
 

A
Egyp
light
volta

V
phen
strik
and 
arres
The 
been

K
tower

 T
caus
trans
seve
clou
than 
appa
appa
spark
punc
perm
strok
appa
flash
trans
volta

I
circu
trans
help 

T
phas
as sh
is eq
[5]. M

Ba
T

Elect
Faculty of En

a

Abstract—This 
ptian 500 kV 
tning occurre
ages across the
Various param
nomenon such 
king distance, f

the tower fo
sters were use
performance 

n studied at the

Keywords—ATP
r footing resist

The lightning
sing flashove
smission line
eral strokes wh
d to the groun
the subseque

aratus in two w
aratus such th
k over causin
ctures through
manent damag
ke may exce
aratus, causin
hover is one 
smission lines
ages exceed th
In this paper, 
uit tower is d
smission lines
of surge arres

II. TRA

The 500 kV tr
se and two gro
hown in Fig. 
qual to 13.2 m
Modeling of t

ack Fla
Transm

Adel Z. E
trical Enginee
nergy Enginee

Aswan, 
azeinm2001@

paper describ
overhead tra

ence using A
e insulator strin

meters that hav
as the effect o

front and tail t
ooting ground
d in this work
of OHTL afte

e instant of the

P; back flasho
tance 

I.  INTRO

g overvoltage
er and dam
e. A lightnin
hich are charg
nd. The first s
ent stroke [1]. 
ways: the first
hat the termin
g a short circu
h the apparatu
ge. The second
eed the energ
ng meltdown

of the sever
 reliability. Ba

he line critical 
the lightning

described. Th
s have been a
ster. 

ANSMISSION S
ransmission lin
ound wires. Th
1. The distanc

m and the spa
transmission l

ashove
mission

EL Dein 
ering Departm
ering, Aswan 
Egypt 

@hotmail.com 

bes transient p
ansmission lin

ATP-EMTP m
ngs are calcula
ve direct effect
of lightning str
times of lightn
d system are

k as a solution 
er connecting 
e lightning stro

over; lightning

ODUCTION 
e is one of 

maging the i
ng flash gene
es, negative o

stroke is most 
The lightning
t, it raises the 

nals across the
uit of the syst
us electrical i
d is the energ
gy handling 
n or fracture
ral phenomen
ack flashover 
flashover [4].

g overvoltage 
he effect of d
analyzed with

SYSTEM MODE

ne has three s
he tower is of
ce between tw
an length is eq
line tower is a

er An
n Line

ment 
University 

performance o
ne (OHTL) du
modeling. Ind
ated.  
t on back flash
oke magnitude
ing stroke imp

e discussed. S
for back flash
surge arrestor

okes occurrenc

g; induced vol

important fa
insulators in 
erally consist
r positive from
often more se

g damages a p
voltage acros

e struck appa
tem or the vo
insulation, cau
gy of the light
capability of

e [2], [3]. B
na which decr

occurs when t
.  
in 500 kV s

direct lightnin
h and withou

ELING 
sub-conductor
f flat configur
wo adjacent ph
qual to 400 m
an essential pa

alysis
es usin

  

 
of the 
uring 
duced 

hover 
e, the 
pulse, 
Surge 
hover. 
r has 
e. 

ltage; 

actors 
the 

ts of 
m the 
evere 
ower 

ss the 
aratus 
oltage 
using 
tning 
f the 
Back 
rease 
these 

ingle 
ng on 
ut the 

rs per 
ration 
hases 

m [4], 
art of 

the 
tran
cons
tran
softw

A. S
S

the I
on t
deve
repr
desi
sepa
surg
sign
√2
L1=
C=6

 of Eg
ng Sur

Upper 

travelling-wa
smission line
sists of main 
smission line
ware. 

Fig. 

