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Abstract - When lightning attaches to the blade surface instead of the receptor, the blade and sometimes the entire wind turbine can 
be destroyed. The position of the receptor on the blade is important in determining the point of upward leader inception, stepped 
leader attachment, and the efficiency of the protection system. In this paper, a modern wind turbine; Vestas V100 with 2 MW rated 
power, 100 m rotor diameter, and 49 m long blade is used to investigate discrete receptor positions from the blade tip in order to 
find the most optimum location for the receptor. A numerical model of the vertical tri-pole cloud charge distribution model is 
developed with finite element analysis. The model is used to study the variations in maximum electric field strength required for 
the initiation of upward leader. By comparing the electric field strength as the blade is rotated, the receptor position is evaluated 
and optimized. The results of the point of initiation of upward leader coincides with experimental data from lightning discharge 
attachments. 
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I. INTRODUCTION 
 
Due to high production of power and for the requirement 

of better wind conditions, wind turbines are getting taller, 
the swept area and the blade length are getting larger and 
they are also moving offshore bringing them more exposed 
to lightning. They have become so tall that the tips of the 
rotating blades now reach heights that are comparable with 
rocket tips in trigger lightning [1]. The blades are at the 
highest risk of lightning attachment with the tip more 
exposed than other parts [2].  

Lightning protection systems (LPS) are usually installed 
on modern wind turbines [3, 4] and are placed in such 
positions as to evade lightning puncturing a non-conducting 
blade surface, but laboratory experiments [5] and field 
observations [6] have shown that it is also possible for 
lightning attachment on the blade surface and inboard the 
blade tip instead of the receptor, with the risk of substantial 
damages in the composite structure [7-10]. The damages are 
quite severe, replacement cost is high compared to other 
components [8]. Existing design methods for air-termination 
placements is the Electro Geometric Model (EGM) methods, 
which relate the striking distance to the prospective peak 
stroke current, have been used to design protection methods 
but recently invalidated and according to IEC 61400-24, the 
EGM are no longer appropriate for large wind turbine blades 
[11, 12]. It is required by internationally recognized 
standards that the LPS should intercept and conduct the 
majority of strikes without damage to the wind turbine [13]; 
however, according to a German study, lightning strikes 
accounted for 80% of wind turbine insurance claims [14] 
and have caused some power company to shut down and 
dismantle. 

The receptor though effective [7], also failed in so many 
instances as mentioned in [15, 16]. The continuous failure of 
wind turbines due to lightning in spite of various 
advancement has brought it to the front burner in research 
and a re-evaluation of lightning problem with wind turbine. 

Lightning problems with wind turbine arise due to: the 
nonconductive nature of blade material; rotation of the 
blade; and increase in size on account of higher power 
requirement on the order of megawatts. Recently, multiple 
discharge in the turbine associated with nearby cloud to 
ground lightning [17] and also strikes attaching inboard on 
the blade due to dart leader [18] are also mentioned as some 
possible causes of continued blade failures. 

Proper positioning of the receptor ensures that upward 
leader is incepted from the receptor alone. When lightning 
attaches to the blade surface instead of the receptor, the 
blade and sometimes the entire wind turbine can be 
destroyed resulting in downtimes, loss of wind turbine, and 
expensive cost of repair. Lightning attaching to the blade 
surface instead of the receptor is the major course of damage 
because when lightning attaches to the receptor, it will be 
conducted to ground. Therefore, the efficient location of 
possible leader attachment points, optimization of the 
location of air termination systems, and performance of 
protection devices is key to an improved lightning protection 
for modern wind turbines. 

Some progress has been made with wind turbine 
lightning protection [9, 12, 19-21] on finding protective 
measures and their locations [21], and has revealed that the 
lightning parameters found in probability distributions of 
standards are no longer appropriate for large wind turbines 
[2], and that Lightning protection proficiency can depend on 



GODSON I. IKHAZUANGBE et al: OPTIMUM RECEPTOR LOCATION FOR EFFICIENT LIGHTNING . . .  

