creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

4

M At

SR 27| A]

;o_l

=

;o_l

N

rm—

8H

20154F



WS TE LB HroR B

2015 £ 6 H

KEe T8 ELE He DA

EMKER KR

2015 £ 6H



A Study on the Early Fire Detection and
Fire Position Determination
inside the Nacelle of Wind Turbine

Dahee Kim
(Supervised by professor Jong—Hwan Lim)

A thesis submitted in partial fulfillment of the requirement for the
degree of Master of Engineering

2015. 6.

This thesis has been examined and approved.

2

Thesis director, Jong—Chul Huh, Prof. of Faculty of Wind Energy Engineering

Thesis director, Jong—Hwan Lim, Prof. of Mechatronics Engineering

oF A

Thesis director, Chul-Ung Kang, Prof. of Mechatronics Engineering

Major of Wind Power Mechanical System Engineering
Faculty of Wind Energy Engineering

GRADUATE SCHOOL

JEJU NATIONAL UNIVERSITY



- 11

LIST OF TABLE

v

LIST OF FIGURES

"Vi

Abstract

A 2

5 e

Y

Ho

B

R

I

10

]2

LA 317 O] E] Zo3] rervserermeessessesissssssssissssssssssssussssssessssssssssssessssssssassssssssssssssss

xr
T

ﬁo
o

—

II.

12

1.

=
T

TR

=
rql
xr
o
M
Nd

ﬂl
T
X
il
1H

2) d71s

ﬂl
fuy
xr
o

1
o}

21

shA) 7HA|
A A

IV.

21

21

22
w23

Kl
ﬂ

A A

2.

23
25

D) kA 7]



28

28
32

A ZFA] A BH O] E] TEA] et

32

32

35
38

T

e

Mo

39
-43

4.

il
Pl

VL

45

oy
sl

!

"

ii



Table

1

Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9

Table
Table
Table
Table
Table

10
11
12
13
14

LIST OF TABLE

Support information on the selection of fire detectors —eesssssesssesesseeeses 9]
Classification Of fire seseceresesesesescscasciarastasciassrrestarssiarestsestsansssrestaesssarastsesssaness 9
Fire type of wind turbines nacelle ssssesrrsesesersescrrestresiastrssirastresiarassesssaseee 10
Fire location oOf nacelle ceessesesssesseiniiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiii. 11
Features of SINOKE SEINSOT srreserresrreseresssarstrsciarsstrostarsssrestrrsssarsasesssarssssoscansssd D)
Features of TEMPETAtUTE SEIISOI *rresererrereseranaresersnanesssrsnnnessrsnanessrnnanessrnnaesed )3
Characteristics of Nacelle ENVIrONMEnt «seesseeeesseesesesccscscscesciaatsecioaiasanasd DN
Early fire detection algorithm ..................................................................... 26
Result of electrical fire seeserseseressseressrrestirnsiarnssirstrassiarasssestraessiarasssossaresssanasss 33
Detection time according to distance for electrical fire «eseseseeescces 34
Result of O1l fire sesersesesesresscacsacsciactnnsiiasissiiasstssirrssssestansssressassarscsessaoscaess 36
Detection time according to distance for oil fire «eesessseesesessccncenensd 37
Detection time aCCOfding to distance ......................................................39

Time difference between sensor 1 and the other sensor positions -+

— i —



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

© o0 3 O O e W N

NCTE T G R NI N R S I e e e = = e e e
O = W N = O O 0 N & O 2 W NN~ O

LIST OF FIGURES

Fire il’lCidentS ......................................................................................................... 1
Jeju Wlnd turbine ﬁre ......................................................................................... 2
YeOtheung Wlnd turbine ﬁre ......................................................................... 3
Yeongheung ﬁre extinguishing System ...................................................... .4
Fire prOteCtiOH ...................................................................................................... 6
PaSSiVG ﬁre prOteCtiOH System ......................................................................... 7
Data COHeCtiOH System diagran’l ..................................................................... 1 2
MOHitOTng System ............................................................................................. 1 3
MaXimum ﬂlumination ...................................................................................... 1 4
Minimum ﬂlumjnation ..................................................................................... 1 4
Daﬂy average illumination ............................................................................. 1 5
MaXimum rising rate Of ﬂlumination ......................................................... 1 5
MaXimUm SmOke denSity ............................................................................... 1 6
Minimum SmOke deHSity ................................................................................ 1 6
Daﬂy average SmOke del’lSity ....................................................................... 1 ’7
MaXimum rising rate Of smoke denSity .................................................... 1 7
MaXimum temperature .................................................................................... 1 8
Minimum temperature ..................................................................................... 1 8
Daﬂy average temperature ............................................................................ 1 9
MaXimum rising rate Of temperature ......................................................... 1 9
ReSDOHSG Characteristics Of SmOke SEIISOT  *erresrrerserersrsescressarassesssarassroscaness 2 2
Response characteristics of temperature Sensor seesssssssssssssssssssssssscscasd 23
Rising rates of temperature and smoke density (electric fire) seeeeeee 25
Rising rates of temperature and smoke density (0il fire) seseeseseseseseeeesd 20
Fire Simulator .................................................................................................... ) 8

