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Abstract: Voltage source converter(VSC) is widely used in grid-connected areas such as distributed generation and energy storage
units, and the VSC system seriously affects the stable operation of grid-connected system. The development of health state monitoring
and early observation and identification of potential faults in grid-connected VSCs is of great significance to ensure the continuous
safe, stable and reliable operation of the converter. First, the main circuit structure and common electrical faults of the grid-connected
VSC are summarized and analyzed, including DC-link capacitor faults, insulated gate bipolar transistor(IGBT) faults, filter inductor
faults, AC-side current and voltage sensor faults, etc. The fault occurrence mechanisms and fault characteristics are also explained.
Secondly, with the grid-connected VSC condition monitoring and fault diagnosis methods as the core, the relevant researches of
scholars at home and abroad are classified and summarized, and the advantages and shortcomings of different condition monitoring
and fault diagnosis methods are compared and summarized. Finally, the future research direction of the grid-connected VSC condition
detection and fault diagnosis technology is prospected.

Key words: Voltage source converter(VSC); converter faults; failure mechanisms and characterization; converter condition

monitoring; converter fault diagnosis

* [ 5K B ARBHEEIE 4 (52077079) R 1L 48 B SR B2 3k 4 (E2022502032) ¥ Bl
TiH. 20240521 W HIHIFE, 20240813 Y FEHAS



19 H5 3

HH [ Y5 74 A5 it %5 (Voltage source converter, VSC)
BAR SRR . #2677 :0R TG VEA s RE BT
SEohfet, Wiz RAT AT A R R R R,
fihe st R, R i e A
ARk, B R B s TR A R, skt
VY s S PE B L AR VB = S M B L
i, VSC A a8 fE LM E i R Gerh iz R

SR, VSC AR th b e M X = 2%, TARIR
SER, ERESREEZFER, FNRR
2% RGP AR AP R A 8 T AR R R AR R e
etk BB AT I RE A, VSC M EL ] o5 e AR R
TR R 60% ', A R, VSC BRI RELE H
7 Az 51y, e ELAZ i 00 P s A0 R I A A M A
FEGR Z A RORES M 5 S B 2 W 7 s oL s, W]
FHVSC NI B RN, BEM AR R0 n] SE 1t
1847, Bk, TR VSC SRS, szl 5 5
PR R HE R L.

VSC RS R T] 73 Jy LU R PP . 5kt
B AT S vk et g R 4t R ST
R BT R A SR RS, BRI R
X FERR . SHIESELTE KRG oA
PERERI N B 10T BT 250K A i 128 ) AR 2
HA A A R PR

B A A2z R VSC AR S il S i T g 1
KEWHTT, LIRS VSC REGR TSN, IARTE
FeFE T AT EEVE M PEAL T 58, SRAA R BB (g
FERASIE S BRI VRS, AT RAE R
HMEPE SRR R A 2 1, KB AT YRS, AT AR 4R
PRAEE R K .

VSC g it s i 5 12 W T Il £ X o 2 i 2 2
ZHE, APERCIE R . P B I DL A PR
IR, I H H B2 8 2 500 A S
BEREATRIE TS, SERRISATIN AT B K A 2 Ml b4 AR
FH, BB A DL SR L R 2B e
AF O MR B S WA F . LSl
CWITERAG T MR AR, (HAFLE B2
R, WA w2 T2 R Y i ol B RORS
P, MO IR B ) 2 TR AT A R R — )
B, AR HOR SR R R B, AT PR
Wi AT s, PR AR 2 ALl b, & IFR VSC b
2 W e BB A ) )

AL T R GE e R I VSC RIS,

X AN ]t A 0 R R AE LB AR AEREAT 1 0 AT e )
I, ASON E AR 2 SR VSCUIRZS I 5
WA R, RS BT T S
B fEUEEERS b, PR WIS SR i2 WA I
R RS S ARRI T AT B SR .

2 3 VSC #$h

LA = AHFHE VSC KRG 4E-WE 1 Fis, &
L E RN AR DR O ae R R = AE X
AR LK AN DE D H R DA R T A s i 2
RS R S 2N

—————————————

i -
e
PN P W = 3’
Pt Py = ]
T2 T4 ) TG, ic 'T' 40 L
- 4[}4[& | | -
| | ==F=C
I LT

——————————— |
| Habey
|
he |
b4 (:.Fq PLL
lgd Iyq
.
SPWM dq _Ill:zf-éa
abc Ieq
Lo Lo

K1 VSC &t

VSC HMigiTid fE i, AL RER = A i A =
FHELEEAT I & . I B = A RS 5 42
WA A7 0, 256 B L IR AH A @ o6 = AH FLTEA T
bR, WA ERCNERE. AR5, FTRLH
F PI #5Hil R G050 B B B 4 ], e ik A8 i )45
5 X By 6 2 i SUR R 5 AR % (Insulated  gate bipolar
transistor, IGBT)HWr. &%, %) —MHHEMZEIE
B AN H S ARSI, RS N . T
AT HE AN J 3RS, VSC RGTE 5 KA TS, W
LR IGBT HfiE, HAFHBE M. %
IR AR RS, SRR R 2, W B VSC AETHRIE L
R FEAR L A B AR, TR S ST MR ) R AR
B RS (A0 A2 AR B 3RS R 4t
[R5 B RIWE/RE R RRER, KI7iE
BEATARKRAS e, TS d-g HR S TR R

di,

Fac | ooqfw ] [ o],
i | Lo 1]lw ] o ],

dr
0 oLl
-oL 0 ||i (M

L &4

_H‘h._




2024 £ 9 H

KRGS AT IR R IR A M D 5 b 2 W VA SRR 3

O, L=LitLy A2 A8 M98 30 P IR Fh o FEL IR 1)
s ugs ug 2R RARH RN d-g B0 R, ueds
Ugq & LI HL R 1) d-g BHAY 8L, igan igq A2 FEI LRI
d-q Hisr .

IS E L VSC [ RGEAY, nf LLZHE RS
B, PR AERR T VSC HEAT RS .

3 R NI SR

31 DC-link BB &&PE% £ HIEE K5

DC-link A FEGHE M ARAS . SRILEN
I RS 2 2 M R A . B 2 AR
LAY, C. Resrs Lest 77 AUNHLZ . SRR ECH
B SRR AR . AL 32 R AT U A
TPk FLAAE T PEANSE R D L PH Resr 29 K55 .

