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Abstract-This paper will describe the implementation of tle
lightning strokes data based on the Lightning Locabn System
for the selection of lightning protection of overhad medium
voltage distribution lines using Long Flashover Aresters (LFA).
The Lightning Location System used in this researchwill be
described. Emphasis will be given to the applicatio of a
correlation between failures and outages in the méam voltage
distribution network and lightning. The overhead malium voltage
distribution lines are analyzed. The analysis and arrelation of
actual lightning strokes data and outages data inhe medium
voltage distribution lines, collected in the periodfrom 2009 -
2012, is carried out using the described software palication.
Spatial analyse is carried out. These results mayebused by
distribution system operators as a basis for decish making on
possible investments in an additional overvoltagerptection.

Keywords overvoltage protection, long flashover arresters,
lightning location system, overhead lines.

I. INTRODUCTION

HE overvoltage protection has significant imporamot

only to prevent the damage of expensive comporemds
equipment within the power distribution network kalso to
ensure the power quality.

Incomparably the most dangerous of all the types
overvoltages for power distribution systems ares¢hmf
atmospheric origin. They belong to the categoryexternal
overvoltages and their values are almost independethe
power network operating voltage. Outages of ovetlpaver
lines due to lightning strokes are one of the nwanses of
shortages of electric supplies and economic los$gsower
utilities.

Lightning affect the reliability of transmission dn
distribution lines. Due to lightning overvoltagetie most
frequent is the flashover of insulation that canmibhstand the
strong electric field as a result of these ovengets. The
flashover of insulation can result in a permanarteaporary
outage and failure. Such events in the power nétvare
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recorded and collected by the SCADA or similar eyt for
supervisory, control and data acquisition from thedium
voltage power network.

Nowadays, modern means for lightning activity tiagkare
lightning location systems. Such systems have beeploped
and improved for more than twenty years.In devetbp
countries worldwide, lightning location systems arged in
networks and systems deployed in large areas sigower
systems, TC networks, broadcasting transmitter ordsy
networks of oil and gas pipelines, security systemditary
installations, meteorological services, transpoftaistructure,
systems of protection against forest fires and mdtrer
example, in the United States tRational Lightning Detection
Network (LDN)is developing and covers almost the entire
geographical area of the United States, and in eurihe
EUCLID and LINET systems are developing [1].

Investment costs excludes the possibility thatetipgipment
in the power system is designed to withstand abiyr high
voltages. It is therefore necessary to select thepgy
overvoltage protection. Effectively implemented wadtage
protection and insulation coordination are the dasi
preconditions for high quality of the deliveredateity in all
aspects of quality and reliability of supply thrdughe
oferhead power network.

To avoid typical overvoltages that can occur on MV
(medium voltage) distribution lines that are progeiconly by
conventional surge arresters, it is recommendedstall long
flashover surge arresters which may mitigate socheerae
parameters of overvoltage on the line. Long Flashov
Arresters (LFAs) were shown [2]-[4] to be effectiver
lightning overvoltage protection of medium voltageerhead
lines, such as those rated to 10 kV. Pole-top mextide
arresters can protect distribution lines againdudaed over-
voltages, but they can be destroyed in case o€tdiightning
stroke [5]. Long Flashover Arresters (LFAs) haveerbe
developed and used successfully for this purposehane no
possibility of being destroyed because the curriionvs
externally along its surface [6]. Installation @ht flashover
surge arresters represents higher investment costpared to
conventional solutions of overvoltage protectidns ltherefore
necessary to conduct a statistical analysis thithsip the
distribution system operators can prioritize andtify the
investment based on the risk of exposure of each MV



distribution line, all in order to ensure more ablie supply of
quality electricity.

For implementation of the correlation, it is neeggsto
perform the appropriate preparation and collectibdata on
outages of MV overhead distribution lines (duehte effects
caused by direct or indirect lightning strokeshe wicinity of
the line) as the input data set for correlatiorhwélevant data
from the appropriate lightning location system.

The results of the correlation analysis may be ubsed
distribution system operators as a basis for datigiaking on
possible investments in an additional overvoltagegztion.

These statistical analysis will help the distribatisystem
operators to prioritize and justify the investméaudditionally
protection by LFA) based on the risk of exposureath MV
distribution line.

II. LIGHTNING LOCATION SYSTEM

The efficiency of lightning location systems is stamtly
improving so that it is possible to predict lightgiin an area
with increasing certainty and then determine treation and
time of certain lightning strokes. In the perioddefvelopment
of the lightning location systems it has been shdlvai such
systems are as effective as covering a larger gpbgr area.

