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Lightning electromagnetic pulse protection ability of
box-type substation with slots based on XFDTD

ZHANG Ziheng, TIAN Yangmeng, WANG Caixia
(College of Applied Sciences, Beijing Information Science and Technology University, Beijing 100192, China)

Abstract: The ability of outdoor power distribution equipment to protect against the Lightning
Electromagnetic Pulse(LEMP) is studied by XFDTD full wave 3D electromagnetic field simulation software
based on Finite Difference Time Domain(FDTD) method, including simulating the coupling of the near-
field lightning electromagnetic pulse with the cabinet of outdoor box-type substation, which is
characterized with slots. The coupling electric field strength and the electromagnetic power density of the
three types of substations with different shapes of aperture array are obtained at 30 m from the return point,
and at 5 cm, 50 cm and 100 c¢m from the opening position. It is concluded that when the LEMP whose
energy is mainly concentrated on the low frequency band(below 2 MHz) couples on the anterior aperture
array, the coupled electric field energy in the substation is mainly focused near the opening. The
electromagnetic energy coupling into the substation with rectangular, square and circular aperture arrays
decreases in turn, and the substation with circular aperture array has optimum shielding effectiveness. The
electromagnetic hazard in the cavity far away from the aperture array is less than that near the opening
position. The coupled electromagnetic energy will have impacts on the normal operation of the substation,
but will not damage its internal electronic components.
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Table2 Shielding effectiveness of each observation point in different substation cabinets with openings

distance from aperture/cm SE of rectangle aperture/dB SE of square aperture/dB SE of circle aperture/dB
5 113 113 126
50 111 133 130
100 116 129 133

3 ONMALYE LEMP A ARBAWE, A ERR I Ak B 2 R W (E . B S T AL AR ) B A, AR AR
V0 PO R BB AR T R o R R AR PRI AR B PR R D R V(R TR TR L IE D7 TR AN B E AL R R At
AFEZE TR LG R W, B 1 TR B RO RER Y & .
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Table3 Electromagnetic energy peaks in the internal observation point of the cavity

distance from aperture/cm SE of rectangle aperture/(W-m) SE of square aperture/(W-m™) SE of circle aperture/(W-m™)
5 87.5 83.7 23.6
50 101.9 11.3 15.6
100 63.2 17.1 11.7
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Table4 High power electromagnetic hazard threshold

damage degree threshold/(W-m?) description
interference 10°-10 Equipment cannot work temporarily. After the interference source disappears, the system will return to normal.
degrading 10-10* Resulting in system locked or protected status, must be restarted or repaired.
damage 10*-10° Causing moderate damage to electronic systems and may have permanent effects.
destruction 10°-10° Causing fatal and permanent damage to the electronic system. Need to fully replace the entire system,

equipment and hardware.
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