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Method for circulating current suppression of UPFC based on MMC

LI Zhen', LI Bin’, HANG Li-jun', YANG Feng-yuan®, QIU Jian', YANG Guang’
(1. School of Electrical Engineering, Hangzhou Dianzi University, Hangzhou 310018, China;2. School of Electronic,
Information and Electrical Engineering, Shanghai University, Shanghai 200240, China;3. State Grid
Jiangsu Electric Power Company Nanjing Power Supply Company, Nanjing 210019, China)

Abstract: Aiming at the serious circulant harmonic problem of the Modular Multilevel Converter (MMC) applied in the unified power flow
controller(UPFC) , the suppression of the bridge arm circulation was studied, and the control strategy of the capacitor voltage equalization
was summarized. After that, a method to restrain the circulation based on twiceline frequency negative sequence rotating coordinate system
was designed. Afterwards, the capability of the designed controller on the Matlab/Simulink platform was verified. The results show that the
scheme has a significant effect on the harmonic suppression of second order circulating current, meanwhile, the capacitor voltage is balanced.
Key words:; unified power flow controller( UPFC) ; modular multilevel converter( MMC) ; capacitor voltage balance; circulating current sup-

pression

[y PACTS S 110 Al 43 ol o 6 552 B 166 R | R I
0 51 = M FEAT RS e VR T 2 RO A T, UPRC R
AEAE L ) R ORI 45, 4 B A

Gi— L rdl ey (UPFC) J23e 5 I DIRERCAR I sy Feohohoie, Sis el ik A 7 , SeBpE LIS AT

i HHI.2017 -04 - 18

ESTE . B ML B A "l RH 3 B3 H (12017073 )

VEH BT IR (1992 - ), B VLT BUERF S 2L B NS s 7O A AFSE . E-mail : channonli@ 163. com
BIEBER AN BUINE , <o, 882, Wi+ 4TI, E-mail ; ljhang@ sjtu. edu. cn



2 4 s

PR, 5 LTI b 2 g AR AR 18 UPFC SR 7 2 F 5% - 187 -

NAEAESA Ty il P TC Tt | Bl S R A
HL I, B R GEH RAR e M5 18 v LAMGE RGERLE

UPFC Ay R G843 0 W8 43 R 6350 3 A e B
43, HoA IR A FOR P — A AR LAY, T
il B AR 2l UPRC 7= 4= E i B 9 B 5 & 1R
SE T ER IR AR SR & — A AR B SRS
MBS A, BT HAs 2 UPFC 77 A4 BT aF
B L R R

R AL 22 H S8 4 2% ( MMC ) RIE % 188 1o 184 0l 42 A
A 1 TR R B B A Tl A2 AN () 1 ) SR A R S 2
LR P TSR R T, 46 T H R,
BEAR )i AR A S A T AT AT
WUEHERR AN, MMC 28 s il XA D) D% oo o)
RIEFT A ST P ] BE T SR s

H T MMC B3RS f R 58 A AT 10 2 A X 2%
S AR A L RS ) 4 S ORI L B
AT LAY RS 43— 52 B A0t , 76 EL U0 5 4 B
BT L21/1) I R 11973 5 7 DB R/ = e £ 1 =4 (51 B
O BIR TR MMC B2 0 i RO P A 5
M), LB INAERR R L 3 b 25 | AR Hh S A, AN(SO6F
AR KB T K Rl 3 m UPFC &R
BB UIRBAE T

A ST AE AT G0T E e Ak bR R RO IR
WAy B B dg SR 30100 S R OG0 A Y
BT R UL A i 7 i 04 ) 2 8, O R SR g
Bk,

1 T MMC 1 UPFC i HLEE 4 Hr

MMC HL g RS INE 1 R,

B AR U, Gy, 53 3RS L R B FL 5 28
Tk A w, i, A k(k = a,b,c) FIAHHE XL HE
Wi pon 3R b R U B AR B A0 R w,,
wy, oL AR FLIER B — R B b T ] BRI
R, FAERRR R HLBH, TR Ze b N R AR TR S AR
UL iy i A

