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Abstract: Inductances of every overhead line of given geometrical configuration may be
characterised by an inductance matrix. Knowledge of this matrix represents the starting point
for easy derivation of voltages on inductances of particular conductors. The paper is aimed at
building of the inductance matrix for a three-phase overhead line with one earth wire.
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1 Introduction

Our previous papers [1] and [2] show a possibility how to correctly
introduce (by means of the static definition) the self-inductance of a single
conductor and mutual inductance of one pair of conductors. Another result is
that inductances of any overhead line may be characterised by an inductance
matrix.

This topic has been dealt with by a number of authors but the knowledge
they acquired does not result in a simple and from the theoretical viewpoint
correct method applicable to any type of three-phase overhead line. The
algorithm we suggested in the above paper makes it possible to derive the
inductance matrix for any type of three- or multiphase overhead line in a simple
and mathematically exact manner. This algorithm is here illustrated on a three-
phase line with earth return.

The earth current passes through both earth wire and earth via towers. In
practice, estimation is sometimes accepted that each of these two ways carries
one half of it. Impedance of the earth return and distribution of the earth current
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to the earth wire and earth was investigated in details in [3]. Further we shall
consider arrangement of the conductors according to Fig. | and assume that the
earth current passes exclusively through the earth conductor.

2 Non-transposed four-conductor line with earth wire

Voltage on the inductance of phase « in the arrangement in Fig. 1 is given

as
di d; d di
L4 Ly—2+L —S+1,—2

The self-inductance and mutual inductances may be expressed as
L, = Hof1 +InlL
27\ 4 R
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where dj; is the distance between the phase conductors (i, = a, b, ¢) or between
the phase conductor and earth wire (i = a, b, c; j=0).

Fig. 1. Three-phase line with earth wire

The currents generally satisfy the condition

h+ iy + i+ =0, (3)
After elimination of i, from (1), (2) and (3) we get
2 = i{o_ dlu l +In daﬂ + dlb In da() + dlc In da(} (4)
27| dt \ 4 R d¢ d, dt d,|

Analogously, for voltages in phases b, ¢ and earth wire we have

ub:& Eil—“ln£1’~-i’1+g-b—(l+ln Ay +d£“ Indhn (5)
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Ry denoting the radius of the earth wire. Now we express the voltages in the
matrix form

- - .o
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where the matrix of inductances is
1 +In LN In L In 4w 0
R dah : dac
In E’m l +1In E{m In ﬁ’i’- 0
d d
Ln _ ;_0 ab b; . (9)
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Due to geometrical non-symmetry of non-transposed lines, induced
voltage in the carth wire may appear even when symmetric current load. This
voltage induces current in the closed loop consisting of the earth wire and other
conductive paths. When considering symmetric harmonic current load
(Lo=11,=1a’, I .=1,a  where a=e""") the phasor of voltage induced
in I m of the earth wire is (using (8) and (9))

Juo 1 \"db[}du() ‘\/3 d
|, (10)

U,=jol, (La(, +a’lL,, +aLCQ): Jjol , — J—In—%
T 2 d,

Analysis of non-symmetric systems is often based on the symmetric
component method. An important value is here the inductive reactance of the
Zero-sequence component. For its determination we put i, = j, = I = i, so that we
get using (3) ip = -3i. The zero-sequence component of the voltage in the earth
wire may be obtained from (8) and (9) in the form

#0 [1 + l ln (da(j )3 dhﬂdcﬁ:] dz‘(} _ )uf) I:l +1n 3\‘ daOdbUdCO :I dl’o
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DgO = V3 daOdbOdc_O. , (12)

the total inductance of this component can be expressed as

D
L{,=i‘£(l+ n—g") (13)
2zl 4 R,

)

3 Transposed four-conductor line with earth wire
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Fig. 2. Transposed three-phase overhead line with earth wire

Its basic arrangement is in Fig. 2. As far as during the one-line-to-ground
fault the current i, passes only through the earth line, the voltage in phase a is

Uy = _1'(31"13"(“_3 + Lab_di)" + Lacﬂ—l' La(]d_lo' + Lah Eii-i-
3 dt dr dt dt dt
di di, di di di,
+ L= + Lo—2+ L,—<+ [ —byp Toy_ (14)

1[di di
= 5{"(;_:[3 Laa _(Lab +Lac + Lbc ):' + "ﬁ(l‘aﬂ +Lb0+ LcO - Lab "Lac_ Lbc )}

and after substitution for the self- and mutual inductances we have

_ My dia 1 o, daﬂdb()dco di, “Vdabdacdhc
s = | I | 0 N abacThe | (15)
27| dt | 4 R dr 3 /daﬂdbudco -
Analogously
ub = 1(3Laa% + Lab% + ""("cbfii + Lb{}% + LCO %“+
3 dr dt dt dr dt (16)
di di di di. - di
+ Ly + Ly—%+ L,—2+ [, —C4 [ —2
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and hence, after substituting the inductance from (2)

— & & l_i.]n.j_m"ld abdacdhc +%~]n 3\1 dahdacdl;:
= e ey (17)

27| de | 4 dt  3/d,dd,

Let us denote the average geometrical distance between the phase

b

conductors and earth wire Dg(,:{/daudwdcn and the average geometrical
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distance between the phase conductors D, =3i/d,.d,d,. . Relation between
voltages and currents is now the same as in (8), but the inductance matrix reads

D - D
l + lnis Os 0, ll’li
4 R Dg{J
D, D

0, —+ ln~—1§-f—, 0, Inﬁi

L, = 22 5 O as)
V4

0, 0, LI it

R Dy

DY

0, 0, 0, L ]
i 4 R, i
Equations (8) and (18) provide the voltage in the earth wire
di
u,=L,—% 19
0 =toy (19)
where L 1s the total inductance of the earth wire
Ho |1 Dyo
Ly=—| —+In——|,

Y [4 R, } (20)

Inductance of the earth wire for transposed line and non-symmetric
current load is identical with the inductance of the zero-sequence component of
the non-transposed line according to (13). Using (20), we obtain the voltage on a
phase conductor of the transposed line as

D ] D . di
u, =0 1o Bt diy |, et dio _ (21)
27|\ 4 R )dr Dy, dt
Voltages on the phase conductors may generally be expressed by formula
di; di .
U; :LVE;+LVU_dr£ i=ab,c (22)
where L, is the total inductance of a conductor of the transposed line
Ho |1 Dy
A N R Pt i
=gl @)
and the mutual inductance between the phase conductor and earth wire is
Ho D gf
L, =—In——
Yy Dy, (24)

At symmetric current load of a three-phase transposed line with earth wire
ip=0. Voltages on the phase conductors may be now determined by means of a

diagonal submatrix L; (3,3) that is obtained from matrix in (18) omitting the last
row and column;



(25)

o = O
—_— O O
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27\ 4 R

4 Conclusion

Further to works [1] and [2] we showed how to derive the inductance
matrix for a three-phase overhead line with earth wire (non-transposed as well as
transposed) and how these quantities may be used for consequent analysis of the
line.
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