It should be noted that, in addition to the sensastalled
in B&H (Bosnia and Herzegovina), those in nearbyntdes
(Fig. 1) are also useful for lightning detectiondalcation
over the territory of Bosnia and Herzegovina. Ite 12008,

I1l. CORRELATION BETWEEN LIGHTNING AND EVENTS IN
MEDIUM VOLTAGE POWERSYSTEM

For the purposes of correlation between lightningl a
events in medium voltage power system, it is neggg® link
the data of the lightning location system to théadan the
events in the power network (SCADA) and geospaléh on
power facilities. The essential components of ty&tesn that
will perform the procedure for the above statidtianalysis
are:

- lightning location system (LLS)

- systems for acquisition of data on events in the MV
power system (SCADA) and

- system of geospatial data on MV power facilities
(GIS) [8].

The data on an event within the power system celteby
the SCADA system contain, among others, informatibout
the exact time of the event and information abbetfacility in
which the incident occurred.

The information about the power system is forwarttethe
geographic information system (GIS) that determiries
spatial geometry of the observed facility. The {fighg
location system has, among others, the informaaioout the
exact time and exact location of each lightning
stroke. Integration of the data from these threstesys gives
the space-time correlation between the incidenthénpower
facility and lightning strokes [9].

Croatia joined the LINET network and six sensore arlV. RELAY PROTECTION OFDISTRIBUTION MEDIUM VOLTAGE

installed in Croatia (Zagreb, Rijeka, Split, Zadaubrovnik,
island of Korcula) [7]. Two lightning detection ardcation
sensors are installed in Serbia (Belgrade and Nis).
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Fig. 1. LINET network in Bosnia and Hérzegovinaﬂmrroundiﬁg area [7]

LINES

The reliable and quality operation of the relaytpotion,
achieved by proper settings of the relay protectiewices,
improves the operation of the whole power systend an
therefore the requirements to be met by the priotedtinction
of the transmission line are: speed, sensitivity selectivity.

Relay protection is used to protect the MV disttitoi
lines. The protection relay is connected to theresur and
voltage instrument transformers of the protectete.|lThe
main function of the protective relay is to detaveithe
distance of the short circuit location based on rireasured
impedance. The measured impedance is proportiandhe
distance of the short circuit location on the traission line
from the location of installation of instrumentrigfiormers.

The selection of parameters of settings of the yrela
protection devices is determined by the recommémkatfor
calculation and selection by the manufacturer ajftgutive
devices and many outside influences consideringdngce
installation location, such as soil type, geomeifythe tower
elements and configuration of the surrounding ndtwahere
the experience in applying relay protection devisesf great
importance.

The relay protection system in the remote contnodl a
supervisory system is connected to the station ctenghat
unites the functions of data processing and comration
with the master remote control center.

The basic data on the failure time for time cotiefawith



the lightning stroke is the data on the failureetifnom the
relay protection device.

In case of failure caused by a lightning strokesrehis
excitation of the relay protection devices at tine lends. The
excitation comes from the direction of protectionthe first
protection zone, but it is also visible to the pative relays on
adjacent lines in other protection zones (in theealion of
protection and in the opposite direction). In caka lightning
stroke to one of the adjacent lines, failures mdbdjacent lines
are detected by the relay protection device onsiie of the
observed transmission line in the direction of tlee
protection and by the relay device on the othee sl the
observed line in the opposite direction of the Ipretection
and there is an unilateral activation of the rgdagtection or
unilateral auto-reclosing. Failures are eliminalgdactivation
of the line relay protection devices which detedtesim in the
first zone in the direction of the line protectidh.the

protection does not activate in the first protettaone, the :

failure is eliminated selectively towards higherotection
zones until the problem is resolved. As the statomputer
event lists contain exact data on the time of axcih of the
relay protection devices on the line on which tladufe
occurs, such events are suitable for correlatioactif’ation of
the relay protection devices and a lightning stridky.

V. REAL DATA CORRELATION AND ANALYSIS

As a case study we have selected 11 medium volt
overhead distribution lines passing through thechipterrain
configuration, with peculiarities of the soil resisce. The
results of the correlation analysis will be lateed as an input
for the statistical evaluation of the expectatidritee outages
of medium voltage overhead distribution lines dudightning
discharges. These results may be used by disuibsystem

records each lightning as a separate data sethioreason,
certain areas on the map have a very high lightdarsity. In
the construction of new facilities and selectionliné routes

we can accept the risk of outage of the future Lilue to

lightning activity.
The lightning density for the line route is detamed by the
following formula:
n : .
N, =—— lightning strokeé¢ kAv year
9= Ax g g Yy

(1)
wheren is the number of lightning strokes to the routés the
route area antis the detection period.