Surge arrester
Surge arrester
IEEE Surge P
the Applicatio
eloped a mode
resented by 
gnated by A

arated by an R
ges, the imp
nificant. For 50
)/√3=408.25

=21.75 µH, L
68.97 pF [5]. 

gyptian
rge Ar

Noura 
Egypt for Ele

Aswa
nora_hft@

ave analysis o
es. Tower eq
legs and cros

e tower mode

 1. Egyptian 500 

r modeling 
r modeling tec
Protective Dev
on of Surge Pr
el in which th

two section
0 and A1. T

R-L filter [5] a
pedance of th
00 kV, the rat
5 kV and the
0=0.29 µH, R

n 500k
rrestor

H. Farah 
ctricity Distrib

an, Egypt 
@yahoo.com

of lightning s
quivalent circ
ss-arms as sho
el is simulate

 
 
kV transmission 

chniques was 
vices Committ
rotective Dev
e non-linear V
ns of non-

These non-line
as shown in Fi
he R-L filte
ted voltage of 
e other comp
R1=94.25 Ω,

kV 
rs 

bution Co. 

urges in over
cuit of the m
own in Fig. 2
ed by ATP-E

 

tower 

formed in 197
tee’s subcomm
ices [6]. IEEE

V-I characteris
linear resista
ear resistance
ig. 3. For fast 
er becomes
arresters is (5

ponents value
, R0=145 Ω

rhead 
model 
. The 

EMTP 

71 by 
mittee 
E had 
stic is 
ances 

es are 
front 
more 

500×
s are 
, and 

International Journal of Applied Energy Systems, Vol. 1, No. 1, January 2019

9



 

Fig.  2

Fig.  3

B. L
L

with
resis
impe
study
four 
poin
curre
resis
in sim

Fig.  4

C. B
      B
light
A st
and 
insul
the v
(CFO
The 
the i

2. ATP Model of

3. IEEE surge arr

Lightning sour
Lightning-stro
h parallel resis
stance is l
edance is sele
y shown in F
characteristic

nt must be con
ent-steepness,
stance ,and pea
mulation of lig

4. Lightning strok

Back flashover
Back flashove
tning stroke te
troke that term
out onto grou
lation. Back f
voltages equal
O). 
back flashove

insulator. The 

f 500 kV transmis

restor model 

rce modeling 
oke model is r
stance in ATP
lightning-path 
ected as 400 
ig. 4 is the H
cs of lightnin
nsidered: light
 rise time, 
ak of lightning
ghtning surge 

ke Heidler model

r modeling 
er pattern is a 
erminates at o
minates force
und wires. Vo
flashover thus 
l or exceed th

er is represent
parallel switc

ssion line tower 

represented by
P- EMTP softw

impedance
Ω [7]. The m

Heidler current
g current qua

tning-current p
and decay ti
g –current Th
is shown in F

l [10] 

phenomenon
overhead grou
s currents to 

oltages thus bu
occurs across
e lines critical

ted by parallel
ch is modeled 

 

y a current so
ware. The par

e. Lightning
model used in
t model [8], w
antities at stro
peak, maximu
ime.tower foo
e wave shape 

Fig. 5. 

 

n that occurs w
und wire or to

flow down t
uild up across
s insulator stri
l flashover vo

l switch acros
and controlle

 

ource 
rallel 
-path 

n this 
where 
oking 
um of 
oting  
used 

when 
ower. 
tower 
s line 
ing if 
oltage 

s 
ed 

by c
equa

whe

T
been
In o
volta
conn
impe
is te
refle
line,
line.
are i

 

A. E
      I
indu
light
betw
phas
Fig. 

B. E
      I
indu
light
betw
phas
Fig. 
Whe
towe
curr
2MV
 

comparing the
ation [9]:  

ere, l is the ins

The 500 kV s
n modeled usi
order to take in
age of the line
nected to AC
edance (surge

erminated with
ected traveling
, and thus, th
. The paramet
illustrated in T

TABLE I. 

Conductor 
no. 

R

A1 

A2 

A3 

B1 

B2 

B3 

C1 

C2 

C3 

G1 

G2 

Effect of lightn
It may be obs
uced voltage 
tning curren

ween increasin
se under vario
6. 

Effect of lightn
It may be obs
uced voltage 
tning curren

ween increasin
se under vario
6. 

en surge arrest
er 1, which is
rents, are redu
V which is nea

e volt-time cha

Vfo 400l

sulator length 

III. SIMULAT

single circuit 
ing ATP-EMT
nto account th
e on a lightnin
C voltage so
e impedance m
h multiphase m
g wave from 
e transmission
ters of the tran
Table I [5]. 

CARACTERISTI

Radius 
(mm) 

X
coord

(m

15.3 -13.

15.3 -12.

15.3 -13

15.3 -0.2

15.3 -0.2

15.3 0.

