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s Abstract

7 This paper mainly analyzes the influence of cabinet characteristics on the shielding

s effectiveness of the transmission control cabinet. Through the CST electro-magnetic

o simulation software, the simplified model of the actual transmission control cabinet is

10 established, and the excitation source is set. The influence of the opening position of the

11 cabinet, the shape of the opening and the design of the shielding layer of the cabinet on the
12 shielding effectiveness of the transmission control cabinet are studied, thereby improving the
13 electromagnetic characteristics of the cabinet

14

15 Index terms— shielding effectiveness, CST, opening position, opening shape, shielding layer.

s 1 Introduction

17 tal-shielded cavities have long been used to protect components and circuits inside electronic devices from
18 electromagnetic interference and their shielding performance is measured by shielding effectiveness (SE). At
19 present, domestic and foreign scholars have also done a series of research on the shielding effectiveness of the cavity.
20 The EMC scanner directly obtains the electric field interference distribution on the surface of the transmission
21 control cabinet, avoiding long-distance electromagnetic fields during wiring and reducing interference. Based on
22 the interference situation and the coupling coefficient, [1] developed some auxiliary design software to solve some
23 design problems of the electromagnetic compatibility of the transmission control cabinet. [2][3][4][5][6] used the
24 time domain finite integration method to establish a coupled model of a cavity with plane wave radiation, and
25 specifically studied the effect of the length, width and depth of the rectangular hole on the shielding effectiveness
26 of the cabinet. [7][8][9] analyzed the scattering matrix equation and the transfer matrix equation of complex multi-
27 cavity, and proposed a fast algorithm for multi-cavity shielding effectiveness based on electromagnetic topology
28 theory, which improved the simulation efficiency and simulation precision. [10][11][12] used the pattern matching
29 method and the matrix method to predict the shielding effectiveness of the metal-shielded cavity with perforated
30 seams. Through cavity modeling, the shielding effectiveness of the metalshielded cavity with perforated seams.
31 Through cavity modeling, the shielding effectiveness of a square hole seam is better than that of the rectangular
32 hole when the hole area is the same. Therefore, to obtain the best shielding efficiency under the working condition
33 of the inverter circuit, it is necessary to optimize the design of the high-power inverter power supply cabinet to
34 achieve the optimal electromagnetic shielding effect.

s 2 1L
x 3 Based on CST Cabinet Modeling

37 According to the actual inverter power cabinet, the cabinet model shown in The actual cabinet features such as
38 cable bundle holes and gaps of the cabinet are reserved, and the material parameters of the simulation model are
30 modified according to the actual cabinet material: The density at room temperature is 7850kg/m3; the resistivity
a0 is 1.3e-8 7/m, the relative magnetic permeability is set to 0.98, and the electrical conductivity is set to 0 (both
41 inside and outside the cabinet are coated with insulating varnish). The thickness is 8mm. Based on the model
42 construction, CST simulation is used to analyze the electromagnetic characteristics and shielding effectiveness of
43 the inverter power cabinet.
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7 C) IMPACT OF SHIELDING LAYER ON CABINET SHIELDING
EFFECTIVENESS

4 III.

Research on the Influence of Cabinet Shielding Effectiveness Set the excitation source to a plane wave, the
excitation source radiation size is 1V/m, and the radiation source location is set to the center of the model
cabinet, that is,The plane wave center coordinate is (400, 250, 750). The plane wave incident direction is
perpendicular to the plane of the hole slot (Z-axis positive direction), Three field probes are set. The probe one
is placed 100mm away from the cabinet, the field probe coordinates (400, 250, -100), and the probe 2 and probe
three are set to coordinates (400, -100, 750) and (400, 600, 750) respectively. Through simulation, the shielding
effectiveness of the transmission control cabinet under plane wave excitation is analyzed.

The data of the simulated electric field curves in the two aperture modes are fitted, and the results are shown in
Fig. ?7. of the back-opening model is better than the bottom opening model by 5.63dB and 4.15dB, respectively,
at the position of the field probe 1 and the field probe 2. The shielding effect of the bottom-opening model of the
field probe three position is better than the backopening model of 1.98dB. Also, since the back of the transmission
control cabinet is generally placed on the side of the ship, the back side is the ship’s silo shell, and the sensitive
receiving equipment is not facing. In summary, we have found that under the premise of the same number, shape
and area of the same opening, the shielding effect of the back opening is better than that of the bottom opening.