DOI 10.5013/IJSSST.a.18.03.04                                             4.2                              ISSN: 1473-804x online, 1473-8031 print 

air termination location, numbers and sizes [22], and 
concluded that this field requires a detailed investigation. 

The effect of receptor size on lightning protection of 
wind turbine has recently been evaluated in [23], however, 
the obtained results would be affected if the position of the 
same size of receptor is altered. It is therefore more 
important to know the optimum position of the receptor on a 
blade. More so, there are also no standards as well as 
detailed experimental and numerical research covering 
receptor location.  

In this paper, the vertical tri-pole model that consists of 
an upper positive charge center, lower negative charge 
center, and positive charge pocket at the bottom representing 
the idealized gross charge structure of a thundercloud is used 
to create an ambient field representing uniform electric field 
due to cloud charge distribution at 200 m above ground. By 
applying the extended model to a 3D electrostatics 
simulation of a full scale wind turbine the maximum electric 
field strength is obtained at any point. The simulation is 
done with COMSOL Multiphysics software and it is 
considered that the magnitude of the electric field strength 
distributed on the wind turbine model determines the point 
of upward leader inception. By comparing the electric field 
strength as the receptor position is changed and the blade is 
rotated, the receptor position is evaluated and optimized. 
The rest of the paper is organized as follows: Section 2 deals 
with thundercloud and wind turbine design, while Section 3 
contains results and discussion, Section 4 finally concludes 
the paper. 

 
II. THUNDERCLOUD AND WIND TURBINE 

DESIGN 
  

A. The Thundercloud Model 
 
Lightning can either be downward initiated or upward 

initiated. In the presence of a thundercloud, tall wind 
turbines are increasingly subjected to upward lightning 
attachment triggered by the wind turbine itself [24-26]. 
Report shows that upward lightning flashes are initiated 
from the enhancement of the electric field produced by 
thundercloud charge or close lightning discharges [24, 27]. 
The critical ambient electric field also known as the 
stabilization electric field for the initiation of stable upward 
leaders from wind turbines produced during thunderstorms 
consists of two main components; (a) The slow increasing 
component cloud due to the charging process of 
thunderclouds and (b) The fast electric field change 
component cloud. Upward leaders in self-initiated upward 
lightning are majorly influenced by the slowly increasing 
electric field component cloud, with a rise rate lower than 1 
KV/m/s [28] i.e., during the inception of stable upward 
leaders, cloud is considered to be constant because this 
process has duration of around few hundred microseconds. 
However, upward leader models are still being investigated. 
This paper focuses on the interaction between wind turbine 
and the thunder cloud charge. 

For upward propagating lightning from wind turbine, as 
mentioned above, the electric field in the air is near uniform 
being produced by the cloud and not by a stepped leader. 
Therefore, for upward leader formation, the strong influence 
of the stepped leader position is eliminated and the 
formation will be dominated by the wind turbine geometry 
and the electric field distribution.  

The charge structure in a thundercloud is usually 
replicated by three vertical stacked point charges or 
spherically symmetrical charge volumes. It consists of a 
vertical tri-pole made from a negative charge and two 
positive charges. In [29, 30], there is a summary of various 
models that have been produced. The cloud model that has 
been implemented and simulated in this paper is taken from 
[29]. In the simulation as illustrated below in Fig. 1, the 
charge structure has positive at the top, negative in the 
middle, and a smaller positive at the bottom, and the ground 
modeled as a perfect conductor. The top two charges are also 
called the main charges and are usually specified to be equal 
in magnitude. Sometimes, the lower positive charge is not 
present. The top two charges form a dipole, said to be 
positive because the positive charge is above the negative 
charge, this gives an upward-directed dipole moment. 

In the simulation, the three charges of +40C, -40C and 
3C are placed at height of 12, 7 and 2 km from the ground 
respectively and modelled as spheres of radii 900m for the 
40C charges and 150m for the charge of 3C [29, 31]. The 
size of the spheres is such that during meshing, the accuracy 
of the electric field in the area of interest within the model is 
ensured. 

 
Fig.  1.  A vertical tri-pole made from two positive charges and a negative 
charge representing the idealized gross charge structure of a thundercloud. 

