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Abstract- In this paper we develop an experimental analysis aimed at characterizing the shielding performance
of shields operating in electromagnetic rail launchers. The experimental analysis is carried out for various shield
configurations and different materials. In particular, cylindrical shell cylinders are adopted. The experiments are
performed on a rail launcher prototype supplied by a high pulsed power device. Finally, we make some remarks
on the measurement of the shielding effectiveness in such critical environments.

I. Introduction

As known from the Schelkunoff’s theory, the shielding of low-frequency, low-impedance and high-intensity
electromagnetic waves is a complex task [1]. Low-impedance waves reduce the reflection losses, while
absorption losses diminish with frequency. Highly permeable materials usually increase the shielding of
magnetic fields as a result of the combined flux shunting and flux redirection effects [2], [3]. On the other hand,
strong magnetic fields can drastically reduce the shielding performance of magnetic materials as a result of
saturation effects. The rail launchers can exhibit magnetic fields up to 20 T in the barrel and this leads to
reapproach the concept of shielding as well as of the shielding effectiveness (SE) measurement. Some authors
discussed the idea of multi-layered shields [4], [5], showing that the SE increases when the shield is an alternate
structure of highly conducting and highly magnetically permeable layers [6], [7]. Another approach uses active
shields connected to an external power [8]. In a previous paper, one of the authors developed a numerical study
focusing on cylindrical- and disk-shaped shields. In the same paper, some remarks on how to compare the SE of
different shield configurations from the “victim point view” were reported [9].

In this paper, we present the results of an experimental analysis aimed at showing the SE for various shield
geometries and configurations during shots under different operating conditions. We develop static experiments
with no motion of the solid armature. We describe the experimental setup and the adopted operating conditions.
Experimental results will be presented in the final version of the paper.

II. Experimental Setup

A 50 kJ supply source is made by a capacitor bank of about 765 pF chargeable up to 10 kV. The source module
supplies a rail launcher prototype through a power coaxial connecting cable of about 10 m length. The
characteristic parameters of the coaxial cable have been calculated through the use of the Bessel functions to take
into account possible skin effects. Results provided an estimated cable resistance R¢ of about 7.6 mQ and a cable
inductance L¢ of about 1.9 uH. The discharge circuit determines an under damped behaviour during the first part
of the transient, while a crowbar diode in parallel to the capacitor prevents from oscillation and causes an
exponential decay after the capacitor voltage reaches zero. The time constant of the measured exponential decay
is in agreement with the estimated parameters.

In Fig. 1, we show a schematic of the adopted prototype. The rails are 1.5 m long aluminium bars with thickness
of 2.5 mm and width of 50 mm. They are separated 50 mm one from the other and they are hold in still position
by a series of properly mounted clamps. Solid armatures are made by 50 mm long aluminium rods, while plasma
armature is formed by ablating thin copper wires or thin aluminium tapes. A photograph of the rails is shown in
Fig. 2. Partially, we can recognize the solid armature at the right side and the breech end with the terminations of
the power coaxial cable. A better description of the adopted setup will be provided in the final version of the
paper.

The capacitor bank is charged through a 1 kQ resistor by means of a high voltage DC generator. An optical
trigger starts the discharge of the capacitor module. A photograph of the capacitor module (right side — green
case), of the HVDC generator (in the center — black case) and of the 1 kQ resistor (black cylinder on the white
panel) is shown in Fig. 3. A typical current behaviour is shown in Fig. 4 and it is possible to recognize the under
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damped transient before the crowbar diode plays its role determining the exponential decay. Peak current up to
100 kA can be reached with corresponding induction field of about 0.5 T inside the barrel.

