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Abstract. With the construction of large-scale wind farm, most of wind farms’ geographical 
environment is more open, vulnerable to line switch tripping caused by large-scale wind power 
failure. Therefore line lightning protection becomes important work of wind farm construction. In 
this paper, lines lightning protection is preceded through analyzing and calculating lightning 
induced voltage in the mathematical model to determine the optimal calculation model ,without 
considering the influence of environmental factors such as temperature, humidity and terrain. The 
relationship between each influencing factor and induced lightning over-voltage is analyzed by 
using MATLAB.  

Introduction 

Lightning phenomenon is the opposite charge of thundercloud or long distance belt phenomenon 
of atmospheric discharge charge between thundercloud and the earth. It can directly or indirectly 
cause damage to ground facilities. In the harsh natural conditions under strong lightning activity 
factors and terrain effects, lightning is caused by high accident rate. At the same time ,lightning is 
an important endanger factor for operation of farm equipment when it invades wind farms along 
propagation path  

According to the strike point of different classification, lightning of the overhead line is divided 
into lightning over-voltage and lightning induced over-voltage. Lightning over-voltage is firstly 
recognized through direct observation to judge. The lightning induced over-voltage is not intuitive 
and less cognitive, but it exists in the operation of electric circuit, and that is an important influence 
factor, especially in the higher elevations or plateau area[1].  

Lightning induced voltage calculation method is commonly numerical calculation method 
including lightning return stroke model, electromagnetic field propagation model, electromagnetic 
field and transmission line coupled model to analyze lightning strike calculation near the line of 
induction voltage level[2-3]. Literature [4] has shown that early development of pilot discharge is 
possible to cause action of relay protection device .Literature [5] only considers impact on spatial 
location, not establishes lightning over-voltage as a function of time .Literature [6]is proposed to 
consider pilot lightning discharge process and fight back over-voltage calculation method, but it 
can’t study factors lightning over-voltage. 

Considering lightning leader discharge and glow discharge process, this paper presents 
calculation method of lightning over-voltage，based on reasonable mathematical model of  
electromagnetic field and transmission line coupled to calculate lightning line over-voltage，line 
coupling model by MATLAB simulation analyzes influencing factors to lightning over-voltage, 
obtained various factors and lightning over-voltage relationship. 
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Calculation of lightning over-voltage 

Lightning current development process 

Negative polarity lightning downward is most common discharge types in thunder cloud to earth , 
so this article focuses on negative polarity lighting down. Thunder clouds in the discharge process 
of the earth are divided into three stages: leader discharge phase, main discharge phase and glow 
discharge phase. Because current amplitude of glow discharge lightning is not large, impact is 
neglected on the power system. Therefore, we focus on leader discharge phase and main discharge 
phase, that is the first stage in lightning process. 
Current model at the bottom of lightning channel 

The bottom of the channel current model is expressed as product of two functions, it is described 
as : 

)()(),0( 0 tytxIti                                                             (1) 
Where： 0I is peak current at the bottom of channel； 1 is leading time constant； 2 is delay time 

constant； is peak correction coefficient; n is exponent. 
Calculation of electromagnetic field around lightning channel 

Current is decomposed into infinite number 
of current cells in lightning channel, which 
current element dttzi ),( at any height z is 
viewed as a dipole with change rate of time. 
Electromagnetic field of each current element is 
calculated, and then the electromagnetic field 
around the lightning channel can be obtained by 
integrating the whole return path integral [7]. In 
general, considering the earth as a pure 
conductor, and electromagnetic field is 
calculated according to the principle of mirror 
image method. 

Based on cylindrical coordinate system in 
Fig.1，differential expression of electromagnetic 
field component is induced by lightning current at 
any position ),,( zr   around lightning current 
channel as:  
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Where: r , and z respectively under cylindrical coordinate radial coordinates, azimuth angle and 

Fig.1 lightning current electromagnetic field of 
the earth reflection 
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axial coordinates；R  is a current dipole to point distance， 0R is the physical channel current scene 

point distance， 1R is current mirror to the distance； 0 , 0  and c  respectively for vacuum 

permittivity, permeability and light speed； 'z represents coordinates of lightning current element； 
h  represents height of channel current.  

Ground reflection effect is obtained according to mirror image principle, which is superposed  
of the electromagnetic field generated by mirror current and actual channel current，that is  to 
obtain the electromagnetic field of any point in the space. Hence integral expression is obtained by 
electromagnetic field generated by lightning current at space point ),,( zr  ： 
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Calculation of lightning induced over-voltage of overhead transmission line 

Lightning induced voltage of the overhead transmission line is the actual calculation of field 
excitation line voltage and current response, namely the field line coupling problem. A general 
method solves the Maxwell equations based on the antenna theory .  

