F42% F£38
2022 F 3 8B

Vol.42 No.3
Mar. 2022

® 2 & % wE &

Electric Power Automation Equipment

T ACHLTE A0 T H R Vienna B2 7 48 P4
T B iz 718

B VB R ERRD, AR R
(1. T EXP GAIEFR FFEELIEETERSFRLCARELEEEE, RE 300130;
2. AT KRE WA LRFR ThEupy s ETERETEELRE, RE 300130;
3. PE KT AR ATRAS B TS 443002)

I 8 R3S 2 Vienna BA B9 LA S X, AR 5 L4 B EL ey pakfeT MW, L TH
AN R A BB T — AR Wy k. AL, AT T TR B e SR ALEE | i IR B N B R
Ao b b B AR BERFIET ;R G, BN N R0 R R fe A i s B 5 B £ 6980k T AL %3t
ML Wik e, B A LI E T TR F R A 20, PTIEe i 0w iR R M IS4, &
PR LB RE K @RS T UM SR EARRTER, EAS T TOE AT ER I, FELRERR
I AR SN B R & AR RN SR IR AP Ae b I B TR A B ik K0

SRR : 2 F TP REE ; Vienna 807 55 s RALAL X 38 0 M 5 £ X5

FESZES:TM 46

0 315§

—AH = HLF Vienna 2 R 28 S5 G M A K
A DXIAE T, Bt — R rh A LA M R i e, A
INF G R4 g S HAL =PRI A AR
AR =L Vienna B a8 BAT IFOCAE D P G0
TI7IN R A AR AT SEME s S O, BT
TR AR R A 1 U

H BT [TEE X Vienna B 3 i 09 85 212 Wy )7 12
TR 22, ] L 228 HA ) 68 4 5 1) e 12
Wresds o Tl AR gE T Wos , i T EZou st
Tl I TS5 301 ) AR o 2 SRR R, D) R A AN )
P A R L R R 43 )k B 30 % A
26 %' o F TR IF SCAE Y RO 3253 A
T S5 7 R 6 R 140 RO 5 R X S, R i
I B AR A B AR, R T R
I Ff, Y7 3% P 50 DR ) e P o T T S B 2B I
P IAE Y M LS R B R X 50, L 24 S 3R U
ot Dy FETF O B HL U LA/, T S BN B e it
PRAPAGIN 21, K ) il iz A7 2 R Bl S BUN
WAL B D L U . R, Ry T R AR
i BT EEE , AH G Y TT R 12 W R B9 3 JLAE
Wr#s B #8:2021-01-05; £ B H #:2021-11-12
EEWHE: T H o X445 A28 A (£2019202481,
£2017202284) ; 77 4t 4 B A& A+ 5 K 4 41 37 B 50 # K0 B
(E2020202142)
Project supported by the Natural Science Foundation of Hebei
Province(FE2019202481,E2017202284) and the Foundation for

Innovative Research Groups of the Natural Science Founda-

tion of Hebei Province(E2020202142)

XEAFRERD: A

DOI:10.16081/j.epae.202201007

TRz . BRI 2 W 2 KB A
FET R E NS TR R R RS

U B e AR I U 2 7 AR A BT
AR A, 38 5 BT HL U R LR AR {38 AT DL S R
W EEXF ARSI, SCHRL 9 J4R TR A I )
FEL A P 3 U B2 A7 e R ) R B e i v
It YEEL A  E S  F B R 2 I O s H O
2B T, T A A g AL . PR
B R AR S R R S e AR el AE , SCHRL 10 [ 1
AT AR F R EL I A A TR RS ., o T g
W HERRIE , AN A F A T R i AR 4, )
FHPER g O o el H Y O B AR A TR IS T
(ELIR 7 I B 7 2880 2l S5 1Y 100 2 i 3K 26 5 125 1Y)
ZWIRCR .

— L BT R Y O, R R A R AR
Rz AR S o7 B SE PR R TR SRS 0 Bl (B BRI
H 5% 2, LIRS (H Rk S8y AR AT
o LIRS I A SRS R PR BURRAE A2 1, 23 38 N R
GERAFROE TR, AR G PR 25 o BT I Sk
R, BB SCERER TN S N AR A a2 W
o SCHK[ 16 JEFXT Vienna B3R 48 B A T #0445
SIATF B2 Wb, R IS I 4 e R R 58
TBCHAE RN ZRFEAS | BEAE [R] 2 W D) 32 51 D48
THAE R T B SORE  SCERL 17 IR RS E A R
MHL e, 25 AR 22 A IG N R G HOAR T T —Fb
WA SR R RIS W vk o SCHRL 18 1R FH H He W
RGBS PR B D AR e s L e, B AT
PR SCHERL 19151 AW B0 5 (SMO) , FH T K I A
Pk 2 B VAR S g A MR . XSy AN TR AN A



