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ABSTRACT  10 

 11 

 
Aims: The purpose of the article is to analyze networks with zero insulation (10 ÷ 35) kV, 
which have disadvantages that adversely affect the insulation of operating equipment, as a 
result of which, in modern conditions, it is desirable to improve the operating modes of such 
networks.  
Place and Duration of Study: Department of Electromechanics (Electrical and electronic 
engineering)  
Methodology: To limit the surges that occur in such networks, an arc quenching coil is 
used, the operation of which is based on two processes: a coil that compensates for the 
capacitive current, a sharp decrease in the voltage recovery rate in the arc range 
Results: In connection with the above, by carrying out accurate calculations, it is necessary 
to solve a number of issues on grounding the neutral with active resistance in networks 
(10÷35) kV: effective grounding of networks, ensuring safety, limiting the impact on 
communication lines, limitation of emerging surges, ensuring normal operation of switching 
devices, etc. 
Conclusion: 1. Due to the difficulty of obtaining an accurate adjustment when earthing the 
neutral through an arcing coil, and even under normal conditions, overvoltages in the phases 
are likely as a result of the displacement of the neutral. 2. Networks with zero insulation 
(10÷35) kV have disadvantages that adversely affect the insulation of operating equipment, 
and in modern conditions it is desirable to improve the operating modes of such networks.3. 
In networks with an isolated neutral (10÷35) kV, the connection of the neutral to earth with 
active resistance allows you to significantly limit the extreme voltages that may occur in the 
network. 
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1. INTRODUCTION  17 

 18 
The vast majority of accidents occurring in networks (10÷35) kV occur due to single-phase 19 
earth faults and resulting overvoltages. With a constant short circuit of one phase to earth in 20 
networks with an isolated neutral, the voltage in healthy phases increases from linear to 21 

3x fU U
. Such a voltage does not pose a threat to the network, the insulation of which is 22 

not damaged at this moment. In addition, the vast majority of single-phase earth faults in 23 
networks with zero insulation are due to the formation of an unstable arc. The arc repeatedly 24 



 

 

flashes until it is completely extinguished - the flash of the arc causes repeated 25 
electromagnetic switching processes, which leads to the occurrence of over voltages [1]. 26 
The reason for the formation of extreme voltages during repeated flashes of the arc is that 27 
when the arc is extinguished, an electric charge remains in the phase capacitances, as a 28 
result of which the neutral of the network is displaced. Thus, single-phase earth faults and 29 
the magnitude and nature of over voltages occurring during this time determine the 30 
conditions for burning and extinguishing the arc. 31 

The purpose of the presented work is to analyze the extreme voltages that occur during 32 
single-phase earth faults and to determine how to limit them. 33 

Formulation of the problem. Single-phase earth faults have been carefully analyzed by 34 
scientists (mention the scientists or the source of the information). To limit the surges that 35 
occur in such networks, an arc quenching coil is used, the operation of which is based on 36 
two processes: 1) the coil compensates for the capacitive current. 2) a sharp decrease in the 37 
voltage recovery rate in the arc range [2,3]. With full regulation of the winding, only the active 38 

current Ia=Ufqc will flow through the arc when grounding. If we define the level of regulation 39 
of single-phase earth faults and over voltages as  40 
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(Icu is the current passing through the winding, Ica is the capacitance current), then the 42 
difference from the exact regulation can be defined as 43 
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Thus, the value of the residual current passing through the arc will be determined by the 45 

 
22 
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expression. 47 

 48 

2. MATERIAL AND METHODS  49 

 50 
The solution of the problem. The arc will be extinguished when the residual current Ir 51 
crosses zero. After that, the potential of point "1" (Fig. 1) will change in accordance with the 52 
frequency ω of the operating current of the network, and the potential of point "2" will change 53 
in accordance with the special frequency ω0 Cf-Lc circuit "3". In the case of an ideal setting 54 
(at υ = 0), the voltage recovery in the arc gap (potential difference between points 1 and 2) 55 
will depend on the extinction of free oscillations in the 3Cf-Lc circuit and will proceed at a very 56 
low speed. As a result, it will be easier to restore the dielectric strength in the arc gap and 57 
extinguish the arc. 58 

 59 
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 73 
Fig. 1. Scheme for analyzing the current passing through the arc 74 
 75 
When the difference from fine control is within υ=+5%, the voltage recovery rate differs little 76 
from the case of fine control. For large values of "υ", the value of the restored voltage may 77 
be higher than the phase voltage. Thus, for reliable arc quenching, the adjustment must be 78 
as accurate as possible. This reduces both the residual current cost and the rate of voltage 79 
recovery [4,5]. 80 

