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Fig.2 Control strategy of three-phase upper bridge arm current
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Fig.3 Outer-loop controller of three-phase upper bridge arm
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Fig.5 Comprehensive control strategy of upper bridge arm

S o AR R BRI | 5 P R
S o 1 L PSR I 75 9 B 4% A
YT R Hy 0.5 B9 TE 3% 3, xd LW 45 A
Hh FEIRARHERT NLM, JoE04 45 A 3841 0.5 19 7
iy, M2 23 T IE b, e T 4
S 5 4 IS = AT L R R T S (A 1 i

upair(:f = 0‘ 5 +uparcf_uaicirr(:f
upl)frr:f = O' 5 +upl)rcf _ubirirrcf ( 1 7 )
upcirPf = 0' 5 +upcref_u(:7cirref

4 SEIRISIE

T AR N 2 kW B 31 HSF£200 V ETEH
TET B B4 ,380 V HL Gl T A/ Yn [ E28
JE #5455 006 28 Mk B I it i 1, s B 2 2
BT e B E Uy =+200 V,80E HIR
BEZRHLU 1 =5 A, & WV PRI V=30, FHi
HAHE u,=13.3 V, FHEILHEZ C=8 800 pF,
B L=16 mH, ELRMZE MK HR L, =28 mH, 38 £k
BEEPT X, =4.3 Q, #IEMMZEHR T U, =380 V, i
MIMZEH e U, =193 V, B DR Py=2 kW, it
Yo R L A AT 300 A A0 35 4 XUy B R S 56, DA B IE
AR T E R BRSO E NI S A
B

SCHG 1 B AN R R S R B s T T
JE B LR JETTH (0,15 pou ) IRE, B 6 Hy
AR PR R R R LW BIE, Kb 6(a) N
B U, BTE ; 18 6 (b) Ry IR =4 28 i
B 1, .0, 0, FOUEIE  IE(E 2 R 1.27 A B 6(c)
=R BV RS AT, 0, TR (B Y
70.63 A 6(d) A a # L T HVE I AC I A
L I . SCEEE R TR R U /Y
AT B R AR e T AU, B ), B
it R4 L R A P R 4 4 T B A L, 45 A LA
N £ MR B JC T o T R LA DR R B 3 R N ) R AR
Sl

R 2

b=
Usi200 Vidiv || &

:20 ms/div
(a) HFHE

S

t:10 ms/div
(b) B =HZZH BT

i:400 mA/div

3 Te b Ipo
RS !
éﬁﬁﬁmmwwww
TR 3

:400 mA/div

t:20 ms/div
(¢) = LB AT &

i ”“‘3’\, V/\V/\V/\vhv'
mwg}% '

i:400 mA/div

:20 ms/div
(d) a Ml b FTHEHRRRRS &
B 6 LI

Fig.6 Experimental waveforms
SCH 2 R GRRAE RS B R AR E Z T, AR

By TAETEA NN (0.8 p.u) E LI IR
(0.1 pu ) ARZS . & 7 S 3 i 7 P 4 R R 15 B A 5

.
B Ihi

Idc:2 A/div

:20 ms/div
(a) EFHER

gﬁxy%mmmmm
WM

Ay
t:10 ms/div

(b) BRI =AHAZ R LT

i:2 A/div

lpa Ipb Ipc

A

i:2 A/div

£:20 ms/div
(¢) =M BRI R &

CAAAARAAS
VWY

A I

2 A/div

t:20 ms/div
(d) affl b, THE R R

B 7 KUK

Fig.7 Experimental waveforms



=108

el AR A L T AS AL O B ) A R A 22 e - 0 0 e 2 A SR e (119

WP, P B 7 (a) M E R 1, BT, 4
FRTE 4 A 7(b) MR = ARSI 0, i, 0, FIDE
T WEAE2H 6.85 A [l 7(c) N =H - Hi B i 38
TR 0, 0y, 1, B W20 3.43 A 181 7(d)
O a A bRV R AC TR AT 0, 0, PIOE . SR
SEULRI AR A T )R S5 LU H U e AP A e
o7 R PR B F I S 5 (H, 38 i B D B B R
TR A BEAF I B AR

S 3 FRU AN S5, R 5 4% S8 A8 Ui L U
I BRI RIBCRIEATRT G, B 8 ikt L
YRR R 8 (a) MALGEAS WM L FAE ST a
M AR L i, i, FIERTE i, OUETE & 8(b)
A ARSI T a A B RV LRI REOE
SEGEE LRI 7RIS shER AN G 48 Z A0, R AR
TP ) SR W 1 25 M R B I A £ 0 S8 SR R 9 4 o
W) 12 ZeAy, b R R B B A T IR 550
PRI SR TIN5 2 5 , R F U 4 il A5 AT A
LA FRAIC, BERS IR BIAR &AM I R

