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Electromagnetic launcher systems have gained significant attention in recent years due to
their ability to accelerate projectiles without the use of chemical propellants. These systems use
electromagnetic forces to convert electrical energy into kinetic energy and are widely used in defense,
aerospace, and high-speed transportation applications. Fast switching and precise activation
mechanisms are essential for the efficient operation of electromagnetic launch systems. The Thomson
coil actuator is an ultra-fast electromagnetic repulsion actuator used for high-speed mechanical
switching and pulsed power applications in electromagnetic launchers. This paper presents a
comprehensive review of Thomson coil activation mechanisms used in electromagnetic launcher systems. The
review covers the fundamentals of electromagnetic launchers, working principle of Thomson coil actuators,
activation mechanisms, pulsed power supply topologies, coil design and optimization, performance parameters,
and applications in electromagnetic launcher systems. Different activation methods such as capacitor discharge
activation, inductive pulsed power activation, solid-state switching, and spark gap switching are discussed and
compared. Pulsed power supply topologies including capacitor banks, inductive energy storage systems, and
pulse forming networks are also reviewed. This paper also discusses coil design parameters, electromagnetic
force generation, efficiency, and performance parameters of Thomson coil actuators. Recent research
developments, challenges, and future research directions in Thomson coil activation mechanisms are also
presented. This review will help researchers understand the working principles, activation methods, and design
considerations of Thomson coil actuators used in electromagnetic launcher systems and will serve as a useful
reference for future research in this field.
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1. Introduction

Electromagnetic launch systems (EML) are
advanced projectile acceleration systems that use
electromagnetic forces instead of conventional
chemical propellants to launch projectiles. These
systems offer advantages such as high launch
velocity, improved control, reduced mechanical
wear, and the ability to operate without explosive
materials. Electromagnetic launchers are widely
studied for applications in defense systems,
aerospace launch assistance, aircraft launch
systems, and high-speed transportation. The main
principle behind electromagnetic launchers is the
conversion of electrical energy into kinetic energy
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using magnetic fields and current-carrying
conductors.

Electromagnetic launchers are mainly
classified into three major types: railgun, coilgun,
and linear induction launcher. Railguns use
Lorentz force generated between two conductive
rails and a moving armature. Coilguns operate
based on electromagnetic induction where
sequentially energized coils accelerate a
ferromagnetic projectile. Linear induction
launchers use traveling magnetic fields to propel
conductive projectiles without physical contact.
Each type has its own advantages, limitations,
efficiency range, and application areas.

Table 1. Comparison of Electromagnetic Launcher Types

Launcher Type | Working Principle Advantages Disadvantages Applications

Railgun Lorentz force between | Very high | Rail erosion, high | Military, naval guns
rails and armature velocity current

Coilgun Sequential coil | Contactless Lower efficiency Projectile launch,
energization acceleration research

Linear Traveling  magnetic | Smooth Complex design Aircraft  launch,

Induction field acceleration mass drivers

Launcher

The Thomson coil actuator is a high-speed
electromagnetic repulsion actuator used for fast
mechanical switching and triggering applications
in pulsed power systems and electromagnetic
launchers. It operates based on the principle of
induced eddy currents and repulsive Lorentz force
generated between a flat coil and a conductive
plate. In electromagnetic launcher systems,
Thomson coils are mainly used for ultra-fast
switching, triggering pulse power circuits, and
mechanical actuation where response time is in
the range of microseconds to milliseconds.

Electromagnetic launchers require very fast
switching systems to discharge high current
pulses into the launcher coils within a very short
time duration. Conventional mechanical switches
are too slow for such applications. Thomson coil
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actuators provide a fast, reliable, and contactless
switching mechanism, making them suitable for
pulsed power applications, electromagnetic launch
systems, and protection systems.

