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SUMMARY

In order to minimize the lightning damage to wind turbines, lightning
protection strategies for wind turbines from IEC Standard, Europe, USA, Japan
and Korea were reviewed and the strategies available in Korea were proposed
in this work. Also the lightning characteristics of the established and the
scheduled wind farms of Jeju Island as well as entire Jeju Island were
analyzed in detail. The lightning data for 10 years from 2003 to 2012 was
obtained from IMPACT ESP which detects lightning. Lightning frequency,
lightning strength and regional lightning events were analyzed in detail, and
then the lightning maps of Jeju Island were created. The evaluation of
lightning rate was made for all the wind farms of this study. The lightning
damage cases to wind turbines were investigated in the existing wind farms of
Jeju Island. Furthermore, lightning counters were installed in wind turbines to

detect electrical surge by lightning strike. The results obtained are as follows:

First, it is necessary to apply some good lightning protection strategies from
[EC Standard and other countries to Korea. Those are as follows: The
guideline for lightning protection for wind turbines should be established based
on IEC Standards. Both development of software and experimental studies
should be conducted for understanding the types of lightning damage to wind
turbines and compiling the database. For minimizing the lightning damage to
wind turbines, it is a key factor for wind farm owners and researchers to open
the information about the damage cases and wind farm operation technique to
the public.

Second, the eastern part of Jeju Island had more lightning frequency than the
western part of the Island. Also, the evaluation of lightning rate was good for
all the established and the scheduled wind farms of Jeju Island. Hankyung
wind farm is the best place for lightning safety, while precaution should be
taken against lightning damage in Samdal wind farm. There were two
lightning damage reports at Haengwon and Samdal wind farms, which were
the damage to wind turbine blades and the electric device of a turbine.
Finally, the electrical surges were detected in seven wind turbines of Gasi
wind farm by lightning counters. However, the surges were not caused by

lightning strike to the wind turbines.
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(a) | A (b) | |

Fig. 15 Lightning protection system for wind turbine.[63]
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Fig. 16 Research concept in 2008: Flowchart for research of accident and
failure.[64]
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FUAAd st ARTHE B QB Aol wAsE AN deHo)
HE 2stel FFH 2 FUASAAE B £ i JHAEAEE Awsn
91} [58]

5) -2 vhet

HssolA <27l el G AR[16], A=t
Atk FHAg o] &g AFEoA = HE g
2o HASAA46768] 4T A7 A EH A
Agol olgk 7AAQl AERT FRF ] &3 FAl
HUB, t3l2 a7, ZlolE 5 A7 3% &40 2 248 T[8,68,69]
Table 2= AF%= P4 FHIA AN LA 1474FS HepAv[71] ExEx

[e)
©
e g 171 A E1be)
=

low voltage ol&] = At FE 7|9 v AR Jel= Big v o

Table 2 Number of failure and time of shut down of each wind turbine systems[71]

Wind turbine system
Error text V42,:12.71(98.02) |- V42 2571(9802) 1| V47 4571(99.03) | V47 155.71(03.04)
No.| Error Time | No. | Error Time |No.| Error Time |No.| Error Time
Top CT__ missing (pos._) 1 (%)0:30:32
CT3220 initial. error pos. _ 1 0:30:33
Extr. low voltage L_:__V 1 0:02:20| 1 0:02:26| 1 0:18:40
ExEx low voltage L_:___V 3 3:111:47] 3 2:48:35| 2 17:56:57| 6 3:12:38
Thermoerror yawmotor F___ 2 25:58:49
Low oil-level, hydraulic 1 88:24:05
Thermoerror hydraulicmotor 1 58:21:56
Hydr. Temperature high : __C | 1 (%)95:12:34
Max. Windspeed acc._,___m 1 54:07:42 1 11:58:42
Low gear oil pressure 11 208:57:36
High gear temperature:__C 145 63:08:12 21 180:16:05
Feedback = _, Brake 1 ()78:03:15
Error temp.sensor R__,_ T 11 92:39:06
Feedback = _, Bypass contactor 1 0:28:38
RCC timeout 1 0:01:00
Too many auto-restarts:___ 4 (%)33:20:31 7 ()87:08:01
N 70:38:27
Emergency circuit open 2 (N110:27
External 24V power supply eq. 1 0:07:39
WATCHDOG was not trigged 2 0:07:39
Trip Q_Feedback error 5 140:09:08
Total 168 301:18:44| 14 326:44:27| 45 380:05:26] 10 15:19:59
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Fig. 18 Location of lightning detection sensor.[3]

