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Abstract: Lightning overvoltages occurring in electrical powe this paper is frequency-dependent JMarti model l=alip
systems are especially dangerous for devices liedtal network. with nonlinear tower footing resistance.

Lightning transients may cause damages of deviostlied in Each of above mentioned models has been used to
power system. Therefore, analysis of lightning wuiages in  perform lightning overvoltages simulations in et
:Le;;:;callzg?m?; Spﬁts(gse 'Sd'eTglc(’)r;?:ér:? gf”i‘gﬁﬁgér?ézg}’;’ei; power network (backflash situation). Calculationsuiés
necessary, however mathematical complexity can teaslightly presented in t.hl.s' paper have been- performed .m biep
different results. In this paper, both various tre&d transmission system containing 3FGas _InSUIa“On SUbStat'on (GIS),
lines models as well as exemplary insulation comibn analysis POWwer transformer, two sections of HV cables, aid &1S
performed in HV power system have been presentidul&tion Surge arresters. Thus, simulation results show tipedc
results performed for various models of overheadedi comparison of various transmission line models used
implemented in EMTP/ATP software have been presemed perform insulation coordination analysis in elextipower
compared in this paper. systems. Lightning overvoltages calculations foalgred

) S . surge arresters model presented in this paper baes
Keywords: GIS substations, lightning overvoltages, towerifo®t  gimulated in EMTP/ATP software.
resistance, transmission line models.

1 INTRODUCTION 2. MODELING TRANSMISSION LINE

. . L . 2.1. Linear Pl model

nghtnmg strokes occurring in ovgrhead lines may The PI model is simple approach for modeling
gauze Increase fOf YOlta?Gt’_ over tr;e nomlfnall Vi'ﬁ}ﬁn transmission line. Typical scheme of multi-conductl
De dangerous or insulaling systems Of leclNanaes ., qe| circuit has been presented in Figure 1.
installed in electrical power network, due to pbagy of

devices damage installed in power systems. Lighbtnin [Z]
overvoltages are even able to cause power outagevimr o — o
systems. Therefore, from viewpoint of insulation

coordination studies, it is very important to esttmvalues

of overvoltages during lightning strokes. Estimatiof > >
lightning overvoltages values can be performed in

specialized software. However, for this purposajivaient o °
mathematical models of electrical devices instaifedower ) . o

transmission line models useful to perform simoladi in ) ) )
EMTP/ATP software. Pl model presented in Figure 1 is represented by

Three methods of modeling transmission lines hay@atrixes with parameters of multi-conductor ovethéae.
been presented in this paper: Pl model, JMartiuzegy- For partially symmetrical 3-phases single circuine|
dependent model, and JMarti model including nomline matrixes are size of 3x3. Parameters of matrix(f&$istance _
tower footing resistance. PI model of overhead biased on @nd inductance) are related to geometry layout lewhi
linear components was presented as the simplestation ~Parameters of matrix [Y] (susceptance and conduefan
approach. In order to perform more accurate arglydlarti 'epresent losses of overhead line. Pl model scheme
frequency-dependent model can be used. JMarti mod!@ystra.ted in Figure 1 represents one mqrema&atl.c.)n ofa
provides more accurate representation of transamskine i€ Wwith multi-conductor layout. Detailed descript of
for transient states analyses in wide range of yaedl Matrixes used to modeling line is presented in [1].

frequency. Whereas, the most complexity model prtesein The calculations with PI model are faster in corrguar
to most complexity models, however frequency-depahd

Artykut recenzowany



behavior of overhead lines cannot be representesimpyle | =L Folp )

Pl model. Furthermore, spurious oscillations caussd ¢ on R

lumped parameter elements should be expected, albat

influences on computations accuracy. The numbePbf \where: R, - tower footing resistance at low current and low

circuits used to simulation depends on particularutated frequency ], E; — soil ionization gradient [kV/m}y — soil

system. The main advantage of Pl model is no degreres resistivity [Q-m)].

of calculation time step on simulation results. rRddel is

mainly recommended to modeling short distance of Nonlinear tower footing resistance model has bésm a

overhead lines [2]. taken into account coupled with JMarti model to ioye
Linear parameters of overhead line Pl model can ksémulation results accuracy.

obtained for positive as well as for zero sequeinom a

supporting programl{NE CONSTANBimplemented into 3. TRANSMISSION LINE MODELS IN EMTP/ATP

EMTP/ATP software. Calculations are based on gegmet PROGRAM

data of overhead line. Detailed description of @ktion

method is presented in [3]. Two parallel lines with conductors per bundle have
been introduced to simulations. Layout of 400 k\édigo
2.2. José Marti frequency-dependent model analyses has been presented in Figure 2.

