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Abstract: High-intensity electromagnetic pulses like high-altitude electromagnetic pulse (HEMP), high power
microwave (HPM) are very harmful to electronic devices, which will cause malfunction or even damage to electronics.
Using metallic cavity to isolate electronic systems from high-intensity electromagnetic pulse is an important and
effective way to lessen the effect. Herein, we performed a systematic study on coupling property of metallic cavity
with a rectangular aperture under the excitation of three types of high-intensity electromagnetic pulses, i.e., HEMP,
wide-band HPM, and narrow-band HPM. The width/length ratio of aperture and cavity size were varied to investigate
their effect on electromagnetic coupling. The interaction mechanism of high-intensity electromagnetic pulses and the
metallic cavity was also carefully analyzed. The results demonstrate that the shielding property of metallic cavity is
highly dependent on resonance mode of cavity, resonant frequency of aperture as well as the spectral characteristics of
high-intensity electromagnetic pulse. When the resonance mode of cavity, and/or resonant frequency of aperture are
within the bandwidth of high-intensity electromagnetic pulse, an enlarged coupling electromagnetic field in the
metallic is always produced. Specifically, the interaction between the cavity and aperture can give rise to spectral shift
of resonant frequency. Therefore, to obtain excellent shielding effect, we need to take into consideration the
suppression of resonance mode of cavity, resonant frequency of apertureas well as the spectral shift when performing

electromagnetic protection of electronic devices.
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Fig. 1 Typical high-intensity electromagnetic pulses and their corresponding spectral distributions
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(a) simulation model for metallic cavity (b) schematic of the rectangular aperture
Fig. 2 Simulation model
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Table 1 Electromagnetic coupling of metallic cavity to different high-intensity electromagnetic pulses

electromagnetic pulse peak value of electromagnetic field/(kV-m™) time domain shielding effectiveness/dB
HEMP 32 23.9
WB-HPM 47.8 0.4
NB-HPM 22.8 6.8
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Fig. 3 Electric field and the corresponding spectral characteristics at the central position of metallic cavity
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Table 2 Maetallic cavity having aperture with different width to length ratio (W/L)

No. Wicm L/em WIL note
1 2 30 ~0.07 polarization direction is identical to the aperture direction
2 8 7.5 1.07 nearly a square aperture
3 20 3 6.67 polarization direction is orthogonal to the aperture direction
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Fig. 4 Coupling electric field of metallic cavity with different #/L under excitation of high-intensity electromagnetic pulse
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metallic cavity under the excitation of high-intensity electromagnetic pulse
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Fig. 6 Influence of cavity size on the peak value of coupling electric field
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Table 3 Minimum resonant frequency of aperture

(|

No. W/cm L/em WIL estimated f;,;,/MHz simulation f;;,/MHz
1 2.0 30.0 ~0.07 500 449
2 2.8 21.4 0.13 700 606
3 3.2 18.75 0.17 800 680
4 4.0 15.0 0.27 1000 832
5 4.4 13.6 0.32 1103 911
6 6.0 10.0 0.60 1500 1198
7 8.0 7.5 1.07 2000 1654
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Fig. 8 Electric field and the corresponding spectral characteristics at the central position of metallic cavity under the excitation of HEMP
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Fig. 9 Electric field and the corresponding spectral characteristics at the central position of metallic cavity under the excitation of WB-HPM
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