Table 4= IMPACT ESP¢] ¢j#3 545 yehWth o4 MDFe TOA:=
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Arrival)e] ¢Fx}olt},

2] (Magnetic Direction Finding)¥ =% A7k 92](Time Of

Table 4 Appearance and characteristics of IMPACT ESP

A 2} 3] A} v = GAI
Uz Ex] A MDF + TOA
FAFIRF Y LF/VLF

A EE 909 ] ¢+

A 4 250km ©] 4}, 0.5km

A1ZF F 7138 GPS %%

Cloud - Ground Flash
Return Stroke

270 o] Aol A 71E 50~300km FHZ o2 x| &}

A AAE fAse] SAstA 4 FAVIAAM A2 e ARt FAE A

7 A7)l RSk Ak GPS Azl F7]8kAA

2lolt}, LF(Low Frequency)®t VLF(Very Low Frequency)® S35 4138+

o 9ol 277 (Return Stroke)s T A3l ¥

Hom vaE gHach o7

A B AL dEv Aol At vk A 7
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= = | head lightning(3 heads).txt - YSHE
=R = =7
ST e — = 4
20127) 7 7 sbe % AR amE
112 3040 5Bt F o0 GGt 10 11100 2200 1300 14 1 15 1 16 1 170
(J|atE, 20020101 0| &)
RSTARTTITT
#
# [UFASHefT 0] tm=201001051200&help=1
# DHEE A2 M 592 ~ 002 AlOI2] AIRE 25 BHE
#
#1, 2/2/3 AEE 0 KSTHS (20023 0|2 2E AMED RIS
# 2, LAT: =2 | (degree)
# 3 LON =2 35 (degree)
# 4, 5T AT (KA kilo-ampere)
#5 M rikEs
# 6, CE1: =EHEEHE| ZH& (km)
# 7 CE2: EEEHHE| BHE (km)
# 8 CEE.=EEtEs 0ldE
# 9, CEA: =HEEHE2E] 1= (degree)
#10, CHI @ =29 Chidh
#11 NS 2EE MM
#12. 7 42 EF (Cicloud—to—cloud, Gicloud—to-ground)
#
#A/DDAYY HHMESS 858 LAT LON 53T M CE1 CEZ CEECEA CHINS T
# KST deg deg K& km  km deg # -
03/01A011:00:33.249 327712 1309225 +977 0 33 07 47129 34 68 G
03/01/1011:01:22 918 331761 1314507 +753 0 34 0749123 355 G
L y 100% (=)
Fig. 19 Contents of lightning data observed by TLDS
Fig. 20> $1¢] IMPACT ESPel #34¥ Z+zte] H3xta s AP

B 7 dre @ @ tAdow dolgs AgHe] A
WA ow Aol Ut

S s
0 ®
Gag

| lightning_obsv.200301 - BT & E=N=s
DUF BIE MAD 27|V SETH)

2001-01-03 48:02.6 33,8755 133, 8526 83.4 1] 20,9 1.4 14.9 118 28 4 G -
2001-01-03 51:55.0 36,3871 130.9784 151.4 0O 6.4 0.8 8 96 2.9 4 G

