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ABSTRACT

This paper deals with the distributed compensatfearth
fault current in large-scale rural area medium \age
cable network. First, the history and current stafethe
rural area medium voltage networks in Finland are
reviewed. In considering the new requirements stiauers
and legislation, distribution network companies @av
decided to build weatherproof network, which incesathe
amount of cable network. PSCAD simulations hava bee
used to verify how some factors such as the density
compensation coils, the share of decentralized
compensation, the background network and the palrall
resistance affect the earth fault current and hbes¢arth
fault current can be minimized during a fault cdiah.
Also the effects of above mentioned factors to tifies
measured by protection relays were investigated.

INTRODUCTION

Finland has typically overhead line medium voltédge/)
network in the rural areas. This network was baitiund
1960-70’s and therefore it has to be renewed. &ttime,
the overhead lines were mainly built along the nalirsgict
routes through forests from the substation to theepof
consumption. It was also more important to gettetsty to
customers and build lines cost-effectively thacetie about
the quality of electricity and the reliability ofstribution
network.

In the last few decades, the distribution netwgkrators
(DNOs) have tried to install new lines or move thd
overhead lines from the forests to the side of saadthat
faults can be located and repaired faster. Alscooers
have begun to require better quality of electricitypply
with less outages and voltage fluctuations. Furthies

government of Finland made an amendment to the

Electricity market law in 2008 [1], which stipulate

customer compensation in case of power outages. In

addition to these, recent storms in Finland hase sthown
that the MV network is very vulnerable for accidedtie to
trees falling on feeders during storms or heavysfadis.
One such incident was during the Tapani storm in
December 2011, which caused several days poweg®uta
for several thousands of households. Due to thés fac
mentioned above, DNOs have started to increasinggy
cables in new and renovated rural feeders to peefmar
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storms and in order to ensure more higher-quabitygy
supply and thus responding to increase in customeds.
For examples, Elenia Network Oy, previously called
Vattenfall Network Oy, has made the promise they thill
build all new and renovated parts of the networingis
underground cable.

However, the growing use of underground cables \h M
network causes some problems. One of them is the
increased capacitive earth fault current causiagtép and
touch voltages to increase. Thus the fault curhastto be
compensated by a Petersen coil, in order to avander to
people or animals. In this study the focus is dfedint
compensation techniques. Further, the second gadéty
of view is the secure indication of an earth faarid
therefore the new and promising admittance basetth ea
fault protection is briefly investigated in thisidy.

DIFFERENT EARTH FAULT COMPENSATION
METHODS

The earth fault compensation coils can be placethen
network centrally, mixed (partly centrally) or detally
(also called distributed or locally). Fig. 1 pretsethe
distribution network containing central and local
compensation coils, and therefore it can be saitl tthe
system has mixed compensation. If local compersatids
are removed then the network is centrally compewdsand
if central compensation unit is removed from HVMY
transformer then the network is decentrally comptats
This study was carried out by simulating networnslging
all three different compensation methods mentiaisle.
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Fig. 1 The distribution network with central and local
compensation [3].

Fig. 2 and Fig. 3 illustrate the difference betwee
centralized and decentralized compensation. The
decentralized compensation decreases the zerorgsgjue
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current and hence the neutral point voltage. Tlestipn is,
how big this difference is and what is the optimamount
of compensation coils.
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Fig. 2 The zero sequence current with a central coil [2].
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Fig. 3 The zero sequence current with two compensation
coils in different places of feeder [2].
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MODELLING AND SIMULATION

The simulation models described in this paper Haen
designed specifically for the typical Finnish M\stlibution
network. The research presented is also charaatdrizthe
fact that all the different simulation cases with variety of
network configurations can be performed with thmea
PSCAD simulation model. Furthermore, the study has
specially taken into account the transition fromakierhead
line to the cabled network in Finland. ThereforeSCAD
models used in this study have both cable and eagrline
feeders.

