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Abstract—For enhancing the lightning protection abilities 

of wind turbine blades, there is the need to study the 

mechanical explosion characteristics when the blades suffer 

from lightning induced arc intrusion. In this paper, a 

magnetohydrodynamic (MHD) model of lightning induced 

arc intrusion into the blade was developed, and the airflow 

and gas pressure distribution were calculated accordingly. 

The simulation results show that the huge pressure generated 

at the trailing edge of the blade should be the main cause of 

the trailing edge cracking. The research presented in this 

paper provides a theoretical basis for improving the 

structural design of the blade from the lightning protection 

perspective. 
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I. INTRODUCTION 

Lightning strikes on wind turbines are also becoming an 
increasingly prominent problem. More than 3/5 of natural 
accidents on turbines are caused by lightning strikes, which 
is a serious threat to the normal operation of wind farms. 
According to the lightning event statistics of 508 wind 
turbines in US wind farms, 304 blades were struck by 
lightning in 5 years. Thus, on average, each wind turbine 
has one blade damage due to lightning every 8.4 years [1]. 

To improve the lightning protection of the wind turbine 
blades, it is recommended to install discrete lightning 
receptors and down conductors on the blades as lightning 
protection system [2]. However, the lightning protection 
system may fail to intercept the lightning downward leader. 
When the interception misses, the lightning can easily 
penetrate the blade surface, which will result in the lightning 
arc into the blade chamber. The coupled effects of heat, 
magnetic and airflow caused by the lightning arc may tear 
or break the blade, or even burn it, as shown in Fig. 1. 

  

       (a) Edge crack                     (b) Complete cracking of blade 

Fig. 1 Blade damage by the invasion of lightning induced arc 

On the one hand, many studies have contributed to 
improving the lightning protection system of wind turbine 
blades [3]–[6]. On the other hand, the damage to blades by 
lightning strike can be reduced by strong mechanical 
structure design, which requires the study of mechanical 
explosion characteristics of blades under lightning induced 
arcs. The damage characteristics of blade materials under 
impulse current and the tolerance of different blade 
materials were studied by both simulation and experiment 
[7]–[9]. Nevertheless, structural damage characteristics of 
blade materials remain under preliminary exploration. By 
testing the pressure distribution inside the enclosed cavity 
under the effect of impulse current, the effect of different 
water vapor concentration inside the blade on the damages 
was investigated [10]. However, physical characteristics of 
mechanical damage to wind turbine blades under lightning-
induced arcs have not been explored in depth. Additional 
discovery of the intrinsic characteristics of mechanical 
explosions remains to be carried out. 

Under the effect of lightning induced arcs, the multi 
fields of internal environment of the blade chamber are 
coupled. In order to study the explosion characteristics of 
the blade, the distribution of temperature, airflow and 
electromagnetic inside the blade needs to be studied. 

In this paper, a MHD model of the arc inside the blade 
was established considering the typical path of lightning 
induced arc. The distributions of temperature, airflow and 
pressure in the blade chamber were calculated based on 
which the typical mechanical weaknesses inside the blade 
were obtained based on the model. The results can provide 
theoretical guidance for blade design from the perspective 
of lightning protection. 

II. MODELING OF INVASION OF LIGHTNING INDUCED ARC 

BY COUPLING THERMAL, ELECTROMAGNETIC AND 

AIRFLOW FIELDS 

Due to the random properties of lightning, it is difficult 
to reproduce the process of invasion of lightning induced 
arc into the blade. Thus, a MHD model was adopted to 
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characterize the electromagnetic, thermal and airflow 
processes of the invasion arc.  

The geometric models of the blades used in this paper 
are illustrated in Fig. 2. The cross section where the arc was 
hit in was chosen as the geometry model. The down 
conductor set in the blade chamber is used to lead the 
lightning current and it’s usually installed along the blade 
web or the internal surface of main beam. Model 1 and 
model 2 represent the cross sections which are 2 m far away 
from the blade tip based on the typical down-conductor 
setup, namely, along blade web and along the internal 
surface of blade main beam. The red lines in the models 
represent the current-leading wires and it is assumed that the 
plasma generated by the impulse current distributes along 
the current-leading wire and the area vertically versus the 
wire, shown as the red-shadow areas. Considering that the 
blade webs have blocking effect on the multiphysics’ 
distribution generated by the impulse current, the blue areas 
shown in the blade calculation models are selected to be the 
calculation domains.  

