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ABSTRACT - The significance of the electromagnetic damper in vibration systems has 
attracted considerable interest from researchers, making it a prominent area of research. 
Various papers have been consulted to explore the vibration concept associated with 
electromagnetic dampers and their practical applications. A vibration test rig with a simple 
electromagnetic damper has been designed and tested to investigate the effect of 
electromagnetic force. An experimental study on the response of the electromagnetic damper 
was conducted. A logarithmic decrement method was deployed to find the damping 
coefficient, c, of a one-degree freedom system (mass spring damper system). A test rig and 
electromagnetic damper element were introduced as a damper in the system. Design factors 
included the type of geometry, type of material and the current supply to the system. The 
testing was conducted using the in-house developed vibration test rig. The data obtained from 
the experiment has been analysed to determine the electromagnetic damping performance. 
A factorial analysis was performed to identify the significant factors influencing the damping 
coefficient of the system. Two empirical models obtained through regression analysis of Excel 
and Minitab. It was found that the influential effects for the response are the type of material 
(aluminum), slotted geometry and a bigger amount of current (3 A). The application of a 
cylindrical conductor and magnet as a damper reduced the vibration response of spring mass 
damper. 
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1.0 INTRODUCTION 
Vibration and damping are two main research areas that are related very closely. Vibration can be useful as well as 

vulnerable to a system or machines. An engineer in this field is tasked with addressing problems and challenges related 
to mechanical systems, including issues such as fatigue, fracture, and energy loss. These matters are crucial focal points 
requiring attention and resolution. Engineers are combatting those issues by keeping on improving vibration damping and 
/or isolation techniques. Mechanical vibration problems are common in industrial, transportation, and defence application. 
Vibration rapidly can cause problems for the user and also for the system. By the literatures review, conventional damper 
have few deficiencies, which are conventional damping reduces the life cycle of the machine due to the unwanted 
vibration in the damping system and less efficiency in reducing vibration. Other than that, some researchers found that 
the damping action of a viscous damper decrease at resonance condition, while the electromagnetic damper has no effect 
on resonance. 

The electromagnetic damper is an alternative to the traditional passive system-based conventional dampening 
technology[1]. An electromagnetic damper is another method to create damping in any vibration system. There are now 
several dampening devices that operate based on the electromagnetism concept[2] [3][4][5][6][7][8]. Song C. L. et al.[9], 
conducted an electromagnetic application study, utilising a permanent magnet as a plunger to achieve rectilinear and 
turning motions in a multi-segmented robot. The coil surrounding the permanent magnet was energised by a current, 
which in turn generated an actuation force based on the Biot-Savart law. The Biot-Savart law expresses the magnetic field 
along the axis of a circular current loop with radius r and steady current i as follows: 

𝐵𝐵𝑠𝑠𝑠𝑠𝑠𝑠 =
𝜇𝜇0
4𝜋𝜋

�
𝑑𝑑𝑑𝑑 ×  𝑟𝑟 ,

|𝑟𝑟 ,|3  
(1) 

where dl and r’ are the line segment and distance vector from the viewpoint of the source charge. Figure 1 elucidates 
the schematic diagram of the phenomenon which contributes to the electromagnetic force as: 
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From this equation, it is clearly shown that the force that occurs in the system originated from the magnetic flux 
density from the magnet and the induction coil with respect to the area and permeability of the cylinder surrounding it. 

 
 

Figure 1. (a) Schematic diagram of a coil induced by current i; (b) the cross-section of a solenoid featuring a permanent 
magnet (PM) plunger, along with the associated design parameters [9] 

Another application of electromagnetic damper was applied to a cable structure [2]. The relative motion between the 
coil and the permanent magnet gives rise to an electromagnetic force that can be utilised to regulate the vibration of a 
structure. The electromagnetic (EM) damper, serving both as a vibration-control device and an energy-harvesting 
mechanism, has emerged as a promising maintenance approach for cable structures. By positioning a permanent magnet 
within a coil, an induction current is induced, resulting in the generation of the Lorentz force[2]. This Lorentz force, 
acting as the damping force of the damper, operates in opposition to the permanent magnet. 

