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ABSTRACT

This research aimed to analyse the linear launcher motor (LM) for the light electric
vehicle (EV) application that generated a linear movement. LM will replace the piston
engine and eliminate the internal combustion engine (ICE) issues namely engine weight
and friction at piston wall. The finite element magnetic softwares (FEMs) for a magnetic
field was described in this study by predicting the magnetic flux relationship using a 2D
J-Mag software. In addition the finite element (FE) analysis was used to simulate the
linear launcher motor by using MATLAB/Simulink software. The results show that the
linear launcher motor can generate the axial force, speed, and displacement of with and
without load. The maximum force without load was ~1.6kN while force with load was
~1.4kN at 100A supplied. The comparison between the force without load and load force
was different by12.5%.
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gasoline combustion is the most polluted air at about 28% (Andersson, 1991; Noor et al.,
2019a). Compression piston rings and cylinder walls are represented by a significantly
higher power loss in modern ICE that accounts for about 35% of the overall mechanical
friction engine (Noor et al., 2019b; Bolander et al., 2005). To overcome these problems,
various types of research and development for next-generation vehicles have been pursued
from different angles (Chan, 1996).

This research aimed to provide the opportunity to develop the analytical study of a
linear launcher motor (LM) for electric vehicle (EV) application, known as the linear
electromagnetic motor (EMM). The finite element magnetic softwares (FEMs) for a
magnetic field are described by predicting the magnetic flux relationship using 2D J-Mag
software. In addition, the finite element (FE) analysis was used to simulate the linear
launcher motor by using MATLAB/Simulink software. Finally, the results show that the
linear launcher motor could generate axial force, speed, and displacement of with and
without load.

LINEAR MOTIONS

The application of linear motion is currently more challenging than ever due to faster
methods, more accurate positioning, longer life, less maintenance, less moving parts, and
endless lists (Miler, 2006). There are various types of engines in the global market that
have a different number of cylinders namely the inline engine, V engine, and flat-opposed
engine. Every cylinder contains a piston that moves up and down inside the engine, where
it is connected through an individual connecting rod to a universal crankshaft.

Concept of Linear Launcher Motor

The linear launcher motor is a conventional motor in which projectile moves in a linear
direction rather than in the rotation (Bedajangam & Jadhav, 2013; Mclean,1988; Say &
Taylor, 1982; Matsch & Morgan, 1986; Sgobba, 2011). This kind of linear launcher may
have a set of solenoids placed alongside the moving object. This linear launcher looks like
a tubular launcher, which primarily consists of a simple row of coaxial coils. The linear
launcher is divided into three categories including coil-gun, rail-gun, and induction launcher
(Laithwaite, 1975; Gieras & Piech, 1999; Beaty & Kirtley, 1998).

Structure Linear Launcher Motor Model

The structure of linear LM is similar to a linear motor that is a solenoid actuator. A York
and mover are the key components of this linear LM as shown in Figure 1. They are
fabricated using materials such as mild steel AISI 1008 due to its good magnetic properties
that contain 8-13% of carbon (Chemerys, 2001). The coil used is a copper wire material.
Table 1 presents the parameter of the linear LM model.
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Figure 1.Structure of linear LM model

Table 1
The parameter of the linear LM model
Item Parts Unit (mm)
Diameter wire 4.1
Coil Height of coil 39.75
Length of coil 224.5
Yoke Back Yoke Inner 20
Back Yoke length 265
Moving Part Plunger diameter 80
Plunger length 121.2
Parts Materials
Coil wire Copper
Yoke Mild steel AISI 1008
Plunger Mild steel AISI 1008

Method of the linear LM calculation

There are two types of calculations used to predict the linear LM, which are induction of

coil and axial fields of finite coil.

Inductance of Coil

Figure 2 shows the air core coil and magnetic flux surrounding the conductor.
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Figure 2. Cross-section of the multi-layer coil
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The inductance of an air-core coil can be calculated using Equation 1, the Wheeler’
formula (Johnson & Francis, 2007; Wheeler, 1982).

_0.0315 (NCr)?
"~ 6Cr+9C1+10CH

(1)

Where, L = inductance in uH; N =Total number of turns; Cr = (Cr, + Cr,) = average radius
in mm; C; = Coil Length (along axis) in mm; C, = Cr, — Cry) = Thickness of the winding
1S in mm.