Under the hypothesis of perfectly conducting indefinite bars along the y-direction and of constant current
through the rails, a zero induction field B is expected outside the rails and in front of the armature. The field is
constant and different from zero between the rails and behind the armature, while it varies through the armature
from the constant value to zero. Indeed B must vanish at infinity and it must vanish everywhere to the right of
the armature holding VX B = uJ i.e., dB/dz =—uJ for the defined 2D case [10]. On the other hand, the finite y-

dimension of the rails determines a magnetic field in front of the armature where the launch mass with the
possible electronics is located.
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Figure 1. Schematic of the adopted experimental setup.

Figure 2. Photograph of the rail launcher prototype.
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Figure3. Photograph of the capacitor module and HVDC generator. The black cylinder on the white panel is the
1 kQ charge resitor.
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Figure 4. Typical current transient.

II1. Shield Configurations and Remarks

The basic investigated shield configuration is shown in Fig.5. The shields are cylindrical shells with different
geometry of the directrix (circular and square for our analysis). The front and back side of the shield are open.
The geometry of the adopted shields is shown in more detail in Fig.6. Shields were made of aluminium, iron and

brass with various thicknesses. For all the shields, the external diameter and edge were 30 mm. The shield length
was 200 mm.
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Figure 5. Schematic diagram of the rails, armature and shield.

YA

TS [ E——

Figure 6. Geometry of the adopted shields.

The launch mass is located in the near field region and the presence of possible electrical loops in the device to
be launched can be critical due to the very high magnetic fields and the transient nature of the feeding current.
Our purpose is to investigate the magnetic field coupling between the rail-armature system and the electrical
device in the launch mass through the use of representative measurement loops. In such a way, we evaluate the
flux linked with the search loops for estimating the effective shielding performances. Thus we estimate the
shielding effectiveness as the ratio between the average field without and with the shield over the region of
interest.

IV. Preliminary Experimental Results

A rectangular search loop positioned on the x-z plane of dimensions 25 mm x 100 mm and 5 turns was adopted
to test the shielding effectiveness. Measurements have been performed without and with shields. According to
the theory and to the transient nature of the field, the shielding effectiveness exhibits different values at different
times. The SE behaviour vs. time of the square (left plot) and circular (right plot) aluminium (solid line), brass
(dotted line) and iron (dashed line) shields are reported in Fig. 7. Corresponding values at the current peak value
(73 ps) and at 90 ps are summarized in Table I. Thicknesses of the shields are: circular iron 1.5 mm, square iron
1.5 mm, circular brass 2 mm, square brass 1 mm, circular aluminium 2 mm, square aluminium 3 mm.

Table I. Shielding Effectiveness (dB) at 73 pus and 90 ps.

Circular (t =73 ps)

Square (t = 73 ps)

Circular (t = 90 ps)

Square (t = 90 ps)

iron 16.95 36.89 18.68 36.85
brass 10.12 7.02 8.84 5.92
aluminium 14.67 > 70 13.71 > 70
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Figure 7. SE behaviour vs. time of the square (left plot) and circular (right plot) aluminium (solid line), brass
(dotted line) and iron (dashed line) shields.

In Fig. 8, we show the magnetic flux obtained by the search loop vs. time without shield (dash-dotted line) and
with shield (aluminium — solid line, brass — dotted line, and iron — dashed line) for the square (left plot) and
circular (right plot) shields. Values are normalized with respect to the maximum value of the magnetic flux
without shield.
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Figure 8. Normalized magnetic flux vs. time measured without shield (dash-dotted) and with shield (aluminium
— solid line, brass — dotted line, and iron — dashed line) for the square (left plot) and circular (right plot) shields.

V. Conclusions

The shielding of transient high magnetic fields such as those encountered in electromagnetic rail launchers
environment is an important task for correct operation of the electronics on board launch mass. In a previous
study, different basic shield configurations have been investigated through a finite element analysis with
discussion of main parameters. The aim of this paper was to assemble an experimental set-up and to provide
preliminary results of an experimental analysis aimed at characterizing the shielding performance of cylindrical
shell configurations in rail-gun bores. Experiments were performed under static conditions for single brush solid
armature and for various shields.
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