 
Where Qp is the main positive charge, QN is the main 

negative charge, HLP is the lower positive charge and HP, HN 
and HLP are their various distances (in kilometer) from 
ground. 

The results of the electric field at ground from the system 
of three charges shown in Fig. 1 agrees with the report in 
[29] with maximum ambient field of just over 5kV/m. This 
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values are used in this paper and an upward-directed electric 
field is defined as positive [29].   

In order to analyze the maximum electric field strength 
required for the initiation of upward leaders from wind 
turbines, the information from the cloud model is combined 
with the wind turbine model in the simulation.  As 
mentioned above, the vertical tri-pole model is used to create 
an ambient field representing uniform electric field due to 
cloud charge distribution at 200m above ground. A uniform 
electric field produced by a plane electrode located 200m 
above the ground is then applied on the wind turbine model. 
The magnitude of the applied electric field is 1MV/m (200 X 
5KV/m = 1000000V/m). This is based on the results found 
from Malan’s charged cloud model as mentioned above. Fig. 
2 (a) shows the simulation model while fig. 2 (b) is the 
meshing. the electrode’s polarity is negative, the 
environment is modelled as air and the wind turbine is sited 
on the ground. The dimension of the electrode is large 
enough to prevent flashover from the edges. 

 
Fig.  2. (a) Analysis model showing the electrode and wind turbine interface 

(b) Meshing of the model. 

B. The Wind Turbine Model  
 

The wind turbine model used in this paper is a vesta’s 
wind turbine V100 with 2 MW rated power, 100 m rotor 
diameter, swept area of 7.854m2 and a 49 m long blade. 
V100-2MW is a horizontal axis wind turbine with three 
blades. In the simulation, the blade is made of fibred glass 
with a relative permittivity: 4.2, Conductivity:1.0 10  
S/m, Blade thickness: 10cm, chamber length: 0.9m, 
maximum chord 3.9 m (varied at blade root and tip). The 
wind turbine nacelle and tower are conductive and are set to 
ground potential. Hub height (height from the lowest part of 
the tower to the Centre of the hub) is 80 m. The tower is 
tubular steel type. The nacelle is 10.4 m long and 3.5m wide. 
V100 and the tip receptor designs are shown below in Fig. 3. 

 
Fig.  3.  (a) Tip receptor design and (b) Wind turbine design. 

 

The receptor is integrated into the model design, 
grounded through the down conductor so as to take the 
lightning current to ground. It is 10 mm in diameter and is 
made of copper (conductivity: 6.0 10 S/m). The tip 
receptor (purple color) design is shown above. 

Four different configurations of receptor positions (Fig. 
4) are applied on the wind turbine to investigate the effect of 
receptor position on initiation of upward leader. In the 
configurations, the receptor is fixed at discrete positions 
from the blade tip. These positions are 2 m, 1.5 m, 1 m and 
0.6 m respectively. In each case, the evaluation is done as 
the blade is rotated through -60, -30, 0, 30 and 60 degrees 
from the vertical position. The blade in the vertical position 
in Fig. 4 (a) is referred to in this paper as blade A and only 
the results for blade A are provided in this paper. Also, 
values are obtained from the blade tip, leading edge, trailing 
edge and the receptor tip. 

The focus is on evaluating the efficiency of the receptor 
by obtaining the maximum electric field strength required 
for the initiation of upward leader due to thunder cloud 
charge. The peak current Ipeak applied is 30 kA chosen 
because it represents the general situation of lightning strikes 
[32]. 

 
Fig.  4.  (a) Model for rotation mode. (b) Different configurations of 

receptor positions from the blade tip used in the study: (a) No receptor; (b) 
0.6 m; (c) 1 m; (d) 1.5 m; and (e) 2 m. 

 
The electric field due to thunder cloud charge can be 

calculated using electrostatics equations. the governing 
equations are solved with FEA software COMSOL 
Multiphysics and the computational domain is shown in Fig. 
2. 

