Proceedings of the 6" | CEENG Conference, 27-29 May, 2008 |EE111-1 |

6" International Conference
on Electrical Engineering
|CEENG 2008

Military Technical College
Kobry El-Kobbah,
Cairo, Egypt

| nvestigating Shielded Enclosureswith Double-layer Walls

By
S. M. J RAZAVI* MOHAMMAD KHALAJAMIRHOSSEINI*

Abstract:

In this paper the use of double-layers walls for shielded enclosures is proposed to
increase the shielding effectiveness of them. The effect of distance between two layers
and the offset between two apertures in the shielding effectiveness is investigated. The
usefulness of inserting a box between two layers around apertures is aso presented. To
anayze enclosures with double-layers wall, the eigenvector expansion and the Bethe's
approximation have been used.
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1. I ntroduction:

Present day electromagnetic compatibility (EMC) rules of electric devices increase the
importance of a careful design of shielding enclosures. Electromagnetic shielding is one
of standard approaches that prevent coupling of undesired radiated electromagnetic
energy into equipment otherwise susceptible to it. The ability of an enclosure to do this
Is characterized by its shielding effectiveness (SE), defined as the ratio of field strengths
in the presence and absence of the enclosure. The efficiency of shielding enclosures is
compromised by slots and apertures for heat dissipation, cable penetration, peripherals
and displays. Shielding effectiveness can be calculated by numerical simulation or by
analytical formulations. Although, numerical methods are good at predicting the SE of a
particular enclosure, it is difficult for designers to use them to investigate the effect of
design parameters on SE. Numerical methods that have been used to calculate shielding
include transmission-line modeling (TLM) [1], finite difference time-domain (FDTD)
method [2], and method of moments (MOM) [3]. Analytical formulation provides a
much faster means of calculating shielding effectiveness, enabling the effect of design
parameters to be investigated. Many of these are derived from Bethe's approximation of
diffraction through holes [4] and apply only to electrically small apertures. Other
formulations are derived from a power-balance method [5] and the widely quoted
formula [6]. Other method to predicting the SE is considering the enclosure as a
waveguide and assuming only a single mode of propagation (the TE10 mode) [7].
Radiation from slots and apertures is usually decreased with electromagnetic gasketing
and using very conductive and thick walls. In this paper, we propose using double-
layers walls for enclosures to decrease the radiation from apertures and so to increase
the SE.
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Figure (1): Geometry of the rectangular enclosure with double wall and two apertures on two walls

2.Analysis of Enclosures With Double-Layers Wall:

In this section, the enclosure with double-layers wall is analyzed. To analyze enclosures
with double layers wall, the eigenvector expansion [8] and Bethe's approximation [9]
are used. Consider as depicted in Fig. 1 a rectangular enclosure with double-layers wall
with dimensions of a, b, c. The distance between two layers is cO and there is an
aperture on each layer. All walls have been assumed to be very thin perfect electric
conductor. As a source, we use an x-directed thin electric dipole of length 2| witch its
center is located at (X0, yO, z0). The current on this dipole is approximated as follows

Jou, =1 sin[k(l-1x—x; D](yv—yy)0(z—z,) (1)

Where 10sin(kl) is the current at the center of dipole.
In this type of enclosures, the shielding
effectiveness can be obtained in three following steps.
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1. According to the Mendez method [9], first metalize the aperture No. 1 and determine
the normal electric field En and tangential magnetic field Ht at the center of the aperture
No. 1.The EM field in the cavity can be expanded in terms of eigenvectors, the
expansion coefficients being expressed in terms of the source. In this problem the
enclosure, consisting of a lossless medium included in a perfectly conducting shell,
without apertures and that the sources are of electric type only. The EM field are
therefore given by

_‘ JE‘.

E=- ij":,j,+ﬂu7i

cAEJE

=X B

(2)

where k =w eu is the wavenumber at the operating frequency and h = p e is the
characteristic impedance of the medium. The fi R 's are the electric irrotational
eigenvectors that are solutions to

Vi +ulv,=0 inV
v, =0 on Sy,
v,
.-':4' ;

(3)
F

where u; is the eigenvalue of this eigenvector,
and E;‘ . H ;are the electric and magnetic solenoidal
eigenvectors that are solutions to
VxVXE, —klE,=0 inV

B, (4)
u, xE =0 on Sy

where k; is the eigenvalue of this eigenvector, and
H,=VXE,/k, .
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2. The fields in the cavity No. 2, leaking through the aperture No. 1 are determined as
the fields from an electric and a magnetic dipole placed in the center of the aperture No.
1 but radiating in cavity No. 2 and repeat step 1 to determine the normal electric field
En and tangential magnetic field Ht at the center of the aperture No. 2.

