356 HsH HLT I B 5 (AR 4R
£ 20 - JOURNAL OF ELECTRONIC MEASUREMENT AND INSTRUMENTATION

Vol.35 No.8
2021 4 8 A

DOLI.: 10. 13382/j. jemi. B2003742

ETHRTHERNEIRN K#ERNBE TR
PRI BT 3T

REK HAE H A

AHE 230009; 2. [ M2 8048 A BRA RSB H AR A8 230000)

frisnl 2
(LABTIRS A A RS

T E A IR R R AR FEAR T OGBS W )R 4 1 T — R AL e AR B R RS B TR L RO
WIFFE T AEAS ) T B i B 2 26T ) LA =K e 0 P IR 2L AR | B 8 W 8 R I TR TS W8 6, S s A UV 3 0 0 5 (W LA = A e
TP A2 A i SR AR 2 WiAE AT 1 2 W5 5, B E ARIEI2 Wi 5 5 58 ISE I R 12 W , 176 209 I a2 W Jr vk i 3631
PR T S RERUE RS W I 1, SEER A AR W, 12y TR R LA A RN AU A RE R A T VR BB A2 T 2 WA SR AR,
GRS, RE S BRI w2,

KR W ke KRG KU AR RS s SRR IS T 5 B R 5 5 RS M

RE 43S TN358;TM461 XEFRRE A ERREZRSERE:; 470.40

Study on fault diagnosis of direct drive permanent magnet wind
power converter based on distorted current

He Yigang' Xie Wang' Shi Tiancheng® Xu Shuiging' Gao He'
(1. School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China;

2. Economic Research on State Grid Anhui Electric Power Company, Hefei 230000, China)

Abstract: Aiming at the problem of open circuit fault diagnosis of direct drive permanent magnet wind power converter, a fault diagnosis
method based on generator side current distortion law is proposed. This method studies the distortion law of three-phase current under
different open circuit fault types, summarizes the distortion law and designs diagnostic variables, monitors the three-phase current of
generator side after low-pass filtering in real time and calculates diagnostic variables, then obtains diagnostic signals according to the
diagnostic variables, and finally completes real-time fault diagnosis according to the diagnostic signals, On the basis of single tube fault
diagnosis method, a method supporting double tube fault diagnosis is proposed. The experimental results show that this method can
diagnose single tube fault and double tube fault accurately and quickly, with low cost, good robustness and less misdiagnosis and missed
diagnosis.
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condition monitoring

W2 — ZRGN R RUEA T ZN A, B shEE £
FRRETR) A 2 B HIL (PMSG ) L 2 75 K 58 I il (PWM) 72
TR, o T AR AR i i 1 Z A AR LI PWM

0 35

[l

BEE PREE TS e R AR H 25 58, [R)I O 1 5 A BE U
FEHIL, UBEAE S — Fif 2o €2 W] P24 FE T 0K 052 1) i 2t 4%
) TR, XU LA A e ML E TR AR AR T BBk
T TR 20 AR 2R B8 0 B [l R TR AU R LA R T 9 20 R G

s H #9.2020-12-04 Received Date: 2020-12-04

FEE AR ELTRAE O PWM 368 2% e Bk g
AWTFEUEN] , A2 s 2 7K T B IR R 58 B A O R 1 A
JfE 35 P AL R R B ey PR R 22— R R e Y
2 SISO Y S (IGBT) K TAETE m B 7R3, T

# FLATH K ARRHAEE4 (51977153,51977161,51577046) K H AR # 3L 4 T S0 H (51637004 ) | F K E s W & 140« T RRH# AR %
IR TUH (2016 YFF0102200) |5 £ i el 5% 8 5 0 H (41402040301 ) %5 1



5 8 3]

T S R UL Y R R X P AR U s a2 W 5 - 21 -

VSRR 25 5 DR O R AT 5 O DA e 3 1 1L
AR AR T A IR 73S TS I R L e e o
AR S SR R 7 A R R B 2 S B R LA
BL o FF B RO A AN 22 B0 i SR, (E 2
FCAL I P A I I, AR T SR I (R A7 A, il e
G HA L Ty e A i PR R e T 5 BOX R LA
S HE LI K R, PR M AR SC IR AR AL A T A
(T B RIS W, PSS AR A T O A T IS 12 W 412
o WU R GE TR | ARG A7 AR 04 T H IO v RE BT &
WAAEZE L,