Although many research works have been
carried out on electromagnetic launchers and
Thomson coil actuators, the activation
mechanisms, pulsed power supply methods, coil
design optimization, and performance analysis are
scattered across different research papers.
Therefore, a comprehensive review is necessary to
summarize the existing research, compare
different activation mechanisms, and identify
future research directions in Thomson coil
activation mechanisms for electromagnetic
launcher systems.
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Fig. 1. Overview of Electromagnetic Launcher System with Thomson Coil

2. Scope and Objectives of the Review
2.1 Scope of the Review

This review focuses on Thomson coil
activation mechanisms used in electromagnetic
launcher systems, particularly in pulsed power
applications and fast switching systems. The paper
covers the working principle of electromagnetic
launchers, the operating principle of Thomson coil
actuators, activation methods, pulsed power
supply topologies, coil design considerations, and
performance parameters affecting system
efficiency.

The review mainly includes research work
related to coilgun systems, railgun triggering
systems, and inductive electromagnetic launchers
where Thomson coil actuators are used for ultra-
fast mechanical switching and activation. The
study also covers capacitor-based and inductive
pulsed power supply systems used for Thomson
coil activation.

This review does not focus on detailed
projectile dynamics or aerodynamic analysis, but
instead concentrates on electrical,
electromagnetic, and actuator-based activation
mechanisms used in electromagnetic launch
systems.
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2.2 Objectives of the Review
The main objectives of this review paper
are as follows:

»> To study the fundamentals of
electromagnetic launcher systems.

> To explain the working principle of
Thomson coil actuators.

> To review different
activation mechanisms.

>  Toanalyze pulsed power supply topologies
used for Thomson coil activation.

> To review coil design parameters and
optimization methods.

>  Tocompare performance parameters such
as force, speed, efficiency, and losses.

> To summarize recent research
contributions in Thomson coil and
electromagnetic launcher systems.

>  To identify challenges and limitations in
Thomson coil activation systems.

> To discuss future research directions in
electromagnetic launch technology.

Thomson coil
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Fig. 2. Review Methodology Flowchart

3. Methodology

The methodology adopted for this review is
based on a systematic literature survey of research
papers related to Thomson coil actuators,
electromagnetic launchers, pulsed power systems,
and fast switching mechanisms. Relevant research
articles were collected from major scientific
databases such as IEEE Xplore, ScienceDirect,
Springer, and Google Scholar using keywords
including Thomson coil actuator, electromagnetic
launcher, coilgun, railgun, pulsed power supply,
pulse forming network, and fast mechanical
switching. The collected literature includes journal
articles, conference papers, patents, and technical
reports that focus on electromagnetic launch
technology and actuator systems.

The research papers were selected based
on their relevance to Thomson coil activation
mechanisms, electromagnetic launcher systems,
pulsed power supply topologies, coil design, and
performance analysis. Priority was given to recent
publications and highly cited papers to ensure the
inclusion of significant and reliable research
contributions. Papers not directly related to
electromagnetic launch systems or Thomson coil
actuators were excluded to maintain the focus of
the review.

After collecting the literature, the selected
papers were classified into major categories such
as fundamentals of electromagnetic launchers,
Thomson coil actuator working principle,
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activation mechanisms, pulsed power supply
topologies, coil design and optimization,
performance parameters, and applications in
electromagnetic launch systems. This classification
helped in organizing the review in a structured
manner and allowed a comparative analysis of
different activation methods and system
configurations.

A comparative study was then carried out
based on important parameters such as response
time, force generation, efficiency, circuit
complexity, cost, and reliability. The results from
various research works were analyzed and
summarized using tables and figures to identify
the advantages, limitations, and research gaps in
Thomson coil activation mechanisms. This
methodology provides a structured approach to
review and analyze the existing research work and
to identify future research directions in Thomson
coil-based electromagnetic launcher systems.

4. Fundamentals of Electromagnetic Launchers

Electromagnetic launchers are systems that
use electromagnetic forces to accelerate
projectiles without the wuse of chemical
propellants. These systems convert electrical
energy into  kinetic  energy  through
electromagnetic interactions such as Lorentz force
and electromagnetic induction. Electromagnetic
launch technology has gained significant attention
due to its applications in military weapon systems,
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aircraft launch systems, space launch assistance,
and high-speed transportation systems (Fair,
2006; Kahlon et al., 2017).