%3 B 3, HE TR AR TR A Vienna $E 7008 SORF I B B RS W 7 1k ®

AR TT A, A LR O A R Rgh 1
AT 2 A AW B T 8 1E S, B b
B2l oy N = P/

T L A3 AT bR SCHR AT R T AR 12
07 ¥ 32 i A FL T Bl RN B B Sl RS2 e BT
FRPERIZ BT R f MRS B R i . %
JE B ) AR A 85 R 53 1) 22 TT A S A2 PR Dk B
PSR R S b B K ) ) A I RS AT A R O
U | B IE B 22 D04 (W) 2 A s A ABE R AR /N

A SCER X Vienna 2850 a5 B4 TT BEBORE S48 T
— PP T AE AT AIZT 1O TE R R
s A R P R DX LA K Hn o P 2 P P 25 R U
FEME , AE A5 S0 ISR T B B B R R E L T
H ) R A2 B 5 12 R 8 T HL At 25 i SR e, O
T 5B F B AT BB I R i 2 TA, OF AT 240 n
BAME R AR B O A T R g b DL SE
MAEL W, AT AR R L 0T S e AR
S TESERR TR H P RE S 4 R Vienna B A8 118
Al EEtk O HEA B TE . a5
SEEGURIE T T B B2 T ik ) R R R AT S

1 BEFHREERES T

1.1 Vienna Zii 88

1 =AH = Vienna B 3 25 AU F 25 4 o
B, e (k=a,b,c) i, 53 5k H A FT AL ;
R, RO I BH ; L, A U I HLE% D, (j=1,2) 4k
TS 5 S, M FTF A Dy, R O IR A A8 (52
BRI E 3T SGA8 0 2 A s ) s € G,
R ELNIE D HLAS s Uy, U, WIS LS L R A
TR 5 U, <, 20 5 T 0 e LR 5 A
G390 A LT BRE LR A e AN A7 ) LA

KD, Dy, & D, J

C C i

KD, KDy, KD, i g

1 =#=H Vienna ZiR 82 b
Fig.1 Topology of three-phase three-level

Vienna rectifier

Vienna % i % 1 & — AR E 24y — % J7 10 A1
S AT S8 20 1, [l — R 1) 2 AT A UK 8l
T A PRAE ] — I 20— i 2 oA 1Tk
BTl B AT SRS T LA K pR %S, 3
IR

0 S,.S,HKWr
S,=11 S,/ S8, S,, Kb (1)
-1 S, KM, S, 5l
1.2 BWNBREESEST
TR IF KA T BB 2 Vienna B8 U 5% B WL
() FF B B SIS AR, A S 2 W s — AR A
L 2840 Clark 289 5 , 75 21 A AH ) A8 96 L 3 i, AT 4,
VER S BERAAE 2, — AR Clark 284250 -

1 1]
RN

K i (2)
Lpa 3 Oﬁ _Q i
2 2 0
LA R P
- A - A l

[l“h}z 202 (3)
imd 31, V3 V3|
2 2 0
[P R

[za} 2 2 2| @)
2 i
igd 3 OQ _ﬁ i
) 2

Ll a0 2.Ca) ()51 S, SfE0.10 s
5 1 JF e 0B I A R S 0 R (L TS 28 1
Clark 5405 0

ST iy
~ 7{
OO
< Ve
S -5
’I_% 5r iua g t=0.10's
"W
-5 1 1 1 1 J
007 009 011 013 015 0.17
] /s
(a) Sy KA
5 iy By I
[ A
OGO
<« M 5(
> -5
B OS5t i ip t=0.10's
B
0
_s . . .
007 009 011 013 015 0.17
) /s

(b) Sy &H:TF B R
2 S, F0S,,%& TSR AT RO N BT IR T2

Fig.2 Waveforms of input currents under open-circuit
fault of S, and S,

121 i, REBR
f 2 AT LA KR - 2 S, & AR T B BOBR R i, 1E 2



@ 2 D 8 % Wit % L0k
JEH R AR X 5 29 S, & A FF MOt i, T R ~(a=1)i, i,=0
BUEARAIK . AR L O 2 A — s BRI RO L%%o i <0
W AE , ELOREA s k. 0 i,=0

BAFF A S, 2 1 FF s 4 191, — AT A P i%%%bLMiko
SEES 8 N i :{a—mib i,>0

Ps0 (5) * o %b<o (9)

SEHTS(2) (5T i, H B (R X R in{o >0
i TR HY IR (AR X 45 24 Vienna 6 55 60 4 " DA 5<0
Syt L5 A P S 0 S PR A S iD%W%% .20

1) e £ RELR T (07, 180° 1t , S, B IR B M “lo i, <0
B Do KTHE H5 S, FFHE I RAT S, =0 — Rt i . 22 _P i >0
W T A P, 2 B AT D, IR HLFE U, < = (= 00i <0

