U ER TR

202341 A Electric Power Engineering Technology FAR2E FH1IHY 116

DOI:10.12158/7.2096-3203.2023.01.014

TR A HE N i MMC 7R e T B g 185 2 o7

EEE, KBH, Fge
(AR R TR EBE, {195 B AT 210096)

W OE. A S P72 (modular multilevel converter, MMC) #4423 AL MR & KT 2 B A T5 &K
i AR3K . MMC 477 X8 F 453k (submodule, SM) | SM 84 7 5 32 4 3 [ 2 % v MMC T 48 M 04 £ 4 B 2 —,
b SM T34 8 R 3 AR A | B B S B E IEAT, AR R — AP TR N 69 SM TR E R 4G k., B
56, % SM. T 24 3 8 4T H R A M 47, AR5 SM 383 A 51 A2 SM b, 8 JR 69 - AL, 1 ) 4R 3k A T 247 )
o ER,FHHARAFE A SM & E b Ry Mhfe 3347 RERME—ANFERS R, @EF) BT SM &5 EZ FA
B AT K A) B L — 2 B R R AR S A4S R ISR G SM, % kR E B AUNME BB R R AR A B S A
A RAFHRE 2B AL, L EEA ML, %G,/ PSCAD/EMIDC #3532 =48 MMC £ 5%f5 £, £ S E#E
#0 MMC £3-F & 234 7 kit AT I IE, 45 AAr F 364 R A, A T 1R GA E N 65 SMJF 383 [ 52 A5 7 ok A 4%
& A B EAS K & TR R SM,

LR AR S b T He A 22 (MMC) 5 A3 (SM) 3 [ 5 246 B At AR A 5 4k % (IGBT) FF 95 0 1 3 3 8 745 5 dadi ik

VRN S

HESES TM46 MERAREHD A

0 3l

Ak £ o 2 3 #% ( modular multilevel con-
verter, MMC ) HA5 i HE 35 I8 & 5t /s TR A3 381 45
PER S S50, Wz B T m E R R
£19%, MMC f k5 T3 (submodule , SM) £ 1k
s PR R B IESE 2R I, — HSM T 7
PR A B BB 25 16 H RGN E I8 1T FIIR S &
AU R SMLF 3G 25 1 A i A AR 0 A
CAT AR TV Ak phe T 58, 76 9K S FL B G e vt £
o B AT R A A S A A SMUT i T
BEAEAE AN Sy S A I, P R G2 A H ds 4T, R A
Xf SM T Bl B R L R T FSE o

H HITOC T SM Il B 14 1 67 J7 1 R EBOR] 43Ky
3K B LI T MG B Y R T
5, SCHRE 1S T30 30 TUA i W 42 A% A S B SML 98
(v AR () IR T S W N e/ P S SN I =
RBTA Y B P L 7 3, i 3 B — 4 A OGS
W S TR AT M B HEAT H 350k 22 A
B SM, A SCHRL 16 ] ) DR f Ji e H, s 0 i, O K a0
gt — 2 5 UM 22 0 2% AT SMI R e 37 . SCHIR
[17 JEE T R0 PR SMAFIEZS 1 — 4R
TR R A8 57 6 HE T IR 1) SML, - T N g
1) 7 ¥ e S R I R R A 7 AT A A AR E AL
BB SM, SRR ARG AR . 58 =R THUF
W AG B H7.2021-10-18 ;4521 B #7.2021-12-03
AR A EF A RAT AL A (61873062)

N E RS :2096-3203(2023)01-0116-08

PRI (Y i B (37 05 12, 36 SR I AG S MMIC 3 i
T MO B R AR 2 P A (L 0 {1y T 5Ok
SELRCRE . SCHR[ 18 J 3 T 3 UL & Al v v
U SCHR [ 19 ] 5 T 45 /R & 0 5 A Al 7 3R 00 L STk
(120 3 b R 285 0L 00 85 A 345 3L 000 L 30 R B 3 A 52
L SM T BB RE A o TR A AT (4 05 2 A
X MMC SR Bl 1R B b BT 3h il B 2 0
B, T MMC S i B i A AR R 4, AL £

