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Derivations of Formulas for Electromagnetic Inductive
Potentials in the Communication line by the Fault of
Multi-Grounding Distribution System
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Abstract

This paper describes the derivation of formulas for the distribution of electromagnetic inductive interfe

rence potential on the communication line in the cases of both contact fault and one-line grounding of the:

three-phase, four-wire, multi-grounding distribution system.

Given the impedance of main transformer, the physical size and geometrical layout of the distribution:

lines, the distance between distribution system and communication line~ the distribution of multi-grounding

conductance, and the distribution of earth conductivity,

the distribution of electromagnetic inductive

potential is determined by the formulas derived. The formulas are designed to be adequate for computer

calculations

1. Introduction

In Korea existing three-phase, three-wire distribution
systems will be converted to common-neutral, three_
phase, four-wire, multi-grounding systems of primary
13.2-/22.9-KV and secondary 220-/380-V in the near
future.

When the projected systems are materialized, it is
anticipated that during the contact fault between phase
and neutral line conductor or one-line-grounding the
electromagnetic inductive potentials in the near com-
munication line will present a problem in a sense of
their exccessive magnitudes.

This paper, therefore, aims to develop the formulas

for the prediction of the distributions of the inductive
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potentials in the communication line for practical use
in field.
In the process of deriving them the following
assumptions are made for simplicity:
(1) The entire line of distribution system is divided
intc equally spaced section intervals
(2) The
conductance density and earth conductivity are

distributions of both multi-grounding

constant within each of section intervals.

(3) The distances between distribution system and
communication line within each of section intervals
are represented by geometric mean distance of
the initial and ending location of the corresponding

section interval.
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1. Formulas for Neutral Line Potentials
and Fault Current in the Multi-
Grounding Distribution System

The fault conditions of the distribution system
which result in remarkable rises of the electromagnetic
inductive potentials in the adjacent communication line
_are classified into two categories—the one is the contact
fault occurring between neutral line conductor and one
of phase line conductors as shown in Fig. 1 and the
_other the grounding fault of one of phase line condu-

.ctors as in Fig. 2.
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Fig.1. Contact fault in the multi-grounding

distribution system.
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Fig.2. One-line-grounding fault in the

multi-grounding system.

In order to predict the magnitudes of electromagnetic
inductive potentials in the communication line it is
required to know both the fault currents and the
distribution of neutral line potentials in the distribu-
tion system. For calculating these quantities it is

defined that
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where i==end point of the i{-th section interval in
the distribution system as shown in Figs.
1 and 2
—=section interval length [km3J

Z,()==self impedance density [{2/km] of neutra]

line in the i-th section
g({)=multi-grounding conductance density o/

km] in the z-th section
Z,,(i)=mutual impedance density (/km] between

neutral and phase line in the i-th section

Za+Zo+Zo  for main transformer pri-
|
() 3 mary wye connection
Z= .
Za+Z. for main transformer
. 3 primary delta connection

)
where Z,1, Z; and Z,=positive, negative and zero
sequence impedance [Q] of primary (source)

referred to the secondary side
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where Z,(jD==self impedance density [Q/km] of
— v phase line in the j-th section
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where Z;—=sending end neutral-grounding
impedance[Q]
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From the above defined quantities, in the case that
the fault location is the end point of the Jf~th section,
the contact fault current I.(f) and the one-line-
grounding current I (f) are, respectively, expressed
as (1,2]

L(F=e/{Zs:( )+ 2ol )+ 210 FI+Z,0+ 2,

+Z,)

where Z,—=main transformer impedance[Q]

15)

referred to the secondary side
Z,—contact fault impedance(Q)
e=source voltage in phase [V]

referred to the secondary side
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Ls(f)=e/{Z0s( f)+Z1as(f)+Z.a+Z+Rs) (16
where Rs=grounding resistance [Q] at fault location
And the distributions of neutral line potential V.
(Js ) for contact fault and those V.e(jy f) for one-
line- grounding are also, expressed respectively, as