Uy, WD, AN T30 L0, 2 23 TR AR X . B
AR, U, > U, B, D, 538 i 1T D,
LA BT ONE BT B, B AR 0
2) 241 AL T (180°,360° ]I, S, ¥ [ T Bk —
WA D, JH, LI TCIE S, S 15 B, #0AS 23 5% 1 I
RPRELS, I, T LA i FEAS TEH
3) T R i A E O T R R R R L R
FEAE AR DX 1 B0 25 (0 3 e e A PR O R A A R
K.
S KA T FE R B IR ELS S, L, HOZ o Hr A
HEL ST ) AHL S, b AERT ¢ A G B B 5 a AR AL TRD
1.2.2 iy, 89 IE 5 451
H P 2 AT, e R g, bE 1, IS 90° HLE L
PRI, Ry TAE T HO R 8 i, 2E5R 0.75T(T R T A5 A
W) o MS, Sy K ATFEEE RS i, FER 5 1 i, U7
T35 W A AL(a) ((b) o ATLAA Y IER T
VERT i, MAEIR 0.75T J& 1Y i, WL JLT— 305 24 E AR
REFE AT S, TR i, 1F 2t R R X, IR i,
AR ; 24 PR IF G4 S, TP i, 72 B H B
{ERR X, BERT i, M B M
1.3 S EBERERES T
HH SCHk (4 AT ANE 532 TR, = AR f T 56
PRI HED% o3 i d, R
d,=sgn (i,)(1-],)=Msin(w,t)
{dh—sgn(ih)(l—]h)—Msin(a)ot—21T/3) (6)
d.=sgn (i,)(1-J,)=Msin (wyt+2/3)
Ao MR EL 5 J, R T O pRBCEE I 4 5 w0, R
L ssgn (i,) WAT5 REL, i, =005 1,0, <OBF hy-1,
EER NS A OB R
f d(UC;t Ucz)ch diU:ip . )
{ip =iy +ip iy

b= LD..z + LDl,z + LD..z

(8)

S GO LA 5 AU A A TR 2% U S
B T2 57, 14, SN0 4 BRI I 6 A0 61
ISR AL

£ 438(6)—(9) T 14

cfdg—f@du] i|+d,|i[+d|i.| (10)
AR AR
i, = I sin(w,t)
[i,} = [, sin(wyt — 2m/3) (11)
i, =1 sin(w,t + 2m/3)

A2 1, R AL R (L
Ha(6)  (10) (11 R Ak i FL R 2200 -
AU

z6w0C, I, cos(Bw,t) (12)

A (12) B, i v e 22 R 3R I 4 .

SRR TR AN RN (R B AP o
AT AEZE RS X L i PR 0 2 PRl BRefR 285, DAL S, &
HETF R A A T o0 . AL TR AR X H I
FKAE NS A AN Tl RO 20 s L A
T ARG AT S A T, IR A S R
TA BT

1) LA TR AR X B o

RS (9) H D, B HL A

iy, =0 (13)
L (6)—(9) . (11) .(13) 7] 15 :
dAU  MI, .
C‘»Tz—T[l—cos(Zw(,t)+s1n(3w(,t)] (14)
Mi, 1
AU= -1+ sin (2w,t)+ sin (Bw,t) | (15)
f w, 6w,

FC15) FMA 25 BRI fk e o vl AR T (AR,
D i 4 B 22 1) LU 20 45 R 2 U I 70 i 2 T
BTt

2) HLIAL AL T L AT AR U IS



%3 B 3, HE TR AR TR A Vienna $E 7008 SORF I B B RS W 7 1k ®

I (9) 1 D, I HL A -

lp, =L, (16)
t=(6)—(9) . (11) .(16) Al 15 :
‘diUz_lem{l_ﬁz/[Sin(wot)_cos(zwot)+sin(Swot)}
(17)
i (17) n] 7%
= ! .
. —t—MwO cos(wot)+4w0 sin (2w,t)+
6; 003(3“’0”} (18)

S (18) F B, X HUAS T B i s FR Y Ak T FEL R
UEE R, i+ PR R 2 ) L o0 i L BRI 0 R 2 YRR
BT
2 BEFEWEEIZE A EET

T A B A B T A S R s ol
AHL I B R (A RS X i e R 22 3 i & A AR A
JITHEE A A I B2 i ) i A P T A e
FISE L, I A H R 25 064 T2 4G

AT B2 W AR W E 3 B . /i, N
TR DX RGN ) L AT (0 ¢, Sy 550 o L %) sF i) [
{HL 5 A, BT 0 e RGN 174 s {1 R0 5 A, ko il S L e 2
25 3of e A L AR e (FRT) 20 F7 I B3 4 2 1Y)
{85 F, RSO 8 AR s F R0 F,,, B AT i
SEDIBRE 3 F A RSN 1) 5 A 7 0

ith tth

Ik [52 A iy o s Fk
i ek P (A }——hﬂfﬁtt% e o
G |ipe B 2 JT %
i S Fam | i
i A“‘l 12%5_

4t

R AT T2 e

Vienna

B3 BREFBREEISHIRE
Fig.3 Flowchart of single switch open circuit

fault diagnosis

JIr 4 1 RS T B BB 2 W v SR S R
g% EOG K AR A B2 Clark 28340 )5, A
1 I ZE AR DX, AT 8 B HE R DT e e Al s
i JEIR 0.75T i , AR i, 1O 1E FURFIE , 18 (L85 BT 5
LY B X IR I LAk /N AT e 2 IR 12 A [R) L, X
iy PR R 22 R TR A A, 3 AR I L I A3 e A
{EA AL AT I IZ AR I, YA I 45 51 5 82 WA —
T, A SR ] B RN
2.1 ETFHNBRASEHIRFE L
2.1.1  #HFREHHR