I’kp + Uin

idi,[fk = ) (1)
F /R L R E T, MMC B i B F
1 1 di, )
w, = 5 (w, —w,) - 7(L0 d—t" + ROLJ (2)

Up/2 :
SMN SMN |
L L

R, S R
ou
O U,
! —>—Ou

’;
L,
R R,

Up2

|

: U | U n |
lun L lw,
[e,

K1 MMCHERSEE

SMN+1] SMN+1]
| ASMN-2] [ smN o]

di,
2By Ry )= U = G vy ()

X e, = (u, - uk,))/Z,EE:_EQQ) ﬂﬂ,lﬁﬁﬁﬁfﬁu
e, FTIRFHEEE ) MAC AN FE R ™) 7 S 1y
N ke KRB AP R e U

_ iffk .
Ugign. = L, dt oLaigk (4)

HIEC(3) AT wyp R HT b BV R A
JEZ A5 B B M A AR SR R M S BRI
g 17

Bk ARSI R w, LR o, 20

u, (t) = Usinwgt
(5)
i,(t) =1sin(wyt + @)

ke STAMBERS T p A

U$]Y
P () = u, ()i, (1) = 7[00%0 - cos(Quyt +¢) ] =

Udc I(lc U(lc I(lc
3 3)C()Sgacos(Za)Ot + ) (6)
H1z0(6) AIA &k AHBEIN S 2004 p,, .
U(lc[(l(-
psk_a' - 3COS§DCOS(Z(I)OI + ¢> (7)

k(5 ~ 7) A, b FHREF BRI MMC
LRI WA A A (4 5 5 A T A7, 000 0 23
S FR LA A4 AR B e AT FE MR 00 00 1 52 0
P4 A SR T SRR A B4, DR
FEMCH T SR T B HA W, T 3R 0 2 4
UG BRRE i TT5



- 188 - L5/ P < R S - %35 %
A wyi, (8) R AT A5 2 P ERAS T R R 1Y) dg (ES 5 H R 4
e, SR T, . AFEN G = M0 PO A 5 L e 5%
it[:fj:idiﬁk_ *Hi‘ﬁﬂ:?ﬁ(lﬁ = (l,b,C) {E umfﬂoiiiﬂ@ﬁﬁ%ﬁ@ﬂg:
= U, sinw,t
Ysa s8N sinf sin(@ - 2?71') sin(0 + 2m
. 21
= —_— = 12
Uy Ussm(a)ot 3 ) (9) abe/dg 3 ( o - (12)
cosl  cos|O — ?) 005(0 + ?)
u, = Usin(wt+2—w)
T3 AR R
w = Isin(wyt + @) sinf cosf
L 2 ; 2@ 2w
i, = I@lﬂ(mot —?+qo) (10) T, = % bln(e—?) 005(6‘—?) (13)
i, = [Ssin(a)oz +2?’n'+¢) sin(0+2§) cos(e +2?Tr)

(8 ~ 10) A5,

, Ul
Vifa = 2Ud'[cosgp - cos(Lwyt + @) ]

g = ZUI}{:C[COSQD - cos(2w0t + 2?’“- + QD)] (11)

Lige = g&i[cosgo - cos(Zth + 2?“- + (p)]

M(11) F i BRI B S B B A 1A
JP B UL ) A 20 B 7 L5 AH B TT )i 3, T
SEU G AE AR ()2l , X AR ITAS 7 A 5w B
T R AT RSN R GEAFE R TR A
PN N &I

