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Transient Analysis of the Transmission Lines Terminated to Arrester Under
Direct Strikes Considering the Nonlinear Phenomenon of lonization and the
Frequency Dependence Effect of Electrical Parameters of Lossy Soil
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Abstract

In this paper, the overvoltage of the transmission lines terminated to an arrester under direct lightning strike is
computed, considering the nonlinear phenomenon of ionization and the frequency dependence effect of electrical
parameters of lossy soils. To this end, electromagnetic transient solvers can be used. In this scenario, the
arrester is grounded via a vertical electrode. To apply the frequency dependence of soil parameters, the
approximation of equivalent frequency is used in such a way that the soil parameters are replaced with
equivalent constant electrical parameters, while the nonlinear phenomenon of ionization is modelled with a
nonlinear resistance in the RLC equivalent circuit of the vertical electrode. The simulation results show that the
induced voltages across the arrester are different in the four scenaios (neither ionization nor frequency
dependence, only ionization dependance, only frequency dependence, and both ionization and frequency
dependence), specifically the induced voltage across the arrester when both effects are considered is reduced
compared to the situations where both effects are ignored or only one effect is considered. This reduction for
highly resistive soils and for electrodes with long lengths is more pronounced. This fact plays an important role
in designing lightning arresters which should be considered by power engineers..

Keywords: lonization, Transmission Line, Frequency Dependence, Arrester, Lightning Strike

* Corresponding author E-mail: s-ostadzadeh@araku.ac.ir



Y
«U/’//"/Lﬂ}‘:’;” I»U’v,/}./

WoYD o Vv lis) 5 5l o o)l ot Jlo

£

9 -

o

o3k (5 55 S 38 b 4Bl pulino 395 8 33 15 G 20 & Joie JGH Lgha (o135 Juko
S S 5 55 Slb oot il D Sy 5 g ygml g S

"6 AL e Feslyalinl Loy dam

Sl elBils Gy 05,8 iyl b8 g smedils =Y lskiul =)

OF -+ PIYO: 50l OYRA PN sl o)

PRV

15 oalipisy o oy 58,5 185 5 Ly il aions 95 1 53 55 40 b sl g 5y 45LAl e () 3
19555 03l 5 o sl 251 51,38 sl KLl pslite (w99 s Al S 25U sl (goilS S
ol S5 g 5551 S sl ol S5 Sy o] g 35500 () 539m 33,250 5y Lags 830 syl
oS smliming Sl 0,8 Bl sl cyrizmad 05 e 3Kl Jolas il o250l gl el L S o glaisSay 29 co olizl
Sz 50 56 el shids a5 s se lis (gileand il 0gd oo oslainl (6350 35 SSUIRLC Jobas o jo a8 Ciaglin
©Ogmot (edlS B (Kialy 5 Goemsliminn (ol B (Sinly Sl S (gl s S S ((ouilS B (Sily 9 Goemiliien eu) Sl
S L 3l e oS el 4y S 95 o0 Bl il 55 2 a5 o o 1185 il 5y a5 glaisTa ably e sl (lejen

u_;‘ | )JQAJM sd}mso OLJ) (SOges ‘55)‘&” Js.la lJ S Bll; o).:j W5LM as @LDAS[} B u.,.mlf ‘J.J‘ d?"""cf )a..o.g sd}.u‘so Ll
g Blod &508 rvsige by b &5 0 o Wl Lo 530 (A b 50 (oot B S

Js) bglas iclo 105 51 o ool 13 Kl eygmslpuisy 1 051 gunds

bs & jgoa Ygons lor bolas o l38le 5l )0 095 o0
Cnglie S &0 15§y S 50 Wigh o Jae Jlail
5 ey 39S Sl e sln osd oo (Rl S s
"o ks U [¥ oY1 RLC 5 Joles e 51 olsiae

5,5 soliul [¥]

L lwoasSly classls @YU Jlas! by las Llow

39-se ol T Sgusme (Ll ol IS 059 slaistg,
Loy gilwJow 4 0B o gy ol a5 ol g La-v]
Sibmdae lp ailged Goemliis 5 2T G0 ol b s
Obej 0392 Ry b Ol 059> slagty, 5l b laosusy (]
18530 Sl g 05 blad (gl 0,5 solazul (A Aoy:m Jolas
a7 lay lS B oS 5 slahs, S b plejen ©)gee
5,5 ool ol [] TLaSiga o o155 5 lae =S5 o)
J= dbulsay pole; Slusls ghls 00l )55 sla g, (soled

% Vector fitting (VF)

* Finite element method (FEM)

® Finite diference time domain (FDTD)

® Mixed frequency-time domain method

" Moment-Harmonic Balanced method (MoM-HBM)
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! Dispersive soil
2 Electromagnetics transient solvers
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® Rise time
4 Pulse duration
® Silicon Carbide (SiC)
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4 Electromagnetic Transient Program (EMTP)
® Constant parameter (CP)

® Frequency dependent (FD)
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! First stroke current
2 Subsequent stroke current
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