WP e B T R BEES) , Vienna 2% 7 g — AH #

AHL 283 Clark 28 3 )5 0, 23 B0 BH 8 A0 (B AR
X BRI, A L o A ) 2 5 A7 7 (A A X ATk
B L ] B B e 2B A

FESCPR T 00T, BTl M 2Rt s 45 1l
RZESFR R, AL T RERR X, I A& 5
SARFE R 0, 1 2 [ 58 O A e TN I 3 o 158 R
F AR D FL I AR 4y, , 27 1, i, <dy, WA A SRR
TN 0, 4, 1R B2 5% M R RS 32, 2k /NPT RE 2 3
HIZWr i, i KT RE S S BRI, A SCEE A bR
SERAE I R i, WIEE TN 10 % SLF SR
F._'ﬂﬁ S;jfl:
1 —i,<i,<i,
0 HAth
Ko, =1 KR i b TEERX ;6,20 %R i A LT
TAHAAIX

e, 1 0E N 1R, A TAERR X A TR T
AR W A TR . FERRAREERIA N e,
PR L0 W, 20 1,25 &, 78 R O MR 2 AN s
HL Ak F AR T, TP R, i ol BEAE
SRR TR, TR E N o T
i ) TARR S RF LT ] [ R T, 8 TARRAS S
i, TP 2 ARIRIR S I FLIEE . B E
SEIFA] ¢, N

(19)

&, =

t,=W,T. (20)
A TN EL TR

SR, 4 A FEL TS A (B4R 5 P () 5 s () ) 1L
1, BEAT FOHE 5 0,50, WA B3R AL TR (HAR X, 45
<ty WA HL AL T H AR Z 05 . 50, A3, 0, 1Y
B 255 ) 12 W7 00 ME AR R RN B ¢, /N AT B 7
H AR5 S DRI WY, ¢, 8 K 2538 iz Wit ], 4%
WLEA BRI EE R B RE 1,=0.2T & XA AR
BOLF
L ot>e,
“lo t, <ty
K F=1 ROR kAR R AR VA TR RS s =0 2R k
AHIEH o
212 #HERAE

FE AT 5B R 4 TR s T AR B — A
A 2ADTPRIF A, il F B B, LR
T W D) 3R T A8 I A AT, 3R B S A 2 37
18 3o 0 AT R AR T DL R B, = AR A LR 4
Clark 28405 , 24 i, #F AT AR XES X AER 0.75T &
8, EAT I G0 F DRI, 358 P LA A2 57 0 e I SR 4 T
TR .

KR AFFE A R T PL RN 2, AR Xt A v, gy,
A — 2 4 M IEAE B4 R TE, B AR 20
KT BB TR IEAEN . Llatd o], h
(2) . (5) A, i, Fd,, 1Y A RS DO [RTIE 7= AR 1Y, %

F, (21)



86} L/ AR {7 G-

Fa02k

B2 A R W, AW, B TR W [
PEATAERRA HAFEER RN T, #5 i, SEIR 0.75T,
THECE A ARSI i >0 00 W, 1,254, <0
W W i1, TARRSEERIFTEE . & LS R
AR F, FIF,, 5353k«

F.,,, — { 1 WBkl = Wﬁkz ( 22)
0 Wﬁkl < WB}:Z
F, .,={O W > Wi (23)
1 Wy <Wy,

K. F =1 RORBEEETE LW F,,,=1 RN
EIE T
i U R B o 7 [ B R A7, Ao Y 5
B AR A A6 (R XTI O R DL S A SR AL
22 ETwdBERMRIZSEN
AR B B B SR ¢, T LA GBE G L VA 1 SR B TR
PRI WT, H SR 6 H el /A R XA [R) 456
A BE R BOERF LT ) /N T 1y, , 385 BURIZ W, 5200 12
Wiz S iy ] SR PR I A S i R I R R 1, K/
R fn o R R 22 B I R EA T IR 2 R, R TR
25 LR 0 P T2 R I e ) K T T A
FEL UL AR 3 B B ST () (B 32 5 sl 2 M /) 12 i 4 SR BT
/I ETS
WA T — J) B 0 e o R R 25 08 E AT FRT 43
M, BB 25 10 B D BT LA B B 2305 sl () i), SI2 56
FRARME IS 5 T A EROC R R o HE R, R
PEIER 5 1A H AR XS B2 e 1Y B 0 e R B A FE i
BERRAE S . 47 A2 Ay, WIHDE B A T A T B RS
FE SUIRE R AR AL F H -
F:{l A=A,
0 A,<A,
A F=1 RoR KA TZW; F=0 Fom K kA iz W
12 WIS 366 1A A FEL AL 1) 3 B 12 W TG 3L 2 £
Frads, 3 T4 o R A TR 2 A S PSR AR A . Ik
B, A Bl /N TR) B, B2 B bR T
FRIIZWr o B[R] (R AR fb i 5 o L S ek G &
=X (25) iR

(24)

t,=t, —0.025MT (25)

