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Method for Approximated Analysis of HEMP Couplings to Cables in
Reinforced Concrete
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Abstract

High-power electromagnetic fields, which are used as one of the core weapon systems in electronic warfare, can cause malfunctions
in communication and power systems. Therefore, it is necessary to study their effects on civil and military facilities. In this paper,
an approximated method for analyzing the voltage induced in a cable, placed inside a building, by HEMP was proposed. To calculate
the electric field penetrating into the building, an equivalent medium for a multilayer reinforced concrete structure was implemented,
and its transmission and reflection characteristics were obtained. The penetration level of the E1 pulse and the load voltage of the cable
for unit voltage sources at each load were calculated. Subsequently, the coupling voltage was obtained and verified.

Key words: Electromagentic Pulse(EMP), Cable Coupling, Reinforced Concrete, Equivalent Circuit Model

I.M B st 2 W3 7l dte FU 2 A5 A A+

wopoll A A& A F28 FAR v Y E

A 23} H 2 (electromagnetic pulse : EMP)= &t A} EMP= 4= 4] km Abol| A o] dZzutz o3 v 7% Az}
Ao A 7] AA F spitolth. old wel ¥4 A v B2 (High-altitude EMP : HEMP) $-& AR &g 52
A7 9 o] &g WZF B A FAAA, AEA T F E NG F Aok 2EFY A9 JEE vAE

g e SEHSATA(UEI9I0I6ED) 3] 3 EMP 433 3t AlojE/teluR f=se AR 49 AdE wol £ad
At sty 7] 7 A58 2(Department of Electric and Electronic Engineering, Yonsei University)

*(F) E0FA X E (Moasoft, Inc.)

#1391 81 7 4 (Agency of Defense Development)

- Manuscript received April 29, 2020 ; Revised May 18, 2020 ; Accepted July 20, 2020. (ID No. 20200429-039)

+ Corresponding Author: Jong Gwan Yook (e-mail: jgyook@yonsei.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved. 623



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 31, no. 7, Jul. 2020.

QL
iJ
rr
m>~

19]

Ut A B A8 A

=2
£ ofy
rle du

e

2

Qte
Al71& 73-5-(front-door coupling)©] ™,
l"i—i ATl Az A 2 A5
$-(back-door coupling)©] t}.

e 7 A8 k& Eol A AR A

Hl 5L W7 PCB, A4 Fo RdE §, Azt AlEd o]
G —E’ﬂ@f T Ak 2 LHA full-wave 3i4] W
2 2% (finite element method : FEM), g2
A7+ oc‘E‘.j(ﬁnlte difference time domain : FDTD), E2H E
H(method of moment : MoM) 5-°] Tt HATF full-wave
A W IdE A8 A9, degs FAde 72
=3 YF Aol AW sfAsof stEE, ¢ 2

d :10
off L N

ol
on

tlo [t off oX

rpr
>
>

o

W A7ko] gAY, dAo] *Eﬂsw ‘3%{— A7} 2y
ath. olo th3t thto® Aole] A % AR #71E
3z A <1>_] H FHo g

A sk ol AgE o AREEH, EH H
FEKO 5ol #-§% A$A 82 (transmission line matrix
o A8k TLM 7|Ho] & Zﬂl }2;]'%- A
o) ZEIHE o] &g M 74, AA A 2
AR 5ol EMC Al 273 7ol, 7150l He A
ol |4 Fulg 7|Fo2 A4 A o]stE Fojx
%}7(%01]‘3} Ao| He 5, At 270] gtk
=804 E Electromagnetic Topology(EMT)ell
A 0}04, back-door coupling 37391 & U
o Az Ago = 3 f7] Hhe FAH R a4 st
T WSS AAEAT WA AEs sk AL 23
A

_

1

AE A%

JER 9% 4713 ¥ A A4S A% 5 A
7RG o2 AR Vo] T4
57 32 2992 Saadt stz A% 4713
2 57k 922 olgdel FW Pael 7] AL @)
a9tk o] W e Bl T2A Aglel AL i A
oo g ARt 4GS AHT 5 Arh

I. 4=

el
=
I
rx
HU
-
2!
Ha
ML
o

21 2 232E 57t 293

A% oMzt e TS 22 BaE
£ 34 442 pAEE 235 2adEY 0 12
2 PHEG. 3T FAREY 44 728 2IYdt)

S m ol AF M0l AET A%, AN
CPU % v 22] xm o %43 wol B2t ole
4 299 BAE Aas] G54, A2
g oFt 22 zﬂ]xw—u 1 e

wiremesh ijwiremesh (1)
Holerr —(d/2)/a,

Luzremesh T - In ( : ﬂ) (2)

Gopp=a—ad ©)

19 28 29 57 BY A9dAE A4
H, ZIYE-HIL-EIAYE
45 dehith 0= 7z

e 42 AA7L 5 guss padE

Concrete

d8 12 2FE US 72 B AL AR 72
Fig. 1. Reinforced concrete and wire mesh structure.
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Table 1. The equivalent inductance and capacitance of a
single-wire when the height of wire is 1 cm.
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Fig. 5. Agrawal’s cable coupling model.
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