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Abstract--In unearthed neutral medium voltage network the
maximum earth fault current, at zero fault resistance, is
limited by the total earth capacitance however for
compensated neutral network the maximum earth fault
current is limited by the total leakage conductance and the
compensation branch. The effect of the fault resistance on the
earth fault characteristics, in both unearthed and compensated
neutral networks, is investigated in this paper. The
investigations include the effect of the fault resistance on the
fault current, fault voltage, the transient recovery voltage
(TRV) and the rate of rise of the transient recovery voltage
(RRTRV). A realistic 20 kV medium voltage network model is
used for the required investigations. The network model has
been implemented using EMTP-ATP program. Based on the
simulation results, it is found that the fault resistance has a
significant effect on the earth fault characteristics which is
found different in compensated from unearthed neutral
networks.
Index Terms--Earth fault, fault resistance and unearthed
and compensated neutral medium voltage networks.

I. INTRODUCTION

I

N medium voltage overhead networks of utilities across
the world, approximately 80% of faults are transient and
80% of faults involve one phase to earth only (SLGF;
single-line to ground fault) [1]. The fault current magnitude,
fault resistance and the rate of rise of the transient recovery
voltage (RRTRV) can affect the earth fault characteristics
including the possibility of self-extinction of the arcing
faults. The arc extinction is the process of changing the
medium state from a good conducting (arc) state into a good
insulating state. The transient recovery voltage (TRV) is the
system generated transient voltage during the current
interruption process, at zero-current moment [2]. After the
arc extinction, the TRV will be generated, in the same time,
during the insulation recovery of the medium. If the
insulation recovers more quickly than the TRV then a
successful extinction occurs. Otherwise the arc reignites
again for the following half cycle before the next arc
extinction attempt. The possibility of the self-extinction of
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the arcing faults can be increased by reducing the fault
current and/or the rate of rise of the transient recovery
voltage at the fault point. The TRV stresses the insulating
medium by high electric field, results in a dielectric
breakdown and allows the arcing current to flow. The arc
reignition usually occurs immediately after zero-current
moment due to the possibility of available conducting ions,
from the previous conducting plasma (arc). The process of
extinction/reignition continues until a successful extinction
attempt of the arc. This process is mainly controlled by the
competition between the two competitors: the rate of rise of
the transient recovery voltage (RRTRV) and the speed of
the insulation recovery. Simply, the winner is the fastest one
and it will decide the arc behavior. In unearthed neutral
medium voltage (MV) network the maximum value of the
earth fault current, at zero fault resistance, is mainly limited
by the total earth capacitance of the network. However for
compensated neutral medium voltage network the maximum
value of the earth fault current is limited by the total leakage
conductance of the network and the compensation branch
(the compensation coil and its susceptance, and the parallel
resistance, if connected).
The earth fault current depends on the network zerosequence admittance and the fault resistance. For the same
network, the maximum value of the earth fault current is
constant however the fault resistance depends on the
network earthing conditions and the fault parameters. The
fault resistance might have a significant effect on the earth
fault characteristics. The main goal of the paper is to
investigate the effect the fault resistance on the earth fault
characteristics in both unearthed and compensated neutral
networks. The investigations will include the effect of the
fault resistance on the fault current, fault voltage, the
transient recovery voltage (TRV) and the rate of rise of the
transient recovery voltage (RRTRV). A realistic network
model is used for the required investigations, based on a
typical 20 kV medium voltage distribution network configuration. The network model has been implemented using
EMTP-ATP program. The fault resistance can affect the
earth fault characteristics, including the possibility of selfextinction of the arcing faults, which will be investigated in
this paper for both compensated and unearthed neutral
networks.

II. THE STUDIED NETWORK

III. THE EFFECT OF THE FAULT RESISTANCE

Based on the experience of the current situation of the
20 kV medium voltage cable distribution networks, a
realistic network arrangement is proposed for the study. The
studied network is presented in Fig. 1. The data of the
network and urban underground cable feeders are given in
appendix, based on the data from [3]–[7]. The mathematical
model of the network has been implemented using the
alternative transient program ATP/EMTP which is a popular
simulation software package mainly intended for transient
analysis applications [8]. The ATPDraw, a graphical preprocessor to ATP, has been used to construct the network
elements using suitable graphical blocks/symbols, to plot the
required figures and to write the required output data files in
a suitable form to transfer it to Matlab [9] for any required
advanced analysis.
The investigations will be based on different simulation
test cases of the medium voltage network including
unearthed and compensated network conditions. The
behavior of the network can be investigated easily by the
comparison of the different test cases. During earth fault, the
earth-fault current mainly depends on the earth capacitance
of the background network. The other impedances of the
network elements are small compared to the earth capacitances and hence can be neglected. Therefore the maximum
value of fault current is limited by the network earth
capacitance. The investigations of the earth fault
characteristics will focus on the behavior of the fault
current, transient recovery voltage and the rate of rise of the
transient recovery voltage.
The considered fault type is a SLGF (single line to
ground fault in phase-a), with a fault resistance of 10 ,
occurred in the first underground-cable feeder at incidence
time of 7 ms of the third cycle (i.e. at 47 ms) and the fault is
assumed to be cleared at the zero-current moment. The rate
of rise of the transient recovery voltage (RRTRV) will be
calculated from the TRV curve, from the slope of the
tangent line to the initial curve that starts with zero-voltage
and ends with peak-voltage, as presented in [10].