 

 
Figure 2. Configuration of electromagnetic damper [2] 

Electromagnetic damping is the focus of continuous study and development. In 2018, Jamshidi et al. emphasised that 
an electromagnetic damper possesses the advantage of not requiring additional power to generate the damping force. They 
further highlighted that the equivalent damping of the damper could be adjusted effectively by utilising a simple switched 
circuit. [10]. A hybrid electromagnetic damper prototype was developed, and the characterisation of the damper was 
analysed experimentally. The term hybrid in this context denotes the combination of passive and semi-active modes 
within the system. The passive mode serves as a harvester, collecting energy, while the semi-active mode is an energy 
supplier for the sensors and microcontroller. The harvested energy is utilised to power these components. The linear 
electromagnetic motor has been used as the core part to generate the voltage from the linear movement of the 
system[11][12].  

In a recent paper by Kong et al. [6], the electromagnetic effect was employed as a means to control the position of a 
permanent magnet. By utilising the induced magnetic field generated by an electromagnetic coil, the suspended magnet 
is stabilised in the vertical direction, while the annular permanent magnet controls the force in the horizontal direction, as 
illustrated in Figure 3. The movement of the base, connected to a Hall effect sensor, generates a corresponding current 
that is supplied to the coil. The acceleration of the measured object can be calculated based on the displacement of the 
suspended magnet, which is detected by the Hall sensor. 
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Figure 3. Measuring schematic diagram for electromagnetic suspension acceleration [6] 

An application of electromagnetic damping force in a balancing-type scale was made using an electromagnetic force 
compensation (EMFC), as shown in Figure 4. As the beam displaced due to the weight of an unknown mass, an induced 
current was induced in the conductor (bobbin), which created a magnetic field that will interact with the magnetic field 
from the permanent magnet. Thus, a dampening effect occurs as the magnetic field induced will try to oppose the motion 
through which it is induced.  

 
Figure 4. Application of electromagnetic damping force to balance a cantilever beam [8] 

Recently the discovery of one of the simplest electromagnetic damping systems was made by [13], which consists of 
a magnet and a conductor tube to generate an electromagnetic field. The magnetic force between the magnet and conductor 
can be used to absorb shocks created due to various factors, such as uneven road conditions. The basic idea of this research 
is to create a magnetic flux interaction between the permanent magnet and the hollow cylinder which surrounds the 
permanent magnet movement. The permanent magnet moves vertically through the electromagnetic damper (a coil 
wounded a hollow cylinder), as shown in Figure 5. A power supply was connected to the coil such that the cylinder would 
react as a solenoid.  

 
Figure 5. Schematic diagram of the main effect occurs 

The electromagnets of solenoid are created by wrapping wire around any electrically conducting metal. Using the 
righthand rule, the direction of the magnetic field created by a current-carrying broken wire may be determined. The 
magnetic flux density in areas perpendicular to the magnetic field is measured in Tesla units [14]. In a study that being 
conducted by [15], they stated that a solenoid is insulated copper wire wound in a plastic tube or cylindrical carton that is 
longer than its diameter and acts as a magnet when a current is generated to pass through it. The configuration of the 
magnetic field lines across a current-carrying solenoid is the same as the pattern of a bar magnet shown in Figure 5. 
Within a solenoid, the magnetic field exhibits uniformity. As per the Right-Hand Rule theory, the end of the solenoid 
where the current flows in an anticlockwise direction are regarded as the north pole, while the end where the current flows 
in a clockwise direction are identified as the south pole. 