C Resp Lgsp

—]
\ J

v
o'—ﬂ };o
K2 DC-link HL75 8% 250 ik

LA KRN, B BIRRAIE R, ik
BN, Wy, BRZGH R EhIE K. JT R A
oL W 2 B PR s L2 I RS R, R DAZE AR R
Ed ARG TR E . MEAEEfrdEY, &
EHSHLE TR

FERGIBATIIRE S, A B AL 2 S N AE A
FAEAEAE B, B vERE TR, A2k,
RHIRIER, HANTRE &, BERER, 5
AR, Rese K. R 1 B4 T HHEMHERE
#%(Aluminum electrolytic capacitors, AL-CAP). 4 )&
1k, 8 T4 45 7 JIE H 75 (Metallized  polypropylene film
capacitors, MPPF-CAP) Al £ = P % H % #%
(Multi-layer ceramic capacitors, MLC-CAP)[1] #7475
Fig2 S1 ali N

*1 BANAREGLIERE

CEEoeyit] AL-CAP MPPF-CAP MLC-CAP
Fran ik C/Cy<80%
" C/Cy<95% C/Cy<90%
bk Risp/Resro™2 0 ° 0 °

VE: CAHE, Rpsk NEXCREEE, Co AR, Resro NE
QR GLIER

K2 HB R AR WAL & T X gy C fsE
R T FLBH. Resr MR T, 31X A& AR 28 L8 (1B 1L F5
Fro HHER 1 a1, 55 T2 M A rEL A, (B FRAIR 20%,
HAZFm L,

3.2 |IGBT #p&&EHIE R

IGBT W[ 3= 2253 2 % il e R 2 % 8
B JRLRAA T T TR BN B AN IK B A i 5
(1) IGBT 24 #0 ] LA 5| R TF s Wb 1 9K ) H ¢ i
B, 4l Bl R S AT R B H R A 1R 2 530 IGBT
% o IGBT 7 5 (1) A I A R4 A R (0 B A2 fie
WIHTZE, FrUAARSCEET e IGBT FFB M 12 b
RS b2

WK 3 fizn, 24 VSC SN 1) B4 R AT
PRI, WSEAH R R A R, AR A R 2
RAERGAR, = AH L E AR

SH LA
=

N/ VS v A \
0 NSNS Vo }J “..’ \ 1 i
NS AVASERANY
30+ I T1 JF R R
1 1 L

L L L L J
0.09 0.10 0.11 0.12 0.13 0.14 0.15 0.16
it i) /s

3 TR R A S S it %

R U T R, SORRREAEAN ], A
Wi, EHAT SR, MR AS[F )RR 2
b 5 Dy 2R O

BT DA B LR ARRAE B R i2 W T, R
A1E IGBT KA MG fef BUEhiiklE. kR 1
A At R A B A AR R A B () TR S, AT sk
T T 28 PR P T, KA R T4 = IR VSC AT
e

Kl 4 sy IGBT I Zite, HEZEAR
MORLH R, w5 NS 2 (B R ARG 2 T 20
Bk, BT MEHEZIK & $i(Coefficient of thermal
expansion, CTE)A[AF=A# /7, 24 IGBT KH1 T
VELEREIA Pt N S EARHE 57 224k, A TR
A BT AR R e Y R A R T
%, J R HoRBR A AR E R AR ), AR
it V& o> 5o B AR B, B ZIG e IGBT BB
A, HEEAZMivE T IGBT Mk i M2 =ik
70%%, T RS R IEEWIR TS, TR R R
R, KR REEEA T EENE . Y
G TER, 25 IGBT S EM N, 1Mk
AR, k252 VSC H g R/, & A
JEWAR . JFHAESMAHT IGBT IRESTHEHIRES
Hoh, AR RS SHER Ek, W eLE
DUV s Bae (1) AR R 4 W B 5 e 13 2 28, SRS
IGBT FRPRAS il o




19 H5 3

R 14 S HL

B SRS

HEf

K4 IGBT Kbk l&

33 fERLSHESME

0] B AR LA SR 8 PR T IR SRR B AR
AN RS R S 8 S S w2, W S EUE
W VSC FEhil 2, $mi VSC fizfriaett, &k
A HFR . RS, RAE. M. W ZE A R
Ba?, 2 BT AR N HUR e R

*2 REBHARILYER

R AR

TT st I EAL T B AL IR 5
s DA OREF— AL
2 DA 22 9] 1 K e s
i 72 i DEAE R L AW

SR 7 D B0 5 v i M e 7

34 HREPER ENIBRFHE

Bl | N R R 0] 72 R s A R = o
W2 RIS S, BEE N R HERE & RN, T
HAPERE T RE. (HAE, 4RTXTT H 2R 3% 0 2 RO R
AR R A (RUATF 78 LUIRCER N, S5 T HRL TR P 2 S5 L B e
A R A R 7T /D o SCRR[23 1388 20 T Hi K
P, BT T BRI A K L RhR T . 2 R e
LR IB A% 2 R AE AR, SRR IE HR D,
FERRAELRT R B8N o IR, K BB R /DS 20%1E N
i 58 LR R AR, RS R A R B I ] S
B o

l—

L R

L

S LA

4 VSCRZS M5 e bmi2 Wy ik

VSC Agiias IR A M I 55 i 12 Wil i o 3R
sk RRAE 5 AT WP AR SR G, . R, R

FECLRTCAF S HUESS, SR A R R LB AR P2 AT
N, TR W RS, TR R G L
I AR AE A B S R ARG — 2k, R
B TC AT R SR R . B RS W L e L AR
Kl 6 i

(HW&M]
L

—(wE_)
— ik )
i )
Gt 2 D)

K 6 VSC st i K

4.1 DC-link BRSNS EPE IS #

FRAE R FH (177 2K, DC-link FE 290025 Wa il 77 v
A NELIZWFIELR ST . BT AR B ILIEFE
g%, BRI TR, AEH T
B KRR AR g o 29 26 IR I AT LA LCR
i BB B A Resrs C HEAT I & 5 ]
B4 H B AT SO B . SCHR[ 24078 A [R] I B2 AT ey
JE RS2 AF T A A ST I RS, SR A 1E
FA B AER ARG BHATTOE AT AC R, K F i N R g 4o
2 25 LTI FE 2R 28 2 AR AS o i R TION R 22
BN, AT CASEIL R G T

BT TS C A Resr FIVEEREE &Ly, 0
HSut A =, TN LIRS, PR
W, P VSC I EE IR, SRR AR AT =
R, SCHER[2514% H— Rl e 2k s S A v, 1%
TEERGA TAERS, 5l LC ¥4k, HAEMNIT
FERETTIA R 99%. % 515K FHORHRIE 45 5 0 2 A
ETHRIMZ SN EE, BER, MRESH
Ak DR R VRS I S AN UK, SR HLE
TSN, R MARAC. (H2, %7
HEETE R AT LIS AT AT E, AREIRIE RGIE
BRIGAT . XTI, SCHER[26]3E T R RIAL,
IR E A FE B LA AR FRL AL DA S R A R
fliF A R, MWIMPELR T H A IIE . &7k
AMURIE T RAELLIZAT, i3 = T AR E,
KRG TR ZE R 2.56%.