5 b) Effect of opening shape on shielding effectiveness of cabinet

To better study the influence of the transmission control cabinet structure on the shielding effectiveness of the
cabinet, the shielding effectiveness was analyzed by changing the shape of the opening from a circle to a square
and a regular hexagon. Due to the strict requirements on heat dissipation and cable bundle width, it is necessary
to ensure the same opening area. The radius of the circular opening is 30mm. According to the principle of equal
area, when the shape of the opening is changed to square, the length of the opening should be set to 53.17mm.
When the shape of the opening is a regular hexagon, the side length of the opening is set to 32.99 mm.

Plane incident waves with a radiation size of 1 V/m are placed in the center of the cabinet. Since the opening
position is set on the back, the shape of the opening has little effect on the shielding performance at the positions
of the probes 1 and 2. Therefore, only the shielding effectiveness of the position of probe three at the back of the
opening is discussed, and the shielding effectiveness simulation is shown in Fig. ?? and Fig. 7. Among them,
green, blue and red are regular hexagonal, circular and square opening shielding effectiveness. The shielding
performance of the regular hexagon is almost better than the square in each frequency band. It can be seen from
the calculation that the shielding performance of the entire frequency band is better than the circular 3.32dB.
Therefore, it is determined that the opening is a regular hexagonal opening with a side length of 32.99 mm and
a position of 50 mm from the bottom side of the back side.

6 Fig. 6: Comparison of shielding effectiveness between regular
hexagon and circular

7 c¢) Impact of shielding layer on cabinet shielding effectiveness

When there is alternating current or alternating the electromagnetic field in the cabinet, the induced the
electromagnetic field inside the cabinet is unevenly distributed, and the current is concentrated in the ”skin”
part of the cabinet. That is to say, the current is concentrated on the thin layer on the surface of the cabinet,
and the closer to the surface of the cabinet, the greater the density of the current, so that the power loss
of the cabinet is also increased. This phenomenon is called skin effect. Skin depth expression is In the actual
engineering rectification, the magnetic permeability, conductivity, The formula (1) can be simplified to According
to the establishment of the previous theoretical shielding model, the absorption loss of the shield can be expressed
as .After the electromagnetic wave passes through the metal shield, the power loss is caused by the presence of the
induced current. In addition, the heat of the material absorbs a certain amount of electromagnetic wave energy,
and the magnitude of the field strength decreases exponentially. We can simplify the expression of absorption
loss to It can be seen from the expression of absorption loss:1 =7 ? ?? (1) 11 = =m 15.185 ff ? 7 7?7 ( )(2

1. When the shielding cabinet material is the same, the absorption loss is related to the thickness of the
shielding cabinet. The thicker the shielding cabinet, the greater the absorption loss; 2. When the shielding
cabinet material and thickness are the same, the absorption loss is related to the electromagnetic wave frequency
that the shielding cabinet is traversed. The higher the frequency, the larger the absorption loss; 3. The absorption
loss of the shielding body is also related to the skin depth, that is, the electrical conductivity and magnetic
permeability of the shielding cabinet material. At the same frequency, the greater the conductivity and magnetic
permeability of the shielding material, the greater the absorption loss.

According to the skin effect, using the previously optimized transmission control cabinet, under the model of
the regular hexagonal hole on the back side, optimize the setting again, and set a layer of copper foil on the
inside of the cabinet, the thickness is set to 0.065mm, and the copper foil is laid. After that, the field probe is
set and simulated in the same position. The comparison between the shielding performance and the unshielded
layer is shown in Fig. 8. Blue and brown are the shielding effectiveness before and after the shielding layer
is laid. From the shielding effectiveness diagram, we can find that the shielding layer can greatly improve the
shielding effectiveness of the cabinet. The shielding effectiveness is optimized to an average of 7.63dB compared
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to when not laid. Therefore, the shielding layer has the greatest influence on the shielding effectiveness of the
transmission control cabinet, and the adoption of this measure is also indispensable in suppressing radiated EMI
noise.

