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An electromagnetic launcher is a device that uses the interaction between the magnetic fields 

produced by electrical currents to accelerate a projectile. Such an accelerator constitutes an 

alternative to the launchers propelled by chemical reactions and offers the advantage of 

being able to obtain very high speeds. The aim of this paper is to compare the performances 

of the Conventional Rail Gun (CRG) and the Augmented Rail Gun (ARG). This last is 

presented in the form of a launcher (CRG) reinforced by a second pair of rails, The prototype 

proposed is of small gauge (60 cm in length and 15 mm in diameter). The launcher's power 

supply is comprised of condensers' benches, which supply current to two distinct circuits: 

the inner circuit connects to the projectile, while the outer circuit generates an additional 

magnetic field. The maximum current of the inner circuit is worth 200 kA, and that of the 

external circuit is equal to 300 kA. The launcher makes it possible to accelerate projectiles 

with one or several bridges of current; the projectile mass lies between 2.0 g and 20 g.  
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I. INTRODUCTION 

Electromagnetic launch technology is a unique form of 

electric propulsion that can transform electrical energy into kinetic 

energy. The current pulses generate an electromotive force that 

propels emission components, such as aircraft, missiles, satellites, 

rockets, and other objects, along conductive tracks at a high speed 

[1]. Over the past ten years, there has been extensive research and 

development focused on the augmented electromagnetic railgun 

[2-5]. Electromagnetic rail launchers are part of the electric 

launcher family, the simple concept involves placing a projectile 

between two rails connected to an electrical energy source. The 

current generates a magnetic field that interacts with the projectile's 

current. This interaction generates a Laplace force that is 

responsible for the projectile's movement [6-9]. In conventional 

electromagnetic launchers, a substantial electrical current must 

flow through the rails and armature in order to generate a strong 

electromagnetic force capable of propelling the projectile at high 

speed. As a result of magnetic flux diffusion, the electrical current 

becomes focused on the back of the armature [10], leading to a 

concentration of high current and the subsequent generation of heat 

due to the Joule effect and friction. Subsequently, they have the 

ability to undergo a transformation into plasma contacts. To 

maintain optimal efficiency, it is crucial to prevent such a 

transition, as it leads to a rise in the resistance of the current bridge, 

thereby reducing the launcher's performance. Furthermore, it 

significantly erodes the rails and reduces the launcher's lifespan. 

One alternative method to enhance muzzle velocity is by using 

magnetic field augmentation. This technique increases the 

magnetic flux in the bore, resulting in a higher accelerating force 

on the armature without the need to increase the current being used. 

Several augmentation methods, such as series-augmented and 

parallel-augmented, have been thoroughly studied [2], [11] and 

[12]. It is therefore important to limit the current intensity of the 

bridges without reducing the propulsive force. This can be 

achieved by applying an external field to the projectile's current 

bridges [4]. 

For a projectile with a current bridge (P) in an augmented 

launcher (Figure 1), the magnetic coenergy of the circuit is equal 

to: 
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The force acting on the current bridge is determined by the virtual 

work method: 
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The inductances of the external circuit, L2 and Lp, do not 

vary when the projectile moves. Their partial derivative with 

respect to the position of the projectile is therefore zero. Let us 

introduce the following notations: 𝐿𝑅
′ =

𝜕𝐿𝑅

𝜕𝑥
,

 

𝑀′ =
𝜕𝑀

𝜕𝑥
. The 

electromagnetic force on the bridge, and therefore on the projectile, 

is then written as: 

 

𝐹𝑃 =
1

2
𝐿𝑅

′ 𝐼𝑅
2 + 𝑀′𝐼𝑅𝐼𝐴                                     (3) 

 

𝐹𝑃 =
1

2
(𝐿𝑅

′ + 2𝑀′ 𝐼𝐴

𝐼𝑅
) 𝐼𝑅

2                                  (4) 

 

We can deduce the force due to the nth current 
1) In the case of parallel augmentation:  
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2) In the case of series augmentation 𝐼𝐴= 𝐼𝑅= 𝐼𝑛 the force is 

written: 
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3) In the case of the conventional launcher: 

The mutual inductance 𝑀′ is zero, the force then 

becomes: 
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II. BEHAVIOR ANALYSIS OF THE LAUNCHER 

OPERATING IN CRG AND ARG MODES 

After modeling the CRG and ARG launchers and 

establishing the propulsion force equations (3) and (9). The 

following terms will be calculated analytically: 

• 𝐿𝑅
′ : gradient of the self-inductance of the rails of 

the internal circuit, µH/m.  

•  𝑀′: gradient of the mutual inductance of the 

internal and external circuits, µH/m. 

The launcher can be represented by an equivalent 

electrical circuit in Figure 3. Such a representation will make it 

possible to describe the evolution of the different currents 

circulating in the launcher (Figure 4). 

