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A flexible coupling switch based on modular multilevel converter topology
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Abstract: For a variety of defects of the traditional coupling switch, a flexible coupling switch based on modular
multilevel converter topology is proposed. It can connect the networks with different voltage levels, achieve optimal
regulation of power flow, reactive power compensation, and emergency support and rapid fault isolation between fault
AC system, and meanwhile has DC voltage output port which can be used in AC and DC power distribution networks.
The operating mode of the flexible coupling switch is analyzed, and DC voltage and power flow controller are designed.
Finally, simulation and experiment results verify the performance of the switch.

This work is supported by Science and Technology Project of State Grid Corporation of China (No. 52466F160002).

Key words: coupling switch; modular multilevel converter; power flow control; voltage control

0 3l

FERCHLM AR, O i i EEdE, RS
TFKe HBRGM ZARENE, ST HL o
TR s FRLAEFA R, IR T O 9 i P T HL P 45 1L
FAF GBI, HARANAL 8. AN ST %
TCIEFERIAS R Z IR AL, Dh (3L i b g A
W 288 1) PO S B RS DUIR IR P E - BEAh, TR RantE:
P H E SRR, PR SRR st BoR
MIgIN, AKEC TSI AR AT LRI
AR FEREIRS 5 ARGl R, T e
ke )y, AR S R G S
MU R B NG LR, P RS, AT LR T
RAZRAE BRI B A, AL IRE TG, O R
PEAZ s P R OB i e e, -T2 A RREis

HEME: BREMAS AR B (52466F160002)

AT KRB ATRUR

B, 2 FWEFIH LA L REAS R4 6 H b,
FEH TIEH THECAR R ) 2 B Bees: ISR H b (1) fig
R HECES (DL ), (EASASIE G0 vl SEI ) 25 ()l 3k
AHYARE, W ol T T AR R 28 H it H A H kY
(191 2% Th 23 ] 2 (LPC) , 1] SEFLAS[F]AS L H Y [ A
235 5 N/ & 75 A 1 B T A P N EZ N TR
flir 25 il #% (Loop Balance Controllers, LBC), HE#SH %X
§ R R e o T s L Wi o ST AR T v
) BE B B FH 2% (Smart Power Router) 1 2= 3 Hi
Igc 4% 2% (Flexible DC Links)!, AJ LLnsmfc k20 ki iz
AT R 3G 75 B & Soft Normally Open
Points(SNOP), %5 5 71 i v I 15 B4 194 7R P 1Y
BT, R DT A AR AT 508
TP B, AR D o B AT R S i 4
R AL SIS 51T P PWM 38 as . (H2
ERCHE Mg, RS, T PWM



-108 - ® LRGP B R

AT ELAOR I Jmy BR A

VNS I L P S B A A R
(Modular Multilevel Converter, MMC)#i #5124V R
CE R, Ama N BRI B R ik
SRR AL AN R B i R e 1, T RLHT A
BELRA IBC R R S8 o 38 7 R REIB 2 1)
TAERS, ¥t T B s Al ey, feeil
AT SRS, R Tz g Rk e
1 RSB R
1.1 R RIEHIRR &M

= MMC R as i an &l 1 fros, 2,
Ls 72 MR, Rs R ACTRMNAE A HLRH , Ng & A8 il
PRI 2 . MMC = AH K R A —AH R ]
Gy By RPN, B R A E ) n
A FAER (Sub-Module, SM) LK R FELIEE L, #4Jk,
B R F RN IR IR o BEAS TR i AT
SRR I IGBT F— AN KA it g R A Co 14
o BRIV LKA n T SR S5 bR R
SR 3y A A Tk

Va

N

Bl 1 =+ MMC B EEMRINE
Fig. 1 Topology structure of three-phase MMC

MMC (9Bt TR TR R, T
0. B BSFIT, FUR & TR A U B
KL T R T Ve 8 SRR
MMC (105 1% H P4t T Lo 5 3 2 5F
SEEE T, T MEERA S,
E=%— (1)

L R T
A MMC 05408, J0s L R Ly oAb
Kb Ry A Ro 9 MMC Heiiis e S v 19,
S5 MMC B0 FLIERE, Ayl o SR
IR %, (R LR T . PRI MMC

Bl A H R B SO e iatT, RIIE
PR3 R S T LA LR BEZ AR K 2l 0w
CIECH

ERURNIIS il

,,,,,,,, RN R |

LI S
B 2 RHEEEITHIERRNE
Fig. 2 Topology structure of flexible coupling switch

1.2 ZHEEBIEHIS5HEITEN

WK 2 fros, BREEE 1 FIREE: 2 3 2 REBES
TSI, AT SEIN R 2> XIS4T X o s 47 Al
Bl = R AT R XU X s 1T TR,
PR BREZ il izl ) g b i, oD AT # s AR
eI T RN, REHHIELT, WRFLRLAE
DRz et iIE T U, —REER R 15
SRR IS AT, MR E ) — 0 REER A I gy it
Mo ZRPERHIBEEhI 28 P MMC #efi e i) A FL il
REZEmrar il B, B it H

2 RGEHITTE

2.1 MMC EX¥EZEH %

VSRS L ST MMC i P RER BN R 2
—, JEH T MMC I 5 AFE A R O< =k o 1
1IN 9 P =137 o L I U v 578 I = 5 % R 1
D 1R 1) AU PR T T 7 A

AR AR 8 R ik, %A
SERIT IRy, ARG, AT Ry
FEFHIEA f . BE — A TREREC 20, BV R
B n AT 2n A = AR 0 5 [H— AN
HIVRIAT IR, — LB 2n 41 PWM kb, fik
2n DTN I D2 TT A o 1l I )
PWM fikrh 28 ] LA s —ANSE 3400 2 Hi - PWM
kgl 10,

MMC AN TR B B A8 AH LT, B
REZEHL Rt —AH BT A7 A rp s i T SR R) S 4%
SEBR AR AR TR . T IS HURE LA S B B ik v
(1) 22 S 1 i TR B 25 L R AN S8y, LB
BB AR TR, RN RS G LB nids
GAIEAT. Ik MMC L 25 L 34 2 R4
FoE B AT RIS . ARSI I A L 2 H
P A SR s an il 3 o, i3 il SR e B HE A R 1)
(1) EEL 75 B R ST~ 242 Sl R ) — W7 7 e ] ) L 2 H

21



+ O, A

L TR 2 P AR s 4D (S RERR P - 109 -

JEPE gl K, Usw(i=1,-++, 20, j=A, B, C)s&
A, B, C BANE TR A LA, Ung =A, B,
CO)2& AB 5 CMPTA THCH i H 2 f I3,
Uy 2 TR R B S A8, iy A1 ig(j=A, B, C)
S AB 5 O b FHEE .
. o
w i Y 4

A2

5],

iy LT

%4§F{E
Ugy, (i=1,+-.2n)

AR P 11,0, <0

3 BAMBEIEHIER

Fig. 3 Block diagram of capacitor voltage control
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strategy based on PR controller
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Fig. 9 Simulation results of energy transmission control model
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