnetic damper. Finite element magnetic method
(FEMM) software has been used in order to identify the best configuration of geometry in the system. A simulation in
Matlab was done by considering a quarter car model with a theoretical value from the Faraday s Law equation involved
in electromagnetic damper. The slotted and cylindrical geometry configurations have been simulated using FEMM and
the result clearly shows that the slotted configuration has a better effect on the electromagnetic damper system.
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ABSTRAK

Makalah ini memaparkan tinjauan peredam elektromagnetik sebagai bahan getaran / pengasingan. Sekumpulan artikel
mengenai getaran dan sistem penggantungan telah dikaji dan faktor utama yang menyumbang kepada peredam
elektromagnetik dikenal pasti. Peredam elektromagnetik telah diberi perhatian khusus dari banyak penyelidik dan
dengan itu menjadi antara bidang penyelidikan penting dalam sistem getaran. Konsep getaran peredam elektromagnetik
telah dijelaskan dengan merujuk kepada beberapa kertas yang menunjukkan penggunaan peredam elektromagnetik.
Perisian kaedah magnet elemen terhingga (FEMM) telah digunakan untuk mengenal pasti konfigurasi geometri terbaik
dalam sistem. Simulasi di Matlab dilakukan dengan mempertimbangkan model kereta seperempat dengan nilai teori
dari persamaan Hukum Faraday yang terlibat dalam peredam elektromagnetik. Konfigurasi geometri slot dan silinder
telah disimulasikan menggunakan FEMM dan hasilnya jelas menunjukkan bahawa konfigurasi berslot mempunyai
kesan yang lebih baik terhadap sistem peredam elektromagnetik.

Kata kunci: Peredam elektromagnetik; arus eddy; getaran, sistem penggantungan

INTRODUCTION "desirable". For example, the motion of a tuning fork, the
reed in a woodwind instrument or harmonica, or the cone
of a loudspeaker is desirable vibration, necessary for the
correct functioning of the various devices. Other occasions
where vibration is useful is in guitar vibration which tends
to produce soothing music for our ears, vibrating sieve
separate particles of fine and coarse sand and vibration mode
in our mobile phone which alert us without disturbing others.

Vibration has been in our daily life for a long time. In
definition, vibration refers to mechanical oscillations about
an equilibrium point. The oscillations may be periodic such
as the motion of a pendulum or random such as the
movement of a tire on a gravel road. Vibration has its
positive and negative effects. Vibration is occasionally
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On the other hand, the vibration, which occurs in most
machines, structures, and dynamic systems, is undesirable,
not only because of the resulting unpleasant motions, the
noise, and the dynamic stresses, which may lead to fatigue
and failure of the structure or machine, but also because
of the energy losses and the reduction of the performance
which accompany the vibrations. The mechanical vibration
in the equipment causes excessive wear of bearings,
cracking, shorts due to the abrades insulation around
electrical conductors and noise. Such vibrations can be
caused by imbalances in the rotating parts, uneven friction,
the meshing of gear teeth, etc. Generally, the vibration is
uncomfortable for humans and a careful design usually is
needed to minimize the unwanted vibrations.

A vibration can be controlled through three methods
(Silva 2007). The three general ways are:

1. Tsolation (buffers system from excitation)
2. Design modification (modifying the system)
3. Control (Absorb or dissipate vibrations)

In layman terms, the three approaches can be seen as
three different way of reducing or eliminating the vibration
effects. The first approach is tackling the source of
excitation while the second approach is dealing with the
modification of the system or machine. The last method is
to absorb or dissipate the vibrations using external devices
attached to the system.

An electromagnetic damping occurs when there is a
relative motion between the conductor and the magnetic
field. Eddy current developed in the conductor and created
magnetic field with opposite polarity of the original
magnetic field. Thus, resulting in a force that hinders the
relative motion of the system (Haiyan 2017). An eddy
current is caused when a moving conductor intersects a
stationary magnetic field, or vice-versa. The relative motion
between the conductor and the magnetic field generates
the circulation of the eddy current within the conductor.
These circulating eddy currents induce their own magnetic
field with the opposite polarity of the applied field that
causes a resistive force. These currents dissipate due to the
electrical resistance and this force will eventually
disappear. Hence, the energy of the dynamic system will
be removed. The resistive force induced by eddy currents
is proportional to the relative velocity, the conductor and
the magnet can be allowed to function as a form of viscous
damping (J.S. Bae et al. 2010; Ebrahimi, Khamesee, &
Golnaraghi 2009b).