The observed lines are in the area of increasdiniiog
activity where isokeraunic values reach values ap4b
thunderstorm days per year. Fig. 2 shows the deositloud-
to-ground discharges for the area of the analyzed M
overhead lines in the period 2009-2012.

Fig. 2. Cloud-to-ground lightning density in therjpd 2009-2012 for the
area of the analyzed MV overhead lines

The length of the analyzed MV lines are shown ig. B,

while the areas of alarm zones for 500 meters saflam the
line route are shown in Fig. 4.

operators as a basis for decision making on passibl

investments in an additional overvoltage protectiom the
considered case study the problem was to selectines out
of analysed 11 ones to be additionally protectedruher to
minimize the risk of the outage.

For implementation of the empirical part of theeash,
there were performed a proper preparation and catale of
data on outages of medium voltage overhead disiiblines
(as a result of atmospheric overvoltages causeditegt or
induced overvoltages caused by the so-called iodlightning
strokes in the vicinity of the line) as input daset for
correlation with relevant data from the appropribgitning
location system.

For a discussion of correlation and analysis of abtual
data on the 10 (20) kV medium voltage distributimes, data
were taken from the relay protection of the 110¥8%20) kV
transformers which supply the analyzed overheastlin

An important function of the lightning location $gm is
creation of lightning density maps for the areaslisfribution
facilities. These data are useful to engineers wéelpcting
ways to protect lines (line surge arresters) awmilitias from
lightning (lightning protection system of transfams). LINET
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Fig. 3. Length of the analyzed MV lines

Fig. 5 shows the number of lightning strokes byrtpréy
periods and Fig. 6 shows the total number of ligigrstrokes
to the alarm zone of MV lines that are the subjett
correlation, all in the interval of the performedrelation for
the period from January 1, 2009 to December 3122@8
months).
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Fig. 6. Total number of lightning strokes to thi&a zone of MV lines

Fig. 7 shows the number of lightning dischargedibgs,
for each observed line by type ('CG' - cloud-toegm, " CC "
- cloud-cloud) and by lightning polarity (“neg”- gative,

“pos” - positive) in the interval of correlationofm January 1,

2009 to December 31, 2012.
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Fig. 7. The number of lightning strokes by overhdiae, by type of stroke
and by lightning polarity

The data of failures on lines from the station catepand
dispatching reports were analyzed [11]. The datataio
information about auto-reclosing failures and fegki which
are assumed to be caused by lightning strokeshfoperiod
from January 1, 2009 to December 31, 2012 (48 nsynkig.
8 shows the total number of outages in the per@@2012,
and Fig. 9 shows the total number of outages byvithaal
observed MV line in each analyzed year (2009-2012).
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Fig. 9.

Total number of outages by line in eachlyred year

From the available data we can get the numbeigbfring
strokes to the alarm zone by a standard line letigi km) as
shown in Fig. 10.



With the available data, we can also get the nunudfer
outages by a standard line length (100 km) as shHovkig.
11.

Fig. 12 shows a comparison between the numbertafjes
per 100 km length of the line by year average foe t
correlation period 2009 - 2012 and the number gffithing
strokes to the alarm zone per 100 km length ofitieeby year
average for the correlation period 2009 - 2012.

4000

3500

3000 -+

m Number of
lightning
strokes
to the
alarm
zonein
standard
line length
(100 km)

2500 +

2000 -~

1500

1000

500 -+

OHL1 OHL2 OHL3 OHL4 OHLS OHLe OHL7 OHL8 OHL9 OHL100HL11
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Fig. 11. Number of outages by a standard linetle®00 km) in the period
2009-2012
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Fig. 12. Comparison between number of outagesramdber of lightning
strokes to the alarm zone

The value of the MV line exposure risk represetis t
quotient of the number of outages per 100 km lemgtthe
line and the number of lightning strokes to theralaone per
100 km length of the line in a certain period.

Fig. 13 shows the risks of exposure of the analylZ®d
lines per year average for the correlation peridd®- 2012.
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Fig. 13. Risk of exposure of the analyzed MV lines

VI. LIGHTNING PROTECTION OFOVERHEAD MEDIUM
VOLTAGE LINES USINGLONG FLASHOVER ARRESTERS

In order to make a fair comparison of the risk gp@sure
of the analysed MV distribution lines we have noipea
them to the same line length of 100 km. Such thenabtised
values of the risks can be directly used as indisafor
selecting the lines to be additionally protected. the
considered case study, based on the results simokig.i13, it
is apparent that the overhead lines OHL1 and OtdLghbuld
be additionally protected by LFA.