 
III. RESULTS AND DISCUSSIONS  

 
Presented in this section is the evaluation of the 

maximum electric field strength on the surface of the blade 
using four different configurations of receptor positions as 
the blade is rotated and as mentioned above only the results 
for blade A are provided. The positions with higher electric 
field strength are considered to have higher possibility of 
inception of upward leader. Results are plotted and 
compared for values obtained from the blade tip, leading 
edge, trailing edge and the receptor tip. The most efficient 
receptor position is the one with highest electric field on the 
receptor and minimum at the tip, leading and trailing edges.  
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In order to investigate the effect of receptor position on 
the electric field strength, the simulation is first conducted 
on the wind turbine without the receptor and then the 
receptors are used on discrete positions as the blades are 
rotated. Fig. 5 (a) shows the unprotected wind turbine and 
Fig. 5 (b) presents protected while Fig. 5 (c) shows the 
rotated state.  

 
Fig.  5. (a) Unprotected wind turbine, (b) Protected and (c) Rotated state 

When the wind turbine is protected, by activating the 
receptors, field enhancement is seen as shown above. Fig. 6 
shows the detailed activities around the receptor, these 
include; the upward positive polarity for streamer activities, 
the negative polarity going to ground through ground wire, 
positive polarity on the blade surface. Also shown is the 
produced corona charge (qc) which lowers the electric field 
on the tip inhibiting the occurrence of a streamer. 

 
Fig.  6. Activities around the receptor preceding leader initiation.  

Fig. 7 shows the maximum electric field distribution as 
blade A is rotated from -60 to +60 degrees from the vertical 
position: (a) 30; (b) vertical position; (c) -30; (d) 60; and (e) 
-60. It is generally observed that the electric field strength at 
the tip region appears to be higher than that at the inboard 
region.  This is corroborative of laboratory experiments and 
field observations indicating that the tip is more exposed 
than other parts [2] and that upward leader is more likely to 
initiate from the tip receptor. when lightning attaches to the 
receptor, it will be conducted to ground through ground wire 
without causing damage to the turbine. This is the intent of 
the lightning protection designer. But, when lightning 
attaches to the blade surface instead of the receptor, the 

blade and sometimes the entire wind turbine can be 
destroyed.  The positions with higher electric field strength 
are considered to have higher possibility of inception of 
upward leader in this paper. 

 
Fig.  7. Maximum electric field distribution as blade A is rotated from -60 
to +60 degrees from the vertical position: (a) 30; (b) vertical position; (c) -

30; (d) 60; and (e) -60. 

Fig. 8 shows the simulation for different configurations 
of receptor positions from the blade tip used in the 
comparison of the maximum electric field strength 
distribution. Fig. 8: (a) Receptor fixed at 0.6 m from the 
blade tip; Fig. 8 (b) 1 m, Fig. 8 (c) 1.5 m and Fig. 8 (d) 2 m, 
respectively. 

 
Fig.  8. Configurations of receptor positions from the blade tip used in the 

comparison of the maximum electric field strength distribution: (a) 
Receptor fixed at 0.6 m from the blade tip; (b) 1 m; (c) 1.5 m; and (d) 2 m. 

 The results of maximum electric field strength 
distributions for various configurations obtained from the 
blade tip, leading edge, trailing edge and the receptor tip, as 
blade A is rotated are shown in table 1 and plotted in Fig. 9-
12. In all plot cases: (a) is for blade tip; (b) is for leading 
edge; (c) is for trailing edge; (d) is for receptor; (e) is for 
without receptor; and (f) is for with receptor, respectively. 
 



GODSON I. IKHAZUANGBE et al: OPTIMUM RECEPTOR LOCATION FOR EFFICIENT LIGHTNING . . .  

DOI 10.5013/IJSSST.a.18.03.04                                             4.5                              ISSN: 1473-804x online, 1473-8031 print 

TABLE 1. VALUES FOR VARIOUS CONFIGURATIONS. 

