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Rezumat: Intr-o retea electrica de inalta tensiune, orice
curent de descarcare pe un stalp al unei linii electrice aeriene
datorat unei puneri la pdmant prin arc, se inchide la pamant
prin baza stdlpului defect, dar si prin conductoarele de
protectie si prin ceilali stalpi. In acest articol se prezinta
influenta conductoarelor de protectie asupra distributiei
curentului de defect, atunci cand defectul apare la un stilp
oarecare al unei linii electrice aeriene.
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1. Introducere

Un defect faza-pamant care apare pe o linie electrica
aeriana imparte linia respectiva in doua portiuni de linie —
fiecare portiune considerata de la locul de defect spre
capetele liniei. In functie de distanta de la locul de defect
pana la capetele liniei electrice, aceste portiuni de linie
pot fi considerate de lungimi mari, caz Tn care pentru
determinarea distributiei curentului de defect nu se tine
cont de statiile de la capetele liniei analizate, sau trebuie
sa fie considerate de lungime micé, caz in care trebuie sa
se tina cont de statiile de la capetele liniei analizate.

in lucrarile precedente ale autorilor [11, 12, 13] s-a aratat
cum, considerand cunoscute valorile curentilor la locul de
defect, se determind distributia acestora in reteaua
electricd. Se pot determina astfel valorile curentilor In
stalpii liniei electrice, Tn portiunile de conductor de
protectie adiacente si valorile curentilor care circuld prin
legaturile la pamant ale neutrelor transformatoarelor si
autotransformatoarelor din statiile de la capetele liniei
analizate. S-a considerat insa ca linia electrica este
prevazuta cu un singur conductor de protectie. In acest
articol, se analizeaza cazul in care linia electrica este
prevazuta cu doua conductoare de protectie,
prezintandu-se si o analiza influentei conductoarelor
de protectie asupra distributiei curentului de defect.
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returns to the grounded neutral through the tower structures, ground
return paths and ground wires. This paper presents an analytical
method in order to evaluate the ground fault current distribution in
an effectively grounded power network. The effect of the ground
wires on the magnitude of return currents has been examined.
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1. Introduction

A phase-to-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 studied these two sections of the line and
then the analysis of full-lines can be accomplished by
regarding them as a composite of the two sections.

These two sections of the line may be considered infinite
if some certain conditions are met; otherwise, they must
be regarded as finite.

In previous work [11, 12, 13], authors presented
analytical method for determination the ground fault
current distribution between the transmission line towers
and ground wire.

Ground current due to fault at any tower, apart from
traversing through it, will also get diverted in portion to
the ground wire and other towers. It was considered an
overhead transmission line with one ground wire,
connected to the ground at every tower of the line.

In this paper is considered the case when the transmission
line has two ground wires. It will be presented the
influence on the ground wires on the ground fault current
distribution.



2. Distributia curentului de defect
Defect la ultimul stalp al linei

In figura 1 se prezintd modul in care un conductor de
protectie este legat la pAmant in dreptul fiecarui stilp prin
intermediul impedantei de legare la pamant a stalpului

Z ¢ - Se presupune ca toti stalpii au aceeasi impedantd si
ca sunt fixati la distante suficient de mari pentru a se
exclude interactiunea dintre prizele lor de pamant. Cu

Z cp, s-a notat impedanta portiunii de conductor de
protectie corespunzitoare unei deschideri. Se considerd ca
fiecare deschidere a conductorului de protectie are aceeasi
lungime / d

si ca Zde e aceeasi pentru fiecare

deschidere. Z unde Z

cpy = Zepla cp

impedanta longitudinala raportata la unitatea de lungime a

reprezinta

conductorului de protectie. Cu Z cpy, S-2 Dotat impedanta

mutuald dintre conductorul de protectie si conductorul
fazei avariate, corespunzatoare unei deschideri a
conductorului de protectie.

Curentul [, care se Inchide la pamént prin stalpul al
n-lea considerat de la stalpul cu defect, este egal cu
diferenta dintre curentii i, si in 4] care circuld prin

portiunile adiacente ale conductorului de protectie.

1 ~int1 @)
Pentru orice circuit (figura 1) care cuprinde a n-a portiune

a conductorului de protectie si stalpii de ordinele n si (n-
1) ai liniei, se poate scrie:

n=!

