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Telecommunication circuits closely parellelling high-voltage power trans­
mission lines are susceptible to electrostatic, electromagnetic or conductive 
interferences adversely affecting normal telecommunication service. These 

cffects of interference give rise in the telecommunication circuits to voltages 
and currents, which produce the phenomena generally referred to as disturbance 
and danger. 

Of these two concepts it is the disturbance which is responsible for 
producing unwanted signal components deteriorating the quality of telecom­
munication. Disturbance is primarily caused by the upper harmonics present 
in the high-voltage transmission voltage. By danger an effect of interference 
is understood, which may jeopardize the telecommunication equipment or 
the life of the operators. Danger may arise due to conductive or electromag­
netic interference. In the present paper only the problems of electromagnetic 
interference will be discussed. 

Electromagnetic interference is produced when in the telecommunication 
circuits a voltage is induced by the currents flowing in the high-voltage power 
transmission lines. In this respect, the case of earth faults is primarily decisive, 
since the induction produced by normal service currents under balanced 
three-phase load conditions is equal to zero (in any point sufficiently remote 
from the power line). Hence, an electromagnetic field only exists in the im­
mediate vicinity of the high-voltage transmission line, where the fields pro­
duced by the three phases do not fully compensate each other. The conditions 
are entirely different in earth-return systems or three-phase systems containing 
zero-sequence circuits, i.e. whenever an earth fault occurs. In such cases the 
current producing interference flows in the phase conductors of the high­

voltage transmission line towards the fault and returns through the earth. 
Thus, the current giving rise to interference is an earth-return, or zero-sequence 
current. 

By the electromagnetic field of the high-voltage line a voltage, termed 
longitudinal electromotive force, is induced in the circuit consisting of the tele­
communication line and earth. Its magnitude can be calculated from the fol-
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lowing relation: 

E = k . Zm . lop (1) 

where 

E longitudinal electromotive force (volts r.m.s.) induced in the tele­
communication line concerned, 

k resultant screening factor, in which the effects reducing the induced 
e.m.f. and considered in the calculation are taken into account. 
These reducing effects are brought about by currents flowing in 
the various closed loops (compensating circuits), producing an 
electromagnetic field partially cancelling the inducing field, 

Z", mutual impedance (ohms) between the telecommunication line 
examined and the inducing high-voltage transmission line, 

Io!, three-times the zero-sequence current (lop = 3 Io amp., r.m.s.) 
flowing in the inducing high-voltage line under the particular 
conditions of interference examined. 

In the case of overhead transmission lines, with respect to interference 
the circuit elements acting as compensating conductors are the overhead ground 
wires and cOllnterpoises. The possible variations in the number of compensat­
ing conductors, their material, cross-sectional area, and other factors (such as 
geometrical arrangement of conductors, soil resistivity, permeability of steel 
wires, etc.) have given the incentive to investigate the screening effect which 
is to be obtained by the various means available and to summarize the results 
in the present paper. 

In discussing the case of high-conductivity ground wires the examinations 
will not be extended beyond the compensating effect to the mechanical 
problems, or to those associated with de-icing, etc. Neither will the economical 
aspects be dealt with here. 

1. Basic relations referring to the screening factor 

The arrangement shown in Fig. 1 consists of three earth-return lines, 
indicating the positive directions of current flows. Explanation of symbols 

used: 
p: inducing line (high-voltage transmission line), 

k: compensating conductor (e.g. ground wire or counterpoise), 
t: induced line (telecommunication line). 

In the course of the described examinations a homogeneous soil, horizontal 
lines of infinite length, earth-return currents flmving parallel to the inducing 
line and a current of constant magnitude along the full length of the inducing 
line are assumed. 
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The chain of thought leading to the definition of the screening factor 
may be summarized as follows: a current Jp flowing in the inducing line pro­
duces an e. m. f. Uk in the open-circuited compensating conductor and an 
electromotive force Ut in the induced line. If the compensating conductor 
forms a closed loop, the value of U k will be zero, and that of Ut is reduced 
to Et, because J k flowing in the compensating conductor is opposed to Jp­
The ratio of Et to Ut is the screening factor. 

Fig. 1. Basic scheme of compensating conductor application 

The roltage equations applying to a closed-loop compensating conductor 

art' the following: 

Z ' Z - Z Z pi: Z - f Jp r: I J le I;t - Jp pi - Jp -Z k! - Jp ZP! , 1 
kk 

Zp"Z"i )' 

ZP!Z~i: 
(2) 

In the above equations the Z impedances marked with a suffix consisting 
of identical letters indicate the earth-return self-inductances of the circuit 
referred to by the letters of the suffix, while those marked with a suffix con­
sisting of different letters designate the earth-return mutual inductances of 
the circuits referred to by the letters of the suffix, the impedances in all cases 
heing unit-length values. 

For an open-circuited compensating conductor the following relation is 

valid: 

(3) 

The value of the screening factor is obtained as the quotient of relations 

(2) and (3): 

Zp"Zkl 

ZptZkk 
(4) 
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From the above it immediately follows that the value of the screening factor 
is always less than unity and the compensating effect will be the more favour­
able the lower its value is. 

2. Screening factor of more than one compensating conductor 

If the compensating system consists of several conductors and the earth­
return (or zero-sequence) self- and mutual inductances are known, for the 
exact determination of currents and voltages as many simultaneous equations 
are required as the number of conductors of 'which the system consists. 

In these cases the calculation will proceed as follows: let it be assumed 
that, in addition to the inducing line p and to the telecommunication line t, 

the system consists of three compensating conductors (v, lV, q). All self- and 
mutual inductances are known. Each value is marked with a comhined suf­
fix as in the former case. The current I p flowing in the inducing line is also 
considered as known. The calculations can be simplified hy taking the direction 
of current Ip as reference and its magnitude as a pure realnumher (i.e. Ip = 

= 1.0 jO.O, if the calculation is made with relative units). 

The current flowing in each compensating conductor may he computed 
from the voltage equations of the three compensating conductors: 

for conductor w: ° = IpZpw (5) 

All Z values and also I p being known, the above equations constitute a 
linear, inhomogeneous set of equations in three unknown quantities. The 
unknown values of I r , lw, Iq can he found hy applying Cram er's rule. 

With the current values thus found the expression giving the longitudinal 
e. m. f. induced in the telecommunication line will he: 

(6) 

It should be noted that all quantities in the equations are complex values. 

3. Remarks concerning the solution of the simultaneous equations 

Due to the complex quantities involved, the solution of simultaneous 
linear equations (5) is rather cumbersome. If more than three compensating 
conductors are to be considered, the calculations become increasingly lengthy. 
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Still, the only method leading to exact results is that of solving the simul­
taneous voltage equations. This method has also been adopted for considering 
the counterpoise and ground wire. 

Cases exceeding the complexity of Eq. (5), i. e. problems inyolving more 
than three unknown quantities are seldom encountered in practice. The quick­
est and most practicable way of solving simultaneous linear equations is 
that of using a digital computer, and this method was adopted for dealing 
with the tasks described below. 

4. The screening factor of ground ",ires and counterpoises 

The most common compensating conductors of oyerhead transmission 
lines are the ground wires and counterpoises. Since these compensating con­
ductors are in the close yicinity of the inducing phase conductors and at a 
distance practically equal from the latter to that of the induced telecom­
munication line, it may be assumed with good approximation that Zpt = Zkt. 
Hence, the relation for the screening factor given under (4) takes the simple 

form of 

In the following calculations this relation will he used. 

