K FH

F41% HSM
202045 A

ACTA ENERGIAE SOLARIS SINICA

'\_#L' ‘jl‘& Vol. 41, No. 5

May, 2020

XEHS:0254-0096(2020)05-0098-09

REXNBENARNEREZXRTRAEWEIZH

mo&, WEE, A

®, WHE, XL

(FRdbH Sy R 5P TR =B, JEad 102206)

O ORI Bl AR A AR A S S R A PR P | 25 A ASORIDAEL S SR RAIT A2k 24 ] R T
FER LA A SR ) S HLHEA T AR S AR BT SORRA2 W 7 BT 5 o 8 SE 5 T OBDHLRE 4 RS 1 7 AR K R GERHIE S 52
A7 ER AR Y 5 3o % A8 SRR SIS AT R AT 2 TRT , 0 5 X 512 W R 3 05 i 19 2 0 PR S B AT 8 I 25
ZRL T REPE AR SCRF B, T AR AR BE A WY 5 SR J5 B 5 17 XUZ SHRF 1o o WL A S B e P ) 3 Rl
BB EATHE— 2L 32 o B 3l 3 S BRIE AT RO 0 A 3 RSB EA TS Sy, SRR A5 SRR B IS T 12 RE

PR A B T A TR I A

Kegia. WAL bt BMEAIE; R RL; SRFmEL

hE 4SS TM614 XHfFRERG . A

0 35

AT AR SR AR 22 110 AU HL L2 e L B 2 R
Gt , L Bl A 3 R G R ] e R AL 45 Dk 45 ) I
FrARRE ), BAT VR AR 2 | S Pl A T sf 424
DU AR R GEAR O S 2 i FL 5 2 A T . X
B AR B4 52 A 2278 b IR A2 AR O 4548, A LA
oA R AILEE 25 4 SRRl e TR o Tl H— HUR AR
B, ARAT AT BE 2 RS R R R LA
WA E S SN BB ER R G M ES AR Z, B
HBZHEIBATREZ MR, P4 4E A R R
HEERN SR LR IS T DL o T AL 2 3R 0 o L e e 41
LSRR — BRI E RS E, sz A B,
AR ORI AR B AN St o R, X T R AR AR
A o A5 A 2 S TR 1) ke ORI I 40 031 5k ) A 0
HEREZE,

DL, O T 3k — 2048 e i Bl AR 3 AR G a2 W ) o
TR LA e BE A8 )l AR BE AT 0 28, AR SOR BRI R
S ST R AE B 2 fTASE TS S PR L2 2 S AR S S Bk
T A B AR B X T B2 W Tk R B i SR R
Je AT TR R R DA 0 S AR 1) LA T 2
Sx, Ao B AHPRT BE B A B2 W R, 1k — 2 T

][/

s EEE: 2017-10-24

JZE S 1 AL SRR BE A T 202, fe e W S BRI
A TR AT S S

1 BIERZAZTIEFRIERBEXSH

11 HBEHITRRGEITIERIE

1 D i 7Y X HILZH F Bl AR 3R R G AR T
EI I /4 s A 2 N £ NN £ e 46 W e i B X
Ml RS, B RGGE R MBREM B 5L PR
ARIEAVE B AT HC A 5 AL B PR T, I E LA 3 S B i
S LR n by B O 9 4 58 UG TR Y . LA
I 45 52 R T, R 245 B 5K 3y e AL AY HL AKX A
B, % B ML I Ao e i o R B B A iR 2 A
JERGEAE R A e, BB E KRG W L
SR LR AL IR B AR AL A2 1T 5 T 25 A1 0 YR
BEmS, i 5 B AGE AT, B AR UL R P |
T AlE & =
12 BEHTREAZHEXSH

T AR B2 A AR G N 4 R E s
17, b MR ML AR 3 R G 2 R R Z I I 2 4
= A AR AR A R A A R R AR R A R B
fi =R AR S R A T b R R B R B R

EEWMHE: FEARRAES(51677067); TR ERHEARHIN % 2% (2015MS24)
BEESE: & EQ976—), F, WAL PE, FENGT L AL ERE AN S AL T TH I FSE . gaofeng@ncepu.edu.cn