The basic operating principle of
electromagnetic launchers is based on the Lorentz
force law, which states that a current-carrying
conductor placed in a magnetic field experiences a
force. This principle is mainly used in railgun
systems where current flows through two rails
and an dmd® armature, producing a magnetic field
that generates a force to accelerate the projectile
(Fair, 2006). In coilgun and linear induction
launcher systems, the projectile is accelerated by a
time-varying magnetic field generated by coils
carrying high current pulses. The changing
magnetic field induces currents in the projectile,
which produces a magnetic force that accelerates
the projectile along the launcher barrel
(Haghmaram & Shoulaie, 2004).

Electromagnetic launchers are mainly
classified into three types: railgun, coilgun, and
linear induction launcher. A railgun consists of two
parallel conductive rails and a moving armature,
where the electromagnetic force generated by high
current accelerates the projectile to very high
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velocities. Coilguns consist of multiple coils that
are energized sequentially to create a moving
magnetic field that pulls or pushes the projectile
forward. Linear induction launchers operate using
a traveling magnetic field that induces current in
the projectile and produces thrust without direct
electrical contact between the launcher and
projectile (Reelkar et al., 2020).

Railguns are capable of achieving very high
velocities and are mainly used in military
applications, but they suffer from rail erosion and
require very high current. Coilguns are contactless
and have less mechanical wear but generally have
lower efficiency due to magnetic losses and
switching losses. Linear induction launchers
provide smooth acceleration and reduced
mechanical stress, but the system design is
complex and requires precise control of the
magnetic field and timing circuits (Di et al.,
2024). Each type of electromagnetic launcher has
its own advantages, limitations, and application
areas depending on the required velocity,
efficiency, and system complexity.

Table 2. Comparison of Railgun, Coilgun, and Induction Launcher

Parameter Railgun Coilgun Linear Induction Launcher

Working Principle | Lorentz force Magneticattraction/repulsion | Traveling magnetic field

Contact Sliding contact Contactless Contactless

Velocity Very high Medium Medium to high

Efficiency High Medium Medium

Mechanical Wear High Low Low

Power Requirement | Very high High High

Control Complexity | Medium High Very high

Construction Simple Moderate Complex

Applications Military, naval guns | Projectile launch Aircraft launch, space
launch

Armature
Plate

Repulsive
Force
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5. Thomson Coil Actuator: Working Principle

The Thomson coil actuator is a high-speed
electromagnetic repulsion actuator used for ultra-
fast mechanical switching and triggering
applications in pulsed power systems and
electromagnetic launchers. The actuator operates
based on the principle of electromagnetic
induction and Lorentz force, where a high current
pulse is passed through a flat spiral coil, producing
a rapidly changing magnetic field. This changing
magnetic field induces eddy currents in a nearby
conductive plate, and the interaction between the
coil current and induced eddy current produces a
strong repulsive force that moves the conductive
plate away from the coil at high speed (Al-
Dweikat et al., 2022).

The working principle of the Thomson coil
actuator is based on Lenz’s law, which states that
the induced current always opposes the change in
magnetic flux that produced it. When a capacitor
bank discharges a high current pulse through the
coil, arapidly changing magnetic field is produced.
This changing magnetic field induces eddy
currents in the conductive armature plate placed
above the coil. The direction of the induced eddy
current is opposite to the coil current, resulting in
arepulsive electromagnetic force between the coil
and the conductive plate. This repulsive force
produces very fast mechanical motion, making the
Thomson coil actuator suitable for high-speed
switching applications (Bissal et al., 2015).
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The Thomson coil actuator mainly consists
of a flat spiral coil, a conductive armature plate
(usually made of aluminum or copper), an
insulating support structure, and a pulsed power
supply such as a capacitor bank. When the
capacitor bank is discharged through the coil, a
high current pulse flows through the coil for a very
short duration, typically in the range of
microseconds to milliseconds. The resulting
electromagnetic repulsion force moves the
armature plate at very high speed, which can be
used to operate mechanical switches or triggering
mechanisms in pulsed power systems (Al-
Dweikat et al., 2022).