SCHR[27] 38 5 U 5 F 25 24 1 Th FE RN 35 77 AR LV
KAl Res ME, X PP 575 75 U N — A4
IARRRES, W TR R AR AR, 1
HESHmAEERRE, NmmEElE. 7T
T G AL SR AR I I N, SCHR (28138 i e A48 44 o) [l 2%
FIFH BN IR ISR 73 B R A T Rese FHHRL 2




2024 £ 9 H

KRGS AT IR R IR A M D 5 b 2 W VA SRR 5

B SRT, %7746 ERH WA a8 1) IE W8 AT
I, SCHR[29144 % SCRF ) S LA Y H 5 S A 1
Iz, RUE T ARSI mARIEBIT. HiE, 1%
TNEREB LM IR F L. SCER[30]42H T
—Fh 3 F N T4 X 4% (Artificial neural network,
ANN)F) B EE RS LA THROR, IF BELE T PR
TP MG TGRS, ANNI @IS AR s i H f
TR B EE B R SO R A T A E . Sy — 7T,
ANN2 456 B S H S R T B 2 E, P
JIERE MBI TR ZE T B A . 1R TR
I BRAR T RGP RCA, 1T HLAEAEAE VSC ig 4T i)
{RERF S Ao W

HUL 7 BA SR TAERER C R Ress
ERIEEm, SCHRR[3 1138 20 7 A2 ik e AT T BE iR
BAHIFAR, EANFR B N A THE 51X T 1
ZEAEHAT IO, WS AR TE ], )
3 g TANFERBLS MO VEAE FE SIS L 1a
ATIE BRI 15 75 BLAH AR5 J7 T 1 22 501

*3 BERREENFAENEL

FERE] e

Sk R M s IBATES N
[23] ek R R % Gal
[24]  #EAEZE R IR 2 el
2s] ek = fo 2 et
[26] fELE 2 i5pi3 L
[27] 1Lk = (LS wh ik
[28] 1Lk i PRI A busH
[29] i % I S
[30] 1ELL & R gk

4.2 |GBT RS LN SEpEi2 0T

TF B4 bR W VAT LAY R =2, R AL
HETRA ., ETESMEERIEE k. BT ES
TSR IR AN 12 I R T LA IGBT #8F3E4T
RS WM, 47 IGBT Hf BEIRA .
421 BT L

T RETY [ a4 7 R R GRS (5
AR TR BT IS0, E BN
REFEEPY, LR BED B HiE
A S I R Uk 2 S P R= R £ Sy i p =k <]
Jol A IR B0 T B AR

SCRR[6JHRH T 55T VSC FF2 i MU (1) i
LW, %07 R AR TS R IE #1500 R B K
20K AR 2 A MRS HAE , % IGBT HEAT MR 217 .
RE 4 W L B T B, ST AR, {H ) B A B

M IS i WG 2, A& T 20 E 2 1 k8%
RS S e AL, SCER[37RIFERE T VSC
KRBT SRS B, R AR R S AT
JE B 2 Sl IGBT MIERL, Z5IESI NHE
REAMENH], A RO RS B S R, (B
HHER, HEERER.

N T BRAREE IR B, SCHR[33-34 i 1 ) il
B E S SR AT R, ERERES,
SEILMCERIZ W . SCHR[33 1 FH 045 # W0 0 28 1 0 )
FHLIL 5 S L B AR S B B2 W, A
NE, BAREA SRS R, SCER[34]1)
T8 T UL N 2% SR A% T 7E 0 14 AR 7 (Additive model,
AM) R RUBBREAE, AT AR A s AL = P VSC
(1% E M 2 W, DL RADIRES 25 R AL 12
Wik, B AN E D) R A A iR O,
I E I EE R Ak TR FE R

R T IX AN F SR, SCER[3914E H T —
P TR 228 {E R I2 T, B R AN
P BT O R B FRH R B B, (ER AN REIZ T BT
KRR . SCHR[4178 I VR A2 8 @ AR 7 v i ST AL
XS ARG, I sk 212 Wi, iR T
LR BTV E R R B S IR I ERS . BETREAL
WIS W A TR R R R, 1 B 5 2
RO EPXT IR, SCRR[42-4913R HE T R TE 5
w2 W i
422 FETE S PRSI 5 S 2 K

B TS5 12 W 7 v ik B AR AT 2 114 [
A RS, HhifE AR S R AN AR XS
IGBT #HTi2Wr, B SEIER AANSWIRE I 55 .

SCHR[421F FLE % B Bh2E 23 BT V2R 12 W KL I
W VSC 1] IGBT ik, 4 —#Hr AT Clark 284
R off PIAFRILALARR T

i,] 2f1 -2 12
{J_ﬂsxﬁu ﬂﬁu}

WO MR T 2 TH L R AR R, ATROR

la

2

L
lc

A
_ (k) =i (k=1)
iy (k) — iy (k—1) 3)

s dah) (k)75 i AT i £E K I 2 R RAFEAE o

2 IGBT KAANIFRIHBER, BRSO
B 7 s



6 M A T

19 H5 3

JoRE T2 TSR TABGRE TSEOR TOHURE T1,T24CH

B B B B B B B
fAA) ™ 4 D
N7 L o L/ o o a Do o

OB MR MR B MR ER MO

) B B B B B B
fa q

f! (74 (¥4 o k o j(f o 3 (74

K7 iR L

HE 7 af LA M, I8 A E R T BAE A7
FERE T . T ol R B TiE R T 5
SR, SCHER[43]48 H H— 4 3 Wi B2 W v,
GITVEANZ AR EEm,  A] LAk 1312 Wi il
R A o SCHR[A4T3H H— b 2 - F A AR e AR ) F
JE = HF VSC 1T B 12 W7 751 o 10772 0] BA
EHTARPIRRE, SRR Am, Bk
R IGBT BRI 7% 5 52 3 A W)
RN EEXTUGIREL, SCRR[4S]ERE T — M ETE S
FRZWMEZ W R, FIH RS CA 1 Rl 2148,
JE A3 BT HL AL TR 22 B AR AR e A R T oG . 1T TE
W, I H R AEAN R TOL A S0E A i T
Ko SCHR[A6] 30 A W LI 0] 47 B 5 F DX 2 ) 2
(R, FIHBUHIR, 256 M iR rR &M R,
SENL R (HE DL E A2 W 7 VA R A i A
AR, TCIESCIL A B T . PR, SCER
(47170 FH Dl 2235 A1 1 1 3688 G BT 38 T o s 0 5 42 (1)
fEFRAS, (H2 /R ai RS, AR,
AFIT TAL R o Xt in) @, SCHR[48]4E Hi T
RN R B VU S 40 ) IGBT BB & 26 11
IRAS, BEDREA 6 IGBT B Hefi Bk v 3k 47
AL