An eddy current concept has been applied by Haiyan
et al. in order to reduce a disc vibration that is rotating
(Haiyan et al. 2017). The electromagnetic field was created
by applying current to the coil which was wrapped around
an inner surface of the silicon steel sheet to form a magnetic

pole. The created magnetic pole would then interact with
the surface disk which will induce an eddy current on the
surface. The disc vibration then can be reduced by the
damping force occurs between the interaction.

The eddy current damping force can be expressed as

F=f"]xBdV
where the current conductor density, J can be written as
J=06 (v xB)

In these equations, F is the eddy current damping, ¢
is electrical conductivity of planar plates, v is relative
velocity between plane and magnetic field and B is
magnetic flux density. The flux density along x, y, z, is
similar, the electromagnetic damping can be written in the
x direction as

E, = ovcl, foTM B?%dx

—NxT/4
where v is the velocity of the x direction, ¢ is the thickness
of the surface conductor x plate, ly is the effective length
in the y direction of the planar conductor plate, and N is
the number x of permanent magnets contained in the
permanent magnet array in the x direction. Thus, damping
coefficient can be considered as the ratio of damping force
and velocity D=F /V.

The schematic diagram of surface eddy current damper
and experimental block diagram are shown in Figure 1 and 2.

[Eddy current damping device |

Surface disc

| Power driver module

Motor driver

FIGURE 1. Schematic diagram of surface eddy current damper
Source: Haiyan (2017)
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FIGURE 2. Experimental block diagram process
Source: Haiyan (2017)
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According to Siavash (Siavash Haji Akbari Fini 2016)
in his thesis, there are two types of electromagnetic
dampers, Coil-Based Electromagnetic Damper (CBED)



and Eddy Current Dampers (ECD). Relative motion
between the permanent magnets and the conductive
material induced electrical current and created the damping
force. In the ECD, the electrical current will appear in a
swirling pattern in the conductive material while in CBED,
the electrical current is diverted into the electrical coil and
can be stored in a battery.
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FIGURE 3. Coil based electromagnetic damper (CBED)
configuration

Source: Siavash Haji Akbari Fini (2016)
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FIGURE 4. Eddy Current Damper (ECD) configuration
Source: Siavash Haji Akbari Fini (2016)

This paper aims to investigate the effect of
electromagnetic damper to a vibration test rig by
considering the system as mass spring damper system. The
damping effect from the electromagnetic damper has been
investigated by simulating the phenomenon that occurs in
the system. The system has been simulated using MATLAB
and FEMM. It has been shown that the halbach array of
magnet and slotted cylinder give higher effect of
electromagnetic damper.

METHODOLOGY

EQUATION GOVERN THE ELECTROMAGNETIC
DAMPER

According to Saslow’s (Wayne 2002) mathematical
expression for the force experienced by the magnet as in
the Figure below is:
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Sodano et al. studied the application of an eddy current
damper (ECD) in controlling the vibrations of small
cantilever beam (Sodano et al. 2005). While, (Ebrahimi
et al. 2009b; Ebrahimi, Khamesee & Golnaraghi 2009a;
Gysen et al. 2010; Mirzaei 2007; Montazeri-Gh &
Kavianipour 2012; Paz 2004; Siavash Haji Akbari Fini
2016) studied the application of eddy current damper as a
vibration control system in vehicles and structures.

Currently there exist many damping devices which
work under the principal of electromagnetism. Various
research and development were related to electromagnetic
damping (Asadi et al. 2015; J. Bae et al. 2009; Ebrahimi
et al. 2009b; Gerber et al. 2007; Gupta et al. 2007; Gysen
et al. 2010; Milanesi 2009; Mirzaei, 2007; Montazeri-Gh
& Kavianipour 2012; Paz 2004). All of these researches
show that there is high level of interest from various
researchers towards electromagnetic damper effects. Even
though the area of application is very vast, but most of the
researchers are keen towards the automotive industries.
The main objective of the researches is to create higher
magnitude of magnetic field inside the system such that an
adaptive, regenerative and fail-safe damping device can
be designed for various applications.

