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Review on Fire Characteristics and Prevention and Control Technology of Wind Turbines
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Abstract: With the advancement of the “dual-carbon” goals, the installed capacity of new energy power generation con-
tinues to increase,among which the wind power plays a critical role in the energy structure adjustment. Wind turbines are
the core components of wind power generation systems; however, the fire risks exist. Fires primarily occur in key areas
such as the nacelle, blades, and tower, significantly jeopardizing the safe operation of wind turbines. This paper reviews
the characteristics of wind turbine fires, monitoring and warning technologies, and fire-extinguishing techniques, with a
focus on analyzing the causes of fires, structural thermal balance characteristics, material combustion properties, moni-
toring and warning methods, fire-extinguishing agents, and fire-extinguishing equipment and systems. Through a
comparative analysis of existing technologies, recommendations for research on wind turbine fire prevention and control
are put forward. These recommendations can serve as a foundation for enhancing fire safety under complex multi-factor
operating conditions.
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Table 5 Experimental setup of cone calorimeter
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Table 9 Common fire detectors for wind turbines
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Table 10 Comparison of available fire-extinguishing agents

for wind turbines
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Table 11 Common fire-extinguishing devices

¥l TR B A S 76 T
AR A 1
BERT U X 1
BTy, e TR e m
B e (O g T T
" ’ - DINyies 3l s -
o
IS TR R LT
3 kg [ i
HATH BRI, W ot pps & IPREIT
4 95~990 7T
oK 2
RS R,
AR K

. R, 8
Hake WRRARRINE (R

RRS5/SL A4 5 k;

KA B A Now DA w%\M%\m(%%EF%%g

BeRKEE COn O SUMMS  Uis %;%’
B AR, SRE
S, TR,
R WA
HUL IR K A
TR LR

. FLZH 2 kg LRk

R AT, a2 ke ERPIRER

R Il
WK ) &
SRORIR TR
W, R, RIS

BB, WA kg FARRAH

Lo o IRE, T L, edie

RIEE 492 C, HiRTFHNE Wiz d%%%%ﬁ%
. FRIE L, 450 52
TR B

IR K

s TIHPHRIE T AR IR BT OERMLEF &, Gt b
N20254E8 A5 H.

FERFAE BAMEASE, 256 KR H R B SCH R S
VILA BRBATZHA,  SEOURCREALAE 7 5 H b5
MBI E N 5 KR ITENE REFZTHTOL,

AT, KR HLALHE BT BOR T E A A sl
Fov GEMIPERT K BETE DU RE I TR 3 KA
PRI, AR TS BOR IR R, JeH R MK K
PLE R 7R 2 2 88 A 1 R RO 7T i 2 78
§9. SR LATIE, AR SRR B SR A A SR
A, Kb @SRRI S R KB & AU2
FOERHERTE; FIE R IRTT R G REALKT, BL
BRI SmIA BTG M, W B MO 5 2% 22 A2 (1 X3
MEEANLH AN EASE . BAREWTS: (DEFXHE L
P37 B R SIS (0 K R BT TR TF AR A I
e BiK. FUIESETERER) L RIE R B (SR
TR KR AR5 DU M B R G0, AR AR DR M A7 B PR
Aty SR (R 8 e M R

3 g

B HLAL IR PR 22 TE) R, K R SE R R R L
FNKAERE R BRI )y B 5 R R R & 2R
rAE I, 551k A B B Rk HAK R Z
FLIE PRI I PR, B 17 7™ B A B 4 »
KRy B KA A e B B, (H T 708
JAFE R KR SR T IEER AL nz
B AR b B AT B, SR B R A AL
fE Y 1) 2 HRT A 52 S B b Ja B TR B R
A, BB T KRBT RIS TS R R 2Rk

D IR FER. 2 TS 1ERH T XA
KRR Z VB BT o 38 I 2 57 e ok
MR AR, B EIRE . k. RS
Z IR G R AR, RICKR BN IIRRL A8
MR AL o T B g /DR G AR AR A
ARG A B a8 (1 73 ST A iR A R
IE HELTCREONE T i B B AR PR 156 100 )Xo A6 R 2 4
BAT B AL o BT O R L UL KR AR I A
NN N AR R Tt . ARG Bl K fasil
RGBT KKGFESE ALK K BAT /1R
WA .

