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Abstract--The damages caused by lightning are particularly 

severe in the case of wind turbine generator systems. The nacelle 
is composed of steel grids covered with GFRP (glass-fiber 
reinforced plastics) in order to reduce its weight. When lightning 
strikes a wind turbine generator system, the current thus 
generated flows into the ground through down conductors in the 
blades, the steel grids of the nacelle, and the tower. Further, the 
current flowing near the nacelle produces large magnetic fields 
inside the nacelle, and the communication and control systems 
either break down or malfunction. We have analytically and 
experimentally investigated the transitions of the magnetic fields 
in the nacelle by using an FDTD (Finite Difference Time Domain) 
method and a reduced-size model of a wind turbine generator 
system. 
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I.  INTRODUCTION 

n recent years, several accidents have occurred in wind 
turbine generator systems because of natural disasters such 

as lightning and typhoons. The damages caused by lightning 
are particularly severe [1–9]. 

A wind turbine generator system is composed of blades, a 
nacelle, a tower, etc. In order to reduce the weight of the 
blades and the nacelle, the blades have been manufactured 
using GFRP (glass-fiber reinforced plastics), while the nacelle 
is composed of steel grids covered with GFRP. When 
lightning strikes a wind turbine generator system, current is 
generated. This current flows into the ground primarily 
through the steel grids of the nacelle. The current flowing near 
the nacelle produces large magnetic fields inside the nacelle 
[10]. As a result, the communication and control systems 
either break down or malfunction [1–3]. 

In this paper, we have analytically and experimentally 
investigated the transitions of the magnetic fields in the 
nacelle. For the analytical studies, an FDTD (Finite Difference 
Time Domain) method is used [11–15]. A reduced-size model 
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of a wind turbine generator system is used for the 
experimental studies [7, 8]. 

II.  REDUCED-SIZE EXPERIMENTS AND FDTD SIMULATIONS 

A.  Reduced-Size Model 

Experiments using an actual wind turbine generator system 
have many restrictions. Therefore, a reduced-size model, as 
shown in Fig. 1, has been used in this study. We wanted to 
develop a 6/100-scale model of an actual wind turbine 
generator system that has 40-m-long blades and a 60-m-high 
tower. Therefore, in the reduced-size model, the length of the 
blades and the height of the tower should have been 2.4 m and 
3.6 m, respectively. However, because of the restrictions on 
experimental space, we use a model with 1.5-mlong blades 
and a 1.5-m-high tower. This configuration does not influence 
the magnetic fields in the nacelle, because we have used the 
experimental results at a time before the traveling wave 
reached the nacelle again from the tip of the blade and the root 
of the tower after initially arriving at the nacelle. The results at 
6 ns shown in this paper are equivalent to those at 0.1 s in an 

actual scale because of the scale ratio of 6/100. 
The blades are made of vinyl chloride, and an insulated 

copper wire (cross-sectional area: 2 mm2) is traced on each 
blade in order to represent a lightning conductor. The actual 
tower is tapered; however, the tower of the scale model is 
tubular with an outer diameter of 20 cm and a thickness of 3 
mm. 

An enlarged view of the nacelle is shown in Fig. 2. The 
down conductors in the blades and the nacelle are usually 
connected by a brush or a small gap. Therefore, the down 
conductors and the nacelle are directly connected in the 
reduced-size model. The nacelle of a resent large-scaled wind 
turbine generator system is often manufactured by using steel 
grids covered with GFRP. In these experiments, the nacelle 
model using steel grids shown in Fig. 2 is used for measuring 
the transient magnetic fields in it. The bottom face of the 
nacelle is a steel plate; however, there is a hole at the junction 
of the tower and the nacelle. 

B.  Measuring Instrument 

The oscilloscope used in the study is TDS784D 
(Tektronix); it has a bandwidth of DC~1 GHz. The current 
sensor used is CT – 1 (Tektronix); its bandwidth is 25 
kHz~1.5 GHz. 
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The transient magnetic sensor is self-produced. Fig. 3 
shows the configuration of the one-turn-coil sensor. This 
sensor gives as its output the induced voltage generated by the 
flux change through the one-turn coil. Integration of the 
induced voltage gives the average magnetic field at the place 
at which the sensor is set up. The maximum error of this 
sensor has been proved to be 15% [16]. 

C.  Experimental Conditions 

The reduced-size model is set up as shown in Fig. 4. An 
aluminum plate (5 m  5 m) is embedded and grounded. The 
pulse generator used is INS–4040 (NoiseKen); it charges a 
coaxial cable and discharge by using a mercury relay and can 
give as its output a current with a steep rise time of several ns. 
The current generated by the pulse generator is injected by 
using a 480-Ω resistor Ri from a current lead wire of a coaxial 
cable into the reduced-size model. The internal resistance of 
the pulse generator is 50 Ω, and the surge impedance of the 

insulated copper wire used as the current lead wire is 
approximately 500 Ω [17, 18]. Therefore, the total surge 
impedance of the lightning channel is (480 + 50 + 500) Ω, 
which is approximately 1 kΩ [19]. 