5]

i

WSS s TR XL AL L Bl 3K R AR IS BE i 99

G N T EIEIR S KA TR B 18
SIS K e e HLEE AT T TR S, T
FE ST K LA P 5 7 B AT G B A

TR B A S 2 W, A e BN SRR A G 2
BTG o398 OF Bk — 0 RSG5 1 2 8
LTI EEIS W

U f— n
HLA R || AT | e [ preveamn
(}L;CR) :’_’C H@Z@ﬁaH%\EﬁV‘]uh—»

s ||

BRI o | i || e |
A (APR) (ASR)
S I A R

(A AR

@0 Wik

*{ Tttt ¢

@ SR8

U

BRI AL
g

Bl sh 2R R G T AR
Fig. 1 Working principle of electric pitch system
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Table 1~ Used for primary selection of fault diagnosis parameters
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Table 2 Fault diagnosis decision table of pitch system

w u us Uy us Us us us Uo Wis W Uxn  Un Uxn Uz U Ups U D
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
1 0 0 0 0 0 1 0 0 0 0 0 0 0 1 1 1 1 1

0 0 0 0 0 0 0 0 0 0 0 0

1 1 1 0 0 0 0 1 1 1 1 0 0 0 1 1 1 1 188
1 1 1 0 0 0 1 1 1 1 1 0 0 0 0 0 0 0 188
1 1 1 0 0 0 1 1 1 1 1 0 0 0 1 1 1 1 188
1 1 1 0 0 0 0 1 1 0 0 1 1 1 1 1 1 1 188
R3 ABMEHNERARFHESHRRE
Table 3 Decision table for fault diagnosis of pitch system after reduction
u w o ous w us  us  u; Us U Wy ws W Uk Un Wp Wy Un o s U
1 1 1 1 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0
1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 0 1 0 0 0 0 0 1 0 0 1 0 0 0 0
1 1 1 1 1 0 0 0 0 0 1 0 0 1 0 0 0 0 0
1 1 1 1 1 0 0 0 0 0 1 1 0 1 1 0 0 0 0
1 1 1 1 0 1 0 0 0 1 1 1 0 1 1 0 0 0 0
1 1 1 0 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0
1 1 1 0 1 1 0 0 0 1 0 1 0 0 1 0 0 0 0
1 1 1 0 1 1 0 0 0 1 1 0 0 1 0 0 0 0 0
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Fig. 2 Parameter selection flow chart
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Table 4  Part of case diagnosis results

s w/ us/ us/ un/ wof i/ SVM PSVM Wi i
(°) (°) (°) < C C i A B FENL

1 0.057 0.073 0.066 3035 3132 3126  iFH EH 1 |
2 0.059 0.071 0.063 30.76  30.67  30.51 1EH EH 1 A
3 0.059 0.070 0.060 30.69 31.84  30.82 1E# EH 2 A1
4 0.066 0.168 0.058 30.82  31.68  31.30 [ T 2 2
5 0.066 0.166 0.057 30.84  30.19 3072 s 3 2 K]
6 0.076 0.070 0.164 3038 3098 3124  fkkE g 1 A1
7 0.098 0.074 0.104 3035 30.78  30.86  IEH [ 1 A3
8 0.102 0.061 0.066 3037 3176 31.28 EH W 1 A1
9 0.066 0.068 0.067 30.64 3182 3058  IEW B 2 )
10 0.097 0.075 0.066 3043  30.15  31.14 4 1IEH 2 HH3
11 0.138 0.081 0.065 30.53 3138 3046 HEE [ 3 A1
12 0.082 0.081 0.129 30.64 3038  30.28 s 15 3 ]
13 0.159 0.082 0.073 3040  30.04  30.02 4 T 1 A1
14 0.162 0.077 0.074 3040 30.04 3012 s W 1 A