2001-01-03 25:05.9 36,0429 134, 8237 -29.7 0 36 1.8 20 93 o 2 G

2001-01-03 25:06.2 36,2764 131.7453 -39.2 0 77 0.5 9.6 93 2.3 7 G

2001-01-03 19:21.5 35 4055 1313459 139.7 0 6.5 0.5 8.1 111 2.7 4 G

2001-01-03 20:51.2 35,3189 131 3275 -25,7 0 4.2 0.6 7 93 .5 3 G

2001-01-03 20:51.2 35,6236 130, 9511 96 o 6.5 0.7 9.3 86 2.4 3 G

2001-01-03 28:34.0 35 4567 131.1342 B5.6 o] 6.5 0.5 8.1 110 B 3 G

2001-01-03 16:10.7 34, 07 33,9298 -61.8 0 22.4 1.3 17.2 116 2.7 4 G

2001-01-03 20:39.1 35,4916 131, 3475 21.1 o] 7.3 0.8 9.1 108 7.4 3 G

2001-01-03 23:51.2 33,7768 134, Q167 47.4 o 28.9 1.3 17 119 3.7 3 G

2001-01-03 B3:47.5 34 8687 131.9737 T o 20.7 145 13.8 109 1 5 G

2001-01-03 49:50.0 36, 18658 1321447 41.8 u] 17.2 1.1 15.6 95 4.1 3 G =

Fig. 20 An example of collected lightning data.
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FE A G2 EREn GEPHe gds dod e AAE ¥4
st sk Fool A dojdrt o] FellAl 7Hd RIWEA B E A4S Ul
HolA vk, AAE FHLA7 A A-PH R JFE vAE= e giiEe]
g o]},
Table 5 Lightning class
Rl 93] 7 = (kA) T 9] 7= (kA)
0 -16~16 0 -16~1.6
1 1.6~25 -1 -25~-16
2 2.5~4.0 -2 -4.0~-25
3 4.0~6.3 -3 -6.3~-4.0
4 6.3~10.0 -4 -10.0~-6.3
5 10.0~15.8 -5 -15.8~-10.0
6 15:8~25.0 -6 -25.0~-15.8
7 25.0~39.8 = -39.8~-25.0
8 39.8~63.1 -8 -63.1~-39.8
9 63.1~100.0 -9 ~100.0~-63.1
10 100.0~158.5 -10 ~158.5~-100.0
11 158.5~251.2 -11 -251.2~-158.5
12 251.2~398.1 -12 ~398.1~-251.2
13 398.1~630.9 -13 -630.9~-398.1
14 630.9~1000.0 -14 ~1000.0~-630.9
15 1000.0°] % -15 ~1000.0°] 3}
Fig. 232 7143 olA 93+ IMPACT ESPel =R ® 43S 243817]
sl AR AZEYojo|th o] AT [5]E & ML Ao AHARES A

_27_



Ho

oK

)l

0

hin
el

o
)l

pET |

TH
4l

T

IH
Kio

7

S HOE E4E-

wind H0IE 248 HE-

!ﬂ winddata

-
iod
a4
= o
| od
=1 —
ol —
e = Rl
== 0 o
(LT E ST
A
= 4 i (= o
P o
o=
il = o
oF =
5l @
e % -
Rt 3
mrooF A 5 T
LR N |
5 = -
el K =
™ Fasi ]
ke =|.__| w
] el i
=2 Lo L
fuar o K
i ] =
ar H =
ar
w
S |2
5
A =