15.3 12.9

15.3 13.4

15.3 13

5.6 -8

5.6 8.

ning current m
served from F
increases wi

nt. An appr
ng lightning c
ous values of 

ning current m
served from F
increases wi

nt. An appr
ng lightning c
ous values of 

tor was conne
s caused by v
uced to lower
arby half that 

aracteristics as

710l t 0.75

in meter and (

TION RESULTS 
overhead tran

TP program a
he effect of th
ng surge, the t
ource via mu
matrix). As the
matching imp
the far end o
n line is rega
nsmission line

ICS OF 500 KV LIN

X-
dinate 
m) 

Y-
coordi

(m)

425 22.1

975 22.1

3.2 21.7

225 24.4

225 24.4

.0 24.0

975 22.1

425 22.1

3.2 21.7

.0 30

.0 30

magnitude 
Fig. 6 that the
ith increasing
roximately li
current and in
f lightening cu

magnitude 
Fig. 6 that the
ith increasing
roximately li
current and in
f lightening cu

ected, the over
various magnit
r values reac
in  Fig. 7. 

s in the follow

(t) is time in µ

nsmission line
as shown in F
he AC steady
transmission l
ultiphase matc
e transmission
edance, there 

of the transmi
arded as an in
e used in this 

NE CONDUCTORS

-
nate 
) 

Rdc at
 20 c0

(Ω/km

13 0.0511

13 0.0511

74 0.0511

48 0.0511

48 0.0511

09 0.0511

13 0.0511

13 0.0511

74 0.0511

0 0.564

0 0.564

e magnitude o
g the peak o
inear relation
nduced voltag
urrent as show

e magnitude o
g the peak o
inear relation
nduced voltag
urrent as show

r voltages on t
tudes of lighte
hes approxim

wing 



µs. 

e has 
ig. 5. 
-state 
ine is 
ching 
n line 
is no 

ission 
nfinite 
study 

) 

1 

1 

1 

1 

1 

1 

1 

1 

1 

of the 
f the 
nship 

ge per 
wn in 

of the 
f the 
nship 

ge per 
wn in 

top of 
ening 

mately 

Faculty of Energy Engineering - Aswan University - Aswan - Egypt

10



Fig. 6
curren

Fig.  7
arrest

6. Variation of ind
nts at Tf = 1.2 µs

7.Variation of ind
ter with various li

Fig

duced voltage at t
.  

duced voltage at t
ightning currents 

 

g.  5. ATP sim

top of the tower w

top of the tower a
at Tf = 1.2 µs 

mulation of 50

with various light

after using surge 

 
00 kV OHTL s

 
 

 

tning 

I
dam
gap 
prot
Fig. 
arres

I
trans
volta

C. .
W

show
light
and 
appr
volta

T
indu
2 M

F
time
the b
the i

D. E
F

tail t
curr
tail 
negl
surg
is ca

system of the 

In order to
mage with indu

surge arrester
tects the powe

8 compares t
sters at variou
It is clear 
smission sys
ages suppress

 Effect of fron
When a lightn
wn in Fig 9, it
tning current 
that the bac

roximately 4..
ages decrease
The Fig. 10 s
uced over volt

MV which is ne
Fig.11 illustra
e with and wit
back flashove
increase of fro

Effect of tail ti
Fig. 12 shows
times of lightn

rent magnitud
time will inc

lected percen
ge arrester to t
aused by impu

case under stu

protect the p
uced voltage e
r is usually co

er system appa
the induced v

us magnitudes 
that conne

stem have an
ion 

nt time 
ning stroke hit
t is noticed tha
(Tf = 1.2 µs) 

ck flashover 
.5 MV .It ma
s with increas
shows when s
tage on top of
early half that 
ates the variati
thout surge arr
er voltage acro
ont time. 

ime 
s the variation
ning strokes; 2
e of 40 kA. I
crease the in

nt. Fig. 13 sh
the circuit on t
ulse lightening

udy 

power system
equals about 0
onnected acro
aratus from da
voltage on line

of lightning c
cting surge 
n obvious e

s one of the tw
at the shorter 
has the highe
voltage acros

ay be remarke
ing lightning 
surge arrester

f tower 1 .reac
in Fig. 9. 
on of induced
restors. It may
oss the insula

n of induced 
20 μs, 40 μs, a
It is noticed th
nduced voltag
hows the eff
the induced ov
g with various

m apparatus 
0.5 to 2 MVA 
oss insulators. 
amage. In add
e with and wi
current. 

arresters a
effect on ind

wo ground wir
front wave tim

est induced vo
ss the insulat
ed that the ind
front time. 
r is connected
ches approxim

d voltage with 
y be concluded
ator decreases 

voltage at va
and 60 μs; of 
hat the increa

ge magnitude 
fect of conne
ver voltages w
s tail times.  