The main advantage of the Thomson coil
actuator is its very fast response time, high force
generation, contactless operation, and low
mechanical wear compared to conventional
mechanical actuators such as spring actuators,
solenoid actuators, and motor-driven actuators.
However, the Thomson coil actuator requires a
high current pulse and a pulsed power supply
system, which increases system complexity. Due to
its fast response time and high force output, the
Thomson coil actuator is widely used in
electromagnetic launch systems, fast circuit
breakers, pulsed power switching, and
electromagnetic forming applications (Stroehla et
al,, 2021).
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Table 3. Thomson Coil vs Conventional Actuators
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Parameter Thomson Coil | Solenoid Actuator Spring Actuator | Motor
Actuator Actuator

Working Electromagnetic Electromagnetic Mechanical spring | Motor rotation

Principle repulsion attraction force

Response Time | Very fast (us-ms) Medium Slow Slow

Contact Contactless Contact Contact Contact

Force Output High Medium Low Medium

Wear and Tear | Low Medium High High

Power High Medium Low Medium

Requirement

Control Pulse power Simple Simple Complex

Applications Fast switching, pulsed | Relays Mechanical Automation
power systems

High Current

Copper Wire

Repulsive Force

Fig. 5. Structure of Thomson Coil Actuator

Repulsive Force

© 2026

Volume: 05 Issue: 03 | March - 2026

Page 406




6. Thomson Coil Activation Mechanisms

The activation mechanism of a Thomson
coil actuator is an important part of the system
because it determines the speed of operation,
force generation, and overall system efficiency.
The Thomson coil actuator requires a high current
pulse for a very short duration, which is usually
supplied by a pulsed power system such as a
capacitor bank or inductive energy storage system.
The activation circuit is designed to discharge
stored electrical energy into the coil rapidly in
order to produce a strong magnetic field and
induced eddy current in the armature plate,
resulting in a repulsive force (Al-Dweikat et al.,
2022).

One of the most commonly used activation
methods for Thomson coil actuators is capacitor
discharge activation. In this method, electrical
energy is stored in a capacitor bank and then
discharged through the Thomson coil using a high-
speed switching device such as a thyristor, IGBT,
MOSFET, or spark gap switch. The capacitor
discharge produces a high current pulse with very
shortrise time, which is suitable for Thomson coil
operation. This method is widely used because of
its simple circuit design, high current capability,
and fast response time (Bissal et al., 2015).

Another activation method is inductive
pulsed power activation, where energy is stored in
an inductor and then rapidly released into the
Thomson coil through a switching circuit.
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However, the circuit design is more complex
compared to capacitor discharge systems and
requires additional components such as opening
switches and protection circuits (Liebfried,
2017).

Solid-state switching activation is also used
in Thomson coil systems, where semiconductor
devices such as IGBT, MOSFET, and thyristors are
used to control the discharge of current into the
coil. Solid-state switches provide precise control
over switching time, improved reliability, and
repeatable operation. However, they may have
current limitations compared to spark gap
switches and require proper protection circuits
(Al-Dweikat et al., 2022).

In some high-power applications, spark gap
switching is used as an activation method because
it can handle very high voltage and current. Spark
gap switches are commonly used in pulsed power
and electromagnetic launcher systems due to their
high current handling capability and fast switching
speed. However, spark gap switches have
disadvantages such as electrode wear and less
precise control compared to solid-state switches
(Liebfried, 2017).

Therefore, the selection of Thomson coil
activation method depends on parameters such as
current requirement, response time, circuit
complexity, cost, and reliability. Capacitor
discharge activation with solid-state switching is
the most commonly used method for Thomson coil

Inductive energy storage systems are capable of  actuators in electromagnetic launcher
delivering very high current pulses and are used in applications.
high-power electromagnetic launch systems.

