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Optimized-XGBoost Early Warning of Wind Turbine Generator Front Bearing Fault

Abstract

Abstract: In order to identify the abnormal running state of the generator in time, a wind turbine generator
front bearing fault early warning method based on Bayesian optimized extreme gradient boosting
algorithm is proposed. The historical data collected by SCADA (Supervisory Control And Data Acquisition)
are preprocessed by effective data preprocessing methods. The temperature prediction model of the
front bearing of wind turbine generator is constructed based on the Bayesian-optimized XGBoost
(eXtreme Gradient Boosting) algorithm and the fault early warning threshold of the front bearing of the
wind turbine generator is determined based on the 30 criterion. The experimental results show that the
proposed method can detect the abnormal signals of the front bearing of the wind turbine generator in
advance. Compared with the models established by random search and grid search, the advantages of
Bayesian optimization model in generalization performance and prediction accuracy are verified.
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boosting algorithm is proposed. The historical data collected by SCADA (Supervisory Control And Data

Acquisition) are preprocessed by effective data preprocessing methods. The temperature prediction model

of the front bearing of wind turbine generator is constructed based on the Bayesian-optimized XGBoost

(eXtreme Gradient Boosting) algorithm and the fault early warning threshold of the front bearing of the

wind turbine generator is determined based on the 3o criterion. The experimental results show that the

proposed method can detect the abnormal signals of the front bearing of the wind turbine generator in

advance. Compared with the models established by random search and grid search, the advantages of

Bayesian optimization model in generalization performance and prediction accuracy are verified.

Keywords: XGBoost (eXtreme Gradient Boosting) algorithm; wind turbine; failure early warning;

Bayesian optimization

El

i3

VR 50 R AN E D (Ao BB A, T2 ZE T RE R L
RERCHON RS, 2 XL g IATT, AL —
B4R, Rl s, FPHC, M2 X E )

(;Pb

JRCRE A& B BT B R S BR )R] FE A RETR 2

= WA AR A BR B )R 2 S5 v 1 o BB 4 |
Tt FEIA TR B R R KB AL A AL

st
A AL ZEL & R P i e 1 5 R 40 7 e o A

Wi 1 20
FEIH
EHAES

2020-07-28 &R H#: 2020-09-12
B K H AR 42 (51676068);  HERESE FE #RH5 H (HNKJ20-H88)

BUR(1976-), T, R, WL, BER, BFSCTTIRDNAE R KRG R KR IZ . E-mail: 1638887543@qq.com
HABEZR(1995-), 5, s8R, RiLAE, ®FF077 oA TI% . E-mail: hu xiaod@163.com

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 10, Art. 6

5533 %58 10
2021 4F 10 H

B U R AL 2 s TIRES, Bl 4E TEN
DR P 1) 5 A A TR S 4R A TR s B I TE] o A
T AT FE P T 5 AR AN RE 8 S I 1 A i Lz
ITHPREZSH B KB RORE, iSRRI
TE R .

REBHLRHEEER . KEESIE R, KHE
Wl #, B, WO RSN BT/e T4 E
BRAED), AR BHLI BT SR, R R
40%, R B HR R A AT 5 i v 0 D
R AL BT b AR T B2 S ST RAE A R AL o ) 2
FEREFRM o DRI AR ST B AL Al R T E N DN A
AIF 58 K AL g B T

AT R BILZH A AL o T F) T 78 3 22
Fo T KU ALZHIR A5 B8 0 3 45 78 3 24 80 SCADA
(Supervisory Control And Data Acquisition)&(#5.
TREBEHRE T PR T EINAL A, HEaE
SHAARLM., IMERLL. (F5 5 8% 8, Kik
A UL E R IGME 5 12980 - IORHES S, F5 68
B S A TP T SCADA & 4 X HL LA
B RS E, JET SCADA Hdls 1) P+
ARBEA RUFHIL L %A%, Rl T SCADA #¢
I (R BIE 7T 5 52 238 X

SCHR[61H ] SCADA #udls, SR HIFE T i ## iR
) Bi-RNN #1222 5 BEAL AR ARSI AE 45 & 2 S 7
LGRS KL = Rl AR GE AT RS AT B o SOk
(71342 15 T R B 72 4 1 L AL iR T it e
BeI7iE, TR R A LI . SCER[8R
5 /> 3 AU, B ARV A T S I R T AR, P
WFEEA BRI .

