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Abstract: The large-scale, safe, and high-efficiency development and utilization of wind energy is of great significance
for advancing the national energy transition. Large-scale wind turbines are the core equipment for achieving the develop-
ment and utilization of wind energy. The energy conversion system of a wind turbine refers to the wind-to-electricity
energy conversion hub composed of blades and the generator system (including the generator, converter and transmission
devices). It is also the system with the highest incidence of faults in wind turbines. With the continuous increase in the
capacity of wind turbines, higher demands are placed on their service performance. This paper first analyzes the connota-
tion of enhancing the service performance of the energy conversion system in large wind turbines. Next, this paper
systematically elaborates on the existing technologies for improving the service performance of the energy conversion
system in large wind turbines from three aspects, namely, operation safety, operational support capability, and operational
efficiency. Finally, based on the development characteristics of large wind turbines and incorporating emerging technolo-
gies such as artificial intelligence and data-driven approaches, this paper provides an outlook on the future development
trends of technologies for enhancing the service performance of the energy conversion system in large wind turbines.
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Fig.1 Technologies for service performance enhancement of

large-scale wind turbine energy conversion systems
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Fig.2 Digital twin system for wind turbines
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7) WA AT R EIR . 7R SRR
Bi R E WA R FE R BRUKEEAR . SRR
T4 78 e (dielectric barrier discharge, DBD)&% 2 F A+
ARAEE =N, I RER IS i 5 5 7 ARl
SRR LA bR, 2N —RAeRRIKEE
BT SRAFRL S S M I PMER R
RSN B E RS, BRETMIENEE
A JR 5 BT T RIRER, R B B A
LA NI VLI, RIS R MMRL, 4%
TESEMFENE, B2 PR R &
GrEResRE AL REE RERMERE S 58k
BHOE RRAL B30 7T . 0190 2 PR R 2= 1 A
THIARHR LR, FIRHECT A B IKE) SRR
ARG RO A £ 21 2 W e 8B A, T R
R R AV IARGURM R A, Rl Sy i
15 B BB 2R AR R S IR 2 7 i PR T 4 A
PLSCIRK . HE MR PR3 .
512 REHPAHRE R R G072 it
PEHIHOAR K s

1) EH SR P R 4% e )7 2 e ) [ 25 = B S 4
ME P53 BT i 1l A M B RS i B4k . 55 IS K
R T, LT E PRI A1 R RS 25 h 2
PHJE 5 F B F SCHE, TR SR . RORE A
ST RIS R H TS r BRI 1 [R5
GG PP S Ik 2 AU, e o ik
LS Difatae, RAXHMSHPTRAES 'R
AME T HUPRE R, FEEE e A MERE, T2
JSC AT B IE 1) B S R

2) U B S 452 T Tt — b 25/ 4
—H&” PP e Dh AR A b . 4
SR IR 2 G R, IR
RRFORSIRBN BN A R ERR . Ik (8] 5 i) 5
W&, FESCHLORY e B -5 PRV RME Y H 1E N8 E s [
I, A AR TUR I 1 78 B R bR e A 5%
HIER, FIANTIRMERSEL AR, AR,
NS TAFNLFNE, DLRRESHF L.
52 KRENEBHAEEEFHERGKRSHENSHE
B AR L RiGHE
52.1 RENRGRSRN S S ZEHEAR KR EE

1) T3 A RN SN KA R AR 1) 4 3R
FE RGNS IEE A, SE30 2 1) B i RS Rk R e
P CEB R 7 E2b AR E 597 NS IS D R 7 AN Y- N N
AR 22 W E 7 2 A0 AE )R] R ) B RS R e

W, Db W R RS AL HE i 1 Bt At . SR
Hr 2R A FR I BN LS B IR IR FE R,
PR B VR A YRR o A R AT AR A M i
O T AMERE 7753 1R, HRN - FL AR TR 1 K
AREHESE, SEBL FLAE SRR L R o T A R AU
SEAASOL I WS 5 PATRA 2 il o

2) FIB HERHE 5 2 B RO IR R FEE
&, M “TUE-ZE-H K- AR R i
DAL IRAS A I A BRI RS A AN AR
ST, SEHTRERAREER YT
TR AT ARk S 5 T 00L& R 2 e, R
M2 HARSIAS AL B 3 58 Bk e i 12 W 5 Fi
HEZI A Bl e ML N0 1) 42 oy o BUDRG TAE £ R B 5 R0 R
74 firr TR 5 R 8
522 AR RNS S B EOR K

AR HES I 1) 22 W BRI 4IRS R B
SRR KRR, 456 LEESEmER 55
FRBEBRMAIE, B [
ARPEROR, IR LA SRR ZS TN i B
FETHEBRIZ W RS FEAN R o BT T 2 U S R Bl TR
LR SRR “in-d-z 7 B E2 W SR AT
R 2R, TS BT AE BRI Sk S8 ARSI AL
RIMEVILLE, KO/ MBI KDL
BSHE A BTSRRI,
NS WHRL R /NEA S 3] L SRz AL RE ) S AT R
J7 i .
523 RGNS ENEAR FEiEH

A G BRI 5 VPG BOR IE t % SE 2
LR AL B A LI KU FUE IR AR . KRR K
JERFIR EEMRAT 2P A 5 S I8 AT Bt s P R
PIBERERY SR FE A S Bl A IR S PG HESE, ZIm R
25 TOU N IS D A A s R 22 DU 47 R 46 25
JTEFPEE R, SEELNLA 2 e L O FE 2
AL AL B R AR A T B e X PR YA
o X AR RO R GAEN IR T
WG, SCHERESB RIS, T HAED) T8
YEREICN “HHJEHE « BRI [ AT
EBTI BARA VLR
53 REXENAREFBRAGTITHARENR
T RIZFIEAR L Ria%E
531 KA HAHLARE R R ST RER T3
ESEN

BEE ALK, BT BRI A IR



1028 i LR AR

2026, 52(3)

T &AL, T2 A3 B -HU- LR BE
P EE 7 R
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