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ABSTRACT In this study, it is aimed to increase the projectile velocity by changing some parameters of
the reluctance launcher. Studied parameters are the initial position of the projectile, the coating of the coil
with ferrite, the coil length and the barrel outer diameter. A 3D Maxwell model of the reluctance launcher
was generated to examine the effect of the change of these parameters on the projectile velocity. After the
3D model of the launcher was generated, analysis was done for each parameter. During the analysis for a
parameter, the other parameters were kept constant. As a result of the analysis of the projectile position,
it was determined that the projectile velocity is the highest when the projectile position is −2. It has been
determined that the velocity of the projectile increases if the coil is coated with ferrite. It has been determined
that the projectile velocity is the highest when the coil length is 7 cm. It has been determined that the highest
projectile velocity is obtained when the barrel outer diameter is 18 mm. Using these results, the Maxwell
model of the improved launcher was generated. The projectile velocity in the Maxwell model of the initial
launcher is 19.24m/sec. The projectile velocity of the improved launcher in theMaxwell model is 25.8m/sec.
By improving the launcher, a velocity increase of 34.09%was achieved. Later, this launcher was built and the
parameters were investigated experimentally. In the experimental work, the projectile velocity of the initial
launcher was measured as 19.11 m/sec, and the projectile velocity of the improved launcher was measured
as 24.9 m/sec. As a result of the experimental work, a velocity increase of 30.29%was obtained by improving
the launcher.

INDEX TERMS Coilgun, electromagnetic launching, linear accelerators, reluctance launchers.

I. INTRODUCTION
The velocity of the electromagnetic launchers is higher than
the conventional launchers [1]. Therefore, number of the
studies on electromagnetic launchers are increasing. Electro-
magnetic launchers can be classified into 6 categories: Indi-
rect (IND), Direct (DIR), Electro-thermal-chemical (ETC),
Magnetic (MAG), Electrostatic (EST) and Hybrid (HYB).
Among these categories, the railguns and the coilguns are the
most studied ones. Railgun is a Constant specific force (CSF)
type of DIR category. The reluctance launchers which is a
type of coilguns is a Variable specific force (VSF) of DIR
category [2].
The railguns consist of two rails and a moving armature.

When a current flows through the rails, a force is generated
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and causes the armature to move [3]. The object to be
launched is placed in front of the armature, so that it can be
launched. The projectile velocity of the railguns is high but
the deformation and the friction losses are also high due to
the high current flowing through the contacts [4], [5], [6].
The friction is low in reluctance launchers where there are
no contacts. Reluctance launchers are used in many fields
such as aviation, military, and hyper speed applications [7].
The reluctance launchers are structurally simple and easy to
control [8], [9], [10]. When compared to a coilgun, a railgun
has a higher projectile velocity, but the required current is
very high. The railgun is used to launch larger masses, while
the coilgun is used to launch smaller masses.

Reluctance launchers consist of a coil, a non-magnetic
barrel and a ferromagnetic projectile to be launched. When
the coil is energized, the induced magnetic field exerts a
force that pulls the projectile towards the center of the coil.
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The energy must be shut down when the projectile reaches
the center of the coil. Otherwise, the projectile will again be
pulled back to the center of the coil [11]. This effect is called
the suck-back effect [12], [13], [14], [15], [16]. It decreases
the velocity of the projectile when it is out of the barrel. The
coil energy must be shut down at the right time when the
projectile reaches to the center of the coil. The energy on the
coil must be immediately dampened. A capacitor was used in
a previous study [14] for dampening the coil energy where a
resistance was used in another study [17].

Electromagnetic launchers convert electromagnetic energy
intomechanical energy [18]. The input is the electrical energy
stored in the capacitor, and the output is the kinetic energy of
the projectile. The efficiency of the electromagnetic launchers
is given in Equation 1. Because all the energy in the capacitor
is not used, the equation is transformed into Equation 2 when
the remaining energy is subtracted [19].