CHOI 2™y T IGBT 'l AT Vg o Al
THE R IE R FL S Ve B SIS K . G0 ] 8 PN
HE B & R A S8 208 5 148 (Metal
oxide semiconductor field effect transistor,
MOSFET). HPHAMIE RIS Hrh, & g
t MOSFET {Jitk 5 IGBT £ it A%, iz
TR B 5 H RS 2] IGBT ) S JE F&(Ver_on=
Vou vir)s  SEBUXE IGBT PR A W

|||—| ;

Ve M RO EHLEE S
nllls '__a : —0
: 68 G g Vour_vH
K Dy Vee

e A L&
—
i\ T i

L —¥ee
B8 S Ve ox MR LR

IGBT ‘338 [k P 52 45 i I N 54, SCHR[50]
WA LR ENTEE S Ve 0T RIBEAT 7 40H7,
FIFBIAS H & NS 8 R R a8 R, %0775
Rt A2 5| 407 3% IGBT #EAT A RRIERAS Wl .

b4 IGBT i2fTHHEEF &, FENIHEF,
AERZEFFZL, LIS IGBT JERZ IR
A SR T A R iz — P SCER[52)58
LM IGBT BEBReafid. SRS 28N Sk, 454
FERLE B A TR, 0 D) 283
(1) IGBT #EAT A Wi, (H 2% 5 ARSI AR
BELIRSIM . BT IGBT KIERZZ LR
2 W 4R 1] DL W7 Sl S 0 Y, ke
BR[S4]45 AR FREER, 5T T AR B 5y
AR, G SRR RIS RGUCREHE S,
ff s IGBT [ S8 [ B A8 A5 Ha BEL A5 R 1E S 40
ZOTERA AR N, IF BT DS BLAE 2R AS I,
EAZ T VETE SR FN R0 1) 77 THD oo P M T AR 1) 45
o XTI RZ MRS, HEBEE MM
AT RE G0 N TR IR R, SCHER[SSTHR HY
TP R A R T R R L, 1% 7T A
FEUEN & IGBT Sd@ kR, FF Hisb T g & 4%
PEL RSFRE RS T o

T AL T LR IGBT AR MW 7 ik 78 Wl 47
B WNFB. RGUSITIRAS R T 75 ZLAAME
DY T AR E AT

T4 1GBT R 75 3E7EE

SR KA E WIFB  RGURE BOMELF
[47] AL SR RME ik P
(48] AL LabVIEW 7 5 #EZ P
[49] ALk IERENR R LR &
[52] FER TR R &
[54] FREHE oAk Tk &
[53] AL JERENE R TR P

4.2.3  FFHEE IR FIRES W IN  dbsi2
Hs WK 8 LA 5 2] SERL RS AN 2 £



2024 £ 9 H

KRGS AT IR R IR A M D 5 b 2 W VA SRR 7

AFREMHNRFE, ECWd T, KT
T SE B R AE N R ORI RE RS, B AR
LMBIAT NG, BT IR, I HAE 2
PN N AR RE A AL FEL

SCHR[56138 3 UL 1 04 2% 12 W 7 A7 i e Ty %
A, M BRI e L AR M S B 5 R R i
BP #f & W %% (Back propagation neural network,
BPNN)#EAT i A U ATIS Wr . fEAL A S 5 A
M S AN AZ A TE DL U REVERA L BEAT S FRi2
SRR, AR, DUHR SRR RE R, AL
P AERR TR 2 . BEXS LI RE, SCRR[STIH T &
2T = VSC [T R 2 W, R BRI
T — AR R TR A R BRI, FER AT E & B
BN TERFEN B AT A2, PRid R A R
R B R o 12T N B AT TRAL B, i T
SEIZAT I ), B 7R B PIF R I — € AR AL
N T AT B RS W SZ TR AR SZ 3, SCTHR[58]4R
H— M T HE RS Mg 2Rk i
(Convolutional neural networks-global average
pooling, CNN-GAP) &2 K 7732, BAR TAEGRAE
W 9 s, Ho, ZINERUR GG ) 551K X
(1 VSC ik HLTH H B, @Oy — 4. 1
BNZH, RO A BRI JZ 284
M —4EEHR . ZTEE A A R it R AR
23 RENER)R, HUk TS CNN BRI ZE .
HCHEJE B TTE R ORI T A48 CNN BRI AT ) 25
SR, T LLE SRR G 10— 4 8] 5 51 4
SEMCBBERFAL, M0 HL G 75 EAT B 1N TR SR
INEREY (SHE (29

o [ 0 M

E PN~ ERE dfEE EBRE E EEE

_____________________________________________________________

B9 CNN-GAP A TAEHRIERE

x5t 1T ERISWITEAESS I 2 WS
5 it ZEAS M S B E D A7 T 0T BT o

R 5 |IGBT FFEEHFEISHI 5 XL

Fm

LW SEHLHERE ZIr S5 WOMNEN G
7Y fix L A LT o i
L SR L ik AR & 95
A — P25 i ik AR & i
[GINEEMIN S T ZATER i +
EEN fik CEVES i 95
Al (= AL AN AL = G

4.3 ATRMPRS N S HFEI2 0

1E VSC R4+, TR ARl e, 1k
SR L IGBT W o BA AR, 2436/ VSO
(V)16 B R A TN, W R 11 LA 5 S st B 4 )
e, i Es e A IR T 5 5 UK 3) IGBT, mlRE
R EATRIRA P, 2SR

VeI L BOR AR A B R, S SRR A =M
SEATIRR, =AM RAT i, EE, &
LRI I K R AT R, A Y
MWK H ), BRI AR, JEHBRESR
A HORIL R, N VSC REERIREIBIT .
43.1 LRSI

SCHR[60-6114 H 1 AT LAALER BAN T 22 AN A8 i
AL BRAR RS W ik . SCHER[61]38 H —Fh 1 3&
JSEAT TF 7 1 SR A T A8 I FL IR AR TR AR 1 A S S
%, ATIESAMETIRFE R, A, BikJy
TRAER K P R B AR U AL RN . DAL
NT R RS A IS R RS, SCEk[62]iE
FENL IR VSC [ B O [ AR 2R AR, | FH AR 24
T, RS TN AR LA LA I AR R — 2
EESREMEMGTESMRENRZE. AT
SRR R B T 2 G R AR, BT AANIE F A%
SRS IR e W, Rk, SCER[63]3R T —Fh
BT AL AS F A S s by, BT T
B I AR LI 2% 1 e A 2R MR R A T E S, AT A
SEPRAL AR I A B2 W, i LSRR e
B
432 HEARRASMEIZ T

SCHR[641388 I 5 HOURE B V2 SR Ak T HE R HL
R A T 5 0 22 AT A s T . B AR %
T3 155 F AT R B /N, B B 5 R 3 L
JEMEE B SR, 0 AR I3 SR A AN IR (1 L
MB1E, TTRESIEMRARIZW. R SCHR[65]F2 H— Ff
BBV IR X 21X P AR B 1) 7. 2 1R AR AR
BEEHITJ5 g %P F (22 A R S A I A4, X 23
B i R ER G 10 Frow, R PIHLJRAE 2810 g Fh
B R Vg > HKVH T HLM g FAT R LR Vi o 7™
KD, BERK T iRIZEIE,

idq Vig_fb
—_— i T "t -
T f + hlq_rur
P
Idg J dq

10 R S5 A4

4.3.3  JEPHUBOIRAS HEIN S ik 2
SCHR[23 1R f5e /s — S s 4 SR 0 HURREAT 2




8 M A T

L

19 H5 3

BN, B RSO, e A A
FBERFESEL, K BRI AL 20% 0 i A e 18]
8, SR JE R /D e RE, X VSC iy HL G
ITZHHHR, SCHRRAS I .