A. Long Flashover Arresters (LFA)

Widely separated pole-top metal oxide arresterspratect
a distribution line against induced overvoltagesie Tmain
problem of using pole-top metal-oxide arrestershist they
can be destroyed at direct lightning stroke to eerloead line
[5]. In some countries, for lightning overvoltagenda
conductor-burn protection of 10 kV overhead linésng
Flashover Arresters (LFAs) have been used for nibem
three years [3], [12]. The operating principle iased on
extension of the impulse flashover channel on thester
surface through the creeping discharge effect. @wona long
flashover length, the power arc gets extinguistfidte main
advantage of LFA is that current passes outsidapiparatus,
flowing along arrester surface. Therefore, the sierecannot
be destroyed by excessive current, even at diightning
stroke. LFA’s construction is rather simple andatele.

There are several types of LFA under developmep# bf
Loop type (LFA-L) is intended for protection of ohead
lines against induced overvoltages. Principle cérapon and
its design are detailed in [5]. LFA-Ls are recomd®hto be
installed one arrester per pole with phase intentpfl 3]. LFA
of Module type (LFA-M) can protect overhead lineggimst
induced overvoltages and direct lightning strokeswall. In
latter case it should be installed in parallel asteinsulator at
a pole [12].

B. Protection against Induced Overvoltages

To eliminate high short circuit currents associatét two-
or three-phase lightning flashovers to ground, LEA&re



recommended to be installed one arrester per pitkepliase power lines due to lightning strokes are one ofrifaén causes
interlacing (Fig. 14). of shortages of electric supplies and economicel®ss power
utilities. By correlating the data on lightning climrges with
information about events in the power system jidssible to
influence the improvement of reliability of elecity supply
and increasing the electricity quality.

LFA phase C

phase B

phase A

i i ?’ ? By statistical and spatial processing of the datdightning
LFAS lf I] discharges, it is possible to identify parts of trework with
an increased risk of lightning strokes and deteemthe

probability of certain lightning strokes, which cgreatly help
in selection of the MV overhead line routes and svagy
protect them from lightning strokes.
2 Pole 3 Effectively implemented overvoltage protection and
Fig. 14. Schematic of LFA-L installation on a Ovead Distribution Line [6] insulation coordination are the basic preconditiéms high

] ) quality of the delivered electricity in all aspectfsquality and
. W.|th such a.n.arrangement, a flashover to groundaltel a reliability of supply through the overhead powetwrrk.
circuit comprising two phases, two arresters and W T4 ayoid typical overvoltages that can occur on MV
groundl'ng reS|stors. that limit the fault currentdaease arc distribution lines that are protected only by carti@nal surge
quenching. The higher are the values of the growundiyqegters, it is recommended to install long flaghosurge
resistance, the more effective is LFA-L operation. arresters which may mitigate some adverse parasneter

C. Protection against Direct Lightning Strokes overvoltage on the line. Pole-top metal oxide demsscan

protect distribution lines against induced overagés, but
they can be destroyed in case of direct lightningke. Long
Flashover Arresters (LFAs) have been developed wsatl
successfully for this purpose and have no possiloli being

15). Phase-to-phase faults on a pole can givesigallow-up destroyed because the current flows externally calis
current on the order of 10 kA or more. In ordeg@nch such Surface.

currents, flashover length of the LFA-M 13.8 kV ahbbe 1.7 Installation of long flashover surge arresters espnts
m, i.e. much higher than that of LFA-L (0.9 m) whiotended higher investment costs compared to conventiorlatisas of

to protect overhead lines against induced overgeka overvoltage protection. _ o _
The results of the correlation analysis is usedramput for

the statistical evaluation of the expectation af thutages of
medium voltage overhead distribution lines dueigiithing
discharges. These results may be used by distibsystem
operators as a basis for decision making on passibl
investments in an additional overvoltage protectidinis
therefore necessary to conduct a statistical aisatpat will
help the distribution system operators can prizgitind justify
the investment based on the risk of exposure oh édy
distribution line, all in order to ensure more aélie supply of
quality electricity.

Re Rg
1!

Pole | Pole 2

A direct lightning stroke causes flashover of dtlet
insulators on the affected pole. Therefore, in ptdeprotect
the line against a direct lightning stroke, LFA-Misould be
mounted on the pole in parallel with each line latr (Fig.
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Fig. 15. Protection of 13.8 kV overhead lines agadirect lightning strokes
by LFA-M arresters [6]
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