Efficiency =
Kinetic Energy of Projectile

Electrical Energy of Capacitors
(1)

η =
mu2exit

C
(
V 2
before − V 2

after

) (2)

Sensors should be used to shut down the energy at the
right place. These sensors must be positioned as they will
shut down the coil energy before the force on the projectile
becomes negative. Furthermore, the projectile can also be
used as a switch of the circuit that supplies energy to the coil.
Thus, the contact points of the projectile can be adjusted and
the coil can be energized or de-energized whenever neces-
sary [20]. But, then there will be contact and friction.

FIGURE 1. The equivalent circuit diagram of the reluctance launcher.

The equivalent circuit diagram of the reluctance launcher
is given in Figure 1 [21]. Here, the capacitor is charged by
the source voltage, then the switch position is changed and
the energy at the capacitor is supplied to the coil. According
to the reluctance theory, the magnetic field induced by the
current flowing through the coil, pulls the projectile into the
center of the coil. The force that pulls the projectile into
the center of the coil is related with the mutual inductance
of the coil [12], [13].

There have been many studies on increasing the projec-
tile velocity by changing the parameters of the reluctance
launchers. In such studies, switching of the energy applied
on the coil [15], changing the material and geometry of
the projectile [16], [22], [23], [24], [25], [26], changing the

initial position of the projectile [7], [11], [27], and chang-
ing the geometry of the coil [8], [28] were also taken into
consideration.

In this study, the 3D Maxwell model of the reluctance
launcher was generated. Then the chosen parameters of the
reluctance launcher (the initial position of the projectile,
coating of the coil with ferrite, coil length and the barrel
outer diameter) were changed and the change in the projectile
velocity was investigated. At the end of these investigations,
the values of the parameters that increase the projectile veloc-
ity were determined and the Maxwell model of the improved
launcher was generated. Then, the reluctance launcher was
built and used to compare the model and the experimental
results.

II. MATERIAL AND METHOD
Before implementing electromagnetic systems, the model
of the system is constructed using electromagnetic analy-
sis software, and then information is gathered by analyzing
this model. Using this collected information, the system can
be optimized. The analysis of the reluctance launchers is
complicated and difficult due to the non-linear B-H char-
acteristics of the ferromagnetic projectile used in the reluc-
tance launchers. Therefore, in the investigation of reluctance
launchers, a software that uses finite elements analysis is
utilized [14], [16], [17], [20], [21], [24], [25], [26], [28], [29],
[30], [31], [32].

In a previous study [26], the 3D Maxwell model of the
reluctance launcher was generated and the effect of the pro-
jectile material and geometry on the projectile velocity was
investigated. AISI1020, AISI1050, andAISI12L14were used
as the projectile materials. It was determined that the velocity
of the projectile constructed from AISI1050 material which
has a higher magnetic permeability than the others, is higher
than the other projectiles. Using a projectile of which geome-
try was not modified, a projectile velocity of 19.24 m/sec was
obtained. To investigate the effect of the projectile geometry,
empty projectiles and projectiles with notches were used.
It was determined that the projectile velocity increases when
the projectile is empty. Figure 2 and Table 1 show the dimen-
sions of the launcher that was previously investigated.

FIGURE 2. Dimensions of the previously investigated projectile.

In this study, the parameters affecting the projectile veloc-
ity were investigated and four parameters that we did not
investigate in our previous studies were selected. These
parameters are; the initial position of the projectile, coating
of the projectile with ferrite, coil length and the barrel outer
diameter.
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TABLE 1. Dimensions of the previously investigated projectile.

The effect of change of these parameters on the projectile
velocity were investigated using the 3D Maxwell model of
the reluctance launcher.

TABLE 2. Chemical combination ratios of AISI1050 material.

TABLE 3. AISI1050 material in the standards of other countries.

FIGURE 3. B-H curve for AISI1050.

In a previous study [26], the highest velocity (19.24 m/sec)
was obtained with the projectile that was constructed using
AISI1050 material (projectile geometry was kept constant).
Therefore, projectiles constructed with AISI1050 material
were used in this study. AISI1050 material is known as the
production steel in the industry. Steels are entitled according
to the carbon rate in their structure. 1050 steel contains 0.50%
carbon in it, thus called as 1050. Table 2 shows the chemical
combination ratios of the AISI1050 material and Table 3
shows the codes of the AISI1050 material in other countries.
Figure 3 shows the B-H characteristics of the AISI1050
material [25].