Angle from 
vertical 

Blade tip 
Leading 

edge 
Trailing 

edge 
Receptor 

Receptor 2m from blade tip 

-60 19.79 39.80 -0.67 29.28 

-30 41.93 44.10 21.91 68.68 

0 56.43 29.46 46.81 89.72 

30 49.31 1.12 56.96 69.39 

60 21.33 -14.70 38.75 31.30 

Receptor 1.5 m from blade tip 

-60 23.37 39.52 -7.79 42.06 

-30 50.34 38.82 16.78 95.81 

0 70.52 18.98 53.18 124.10 

30 55.30 -9.01 64.94 91.38 

60 23.92 -22.96 47.05 24.85 

Receptor 1 m from blade tip 

-60 28.85 40.09 -20.62 15.86 

-30 67.51 34.40 7.69 35.38 

0 86.67 4.73 36.72 50.39 

30 67.77 -26.24 62.91 36.60 

60 32.50 -33.26 47.63 19.80 

Receptor 0.6 m from blade tip 

-60 35.83 40.27 -36.59 6.49 

-30 72.39 28.69 -19.55 14.10 

0 103.58 -7.00 14.84 1.69 

30 79.59 -35.66 56.92 9.36 

60 39.08 -39.82 56.85 7.60 

 
A. Receptor 2 m Away from Blade Tip. 
 

 
Fig.  9. Maximum electric field strength distributions for 2 m configuration 
as blade A is rotated: shown for “Without receptor” and “With receptor”. 

 

In this configuration, with the receptor 2 m away from 
blade tip, the maximum electric field plot shows that the 
value at the receptor tip is highest at vertical position (89.72 
kV/m), followed by the blade tip at vertical position (56.43 
kV/m), then, the trailing edge at 30 degrees from the vertical 
position (56.96 kV/m), and then, the leading edge at -35 
degrees from the vertical position (43.10 kV/m). 

 
B. Receptor 1.5 m Away from Blade Tip. 

 

 

 

Fig.  10. Maximum electric field strength distributions for 1.5 m 
configuration as blade A is rotated: shown for “Without receptor” and 

“With receptor”. 

The configuration, with the receptor 1.5 m away from 
blade tip, the maximum electric field plot show that the 
receptor has the highest value at vertical position (124.10 
kV/m), followed by the blade tip at vertical position (70.52 
kV/m), then, the trailing edge at 30 degrees from the vertical 
position (64.94 kV/m), and then, the leading edge at -60 
degrees from the vertical position (39.52 kV/m). 

 

C. Receptor 1 m Away from Blade Tip. 

 
For the configuration, with the receptor 1 m away from 

blade tip, the maximum electric field plot shows that the 
blade tip has the highest value at vertical position (86.67 
kV/m), followed by trailing edge at 60 degrees (47.63 
kV/m), then the receptor tip at vertical position and a value 
of (50.39 kV/m), and then, the leading edge with a value of 
(40.09 kV/m). It is observed here that in the case of 2 m and 
1.5 m, the highest values were at the receptor tip which is 
different in this case. Therefore, leader will incept from the 
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blade tip, the trailing edge before the receptor. This is not a 
desired situation. 

 

 
Fig.  11. Maximum electric field strength distributions for 1 m configuration 

as blade A is rotated: shown for “Without receptor” and “With receptor”. 

 
D. Receptor 0.6 m Away from Blade Tip. 

 
Finally, for the configuration, with the receptor 0.6 m 

away from blade tip, the maximum electric field plot shows 
that the blade tip has the highest value at vertical position 
(103.58 kV/m), followed by trailing edge at 60 degrees 
(56.85 kV/m), and then the leading edge at -60 with a value 
of (40.27 kV/m), and finally the receptor at -30 with the 
lowest value of (14.10 kV/m). This is the worst-case 
scenario as the receptor, though close to the blade tip, has 
the least maximum field strength. This suggests that it is not 

good for the receptor to be too close to the blade tip except it 
is place on the tip itself as in the case of metallic cap. 

 

 
Fig.  12. Maximum electric field strength distributions for 0.6 m 

configuration as blade A is rotated: shown for “Without receptor” and 
“With receptor”. 

E. Comparison for Various Configurations 
 
The comparison for various configurations without the 

receptor is shown in Fig. 13 (a) tip, (b) leading edge, (c) 
trailing edge. Fig. 14 shows the comparison of receptor 
maximum electric field strength for various configurations. 