The model includes 110/20 kV main transformer, sbian
system with the studied feeder and background mktwo
consisting of other feeders. Main features of tihelehare:

e Controlled parallel resistance at the neutral point
which is adjustable so that the current througgh it
5A

e Compensation degree, distance between
compensation coils (5, 10, 20, 40 km) and the
number of coils can be changed; compensation
degree in this study is 80, 90 or 101 %

e Length of the network can be changed from 100
km to 220 km

« Length of the studied feeder can be 20 km
(width 1), 40 km (width 2) or 60 km (width 3)

e Background network: two cables (AHXAMK-W
3x185+35) and two overhead lines (Raven 54/9),
40 km each

e Variable fault resistance (0—2000)
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» Variable fault location (5 different locations hét
studied feeder and 4 different locations at the
background network); fault locations in this study
are at the beginning (fp1) or at the end (fp5hef t
studied feeder or in the background network (fp9)
at the beginning of second cable feeder

e Variable fault type (solid or intermittent earth
fault)

e Loads at the studied feeder (2 MW) and
background network (8 MW).

The purpose of this research is also to demonshate
compensation method or the density and place of the
compensation coils and the type of background ndtwo
affect the fault currenk and the admittance vector. The
results are presented in the following sections.

Centralized compensation

As it was illustrated earlier, in the centrally qoemsated
network there is only one compensation coil at the
substation connected either to the neutral poith@fmnain
transformer or to a separate grounding transforinghe
centralized compensation case, the compensatibwasi
connected to the neutral point of the main tramséar The
coil was adjusted so that the compensation dedgréeeo
network was 101 % or the network was fully compésta
First set of bars (centrally) in Fig. 4 shows thelf current

in this case.

Mixed compensation

The share of central compensation in mixed compigmsa
systems can be different, but in this study twdedént
cases were simulated. In the first case, 50 km ftoen
whole network is centrally compensated and the isest
decentrally compensated. This means that 10 km fhem
beginning of every feeder is centrally compenslizir
referred to as compensation ratio 10 km). In ticerse case
20 km from the beginning of every feeder were Giytr
compensated (later referred to as compensation P
km). The density of compensation coils is 10 knbath
cases. The total length of the network is 200 kithese
cases, the behavior of the fault currkrat the feeder was
studied when the ratio between centralized and
decentralized compensation changes and the reanltdso
be seenin Fig. 4 (ratio_10km and ratio_20km).

Decentralized compensation

The purpose of the simulations in this case wdmtbout

how the density of compensation coils affects theltf
currentl; at the studied feeder. The results are included in
Fig. 4 (dec_5km, dec_10km, dec_20km and dec_40km).
must be noted that the sum of impedance of coksise
although the number of coils changes. In Fig. 4, ftult
current as a function of the fault location (fpd5 fand fp9)

and the compensation method is presented when
compensation degree is 101 %, the total lengthhef t
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network is 200 km, studied feeder length is 40 kihfault
resistance is 0 ohm. In the dec_40km case theryone
compensation coil at the feeder. The location isfabil is
at the beginning of feeder when a fault is at #gitning of
feeder (fpl), in the middle of feeder when a féulat the
end of feeder (fp5) and at the end of feeder whizwlais
at the background network (fp9).
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Fault current as a function of the fault location,
and compensation method when compensation
degree is 101 %, studied feeder length is 40 km
and fault resistance is 0 ohm.

Fig. 4 shows that the fault current is clearly &rgn
‘centrally’ and ‘dec_40km’ than in other casesasuld be
expected. However, in the ‘dec_40km’ case the tautent

is almost the same level as the other decentratiasds
when the compensation coil is in the middle of &xgfp5).
When the compensation ratio changes from ‘rationt @
‘ratio_20km’, the fault current increases as expecin the
cases mentioned above as well as in the ‘centredigé it
can be seen that the fault location does affectfdalé
current. This is due to resistive losses in cabtes,in
‘dec_5km’, ‘dec_10km’ and ‘dec_20km’ cases this
phenomenon cannot be seen. In Fig. 4, the faulentrs
almost the same when distance between coils i8 &r 20
km. This means that resistive losses due to the
transportation of reactive current are almost #imes in
these cases as Guldbrand and Samuelsson [3] hanetifo
their study. Further, the level of fault currentliiese cases
is smaller than in other cases due to distributed
compensation. Generally, the fault current is tmalkest
when distance between coils is 5 or 10 km and &xtn
20 km in some cases.