2) TR HLA AR I RS M 5 2
Wige )y ETREZLREG. ZSEMNMEEARR
B RLATL AL PE B R (K XU PG RS R 5 AR/
AEARLIRT ST+ IR AL 6 bl 5 0 e e
WS BN PSR -

3) SEAL X HLZH B b R K 75 i T e
ST MRHER S F A F 00N (2 4e 8,
SRECRALTE,  DASRTT B % B B G R M 5 T
MEEEST s PPV B RILED . T B RE
MRAT RIS SEBL AL 4 K R TS -

4) fnsmiE E R KR BRI T . L
WIZHs TR, Bk EIEB SOk, —BRA
KI, ANERER S EAE UL BRI N TRNTT
JEM IR ST N M JCRHLERWEFE, DL
JRCFELARE 9 K T IR B BB R B AR

S Hk References

[1] Ben Backwell. Global Wind Report 2025[R]. Abu Dhabi, The United
Arab Emirates: Global Wind Energy Council (GWEC), 2025.

(2] hEW AR R EE L Sy, 2024 ARk E R 3
Giit ARk ZAR[EB/OL]. dbxnt: hE 7wl F AR AR 2 Kge k2 i
23, 2025(2025-08-05)[2025-08-05]. https://www.cweea.com.cn/xwdt/
htm1/39900. html.



1638

LN

2026, 52(4)

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

(1]

(12]

Wind Energy Professional Committee of China Renewable Energy
Society. 2024 China wind power lifting capacity statistical briefing re-
leased[EB/OL]. Beijing, China: Wind Energy Professional Committee
of China Renewable Energy Society, 2025(2025-08-05)[2025-08-05].
https://www. cweea. com. cn/xwdt/htm1/39900. html.

FRH. B &7 AT REURMREREE B Rr AL (EB/OL]. Jbx:
N, 2024(2024-11-27)[2024-12-21]. http:/finance.people.com.
cn/n1/2024/1127/c1004-40370398. html.

WANG Shaoshao. Advancing towards green energy and continuously
advancing low carbon transformation[EB/OL]. Beijing, China: Peo-
ple's Daily Online, 2024(2024-11-27)[2024-12-21]. http://finance.
people. com. cn/n1/2024/1127/c1004-40370398. html.

E R aelE R, REME R R @I 3910 75T R[EB/OL]. 1k

5 K ALURJS » 2024(2024-11-22)[2024-12-21]. https://www.nea.gov.

cn/2024-11/22/c_1212407828. htm.

National Energy Administration. China’s offshore wind power has ac-
cumulated 391 million kilowatts of grid connected construc-
tion[EB/OL. China:
2024(2024-11-22)[2024-12-21].
c 1212407828. htm.

SR, B 20 Jifeoc! “REB+Z L BE kR BT B KR
BTG [EB/OL]. Jbnt: EXUBrE, 2024(2024-11-17)[2024-12-21].
https://news.cctv.cn/2024/11/17/ARTITozIOOehYyvOeRyR4zyi241117.
shtml.

National
https://www.nea.gov.cn/2024-11/22/

Beijing, Energy Administration,

CNTV. Over 20 trillion yuan! The integrated development of "wind
power+multiple industries" supports the new blue ocean of offshore
wind power[EB/OL]. Beijing, China: 2024
(2024-11-17)[2024-12-21].  https://news.cctv.cn/2024/11/17/ARTITo-
zI00ehYyvOeRyR4zyi241117. shtml.

0. R b E RGP ILE T EB/OL]. Akt R
M oA, 2024(2024-12-11)[2024-12-21].  http://www.ce.cn/cysc/ny/
2dxw/202412/11/t20241211_39231394. shtml.

LIU Xin. Towards the sea, we aim to strengthen China’s wind power

Upward News,

industry and set sail for the future[EB/OL]. Beijing, China: Interna-
tional Business, 2024(2024-12-11)[2024-12-21]. http://www.ce.cn/
cysc/ny/gdxw/202412/11/t20241211_39231394. shtml.

