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Abstract- Nowadays over voltages caused by lightning in
transmission line located in mountainous regions are very
important in power system transient studies. This study aims to
present and investigate modeling 400 KV single circuit
transmission lines. Hence this study, the performed analysis for
assessing single phase ignition and back flash over, three
common models of the tower in transient studies including
Multistory, simplified Multistory and simplified wide line models
have been used. The paper illustrates the benefit of ATP / EMTP
to finding the best type of line against the lightning. The paper
has proven that for negative polarity of current wave, range of
overvoltage caused by lightning is the lowest for the Multistory
model, Moreover the paper considering the same negative
polarity, range of voltages from arms to earth is the lowest for
Multistory model. Also results of this study show that Multistory
is better and more acceptable than the other two models for the
studied line.
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. INTRODUCTION

Lightning is very important as it is the most important
external source of transient overvoltage in the power network.
Importance of transient voltages caused by lightning can be
found in their destructive role in power networks. By developing
power transmission lines and the importance of power supply to
different regions, power transmission line outages caused by
lightning have been considered by engineers and designers of
power systems. Lightning causes destruction of conductors in
the network and this issue mostly leads to the outage of
transmission lines and finally, the subscribers’ power outage [1].

On this basis, it is very important to identify phenomenon of
lightning and calculate density of lightning in different regions
in order to take necessary measures for protecting power
network equipment. The modeling transient behavior of a tower
is very important at time of lightning and for a transmission line
which has been designed well, direct collision of lightning with
conductors of phases seldom occurs. Lightning causes many
outages due to back flash over. When lightning collides with
shield wire or tower, the injected current on tower to earth and

causes an increase of voltage and this issue cause's back flash
over [2].

Ignition occurs in high heights, therefore, short and H-
shaped towers seldom collide with ignition. Shorter length of
spin and higher number of towers can cause a decrease of the
number of collisions. Shield Wires installed on top of phases
effectively prevent collision of the lightning with conductors.
Figure 1 shows the effect of shield wires.

B

Figure 1. Effect of shield wires

It has been shown that probability of direct collision of
lightning with the phase conductor which is inside arc of +30 °
shield wires decreases by 1000 times. When lightning collides
with shield wire considering that shield wire is directly
connected to the tower, the wave which enters into the tower is
conducted to earth through it. However, if tower impedance or
tower to earth impedance is very high, the created voltage
causes insulation resistance failure of phase insulators. The
number of insulators in each chain should be selected such that
string of insulator is not subject to insulation failure. Tower
impedance and resistances of the tower shall be as small as
possible and in case tower structure naturally has no low
resistance against earth, earth rods are used to decrease earth
resistance. Field tests are effective tools for evaluation and
access to the transient structure of a tower but since this method
is difficult and expensive, it is better to use computer simulation
for completion of results [3].

To design insulator of power systems, study of lightning
behavior and overvoltage resulting from it is an important factor
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in protection of different tools of substations and power plants.
Lightning seldom directly collides with a transmission line.
Lightning almost collides on top of tower of transmission line or
shield wires and lightning currents flow on top of tower
downward. This major current increases its voltage considering
impedance of the tower. With increase of tower voltage, ignition
may be created between the arms of the tower and earth and
between two arms of the tower [4]. For this reason, a combined
model of a transmission line and tower has been applied for
analyzing the effect of lightning on the power system and some
studies have been conducted on it. Depending on the applied
model for the tower, results are expected to be different from
each other. One of the proposed suitable models of the tower is
Multi story model which is parallel R-L and has been widely
used in Japan for analysis of lightning [5].

In the present paper, the characteristics of the Multi story
tower model on 400 kV transmission line have been presented
based on lightning simulation with ATP / EMTP with negative
polarity. The paper is organized as follows: in section 2, the
system model is presented. Three different models of tower
including Multistory, simplified Multistory and simplified wide
line are evaluated in section 3. Result of three models included
in the paper is mentioned in section 4 and finally the most
important results are elaborated in section 5.

Il.  SYSTEM MODEL

400 kV single —circuit transmission line has triplet bundle
conductors. Tower resistance of this system is 10 ohms and
range of lightning current is 50 kA with negative peak. Figure 2
shows the structure of the studied tower. Physical specifications
of conductors are given in table 1 and geometrical parameters of
the tower are given in table 2.

