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Abstract: This paper propose a new method for improving shielding effectiveness (SE) of a rectangular enclosure with 

multiple circular apertures. In this method in order to compensate the effects of the apertures on (SE) parameter, we use two 

metallic walls each containing apertures instead of the one wall. By using two walls for shielding an enclosure, the shielding 

effectiveness of the enclosure will improve. The numerical simulation uses a symmetric condensed node of TLM – TD 

(Transmission line Modeling Method – Time Domain) and subsequent Fourier Transform and the result was verified by HFSS 

and CST software. We obtain the shielding effectiveness response to an electric field impulsive excitation. It is shown that field 

polarization and enclosure direction has a noticeable effect on SE that should be considered in SE calculations. The effect of 

different parameters and improving the shielding effectiveness of a metallic enclosure with extra wall is studied. An optimization 

of the influence of the place of apertures in the walls and the diameter of circles on two walls is presented.  
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1. Introduction 

Nowadays, regarding the electromagnetic immunity and 

electromagnetic interferences of the electronic devices 

increase the importance of a careful design of shielding 

enclosures. 

There are different routes for coupling unwanted signals 

into shielding structures. Apertures, Seams and slots are 

common path for coupling the energy. Since usually there is a 

sort of coupling energy into shielding boxes we need to 

define the quality of a shielding box by introducing the 

shielding effectiveness (SE) of the enclosure. 

EMC regulations demands the specific level of shielding 

effectiveness for shielding structures to meet the defined 

standards. The shielding effectiveness is defined as the ratio 

of received power without shielding to the received power 

with shielding. 

�� � 20 log 
��
��                   (1) 

A number of computational methods have been proposed 

for the solution of shielding problems, including the 

finite-difference time-domain (FDTD) method [1], the 

method of moments (MOM) [2], and the finite element 

method (FEM) [3]. The Shielding effectiveness metallic 

enclosure with a square aperture of dimension 60×60mm is 

analyzed by Transmission Line Method (TLM) in [4] and is 

improved with using two metallic walls in [5]. 

2. Shielding Effectiveness Analysis 

Figure 1 shows a typical metallic enclosure with extra 

shield screen and a circular aperture of diameter w 

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. The internal dimensions 

of enclosures are assumed 120mm ×300mm × 300m.  
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Figure 1. A typical enclosure with an extra shield screen. 

 

Figure 2. (a) Front panel of enclosure and the place of apertures on two 

walls. (b) Displacement of apertures. 

For all simulations, in order to produce plane wave which 

is radiated to enclosure a free space volume of 120mm x 

300mm x l00mm is placed in front of the aperture. A simple 

absorbing boundary condition is applied in the free space 

region. The results for a single screen and proposed structure 

is shown in Figure 2. This results show that using second wall 

improves shielding effectiveness of the enclosure, but 

resonant frequency of the enclosure increases because 

according to the equation for a closed rectangular metallic 

cavity (2) the dimensions of enclosure has been reduced. 

�� � �
� ���

� �� � ��
��� � ��

���            (2) 

As it has been shown in [5-7] 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 circular 

apertures instead of main aperture that each of them has 

surface (r=16.93 mm) almost equal to a quarter of the main 

aperture (r=67.70 mm) surface Figure 2. The distance 

between two walls in all simulations were kept constant 

R=20mm. 

3. Results 

A. Effect of aperture, wall and displacement. 

 

Figure 3. Effect of internal wall and apertures on SE. 

As seen in the Figure 3, it is quite evident with the 

conversion of the entrance apertures into four apertures and 

then the use of the second wall the shielding effectiveness 

will improve. The effect of the displacement of apertures in 

second wall was also investigated and it showed that 

displacement makes shielding effectiveness better. Results 

for three different displacement is presented in Figure 4. 

By using four aperture the level of E-field inside the 

enclosure reduces about 12dB and will increase SE parameter 

and displacement makes SE about 24dB better for F=40. 

B. Effect of radiation field polarization 

In the real case field enters the enclosure from all direction. 

Therefore, the polarization, incident and azimuth angles 

should be considered. Effect of radiation field polarization on 

shielding effectiveness of enclosure with two shielding walls 

and four circular apertures studied. As shown in Figure 5 a 

shielding box with mentioned dimensions was simulated. 

By keeping the enclosure constant (φ=0) and changing the 

polarization of radiation, observe that the SE depends on the 

radiation wave polarization, and has decreased as 

polarization changes from the vertical to the horizontal. In all 

cases, the resonance frequency remains constant but for some 

polarization, we have second resonance frequency about 

900MHz. 
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Figure 4. (a) Shielding effectiveness of the enclosure for the three different distances between walls. (b) Shielding effectiveness of the enclosure for three 

different displacement. 

 

Figure 5. Geometry of rectangular enclosure with apertures and direction of electric field. 

C. Effect of Oblique Incidence or direction of enclosure 

By keeping the polarization constant (θ=0) and changing 

the direction of enclosure, as shown in Figure 6, we can also 

see the variation of SE as the angle of the incident wave 

changes; as it becomes larger, the value of SE increases. We 

observe that the SE depends on the angle between radiation 

wave and enclosure, and has increased as angle of field with 

wall with four apertures changes from zero to ninety. In all 

cases, the resonance frequency remains constant. 

D. Optimization of distance bitween apertures by genetic 

algorithm. 

 

Figure 6. Effect of angle between field and enclosure on SE for double wall shielded enclosure for R=40 mm. 
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In order to obtain the lowest field inside the enclosure and 

the highest amount of shielding effectiveness, we are using 

GA optimization method to find the optimum distance 

between the apertures as shown in Figure 7, the optimum 

distance is F = 262.492mm. 

Furthermore, CST software was used to find the 

Furthermore, CST software was used to find the optimum 

size for distance between apertures and the results represent a 

good agreement. As shown in Figure 8 shielding box with 

mentioned distance between apertures was simulated. 

Changing the displacement in vertical direction or z-axis does 

not have any effect on SE and resonance frequency. 

4. Conclusions 

In this paper, an enclosure with circular apertures in front 

wall is simulated based on transmission line matrix method. 

The effect of changing the various parameters on the 

shielding effectiveness has been investigated. It is shown that 

field polarization and enclosure direction has a noticeable 

effect on SE that should be considered in SE calculations. It 

has also been noted that SE parameter can be improved by 

displacement of apertures, changing the distance between the 

two walls and between apertures. The optimum distance 

between apertures by genetic algorithm has been achieved. 

 

Figure 7. Genetic algorithm optimization by parameter of the distance between the apertures. 

 

Figure 8. Field inside the enclosure for main and optimum distance between apertures. 
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