3 {FEMKIIIE

R T BRI M ) P T 2 R ik (A
RUCHE PR, 352 T Vienna B3 2% 19477 ELAE % F
LA BT T B SE RS UE , £ A SL 8
S5, WL SR A £ A2,

3.1 BT ENEERIE
3.1.1 fFAEEIE

PLS,, M4, F] FH Simulink {7 ELEGIE Air 3232 Wi 7
AR AR 0.1 s B S, KAz IS, e i A
LRI B AT R 7 ) )7 L 455 SR 0 591 DL R 57 A P A2

A3, HETA, SR A e R AR X, T
5 WG R, W, WoJE B 8 AR AR #E 0.108 s i)
>0 AR AT FUE 1, Wy > W, , A bR
fiF, 1,

12 W BT[] 55 080 1) L e e s R 3 ) AR 7 (i s A
FE) A7 &, A TR A B (0°.4.5° .90 -+ [ 351°
355.5°.360°) FIA [A] 9 il bk (3.3.3.7 .4 .4.3.4.7.5)
T XF S, A A T IS AR 2 W IS [R) A T B, LA
UEJIT $ i 12 W 1k I P v S 12 i [ 1 0 B 45
TEANFH S A B A4 T . B RIATAL, S, & A T
BB ] F 200 2 ms K200 14 ms,,

S, & T B SRR i Y PR 22 AR 0 e A
SEARIAS FIfn . HERIAEL, IEH s T i i
ZEFEIWAKE, S, BT MRS, & .
FEU oy RN 2 YOI B R, 7 BLAE R S RS 4y
M3 AHLT o
3.1.2 SIE

R T RIE Fr 2 W VA AR S B H 2 W
W BT T Vienna 3 % HL I, DSP #& il 58S F ok
TMS320F28335, 12 Wi Ji iEAH A FE 6l RGeS0 5%
B VB RN S A A6 TR, 524 B LR SR A
El AT,

PLS,, Az TF 0B Sk A TS5, LS IE 12 87
D7 VR WA R U I T4 A FL I A 12 4G SR an &
4. HETTAL Y S, KA TT BB i AR
PEAZERX, 2348 ms 7, F, A F, B 1,F, F Al
F, .21k

T T
! N /‘\ /\
) 1 /
2 / | | 4 AN
35 I RTA <7
N R L L
< |~ ) |
O Pt s i SR
wo T N S
F e R
-~ F | [ = =3
R ) | 'l Il [T
Faown .
N 1

t:10 ms / div

B4 S, REFHEMFFISHATHEIWER
Fig.4 Experimental result of open circuit

fault diagnosis of S,

TS ) 50 £ B (0° . 4.5° .99 -+ . 351°.355.5°,
360°) FIAS ] PR b (3.3.3.7.4.4.3.4.7.5) F ,%FS,,
AT BB BEA T S5, A6 IE B 212 7 5 vk B
U, 12 W ] Y S B0 A5 R an &l 5 s . iR AT,
S, & T B B B R TR B AN 2 ms VB K
14 ms, LI A5 505 45 RAHAT .

oAt 5 FF OCAE T B3I 1) 45 LA SE B A5 2R
S, — 2, SCH RS AR . X R A BIr B R 2 W ik
A RS PR h SIC R B AE T G S R 1) L R S 6

2k B A B 23T 1500 I, 12 W IS Ta) B I s 0



%3 B 3, HE TR AR TR A Vienna $E 7008 SORF I B B RS W 7 1k @

15

~ 10
z -
E ; -
= 5 \N‘ {.'
A
5
0 4 \%b
60 120 180 240 300 3603_@2’%
oA /()

B5 #FEiS T ESEie 4 R

Fig.5 Experimental results of fault diagnosis time

33X S PRI S S IR e 8 i A I 220 67 T A R X R 3 L T
AT RO B 0 H RS I 8] JC 1 8 B2 W I
SFR T — N EHFLX A BEIS W Hh

T2 A6 I B S B 45 R AN 6 F s, SI2 36 IR
E/INFR VA ) RS AR ] 1R (L, A5 4LL i 12 W
BSOSO AT UL, A T e i AR
Wl P12 T Hy T A ] 1) {BLAF X B8R T AT IE B s A
BB R AR I 2 38 ms, 2 K IE A B4, A i)
S 1] B (L, 29 8 ms J SCR2 W IE B sl A, 2 1 T

2.