With fine adjustment of the arc chute, a reliable arc extinguishing of a single-phase earth 81 
fault is ensured in all cases. However, at this time, there is a large displacement of the 82 
neutral of the network and, as a result, the generation of extreme voltages in the phases, 83 
and this situation also occurs even with a very slight displacement of the neutral in the 84 
network [6]. 85 

The mentioned situation is explained on the basis of the replacement scheme shown in Fig. 86 
2. In an isolated network with a neutral, the arcing coil is connected in series to the sum of 87 
the capacitances and currents of the network, and a bias voltage U0 of the network neutral is 88 
applied to this circuit. Thus, the circuit in Fig. 2 allows the presence of a resonant circuit, 89 
while a significant increase in voltage in individual elements of the circuit is possible. 90 

 91 

Fig. 2. Calculation diagram of the voltage in the arc quenching coil during normal 92 
operation 93 

Voltage on isolated network neutral 94 
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where U1=Uf ; U2 =a
2
Uf ; U3 =aUf; 96 

1 3

2 2
a J  

; 97 

j1, j2, j3 - electrical conductivity of the phases separately with respect to the ground. 98 

The active conductivity coefficient is determined by the leakage current on the surface of the 99 
insulators and can be neglected. Normally, even when the wires in the line are horizontal, 100 
the capacitances of the phases with respect to earth are not equal. With a horizontal 101 
arrangement of wires, the power of the middle phase is 10% less than that of the extreme 102 
phases. Thus, if we take C1=C3=Cf and C2=0.9Cf, according to expression (4) we get: U0 103 
=0.035Uf [7]. 104 

According to the design scheme in Fig. 2, the neutral bias voltage will be determined by the 105 
voltage on the arc quenching coil. Coil voltage 106 
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where, 108 
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1 – K = υ and thus 111 
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Figure 3 shows the dependences of the network bias voltage - the attenuation coefficient UC 113 
on the degree of different adjustment. As can be seen from the dependencies and 114 

expression (6), the neutral displacement with ideal regulation is 

0
k

U
U

j

 , U0 = 0.035Uf, and 115 

the neutral displacement voltage reaches Uc=0.7Uf for the case δ=0.05. Thus, the voltage in 116 
one of the phases is reduced to 0.3Uf, and in the phases it increases to 1.5Uf. Under such 117 
conditions, losses increase, insulation wear accelerates, and the harmful effect on 118 
communication lines increases [8]. 119 

As a result of reducing the correction factor, the neutral offset is also slightly reduced. 120 
However, in this case, the state of extinguishing the arc caused by a single-phase earth fault 121 
is degraded. 122 
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 134 
Fig.3. The dependence of the bias voltage on the degree of regulation 135 

In the case of full regulation of the arcing winding (K=1; υ=0) from a single-phase grounding 136 
arc (according to the replacement circuit in Fig. 1), the active current is small and equal to 137 
Ir=Uf ∙qc, called residual current, will flow. The moment the current crosses zero, the arc is 138 
extinguished. After the arc is extinguished, the restoring voltage in the arc gap will be 139 
determined by the potential difference of points 1 and 2 (Fig. 1). where the potential of point 140 
1 will change in accordance with the operating frequency of the energy source, and the 141 
potential of point 2 will change in accordance with the special frequency ω0 of the “3Cf - Lc” 142 
circuit. As a result, the restored voltage in the span of the arc will change accordingly in 143 
expression (7) [9,10]. 144 
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where φ is the phase angle of the voltage at the moment the current crosses zero, 146 
determined by the conductivity qc. 147 
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– vibration damping coefficient (C=3Cf); k=1-, φ=0. Thus, expression (7) can be 148 
written as follows. 149 
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/
) 150 

According to expression (7)
/
, the adjustment error decreases when the voltage is restored to 151 

Ufm with an increase in υ and, accordingly, increases at the maximum voltage value - Ub(t) - 152 
in the arc gap. Thus, it is necessary to try to adjust the arc quenching coil according to the 153 
condition of full resonance. However, in practice this is not possible. Because the value of 154 
capacitive currents often changes and cannot be correctly calculated, and the adjustment of 155 
the winding is done in steps, and not regularly. 156 

On the other hand, to reduce the neutral bias voltage, it is necessary to increase "υ", but 157 
expression (7) shows that this is undesirable. 158 