Copper coil 

magnet 

Hollow 
Cylinder 

Power 
Supply 
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Figure 6. Magnetic field in a solenoid [15] 

From Figure 6, the magnetic field in the middle of a long solenoid is concentrated into an almost uniform field. 
Equation 1 below shows the equation of the magnetic field [16]: 

𝐵𝐵 =  𝜇𝜇0𝑛𝑛𝑛𝑛 (1) 

where, 𝐵𝐵 = magnetic field,  𝜇𝜇 = permeability, 𝑛𝑛 = turn density, 𝑛𝑛 = current passing through the wire and 𝜇𝜇0 = 4𝜋𝜋 × 10−7   

For the turn density, 

𝑛𝑛 =  
𝑁𝑁
𝐿𝐿  (2) 

where, 𝑁𝑁 = number of turns, 𝐿𝐿 = length of the solenoid. 

Faraday’s induction principle states that when a magnetic bar is inserted into a cylindrical coil (solenoid), it induces 
the generation of electromagnetic flux within the coil. As a result, the solenoid becomes operational and exhibits its 
intended functionality [8],[17],[18]. The voltage produced in a single turn of wire wrapped around a magnetic core is 
equal to the rate of change of the magnetic flux enclosing that wire. Lenz’s law says that when an EMF is formed by a 
change in magnetic flux in accordance with Faraday’s Law, the polarity of the induced EMF is such that it induces a 
current with a magnetic field that opposes the field that was initially changing [19]. This is the same concept applied in 
[9], where a solenoid has been activated by supplying a current to the coil such that the magnetic flux from the permanent 
magnet and solenoid will interact. Previously the author has simulated the electromagnetic damper using Finite Element 
Magnetic Method (FEMM) to see how does magnetic flux changing with several variations of parameters (material, 
dimension and current) [20].  

In this paper, the research has been extended such that the performance of electromagnetic damper in a spring mass 
damper system can be studied and analysed. The damping coefficient, c, from the mass spring damper system has been 
extracted through the experimental system before being calculated using the logarithmic decrement method. Thus, a 
novelty of the research was being able to relate the vibration response of the system with the damping coefficient, c, of 
the electromagnetic damper. The response was then further analyse using Minitab such that the most effected parameters 
of the system can be identified.  

2.0 METHODOLOGY 
Experimental verification has been conducted in this study to emphasise the impact of the electromagnetic damper 

within a mass spring damper system. A logarithmic decrement method was deployed to find the damping coefficient of 
the overall system. Several parameters of electromagnetic dampers, such as current existence, the design’s geometry of 
the conductor tube and the material used to fabricate the tube conductor, had been varied to find the best damping 
coefficient. 

2.1 Damping Ratio ζ Calculation through Vibration Response 

The damping ratio ζ is a dimensionless quantity that characterises the decay of oscillations in a system following a 
disturbance. It represents the rate at which oscillations diminish from one bounce to the next. The damping ratio ζ is a 
measurement describing how rapidly the oscillations decay from one bounce to the next. The damping ratio is a system 
parameter that can take on various values: undamped (ζ = 0), underdamped (ζ < 1), critically damped (ζ = 1) or 
overdamped (ζ > 1). In this experiment, the damping ratio was determined through logarithmic decrement due to the 
system being underdamped. 

The period of oscillation, denoted as T, represents the time interval between two peaks and can be computed as [13], 

𝑇𝑇 =  
𝑡𝑡𝑛𝑛 − 𝑡𝑡0
𝑛𝑛  (3) 

here 𝑡𝑡𝑛𝑛 refers to the time at which the nth peak is observed, as depicted in Figure 7,  
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Figure 7. Oscillation response for a typical free damped vibration system [13] 

The logarithmic decrement can be defined as follows [21]. 

𝛿𝛿 = log �
𝑥𝑥(𝑡𝑡𝑛𝑛)
𝑥𝑥(𝑡𝑡𝑛𝑛+1)� (4) 

where 𝑥𝑥(𝑡𝑡𝑛𝑛) is a displacement located at the 𝑛𝑛𝑡𝑡ℎ peak. 

From T and δ in Eq. (3) and (4), the damping ratio, ζ, can be calculated as follows. 