Table 4. Comparison of Activation Methods
Activation Energy Switching Advantages Disadvantages | Applications
Method Storage Device
Capacitor Capacitor Thyristor / IGBT | Simple, fast | High current | Thomson coil,
Discharge / MOSFET response stress coilgun
Inductive Inductor Opening switch | Very high | Complex circuit | Railgun,
Pulsed Power current launcher
Solid-State Capacitor IGBT / MOSFET | Precise control | Current Fast switching
Switching limitation
Spark Gap | Capacitor Spark gap Very high | Electrode wear | Pulsed power
Switching current
© 2026 Volume: 05 Issue: 03 | March - 2026 Page 407
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7. Pulsed Power Supply Topologies

Pulsed power supply systems are an
essential part of Thomson coil actuators and
electromagnetic launcher systems because they
provide the high current pulse required for
actuator operation and projectile acceleration. The
main function of a pulsed power supply is to store
electrical energy over a relatively long time and
release itin a very short time in the form of a high-
power pulse. These systems are widely used in
electromagnetic launchers, pulsed power
applications, and fast switching systems (Ceylan
etal., 2019).

One of the most commonly used pulsed
power supply topologies is the capacitor-based
pulsed power supply. In this system, electrical
energy is stored in capacitor banks and then
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discharged rapidly through the load using a high-
speed switch. Capacitor-based systems are widely
used in Thomson coil activation due to their
simple design, high discharge current capability,
and fast response time. The current pulse
waveform depends on the capacitance, inductance,
and resistance of the circuit, and it is typically an
underdamped RLC discharge waveform (Ceylan et
al,, 2019).

Another pulsed power supply topology is
inductive pulsed power supply, where energy is
stored in an inductor and then rapidly released
into the load through an opening switch. Inductive
pulsed power systems are capable of delivering
very high current pulses and are used in high-
power electromagnetic launch systems such as
railguns. However, these systems require complex
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switching circuits and protection components
(Liebfried, 2017).

Pulse Forming Network (PFN) is another
important pulsed power topology used to generate
controlled pulse shapes and pulse duration. PFN
consists of a network of capacitors and inductors
arranged in stages to produce a rectangular or flat-
top current pulse. PFN is commonly used in
electromagnetic launch systems where controlled
pulse shaping is required to improve system
efficiency and performance (Huenefeldt et al.,
2005).

In recent years, advanced pulsed power
systems such as compulsators, battery-based
pulsed power supplies, and superconducting

ISSN: 2583-7354
magnetic energy storage (SMES) systems have
been studied for electromagnetic launcher
applications. These systems are capable of
delivering very high power pulses and improving
overall system efficiency, but they increase system
complexity and cost (Liebfried, 2017).

Therefore, the selection of pulsed power
supply topology depends on energy requirement,
pulse duration, current magnitude, system
efficiency, and cost. Capacitor-based pulsed power
supplies are commonly used for Thomson coil
activation, while inductive and PFN systems are
used in large electromagnetic launcher systems.

Table 5. Comparison of Pulsed Power Supply Topologies

Power Supply | Energy Pulse Advantages Disadvantages | Applications
Type Storage Shape
Capacitor Bank | Capacitor Exponential | Simple, fast | High current | Thomson coil,
discharge stress coilgun
Inductive Storage | Inductor Sharp pulse | Very high | Complex circuit | Railgun
current
Pulse Forming | L-C network | Rectangular | Controlled pulse | Complex design | Launcher
Network systems
Compulsator Rotating Controlled | High power Expensive Military launch
machine
Battery-Based Battery Long pulse | Portable Low peak | Small launcher
current
Pulse Forming
Capacitor Bank Net\.;'tlg;;lk
Power Source v | Load
_L g ‘ Tl !
I ! l
] IGBT Switch
Fig. 9. Capacitor-Based Pulsed Power Supply
Input Output

o ———— VYV YV —e " YYYY ' —

C1

Fig. 10. Pulse Forming Network (PFN)
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8. Coil Design and Optimization

Coil design is one of the most important
factors affecting the performance of Thomson coil
actuators and electromagnetic launcher systems.
The coil parameters such as number of turns, coil
thickness, inner and outer diameter, conductor
material, and spacing between turns significantly
influence the magnetic field strength, inductance,
resistance, and force generated by the actuator.
Proper coil design is necessary to achieve high
electromagnetic force, fast response time, and high
system efficiency (Sijoy & Chaturvedi, 2008).

