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Abstract—This work is performed to investigate the effects of
apertures on the electric shielding effectiveness of a rectangular
metallic endosure with off-centered aperture by using an
analytical formulation and simulation FEKO. The electric
shielding effectiveness were calculated as a function of frequency,
enclosure dimensions, aperture dimensions, position which was
not in the centre within the enclosure by employing a
transmission line equivalent circuit approach. In this work the
model is extended to indude higher order modes in the
transmission line (TL) models . Theoretical values of shielding
effectiveness are in good agreement with simulation FEKO.
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. INTRODUCTION

Electromagnetic shielding is frequently used to reduce the
emissions or improve the immunity of electronic equip ment.
The ability of a shielding enclosure to do this is characterized
by its shielding effectiveness, defined as the ratio of field
strengths in the presence and absence of the enclosure. At
each point in an enclosure, we can define an electric shielding
effectiveness Sg and a magnetic shielding effectiveness Sy.
If apertures are present in a panel made of high conductivity
material .The SE will depend mainly on the penetration of
energy through the aperture rather than the walls. In this study
the conductivity of the enclosure walls is sufficiently large
that only aperture penetration is important and we present the
results for the Sg.

SE of a rectangular enclosure has been studied by many
authors. In some cases, numerical simulations are utilized to
model the enclosure precisely [1], [2], [3]. It can model
complex structures but often require much computing time
and memory in order to model a problem with sufficient detail.
This means that although they are good in predicting the
shielding of a particular enclosure, it is difficult for designers
to use themto investigate the effect of design parameters of
Se and Sy. A simplified analytical formulation method was
proposed by [4] which provide much faster means of
calculating SE and enabling the effect of design parameters to
be investigated. Numerical methods that have been used to
calculate shielding include transmission-line modeling [5],
finite-difference time-domain (FDTD) method , and method
of moments (MoM) [6].

Our aim here is to improve the technique developed by
Robinson et al. [4] which using analytical formulation to
determine the Sg and Sy, of a metallic enclosure apertures by
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taking into account the contributions of modes higher than
TE;o mode in the enclosure. In this work the electric shielding
effectiveness was calculated as a function of frequency,
enclosure dimensions, aperture dimensions, aperture
positions , observation points and especially the aperture is
off-centered by employing a transmission line equivalent
circuit approach. Some papers have investigated the SE of the
metallic enclosure with off-centered aperture, but they just
include that the aperture is changed along X axis. In our paper,
we take into account the other case that the aperture is
changed along Z axis. Our formulation applies only to
rectangular enclosures with rectangular apertures, but these
comprise a large proportion of shields used in practical design.
Future works can be carried out to incorporate enclosures of
various positions and sizes at frequencies higher than 1 GHz.

Il. THEORY

In our paper, we follow closely the approach taken by
Robinson et al., where a rectangular aperture in an empty
rectangular enclosure is represented by the equivalent circuit
shown in Figure 1.The radiating source is represented by
voltage V; and impedance Zy=377Q, the enclosure by the
shorted waveguide whose characterize impedance and
propagation constant are Zy and Ky. We transform all the
voltages and impedance to point P and proceed according to
that of Robinson et al. with some Improvements.

A. Slot Impedance

The aperture is represented as a length of coplanar strip
transmission line, shorted at each end. Its characteristic
impedance is given by an expression indicated by Gupta et al.

[71:
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Zos =1207%| In 1A (w/b) (1)
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The effective width, W, is given by
5t Arw
W, =w——1/1+1In e

A
where t is the thickness of the enclosure wall.
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Fig.1:Rectangular Enclosure with aperture and its equivalent circuit

We have refers to C_ which is the aperture modal coupling

to account for the coupling between aperture and the
enclosure when considering modes higher than TE;p; mode,

C,, is give by Farhana et al.[8]:
.[:“lsin(ﬂzx)sin(ﬂ(xl_XO)de
i 3

_ ©

In this paper, we have extended to the aperture impendence
to include the factor C, .

f:wsin(”gz)sin (E(ZV; ZO)jdz
. @

So the shunt impedance of the aperture of length | and
width w, respectively, is

2, =2Cliz, tan(i, 1/2)

IEyEydx

m —ap

j E) Eapdz

)

o1,
Zap = Ecn JZos tan(ko |/2) (6)

B. Electric Shielding Effectiveness
By Thevenin’s theorem, combining Z,, v, and Zap gives
an equivalent voltage

Vo =Vo Zop (ZO+ZY)

ap

v, =V, 2 /(Z,+2})

ap

)