𝜁𝜁 =  
𝛿𝛿

√4𝜋𝜋2 + 𝛿𝛿2 
 (5) 

2.2 Damping Coefficient, c 

The damping coefficient, c, is the main effect that is being investigated in this research. The system’s damping 
coefficient is a measurement of how quickly the system oscillation returns to rest as the frictional force dissipates its 
oscillation energy. The damping coefficient can be calculated by obtaining the values of the damping ratio, mass of sprung 
mass and spring stiffness of the system. From the damping ratio, ζ in Eq. (9), the value of damping constant, c, affected 
the value of damping ratio, ζ, according to the equation below. 

𝜉𝜉 =
𝛿𝛿

�(4𝜋𝜋)2 + 𝛿𝛿2
=

𝑐𝑐
2√𝑚𝑚𝑚𝑚

 (6) 

where, m=mass, k= spring stiffness and c= damping coefficient. 

2.3 Experimental Setup of Electromagnetic Damper 

The experimental setup consists of sensors (accelerometers), LMS Scadas Mobile measurement hardware, and a 
computer with the installed software, as shown in Figure 8. LMS TestXpress software has been used to connect the LMS 
Scadas Mobile with the accelerometer. The accelerometer extracts the response of the system, which then converts to 
velocity as well as displacement response. AutoCAD was employed to create a detailed representation of the experimental 
test rig system, allowing the components to be visually displayed with clarity, as illustrated in Figure 9. 

  
Figure 8. Overall vibration test rig system 
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Figure 9. Main component of the vibration test rig 

The test rig was built using an iron rod with a dimension of 320×320×980 mm (length×width×height). The spring 
stiffness, k, is 1.09 N/cm. A hollow ferrite cylindrical type of permanent magnet has been chosen with the parameters as 
follows. 

Inner diameter  : 22 mm 
 Outer diameter  : 45 mm 
Thickness of the magnet  : 8 mm 
Pole piece to stack the magnet : 2 mm 

A linear bearing was used in the middle of the test rig to make sure the vertical movement is smooth during vibration. 
The experiment was carried out on two different materials for cylindrical conducting tubes, namely nylon and aluminium. 
Two different designs of conductor are with slotted and non-slotted dimensions with different excitation of input current. 
Figure 10 shows the conductor tube that is used as the electromagnetic damper. 

 
Figure 10. Cylindrical tube with copper coil winding 

The electromagnetic damper was built from two cylindrical conducting tube (aluminum and nylon) with copper 
winding coil surrounding it. The diameter of the copper wire was 0.5 mm. The parameters of the electromagnetic damper 
can be seen in Table 1. 

Table 1. Parameters of the electromagnetic damper 
Type of dimension Value (m) 
Length of material with winding coil (aluminum and nylon), l 0.220 
Inner diameter of material (aluminum and nylon), d 0.066 
Outer diameter of slotted material (aluminum and nylon), d 0.076 
Thickness of material (aluminum and nylon), l 0.005 
Length of permanent magnet, l 0.060 
Diameter of permanent magnet, d 0.045 
Gaps between magnet and material, l 0.011 

3.0 EXPERIMENTAL RESULTS 
Initially, the value of the magnetic damper for different configuration settings in static was measured, and the data 

were tabulated in Table 2. For a better understanding of the effect due to the material, current supplied and geometry 
design several bar charts were plotted. Next, each configuration of the electromagnetic damper was tested using the 1DOF 
vibration test rig, and the best damper configuration was selected by comparing the experimental damping coefficient. 
The damping coefficient, Cd, has been obtained from the experimental response using the logarithmic decrement method 
(equation 4). Then, the damping coefficient Cd has been calculated using Eq. (5) and Eq. (6). Below is the result obtained 
from the experimental and the calculated value of the damping coefficient being tabulated in Table 3. Figure 12(a) and 
12(b) show the results obtained from the experimental test for aluminium with slotted and non-slotted configurations. 
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Table 2. Value of magnetic flux density of each configuration of damper obtained from static measurement 