In unearthed MV network the maximum earth fault
current, at zero fault resistance, is limited by the total earth
capacitance of the network but for compensated network the
maximum earth fault current is limited by the total leakage
conductance of the network and compensation branch (the
compensation coil and the conductance, considering the
parallel resistance if connected). The actual earth fault
current mainly depends on the maximum value and the fault
resistance. For the same network, the maximum value is
constant, however the fault resistance depends on the
network earthing conditions and the fault characteristics.
The effect of the fault resistance on the fault currents in
unearthed and compensated neutral networks is presented in
Fig. 2 and the effect of the fault resistance on the initial
TRV and RRTRV in unearthed and compensated neutral
networks is presented in Fig. 3–4 and the corresponding
Figures that present the effect of the fault current are given
in Fig. 5–6. The effect of the fault resistance and fault
current on the multiplication of TRV and RRTRV, in
unearthed and compensated neutral networks, is presented
in Fig. 7–8.
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Fig. 2. The effect of the fault resistance on the fault currents in unearthed
and compensated neutral networks.
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Fig. 1. The studied medium voltage cable distribution network.
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Fig. 3. The effect of the fault resistance on the initial TRV in unearthed and
compensated neutral networks.
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Fig. 4. The effect of the fault resistance on the initial RRTRV in unearthed
and compensated neutral networks.

0

10

1

2

10
10
Fault Resistance (:)

3

10

4

10

5

Fig. 7.
The effect of the fault resistance on the multiplication
(TRV*RRTRV) in unearthed and compensated neutral networks.
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Fig. 5. The effect of the fault current on the initial TRV in unearthed and
compensated neutral networks, corresponding to Fig. 3.
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Fig. 6. The effect of the fault current on the initial RRTRV in unearthed
and compensated neutral networks, corresponding to Fig. 4.

0
-1
10

(TRV*RRTRV) Unearthed
(TRV*RRTRV) Compensated
10

0

1

10
Fault Current (A)

10

2

10

3

Fig. 8. The effect of the fault current on the multiplication (TRV*RRTRV)
in unearthed and compensated neutral networks, corresponding to Fig. 7.

It can be seen, from Fig. 2, that the fault resistance can
affect the fault current in both networks. The significant
change can be seen in the range of 10-1000  of the fault
resistance and, as expected, the range of the fault current is
wider for the unearthed neutral network. The TRV can be
decreased with higher values of the fault resistance in
unearthed neutral network however it can be decreased with
lower values of the fault resistance in compensated neutral
network, as investigated from Fig. 3. The RRTRV is almost
not affected by the fault resistance in unearthed neutral
network however it can also be decreased with lower values
of the fault resistance in compensated neutral network, as
investigated from Fig. 4. The corresponding values of fault
currents, to different values of fault resistances, are shown
in Fig. 5–6. It will be beneficial to investigate the effect of
the fault resistance on both of TRV and RRTRV, in the
same time. The multiplication of the TRV and the RRTRV
is proposed to be used. The results are shown in Fig. 7 and
the corresponding waveform with respect to the
corresponding fault current is given in Fig. 8.

Both Figures present the results with respect to the
multiplication of TRV and RRTRV. It can be concluded
that, from Fig. 3-8, the effect of the fault resistance on TRV
is dominant. The resultant curve in Fig. 7 is similar to the
TRV curve in Fig. 3, with different range, and correspondingly the resultant curve in Fig. 8 is similar to the TRV
curve in Fig. 5, with different range. The multiplication
(TRV*RRTRV) can be decreased with higher values of the
fault resistance in unearthed neutral network however it can
be decreased with lower values of the fault resistance in
compensated neutral network, as investigated from Fig. 7.
The two curves for both networks meet at the fault
resistance of 10 k, or higher. The minimum value of
(TRV*RRTRV) in unearthed neutral network, that can be
seen at 10 k or higher, is equal to the maximum value in
compensated neutral network.
IV. CONCLUSIONS
This paper has presented the effect of fault resistance on
the earth fault characteristics in unearthed and compensated
neutral medium voltage networks, including the effect on
the transient recovery voltage (TRV) and the rate of rise of
the transient recovery voltage (RRTRV). A suitable network
model has been used for the required investigations. The
mathematical model of the network, based on a typical 20
kV medium voltage distribution network configuration, has
been implemented using EMTP-ATP program. Extensive
simulations for different test cases have been done to
investigate the effect of the fault resistance. Based on the
simulation results, an interesting conclusion has been
investigated. It is found that the higher values of the fault
resistance, starting from 10 , sharply decreases the TRV in
unearthed neutral networks, up to 10 k. However, the
higher values of the fault resistance, starting from 10 ,
sharply increases the TRV and RRTRV in compensated
neutral networks, up to 10 k. It is strongly recommended
to consider this investigation when studying the selfextinction phenomenon of the arcing earth-faults, in
unearthed and compensated neutral medium voltage
networks.
V. APPENDIX
The urban MV underground cable network data:
HV/LV primary substation:
Substation transformers: 40 MVA, 110/20 kV
Connection: Star/Delta (Y/) or Delta/Star (/Y)
Reactance = 0.10 pu
MV network total load = 30 MVA
Total feeders’ length = 18 km
Feeders = 6 × 3 km (feeder total length)
Feeders’ load = 6 × 4500 kVA
LV transformers (20/0.4 kV) = 6 × 5000 kVA = 30 MVA
Connection: Delta/Star-Earthed (/Y)
Underground cable data:
AHXAMK-W 3x185Al+35 Cu 20 kV
Conductor diameter = 15.7 mm
Sheath diameter = 37 mm
Cable diameter = 80 mm
Max DC resistance of phase conductor (20C) =0.164 /km

Max DC resistance of centre conductor (20C) =0.524 /km
AC resistance of phase conductor (65C) =0.20 /km
AC resistance of phase conductor (90C) =0.21 /km
Inductance = 0.36 mH/km
Operating capacitance = 0.26 F/km
Charging current (at 20 kV) = 1.00 A/km
Earth fault current (at 20 kV) = 2.90 A/km
Rating current (65C) = 330 A.
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