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Abstract: This paper presents a method for early fire detection and fire position determination inside the
nacelle of wind turbine generator system. The rising temperature and obscuration rates inside the nacelle were
used as parameters for fire detection, which can minimize the possibility of a fire detection malfunction
because these rising rates do not depend on the absolute values of temperature and obscuration. The fire
position was determined using the time difference among various sensor positions for fire detection. The
performance of the method was tasted using sets of experiments in a nacelle simulator.
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Fig. 1 Maximum illumination inside the nacelle
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Table 1 Fire types of wind turbines

Fire type oil | spark | Lighting | Unknown
Number of 9 5 1 5
occurrence
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Table 2 Fire locations of a nacelle fire

Genera-| Disk [Electronic/Rotor|Gear| Un-

Location tor |brake| control |blade| box | known
Number

of 4 3 3 2|2 3
occurrence|

Table 3 Characteristics of Nacelle Environment

Temperature| Obscuration |[llumination
Maximum| 5 7 6%/t 23,153lux
value
Maximum| = g7 | () 003894/(fi's) [20,876lux/s
rising rate
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Fig. 7 Response characteristics of temperature sensor
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Table 5 Results of electrical fire detection (W:
fire warning, F: fire, unit : s)

Sensor 1 Sensor 2 Sensor 3 Sensor 4

W F W F W F W F

2.5 2.5 6.8 7.6 7.6 85| 102 (11.0
2.5 34 5.9 8.5 5.9 9.7 11.5 |[16.7
34 34 5.9 9.5 5.9 9.5 83 |[16.7
34 34 5.9 6.8 59 |104] 8.0 [15.0
2.5 34 4.2 6.9 5.1 7.6 8.5 8.5
3.0 4.2 6.8 6.8 80 |[11.2| 10.0 |15.0
2.5 34 59 7.6 6.8 7.6 9.9 ]10.2
1.7 2.5 4.2 5.4 6.8 6.8 9.3 |10.2
2.2 2.2 4.7 4.7 4.7 6.4 7.3 9.8
2.5 2.5 5.9 5.9 5.9 7.8 7.8 [11.9




Bl Zlojth AL g s, A4 224 sEo| Tioll =2dto] AP EE TRl om,
SES UsH Zs ¢re] exe MM A E 4.0% Fol ywA WMl g FsEol Sl
EbdTh SEAA o] 2.5% ol AlA 1ol A] Tasle] 19X oA FAE wEse 2 9%
RS EN B AsEe] A Tk 5 ANE FALA 492 Fol B A5E| S0l
Ldste] shA Fo e stAEA S FAlol WSt Ldste] AP EE HHsIoH, o]F 57x%
Aor, 68% ol AN 29ANN S E] 5o yux) W eEgsEel T4 =dd
Tpoll =ste] shAf Fol5 2l o] A= wrds.

ol 7.6% Foll UmA sAzhA Mgl B 2o Aol 391X 64 LEASE Tio =
ao=) Sfoﬂ Edste] AlA 204 % A 7F T gale] SAARE wEslgon, 65%d EE
B oA A AN AN ERATE  yrge) sel wusel sl v g

=] ule 519 ol & )
Tyl =gsted shAlF SHHT OIF 85 g o 740 BE 45E 50 wdal
= o % =A% B =
zo 3 9] }Q ALA ol A _—17(0 i %?Ecﬂ o] 49)xo] FAARE, TE]a 82%] LLEAE
Tyell tedtstel 39119l shAnAE AEete ol Tpoll =dste] stAE Tt
Ul 10220 4 SN EEITES Tl = gaage assng @smgel dstel
"/“3}04 SHAFE, 11.0%0] B dsEe] Sl ewAz=guT BE Axgo] WA A7 gt
dato] 49l M= A E HEEeS e o] Edal= A9t gon A7 FgAHc W o
”JE} EI QA7 Bew EEGsES] B 7HAl shA7E wmEA A EE dEFS Holed
T ASERY WA 7IE 3 BeskE Aol 9l olAL ayjuto] AV FA KT AEty] wEo
At Z w4dn

Table 62 SF3A4 103 A AFAE e AT
o = ]T_:Tr N Eo - N Table 6 Result of oil fire detection(W: fire warning,
‘”‘Wﬂ’zﬂ }éﬂz‘:’.jj—q- 713Z]7] 1 ] ]/\10 §]_]H7§E- F: ﬁre’ UIlltS)
= B 27'%93‘1’ StAEA A FH A 25%, Sensor 1 Sensor 2 Sensor 3 Sensor 4
Ao 59%, 18la FF3.9%ATE E3 199} w [F| w [F| w [F| W [F
29929 A FAA 2= HA 0%, A 4%, 25 |25] 49 |65 65 |65 74 |74
aE3 B 26240k SR W78 9} 1.7 (40| 40 |54 57 |57 74 |74
= gy g% AsFo] wil A wE shaF 4.0 4.0 4.9 5.7 5.7 7.4 7.4 8.3

! o 25 40| 49 |65 49 |65 74 |74
of B skl A AREARO7E WSEkslem A e 30 |30| 46 |63| 63 |63| 71 |87
7F 7Hg w491 A A T H 7] SHA A EL ) 17 25| 49 [57] 64 |74] 74 |91
kA A7} wkglk, 25 |40 49 [57] 57 |65| 74 |82

Fig. 13& A7) 3h4] A3e] tizel A8 A 30 [30] 39 |55 64 |72] 72 |81
SZTable 514 3 WAl A AT ebd Ao 17 [30] 47 [64| 47 |64| 73 |89

. . _ 42 [59] 55 67| 67 |76] 84 [93
o st o] 5 2.5% Foll 191 A 24

& ,"—1-‘ 165
50 1’”".—'—.“ R e

_ —— . F_,_;j;—f-l - =, Rfiveg

- = o wammg (;;rarnlng @y -« 3 2 o ol ’, —s—Smokel
SLTCLTRAN, Sy = v e cn =4 g R S

E;" ;I_:'» =% ol N / i fire (2) ilre(zu,. ‘-”-"""" g ST Tkl

ik 0 warning (3) =% = == Temp.3

_45:«// S e = g

o0 08 13 a5 54 &2 51 53 &8 I;gmgﬂnni’:i?“é‘cé 110 119 127 136 150 155 187 175 oo os 17 5 40 45 57 65 I-‘-DeEt:nIZ;.“:‘ils;L‘B 116 125 139 142 150 159 167

Fig. 12 Results of detection time for electric fire Fig. 13 Results of detection time for oil fire



942

71:}

o}

Table 7 Detection time according to distance (unit :s)

Sensor Sensor Sensor Sensor
Minimum 2.2 4.7 5.7 7.4
Maximum 59 9.5 11.2 16.7
Average 33 6.5 7.7 10.4

Table 8 Time difference between sensor 1 and the
other sensor positions (unit : s)

ot

posttions | 2 3 4

Minimum 0.8 1.7 34
Maximum 6.1 7 13.3
Average 3.2 43 7.1
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