[=]
=3l

HzISZEh: |0

[~ & OI0IE HEEH
[~ OE HIOIH Z2XHe2

Fig. 23 Main page of the lightning data analysis program.
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[HERgseymas Hog (o= Jemaace duas 68y o0 = lzoissymze gqog om0 Es
TEF BEE MU0 270 S2TH) HF HEEE AMMO) 270 E22H TUF BEE AMAD) 27V Z(H)
A5 gl REEES 7 B 9= EEEES - = Pz tielzie B
128.7 7.7 3 128.7 3.7 4 128,795 37.743 -4.8
128.7 3.7 2 128.7 317 3 128,69] 27.719 -8.2
128.7 317 O 1287 3717 D 128,631 37.756 -5.5
1287 317 1 128.7 3.7 1 158,902 37.912 4.7
128.7 3.7 0O 1287 3.7 O 128,745 27,743 -i3,8 N
128.7 3.7 O 128.7 3717 O 128,690 37.712 -12.2 E
128.7 377 3 128.7 377 5 128,701 37.761 -8.4
128.7 3.7 3 128,7 3717 3 1281705 27.706 -15.8
128.7 3.7 O 128.7 377 O 128,633 37.740 -32.8
128.7 3.7 1 = 1287 317 1 = 128,696 37.710 5.0
1287 317 2 12817 3717 5 1280708 27.727 -11.4
128.7 317 2 128.7 7.7 5 128.696 37.722 -17.7
128.7 3.7 2 1287 3717 5 198,722 37,733 -10.8
128.7 3.7 2 1287 317 2 128,891 27.752 -5.5
128.7 377 O 198.7 377 0 128,690 37.754 -1.5
128.7 3.7 2 28,7 3717 2 198.718 37.749 -10.5
128.7 3.7 1 128.7 3.7 2 128,702 237.737 -4.7
128.7 3.7 D 128.7 377 0O 128,741 37.763 12.2
128.7 3.7 2 1287 3717 2 198,706 37.718 -15.8
1287 3.7 2 128.7 3797 & 128703 37.704 5
128.7 3.7 1 1287 317 1 128,743 37,722 -1.8
128.7 3.7 2 1287 317 2 128,715 37,764 -21.8
1287 3717 1 1287 317 1 128,743 37.753
128.7 317 O 28,7 377 O 128.724 37.728 -5.5
1287 378 2 1287 7.8 2 128,797 37,950 -4.8
128.7 3718 O 128.7 3718 O 128,691 37.741 7.0
1287 318 2 - 1287 3718 2 - 128,696 37.730 -1i.4 -

T =R O = p— R ssama gzt -nny ol B =S 52 ymEs - 4O [ =
ME BEE M0 27NV S22 SR HIE MO 27V E22H) TaF BEE M40 220V ESUH)
EEEE e - GRADE  spring summer autumn winter == H=3Hs -
128,735 37.743 3 -5 0 a 0 0 -5 0
128,691 37.719 -4 -4 0 i i i -4 0
128,691 37.756 -3 -3 0 i 0 0 -3 0
128,702 37.712 3 R i 0 0 -1z 0
128,746 37.793 & L -1 ] i i i -1 i
128,600 37.712 -5 b -0 @ 0 0 0 -0 0
128,701 37.761 -4 -3 0 1 0 0 -3 1
125706 37.706 & -5 ] i 0 0 -3 i
125,693 37.740 -7 -7 ] 1 0 0 -7 1
128,606 37.710 3 -5 5 4 i i -5 ]

128.708 37.727 -5 -5 17 3 0 0 = 5 20 L
128,696 37.722 -6 -4 13 3 0 0 -1 16
198,722 37.733 -9 -3 10 7 2 0 52 13
128,601 37.752 -3 -2 0 0 0 0 -2 i
128,690 37.764 -3 -1 i 0 0 0 -1 o
128,718 37.743 -5 i 0 ] 0 i | 0 ]
128,707 37.737 -3 1 i i 0 0 [ ] i
128,741 37.763 & 2 i i i i 2 0
128.706 37.718 5 3 0 1 0 0 | 3 1
128,703 37.704 -3 4 i 0 0 0 1 u
128,748 37,722 -3 5 il 1 0 0 5 1
128.715 37,7684 B 5 0 1 0 i 6 !
128,743 37.753 -4 7 i 0 0 0 7 i
128,724 37.728 -3 g i i 0 0 g g
128,737 37,780 -3 g il il 0 0 3 g
128,691 37.741 4 3 10 i i i i % 2

|geuzzs -naz =5 o =5 |ggse gazs -neg | [Aifte gEiEs - HeE [E=N I
DUF BEE MU0 2710 ESH) LoF EEE A0 27V DU EHEE) MAO) B0 S2UH)
= 2 =] oM = A2k e
i 0 1 a i 0 ]

2 0 2 i ] 1 ]

3 0 3 i i 2 1
4 0 4 i i 3 3
5 5 5 i a5 it i
5 4 £ ] 3 5 5
7 13 7 I iz fi i
g 5 g i 4 7 i
3 0 g i i 8 1
10 0 10 i ] 3 7
1 2 11 i z 10 5
12 ] 12 i i 11 ]

12 i
13 z
14 z
15 1
16 3
17 4
18 1
19 14
il 14
21 4
o2 a
23 i

Fig. 24 Sample of the result from the lightning data analysis.