H H Y T T

______ L1

| S | (]

I 1L

2 I L

3 Fa | 11
g T =

ey —_. i
F 0 I
! =izl
t:20 ms / div

H6 RiSRNRRLER
Fig.6 Experimental results of missing diagnosis test

3.2 MESEAEMNEHMEIIE

AT DA PR FEL B 5 R 67 3 5 AR 2 R £
R B U P B2 W VA A R T il e
60 i 43 R = A R AN S A R R T T
P T 5 56 2 TR DL 0 Fi i o i TR R i AL IX —
115 00T & PR i 0 BRI T B0 IE , B 28 58 A8 B 1) 4
B R S5 AT IIE
32,1 MMEieRETFHT O EH0

DR = H AN 25, B B BB a2 Wy
T R 1) 4 LG TR 45 5 DL B SR A KT A8, LR
A S A R w=1.2u,=1 20, ,u,=30 V, IFAE 2% 4 20 %,
= AH L AN S A G ok TEEE Std 112 — 1991,
IEEE Std 1159— 1995 .IEC61000.GB / T 14549—93
FUE B RE AR E . 7E0.15 s Z 0T, T =4
FEAST- i 3 A AE K SN, a AH FL IR IIRAEL AR, (H
RS BRE . 1E0.15 s, JF R4S, & A T B ik
B, B s 07 TE A B AL, T A I 12 Ty ik Lk o
g L 58 B T T S SR B R e v . FR TR A8 TITI,

AR AN TR SRR IS WT EAN S R E
H A T B % A B RE AR AR S A

B L A AR B RAR YR D T e B, o i i e
12 W T I B I Y 0 L IE 45 2R O B S A ET A9,
B A 10 % B9 5 UGB IS % 19 7 DGR L I8 I
LT IEEE Std 112— 1991 . IEEE Std 1159—
1995 .IEC61000.GB / T 14549— 93} 5 1) HL fE Jif
PRifE . FE0.15 s Z A0, B T4 A RGO I & =
L3y NI TN 8 A o BT R A SR TS S O
FE o FE0.15 s, FFIEA S, K A T I, i B s
7 IE A B A, T RS W T v T o A e R T
FEESRE A HERRE O o FH L A9 AT, 7 i A LR
AR RARUGE I TP, B S b2 Wi o7 i
AR, H A T M & A I RE I i sh A
322 R L ATE G

Vienna 2 i 2% 1E % iz 470 B iz i 100 Q %6
A5k 50 Q, T $E BB I2 W7 T 1 ) e PR S B0 0 U 5
RWE 7 iR B E A BTS2 W R T

R A2 RISWT

> KX X XA XX

'S F [ A

< [ SNl il el e e st

o

e Fup

. S B
t:10 ms / div

B7 SERTERGEEISEHAEESHEERNSIERIESR
Fig.7 Experimental verification result of robustness of

fault diagnosis method under sudden load change

3.3 MRS A AR
AT PSS [B] B | B R L S RAR |
TR 2% B S5 0 B 8 R B AR SCHE Y I ik a2 W
25 B WFIE A = A AT 2 W vk
ITHEE S5 RN 1 R .
®1 FEHEESW I EZ AR

Table 1 Comparison among different fault
diagnosis methods

TN ST B EE S e

2Lk 2 Wi s SN .

LIk s LT e ok s
%?Eﬂiﬁ%&“ﬁﬁ <712 P L i
S L R A >172 L R
T R0 /2 % fiER
HPAUEMMAE  (5%~65%)T & h % H#

AR SCT5 ¥k (10%~70%)T 4 & it fi$

2 1T IS I R 4518 .
1) 12 Wi st 1)« B 2 1 A i B 12 KT O 2 RE W A
(10%~70% ) T PN FEVFFNSE o7 FA5 T [ B, 5 HoAth



® 0 & #H wE S

Fa02k

WU W T TE A L 12 B BT

2) MR TR Y A0 R IR 7 R A I R
JREE B M RAR , BEORAF AN th B2 W, B4
T e e 5 A I, RE DR A Sl A, B R IF A &
P

3) B (E VA RE < T 48 H B0l B2 W D7 vk R A
R AR /N | UG U L U R ) A D5
i PR o G e 1 PR30 1 £ 0 (LA A
03 A AN TSR R ik 1] o L RE 8 38 i T 12
il (4 g

4) SEBURAR - BT fid ) A S RRea2 W 5 T AN 5 0
TSN BEPF R , IRAR o

5)THIA R AL P de ) A SO Ris W s iR
FARTEE P AR, O A iR ) R e rh it —
WIBAEL LI

LR A5 D7 TH B ERE FLA , AR SCHR Y A 2
TIER S WO 5, BA 12 IR R R | R
U AR R D S ARAR AR B AT AR A

4 &g

ARSI FH i A FEL AL ) 2 (e DXORI i+ L ) 3
PEERE B T —F Vienna % i 25 045 T BE il fE 12
Wi vk , I 38 a0 ECRN S50 00 UE T HAT Rk A s
P RS

1) BTt A2 W 25 T A BT O R AR X
VEATRL BRI W, IsF [ () (14 i O, T sk B iR
W, TR B 3 1 1 F R 25 SRS A, A S ek
R V) R, B R b 7 B T A, T R A U
W

2) T 5 A2 BT 7 32 A0 AN [R) I I £ AN ]
il A R R 2 AR B R, Y RE P | EA T b ik
TTHETE A2 12T RIFE (109%~70% ) T 2 1] 5

3) ST H A2 Wy vk 7 BT i O T WS & A1
W, A S 2 Wi R T XA Vienna B 3 45 45 il 0
F, SEER Vienna 9 £ B0 T M5 S B 7E 2R 12 87 o

P s LA M 2518 (http : / www.epae.cn)
S

(1] modkug, fhvey 3=, gk 2R, 4. T BRI IDIPA ) = A = Ha-F PFC

s R R I ]. R A e ,2016,36(7) :
111-117.
GAO Tiefeng, ZHONG Zhouyu, ZHANG Sen, et al. Neutral-
point voltage balancing based on one-cycle control for three-
phase three-level PFC rectifier[J]. Electric Power Automation
Equipment,2016,36(7):111-117.

