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SUMMARY

As wind power capacity increases, the accident such as a turbine fire and
structural failure of wind turbines also increases in the world. Over the past
few years, there were also some wind turbine accidents in Jeju Island. However
there is no manual or guideline for preventing wind turbine accidents in South
Korea. In order to provide guideline for disaster prevention manual development
for onshore wind farms, this study was performed. Many Korean laws such as
Fire Services Act and Emergency Safety Management Act were reviewed for
deriving appropriate action plans for preventing turbine accidents.

As a result, the fire detection system and automatic fire suppression system
should be installed in wind turbine nacelle in accordance with the turbine nacelle
type and structure, which should be checked regularly. The possible boundary
for wind turbine fire damage should be estimated for contingency plan, which
should be advised by various experts of wind turbines, fire protection control,
etc. In particular, the experiment of turbine parts dropping was recommended for
obtaining practical data for the development of disaster prevention manual of
wind turbines. The subsequent process after reinstatement of turbine accidents
1s also important for not repeating the similar turbine accidents, which was
proposed in this thesis. Additionally, the training for preventing disaster at wind
turbines i1s necessary for safety first principle, whose ways and procedure were

also suggested in this thesis.
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Table 1 State of wind turbines on Jeju Island,[4]

w9 8% EPS Az} 23uE e
(MWh) (MWh)
FE3Y 2 15 skl 2015 30.00
A¥FH 3 10 Alstom 2015 30.00
2 1 STX 2012 2.00
3 1 FAE 2012 3.00
A3 5 1 a4 2013 5.00
(AFA)
5.5 1 ke 2013 5.50
4745 1.5 1 shxl 2006 1.5
A3 =ArskE Y 0.75 1 fry<e 2010 0.75
LR34 3 1 FAE 2015 3.00
SK7HA 2 &9 3 10 A "l 2 2014 30.00
1.5 7 sk 2012 10.50
7}A ] = A 82 0.75 3 Fys 2011 2.25
0.75 3 a4 2011 2.25
. .5 4 NEG Micon 2004 6.00
3 5 Vestas 2007 15.00
AFdEE9 2 1 Vestas 2010 2.00
2 0.85 2 Vestas 2006 1.70
2 6 Vestas 2009 12.00
e 2 4 Vestas 2010 8.00
0.75 1 NEG Micon 2000 0.75
0.75 3 NEG Micon 2002 2.25
BAFTH#L
0.66 2 Vestas 2001 1.32
0.66 3 Vestas 2003 1.98
BAFH#4 2 1 fry<s 2012 2.00
WAFH#S 1.5 1 sk 2012 1.50
PATH #16 1.65 1 2013 1.65
yAFH #17 3 1 Tk 2014 3.00
WAFH#3 0.66 1 Vestas 2000 0.66
FAntS39 2 1 STX 2013 2.00
Ay 3 11 Vestas 2009 33.00
s A 103 220.56
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Table 2 World wide Annual wind turbine accident (CWIF)[15]
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Table 3 Fire-related error information at Gimnyeong wind turbine Unit 1 [22]

Al zk o 8 13 A “{5‘
2015-07-07 INV DC Link
25 A AE(DC Capacitor)®] Aol 1600V ©] 4 72
12:58:41 Over OLT(HAY) | T 1A apacitor) 2| 415! A
2015-07-07
Safety loop open | ¢+ 3] Z(Safety loop)”} 70 (open)® 735
12:58:41
2015-07-07 CONV DC Link | #A®E 2% #=(Converter DC Link) #<to]l 1600V o]
12:58:41 Over VOLT(H/W) | o] =4 24
2015-07-07 Over speed 28 oW a¥= ZA7](Rotor over speed detector) 5 2ol
12:58:41 detector active | ZAE A%
2015-07-07 INV DC Link SIve AF o AZ(Inverter DC Link) A ¢to] 1550V o] Ato]
12:58:41 Over OLT(S/W) | 59 &4
2015-07-07 CONV DC Link | #A¥E &7 #ZA(Converter DC Link) Ate] 1600V o4
12:58:41 Over VOLT o] Tw whay
2015-07-07 Rotor over
— speed 2 ZE 3" A4 (Rotor rpm sensor) #kel 30[rpm] o] 4¢l 7%
ole] 5 6 @A Ax}(Error 5, 6 stop procedure)ol A 9 =
2015-07-07 . _
Rotor Brake TFail | ElE#|o]a F& o] 10[bar] ]2 ejolA] 11[sec] ©] 3l
12:59:01 s
2HEZ7F 10rpml]e 273k 45
2015-07-07 DB Operation
DB(PCS W3-5-%) 52to] 1sec ol4Fo] =
12:59:43 Over Time ( HTTF) S ] sec ] b} ] ] g
2015-07-07 Rotor brak:
oror brake 2EH# ]2 vl A (Rotor brake wear sensor)’} ZA¥ 7%
13:00:47 pad wear
2015-07-07 DBR TEMP
DBR(PCS WH53F) =27 80[°C] o] dd A2
13:01:09 High(DD) e eE e
AEHBGR] EAld s 2P S HL
2015-07-07 Communication _ ! .] 171 ! _ °r
30195 CTLINY (F5% 71&E(received data)’} 3% °l AFEA k= A$-
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Fig. 17 The install state of automatic fire suppression system inside of wind turbine nacelle [28]