_29_




Fig. 26% H3AEE W57 93] AH&d AZE o] Surfer 8o|th. H= U5
9} 97342 Yl E A EE Kriging methodE ©] €39t Kriging method
+ Interpolation 71H 9] stz AL E Aoz dojzl JRE vlE o R U
I o]l A mdy mRAAS For FAdET

.zsurferfﬁejuwindfarm.srﬂ == '.
o, File Edit View Draw Amange Grid Map Window Help . NEES
DEHBES| @« =8 TN s maga oo TN $O000

|\\‘\||D|||||\\1‘\\||||\2‘\\||||\3|||\‘\\|4||||‘\\\5||||‘\||E‘\\\||||?‘\\\‘|||%|\\m
=@} map 3 P
M=+ Right £ |
AR Left Ax| | —3
Top Ax|| 1 I 1 1 1 1 1
Bottonr | | 33°36" [
Base I =
— 500-| L N
E 33°30" =
= i
5 33°24" i
E 400 -
— 33°18'- e
54
I 33°12'
- 200+ =
= 33°06' —
i 126°06" l126°24" 126°42' 127°00"
= 0 T T T T T T T T T T T
= 100 200 a00 400 500 600 700 800 900 1000 1100
ERE -

1| | v

iNothing Selectzd 7.97 in, 7.66 In

Fig. 25 Surfer 8 S/W.

Fig. 262 2t d=¢ o2 SlE dehdng. o A4l = IMPACT
ESPe] 93 ®xg&o] 90%¢ He& mzsle] BAAS 1118 F3de
ErollAE 9 gAEEC] 90% o4l He aEdte] RAASE A
2003l 9E7F /b4 weton 2012de] SE7F A HAASS & F 9
FAR[16lAE FEvete 927 Adog Frbstha st oy AFEA

U
st
o o
9

\l

_80_



20000
16000

‘q_ 12000

it

8000

ar

4000

2011 2012

2007 2008 2009 2010

2005 2006

2004

2003
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Fig. 27 Graph of lightning days in decade.

_31_



Table 62 A4 ¥ AFx=o] Feol wpel zb Aol G257 LA 34 2
ot 2003 d2 AR R2 vin] 275 B Fo] Autoy b w2 dE
7F dAsklom 200735 39zt BEol @ A LARAT 9E = 2010
ol vla] 7w o] A AT 20120l = JINL, Bk, Ak 5 570 B E
ol Aupztont HE WA Sl VM AT AH o W sl s o
o] Ay & Aol gluha ddhdT

Table 6 The number of lightning occurrence and typhoon’s name in each year

EE e A S E
2003 19608 ALg-d 22wy
2004 8621 nEd, v7), ot
200543 8460 L], Tk
2006 6955 oAl 9o}, ¢, Abat
2007 8285 v
2008 8476 2w 7]
2009 9347 oeh i
2010 4239 EIRTRy S
2011 13942 wlofe], o] 3}
20124 4067 7}2’_3 E" lL ;LJ

Table 72 Aztod 9= 2SS vebd Zeolvh 2008d 3 2011d 9] Aot
SHE Al AZEE 2340l 2000 & GEEA Al oA 23A] 0]t} Egt
147415 2009 Hop S22 AJzEeiQl wbd 201093 201199l = wf
Foe & % drk o] fel® 7 Axuich Azile] WA WEE nuwg A
ol el A-p[66lel A= HE o WAL Aol oEdrtn Pop B Ao A
el A= gl A skt

N
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Table 7 Yearly number of lightning and lightning rate by each hour