In this study, the effect of each parameter on the projectile
velocity was investigated. In order to prevent the effect of
other parameters on the projectile velocity, other parameters
were kept constant by taking the values in Table 1.

A. EFFECT OF THE PROJECTILE’S INITIAL POSITION ON
THE PROJECTILE VELOCITY
The inductance of the coil can be found by dividing the flux
linkage into the current as given in Equation 3. Here ψ(x) is
flux linkage, which changes depending on the position of the
projectile, L(x) is the coil inductance that changes depending
on the position of the projectile [21].

L(x) =
ψ(x)
i

(3)

In the electromagnetic launcher, the force applied to the
projectile is proportional to the derivative of the coil induc-
tance [33]. The inductance of the coil changes depending on
the position of the projectile [34]. Therefore, the initial posi-
tion of the projectile affects the force applied to the projectile
and the projectile velocity. Equation 4 shows that the force
applied to the projectile is proportional to the derivative of
the coil inductance [21]. Figure 4 shows the variation of flux
linkage with respect to position, Figure 5 shows the change
of coil inductance, and Figure 6 shows the variation of the
derivative of the inductance.

F =
i2

2
dL (x)
dx

(4)

FIGURE 4. Flux linkage vs position.

FIGURE 5. Inductance (ψ(x) /i) vs position.

In this study, the effect of the projectile’s initial position
was investigated first. As shown in Figure 7, position is
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FIGURE 6. Derivative of inductance vs position.

FIGURE 7. Initial positions of the projectile.

assumed 0 when the point A of the projectile is aligned with
the point B of the coil. The position is −1 when the projectile
is 1 cm away from the coil, and the position is +1 when the
projectile is 1 cm inside the coil. Figure 7 shows the initial
positions of the projectile. In Figure 7, the projectile is at
position −1 initially.
Using the generated Maxwell model, the projectile veloc-

ities were obtained for different initial positions. Figure 8
and Table 4 shows the projectile velocities according to the
initial positions of the projectile. Other parameters of the
launcher were kept constant (The values in Table 1 were
taken) while obtaining these results. Results show that, the
projectile velocity is higher when the projectile position is−2
initially. In this case, the velocity is 22.35 m/sec. There is a
16.16% increase in the projectile velocity when it is launched
from position −2 instead of position 0.

FIGURE 8. Projectile velocities vs the initial position of the projectile.

B. EFFECT OF COATING THE COIL WITH FERRITE ON
PROJECTILE VELOCITY
As the second parameter, coating the coil with ferrite was
taken into account. The projectile velocities were obtained

TABLE 4. Projectile velocities vs the initial position of the projectile.

by coating the coil with ferrite which is 1-10 mm thick in
the 3D Maxwell model. Figure 9 shows the velocity graphs
vs the ferrite thickness. Table 5 and Figure 10 show that
the projectile velocity increases when the projectile is coated
with ferrite. On the other hand, Figure 10 shows velocity
does not increase so much after 5 mm. Other parameters
were kept constant to investigate the effect of ferrite thickness
on velocity only (The values in Table 1 were taken). The
projectile is at position 0 and 200 V is applied to the coil
while obtaining these results. When the coil is coated with
a 5-mm ferrite, the projectile velocity is 23.01 m/sec which
corresponds to 19.59% increase compared to a non-coated
coil.

FIGURE 9. Projectile velocity vs ferrite thickness.

TABLE 5. Projectile velocities when the coil Is coated with ferrite.

When ferrite is coated around the coil, it does not allow
the magnetic field to move away from the coil, since ferrite is
a ferromagnetic material and its permeability is higher than
air. Since the magnetic field does not move far from the coil,
it will bemore intense andwill affect the projectile more. As a
result, the projectile velocity will increase.
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FIGURE 10. Projectile velocity vs ferrite thickness.