It is observed that lightning mostly strikes the tip of the 
blade and the rear portion of the nacelle where an observation 
system of the wind speed and direction is set up [1–3]. These 
two points are employed as the assumed points of the 
lightning strokes, as shown in Fig. 4. 

The return stroke of most lightning propagates from the 
wind turbine generation system to the cloud. Here, the current 
is injected into the coaxial cable from the pulse generator and 
is led to the lightning-stroke point. The current is injected into 
the reduced-size model of a wind turbine generation system 
through Ri. While the current propagates on the current lead 
wire of the coaxial cable, an electromagnetic field exists 
inside the coaxial cable and not around the cable. After the 
current arrives at the lightning stroke point, the current I is 
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      Fig. 1 Reduced-size model of a wind turbine generator system 
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(a) Dimensions of the nacelle model 
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Fig. 2 Enlarged view of the nacelle 

 
Fig. 3 Transient magnetic field sensor 



injected into the lightning stroke point, and the current I is 
reflected on the sheath of the coaxial cable. This current 
represents the return stroke propagating from the wind turbine 
generation system to the cloud [7, 8]. 

D.  Analytical Conditions 

The analytical spaces used in this study are shown in Fig. 5. 
Fig. 5 (a) illustrates the case of a lightning stroke at the tip of 
the blade and Fig. 5 (b), the case of a lightning stroke at the 
rear portion of the nacelle. Fig. 5 is an FDTD simulation 
model of Fig. 4. 

The diameter and the length of the tower model are 20 cm 
and 1.5 m, respectively; the diameter and the length of the 
down conductor in the blades are 0.8 mm and 1.5 m, 
respectively. The nacelle is modeled as a 25 cm × 25 cm × 60 
cm rectangular parallelepiped object. The dimensions of the 
analytical space are 6 m × 4 m × 6 m; this space is divided 

into 2.5-cm cubic cells. Liao’s second boundary condition is 
utilized on the six planes surrounding the analytical space in 
order to model open space. The lightning path and the down 
conductors in the blades are represented by a thin-wire model 
[14]. The down conductors are represented by an inclined 
thin-wire model [15]. The cross section of the tower model is 
a circle of diameter 20 cm; the cross section is modeled as a 
step-like surface. 

A current is injected through a resistance of 480 + 50 = 530 
 at the point where lightning is assumed to strike. 

E.  Comparisons 

Fig. 6 shows the injected current in the experiments and 
simulations. The rise time and the peak value are 
approximately 2 ns and 1 A, respectively. The output points of 
the magnetic fields are a (10 cm, 5 cm, 5 cm), a′ (15 cm, 5 cm, 
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 (b) Current injected into the rear potion of the nacelle 
Fig. 4 Experimental setup 
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5 cm), b (10 cm, 30 cm, 5 cm), and c (10 cm, 55 cm, 5 cm), as 
shown in Fig. 2. At each point, the magnetic fields along the x, 
y, and z directions are shown in Figs. 7–10. Points a and a' are 
typical at the front of the nacelle, symmetrical. Points b and c 
are typical at the center and rear of the nacelle. The calculated 
results agree well with the measured results, and the maximum 
error is approximately 15%. The error arises from 
measurements and calculations; it can be guessed that the 
main error arises from the accuracy of the self-produced 
magnetic sensor. 

Fig. 7 shows the case of a lightning stroke at the tip of the 
blade. Points a and a′ are symmetrical. The magnitude and the 
polarity of the magnetic fields along the x direction at these 
points are equal, as shown in Figs. 8 (a) and (b). The magnetic 
fields in the y direction are equal in magnitude but opposite in 
polarity. The magnetic fields along the z direction are far 
smaller than those along other directions. The waveforms of 

the magnetic fields at points b and c are shown in Figs. 8 (c) 
and (d), respectively. It is observed that the magnetic fields at 
points b and c are smaller than those at point a. From the 
above results, it is evident that the current flowing through the 
down conductor of the blades exerts a greater influence on the 
magnetic fields inside the nacelle than the current flowing in 
the grids of the nacelle. 