Coil of wire
adlidl

Direction of
a

7

Induced current

Bradial

R —
=

FIGURE 5. Schematic diagram for magnetic force
F=2maNIB rad (1)

where I is induced current, Brad is the radial magnetic field
intensity, N is number of turns of the coil and a is the coil’s
radius. As the magnet rises up toward the coil, voltage is
induced according to Faraday’s Law as

ao
Vinduced = _NE (2)

where N is the number of turns in the coil and ¢ is the
magnetic flux. At the same time, the induced current in the
coil is given by Ohm’s law as
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— Vinduced

I induced — R (3)
Equation 2 and 3 can be combined with Equation 1 to get
a general equation of

F = cv 4)

— NzBrad a9
c= ZﬂaT(E)(l/V)

SIMULATION OF ELECTROMAGNETIC DAMPER IN
FINITE ELEMENT MAGNETIC METHOD (FEMM)

The electromagnetic damper has been simulated in Finite
element magnetic method (FEMM) in order to investigate
the effect of magnet and geometry of the outside cylinder.
FEMM is a software or program used for solving the
problems on two-dimensional planar and axisymmetric
domains of low-frequency electromagnetic problems. The
magnet has been designed using Halbach-array concept
and the outer cylinder was created to be either slotted or
normal cylinder. The parameter of the Halbach-array
design is shown in Figure 6 below. Each of the selected
distance has been labelled and described in Table 1.
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FIGURE 6. The 2D axisymmetric design of Halbach-array.

TABLE 1. The measurement of the design

Symbol Name Distance (mm)
X Length of the magnet 17
y Length of the magnet (combined) 70
z Length of the magnet (each) 14
a Gaps between magnet and 8
aluminium
b The thickness of the aluminium 7

After the parameter has been identified, the schematic
diagram has been designed in the FEMM Simulation. Figure
7 shows the design for the cylindrical geometry while
Figure 8 shows the design for the slotted geometry.
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FIGURE 7. The design for cylindrical geometry
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FIGURE 8. The design for slotted geometry

SIMULATION RESULT

Figure 9 and Figure 10 show the simulation result of the
magnetic flux density for both configurations.

FIGURE 9(a). Parameter of the slotted configuration of the
electromagnetic damper
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FIGURE 9(b). Parameter of the cylindrical configuration of the
electromagnetic damper
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FIGURE 10(a). Simulation result of the slotted configuration
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FIGURE 10(b). Simulation result of the cylindrical
configuration

The simulation results in FEMM indicated that the
geometrical shape of aluminium can produce more
magnetic flux density to the system. The maximum value
of 18.94 Tesla has been recorded in the middle of permanent
magnet. About 3 to 7 Tesla of magnetic flux value has been
recorded in the gap of permanent magnet and the coil. Thus,
this value is the corresponding force that will directly affect
the ¢ (damping value) of the mass spring damper system.

13
MATLAB SIMULATION

The Matlab simulation was done by considering the test
rig as a quarter car model equation which involve the spring
constant, k and damping coefficient, ¢ value. The
experimental test rig system has been drawn using Auto
Cad such that the component of the system can be shown
clearly as shown in Figure 11.

Basic mass
spring
damper
system

(Matlab)

- free and
forced

L vibration

FEMM SIMULATION

FIGURE 11. Apparatus test rig

Figure 12 shows the semi-active quarter car model
that will be used to simulate in MATLAB. The parameter
involved in the system were ml= sprung mass, m2=
unsprung mass, c= damping coefficient, k1= spring mass
stiffness (sprung mass) and k2= spring mass stiffness
(unsprung stiffness). Parameter x,y, and z are the
displacement with respect to sprung mass, unsprung mass,
and road.

ky

spring damper

spring

Ptz

FIGURE 12. Semi-active quarter car model

Based on the quarter car model, the equation below is
obtained. The Simulink in the MATLAB has been built by
using this equation to get the response of the theoretical
results.
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Equation 5 from the methodology section has been
deployed to calculate the damping coefficient value, ¢ by
considering the parameter value that has been taken from
various related literature and has been listed in Table 2.