PL_E B FCAE AN [RIFE BE o6 U ATL 2 50 B o0
B PR PR A e DAt o U R ) 1 HEsh AR, (B2
W A7 AE 2 B B e s . PN AR () AT SRR A
B VZALRE ) 555 ) R, R 1 R TR S A
BT . HINA 775K 2 LA € BB AT i)
BRI, TR EAREEATIRS RS, XE—ER
[ B RN 12T AR AT R

FREET Ho At 2 S7 RIS TR (L% o > 30025, AR

RGTE AR

Journal of System Simulation

Vol. 33 No. 10
Oct. 2021

tk. XGBoost (eXtreme Gradient Boosting)% ik 5
I B AR A % R ) P I MR T Rz A RE g, i
E T TAESEI. 52, XGBoost 5y% [ Il & i = X}
ABE TR SO RS 5 A7 SR 5 M) 1) Ak 25 18 2 3300 v 2%
W7

FENLES 7 B S HORI T, K REE B
RYR i N At ASBESRUS R I 2 A2 O AR A5
B WA BRI S BN f 248 bR AT AL
At BT AR M 3R 5t S A0 77 VR SR AR i
SHEAMAD . BT H RS EOR I T EE R
MR FEEE R DAt

FT UL B, At 1 PR B AT R T
FENVIN . #R3E SCADA % 36T DU
1 Z 501 XGBoost Hi% 1 K FL LA A B AL i il
AR R T T il DU AR A6 ) XGBoost 5.
VR ST R HAL Ul R P TN AR Y, ) FL L
HT A AR il S L 5 FROME i AR Ay, R T
BN H L A K AL AR s TR, '
TRE RS0

1 R A RIAR R T R

B4 T R FEL AT e AR U R R . A
B 1 AT AT TS Y 32 A R 7 B v m
DA B i o ) 35 B PR 5 B, B9 o A e T
FRIRE 7

(1) KT TR AY 2 A0 RE 7 B ARSI 1) FU A
TG VE IR R & A SCER XGBoost HZ%
Sk ST X FUATLZE 2 BIATL I A 2R P88 () T A 2 o Sk
XGBoost HiEH S HL, R Ui 7 ik
AriAk, TR 55 A% 48 22 A BE AL R LA 7 AT
X EG AT o

(2) T M e U (4 D A 1 i e o) A 32
B v i AL p T3 R TR R 3 T IR B 473
PEUIZRAF B0, DRk T DLAR A 7000 A 2y Hh 1 i
FETE, 3 R ML ZE R FATL AT il AR E R AT A
AL, P54 3o MRS ) & 1B sh & mME,
Xof SER I8 AT WL REAT 7 LR A I, AT S B

http: // www.china-simulation.com
* 2336«

https://dc-china-simulation.researchcommons.org/journal/vol33/iss10/6
DOI: 10.16182/j.issn1004731x.joss.20-0538



Wei et al.: Optimized-XGBoost Early Warning of Wind Turbine Generator Front B

33 55 10 Vol. 33 No. 10
2021 45 10 A IR, 2 BT XGBoost A BLATL R $ 7K ik e T2 Oct. 2021
e P05 HIEE (35 11 968 4H) I EA SCHe H 7 v rA &bk

K1 TR iR T A g AT RE L n] LA 70 9
HmE s T B R SPETE 4
7o ASREENFRESEHIX 4 DMIIRERETT .

FEHUSCAD A% [

A 4

Kl F sk B

A 4
HFAE S

i DL 47

ﬁMJCXGBoostff;E;iﬂ—l IS Bl L

THEI P AF

DB EDOE] oS mueben: 2|

e L (IR AR
H50%
PLE?

fH

(S T v e
Fig. 1 Flow chart of fault early-warning

2 BEMHEL
2.1 SCADA R4

KR SCADA Hd H H 3 Jb 5 X H
Y, 12 PN RGE A 3 my/s, V) N 25 mis.
Hop RN 2 HBEG RS A
UP82-1500 (X5 5740 K FEATLA .