InZg —1, (Zg +ipZ —VIdZde =0 (2)

Py
Z

Pm

, factorul de cuplaj dintre conductorul de
Z
p,
protectie si conductorul de pe faza avariata;

- 1 d- curentul de defect.

2. Ground fault current distribution
Fault at the last tower

Figure 1 below shows the connection of a ground wire
connected to earth through transmission towers, each
transmission tower having its own grounding electrode or

grid, Z, . It is assumed that all the transmission towers

have the same ground impedance and the distance
between towers is long enough to avoid the influence
between there grounding electrodes. The self impedance
of the ground wire connected between two grounded

towers, called the self impedance per span, it is Zde

Considering the same distance [ d between two

consecutive towers and that Z cp is the same for every

span, then Z cp =Z cpl d’ where Z cp represent the self

impedance of the ground wire in Q/km. Z cpyy 1S the
mutual impedance between the ground wire and the
faulted phase conductor, per span.

The current /,, flowing to ground through the nth

tower, counted from the terminal tower where the fault is

assumed to take place, is equal with the difference
between the currents i, and R

Iy =iy =i, (1)

The loop equation for the n-th mesh give the following
relation:

InZg =1, 1Zg +inZde —VIdZde =0 (2)
Z
- v= Prm , the coupling factor between the
Zde

overhead phase and ground wire;
- 1 d- the fault current.

conductonil de faza avatriat

Z iy Z Fy l_;.l %d

15 P
2y Ly ., sfﬁlpul

7 1 () cu defect

Figura 1 Distributia curentului de defect; defect la ultimul stalp al liniei
Figure 1 Fault current distribution; fault at the last tower



Pornind de la relatiile (1) si (2), in [13] s-a aratat ca,
pentru determinarea valorilor curentilor in stalpii LEA,
respectiv in deschiderile conductorului de protectie, se

obtin urmatoarele expresii:
on

I, = Ae™ + Be” (1)
on —-on
. e e
ip =A a+B —a+V1d 2)
1-e 1-e

A si B din relatiile (1) si (2) sunt constante arbitrare ce se
determina din conditiile de la capetele liniei analizate, iar

V4 cp,

Zgt

In cazul limita al unei linii de lungime mare, A — Osi

conform ecuatiilor (1) si (2) se poate scrie:
on

o=

I, =Be 3)
-an
i —B-S v @)
Ipn =b——
n - @ d
Iar B este data de urmatoarea expresie:
o
2th —
B=(1—V)(1—e_a)ld =(1-v) 1, 5)
o
1+th—
2
Pentru curentul in stalpul cu defect, rezultd expresia:
a
2th —
p_ 2
Iy =B=(1-v) a’Id (6)
1+th—
2

Daca lungimea liniei nu permite aceastd simplificare
(A — 0), atunci constantele arbitrare A si B se determina
din conditiile de la capetele liniei analizate:

by —b
A=1,0-—2—1—q-%
ab, —bya
102 —byay
@)
a{ —da
B:Id(l—v)¥(l—e_“)
ajby —bya,

unde cu a,,b,,a,,b, s-au notat:

z o Z
ap=1+1-e") =0 b =1+(1- %L

p Zp
Z'
ay =™ | P14 —Ly 41— %)=
p p
ZC
ol P . Z
by=¢ e ¥ar—Ly - %)=L

Rp Rp
Rezultd pentru curentul in stilpul cu defect expresia
(obtinutd punand conditia n =0, inclusiv in expresiile

coeficientilor ay ,b2 ):

Starting from (1) and (2), in [13] were developed the
expressions for the currents flowing to ground through the
succesive towers, respectively for the ground wire

currents:
an —on

I, =Ae™ + Be (1)
an —on
) e e
ip=A a+B —a+V1d 2)
1-e 1-e

In which: A and B are arbitrary parameters, that will be

obtained from the boundary conditions, and
VA
cp

a = d .
Zst

If the line is sufficiently long so that A — 0, according
to (1) and (2):
—on

I,, = Be 3)
-an
in = B—_a, + VId (4)
l1-e
B is given by the next expression:
o
2th —
B=(1—V)(1—e_a)1d =(1-v) 1, 5)
o
1+th—
2
The current in the faulted tower will get the expression:
a
2th —
2
Iy =B=(1-v) a’Id (6)
1+th—
2