To reduce the neutral-to-neutral bias voltage, a resistive resistor can be connected in series 159 
with the arc winding. However, the report shows that due to the increased damping of 160 
oscillations in this case, the voltage recovery rate in the arc span increases [11,12]. 161 
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As can be seen from the equations, capacitive currents with single-phase grounding cause a 162 
number of shortcomings in the operation of networks (10÷35) kV, compensated by an 163 
inductive winding. However, the intensive expansion of networks (10÷35) kV recently 164 
increases the relevance of this issue. 165 

3. RESULTS AND DISCUSSION 166 

As a result of the study, we can come to the following conclusion: 167 

- in recent years, the expansion of networks (10÷35) kV, as a rule, is carried out by cable 168 
lines. Single-phase earth faults caused by atmospheric surges are usually conductive. 169 
However, single-phase earth faults caused by cable insulation punctures are not transient. 170 
Therefore, in case of single-phase short circuits in cables, damage and failure of the 171 
insulation drastically reduce the efficiency of arc extinguishing devices; 172 

- with a stable earth fault of one phase, the insulation of the other two phases remains under 173 
the influence of an overvoltage equal to the mains voltage for a long time. This, in turn, 174 
increases the possibility of two- or three-phase short circuits, as well as a sharp acceleration 175 
of the aging process of cable lines; 176 

- in connection with the expansion of networks, the price of single-phase earth fault currents 177 
increases, and as a result, the price of the uncompensated high-frequency component of the 178 
current increases, and it becomes difficult to extinguish the arc; 179 

- in compensated networks, it is necessary to take additional measures to limit the neutral 180 
displacement, which complicates the operation of the network. 181 

In connection with the above, by carrying out accurate calculations, it is necessary to solve a 182 
number of issues on grounding the neutral with active resistance in networks (10÷35) kV: 183 
effective grounding of networks, ensuring safety, limiting the impact on communication lines, 184 
limitation of emerging surges, ensuring normal operation of switching devices, etc. 185 

The design scheme for the analysis of a single-phase earth fault is shown in fig. 4. In this 186 
case, all the initial elements of the three-phase circuit are assumed to be linear. In this case, 187 
the calculation is solved by the method of symmetrical connections. 188 
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Fig.4 Calculation diagram of a single-phase earthing switch with neutral grounding 204 
with rn resistance 205 

If the resistance rn is connected to the network neutral, the arc resistance rq can be 206 
neglected. Thus, taking the positive and negative sequence resistances Z1=Z2, the currents 207 
and voltages in the steady state with a single-phase earth fault will be calculated using the 208 
following expressions [13]. 209 
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where Z0 is the resistance of the zero-sequence circuit, 211 
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Fixed voltages in phases: Uaq=Ua-Un; Ubq=Ub-Um;  Ucq=Uc-Un. 216 

For given fixed values of current and voltage of a single-phase earth fault, Z1=jx1; Z2=jx2; 217 
Z0=r0+jx0 are accepted, that is, capacitive resistances are not taken into account according 218 
to the replacement scheme (Fig. 4) [14]. 219 

Now let's analyze the possibility of using a structure not made of metal wire with inductive 220 
resistance as a grounding device. For this, it is proposed to use electrical concrete with 221 
electrical conductivity. Electrical concrete differs from the concrete used in construction in its 222 
composition and is used as an electrical material without inductance. Such a material must 223 
have sufficient electrical strength, withstand heating, and at the same time have the 224 
necessary electrical conductivity and provide mechanical strength [15]. 225 

As a conductive phase, processed coal waste and the remains of graphite electrodes of 226 
steel-smelting electric furnaces are used. Cement is used as a binder. 227 

 228 

4. CONCLUSION 229 

 230 

1. Due to the difficulty of obtaining an accurate adjustment when earthing the neutral through 231 
an arcing coil, and even under normal conditions, overvoltages in the phases are likely as a 232 
result of the displacement of the neutral. 233 

2. Networks with zero insulation (10÷35) kV have disadvantages that adversely affect the 234 
insulation of operating equipment, and in modern conditions it is desirable to improve the 235 
operating modes of such networks. 236 



 

 

3. In networks with an isolated neutral (10÷35) kV, the connection of the neutral to earth with 237 
active resistance allows you to significantly limit the extreme voltages that may occur in the 238 
network. 239 