5. Short summary of screening-factor calculations 
performed with the Elliott-803B digital computer 

(7) 

For the Elliott-803B digital computer an autocode programme 'was 

prepared to calculate the complex quantities Zpk, Z"" and k contained in 
Eq. (7) for yarious combinations of ground wires and counterpoises. The 
programme is suitable for computing the zero-sequence impedance of the 
phase conductors as modified by the effect of the compensating conductors, 
the amount of this modification with respect to the original value, as well 
as the sum of currents flowing in the compensating conductors, expressed in 
relative units with respect to the short-circuit current (3 Io) flowing in the 

phase conductors. For examinimg the simultaneous effect of ground wires 
and counterpoises the programme makes use of the simultaneous linear 

equations (5). 
In the course of calculations, the following arrangements of conductors 

on the transmission-line towers will be considered: 
a) with no or with only one ground wire: 
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120 kY, single-circuit, three-phase overhead line with 250/40 sq. mm 
ACSR phase con"ductors in triangular arrangement (Fig. 2), 

b) with two ground wires: 
120 kV, single-circuit, three-phase overhead line with 150/25 sq. mm 

ACSR phase conductors in horizontal arrangement (Fig. 3). 

---------r 
I 

<0' 

"'" j 

Fig. 2. 120-kV transmission-line tower with 
one ground wire 

1<)' 
..::t-~! 

'"~~~~~~~---{ 

Fig. 3. 120-kV transmission-line tower with 
two ground wires 

Studies were conducted to determine the effect of conductor arrange­
ment on the magnitude of the screening factor. The results obtained have 

shown that 'with conventional conductor arrangements of the 120-220 kV 
transmission-line towers the variation of the screening factor remains 'within 
0.5 per cent. all the other factors remaining unchanged. 

6. Modification of the zero-sequence impedance of an overhead 
transmission line under the effect of compensating conductors 

Using the symbols adopted in Section 1, the following voltage equations 
can be written for the system of conductors consisting of phase conductors 
and compensating conductors (the quantities now being considered as zero­
sequence values): 

Up = IpZpp + IkZpk 

U" = 0 = IpZpk + IkZ"k 
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Expressing the current flowing in the compensating conductors and 
;;ubtituting it into the equation of Up: 

The modified zero-si~quence current of the phase conductors will be: 

and .::IZ% ---'-'-----'----''-''--100 
:Zpp 

(8) 

Resolving the impedances into real and imaginary components: 

Performing the operations, the follo-wing component equations will he 
obtained: 

R%,J - 2Rp/iXp/iX"" and 

R~k + X~" 

and 

(9) 

(10) 

\Vith conventional conductor arrangements and soil resIstIvIty values 
falling within the range of 1 to 1000 ohm. meters, X pk is alw-ays bigger than 
RPh and thus, (X~k - R~/i) will aI-ways be positive. Consequently, the inductive 
component (Xp) of the modified zero-sequence impedance is always smaller than 
the inductive component (Xpp) of the zero-sequence impedance of the phase con­
ductors. 

The relation between the zero-sequence resistive components is not so 
simple. This can he found from Eq. (9) by examining the numerator of the 
fraction indicating the magnitude of correction: 
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from which, after suitable rearrangement: 

Writing the tangents of the complementaries of the internal angles of 
the self- and mutual impendances: 

and Rp/; P -_- = tg pk' 
X pk 

the following relations are obtained: 

') 

tg Pld: ~ 1 ~ 0 P 
- tg- Jpk 

(11) 

With soil resistivity and geometrical conditions (arrangement of ground 
'wire) unchanged, the value of tg 2PPk is a constant = C. Thus, if tg Pkk is 
bigger than C, then Rp is bigger than Rpp (with steel ground wires), if however 
it is smaller than C, then also Rp is smaller than Rpp. The latter condition 
generally applies to compensating conductors of good conductivity. In the 
case of 1 X 50 sq. mm steel ground wire: 

Rkk = 15.149 ohm/km 

X kk = 4.929 ohm/km 

15.14·9 
tg Pl:k = = 3.075 

4.929 

RPk = 0.1485 ohm/km 

X pk = 0.7758 ohm/km 

0.H85 
tgpPk = 0 "'-"8 = 0.1915 

• , I;) 

PPk = 10° 50' 

tg 2PPk = tg 21 0 40' = 0.3975 

Since 3.075 is bigger than 0.3975, Rp will also be bigger than Rpp. 

For a 1 X 250/40 sq. mm ACSR ground wire of similar arrangement: 

Rkk = 0.5025 ohm/km 
X k /; = 1.9580 ohm/km 

0.5025 
tg p"" = = 0.2565 

1.9580 

Since 0.2565 is smaller than 0.3975, Rp 'will also be smaller than Rpp. 
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In the above numerical examples a soil reSIstIvIty of 10 ohm. metres 
has been assumed. Obviously, the effect of the compensating conductor on 
the losses will always be such that through the modified zero-sequence impedance 
of the phase conductors (considering the same zero-sequence voltage) a higher 
zero-sequence current will flow, and also the zero-sequence losses produced 
by this increased current in the resistive branch Rp will be higher than that 

produced in Rpp by the original current belonging to the system in which 
no compensating conductors are used. 

Using the data of the above numerical examples, jf U = 1.0 + jO.O: 
for a 1 X 50 sq.mm steel ground WIre: 

R 0 9'"6'":1 I pp = .~;) ;); : pp: 

Rp = 0.2966; 

U 
'Z I : pp! 

1 ---- = 0.85; I~p RpI' 
1.1759 

1 
---= 0.863; 
1.1589 

for a 1 :x: 250/4,0 sq. mm ACSR ground wire: 

0.1925 

0.2210 

Rpp = 0.2565; i1pp' 

0.2273; i
I pi; = i~i 

0.85; 

1 
--- = 1.148; I~Rp = 0.2995 
0.8713 

It can be seen that the zero-sequence losses had increased in both cases. 

7. Screening-factor calculations 

The screening-factor "Values were investigated for the combinations and 
1Il function of the variables listed belov: 

7.1 Steel ground wires (see Section 8): 

variables: a) one or two ground wires, 
b) cross-sectional area of ground wires, 
c) soil resistivity, 
d) relative permeability. 

7.2 ACSR ground wires (see Section 9): 

"Variables: a) one or two ground 'wires, 
b) cross-sectional area of ground wire, 
c) soil resistivity. 

7.3 Counterpoise (see Section 10): 

"Variables: a) material of counterpoise, 
b) cross-sectional area of counterpoise. 
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7.4 Combined use of ground wire and counterpoise (see Section 11): 
variables: a) material of counterpoise and ground wire, 

b) cross-sectional area of counterpoise and ground wire. 
In the course of the calculations 50 different cases have been investig­

ated. 
In the following the resnlts will be described partly by means of figure;; 

and partly in tabulated form. The tables contain the follo'wing data: 
a) the screening-factor values, 
b) the modification of the absolute value as well as of the resistive and 

inductive component of the overhead-line zero-sequence impedance, brought 
about by the compensating conductors, with respect to, and given in the 
percentage of, the original values (i.e. ·without compensating conductors), 
for the determination of which the relations (9), (10) and (8) have been used, 

c) the currents fIo·wing in the compensating conductors, given in com­
plex form and in relative units, taking the current 3Io flowing in the phase 
conductors as being equal to 1.0 + jO.O. 

8. Screening-factor values of steel ground wire 

8.1 Effect of the number and cross-sectional area of ground wires 

The variation of the screening factor ·was investigated with one and 
two steel ground wires of 50, 70 and 95 sq. mm cross-sectional areas (Fig . 
.J, and 5). For the relative permeability the value of 60 and for that of soil 
resistivity the value of 10 ohm. metres were assumed. The results are sum­
marized in Tables I to V. 