DR T I R A R TR o e E L I i 2 R
FEE SR ASE RORE BE ) s, AR SCRENLERCT 10 &
Z A3 W R B AT LI 1 52 SCADA %4
(3t 36 378 4 )X A HE LT el 7 UL R L A Y 3R AT
WM, X 10 & IEFIBITRILIAEF] KM
RS, HAERALF Al —AN R B R FR BT AR,
Rety RAEIZ NI IEFALH M T84T L.

Ty AR B A 2 5 TS AL )1 255 00
116 63 GIAKET IR, 3 & KA M)A

2.2 ERREEE R

T 47 75 X AL ZH BT Ak 38 47 R 858 52 1 R 855
o, AL IRESIIR . SCADA R4 5L Bdtti
W2 SR 3, SCADA Hidivh Je A5 1R 2 S g 7
Hoifs, WEER.

2% o S W P AR 1 B AP RO

step 1: KA X 1] bin 7775£4% XIE 0.5 m/s [
[ Bk L X (a1 Kl 43 2 A LX)

step 2: SR GiiH2 U o b S U e AN
THLIX A ) SCADA Bl #4775 ¥

W 2 iR, T U I S e O 1 2 PR Ak
R ARIOTH09 KA FEVERE 2.1 52
10 & XCEEHLAL) 77 S ) SCADA ¥ (anFel 2 il
J AT H G 0T 7 S AR 5k, B’ 2
WP A RO BB R R, AR R R
e P A

1750 b - W H

- R T R B
1500 F y o

1250 F
<1000 F
R 750 F
500 +
250

0

0 5." 10 s 20
M/ (m/s)
B2 KIhE SCADA #¥E 2B 5% e A 3UR K

Fig. 2 Effect chart of abnormal noise removal by wind
power SCADA data

2.3 HHEREIEEL

SCADA Z Gt AR M 8s AR i />4 1) £
i, HPRZSHENHRBHICK, Kk Znt
SCADA i AT RAESREL, AT FAH G Rk
SR PIRRREVELT . ELN R 7 A I A R R B SR 1
W 57 JK 2 A S AT 5 VA SR L BE B B A 1A B R

http: // www.china-simulation.com

2337

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 10, Art. 6

5533 %58 10
2021 4F 10 H

e JXEEL LA & ML T B U P R AE O S 8 . B
IR B MR RSB BR Dy:

step 1: SCADA U RHIE H i AL T 4l 7R FE
TE XN Y, HAFHIEE SUN X, (i=1,2,-+,N), Hh N
B R EALET IR 5 SCADA £ 4Rk &
o ¥ X R Y BRI BE o & B A ) =
MHE4, 18 RX)AT R(Y).

step 2: THEZHEHE RO R(Y) 28] ) Z 57+
MFJ7, R, R d.

step 3: TFEPANYI A & X, F Y Z[AIAH G &R
£ Ry:

6xd

Rszl—m (1)

s MO SCADA FHEEE I F I K, —/#
YRR 56 RS T 0.8 INHRRAE 22 8] (149 AH D61 g i
FHIE, DRI, Wi 1 fos, ORE T SCADA #dfith
55 R AL Rl AR IR FE AR O R 0= T 0.8 IR LS
ML UM, L1 HIREE 9 TURFAEAE il B T
B PR 0 NARFALE o

B IR EMITNE R KL

Tab. 1 Spearman correlation coefficient

IR 44 7R Wipe R EMKMERE FRiE S
RN 0.809 A,
BUAGIE R 0.849 A,
RHAL U HIEE 0.965 A,
Kk 0.816 Ay
R A IR R 0.988 As
HHIRE 0.912 Ag
Fh s AR R 0.887 A,
AR 0.908 Ay
L1 M 0.801 Ao

2.4 HEH—1ab

PRI R AE A AR AT HL G AN 5] 1) 5 20 R 5 4
R, T IHBRFHE Z (B S se e, 75 2T 30

4T hax(4) — min(4,)
Kb x, NFEA x f£ SCADA FHIE 4; L5 {E

x, —ave(4,)

)

