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Abstract— Lightning is one of the main considerations in the
causes of the high voltage network’s overhead lines failure. The
lightning even also become one of the most dangerous event on the
transmission system. The placement of the Transmission
Lightning Arresters (TLAs) is employed for optimizing the
location of protection equipment, reducing the cost of installation
and identifying the risk of failure. This paper uses fuzzy logic to
get the optimal placement location for Transmission Lightning
Arresters (TLAs) and the model for transmission tower were
simulated on a 150 kV high voltage network in the Maros-
Sungguminasa. The simulation results confirm the optimal
placement of the Transmission Lightning Arresters (TLAs) in the
system.

Keywords — Transmission Line Surge Arresters (TLAs), Fuzzy
Logic, High Voltage Network 150 kV.

I. INTRODUCTION

Indonesian National Electricity Company or in Indonesian
we called PT. PLN (Persero) is a state electricity company that
plan, design, operate, and perform maintenance for any
obstruction at the high voltage network in Indonesia. The
company guarantees the operation of the system and providing
the best quality to consumers [1].

In 2016, lightning strike incident occurred at the 150 kV
overhead transmission line between Maros-Sungguminasa at the
Southern Sulawesi power system and caused blackout. [2]. The
detailed of the Southern Sulawesi power system can be seen in
[3][4][5]). Protection against the lightning strike can be done by
putting a Transmission Lightning Arresters (TLAs) [6], to avoid
potential of instability and load shedding [7].

There have been several previous studies that discussed
about the placement of TLAs. Many methodology developed for
TLAs" placement optimization were using lightning location
system [R][9][10], combined Neural Network (NN) and Genetic
Algorithms (GA) [11]. Efficiency of surge arrester was assessed
in a one or two phases of Brazilian transmission network by
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using ATP in reference [12], surge arrester location was
determined by using fuzzy logic techniques, but the study was
implemented in the distribution network and the location of
arrester was in node between cables, not at the transmission
network and more specifically at the transmission tower. The
TLA placement is important, especially considering as many
power systems now are working at their stability limit and
potential of congestion problems [13] [14] [15]. This paper
designed placement of TLAs by using fuzzy logic that consider
elevation, ground resistance, and flash density with the 150 kV
high voltage network between Maros-Sungguminasa case study.
The results also compare the induced voltage from lightning with

andﬁhom TLAs.

structure of this paper is as follow. SectionII informs the
description about line data (systems) details, Section I explains
about optimal placement TLAs. Section IV gives description
about simulation without and with TLAs. The results of the
simulation optimization of placement of TLAs is explained in
Section V. Section VI concludes the main finding of this
research.

II. SYSTEM DETAILS

A. Line Details

The overhead line of 150 kV Maros-Sungguminasa
transmission line details are shown in Table I. The Maros -
Sungguminasa 150 kV transmission line consist of 142 towers
with total length of 48.48 km [2].

TABLE L MAROS-SUNGGUMINASA LINE DATA[2]
Line Name Total Tower Length
From Line Maros
- - 142 48. 48 km
To Line Sungguminasa
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B. Geographical Profile

Fig.1 shows the coordinate of the Maros-Sungguminasa,
while Fig.2 describes the elevation of 150 kV lines tower which
was generated by using the data from PT. PLN (Persero) [2].
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Fig. 1. Geographical Profile of Tower 150 kV Lines [2]
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Fig. 2. Elevation of 150 kV Lines Tower

C. Lightning Flash Density

The rate of lightning flash density obtained from the Gowa
Geophysics Station data is 106-126 flashes per sequence
km/year as cited in [2]. Fig. 3 shows the map of Lightning Flash
Density line.

Fig. 3. Map of Lightning Flash Density [2]

The lightning flash density, elevation and the resistance of
tower resistances are showed in Fig. 4. The towers with high
rates of elevation flash density and ground resistance tends have
high probability to be stroke by lightning.

348

LT OF TOWER 159 KV LINES SUNGEUMINA MARDS

Fig. 4. Tower data elevation, ground resistance, and flash density.