In order to carry out the simulation work with the “Circuit 

Maker” software, it is necessary to determine the different 

electrical parameters of the equivalent circuit (Table 1). The 

objective of the simulation is to study the behavior of the launcher 

based on the dynamics of the projectile [6], [7]. The designed 

launcher can operate in CRG mode by powering only the inner rails 

and also in ARG mode by exciting the outer and inner rails 

simultaneously. 

 

Table 1: Electrical parameters of the launcher operating in CRG 

and ARG modes. 

Parameter Value 

Resistance of the inner rails and the 

projectile Rx1 

0.05mΩ 

Resistance of the outer rails Rx2 0.002 mΩ 

Inductance of the inner rails Lx 0.5 µH 

Inductance of the outer rails Lx1 1.76 µH 

Connection resistance Rc and Rc1 8 mΩ 

Connection inductance Lc and Lc1 1.6 µH 

Storage inductance Ls 0.2µH 

Wiring resistance Ri and Ri1 0.8 mΩ 

Wiring inductance Li and Li1 1.6 µH 

Power source for the external circuit Capacitor bank of 

0.5mf under a voltage 

of 8 kV. 

Energy source for the internal circuit Capacitor bank of 

0.5mf under a voltage 

of 7 kV. 

Source: Authors, (2024). 

The flowchart (Figure 2) represents the different steps of 

the simulation to obtain the speed shape as a function of the 

projectile displacement; the weight of the projectile is fixed at         

20 g: 

 

1) Fixing the geometry: the outer circuit is identical to 

the inner circuit; the length is fixed at 60 cm.  

2) Calculation of electrical parameters: the parameters 

are presented in the following table after the 

analytical calculation [7]. The parameters 𝑀′ and 𝐿𝑅
′  

of equation (10) are also calculated analytically:   

𝑀′ = 0,156𝜇𝐻/𝑚,
 
𝐿𝑅

′ = 0,5𝜇𝐻/𝑚 

3) Composition of the equivalent electrical circuits of 

the launcher: the electrical circuit of the outer rails is 

identical to the inner circuit; the only values that 

change are the resistances and inductances of the 

outer rails. The augmented rail launcher is presented 

as two electrically independent circuits but 

magnetically coupled by the mutual M' via the inner 

and outer rails. The launcher is represented by two 

equivalent circuits formed by resistances and 

inductances. In other words, the equivalent circuit 

corresponding to the inner rails is only that of the 

launcher operating in CRG mode. The circuit of the 

augmented rail launcher is shown in Figure 3. 

4) Evolution of the currents in the inner and outer rails 

of the launcher. The equivalent diagram of the 

launcher will then allow us to represent the evolution 

of the currents in the inner and outer rails (Figure 4). 

After determining these currents, we calculate the 

thrust force of the projectile (Figure 5) it should be 

noted that a thrust force of the order of 40 kN is 

obtained for a current of 300 kA flowing in the inner 

circuit and 330 kA in the outer circuit. 
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Figure 1: The projectile with a current bridge in the augmented launcher. 

Source: Authors, (2024). 

 
Figure 2: Simulation flowchart. 

Source: Authors, (2024). 

 
Figure 3: The equivalent electrical circuit of the launcher 

operating in ARG and CRG modes. 

Source: Authors, (2024). 

III. DYNAMICS OF THE LAUNCHER PROJECTILE 

OPERATING IN CRG AND ARG MODES 

The determination of the instantaneous currents I1(t) and 

I2(t) in Figure 4 would allow us to calculate and represent the 

acceleration, speed, and evolution of the force over time. 

1) Acceleration of the projectile as a function of time: 

With a projectile of mass equal to 20 g, the acceleration 

reaches a value of 2.0×(10^6) m/s2. (Figure 6) 

2) Projectile velocity as a function of time: 

The evolution of the velocity is deduced from the 

acceleration, and we note values of the order of 1.01 km/s. 

(Figure 7) 

3) The ELM force and speed as a function of displacement: 

In the Figure 8, we have also plotted the evolution of the 

force of the launcher operating in CRG mode in order to 

be able to make a comparison. 
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It is clear from the curves in Figures 8 and 9 that the 

maximum propulsion force is greater in the case of the launcher 

operating in ARG mode has a greater maximum propulsion force. 

The contribution of the outer rails is therefore notable through the 

electromagnetic mutual M between the two pairs of rails. The RF 

ratio between the forces is of the order of 1.6: 

 

𝑅𝐹 =
𝐹𝐴𝑅𝐺

𝐹𝐶𝑅𝐺

                                                 (10) 

 

 The comparison of the performances of the two types of 

launchers shows that a clear improvement of more than 60% is 

observed. The architecture of the launcher with two pairs of rails 

proves to be a very practical solution for the propulsion of 

projectiles at high speeds. This architecture is more convincing 

with a better choice of the ratio between the currents circulating in 

the inner and outer rails. 

 

 
Figure 4: The simulated currents at points (A) and (B), (A: inner 

rails) and (B: outer rails). 