RGTE AR

Journal of System Simulation

Vol. 33 No. 10
Oct. 2021

(i=1,2,"++,9); avg(4) NHHIE A; WME ; max(4,) N%F
HE A; FIERAE s min(A) NEFIE A4, FIBCME; X4 N
AR X, o
3 EET

PO Sl TR TN IR o T 7 A R
XGBoost 1 B TRMAR Y, BT 75 2 T () 365 B A
I TH] A2 TR AR R Y AR I R
3.1 BSEIMA B a0 2

XGBoost BEGEAH) H AR EAECN :

N 1L, G?
L =— LT 3
2JZ_;HJ+A 4 ®
Hrr:
ol , AA(tfl) 821 , A.(tfl)
GJZZ (yl Vi )H — (yl Vi ) (4)

il af’i(t_l) Y iel, 5()71'0_1))2
Arbe 7AW RGO VR T AR
515 i NEHREE i BAREAS: y N ESHE, 5O
N =1 YOS TNME, & XZR5108 j i1k
EHEEAREG R [y y A EREHI TSR
S5

A 2~ -

x =argminL &)

xeX
Kb X A x ATEEREERE: L N XGBoost HIH
FRERH X EAR SR SR X i — 2 x.

3.2 PRI BRI

AEHE 10 i EET LA b L
SCADA ¥4 2.2 ik J7i% 22 bk 7 i fH f5 45 3
329 099 HE s, XL N] 70%HTEIZRE %
Y ZR I HE LI b 2 UL FE IO AR Y, A% 1) 30% £ dfs
FHAE WA 2 I A FRATL T A K e B T A8 2 )

.
3.3 SRR E

R SERIE TR A : Windows10 #:4E
A4, python 3.7.1 hRA, anaconda3 S K5 .
XGBoost Hi2:1H ) /& sklearn API, DUH-HrfL

http: // www.china-simulation.com

* 2338 ¢

https://dc-china-simulation.researchcommons.org/journal/vol33/iss10/6
DOI: 10.16182/j.issn1004731x.joss.20-0538



Wei et al.: Optimized-XGBoost Early Warning of Wind Turbine Generator Front B

33 55 10
2021 4F 10 H

CET IR BN bayes opt, 1 AXT LG A A% 2
FIBEALFE 224 H (1) 2 sklearn API.

3.4 XGBoost HiEFFRAESE KRR

XGBoost HiEH FEAE 3 KEBESH: HHS
. RIS ESSH. NTHR-DNESE
MU LA AR R BENLE R =R TR R
S HBUETE R F « 2 2 AR E M 245
BUETE R, HoAh 2 H R R BN BOEH

# 2 XGBoost HSHBE TG K& 2 L
Tab. 2 Range and meaning of XGBoost hyperparameters

HSH S H00 S HE XL
n_estimators (0,500) I
subsample 0,1) i LA B A A LA
Eta (0.01,0.2) LN EY
max_depth (5,30) W (1) B RIR FE
colsample_bytree 0,1) FRAEBEHLRAE LA
gamma (0,30) 5% P B AR 0
lambda (0,15) L2 IENIZ

47 AL 2 A

3.5 BT I AR E SR I MRRE

TEHiE XGBoost HikHSH a5, FIH I
M- AT S RGN

(1) 5 XGBoost H izt S H L .

(2) B DI AL SR R B ] XGBoost ik
Hik S

(3) FT Nt 5L FHRA A S IET
BRI R ARAE

4) Bae RS HAEH N XGBoost Hik
BEATUIZE, T8 XGBoost SLIETRMIKEFE .

(5) W R ESR, FHERESEE, AE
IR E(3).
3.6 HSHIMTEMREEE

T ERARA . AL R RS R AR 2
KT 0o B2 SR OF B 4 6 AR 22 (MSE),
(*_score), FHHEIOMENITAMETER. =TT
ERUTARRIEE

max_child weight (0,10)