 240 

REFERENCES 241 

 242 

1. Vainshtein R.A. Modes of neutral grounding in electrical systems: textbook / R.A. 243 

Weinstein, N.V. Kolomiets, V.V. Shestakova. - Tomsk: TPU Publishing House, 2006. - 118 244 

p. 245 

2. Vishtibeev A.V., Kadomskaya K.P. On resistive neutral grounding in 6-35 kV networks. 246 

Energetik, No. 3, 2001. pp. 33-34. UDC 62-50:519.216 247 

3. Shuin V.A., Gusenkov A.V. Protected against earth faults in electrical networks 6-10 kV. - 248 

M.: NTF "Energoprogress", 2001. - 104 p. 3. 249 

4. Shalin A.I. Relay protection against earth faults in 6.35 kV networks with resistive neutral 250 

grounding // Neutral grounding modes of 3-6-10-35 kV networks: Reports of the scientific 251 

and technical conference. - Novosibirsk: GTsRO, 2004. - S. 160-167. 252 

5. Bouziane B., Elmaouhab A. et al. Smart Grid Reliability Using Reliable Block Diagram 253 

Case Study: Adrar’s Isolated Network of Algeria // 2019 International Conference on Power 254 

Generation Systems and Renewable Energy Technologies (PGSRET): proc. Istanbul, 255 

Turkey 26–27 august 2019. – IEEE,2019. 256 

https://doi.org/10.1109/PGSRET.2019.8882711. 257 

6. Sestasombut P., Ngaopitakkul A. Evaluation of a Direct Lightning Strike to the 24 kV 258 

Distribution Lines in Thailand. Energies, 2019, vol. 12, no. 16, p. 3193. doi: 259 

https://doi.org/10.3390/en12163193. 260 

7. IEEE Std 81-2012 Guide for Measuring Earth Resistivity, Ground Impedance, and   Earth   261 

Surface   Potentials   of   a   Grounding   System.  New York, IEEE, 2012.   86   p.   doi: 262 

10.1109/ieeestd.2012.6392181. 263 

8. Rudenko     S.S.,     Koliushko     D.G.,     Kashcheyev     O.V.     Determination   of   264 

direction   to   reconstruction   of   grounding   system. Electrical engineering & 265 

electromechanics, 2017, no.2, pp. 57-61. (Ukr). doi: 10.20998/2074-272X.2017.2.09. 266 

9. Glebov  O.Yu.,  Koliushko  D.G.,  Koliushko  G.M.,  Eremeeva  E.P.  On  the  issue  of  267 

design  of  grounding  systems  of  330(220)  kV  substations  to  ensure  the  268 

electromagnetic  compatibility  of  secondary  circuits.  Electrical  engineering  &  269 

electromechanics, 2018, no.5, pp. 72-79. doi: 10.20998/2074-272X.2018.5.11. 270 

10. Glebov  O.Yu.,  Koliushko  D.G.,  Koliushko  G.M.,  Eremeeva  E.P.  On  the  issue  271 

of  design  of  grounding  systems  of  330(220)  kV  substations  to  ensure  the  272 

electromagnetic  compatibility  of  secondary  circuits. Electrical engineering 273 

&electromechanics, 2018, no.5, pp. 72-79. doi: 10.20998/2074-272X.2018.5.11. 274 

11. Hossain M.S., Ahmed R., Hossain S. Design and Optimization of Substation 275 

Grounding Grid for Ensuring the Safety of Personnel and Equipment. Journal of Electrical 276 

Power &   Energy   Systems, 2021, vol. 5, no. 1, pp.  71-80. doi: 277 

https://doi.org/10.26855/jepes.2021.08.001. 278 

12. Sivokobylenko V.F., Dergilev M.P. Neutral operating modes of distribution networks 279 

6-10 kV. Sat. scientific works of DonSTU. Series: Electrical engineering and energy, vol. 280 

67: - Donetsk: DonNTU, 2003. pp. 49 - 58. DSTU (GOST) 7.1:2006. 281 

13. Tsapenko E.F. Earth faults in 6-35 kV networks. - M.: Energoatomizdat, 1986. – 128 282 

14. Koliushko D.G., Rudenko S.S. Determination the electrical potential of a created 283 

grounding device in a three-layer ground. Technical   Electrodynamics,  2018,  no.  4,  pp.  284 

19-24.  doi: https://doi.org/10.15407/techned2018.04.019. 285 

15. Koliushko D.G., Rudenko S.S. Experimental substantiation of  the  calculation  286 

https://doi.org/10.1109/PGSRET.2019.8882711
https://doi.org/10.3390/en12163193
https://doi.org/10.15407/techned2018.04.019


 

 

procedure  of  normalized  parameters  of grounding device based on the three-layer soil 287 

model. Electrical Engineering  &  Electromechanics, 2018, no. 1, pp. 66-70. doi: 288 

https://doi.org/10.20998/2074-272X.2018.1.11 289 

 290 
 291 

 