8.2 Effect of soil resisth-ity 

The influence of soil resistivity on the screening factor was examined 
for soil resistivity values of 1, 10, 100 and 1000 ohm. metres (Fig. 6). Two 
steel ground wires of 50 sq. mm each and a relative p<:>rmeahility of 60 ·were 
assumed. The results are compiled in Tables VI to X. 

k 
1,0 

----
0.9 t 9; 10ohm.m 

}lrel; 60 

0.8 
size of sleel ground wire 

50 70 95 mm2 

Fig. 4. Screening-factor valnes of steel ground 
wire (one ground wire) 

k 
1,0 

~ 0,9 IT g=10 of/mm 
}lrel = 60 

0,8 size of steel 9::ound wire 

50 70 95 mm2 

Fig. 5. Screening-factor values of steel ground 
wire (two ground wires) 



sq. mm 

50 
70 
95 
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Table I 

Screening f,letor 

one t\\"O 

:'teeI ground wire(s) 

0.9771 
0.9664 
0.9!75 

Table III 

0.9543 
0.9338 
0.8988 

Table II 

}fodification of re5i5tiv~ component (in per cent) 

!'q. nUll 

50 
iO 
95 

H\"o 
-=tc{-l ground wire(s) 

·-11.32 
-·-13.30 
···1·1.95 

Table IV 

-i-16.25 
·';-18.61 
+20.15 

?tlodificatioll of inductive cumponent (in per cent) 2\IotliiicutiOIl (If absuiute 
v'liue 

sq. mm 

50 
70 
95 

onc two 
steel ground wire(s) 

--2.18 -4.37 
-3.06 -6.04 
-3.56 -3.70 

Table Y 

:-q. mm 

50 
iO 
95 

of impedance (in per ceut) 

two 
~tf'e1 grouu:l w;r{'(!') 

1.+5 -2.53 
-2.15 -3.80 
-- 3.·1-0 --6.01 

Current liowing in ground \\"ire:- (in relative UIl!I:-) 

Cro~s :,pctional 
area (:-q. lllm) 

50 
70 
95 

Table VI 

::>teel ground wirp 

-O.0239-jO.O·d31 
-0.0351-jO.O.)23 
-0.0545 -jf>.0619 

50il re5i~thity 
(ohm. metre) Scrcenin!:! fa('lor 

1 
10 

100 
1000 

0.9628 
0.9543 
0.9487 
0.9360 

t'wo 
.. teel ground "wjr('~ 

-O.O'193··jil.0817 
-O.0712-jO.09(.5 
-O.1081-jO.1105 

Table VII 

Soil re,:i:-tivitv 
(ohm. metre) 

1 
10 

100 
1000 

:'I!odifh:ation of f('",j". 
ti .... e ('omponr:nt 

(in per rent) 

.- i .65 
-16.25 
_. ~1.40 
--J.l'!O 
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k 
W 

0,9 

Table VID 

Soil rc::.istivity 
(ohm. metre) 

1 
10 

100 
1000 

~Iodification of 
inductive com~ 

ponent (in per cent) 

-3.25 
-4.37 
-4.61 
-6.71 

Soil resistivity 
(ohm. metre)" 

1 
10 

100 
1000 

2)(50 mm2 

j-Jrel = 60 

Q8+-~--~~-----9 
10 tOO 1000 ohm.m 

I. SEBO 

Table IX 

Table X 

Soil resiHivit .... 
(ohm. metrej 

1 
10 

100 
1000 

Current flowing in ground 
wires (in relative unit,.) 

-0.0390-jO.0581 
-0.0493-jO.0817 
-- 0.0558- jO.0924 
-O.0726-jO.1259 

k 
1,0 

0,9 

~Iodification of ab· 
solute value of im· 

pedunce (in per cent) 

-1.88 
-2.53 
-2.89 
-4.06 

2 »50 mm' 
g = fO ohm.m 

0,8 +--.,.-...,---,.-...,..----,-..... 
o 20 ~O 60 80 100 j-Jrel 

Fig. 6. Screening-factor values of steel ground 
wire (two ground wires) 

Fig. i. Screening-factor values of steel ground 
wire (one ground wire) 

8.3 Effect of the relative permeability of steel ground wires 

The yariation of the screening-factor values was inyestigated, assuming 
relative permeabilities of 30, 40, 50, 60, 70, 80, 90 and 100 (Fig. 7) and a single 
steel ground wire of 50 sq. mm. Soil resistivity was 10 ohm. metres. The results 
are shown in Tables XI to XV. 

8.4 Conclusions 

a) The examinations have shown that the screening-factor yalues of 
steel ground wires fall within the range of 0.90 to 0.98. 

The reduction in the absolute value of the overhead-line zero-sequence 
impedance, due to the effect of ground 'wires, amounts from 1.6 to 6 per cent. 
The resistive component of the impedance is always larger than the original 
value of the line without ground wires. 
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Table XI 

Relative 
permeability 

30 
40 
50 
60 
70 
80 
90 

100 

Screening factor 

0.9805 
0.9793 
0.9782 
0.9771 
0.9760 
0.9751 
0.9742 
0.9735 

Table xm 

Relative 
permeability 

30 
40 
50 
60 
70 
80 
90 

100 

:\Iodificntion of 
inductive compo· 

ncnt (in per cent) 

-2.00 
-2.07 
-2.13 
-2.19 
-2.24 
-2.28 
-2.32 
-2.36 

Relative 
permeahility 

30 
4-0 
50 
60 
70 
80 
90 

100 

Table xn 

Relative 
permeability 

30 
40 
50 
60 
70 
80 
90 

100 

Modification of 
resistive component 

(in per cent) 

+12.39 
+12.03 
+11.67 
+11.32 
+10.90 
+10.54 
+10.18 
+ 9.80 

Table XIV 

Table XY 

Relative 
permeability 

30 
40 
50 
60 
70 
80 
90 

100 

Current flowin.g in ground 
wire (in relative -units) 

-0.0206-jO.04-64 
-0.0218-iO.04-55 
-0.0229-}0.0.149 
-0.0239-jO.043-1 
-0.0249-jO.0-123 
-0.0258-jO.04,12 
-0.0266-iO.04-01 
-0.0273-}0.0389 

:)lodification of aL­
~ollltc value of im· 

peciance (in per cl'nt) 

-1.21 
-1.29 
-1.37 
-1.-15 
-1.52 
-1.58 
-1.64 
-1.69 

281 

b) The real component of current flowing back in the ground wires is 
2 to 11 per cent, and its imaginary component is 4 to 11 per cent of the full 

fault current (3Io). The imaginary component is always larger than the real 
part. 

In spite of the fact that the imaginary component of the current flo'wing 
in steel ground wires is always the larger component, it may be neglected in 
the calculation of the screening factor. This can be explained as follows 
(Fig. 8): 

5 Periodica Polyteclmica El. lX/3. 



282 I. SERa 

- the current 3Io flowing in the phase conductors is 1.0 + jO.O in 
relative units, 

- the maximum value of the imaginary component of current flowing 
in the ground wires is jO.l, also expressed in relative units, 

the resultant of the two components, when making use of the ap-
__ b b 

Proximation jf a2 ..L b ~ a ..L - (if - 0.2,. the error is less than 5 IJer cent). 
• , - I 2a a2 ' 

will be in the present case by 

b = 0.12 

VI + 0.01 = 1 
0.01 

2 
1.005·~ 1.0 : 

J
+i 

_~Q~']f t::"",::3:::Io:::=::.:::=1.0;;;+ J~Q~,O~f=-_ ... + 
- ~ 

If V 1+0,12 

Fig. 8. Explanatory scheme for the approximative determination of the screening factor 

when subtracting from this value the real component of the current flowing 
in the ground ,vires, with good approximation, the screening factor is 
obtained. 

c) An increase of soil resistivity will result in a slight reduction of the 
screening factor. Increasing the soil resistivity by 4 orders of magnitude, a 
reduction of a mere 2.8 per cent 'was found. 