Configuration of electromagnetic 
damper -Material (Current, design) 

Magnetic flux 
Density (T) 

Average 
magnetic Flux 

Density (T) Top Middle Bottom 
Aluminum (1A, Not slotted) 0.0035 0.0103 0.0030 0.0056 
Aluminum (3A, Not slotted) 0.0062 0.0139 0.0060 0.0087 
Aluminum (1A, slotted) 0.0070 0.0150 0.0069 0.0096 
Aluminum (3A, slotted) 0.0104 0.0191 0.0101 0.0132 
Nylon (1A, Not slotted) 0.0013 0.0052 0.0010 0.0025 
Nylon (3A, Not slotted) 0.0026 0.0075 0.0021 0.0041 
Nylon (1A, slotted) 0.0022 0.0073 0.0023 0.0039 
Nylon (3A, slotted) 0.0030 0.0095 0.0029 0.0051 

 

   
(a) geometry      (b) material 

 

 
(c) current 

Figure 11. Parameters effect on magnetic flux density 

Table 3. Experimental response data and calculation of system characteristics 

Material Geometry No. of 
turns 

Current 
supply (A) 

Peak of oscillation 
(X) 

Log 
decrement, 

𝛿𝛿 

Damping 
ratio, 𝜁𝜁 

Damping 
coefficient, 𝐶𝐶𝑑𝑑 (𝑁𝑁𝑑𝑑/𝑚𝑚) X1 X4 

Aluminum Non-
slotted 900 1 0.0537 0.0249 0.1921 0.0306 0.5065 

Aluminum Non-
slotted 900 3 0.0440 0.0188 0.2126 0.0338 0.5595 

Aluminum Slotted 900 1 0.0440 0.0086 0.4096 0.0651 1.0776 
Aluminum Slotted 900 3 0.0370 0.0025 0.6639 0.1051 1.7390 

Nylon Non-
slotted 900 1 0.0541 0.0459 0.0411 0.0065 0.1083 

Nylon Non-
slotted 900 3 0.0504 0.0414 0.0492 0.0830 0.1296 

Nylon Slotted 900 1 0.0580 0.0438 0.0843 0.0134 0.2218 
Nylon Slotted 900 3 0.0530 0.0352 0.1023 0.0163 0.2698 

 

0.0087

0.0132

0
0.002
0.004
0.006
0.008
0.01

0.012
0.014

Aluminum (3A, Not slotted) Aluminum (3A, slotted)

M
ag

ne
tic

 fl
ux

 d
en

si
ty

 (T
)

Geometry configuration of outer cylinder

0.0051

0.0132

0.0000
0.0020
0.0040
0.0060
0.0080
0.0100
0.0120
0.0140

Nylon (3A, slotted) Aluminum (3A, slotted)

M
ag

ne
tic

 fl
ux

 d
en

si
ty

 (T
)

Type of cylindrical material

0.0096

0.0132

0.0000
0.0020
0.0040
0.0060
0.0080
0.0100
0.0120
0.0140

Aluminum (1A, slotted) Aluminum (3A, slotted)

M
ag

ne
tic

 fl
ux

 d
en

si
ty

 (T
)

Magnitude of current supplied to outer cylinder  



Mohd Yusoff et al. │ International Journal of Automotive and Mechanical Engineering │ Vol. 20, Issue 2 (2023) 

ijame.ump.edu.my  10543 

 
(a) 

 
(b) 

Figure 12. Graph displacement (m) against time (s) for (a) unslotted and (b) slotted aluminium damper with 3A current 

4.0 DISCUSSION 
From the first experimental activities, it can be shown that the magnetic flux density of the system does affect by the 

three parameters (material, geometry and current). Table 1 indicates the value of magnetic flux density at several locations 
of the wounded cylinder. An average value of the magnetic flux density calculated in the bar chart has been plotted. The 
results have been plotted, and a positive slope for those parameters can be seen in Figure 11. Three factors, namely 
material, geometry and current with two levels, have been considered in the experiment. The effect due to material shows 
a bigger improvement in magnetic flux values compared to the other two parameters. 