D. Placement of TLAs Flowchart

The flowchart of the proposed placement of TLAs can be
seen in Fig. 5. The fuzzy logic is designed based on data
elevation, ground resistance, and flash density to formulated the
membership and fuzzy rule base.

Start

Data Overhead Line
1. Lightning Density
2. s0il Resistance
3. Tower Elevation

Input Data

]

Optimation of TLA Placement by using
fuzzy logic

Maodelling

Count Data Tower
21, A2, P R R2 R,
L1, L2, L3, Span Tower

TLA placem ent
in Tower

Simulation

Fig. 5. Placement of TLAs Flowchart.

II. PLACEMENT OF TLAS BY USING Fuzzy LoGIC

A. Fuzzy Logic

Fuzzy Logic is one of the artificial intelligence which is one
of the most powerful control methods. It is known by multi-
based resolution and multivariable considerations. Hence, fuzzy
logic method has been used as a management tool for the most
present system problems. The placement of TLAs was designed
by using the Fuzzy logic Toolbox [16], which allowed the
representation of power network protection using the arresters.
and leaded to a location for placement of arresters [17]. In this
paper, 142 tower data were used to generate the fuzzy
memberships and rules to obtain the number of tower that for
optimal Transmission Lightning Surge Arresters (TLAs)
placement.




2018 10th International Conference on Information Technology and Electrical Engineering (ICITEE)

FLASH DENSITY

HELEVATION (m)

Fig. 6. Fuzzy Logic Result

Fig. 6 informs the fuzzyfication results as the combination of

elevation, flash density, and ground resistances. From this
optimization results, there are 6 towers that have the highest
value which are Tower 77, Tower 78, Tower 79, Tower 81,
Tower 82 and Tower 83 that are recommended for TLA
placement.

IV. SIMULATION OF TRANSMISSION LIGHTNING SURGE
ARRESTER (TLAS)
After obtaining the position of TLAs, the conditions of the
150 kV transmission line Maros — Sungguminasa were tested for
two conditions, before and after the TLAs placement.

A. Modelling of Transmission System

There are several different transmission tower model
proposed by research in the last few years [18]. Multistory tower
designed by Masaru Ishii in 1991 [19] as shown in Fig. 7.
Another model of multilevel tower is based on the high-voltage
transmission line [20] [21][22]. In addition,
Takamitsu were introduced in aplple distribution channels
which are reasonably sufficient to represent a model of low
voltage transmission line [23].
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Fig. 7. Model Multistory
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In this study the 150 kV transmission tower was modeled
using model data and each story tower components are shown in
Table II. Calculation formulas to compute cach story
components were using multistory model [24]. The formula is
given by following form:

2y, = 60 {in (%) -1} M

R - (mﬁ;z;‘rrah) )
St (=10
Ry = =2+ Zpy * InyJy 4)
Lf:Rf*sz (i=1-4) )
H=hy+hy+h;+h, (6)

Where

Zp; = Impedance value for each segment of surge tower [Q]
H = high of tower [m]

R — equivalent radius from tower [m]

r,; = the radius of the cone shape for the top of the tower [m)]
r, = radius of the cone to form the central part of tower [m]
ry = the radius of the cone shape for the base of the tower [m]
I, — the height of the base of the tower up to the middle [m)]
l; =the height of the central tower up to the peak tower [m]
y = coefficient atenuation

L, = value of inductance for each segment of the tower [pH]
h; —height for each segment of the tower [m]

v =the speed of propagation [m/ps]
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B. Transmission Lightning Surge Arrester (TLAs) stability. AD have a higher voltage than the Al as shown n Fig.

Transmission lightning arresters (TLAs) provides protection & [31]- The parameter for TLAs is given in Table III.

for transmission and electrical equipment [25][26][27]. TLAs

act to limit this voltage level by avoiding damage to protected

equipment [28 ere are three models of arrester. Two models RO
of arrester are the Pinceti and Giannettoni [29] model and the

Fernandez and Diaz model [30].