el
Hlo

s

yAO
e

il

et [29]

R4

S| Folok ¢

<)

A

%

Al L

=

o

1o},

°
pil

3l oF

€]
_26_

Aok SR BEAL Aol o A4



(2) A A A

o
e

o}

T
)

Ap-s 2234 A 2

A=

9

A ge 9

e b

‘mwo

-—

m
wt

A A Adne) F5

=3
I~ J
— N ) <
okl "~
zZ
i e N
B/
T
~ o)
N
e ~
i}
B Tl
) cy
"
1y
o
iy

2o

o

A7) Herde vpehd.

A7 EA 7

B
|

o)

CEATI) A A S Y Al 2E JASAIE Y

o
w

Table 5 The applicability of fire detection system for wind turbine [30]

3 A &4 7]

1A A

i

o)l

Hjn
=

il

VDS®e] Wind turbines Fire protection guideline &

.
R

CE R

Table 5

5 ©]

A 7] 18] Ark Detector

s

ey

B

o=

2171, |71

sp7hvl 2,

Nfo

wro
s

/\go] 1)
- 27 -

j—

[€)

719 A7}

ass

ke]

&l oF

73

sl
=



Hj

+

27|18 14

9

T

E3H Ftojl 2t

=7|¥E 1cf

9
5

144

CCTV

= 7|8 1y

SMOKE Z+x| 7|

Ark Detector

Fig. 18 The automatic fire detection system of wind turbine in Hankyeong wind farm [26]

A

g =

]

JE

5
t}. Fig. 189 s4%FH

A 2o

A710e) 57

IE15
=
Gl

g

= HoE

o

I

A v | &3} Table 5

A X

9

Edy

A
=& AA

g,

]

|7

A v A

7

719]
Fed o2

)

Fed ehA =

)

¥ %)

=
3

A A= A7

9

71

3L
> g

A

2 Ag

¢}

E

o]

B

—
o

G
W

A

o

o

ruge]

oj
ol
N

Hjo

of upe}

=
5

o

Al

_28_



o] 2y o} 2o} Hu.

3 vl 37

o ¢

]
3 ) 714 A] 2=

B
b2}, CCTV, Ark Detectors< 37} A2 &9

S|
=

!

bo

2k o]

Ko

Fof Al

J|

Fol AR shA ool o

S

R

B!

—_
o)

el

7o
of

BH

i}

<]

p—

0
L

_29_



2) A4 71+

RN B

A =

7] 3ol
el

T
ol
i
o

R4

gk wiard 3 el o

]
=

oF o)

Table 6 The inspection standard for automatic fire suppression system [31]

= !
ol ol
o | Mo
T st o
3 7 s
- ~ X
X A
™ =0 o
ol ﬂ. | .i ‘ﬁ
I B
K p i
w | T |
) ™
e !
Bo Bo
okl oR
_ < <
N N el e
~ ~ ~
N o T | E
. - <0 o
O\S o - -
o iyl T
~ <~ <
R ® | ™
— —
h & & ol
" T "H
wF JJo L
i o ~ ®e

)
Mu_.o

o

)

1=
6}

AA o] Agn FA A2 (2] 57F

o

el

Table 6

%2 7] o]

4 HolErh[3l] F

g vl 3

—_
file)

ol

To
il

min

&

)

W
H

R

+

o

o

Fo] 13]/6704d, Al del o

IR

&

d

H

delg 9o o A &

5|
pud

L= =] T

IAES do}

JJo

_30_



3) 4Rl #YrlE

AH71ES dER.

