
1

2 ORIGINAL ARTICLES

4 Evaluation of V–t characteristics caused

5 by lightning strokes at different locations

6 along transmission lines

7 Mohammed Qais *, Usama Khaled
1

8 Electrical Engineering Department, College of Engineering, King Saud University, Saudi Arabia

9 Received 30 December 2015; accepted 17 February 2016
10

12 KEYWORDS
13

14 Transmission lines;
15 Sag;
16 Lightning;
17 PSCAD;
18 Back flashover;
19 Arrester

Abstract Lightning stroke causes a current injection into transmission lines at the point of contact.

The lightning performance can be difficult to understand without using simulation programs.

PSCAD a powerful software was selected to develop the appropriate data required to investigate

this phenomenon.

In this paper, two points along transmission line are selected for studying voltage–time (V–t)

characteristics when any of those points is subjected to lightning strokes separately. The first

assumed point is taken when lightning current is injected to the shielding wire at the top of the

transmission tower, while, the other assumed point is taken when surge current is injected to the

shielding wire at maximum sag location in the mid-span between two towers. The sag of transmis-

sion line has been newly developed and simulated using PSCAD.

Both transmission line containing sag as well as lightning injection current are modeled. Fast

transient of flashover as well as back flashover occurrence is investigated. The results revealed that

the sag of transmission line has considerable influence on flashover and induced voltages across line

insulators and phase lines as well. The influence of connecting surge arrester in substations is inves-

tigated. A proper transmission line arrester (TLA) is designed in order to minimize the occurrences

of overvoltages due to flashover and consequently back flashover across insulators.
� 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

20

211. Introduction

22One of the natural sources of transient overvoltage in the
23power system is lightning strokes. Lightning stroke is an
24impulsive transient variation which is unidirectional in polarity
25(positive or negative). Overhead transmission line is the most
26part subjected to the lightning phenomena. Transmission lines
27are protected from the direct lightning by shield wires. The
28lightning current injection to shield wires or tower body will
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29 cause induced voltage across insulators and phase lines (Bollen
30 et al., 2005).
31 In previous works, most researchers had studied several
32 parameters that affect the lightning performance on transmis-
33 sion system. The common parameters of lightning are: front
34 time, tail time, peak lightning current, tower geometry, footing
35 resistance, corona, flashover, etc (Chowdhuri, 2001; Talib
36 et al., 2012; Yadee and Prem, 2007).
37 In addition, the striking distance of lightning stroke is a
38 very important parameter to study the performance of light-
39 ning on transmission system (Mazur and Ruhnke, 2003).
40 The mountainous places are mostly subjected to the light-
41 ning phenomena where the striking distances are small and
42 the resistivity of rocky mountainous soil is very high.
43 This paper presents a prediction of V–t characteristics when
44 a simulated lightning current injected at the top of transmis-
45 sion tower or at the maximum sag location of 500 kV overhead
46 transmission line with and without using surge arresters. The
47 induced voltages across insulator as well as in the phase con-
48 ductors resulting from lightning strikes hitting the ground
49 wires at sag locations are investigated. The obtained results
50 report that the sag of transmission line has an obvious effect
51 not only on V–t characteristics of phase conductors but also
52 on line insulators when surge lightning hits the shielding wire.
53 This study could be useful for predicting and improving tran-
54 sient overvoltage protection system.

55 2. Modeling of 500 kV transmission system

56 2.1. Tower module

57 Tower type and geometry used in this work is shown in Fig. 1.
58 This type of tower can be modeled in PSCAD by representing
59 main legs and cross arms with its equivalent surge impedances
60 and propagation velocity. The surge impedance for each part
61 of tower is 200 X and the propagation velocity is
62 2.5 � 108 m/s. Each part of tower is modeled as transmission
63 line model consisting of Bergeron model and manual entry
64 of surge impedance Z0, propagation velocity and length
65 (Martinez-Velasco and Castro-Aranda, 2005; Zakaria et al.,
66 2002) as shown in Fig. 2. Line conductor radius is 15.3 mm
67 and its assumed dc resistance is 0.0511 X/km, while ground
68 conductor radius is 5.6 mm and its assumed dc resistance is
69 0.564 X/km.

70 2.2. Footing resistance

71 Generally there are two types of footing resistance models that
72 can be used: one is simplified constant resistance model, the
73 other model is dependent on surge current magnitude and soil
74 ionization (Yadee and Prem, 2007; Sun and Tremouille, 2012).
75 In this paper, the footing resistance is kept constant and the
76 effect of soil resistivity is considered. The footing resistance
77 value is taken as 80 X.

78 2.3. Insulator module

79 The equivalent capacitance of insulator can be used to simplify
80 the modeling of insulator in PSCAD. The insulator (cap and
81 pin) equivalent capacitance is assumed to be 100 pF. It is

82assumed that the 500 kV insulator consists of 26 disks, having
83a total equivalent capacitance of 3.94 pF (Research center,
842008).

852.4. Back flashover module

86Flashover occurs due to increase in the voltage across insula-
87tors. This voltage across insulators is increased due to the
88injection of lightning current into the top of the tower or the
89shield wires. If the voltage at the top of tower exceeds the insu-
90lator withstand voltage level, then a back flashover occurs (Sun
91and Tremouille, 2012).
92Two models are recommended by IEC 60071-4 to represent
93the back flashover: critical flashover voltage (CFO) model and
94volt-time curve flashover model. In this work the volt-time
95characteristic model is used as follows:
96

Vf0 ¼ 400lþ 710l

t0:75
ð1Þ

9898

99where Vf0 is flashover voltage in (kV), l is the length of insula-
100tor in (m) and t is time in (ls).
101The back flashover is represented by parallel switch across
102the insulator as shown in Fig. 3. The parallel switch is modeled
103and controlled by comparing the volt-time characteristics in (1)
104with the induced voltage across the insulator as shown in
105Fig. 4.

1062.5. Surge arrester module

107Surge arrester is a protective device used for limiting overvolt-
108age on power system by discharging surge current to ground.
109IEEE had developed a model in which the non-linear V–I char-
110acteristic is represented by two sections of non-linear resis-
111tances designated by A0 and A1. These non-linear
112resistances are separated by an R–L filter as in Fig. 5.
113For fast front surges, the impedance of the R–L filter
114becomes more significant (IEEE working groups, 1992).

Figure 1 Typical configuration of 500 kV transmission tower.
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