SCHR[66-68141 41 1 Fk T A5 28 TR0 42 i) 592 1) Fh
IESEHFR T, AT PASEEL M VSC R Gt i) i il
W SCHRI66]4E A FE I H R A EELER B R 1) 25 (] R
KRR, HATHERSEIN . ZHERIEEF S
AR A BRI PR IR N . HZ, i
DUKS B2 52 2 W FU R R sE e, B FRVERLE o EHXT 1%
), SCHR[67 8 ik 2 7 A R UL, N Tt
FRLAE IS AMERR TS, M998 T RE I G, HERh
TR HEAE . SCRR[68 ] ok Ky Pl #5 il . B FE DD
RS AR E RIS G, S RIRIEL PR,
b T ERREERNER T EE, FHRA R
ER SRR N T SEINE Fa fRE VSC IR E s
17, SCHR[6914Z H T — PPl Tk 4L & B M I
VSC HL g Az i 28 ZHHR T, AMUPHR RS
24, T HARRERIS S wR R
RN VSC 1 dg BEHGUARZR M N, R r) S0
FIEAE MR G R, DA H S A ) s =
o SR, 1ZITVERE 7 S L B R B A = A AN
PRI . T R PGZ IR R, SCHER[701R] A P A
To B S AL B AR 2 | 3 N R G R S
it VSC HTHL X 2 [8) ) S 2 F BEL A HL % RIS, g
FHEE T 2R M U % B & B B 7 VE Rl TH LR AT
T VR RS E A, UER BRI A R e .
HETH A RS WA HEE, BT AT
fE(Artificial intelligence, ATk k=12 W )5 iEA K
BT REMBCFEA . SCER[71138H T —Fh T
1% 1) 3= bR EUph 28 X 4% (Radial basis function neural
network, RBFNN)[ ¥ 75 #7773, FH T FL I Al
VSC Z %Gt oAt Z 2y R A i, i HL.45 & 4 B
A B 4% 5 R I I VSC [ S B 8 e 1k 3R AT
T, $Ew VI EEN A Y R A S N
HEJJ

IR TT R A RO g At IR s B H G
FEis i), (HARfE RGOl T, A5 B WAk
L5 P8 A B AR A AR AL . BT, B FURR R AR
o B Wk o 5 P AL R R A R AR, # e B EL
SAHHRAPAT, SORRREME AR, mIRE kA
wIZW. R, SR iR RS2 MR 4R A i
B 12 DRI A B2 AR AR e 0 1) S ] A

5 b5 REE

FR VSC 2 G 1 Ak BEIR 2 T AT i 12 W T
LI RHER VSC IR A3 i B/ BB A7 £ 30 I A
ARG AR AR, $-THFM RSG5 k-
AR SO ] N AMITE FE S B Y IR A - P2
BEAT AN 32K o ¥ VSC B2 W v 3 20 R
FeTREE AR A PSR TT % FF P VSCOIRZS I 5 i
e 12 Wt 75 925 72 R SR I BT 08 3 A0 et 2 Ak dn R
B

(1) ZEFE5 M EEZ W R, 2 HRE,
(ELRERE A B 00 LB 2 O HL AR e BRLE, PRI
MAG A Sem s Wk FEATRERE . 3 om0k i &
PRI T EL A

(2) HAT VSC HyHbEI2 Wt o) 5 s s e pe %
ARACWAEAL, (HAESKPRBITH, FRERN K&
AP, HAR S SRR IE R %, R A
I O A 1 B 12 W F I

(3) NI RE AR 2 W e BRI 2 W R G
THHERE, JFH MBS E R . B, X HdE
ISR AR GUAE LM L3k P AN 2 > 20 T3 T e Bk
AT IALHIE T -

(4) FITA FIAT BT 18 REA 280 AR A BEAT
WA AR SE R D7, ERE, B (1 g S (] 15645
FE R R AL TEVERT Lk RGEHE N ROIRES . R,
PR WS 5 b PO 5 2k — P IR

(5) HLJTH T IR W S BT FT A AR R IR
Fom s Mt. W T TR, 2% 2 s
B, a0 sk g ay AR S0 R I e
ML FRL B RRAS R ROST RA AR SRR

& £ x M

(1] BPPC, Srte, T, % dREM RS RASEA
BRAALT). WHLERAR, 2014, 40(8): 2485-2489.
ZHONG Qing, MA Xinhua, WANG Gang, et al. Static
equivalent circuit models of voltage source converter[J].
High Voltage Engineering, 2014, 40(8): 2485-2489.

[2] #E%, T2, XHREEE. LCL B¢ M Ar g8 o 54 B i
BRI A S R R BB B[], P E ML TR
#, 2021, 41(10): 3536-3546.

HE Yuying, WANG Xuehua, LIU Fuxin. Splitting current
single-loop control and robust weight value design for

LCL-type grid-connected inverter[J]. Proceedings of the
CSEE, 2021, 41(10): 3536-3546.



2024 £ 9 H

KRGS AR PR AR AR A

W5 2 T iR 9

(3]

TR, BYEE, Tk, % LCL B MBI HA R
FE3o A U JE SEBECR BT T[], R LR A4k,
2023, 18(1): 126-132.

WANG Aihua, GE Weichun, LI Tie, et al. Research on
realization technology of active damping method with
differential feedback of filter capacitance voltage for LCL

filter based grid-connected Journal of

Electrical Engineering, 2023, 18(1): 126-132.
WM, KR, XK, S T R R
o 2% 1A) IR H AL 2L R 5l R W R a2 W VR [0, LA A
2247, 2023, 59(12): 202-214.

BIAN Wenbin, DENG Aidong, LIU Dongchuan, et al.

inverters[J].

Fault diagnosis method of wind turbine rolling bearing
based on improved deep residual shrinkage network[J].
Journal of Mechanical Engineering, 2023, 59(12):
202-214.

Zof, kA, SRR, S5 TR Z P AR N
W B R G dI RS )], I RG A B, 2017,
41(9): 144-150.

