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Experimental Study on Lightning Attachment Characteristics of the Ice-melting
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Abstract: Wind turbines often suffer from disasters such as lightning strikes and ice coating, significantly impacting the
normal operation of the turbines. The installation of electrothermal ice-melting devices on the blades can effectively re-
move ice from the blades, but the impact on the lightning strike probability on the blades and the reliability of the original
lightning protection configuration (receptors and down conductors) is not yet clear. To investigate the mechanism of the
effect of ice-melting devices on the lightning attachment characteristics of the blades, a 1:30 reduced-scale rotatable 3
MW ice-melting wind turbine blade was designed for long-gap lightning discharge experiments. The experimental results
indicate that when the lightning leader develops on the windward side of the blade, the ice-melting blade is more prone to
have the phenomena of lightning receptor failure, and lightning strike at the junction of the ice-melting device and the
blade body. In the most severe case, the protection efficiency of the lightning receptor is only 55%. A model of the electric
field distribution on the ice-melting blade was established, revealing that the ice-melting device alters the original electric
field distribution on the blade surface, causing distortion of the electric field at the junction of the ice-melting device and
the blade body, making it more prone to corona discharge. Simultaneously, the rotation of the blade causes the surround-
ing positive charges to distribute in an arc shape, accelerating the formation of stable leader above the ice-melting device,
making it more susceptible to lightning strikes. Therefore, enhanced lightning protection measures are recommended for
the ice-melting device location. The obtained results provide reference for the in-depth integration of lightning protection
and ice-melting protection for turbine blades.

Key words: wind turbine blade; lightning attachment characteristics; lightning receptor; ice-melting; lightning strike
probability; electrical field distribution

BESBRMTIE: EXEARRSES FWH(52177015); WIFT4 B 55 A BHIFOIHT I H (CX20230843)
Project supported by National Natural Science Foundation of China (52177015), Postgraduate Scientific Research Innovation Project of Hunan Prov-
ince(CX20230843).



332 i LR AR

2024, 50(1)

il

0 35

“CRER” BUK T, LUREL SR AREMERE
TR RGP R B, A 2022 4E F4E,
E KR LS E CIA 34 T, H4an
RREEBREER 14.0%. FEREPHKBER
BRI, ML BE AT K B % A0 i 1 31,
AR B ) R AR R T ATz R
HESL RS, RE T SEANEE SRS T
17 60%LA FO1, [RIE, )& AL AL T m ik
FEAWNRI T FIg4T, s SEWI i kA%
KIS o NI P 78 0K £ 52 0 ABL S B 1 BRI
B T, FERNUR AL H )RR 2 5 4544
IR,

H 0 XL R (0 8 s 7 4 0F 7 32 24 P A8
o] $2 42 N 48 I 2 MUCR R E L 5 PR MR
O, AT K E T E I 15 A DA K
RIS FT . Vestas!2I6) 236 Hib Bt 4T 7 N8 2 4E
(R F T, A I 88% (1 T ol A AETERE AR 1 m Yl
BN o BRAEVTSEUSIE ST T S 2R 2% AT S ST iR A
RIRAITFEBN A B, () R KA I 5 &
REEGERSA B, 5l 7T FHE SR AE, If
AL T 20 SRR R e S R HAR R . A
W7, TECUSIZE W 1 St = 2544 T XML
HLFZ DA 08 P 57 I S B PR B8 IE o 3Tt , AMutol'6]
RN S35 N 38 5 Fr A8 Frab 3 i AR R, &
S NSMEERAR S B2 HE . FREK. T
SEOTIF A5 L R A7 4 [a] BSOS, &
DU EBEARPEARF, KL R T B N AL A 2
ZE 5t

R UK L, R BR KRR 2 E Ay R
HUBRERVK S SRIZBROKATEIERVK . HUBRER VKIS B
B ST YR S Ny I (E 207/ 787 N U o S p AL =
BROKEARSBTE M 3R TR A TR AR, (HE4T— B
]S, FERRVKHNG B BRI IBRIKTRTE
I 2% THT T 0 #0443 3ok v BEL o 4 Rl 4 25 0K
(201, BRYG, R EAARLUKEE B2 ), EEHRE
(A2 R K5 L BT e S Bl MR RE B RE A . FEL AR
KB E R SR A G2 E S, HRNE
AL E M RAER.

DRI, AR 5 A UK 2 B 6 I 2 DR R 1) R
FRAE B R E TSR E, A SCHEE T 4Rt ML &
RIF &, FFRKRBUS IR, 8T XN A

R 0 ER Y . 4531 1 BRI R 1) 7R T F2 DA
255 WML Fr B3 o3 AR R R I 1 UK e (R 5
g5 i H A5 1R B0 45 RARKAIE, AT HERE KLRL UKL
AFNR B — R4

1 FHAWLFE

R AE 9 R 44 HL A PR A R 7 9 98
AT P A AT L 1:30 RALH A & Hah &
G FEERCRFRME) s R AR X
TRABHUEEH R, & 1 PR,

1.1 BrkXAA A

AR SC 3 FH PR R K e AR AR T 08 R A8 L RUE
Yo RhUKEEE R4 8 R — R, s XKIEA
AR A2 7 ], A 34~74 m 3 40 m KX,
5% 0] %5 FE 650 mm~350 mm, Bt AR AR L) 40 m2,
T JRAE B R 690 V, UE HU 63 A, fKH
W75 A HIEKE RIX SRR g BTZE X
WA B AR R B OK X I8, K ABLI B 4
FtniE 2 fiose.

BT Rl gAY 3 MW KL TE 1 1:30 (46 EE X
HUHE s A K BE 1.8 m, 4 i JBE S BE T s B 4 m,
I B ML R 3% 35 41 4 384 5 44 i (glass fiber reinforced
plastic, GFRP). KWL 7EM2e B ib L2z 3k |
3NEBLEEIN G, BN 5 5] NMHIE S .

ﬁ&%&
~ e
SN S TR
Wil L kA AR
N 7% AL

KL ; L

B 380 VERE

4 J& R in A

% -
K2 BhoK LM B S5

Fig.2 Structure of ice-melting wind turbine blade
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