TABLE II. GEOMETRICAL PARAMETERS OF TOWER SHOWN IN FIG 2
H hy h, hs A B 2r
44.6 4.6 5.6 34.4 7.9 104 4.0

All dimensions are in m.

IlIl.  EVALUATION OF THREE DIFFERENT MODELS OF TOWER

In order to model the tower as a transmission line, it is
necessary to determine characteristic impedance and wave
velocity and then to model it with help of uniform or non-
uniform transmission line. Later, different types of models are
studied for tower modeling and they have been obtained using
laboratory theory approximations.

A. Multistory Model

Tower model and its multistory model are shown in Figure
3. In this model, transmission line tower is considered as a set of
serial circuits with parallel R-L circuits. The above circuits
indicate weaknesses of fluid wave across the tower [6,7].
Because R-L parameters are accessible for 500 kV transmission
line, it is necessary to convert its geometrical dimensions in
order to be used in 400 kV voltage level. For this reason,
relations (1) - (4) have been used.

—2Zti.Infy
i= ————  (i=12 1
i h 1, C ) (1)
R3=-27t3.In,fy ()
2H
Li= a.Ri.— (i=12,3) ®)
Ve
H:h1+h2+h3 (4)

In which, y is d the diffusion coefficient equal to 0.8, «a is
damping coefficient equal to 1 and V; is wave velocity equal
to 300 m/us. It should be noted that values corresponding to
each tower are given in table 3.

Zt1
R1, L1

R2 L2
Figure 2. Structure of the studied tower
Z13
TABLE I. PHYSICAL SPECIFICATIONS OF CONDUCTOR R3.L3
. AREA .
GMR (cm) | Resistance dc (MM2) Stranding Conductor R
AL54/3.5
1.2161 0.0599 523.68 ST 7/3.52 CURLEW
Figure 3. Tower model and its Multistory model
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TABLE IlI. EQUIVALENT PARAMETERS OF MULTISTORY MODEL
R1 22.1393 L1 6.5827 Zt1l 220
R2 26.9522 L2 8.0138 Zt2 220
R3 33.472 L3 9.9523 Zt3 150

R 10.0

R1,R2,R3,R,Zt 1,7t 2, and Zt 3 are all in Q.
L1,L2andL 3areallin ph.

In Figure 4, simulated model in ATP / EMTP is shown for
multistory tower.

Figure 4. Equivalent Multistory circuit

B. Simplifiet Multistory Model

In this model, parallel R-L circuits available in multistory
model are deleted. One of the reasons for creation of ignition in
multistory model is the presence of parallel R-L circuits. For this
reason, analyze has been done using simplified Multistory
model i.e. model without parallel R-L circuits [7,8].
Characteristic impedance and other simplified parameters are
the same values of multistory model. The equivalent circuit used
in ATP / EMTP software is shown in Figure 5.

Figure 5.

Simplified Multistory equivalent model

C. Wide line simplified model

Because multistory model has been designed for 500 kV line
and height of the 500 kV tower is more than that of 400 kV
tower, therefore, it is necessary to evaluate characteristic
impedance of the tower. In order to calculate characteristic
impedance of the tower in papers and references, different
relations have been presented. The presented relation for tower
as relation 5 is in agreement with results obtained from
measurement of characteristic impedance of the tower in
addition that it is simple and easy. The desired formula is
generally obtained as the following relation and from Figure 6

[9].
The tower model used in ATP / EMTP is shown in Figures 7

and 8. In all simulations, wave velocity was considered equal to
the speed of light and 300 m/ps.

\

/.//'/////////// /1 // / /// //,/ //
Figure 6. Tower equivalent structure

Figure 7.

yaal Zt2 Zt3 Rf
N T e wvv—E

Zt 1=27t2=7t3 =188.6585 Q

Simplified wide line equivalent circuit

Figure 8. Simplified wide line equivalent impedance
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IV. RESULTS OF STUDY

In this section, results of study are based on ATP / EMTP
software. Impulse wave has a range of -50 kilo amperes, front of
the impulse is 1 microsecond and tail of impulse is 70
microseconds. Lightning current at time of collision reaches its
peak value within 1 and 10 microseconds (front of impulse) and
then is reduced to half of this value within 20 and 100
microseconds (back on impulse). Distribution of this current is
shown in Figure 9. 50% of all lightnings have a peak voltage of
above 50 kilo amperes. Rarely, peak voltage can exceed 200 kilo
amperes. Laboratory results show that almost 90% of all
lightnings are negative [10]. Therefore, negative peak of
lightning is tested in this paper.
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Figure 9. Impulse wave with negative peak