SCHP R TR T RIAR A Y SM T el e s
(iJ5 %k o TR E N SM AL 2 i [ 197 2 (L
bR fi 22 44 8 1 DXCTA], Jd i Az I SML HEL 7 vL T
Y008 w6 R T e SML 5 J e ol 47 L0 S B B
WEIZ TR WA B, I 9 HAR 7 1 BEAT PR REXT HE.
FHEE — KRB TR T3k, SCRITE A HIEIA
WM RS s A LS 2R T N TR BEM T %,
SO A AT R e Ak B A L5 = 2R T
W BRI T7 %, SCH 5 1 AN A ST i 14 0 A
BEAMFABE R 2T HOHAHEN Y
SM T it ke e (v 5 125 R0 T B THRRDN, A AR
SEVL SM T gl e, i FH T2 SM B2 9 MMC iz ]
Y5t

1 MMC #F$rF0 T/ERIB

B 1(a) o =AH MMC 3fib, B —3047 3 4>
O, B B8 2 O, B E VA
FAFIR SMOAT T BRI LA b R B



117 EFE S ST RHGRMEN R MMC T RERTT Bl o7

HERE AR = AR S U AR o A el = A
AL — S EORU Rk, ) S B RE 8 78 5 i HELIAL ]
XEEsh. & 1(b) o A A1 EBFE SM #$h, i 2 4>
TR T Ty, 2 DEOFEK 4RSS D, D, FI L ANH
O BT, i Uy 09000 FL I AU A B
THLHS 5 wy, « w, 2090000 A AR AR LI 0,
by 2050 AAHE CEBRE L @ O A AR w,
O SM B 5w, AL TR

(a) —HIMMCH#i$h

B 1 =4 MMC #$hf0 SM 7 $H
Fig.1 Topologies of three-phase MMC and SM

SM A AFIYIBR 2 Fp AR, 7T T OC R %L

(b) SM#fFh

S RFEH] SM ) TARIRZS :
Sz{l Tl%f_@,Tzﬁ‘%ﬁ ()
0 T, XHr,T, T

S=1 ff,SM I A, T, 338, T, X Wi, SM
R u, NEAHE, S=0 B, SM B IIERAR
A&,T, W, T, 358, SM i th L w4 0,

MIFSCRREL S B E B, TR R AN [
Xof 7 ) SMUH 8 38 2 AN (], H 25 09 78 55 L R P L AS
[ SM [y 4 F TAERICEZ5 sk 1 o, DL A Al
AR SM R 5], B HL £, B IE T A& 1(b) B
o S=1I,SM B AR, M8 HL IR i, >0 I,
AL TR RS, AL R w5 2 i, <0 I,
AL T RS AL w /b, S=0 B, SM
HOIGRIRTS | B 250 55 B, 16 I JC 1R 9 R vl 3L [m)
el , 2 F AN 2 ek AS

#1 SM I{EE=R

Table 1 Operation modes of SM

(5= N T, T, g i C u,
1 (R ST S (T IE ol R
2 (B ST S IR i G %N
3 0 Xir @ 0 E B A
4 0 & S 0 i SR AR

2 SM FFEEESIES T

SM 1) I G s A4 308 5 SR JH 4 5 M BRI R &
(insulated gate bipolar transistor, IGBT ) , # kb, — #}%
& IGBT it o [ 3 i B8 SR, B K A= # . IGBT
FIRTAC I TR 5 T B o R R B e, JHL v R Bl
Wy g | ek LU, SR AR AR B W, B T e, 7E 3K Bl
P, B T Ao A R 7 B PR S P A R A )
SMURY i A A BT — R TR R S
J AL PR 2040 A IGBT 1) T [ ke s e, 4
HRBS B AR AR S, A T DA SR A AR A Tl e o
21 T, FEEiERES ST