_iV_



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

26
27
28
29
30
31
32
33
34
35
36

Simulator diagraln ............................................................................................ D8
FIre SENSOTS srreserereserestresttanciarestannsiansstrostarnsiarestaesssarsssrestarsssrstarsssarssssossrrsssanaseed 29
Location Of SENSOTS cerererreseressorestrcstarastrstarastsstarsssressarsssressesstarassesssarassesssansanes 20
Simulator algorithm ......................................................................................... 30
Fire detector DIOQTAITL wwesesenereesesennsasossnnstsonsnnatsonsnnstsononnantsossnnstssssnnstsossnnsasosonnel 31
Result of electrical fire cesseseessesesssttaniiiiiiniiiniiiiniiiiiiiiiiiiiiiiiiiiieiiiid 35
Result of 01l fire seecesesereseseresserestansianastrsciassiarastsostrasiorestrsostarsssarestsesssansssanasses 38
Circuit diagram of fire detection System csessarsaressatsatasstesiresaansssescansanessanesd()
Fire detector System ...................................................................................... A1



Abstract

Self fire suppression for a nacelle of wind turbine generator system is
inevitable because the location of wind farm is generally far from the fire
station and the position of the nacelle is too heigh for firefighting equipment
to reach it.

The thesis presents a method of early fire detection and fire position
determination inside the nacelle. The main variables for fire detection can be
illumination, temperature and smoke density, so that the environmental
characteristics inside is very important. Thus, we analyzed the characteristics
of the nacelle environment that is dependent upon the heat generated by
various apparatus of the nacelle and the change of outside environments
according to the seasons.

By analyzing the nacelle environment, we found that the absolute values
of temperature and smoke density are not suitable as a fire detection variable
because they vary depending on seasonal changes. Illumination is also not
suitable for fire detection because the absolute value and the rate of change
of it is very high, so that it is very difficult to distinguish whether it is fire
or not. Therefore, we developed a method of an early fire detection and fire
position determination bhased on the rising rates of temperature and smoke
density that are independent from the seasonal changes.

The performance of the method was tested in situation of electric and oil
fire that are the most common types of fire inside the nacelle. The results
showed that the method is very fast and reliable for fire detection and fire
position determination enough to be applied to the actual wind turbine

generator system.
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Table 1 Support information on the selection of fire detectors

for monitoring rooms and installations

Multi-sensor
Flame
Smoke detector Heat detector smoke
T £ detector
ype o detector
detector Multi-
Point- ) )
Room/Instal point- | Linear Smoke | Smoke
shaped point-
lation shaped Linear | IR | UV | and and
shaped
Scattered | Aspirat— | Light heat CcO
light ing beam
Nacelle with
transformer,
including hub X O X X X X X X X
and raised
floor
Central
electric
power
substation, O O O O O X X O O
switch
cabinet
rooms
Tower
base/platform
with
X O X O X X X X X
available
installations,
if applicable
Switchgear
O O X X X X X X
cabinets
Hydraulic
X O X X X X X X
systems
Transformer X O X Buchholz relay X X X X
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Supply voltage 9V

Current consumption 15 = 2 pA

Output in clean air 55 £ 05V

Smoke sensitivity 1.2 £ 03V

Temp. & humidity Temperature -10~+60C

operation Humidity Less than 95%RH
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Fig. 21 Response characteristics of smoke sensor
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Tllumination
23,153lux
20,876lux/s

Smoke density
6%/foot

0.0038%/(foot + s)

477C

Temperature
097C/s

Table 7 Characteristics of Nacelle Environment

Maximum
Value
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Fig. 23 Rising rates of temperature and smoke density (electric fire)
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Table 9 Result of electrical fire (unit: sec)
Detector 1 Detector 2 Detector 3 Detector 4 Fire
NO. Warning | Fire | Warning | Fire | Warning | Fire | Warning | Fire position
1 2.5 2.5 6.8 7.6 7.6 8.5 102|110 1
2 2.5 3.4 59 8.5 5.9 9.7 115|167 1
3 3.4 3.4 59 9.5 5.9 9.5 8.3 16.7 1
4 3.4 3.4 59 6.8 59 104 8.0 15.0 1
5) 2.5 3.4 4.2 6.9 5.1 7.6 8.5 8.5 1
6 3.0 4.2 6.8 6.8 8.0 3.2 100|150 1
7 2.5 3.4 59 7.6 6.8 7.6 9.9 10.2 1
8 1.7 2.5 4.2 5.4 6.8 6.8 9.3 10.2 1
9 2.2 2.2 4.7 4.7 4.7 6.4 7.3 9.8 1
10 2.5 2.5 59 59 59 7.8 7.8 119 1
Average 2.6 3.1 5.6 7.0 6.3 3.6 9.1 125 1
Maximum 3.4 4.2 6.8 95 8 1121 115 |167 1
Minimum 1.7 2.2 4.2 4.7 4.7 6.4 7.3 8.5 1
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Table 10 Detection time according to distance for electrical fire (unit: sec)