The variation of the relative permeability of the steel ground wire in 
the range investigated has caused no essential change in the screening factor. 

9. Screening-factor values of ACSR ground wires 

9.1 Effect of the number and cross-sectional area of ground wires 

The variation of the screening factor was investigated with one and two 
ACSR ground wires of 150/25 and 250/40 sq. mm cross-sectional areas (Figs. Y 

and 10). A soil resistivity of 10 ohm. metres has been assumed for the study. 
The results are summed up in Tables XVI to XX. 



If 

D.6 

0,5 

SCREEiYISG-FACTOR r-ALCES OF OVERHEAD-LDiE GROUND WIRES 

---'3=10ohmm 

150 250 mm' 
cross-sectional area of aluminium 

of ground wire 

If 

0,6 

0,5 
9=10ohm.m 

150 250 mm2 

cross-sectional area of aluminium 
of ground wire 
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Fig. 9. Screening-factor values of ACSR 
ground wire (one grouud wire) 

Fig. 10. Screening-factor values of ACSR 
ground wire (two ground wires) 

srI. mm 

150/25 
250/40 

Table XVI 

Screening factor 

one t'\yo 
ACSR ground wire(s) 

0.6370 
0.6117 

Table XVIII 

004.556 
0.4270 

Table XVII 

.Modification of resistive component (in per cent) 

sq.mm 

150/25 
250/40 

onc two 
ACSR ground wire (s) 

- 3.72 - 8.98 
-14.70 -18.61 

Table XIX 

}lodification of inductive component (in per cent) Modification of absolute value of impedance (in pf't cent) 

sq. nUll 

150/25 
250/40 

one t\VO 

ACSR ground ,,,-ire (:-) 

-25.40 -37.55 
-26.55 -38.70 

Table XX 

sq.mm 

150/25 
250/40 

one two 
ACSR ground \'w-jre (5) 

-24.80 -34.80 
-25.82 -36.80 

Current flO\,,-ing in ground 'wires (in relative unit~) 

Cross~,:;ectional 

(''I' mm) 

150/25 
250/40 

one ACSR 
ground ... dre 

-0.3655-jO.0570 
-0.3888-jO.0239 

two ACSR 
ground , .. -ires 

-0.549'1-jO.0674 
-O.5740-jO.0293 

9.2 Effect of soil resistivity 

The variation of the screening factor in the function of soil resistlvlty 
was investigated, assuming soil resistivity values of I, 10, 100 and 1000 ohm. 
metres (Fig. ll). The calculations were perform~ d "With one and two ACSR 
ground wires. The results are shown in Tables X XI to XXV. 

5* 



284 I. SEED 

k 
0.8 

0.7 

0.6 
/1 

/ Ix150mm2 

0.5 

0.* 

0.3 
2 ... ISO mm2 

0.2 

0.1 
10 lOO 1000 ohm.m 

Fig. 11. Screening-factor values of ACSR ground wire 

Table XXI Table XXII 

Screening factor :\lodifieation of rc:;i:itive component (in per cent) 
------

Soil rcsistiyitv 
(ohm. metre) 

1 
10 

100 
1000 

one two 
ACSR ground wire( s) 

0.7043 
0.6370 
0.5808 
0.5334 

Table XXIll 

0.5339 
0.4556 
0.3966 
0.3507 

Soil rcsi::;tivitv 
(ohm. metr;) 

1 
10 

100 
1000 

one t'wo 
ACSR ground \,,-ire(Fo) 

-8.96 
-3.72 
+2.47 
+9.15 

Table XXIV 

-12.70 
8.98 
5.11 
1.51 

\fodification of inductive component (in per cent) j.lodification of ahsolutp. value of impedance (in per cent) 

Soil rc::,i!'tintv 
(ohm. Illctref 

1 
10 

100 
1000 

onc two 
ACSR ground wircl:i) 

-28.3;; 
-37.55 
-44-.8.5 
-50.75 

Table XXV 

Soil rcsi:itivitv 
(ohrn. metre)" 

1 
10 

100 
1000 

onc t\ .. ·o 
ACSR ground wirc(:;;) 

-17.61 -26.30 
-24.80 -34,.80 
-30.00 -41.80 
-35.10 -47.50 

Current flO\\-ing in ground wires (in relative units) 

Soil rc::oistivitv 
(ohm. metre) 

1 
10 

100 
1000 

one 
ACSR ground wire 

-0.2966-jO.0362 
-0.3655-jO.0570 
-0.4234-jO.0701 
-0.4724-jO.0783 

two 
ACSR ground wire::-

-0.4684,-jO.0490 
-0.5494-jO.0674 
-0.6106-jO.0751 
-0.6580-jO.0775 
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9.3 Conclusions 

It can be stated from the results that the screening factor varies within 
the range of 0.61 to 0.64 'with a single ground wire and within 0.43 to 004.5 
with two ground wires. 

The reduction in the absolute value of the oyerhead-line zero-sequence 
impedance lies around 25 and 35 per cent with one and two ground wires, 

respectively. When a single ground wire is used, with high soil-resistivity 
values (100 to 1000 ohm. metres) the resistiye component of the impedanc(> 
increases, -whereas in all other cases it decreases, and this decrease may be 
as much as 15 per cent. The variations in this case are also related to the 
original values of lines without ground wires. 

These figures draw the attention to the fact that 'when high-conductiyity 
ground 'wires are used, the falllt Cllrrent may considerably increase, duc to the 
reduced zero-sequence impedance. To some extent this increase counter­
balances the decrease of the screening factor. 

The real component of the current flowing hack in thc ground wires is 
37 to 39 and 55 to 57 per cent of the full fault current (310) with one and 
two ground wires, respectively. The imaginary component is very small with 
respect to the real part and amounts to only 2 to 7 per cent. As regards the 
cffect of the imaginary component the same remarks apply as stated in 
Section 8A/h. 

In that case, an increase in soil resistivity produces a more pronollnced 

decrease in the yalues of the screening factor. Increasing the soil resistiyity 
hy 4· orders of magnitude the screening factor 'will he reduced by 25 and 35 
per cent, with one and two ground wires, respectively. 

10. Screening-factor values of counterpoises 

10.1 Calculation method for considering the effect of COli Tlterpoises 

As regards interference. a counterpoise may he considered as a grollnd 
wire. When exact calculations are required, the depth of the counterpoise 
should be substituted in the equations hy a negative sign. The purpose of 
the counterpoise is to provide a good metallic connection between individual 
tower earthings. Although the counterpoise is continuously earthed (be it 
cither a hare conductor or a scrapped underground cable 'with cores and 
sheath metallically connected), it can he stated in accordance with the refer­
ences that a counterpoise can he calculated and treated in the same way as a 
ground wire. This consideration applies not only to the case when only a 
counterpoise is used, but also to the combined use of counterpoise and ground 
wire. 
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Accordingly, relation (7) can also be used for the calculation of the 
screening factor of a counterpoise. Zkk is used also here to denote the zero­
sequence self-impedance of the counterpoise, i.e. applying the approximative 
Carson-Clem formula and considering a single counterpoise (with suffix q 
denoting the counterpoise): 

where 

Rq 

De 

f 

Zqq = 3Rq + 0.1485 + j 0.4351g De ohmjkm 
GlvlRq 

resistance of counterpoise (ohm/km), 

depth of fictive earth return (metres) where De = 659 V f ' 
soil resistivity (ohm. m), 
frequency (c/s), 

GJ.vlRq = geometric mean radius of counterpoise (metres), where 

." 

