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Limiting of lightning overvoltages in the electrical
Substations 110 kV

Margreta VasilevaNeli Velikova Yordan Ivano¥ and Danail Stanchév

Abstract — When a lightning strikes on a power line |l. MODEL STUDY OF LIGHTNING PROTECTION
surges are generated, which are being transferred by it. In OF 110KV SUBSTATION
the actual circuitry the wave is meeting discontinuities,
which are based on various combinations of elements, . . . . . . . .
resulting in occurring processes of multiple refraction and A suk?st‘?tlon '”S being V'ewe_’d“ with S!,X ar acceSS'O_nS’
reflection of the wave that alter its shape and amplitude. In Pame[y. : Beton” - 2'5“1 km; A:}/rora - 1“3-,22 km
the report are presented the results of the model study of “Dobrina” - 14.15 km; “Marciana” - 7 km; “Gigant” -
lightning stroke on overhead line and its impact on the 4.44 km; “Gitnica” - 11.03 km. The substation is whit a
equipment of a 110 kV substation switchgear including the single section bus system and has two 110/20 kV power

MOSA. transformers with power 25 MVA. The protection of the
) R facilities is carried out by two metal oxide surge arresters
Keywords — metal-oxide ~surge —arrester; lightning yith a protective level |)= 265 kV, which are being

protection, high-voltage substation. attachaciouib oy sy swerin ™

|.INTRODUCTION

Electrical equipment in electrical substations (ESh
voltage 110 kV, which are connected to overheads
are protected from atmospheric surges by metals
surge arresters (MOSA). The MOSA's electricalil
mechanical properties must comply with the operal
conditions of the switchyard. Surge arresters are plet
the inlet of each power line; each bus system of k
well as in front of the power transformers on the sy
side. It is also necessary to choose the place of mg
of the surge arresters to make additional calculs
related to their selection. [1,2,6].

The aim of the report is to present the results ¢
model study of lightning stroke on overhead line as
impact on the equipment of a 110 kV subsh
switchgear and the protective action of MOSA.

In the MATLAB system a simulation model is cred
of an electric system with six air accessions, whictks
real data of substation 110 kV. Through the mos
being reviewed the influence of lightning overvoltaga
the electrical equipment in the substation. The cas
considered when atmospheric surges enter the suh
through the longest power line in normal operation 1
protected with MOSA and the same case, but wt
protection equipment. A case of emergency operatf

the substation is considered, in which three of its |r
lines are dropped out. Fig.1 Single-line diagram of the studied 110 kV substatio

The mathematical equations for the definition of the
‘Margreta Vasileva is with the Electrical Engineering Faculty of the Parameters of the substitute circuit of the power
Technical University of Varna, 1 Studentska St, Varna 9010, Bulgaridransformer (R, X7, zy, G, By and others) are described
E-mail: m.vasileva@tu-varna. bg. in the literature [4,5].
Neli Velikova is with the Electrical Engineering Faculty of the
Technical University of Varna, 1 Studentska St, Varna 9010, Bulgaria,
E-mail: nely.velikova@gmail.coom

3Yordan Ivanov is with the NOD Varna ESO, Varna 9010, Bulgaria, E-
mail:yivanov@abv.bg

4Danail Stanchev is with the Electrical Engineering Faculty of the
Technical University of Varna, 1 Studentska St, Varna 9010, Bulgaria,
E-mail:dstanchev1990@gmail.com.

[
N



II L INT. SC. CONF. ON INFORMATION, COMMUNICATION AND ENERGY SYSTEMS AND TECHNOLOGIES, 24-26 JUNE, SOFIA, BULGARIA

BeToH Aepopa CexkuvorupaHe Cerkumormpare MapuwaHa FuroHT
noneNe 12 T roneNe 10 noneNe9 r\oneNgB noneNe7
ey
€ 408pF C wopF s € l:‘fenpr € "Hfopr
e e
& € @060pF 3 C #A0PF a C 206pF o C 260pF
- o
- s = s -
£ C308pF - € 308pF C aoopF & C369pF & C300pF
o a 5 - -t
& C 100pF £  100pF ® ¢ 100pF £ C 100pF - ¢ 100pF
L] npexbeaal o npeKLCBau £ @ FPeKLCBau w neeKseBau ) nPeKLCcBOU
o o A —i— — o
§ € 100pF . C 100pF ¢ 100pF . c:100pF & C 100pF < C 100pF
- e & ukP CRKUMOHTE & CeruvoHeH <« uiHe < e
-n
& G
e € > s £ e
5 B i 5 6 &
— 9n 9n 9m om tconsm
C 100pF C 100pF
€ 100pF % uke & ¢ 100pF & € 100pF & wHp & © 100pF
Is e w n e n WHP w 0w WHP
. -~ R | g -
& © ‘200pF 8| ¢ 260pF
E ¢ 100pF - HT 5 C 100pF e ¢ 400pF - HT & CLtopF
- neekscsau ] - neeKsceay NbekLEBaU
e o TR —T
- © 300pF of & C-a00pF - C 300pF ai - C3005F
& & @
L] o o - o
& € 200pF == & C 800pF x
b | - = 3
o : o
& C 108pF £ o 1A0ef
o o
Top2 T2
_“_. 29A —H—; 2
bt
< €
i -
Meperie BO 2 &-# Hemene B0 ema Togws i
AospnHa TrPa®o 2 XuTHULG Nel
noneNeé noneNeS rioaeNe 4 s noneNeE ens