LETTMANN A, SESSELMANN J, KAWOHL A. Fire risk assessment
of onshore wind turbines[J]. Stahlbau, 2018, 87(1): 10.

Scotland Against Spin. Turbine accident statistics[R]. Scotland: Scot-
land Against Spin, 2024.

NRM. KR E KRR RS AR (“hhrdtes” TR
ZHATHI TR ) [EB/OL]L dbi: AR M, 20252025-06-25)
[2025-08-25]. http:/finance.people.com.cn/n1/2025/0331/c1004-40450511.
html.

People’s Daily Online. The National Forestry and Grassland Admin-
istration, National Energy Administration, and others jointly issued the
“Three Year Action Plan for the 'Forest and Electricity Safety” Cam-
paign”[EB/OL]. China: 2025
(2025-06-25)[2025-08-25]. http://finance.people.com.cn/n1/2025/0331/
¢1004-40450511. html.

A5 F IR, P RO S 5 8 A K IR AT e LA K - BAPE I TURG
BEFET 30 AWUREE, s T RKIR]. ORI : 45 H g, 2024.
Daily Mail. Wind turbine catches on fire in Redhill, South Australia:

Beijing, People’s Daily Online,

spot fires spark up from falling debris scorching 30 hectares of grass-
land[R]. Australia: Daily Mail, 2024.

SEBASTIAN M A, BROCAL F. Analysis of open resources from
INSHT for application to university teaching of industrial safety tech-
nology[J]. Procedia Engineering, 2015, 132: 228-235.

JAROTA M. Attificial intelligence in the work process. A reflection on

(13]

[14]

[15]

[16]

(17]

(18]

(19]

(20]

(21]

the proposed European Union regulations on artificial intelligence
from an occupational health and safety perspective[J]. Computer Law
& Security Review, 2023, 49: 105825.

PERERA A T D, ZHAO B Y, WANG Z, et al. Optimal design of mi-
crogrids to improve wildfire resilience for vulnerable communities at
the wildland-urban interface[J]. Applied Energy, 2023, 335: 120744.
OLIVER E, RUDRAPADA G, SARADA S. Recommendations for
design basis approach to fire protection and safety systems for US
offshore wind industry[C]//Proceedings of Offshore Technology Con-
ference. Houston, USA: OTC, 2023: OTC-32202-MS.

BBC #i/a. 48 5oid M) Scroby Sands R JIREHL KK EHAT
KK[R]. ¥E[E: BBC Hrl, 2023.

BBC News. Scroby sands wind turbine fire off norfolk coast self ex-
tinguishes[R]. UK: BBC News, 2023.

WIF A A RRY . B AR AT “3.147 RWLAE
KAHPEANESR | [EB/OL]. WIR: WIre & vl A RERY &, 2022
(2024-07-30)[2025-09-25]. https://www.nea.gov.cn/2021-06/18/c_
1310015721. htm.

Hunan Renewable Energy Society. Be alert! Detailed report on the
“314” fan fire accident at Gongzhuling Wind Farm in Inner Mongo-
lia![EB/OL]. Hunan, China: Hunan Renewable Energy Society,
2022(2024-07-30)[2025-09-25].  https://www.nea.gov.cn/2021-06/18/
c_1310015721. htm.

R, BEL IR PR R R LRI SR
TG TR R RIIRIE —  SRRE NIRRT
Ho ¥k i 25 [EB/OL]. % 5 5. 2 2 B K, 2024
(2024-05-04)[2024-12-21].  https://baijiahao.baidu.com/s?id=17980-
85502439535560&wir=spider&for=pc.

