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Abstract—A new method for improving shielding effectiveness (SE)
of a rectangular enclosure with multiple apertures has been proposed.
In this method in order to compensate the effects of the apertures
on reduction of (SE) parameter, instead of the one wall, two metallic
walls containing apertures has been used. The numerical simulation
uses a symmetric condensed node of TLM-TD (Transmission line
Modeling Method-Time Domain) and subsequent Fourier Transform.
The shielding effectiveness response to an electric field impulsive
excitation is obtained. A study of the influence of the place of apertures
in the walls and the distance between the two walls is presented.

1. INTRODUCTION

Nowadays, regarding to the importance of electromagnetic immunity
and electromagnetic interferences issue of the electronic devices, a
careful design of shielding enclosures has got so much attention.
Apertures, slots, cable penetration, unused connector ports and
others breaks in the shield can influence significantly the effectiveness
of shielding enclosures. Thus, electromagnetic wave penetration into a
cavity that presents apertures, due to its relation with many practical
problems involving EMC analysis, has been of considerable interest.
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The ability of an enclosure to reduce the emission or to improve
the immunity of electronic equipment to high frequency interference
is characterized by its shielding effectiveness (SE) parameter, which is
defined as the ratio of the field in the presence of the enclosure (Eg)
to that in its absence (E). Thus it can be expressed, in decibels, as:

SEdB =20 logm E
s

(1)

Shielding effectiveness can be calculated by classical analytical
techniques or by numerical simulations. Analytical formulations
provide a faster means of estimating the SE. However, since these
methods are based on simplifying assumptions, they cannot provide
sufficient accuracy to meet the design specifications when the shielding
structure is geometrically complex. A number of computational
methods, such as the finite-difference time-domain (FDTD) method
[1,2], the method of moments (MOM) and integral equation [3-5],
the finite element method (FEM) [6,7] and hybridized numerical
techniques in electromagnetic [8] have been proposed for the solution
of shielding problems. The Shielding effectiveness metallic enclosure
with a square aperture of dimension 60 x 60 mm has been analyzed by
Transmission Line Method (TLM) in [9]. In this paper, in second part
the shielding effectiveness of a metallic enclosure with extra wall and
square aperture is analyzed by Transmission Line Method (TLM) and
the effect of using extra wall will be investigated. The conclusion is
presented in the last part of the paper.

2. SHIELDING EFFECTIVENESS ANALYSIS

Figure 1 shows a typical metallic enclosure with extra shield screen
and a rectangular aperture of dimension w x [ illuminated by a plane
wave. All sides are assumed perfectly conducting with an infinitesimal
thickness. The observation point is located at a distance p away from
the aperture inside the enclosure and on a line normal to the aperture
and passing through the center of the enclosure.

To minimize the processing requirements, the symmetry of Fig. 1
can be used to advantage. Perfectly electric and magnetic conducting
walls are placed at z = a/2 and = b/2 symmetry planes, respectively.
Thus, only a quarter of the structure needs to be solved and the
necessary memory and processing time required will be reduced by
a factor of four. The internal dimensions of enclosures are assumed to
be 120mm X 300 mm x 300 mm (a = 120mm, b = d = 300 mm).

For all simulations, in order to produce plane wave which is
radiated to enclosure a free space volume of 120 mm x 300 mm x /00 mm
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Figure 1. A typical enclosure with an extra shield screen. a =

120mm, b = 300 mm, d = 300 mm, P = 150 mm, W = L = 60 mm.

is placed in front of the aperture. A simple absorbing boundary
condition is applied in the free space region.

A non uniform mesh was used resulting in a TLM cell size of
Azx = Ay = 5mm, Az = 2.5mm. The walls of the cavity were
considered as infinitesimally thin metallic walls. The results for a single
screen which is reported at [9] and proposed structure has been
shown in Fig. 2. This results show that using second wall improves
shielding effectiveness of the enclosure, but the resonant frequency of
the enclosure increases because according to the Equation (2) for a
closed rectangular metallic cavity the dimensions of enclosure have

been reduced. - - -
s+ G+ () 2

As it has been shown in [10] using multiple apertures will improve
shielding effectiveness of enclosure. In this structure also using multiple
apertures will increase SE parameter. To investigate this matter we
used four (30mm x 30mm) apertures instead of main aperture that
each of them has equal surface to a quarter of the main aperture
surface (60 mm x 60 mm) Fig. 3. The distance between two walls in all
simulations were kept constant R = 40 mm.

The effect of the displacement of apertures in second wall was
also investigated and it has been shown that displacement would make
shielding effectiveness better. Results for three different displacement
is presented in Fig. 4.

A Comparing between Fig. 4 and Fig. 2 shows that using multiple
apertures has improved shielding effectiveness of the enclosure. The
distance between the two walls in all simulations was kept constant
R = 40 mm, hence the resonant frequency of the enclosure is equal for
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Figure 2. Shielding effectiveness of single wall and double wall
shielded enclosure for R = 40 mm.

Apl‘arture in extra wall

................

................

Aperture in main wall

Figure 3. Front panel of Enclosure and the place of apertures on two
walls.

all the three different displacement (f, ~ 770 MHz) as seen in Fig. 4.
To illustrate the influence of the distance between the two walls (R)
on the SE parameter, different simulations were performed. In these
simulations, the displacement of apertures in the second wall has been
considered to be zero (F' = 0) that means the apertures are located in
front of each other. Results for this case has been shown in Fig. 5.
Figure 5 shows the computed spectrum below 1 GHz, for different
distances between the walls. It can be easily observed that the resonant

frequency and shielding effectiveness have been increased by increasing
the distance between the two walls.
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Figure 4. Shielding effectiveness of the enclosure for three different
displacement.
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Figure 5. Shielding effectiveness of the enclosure for the three
different distances between walls.

3. CONCLUSION

It has been shown that by using two walls for shielding an enclosure
will improve the shielding effectiveness of the enclosure however it
would need some considerations regarding to the physical problems like
airflow. Also, it has been noted that SE parameter can be improved
by displacement of apertures and changing the distance between the
two walls.
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