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Earth return impedance of insulated conductor in
earth and conductor inside a tunnel

Susumu OHYA and Takeaki MORI

Abstract

It is necessary to calculate a self impedance value of earth return conductor and a mutual
impedance value between two parallel earth return conductors in order to estimate the electromag-
netic induction voltage. In this paper, the calculating results of earth return impedance about
insulated conductor in a homogeneous earth and conductor inside a tunnel are investigated. The
calculation of earth return self-and-mutual impedance generally is troublesome because of the
calculating equation consists of a infinite integrate equation and Bessel and Hankel functions.
Therefore, approximate impedance equations are evaluated and some figures are illustrated for

the purpose of obtaining rough estimate value.
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Fig.1. Conductor in the earth.

B-14 (1990)

w(rad/s), KHOBHE p(Z 2 CIHEZ O FERE
to=4rx10"H/m %L b0 L45), # L TAH
DEEFEER 012 L » THE S h, B# i, Pollaczek 12
IoTmahictkoRXict hitEcx 3,
-4 .
Zso:jm% {fo e THETRY s /ST R ) (s
+fow il € T )a's}
+rwx107* {HP(2gk)— HV (ak)) (1)

LIT, RBABIEHETHEHROBEL ST S &
T skindepth #E+ 4 DT, k=Vaouse’¥" cH 1,
s BEDER, [ FRECEAL e RHANKOETSH B,
(D) XOFE 1V HOFEREE D DM % Zsp, 5 2B
1% 0k Hankel BB DI 0 % Zow £ 35< &, Zoo=
Zsp+Zsy LFE5H,

Zsp DI EEEE & BT, hoBHER
DEMETH>Z LIck by, BEHECL >TkDD
EWTE S,

2.2 HEA vE—gy 280

P2mddde, R a, &ihsd2hkofzy
% Cl, C. ff;, 7K¥%EKEEE%& x (m) Tﬁ& LT By &=
T5, ZoBE, CCREOIMBBERL S v e — 5y
ARRATHETE B,

4 "
Zu=] 20));210 {-/:m QIXS (81 + 82T AT
(_57 /sz_kz )ds+/:° ejxs—(gngz)w

(s—vs*—k? )ds}

+ 1w X 10" { H§" (712k)— s rizk)} (2)

Fig. 2. Conductor configuration
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Fig.3. Self impedance of insulated wire in the earth.
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