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    Abstract-- The first part of this paper (Question 1), presents 
shielding and backflashover results obtained for typical 
transmission line sctructures running along regions over flat 
terrain with high lightning flash density incidence. Lightning 
performance of transmission lines can be calculated by statistical 
and analytical methods in order to predict shielding failure and 
backflashover rates. The incidence of lightning strokes on 
transmission lines is then calculated by using the 
electrogeometrical model together with overvoltage calculations 
made by using a multiphase conductor travelling wave method, 
in order to determine the grounding resistance effect has on the 
tower top potential, to determine the backflashover. 
 
The second part of this paper (Question 2) describes the Instituto 
de Investigaciones Eléctricas (IIE) and Comisión Federal de 
Electricidad (CFE) experiences obtained during several years of 
research using surge arresters (externally gapped) on several 
transmission lines running along different parts of the country, 
which usually had many outage rates before being protected with 
surge arresters. 
 

Index Terms — Lightning performance, ground flash density, 
shielding angle, transmission line surge arrester, distribution line 
surge arrester, shielding failure, backflashover, footing 
resistance. 

 
Question 1: What has been your most important contribution to to 

current knowledge about research on the phenomenon of lightning. 

 

INTRODUCTION 
 

sually, prediction methods are based on Monte Carlo 
simulation, together with the electrogeometrical model as well 
as a multiphase traveling wave analysis, in order to be able to 

simulate the lightning performance of a transmission line over a 
prescribed period of time to determine a failure rate of the lines.  
 
 The parameters of the particular stroke incidence are 
randomly chosen, the incident point is determined by the 
electrogeometrical model, which can be a groundwire, or a  
phase conductor. Then the travelling wave section of the program 
calculates the voltages stressing the insulation at the stroke incidence 
tower as well as at adjacent towers. The voltage across each string of 
insulators is compared with the impulse Volt-time curve. A flashover 
will occur if this curve is crossed by the overvoltage caused by the 
stroke [1, 2, 3, 4, 5]. A full comprehensive computer program is 
needed for these purposes [6]. 
 

The final result obtained by the simulation computer 
program, is that given by the number of failures per length of line per 
year [6]. 

______________________________________________ 
C. Romualdo-Torres, Instituto de Investigaciones Eléctricas, Cuernavaca, 

Mor., Mexico.  (e-mail: crt@iie.org.mx). 
 
 

I. TRANSMISSION LINES STUDIED 
 

Results for three typical 115, 230 and 400 kV transmission 
lines are included. Field measurements were compared to 115 kV and 
230 kV showing good agreement with those calculated results. 
 

The purpose of these studies is to establish how good is the 
reliability for typical 115 kV, 230 kV and 400 kV transmission lines 
under lightning conditions. The studies comprise the calculation of 
shielding failure and backflashover for each transmission line under 
study. 
 
I.1.1 115 kV Transmission line 

 

 This line comprises [7]; a three phase single circuit, 100 
towers, two groundwires, an average grounding resistance of 15 
Ohms and a shielding angle of 15 degrees to the outermost phase 
conductor, insulator length of 1.55 meters. The length of this line is 
111.4 kilometers approximately, with average spans of 400 meters. 
Figure 1 shows the geometrical features, the location of groundwires 
as well as phase conductors. 
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Figure 1. 115 kV transmission line under study [6]. 

 
I.1.1.2 Results 

 
According to field observations, this 115 kV transmission 

line runnig in the Southern Mexican State of  Chiapas, has an average 
outage rate of 13.5 failures/100 km/year and an average grounding 
resistance value of 15 Ohms with an average ground flash density of 
6 strokes/km2/year [6]. 

 
Figure 2 shows shielding and backflashover calculations 

for this line, based on a ground flash density of 1 strokes/km2/year. 
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Figure 2. Shielding and backflashover failures for a 115 kV 

transmission line, based on 1 stroke/ km2/year. 
 