Qinhuangdao News Network. Strengthening confidence and boosting
momentum-frontline report on high quality development | one of the
series reports on “Goldwind Press the Green Development Fast For-
ward Button in Qin”: the construction of the world’s tallest
steel-concrete tower wind power project is in full swing[EB/OL].
Qinhuangdao, China:  Qinhuangdao Network, 2024
(2024-05-04)[2024-12-21]. https://baijiahao.baidu.com/s?id=17980-
85502439535560&wfr=spider&for=pc.

et FRE A A EHEEI 18 JE RN Bk bR AL T 5% R
IA[EB/OL]. dbii: ¥ifedk, 2024(2024-06-05)[2024-12-21]. https://
baijiahao.baidu.com/s?id=1801024458460772428 & wfr=spider&for=pc.
Xinhua News Agency. The 18 MW semi direct drive offshore wind

News

turbine unit independently developed by Chinese enterprises has been
successfully hoisted[EB/OL]. Beijing, China: Xinhua News Agency,
2024(2024-06-05)[2024-12-21]. https://baijiahao.baidu.com/s?id=180-
1024458460772428&wir=spider&for=pc.

NR AR, R E i AR 6K 3 H [EB/OL]. bt
AR H ., 2024(2023-03-27)[2024-12-21].
cn/xinwen/2023-03/27/content 5748418. htm.
People's Daily. China's first deep-sea floating wind power platform
will be put into use[EB/OL]. Beijing, China: People’s Daily, 2024
(2023-03-27)[2024-12-21].
content 5748418. htm.

9 AR BREIRIXA K FE ML B 2 A BT ST ). TR SRR T
JR), 2024, 10(12): 7-9.

PENG Zhen. Research on fire safety management of new energy wind

https://www.gov.

https://www.gov.cn/xinwen/2023-03/27/

turbine units[J]. Fire Protection Industry (Electronic Version), 2024,

10(12): 7-9.
WRE, & 8, XEE, & RN KRS H RS

N B SRR, 2010, 29(12): 1081-1083, 1086.
XU Dajun, ZHANG Jin, LIU Lianxi, et al. Research on features of fire



VOB, BHUM, BRI, S5 KBHLALKORRFE R SORIT i e £Rid

1639

(22]

(23]

[24]

(25]

[26]

(27]

(28]

(29]

(30]

(31]

(32]

[33]

and the application of fire protection system on wind turbine[J]. Fire
Science and Technology, 2010, 29(12): 1081-1083, 1086.

WANG Y X, XING H, WU Z H, et al. An overview of fire risk and fire
protection solutions for wind turbines[C]//Proceedings of the 2nd In-
ternational Conference on Energy, Environment and Sustainable
Development (EESD 2012). Jilin, China: Trans Tech Publications Ltd,
2012: 500-505.

A8k, X7 R LA KOO R R 3 i B BRI [0]. £0 KT,
2018, 37(5): 37-40.

ZOU Xiaohong. Cause analysis and management measures of wind
turbine generator system fire[J]. Hongshui River, 2018, 37(5): 37-40.
FESLRI. AR R LA K R SR R R ], B,
2022, 13(10): 103-105.

WANG Ligang. Fire causes and protection measures of alpine wood-
land wind turbine[J]. Heilongjiang Science, 2022, 13(10): 103-105.
R 7R BB K R S R R By YA D], R T S
NH, 2023, 13(22): 112-116.

ZHAO Faming. Causes and preventive measures of wind turbine fire
accidents[J]. Technology Innovation and Application, 2023, 13(22):
112-116.

e KR LA K TR AR PP A 5 B K SRS BT FE 0], BT 57
(FEThR), 2024, 10(11): 87-89.

JIN Qifei. Research on fire risk assessment and fire prevention strate-
gies for wind turbine generators[J].
(Electronic Version), 2024, 10(11): 87-89.
FRAVEE. 1.5 MW RRLATLZEL 25 £ 30 XU R G 98 T sus 3R AT ).
HE B TR, 2022(19): 16-18.

WU Xiaofeng. Research and renovation of ventilation and heat dissi-

Fire Protection Industry

pation system for 1.5 MW wind turbine tower[J]. China Plant
Engineering, 2022(19): 16-18.

THEFTEE. KL “FE T EENAEREIEE] 70 CRIZITT
QI R[EB/OL]. bt : H[E H7H M, 2025(2025-07-30)[2025-09-25].
https://www.chinanews.com.cn/sh/shipin/cns-d/2025/06-17/news1023113.
shtml.