TABLE 2. Parameter for theoretical value

Slotted Cylindrical
configuration configuration

Coil thickness, a (m) 5x10* 5x10*
Number of turns, N 400 400
Radial magnetic field 0.18 0.18

intensity, B, (T)
Velocity, v (ms™) 1 1
Coil resistance, R (Q) 5 5
Magnetic flux, @ (7) 17.44 13.98
Rate of magnetic flux, 1.16 0.93

2 (s

dt
Spring stiffness, k (N/m) 735.75 735.75
Mass , m (kg) 2 2

The value for damping ratio, & also has been calculated
based on the equation
c

- 2vmk

The value of the damping coefficient and damping ratio
has been recorded in the Table 3.

TABLE 3. Value of the damping coefficient and damping ratio
for both configuration

Slotted Cylindrical
Configuration Configuration
Damping coefficient, ¢ 19.02 16.83
(Nsm-1)
Damping ratio, &§ 0.25 0.22

RESULTS AND DISCUSSION

SIMULATION RESULT

The value of the damping coefficient has been simulated
in the MATLAB/Simulink and the responses of the vibration
were compared between both of the configurations.
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FIGURE 13. Response of the slotted configuration

Figure 13 shows the response of the slotted
configuration when using the damping coefficient that has
been calculated theoretically. The damping coefficient and
damping ratio of the configuration are 6.85 Nsm-1 and
0.09, respectively. The time taken for the response to
achieve the steady-state was around 12 s.
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FIGURE 14. Response of the cylindrical configuration

Figure 14 shows the response of the cylindrical
configuration when using the damping coefficient that has
been calculated theoretically. The damping coefficient and
damping ratio of the configuration are 5.47 Nsm-1 and
0.07, respectively. The time taken for the response to
achieve the steady-state was around 23s.
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FIGURE 15. Comparison of the responses for both of the
configuration



The comparison of the responses for both of the
configuration is clearly shown in Figure 15. The time taken
for the response to achieve steady-state for the slotted
configuration is shorter than the cylindrical configuration.
This happened because the slotted configuration of the
system has a high amount of magnetic flux density which
affected by the geometry of the electromagnetic damper.
When the configuration has a high amount of the magnetic
flux, the value of the damping will increase too. The
movement of the permanent magnet through the
configuration will experience the damping effect caused
by the formation of the magnetic flux.

CONCLUSION

Based on the simulation done using FEMM and MATLAB,
it is justified that the geometry design of the aluminum will
affect the magnetic flux density value of the electromagnetic
damper. The slotted configuration will damp out the system
much faster compared to the cylindrical configuration. This
can be investigated by looking at the damping coefficient
value and settling time of the response. For further analysis,
the slotted configuration should be developed and tested
in a vibration test rig such that the result can be compared
with the simulation result.

From the prior experiment, it can be shown that there
is effect of electromagnetic from the system. This can be
seen from the graph obtained. However, more detailed
study needs to be done in order to achieve more significant
value of damping coefficient from the electromagnetic
damper. Key parameters for the electromagnetic effect need
to be explored more. Some of the parameters are, current
supplied to the system, number of coils turn, type of coil,
geometries of the damper, velocity of the magnet, friction
in the system, and type of material used. In general, all of
the parameters are varied in order to obtain higher magnetic
field in the system such that the damping force of the
system can be increased.

ACKNOWLEDGEMENT
The authors would like to thank UPNM through Research
Grant of FRGS/1/2012/TK01/UPNM/03/5 and Geran

Penyelidikan jangka Pendek (GPJP) with code number
UPNM/2016//GPIP/5/TK/5

DECLARATION OF COMPETING INTEREST

None

125

REFERENCES

Abdolvahab Argharkakli, G.S. 2012. Simulation and
analysis of passive and active suspension system
using a quarter car model for different road profile.
International Journal of Engineering Trends and
Technology 3(5).