If the line can not be considered long enough, then
parameters A and B will be found from the boundary
conditions:

A:Id(l—v)al;:jTllaz(l—ea)
@)
B=1, l—y)—1"% @
ayby —bja,

where a ,b1 2y ,b2 are:

z 7
ap=1+1-e") =0 b =1+(1- %L

p Zp
ZC
P
ay =™ | P14 —Ly 41— %)
p p
ZC
vl P . Z
by = | 1 —Lyp - =L
p Rp

For the current in the faulted tower we’ll get the next
expression (obtained for n =0 in all expressions,

including a, b2 ):



Ig=A+B=1,(1-v)

ajby —bya,

Defect la un stalp oarecare al liniei

In figura 2 s-a presupus cd defectul apare la
stilpul 0. De asemenea, s-a presupus ca sunt (N-1)
stalpi cupringi intre stdlpul cu defect si capatul din
stdnga al liniei §i respectiv (M-1) stalpi cuprinsi intre
stalpul cu defect si celdlalt capat al liniei. Rezistentele
instalatiilor de legare la pamant ale statiilor de la

capetele liniei s-au notat cu R, respectiv R ,. S-au

notat cu Z;_pd impedantele portiunilor de conductor de
protectie de la ultimul stalp pand la statia electrica.

Curentul total de defect [ d este dat de suma dintre

cele doua componente / d s 1 d-

by —b

a i )

(1-e%)+ @

(I-e ™) ®)

ajby —bjay

Fault at any tower

In figure 2 the fault occurs at the tower number 0.
There are (N-1) towers between this tower and the left
terminal and respectively (M-1) towers between tower
0 and the right terminal. The left and right terminal

ground resistance values are R P> respectively R P

The impedance of the section of ground wire between
the terminal and the first tower (tower N-1 or M-1) is

Z . The total fault current [ d is given by the sum

Cp d
between the current I;l from one side, and [;l from

the other side of the transmission line.

Figura 2 Distributia curentului de defect
Figure 2 Ground fault current distribution

1 este curentul in stalpul de ordinul n, considerat de

la locul de defect pana la capdtul din partea stinga
(figura 2); indicele s se referd la capatul din partea
stanga al liniei.

an

I_g =A™ +Bge” ©9)

i,—g este curentul in conductorul de protectie de la

n

locul de defect pana la capatul din partea stanga (fig. 2)

in—s =age™ +bge” M+, (10)

Constantele arbitrare Ay, Bg, agsi by se determind

din conditiile de la capetele portiunii de linie analizata.

Z,, reprezintd impedanta mutuald dintre conductorul
de protectie si  conductorul fazei avariate,
corespunzdtoare ultimei deschideri a conductorului de
protectie.

Zde Z

m Al
; (1-— )Rpld—UOe

z +Rp z

1 Py Py

I,,_, represents the current in the tower number 7,

counted from the faulted tower to the left part of the
transmission line (figure 2).

on

I_g =A™ +Bge” ©)

i,—s Tepresents the current in the ground wire (figure
2.

—age™ +bhe M+ 'y (10)
Aq. By,

boundary conditions.

agand bg constants are determined from the

1

Z,, represents the mutual coupling between the

ground wire and the faulted phase, in the last span.

—a(N-1) (x — ea)

A =
st

N — —
7 ea(N 1)(xs _, ¢

)_

e—a(N—l) (x R4

Y
)



_ z, ' -
P VA ' - —
o an SR,y e D (-
z +R Z
B =—|u,-—d P Pd (12)
s o N-1 - —-a(N-1
Zgy ea( )(xs —e a)—e ( )(xs —ea)
Z, '
P, VA ' — _
o am SRy e D (-
ey Zepy *Rp  Zep, .
ag =
-1 - —a(N-1
Zcpd ea(N )(xs —-e a)—e o )(xs —ea)
ZCPd Zm ' —a(N-1) o
; a1-— )Rpld—UOe (xg—e7)
a Z +R z
b — e -1 U Py P Py a4
s = o _ _ _ _
Zde ea(N 1)(xs e a)_e a(N 1)(xS _ea)
Z, z z Z
P cp cp cp
unde x, =1+ d ; d__ where x, =1+ d ; d__
st Zde +Rp Zst Zcpd +Rp

Expresii similare se obtin pentru curentii din partea

dreapta a stalpului cu defect.

