Fault Voltages in LV networks during 1-phase MV shortcircuit
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SUMMARY

This paper describes the consequences of a fault in a medium
voltage network on the grounding systems at LV-side. Cenelec
report HD 384.4.442 S1:1997 describes requirements to
obtain safety for personnel and equipment connected to a low
voltage network, in case of such a fault.

We caused a single phase to ground fault at the end of a
floating 10 kV system. The current distribution in the MV
network was measured; the fault current was 125 A. We also
measured currents and the relevant voltages in the LV
network. Both a TT and a (quasi) TN grounding system in the
houses were installed; the lead shielded telecom cable was
also included in the TN approach. Current and voltage data
are compared with calculations.

The NUON-TUE project aims at a general grounding concept
in which we treat different faults and various interference
sources e.g. lightning and switching events together.

1. INTRODUCTION

A genera grounding concept for buildings and houses should
smultaneoudly consider different disturbance sources such as
faults in medium and low voltage grids or lightning currents
and the protection of both human beings and eectronic
equipment. All cables, which enter a building, are involved. A
disturbing current will be shared by the cables and by the
grounding electrodes or other conductors connected to earth
when present.

The relevant voltages to protect humans are the step and touch
voltages, or gill better, the current through the human body for
redigtic values for the resistance of the body and footwear.
There is agreement on the permissible vaues for the step and
touch voltages. The Dutch requirements are derived from the
document 1ECA79-1; the relevant graph is reproduced in
Fig. 1.
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The protection of IT equipment or consumer eectronics
requires low voltages across the input terminals. The currents
through the cabling attached to the equipment should be
limited to avoid overheating and coupling of interference.

The consequences of faults in the low voltage grid were
studied earlier [1,2] by modds and by measurements. The
transfer of faults in the medium voltage grid towards low
voltage networks is studied amongst others by [3/4]. The
Canadian measurements dedlt with open-air three-phase 25
kV lines, with telephone and CATV cables mounted on the
same poles.

The Dutch stuation is quite different: nearly al cables are
burried. The medium voltage cables are equipped with a lead
shield in reasonably good contact with the soil, or with an
outer PE insulation jacket. Grounding is provided at the MV to
LV transformer dations (typicaly 2-5W) to which the MV
cable shidds are connected. Both TT and TN systems are
applied at the LV side, even in regions served by one
distribution company. The adjacent cables for telecom and
TV are of amilar types, the grounding of those systems is
often separated.

InaTT system each customer has an individual grounding
arrangement. Faults in LV and MV systems may cause
touch voltages on the neutral, which is usualy not
accessible to the customer. At the transformer station a
large voltage may occur between e.g. metal doors and the
surrounding earth. A TN-system links the various
grounding conductors at the transformer and at all
customers. This ensures a distributed grounding and
reduces the probability of a customer not having a safe
grounding. Also better lightning safety may be assured at
lower overall costs. Faults in MV and LV grids may now
cause important step and touch voltages.
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Fig.1. Permissible Fault and Touch voltages (IEC479-1)

2. RELEVANT PARAMETERS

General considerations

In the experiment we determine currents and voltages. The
current through a cable or another metallic conductor
depends on the position, but is clearly well defined for each
position. The voltage between two points depends on the
position of both points and on the current distribution. In
addition, the measured voltage may depend on the path
followed by the voltage measuring leads. This is due to a
magnetic flux variation -{F /1t through the loop formed by
the leads and the object to which the leads are connected.
A large |TF /Mit| occurs in strong magnetic fields, when
large areas are enclosed, or when the frequency is high.
We call these ambiguous voltages "far voltages'. We use
the term "near voltage" when local [fF /{t|'s are small, for
instance for voltages between input terminals of
equipment. In the experiment most measured values were
near voltages, for example those measured between two
nearby conductors. We also determined the voltages
between a conductor and a grounding pin in the soil over
the shortest path to a point at distance of about 1 m, 10 m
or more. All voltages were determined with a high

impedance instrument. Naturally, the current through the
body of a person spanning the 1 m distance is aso
determined by the contact impedances of the person to the
touched conductor and to ground (Fig. 2).
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Fig.2. Touch voltages caused by afaultinaMV
network.