For a 15 Ohm grounding resistance value, the predicted 

value using the computer programme, considering a ground flash 
density of 6 strokes/km2/year, a result of 15.442 failures/100 km/year 
is obtained, which has a good agreement with the field observation 
data. 
 
I.1.2 230 kV Transmission line 

 This line comprises [7] a three phase single circuit, 251 
towers, two groundwires, an average grounding resistance of 10 
Ohms and a shielding angle of 20.6 degrees to the outermost phase 
conductor, 15 string insulator, diameter of the phase conductors and 
groundwires are ACSR 900 MCM and 3/8” respectively. The length 
of this line is approximately 106 kilometers, with average spans of 
400 meters. Figure 3 shows the geometrical features, location of 
groundwires and phase conductors. 

I. 1.2.1 Results  

 According to field observations this 230 kV transmission 
line trough out the Western Mexican States of  Nayarit and Jalisco, 
which has an average outage rate of 1.886 ailures/100 km/year, an 
average grounding resistance value of 10 Ohms as well as an average 
ground flash density of 5 strokes/km2/year. 

A (-10.59,24.85) m

B ( 0.0,24.85) m

C (10.59,24.85) m

D (-8.00,31.75) m

E ( 8.00,31.75) m

A            B            C

D                 E

 
Figure 3. 230 kV transmission line under study [7, 8]. 
 

Figure 4 shows shielding and backflashover calculations for this line, 
with a ground flash DENSITY of 1 strokes/km2/year. 
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Figure 4. Shielding and backflashover failures for a 230 kV 
transmission line based on 1 stroke/ km2/year. 

 
For a 10 Ohm grounding resistance value, the predicted 

value using the computer program, considering a ground flash 
density of 5 strokes/km2/year, a result of: (s.f. = 0.1666 + b.f. = 
1.665) = 1.831 failures/100 km/year is obtained, which has a good 
agreement with the field observation data. 

 
II.1.3 400 kV Transmission line 

 

 This line comprises: a three phase double circuit [9], 712 
towers, two 1113 ACSR/AS phase conductors with 7#8 two 
groundwires providing a negative angle (40 degrees) to the innermost 
phase conductor, 19 I string insulator. The length of this line is 266 
km approximately, with average spans of 450 meters. Figure 5 shows 
the geometrical features, location of groundwires and phase 
conductors. 
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Figure 5. 400 kV transmission line under study [9]. 

II. 1.3.1 Results 

 
For this 400 kV transmission lines, calculations for 

shielding and backflashover failures were made in order to predict its 
lightning performance. 

 



Figure 6 shows shielding and backflashover calculations 
for this line, with a ground flash density of 1 strokes/km2/year. 
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Figure 6. Shielding and backflashover failures for a 400 kV 
transmission line based on 1 stroke/ km2/year. 

 
According to calculations made by the program, this line 

will not have any shielding failure, due to its negative. 
 
For a 15 Ohm grounding resistance value, the predicted 

value using the computer program, considering a ground flash 
density of 4  strokes/km2/year, a result of  3.555 backflashover 
failures/100 km/year is obtained. 
 
Question 2. In your opinion what would be the priority issues on 

lightning research that is necessary to develop in the coming years? 

INTRODUCTION 
ightning is one of the main causes of problems on transmission 
lines, this will usually happen when a stroke hits: the phase 
conductor, the groundwire or directly the structure. If the first 

case occurs, the line may have a shielding failure. Meanwhile in the 
second or third cases, there may be a backflashover, which generally 
depends on a high footing resistance value. These problems can be 
mitigated in several ways depending on the amount of investment the 
utility is decided to spend. For example, if  the only concern is how 
to reduce the number of shielding failures, this can be done by 
efficiently locating the groundwires in order to obtain an effective 
shielding angle. The backflashover problem can also be solved 
partially by reducing the footing resistance at critical towers by 
traditional or artificial methods. However, if the soil conditions do 
not permit the installation of a good footing resistance, line arresters 
are a good alternative.  
 