Az | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | %A ?l/i
0 4527 57| 1226 250| 344| 242 70 44| 1839 55| 8654| 941
1 70| 299 163| 233 308| 146| 257 59| 1160 60| 3455| 3.76
2 232| 400 279 82| 279 347| 300 201 240 78| 2438| 2.65
3 573| 563| 355 108| 288| 817| 741 798 145 212| 4600| 5.00
4 356| 498 512| 218 419| 536| 819| 333 280| 268| 4239| 461
5 384| 84| 342 130| 563|669 132 369 132| 483| 4058| 4.41
6 1954 738 368 62| 416 341 44| 472 48| 174| 4617 5.02
7 2569| 344 131 139 545|246 101 215 215 122| 4647 5.05
8 800| 422 71 203 473 420 65| 107 519 75| 3155 343
9 356| 256| 108| 234| 472 169 50| 197| 1055 68| 2965| 3.22
10 429| 459 74 181 402 162 52 75| 444 106 2384 2.59
11 166 911 138 131 279 245 9| 225 109 295| 2595| 2.82
12 195| 648 291 481 490 479 89| 124 59| 841 3697 4.02
13 608| 342 266| 456 262| 562| 337 55 26| 573 3487 379
14 993| 206 211 353| 514| 578] 2094 42 93 164| 5248 570
15 1092 176| 110| 833} 318| = 218{ 1495} 131 69| 216| 4658 5.06
16 260| 188| 236 9599| 527 48| 817 85 92 71 2932 319
17 172 337 204 322 235| 101 764 72 54 32| 2293 249
18 90| 279| 467 404 97| 239 182 141 56 23| 1978| 215
19 58 91 424 170 89| 225 205] 182| 426 14| 1884| 2.05
20 1337 49 141 464 92 190 284 123| 1422 29| 4131 449
21 959| 162 712| 446 139 102| 246 89| 1180 45| 4080| 4.43
22 147 185 862 206| 276| 441 82 49| 2004 22| 4274 4.65
23 572| 157 749| 250| 458| 953 25 51| 2275 41| 5531 6.01

A | 19608 | 8621 | 8460| 6955| 8285| 8476| 9347| 4239| 13942| 4067| 92000 100

Table 8& S xed Wt s5d-Add=E A4S GFNIEE Yehd A
ojth. ofFol A=l wla 1108 o o= Y7t wel TS, 7Haks el
Hlsl 50M) A= HE7E ol WAskE As & g Ao £ 74 Aldnite] ¢
B slags 2 AolE HolARE SHo

}
olo 714 wWol AAH oz vl fFAlEt} At

()
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Table 8 Frequency of Seasonal lightning occurrence and occurrence rate by

lightning level

T = A& 7+ A& A H] &(%)
-12 o]3&} 0 0 0 0 0 0
11 0 10 4 0 14 0.015
-10 9 119 34 0 162 0.176
-9 28 730 225 5 938 1.074
-8 101 2692 962 10 3765 4,092

-7 249 6973 2743 27 9992 10.861

-6 576 13078 4821 55 18530 20.141

-5 808 14656 6160 105 21729 23.618

-4 770 12880 5786 92 19528 21.226
-3 250 5049 1875 37 7211 7.338
-2 70 18 92 0.1
-1~0 0 0 0 0
1 15 0 15 0.016

2 17 532 367 918 0.998

3 73 1296 1004 15 2388 2.596

4 286 1184 653 39 2167 2.355

5 463 1178 513 48 2202 2.393

6 171 514 253 26 969 1.053

7 94 341 113 28 576 0.626

8 9% 259 89 27 470 0511

9 50 117 32 19 218 0.237

10 7 33 2 10 52 0.057

11 3 4 0 5 12 0.013

12 0 0 0 2 2 0.002
13 o] & 0 0 0 0 0 0
A 4,053 61,730 25,664 553 92000 100

Table 9= TH¥-ArdE= DS G2 3+E Uepdrh 7t dxo & 43
e AR FAS AES Heola e < o1th. T3+ Table 83 w}