Neutral point voltage

One method for indicating an earth fault is thengeaof
neutral point voltage. Typically in a healthy stathe
neutral point voltage of the network is about 2—d1% the
MV (20 kV) network this is about 230—460 V. FigsBows
neutral point voltage when the network is centrally
compensated and Fig. 6 when the distance betwalsrio
5 km. In both cases the neutral point voltage suaihe
same as phase voltage when fault resistanc&isWhen
the fault resistance is 5@ or more, then the neutral point
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voltage is clearly larger as shown in Fig. 6 thaifrig. 5.
Especially, the neutral point voltage is too srfalkeliable
fault indication as in Fig. 5, when the fault résige is
4000Q or more. On the contrary, in the distributed
compensation cases (Fig. 6), an earth fault camdieated
reliably even with the fault resistance of 2Q when the
compensation degree is 101 %.
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Fig. 5 Neutral point voltage when the network is
centrally compensated. A fault is at the beginning
of studied feeder.
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Fig. 6 Neutral point voltage when distance between coils

is 5 km. A fault is at the beginning of studied
feeder.

ADMITTANCE PROTECTION

Admittance vector is required in admittance protectlt
makes it possible to identify the faulted feedethis study

the question is whether the fault is in the studeeder
protected by a relay or somewhere at the background
network? As stated by Wahlroos and Altonen [4hutfis

at the background when admittance vector is inHaft
plane and on the feeder protected by the relayigxiu
feeder) when vector is in right plane. In their @ajp can
also be seen that when vectors are aligned with the
horizontal axis the network is in fully compensatasl
indicated in Fig. 7 by a red arrow.

Fig. 7 and Fig. 8 illustrate the admittance vett®ehavior
when the density of compensation coils, the plate o
compensation coil and fault location is changimgbbth
figures the compensation degree is 101 % and fault
resistance is 500 ohms. In the figures, short anmean
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that an earth fault is at the background netwoudk lang
arrows mean that an earth fault is at the studieddr. The
fault location at the studied feeder does not madted thus
the fpl and fp5 vectors are completely overlapping.

0.001

The admittance vectors when the distance between
compensation coils are 5(blue), 10(red) and
20(black) km, and the length of studied feeder is
40 km. Fault locations fpl, fp5 and fp9 are
present.

Fig. 7

Fig. 8 The admittance vectors when distance between
coils is 40 km and the location of the coil is eaki
(see text), and the length of studied feeder is 40
km. Fault locations fp1, fp5 and fp9 are present.

In Fig. 7, it can be noted that when the distaratesben the
compensation coils increases, the magnitude oftéaime
vectors increases. In Fig. 8 the distance betweds is
40 km and there is only one compensation coil i@ th
studied feeder that is located at any one of thevitng
three locations: in the beginning (blue vectorjhemiddle
(red vector) or at the end (black vector) of thedir. In
Fig. 8 it can be seen that the magnitude of théovés the
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smallest and the angle of the vector is the biggbsin a
compensation coil is in the middle of the feedehewthe
vectors in Fig. 7 and Fig. 8 are compared to tkaltg in
Fig. 4, it can be concluded that the magnitudalafitance
vector is proportional to the fault current.

CONCLUSION

As can be seen in Fig. 4, there is an essentidrdifce
between the different compensation methods.
decentralized compensation produces clearly simalldir
current than the centralized compensation. Thene isig
difference between cases ‘dec_5km’, ‘dec_10km’ and
‘dec_20km’ and thus it is probably cost-efficientihstall

the coils with either 10 or 20 km intervals. Howevat
many MV substations there are already central
compensation coils due to gradual change from @asth
lines to cables. In this situation, the mixed congagion
with the compensation ratio 10 km (ratio_10km) widun

out to be cost-efficient and the fault current vebalso be
almost as small as in the cases mentioned abaye5 Bind

Fig. 6 show that the neutral point voltage in dély
compensated network is larger than in the centrally
compensated network especially, with full compdngat
Thus the earth fault indication based on neutrahtpo
voltage is also more reliable in decentrally congated
network. The simulation results also indicate thate is no
problem in detecting the faulted feeder correctly b
admittance vector based protection method when the
decentralized compensation is applied.

The
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