3. The fields in front of enclosure leaking through the aperture No. 2 are determined as
the fields from an electric and a magnetic dipole placed in the center of the aperture No.
2 but radiating in free space. To obtain En and Ht in the center of apertures in steps 1
and 2, the interior problem of enclosure can be solved by eigenvector expansion method
[8]. In this method, the enclosure has been considered ideal, i.e. consisting of a lossless
medium, perfectly conducting walls and without any aperture. Also, the dipole moments
in step 2 and 3 are given by

-Ir? = E‘CI{IFE.I:H.I: {';I )

Hi = ‘-')-'er (6)

where @ and @y are the scalar electric
polarizability and 2-by-2 magnetic polarizability
tensor, respectively. Their values for rectangular
aperture of length L and width W (L>W) located in
the (v, x) plane and with L taken along the v

direction, are as follows
2 T I oW |
a, =W L—(1-0.56635—+0.1398—) (7)
8 L L
G = WL (140.322IW/ L) (8)
A AT
Ly = oG (9)
T In(1+0.66L7/W)

3. Example and Results:

In this section, the usefulness of using double-layers walls for enclosures is verified.
Consider a cubic box with side of 50 cm and with two 2x1 cm2 apertures in the center
of two layers of one of the walls. Fig. 2, shows the obtained SE of the above enclosure
for different values of cO (cO =0.5, 1, 2, 3 and 4 cm). The SE has been obtained by
calculating the eectric field at 3 min front of the box due to an x-directed short dipole
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of 2 cm in the center of the cavity No. 1 (xO = 25 cm, yO = 25 cm, z0 = 25 cm). From
Fig. 2, one sees that the SE is increased by increasing the distance between two layers.
Table 1 gives us, the SE in two resonance frequencies (424 and 735 MHZz) and in two
non-resonance frequencies (300 and 600MHz) for different value of c0. We see that,
adding the second layer with 5 mm distance from the first layer to the enclosure wall,
SE has been increased 20 and 18 dB in two resonance frequencies and approximately 17
dB in two non-resonance frequencies. Therefore one may conclude that the effect of
using double wall in resonance frequencies is more than that in nonresonance
frequencies. We can displace two apertures of two layers with respect to each other. Fig.
3 shows the obtained SE of the above enclosure for different values of the offset
between two apertures, where the aperture No. 2 is fixed in center of second layer and
the position of aperture No. 1 isvaried (5 cmin directions x and y). It is seen that the SE
has been increased with offset at each direction. The offset in both directions increases
SE more than the offsets in one direction. Now the effect of inserting a box between two
layers around apertures is studied.Fig.4 depicts the geometry of the rectangular
enclosure with double wall and a box between two layers around apertures. Fig. 5,
shows the obtained SE of the above enclosure for different values of the dimension of
box between two layers. It is seen that the SE has been increased with increase the
dimension of box. The maximum SE obtain when the dimension of box is equal to the
dimension of the enclosure wall. From the above concepts, it is concluded that as the
hollow volume between two layers increases, the SE increases.
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Figure (2): SE of 50-cm side cubic box with small aperture. Comparison between different values of cO
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Figure (3): The SE of 50 cm side cubic box with cO = 5 mm. Comparison between different values of
offset between two apertures



Proceedings of the 6" | CEENG Conference, 27-29 May, 2008 |EE111-8 |

T

. Cavity
Cavity 1

I
I
I
I
I
I
I
I
]
I
I
Shielded enclosulie
I
I
I
I
I
I
I
I

ENN

(%o YorZo) aO

L
—1--

Q|

Figure (4): Geometry of the rectangular enclosure with double wall and a box between two layers
around apertures
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Figure (5): The SE of 50 cm side cubic box with cO =4 cm Comparison between different values of the
dimension of extra shell
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Table (1): The SE of a 50 cm Sde Cubic Box with a Small Aperture
FOR DIFFERENT VALUES OF c0

SE [dB] =300 =424 =600 =735
MHz MHz MHz MHz
no added layer | 75.96 1381 77.45 22.62
=5 mm 92.61 34.18 94.38 40.59
=10 mm 98.91 40.48 100.77 46.79
=20 mm 105.97 4757 108.22 53.48
C0=40 mm 115.28 56.97 119.33 61.4

4. Conclusions:

An idea has been proposed to decrease the radiation from the apertures locating on the
wall of the enclosures. In this idea, double-layers conductive plates are used as the wall
of the enclosures. The shielding effectiveness (SE) for such enclosures is dependent to
the distance between two walls and the offset between two apertures. Increasing the
distance between two layers and/or the offset between two apertures increases the SE.
This advantage is more obvious in the resonance frequencies.
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