(1,2)
Valin =~ 2oC > {8050+ B0 )
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where j>>f

Vel == 2o {ACG 00+ B2 0}
(+BCj0O—ECG,0) | Le(f) (19

where j<lf
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where j>f

I. Formula for Electromagnetic Inductive-
Potentials in the Case of Contact Fault

In the system configuration as shown in Fig. 3, it
is assumed, for simplicity, that the entire line is
divided into equally spaced » sections with every section
interval length of s and that the multi-grounding
conductance density g{ ;) and the earth conductivity
g( s are assumed to be constant within each section,
The communication line begins at point 7, ends at
point % and electromagnetically coupled with the distri-
bution system with mutual impedance density Z,.(j)
between both lines.

In the case that the contact fault occurs at the end.
point of the f~th section interval, or point f, the
electromagnetic-inductive-potential inducing current I,

(j>f) et point j can be written as

L =Ly O+ L. F) €3]
where j<f
Ic(j’fDZIm(jyf) (22>

where j>f
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Fig. 3. Contact fault and inductive pontentials.
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where i>f
The interval terms of Egs. 23 and 24 can be integ-
rated with the use of the multi-grounding system

characteristics that
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where j>f

That is, the first integral term of Eq. 22 is calcul-
ated, from Egs. 17 and 25, as
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and the integral parts of Eq. 24 are calculated, from:
Egs. 18,26 and 27, as
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where i>f
Substituting Eq. 26 into Eq. 22 and Eq. 27 into
Eq. 23, finally we obtain the inductive potential as
V(s 7= ZinacGy oG f) (29)
where i=m-+1, m+2,eeer- A
Here, Z;,;.(¢, f) is defined as
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V. Formula for Electromagnetic Inductive
Potentials in the Case of One-Line
Grounding

In the case that the one-line grounding fault occurs

at point f, the inducing current I (j, f) at point j

is expressed as

Le( gy fI=Loe( Gy O+ 1D (32)
where j<f

Ie( gy fI=Lul 4 f) (33
where j>f

Accordingly, the inductive potential V. (i, f) at the
point ¢ of the communication can be simply obtained
with the replacement of Z,.(f), Zr.(f) and L s(f)
by Zos(f Dy [—Zoe(fI{ACS, 0O+B( S, 00/Z0) +B( £, 0)
—E(f,00) and I,(f), respectively, in Eqs. 29, 30
and 31 according to analogical relations between both
cases. That is,

Ve, f3=2Zine(ly [ LasGs f ) &1))
where i=m+1, m+2,--err , ke

Here, Z,,.(i,f) is defined as
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[_ () {A( s 0>+%} 4B, 0) ZL D=1 4 {0.98696 X 10-5—2 X 0. 16646 X 105k,
) ° N TCHF )i [{0.81563X1072—0. 12566 102
—E(j, 0)] e [—Zag(f p) {ACf, 0) log.g,—0. 62832 % 1073log, {¢( 7S} —2X0. 16646
BUAD L pes 0v—EC 0 X107 hav/oC0F 1] f10/km] (38
+ Zy B0 g )] r,( j)=resistance density [3/km] of neutral line
(555~ D0 A6, = £BG, 1) conductor in the j-th section

h,=height [m] of neutral line conductor

i=1 { Zo () Zp(G+D) }

S UZCD VAGESY) gn—geometric mean radius [m] of neutral line
Ji=r+1 id n

The author, therefore, suggests another type of

. . conductor
(DCny f> ACG, f)—Cn OB, FO})
‘ L ~_ Zp(DZa(F) .
TSj:§+1{ZP;<J> "—T])'—} (86) phase lina
nautral lin2 communication
where i>f line
Y. Formulas for Self Mutual Impedances [~ i Fa ) $
Eqs. 15, 16, 29 and 34 require the precalculations ha #a he
..of neutral line self impedance density Z,(j), phase =D
line self impedance density Z,(j), mutual impedance s s
. distribution Z,,( ) between neutral and phase line and ; |
e i i
mutual impedance distribution Z,.(j) between distrib- ] phase line }
ution system and communication line. Il . I
nzutral line I
The more commonly used methods for these quan- I ] ij—x ;j T
tities are based upon the well known Pollaczek-Carsen’s z j—l)l : s _JI [
formulas, but are too complicated to apply to field 2 (=1 PR : = ()
calculations. | )
I
|