The novelty of the research is endorsed by linking the vibration response of the system with the damping ecoefficiency 
of the overall system. The overall system has been incorporated as an electromagnetic damper, and the vibration response 
been analysed through the logarithmic decrement method. Thus, the damping coefficient value has been obtained by 
analysing the experimental results. The results can be seen in Table 3. In this experimental task, three factors with two 
levels of parameters have been considered. One factor that was held constant was the number of copper wire turns. The 
cylinder was wounded with a total of 900 turns throughout the experiment. Electromagnetic damper from aluminium with 
3 Ampere current and slotted configurations shows the biggest value of damping coefficient of 1.739 Ns/m. The copper 
coil with 0.50 mm diameter has been wounded (900 turns) into the slotted cylindrical and is supplied with a 3 Ampere 
current.  

Further analysis can be obtained by referring to Figure 12(a) and 12(b) where the displacement oscillation response 
of the system is reduced when the aluminium-slotted configuration is used. The unslotted geometry recorded around 4 
seconds of settling time, while the slotted geometry settled down in 2.5 seconds. The amplitude of the response also 
reduced from 0.58 m to 0.53 m at the beginning of the oscillations. Vertical movement of the permanent magnet through 
a solenoid can create a magnetic force that can be used as a damping source in a mass spring damper. The polarity of the 
induced emf is such that it produces a current whose magnetic field opposes the change that produces it. The interaction 
between a permanent magnet and an electromagnet, created through a solenoid, results in damping due to the magnetic 
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repulsion between the edges of the solenoid and the magnet. There are two primary forces involved in this process. Firstly, 
the electromagnetic force is induced by the magnetic field within the solenoid when a current pass through the wound 
coils. The second force is the magnetic force generated by the reciprocating motion of the permanent magnet in the 
vertical direction. 

4.1 Development of Empirical Model 

The empirical model was obtained from the experimental result. The effect of magnetic flux density towards the 
damping coefficient has been plotted using Excel. From the experimental results, it can be seen that the damping 
coefficient Cd are positive for all values of magnetic flux density. As magnetic flux density increases, the damping 
coefficient Cd values grow without bound. As magnetic flux density becomes smaller approaching zero, the damping 
coefficient Cd values also seem to approach zero. Figure 13 shows the relation between magnetic flux density and 
damping coefficient, where the increase in magnetic flux increases the damping coefficient of the damping system. The 
regression line resembles an exponential graph (Y= 0.069 e 259.4 x) and has an R-squared of 92 percent. This R – squared 
indicated of how much strength of the relationship between the damping coefficient and magnetic flux density. The 
damping coefficient seems to increase exponentially with respect to the magnetic flux density. It can be observed that as 
the magnetic flux, B, rises, so does the damping coefficient, c. Consequently, when electromagnetic strength rises, the 
dampening effect on vibrations should increase.  

 
Figure 13. Graphs of maximum magnetic flux density against damping coefficient of the damping. 

Initially, the data was further analysed using Minitab, where the regression analysis was performed. However, the 
regression equation that was plotted with respect to the damping coefficient Cd shows zero value in the predicted R-
squared. This implies that the result can’t fit linearly into a linear equation. Alternatively, a modification of the regression 
equation has been deployed by fitting the factors into the natural log equation. A basis for this modification was the result 
obtained through the experiment where the damping equation can be related to magnetic flux density by the exponential 
equation Y (Y= 0.069 e 259.4 x). The data has been further analysed statistically to investigate the relationship between the 
Cd as a response and three factors as independent variables. Inspired by the result obtained, the regression analysis was 
thus performed with the Cd transformed to a natural logarithm. The analysis was done by setting it as a two-sided 
confidence interval with a 95% confidence level for all intervals. Two levels with three factors of factorial design have 
been chosen in this analysis. This equation relates the damping coefficient directly to the three factors involved during 
the experiment; material, geometry and current. The material and geometry factors have been assigned as high’ and `low’ 
while the current supplied was taken as a numerical value (1 and 3 amperes) setting. It has been analysed as a ln equation 
which contains all three factors. This time around, the R-squared predicted value being recorded was 84.46%. The 
equation obtained was,  