The following will use the Taylor model, considering the effect of the uniform plane wave, the 
transmission line equation and its solution.  

Two wire transmission line structure shown in Fig.2, according to Maxwell equation 

JEjwH


  , Stokes Theorem is used  
s

s SdF 0


and formula (8) is as follows: 
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1
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On both sides divided by x , formula is obtained when 0x and ar  ,: 
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Fig.2  Transmission structure diagram without frequency-dependent parameters 

Due to da  , the electric field near wire is independent of incident azimuth  : 
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Because there is no free charge in free space of wire, so:  
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Formula (10) and (11) are carried into formula (9):  

0)('
)(

 xjwq
dx

xdI
                                                          (12) 

The unit length of transmission line capacitance is 'C , according to the relationship between the 
voltage and the charge, there are:  

)('')(' xVCxq sca                                                          (13) 
The total voltage between the wires is:  

 
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z
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0

)(),()()()(                                (14) 

So the equation can be written: 

)()('
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dx
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Where: 
d inc

zS dzzxEjwCxI
0

'
1 ),(')(  

Simulation Comparison 

According to relevant parameters of reference [6], transmission line equation is solved by FDTD 
method and simulated through MATLAB software. In contrasted with lighting induced over-voltage 
shown in Fig.3 and Fig.4，amplitude and change tendency of lightning speed induction is roughly 
same. Lightning speed increases, lightning induced voltage gradient also increases, and amplitude 
decreases. This trend is consistent with induced lightning over-voltage in Fig.4. So it is correct to 
calculate lightning over-voltage of overhead line in this paper.  
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)( s

Fig.3 simulation trend curves of induced 
over-voltage in this paper 

)( s

 Fig.4 trend curves of induced over-voltage  
in reference [6]  

Factors affecting induced lightning over-voltage 

Actual line situation is complicated and changeable, thus lots of factors will affect induction 
lightning over-voltage, such as lightning current amplitude, return stroke speed, lightning distance 
etc.Lightning current amplitude, return stroke speed, striking distance of induced lightning 
over-voltage amplitude is analyzed. Based on model of induced lightning over-voltage, induced 
lightning over-voltage is calculated. 
Lightning current amplitude  

Electrostatic and electromagnetic components of lightning over-voltage are unified by  
mutation of electromagnetic field and simultaneously produced. From electrostatic component, 
lightning current amplitude is more bigger, field strength is more stronger, wire bound charge 
induction is more also. And bound charge in the main discharge stage is more smaller, also causing 
electrostatic component to increase; From electromagnetic component, the larger magnitude of 
lightning current, leading to wire - earth loop portions of flux increased over time rate of change，
which leads to increase of electromagnetic component. Therefore, induced lightning over-voltage 
increases with amplitude of e lightning current.  

Other variables remain unchanged, I is taken 15KA, 50KA, 100KA respectively. Effect on 
different lightning current amplitudes caused by induced lightning over-voltage shown in Fig.5. 
Lightning current amplitude is larger, lightning induced voltage amplitude is larger, and with 
lightning current amplitude increases proportionately, steepness of wave head also increases 
significantly.  

 
 

 

 

 

 

 

 

 

Return stroke speed  

Other variables remain unchanged, and fv is taken 70m s , 130m s , 200m s . Results of 

return stroke speed of lightning over-voltage are shown in Fig.6. 
When lightning current return stroke speed increases, radiation electrostatic field component of 

over-voltage in the return stroke process decreases, leading to amplitude decrease of lightning 
current.  

Fig.5 Amplitude of lightning current effect on 
lightning over-voltage 
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Lightning strike distance  

Other variables remain unchanged, r is taken 100m, 50m, 10m . Lightning strike distance 
impact on lightning over-voltage is shown in Fig.7.  

In summary, lightning current amplitude, return stroke speed, lightning strike distance and so 
on, all have influences on magnitude of induced lightning over-voltage. It suggests that lightning 
protection design should select proper lightning current amplitude reference value, not less than 
average value. Under considering line height and buildings, return stroke speed is calculated 
according to characteristics of different regions, and takes measurement of safe and economic anti 
thunder. 

Conclusions  

In this paper, lines lightning protection is studied on wind farm collector and analyzed  
mathematical model for calculation of lightning voltage. Without considering temperature, humidity, 
terrain and other environmental factors, best model program is determined. Relationships between  
lightning over-voltage and effect factors are obtained, and lightning transformation method is 
proposed .Less long needle on the tower head can limit lightning over-voltage, lightning arrester is 
used to limit lightning over-voltage. Operational experience shows that this method has high 
scientific and practical. 
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Fig.6 Return stroke effect on lightning 
over-voltage 

Fig.7 Lighting distance effect on lightning 
over-voltage  
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