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Influence of Reduction Factors on High Voltage Cables 

on the Transfer of Potentials in the Network 
Nikolche Acevski1, Аngela Micevska2, and Аna Manivilovska3 

Abstract - The purpose of this paper is to calculate the 
reduction factors of 3 single-core HV cables, that is, to see the 
differences in the voltage at two HV 110 kV substations, 
substation Central and transferred to substation South New, 
when applying HV cables with various cross-sections placed in 
triangle and plane configurations. 
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I. INTRODUCTION 

The reduction factor of the HV cable is defined as the ratio 
between the residual current (IKV - Je), which continues to the 
end of the cable, and the error current IKV, (10), (21). It shows 
us how much of the fault current will be injected into the 
grounding conductor at the end of the cable at the grounded 
connection at its end. 
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Fig. 1. Single-phase equivalent of 3 single-core cables 

 
When the three single-core cables are laid in a triangular 

layout, as in Fig. 2, the followingapplies: 
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Fig. 2. Triangle configuration 

 

The self and mutual impedances Zs and Zm on the three cores 
of the cables are calculated with Carson equations, [5], for 
ρ=300 Ωm. The cables are placed in a PVC pipe, d=0.16 m. 
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So each cable with an insulated sheath observed along with its 
return path through the ground is represented by an I-
replacement circuit. The mutual impedances between the 
phase conductor of phase f=A, B, C and the screens of the 
three wires of the cable are calculated according to (5). For 
phase A, (6). 
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Similarly, the remaining own and mutual impedances are 
calculated Mij = Mji, between the phase conductors of the 
phases (i = B, C) and the three cable screens (j = 1,2,3). For 
Fig. 2, the single-phase equivalent of Fig. 1 [5] will be: 
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When the strings are placed in a plane, it is valid [5]: 
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TABLE I 
CATALOG DATA FOR POLYETHYLENE CABLES OF THE TYPE NA2XS(FL)2Y UM=123 KV 
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II. CALCULATION OF REDUCTION FACTORS FOR 

DIFFERENT CABLE CROSS SECTIONS 

After the calculations made according to the above 
formulas, the results shown in Table II are obtained. The 
reduction factor of a bundle of three single-core cables placed 
in a triangle is smaller than that in a plane from 3.7% to 12% 
due to the obvious symmetry. 

TABLE II 
REDUCTION FACTORS OF HV CABLES 

 

Cross section  Triangle Plane 
2000 0.066e-j81.25

0

 0.074e-j76.72
0

 
1600 0.082e-j80.88

0

 0.088e-j75.49
0

 
1400 0.103e-j79.35

0

 0.109e-j75.71
0

 
1200 0.139e-j77.16

0

 0.148e-j74.27
0

 
1000 0.191e-j74.22

0

 0.198e-j74.77
0
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Fig. 3. Configuration plane 

III. CALCULATION OF SHORT-CIRCUIT VOLTAGE 

CONDITIONS IN SUBSTATION CENTRAL 

Central substation is connected to the South New 
substation by two 110 kV cables. The appearance of the 
circuit is presented in Fig. 4, and in Fig. 5 it’s equivalent 
scheme, taking into account the transposition of the phases. 

 

 

Fig. 4. View of the circuit between Central and South New 
substation during a short circuit in Central substation 
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Fig. 5. Equivalent circuit scheme between Centraland South New 

substation during short circuit in Central substation 
 

 

Fig. 6. Appearance of grounding of the Central substation 
 

At 110 kV substation Central are tied, [4], Fig. 6: 

- the old grounding of the building with an entrance 
impedance Z1=0.25 Ω,  

- the new mesh grounding with grounding resistance 
Rmz=4.508 Ω,   

- both thorough grounding with grounding resistance 
RT1=4.42 Ω and RT2=3.74 Ω,  

- the cables tunnel grounding resistance Rkt=6.81 Ω 
- the first sections of two cables (their equivalent 

impedances) 

The values of the groundings are obtained by computer 
simulation in Matlab. At the places where the phases of the 
cables are transposed (nodes 3,4,5,6), groundings are 
simulated with which the surge arresters are grounded and 
which are predicted to be at R=5 Ω. 

The third sections of the two cables are connected to the 
grounding of the South New substation and the grounding of 
the substation which is Z2 = 0.18 Ω. It should be emphasized 
that the EVN services have obtained the data for Z1=0.25 Ω 
and Z2=0.18Ω which are the average values of the 
measurements at several locations at these substations. At the 
same time, they do not represent grounding resistance of 
grounding conductors at substations, but input impedances 
that take into account the input impedances of all MV cables 
connected to the corresponding substations. 

Fig. 5 shows that the network between the Central 
substation (node 1) and the South New substation (node 2)is 
composed of 6 nodes. After two additional nodes introduces 
the transposition of cables to 1/3 of their lengths 2.7 km or 
4.11 km respectively, 0.9 km or 1.37 km.It is a non-radial 
network, so since the input impedance of the system at node 1 
substation Central cannot be calculated by simply summing 
the admittances as in other cases in practice. The system can 
be solved using the method of independent voltages 
(potentials in the nodes). For this purpose, the matrix of 
admits Y with dimensions 6x6 is formed first. Matlab 
calculates the impedance matrix Z = Y-1, and then calculates 
the voltage vector in all 6 nodes of the network with the 
relation (22) 
 U Z I= ⋅ . (22) 

From the power plant operator MEPSO, data were obtained 
for three-way and single-circuit short-circuit currents of 110 
kV busbars in substation 110/35/10 (20) kV "Central". 
 

TABLE III 

 
 

According to [4], first the currents that are injected into the 
grounding systems of the Central substation and South New 
substation are calculated, and then the voltages of the 
respective groundings, according to the relation (22). 
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1) Triangle configuration, cross section 2000 mm2 
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2) Configuration plane, cross section 2000 mm2 
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3) Triangle configuration, cross section 1600 mm2 
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4) Configuration plane, cross section 1600 mm2 
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IV. CONCLUSION 

1. The reduction factor of a bundle of three single-core 
cables placed in a triangle is smaller than that in a plane 
from 3.7% to 12% due to the obvious symmetry. 

2. On the one hand, smaller reduction factors contribute to 
reducing the voltage in the Central substation and thus 
relieving its grounding, but on the other hand they 
contribute to increasing the transferred potential in the 
South New substation and increasing the risks of 
excessive touch and step voltages in and around the South 
New substation. 

3. When choosing a HV cable, it is necessary to choose the 
optimal configuration in terms of meeting the criteria for 
safety in and around both substations. 
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