[2 ] RSURBREA, BEEIL . — P T RIS [ 4 A 1) 1 Vienna
AU A R TR A o vk [ ). b A PL TR 24, 2019, 39
(20):6008-6016,6181.
7ZHU Wenjie, CHEN Changsong, DUAN Shanxu. A model pre-
dictive control method with discrete space vector modulation

of Vienna rectifier[J]. Proceedings of the CSEE,2019,39(20):

6008-6016,6181.

[3 ] 48N, 08, BRLL, 55 . = ARZL lL 005 VIENNA A8 340 2598 i &%
LM AR L], A T HAR S, 2018,33(16) : 3835-3844.
70U Jia, WANG Cong,CHENG Hong,et al. Research on mo-
dulation strategy and balance control for DC-link voltages in
triple line-voltage cascaded VIENNA converter[J]. Transactions
of China Electrotechnical Sociely,2018,33(16):3835-3844.
Wb, a4 BET ORI S5 i AR A st AR s
I VIENNA B de Pl Heme [0 . ) A 8 ki, 2014, 34
(10):110-115.

LU Xiang,XIE Yunxiang, GUI Cunbing,et al. VIENNA rectifier

control strategy based on passivity control and sliding mode

[4

[a—

variable structure control[J]. Electric Power Automation Equip-
ment,2014,34(10):110-115.

T R, B A R PR R = A = T VIENNA B
0% TR N IR VA TN o ey R I G R e IR B =
#2,2013,33(15):29-37,18.

WEI Zheng, CHEN Xin, FAN Yi,et al. Study and analysis of
neutral-point potential and control methods for one-cycle con-
trolled three-phase three-level VIENNA Rectifiers [J]. Procee-
dings of the CSEE,2013,33(15):29-37,18.

REE . PR R PRI B SRS W T BRI SE [ D], A
DL AR R, 2017

WU Feng. Fault diagnosis research on power devices open-

—
W
[—

—
=)}
[—

circuit of power converters[D]. Wuhan: Huazhong University
of Science and Technology,2017.

[7] QIU Yingning, JIANG Hongxin, FENG Yanhui, et al. A new
fault diagnosis algorithm for PMSG wind turbine power
converters under variable wind speed conditions[J]. Energies,
2016,9(7):548.

[ 8 ] SHI Tiancheng, HE Yigang, DENG Fangming, et al. Online

diagnostic method of open-switch faults in PWM voltage

source rectifier based on instantaneous AC current distortion

[J]. IET Electric Power Applications,2018,12(3) : 447-454.

EIE, B M/ AR T B U BE e R Y AR |

e F ORIk (1], W) B Bk A%, 2020,40(1)

112-118.

WANG Ying, WANG Dan, CHEN Xiaoqiang, et al. Open cir-

cuit fault diagnosis method for traction rectifier based on im-

[9

[a—

proved spectral kurtosis and current mean value[J]. Electric
Power Automation Equipment,2020,40(1):112-118.

(107 XA, Z2A 8 R IT, 45 . ) P o R e B 4 i ) O 2 3R B 0

FEM L2 WONET] o RGP 545, 2016, 44
(22):166-173.
LIU Xing, JJANG Ruizhi, SONG Guobing, et al. An on-line
fault diagnosis method for power rectifier device based on
fault-current characteristic[J]. Power System Protection and
Control ,2016,44(22) : 166-173.

[11] MENDES A M S,ABADI M B,CRUZ S M A. Fault diag-
nostic algorithm for three-level neutral point clamped AC
motor drives, based on the average current Park’s vector[]].
IET Power Electronics,2014,7(5):1127-1137.

[12] Rz, H R VB, BET RUTURH A 9 AR R T B R 12
Widrik[1]. I3 4R, 2016,50(6) :81-85.

SONG Peiyun, XIAO Lan, XU Zheng. Fault diagnosis method
in three-phase rectifier based on the current phase angle[J].
Power Electronics,2016,50(6) :81-85.

[13] PICAS R, ZARAGOZA J,POU J,et al. Reliable modular
multilevel converter fault detection with redundant voltage
sensor[J]. IEEE Transactions on Power Electronics, 2017, 32
(1):39-51.

[14] CHEN Shu, CHEN Yating, YU Tianjian, et al. A novel diag-



%3 B 3, HE TR AR TR A Vienna $E 7008 SORF I B B RS W 7 1k ®

nostic technique for open-circuited faults of inverters based observer[J]. IEEE Transactions on Power Electronics,2013,28

on output line-to-line voltage model[J]. IEEE Transactions on (11):4867-4872.