modifications which is theoretically identical with the commun_ication
- original Pollaczek-Carson’s formulas but takes lesser hlne ]
time to calculate actual values.

In the conductors spacing as shown in Fig. 4, the Fig.4. Conductor spacing.

suggested formulas for the densities of respective Z,( =L (0. 98696 X 10-—0. 16646 X 105 (hath,)

. < withi _th L
impedances within the j-th section interval are as VTTTIF) Il (0. 81563 10-5—0. 12566

follows: %1072 log—0. 6283210~ log. (¢ (DS}
Z( D =ra( )+ {0.98606 X 107—23X0.16646 X 10~5%, 0. 1664651075 {hu-- o) v GCI5F) 1FTQ/ k]
N o (Gof 31 +i0{0. 81563 1072—0. 12566 X 10 *log, (39)
24—0.62832% 1073 log, {¢(j)f} —2X0. 16646107 where [=distance[m] between phase and neutral
ha"a(HF 1] fLQ/km] 3D line conductor
where i=+"—7 Zp.( 7)=0{0. 98696 X 1072—0. 16646 X 1075 {hp-+h.}
r.( jy=resistance density [Q/km> of phase line v o(Df)If+il{0.81563X107°—0. 12566
conductors in the j-th section X102 log.d( j)—0. 628321073 log. {o(f ) f}
h.—height {m] of phase line conductor +0.16646:X 1073 {hs+h.} ~/5( ;) f) Jf(QR/km]
g.—geometric mean radius [m) of phase line 40)
conductor where 0.28241X 107y G 0F d()<0.5
o( j)==earth conductivity [g3/m]) h.=height [m] of communication line conductor

f=system frequency [CPS] hp=C(hat+h,)/2



Herein, d(j)is defined as
dPNEU (G—1024Cha—h Iz (G—1D24+ha—ho)?)
(& (D24 Cha—he)) {2+ Cho—h D) 2
D
where x’and z”’=horizontal distance(m] between
phase and communication line and between

neutral and communication line

Zp (D= [0. 25133 10-2 {%%%JQL

1 w -
+m}]f : z[0.25133><10 2
K. K.}

{—KT.) o @/m
10>K.(j)>0.5
7. ¢ y—_0:25133X1072f
ING)) Y A
K.(j)in Egs. 39 and 40 is defined as
K.()D20.2824 X107V g (O F

(2 G—=Da" G—Da' (P (D)

(42>

where

[(Q/km] U3

(€7))

V. Conclusions
This paper derives useful and practical formulas for
calculating electromagnetic inductive potentials in the
communication line caused by the faults of multi-
grounding distribution system, and the derived form-
ulas are adequate for calculations by digital computer.
More specifically,
(1) Prior to calculations of the inductive potentials
in the communication line, the distributions of

self and mutual impedances and fault currents
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should be determined by the data of system par--
ameter and the distribution of earth conductivity.
Eqs. 37~44 are simple and practical formulas for
determing each distribution of self and mutual
impedances.

(2) Eqs. 15 and 16 are, respectively, formulas for
calculating contact fault current and one-line-
grounding current which are directly utilized for
the determination of inductive potentials in the
communication line.

(3) Eq. 29 is formula for caculating the distribution
of the inductive potentials in the communication.
line in the case of contact fault.

(4) Eq. 34 is formula for calculating the distribution
of the inductive potentials in the case of one-line-
grounding.
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