C. EFFECT OF CHANGE OF COIL LENGTH ON
PROJECTILE VELOCITY
In electromagnetic launchers, the electromagnetic force
applied to the projectile determines the projectile velocity.
The more electromagnetic force applied to the projectile,
the faster the projectile will be launched. Another parameter
that can increase the projectile velocity is the coil length.
Therefore, coil length was chosen as the third parameter. The
relationship between projectile velocity and coil length is
given in Equation 5 [20].

Fm = Ci2

 l − x1√
(l − x1)2 + R2

+
x1√

x21 + R2

2

−Ci2

 l − x2√
(l − x2)2 + R2

+
x2√

x22 + R2

2

(5)

where l is the length of the coil, i is current of the coil,
x is relative position, R is the radius of the coil, and C is a
constant. The value of constant C is given in Equation 6.

C =
1
8
(µ− µ0)AN 2 (6)

where N is the number of turns per unit length, µ is perme-
ability of the medium, A is the cross-sectional area where the
magnetic flux passes vertically (m2).
The number of turns (N) was kept constant (540-turn) and

the coil length was changed between 40-100 mm. Figure 11
and Table 6 shows the projectile velocities obtained by chang-
ing the coil lengths. The results show that the projectile has
the highest velocity when the coil length is 70 mm. The
projectile is at position 0 and 200V is applied to the coil while
obtaining these results. When the coil length is 70 mm, the
projectile velocity is 21.03 m/sec which corresponds to 9.3%
increase compared to a 80 mm (initial value) coil.

The relationship between coil length and projectile velocity
is as follows: A coil with a fixed number of turns does not
have enough distance to accelerate the projectile when its size
is small. As the coil length increases, there is a distance inside

FIGURE 11. Projectile velocity vs the coil length.

the projectile that allows it to move and increase its velocity.
Then, as the coil length increases, the magnetic field intensity
will decrease (since the number of turns is constant), and the
projectile velocity decreases after a certain length.

TABLE 6. Projectile velocity vs coil length.

D. EFFECT OF CHANGE OF BARREL OUTER DIAMETER ON
PROJECTILE VELOCITY
As seen in Equation 5, the electromagnetic force applied to
the projectile also depends on the radius of the coil. The
radius of the coil is the same as the outer radius of the barrel.
Therefore, barrel outer diameter was taken into account as the
fourth parameter. The change of the projectile velocity was
investigated by changing the barrel outer diameter between
15-23mm. The number of turns was kept constant (540-turn).
Figure 12 and Table 7 shows the projectile velocities with
different barrel outer diameters. The projectile velocity is
20.3 m/sec when the barrel outer diameter is 18 mm which
corresponds to a 5.5% increase in the projectile velocity in
comparison with a 20-mm barrel outer diameter.

FIGURE 12. Projectile velocity vs barrel outer diameter.
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TABLE 7. Projectile velocity vs Barrel outer diameter.

The effect of the change in the barrel outer diameter on the
projectile velocity was investigated while the inner diameter
of the barrel was constant. While the inner diameter of the
barrel is constant, the change in the outer diameter of the
barrel (barrel wall thickness) affects the distance between
the coil and the projectile, thus the coupling. When the barrel
outer diameter is very small, the coil is close to the projectile,
as the barrel outer diameter increases, the coil moves away
from the projectile. It affects the most at a certain value.
As the barrel outer diameter increases, the projectile launch
velocity increases up to a certain value, then decreases.

E. IMPROVED LAUNCHER
The Maxwell model of the improved launcher was
generated using the values of four parameters that max-
imize the projectile velocity. These values are: projec-
tile initial position = −2, ferrite thickness = 5 mm, coil
length = 70 mm and barrel outer diameter = 18 mm. New
dimensions of the launcher are given in Figure 13 and
Table 8. The projectile velocity of this launcher is 25.8 m/sec.
When it is compared with the velocity of the initial launcher
(19.24 m/sec) it corresponds to a 34.09% increase in the
projectile velocity.

FIGURE 13. Dimensions of the improved launcher.

Figure 14 shows the projectile velocity graph of the
improved launcher. The projectile velocity is 25.8 m/sec at
41.8 milliseconds. Figure 15 shows the magnetic flux density
of the improved launcher at 41.8 milliseconds.