The electromagnetic force generated in a
Thomson coil actuator depends on the rate of
change of current and magnetic field produced by
the coil. Increasing the number of turns increases
the magnetic field strength but also increases the
coil inductance and resistance, which may reduce
the peak current and slow down the response
time. Therefore, coil design involves a trade-off
between magnetic field strength and current rise
time (Al-Dweikat et al., 2022).

The selection of conductor material also
affects coil performance. Copper is commonly used
due to its high electrical conductivity, which
reduces resistive losses and improves efficiency.

ISSN: 2583-7354
Aluminum is sometimes used because of its low
weight and cost, but it has higher resistance
compared to copper. The coil geometry, such as
flat spiral coil, helical coil, or multi-layer coil, also
affects the magnetic field distribution and force
generation (Yang et al., 2017).

Thermal effects are another important
consideration in coil design because high current
pulses produce significant heat due to resistive
losses. Proper insulation, cooling methods, and coil
spacing are required to prevent coil damage and
improve system reliability. Mechanical strength is
also important because the coil experiences strong
electromagnetic forces during operation (Sijoy &
Chaturvedi, 2008).

Optimization techniques such as finite
element analysis (FEA), genetic algorithms, and
Taguchi optimization methods are used by
researchers to optimize coil parameters for
maximum force, efficiency, and minimum losses.
These optimization methods help in selecting
optimal coil dimensions, number of turns, and
conductor size for Thomson coil actuators and
electromagnetic launcher systems (Le et al.,
2018).

Table 6. Coil Design Parameters and Their Effects

Coil Effect on System Advantage Disadvantage
Parameter
Number of | Increases magnetic field and | Higher force Slower current rise
Turns inductance

Wire Diameter | Reduces resistance

Higher current Increases coil size

Coil Radius Affects magnetic field | Better field uniformity | Larger size
distribution
Coil Thickness | Increases magnetic flux Higher force Increases inductance
Coil Material Affects resistance and heating | Copper has low | Aluminum has higher
resistance resistance

Turn Spacing Reduces heating

Better cooling Reduces magnetic field
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9. Performance Parameters and Efficiency

The performance of a Thomson coil
actuator in electromagnetic launcher systems is
evaluated based on several important parameters
such as force generation, response time, velocity of
the moving plate, input energy, output mechanical
energy, and overall efficiency. These parameters
determine the effectiveness of the Thomson coil
actuator in fast switching and electromagnetic
launch applications. The electromagnetic force
generated by the Thomson coil depends on the coil
current, magnetic field strength, and induced eddy
current in the armature plate (Al-Dweikat et al.,
2022).

One of the most important performance
parameters is response time, which refers to the
time taken by the actuator to move the armature
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plate after the current pulse is applied. Thomson
coil actuators have very fast response time
compared to conventional actuators, typically in
the range of microseconds to milliseconds, making
them suitable for pulsed power switching
applications (Bissal et al., 2015).

Efficiency is another important parameter
and is defined as the ratio of mechanical output
energy to electrical input energy. Losses in
Thomson coil actuators occur due to resistive
losses in the coil, eddy current losses in the
conductive plate, magnetic losses, and mechanical
losses. These losses reduce the overall efficiency of
the actuator system (Stroehla etal., 2021).

The force generated by the Thomson coil
actuator increases with increasing current and
decreasing distance between the coil and
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armature plate. However, very high current may
cause excessive heating and mechanical stress in
the coil. Therefore, proper design and
optimization are required to achieve high force
and high efficiency without damaging the system
(Al-Dweikat et al., 2022).