2 MMC H Al B A B L s st

TE A AR A SR 9 MMC R GEEERIRE R, 4
K2 iR,

P2 BRI 42 o

AWFFAE RGN kAR AR IR 0, 5 TR
R £, , B N AVE BRAH AN Z IS BR LA 2,153 = AH N 3R
W b gy, AL PRI Y AR AL T, , T3 5] MMC
PIERALA dg B4R 1y, , B iy, KT AT SRR d B
RSB i, B iw,, (9 T AHIFF, 0
D%, =ik, =0) EZEKE & PIA A, 75
AHUERT B 200L iy 20, L, iy, , VAR dg BB A5,

REFFEAE B Matlab/Simulink T. HE A& T =4
MMC i FAR . RIS 1 PR,
Fx1 HEERESH

B HE ZH BUE
MRV 400 iy A R JE/ mH 4
FAEH L 2/ ul 1 400 L/ Q 20

FHREHA %L n 4 FLPE AT/ Ha 50
e B/ mH 5 2RI/ kHe 5

2R SH R, =20k, =500, JILA B0 i 42 il
ARATfE A A AV AR IR IR (3 ,4) PR

PV
st v, VvV, V, V, V

6k
040 0.41 042 043 0.44 045 046 047 048 049 0.50

t/s

El 3 RIMARFINEIESET A A7 AR i B

N/ /N /N
\ \ /
\ \ /
SN NN N\

0.40 0.41 042 043 0.44 045 046 047 048 049 0.50
t/s

B4 ISR IR A R W B LY

iJA
(=3 S "]

3 BRI AN g B A IS TR, PR A AE B
i N TG E HE R T N RE R R R B AR
il 4 W2 52 eI i 5 B A &N, ZEAR N
ARSI A8 Z 0, A A0 A A A B B A R
WE, WE s s,
\ /N /N /N N\ /]

N/ N/ N/ \N/ \/
\ \/ \ . \

<

BN O N A

_ i |
0.40 0.405 0.41 0.415 0.42 0.425 0.43 0.435 0.44 0.445045
t/s

K5 RIMAFRRNG ERT A AR BT



2 4 s

fik, 5 B TR AL 2 W PR e dR 1) UPFC 3R 7 ik 52 - 189 -

IR AN 28 5 X B —raie TR 1Y
PHIE A . I A B I0 25 B A AH R B TR an
K6 Fims,

<
~

AN O N A

—0.40 0.405 0.41 0.415 0.42 0.425 0.43 0.435 0.44 0.4450.45
t/s

El 6 NINAFRGAMHERET A AR BT
A MR R an il (7,8) B

RARARARARVA

o \/ \

95 V/ \/ \ \/ \
040 041 042 043 044 045 046 047 048 049 0.50

tls

BT RIMAFRGANE R A AR R 28 f R B BOE

U,V

7\ N\ N\ N7\
sl N SN SN N
5 108 WARWARWAR \
> o \/ \/ AV \/ \

94
0.40 0.41 042 043 044 045 046 047 048 049 0.50
t/s

P8 AR g A AR 2 A B IO

ML (7,8) W] LAF H, 205400 il 2 o 8 6 A5 e
FL 2 R Rt e S 34 4 1 D A A A 3 400 il 4 22 i P
HHIEWN N 16 VEL, IMAZIEREESINS V,
/NP R 8

R BRIEAS SCIT B 4R 1 Ok A A, e A
T 3T MMC /9 UPFC SEEHEHL, MMC B RSESES
1R AESH 3 ERHSH K, =10,K, =
500, SEERZERAE 9 iR,

‘ t:4 ‘ms/ﬁ}
(a) Ay s W 8 T,

t: 20 ms/A%
(b) hatt b FHAE FASHR S R B, o 1,

B

/ﬁ",ﬁﬁk/"\ VAT /*\\/N\ Vs
SLVEVERVARYEE VERVAR VAR VARV
A AN

IAvAvavAvav AvAvAvaw

Annndanans

‘ t: lO‘ ms/ﬁ;‘r
(o) Fatl b F BRI B, i,

() 1 )]