The force exerted by the reluctance launcher on the projec-
tile can be derived from classical electromagnetic field theory.
The force exerted to the projectile can be calculated according
to Equation 7 [35].

F =
1
2
Xµ0

(
NI
l

)2

A (7)

TABLE 8. Dimensions of the improved launcher.

FIGURE 14. Projectile velocity graph of the improved launcher.

FIGURE 15. Magnetic flux density of the improved launcher at
41.8 milliseconds.

where

X =
µ

µ0
− 1

N = number of coil turns

I = current flowing through the winding

l = coil length

A = coil cross-section area

At the end of the calculations, it was determined that
Equation 7 did not give correct results. One of the reasons
for this is leakage flux. Another reason is applying linear
analysis to a nonlinear problem. The third reason is that the
electromagnetic launch velocity is higher than the mechan-
ical motion, and the mechanical transition process and the
electromagnetic transition process are coupled and therefore
cannot be considered separately. Due to the complexity of the
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dynamic process, it is difficult to reach the solution using the
analytic method. Reluctance launchers are designed using the
finite element method (FEM) [35].

III. EXPERIMENTAL WORK
For the experimental work, the coil of the launcher was built
using a 540-turn, 0.8 mm2 cross-sectional cable. 4 pairs of
TCST2300 optical sensors were used to detect the projec-
tile. The resistance of the coil conductor is 1.2 ohm and its
inductance is 1.5 mH. The first three of these sensor pairs
were placed with 2 cm intervals. The position of the fourth
optical sensor depends on the coil length. Positions of sensor
pairs are shown in Figure 16. The velocity of the launched
projectile must be measured correctly to be able to determine
the performance of the launcher. Two pairs of TCST2300
sensors were placed on the barrel with 20 cm intervals to
measure the projectile velocity. These sensor pairs are also
shown in Figure 16. The time that takes the projectile to pass
through these two sensor pairs is measured using PIC16F876
microprocessor and the projectile velocity is calculated by
dividing the distance between sensors (20 cm) to time.

FIGURE 16. Positioning of sensor pairs.

Figure 17 shows the circuit schema of the launcher.
IRG4PH50S was used as the IGBT in this circuit. For the
IGBT to not to be harmed in case of conduction and blocking,
D2, C3 and R16 were used as snubbers [36]. IGBTs should
be isolated from the source. Because the voltage is relatively
low betweenG-E and relatively high between C-E. Therefore,
IGBT driver should be used [37]. IR2113 was used as the
IGBT driver.

When there is no projectile at the barrel, the transmitters
of all the optical sensor pairs are able to transmit light to
the receivers and the outputs of the sensors are 0 V. Bases
of T1-T4 transistors are at 0 potential which means that they
are in blocking state. The HIN input of the driver is at 0 poten-
tial, thus HO is also at 0 potential and IGBT is not triggered.
When the projectile is placed at the input of the barrel, the
transmitter-receiver path of at least one of the optical sensors
is interrupted. Assume that the projectile is placed in between
the transmitter and receiver of optical sensor pair 1. In this
case, the light does not reach the receiver of the optical sensor
pair 1 and the supply voltage at the sensor output is applied
to the base of transistor T1. T1 switches to conducting state
and the supply voltage is applied to HIN. A trigger signal
is sent to the IGBT from the HO output. Thus, capacitors
which were charged with 200 V DC voltage are discharged
through the coil. The magnetic field induced by the coil pulls

FIGURE 17. Circuit schema of the launcher.

the projectile into the center of the coil. IGBT is in conducting
state while the projectile is between these four optical sensor
pairs.