ISSN: 2583-7354

Other important performance parameters
include displacement of the armature plate,
velocity of the moving plate, peak current, pulse
duration, and energy transfer efficiency. These
parameters are used to evaluate and compare the
performance of different Thomson coil activation
systems and pulsed power supply configurations.

Table 7. Performance Parameters of Thomson Coil

Parameter

Description

Effect on Performance

Peak Current

Maximum current through coil

Higher current — Higher force

Response Time

Time taken to move plate

Faster switching

Electromagnetic Force

Force between coil and plate

Determines actuator speed

Displacement Movement of armature plate Determines switch operation
Velocity Speed of armature plate Faster operation

Input Energy Electrical energy supplied Affects force and motion
Output Energy Mechanical energy produced | Used to calculate efficiency
Efficiency Output/Input energy Overall system performance

Temperature Rise

Heating of coil

Affects reliability

Pulse Duration

Time of current pulse

Affects force and displacement

Force [kN]
100 ¢
— Force
80 + —— Efficiency f f
60 + Maximum Maximum
) Force Efficiency
40 + :
20 + ;

Fig. 13. Force vs Current and Efficiency Characteristics

10. Applications in Electromagnetic Launcher
Systems

Thomson coil actuators are widely used in
electromagnetic launcher systems due to their fast
response time, high force generation, and
contactless operation. In electromagnetic launch
applications, very fast switching is required to
discharge pulsed power into the launcher coils at
precise time intervals. Thomson coil actuators are
used as fast mechanical switches and triggering
devices in pulsed power circuits of
electromagnetic launchers (Al-Dweikat et al.,,
2022).
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One of the major applications of Thomson
coil actuatorsis in coilgun systems, where multiple
coils are energized sequentially to accelerate the
projectile. Thomson coil actuators are used to
trigger high-current switches in multi-stage
coilgun systems, ensuring proper timing and
synchronization of coil energization. Proper
switching timing improves projectile acceleration
and overall system efficiency (Zhang etal., 2019).
In railgun systems, Thomson coil actuators are
used in pulsed power switching systems and
protection circuits. Railguns require very high
current pulses, and Thomson coil actuators can be
used for triggering high-current switches and
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circuit breakers in railgun pulsed power systems
(Liebfried, 2017).

Thomson coil actuators are also used in
inductive electromagnetic launchers and linear
induction launch systems where fast switching is
required to generate traveling magnetic fields. In
addition, Thomson coil actuators are used in fast
circuit breakers, pulsed power switching,
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mechanical actuation systems (Stroehla et al.,
2021).

The main advantage of using Thomson coil
actuators in electromagnetic launcher systems is
the ultra-fast response time, high reliability, and
reduced mechanical contact wear. However, these
actuators require pulsed power supply systems
and high current pulses, which increases system

electromagnetic forming, and high-speed complexity and cost.
Table 8. Applications of Thomson Coil in Launcher Systems
Application Area Role of Thomson Coil Advantage
Coilgun Triggering coil switching Fast switching
Railgun Pulsed power switching High current capability

Induction Launcher

Triggering traveling field coils

Precise timing

Circuit Breakers

Fast mechanical switching

Arc reduction

Pulsed Power Systems

High-speed switching

Reliable operation

Electromagnetic Forming

Metal forming actuation

Contactless force

+e——-
High Current (-)-—~

/,//k

Thomson Coil Actuator

Repulsive Force

e

Projectile Barrel

Fig. 14. Thomson Coil Application in Electromagnetic Launcher

11. Recent Research and Developments
Recentresearch in Thomson coil actuators
and electromagnetic launcher systems has mainly
focused on improving actuator efficiency, reducing
losses, improving pulsed power supply systems,
and optimizing coil design. Researchers have
worked on multi-stage coilgun systems, improved
coil geometry, and advanced pulsed power circuits
to increase projectile velocity and system
efficiency. Modern electromagnetic launcher
systems use advanced pulse forming networks,
solid-state switching devices, and optimized coil
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structures to improve performance and reliability
(Zhang et al., 2019).

