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Abgract: A phaseto-ground fault occurring on a
transmisson line divides the line into two sections,
eech extending from the fault towards one end of the
line. In this paper are studied these two sections of the
line and then the andyss of full-lines can be
accomplished by regarding them as a composte of the
two sections. These two sections of the line may be
congdered infinite if some certain conditions are met;
otherwise, they must be regarded as finite. This paper
trest the case when those two sections of the line are
both long ad dlows the determirgtion of the
trangmisson tower voltages during ground faults, for
longlines.
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1. Introduction

A phaseto-ground fault occurring on a transmission
line divides the line into two sections, each extending
from the fault towards one end of the line In this
paper are sudied these two sections of the line and
then the andysis of fulldines can be accomplished by
regading them as a composite of the two sections.
These two sections of the line may be consdered
infinite if some certain conditions are met; otherwise,
they must be regarded as finite In this paper is treat
the case when both of those sections areinfinite.
During ground faults on transmisson lines, a number
of towers near the fault are likdy to acquire high
potentiddls to ground. These tower voltages, if
excessive, may present a hezad to humans and
animds.
Since during a ground fault the maximum voltage will
appear a the tower nearest to the fault, attention in
thisstudy will be focused on that tower.
The voltage rise of the faulted tower depends of a
number of factors. Some of the most important factors
ae
- magnitudes of fault currents on koth sides of the
fault location;

- fault location with respect to the line terminas
conductor arrangement on the tower and the location
of thefaulted phase;

- theground resistance of the faulted tower;

- ol resdtivity;

- number, materid and size of ground wires.

In exploring the effects of these factors an important

assumption will be that the magnitudes of the fault currents,

as supplied by the line on both sides of the fault location,
are known from system sudies; no atempt will be made,
therefore, to determine these quantities.

The cdculaion method introduced

following assumptions:

- impedances are consdered as lumped parameters in
each gpan of the transmisson lire;

- capacitances of the line are neglected,

- the contact resisance between the tower and the
ground wire, and respectively the tower resistance
between the ground wire and the falty phase
conductor, are neglected.

is based on the

2. Faultson overhead lines

When a ground fault occurs on an overhead transmisson
line in a power network with grounded neutra, the fault
curent returns to the grounded neutrd through the tower
gructure, ground return path and ground wires. In this case,
an infinite hdf-line can be represented by the ladder
nework presented in figure 1. It is assumed that al the

transmission towers have the same ground impedance ZSI

and the digance between towers is long enough to avoid
the influence between there grounding eectrodes. The
impedance of the ground wire connected between two
grounded towers, cdled the sdf impedance per span, it is

noted with Z . Conddering the same distance |
between two consecutive towers and that ZCpd is the same

for every span, then Z,, = Z,l,, where Z, represants

CPqg
the impedance of the ground wire in W/km. Z,.

represents the mutua impedance between the ground wire
andt he faulted phase conductor, per span.
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Figurel. Equivaent ladder network for aninfinite half-line

In order to determine the equivaent impedance of the
creuit presented in figure 1, it is applied the
continuousfractionstheory (Edemann 1966).

For the eguivdent impedance seen from the fault location
(figure 1), canbe written the fdlowing expression:

@

Expresson (1) could be written in a recurrent manner
using the following equation

Zy =2y, ¥ @
1¥

From this expresson results the next two-degree
equation:

2 —

Z1¥ - Zcpdzl¥ - Zc Z,=0 3

Pg st

The solutions of thisequation are:

Zde Zczpd
Zl¥ :Ti Zcpdzst + 4 (4)

The continuous fraction beonging to equation (1)
converges to a limit vaue that represents the first
solution (corresponding to the “+' dgn) of the
equation (4) if there are fulfilled the following van
Vleck and Jensn theorem’'s conditions (Edemann

1966):

Re(Z,, ) >0, Re(Z,)>0,

®)
Im(Z,,) <¥, Im(Z,) <¥

Therefore, is the

following:

the solution of equation (3)

Ze | 2
Zl¥ :%4_ Zcpdzst+ Zpd ©®)

The impedance of the ladder network, seen from the fault
location, can be determined usng ether the lumped
parameters or the distributed parameters

Using lumped parameters, the impedance of the infinite
haf-ing according with (Endreny 1967), is:

Z Z2
— % CPd
Z,=— +1/chdzst+ " @

As it can be obsaved, expresson (7) is identica with
expresson (6).
Teking into account that usudly Z,, << Z, expression

(6) can bewritten asfollows.

Zy »

Z
CPg
2 + '\’ Zcpd Zst (8)

Expresson (6) gves the impedance of an infinite section of
a transmisson ling extended from the fault towards one
end of theline

For a infinite line in both directions (the two sections of the
line between the fault and the terminds could be
conddered long), the equivdent impedance is given by the
next expression:
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Figure 2 Full-line, infinite on both directions

The voltage rise of the faulted tower U0 is given by
the next expression (Vintan 2003, Endreny 1967):

Up =(1-n)l4Zyy (10)

In expresson (10), the coupling between the faulted
phase conductor and the ground conductor is teken

into account by Z the mutual impedance per unit

CPm ’

Z
length of line and N = —2=

represents the coupling
CPyg

factor. |, belonging to expression (10) represents the

fault current.

3 Resultsand Conclusions

For numericd results it was considered that the
arangement of phases on the towers of the line is that
presented in figure 3 (Normativ PE 134/1984). It was
considered only one ground wire.
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Figure 3 Phases arrangements on the tower

If it is consdered that the ground wire is @ aduminium-
sed wire, having the section 160/95mnt, and the diameter

d=18,13mm, then Zde = 0,193W.
In figure 4 is represented the eguivaent impedance Zy, of

Z
—P4  The vaues

st

», =0193W  ad
Z, =386W,

the line for different vaues of K =

conddered were Z
Z, =19,3W,
Z, =0,0386W.

respectively
Z, =0198W,

1,2

1

0,8

06 \

04

0,2
N

0
0,01 0,05 1 5

Figure 4 Curve for impedanceof infiniteline

If it is conddered that the ground wire is from sted, having
the section 70 mm? and the diameter d=10,5mm, then

Z,, =2,8825W.
In figre 5 is represented the eguivalent impedance Zy,, of

Z
the line in this case for different vauesof K = —2%  The

st

vdues conddered were  Zg, = 2,8825W  ad
respectively Z, =28,825W, Z, =5//65W,
Z, =2885W, Z,=19W, Z, =05765W,
Z, =0,28825W.
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Figurre 5 Curve for impedancedf infiniteline



It can be shown that between the fault and the source,
a a great distance from both, the portion of the fault

current flowing in the ground conductor is Nl 4 while
(1- n)l, is retuming in the ground and there is no
interchange of currents through the towers. In the
absence of coupling between the phase and ground
conductors, the total of | 4 will gradualy flow into the

ground through the towers, and, if the line is long
enough, no current remains in the ground wire The
voltage rise a the fault location is, according to (10),
the product of this latter current portion and Z,, .
This impedance represents the resultant impedance of
the two half-lines and the ground resigance of the
tower a the fault in padld, and is given by the
expression (9) (Endreny 1967).

Taking into account the above condderations, it can
be sad tha in the both directions infinite line case, the
highest voltage rise of a given tower is obtained when
the fault appear on the phase which is the furthest
from the ground conductors. For example, in a vertica
arangement of phases, the lowest phese should be
assumed faulty.
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