, Al A =

o
3~65 Atolel MErk £SE & gk wwel Aoigkel 13 ol49l v



Table 9 Frequency of yearly lightning occurrence by lightning level

S H 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
-120] 8} 0 0 0 0 0 0 0 0 0
-11 1 0 0 0 7 5 1 0 0 0
-10 20 17 3 8 47 20 21 4 6 11
-9 152 149 66 37 163 142 112 45 74 48
-8 702 416 262 117 456 509 447 188 491 177
-7 2447 1121 716 361 768 903| 1117 528 1585 446
-6 4617| 1925| 1664 964| 1067| 1286| 2231| 1090| 2621| 1065
-5 4705  2112) 2242| 1699| 1572 2070 2358 979 3021 971
-4 3942 1628 1831] 1839] 2409| 2506 1541 520 2925 387
-3 1434 507 735 996 697 586 814 211 1074 157
-2 19 3 9 7 4 6 36 1 6 1
07-1 0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 15 0 0 0
2 146 42 52 54 34 47 146 32 342 23
3 426 226 268 157 93 79 219 60 803 57
4 302 245 338 251 283 84 92 53 444 75
5 230 97 111 286 413 52 36 212 308 407
6 155 54 45 33 131 31 45 161 139 125
7 129 37 40 35 69 96 26 73 68 43
8 109 27 42 38 44 56 25 538 27 44
9 54 12 23 17 21 28 14 21 6 22
10 17 1 6 2 7 6 0 3 2 8
11 1 0 2 4 0 4 1 0 0 0
12 0 2 0 0 0 0 0 0 0 0
130] % 0 0 0 0 0 0 0 0 0 0
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Table 10 Monthly lightning occurrence and occurrence rate by polarity

o 8= =4 Rl
g | FE5(0%) | 35 | FE(%) s | FE(%)
1 22 30.14 ol 69.86 73 0.08
2 90 46.88 102 53.13 192 0.21
3 235 21.00 384 79.00 1119 1.22
4 377 23.70 1214 76.30 1591 1.73
5 647 48.18 696 51.82 1343 1.46
6 997 11.65 4529 38.35 0126 0.97
7 2202 9.19 21763 90.81 23965 26.05
8 2674 8.19 29965 91.81 32639 35.48
9 2508 13.64 15880 86.36 18388 19.99
10 214 5.32 3806 94.68 4020 4.37
11 314 9.64 2942 90.36 3256 3.54
12 109 37.85 179 62.15 288 0.31
Rl 9989 10.86 82011 89.14 92000 100
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Fig. 28 Distribution of lightning grades 9 or more in 2003~2012.
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Table 11 The evaluation of lightning rate for existing wind farms
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Table 12 The evaluation of lightning rate for scheduled wind farms
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AFAFAN A =W FHEA7 S DA Aoy, Gy Ao 49 T
3, Ak, ThAlE FEEAC W GEysrr slieh aE g 3y e

Table 13 Damage to wind turbines by lightning over study area of existing wind farms

for the study period

g7 A 34k E3=s TEA(7]1E)
12} 2004.2 1998.272003.47} % 12} 2009.3
A NN G _} - _} 2009.9 2012.3
27} 2007.12 | @AA & JNA] | 2% 20109
225kW 17] 600kW
ZEIA7] A4 |12 1.5MN 47] ] 12} 2MW 67) 750KW 671
) 271 660KW 77 i 3MW 117]
9 g 221 3MW 57) 22} 2MW 47) 1.5MW 77
750K 57]
g3 93 A A2 1A S 14 S
EEEERE 3 2009.8.27 - 2011.8.1 -
2 = gk S R=R =
SRR ; et g -
EA CT3h14 &4 £
v & A x}pol] z+ 193]
ZH A9 B o7 -18.1kA B 13 B
dAe 93l H gk -4.3kA -8.3kA
EURER PR F o gk —43.9kA

FHWA A7) Aolh YA AFE BEE w5l 9]

Aska glew V& FEGEA TolA Hit GEA=E 7P oFgk 3toltt. Table
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Fig. 35 Hangwon wind farm.
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V. FHEA7ANA 9 HE A

o dojup= HE#o FFES Loty s ThAY FHEA
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Counter)E A&t Y 7t*E & 2 -7FHE], F23 2 29 A0 93 A%
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Fig.37 Appearance and install procedure of Lightning counter.
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Table 14 Specifications of lightning counter

A ZAF Primesolution
EM 80%110%65(mm)
A o] 2~ PC
= 120( )
A9 DC 12
R 50 ~ 60(mA)
Qe # o] 2 RS485, 9600 bps
U] 2= ¢ o] LCD 20%2
BESH P66
Table 15% 92 7h2H9 AU E vepdch A/ BeS 47 g
of Az ¥4 Fite] firh
Table 15 Measurement range of lightning counter
=73 91 (ka) A HGEsH
L1 05~1 05+
L2 1~2 0~1%+
L3 2~3 1~25+
L4 3 ol 2%+ o1
Fig. 38 7HAg] S8R dA oA G767 A9 FELA7E YERY
™, Fig. 395 937I&E7 A4 AXd E5E BoFth GHIteHE 443
FERAE BT ¢zl HJWTIS0071F 22 JAE2 o] 15MWeln B xol=
70m o]t}



Fig. 38 The seven turbines of Gasiri wind farm where lightning counters

were installed.