Recent studies have also focused on
improving inductive pulsed power supply systems
and energy recovery systems to improve overall
system efficiency. Superconducting magnetic
energy storage (SMES), battery-based pulsed
power supplies, and compulsator-based power
supplies are being developed for high-power
electromagneticlauncher applications (Liebfried,
2017).
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In Thomson coil actuator research, recent
developments include multi-layer flat -coils,
improved armature plate design, better insulation
materials, and thermal management techniques to
increase actuator life and performance.
Researchers are also using finite element analysis
and optimization algorithms to improve coil
design and force generation (Al-Dweikat et al.,
2022).

Another important area of research is the
development of high-speed solid-state switching
devices such as IGBT and MOSFET-based pulsed
power circuits for Thomson coil activation. These
switching devices provide precise control,
repeatability, and improved system reliability
compared to traditional spark gap switches.

12. Challenges and Limitations

Despite the advantages of Thomson coil
actuators and electromagnetic launch systems,
there are several challenges and limitations that
affect system performance. One of the major
challenges is the requirement of very high current
pulses, which requires large pulsed power supply
systems and increases system cost and size. High
current also produces significant heating in the
coil, which may cause insulation failure and coil
damage.

Another major limitation is the efficiency of
electromagnetic launch systems. A significant
amount of energy is lost in the form of resistive
losses, eddy current losses, switching losses, and
mechanical losses. These losses reduce overall
system efficiency and require proper cooling and
optimization techniques.

Mechanical stress and electromagnetic
forces acting on the coil and armature plate can
also cause mechanical failure if the system is not
properly designed. In railgun systems, rail erosion
and armature wear are major issues. In coilgun
systems, synchronization and timing of coil
switching is a major challenge.

The complexity of pulsed power circuits,
switching devices, and control systems is another
limitation in electromagnetic launcher systems.
Proper insulation, cooling, and protection circuits
are required to ensure safe and reliable operation.

13. Future Research Directions

Future research in Thomson coil activation
mechanisms and electromagnetic launcher
systems will focus on improving efficiency,
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reducing system size, and improving switching
speed. Advanced pulsed power technologies such
as superconducting magnetic energy storage,
improved pulse forming networks, and hybrid
pulsed power systems are expected to improve
system performance.

Research is also required in advanced coil
materials, improved insulation materials, and
cooling techniques to reduce thermal effects and
improve coil life. Optimization techniques such as
artificial intelligence, machine learning, and
advanced numerical simulation methods can be
used to optimize coil design and activation
circuits.

Another important research area is the
development of compact and portable
electromagnetic launcher systems for aerospace
and defense applications. High-speed solid-state
switching devices and digital control systems will
play an important role in future Thomson coil
activation systems.

14. Conclusion

This paper presented a comprehensive
review of Thomson coil activation mechanisms
used in electromagnetic launcher systems. The
review covered the fundamentals of
electromagnetic launchers, working principle of
Thomson coil actuators, activation mechanisms,
pulsed power supply topologies, coil design and
optimization, performance parameters, and
applications in electromagnetic launcher systems.
A comparative analysis of different activation
methods and pulsed power supply systems was
presented to identify the advantages and
limitations of each method.

The study shows that Thomson coil
actuators are highly suitable for fast switching and
pulsed power applications due to their fast
response time, high force generation, and
contactless operation. Capacitor-based pulsed
power supply with solid-state switching is the
most commonly used activation method for
Thomson coil actuators. Coil design parameters
such as number of turns, coil geometry, and
conductor material significantly affect actuator
performance and efficiency.

Although electromagnetic launcher systems
and Thomson coil actuators offer many
advantages, there are still challenges such as high
current requirement, heating, efficiency losses,
and system complexity. Future research should
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focus on improving pulsed power supply systems,
coil design optimization, thermal management,
and high-speed switching devices to improve
overall system performance and efficiency.
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