Comisión Federal de Electricidad, (CFE is the Mexican 
Power Utility), with several thousand kilometers of 230 and 400 kV 
transmission lines built along the country: 27,542 km and 23,640 km, 
respectively as per 2014, which are considered as the main 
transmission voltages. All these lines have seriously been affected by 
lightning and those whose performance have been very poor, were 
chosen under that criteria in order to be protected with surge arresters 
even though the shielding angle and the tower footing resistance may 
have been improved in several structures 10. 
 

During 2014, the lightning caused failure represented 45 % 
for 230 kV transmission lines., a similar performance was observed 
for 400 kV transmission lines, where lightning causes failures 
represented 57 % 10. 

II. INSTALLATION OF SURGE ARRESTERS ON 
TRANSMISSION LINES 

 
Since 1999, the IIE and CFE started a research project 

installing surge arresters externally gapped, in several 230 kV 
transmission lines, which will operate by an air gap adjusted to a 
flashover value before the insulator string can be flashed over by 
lightning surges, with many successful results decreasing drastically 
the lightning caused failures in those equipped lines with this kind of 
arrester. 

 
The philosophy used for the application of surge arresters in 

all transmission lines studied, is based under  simple rules based on 
field experiences as described in 12. 

 
Surge arresters are commonly used as follows: they are 

only installed on critical sections of the line, which are defined by the 
line with the greatest incidence of failures, which also depends on the 
footing resistance value as well as the shielding angle, or in regions 
with rocky soil where soil resistivity is very high, because it is 
considered cheaper to install arresters instead of improving the soil 
resistivity for decreasing the tower footing resistance. The 
importance of the critical loads connected to the line where the line 
reliability must be high in spite of the costs. 
 

Unfortunately, the service is frequently interrupted by 
lightning caused failures, which are really very severe in several 
regions of the country, mainly in mountainous areas where many of 
the main transmission lines are located. 

 
II.1 Installation of 230 kV arresters with external series gap 

 
MZD-93820-DGD transmission line 

 
Since 2002, when the program for the installation of surge 

arresters on the MZD-93820-DGD transmission line started, where at 
least 86 have been installed along the line at the outer phase 
conductors of the line with selected critical regions of the line with 
the major lightning problems. This line has 220 km in length, a single 
circuit, with two groundwires for a horizontal configuration. 
However, it has always had many problems due to lightning because 
it runs most of its length across ridges and high altitude mountains. 
Lightning storm seasons are very severe in these regions causing 
considerable damages to line insulation and as a consequence many 
line outages. Figure 7 shows the line performance before and after 
the surge arrester installation 10, 11.  

MZD-93820-DGD Transmission line
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Figure 7. Outages rates for MZD-93820-DGD transmission 

line 10, 11. 
 

This line has had a permanent maintenance program for 
improving the footing resistance at critical towers as well as the 
correction of the shielding angle for values near to a zero angle or a 

L 



negative value with the purpose of reducing the shielding failure. The 
grounding resistance for this line where arresters were installed was 
kept under 10 Ohms. Maintenance program is still continuing up to 
now. 

 
Figure 7 shows, that this line had a very poor lightning 

performance from 1988 to 2000. However, with all these corrections 
developed on the transmission line during the line maintenance 
program and together with the installation of surge arresters, good 
results have been obtained since 2002, with decreasing outages of the 
line virtually to zero. The failures reported during 2007 to 2009 
occurred in those structures not protected with surge arresters and 
were located outside the surge arrester protected line area previously 
identified as the critical line area. 

 
TED-93930-VTP transmission line 
 

The main features for the 230 kV TED-93930- VTP 
transmission lines are: one conductor per phase, two groundwires, 
with 15 normal insulators, with average spans of 750 m, a 20.6 
degree shielding angle, a 10 Ohm average grounding resistance, 106 
km length. This line was equipped with ten surge arresters on five 
structures located previously in the critical area where almost all the 
failures were occurring. The installation was made during ending 
June 2006. 