China News Network. Wind turbine “Guardian”: sweating profusely
during maintenance when the cabin reaches a maximum temperature
of 70 °C in summer[EB/OL]. Beijing, China: China News Network,
2025(2025-07-30)[2025-09-25].
shipin/cns-d/2025/06-17/news1023113. shtml.

YOU F, SHAIK S, ROKONUZZAMAN M, et al. Fire risk assess-
ments and fire protection measures for wind turbines: a review[J].
Heliyon, 2023, 9(9): 19664.

KUZEA . 7 ALY SR HATL 2 ST e A0 2 T BE M o e T A ).
REJRRHE, 2020, 18(4): 64-68.

LIU Hongwei. Study on the realization of high-speed brake tempera-

https://www.chinanews.com.cn/sh/

ture monitoring function of a domestic wind turbine[J]. Energy
Science and Technology, 2020, 18(4): 64-68.

ISR, XU R AR S IGBT TR Bk ah A8 45 1530 % A3 i T
[D]. MK: EK, 2018: 3-59.

BAI Pengfei. Dynamic junction temperature calculation and life pre-
diction of IGBT power module for doubly-fed wind power
converters[D]. Chongging, China: Chongging University, 2018: 3-59.
GAO Y, XU Z M, ZHAI E D, et al. Cooling pitch cabinets in wind
turbines using a pulsating heat pipe: a case study[J]. Case Studies in
Thermal Engineering, 2023, 50: 103461.

B2 g BRI E  EdEBiAF[EB/OL]. R : I,
2025(2025-08-05)[2025-08-05]. https:/news.sohu.com/a/915071420_
121984437.

Lightning Protection Worker Li. Direct lightning protection for off-

[34]

[35]

[36]

(371

(38]

[39]

(40]

[41]

(42]

(43]

[44]

(45]

shore wind power projectsfEB/OL]. Henan, China: Sohu website,
2025(2025-08-05)[2025-08-05]. https:/news.sohu.com/a/915071420_
121984437.

LI WL, LIU X K, LI D, et al. Thermal analysis of direct-drive off-
shore permanent magnet synchronous generator with peak—valley heat
sinks[J]. Sustainable Energy Technologies and Assessments, 2025, 81:
104365.

#HoOo B R mEARRES ARG ] LR Tl
A, 2017(3): 252.

HAN Fei, YANG Bin. Design and analysis of heat dissipation system
for high voltage inverter[J]. Shandong Industrial Technology, 2017(3):
252.

BIERGR, 2LV, SROCHE, SF FthmEE R R R L R 5
LA R T S T S IR SR R VR[] R R B, 2025, 51(10):
5003-5013.

HU Yuxiao, LI Jiangtao, ZHANG Wenjiao, et al. Electromagnetic
transient modeling and pole-to-ground fault characteristics of cables in
VSC-HVDC bipolar system with metallic return[J]. High Voltage En-
gineering, 2025, 51(10): 5003-5013.

JAER, HEk, XEW, % 3 MW XK EHHUB T
B[] WA REGT S KRR, 2011, 33(5): 854-857.

ZHOU Nianyong, JIANG Yanlong, LIU Zhili, et al. Heat balance re-
search on 3 MW marine wind turbine’s engine room[J]. World
Sci-Tech R & D, 2011, 33(5): 854-857.

XS, T4, Filgie. RS R A B ]
HLETRE, 2014, 31(5): 634-638.

LIU Haitao, ZHANG Shuangquan, WANG Hailong. Cooling layout
optimization of offshore double-fed wind turbine[J]. Journal of Me-
chanical & Electrical Engineering, 2014, 31(5): 634-638.

WRa, FEROL, RARE, S5 BUE 0T EEORAE R K RHLLAE L
WA R FE]. HLEBTAE, 2016, 33(4): 430-433, 457.
CHEN Chengcheng, CHENG Chenguang, WU Genyong, et al. Appli-
cation of numerical simulation in thermal design of wind turbine
nacelle[J]. Journal of Mechanical & Electrical Engineering, 2016,
33(4): 430-433, 457.

RENGEL B, PASTOR E, HERMIDA D, et al. Computational analysis
of fire dynamics inside a wind turbine[J]. Fire Technology, 2017, 53(5):
1933-1942.