FURX TR T A4S B T BB B2 Wi ik iR 308
R A T G 2 Y A I, T L2 53 DA T R R RS TR
FEB PR B2 W T vk . SCHR [ 7 ] 3% Tl B T 19 A I I
M P T — MR T I — A5 P S R R Park K d
HISWTT k1207 R BRI . TR ERG 2 1, 3C
k[ 8 JAIFSE T - B LI Park 2%t Ml AARFAE , JRA3- 31 T AN
A RIS TR 2 ] B LS R S — 2P, SCHR[ 9]
XS Park S AOIRELHETT 18 KO e, AT 45 5]
TH R AEERZS WER . X LR T Park AR 19TT
AL, FEAC W e, SCRR[ 104210 T —
ol T FL O LU 2 R O e A R A R W ik, OF
i FH BP 1 22 [0 245 S BN 22 o B 26 TR A sk 732 . S
BRL 1L DU 7 B 42 A =2 I ) 2 v S 5 22 X i IR
AW, SR A FL T R I TR] 8 00 S o o 2 1 B 12
BRI REPE | (ER b 75 VA R 2 B T L s, [ A2
AN, SCHRL 12 ] 97 R 1Rk f (4 R HGE ], 58 1
K ALIIRENE T AR R W5, BT A R AR A
A JEARIAR S A5 55400 112 Wi AR AR, 7R A
ALL R R 05590 A8 85 B 12 W 4, SCRR[ 13 424 1 — il
FT AR AR 2E K R SORIZ W T i ORI T IRIE
Ptz I FIEHATIES T . BRib 2 A, SCHKL 14-15 ] fif
FHT 78 RS 3 it R S AR i B LGS A2 3L A T B 3 o R4 7
BBRAZ IR, XRR 7 i R R B . SCIR B2 W T
TEA B W AR A RTINS BOR RE P
SE NSO I AT AL PR, ASSCHR Y 1 — T 5 T W A8 F,
TR RS2 W 07 1% | 1275 1 U 2R U AR R A
IO = AH L A AL RE PR I B 1) 2 W T OGS T el e
WA BARIF B2 Wik B, &5, X XU AR i 2%
TEANTR T e e P 22 0 AR AL Fh 37 iy A8 WA 2R 47 23 A
BN I RGE S U BRI W B SRR TR L 2 R
B T2

1 HERXA#ERZEHRBFEE

1.1 ERNXAEREEN
K E RGNS AN 1 s R E R

WL A3l R G iR ) A R LRI A~ 52 5 22 i e 2
I T AL 14 72 B e P A LA 7 J e, 3 4 P R
AR L e AR WM AR e e o AN SC T BRI ST 22 I o Y
TFRAETT B2 W

Ty Ts
BIRA K é} T
4 AF

RN
- 8 @g//

Fnlpgfia==rt:
Rl El -Il’]} 4%}
T, T4 Ts
LA 2% PAIAR i 2%

K1 Kk R GE4E

Fig. 1 Wind power system structure diagram
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Fig.2 T1 open circuit fault current waveform
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Fig. 3 T4 open circuit fault current waveform

PRl A E R 22, DI AR 825 2 i Tk T BE 23 7E O BfhiE
ARV BBl . PR n] DATR S E 3 B — A L 3t i 2 R E
PR (L, 5 s 200 1% P, Wt (L B PN, gl ] LA Ry i st
ZI Y LR T Y

i, <1,
o, Ji, | > 1,

m =a,b,c (4)
Aorbd, AL = AR 5 1, A E R I (A 5, M
m AHHL R F bR

AL 20 0 L R AR 1 B, BT LAIA
ZITZIF AR A HE T 00 ML SCH R A Bl i L T
) FEL 3 AT ZAE KL T i DL s WL AR 3 #5% F OC A5 19 O it
2 U F TR A R 2t 8 . Wt U, 7R F G4
S M T IR P st A, o AR ) L B AR A 6, A
W2 ORER 1 PIRES . H BRI PR R 5 b KL
P4 RGBT A, I FUORFE R G5 20110 o it 2
BHLR . UL T T SR T 2 W, vT DA TR R
Gl SRR TGN 1 R ZEECN, SN KT
FE B3t Z A 20 e A BT T A T A T K s (]
R O,

6

m



5 8 3]

T S R UL Y R R X P AR U s a2 W 5 - 23 -

I,N, =N,

n ™ 0,N, <N,

m=a,b,c (5)
K N, m AL AR 1 A 2 SRR
N, R0 2] f A 5w, 0 m ARTF B REARS AT LA
R Y N, KF N, B, w, =1, FmbEf, MR TR
L WHERE m A TR, YN, DT
N, I, w, =0, m HIREAT N BUTT AR, 25 1Bk, T
W w, TR TFHIE LSS, T IR I2 W

RS R R S S U RS S S (1 22B 0 il w4 i
ACBRIE , REAS S U T ISR () B2 W, - ELRE I M 1Y
S5 BT IO P B R, L2 3 2 TE kB A i A Y A
R TV IR OGS A T Rl e, PRI s T
Z WIS WL S R A TR T OC 8

W7 2.1 757 (R AE Y LI 23 AR AR 2 A R
AR L AL B T — o AR, i — DR R B T
A A PR I N 4y 1 SRR A 2 0 B ] BRI A il
AR L 2 1 BURRAE P 9 A2 4k, 5 BL7E [ —AH B PR A
(73] 4 - DAE 53 1) b A T Bt e %) B, A 5 e A 1) 1, 3
SR R E AR, QN &l 4.5 R

T CHARERX R
oot I T R Lt

L BAEE

\\\////‘\//// ~

B4 T1 IR C R R S AL

Fig.4 Distortion law of C-phase current in T1 open circuit fault

L AR
N R TR L7

5 T4 JF BRI A R HL U I A2 KL

Fig.5 Distortion law of A-phase current of T4 open-circuit fault
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Fig. 11  Diagnostic under increased wind speed
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Table 2 Double switch tube open circuit fault code table
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Fig. 13 T1 and T2 open circuit diagnosis results
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Fig. 14 T1 and T3 open circuit diagnosis results
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