£:10 ms/A%
(d) kRGP T,

P19 BRI Al ) SR s S 9 2

HIPE 9 (b) AT UL, FHEER AL A L SR SLIAE 7 V /2
A B 9(d) AT s BRI P ) o 2 ), BRI
WA 0.7 A Zidi, SERRIRIE 1 BTt J5 S a4 Rk
VAR SR B A B

3 ZEiE

ARSI T MMC 7ESE— 3 8 19 45 P S i A
TERIER LIS RIRR, BT T A A7 5 e A b 2R 1Y
PR AT SRS, A 55 = A Lk A AR ) R e Al
PREASHRER AT H T LA BR 42 i 45 08 A% 50T R 3
T, LA AR @R AL b 21 = AR L AR BRI ROE PR

YL R %R T S B REA R I PR,

SREAE—RE R SBT3 4, 0 —
AUEM T T A R

5% Lk ( References) :

(1] ZEEPR,R #2800 113 FACTS 348 49 n] 4 i Bk
FIRLT]. HE AL T A2 ,2009,29(19) :36-42.

[2] % B MRESRE. iR IR A B i B R ZRR [ 1]
TR LR AR ,2007,33(1) :1-10.

[3] ZEEK,FIF, R¥O6 Sk 2 O 3 i B iR
SIMT A TR ik (], B R 8 A shk,2014,38
(24) :62-67.

[4] DEBNATH S, QIN J, BAHRANI B, et al. Operation, con-

trol, and applications of the modular multilevel converter; a



- 190 - M B T ® $35%
review[ J ]. IEEE Transactions on Power Electronics, (1] & &2, s, M, % BPb 2 B E i B A
2015,30(1) :37-53. M5 FR i i SR [T ). o RGP S,

[5] RV, ZFnd, B, 5. B2 B P f80% 2014,42(3) :56-62.
el g it [ 1], & ER A, 2013,39 (11) ; 2730- [12] HAGIWARA M, AKAGI H. Control and experiment of
2736. pulse-width-modulated modular multilevel converters [ J].
(6] TS HE, FNVEMS, XTG4, LT B o i 45 il B e £k IEEE Transactions on Power Electronics,2009,24(7) :
ZHLF AR g 2 G R s [ ] b R AL TR A R 1737-1746.
2015,35(2) :458-464. [13] HAGIWARA M, AKAGI H. Control and experiment of
(7] Wi 3B, EEls, w2 5 — MR 2 P g 1 pulsewidth-modulated modular multilevel converters [ J ].
TR E T B[ T]. B R 4% A 31k, 2014, 38 IEEE Transactions on Power Electronics,2009,24(7) :
(3) :52-58. 1737-1746.
[8] w<ri, it B . AL 2 i PAR i de B A R [14] HAGIWARA M, MAEDA R, AKAGI H. Control and anal-
Wesh Fe M S ms w5 [ ], e T R 247, 2015, 30 ysis of the modular multilevel cascade converter based on
(7) :62-71. double-star chopper-cells ( MMCC-DSCC) [ J]. IEEE
(9] FMWefl, £ #1. MMC-HVDC =AHfif 5 — U8 I 2R 7 4 Transactions on Power Electronics,2011,26(6) :1649-
WIS 1], B R S5 H 8k ,2013,37(15) .48-52. 1658.
[10]  Z=EE pR. Al 2 da A0 Ui 25 10 R F I 2 BT B L3R g 1 [15] FEZbk MMC B8 SR B AR [ D], dbat.
L], B RS H 1k ,2014,38(24) .62-67. JUH A R B AT AR B, 2015.
[HREK 5]
A5 AR
2= R, 2k, BUIE, AR TR L £ AR R 1) UPFC R0 5 3898 [ )] . MLE TR2 ,2017,35(2) 1186 - 190.

LI Zhen, LI Bin, HANG Li-jun, et al. Method for circulating current suppression of UPFC based on MMC[ J]. Journal of Mechanical & Electrical Engineering,
2017,35(2) :186 —170.

CHLH T#E) 2435  hitp . //www. meem. com. cn





