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Analysis of PCI Cable Effects in HEMP Conducted Disturbance
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Abstract

The high-altitude electromagnetic pulse(HEMP) conducted environment and the HEMP radiated environment are
established as the consequences of a high-altitude nuclear explosion. The IEC 61000-2-10, the international standard,
defines the HEMP conducted environment. The IEC 61000-5-5 defines how protective devices for conducted distur-
bance proposed for HEMP protection shall be specified. The IEC 61000-4-24 deals with methods for testing protective
devices for HEMP conducted disturbance. The IEC 61000-4-24:1997 mainly describes the measurement method of small
protective components. However, it does not provide the measurement method for a combination filter of a protective
component and a filter which is widely used in recent. It is important to consider the characteristic of the measurement
setup parameters like thickness and length of the cable and its height above ground plane etc. in establishing
measurement setup because HEMP conducted disturbances include the frequency spectrum below 50 MHz. This paper
deals with the optimized measurement method, considering the frequency spectrum of HEMP conducted disturbance,
current waveform, and analyzing the effects of cables existing in the measurement setup.
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Fig. 2. Double exponential waveform.
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Table 1. Definition of conducted HEMP waveform in
Mil-Std-188-125-1.

E, E, Es
4 A7 < 20 ns < 1us <02s
HAE | 500~550 ns | 3~5 ms 20~25 s
e 2,500 A 250 A 1,000 A

o

Al Aol &9 #7], Aol, HAHPHOZFE 9
59 &4 A devge EAS © %}%
%—36—}@. {i_ —‘LEOML HEMP A%

o

LU A1
2 Hu

4

SAE Aol SeEe Je TAd
o pCL & PHE BEHDA B,

I. 5 82 = 7ol2 I =4
21 HEMP D= Yoz 24

HEMP A 54 H <
Y] el % Fah
s = A a‘:—&sm HEMP 54 Yol 4

A9

i

It) = KDE}(efm —e ™) (1)
A7NA I'E AFEZ AFA)OIL, tE AZHs), Kype
4ol a, e A5 AIZE 3 B 2AZ(Full Width

Half Maximum, FWHM)®] &<=o|t},

P2 A7 FY(Pulse Current Injection, PCI)S ¢
3 WA w79 A A AZE 10 ns, BAE o]
500 ns?l A&/ By 92 AR/ 32> 18 39 2

773



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 24, no. 8, Aug. 2013.

1000

Current [A]
Q
S
3

1E-6 2E-6 3E-6 4E-6 5E-6
Time [s]

(@ E 229 A&7 7Y
(a) Current waveform of E; pulse

Current Spectral Density [dBA/Hz]

1E+3 1E+4 1E+5 1E+6 1E+7
Frequency [Hz]

() E Hr9o Fuy AHEY
(b) Frequency spectrum of E; pulse

O3 3 E 229 AR 33 @ Fupgs AHEY
Fig. 3. Waveform and frequency spectrum of Ej.

on, o) RE Felo] WEL HA 17 30)st 2ol
Fis 2HEYS 4L 4 Yok 19 3004 2

I 3 bz (<)
Fe AR B A 229 F35 AqEYS

22 Bt B4 9 A 0|=2| metnlE =4

HEMP zit:/H tﬂ-gﬂ AEE HE AX }/] S
A7bs7] flsi e O9 49 22 34 9S4
2, A FA g 2 58S A=d o} s o
g8 =4 MY 71E9 IEC 61000-4-24 Ed.1.0&
MAE7) $18 FA 23 ZZAE 3] 9|(PT 61000-
4-24)5 B3 =EEHA

JI9 404 #3943 A3 AL
L& HEMP ALA sl BE Fx|e
| NES 98t BE AA ) A 9

S
o

D

N
ol
to wlo & =&
F1
oZ 2 rfr oft N e

e o
ofr
o,
X
>
>,
fo
A
°,
O
o
o
)
=
B
w2
o
l> (o
>
oy

ALA E B2 gste] Aol
ato] HA Aol 2 %E%HLH

i L
)

od My

>‘i O_Lu
°
NI\

774

Shielded room* Shielded room*

‘Coaxial feedthrough

1;5 il
I; Oscilloscope

Coaxial cable

Cable L1

Current sensor

Pulse Generator [I-%

Ground plane —I—

a8 4. A" 22 g AS5S A8 A4
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Table 2. Simulation results for the waveform of short-
circuit current with the lengths of cable L;.

L FEA© mm)
Ly Zoj(m) | FZ(A) | A5 AlZHns) | B2E(ns)
0.2 966 12 502
0.4 960 16 502
0.8 940 22 528
1.6 903 35 560
2.0 885 43 573
L SAH@ mnt)

0.2 963 15 504
04 953 18 505
0.8 930 26 536
1.6 903 38 555
2.0 872 46 582
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ort-circuit current with the heights of L;.

Ly @HA(9 mm’), Zel(1 m)
Eo| hmm) | IF(A) | 35 AZHns) | B2F(ns)
3 978 13 494
5 961 17 522
10 949 20 542
20 938 23 560
30 932 25 570
40 928 27 578
50 925 28 582
100 916 31 600
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E 5 I dolo] mE et 4% 9 2% 23
Table 5. Measurement results for the waveform of sh-
ort-circuit current with the lengths of ;.

L SHH© mnd)

Aol Lm) | AZFA) | A5 AHns) | B2F(ns)
0.2 1040 12 506
04 1005 16 526
0.8 973 20 545
1.6 960 24 565
2.0 983 39 582

L SAH @ mnt)
0.2 1,005 13 500
0.4 1,030 14 522
0.8 990 19 546
1.6 949 33 572
2.0 927 42 585
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