IR, 45 FE T XGBoost K HIALHT 417K i 5 7

Vol. 33 No. 10
Oct. 2021

H# 3 ATAL, M TS R AN 2R, I
A A 75 v AE T OE S ) b AR AR, A
K2 EBENE 2R 1/3, MR 1/6; Ul
WrAR AL 7 VETE MR AR P B 0 22 1N T
fib PR S BT DU R4k 77 1 2 23 B
W 3 Rk R I X R B DU
G XGBoost ik BAG 1 TIIRS FEAZ AL,
REJTo BRIL, 343 DU 307 300 (68 2 e e 2 1)
VIR S, ARG RGEAT YNGR T . B3
TR fEAt XGBoost FETEMN_EFPRAS T ]
EH T 5 SR T SR, R EL AL Tl i PR M R L i
EEAY) G o TNME R 2 B SE TR A, FRZEE
BN 0.175 4, BRZEFI41E A 0.007 8, i%4K
BB B ARG I TR P2

223 XGBoost F-It 77 ik A HAL

Tab. 3 Comparison of optimization model

FITE MSE e t/s
D fe b 0.006 0.896 1122
FEHLIE 2 0.008 0.864 3257
X 54 2% 0.020 0.827 6212
b2r —o W — s
. 08
Z 06t
0.4 -
®02¢F
00 [ I ooniog
—02 C_1 1 1 1 1
0 2000 4000 6000 8000
ARG TAE 45

3 MRS T
Fig. 3 Test set state prediction chart

4 WEWERE

HLAHAL T IEHIRZAS, A s B AT Bl AR R Ak
TR, AL M BRI & B T R
Ut TR AL TR0 F K AL b 2RI S R AL
HI Ak SE Bl RE AR 22 A K LA A FELL T e 7
IS (it AT AR R R
SRR SR, T EEER AN, (AR A AL AT
PR PRS2 Bt FEE 4 2 22 2 {25 PR AGE 724 Tl g 2
Wl BE AR AEA S 1 30 T 1 I 5 et B

http: // www.china-simulation.com

* 2339 .

Published by Journal of System Simulation, 2021



Journal of System Simulation, Vol. 33 [2021], Iss. 10, Art. 6

5533 %58 10
2021 4F 10 H

(R o U R S B0 i e T 1 1 o R B L2
B T R 5T DR 22 B0 R LA T 0 A A A e, HH R
/b FEUNL Il U P A HH U8 T IR IR
B, 15 B HLZE A FOL AT Sl S BRI FEAEL AT — R
A 50% I AR BRI, FE A AES
LT AT s, fE—
I R IBITIRES

3o HENI 2 F s —2H e I Hicds X & A AL R
2, X HBT T AR RIS E AR R 2 . IR IES
YA EAE X AR EE, A5 B IR 73 A 7E (130, 1+30]
HHRIRERE N 0.997 3, NI IX A X (8] A &
FHAH. FEMAL g ARFRBIA T — R ) & HEAL
T FARIR FE A I ME, o AR TN A — R K
FL AL T 2 UL P (0 o A i 22

AR SRR FH (0 T 10 4L PR s AP BROA
FEALHET DU iR 4k XGBoost Hi%
JAHL AL ZH i F AL T i R B PO A Y

step 2: CREAFASII AL PRI AE 2508 N B (D) T
gAY e, YR HH R AL A 2l i A

step 3: IEFFIFBNE T8 N=144 (—K), X}
i 1P 1 & B AL Rl B T T g, O o

step 4: A LAHKR puA30 Fl w30 N L. TR
BRIAEL, 1 T — R LML A 7SI o {3 PR A PR K
5 LB 50% 00, TR .

5 SEI R BHIE
2.1 R, T B SCHR

#0957 7 WL

— HSH

e R AL
SERESE L RE SR FEHLAT

step 1:

- u~-3¢ - u+30

A% 0\ A5 20
20\9 030 20\9 03 20\9’0A 0 20\9’0A k 10\9’0A 3
H 1

(a) #09 HLALIRZS W5

RGTE AR

Journal of System Simulation

Vol. 33 No. 10
Oct. 2021

TR TR A R, MR IR 25 T AR
25N AL B E 3 G IEWLAMLA
#13. #32. #93)H1 3 & FHE ML WL #84. #09. #91)
ft] SCADA %#5 (3t 11 968 £H)HE47 Mk . 57 3 WL
KA 2k IR G AT AN H B . IEE LR
PEFENLEE A A3 . X 6 SHLA R TIERE
TE W 55 75 8t H e I v 7 2 )RR b ) R R O
SR AF A

5.1 LA S4B D S B i B 17 O

& i LA ) L AR 175 100

(1) ML ZH #09 H i F& O 0 % 18 B 7
2019-04-23 T 14:02 %, 2Wir Ak AL B .

