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1. Introduction

Power generation utilizing wind energy has recently
become widespread all over the world as a renewable
energy supply that can realize global environmental
protection and stable energy supply at the same time.

While it is also widespread in Japan, the number of

troubles due to lightning such as equipment damage,
diclectric break down, etc. has been increasing.
Especially, Japan bumps into serious problems that
blades are damaged by direct lightning strokes.

This talk will introduce our countermeasures against
lightning strolce problems for wind power generation.

2. Lightning and lightning damage in Japan
2.1 Characteristics of lightning in Japan
There are two different aspects of lightning in Japan.
One of them is called summer season lightning
(from April to October), and the other is winter
season lightning (from November to March). The
respective characteristics include the following:
(1) Summer season lightning
1. Thundercloud reaches more than 12,000m altitude.
2. More than 90% electric discharges from thunder-
cloud are negative electrode.
3. Tt is more likely that the direction of discharge is
from thundercloud to the ground (Refer to Fig. 1).
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(2) Winter season lightning
1. Thundercloud is located close to the ground
level. 2.30%~50% of lightning is positive
electrode whose wave tale (several hundred
msec.) is longer than negative electrode.
3. It is more likely that the direction of discharge is
from the ground to thundercloud (Refer to Fig.
2).
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2.2 The actual lightning damages on wind-power
generators in Japan
(1) The number of lightning and damages

The distribution map of lightning and damages
which were monitored in Japan from 2002 to 2004 is
shown hereunder (Refer to Fig. 3 for winter lightning
and Fig. 4 for summer lightning; excerpts from Wind
Power Generation Guideline/Countermeasures For
Lightning, Page 7, 8 published by NEDO).

According to the data, the lightning strokes in
summer are more than in winter, but in winter (more
lightning along the Sea of Japan), there is a tendency
to bring more damages on wind-power generators than
in summer

The number of
strokes in winter
(Peak current=50kA)
] 0--49 times

[] 50-~-05times

l 100--148times

lightning

150 times—~ f
Lots of lightning strokes and damages

. .More than 10% wind power generators have suffered fatal
damages and more than 20% have small damages
More than 10% wind-power generators have suffered fatal
- @ damages.
More than 20% wind-power generators have suffered
small damages.
The humber of damages is few.

Fig. 3 Lightning map in winter

The number of
strokes in summer
(Peak current=R0kA)
[ 0--248 times S
[] 250~489times e e\
B 500~748times i

B 750 times— o4

lightning o - -4’

Lots of lightning
strokes

e
£ o el U
W iU

e R
l}rz;?. ¥tz

More than 10% wind-power generators have suffered fatal
it damages and more than 20% have small damages.
.Mure than 10% wind-power generators hawve suffered fatal
v damages.
oMDre than 20% wind power generators have suffered
small damages.

{1 The number of damages is few
Fig. 4 Lightning map in summer

(2) Aspects of damages by lightning
The aspects of damages differ according to the stroke
position of lightning. The aspects of damages on
wind-power generator are shown Fig.5



- Blade cracks ) )
+ Blade broken When we design a win-farm system, we adopt

+ Blade splash following methods.

1. Transform the voltage from AC5T5V or 690V
(generator’s standard voltage) to 22kV by
step-up transformer.

2. Wire to the substation via 22kV switchgear.

3. Transform 22kV to 86kV or 77kV at a
substation and connect to the grid.

In case the step-up transformer and 22kV
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(4) Reducing earthing resistance value

3. Lightning protection system for wind-power : .
We put the value of resistance between main

generator . . . . earthing terminal and grounding at less than 2 ohm
We are studying the lightning protection system in effect. The grounding is conducted by mesh
design for wind-power generator reviewing lightning catth ’

troubles on generators in the past.  We introduce our
study examples as follows:
(DReview of effective lightning protection of
blades
It 1s told that the stroke position and pathway of
lightning is not uniform as following case.

Furthermore, we use whisker which 15 effective to
reduce surge impedance.
(5)Using non metallic optical fiber cable as
communication cable

Surge current also mvades the communication cable.
As a countermeasure, we use non-metalic optical fiber
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4. Conclusion
We consider that above countermeasures are
effective, but it is not complete because the nature of
Pié Sl at ot Pioe Creping dchatgs lightning stroke has not been clucidated suf‘_ﬁcicn‘tly
The aspects of damages to the blade are different yet, and the number of troubles due to the lightning
according to above each case. strokes is still increasing, _ o
Considering above, we review the non traditional We have been conducting the monitoring of

lightning protection of blade with manufacturer. llg_h:imng Rtmk:?s aild mci:l-lﬁtr;g tlhosc t;}]urn.;nts a;
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1. Connect earthing system with wire armor which 1s Japen since 20(.16‘. W S _goal 0 anz_llyze_lhese gats
e : ; and find the effective solutions for lightning stroke
originally for wire protection sheath.

2. Install earthing system with the closest equivalent problees.
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