RARHE, BRAEIR, EBRAR, 55 HORTLAHR AR KRR K5 E
BHLI]. KBARES R, 2020, 41(6): 41-46.

WU Genyong, CHEN Chengcheng, WANG Xiaodong, et al. Numeri-
cal investigations of influence of heat dissipation hole jet on nacelle
wind speed[J]. Acta Energiae Solaris Sinica, 2020, 41(6): 41-46.

£ OF B, BRERE, & @RI RIIR AU K R % 5
FEEERPIT]. L& ST TRE, 2022, 29(4): 255-264, 272.
JIAO Yu, CHEN Ran, CHEN Xiaoxiao, et al. Simulation on fire field
characteristics of the wind turbine cabin under ventilation condi-
tions[J]. Safety and Environmental Engineering, 2022, 29(4): 255-264,
272.

SRS, s, BHEK, S JET CFD [ RS R XU
PR R HT]. A TRESR, 2022, 17(1): 122-128.
DUAN Heping, JIANG Tingting, LUO Yongshui, et al. Numerical
simulation and optimization analysis of wind turbine tower ventilation
and heat dissipation based on CFD[J]. Journal of Electrical Engineer-
ing, 2022, 17(1): 122-128.

GE L C, JIANG H, FENG H C, et al. Study on the thermal transfor-
mation of basic components of wind turbine blade[J]. Asia-Pacific
Journal of Chemical Engineering, 2023, 18(5): €2938.

XUM X, JI HW, MENG X X, et al. Effects of core materials on the



1640

LN

2026, 52(4)

[46]

(47]

(48]

(49]

[50]

(51]

(52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

evolution of products during the pyrolysis of end-of-life wind turbine
blades[J]. Journal of Analytical and Applied Pyrolysis, 2023, 175:
106222.

WANG Z H, YOU F, REIN G, et al. Flammability hazards of typical
fuels used in wind turbine nacelle[J]. Fire and Materials, 2018, 42(7):
770-781.

WANG N, CHENG Z Y, YOU F, et al. Thermal and non-thermal fire
hazard characteristics of wind turbine blades[J]. Journal of Thermal
Analysis and Calorimetry, 2024, 149(18): 10335-10351.

WANG C T, YUAN T C, SUN X T. Fire detection and identification of
wind turbines based on information fusion[C]//Proceedings of 2015
International Conference on Advanced Engineering Materials and
Technology. [S.1.]: Atlantis Press, 2015: 860-864.

ZHANG F Q, YANG Z R, LI T, et al. Research on the early warning
method of transformer fire fault in ocean booster station based on fault
tree model[J]. E3S Web of Conferences, 2021, 252: 02044.

WEMGE, 2R, KB NUAIRSD I 5 SR i2 Wi B oR i K [0]. #0
BWAEH, 2025(3): 109-111.

PAN Conghu, LI Jiandong. Research on vibration monitoring and fault
diagnosis technology for wind turbine units[J]. Electric Power Equip-
ment Management, 2025(3): 109-111.

WAN A P, DU C Y, GONG W B, et al. Using transfer learning and
XGBoost for early detection of fires in offshore wind turbine units[J].
Energies, 2024, 17(10): 2330.

Mrftti, whaEP. M BRI KR A3 E R BH]. @EHA
<, 2021, 40(2): 27-31.

CHEN Junyou, YAO Chunyu. Design of automatic fire alarm system
for offshore wind farm([J]. Building Electricity, 2021, 40(2): 27-31.
MALE, &L SRS AKRIE RG] HHoRH L
&, 2021(10): 77-79.

XIAO Lijun, MO Fan. Electrical fire early warning system for station
transformers[J]. New Technology & New Process, 2021(10): 77-79.
SREM, ¥ W, HKEeum. 2T ZigBee HINXUHLUAR K K R4
Bert[I]. T, 2016, 39(1): 216-221.

WU Chunming, YANG Tao, ZHANG lJingiang. The fire alarm system
of wind turbine engine room based on zig bee[J]. Chinese Journal of
Electron Devices, 2016, 39(1): 216-221.