(2) HLZH#84 Hh ik i ic 5% HY I 19 B AL 7E
2019-10-31 T 10:40 A FHEALFK SRR E, 2Widh
SN AT

(am@w1mﬁ%$ﬁﬁ%%ﬁﬁ
2019-04-19 T 10:32 %, ZWir Ak LA i .

5.2 KSR

K4y 6 GHLARPRE NI, 156
e PRLALAE A FE ML AT Al (4 SE P il BE AR, RR R 2K
X 5 FE LRI AR PR BE (B I o360 A AT
?%?UE@J:EE%%&S,zlféfﬁzﬁ%%XiiiHiﬁlﬁﬁiﬁﬁ%ﬁﬁwl
IR EAEEE 130 AT HAGRI FIRBIE. B 5
N 6 GHLALAPIRZEHIBrE L -

#AFEH LA
2.0
— HYAH - p-30 —— K30
1.5
4
ﬁlﬂ
= 05
0.0
16 0% 19 20
5019-0971719-09 2 19300519101 19-10-3
H

(b) #84 HLALARAS MU0

http: // www.china-simulation.com
*2340 «

https://dc-china-simulation.researchcommons.org/journal/vol33/iss10/6
DOI: 10.16182/j.issn1004731x.joss.20-0538



Wei et al.: Optimized-XGBoost Early Warning of Wind Turbine Generator Front B

33 55 10 Vol. 33 No. 10
2021 4F 10 A BAR, 4 FEF01k XGBoost (1) B BT il 7K i e 75 2 Oct. 2021
#91 L4 #131EH M4
2.0 2.0
— HYAH w30 — u+30 — S - w30 - ut3o
1.5 1.5
fou 4
= 1.0 10
N A
0.5 0.5
0.0 0.0
04 A1 20 A2 25 02 10 A% 126 o
,20\9-03 ,20\9-03 20\9-03 20\9—0A' 20\9—0A 20\9—0?’ 20\9-03 ,20\9—03 10\9—03 20\9—0A
I H
(c) #91 HLALIRZA IS I (d) #13 HLALRES B 150
#321EHHLA #93 IEH LA
2.0 2.0
— KUY - p30 - mt3o — RS o p30 o 3o
1.5 1.5
M
4
Z 10 EaUE X 10
0.5 0.5
0.0 AV St 0.0
04 A6 29 A-\0 223 o\ A6 2 A5 20
20\9_03 20\9_03 20\9_03 20\9_0 20\9—0 20\9.03 20\9_03 20\9_03 20\9_0A 20\9,0A
|1 34 3
(e) #32 MLALIRFS 5 I I (D) #93 FLAIRAS IS 1
B4 HLZEIR A W5
Fig. 4 Test unit condition monitoring
#0977 H LA Lo #3457 LA
Lor oo T B 1(50%
o | R B E(50%) 2 sl i )
= O8 mm WS KR g O°] RIS ERI)
2 06h R 06f
T S L ——— K e -
X 04f X 045
B o
5‘?2 021 ] 0.2r I I I
. o | 8 1 1 I
0.0 5’8'%92222&332:838%:221".8?3322 0.0 CE2ARG883583I85B2S 0TI m2ZARESEER
13 HIH
(a) #09 HLALIR s W75 5t (b) #84 FLAVIRZS MM I
o HOL R H LA 10 #131E W HL4L
L ol T PR 8 {11 (50%%) S o0sl PR B {E(50%)
@ o[ R R g | RO R L
g 0.6 R 06f
X 04 § 0.4}
= 0.2 =
&y 0. ] 02+ I I
0.0 38'5%:';“_"2"28:..2[35&2 0.0 NN N O RRO—N TN OO RND — IO~ 0D — —
[ 3 H
(c) #91 PFLALIRZS M i (d) #13 HLALIRZS W 5150

http: // www.china-simulation.com

Published by Journal of System Simulation, 2021

*2341 -



Journal of System Simulation, Vol. 33 [2021], Iss. 10, Art. 6

5533 4555 10 ] ER i Vol. 33 No. 10
2021 4 10 A Journal of System Simulation Oct. 2021
o #321F H LA Lo H931F 5 HLAL