Details on the network parameters.
The NUON 10 kV network floats with respect to ground.
The fault current at a one phase to ground short circuit is
determined by the cablesinstalled, in particular by the total
cable capacitance and the layout of the network. In the
NUON 10 kV network, the maximum short circuit current
during a one phase to ground short circuit is 450A. This
current may last up to 8 hours, since this type of fault does
not influence normal service. Larger fault currents are
switched off within 0.1 sec.
The touch voltages are related to:
the part I of the fault current I; that flows through the
local ground,
the resistance Re of the grounding arrangement of the
transformer sub-station, including lead shields of
incoming cables and the grounding arrangements at
the customers.

3. EXPERIMENT

The measurements were carried out on a selected site at the
end of asingle branch, a 3.4 km long 10 kV cable. Figure
3 presents an overview. The directions of the cables are
sketched and their lengths are indicated. The 10 kV cable
comes from a 10 kV-230/400V transformer station
"Hennekamp" (H), 2.2 km west of our site "de Mossdl"
(M). A similar transformer at M feeds a house (W2), a
small restaurant (PH) and a waste water pump (P).
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Fig. 3. Overview of thetest site

H, M :Transformer station 10 k\V/400V
F: Location ground fault

P: Waterpump

PH, W2: LV-users

The site is quite isolated in a nature reserve area, with only
afew buildings and constructions nearby. The soil consists
of sand with high resistivity, which may cause large
voltages. This was one of the reasons to select this site. In
addition, in this isolated region we had a reasonably
complete  overview of the cables, including
telecommunication, and conductors such as metal water
tubes buried in the soil.

In the tests we deliberately caused a 10 kV one phase to
ground fault at the end of the XLPE cable which extends
from M over a length of 250m. This cable was laid there
for this experiment only. The fault current Iy was about 125
A. The fault current returned through the cable shields and
through the local grounding system.

The LV neutral (N) and the shields of the LV cables
connected to the site were grounded only near the
transformer at M. Individual grounding electrodes were
installed at both consumers in a TT configuration. A
telecommunication cable also entered PH and W2; this
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cable had its own ground, most probably via the lead
shield. Pump P is well grounded by the water piping and
an installed electrode; the neutral is aso grounded at P.

The fault isinitiated by closure of a 10 kV switch SO at F;
SO was opened again after 20 seconds. The open ellipses
around cables at H, M and F in Fig. 3 indicate that the net
current was determined, in EMC terminology: the common
mode current through the cable. Various sensors were
used, air-core Rogowski coils in a
differentiating/integrating measuring setup [5] and
inductive current clamps with iron core. HP digital scopes
and a Dranetz transient analyser recorded the data up to 3
seconds around the fault begin. The overall measuring
accuracy is about 3 percent.

In addition, we measured the near voltages between the
three different 'grounds’ at the consumer premises. Out of
the many measurements we selected three different
configurations for presentation:
1) The origina TT system in both PH and W2.
2) N and local grounding electrode interconnected in
both PH and W2. In Fig. 3 this corresponds to
closure of S2 and 4.
3) An additional  connection  between  the
telecommunication ground and local electrode in
PH and W2, corresponding in Fig. 3 to the closure
of Sland S3.
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Fig. 4. Measurement results

1: Original situation: TT system on LV-side

2: Neutral and local ground connected on LV-side (S2& $4 closed)
3: Neutral, local ground and telecom ground connected (S1-S4
closed)

*=|n dl configuration the same current was measured

In configuration 1, the voltages measured between N and
loca ground are relevant for the TN system. In
configuration 2 and 3, we also measured the current
through the extra connections made. Interesting voltages
were those between the ground at M and F and a short
grounding rod a 1 m and at about 15 m (M) or 10 m (F)
distance; see Fig. 3.

4. MEASUREMENT RESULTS

Figure 4 summarises the results; effective values are given.
The fault current Iy does not vary over the three
configurations; a single value is displayed. Thisis aso the
case for the current lg, through the shield of the 10 kV
cable arriving at M. Only one phase was connected in the
XLPE cable; the currents I at M and at F are equal within
the experimental accuracy.
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The other currents and the voltages are given in small
tables for the three configurations; a dash means no value
obtained or obtainable. The vectorial sum of the currentsis
zero a al locations where we could check this. To within
the accuracy of the measurements no current is missing.