Similar expressions are obtained for the currents from
the right part of the faulted tower:

_ on —an
I =A,e® 4B ™ I,_q=4q4¢ +Bye
n—d = d d 1)
15 A B _ "
. _ Ad on Bd —cm+1" (15) in—d= daean+ d_aea”+v1d
m—a T _a¢ T af a 1-e 1-e

Doua conductoare de protectie

Pana acum s-a presupus ca linia electrica este prevazuta
cu un singur conductor de protectie. In cazul in care
insa linia are doua conductoare de protectie, identice si
dispuse simetric, expresiile prezentate anterior pot fi

valabile daca cele doua conductoare de prote

inlocuite cu un conductor de protectie echivalent,

si Z .

cpme - T1nand cont de

caracterizat de Z_,

se pot scrie urmatoarele relatii:

U =21, +Z

cpl

U, = Zclel

1

cpll cpl2

+7Z

cp2

cpl cp221cp2

Cele doua conductoare de protectie, fiind legate la

pamant la ambele capete U 1 =U 5 iar impedanta

proprie a conductorului de protectie echivalent
U
z - 1 1
cpe +
P cpl — cp2

Two ground wires

It has been assumed that the transmission line has only
one ground wire. When there are two ground wires, the
expressions presented for single ground wire can still

be used, if ZCp and Z

e cpme
group of ground wires, if those conductors are identical
and disposed in a mutually symmetrical position.

values will represents the

ctie sunt

figura 3, Considering figure 3, the following equations could be
written:
Ul = Zcplllcpl +Zcp12lcp2 (16)
(16) UZ = Zclelcpl +Zcp221cp2

Those two ground wires, being interconnected at both

ends, U 1 =U 5 and the self impedance of the group

. can be defines as:
va fi:

an (17)



conductor de faza

conductor de protectie 1
ground wire 1

phase conductor
Zepml
Zep1y . cpr| T Z cpm2
Zepny [ ZP127Zep21
1
o} U, Pl conductor de protectie 2
- ground wire 2
hd hid

Figura 3 Doua conductoare de protectie
Figure 3 Two ground wires

Impedanta mutuala dintre conductorul de protectie
echivalent si conductorul de faza avariat, va fi:

I 7 I 7
__cpl cpml * cp2 cpm?2 (18)
cpme
D Icp1 + Icp2

Din cele trei relatii de mai sus, se obtin urmatoarele
expresii pentru impedanta proprie a conductorului de
protectie echivalent, respectiv pentru impedanta mutuala
dintre conductorul de protectie echivalent si conductorul
de faza avariat:

The mutual impedance between the equivalent ground
wire and the faulted phase conductor will be:

B Icplchml * IcpZZcme (18)
+ Isz

cpme b
cpl
From these three expressions, it will be determined the
expressions for the self impedance of the equivalent
ground wire, respectively for the mutual impedance
between equivalent ground wire and the faulted phase:

2

7 = Zcpl lch22 B Zcp12
" Zcpll * Zcp22 - 2ZcplZ (19)
B Zcpml (Zcp22 - Zcp12) * Zcpm2 (Zcpll B Zcp12)
pme Zcpll * Zcp22 B 2ZcplZ

3. Rezultate numerice

In continuare, sunt prezentate rezultate numerice.
Pentru exemplificare, se considerd o linie electricd aeriana
trifazata de 220 kV dublu circuit, dispusa pe stalpi avand
configuratia din figura 4. Linia electricd poate fi
prevazutd cu conductor de protectie din aluminiu-otel

(AL-OL) avand sectiunea S, =160/ 95mm?, sau cu

conductor de protectie din otel (OL), cu sectiunea

S, =95mm”.

op
.
F 3 ‘Lﬁdlﬂfl
203000 e |000 ¥
A 4500
bo 2000 un 2000 min
hcp= A7A00 m m B iﬁjun
5000 med 5000 mm
C [
[
¥

M7

Figura 4 Coronamentul liniei

3. Numerical results

In this section, based on the analytical model
presented above, are presented numerical results. In order
to illustrate the theoretical approach outlined in section
above, we are considering that the line who connects two
stations is a 220kV transmission line with one aluminium-

steel ground wire S, =160/ 95mm?*, respectively with

a steel ground wire S, = 95mm* (figure 4).