José Marti (JMarti) model of transmission line issh
accurate approach to modeling in comparison toatirfel

Y m o
1 1
1 |

model. Model behavior is variable in frequency doma N ..
what improves computation accuracy for defined deegpy

range. In JMarti model, both the characteristicéagmnce as | L.
well as the propagation function are calculatechgshodal

characteristics (calculated in defined frequenaygeafor a I

constant transformation matrix). Thus, JMarti model
computes the characteristic admittance and projegat
constant by rational functions. JMarti model useoastant !
transformation matrix in order to convert from mattemain
to phase domain (although in case of modeling trésson
line it does not matter, still it can have influenfor cable
line case). In practice, JMarti model behavior dag
unstable for low frequencies analyses [2].

The JMarti model is fitted in a frequency range
specified with the number of decadeBetade} from
defined initial frequency Rreq. inif) and the number of
sample points per decadéqints/De¢. Model requires
defined frequency where the transformation matréx i
calculated (this frequency should be dominant &s ltter
transient study), and a steady state frequencgdhmulation
of the steady state condition. The JMarti modeldsem
some cases modification of the default fitting d&atailed
description of JMarti model parameters is preseintdd].

.H
L 107m 1 107m . 7m
» | — | — —

26 m

Fig. 2. Tower layouts for 400 kV system used tolysia

Geometry data of overhead line shown in Figurex&ha
been implemented into EMTP/ATP software to calaulat
overhead line model parameters. In order to deteymi
) ) _ JMarti and Pl models parameters, data have besdinted
2.3. Nonlinear tower footing resistance to subroutine LINE CONSTANTS implemented into

Values of lightning overvoltages in power system fogy\Tp/ATP software. Part of input line model file
backflash situation strongly depend on tower f(@tin(LINE.PCI-D with overhead line geometry has been
resistance. Because of high frequency and magnitfde presented in Figure 3.
lightning current the ground in the immediate viirof the
earthlng |00p can be Ied to |On|Zat|On Therefo‘@l”e Of C <t+++++> Cards punched by support routine on 11-Nov-18 11.00.00 <#+++++>

LINE CONSTANTS

. . . . . . C
tower footing resistance decreases during lighttiagsient. € Semse

For this reason, to improve calculations accuraiyylamic C BRANCH INJOUTE\INiBOUT,BIN7COUT,CINiDOUT,DINiEOUT,EIhliFOUT,

C BRANCH IN__GOUT_GIN__HOUT_H

tower footing resistanceRr has been implemented into £ "™, o o . ara 3ar
overhead line model, according to formula [4]: : :
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where: R, — tower footing resistance at low current and low Fig. 3. Part of input line model file.(NE.PCH
frequency 2], | — the lightning current through the footing ) )

impedance [A]l, — the limiting current to initiate sufficient Exemplary output file INE.LIS with susceptance
soil ionization [A]. matrix and line parameters calculated for Pl mded been
The limiting current to initiate sufficient soilmization presented in Figure 4.

from dependence (1) is determined by dependence [4]
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Susceptance matrix, in units of [mhos/kmeter ] for symmetrical components of the equivalent phase conductor
Ro 1, 2, (, 1,2, etc.; col ©, 2, 1,

ws proceed in thé sequence (0, umns proceed in the sequence (0. @2, » Simu'ations have been Ca'cu'ated in 400 kV power

system for backflash situation (direct lightningoke at
33943265 08 1.140510E 07 H H H
g 2y 7o tower localized 400 m from substation). Incoming k29
0 3. 295045507 1829702008 1879762008 1708746500 overhead transmission line has been modeled by delem
(static tower footing resistancB = 20Q), JMarti model
-2.890712E-08 -2.532816E-08 2.917139E-23 -8.394326E-08 -1.149516E-07 . . . .
ygeee s ey e duen iggry (static tower footing resistan¢e= 20€2), and JMarti model

ewrce G e i ey e e e e COUPIEd With nonlinear tower footing resistanceoading to

magnitude (ohm) angle(degr.) db/km m/sec m ohm/km ohm/km mho/km - - .
et LREIE L UMIER MORER LSS LIRSS LINER LRNER 2OME description (section 2 and 3). _ _
Analyzed power system contains two cable sections
Fig. 4. Part of output line model fil& (NE.PCH) (2 km and 300 m). 2 km cable connects portal to(gantry)

with GIS substation, while 300 m cable providesreariion
As shown in Figure 4, equivalent parameters dpetween GIS substation and HV power transformeiS Gl
overhead line (surge impedance, attenuation, waleciky, substation has been modeled as surge impedancé@2y
wavelength, resistance, reactance, and susceptdrzoe) In considering power system, surge arresters haea b
been calculated for zero and positive sequenceilg@im installed in three different places: between topertal and

computations have been performed for JMarti modigh w 2 km cable, between 2 km cable and GIS entry, @taéen
following parameters:Freq. init=0.01 Hz, Decades= 8, GIS substation and 300 m cable. Surge arresters bagn