Source: Authors, (2024). 

 
Figure 5: Comparison between forces on the projectile (kN) as a 

function of time (ms). (CRG and ARG modes). 

Source: Authors, (2024). 

 

\

Figure 6: Comparison between projectile accelerations (10^6 

m/s2) as a function of time (ms). (CRG and ARG modes). 

Source: Authors, (2024). 

 
Figure 7: Comparison between the projectile speeds (km/s) as a 

function of time (ms) (CRG and ARG modes). 

Source: Authors, (2024). 

 
Figure 8: Comparison between the ELM forces of CRG and ARG 

as a function of the projectile displacement along the length of the 

rails in meters. 

Source: Authors, (2024). 
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Figure 9: Comparison between the projectile speeds as a function 

of its displacement along the 

 rails (CRG and ARG modes). 

Source: Authors, (2024). 

IV. PROTOTYPE PRODUCTION 

After the analytical study carried out previously, a 

prototype was produced with rounded section rails. With such a 

shape, the propulsion force is greater compared to that obtained 

with rectangular section rails. Indeed, the results obtained by the 

researchers at the Saint Louis Institute have shown that the 

inductance gradient responsible for the force is better in the case 

where the rails have a rounded shape [6]. 

 This launcher has two pair of rails with a rounded shape 

on the inside and outside (Figure 10), with dimensions represented 

in Table 2: 

 

Table 2: dimensions of inner and outer rails. 
 Length 

(cm) 

Radius 

(cm) 

Opening 

angle 

Thickness 

(mm) 

Inner rails 60 0.75 75° 3 

Outer rails 60 1.5 75° 3 

Source: Authors, (2024). 

 

 
Fig 10: Augmented rail launcher prototype, (a) a pair of rounded 

shape copper for inner rails placed in a ceramic mold  

(CRG mode), (b) additional pair of rounded shape copper for 

outer rails superposed on inner rails (ARG mode), 

 (c) cross-sectional view of launcher, (d) two pairs of rails placed 

in a ceramic mold (ARG mode), 

 (e) the launcher Muzzle before the launch, (f) the launcher 

muzzle after the launch of the projectile. 

Source: Authors, (2024). 

In Figure 11, the four rails of the launcher must have 

connection terminals in the form of connecting cables, allowing 

different connections, of the series or parallel type. To this end, the 

two output ends (mouths) of the two outer rails are linked, and the 

ends of the two inner rails appear as free electrical terminals. 

 

 
Figure 11: Augmented Rail Launcher Wiring. 

Source: Authors, (2024). 

 

The first test was unsuccessful, which was predictable 

because of the heating of the electrical contact parts between the 

projectile (Figure 12a) and the inner rails. This heating occurs 

mainly during the short duration (pulse) of the electrical supply 

(Figure 12b),[13]. We recommend techniques to address this 

phenomenon effectively. It is useful to mention a judicious 

technique for reducing the concentrations of high current densities 

in the multifilament contact regions. The projectile is equipped 

with contacts in the form of a brush[1], [6]. 

For our part, we have opted for a solution that consists of 

using a system that will propel the projectile at the same time as the 

electrical pulse supplying the rails. This assistance system is in the 

form of a breech comprising a spring and a piston in a cylindrical 

jacket (Figure 13). Following the pre-accelerator assembly, we 

recorded 12/16 successful shots; Figure 14 illustrates the 

projectile's exit through the launcher's muzzle. 

We recorded an average speed of 507 m/s for CRG mode 

and 800 m/s for ARG mode with Doppler radar. We noticed a speed 

increase of 57%, which is very close to the theoretical value. 

Unfortunately, the enormous friction of the projectile on the rails 

and the excessive heat from the plasma prevented us from 

achieving speeds near the theoretical value. All of these 

phenomena reduce the launcher's performance. After all these 

results, we can deduce the efficiency of the launcher, which is equal 

to 80%. 

 

 
Figure 12: Projectile of the augmented rail launcher: (a) 

dimensions of the projectile, 

(b) the heating of the electrical contact parts between the 

projectile and the inner rails. 

Source: Authors, (2024). 
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Figure 13: Final assembly of the augmented rail launcher. 

Source: Authors, (2024). 

 
Figure 14: Firing sequences with the augmented rail launcher. 

Source: Authors, (2024). 

V. CONCLUSION 

Despite the lack of electrical energy used, we adopted a 

pre-accelerator in order to avoid the problem of welding the 

projectile. The simulation calculation and experimental results 

shows that the increase in rails allows for a 60% increase in 

propulsion force. Certainly, the increase in rails presents itself as a 

solution to improve the propulsion of the projectile while also 

remedying the heating problems caused by high current 

concentrations. 

We believe that through our humble work, we have 

contributed to the opening of the field of study of the rail launcher, 

where several works can be considered on the improvement of 

performance by the simultaneous association of solutions relating 

to the increase and arrangement of the rails, their power supply, 

and the adaptation of technologies. 
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