Acocella, G., Anchini, R., Paciello, V., Pietrosanto,
A. & Sommella, P. 2010. A new approach to
magnetorheological damping control. 2010 IEEE
Instrumentation &  Measurement  Technology
Conference Proceedings 908-912.

Asadi, E., Ribeiro, R., Khamesee, M.B. & Khajepour,
A. 2015. A new adaptive hybrid electromagnetic
damper: Modelling, optimization, and experiment.
Smart Materials And Structures 24(7): 75003.

Bae, J., Hwang, J., Park, J. & Kwag, D. 2009. Modeling
and experiments on eddy current damping caused by
a permanent magnet in a conductive tube. Journal of
Mechanical Science and Technology 23: 3024-3035.

Das, S. 2013. An electromagnetic mechanism which
works like an engine. 2376-2379.

Ebrahimi, B. 2009. Development of Hybrid
Electromagnetic Dampers for Vehicle Suspension
Systems. Canada: University of Waterloo.

Ebrahimi, B., Khamesee, M.B. & Golnaraghi, F. 2009a. A
novel eddy current damper: theory and experiment.
Journal of Physics D: Applied Physics 42(7): 075001.

Ebrahimi, B., Khamesee, M.B. & Golnaraghi, F. 2009b.
Eddy current damper feasibility in automobile
suspension: Modeling, simulation and testing. Smart
Materials and Structures 18(1): 015017.

Ebrahimi, B., Khamesee, M.B. & Golnaraghi, M.F. 2008.
Design and modeling of a magnetic shock absorber
based on eddy current damping effect. Journal of
Sound and Vibration 315(4-5): 875-889.

Elankovan, M.G. 2015. Conceptual design of
electromagnetic damper for motorcycle suspension
system. International Journal of Engineering
Research & Technology (IJERT) 4(08): 472—476.

Foo, E. & Goodall, R.M. 2000. Active suspension control
of flexible-bodied railway vehicles using electro-
hydraulic and electro-magnetic actuators. Control
Engineering Practice 8(5): 507-518.

Gupta, A., Jendrzejczyk, J.A., Mulcahy, T.M. & Hull, J.R.
2007. Design of electromagnetic shock absorbers.
International Journal of Mechanics and Materials in
Design 3(3): 285-291.

Gysen, B.L.J., Paulides, J.J.H., Janssen, J.L.G. &
Lomonova, E.A. 2010. Improved vehicle dynamics.
IEEE Transactions on Vehicular Technology 59(3):
1156-1163.

Gysen, B.L.J., Paulides, J.J.H., Janssen, J.L.G. &
Lomonova, E.A. 2010. Active -electromagnetic
suspension system for improved vehicle dynamics.
IEEE Transactions on Vehicular Technology 59(3):
1156-1163.



126

Hudha, K., Harun, M.H., Harun, M.H. & Jamaluddin, H.
2011. Lateral suspension control of railway vehicle

using semi-active magnetorheological damper.
2011 IEEE Intelligent Vehicles Symposium, Baden,
Germany.

Hudha, K., Jamaluddin, H., Samin, PM. & Rahman,
R.A. 2005. Effects of control techniques and damper
constraint on the performance of a semi-active
magnetorheological damper. International Journal
of Vehicle Autonomous Systems.

Isa, H.M. & Liza, W.N. 2011. A review on electromagentic
suspension  system for passenger vehicle.
International Conference on Electrical, Control and
Computer Engineering, Pahang, Malaysia.

Karnopp, D. 1989. Permanent magnet linear motors
used as variable mechanical damper for vehicle
suspensions. Veh. Syst. Dynam. 18: 187-200.

Krishnamoorthy, S.G., Skiedraité, I. & Spring, K. 2015.
Development of electromagnetic damper. Mechanika
21(3): 226-233.

Kulkarni, A.N. & Patil, S.R. 2013. Magneto-Rheological
(MR) and Electro-Rheological (ER) fluid damper: A
review parametric study of fluid behavior. Journal of
Engineering Research and Applications 3(6): 1879—
1882.