op
.
& ‘Lﬁdﬂﬂ
i
13000 sen| 3000 sy Y
A 6300
po 00 | 3000 man
By = 47400 mm E Iém
5000 tnte] 5000 s
C [
c
¥

7

Figure 4 Disposition of line conductors



Pentru calculul parametrilor liniei, s-a presupus ca
distanta medie dintre doi stalpi este de 250m. Impedanta
portiunii de conductor de protectie corespunzatoare unei

deschideri Z cpy si
conductorul de protectie si conductorul fazei avariate,
corespunzdtoare unei deschideri a conductorului de
protectie au fost calculate cu formulele lui Carson [1]. In
figurile 5 si 6 sunt prezentate grafic rezistenta, respective
reactanta liniei calculate cu formulele lui Carson, pentru
cazul in care conductorul de protectie cp este din AL-OL,
respectiv din OL.

impedanta mutuala dintre

Line impedances per one span are determined on
the bases of the following assumption: average length of
the span is 250m. Ground wire impedance per one span

Z and the mutual impedance Z  between the
Py m

ground wire and the faulted phase are calculated for
different values of the soil resistivity p with formulas

based on Carson’s theory of the ground return path [1].
Figures 5 and 6 present the resistance and the reactance of
the transmissions line, calculated with Carson’s formulas.

0,3
0,28 (/i:;!(
§-
8:2461 : XXX
0,22 4=
)
0,2 —o— c.p. AL-OL
0,18
0,16 M —X—c.p.OL
0,14
0,12
0,1
]
= 8§ 82 ¢ g ¢
— N on
rezistivitatea electrica a solului [ohmi*m]

Figura 5 Rezistenta liniei electrice in £/ km in functie de rezistivitatea electrici a solului in Qm
Figure 5 Rezistance of the transmission line in €2/ km as a function of the soil resistivity p, in Qm
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Figura 6 Reactanta liniei electrice in 2/ km , in functie de rezistivitatea electrici a solului in Qm
Figure 6 Reactance of the transmission line in €2/ km as a function of the soil resistivity p, in Qm

In figura 7 este reprezentat curentul in conductorul de
protectie, atunci cand defectul apare la utlimul stalp al
liniei. S-a presupus ca linia are 15 stalpi si este
prevazuta cu un singur conductor de protectie de
95/55mm”.

Figure 7 shows the currents flowing in the ground wire
in case of a fault at the last tower at the line. It was
assumed that the line has 15 towers and one
aluminium-steel ground wire 95/55mm”.



Valorile pentru impedanta proprie a conductorului de
protectie, respectiv pentru impedanta mutuala, au fost
calculate pentru diferite valori ale rezistivitatii electrice
a solului. Pentru aceste valori, tinand cont de cele
prezentate in [13], linia este considerata de lungime
mica, ceea ce inseamna ca la calculul curetilor trebuie
folosite relatiile (7).

In figura 8 este reprezentat curentul fo prin stalpul cu
defect, raportat la curentul de defect Id, in functie de
lungimea liniei. Atunci cand lungimea liniei depaseste
0 anumita limita, curentul Jo ramane practic
independent de lungimea liniei.

7000 Ground ere Currgnt [A]

The values of ground wire and mutual impedance
between the faulted phase and the ground wire, were
calculated for different values of the soil resistivity. For
those values and for that number of tower, according
with theoretical approach presented [13], the line
should be considered a short line, which means that for
computation the ground fault current distribution are
used expressions (7).

Figure 8 presents the current Io through the faulted
tower as a function of the line leghth. When the line
length exceed a limit, the current lo  remains
practically constant with the further increase of the line
length.
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Figura 7 Curentul in conductorul de protectie
Figure 7 Ground wire current for different values of ground wire and mutual impedance in case of the fault at the last
tower. Zst=10 Q

Curentul prin stalpul cu defect lo, in functie de lungimea liniei
The current lo as a function of line length
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4. Concluzii

Acest articol prezinta cateva rezultate numerice bazate pe
modelele analitice dezvoltate de autori in lucrarile lor
precedente, referitoare la estimarea repartitiei curentului
de scurtcircuit monofazat in retelele electrice trifazate de
inalta tensiune. S-a prezentat influenta conductoarelor de
protectie asupra distributiei curentului de defect, atunci
cand defectul apare la un stalp oarecare al unei linii
electrice aeriene.
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