SM IEH s 7T feh, 2 S=1 H i, <0 i, iR
Zoad T i, A AL T IR RS, FOr R s/,
WO T, & AR TF RS HICRE, AP 2 Frzs, DU, B 38
oD, AR CFIT, AL T3 HOIRAS A B
AN MO AR W /N PR R, 7 R T DAL T, 1T B il ot T S
WA, SMOHA 3 Fp TAEBIA A SZ T, TF Bl e
M, R 2 B4 T T MR T SM 4 Fh TAERA, o]
T, T B s 5 20 SMH A R T T B S G
SM HL 25 HL R AT SE AL AR T, TRl B ) SML,

B2 T,k
Fig.2 T, open-circuit fault

x2 T FFEHFER SM TE&RRX

Table 2 Operation modes of SM
under T, open-circuit fault
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Table 3 Operation modes of SM
under T, open-circuit fault
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Localization for MMC submodule open-circuit fault based on Pauta criterion
WANG Bao'an, ZHANG Hanlu, DENG Fujin
(School of Electrical Engineering, Southeast University , Nanjing 210096, China )

Abstract ;: The modular multilevel converter (MMC) is widely used in the field of high-voltage and high-power transmission due
to its advantage of modular structure. As a large number of submodules (SM) are contained in the MMC, the switch failure of
SM is one of the key issues affecting the reliability of MMC. The switch open-circuit fault is usually hard to be detected
immediately , which threatens the normal operation of the system. A SM open-circuit fault localization method based on Pauta
criterion is proposed in this paper. Firstly,the open-circuit fault characteristics of SM are analyzed in this paper. The SM open-
circuit fault causes the abnormal changes of the SM capacitor voltage, which can be judged by the Pauta criterion. Then, a
confidence interval is constructed by the average SM capacitor voltage and three times of the standard deviation of SM capacitor
voltages in an arm. The SM open-circuit fault can be located through judging whether the SM capacitor voltage exceeds the
confidence interval or not for a certain time. The proposed method does not require additional sensors, creation of accurate
mathematical models and manual setting of empirical thresholds,and its algorithm is quite simple. Finally,a three-phase MMC
is simulated with PSCAD/EMTDC and a single-phase MMC prototype is built in the laboratory to verify the proposed method.
The simulation and experimental results both confirm that the proposed Pauta criterion based SM open-circuit fault localization
method can locate the SM open-circuit faults effectively and quickly.

Keywords ;: modular multilevel converter (MMC) ;submodule (SM) fault;insulated gate bipolar transistor (IGBT) open-circuit

fault ; fault localization ; Pauta criterion ; capacitor voltage
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A converter-assisting flexible switch topology and its control strategy
FANG Rengcun', LEI He', YANG Dongjun' , ZHUANG Kaixun®, ZHA Xiaoming”, SUN Jianjun
(1. Hydrothermal Power Resource Optimization and Simulation Laboratory (State Grid Hubei
Electric Power Co.,Ltd. Economic and Technical Research Institute) , Wuhan 430077, China;
2. School of Electrical Engineering and Automation, Wuhan University , Wuhan 430072, China)
Abstract: The rapid development of new energy in the distribution network increases its flexibility while making it more
complicated to operate and manage the network. For this reason,a novel flexible switch,which is composed of integrated gate—
commutated thyristors (IGCT) and parallel voltage converters ,is proposed in this paper. Applying virtual synchronous generator
(VSG) control on the parallel voltage converterensures smoothness and steadiness while switching from one feeder to another.
Firstly, the proposed flexible switch is compared with the flexible multi-state switch and the mechanical switch on their main
characteristics. Then, the operating features of the flexible switch before, during, and after feeder fault are analyzed,as well as its
switching logic. Finally,the switching process between different feeders is simulated on a control in-the-loop experiment based
on RT-Lab. The voltage and current waveforms are obtained under different operating modes and during flexible switching. The
experiment resultsshow that the flexible switch has short-term voltage support capability and does not generate voltage and
current impulses during the switching process.
Keywords : flexible switching; integrated gate-commutated thyristor ( IGCT) ; virtual synchronous generator ( VSG ) ; voltage

support ; pre-synchronization grid-connection ;flexible grid-connection
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