Fig. 2. yénedaeticlergcantai-cirtut diuld LY Rv-satistauun

Fig. 2 is a full replacement scheme of a 110 k\¢apacitance [3], and power lines and substation buses are
switchyard. It is shows the distance in meters betweenodelled by quivalent electrical circuit of lingith
devices and nodes, and the numbers to the capacitors diggributed parameters. Lightning is modelled as a current
the values of their capacity in pF. source with an amplitude of 80 kA and a shape 140

Established three-phase model scheme of 110 Kihe parameters of the replacement schemes are calculated
substation in the program MATLAB, in which theaccording to [4].
equipment is being presented as capacitors with a specific
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Fig. 3. Simulation model of the Substation 110 kV in a Matlab
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. SIMULATION RESULTS B. Damage from lightning on the phase conductor of
overhead power line “Beton”.

[11.1. Study on impact o a lightning stroke arising in
power lines, on the electrical equipment in the substation

110 KV without MOSA The case of a lightning strike in phase B of the overhead

powerline "Beton” is being examined. The affected area

. . is on a distance of 100 m away from the substation. The
The voltages in the three phases are being controlled - ] I 4

. : results are shown in fig. 6. and fig.7.
the place of the lightning stroke and on the power

transformers. et : ‘
- &
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4. Damage from lightning on a phase conductor of powe| ' o : ) ]
line “Dobrina”. - Jﬁ : - |
o Ml i i
The case of a lightning strike in phase B of overhed i l ; -

power line “Dobrina” is being examined. The affecteq ° . ! - :

L

area is on a distance of 100 m away from the substatiq 2[” . -
The results are shown in fig. 4. and fig. 5. ! - ]
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L ‘\ i Fig. 6. Voltages in case of lightning stroke on phase B of

“Beton” without MOSA in the ES (@) the point of the stroke and
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Fig. 4. Voltages in case of lightning stroke on phase B of 0 A2 o
“Dobrina” without MOSA in the ES (a) the point of the stroke TL . " ; 4
and (b) on the first transformer terminals o Sy (v : .
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[ [ Fig. 7. Voltages in case of lightning stroke on phase B of

sl . H “Beton” without MOSA in the ES (a) the point of the stroke and
: (b) on the second transformer terminals

1
a

. The overvoltages affecting the insulation of the power

- e o S +|  transformers, if they are not being protected, may exceed
by 7 their insulation level [5]. It is therefore necessary to be
- : 1 restricted.

1 i o

111.2. Study on the protective effect of MOSA in case of
impact of lightning stroke arising in power lines , on the

Fig. 5. Voltages in case of lightning stroke on phase B of electrical equipment in the substation 110 kV with MOSA

“Dobrina” without MOSA in the ES (a) the point of the stroke

and (b) on the second transformer terminals o ] ]
The situationsA andB of p. Ill.1., are being discussed,

but in the case if there MOSA available in the ES. The
results are shown on fig. 8, fig. 9, fig. 10 and fig. 11.
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The voltages in the three phases are being controlled -| .« , ‘ _ ,
the place of the lightning stroke, on the powe| 1| TN AR A A R
transformers and on the MOSA. = !V.f’ 1
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_:_ ] Fig.11. Voltages in case of lightning stroke on phase B of
| | “Beton” with MOSA in the ES (a) the point of the stroke; (b) on
T — tisl _ i the second transformer terminals (c) on the surge arrester

Fig.7. Voltages in case of lightning stroke on phase B of
“Daobrina” with MOSA in the ES (a) the point of the stroke; (b)
on the first transformer terminals (c) on the surge arrester

From the results it is apparent, that MOSA can ensure
the reliable operation of the equipment and the energy
system as a whole. For this purpose it is necessary to

; ! ; — make the correct choice of the technical parameters and
gf f"»”'ww RS B i S = the place of their installation.
4 _ : . il
f . , { [ IV. CONCLUSIONS
- tls) o
| _ i In operation of the substation with six accessions the
S e e Tl received surges on the facilities are under their insulation
i . . i Al level.
T = ' 5 S Risk of damage to the equipment in the substation on
i : : ; b o] impact of an atmospheric surge is present in the cases of a
= o S . il o g smaller number of accessions connected to the bus bar
© 7| system.
- s : 4 ' The simulation model of the electric system, presented
f— - in the report can be used to study wave processes in

Fig.9. Voltages in case of lightning stroke on phase B of eIe_IE:r:riczl Su?Stat(ijonS' del of th d h .
“Daobrina” with MOSA in the ES (a) the point of the stroke; (b) e developed model of the study on the protective

on the second transformer terminals (c) on the surge arrestéfffect of metal oxide surge arresters in electrical
substation can be used for a more precise choice, taking

S e —— Tl into account the configuration of the scheme and the
= i S S I BN participating elements on the effect of the atmospheric
;L[V ] overvoltage.
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