When the projectile is out of the optical sensor pairs, the
receivers of all the sensor pairs are in conducting state. T1-T4
is in blocking state. HIN input is at 0 potential. HO output
becomes 0 and IGBT switches to blocking state. No energy
is applied to the coil. A diode (D3) and a resistor (R18)
is connected in parallel to the coil to dampen the inductive
current on the coil. Here, the position of the optical sensor
pair 4 is important. It should be placed as the projectile will
be at the middle of the coil when it is out of this sensor.
In this study, the length of the projectile is constant (4 cm)
but the length of the coil changes. As an example, when the
coil is 8 cm, the 4th optical sensor pair is placed 2 cm inside
the coil. When the coil length is 7 cm, it is placed 1.5 cm
inside the coil. Thus, the projectile is always at the middle of
the coil when it is out of the 4th optical sensor pair and the
coil’s energy is shut down.

S1 switch is closedwhen S2 switch is open and 8 capacitors
of 2700 µF (a total of 21.6 mF) are charged by 200 V DC
voltage. Then S1 is opened and S2 is closed and the energy
stored in the capacitors is discharged over the coil. Resistor
R17 shown in the schema in Figure 17 is the self-resistance
of the coil. Diode D3 and the resistor R18 are used to dampen
the energy on the coil when it is deenergized.

During the experimental work, the initial launcher was first
built using the values given in Table 1. The projectile velocity
of this launcher was measured as 19.11 m/sec. Figure 18
shows the initial launcher. Here, control, power and speed
measurement sections are visible.

Then, the initial position of the projectile was studied as
the first parameter and the effect of this parameter on the pro-
jectile velocity was investigated. Results are given in Table 9.
Coating of the coil with ferrite was studied as the second

parameter and velocities were measured for this parame-
ter. Investigation using Maxwell model showed that velocity
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FIGURE 18. Initial launcher.

TABLE 9. Projectile velocity vs the initial position of the projectile.

increase is negligible after ferrite thickness is 5 mm. There-
fore, investigation was done up to 5 mm ferrite thickness.
Projectile velocities,when the coil is coated with ferrite,
is given in Table 10.

The coil length was studied as the third parameter. Here,
the number of turns was kept constant. 5 different coils with
50 to 90 mm length were built and projectile velocities were
measured in each case. Results are given in Table 11. Here,
the position of the fourth optical sensor pair changes with the
coil length. The distance of optical sensor pair 4 from the
position 0 to the inside of the coil is shown in Figure 19 and
the values are given in Table 11.

TABLE 10. Projectile velocities when the coil Is coated with ferrite.

FIGURE 19. Sensor positions.

Finally, the projectile velocities were measured by chang-
ing the barrel outer diameter. Table 7 shows that the velocity

TABLE 11. Projectile velocity vs coil length.

decreases when the barrel outer diameter is higher
than 20 mm. Therefore the barrel outer diameter was changed
between 16 mm - 20 mm in the experimental work. Measured
velocities are given in Table 12.

TABLE 12. Projectile velocity vs barrel outer diameter.

After the effect of 4 parameters on the velocity was
investigated, the improved launcher was built using these
values. Initial projectile position is −2, ferrite thickness
is 5 mm, coil length is 70 mm and the barrel outer diame-
ter is 18 mm. Other parameters were kept constant (barrel
inner diameter=13 mm, projectile diameter=12.5 mm, pro-
jectile length=40 mm, coil outer diameter=30 mm, coil
height=6 mm, number of coil turns=540 turns). The pro-
jectile velocity was measured as 24.9 m/sec when it was
launched with the improved launcher.

IV. RESULTS AND DISCUSSION
The initial position of the projectile was considered as the first
parameter. 3DMaxwell model of the reluctance launcher was
generated and the effect of initial position of the projectile
on the projectile velocity was investigated using this model.
The projectile velocity is the highest when the projectile is at
position −2. The highest velocity is 22.35 m/sec and there is
a 16.16% increase in comparison with the 0 position. In the
experimental work, the projectile velocity was measured as
21.98 m/sec when the projectile was at position −2. There is
a 1.68% error between the model and the experimental work.
Figure 20 shows the comparison of results obtained using
Maxwell model and experimental work.

The second parameter was the coating of the coil with
ferrite. Projectile velocity increase when the coil is coated
with ferrite. Velocity does not increase dramatically after the
ferrite thickness is 5 mm. Therefore, only the case when the
coil is coated with a 5-mm ferrite was investigated using
the 3D Maxwell model. In this case, the projectile velocity
is 23.01 m/sec which corresponds to a 19.59% increase.
Figure 21 shows the comparison of projectile velocities when
the coil is coated with ferrite.