Liao, G.J., Gong, X.L., Kang, C.J. & Xuan, S.H. 2011.
The design of an active—adaptive tuned vibration
absorber based on magnetorheological elastomer
and its vibration attenuation performance. Smart
Materials and Structures 20(7).

Liu, W., Shi, W,, Liu, D. & Yan, T. 2010. Experimental
modeling of magneto-rheological damper and
PID neural network controller design. 2010 Sixth
International Conference on Natural Computation,
10-12 August, Yantai, China.

M.S. Yahaya & Mohd Ruddin Hj, A.G. 2000. LQR
Ccontroller for active car suspension. Proc. On
TENCON 1: 441-444.

Milanesi, F. 2009. Design Optimization and Control
Strategies for PM Multiphase Tubular Linear
Actuators. Bologna: University of Bologna.

Mirzaei, S. 2007. A Flexible Electromagnetic Damper.
2007 IEEE International Electric Machines & Drives
Conference, 3-5 May, Antalya, Turkey.

Montazeri, M. & Kavianipour, O. 2012. Investigation of
the passive electromagnetic damper. Acta Mechanica
2646: 2633-2646.

Paz,0.D.2004. Design and Performance of Electric Shock
Absorber. Louisiana: Louisiana State University.
Rujimon K, M.M. 2013. A comparism between passive
& semi active suspension systems. [nternational
Journal of Innovative Research in Science,

Engineering and Technology 2(6).

Sam, Y.M. & Hudha, K. 2006. Modelling and Force
Tracking Control of Hydraulic Actuator for an Active
Suspension System. 2006 IST IEEE Conference on
Industrial Electronics and Applications, 24-26 May,
Singapore.

Septimiu, G.L., Chira, F. & Rosca, V.-O. 2005. Passive,
active and semi-active control systems in civil
engineering.

Siavash Haji Akbari Fini. 2016. Theory and Simulation
of Electromagnetic Dampers for Earthquake
Engineering Applications. Vancouver: University of
British Columbia.

Silva, C.W.De. 2000. Vibrations fundamentals and
practice. 1% Edition. Boca Raton: CRC Press LLC.

Sodano, H. A., Bae, J.-S., Inman, D.J. & Keith Belvin, W.
2005. Concept and model of eddy current damper for
vibration suppression of a beam. Journal of Sound
and Vibration 288(4-5): 1177-1196.

Stefan, S., Kajaste, J. & Petri, K.-H. 2011. Optimization of
semi-active seat suspension with magnetorheological
damper. /0th International Conference on Vibration
Problems.

Tsepav, M.T., Yusuf, I. & Usman, G. 2012. Experimental
evaluation of the Earth’s magnetic field in Lapai,
Northern Nigeria. International Journal of Science
and Technology 1(12): 655-661.

Wang, J., Member, S., Wang, W. & Atallah, K. 2011. A
linear permanent-magnet motor for active vehicle
suspension. [EEE Trans. On Vehicular Technology
60(1): 55-63.

Wang, X., Ghafoorianfar, N. & Gordaninejad,
F. 2011. Study of electrical conductivity in
Magnetorheological Elastomers. Active and Passive
Smart Structures and Integrated Systems 7977, 1-8.

Warminski, J. & Kecik, K. 2012. Autoparametric
vibrations of a nonlinear system with a pendulum and
magnetorheological damping. Nonlinear Dynamics
Phenomena in Mechanics 181: 1-61.

Won Jun Choi. 2009. Dynamic Analysis of
Magnetorheological Elastomer Configured Sandwich
Structures. (School of Engineering Sciences,
University of Southampton, Highfield Southampton)

Yan, B., Wang, K., Hu, Z. & Wu, C. 2017. Shunt damping
vibration control technology: A review. Applied
Sciences 7: 494.

Yuyou Liu. 2004. Semi-active damping control for
vibration isolation of base disturbances. (Doctoral
thesis, University of Southampton)

Zhang, P.S. 2010. Design of electromagnetic shock
absorber for energy harvesting from vehicle
suspensions. (Ph.D. diss., Stony Brook University)