G1V1Rq = rq. e - T 

1'q half of outer diameter of counterpoise (metres), 
[! relative permeability of steel conductor. 

(12) 

Interpretation of ZP/( for the present case: zero-sequence mutual im­
pedance between the set of phase conductors and counterpoise: its value is 
also obtained from the relevant Carson-Clem formula: 

0.1485 j 0.435 ·lg Dc ohm/km. 
GJIDq 

(13 ) 

where G1VIDq indicates the geometric mean distance (in metres) between each 
phase conductor and the counterpoise: 

(14) 

(Explanation of suffixes: a, b, c refer to the phase conductors, q to the counter­
poise, and p to the system composed of the phase conductors). 

Thus, the system composed of phase conductors and counterpoise is 
reduced to the case of a system consisting of phase conductors and ground 
,vires. 

In the course of the calculations the counterpoise was assumed to bp 
placed at a depth of 0.8 metres below the ground level. 
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10.2 Effect of material and cross-sectional area of the counterpoise 

The variation of the screening factor was investigated for a single counter­
poise made of 50 and 240 sq. mm steel, and of 185/60 and 250/40 sq. mm 
ACSR, respectively. 

The selection of the above cross-sectional areas was based on the following 
consideration: by investigating the steel cross-sections of 50 and 24·0 sq. mm 
the question can immediately he answered whether using steel is at all worth 
while i.e. a material of poor conductivity, even of a large cross-sectional 
area, for the purpose of counterpoises. The numerical results obtained with 
ACSR stranded wires of 185/60 and 250(40 sq. mm cross-sectional areas give 
information on which values are to be expected 'when scrapped 1 kV under­
ground 4-core aluminium cahles of 3;< 50 + 1 X 25 = 175 sq. mm and 
3 X 70 1 X 35 = 245 sq. mm are used as counterpoise. The cross-sectional 
area of stranded wires and cables being very close to each other and identity 
of the geometrical arrangement ensure good comformity of the results. Prac­
tically, the only difference hetween an underground cahle and stranded ACSR 
wire is in their Gl\iR values, but also here the effect caused by the core 
insulation of an aluminium-core cable is somewhat counterbalanced hy that 
of the steel core of an ACSR stranded wire, the result being in hoth cases an 
increase in the outer diameter. Obviously, in practice, there is no need to 
use ACSR stranded wires and the only reason for considering this type of 
conductor is to reduce hy one the numher of factors involved in the cal­
culations. 

In the course of the investigations the relative permeability of the steel 
cable was assumed to be 60. Soil resistivity of 10 ohm. metres was throughout 
considered. The results are summarized in Tables XXVI to XXX. 

10.3 Conclusions 

The conclusions drawn from above (Sections 8.4 and 9.3) as regards 
steel and ACSR compensating conductors (acting in that particular case as 
counterpoise wires) fully retain their validity. It may he noted that a buried 
compensating conductor possesses a less favourable screening effect 'with respect 
to an overhead ground wire of equal size (Tahles XXXI and XXXII). 

This reducing effect is due to the change in the mutual impedance Zpk, this 
in turn being the consequence of the increased Gl\iD defining the value of Zpk' 

In respect of using steel conductors as counterpoise wires, it can be 
stated that the screening effect of a steel conductor (as regards interference), 
'whether used as ground wire or counterpoise, is equally very poor (excluding 
the line sections with end-effect). Anyhow, the excellent mechanical pro­
perties of steel conductors only become effective in overhead line applications, 
and are of no advantage when buried in the ground. The screening effect is 
low even if steel wires of large cross-sectional areas were used. 
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Steel 

50 sq. mm; 
2,W sq. mm 

Table XXVI 

Screening factor 

ACSR 

0.9315 
0.9145 

135/60 
250fcl.0 

Table XXVIII 

0.7400 
0.7338 

1. sEB(i 

Table XXVII 

~Iodifi('ation of re::istivc component (in p('r cent) 

Steel 

50 sq. mm 
24·0 sq. mm' 

+4.40 
-1.24 

ACSR 

185/60 
250(40 

Table XXIX 

-12.39 
-16.30 

.:\lodificatiun of iuductiye component (in per cellt) :'lodificatioIl of aL~olute valuc of impedance (in per cent) 

Steel 

50 sq. mm 
240 "q. mm 

Csed as 

ground 
\\-ire 

counter­
poi;;e 

ground 
\\:ire 

counter­
poise 

1.22 
--4.30 

50 sq. mm 
2-10 sq. mm 

ScrC'cnin!! 
factor 

il.9771 

0.9815 

0.7338 

185/60 
250/-10 

-11.90 
-11.95 

Steel 

50 Sf!. mm 
UO sq. mm 

Table XXX 

---0.92 
--4Jll 

Carn'llt flowiuf: in (,(,llDt(>rpoi:"f' (in rl'latiy(· unit:;:) 

Steel ACSH 

ACSR 

135/60 
250!-10 

--11.91 
-12.18 

-0.0189--jO.0280 , 185/60 
250/40 

-0.2601-jO.0100 
-0.0860-jO.0310 -O.2662-jO.0075 

Table XXXI 

Inno:-t'gation of 50 :--q. mm :"tc('1 

100 

11.32 -2.19 

-'--1.-HI -- 1.22 

Table XXXII 

Zp-'Zpp lOO 
Zpp 

1.45 

- 0.92 

Inve"tigatioIl of 250;'10 :!q. mm . .\CSR 

100 

-16.30 11.95 

Z Z' 
~~IOO 

zpp 

-25.82 

12.18 

-O.0239--jO.0-13-t 

- O.0189-jO.02BII 

O.3B8S-jO.0239 

-0.2662-jO.007S 
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11. Combined application of a counterpoise and gronnd "Wire 

11.1 lVlethod of calculation using simultaneous equations for considering the 
combined effect of a counterpoise and ground wire 

Briefly summarizing the statement described in Section 10.1, counter­
poise wires are used for connecting and, thereby reducing, the tower footing 

resistances, as well as for minimizing the cffects of interference. Counterpoises 
are buried 0.5 -1 metre deep under the ground surface. In the calculations 
a depth of 0.8 metres was assumed. Good approximation is obtained when 
leaving the continuous earthing of counterpoise wires out of con"ideration, 
thu" the counterpoise may be treated as an overhead ground wire. 

For the calculation of the screening factor when counterpoises are used 
in combination with ground wires, the following impedances are required: 

Zvv zero-sequence self-impedance of the system of ground wires (V,IC). 
Zpv zero-sequence mutual impedance between the system of phase­

conductors (a, b, c) and that of ground wires (1', le), 
Zqq zero-sequence "elf-impedance of the counterpoise (q), 
Zpq zero-sequence mutual impedance between the system of phase­

comluctors (a, b, c) and counterpoise (q), 
Z"q zero-sequence mutual impedancc between the system of ground wires 

(v, 10) and counterpoise (q). 