Figs. 9 and 10 show the case when lightning strikes at the 
rear portion of the nacelle. It should be noted that the 
magnetic fields at the front of the nacelle are larger than those 
in the rear irrespective of the point of injection of the lightning 
current. This phenomenon can be explained as follows. The 
surge impedance of each down conductor is larger than that of 
the tower. However, as the three down conductors are spread 
radially, the total surge impedance is small. Therefore, a 
comparatively large current flows into the down conductors, 
as shown in Fig. 11; thus, it is evident that the current flowing 

0 2 4 6 8 10
0

0.5

1

1.5

time[ns]

cu
rr

en
t[

A
]

 calculated result
 measured result

0 2 4 6 8 10
0

0.5

1

1.5

time[ns]

cu
rr

en
t[

A
]

 calculated result
 measured result

(a) Current into the blade        (b) Current into the nacelle 
Fig. 6 Injected current waveforms 
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(a) Magnetic field at point a       (b) Magnetic field at point a' 
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(c) Magnetic field at point b       (d) Magnetic field at point c 
Fig. 7 Measured results of the magnetic fields  

(current injected into the tip of the blade) 
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(a) Magnetic field at point a       (b) Magnetic field at point a' 
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(c) Magnetic field at point b      (d) Magnetic field at point c 
Fig. 8 Calculated results of the magnetic fields  

(current injected into the tip of the blade) 
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(a) Magnetic field at point a       (b) Magnetic field at point a' 
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(c) Magnetic field at point b       (d) Magnetic field at point c 
Fig. 9 Measured results of the magnetic fields  

(current injected into the rear portion of the nacelle) 
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(a) Magnetic field at point a       (b) Magnetic field at point a' 
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(c) Magnetic field at point b       (d) Magnetic field at point c 
Fig. 10 Calculated results of the magnetic fields  

(current injected into the rear portion of the nacelle) 
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(a) Current into the blade         (b) Current into the nacelle 
Fig. 11 Current waveform I’ 



through the down conductors of the blades influences the 
magnetic fields. 

Fig. 12 shows the transitions of the magnetic fields in the y 
direction on the zx plane at y = 5 cm, and the transitions of the 
magnetic fields in the x direction on the yz plane at x = 10 cm 
when the current is injected into the tip of the blade. Fig. 13 
shows the calculated result when the current is injected into 
the rear portion of the nacelle. From these results, it is obvious 

that the magnetic fields at the front of the nacelle are larger 
than those in the rear regardless of the point of injection of the 
lightning current. 

III.  PROPOSAL TO DECREASE MAGNETIC FIELDS IN A NACELLE  

In the previous section, we discussed that the large 
magnetic fields around the front portion of the nacelle are 
generated by the current flowing in the down conductors of 

(a) x direction at t = 5 ns          (b) y direction at t = 5 ns 

(c) x direction at t = 6 ns          (d) y direction at t = 6 ns 
 

(e) x direction at t = 7 ns          (f) y direction at t = 7 ns 
 

(g) x direction at t = 8 ns          (h) y direction at t = 8 ns 
 

(i) x direction at t = 9 ns          (j) y direction at t = 9 ns 
Fig. 12 Transitions of the magnetic fields [A/m] 

(current injected into the tip of the blade) 

(a) x direction at t = 1 ns          (b) y direction at t = 1 ns 

(c) x direction at t = 3 ns          (d) y direction at t = 3 ns 
 

(e) x direction at t = 5 ns          (f) y direction at t = 5 ns 
 

(g) x direction at t = 7 ns          (h) y direction at t = 7 ns 
 

(i) x direction at t = 9 ns          (j) y direction at t = 9 ns 
Fig. 13 Transitions of the magnetic fields [A/m] 

(lightning to the rear portion of the nacelle) 



the blades. In order to decrease the large magnetic fields, we 
propose that the front of the nacelle be covered with a 
conductor plate or mesh. This conductor plate or mesh will 
shield the front of the nacelle from the electromagnetic fields 
caused by the current in the down conductors. The calculated 
results are shown in Figs. 14 and 15. 

It can be confirmed that the conductor plate in the front 
portion is effective in decreasing the magnetic fields in the 
nacelle; the magnetic fields as shown in Figs. 14 and 15 can 
decrease by 4%16% in comparison with the fields shown 
Figs. 8 (a) and 10 (a). 

IV.  CONCLUSIONS 

The magnetic fields in a nacelle due to lightning strikes at 
the tip of the blade and the rear portion of the nacelle have 
been studied experimentally and analytically. For the 
analytical studies, the FDTD (Finite Difference Time Domain) 
method is used. The reduced-size model of a wind turbine 
generator system is used for the experimental studies. The 
calculated results agree well with the measured results. 

It was observed that the magnetic fields at the front of the 
nacelle are larger than those at the rear of the nacelle 
regardless of the points of injection of the lightning current. 
The lightning current flowing through the down conductor in 
the blades has a strong influence on the magnetic fields in the 
nacelle. Hence, we have proposed that the front of the nacelle 
be covered with a conductor plate or a mesh in order to 
decrease the large magnetic fields and have proved the 
effectiveness of using such a plate or mesh by the FDTD 
method. 
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