~
=
m5mmmm61%87644%1
R IR SR I I B B B I R B R I IR e
L
A
o
=
Slala|lm|lala|L v lon|a | xln|o |«
9 |© |©o |S | = |+ U - R N N o R | Vo R B S A
©
A
N
=
S lmlrlm el lalag|vw|s|a|=|n
S B I Bt T =T oo S o S Y N A, BN R o S B o T I I Y B NN
©
A
o | § | 8
: 22
01234567890r.m.m
. | Y =
AR
= | =




&
=

Al
=

H A

3

A

Ai}tZ Table 9ol A

3

j=s

]

A
=

Al
=

A7) 3HA

1
1.

Fig. 32

il
ﬂv
T

sttt shA

S

2 TR

B

—_
o

\mwo

oot A EE

SRIERES

15|
jm

=
=

o B4

LB
U

HAZ 2 HAAANA AP EI; T

ZIEE 9ol gHAl9

H

Joll 3} F=, 11.0% A7)

X
BE 359}

ol9} Zo] AVFAE 2% s ECl WA 7]

73

ol sk

)

Na
N

3 7Y

Smoked

Temp.4
Unit : Temperature (C)

-
A=

a
=B= Temp.l

= i~ Temp.2
et SOk E2
= ¥= Temp.3
== Smoke3

—&— Smokel

Smoke (%/foot)

N

P e e ) §

.-
AR7}

=i}
=

S
PR “u—-n
— 35 —

2}

AA7) 1914 WA sA Fel

fire (4)
Detection time(s)

|

3

IS

warning (4)

j=s

4

fire (3)

pol
Al
=

A

fire (2)
/|

4

g (2)

\f-arr]ipg (3)4_:" -

Fig. 32 Result of electrical fire

V]

/.
warnin

|

A <]

-
[e]

/

=
L
i

)
T

|=]
-7

a

warninlg 1)

fire (1)
0.0 0.8 1.7 25 3.4 42 51 59 68 7.6 8.5 10.010.211.011.912.713.615.015.916.717.518.419.220.120.921.822.623.525.125.2

60
50
40
20

Table 112

2) w3 ¥ 23
stA A 914



271 1 fiA M 2] stAFols Hd 2723, A4 ER= Ht 36

59x A A7) 2 AACAM ] spAFel= it 47%, AFE= HE 6
H7F 652, A7) 3 oA e stAlFe= Wit 59%, st = Hit 68
A7 4 AA N SAF = Hd T4x, PR =
Bt 83%, FHui7b 93%v. A A FRsHAE dA|sAe= &Y dAr)7
ol ZAsR e I A AV AsEo] waEA ZHATE Hold A wE
AT R AP R A Aol Hszsklal, e vE W AAMZEH] w2 ZHA)
7F =

5
B
=
N

b
B
=)
~
N
(@)
g
20
o
M
~

Table 11 Result of oil fire (unit: sec)

Detector 1 Detector 2 Detector 3 Detector 4 Fire
NO. Warning | Fire | Warning | Fire | Warning | Fire | Warning | Fire position
1 2.5 4.0 4.9 5.7 5.7 6.5 7.4 8.2 1
2 1.7 4.0 4.0 5.4 5.7 5.7 7.4 74 1
3 4.0 4.0 4.9 5.7 5.7 7.4 7.4 8.3 1
4 2.5 4.0 4.9 6.5 4.9 6.5 7.4 7.4 1
5 3.0 3.0 4.6 6.3 6.3 6.3 7.1 8.7 1
6 1.7 2.5 4.9 5.7 6.4 7.4 7.4 9.1 1
7 2.5 2.5 4.9 6.5 6.5 6.5 7.4 74 1
8 3.0 3.0 3.9 55 6.4 7.2 7.2 8.1 1
9 1.7 3.0 4.7 6.4 4.7 6.4 7.3 3.9 1
10 4.2 5.9 5.5 6.7 6.7 7.6 3.4 9.3 1
Average 2.7 3.6 47 6.0 59 6.8 74 8.3 1
Maximum 4.2 59 55 6.5 6.7 7.6 8.4 9.3 1
Minimum 1.7 2.5 3.9 5.4 4.7 5.7 7.1 74 1
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Table 13 Detection time according to distance (unit: sec)

Sensor 1 Sensor 2 Sensor 3 Sensor 4
Minimum 2.2 4.7 5.7 7.4
Maximum 59 9.5 11.2 16.7
Average 3.3 6.0 7.7 104
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Table 14 Time difference between sensor 1 and the other sensor
positions (unit: sec)

Sensor position 2 3 4

Minimum 0.8 1.7 34

Maximum 6.1 7.0 13.3

Average 3.2 43 71
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