> ! ipa’ ina%
) H
2 i
T Liir'a %
#:10 ms/div
(a) 2V TR
2 ‘ Ipa bna ‘
]
<
= icir_a
:10 ms/div
(b) BB LR
B8 KUK
Fig.8 Experimental waveforms
5 #it

a. RS X MMC AFE HL e R Ot -5 58 I
FEHRZ I CHR , DL b BV R D R 52 H
T DA Z 6] (4 5C R BEAT 20 A, B 10 T — Bl
B PRV LR T 58 AR R NLM SR Y 5256 00
NERUE TR RA RIS RS,

b. & e P VE BRSO T R
SRAFTTE FES HHEATA RAWH , S2BE T X MMC %%
B A AL o S i DA K 2 IRBR A B Y =
Pl

c. FEAFEEAPIRE T, Ml 31 B3 MMC
BB 5 %] 1 3 5 A 24T 05 FIG L, S5
SERF W, A SCHT R 1 FE T B R PR UL L A A Y
MMC il S s HAT O R A2 ) A8CR I HLRE % 1 H]
T AL BER g% ol g B W BT B R GE

Sk :

[ 1] AKAGI H. Classification , terminology and application of the modular

multilevel cascade converter[ J]. IEEE Transactions on Power Elec-
tronics,2011,26(11) ;3119-3130.

M, AR PREAR A BERL 2 B PR A R
FLZEUAL RN [T]. W77 E 3kt ,2017,37(10) : 146-152.
LI Chao, TANG Zhijun, LIN Guodong, et al. Parameter optimization

—
o
[

strategy of sub-module balancing resistor in MMC [ J ]. Electric
Power Automation Equipment,2017,37(10) :146-152.
[ 3] ki, =k 5, W], %, VSC-MTDC Z 4t 7% i BE & Uit i e
TIPSR T]. #0 E Sk ,2016,36(10) :60-64.
ZHANG Haibo, YUAN Zhichang,ZHAO Yuming,et al. Variable in-
tercept DC-voltage droop control for VSC-MTDC system[]].
Electric Power Automation Equipment,2016,36( 10) :60-64.
BWH AT At . fHlZmE i TR RS
BIF[I]. REERAR ,2014,40(8) :2490-2496.
LI Yanan, JIANG Weiyong, YU Shifeng, et al. System design of
Zhoushan multi-terminal VSC-HVDC transmission project[ J]. High
Voltage Engineering,2014,40(8) :2490-2496.
[ 5] FHEA BUZ 00, A, 5. JBT) +320 kV 2 B0 i e TR Y
ety X HE T HERE(T]. B REH M ,2016,4(3) :229-234.
YANG Yuexi, HE Zhiyuan, ZHOU Yang, et al. Control mode and
operating performance of Xiamen +320 kV VSC-HVDC project[ J].
Smart Grid,2016,4(3) :229-234.
JEL A B TLIE R SRR, A B 2 AL PR A TR A
TEWesh 5 N RS R A [T]. P R P C R A2 4R, 2012, 32
(24) .8-14.
ZHOU Yuebin, JIANG Daozhuo, GUO Jie, et al. Analysis of sub-
module capacitor voltage ripples and circulating currents in modular
multilevel converters[ J]. Proceedings of the CSEE,2012,32(24) .
8-14.
[ 7] FEMSIL, 3. MMC-HVDC = i@ H8 — Vi i BR 5 40 i 240k
[J]. ARG F13h1E,2013,37(15) :47-52.
WANG Pengwu, CUI Xiang. Three phases decoupled second har-

—
~
-

—
(o)
[

monic circulation current suppression algorithm for MMC-HVDC
[J]. Automation of Electric Power Systems,2013,37(15) :47-52.
[ 81 ZEER, LA, 5500, BHRAL 2 B V-3 A i H I 3 BT 2
HER GG )], MRS A 31 ,2014,38(24) :62-67.
LI Guoging, XIN Yechun, WU Xueguang. Arm current analysis of
modular multilevel converter and its circulating current suppressing
method[ J]. Automation of Electric Power Systems,2014,38(24) .
62-27.
Ph—22, BURE B, SF. JET WA 1L AL AR 2 ) MMC-HVDC
RIS T]. BINEIA ,2013,37(5) :1384-1388.
SUN Yiying, ZHAO Chengyong, ZHAO Jing, et al. A steady-state

control strategy of MMC-HVDC transmission system based on two-

—
=)
[

phase stationary reference frame [ J]. Power System Technology,
2013,37(5) :1384-1388.

(107 X, A6, ok — 10, 45, kT3l LU R % 1 i) MMC-HVDC
RFAMEIRIE[J]. o1 RS A SH1k,2015,39(12) :146-151.
LIU Huan,YUE Wei,ZHANG Yigong,et al. Circuiting current res-
training strategy based on quasi proportional-resonance control in
MMC-HVDC[ J]. Automation of Electric Power Systems,2015,39
(12) :146-151.