The approximative Carson-Clem formulae grvmg the values of the 
above impedances, using the suffixes indicated, will be: 

for one ground wire: 

Z"I' 3R" -;- 0.1485 -'- j 0,435 .lg ohmkm 
GMR, 

(15) 

for two ground wires: 

3 
Z,.,.=-R,. . 2 

0.Ll8.'> +- jOA3.) ·lg Dc ohndml 
VGAiR, .i5~," 

(16 ) 

for one ground wire in the case of 1 X 3 phases and:2 3 phast'!", respecti­
vely, as well as 

for two ground wires in the case of 1 X 3 phases: 

ZI''' = 0.1485 -'- j0.435 ·lg 3 Dc_ ohm1km 

VD a~J5h,.~D C" 

(17) 

for two ground wires in the case of 2 X 3 phases: 

Zp,' = 0.1485 + j 0.435 ·lg 6 

V D l~I'-·~]jbr· Dc,.' 'D al!' .b~lV -:})~; 
ohm 'km (18) 
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for one counterpoise: 

Zqq = 3Rq + 0.1485 

I. SEBO 

j0.435.lg De ohm/km 
GNIRq 

0.1485 j0.435·lg 3 De ohm/km 

VDaq·Dbq·Deq 

for one or two ground wires and one counterpoise: 

Z"q = 0.1485 + j 0.435 .lg De ohm/km 
D"q 

---i> 10 
---i> 10 
->10 

Uo'UifUc 

<r-
3 la! +Iv +lg. 

Fig. 12. Combined Ui'e of counterpoise and ground "ire 

(19) 

(20) 

(21 ) 

As regards interpretation of the various quantities, reference is made to 
the suffixes and to the quantities dealt "with in Section 10.1. 

When suhstituting the quantities into the formulae, care must be taken 
that the distances (De, Gi\1R, D) be of identical dimensions. 

After the computation of the above quantities the required simul­
taneous equations can easily be ·written. Z,,", Zpv and Zcq appearing in the 
equations are quantities considering the ground , .... ires (if two of them are 
concerned) as one single system. 

The set of simultaneous linear equations given below applies to the 
zero-sequence network of a single-circuit three-phase system incorporating 
one ground wire and one counterpoise, as shown in Fig. 12: 

Ub = Io(Zba + Zbb + Zbe) + I" Z"b + Iq Zqb 

Ue = Io (Zca + ZeD -1- Zee) -+- Iv Zt'c + Iq ZqC 

o Io (Z"Q Zvb + Z"e) Iv ZL"l" + Iq Zq" 

0= Io (Zqa + Zqb -L Zqe) + I" Zrq + Iq Zoo 

(22) 
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Eq. (22) can also be 'written in another form. Here, forming a common 
group from the three phase conductors, utilizing the symmetry conditions 
and applying the notations of Eqs. (15) to (21): 

Un = 3Io'Zpp + Iv' Zpv + Iq·Zpq 

0= 310 , Zpv + I,.· Z"v + Iq' Z,.q 

o 3Io·Zpq Iv·Z"q Iq·Zqq 

(23) 

From Eq. (23), the relative values of I" and Iq with respect to 3Iu will be 

Z qq . Z pv - Zvq' Z pq 

Z,v' Zqq - Z~q 

Z",,' Zqq - Z~q 

(24) 

(25) 

No'w, the sum of currents flowing in the compensating conductors can 
ne determined, in relative units too: 

form: 

I" , Iq 
310 T 310 

Icamp _ . 
--- - Lcomp 

3In 
(26) 

The screening factor, however, may also be v.-ritten in the following 

k 1 (27) 

Thus, subtracting from the real current unit the current expressed ill 
relative units (in complex form) flo'wing in the compensating conductors, 
the screening factor is obtained. Hence, the screening factor is again a com­
plex quantity, but since in the computed examples, the imaginary parts are 
much smaller in every case than the real parts, only the absolute values of 
the screening factors have heen given, 'which deviate but slightly from the 
corresponding real parts. 

Similarly to Eq. (8), the modified zero-sequence impedance of phase­
conductors can be calculated for the case of combined use of ground wire 
and counterpoise: 

Z,."Zqq - Z~q 

2Zp"Zpq Z"q (28) 

In the following, the various cases associated "with the combined use of 
ground wires and counterpoise are investigated for different materials of 
ground wires and for stranded ACSR counterpoise wires, in compliance with 
the considerations outlined above. The screening factors as well as the absolute 
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values of zero-sequence resistance, inductance and impedance of phase con­
ductors, as modified by the effect of the compensating conductors, expressed 
in percentage of the original values, as well as the currents flo'wing in thf' 
compensating conductors, expressed in relative units, are given for each par­
ticular case. The current distribution bet"'\\-een grond wires and counterpoise. 
in terms of relative units, are separately stated as well. 

It should be noted that no detailed description of the investigatiom 
concerning the combined use of ground wires with a steel counterpoise is 
giyen here, because virtually no screening effect is to he expected from a 
steel counterpoise as has already been stated in Section 10.3. A summarized 
evaluation of these investigations is, howeyer, giyen in Section 11.4, in the 
Tables XLVII to XLIX and in Figs. 15 to 18. 

11.2 Combined use of steel ground wire and ACSR cOllnterpoise 
a) Calculations 

The variation of the screening factor was investigated when an ACSR 
counterpoise wirc of 250/40 sq. mm (or, as described in Section 10.2, an equal­
size aluminium stranded wire or underground cable) is used in combination 
with one or two steel ground wires of cross-sectional areas of 50, 70 and 
95 sq. mm. 

For the purpose of the calculations the relative permeability of 60 and 
a soil resistivity of 10 ohm. metres were assumed. The results are compiled 
in Tables XXXIII to XXXIX. 

Table xxxm 

Serecning factor 

:2.,)0/-10 ;::q. mm ACSR counterpoise 

!!"round 

O'er. mm 

50 
70 
95 

onc two 
:;ter1 i!round ";yire(:-=J 

0.7202 
0.7136 
0.7071 

Table XXXV 

0.7081 
0.6961 
0.6751 

':Modification of inductive component (in per ccnt) 

250j-to sq. mm ACSR counterpoise 

ground one two 
wire ...:tE'd ground wir{'(s) 

sq.mm 

50 -13.36 -1·1..71 
70 -13.95 -15.80 
9.=i 14.96 17.:;8 

Table XXXIV 

~Iodification of r{'~i".tiY(." component (in pt:r ('('lIt I 

:;50/-10 :-'CJ. mm ACSH eounlerpoi",c 

!!rollud 
wire 

sq. mm 

50 
70 
9:; 

(JB" two 
... tet·1 ~round wir(>(s) 

--7.SS -1.39 
--6.27 -;- 0.53 
-4.73 -; 2.10 

Table XXXVI 

)fodification of absolute ...-nIue of impedance (in per cent) 

::!50.""1O sq. mm ACSH counterpoise 

ground 
(1)(" two 

wire "tPf-1 ~rouIld wire(.:') 
~(I. nUll 

-~ ,- ~------ -~~ --

50 -13.0.3 --13.00 
70 13.60 --13.80 
9;; H.S2 ---15.26 
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b) Conclusions 

Ground 
wire 

~fJ·mm 

50 
70 
95 

Ground 

50 
70 
95 

Table XXXVII 

Current flov,,-jng in ground , .. -ire.:- (in relative units) 