90034 VOLUME 11, 2023



V. Sari: Effect of Change of Reluctance Launcher Parameters on Projectile Velocity

FIGURE 20. Comparison of velocity results in terms of initial position of
projectile.

The third parameter was coil length and using the 3D
Maxwell model; the highest projectile velocity was obtained
(21.03 m/sec) when the coil length is 70 mm. It corresponds
to a 9.3% increase (19.24 m/sec) compared to a 80 mm coil.
The projectile velocity was measured as 20.76 m/sec in the
experimental work when the coil length is 70 mm. There
is a 1.3 % error between model and the experimental work.
Figure 22 shows the comparison of the velocities by changing
the coil lengths.

The fourth and the final parameter is the barrel outer
diameter. Using the 3D Maxwell model, the highest velocity
(20.3 m/sec) was obtained when the barrel outer diameter
is 18 mm. Increase in the velocity versus a launcher with a
20 mm barrel outer diameter is 5.5% (19.24 m/sec). In the
experimental work, the projectile velocity was measured as
20.14m/secwhen the barrel outer diameter is 18mm. There is
a 0.79% error between the model and the experimental work.
Figure 23 shows the comparison of velocities when the barrel
outer diameters are changed.

FIGURE 21. Comparison of velocities when the coil is coated with ferrite.

The reluctance launcher system was also investigated in
terms of efficiency. The voltage applied to the launcher
is 200 V. There is an approximately 50 V of decrease in the
voltage after the launch. Thus, Vbefore is 200 V, and Vafter
is 150 V while calculating the efficiency (Equation 2) for

FIGURE 22. Comparison of velocities by changing coil length.

FIGURE 23. Comparison of velocity results when the barrel outer
diameter changes.

all launch trials. The weight of the projectile is 36 grams.
According to the results obtained from the model, the effi-
ciency of the initial launcher is 3.5% and the efficiency of
the improved launcher is 6.3%. According to the results
obtained from the experimental work, the efficiency of the
initial launcher is 3.47% and the efficiency of the improved
launcher is 5.9%. After the improvement, there is a 2.8%, and
a 2.33% increase in the efficiency according to the results
obtained from the model and the experimental work respec-
tively. These values are given in Table 13.

TABLE 13. Velocity and efficiency values for the improved launcher.

V. CONCLUSION
In this study, it is aimed to increase the projectile velocity
by changing four different parameters (initial position of
the projectile, coating of the coil with ferrite, coil length,
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and outer barrel diameter) of the reluctance launcher for
which the projectile geometry was investigated previously.
Therefore, 3DMaxwell model of the reluctance launcher was
generated and the effect of these four parameters on the pro-
jectile velocity was investigated using Maxwell model. As a
result of this investigation, for each parameter, the parameter
values that provide the highest projectile velocity were deter-
mined. Then, 3D Maxwell model of the improved launcher
was generated using these values. The projectile velocity
before the improvement of these four launcher parameters
is 19.24 m/sec. The velocity obtained after the improvement
is 25.8 m/sec. By improving these four parameters there
was a 34.09% increase in the velocity. Then the launcher
was built and the parameters that were investigated using
Maxwell model, were also investigated experimentally. The
velocity of the initial launcher was measured as 19.11 m/sec
and the velocity of the improved launcher was measured as
24.9 m/sec. As a result of the experimental work, there was
a 30.29% increase in the velocity by improving the launcher.
There is a 3.61% error between the model and the experimen-
tal work.

In this study, four parameters of the electromagnetic
launcher were optimized and as a result of this optimization,
the muzzle velocity was increased. As a result of optimizing
these four parameters, a velocity close to the theoretical
velocity was obtained. Because the Maxwell program gives
results close to the theoretical results as in previous studies.
Electromagnetic launchers have many parameters related to
projectile, muzzle and coil. To achieve the fully optimized
theoretical velocity of the electromagnetic launcher, all its
parameters need to be optimized.
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