L0
TABLE II. MULTYSTORY MODEL DATA OF 150 Kv TOWER
C —
Number of Tower
No | Parameters
77 78 79 80 81 82 83
! 21 1) 190 190 190 190 190 190 190 Fig. 8. IEEE Frequency Dependent Model. [ 18]
2 12 () 190 190 190 190 190 190 190
TABLE IIL. PARAMETER TRANSMISSION LIGHTNING SURGE ARRESTER
3 713 (1) 190 | 190 | 190 | w0 | 190 | 190 | 190 (TLAS)[18]
4 241 190 150 190 190 190 190 190 Parameter Arrester IEEE Model
5 R1(Q) a1 | o o | o e | o | 14 RD 2543 (1)
6 R2 (£2) CRNN INERT TR INERT TN TR TN RI 17.85 ()
L0 0.278 (uH)
7 R3(Q)) 14.1 14.1 14.1 14.1 14.1 14.1 14.1 Ll 1.017 uH)
8 R4 (Q) 424 | 424 | 424 | 424 | 424 | 24 | 424 c 967.21 (pF)
9 L1 (uH) 27 | 27 ) 27 | 27 | 27 | 27 | 27 V. RESULTS OF TRANSMISSION LIGHTNING SURGE
| L2 27l zal2r ) 2r 27 ) 27| 27 ARRESTERS(TLAS) PLACEMENT
1 L3 (ul) a7 Las ]l aslaalas ] 29 29 _ After attaining the most optimum TLA placement by using
fuzzy logic, then it was simulated to assess the results. For the
12 L4 (ui) 8 8 8 8 8 8 8 first condition, we simulated without TLA for Tower 77 to
13 RI(Q) 23 23 23 04 22 29 28 Tower 82 as shown by Fig. 9, where the transmission line that
R = " T connects the Maros Substation to Sungguminasa Substation and
14 Span (m) 492 | 232 | 322 | 289 | 2 [ oM | 3 the lightning strike the transmission network. For the second

condition, given the TLAs using IEEE Arrester Model for Tower
77 to Tower 82 is shown by Fig. 10, with transmission line that

In this study, the equivalent model of arrester used is the ' . .
T 1 connects the Maros Substation to Sungguminasa Substation.

model proposed by the IEEE Working Group 3.4.11 [31] that
has two components known as the A0 and Al (varistor) divided
by RI-L1 filters. Parallel inductance LO used to increase

UGHTNING

TOWER L

TOwER 79 TOWER B1 TOWER 82 TOWES 82 TOWER 147

A RE

nd

G MARDS G SUNGGUMINASA

Fig. 9. Modelling of Multistory Tower without TLAs
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Fig. 10. Modelling of Multistory Tower with 6 TLAs

From the simulation results show that TLAs placement can
reduce the effect of lightning to the tower. Fig. 11 shows voltage
after lightning of the system without TLAs it can be seem, after
hghtning strike the induced voltage raise to almost 2 MV at
0.005 ms. Where Fig.12 shows the voltage dynamic after
lightning with TLAs. As the results, the TLAs can reduced the
induced voltage to approximately 1.7 MV in 0.005 ms.
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Fig. 11. Result without TLAs placement
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Fig. 12. Result TLAs placement

VI. CONCLUSIONS

In the year 2016, there was lightning distwbance in the
electrical system of the Southern Sulawesi power system. The
lightning stroke the 150 kV overhead lines between Maros and
Sungguminasa that led to the interruption of electricity. There
are as many as 142 towers connecting the 150 kV overhead lines
150 kV between Maros Substation to Sungguminasa Substation.
This paper simulated bhghtning protection by instaling a
Transmission Lightning Arresters (TLAs) at the tower. The
effective installation of TLAs is needed for its placement
optimization.

This paper uses fuzzy logic to observe the point of optimal
placement in the overhead line of 150 kV Maros- Sungguminasa.
And the results confirm that there are 6 point of towers which
have the most optimal value among all the 142 point towers. The
towers are Tower 77, 78,79, 81, 82 and Tower 83. After getting
optimal placement of the tower, then the overhead line of 150
kV Maros-Sungguminasa wa delled with and without TLAs.
The TLAs model used was a model proposed by IEEE Working
Group 3.4.11. The results of the simulation for before and after
the placement of TLA showed a decrease in voltage after the
placement of TLAs.
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