8 1IV.
9 Conclusion

This paper mainly uses CST electromagnetic simulation software to model and analyze the electromagnetic
shielding effect of the cabinet under different models. The simulation results show that the shielding effectiveness
of the back opening is better than that of the bottom opening under the premise that the number, shape and
area of the same opening are the same; the shielding effect of the regular hexagonal opening is better than that
of the circular opening and the square opening; The laying of the shield copper foil can improve the shielding
effectiveness of the cabinet by about 7.63dB. It provides a theoretical reference for optimizing the characteristics
of the actual transmission control cabinet.
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Figure 3: Fig. 2:

Figure 4:



Figure 5: Fig. 3 :Fig. 4 :

. {5
—_—

by s B i e o g

35

Figure 6: 3 Fig. 5 :



9 CONCLUSION

— [ 18
— ] LB

Figure 7: Fig. 7 :

— (1
—EF0 4




115

116

117
118
119

120
121
122
123

124
125

126
127

128
129
130

131
132
133

134
135

136
137

138
139

140
141

142
143

[Supply] , Power Supply . Power Electronics (4) .
[Mao and Ping] , X Y Mao , A D Ping . An Improved Model of Robinson Equivalent Circuit Analytical Model

[Azaro et al. ()] ‘A Circuital Approach to Evaluating the Electromagnetic Field on Rectangular Apertures
Backed by Rectangular Cavities’. R Azaro , S Caorsi , M Donelli . Microwave Theory & Techniques IEEE
Transactions on, 2002. 50 p. .

[Konefal et al. ()] ‘A Fast Multiple Mode Intermediate Level Circuit Model for the Prediction of Shielding
Effectiveness of a Rectangular Vox Containing a Rectangular Aperture’. T Konefal , J F Dawson , A C
Marvin . IEEE Transactions on Electromagnetic Compatibility 2006. 2010. 47 (4) p. . (Science China Techno-
logical Sciences)

[Hua ()] Analysis of shielding characteristics of electromagnetic sealing structure of electronic equipment, X F
Hua . 2013. University of Electronic Science and Technology

[Robinson et al. ()] ‘Analytical Formulation for the Shielding Effectiveness of Enclosures with Apertures’. M P
Robinson , T M Benson , C Christopoulos . IEEE Trans. Electromagnetic Capability 1998. 40 (3) p. .

[Wu et al. ()] ‘Electromagnetic Band gap Power/ Groud Planes for Wideband Suppression of Ground Bounce
Noise and Radiated Emission in High-speed Circuits’. T L Wu , Y H Lin , T K Wang . Microwave Theory &
Techniques IEEE Transactions on, 2005. 53 p. .

[Liu et al. ()] ‘Influence of hole joint on electromagnetic shielding effectiveness’. T Liu , L Zhang , L P Cao
. Global Journal of Researches in Engineering 2010. XIX (7) p. . (Electronic Components Application. II
Version I)

[Guo et al. ()] ‘Influence of hole joint structure on electromagnetic shielding’. H Guo , Q H Fan , T Liang , C Q
Su . Information Research 2013. p. .

[Meng et al. ()] ‘Research on the Influence of Chassis Holes on Electromagnetic Shielding Effectiveness’. P W
Meng , Y F Liu , M M Gu . Modern Electronic Technology 2012. (13) p. .

[Wang and Gao ()] Shielding effectiveness of rectangular cavity with empty plate on the fast rising front
electromagnetic pulse, L P Wang , Y G Gao . 2008. 20 p. . (Strong low light and particle beam)

[Peng ()] Uncertainty analysis in electromagnetic compatibility immunity test, H J Peng . 2009. Beijing University
of Posts and Telecommunications

[Wu et al. ()] X Wu, M HPong, CM Lee , Z M Qian . Research on Near Field Interference of Switching, 1999.
p- -



	1 Introduction
	2 II.
	3 Based on CST Cabinet Modeling
	4 III.
	5 b) Effect of opening shape on shielding effectiveness of cabinet
	6 Fig. 6: Comparison of shielding effectiveness between regular hexagon and circular
	7 c) Impact of shielding layer on cabinet shielding effectiveness
	8 IV.
	9 Conclusion

