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Fig.1 Composition and schematic diagram of pitch system
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Table 1 Fault distribution of pitch system in a wind farm

[ S A%
A 40
AL AR 29

Ja LR 17

2 &N

AN A 6
ALK Sy 1

M1 1 TR AR qasiil A8 3 A BE e i)

b LI B TR R 69% , SR ML IEH iz
FT BRI R, XS ARAS X mT LS
ARSI ZR G R, AN [ AR R RS R
SRR RI Y, LN Gl A — Bk A Al

B 5 XL AILZH T I FER RS, TP 2 A 22 5
HEFRAL NG R GU R R RAR R, X T AU
B PR [ Al e, R BR R EE AN ], X R GE R

FREEAN A, PR L, (AR AR e 2 AT i
T2 N T ORIERS B, T X AR By S 2
SBT3

2 HRBES5HE

AR R G s A TR D SR BAE AT, T
LB, BT R N AR I R G 1 BEAR
B B AN 2 AN REE H S RS PR A 4 i
T ERIAIAN E PR OC R T DBN ] RASRA MG i
REIX —AN A2, I8 BB PBESR ) £ B XU 267 7 [1]
FTTI A f5i2 W, Rl B R e 2 8
B2 G AR E MR BE T, R, AR STk
BEEAR HE ST R SEMY DBN AR
2.1 DBN &9 K223t

DBN H 9 85 RIS RER R (CPT) 2 AR, 15
MFRMINLAS &, RN S R AR,
CPT F/m NF5 S BIACH A, DAKCT SN E—A>
IR BT —N A 4 4R,

DBN I riE sh 2, s i FUOR B AR, W 4%
SER TR E R FIEE DBN By AL — S22
ST ERA DL 2% By, BIWILART 2] BN 1454
FMER A, RS AL I ) PR AR 75
2 B—, AHSRHE] 5 s A i 22 (A A S5 AR 43
ik

P(X,| X, ):_]_'[P[X,,i\pa(Xt,i )] (1)

HH X, Mt EML%JE"J’I’—E%;X,_I -1 E#%UE‘J’}E%,
X, AW ¢ RRYES (A 5 pa(X,) 0 X B
AL, ARE TR AN e A N s A
] Fef

5 R 22 A I ) A R385 A1 T 3R A

rXw)=]TI]PIX.Ipa(X.)] (2)

t=1i=1

:Tit':'j :X1:1={X1 ,Xz, ,XN}o
2.2 Leaky Noisy—Or gate X 5 HE R

ST DBN A— & Bef 2P R G0 A 1Y
Wi R AR SEAE D, B s b ) B i R 4
RARIEOILT 82 R G AT B ) B Pt |
AT IRHER K59 553 B R Leaky Noisy-Or 17 45,
YT BT AR, oA s T AR X AF
e, 7747 RATA AT REMUE . ] Leaky Noisy—Or 7
ST AT R R G SE PRI O, (AR
R A B

- 487 -



T RERER

BT Y HAPAAC S XX,
Xeom SEBRZE X, FRHABR R A, AR R
KR, BAEBRT R X, S5 Y KR &
NA
P=P(Y|x, x.)=P(Y|x.) (3)
Ml s o, AR E X, FEY kA
HAE ] s

Purb(Y |y, x )P0 X)) @)
F4 Noisy—Or gate FR7I T4
P(Y [ X\, )=PrPyPPeon (5)

L E&RHET N Y 558 A i e e
P(Y|X,)-P(Y [ x,)
1-P(Y |x,)

=

(6)

2.3 A%

RHESZBRIE L, #F DBN By a5 0 KU
KRB R 3 AEY, BIIER &L s, 40
0,1,2 pni, BRI LR G248 4 19 SE g HE R |
AR IR A ) DL SOIRAS R %R
HYBAE o
23.1 RAIRSEEES

BN 1 5 M7 )07 P R Eh 56 00 A0 25 R G 25
AT AU IR,

P(Y|X)P(X) __ P(Y|X,)P(X)
POY=""py) L P(XOP(Y X))
(7)

L. P(X),PY) 5 BIH XY 1Y 5856 4R
PX Y ) RJEHES BIZE Y BARIEOLT X &
AR P(Y | X, ) R AR B X, & A 1 2%
R, Y KPR,

P(Y) HEHB T BIR G THAS X 2 Y 3L

2024,42(4)

L POX) FOXT O EA T A AT AL 3 ) 12 S )l o Lo
R A, SRk im w5 vl LABR IR A FE 2L
5,

P(X))=1-e™ k=1,2 (8)

2R AT X RO R i
S AR,

WE T RS, BIAT AT 2R AR
MG FAEAR AT, OB TERT S R GEit 1 i
WA, BT ATEEA T A R, SIA
Leaky Noisy—Or gate F5%Y |
232  WEINGE B SRS R

A5 B R AR B BRI 2 T, RS
ANBARIBUR PR S WIS B, A9 s RS
G H el RS (PO é%%ﬁiﬁ*ﬁ%ﬁﬂ’ﬁﬂ
i AR I SR T Y R R, X R R
s,

AREFE R AE ZARE N STE T W2,
HEXS T, 120039 s AN RIS Z [ R AR

& m=n
P(En-u:m‘ET:n )= 1-¢ 9)
Dol m#n

K em,n 300R T AT, B2 S BPRES ;e R
TR R R PR (D E(2) kit D
RS B, AR SCEHCT  D=3,
3 RGIHHH

I 107 & 2 MW KUEHLAL A A3 R 50
R, AT BT
31 TR AGHERGHE

H5E, R 1 BRI R G AR R T
VR ff o A2 ZR G0 R Ay s B A T4 T
Fon(E 2), SR)E T BBk sh A BBl S & HL TR
FERIFEAE 5 7535128, SRt M1, M2, -+,

A
-
A

va][vs] |ve] v8] [vol [vio| [v11] Y12 Y13
(x6) xs x13) 16 xzo xzz x23)[x24) x27
(x7) (x9 xi4) (15 X21 10 X25

l§l 2 *éﬁ?éﬁcﬁiﬂ*m

Fig.2 Fault tree of pitch system
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Fig.3 Dynamic Bayesian network model of pitch system
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Dynamic reliability evaluation of wind turbine pitch system
based on DBN

Feng Hongyan', Zhu Haina', Qiu Meiyan', Feng Yulong?
(1.Tianjin Sino—German University of Applied Sciences, Tianjin 300350, China; 2.Tianjin Resource Electric Co.,
Ltd., Tianjin 300308, China)

Abstract: In order to make reliable dynamic prediction of the potential risk of pitch system,
aiming at the problems of multiple components, complex system and difficult fault feature
extraction of pitch system,the fault tree is established through the induction and analysis of its
fault point and fault transmission process, and then it is transformed into a dynamic Bayesian
network (DBN) integrating Leaky Noisy—or nodes, which ensures the accuracy of the model and
has the dynamic prediction ability. The model is optimized and verified by using a 5—fold cross—
validation method. The test results show that this method has high accuracy in risk prediction,
fault cause analysis and risk dynamic evolution process analysis of pitch system, and has
engineering application value in guiding the preventive maintenance of pitch system and ensuring
the overall safety of wind turbine.

Keywords: pitch system; dynamic Bayesian network ; cross validation; reliability evaluation
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