 

from 
 horn 
 This 

dition, 
ithout 

across 
duced 

res as 
me of 
oltage 
tor is 
duced 

d, the 
mately 

front 
d that 
with 

arious 
same 

ase of 
with 

ecting 
which 

International Journal of Applied Energy Systems, Vol. 1, No. 1, January 2019

11



Fig.  
curren

Fig.  
times

Fig.  
using

8. Peaks of induc
nts with and with

9.Variation of i
 at lightning curr

10. Induced vol
g surge arrestor at

ced voltage at top
hout surge arresto

induced voltage 
rent 20 kA 

ltage at top of th
t lightning current

p of the tower vers
or 
 
 

at top of the tow

he tower with va
t 20 kA 

sus different light

wer with various

arious front times

tning   

 

s front 

 
s after 

Fig.  
with

Fig.  
times

Fig.  
times

11. Peaks of the
and without surg

12. Variation o
s at Lightning cur

13. Variation of 
s after using the s

e induced voltag
ge arrestor at light

f induced voltag
rrent 20 kA 

induced voltage 
surge arrestor at li

ge at top of the t
tning current 20 k

 

ge at top of the t

at top of the tow
ightning current 2

ower versus fron
kA 

tower with vario

wer with various t
20 kA 

 
nt time 

 

ous tail 

 
top tail 

Faculty of Energy Engineering - Aswan University - Aswan - Egypt

12



T
shiel
conn

T
syste
varia
use s
that 
back

E. P
V

leg o
durin
resis
farad
mete
depth

A
majo
the t
two 

 

Fig.  
surge

Fig. 
groun

 

The induced o
ld wire whic
nection surge a
The use of s
em and all c
ation of induc
surge arresters
the longer the

k flashover vol

Parameters of
Vertical and h
of the transmi
ng lightning 
stivity of the e
d per meter; 
er; electrode 
h of burial of 

Among these p
or effect. Fig. 
top of tower 1
inductances 0

14. Peaks of indu
 arresters at lightn

15.Variation of 
nding system at lig

over voltages 
ch is lower 
arresters  by 5
urge arresters
connected eq

ced voltage wi
s is illustrated
e tail time of 
ltage. 

f the ground sy
horizontal elec
ission line tow
transient, ha

earth in ohm. m
permeability 

length in me
horizontal ele
parameters, th
15 shows the 

1 for two resi
0.1 mH and 10

uced voltage vers
ning current 20 k

induced voltage
ghtning current 2

reaches appro
than that in

50% . 
s can protect

quipment from
ith tail times  

d in Fig. 14. It 
lightning curr

ystem 
ctrodes which

wer as footing 
ave many par
meter; permitt

of the soil 
eter; electrode
ectrode in mete
he length of th

induced volta
stances 4.075

00 mH, respect

sus different tail t
kA 

e on phase A a
0 kA 

oximately 2M
n Fig. 12 be

t the transmi
m damaging. 

 with and wit
may be concl
rent has the la

h are used at 
grounding sy

rameters such
tivity of the so
in Henneries

e radius in m
er [9-10]. 
e electrode ha
age wave form
Ω and 1000Ω
tively.  

times with and w

at different valu

MV in 
efore 

ssion 
The 

thout 
luded 
arger 

each 
ystem 
h as: 
oil in 
s per 

meter; 

as the 
ms on 
Ω and 

 
without 

ues of 

Fig.  
surge

F
arres
shar
of 
capa
acro

T
the 
syst
inve
time
flash
syst
softw

A
mag
curr
volt
perf
tran
volt
arre
the 
light

[1]

[2]

[3]

16.Variation of i
e arresters at light

From Fig. 16
sters across t
rply from max
insulator. Th

acitance effec
oss the insulato

This paper de
induced volta
em before an

estigates the 
e, and tail t
hover pheno
em, under
ware. 
As depicted f
gnitude is dec
rents. The effe
age magnitud

formance un
smission syst
ages of 500
sters are redu
high voltage 
tning strokes 

Chowdhuri, P
their effects o
Exposition, A
Shwehdi, M.
back flashov
lines. In: 2nd

Energy (PEC
Gutierrez, R
2003. Comp
evaluating li
Tech. Confer

induced voltage a
tning current 20 k

6 ,It is notic
the insulator t
ximum voltag
he oscillation
ct during cur
or units. 