Freq. matrix= 10 kHz,Points/Dec= 10. modeled according to IEEE description presentd8]in
According to description presented in section 2.3, In analyzed situation, backflash occurs acrosslabsu
tower footing resistance has been implemented intBstalled in tower localized 400 m from tower partahe
EMTP/ATP model as nonlinear resistance, utilizingnsulators are modeled as the Leader ProgressiodeMo
formulas (1) and (2) in MODELS block and variableThis model provides an equivalent leader propagadiong

resistanceR(TACS) type 91Method implementation has the insulator. Thus, backflash occurs while theléedength
been illustrated in Figure 5. reaches length of the insulator gap in defined tagaal to

that of real leaders. The leader velocity and rsppgation
are represented by a formula [6]:

R & cagf e o

where: K — constant [fi([kV]*s)], E, — average gradient

= = voltage [kV/m], u(t) — voltage across the gap [k\d,— gap
Tower1l  Tower?2 length [m],L — leader length [m].

Fig. 5. Nonlinear tower footing resistance impleteennto

EMTP/ATP program Dependence (3) has been implemented into

EMTP/ATP program by MODELS block.

In this approach, tower has been modeled as surge Simulations have been performed for the exemplary
impedance (Z=17@) connected to ground through ape of surge current. The current lightning setias been

nonlinear resistance. MODELS block calculates tasie modeled as 10/350.“5 source current accordingtiotdsen

. : from [7]. For this purpose, Heidler current source
value basing on surge current flowing through thegs implemented in EMTP/ATP software has been used. For
impedance. Simulations have been performed fooolig P '

_ i _ _ analysis, peak value of lightning current is 20Q kA
parametersp = 3000:m, B = 300 kV,Ry = 20. Circuit diagram of analyzed power system into

4. STUDIED SYSTEM MODELS EMTP/ATP program has been presented in Figure 6.
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Fig. 6. Circuit diagram of analyzed power systemlamented into EMTP/ATP program
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5. SIMULATION RESULTS Table 1. Simulation results of peak voltages faiowes overhead line

models

In order to compare influence of various overhésael | Air surge | GIS Power
models on simulation results, simulations for beeskf arrester_| entrancg_ transformer
have been performed for power system presented i [kV]
Figure 6. Calculations of waveforms have been pexéal Pl model 470 465 460
for three various overhead line models (according t IMarti modgl 427 428 429
section 2 and 3). Calculated voltage at power toamer JIMarti with nonlinear | = 5 361 352

tower footlng resistancg

terminal has been presented in Figure 7.

_ JMarti and nonlinear tower As shown in Table 1, simulation results obtainetttie PI

— Plmodel  —JMarti model footing resistance model have the largest values, while voltages wake the
500 smallest for JMarti model coupled with nonlineawéo footing
fosd TP T Y resistance in each analyzed place of analyzed peysézm.

MWMMMMJMW LAl
- ' MM 6. CONCLUSIONS

| WWVJ\WMMMWWMM

300+ U . . .
! Simulation results show differences between andlyze

260 ] overhead line models. In insulation coordinationalgsis,
200 differences in simulation results for analyzed powgstem
150 configurations are significant — voltage at powemsformer
100% s o s o o 200 [o5] 350 terminal is greater abqut 108 kV for P_I modgl immxarisoq to
JMarti model with nonlinear tower footing resistanéccording

Fig. 7. Calculated voltage at power transformer teain to simulation results, increase on model complelxdg impact

on peak voltages. All calculated voltage wavefoares similar,
Calculated voltage at air surge arrester termiaal h however oscillations for Pl model are dominating.

been presented in Figure 8.
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with nonlinear tower footing resistance reaches the7] |nternational standard IEC 62305-1. Protection rsai
smallest peak values. Peak values of simulatedge# at lightning — Part 1: General principles

air surge arresters, and GIS entrance and power
transformer have been listed in Table 1.

POROWNANIE MODELI LINII PRZESYLOWYCH STOSOWANYCH DO  WYKONYWANIA
ANALIZ PRZEPI ECIOWYCH W SYSTEMACH ELEKTROENERGETYCZNYCH

Stowa kluczowe:modele linii przesytlowych, przegia atmosferyczne, rezystancja uziemienia stupowngzielnice GIS

Przeptcia atmosferyczne gs szczegélnie niebezpiecznie dla adzeh zainstalowanych w  sieciach
elektroenergetycznych. Z tego powodu, zdetermindavpoziomu przewidywanych przepiatmosferycznych jest istotne z
punktu widzenia koordynaciji izolacji. Do tego cekgnieczne jest opracowanie modeli matematycznyaszgregdlnych
elementow sieci elektroenergetycznej. Jedaakv zaleénosci od sposobu modelowania, wyniki symulacji mag rézni¢
pomiedzy soly. Artykut zawiera zestawienie trzech modeli matgmoatych linii przesytowych, magych postay¢ do
przeprowadzania symulacji przepi atmosferycznych. W artykule przedstawiono wynikymsilacji przepg¢
atmosferycznych przeprowadzonych dla przyktadowsgbemu z wykorzystaniemadych modeli linii przesytowych.
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