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This paper evaluates shielding effectiveness of the enclosure filled with 
ice in the temperature range from –50 to 0 °C. Two cases are considered. 
In the first case, ice fills the enclosure aperture, and in the second case, 
ice covers the enclosure bottom. The results show that shielding effec-
tiveness deteriorates when the temperature increases. This effect is asso-
ciated with an increase in ice permittivity. 
Keywords: shielding effectiveness, enclosure, climatic effects. 
 
Electromagnetic shielding is one of the most reliable means used to 

increase the noise immunity of radio-electronic equipment. However, 
shielding structures are often subject to climatic effects and that leads to 
deterioration of shielding effectiveness. For example, papers [1, 2] show 
that shielding effectiveness of metal structures deteriorates when they are 
continuously exposed to a corrosive environment. In some cases, climatic 
effects can cause icing of the shield, which can be dangerous since the 
permittivity of ice varies significantly with temperature. The purpose of 
this work is to evaluate shielding effectiveness of an enclosure filled 
with ice. 

Initial data. In the simulation we used a standardized enclosure with 
dimensions of 300×120×300 mm3 [3]. The geometry of the enclosure is 
shown in Fig. 1, a. An aperture of 300×2 mm2 is located in the upper part 
of the front wall. The enclosure wall thickness is 1 mm. The simulation 
was made using the finite element method (FEM) with adaptive mesh re-
finement. The perfect conductor was used as the enclosure material. The 
shielding effectiveness was calculated at the frequency range of  
1–1000 MHz from the E-field strength at the observation point P located in 



 313 

the center of the enclosure. In the simulation, we used the temperature de-
pendence of the relative permittivity εr of ice, which is shown in Fig. 1, b. 
The value of εr remained constant over the entire frequency range. 
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Fig. 1. Geometry of the enclosure used for simulation (a)  
and temperature dependence of ice permittivity (b) 

 

Simulation results and analysis. Two cases were considered in the 
simulation. In the first case, ice filled the aperture, and in the second case, 
ice covered the enclosure bottom. The results of calculating the shielding 
effectiveness of the enclosure with the filled aperture are presented in 
Fig. 2. The results show that the resonant frequency of the aperture de-
creases with the increase of temperature. It leads to 20 dB deterioration of 
the shielding effectiveness at the low frequency region. Fig. 2 also shows 
that the first resonant frequency of the enclosure changes when the aperture 
is filled with ice. For example, this frequency is 707 MHz and 723 MHz for 
the filled enclosure (at –50 °C) and the empty one, respectively. 
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Fig. 2. Shielding effectiveness of the enclosure with the filled aperture 

at different temperatures 
 

Next, the shielding effectiveness was calculated for the enclosure with 
the ice-covered bottom (Fig. 3). First, simulation was performed when the 
temperature of the ice layer (5 mm height) changes (Fig. 3, a). Then, the 
ice layer height (–50 °C) was changed from 5 mm to 25 mm (Fig. 3, b). 
The results show that a thin layer of ice does not significantly affect the 
shielding effectiveness even at a temperature of 0 °C (when the εr value is 
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maximum). Thus, at 0 °C, the resonant frequency of the enclosure decreas-
es by only 18 MHz. However, if the ice layer height increases, then the 
resonant frequency decreases significantly, even with a minimum value of εr. 

-30

-10

10

30

50

1 200 400 600 800 1000

Empty –50°C
0°C

SE , dB

f , MHz 

 
a 

-30

-10

10

30

50

1 200 400 600 800 1000

Empty 5 mm
15 mm 25 mm

SE , dB

f , MHz 

 
b 

Fig. 3. Shielding effectiveness of the enclosure when the temperature (a) 
and height (b) of the ice layer are changed 

 

Conclusion. Thus, the results show that the ice filling significantly af-
fects the shielding properties. It means that icing can reduce the noise im-
munity of radio-electronic equipment. What is more, the greatest danger is 
represented by large apertures or ice layers of large height. For example, at 
an ice temperature of 0 °C, the resonant frequencies can decrease by more 
than two times. 
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