LI Nan, ZHANG Lei, MA Shicong, et al. Control strategy
for battery energy storage system based on modular
multilevel converters[J]. Automation of Electric Power
Systems, 2017, 41(9): 144-150.

Tz, BENT, )EEEE, 5 BT RN HIR
AR Hh 5 (1 22 IR B SR — AR T ). iR
FE2E4R, 2022, 17(2): 101-109.

ZHANG Yun, WEI Yihang, LIU Qiangqiang, et al.
Integrated scheme of charging/discharging for parking
multi energy sources electric vehicles based on wide
voltage-gain range bidirectional DC-DC converters[J].
Journal of Electrical Engineering, 2022, 17(2): 101-109.
HRUKVK, X5, A, 5. 2 HIKKHLZ VSC-HVDC
I W 2= G837 3 R R ARG R P A (9], o HAL
TFESHR, 2020, 40(12): 3835-3847.

SHAO Bingbing, ZHAO Shuqgiang, GAO Benfeng,
et al. Inside-wind-farm/wind-farm-grid sub-synchronous
oscillation characteristics analysis in multiple D-PMSGs
interfaced with VSC-HVDC system[J]. Proceedings of the
CSEE, 2020, 40(12): 3835-3847.
TR, RIE, WO, S ZRBTIHR A B
PLRESEB R[] BATREYR, 2021, 16(3):
54-61.

XU Panteng , et al.

ZHU Bo, YU Wenxiang ,

Electromechanical transient modeling and simulation of

(9]

[10]

[11]

[12]

[13]

[14]

[15]

multi-type component hybrid DC grid[J]. Journal of
Electrical Engineering, 2021, 16(3): 54-61.

TR, FREE. 2P B R AR B3 I B R £50h
0] W TH AR, 2015, 30(21): 39-50.

XU Shuai, ZHANG Jianzhong. Overview of fault-tolerant
techniques for multilevel voltage source inverters[J].
Transactions of China Electrotechnical Society, 2015,

30(21): 39-50.

Sy, AR s B S A I 55 2 Wi U VA B FE[D). AR
#: HTRHERY, 2014,

Y1 Wei. Research on the detection and diagnosis method
for photovoltaic power station equipment fault[D].
Chengdu :
Technology of China, 2014.

BIAEN, i, RO, & MR SRHTEER
SIS HHERB ). B RG R S8R, 2023,

51(11): 177-187.

HU Cungang, WANG Haitao, ZHU Wenjie, et al.

University of Electronic Science and

Parameter identification of three-phase inverters based on
a digital twin system[J]. Power System Protection and
Control, 2023, 51(11): 177-187.

LI1Z, WHEELER P, WATSON A, et al. A fast diagnosis
method for both IGBT faults and current sensor faults in
grid-tied three-phase inverters with two current sensors[J].
IEEE Transactions on Power Electronics, 2019, 35(5):
5267-5278.

MEERE, K. B Z PR LS IGBT JT % 2
W5 2 W LKA ], P E LT AR E 4R, 2024, 44(4):
1501-1517.

LIU Zehao, XIAO Lan. Review of IGBT open-circuit
fault diagnosis and localization methods for modular
multilevel converter[J]. Proceedings of the CSEE, 2024,
44(4): 1501-1517

T, Wi, IRBIEE, 5. JETHERIKEN A KR HLADIR
MM 52 W BRG] B RGEL,
2023, 47(23): 55-69.

LONG Huan, YANG Ting, XU Shaohui, et al. Review of
data-driven condition monitoring and fault diagnosis
technologies for wind turbines[J]. Automation of Electric
Power Systems, 2023, 47(23): 55-69.

BA. BT LCL JEWE AR I =AH I F 0 AL 85 K B 75 [D].
PRl MRS ATR RS, 2011,

WEI Xing. Research on three-phase grid-connected
inverter with LCL filter[D]. Nanjing: Nanjing University



10

19 H5 3

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

of Aeronautics and Astronautics, 2011.

FLERH. ARHUE R A RO DC/DC AR 284 HER LI
M HT[D]. AbEt: EAETTE Y, 2014

DU Yinyu. Analysis of the influence of aluminum
electrolytic capacitor failure on the health condition of
DC/DC  converter[D]. Beijing : Capital Normal
University, 2014.

ZHAO Z, DAVARI P, LU W, et al. An overview of
condition monitoring techniques for capacitors in DC-link
applications[J]. IEEE Transactions on Power Electronics,
2021, 36(4): 3692-3716.

Wi, BREEN, 1532, . BRI T IGBT %
AL T[] E AL TR, 2015, 35(20):
5293-5300.

LAI Wei, CHEN Minyou, RAN Li, et al. Analysis of
IGBT failure mechanism based on ageing experiments[J].
Proceedings of the CSEE, 2015, 35(20): 5293-5300.
YUY, DUX, ZHOU J, et al. Condition monitoring of
thermal fatigue of IGBT module using turning point of
of IEEE

38(3) :

preheating  stage case temperature[J].

Transactions on Power Electronics, 2022,
2866-2871.

FEEME, KIS RlET. BT R B DRSS
RGP, B ITEARZEWR, 2019, 34(4): 717-727.
WANG Xuemei, ZHANG Bo, WU Haiping. A review of
based

China

fatigue mechanism of power devices on

physics-of-failure[J]. Transactions of
Electrotechnical Society, 2019, 34(4): 717-727.

P, HEF-HR R BRI 5 ) IGBT T2 HURAS Al 7
IEWFED]. HK: HIKKY:, 2012,

YANG Xu. A study on an IGBT’s condition assessment
method based on the measurement of saturation
voltage[D]. Chongqing: Chongqing University, 2012.
XA, AR, RIER, . Bt H MR Hdt IGBT JF
R AT S TR TERE T[], IR BEOR R, 2023,
38(6): 1608-1619.

ZHAO Nan, ZHENG Zedong, LIU Jianwei, etal. IGBT
open-circuit fault analysis and fault-tolerant method for

cascaded H-bridge converter[J]. Transactions of China
Electrotechnical Society, 2023, 38(6): 1608-1619.
FEHE. ZRCUEMERE R G =AY AR SR W Tk
H5ZHHERIIBTFED]. B WK%, 2016,
WANG Yuxi. Fault diagnosis and parameter identification

of three phase inverter in multi-energy storage system[D].

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Hangzhou: Zhejiang University, 2016.

LIUH, CLAEYST, PISSOORT D, et al. Prediction of
capacitor’s accelerated aging based on advanced
measurements and deep neural network techniques[J].
IEEE Transactions on Instrumentation and Measurement,
2020, 69(11): 9019-9027.