:::,)0/40 sq. mm ACSR ('ountCTpoj~e 

one :;tc<>1 
ground wire 

-0.0189-jO.0373 
-0.0280-jO.0453 
-0.0443-jO.0542 

Table XXXVIII 

two steel 
ground wires 

-0.0377-jO.0686 
- 0.0553-jO.0820 
- 0.0835-jO.0958 

Current flowing in counterpoise (in relative units) 

:::50;.10 ~q. nHll ACSR couIlt{:rp(Ji~e 

one steel 
ground 'wire 

-0.2612,jO.0161 
-0.2589+jO.0178 
-0.2549-;-jO.0197 

Table XXXIX 

two steel 
ground wire:; 

-0.2555 -'-jO.0261 
-0.2506+jO.0296 
-0.2423+jO.0332 

Current flowing in compensating conductors (in relative units) 

ground 
wire 

!'(I·mm 

50 
70 
95 

250/-10 sq. mm ACSR counterpoi:::c 

one steel 
ground wire 

-0.2801-jO.0213 
-0.2869-jO.027 4 
-0.2992-jO.0345 

two :Heel 
ground 'wire:-

-0.2932-jO.0426 
-0.3059-jO.0524 
-0.3278- jO.0625 

293 

The data of Tables XXXIII to XXXIX can be compared -with those 
of Tables I to V (referring to the investigation of steel ground wires). A con­
siderable reduction of the combined screening factor may be observed, the 
values of the latter being shifted into the range of 0.67 to 0.72. The change 
of the resistive component of the zero-sequence impedance is of a different 

character, and its sign is here ovenrhelmingly negative. The reduction of 
the inductive component falls within 13 to 18 per cent, that of the absolute 
value of impedance is within the range of 13 to 15 per cent. 

The current flowing in the steel ground wire is about 20 per cent smaller, 
while the value of current returning in the counterpoise wire goes up to the 
range of 24· to 26 per cent of the full fault current (3Io)' In every case, the 
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imaginary term of the current flo,v-ing in the ACSR counterpoise is negative, 
thus having a sign opposed to that of the imaginary term of current flowing 
in the ground wire. The distribution pattern of the real and imaginary com­
ponents of currents is shown in Figs. 13 and 14 (indicating the true directions 
of currents). 

It can be stated that the current carried by a counterpoise of good 
conductivity (e.g. aluminium) is three times higher than that flowing back 

Un 

310 = 1.0 
----P 

phase conductor 

Iv 
<-
A steel ground wire 

ACSR counterpoise 

-:==- -.,. 
<r-

310 - (Iv +19-) 

Fig. 13. Real current components 

I 

-~ 

j 310 = jO,O 
----i> 

phase conductor 

i!9:.v steel ground wire 

ACSR counterpoise 

,t'· 
----t> 

JiIv-i'1J 

Fig. 14. Imaginary current components 

through a steel counterpoise of equal size. This ratio is, at the same time, 
indicative of the compensating effect of counterpoise of different con­
ductivities. 

Otherwise, the case of using steel ground wires in combination with 
good-conductivity counterpoises is the one of major practical importance. 
ACSR ground 'wires usually provide for such a high degree of compensation 
that the need for applying a counterpoise is very unlikely. On the other hand, 
it frequently occurs that the compensating effect of steel ground wires of 
existing overhead lines proves to be insufficient and the necessity of its im­
provement is required. Since a steel counterpoise is capable of influencing the 
value of the screening factor to but a very limited extent, cven if using large 
size wires, the most effective means of improvement is the application of a good­
conductivity counterpoise. 

11.3 Combined use of ACSR ground wrre and ACSR counterpoise 
a) Calculations 

The variation of the screening factor was investigated in conjunction 
with the use of one 250/40 sq. mm ACSR counterpoise (or, as described in 
Section 10.2, an equal-size aluminium stranded wire or underground cable) 
combined with one and two 150/25 and 250/40 sq. mm ACSR ground wires. 
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For the purpose of calculations a soil resistivity of 10 ohm. metres was 
assumed. The results are summed up in Tables XL to XLVI. 

Table XL Table XLI 

Screening factor :.'IIodificatioIl of re5'i~tiYc component (in per centJ 

250/40 sq. mm ACSR (·ounterpoi:.e 250/-10 :-q. mm ACSn ('OllIlt('rpoise 

ground 
wire 

!'q.mm 

150/25 
250/40 

om' two 
ACSR ground wire{:,,) 

0.4903 
0.4712 

Table XLII 

0.3759 
0.3541 

~round 
wire 

sq.mm 

150/25 
250/40 

onc two 
_-\CSR ground ,vire(s) 

-14.52 -14.50 
-22.80 -22.45 

Table XLIII 

:M"odification of inductive component (in per crnt) :\Iodification iu ahsolute value of impedance (in per {'{'ut) 

250;40 sq. mm ACSR counterpoise 2,jO/-10 ~q. mm ACSR ground ,dre 

gronnd 
"."ire 

"q.mm 

150/25 
250/40 

-----------
onc two ground Due two 

ACSn ground \'r"ire(ti) wire ACSR ground wire(s) 
"q.mm 

-----

-30.78 -39.78 150/25 -30.00 -36.80 
--31.90 -40.85 250/,10 -31.4.'; -38.55 

Table XLIV 

Current flowing in ground wife(s) (in reLlti\ t' ullit::-'j 

ground 
wire 

sq.mm 

150/25 
250/40 

ground 
wire 

sq. mm 

150/25 
250/40 

250/-10 ::-q. mm ACSR ('ounterpoi .. " 

one ACSR 
ground wire 

-0.3228-·jO.059S 
-0.3453-jO.0289 

Table XLV 

t.vo ACSR 
ground win-", 

-0.4976- jO.0752 
-0.:;237 -jO.036' 

Current flowing in counterpoise (in relative unit:"-) 

countcrpoisc 

one ACSR 
ground 'wire 

-0.1888+jO.0168 
-0.1839+jO.0092 

two.:\.CSR 
ground wires 

-0.1297 .:.jO.0252 
- 0.1228---jO.Ol16 
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b) Conclusions 
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Table XLVI 

Current flo\,\·-ing in compcn5atin~ conductors (in relutino unit,.) 

ground 
win' 

..;q.mm 

150/25 
~::;Oj40 

250{-1O -"q. nun ACSR counterpoi:::c 

one ACSR 
ground wire 

-0.5116-jO.0427 
--0.5292-- jO.OI97 

two ACSH. 
ground wire~ 

-0.6274-jO.0500 
-0.6466-jO.0222 

The data of Tables XL to XLVI can be compared with those of Tables 
XVI to XX (referring to the investigation of ACSR ground wires). The value 
of the combined screening factor, with one ACSR ground wire, is shifted 
from the range of 0.61 to 0.64 to that of 0.47 to 0.49, while with two ACSR 
ground wires from the range of 0.43 to 0.45 to that of 0.35 to 0.38. The reduction 
of the absolute value and of the components of the zero-sequence impedance 
have become more expressed. Thus, the ahsolute value of the zero-sequence 

Table XLVII 

~t{'el ground wirc(~) (one or two 50-70-95 :;q. 