ol
2N

7] YAY szt o] g3

e
Gl
i
Hjo

8

Table 7<

Table 7 The inspection and maintenance standard for automatic fire suppression system[31]

- w R
U.:| 2o} 0O X A_l] 1r‘_ m;A
. N 3 oF a3 = o =
i 4 B o |4 o = A o #e M TXRE
= X = X 53
== ® 5 B s WL wE A o o P
%o e o N %W = Lmﬁ
N
ﬂmo
53 53 o T =) o
- - o - o T
T B0 T I 7o N ™ I
,@ o < o Y <
=
X I i
) i 0 H
W T %7 Kl o X * S
rl 2o _ } E) = e wE ) = N
noE A B ot N ~o = =
W 2 hs| = to op T I+ X 0 T w S %o
w oL BT 9 X OB OEF R | W X0 X0 5F el ¥
A = I N L e T o F bk T o T o
Py X EEhm ot lmopt n | Tewow o oy g ¥
I T . L A B S L
N = _ o N} ~ AT
- ooy WO M T x| w0 dm e __MO T o om TowE T | Wb =TT Y 3T w2
MR oo W & e Ko | o D R =®xXT | ¥EATET YT WD
T Y KW TR Wom EgRpTEDNYRT | dT xR PG
R T R T EW | Wm B v RAEANRE R RN T RS
n - o o I R TN T B o T JRNTO NNt B SURC RS S (RS O I TSR I S
= i
53 W Ry T A
- "o R xE o R
@ s W WO Joom 4
g & ok Sl CER NOR g
~ 4 =
4 o
Be ~ do @
— o —
~ ) oA
~ Xq <

_3"_



arpdv)e] e 72 A 23] dee Asashdn]e) deR veE 5

ksl
pul

o,

sfeol

12 714w A

19 17471

1o
o)
olp
Hr

;OO

1

EERIEES

5}

7H]

(KFIS 026)

=
RLA

A ske] oF

ki3

R

_32_



2. ZHUXT| ActAboof| chet of gt o5
1) ¥8i7}s ZONE A= o]+

el M Aeet PdFEddr)e] AL & AR, AYE s AHEY AL
LA AP FFo R FEYS W ASEA 2 AE Vg 1 AY

NE9 Fa7begdel telAE aetA] etk ol HulE BRW FF FHEAY
o) Al & 7]e} AlGAbazE B AY, BTl Y W S74H o Al
ojof & wjjrdo] W=l Fesltta FekEth Fig 504 & & ko] FEdA

7= AR ez @yt Holrkal 1 ol =mobA b vk ' S ZetE

gl

E o wiwd 24 Al &% Repowering & A 9-E tivlste] I ZONES A4 st
A%k a1y & Apgrolt

ol AAE aElste] oA AAZ 2, W A 2 FAYAREY A
Testo] AF sl fXE ThAlE FERAGA 9 &) 7ls ZONE g WA

s
A,

Table 82 F=#H'2H7]9] Afard g el b vsj7ls ZONES &3 WHoE

!

Table 8 The consideration for installing possible damage zone

8 We %9 a1
e FTHEAT Hol HAafar B9l Edlol =0l 1y
B9, Edol=xe], &=
et Edol= 9 B dAba 3 de a3 spHolEA Wt
soll 9% el s e il
S hyi M= Ke) 2} o] 3} =
1) Boolt W U ATERe AL s gH o] npto /]ti_ o] F A
2], 9 23F shApdA 8o
e FATE BE D AE RRRe) | naG A Eol HaEEAG
o Satel o% Abx 34 WHE 7]

_33_



SR

el e]

e

AApaLo] A wk 2Yof YAl 2

oh¥) =

olm 3

R 5 o A

L
Ho% ¢he =

Z]
=y
o]

o

oo &

9z

I ZONE A A] ©E}

9]

0]
=

1
o

EEER

bW Beol=

J|

A 5}

o

o= 3t

1=}
=

1
.

h 84

sty CWIFol A

3

EES

Aste] 1

Al SRS RS NS

o
CRE]

el

2 2kmeol ol

)

R

o 3

R

A

A7k ol

W 2kmol el 27 sk 7]

—T‘
v Al

Br
qr
o

~
file)

Ao A4 A

)
T
Hlo

1
N

ZONE¢] ®

ks

b1

3L 2~
5

ol

gl

]

Al A

& O
Ezh=a

]

ABsa

_34_



c
S
g
8
o
&
o

Fig. 19 Wind turbine fire at Ardrossan wind farm, U. K. [24]
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