lnCd= -1.203 + 0.756 MATERIAL + 0.319 GEOMETRY + 0.1192 CURRENT + 0.0549 
MATERIAL*GEOMETRY + 0.0253 MATERIAL*CURRENT + 0.0494 
GEOMETRY*CURRENT 

(7) 

The fitted response of the regression equation was compared to the result obtained from the experiment, and the result 
has been tabulated as in Table 4. The interaction plot between the factors can be seen in Figure 14 below. Mean of 
response, Cd (damping coefficient) showed a positive slope which indicated that the factors do affect the response. Among 
all the factors, the combination of material and geometry gives the biggest slope value which implies the significance of 
those factors towards the damping coefficient Cd values.  
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Table 4. Damping coefficient value from experimental and regression analysis using Minitab 

Material Geometry Current 
(Amp) 

Damping coefficient from 
experiment using 

logarithmic decrement 
method 

Regression 
model using 

MiniTab 

Percentage of error 
(%) 

Nylon Slotted 1 0.222 0.212 -4.46 
Aluminum Slotted 3 1.739 1.663 -4.37 
Aluminum Non-Slotted 1 0.507 0.484 -4.45 
Aluminum Slotted 1 1.078 1.128 4.71 
Nylon Non-Slotted 3 0.130 0.124 -4.52 
Nylon Non-Slotted 1 0.108 0.113 4.52 
Nylon Slotted 3 0.270 0.282 4.61 
Aluminum Non-Slotted 3 0.560 0.585 4.61 

 

 
Figure 14. Interaction plot for damping coefficient factors 

5.0 CONCLUSIONS 
The empirical model of the damping coefficient, c of the system, has been able to drive using experimental techniques. 

The experiment started with several parameters (three factors, two-level) setups. The magnetic flux for each setup 
condition was then captured and tabulated in a table. Further analysis was done by calculating the damping coefficient, c 
and the data was then analysed in Minitab. The effect of geometry, material and current has been analysed using the 
interaction plot and the empirical model, which consisted of all parameters obtained with 84.45% of R-squared value. 
Two equations from the experimental using Excel and Minitab regression analysis show good similarity with only 5 
percent differences. Both equations indicated magnetic field and magnetic flux of solenoid depend on the variables of the 
electromagnetic damper. The equations from Minitab software give a direct indication towards the parameter used 
(material, geometry and current). It gives the coefficient values for each factor and also any cross effect due to 
combinations of those factors. A regression equation shows the relation between each factor that contribute to the damping 
coefficient of the system. Variables of electromagnetic damper, such as types and geometry of material and current supply 
to the coil influences the value of vibration responses such as settling time, damping ratio, and damping coefficient.  

A higher magnetic field and flux are produced when a conductor material is used. Magnetic flux and magnetic field 
can be increased by manipulating the material’s geometry. Since slotted geometry increases the winding coil layer, it is 
possible to produce higher magnetic fields and fluxes of magnetism. It is possible to produce a stronger magnetic field 
and flux with a higher current supply as well. It is possible to reduce the settling time of oscillation by increasing damping 
by increasing the magnetic field and flux. An electromagnetic damper with a faster absorption rate will be more effective 
at reducing vibration oscillation’s settling time. Furthermore, reduce unnecessary vibration delays by using damping ratios 
with higher values. A higher value damping coefficient means a faster return to rest. Dissipating more energy requires a 
higher damping coefficient and a higher damping force. 
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