Inve.;ligated qlUlIltit~-

Screening factor 

Rv-Rp!' 
--=--100°" 

RpI' 

100()0 

'Zp-'Zpp 
------ -- 100 0 

Zpp 0 

__ -::-;, __ r'_'a_1 1000
0 

-1camp. cona .. real 1000 

31" " 
-I d -comp. con ., "nag. lOOQ(l 

no 
cQunterpoi5c 

0.90 .... 0.98 

-11 .... ~20 

-2 .... -9 

1.5 .... -6 

2 .... Il 

4 .... Il 

2 .... Il 

4 .... 11 

::-trandcd wires) 

~teel 
cQunterpoi!'(' 

0.83 .... 0.89 

--11. ... -,..18 

-6.... 12 

-5 .... -9 

2 .... 10 

4 .. _ .10 

8 .... 9 

2 .... 3 

11. ... 18 

7 .... 12 

ACSR 
counterpoise 

0.68 .... 0.72 

-8 .... ";-2 

-13.... 18 

--13 .... -15 

2 .... 9 

L ... 10 

24 .... 26 

28 .... 3:~ 

2 .... 6 
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Table XLVIII 

ACSR ground wire(s) (one 150/:;5-250/40 ~q. mm 5tranded wire) 

Investigated quality 

Screening factor 

R -R 
p pp 100% 
Rpp 

Xp-X 
-,-=--...:P-,P-I00% 

Xpp , 

IZ [-[Z [ ,p pp: 1000/ 

!Zpp[ ;0 

- Iar wire real 
~ . , 100°/ 

3Io /0 

- I gr. wire! imago 0/ 
3I 100;0 

o 

-I " I c. pOise, rea 1 0/ 

3I 00/0 
o 

- le. poise, imago 0/ 
" 3I 100;0 

o 

cond., real 100% 

-I d . comp. con .,Imag. 1000/ 
31 0 ;0 

no steel 
counterpoise counterpoise 

0.61. ... 0.64 0.57 .... 0.59 

-4 .... -15 -4 .... -14 

-25 .... -27 -27 .... -28 

-25 .... -26 -26 .... -28 

37 .... 39 35 .... 37 

2 .... 6 

6 

2 

.37 .... 39 41. ... 43 

2 .... 6 4 .... 7 
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ACSR 
counterpoise 

0.47 .... 0.49 

-15 .... -23 

-31. ... -32 

-30 .... -31 

32 .... 35 

3 .... 6 

18 .... 19 

-I. ... -2 

51. ... 53 

2 .... 4 

impedance decreased in the case of using ACSR counterpoise by about 30 
and 40 per cent, respectively, as compared -with the former corresponding 
values of 25 and 35 per cent. 

The current flowing in the ground 'wire is reduced by 10 to 15 per cent, 
as compared -with the case without counterpoise. The current flowing back in 
the ACSR counterpoise amounts to 18 and 13 per cent of the full fault cur­
rent (310), in the case of one and two ground wires, respectively. 

11.4 Summarized investigation of the combined use of counterpoise and ground wire 

In Tables XLVII to XLIX the results of summarized investigations are 
sho"wn, which -were performed to determine the effect of combining steel and 
ACSR ground wires with steel and ACSR counterpoises. These results are 
grouped into ranges, instead of indicating individual values already stated in 
the foregoing sections, thereby facilitating the judgement of the various cases. 

For relative permeability the value of 60, for soil resistivity that of 10 
ohm. metres was assumed. 

6 Periodic-a Polytechnic a El. IXj3. 
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k 

0.9 

aa 

0.,7 

0,6 

L SEB(I 

Table XLIX 

ACSR ground ,,,,·ire:,:. (two 150/25-250/40 S.<I' mm stranded wire:-) 

IllYCstigatcd quantity 

Screening factor 

R -R 
p pp 100~' 
R .0 

pp 

-Igr. wire, imago 

310 

- le. poise, real 
----~---100% 

------;::-;----100~o 

____ -=--=-___ i_"_,a_g_. 100" 11 

without counterpoise 

~ 
2'10. sq. mm steel counter-
~ pOise 

5'=IDohm.m 

t )lrel = 60. 

ACSR counterpoise with 

--L... 250. sq. mm cross-
sectional orea of 
oluminium 

50. 70. 95 mm2 

size of steel ground wire 

no 
(:ounterpoi .. e 

0.43 .... 0.4.~ 

--9.... 19 

-38 .... -39 

-35 .... -37 

55 .... 57 

3 .... ~ 

~;; ... . 57 

It 

0,9 

aa 

0.7 

0.,6 

steel 
counterpoise 

_-\CSR 
(·ouuterpot ... c 

0.41 .... 0.43 0.35 .... 0.38 

-10 ... --19 -15 .... -22 

-38 .... -39 -.J.O .... -ll 

-35 .... -37 --37 .... --39 

.~3 .... 56 50 ... ,,)2 

3 .... 6 .1. ... ~ 

.j. 12 .... 1:3 

-1 .... -z 

57 .... 57 63 .... 6" 

-L ... 7 2 .... :) 

~out counterpoise 

~sq.mm steel counter-
/ pOise 

IT 
g=IDohm.m 

).irel = 60. 

ACSR counterpoise with 
/ 250. sq.. mm cross-
~ sectional area of 

aluminium 

50. 70. 95 mm2 

size of steel ground wire 

Fig. 15. Combined use of counterpoise and 
ground wire (one ground '\ire) 

Fig. 16. Combined use of counterpoise and 
steel ground wire (two ground wires) 
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Summarizing the conclusions descrihed in Sections 11.2 and 11.3, it can 
he stated that the comhined use of the counterpoise and ground wires offen 
the greatest practical advantages in cases where the poor screening factor 
values provided hy low-conductivity steel ground wires are to he suhsequently 
improved. Ohviously, the application of a high-conductivity counterpoise (e.g. 
an aluminium-core underground cahle) is the most effective means of reaching 
this aim, hy which the screening factor may he reduced hy 30 to 35 per cent. 
The reduction ohtainahle 'with an identical-size steel counterpoise is only 
ahout 10 per cent (Tahle XLVII). 

k 

0,6 

0,5 

0," 

0,3 

without counterpoise 
~ 
~q.mmsteel 

counterpoise 
Jirel=60 

ACSR counterpoise with 
~ 250sq.mm cross-

sectional area 
of aluminium 

1 )'= 10 ohm.m 

150 250 mm2 
cross·sectional area of aluminium 

of ground wire 

Fig. 17. Combined use of counterpoise and 
ACSR ground wire (one ground wire) 

k 

0,6 

0,5 

0,1; 

0.3 

IT 5'=10 ohm. m 

~ut counterpoise 
2'10sq.mm ~ 
steel --
counterpoise . 
j1 1=60 ~ counterpoise With 

re 250 sq.mm cross-
sectional area 
of aluminium 

150 250 mm 2 

cross-sectional area of aluminium 
of ground wire 

Fig. 18. Combined use of counterpoise and 
ACSR ground wire (two ground wires) 

The screening factors provided hy ground WIres only, and those when 
comhining the effect of ground wires and a counterpoise made of 240 sq. mm 
steel and of 250/40 sq. mm ACSR are represented in the following figures: 

with one steel ground 'wire: Fig. 15, 
'with two steel ground WIres: Fig. 16, 
with one ACSR ground wire: Fig. 17. 
'with two ACSR ground wires: Fig. 18. 

*' 

In the References a numher of papers and hooks are listed in which 
the p.rohlems concerning the screening factor of overhead lines are discussed 
and further numerical results are given. 

6* 
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Summary 

In the case of overhead power transmission lines the compensating conductors as means 
of reducing the effects of interference are represented by overhead ground wires and counter­
poises. The paper investigates the variation of screening factors and the effect of compensating 
conductors modifying the absolute value and components of the zero-sequence impedance of 
overhead lines in the function of the number, material and size of compensating conduetors 
and other factors (such as soil resistivity, permeability of steel conductors), as well as the 
complex form of currents flowing in the compensating conductors, given in relative units. 
The investigations were performed by means of all ELLIOTT digital computer. 
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