R, ¥ E, BUKSE. SGLTINR RGN TR LA R
W), W)oK Ak A, 2022, 41(1): 24-26, 42.

ZHU lJinyi, JIANG Maorun, LIAO Yongqiang. Research on applica-
tion of optical fiber temperature measurement system in wind turbine
generators[J]. Sichuan Water Power, 2022, 41(1): 24-26, 42.

SAPRA Y. BI for renewable energy: optimizing solar and wind farm
operations in 2025[R]. Gurugram, India: IBM, 2025.

KIM J H, PARK S H, PARK S J, et al. Wind turbine fire prevention
system using fuzzy rules and WEKA data mining cluster analysis[J].
Energies, 2023, 16(13): 5176.

SRR, R i B RNV R BT RGBT ]. TS
(FEThR), 2023, 9(21): 37-39.

ZHU Kunyang, CAO Jian. Research on the application of new fire
protection system for offshore wind turbine units[J]. Fire Protection
Industry (Electronic Version), 2023, 9(21): 37-39.

HEEAe, SRAHE, BB R T LLAME R K LR R TE BT &R
Gt ], TS TR, 2024, 32(13): 167-171.

CAO Xuehua, ZHANG Jianhui, YANG Yuebo. Design of intelligent
fire protection system for wind turbine based on infrared sensor[J].
Electronic Design Engineering, 2024, 32(13): 167-171.

REIR, JusEbk, F)I1F, % HF PLC 5 King SCADA K HAL
HEAER RSB I]. HURCREM, 2023(1): 73-76, 80.

(61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

(70]

(71]

SONG Yubiao, FAN Fulin, ZHONG Chuanping, et al. Design of wind
turbine automatic fire fighting system based on PLC and King
SCADA[J]. Mechanical Engineer, 2023(1): 73-76, 80.

FIFHAL. VOO KA E sl REHT S5 R AI[D]. M HERgEE
TR%:, 2017: 5-79.

WAN Jingjiang. A research and application on V90 wind turbine au-
tomatic fire protection[D]. Guangzhou, China: South China University
of Technology, 2017: 5-79.

By, E£TW, £ M. KRNI A 3hE B RSt RIKEh iR
L. 4 s, 2023, 8(12): 29-31.

JIAO Yuhang, WANG Xueli, WANG Peng. Research on the design
and linkage test of automatic fire protection system for wind tur-
bines[J]. Fire Protection Today, 2023, 8(12): 29-31.

ETIE, BASRE, R BT S AL A R TE K TS B A LAY
FTRFI]. HPRESHEA, 2023, 42(1): 18-22.

WANG Wantong, ZHAO Rongxuan, GUO Zanquan. Application re-
search of tunnel fire mobile fan based on experiment and simulation[J].
Fire Science and Technology, 2023, 42(1): 18-22.

KW, RKRE, B3, & TEMRRKRSGINE R AR
WK GCRBRRTFE[T]. [ 2 R di, 2015, 25(3): 41-46.
ZHANG Jin, XU Dajun, TIAN Liang, et al. Experimental study on
suppression of wind turbine fires with carbon dioxide extinguishing
system[J]. China Safety Science Journal, 2015, 25(3): 41-46.

i, RRE, BE K, & KRIRNEE R R LA R RE
IR FE[T]. WBIRFE SHOR, 2015, 34(12): 1634-1637.
ZHANG Jin, XU Dajun, XUE Gang, et al. Experimental study on the
usage of fire detector in wind generating set[J]. Fire Science and
Technology, 2015, 34(12): 1634-1637.

VEALET, BRIROG, FEMRTE. HrBIMA K R B KR AL S
FAL. BRI SHEOR, 2013, 32(1): 52-55.

WANG Limiao, CHEN Linguang, WANG Yangtianjiao. The applica-
tion of new foam fire extinguishing device in wind turbine generator
system[J]. Fire Science and Technology, 2013, 32(1): 52-55.

CHEN T, ZHANG P, WANG D Z, et al. Research on suppression
effect of low-expansion AFFF, AFFF/AR and FFFP foam on hot oil
fire for oil-immersed transformers[J]. Thermal Science and Engineer-
ing Progress, 2023, 43: 101991.