 
(a) Cross section of blade model 1 

 
(b) Calculation domain of model 1 

 
(c) Cross section of blade model 2 

 
(d) Calculation domain of model 2 

Fig. 2 Geometry models adopted in the simulation 

In view of the three-dimensional asymmetric structure 
of the blade, some simplification methods are used to 
facilitate the calculation of the model. And given the typical 
development of lightning-induced arcs, we proposed the 
following assumptions for calculation. 

a) It is assumed the current density to be the maximum 
at the current-leading wire, set as Jmax, and that J decreases 
linearly downward, set as 0 at the SS of the blade. 

b) The direction of the current density J of the arc active 
region is considered to be parallel to the current-leading 
wire. 

c) The arc development path laid along the inner surface 
of the blade is considered to be line segment larc. 
Particularly, the arc path is considered as a broken line in 
model 1. Each segment is solved separately and the results 
are added together while calculating this case.The arc 
development path laid along the inner surface of the blade 
is considered to be line segment larc. Particularly, the arc 
path is considered as a broken line in model 1. Each segment 
is solved separately and the results are added together while 
calculating this case. 

Based on the assumptions above, the current density can 
be obtained by (1) and (2). 

1
0

( )
ssL

J r dl I=                            (1) 

max 1( )J r J ar= −                            (2) 

where r1 refers to the vertical distance from any point in the 

calculation domain to larc, a is a linear attenuation rate, Lss 

is the distance between the SS of the blade to the line 

segment larc, and I is the injection current, the value of 

which is obtained by (3). 
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where Ipeak is the peak value of impulse current, being 30 

kA, 90 kA, and 150 kA in this paper, tm is the peak time of 

impulse current, being 25 μs according to experiment data, 

α refers to attenuation constant, being 0.003 in this paper. 

After the current density is obtained, the distribution of 
magnetic induction B can be obtained according to Biot-
Savart's law shown as (4), and the electric field strength E 
is obtained according to Ohm's law as (5). 
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where, μ0 is the magnetic permeability, dl is the line 

integral element, er2 is the unit direction vector between the 

current element and the point to be calculated, r2 is the 

distance between the point to be determined and the 

direction vector, σ is the conductivity, I’(t) is derivative of 

the current value versus time, c is the speed of light. 

Equations (6) to (8) are fluid dynamic equations 
composed of continuity equations, momentum 
conservation, and energy conservation equations. The 
current density J, the magnetic induction B and the electric 
field strength E obtained above will be brought into (6) to 
(8), from which the internal temperature, airflow and 
pressure distribution of the blade under the lightning arc can 
be calculated. 



Numerical study on explosion characteristics of wind turbine blade under lightning induced arc 

This paper is a peer reviewed, accepted author manuscript of the following research paper: Yu, W., Li, Q., Guo, Z., Ren, H., & Siew, W. H. (2022). 
Numerical study on explosion characteristics of wind turbine blade under lightning induced arc. In 2022 IEEE International Symposium on Electromagnetic 

Compatibility & Signal/Power Integrity (EMCSI) IEEE. https://doi.org/10.1109/EMCSI39492.2022.9889347 

( ) 0
t





+ =


u                                  (6) 

T 2
( ) [ ( ( ) ) ( ) ]

3

p
p

t
   


+  = − +  +  −  + + 



u
u u u u u A g J B

(7) 

2
( )

( ) ( )
p

p rad

C T
C T k T E q q

t



 


+ =  + + +


u          (8) 

where ρ is the fluid density, p is the pressure, T is the 

temperature, u is the fluid velocity, Rs is the gas constant, μ 

is the dynamic viscosity, g is the gravity acceleration, Cp is 

the fluid constant pressure heat capacity, k is the thermal 

conductivity, qrad is radiant heat, being 0 in this paper, qn= 

0 refers to viscous heat. 

The models were computed by the finite element 
method in Comsol Multiphysics. The computational 
domain was divided into meshes with a minimum mesh 
length of 0.65 mm and a maximum of 14.4 mm. In addition, 
the transient calculation time step was set to 10 μs. 