Axial Fields of Finite Coil

Figure 3 shows the finite coil of the solenoid. The magnetic is measured according to
x-plane.
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Figure 3: Solenoid in the cross-section view

The fields of a finite solenoid show that at each point, the axes are determined using
Equation 2 (Engle et al., 2005; Wheeler, 1982).

Crs+ X5+ Cr JRZ+X?+R
B = Hoin len\/ 2 2 2 x, InY=2 1 2 2)
2(Crz —Cr1) JerZ + X% + cry JR*+X? + R,

Where, B = magnetic fields; u, = Permeability constant; I = Current flow in the coil; n =
number of turns; C; = coil Length in mm; Cr, = Inside radius in mm, Cr, = Outside radius
in mm, X; and X, = Distance in mm.

SIMULATIONS, RESULT AND DISCUSSION
Dynamic Simulation

The experiment aimed to revise the possible measures of the electromagnetic flux properties
in the coil and to validate the simulation of the linear LM model. The coil was made using
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copper wire (type 12 AWG) and the diameter of the coil was 4.1 mm with 400 turns. Figures
4, 5 and 6 display the view of the 2D-JMag model implemented in the FEMs program.
Figure 4 shows the magnetic flux density is as shown in a contrasting colour and spectrum.
The red colour of the magnetic flux density had the highest value that should be avoided
followed by the blue region occured in the air. Therefore, the overall magnetic flux density

contour in this research was acceptable and below 2.0 Tesla when 150A current was applied.

Figure 5 is the flux line model that is implemented as a function of time for a better

analysis of the simulation result. Figure 6 shows the mesh size on edge of mover at Imm,

for the coil at 6mm and for iron at Smm.
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Figure 4. Magnetic flux density: (a) Before; and (b) After
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Figure 5.Flux Line: (a) Before; and (b) After
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Figure 6. Meshing: (a) Before; and (b) After

Static Simulation

The combination of IMAG_RT file to MatLab/Simulink shown in Figure 7 was conducted
for two situations; with load and without load. The simulation result of the linear LM model
without load and with load in terms of force, speed, and displacement.
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Figure 7. MATLAB/Simulink for linear LM model
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Force

The graphs in Figures 8 and 9 show the relationship between force without load and load
against time. Both graphs showed that the maximum force of linear LM without load was
~1.6kN while the force load was ~1.4kN at 100A supplied. Therefore, if the current is
rising, the force is also increasing for both without load and load. The comparison between
the force without load and load force is 12.5%.

Speed

The graphs in Figures 10 and 11 showe the relationship between the speed of without load
and load against time. Both graphs showed that the maximum speed of linear LM without
load was ~6.1m/s while the speed load was ~2.5m/s at 100A supplied. Therefore, if the
current is rising the speed is increasing for both without load and load. The comparison
between the speed without load and load speed was ~59%.
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Figure 8. Force without load: (a) Before; and (b) After
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Figure 9. Force with load: (a) Before; and (b) After
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Figure 10. Speed without load: (a) Before; and (b) After
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Figure 11. Speed with load: (a) Before; and (b) After

Displacement

The graphs in Figures 12 and 13 present the relationship between the plunger displacement
of without load and load against time. Both graphs showed that maximum distance produced
was 75mm at 100A supplied. If the current was increased, therefore the value of the plunger
distance was constantly fixed at 75mm for both with and without load.

CONCLUSIONS

The design and simulation of linear launcher motor were discussed in this study. The
analytical method to predict the linear launcher motor was presented by using 2D-Jmag
and MATLAB/Simulink. The performance of the linear launcher motor can generate axial

102 Pertanika J. Sci. & Technol. 29 (1): 95 - 105 (2021)



Performance Analysis of the Linear Launcher Motor via Modelling and Simulation
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Figure 12. Displacement without load: (a) Before; and (b) After
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Figure 13. Displacement with load: (a) Before; and (b) After

(b)

force, speed, and displacement of with and without load such as the maximum force without
load was ~1.6kN and force with load was ~1.4kN at 100A. Therefore, the comparison
between the force without load and load force was 12.5%.
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