[11] BEBI G BB, Rt e, 45 2 T LU R 22 1 1 MMC B B3R
FAmdlaR )], T RS A SME,2014,38(11) :85-89.
BAN Mingfei, SHEN Ke, WANG Jianze, et al. A novel circulating
currnet suppressor for modular multilevel converters based on quasi-
proportional -resonant control[ J]. Automation of Electric Power Sys-
tems,2014,38(11) :85-89.

[12] 6%, P, RO 5, 45, bRl 20 W P 4% PR ZR 3 00 41



® & 0 8 % w it %

EIRLE

LBt )], T E LT R4, 2015,35(10) :2567-2575.
YUAN Bin, XU Jianzhong,ZHAO Chengyong,et al. Optimal design
of PR circulating current suppressing controllers for modular multi-
level converters [ J]. Proceedings of the CSEE, 2015,35(10):
2567-2575.

ZEEEAR R, X SCHE A SR P3G RS A 18 ) A R B Ak 22 1o
B an el A B R [J]. P E AL T R 2241, 2012, 32
(9) :49-55.

LI Xiaogian, SONG Qiang, LIU Wenhua, et al. Capacitor voltage

[13

[l

balancing control by using carrier phase-shift modulation of modular
multilevel converters[ J]. Proceedings of the CSEE,2012,32(9) .
49-55.

[14] MEI J,SHEN K,XIAO B,et al. A new selective loop bias mapping
phase disposition PWM with dynamic voltage balance capability for
modular multilevel converter[ J |. IEEE Transactions on Industrial
Electronics,2014,61(2) ;:798-807.

[15] TU Qingrui, XU Zheng. Impact of sampling frequency on harmonic
distortion for modular multilevel converter[ J]. IEEE Transactions
on Power Delivery,2011,26( 1) :298-306.

[16] MK, AREB, Ja M E , 45 Rk 2 i P i s B B it i v 1
JARIAENE[J]. B FR S A 3h1k,2010,34(2) :48-52.
GUAN Minyuan, XU Zheng, TU Qingrui, et al. Nearest level modu-
lation for modular multilevel converters in HVDC transmission[ J ].
Automation of Electric Power Systems,2010,34(2) :48-52.

[17] AL Bbfb 2 fe 4 e O Rl TR R R T R (7). W

11 &% B 3hk,2013,33(15) :35-39,46.

WANG Guangzhu. Arm current direct control scheme of modular

multilevel converters [ J]. Automation of Electric Power Systems,
2013,33(15) :35-39,46.

(18] )AL, PVE NS, Xkl , 55, BT MR L I s il oAb 2
SBR[ 1], T ERPLLRER,2015,35(2)
458-464.

WANG Guangzhu, SUN Changpeng, LIU Rufeng, et al. Modular
multilevel converter control strategy based on arm current control

[J]. Proceedings of the CSEE,2015,35(2) :458-464.

EEREN:

FA A (1982—), B, TaiEmA, &l
iz W 2R T h FH AR
HA BELEEETRESELLNE S
B K

IR (1992—), B, T HFEHRA, M
THRE, EFEHMA T AFZRAAKN S
# A (E-mail ; wwr651224@163.com ) ;

FERK(1963—), 3, EHEHRA, R, HEHELES
L E R T @A RAEL AR SR B A
AGu R P RRE A AR LR A,

EHRK(1990—) , B A2k d-FA LT A, £ 257
RAEAFEILAREER;

AFH(191—), B, T T RN, MR L, T 25
RI WA FREALRRIEEA,

Control strategy of modular multilevel converter based on arm current direct control
XIN Yechun, WANG Weiru, LI Guoging, WANG Chaobin, JIANG Shouqi
(School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China)

Abstract: A control strategy of modular multilevel converter based on arm current direct control is proposed to
control the AC current,DC current and arm circulating current. Through the theoretical analysis, the relationship be-
tween the transmission power of the upper/lower arm and the arm current is obtained. The inner-and outer-loop con-
trol system is designed to control the upper/lower arm independently. Respectively, the current of three-phase
upper/lower arm is transformed into dg coordinate system,and the command values of each phase current of the up-
per/lower arm are obtained. Then, the arm circulating current suppressor is used to realize active/reactive power
closed-loop control of the converter. The control strategy is validated on the 31-level flexible HVDC power transmis-
sion physical experiment platform. The results show that the proposed control method has the advantages of high
accuracy and high efficiency suppression of arm circulating current in the converter.

Key words : modular multilevel converter;flexible HVDC power transmission; arm current control ; circulating cur-

rent ;dgq transform