To prove the validity of the model, the pressure range at 
the trailing edge of the blade was obtained by applying 
lightning parameter with time properties of 1.2/50μs, 
10/100μs, 18/200μs and 25/250μs and amplitude of 30kA, 
shown in table 1.  

TABLE I.  MAXIMUM VALUE OF PRESSURE AT THE TRAILING EDGE 

UNDER THE CURRENT WITH PEAK VALUE OF 30KA 

Blade type Model 1 Model 2 

Air pressure at 
the trailing edge 

(×104Pa) 

15~55 2.5~10 

It’s pointed out that the epoxy resin is treated as 
adhesive to stick the upper and the nether skins at the 
trailing edge of blade. Therefore, the mechanical strength of 
the trailing edge is determined by the ability of the adhesive, 
known also as peel strength. The typical peel strength of 
epoxy resin ranges from 79 to 315 N/ 25mm, representing 
that the maximum pressure can be suffered by the epoxy 
resin is 15 to 63 kilopascal after conversion, close to the data 
shown in Table. 1. 

III. SIMULATION RESULTS 

The distribution of current and magnetic induction can 
further lead to heat transfer, airflow, and even impact 
pressure in the blades. The comparisons of temperature, 
airflow and pressure distributions between model 1 and 
model 2 are shown from Fig. 3 to Fig. 8(when the peak 
value of impulse current is 90kA). The impulse current first 
generates high temperature near the current-leading wire 
(shown in Fig. 3, Fig. 6), then the high temperature area 
gradually diffuses into the whole blade chamber, which 
causes the air flowing rapidly in the chamber (the speed 
distributions of airflow are shown in Fig. 4, Fig. 7). Fast 
flowing air in the blade chamber impacts on the blade inner 
surface (pressure distributions in the blade are shown in Fig. 
5, Fig. 8), eventually causing structural damage to the blade. 
From the pressure distribution inside the two models, it can 
be found that the boundary between the upper inner surface 
of the blade and the blade web near the trailing edge will be 
subjected to a large pressure, and then the high-pressure 
area will spread further. The narrow areas inside the blade 
chamber such as nether inner surface of the blade and the 

bonding point of trailing edge are subject to high pressure 
threats. 

 

Fig. 3 Temperature distribution in Model 1 (K) 

 

Fig. 4 Velocity distribution of airflow in Model 1 (m/s) 

 

Fig. 5 Pressure distribution in Model 1 (Pa) 

 

Fig. 6 Temperature distribution in Model 2 (K) 

 

Fig. 7 Velocity distribution of airflow in Model 2 (m/s) 

 

Fig. 8 Pressure distribution in Model 2 (Pa) 
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When the down conductor is set along the blade web 
(model 1), it can be found that the energy generated by the 
impulse current can be blocked between the trailing web 
and the trailing edge of blade, thus the heat and pressure get 
higher and change faster in this area than those in model 2. 
The bonding places inside the blade are usually considered 
as the mechanical weaknesses of the blade, such as the 
bonding between the trailing web and the upper inner 
surface (marked as bonding 1 in this paper), the bonding 
between the trailing edge and the nether inner surface 
(bonding 2) and the bonding at the trailing edge (bonding 
3). The pressure variations at the three weak locations are 
depicted in Figure 9, showing that the peak pressures at the 
weak locations in Model 1 are 2.3, 2.7 and 5.5 times higher 
than those in Model 2, respectively. 

 
(a) The pressure at bonding 1 

 
(b) The pressure at bonding 2 

 
(c) The pressure at bonding 3 

Fig. 9 Pressure at bonding places in Model 1 and Model 2 (Pa). 

IV. CONCLUSION 

In order to calculate the multiphysics distributions in 

the blade chamber, the MHD model of impulse arc in the 

blade considering the arc paths was established in this 

paper. The distributions of temperature, airflow and 

pressure in the blade chamber were calculated. 

It’s found that the narrow spaces referring to the 

bonding places are subjected to higher pressure, such as the 

boning of webs and inner surface of the blade, and the 

boning at the trailing edge. When the down conductor is set 

between the trailing web and the trailing edge, the pressure 

suffered by the trailing edge is much higher compared with 

that when fixing the down-conductor between the two 

blade webs. Thus, the improvement of the structure design 

in the blade should be conducted accordingly. 
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