Figures 10-12 show range of overvoltage created on top of
the tower (collision of lightning). As the above Figures show,
the highest range of overvoltage created on top of tower relates
to simplified wide line model and the lowest one relates to
Multistory model of the tower and simplified Multistory model
is between these two ranges.
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Figure 11.  Range of voltage in lightning collision place in simplified Multistory
model

0.60

*106

i :
T AV

-0.76

-1.44

-2.12

-2.80

0 ' 2 ' 4 ' 6 ' 8 et 10
Figure 12. Range of voltage in lightning collision place in simplified wide line
model of tower

Figures 13-15 show overvoltage of the tower arm relative to
the earth. As it is evident, difference between arms relative to
the earth is low in multistory model and possibility of ignition of
the phase is lower in this model. In two other models, there is a
high difference between the voltages of arms.

A | \\/// B

-0.5+ /
/

-1.04

-1.54

-2.0

; T . o ' 3 ' M : . {P—-

Figure 10.  Range of voltage in lightning collision place in Multistory model Figure 13.  Voltage range created in the arms of tower relative to earth in
Multistory model
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Figure 14. Voltage range created in the arms of tower relative to earth in the
simplified Multistory model
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Figure 15.  Voltage range created in the arms of tower relative to earth in a
simplified wide line model of the tower

Figures 16-18 show range of voltages created on the
insulator in different tower models.
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Figure 17. Range of voltages created on insulator from a tower in the simplifie
Multistory model
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Figure 18. Range of voltages created on the insulator of the tower in a simplified

wide line model of the tower

Figures 19-21 show waveforms of the voltage created on top
of the adjacent tower with which lightning collides. It is clear
that overvoltage created in this tower is below the tower with
which lightning directly collides and it can be concluded that the

100
*107 \ major part of the voltage is discharged through the tower which
7 \ ~ is directly collided by lightning.
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Figure 16. Range of voltages created on insulator from a tower in Multistory 5004
model
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Figure 19. Range of voltage created on top of the lateral tower in Multistory
model
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Figure 20. Range of voltage created on top of the lateral tower in the simplified
Multistory model
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Figure 21.  Range of voltage created on top of the lateral tower in a simplified
wide line model of the tower

Figures 22-24 show single phase voltages in three models
and diagram of phases A and B is placed on top of each other
due to the physical structure of these towers.
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Figure 22.  Voltage created in phases relative to earth in Multistory
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Figure 23. Voltage created in phases relative to earth in the simplified
Multistory model
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Figure 24. Voltage created in phases relative to earth in a simplified wide line

model of the tower

CONCLUSION

Considering the results of the performed simulations for all
types of tower models and by applying waves with negative
polarity on the tower, the following results are obtained.

e For negative polarity of current wave, range of overvoltage
caused by lightning is the lowest for the multistory model
because parallel R-L circuits can model its transient
behavior and simplified wide line model is between these
two values.

e Considering the same negative polarity, range of voltages
from arms to earth is the lowest for multistory model,
highest for the simplified wide line model and the simple
multistory model is between these two models. Because the
difference between the ranges of phases is not high, it
causes almost the equal possibility of back flash in all three
phases.

e Range of voltage caused by lightning on the insulator is the
lowest in multistory model, highest in wide line model and
the simplified multistory model is between these two
values.

e Results show that Multistory is better and more acceptable
than the other two models for the studied line because this
model has been designed for 500 kV lines , therefore, one
can use it for analyzing 400 kV lines . Despite parallel R—L
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circuits, wave motion of voltage is modeled along the
tower.

Generally, it can be concluded that multistory model is the
best model for studying behavior, analyzing and modeling
single circuit 400 kV transmission line. The simplified
multistory model can be used under special condition.

REFERENCES

S.E. Naghib, S. Najafi, S.A. Sajadi, “Sub transmission system tower model
for lightning surge over voltage analysis™ In: PSC of 21" Power System
Conference, pp. 1856-1863.