LI H, XIANG D, HAN X, et al. High-accuracy
capacitance monitoring of DC-link capacitor in VSI
systems by LC resonance[J]. IEEE Transactions on Power
Electronics, 2019, 34(12): 12200-12211.
AHMAD M W, KUMAR P N, ARYA A, et al
Noninvasive technique for DC-link capacitance estimation
in single-phase inverters[J]. IEEE Transactions on Power
Electronics, 2017, 33(5): 3693-3696.
VOGELSBERGER M A, WIESINGER T, ERTL H.
Life-cycle monitoring and voltage-managing unit for
DC-link electrolytic capacitors in PWM converters[J].
IEEE Transactions on Power Electronics, 2011, 26(2):
493-503.

PU XS, NGUYENTH, LEE D C, et al. Fault diagnosis
of DC-link capacitors in three-phase AC/DC PWM
converters by online estimation of equivalent series
resistance[J].  IEEE
Electronics, 2013, 60(9): 4118-4127.

ABO-KHALIL A G, LEE D C. DC-link capacitance

Transactions on  Industrial

estimation in AC/DC/AC PWM converters using voltage
injection[J]. IEEE Transactions on Industry Applications,
2008, 44(5): 1631-1637.

SOLIMAN H, DAVARI P, WANG H, et al. Capacitance
estimation algorithm based on DC-link voltage harmonics
using artificial neural network in three-phase motor drive

systems[C]//2017 IEEE Energy Conversion Congress and

Exposition. Cincinnati, OH, USA. IEEE, 2017:
5795-5802.
LAADJAL K, SAHRAOUI M, CARDOSO A J M.

On-line fault diagnosis of DC-link electrolytic capacitors
in boost converters using the STFT technique[J]. IEEE
Transactions on Power Electronics, 2020, 36(6):
6303-6312.

XU S, HUANG W, HUANG D, et al. A reduced-order
observer-based method for simultaneous diagnosis of
open-switch and current sensor faults of a grid-tied NPC

inverter[J]. IEEE Transactions on Power Electronics,

2023, 38(7): 9019-9032.



2024 £ 9 H

KRGS AR PR AR AR A

W5 2 T iR 11

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

JLASSII, ESTIMAJ O, KHOJETEK S, et al. Multiple
open-circuit faults diagnosis in back-to-back converters of
PMSG drives systems[J]. IEEE
2015, 30(5):

for wind turbine
Transactions on Power Electronics,
2689-2702.

PECINA SANCHEZ J A, CAMPOS-DELGADO D U,
ESPINOZA-TREJO D R, et al. Fault diagnosis in
grid-connected PV NPC inverters by a model-based and
data processing combined approach[J]. IET Power
Electronics, 2019, 12(12): 3254-3264.

ZHOU D, TANG Y. A model predictive control-based
open-circuit fault diagnosis and tolerant scheme of
three-phase  AC-DC rectifiers[J]. IEEE Journal of
Emerging and Selected Topics in Power Electronics,
2019, 7(4): 2158-2169.

ANQT, SUNLZ, ZHAOK, etal. Switching function
model-based fast-diagnostic method of open-switch faults
in inverters without sensors[J]. IEEE Transactions on
Power Electronics, 2010, 26(1): 119-126.

CHEN G, CAI X. Reconfigurable control for
fault-tolerant of parallel converters in PMSG wind energy
conversion system[J]. IEEE Transactions on Sustainable
Energy, 2018, 10(2): 604-614.

ZHOU D, YANG S, TANG Y. A voltage-based
open-circuit fault detection and isolation approach for
modular multilevel converters with model-predictive
control[J]. IEEE Transactions on Power Electronics,
2018, 33(11): 9866-9874.

JUNG S M, PARK J S, KIM HW, et al. An MRAS-based
diagnosis of open-circuit fault in PWM voltage-source
inverters for PM synchronous motor drive systems[J].
IEEE Transactions on Power Electronics, 2013, 28(5):
2514-2526.

YIN H, CHEN Y, CHEN Z, et al. Adaptive fast fault
location for open-switch faults of voltage source
inverter[J]. IEEE Transactions on Circuits and Systems I:
Regular Papers, 2021, 68(9): 3965-3974.

BXOR, AR, RN, 55 R TIRAZEISEN
WAR ST B EI2 T[], BkIE A4, 2016, 38(8): 35-40
GE Xinglai, GOU Bin, PU Junkai, et al. Diagnosis of
open circuit faults for traction inverter based on mixed
logic dynamic model[J]. Journal of the China Railway
Society, 2016, 38(8): 35-40.

KOY]J, LEEK B, LEE D C, et al. Fault diagnosis of

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

three-parallel voltage-source converter for a high-power
wind turbine[J]. IET Power Electronics, 2012, 5(7):
1058-1067.

ESTIMA J O, CARDOSO A J M. A new approach for
real-time multiple open-circuit fault diagnosis in voltage
source inverters[J]. IEEE Transactions
Applications, 2011, 47(6): 2487-2494.

WU Z, SUN J, SONG Y, et al. An open-circuit fault

on Industry

diagnosis method for four-wire T-type three-level

rectifier[J]. IEEE Journal of Emerging and Selected
Topics in Power Electronics, 2022, 11(1): 1045-1055.

ZHANG M, ZHANG Z, LI Z, et al. A unified

three-level
IEEE
38(3)

open-circuit-fault  diagnosis method for

neutral-point-clamped  power  converters[J].

Transactions on Power Electronics, 2022,
3834-3846.

Wkosc, ZFM, EFl — M =HDGIRIF G AR 85 ik 12
Wi vELT]. L EOR R, 2014, 29(S1): 203-209.
GENG Yiwen, LI Wei, WANG Kai. A fault diagnosis
method for three-phase photovoltaic grid-connected
inverter[J]. of China
Society, 2014, 29(S1): 203-209.
VRN, JE L, AL, 55 BT/ A R P Y IGBT
TR B A 2 oV RR R AR 0 AT (0], R D EOR A4,
2013, 28(6): 165-171.

SHEN Gang,

Transactions Electrotechnical

ZHOU Luowei, DU Xiong, et al
Characteristics analysis of IGBT module with bond wire
lift-off based on wavelet singular entropy theory[J].
Transactions of China Electrotechnical Society, 2013,

28(6): 165-171.

NET, SHEE, YT 5% AT LabVIEW =1
SFiAR % IGBT BB S 2 W I R4 [T]. KFHAE 4,

2020, 41(7): 165-172.

SUN Zhiyu, MA Mingyao, CHU Kaiqi, et al. Wire
bonding monitoring system based on LabVIEW for
three-level inverter IGBT modules[J]. Acta Energiae
Solaris Sinica, 2020, 41(7): 165-172.

CHOI U M, BLAABIJERG F, JORGENSEN S, et al.
Reliability improvement of power converters by means of
condition monitoring of IGBT modules[J]. IEEE
Transactions on Power Electronics, 2017, 32(10):

7990-7997.

Wld, FXoR, B, & ETIHESEENSEMERE
SIS IGBT & 22 (RS I 77 )], E f AL



12

i %519 B5 3

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

TR, 2022, 42(7): 2650-2663.