Naturally, the current g, through the grounding electrode
a M and the currents at PH and W2 change when extra
ground connections are made at PH and W2. The major
part of the 9 A current Iy, a M flows into the soil at P; Iy,
does not appreciably vary over the three configurations. All
these currents have a phase angle of about -135 degrees
w.r.t. the fault current If; see Fig. 5 for configuration 2.
This phase angle is in accordance with the values for the
shield current Ish at M.
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Figure5
Measured currents at ground node "M" (configuration 2)

The grounding electrode at H appears to carry no
appreciable current. The current through the cable shield
there is 5 A smaller than at M. The cable between H and



M contributes about 2 A to |;. The remaining 3 A leaves
the lead shield via the contact with the soil.

The voltages a¢ M and F approximately scale with the
current Iy, through the grounding electrode at M. Large
voltages are observed between the different grounds in the
cables at PH and W2, up to 76 V. No grounding pins were
placed there to carry out more voltage measurements.

5. CALCULATIONS AND MODELLING

For future calculations on the current distribution in MV
networks, an EMTP/ATP model was developed. In this
model the cable sections are represented by mutually
coupled 4x4 pi models, containing the self and mutual
resistance, inductance and capacitance of the three phases
and the shields. The model was compared for two and
three phase short circuits with other programs that only
used positive sequence parameters. Those parameters were
obtained from cable manufacturers.

The results were very much alike, showing positive and
negative sequence parameters of the cable modelling was
good. First calculations on single phase faults showed that
the fault current could be calculated very accurately. The
fault current in the considered network was calculated at
130A. The relevant cable capacitance’s proved to be
correct.

No current was measured through the ground rod at H,
which is not in accordance with the model. The lead shield
of the GPLK cable has a good contact with the soil. This
effect and grounding systems at LV side are not taken into
account in the model yet.
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Fig. 6. Schematic representation of the local connections to earth
for configuration 1 and configuration 2 (dashed)

From the measurements it can be seen that the total current
going into the earth (1,) at M is ailmost independent of the
ground connections in the houses. In the following text it
will be considered constant. We take the voltage between
telecom ground and neutral as a reference value (Vref.). In
the original situation we measured 76 volts. The local
ground currents (lg1, lg2, lwe and Ipy) arein phase.

Since the distances are relatively short, resistances mainly
determine the current distribution. When no connectionsin
the houses are made, the current |, splitsinto three paths.

1) thegrounding at F (I5=3A, R» 25W)

2) the grounding of the transformer station (15,=24A, R»
3W)

3) thegrounding at the pump (Iw;=9A, R»8W)

The grounding impedances at the two houses were

measured to be 11W and 50W. In configuration2 these

ground rods were connected to the neutral (Fig. 6).

Connecting the grounding impedances of the transformer
station, pump, and the two houses in parallel results in a
decrease of the equivalent local ground resistance. It has
no influence on the current distribution in the MV
network.

In this simple model the mutual (resistive) coupling
between the nearby ground rods and phase shifts between
the various currents are neglected.

Table 1: Measured and calculated current distribution
configuration 2

Vref. Igl Ig2 W2 IPH

Cdc |Meas Cadc |Meas [Cdc |Meas |Cdc [Meas |Calc (Meas

60.2 | 61/63V | 27 | 33 | 190|210 | 88 | 90 | 55| 48

6. CONCLUDING REMARKS

Faults in MV networks may cause high step and touch
voltages. At the considered site a TN grounding system
would require only a minor additional grounding to reduce
step and touch voltages below acceptable values. Most sites
are in more densely populated areas, with many
connections to the soil distributed over alarge area. Lower
voltages are then to be expected, even in grids with higher
fault current. Experiments to this end are planned for the
near future. Wherever the TN grounding system was
installed, no incidents have been reported up to now.

Metal conductors and lead shields of cables influence the
current distribution. This effectively reduces the touch
voltages. However modern XLPE cables are isolated from
the soil.

The current distribution strongly depends on variations of
parameters for grounding resistance and cable shield
impedance. A good representation of all cables (including
their contact with the soil) and other conductors in the
neighbourhood of the faulted place is therefore necessary
for accurate modelling.
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