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Wind turbine; In this paper, the effect of direct lightning strikes on the wind turbine is studied for the earth
Lightning current; system with homogeneous soil and circular and cylindrical electrodes connected and without them.
Induced overvoltage. The location of wind turbines and the structure of their bodies have caused serious economic losses

when lightning strikes the turbines. The design of wind turbine grounding system is very important
for the safety of personnel and protection of electrical equipment. Simple soil has a relative
electrical permeability coefficient of 10 and a conductivity coefficient of 0.1. The wind turbine
ground system is considered with homogeneous soil and with 9 vertical electrodes and 5 horizontal
electrodes connected in the form of circle and cylinder. The overall dimensions of the wind turbine
include the blade length of 24 meters, nacelle length of 6 meters, width of 6 meters and height of 6
meters, and the tower of the wind turbine is made of a steel cone with a height of 44 meters. The
simulation results in the full wave HFSS software for two cases with and without the electrode
based on the distribution of the fields created on the components of the wind turbine resulting from
the direct impact of lightning and the effect of overvoltage created at different frequencies were
investigated and compared. Is. Based on this, it can be concluded that the arrangement of
electrodes and ground resistance plays a very important role for the design of the wind turbine farm
and its protection.

Extended Abstract

1. Introduction

turbines are increasing. For optimal use of wind energy, wind turbines are usually installed in open areas or in

high altitude areas and other places. Due to the location of wind turbines and their shape and structure, lightning
strike to wind turbines causes serious economic losses and security risks. The design of the connection system of wind
turbines is very important for the safety of personnel and the protection of electrical equipment. This thesis consists of two
parts, in the first part, all the simulation steps are explained, and then by comparing the results of the simulation with the
results of the studied articles, it can be seen that they are in good agreement with the results of the simulation in HFSS
software. In the second part, the distribution of the fields created on the wind turbine resulting from lightning strikes and the
effect of over voltages created at different frequencies on all components of the wind turbine in different states of the earth
system is discussed. In this paper, in order to show the effects caused by lightning and the importance of protecting wind
turbines against lightning, all simulations have been done without considering the arrester. In this thesis, it can be concluded

W ith the development of the electricity industry produced from wind turbines, the capacity and height of wind
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that the earth system is effective on the way of field distribution on wind turbine components. Also, the arrangement of
electrodes and ground resistance plays a very important role for the design of the wind turbine farm and its protection.

2. Approach

The proposed method based on simulations was done for simple single-layer soil with the arrangement of connected
circular and cylindrical electrodes. The analyses are based on the full-wave HFSS software to simulate the wind turbine along
with the ground system. The relative electric permeability coefficient of simple soil is 10 and its conductivity is 0.1. Also, the
dimensions of the soil layer are 20x20 square meters and its height is 2.5 meters. The arrangement of electrodes in the soil
layer is shown in figure 2 as a circle and connected cylinder. The material of these electrodes is considered copper in the
HFSS software. The height of these electrodes is equal to the height of the soil, i.e. 2.5 meters, and the radius of these
electrodes is 1.25 cm. In the case of connected circle and cylinder, two electrode rings with radii of 1.7 meters and 3.9
meters, 9 vertical electrodes and 5 horizontal electrodes have been used.

3. Findings

In this paper, the effect of direct lightning strikes on the wind turbine is studied for the earth system with homogeneous
soil and circular and cylindrical electrodes connected and without them. The location of wind turbines and the structure of
their bodies have caused serious economic losses when lightning strikes the turbines. The design of wind turbine grounding
system is very important for the safety of personnel and protection of electrical equipment. Simple soil has a relative
electrical permeability coefficient of 10 and a conductivity coefficient of 0.1. The wind turbine ground system is considered
with homogeneous soil and with 9 vertical electrodes and 5 horizontal electrodes connected in the form of circle and cylinder.
The overall dimensions of the wind turbine include the blade length of 24 meters, nacelle length of 6 meters, width of 6
meters and height of 6 meters, and the tower of the wind turbine is made of a steel cone with a height of 44 meters. The
simulation results in the full wave HFSS software for two cases with and without the electrode based on the distribution of
the fields created on the components of the wind turbine resulting from the direct impact of lightning and the effect of
overvoltage created at different frequencies were investigated and compared. Based on this, it can be concluded that the
arrangement of electrodes and ground resistance plays a very important role for the design of the wind turbine farm and its
protection.

4, Conclusion

In this study, the effect of direct lightning strikes on wind turbine components with a simple soil earth system with
connected circular and cylindrical electrodes was simulated and analyzed. The electric field distribution on the wind turbine
components was investigated in simple soil without electrodes and with connected circular and cylindrical electrodes. Based
on the results of the simulation, it was observed that the field distribution in the case where the electrode is used in the earth
system is weaker in different parts of the turbine, and as a result, this field reduces the damage to the wind turbine equipment.
In the earth system with a single-layer soil with an electrode, the amplitude of the electric field has reached about 500 V/m.
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