Sosp HRRECES S st IR {fi(50%)

= - R L g 4 R R L

A3 AJ L

% 0.6 = 0.6

= 04 = 04f

= =

55 0.2 5 027

0.0

(e) #32 HLALIRZ MEI A L
K5 I UHLADIR A AW 1%

Fig. 5 Test unit condition judgment

FH ] 5(a) P ENATLZH#09 7£ 2019 44 A 1 H, 2019
4 H 21 HA 50%LL 1 AL Sl S bR e e
HE, e AL K LT Rl R 7 s TR
A, [ SCADA iz R4 22 K%,

HH I 5(b)r &ibL4i#84 7E 2019 4= 9 H 28 H,
2019 4£ 10 F 16 H, 2019 4£ 10 f 31 HA 50%LA L
149 % HLATL Tl R S il P8 M I BB, 58 i L ZH.
REHLAT R 7 H B ATIRES, L SCADA s &
G 32 RFEAT P .

H P S(c) AT ZIALE#91 7E 2019 4 4 H 2 H.
2019% 4 A5H,7H,13H,14 H,16 H, 19 H,
21 HH#A 50% LA F 1 AL i iR B S A8 i
1B, FIWHZHLLLR AR RO B 1B ATIRES, B
SCADA W% KRG H M 17 K.

P S(d) AT ZndL4L#13 & FLATL AT il iR B
SEAE B HBRR , H 8 PR LA V8 A 0 B S 1 )
P, HIE ML K LA FlA O IR R8T IRAS .

FFE A LR E, B 5(e), S(HFEIEH2, #93 Bl
R EAURT RN B B ITIRES

6 ZEit

AT HE T A6 3 R 37 R 4 1) 17 52 SCADA 5
5, FIH XGBoost ik K B H bR T 52 7
DAY S8 XU FRL LA & AL BT Al AR R AT S IR AS
W, TR E R DS 5256 XGBoost 5
AT ES BT

0.0

() #93 HLALIRZS I 175 15t

(1) WMtk XGBoost S AH X Wi A% 18 %%
AN ZAIEAA s R DU R AR IR
b BRUR L, FOUES TR 22 BENIE R I 13,
e MR 1/6. DUk 5 1) XGBoost Jit £
T ASE T (10 T IR B Rz AR RE S T R 48 %R
BN Z

() Eid 6 53 BIEHR, 3 GRE) 1.5 MW M
TR0 R LA IR B, LIRS SRR %07
e AU IR X ATLZE R AL R R R 1
X REHLH K IS THEIE A S = .

AR CEIITIE R B 5 AT, WA R B R AR
NALEFAE ) 1.5 MW XUt 25 R LA it Fo At L
PG AE, A LA S, AR PR S

S 3CHR -

[1]1  ZEF, $800%, AK&¥AE. RA GA-BPNN 5 TLS

R ML S HER T D] IR G A Bk,
2020, 44(9): 95-102.
Li Zeyu, Guo Chuangxin, Zhu Chengzhi. Anomaly
Identification Method of Wind Turbine Based on Gene
Algorithm-back Propagation Neural Network and
t-location Scale Model[J]. Automation of Electric Power
Systems, 2020, 44(9): 95-102.

2] REZ, PLEE, #kE. 5T BO-SDAE ZIRfE 51

KR ML R MO 2 BT 0], R G B 2R R, 2021,
33(5): 1148-1156.
Wu Dinghui, Zhu Zhichao, Han Xinhong. Fault
Detection of Wind Turbine Bearing Based on BO-SDAE
Multi-source Signal[J]. Journal of System Simulation,
2021, 33(5): 1148-1156.

http: // www.china-simulation.com
<2342

https://dc-china-simulation.researchcommons.org/journal/vol33/iss10/6
DOI: 10.16182/j.issn1004731x.joss.20-0538



Wei et al.: Optimized-XGBoost Early Warning of Wind Turbine Generator Front B

33 55 10

2021 4F 10 H

IR, 45 FE T XGBoost K HIALHT 417K i 5 7

Vol. 33 No. 10
Oct. 2021

(3]

PR, FRHE0E, Vraat, & NHREHRIEZIS
e BE i MW TR )], EAL AR, 2020, 31(2):
175-189.