104 p N A S 41%:
RS WAESHIESHER
Table 5 Unit continuous data diagnosis results
e w/ uf us/ wn/ w/ s/ SVM PSVM ik T
(°) () (°) < < C e i e KA TENT
1 0.097 0.068 0.067 3035 3132 31.26 EH B 1 A1
2 0.098 0.075 0.076 30.76  30.67 3051 EH EH 1 A1
3 0.055 0.07 0.068 30.69  31.84  30.82 EH EH 1 A
4 0.061 0.068 0.064 30.82  31.68 31.30 1IEH EH 1 Al
5 0.061 0.061 0.062 30.84  30.19  30.72 1IER EH 1 A1
6 0.086 0.06 0.067 3038 30.98 31.24 1ER EH 1 A1
7 0.102 0.071 0.06 3037 3176 3128 EH W 1 1
8 0.101 0.071 0.07 3037 3176 3128 EH T 1 1
9 0.101 0.068 0.067 30.64 3182  30.58 EH B 1 A1
10 0.118 0.075 0.076 3043 30.15  31.14 Wi W 1 A1
11 0.128 0.082 0.075 30.53 3138  30.46 b W 1 |
12 0.139 0.084 0.089 30.64 3033 30.28 4 [0 1 A1
13 0.149 0.083 0.083 3040  30.04  30.12 e i [ 1 A1
42 6 4 SVM il PSVM X T 3 JE i e i 1 5] 25 RT IBMBRENE
2k B S I XS SV il [ ) A TR A 5 g ] S R Table 7  Classification of three types of fault
e, (AL AR AR A S A 15 T 3 A B SR Ak B A Slene| PRSP
S AR A BE A B i — 2D 0°~0.1° EH
=6 HAFIMERRILE R | 0.1°~1° 121
Table 6  Partial discrimination results and comparison 1°~10° P
WepE REA SVM PSYM 0°~2° EH
KB BURE piERce: ERR PITERCGE ERE% A 2 2°~10° i
1 200 189 94.5 196 98.0 10°-20° M
0~1s 1IER
2 200 197 98.5 198 99.0
PR 3 1~5s 24
3300 253 84.3 277 923 5304 e
[RERE , A SCEF X SR T AR 2 R GE e B2 7 A st B
52 IO, B TR0 SO 0 X e B R B A 70026 4%
AR AR BN o3 IR R ™R 3 28 BRI SYMI
W 7, G, TR TR R 12 SVM MR S
SRR TE R A A BEIR 25 DX 43 IF L 885 RS 2 L .
JZ+ SV I ) Sl RS A8 X 73 s e 2 R A S ™ S\*Az
ORI A 3,
T8I T 12 B | FEHU RS W ZE AL, 3k 8 Wg }i

ATRLUA Y RUZ SVM AR R AT AR G b X i e
JE, Shizs 2 N 5 4 BT RIORS B 0 SR R

B3 WUz SVM BRRe B 7 i
Fig. 3 Double layer SVM fault classification process
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Table 8 Part of case diagnosis results
Fr w/(°) uf () usl( °) un/C un/C ulC SVM1 SVM2
1 0.047 0.053 0.056 30.357 31.325 31.263 E% EH
2 0.049 0.051 0.043 30.763 30.677 30.510 EH EH
3 0.054 0.060 0.055 30.697 31.843 30.822 EH EH
4 0.048 0.057 0.051 30.825 31.689 31.301 EH EH
5 0.170 0.066 0.057 30.849 30.191 30.721 i b L
6 0.146 0.051 0.054 30.381 30.987 31.247 [543 B
7 0.098 0.074 0.052 30.358 30.781 30.867 EH EH
8 0.072 0.071 0.065 30.373 31.769 31.285 EH EH
9 0.071 0.068 0.057 30.640 31.826 30.583 EH EH
10 0.297 0.075 0.056 30.437 30.152 31.143 i s B
11 0.338 0.081 0.085 30.531 31.383 30.466 4 B
12 1.549 0.085 0.079 30.644 30.338 30.283 WL e
5 & @ [2] CIVELEK Z, LUY M, CAM E, et al. A new fuzzy logic

1) 388 3o 57 B TR 4R 75 05 1 28 2 AR SRR
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JEE AL A SIS TR %o S92 o e e LA A 1) 31 g
i e — 25 M DAL T LA SR A R B AT A A, FH LE
T SVM R AR = 1B

3)FETXUZ SVM AR 4 i ) A8 38 28 Gl B i 73
JEH AT 2 RO FEE MR R 1 S S ) 0 2
KEBE , A M T 2P X4 N 61 1 i X Lz 47k
A& R IBUH B A
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FAULT DIAGNOSIS OF ELECTRIC PITCH SYSTEM FOR
MW WIND TURBINE

Gao Feng, Deng Xingxing, Liu Qiang, Yang Xiyun, Wu Xiaojiang

(School of Control and Computer Engineering , North China Electric Power University , Beijing 102206, China)

Abstract: In order to improve the angle fault diagnosis accuracy of electric pitch system for large-scale wind turbines, the

feature reduction based on the fuzzy rough set and the support vector machine (SVM)based on particle swarm optimization

algorithm were combined to analyze the failure of the electric pitch system. According to the fuzzy rough set theory, the

mathematical model of the electric pitch system with the characteristic parameter reduction was established firstly. By

reducing the pitch-related operation data, the parameters with high contribution rate to the fault diagnosis were determined. So

as to get the high accuracy diagnosis model, the SVM based on particle swarm optimization algorithm was trained by the actual

operating data. Then the fault diagnosis model based on the double-layer support vector machine was designed, and the fault

can be further classified. Finally, a pitch angle fault diagnosis experiment was carried out by the actual operation data. The

experimental results show that the diagnosis method can identify and classify the pitch angle fault accurately and quickly.

Keywords: wind turbines; failure analysis; fuzzy set theory; electric pitch system; SVM