Zno=2,23%/(Z,+23)

(8)
Zln = ZO Zi:p (ZO + Zi:p)
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For the m-th TE,n and n-th TE;, transverse electric modes
of propagation , the enclosure is represented by a cavity
formed by a section of shorted waveguide whose
characteristic ~ impedance, respectively, is

5y =2,/ \i-(am/2a)’ )
~2,/\L-(anj20)’ (10)

And the propagation constant is represented respectively by

k!, =k, / J1-(2m/2a)’ (11)
X =k, /1= (an/2d (12)
where kK, = 272/1 We now transform Vo ,V,,» Z,, >

Z, and the short circuit at the end of the waveguide to P,

giving an equivalent voltage V|mo , V|1n ,source impedance
Z) ,Z; and load impedance Z* ~.Z% .
VY - VmO
i cosk’,p, + j(ZmO/Z )sm(ky0 py)sm[%j (13)
Vx — v1n
coskl p, + J(Zm/Zm)sm( kY py)sin[nzpy)
o+ JZ), tank”
I?/no — J mO py (14)
1+j( no/ Zo ) tankop,
. Z,. +jZ, tank},p,
=T o (15)
1+J(Zln/zln)tank pX
rmO JZ%O tan k%o (d py) (16)
r1n len tan k:l (a px) (17)
The voltage at P is
V - VImO ZrmO (Zlmo + ZrmO) (18)
Vpln = Vlln Zrln (Zlin + Zrln) (19)
tmO zvpmo (20)
tln zvpln (21)
Vi = tr¥102 +Vti(n2 (22)

In the absence of the enclosure, the load impedance at P is

simply Z,and the voltage at P is Vp’ =V0/2 ,50 the electric
shielding is, therefore, given by

=-20log,, ’\/t/vp' =

—20 IoglO |2vt /V0| (23)
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I1l. RESULT
For the validation of the present technique, we consider a
rectangular enclosure of size ( 300mm X 120mm X 300mm)
with a rectangular aperture of size (100mm X< 5mm) located in
front of the wall. We calculated it with MATLAB and
simu lation with FEKO, the result is as show in the Figure 2 to
Figure 4.

a=300mm,b=120mm,d=300mm,|=100mm,w=5mm,t=1.5mm,Py=150mm,Px=150mm
100 T T T T

c c
Analytical  result
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.50 c c c c c c
0 200 400 600 800 1000 1200 1400
Frequency (MHz)

Fig.2: Calculated and FEKO analysis of Sg at point P of 300x120x300mm
enclosure with 100x5mm off-centered aperture (Y = 3b/4 ).
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Fig.3: Calculated and FEKO analysis of SE at point P of 300X 120 X300 mm
enclosure with 100 X5mm off-centered aperture (Y = 3b/4 )
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Fig.4: Calculated and FEKO analysis of SE at point P of 300X 120 X300mm
enclosure with 100 X5mm off-centred aperture (Y = 3b/4)
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Figure 2 to Figure 4 shows the calculated and simulations
of FEKO Sg at different points P for a off-centered aperture

(Y = 3b/4) , size 100X 5mm. We can see that they are good

agreement , both above and below cut-off frequency of 500
MHz. The reasonably good agreement between analytical
formulation and simulation of FEKO shows that the
contributions of higher order modes must be taken into
account when analyzing the shielding effectiveness for off-
centered apertures. From Figure 3 we can see that the result is
not very good agreement between 800M and 1100M, the
reason probably is that the observation s near to the aperture,

modes higher than TEy affected the shielding effectiveness
obviously.

V. CONCLUSION

The calculation of electric shielding effectiveness depends
upon the frequency, polarization of the applied field, the
dimensions of the enclosure, the aperture, wall thickness, the
number of apertures, and the position within the enclosure.
The formulation described in this paper takes into account the
off-centered aperture on one face of the enclosure, we have

refers to C_and C_ which is the aperture modal coupling to

account for the coupling between aperture and the enclosure
when considering modes higher than TE;o mode .It gives good
agreement with simulation over wide frequency range. It can
predict the electric shielding effectiveness of the rectangular
aperture of arbitrary location on one face of the rectangular
enclosure. The existence of a peak in the shielding
effectiveness for the off-centered aperture is an interesting
observation and further theory investigate need to be carried
out to understand this phenomenon. The results generated
from this research can be used by designers of practical
shielded enclosures.
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