FEXXH FXXH
XXXX 4 XX A

x B OB AR

Power Generation Technology

Vol.XX No.XX
XX XXXX

DOI: 10.12096/7.2096-4528.pgt. XXXXXX01

RESHES: TKS3; TM614

E T AR5 F IR XA R Bk S REE S
URE 57 R Bt 53

’ff%l%‘ﬁ% F%ﬁﬁg27 '%;?:19 "%é‘igl,

BB, EWI, BREX, RIEF,

ERF, HAD!
(1. 4ed,d, AR FHFRIZH RG], FT8 M 310030;
2. PEALBERAARAE, LFT HME 100032)

Research on Meteorological Causes and Risk Distribution of Wind Turbine Blade

Icing Based on Interpretable Machine Learning
XU Sida', YAN Xinrong®, MA Dong', MA Kuichao', ZHOU Lu', TAN Liping', CHEN Yuwen', ZHU Feihuan',
TONG Yueping', WEI Chao'
(1. Huadian Electric Power Research Institute Co., Ltd., Hangzhou 310030, Zhejiang Province, China;
2. China Huadian Corporation Ltd., Xicheng 100032, Beijing Municipality, China)

FHE: [HMY T R AL R oK RS RS 1R 5 T
LRETR, RGN ANE KGR, AT LRER
MBI A BT %6 [7E] AbE ) Padbis X i«
UKLk 5 ERAS 2 4EBE i S R 8l Mg g
T XGBoost B A fE R4 5 2] B UK e SR8, 12 F SHAP
TR EARNT B SR A T OUHR, 45 A USRS H
PnERN S R IE UK E . (S5 5R Y M 1 78 UK v SR A%
Y 7E K 45 L il 28 10 AR (area under the curve, AUC)IE
0.964 4, FEUKHFMA FIZIK97%;: P T HL R . %
JEARHE B S R RE RS IR N = R D B 2 $E
SRR i Y 5 R 3 SR B R K S B A s, T R
93.7% B UK IEBIFEA . (458 T SR T MBIk
RGERMIRLIHER G R, RS EAE T R E5X
WA AR, ORI EHEE R OO HE T )
i BR UK R G RUS AT SR P SEROR ST

K4E: Kk KB M EBUK TR,
[ER T ZHAHE

ABSTRACT: [Objectives] To address the engineering
needs for accurate identification and early warning of wind
turbine blade icing risks, this study systematically analyzes the
meteorological causes of blade icing and develops an engineering-

applicable risk assessment scheme. [Methods] Long-term icing
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observation records from wind farms in northern Guangxi
are integrated with ERAS5 multi-dimensional reanalysis
meteorological data. An interpretable XGBoost-based machine
learning model is constructed for icing decision-making. The
SHAP method is used to quantitatively analyze the
contributions of key meteorological factors. Icing criteria are
refined via decision tree rule extraction and physical scenario
clustering. [Results] The constructed icing decision-making
model achieves an area under the curve (AUC) of 0.964 4,
with a recall rate of 97% for icing events. Near-surface
temperature, low-level relative humidity, and maximum
atmospheric temperature are identified as the three core
influencing factors. Two parameterized icing criteria are
proposed: strong low-temperature and high-humidity type and
inversion-enhanced type, covering 93.7% of positive icing
samples. [Conclusions] This study reveals the nonlinear
coupling effects of multiple meteorological factors on wind
turbine blade icing. The derived parameterized criterion scheme
and regional risk distribution results can provide reliable technical
support for wind farm planning, accurate icing early warning,

and efficient operation of anti-icing and de-icing systems.
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Tab.1 Sensitivity analysis of blade icing latency duration
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Fig.1 ROC curve of icing decision model
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Tab. 2 Classification performance indicators of model on
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Fig. 2 SHAP feature importance ranking
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Tab.3 Parametric criterion scheme of multi-meteorological-factor combination for wind turbine icing
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