 

 

 
Fig.  13. Comparison for various configurations:(a) Tip; (b) Leading edge; and (c) Trailing edge. 

 
For an efficient lightning protection, it is desirable that 

the value of electric field at the blade surface be kept to a 
minimum as a result of the presence of the receptor, 
whereas, most importantly, it should be maximum on the 

receptor so that leader will incept from it first. The 
configuration with the highest maximum electric field on the 
receptor is 1.5 m from the blade as shown below in Fig. 14. 
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Fig.  14. Comparison of receptor maximum electric field strength for 

various configurations. 
 

Experimental evaluation of air-termination systems for 
wind turbine blades was reported by Elhady et al [33], in 
which the receptor was used to study the lightning 
attachment manner. Though a 2 m blade tip section that is a 
part of 19.1 m actual blade length was used in the analysis, 
the experimental results offer some qualitative insight into 
the influence of the receptors on points of leader attachment 
as the blade is rotated, and therefore are used to check the 
effectiveness of the numerical model used in this work. 

The maximum electric field strength on the model shown 
in Fig. 6 with blade A at the vertical position is located 
between the receptor and the blade tip, which indicates that 
an upward leader will likely be initiated from that position. 
This agrees favorably well with the experimental result 
indicating that the tip is worst hit. In addition, Fig. 7 reveals 
that the maximum electric field strengths locations are 
changing as the wind turbine is rotating. This is also in line 
with result in [33] that the blade positions significantly affect 
the lightning attachment manner as well as the performance 
of the blade lightning protection systems. Another very 
important correlation of the simulation with experimental 
result is that in most cases in the simulation, the maximum 
electric field strength locations on the trailing edge are 
higher than that of the leading edge which agrees with 
experimental result that the blade trailing edge attracts 
discharges more times than the blade leading edge. The 
implications of these two correlations are that as the blade is 
rotated, the points of leader inception changes and it is likely 
going to be more at the trailing edge than at the leading 
edge. 

The maximum electric field strength and their 
corresponding locations on the blade tip, leading edge, 
trailing edge and the receptor are shown in table and plots 
above. It is found that the configuration with the receptor 1.5 
m away from the blade tip presents the highest electric field 
strength on the receptor, whereas the maximum electric field 
strength on the configuration with the receptor 0.6 m away 
from the blade tip is the lowest among all of the 
configurations. It should be noticed that 0.6 is closer to the 
tip than other configuration and would be thought that it 
should perform better but result have shown otherwise. This 
indicates that locating the receptor 1.5 m away from the 

blade tip will allow the leader to be initiated from the 
receptor before any other part of the blade and as a result 
prevent damage. This configuration therefore provides 
higher protection efficiency than other configurations and is 
therefore recommended.  

If the receptor locations are properly scaled as shown 
above, the results and findings in this paper could be 
extended to different wind turbine sizes. 

 
IV. CONCLUSION 

 
In this paper, the effects of receptor position on the 

lightning protection system of wind turbine have been 
investigated. The maximum electric field strength on the 
blade surface of a modern wind turbine (Vestas V100) has 
been evaluated through the development of a numerical 
model using COMSOL Multiphysics software. The vertical 
tri-pole model made from two positive charges and a 
negative charge representing the idealized gross charge 
structure of a thundercloud has been used to create an 
ambient field representing uniform electric field due to cloud 
charge distribution at 200m above ground. It has been 
applied to a full scale wind turbine to study the variations in 
maximum electric field strength required for the initiation of 
upward leader. By comparing the electric field strength as 
the receptor position is changed and the blade is rotated, the 
receptor position has been evaluated and optimized. The 
numerical model efficacy has been validated by comparing 
the point of initiation of upward leader with existing 
experimental data. Results show that locating the receptor 
1.5 m away from the blade tip provides higher protection 
efficiency than other configurations. Fixing the receptor too 
close to the blade tip has been found to be the worst-case 
scenario, except it is placed on the tip itself as in the case of 
metallic cap. Further work is underway, the results of which 
will be published in due course. 
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