Chen Xuefeng, GuoYanjie, Xu Caibin, et al. Review of
Fault Diagnosis and Health Monitoring for Wind Power
Equipment[J]. China Mechanical Engineering, 2020,
31(2): 175-189.

WiSCIR, (g, EST%. KR r LA e J 440
SHMG[I]. WIWERT 78 5 R, 2019, 32(5): 190-193, 198.
Yang Wenjun, He Ting, Wang Guijun. Faults and
Maintenance Strategy of Wind Turbine[J]. Mechanical
Research & Application, 2019, 32(5): 190-193, 198.
AR, BT HdfE SR Bl P X LA S B A 00 T
ARWFFD]. F= 25 #1LK¥, 2019

Wu Xin. Research on Data-Driven Monitoring And
Warning Technologies for Critical Components in Wind
Turbines[D]. Qinhuangdao: Yanshan University, 2019.
FHRE, GEEDE, THEAR, . BT Bi-RNN XN
T 7RI B TR TTVERE U], KB R 24 (L 22,
2019, 40(5): 45-51.

Yin Shi, Hou Guolian, Yu Xiaodong, et al. Research on
Temperature Prediction Method for Main Bearing of
Wind Turbine Based on Bi-RNNJJ].
Zhengzhou University (Engineering Science), 2019,
40(5): 45-51.

R, EHefh, NI, 55 T REHE 7B i XAHL
MR TIE[T]. R T, 2020, 48(2): 25-30.

Li Junqing, Wang Huanzhong, Ji Gang, et al. Fault Early

Journal of

Warning of Wind Turbine Bearing Based on Big Data
Analysis[J]. Smart Power, 2020, 48(2): 25-30.
M, SREX, FRACR, SF. XA HLAL SR 8 B S

[10]

(1]

[12]

e @B 505 ] RE05 B %W, 2019, 31(1):
151-157, 165.

Dong Xinghui, Ma Xiaoshuang, Cheng Youxing, et al.
Modeling and Simulation of Health Degradation Trend
for Wind Turbine Bearing[J]. Journal of System
Simulation, 2019, 31(1): 151-157, 165.

PREAAE, XUREDE, KoK, 5%, 25T XGBoost fJHLT)
R AR E TN L[], BMEAR, 2020, 44(3):
1026-1034.

Chen Minghua, Liu Qunying, Zhan Jiashu, et al.
XGBoost-based Algorithm for Post-fault Transient
Stability Status Prediction[J]. Power System Technology,
2020, 44(3): 1026-1034.

WANE, TR, A, & KL RGE- D) %
WBATHER L FOFYE I ET]. L EOR AR, 2018,
33(14): 3353-3361.

Shen Xiaojun, Fu Xuejiao, Zhou Chongcheng, et al.
Characteristics of Outliers in Wind Speed-Power
Operation Data of Wind Turbines and Its Cleaning
Method[J]. of China Electrotechnical
Society, 2018, 33(14): 3353-3361.

VRE. 2T 1847 Bl 1 X R LA s 2 W T 7E[D].
fRsE: Hdbr IR, 2019.

Xu Qing. Research on Fault Diagnosis of Wind Turbine
Based on Operation Data[D]. Baoding: North China

Transactions

Electric Power University, 2019.

RIESC, XML 1A 50 A e Tl i VR 50 ol A ORGP O
FEHTIE[D]. R AT FEACELTRE, 2017.

Tan Bowen. Rolling Bearing at Wind Turbine Gearbox
High Speed End[D]. Nanjing: Nanjing University of
Science and Technology, 2017.

http: // www.china-simulation.com

«2343 -

Published by Journal of System Simulation, 2021



	Optimized-XGBoost Early Warning of Wind Turbine Generator Front Bearing Fault
	Optimized-XGBoost Early Warning of Wind Turbine Generator Front Bearing Fault
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/cOKQFIY6U8/tmp.1688100843.pdf.PfKzq