DAI Jian, GE Xinglai, YANG Xu, et al. A condition
monitoring method for IGBT bond wires aging in traction
rectifiers based on the dynamic adaptive reference
values[J]. Proceedings of the CSEE, 2022, 42(7):

2650-2663.

T, FE, #8%, % B TESHmNE SRR
a5 IGBT BEHUERLZE 57 I 35 %) A A8 75 i O S
JHED]. hEEALTRR R, 2022, 42(S1): 269-278.

WANG Lei, ZHOU Mingchao, GUO Mengxue, etal. A
mapping method of solder layer fatigue stress and
remaining useful life for IGBT module in a traction

converter based on the mission-profile[J]. Proceedings of
the CSEE, 2022, 42(S1): 269-278.

KT, HLN, HKIHE, SF. SRR B R A R
IGBT BEHURRLER 55 ZF e W FE[0]. R BOR, 2020,
46(10): 3381-3389.

ZHANG Yujiao, FAN Hongxing, ZHANG Xuankun, et
al. Fatigue life analysis of IGBT module solder layer for
VSC-HVDC valve[J]. High Voltage Engineering, 2020,
46(10): 3381-3389.

DU M, KONG Q, OUYANG Z, et al. Strategy for
diagnosing the aging of an IGBT module by ON-state
voltage separation[J]. IEEE Transactions on Electron
Devices, 2019, 66(11): 4858-4864.

ZHANG S, SONG W, CAO H, et al. A digital twin based
health status monitoring method for single-phase PWM
rectifiers[J]. IEEE Transactions on Power Electronics,
2023, 38(11): 14075-14087.

PENG Y, WANG H. A self-power method for a
converter-level on-state voltage measurement concept[J].
IEEE Transactions on Power Electronics, 2021, 36(8):
8743-8751.

CAI B, ZHAO Y, LIU H, et al. A data-driven fault
diagnosis methodology in three-phase inverters for PMSM
drive systems[J]. IEEE Transactions on Power
Electronics, 2017, 32(7): 5590-5600.

PHAM T H, LEFTERIU S, LABARRE C, et al
Auto-adaptive and dynamical clustering for open-circuit
fault diagnosis of power inverters[C]//2019 18th European
Control Conference, June 25-28, 2019, Naples, Italy.
IEEE, 2019: 3298-3303.
GONG W, CHEN H,

ZHANG Z, et al. A

data-driven-based fault diagnosis approach for electrical

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

power DC-DC inverter by using modified convolutional
neural network with global average pooling and 2-D
feature image[J]. IEEE Access, 2020, 8: 73677-73697.
WANG X, WANG Z, XU Z, et al. Comprehensive
diagnosis and tolerance strategies for electrical faults and
sensor faults in dual three-phase PMSM drives[J]. IEEE
Transactions on Power Electronics, 2019, 34(7):
6669-6684.

YUY, ZHAOY, WANG B, et al. Current sensor fault
diagnosis and tolerant control for VSI-based induction
motor drives[J]. IEEE Transactions on Power Electronics,
2017, 33(5): 4238-4248.

PAPADOPOULOS P M, HADIJIDEMETRIOU L,
KYRIAKIDES E, et al. Robust fault detection, isolation,

and accommodation of current sensors in grid side

converters[J]. IEEE  Transactions on  Industry
Applications, 2016, 53(3): 2852-2861.
MEHMOOD F , PAPADOPOULOS P M ,

HADJIDEMETRIOU L , et al. Model-based fault

diagnosis scheme for current and voltage sensors in grid

side converters[J]. IEEE Transactions on Power
Electronics, 2022, 38(4): 5360-5375.

MEHMOOD F, HADJIDEMETRIOUL, TZORTZISI,
et al. Incipient current and voltage sensors fault diagnosis

scheme for grid side converters[C]//2023 3lst
Mediterranean Conference on Control and Automation,
June 26-29, 2023, Limassol, Cyprus. IEEE, 2023: 31-36.
YOUSSEF F B, SBITA L. Sensors fault diagnosis and
fault tolerant control for grid connected PV system[J].
International Journal of Hydrogen Energy, 2016, 42(13):
8962-8971.

IMWS, KIMJM, LEED C, etal. Fault diagnosis of
voltage sensor in grid-connected 3-phase voltage source
converters[C]//2013 IEEE International Conference on

Industrial Technology, February 25-28, 2013, Cape Town.

IEEE, 2013: 515-520.
Vi%, 2, AR, S HEIF AR g HURTE S

WEEHII]. LSRR, 2011, 15(3): 52-57.
YANG Yong, SUO Ji, QI Chunging, at al. Inductance

online identification =~ control ~ for  three-phase

grid-connected Electric Machines and

Control, 2011, 15(3): 52-57.
255, SKEBZE, M. ST R R R T I R 3
AR My 7R IR, 2018, 33(15):

inverters[J].



2024 £ 9 H

KRGS AR PR AR AR A

W5 2 T iR 13

[68]

[69]

3450-3460.

LI Wei, ZHANG Yongjun, XIAO Xiong. The model
predictive grid-connected inverter control method based
on real-time inductance identification[J]. Transactions of
China Electrotechnical Society, 2018, 33(15): 3450-3460.
Bl BUER, BEEAE. RUBTEZHE UL 0 002 6 25 T
EARDZAEHII]. LS N, 2014, 41(11): 1-6,
13.

GE Kai, RUAN Yi, ZHAO Meihua. Predictive direct
power control for grid-side converter with online
inductance identification[J]. Electric Machines & Control
Application, 2014, 41(11): 1-6, 13.

ZHOU W, TORRES-OLGUIN R E, GOTHNER F, et al.
A robust circuit and controller parameters’ identification
method of grid-connected voltage-source converters using
vector fitting algorithm[J]. IEEE Journal of Emerging and
Selected Topics in Power Electronics, 2021, 10(3):

[70]

[71]

2748-2763.

CHOWDHURY V R, KIMBALL J W. Control of a
three-phase grid-connected inverter under non-ideal grid
update[J]. IEEE
34(3) :

conditions with online parameter
Transactions on Energy Conversion, 2019,
1613-1622.

QIUY, WANGY, TIANY, etal. An intelligent stability
prediction method of grid-connected inverter considering
time-varying parameters[J]. IEEE Transactions on

Industry Applications, 2023, 60(2): 3685-3697.

fEHEN: ROM, i, 2000 4, G-EWFFRAE. EEPFTT M
W e Eo i AE AL 5 SRS T

E-mail: songshaopengi@163.com

HHEEGBEER), 5, 1986 4, W, BB, ZEGRITIvH
BEVRRC R . R TR TR AR ORI ] . ARUR AR P PUDL RO SR

iAo

E-mail: yti@ncepu.edu.cn