W SRR KRR B T A A R AL R A DT IR 0]
Pl SRR, 2022, 21(1): 36-37.

XIE Ye. Exploration of testing methods for gas fire extinguishing
equipment applied in wind turbine nacelles[J]. Industrial & Science
Tribune, 2022, 21(1): 36-37.

A A 5 OB K KRB A OB K R B A X H b RS
[EB/OL]. i %R Afi 45 4= i MW Kk BB, 2024(2024-10-30)
[2024-12-21]. https://www.163.com/dy/article/JFOBDALAO0553Y9JT.
html.

Mammoth Perfluorohexane Fire Extinguishing Device. Application of
perfluorohexane fire extinguishing device in wind power genera-
tion[EB/OL]. Shandong, China: Mammoth Perfluorohexane Fire
Extinguishing Device, 2024(2024-10-30)[2024-12-21]. https://www.
163. com/dy/article/JFOBDALA0553Y9JT. html.

MEE, F5E, REN, & S CEKKRIER AR R KK
BifEh N HIT]. i ZRAIEOR, 2022, 49(1): 36-40.

LIU Guogiang, LI Guihai, ZHAO Zhipeng, et al. Application of per-
fluorohexanone fire extinguishing agent in fire prevention and control
of power transmission and transformation system[J]. Shandong Elec-
tric Power, 2022, 49(1): 36-40.

By, %, WSCE, & CO RIZNK 0t Hh T AR B st AR R 3%
KIAMHEHBTFELI]. DU ITEOR, 2024, 47(3): 87-94.



SOEFR, B0AK, ROPIEE, S5 RBLA KRR K B BOR BT STt R £k 1641

(72]

(73]

[74]

[75]

[76]

YANG Yingxin, JIAO Yifei, ZENG Wenhui, et al. Research on sup-
pression effect of CO, and water mist on transformer fire in
underground substation[J]. Sichuan Electric Power Technology, 2024,
47(3): 87-94.

RN, KA, AR, S HIASAK KGR AR T A &
FOR IR A[0]. BT FH (R TRR), 2024, 10(17): 38-40.

WU Gang, ZHANG Rihong, SHI Yubo, et al. Research on the perfor-
mance and application of a new gas fire extinguishing agent
heptafluoropropane[J]. Fire Protection Industry (Electronic Version),
2024, 10(17): 38-40.

KA B KA PLA KR A3 B R S CN202075831U[P].
2011-12-14.

ZHANG Renyong. Automatic fire early warning system of wind pow-
er cabin: CN202075831U[P]. 2011-12-14.

WREN, WU, 2ESE ENAEPTIE. KB FEN
WRHER G CN111079855B[P]. 2023-08-11.

CHANG Zhikun, PENG Kunli, JJIANG Haiping. Wind turbine gener-
ator fire-fighting method and device, storage medium and fire-fighting
console: CN111079855B[P]. 2023-08-11.

BN OB R, 3R, S R TR LA BT B R 4
CN119327072A[P]. 2025-01-21.

LI Linchuan, ZHAO Chen, HUANG Ying, et al. Intelligent fire extin-
guishing system for wind turbine generator: CN119327072A[P].
2025-01-21.

X, ROHS, SRENE, S ZRISRBTRERS 2Ot EIR KX
FHLAG K R T 7. CN119478367B[P]. 2025-09-19.

WREHI  2025-07-01 7EZRHERHEA  2025-10-28  #4wdE  BR

LIU Yang, ZHU Min, ZHANG Chaohai, et al. Wind power cabin fire
early warning method based on multi-modal large model fused with
multi-spectral image: CN119478367B[P]. 2025-09-19.

HEE

1976—, 5, k4, #R, @S

TR FTT 10 A REER IR 5 AR N i R A A r i
A RSN S RGP . R A R IR
BRI S RIS 4

E-mail: huangdc99@163.com

HUANG Daochun
Ph.D., Professor

HrRRCEEEE)

1997—, 5, A

WFTETT 11 v e H g B0 IR Sl 5 B2
E-mail: gino97@163.com

ZHONG Guanglin

Ph.D. candidate

Corresponding author

i




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