IV. CONC

scribes affecti
age at top of 
nd after using
 effect of ligh
ime of light
menon. All 
study, are 

from simulati
creases by inc
ect of tail time
de. Connectin
nder lightnin
tems without
 kV transmi
uced approxi
transmission 
from failure o

REFER

P., 2001. Para
on power syst
Atlanta, GA, 1
, 2008. Comp

ver voltage le
IEEE Internat

Con 08). Johor
R., Moreno, P
parison of t
ghtning perfo
rence, Bologn

at insulator of ph
kA 

ed that after 
the induced v
e of 2MV to 
ns are corre
rrent charging

CLUSION 
ing of most p

f tower of 500
g of surge ar
htning curren
tning stroke 

components 
simulated u

on results, th
creasing front
e is almost neg
ng surge arre
ng condition
t surge arrest
ission lines 
imately by 50
circuits whic

or damaging. 

RENCES 
ameters of lig
tems. IEEE Tr
1047–1051. 
putation of ligh
evels on 230
tional Confere
r Baharu, Mala
P., Guardado
transmission 
ormance. IEE
na, Italy. 

ase A with and w

connecting 
voltage is red
withstand  vo

esponding to
g and discha

parameters aff
0 kV transmi
rresters. The 
nt magnitude, 

impulse on 
of transmi

using ATP-E

he induced vo
t time of ligh
glected on ind
esters enhance
n compared
ters. The ind
after using 
0%. This pro

ch are subject

ghtning stroke
rans. Distrib. C

htning flashov
0 kV transmi
ence on Powe
aysia. 

o, L., Naredo
line models

EE Bologna P

 
without 

surge 
duced  
oltage 
o the 
arging 

fected 
ission 
study 
front 
back 

ission 
EMTP 

oltage 
htning 
duced 
e the 
d to 
duced 
surge 
otects   
ted to 

s and 
Conf. 

ver & 
ission 
er and 

o, L., 
s for 
Power 

International Journal of Applied Energy Systems, Vol. 1, No. 1, January 2019

13



[4] Ametani, A., Kawamura, T., 2005. A method of a 
lightning surge analysis recommended in Japan using 
EMTP. IEEE Trans. Power Delivery 20 (2), 867–875. 

[5] Ossama, G., Adel, Z., Ghada, A., 2010. Parameters 
affecting the back flashover voltage across the overhead 
transmission line insulator caused by lightning. In: Proc. 
of14th International Middle East Power Systems 
Conference (MEPCON’10), Cairo, Egypt. 

[6] Bayadi, A., Zehar, K., Semcheddine, S., Kadri, R., 2006. 
A parameter identification technique for a metal-oxide 
surge arrester model based on genetic algorithm. WSEAS 
Trans. Circuits Syst. 5 (4), 549–554. 

[7] Hileman, A., 1999. Insulation coordination for power 
system. Taylor & Francies Group 4–5, 373–374 

[8] Ametani, A., Kawamura, T., 2005. A method of a 
lightning surge analysis recommended in Japan using 
EMTP. IEEE Trans. Power Delivery 20 (2), 867–875. 

[9] Dahab, A., Amoura, F., Abu-Elhaija, W., 2005. 
Comparison of magnetic field distribution of non compact 
and compact parallel transmission line 
configurations. IEEE Trans. Power Delivery 20 (3), 
2114–2118. 

[10] Abu-Kadir, M., Sardi, J., Wan, W., Hizam, H., Jasni, J., 
2009. Evaluation of a 132 kV transmission line 
performance via transient modelling approach. Eur. J. Sci. 
Res. 29 (4), 533–539. ISSN 1450-216X. 

 

Faculty of Energy Engineering - Aswan University - Aswan - Egypt

14