Industrial Electronics,2016,63(7):4412-4421. [20] IM W S,KIM J M,LEE D C,et al. Diagnosis and fault-
[15] 2@ & RIE M, R, 5. JE TR 2 4 A6 I (1) MMC tolerant control of three-phase AC-DC PWM converter systems

FREHI 2 W 07 5[0 ). # F alifkik 4, 2020, 40 [J]. IEEE Transactions on Industry Applications,2013,49(4):

(12):127-135. 1539-1547.

RONG Fei, ZHU Yubo,ZHOU Shijia, et al. Sub-module open [21] WofR, ke, B, 4 . STl 822 B 7K R ELIK XU R 5

fault diagnosis and location method of MMC based on sub- A e T B R W () ] o E L C AR A 4R, 2017,37(10)

module voltage packet detection[]J]. Electric Power Automa- 2933-2943.

tion Equipment,2020,40(12):127-135. HANG Jun,ZHANG Jianzhong, CHEN Ming,et al. Fault diag-
[16] FH4L, Bk, 28500, 4. = SHFE VIENNA 27 25 D % nosis of open-circuit faults in converters of direct-driven

KPR T ()], mE A R K254, 2014, 46 (1) - permanent magnet wind power generation systems based on

121-128. line voltage errors| J . Proceedings of the CSEE,2017,37(10):

WEI Zeng, CHEN Yihan, GONG Chunying, et al. Fault diag- 2933-2943.

nostic system for three-phase six-switch VIENNA rectifier

open-switch [ J]. Journal of Nanjing University of Aeronautics 1EEEN:

& Astronautics,2014,46(1):121-128. W F(1972—), %, REA, %

[17] JUNG S M,PARK J S,KIM H W,et al. An MRAS-based

diagnosis of open-circuit fault in PWM voltage-source inver-

+, E BB & A W BT SRR R
(E-mail : yaofang@hebut.edu.cn) ;

B R(1994—), F iz dd A Mt
B A, R R R A 61 A R E B A A
¥ 54 K (E-mail : lule1994@126.com )

EXH(191—), B, #A s A, T
I AL, T RHR T 6w TS

ters for PM synchronous motor drive systems[J]. IEEE Tran-
sactions on Power Electronics,2013,28(5):2514-2526.
[18] FREIRE N M A,ESTIMA J O,CARDOSO A ] M. A voltage-

based approach without extra hardware for open-circuit fault

diagnosis in closed-loop PWM AC regenerative drives[J]. IEEE

Transactions on Industrial Electronics,2014,61(9):4960-4970. B F R
[19] SHAO S, WHEELER P W,CLARE J C,et al. Fault detec- Wi Z A M A (E-mail:395572650@qq.com) o
= -
tion for modular multilevel converters based on sliding mode (ﬁ;ﬂ éﬂ"])

Method of single switch open circuit fault diagnosis in Vienna rectifier

based on input currents and output voltage
YAO Fang'?,LU Le"?,WANG Liuliu’,LI Chaofeng'?,TANG Shengxue'”
(1. State Key Laboratory of Reliability and Intelligence of Electrical Equipment,
School of Electrical Engineering,Hebei University of Technology,Tianjin 300130, China;
2. Key Laboratory of Electromagnetic Field and Electrical Apparatus Reliability of Hebei Province,
School of Electrical Engineering, Hebei University of Technology,Tianjin 300130, China;
3. China Yangtze Power Co.,Ltd.,Yichang 443002, China)
Abstract: The single switch open circuit fault is a common fault form of Vienna rectifiers. In order to
improve the accuracy and reliability of single switch open circuit fault diagnosis,a diagnosis method based
on the input currents and the output voltage is proposed. Firstly, the failure mechanism of the single
switch open circuit fault is analyzed, and the input currents and the output voltage are selected as the
fault characteristics. Then,the fault diagnosis method is designed by detecting the zero-plateau of the input
currents and analyzing the harmonic changes of the output capacitor voltage difference. Finally, the effec-
tiveness of the proposed method is verified by simulation and experiment. The proposed method combines
the characteristics of current and voltage faults, which greatly increases the accuracy and reliability of the
diagnosis results while fast diagnosis. It can still work correctly under sudden load changes. It does not
need to add additional hardware equipment,so it is easy to be embedded into the existing control system
and can realize the fast online fault diagnosis for the single switch open circuit fault.
Key words: single switch open circuit fault; Vienna rectifier; zero-plateau ; harmonic characteristics ; online

diagnosis
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Table A1 Relationships between fault locations and fault flags

i e R AR E AL

R Fa Fo Fe Fup Fdown

T e 0 0 0 0 0
Sa 1 0 0 1 0
Saz 1 0 0 0 1
Sp1 0 1 0 1 0
Sk2 0 1 0 0 1
Sect 0 0 1 1 0
Se2 0 0 1 0 1

R A2 (FEMIESH
Table A2 Parameters of simulation and experiment

B LR Ly 2mF
SERI R R HLEH Ry 0.10
HFMEZ Civ Cp 680pF
BB R 100Q
i AHLE e A RUH 20~30V
it BLE U, 100V

FFRMZ 20kHz
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Fig.A8 Simulative results of robustness of fault diagnosis method under unbalanced three-phase voltages
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