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Abstract. For evaluating the shielding effectiveness (SE) of metal shielding box with holes, this
paper gives the electric field shielding effectiveness (EFSE) and magnetic field shielding
effectiveness (MFSE) evaluation index. Then the figurate apertures on the rectangular metal board
can be equivalent to electric dipole and magnetic dipole, and the SE formula of round whole and
square hole for electric field and magnetic field at any point are derived. Lastly, the SE under these
two types of hole is evaluated by simulation. By simulation it is concluded that the square hole should
be chose if holing is necessary for mental shielding box. All these have guiding significance for the
design of shielding box in practical application.
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1. Introduction

With the improvement of signal frequency and the increase of equipment power, space
electromagnetic environment has become increasingly complex. As an important part of protective
measures for electronic system, most electromagnetic energy in space can be shielded by shielding
box. Although the seamless metal board owns the super shielding ability for electromagnetic wave,
holing is inevitable for shielding box because of ventilation and heat dissipation, thus the integrity of
shielding box is broken. Therefore, how to effectively estimate SE of shielding box with holes has
important theoretical guiding significance (-3,

The shielding ability and effect of shielding box are usually evaluated by SE. The SE is closely
related to the integrity, size, shape and location of the shielding box. This paper gives the SE
evaluation index firstly, and then the EFSE and MFSE formula for round hole and square hole at any
point are derived. Lastly, the SE under these two types of hole is evaluated by simulation. All these
have guiding significance for the design of shielding box.

2. The SE derivation

SE is defined as: in the same position the electric field intensity Eo without shield is divided by the
electric field intensity Es with shield, shown in formula (1). Or in the same position the magnetic field
strength Ho without shield is divided by the magnetic field strength Hs with shield, shown in formula
(2). Their entire units are decibels (dB).

SE. =20lg [5} (1)
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For closed shielding box, SE formula is as type (3) shown.
SE=A+R+B (3)

Where A is the absorption attenuation, R is the reflection loss, B is the multiple reflection loss, and
their calculation formulas are shown below.
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Where t is the thickness of shielding shell, f is the interfering signal frequency, g, is the relative
magnetic conductivity, o, is the relative electrical conductivity, r is the distance between the field

source and the shielding box. For formula (5), the constant values are shown in table 1.
Table 1 The value of formula (5)

Field type C n m
Plane wave 168 1 0
Electric field 321.7 3 2
Magnetic field 14.6 -1 -2

For formula (6), when the shielding box is thicker or the field source frequency is higher, the loss
absorbed by shielding box is relatively great. When A>10 dB, multiple reflection loss can be
neglected. When the shielding box is thinner or the field source frequency is lower, absorbing losses is
small. When A<10 dB, the effect of multiple reflections on SE must be taken into account.

When design shielding box, ventilation and heat dissipation problems often need to be considered,
thus there are hole arrays in the shielding box. Through the aperture principle, transforming the larger
vent hole into a series of smaller hole arrays with equal area can effectively increase SE. For the small
figurate apertures, the electric dipole and magnetic dipole can be expressed as:

Pe =0
- 2 .
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Where K = @\ ue , pis the medium permeability, ¢is the dielectric constant, | is the distance

from field source to the aperture, a, is the polarization on the Y axis.
With shield, the field for any point on the z axis is as follows:
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Without shield, the field for any point on the z axis is as follows:
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Where R =1 + z ,z is the distance from the point on the Z axis to the origin O.
Derived by the formula (9) it can be known that EFSE and MFSE at any point on the Z axis are as
follows:

SE_ =20lg Co.20 0 I 1 l>< g, 1 71 (10)
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Based on referencel, formulas (10) and (11) can be simplified as follows .

For the round hole on the rectangular board, shown in Fig.1, formula (12) and (13) are given the
EFSE and MFSE.

c? 41.8t

SE, =20Ig(? |1x|2j+ 2,68 (12)
c? 32t
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Where tis the thickness of shielding board, c is the round hole interval, d is the round hole diameter
and 1,1, are the length and width of shielding board, respectively.

For the square hole on the rectangular board, shown in Fig.2, formula (14) and (15) are given the
EFSE and MFSE.

2
SE, = 20|g(§—2 Vg}% (14)

2
SE,, = 20|g(% |l><|2)+ 2? (15)

Where t is the thickness of shielding board, c is the square whole interval, b is the side length of
square hole andl,, 1, is the length and width of shielding board, respectively.
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Fig.1 Round hole array on the Fig.2 Square hole array
rectangular board on the rectangular board

3. The SE simulation for rectangular board

Based on EFSE and MFSE formulas, Implementing modeling and simulation through Matlab for
round holes on rectangular shielding board, and its results is shown in Fig. 3 and Fig.4. The modeling
parameters are set as: 1, =1200mm, I, =600mm, t=0.5mm, C is a variable from 1mm to 50mm and its

variable delta is 1mm, d are equal to 2mm,5mm,10mm,15mm, respectively. By the analysis of Fig.3
and Fig.4, when the round hole intervals increases, the SE is enhanced, and it changes from
craggedness to flatness in 1-10mm; When the aperture increases, the SE decreases sharply, and it also
becomes flat with the increase of aperture.

Based on EFSE and MFSE formulas, Implementing modeling and simulation through Matlab for
square holes on rectangular shielding board, and its results is shown in Fig. 5 and Fig.6. The modeling
parameters are set as: I, =1200mm, I, =600mm, t=0.5mm, C is a variable from 1mm to 50mm and the

variable delta is 1mm, b are equal to Imm, 5mm, 10mm, 15mm, respectively. By the analysis of Fig.3
and Fig.4, when the square hole intervals increases, the SE is enhanced, and it changes from
craggedness to flatness in 1-10mm; When the side length of square increases, the SE decreases
sharply, and it also becomes flat with the increase of side length.
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Fig.3 The MFSE for round hole array
on the rectangular board
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Fig.5 The MFSE for square hole
array on the rectangular board
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Fig.4 The EFSE for round hole array
on the rectangular board

Fig.6 The EFSE for square hole
array on the rectangular board

When the aperture d=1mm, side length b=1mm and c=50mm, by comparing Fig.3 and Fig.5, it can
be found that the MFSE for round hole and square holes are 146.31dB and 140.1dB, respectively, and
their difference is 6.2dB; by comparing Fig.4 and Fig.6, the EFSE for round hole and square holes are
150.1dB and 145.8dB, respectively, and their difference is 4.3dB. Therefore, it can be concluded that
round hole should be chosen if it is necessary to open holes for rectangular shielding block.

4. Conclusion

This paper firstly gives the SE evaluation index for shielding box with holes, and then through the
model equivalence and deduction, the EFSE and MFSE formulas are given, finally simulated contrast
for EFSE and MFSE under different holes are done. It thus draws a conclusion that under the same
condition the SE for round hole is better than the rectangular hole. All these have guiding significance
for the design of the shielding box in practice.
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