 
Figure 8 shows, that this line had a very poor lightning 

performance from 1996 to 2005. However, with all these corrections 
developed on the transmission line during the line maintenance 
program and together with the installation of surge arresters at the 
selected critical area, good results have been obtained since 2006, 
with decreasing outages of the line virtually to zero. No failures have 
been reported for this line since then up to now. 

 

 
Figure 8. Outages rates for TED-93930-VTP transmission 

line 10, 11. 
 

Table I summarizes the results obtained for two 230 kV 
transmission lines presented in this research which were protected 
with surge arresters. 

 
Table I. Outages rates for 230 kV transmission lines 

Transmission 
line 

Outages 
pear 
year 

with no 
arresters 

Year 
Arrester 

installation  

Outages 
per year 

with 
arresters 

Outage 
reduction 
per year 

TED-93930-
VTP 1.45 2006 0 1.45 

MZD-93820-
DGO 8.125 2002 3.375 4.75 

 
According to results shown in the previous table, one of he 

main results is that if the critical or critical areas of transmission line 

are located, failures could be reduced to virtually zero as shown  for 
TED-93930-VTP transmission line. 

 
III. CONCLUSIONS 

 
 Results for three typical 115, 230 and 400 kV transmission 

lines, used extensively by the Mexican utility are included, 
where field measurements were compared to those 115 kV 
and 230 kV transmission lines showing good agreement 
with those calculated results. 

 
 The lightning performance calculated for these lines, 

predicted shielding failures as well as backflashover rates 
making mainly variations of the grounding resistance as the 
main parameter. 

 
 The obtained results can be useful for a preselected 

grounding resistance in order to compute the total number 
of backflashovers for similar transmission lines considering 
a different ground flash density, then the program can be 
used extensively for new or existing lines for determining 
their lightning performance. 

 
 The installation of surge arresters and the improvement of 

the tower footing resistance together with the shielding 
angle of the 230 kV MZD-93820-DGD and TED-93930-
VTP transmission lines those were the main issues that 
permitted to obtain good results in their lightning 
performance. It is important to note that the surge arresters 
installed in structures located in critical areas selected 
according to the historical information provided by the 
field line trip out records were very important. 
 

 As the lightning performance of 230 kV transmission has 
improved with surge arresters, this has encouraged CFE, to 
continue with its surge arrester installation expansion plans 
for the most conflictive transmission lines in order to 
improve their lightning performance. 
 

 If a critical or critical areas of a transmission line are 
located properly, in order to install arresters, failures could 
be reduced to virtually zero as shown by TED-93930-VTP 
transmission line. 
 

IV. FURTHER RESEARCH [6] 
 

 The following topics could be considered for further 
research: 
 

 Further observations should be made in order to obtain an 
updated stroke leader approach angle. 

 
 Collection of data from lightning location networks to 

estimate stroke current distributions for the first and 
subsequent positive and negative strokes respectively. 

 
 Studies on multicircuit flashovers and coupling effects for 

more than two groundwires on transmission lines. 
 

 The studies for the effect of corona and coupling effects on 
backflashover rates should be considered. 
 

 When transmission and distribution lines are passing through 
valleys or mountainous terrains, then conditions will lead into 
complex electrogeometical modelling, which will need to be 



solved as a tridimensional problem, when calculating the 
shielding failures to those lines. 
 

 Fast transient rise times should be considered, to determine 
their influence on the tower top potential at various grounding 
resistance values, and tower surge impedance values. 
 

 Increasing the number of groundwires on a line should also be 
considered, in order to investigate the effect on the tower top 
potential. 
 

 Neural networks and fuzzy logic can be used,  for the location 
of surge arresters on transmission and distribution lines, in 
order to improve the reliability line with poor lightning 
performance [13]. 
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