Ito, T. Ueda, T. Watanabe, H. Funabashi, T. Ametani, “A. Lightning
flashovers on 77-kV systems: observed voltage bias effects and analysis”
IEEE Transactions on Power Delivery, Vol. 18, pp. 545-550, April 2003.

M. Ishii, T. Kawamura, T. Kouno, O. Eiichi, K. Shiokawa, K. Murotani, T.
Higuchi, “Multistory transmission tower model for lightning surge
analysis” IEEE Transactions on Power Delivery, Vol. 6, pp. 1327-1335,
Jul 1991.

N. Nagaoka, “A development of frequency dependent tower model” IEE
Transactions on Japan, Vol. B-111, pp. 51-56, Jul 1991.

T. Hara, O. Yamamoto, M. Hayashi, T. Nagai, “Modelling of a
transmission tower for lightning-surge analysis” IEE Proc.-Cener. Transm.
Distrib., VVol. 143, pp. 283-289, Ma y 1996.

J.W. Woo, J.S. Kwak, H.J. Ju, H.H. Lee, J.D. Moon, “The analysis results
of lightning over voltages by EMTP for lightning protection design of 500
kV substation” In: IPST International Conference on Power Systems
Transients, June 2005, pp. 1-5.

T. Ueda, M. Yoda, I. Miyachi, “Characteristics of lightning surges
observed at 77 kV substations” Electrical Engineering in Japan, Vol. 124,
pp. 40-48, August 1998.

T. Ueda, S. Neo, T. Funabashi, T. Hagiwara, H. Watanabe, “Flashover
model for arcing horns and transmission line arresters” In: IPST’95
International Conference on Power System Transients, September 1995,
pp. 328-333.

P.C.A. Mota, M.L.R. Chaves, J.R. Camacho, « Power line tower lightning
surge impedance computation, a comparison of analytical and finite
element methods” In: ICREPQ’12 International Conference on Renewable
Energies and Power Quality, March 2012, pp. 1-6.

K.L. Cummins, E.P. Krider, M.D. Malone, “The US national lightning
detection network™ and applications of cloud-to-ground lightning data by
electric power utilities” IEEE Transactions on Electromagnetic
Compatibility, VVol. 40, pp. 465-480, Nov 1998.

Mansour Moradi was born in Kermanshah, Iran in
1987. Received the B.Sc. degrees in electrical
engineering from Islamic Azad University, Brojerd
branch in 2010. He is doing M.Sc. degree in the
Department of Electrical Engineering, Science and
Research  Branch, Islamic Azad University,
Kermanshah, Iran. Also he is working as lecturer in
' the Electrical Engineering Department Imam Reza
Center of Applied Science and Technology & Islamic Azad University,
Eslam Abad Gharb branch. His research interests are: Transient effects
in power system, power system operation and planning, transmission
expansion planning in power system, renewable energies, and Smart
Grid.

Hamdi Abdi received his B.Sc. degree from Tabriz
University, Tabriz, Iran in 1995; M.Sc., and Ph.D.
degrees from Tarbiat Modares University, Tehran,
Iran, in 1999 and 2006, all in Electrical Engineering.
Currently, he is an assistant professor in the
Department of Electrical Engineering, Razi
University, Kermanshah, Iran. His research interests
include power system operation and planning,
restructuring and market design, transmission expansion planning,
renewable energies, optimization and application of computational
intelligence and design of electrical and control systems for industrial
plants.

Arash Atefi received the B.Sc. degrees in electrical
engineering from Islamic Azad University, South
Tehran branch in 2009. He is currently pursuing the

i M.Sc. degree in the Department of Electrical
‘ Engineering, Science and Research Branch, Islamic
\ _/ Azad University, Kermanshah, Iran. Also he is
-~ working in  Bisetoon = Power  Generation

Management, Zagross Power Plant, Kermanshah,

Iran. His research interests are: transmission
expansion planning in power system, compound cycle, power network
equipments, distribution system control and distributed generation.

International Journal of Science and Engineering Investigations, VVolume 2, Issue 19, August 2013 67

www.lJSEl.com

ISSN: 2251-8843

Paper ID: 21913-11


https://www.google.com/search?hl=en&noj=1&biw=1024&bih=636&q=august&revid=1701753896&sa=X&ei=5GmmUa-HEoOEhQfqhoCwAw&ved=0CIQBENUCKAI