Fig. 39 Installation of lightning counter.
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Table 16 Period of collected data at each wind turbines

=7 AR T doly =84 dle] & 7] 3t
7 2014.07.24. 2014.10.25 ok 3714
8 2014.07.24. 2014.10.25 ok 3714
9 2014.07.24. 2014.10.25 ok 371 ¥
10 2014.07.24. 2014.10.25 °F 3714
11 2014.05.10. 2014.10.25 °F 5570€
12 2014.07.24. 2014.10.25 ok 3714
13 2014.07.24. 2014.10.25 ok 3714

2. A3 B4

Table 17€ 1157]o] AA¢ G27eHAN S48 dol82 e, 59

30Qel A e wAF Held: 14d FMAABIE Fohel FAF 2

st SEs wAgE Agdesh B AolE mol: glo] GEE A% M7} ohy
=

.
oFm ot ede Hot WA @ A7kl
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Table 17 Record of lightning counter of number 11 in Ga-si wind farm

sH i . o Al i H] oL
L3 14 05 30 23 54
L3 14 05 30 23 55
L3 14 05 30 23 55
L3 14 05 30 23 56
L3 14 05 30 23 56
L3 14 05 30 23 56
L3 14 05 30 23 56
L3 14 05 30 23 57
L3 14 05 30 23 59
L4 14 05 31 00 02
L4 14 05 31 00 02
L4 14 05 31 00 03
L4 14 05 31 00 03
L4 14 05 31 00 03
L4 14 05 31 00 03
L4 14 05 31 00 04
L4 14 05 31 00 04
L4 14 05 31 00 04
L3 14 05 31 00 05
L3 14 05 31 00 05
L3 00 00 00 00 00 7] 5 Q5
L3 00 00 00 00 00 7)1 59
L3 14 07 10 20 27
L3 14 07 10 20 33
L3 14 07 10 20 53
L3 14 07 10 20 57
L3 14 07 24 18 54
L3 14 07 24 18 54
L3 14 07 24 18 55
L4 14 07 24 18 57
L3 14 07 24 18 57
A 313]

Table 18%-E Table 227}A = Ztz} 7pA1 8] &€

o,

71l 3 GEIbeH e 4 7] =0
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Table 18 Record of lightning counter of number 7 in Ga-si wind farm

5w | @ [ 4 [ 9 [ A [ ® I
L2 14 08 11 04 37
L3 14 08 11 04 42
L4 14 08 11 04 53
S| 33]
Table 19 Record of lightning counter of number 9 in Ga-si wind farm
S A ! o Al i H) 3L
L1 14 07 27 12 42
L4 14 07 27 12 57
L4 14 07 27 12 58
Al 33]
Table 20 Record of lightning counter of number 10 in Ga-si wind farm
kel A ! o Al = H] 3L
L4 14 07 27 00 31
L4 14 07 27 00 35
L4 14 07 27 00 37
L4 14 07 27 00 55
7 43]
Table 21 Record of lightning counter of number 12 in Ga-si wind farm
sH b o o Al = H| 3L
L3 14 07 26 22 39
L4 14 07 26 22 41
L4 14 07 26 23 07
Al 33]
Table 22 Record of lightning counter of number 13 in Ga-si wind farm
T b 4 o Al i H] oL
L4 14 08 11 11 11
L4 14 08 11 11 28
L4 14 08 11 11 43
L4 14 08 11 11 52
L4 14 08 11 13 57
L4 14 08 11 14 46
L4 14 08 11 14 51
L4 14 08 11 14 56
7 83]
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