E36E5F5H
2016 £ 5 A

LT CAN Rk ml2P vSC Frcdiil ik

T WLk WK kK PR A
(1. e X% HFHRLKALIRBRT PO 28 40 23000;
2. BMEHEE S AN B AMRFHRIE, L S 230022)

Vol.36 No.5

% 2 & % iR S
May 2016 “

Electric Power Automation Equipment

WE., AR 2 AT A4 P AL AAFE Y ERBA L (VSC)E R FIIBAT S & 4 SR AN FA %
T AT CAN BERMBOLR T FBRIER T E, BASH T BLAEA VSC B A K AAL AN w0 BT
B RATY R AP KRG A A CAN & &0 ) O A8 5t LA S o) 5 3 L0 BORL R | B B AR A SR 2

Tl 60 Homh B AR B E S A AL P E B 0 0 7 X AR ) A

S % AP R A RE

AE S 18] AR A AR LB AT A AR IUBESR 8] BRI, RIS R IR T PTARAR I k09 A Rk

XK. VSC B, ke,
FESES. TM46 XEkARIRAD. A

0 518§

BEA AT HE A RE IR RN R A HL R Y
FCEAW I S KA R RE RS LR M 1 &
%8 KRS AT A4 R IR L I HE A R 0 32 31 5 B 1Y
Sz RN

i RE TN ZEH5 R S8 PCS(Power Conditioning Sys-
tem ) 1y LU R G2 5 S Ui HL ) A0 B2 11 G S
fift BE 2 e A Ja) Dy 89 45 LA S H A A B D g1, Sk H]
L He Y5 45 i #% VSC (Voltage Source Converter) 152 5t
I IR AL A B BE PCS, 78 il 3z AT A 4E 7 5 i A7
BAFR A TR 15 VSC BEH I I e 42 1 1) 52 2%
P U R A2 B B R A A AR 7R B TR AR B ) 3R
it o PRV 2T 0 i e 2 SR BRI R SR
AR VSC A M ] B fifl 1R 2 8 P 2 8 B A 2
o — BRI A B RN AR B A] B A B R
AT DU R 36 I 36 5 P it B B, 2 AR OT ORI
FEARTC U5 DR e T F B AR B B A R GE 0 38 1, (AT
AZ B AR VSC BERIFIR R G, Bk S i 5 Bt
B [] B S 458 ) AN [ 28 J2 77 A P 3L 8 3 2 D A 810
I B VSC A BRI 1B 4 i) 45 Al 3 2 AT 4R b Ry
A A0 AR rp 4 ) A AR A S AR
POk S, FAEH E A TT YRR R R S I B
TR AE I fE , AT H 2 B 671 57 bk 5 4 ) 2 (R 9 25 2
AE , 32 MR R 5] 5 22 A7 A b 8 5 dfe S # , AASE
PeA B AN Re A S A Al SEPEAR o3 A x4 ) v
ARG AR ) | AT o] 455 B S A5 e ) mT S B IT
AR A e 1] U BT B 00 RO SS e | BRAR T x dE fF
KRB .2015-06-24 ;& EI HH.2016-03-18
BEE&WB . B £ S AHRLLRIT X (863 #X]) #8175 A (2015-
AA050104)

Project supported by the National High Technology Research

and Development Program of China (863 Program) (2015AA-
050104)

BRI Y, BMIRA,; CAN B&; #kp

DOI: 10.16081/j.issn.1006-6047.2016.05.001

R B LR H LT 0 B 2R 1 4 A 2 ) 4 R S
PR L i 2%

H AT, VSC J B2 17 19 [A) 25 3 il B XA [] 25
S 1) HL ) A OURT CAN BV {78
SCHR (157 224> I 16 H YR 3 3 [5) 25 5 5 4 52 AR B
B[R A BREEELRKR L TUAMEE Sk
[17-18 71 CAN BVEAUH F R o= il i 22 |, R H
THFESEHE R 2D RORAK, CAN Bl (5 SR F A
KGR 2 A, Kl — 404 B o] 52 81 4 W 2%
JUREAE A R, BV LB H B AR Ry
A VSC IFER A4

AR SCHE bR AR v sk Sl b 25 A oA g
A TR T CAN BRIk R 48 vSC Bk
7 DA X = AR B (1 A0 R R B RIS A R B
M ST HEAT A ER TAE R CAN L2k B[] 3 o 2 2% 52
PR e () A v RS B %) 200k [0 25 | 2 AR e i) LA
= AP A SN RN = & SV & e = N E 1K
L[] AR 3, R B o | AR e ) 32 WE s L S e
TUARTE TR A | RA5 R shia A PERE

1 VSCERHABK RS

VSC BEHIRER R Gem R W& 1 frs |, VSC
B R FH B e SRR B D | A ) 056 SR FH e 28 U B R 2
F A8 AN IF B G Zead eI R A Rl A /Y B
B FRAR I VSC REH SR LR (3% X P P 4 o
F | TRV SR FH T dg 78 460 19 ARH B ) 25 H Do |

K2 VSC B RE 25/ K IEIE R G h
AALE N AR VSC BIEAY B, I3 CAN &2
LEAHER:, DAL 2R R I 1) AR K 2%
U454 | A B o 58 g v ) — A B Hg
By AR H | 32 B i) 1547 200 R A0 A5 B 3E |
FEAE 32 PSS B il s B3 A A B 1 s L A A



(2) ® 0 8 & iR B

£ 36%E

B 1

de Lide
— —

C ==

558,
&
8

ff;éﬁ& N

@g@

Cyr

| VSC ERHBKRZTEE
Fig.1 Schematic diagram of parallel VSC modules

CAN Ek }

) ) )
: v v v |
PR || B 1] e [ BB V-1

B2 VSC ERFH ARG HEME
Fig.2 Structure of system with parallel VSC modules

AR | DRI BR 6] 00 [7] 25 | 4 v R e A vl Sk
2 BEXEXFHERFIR R

XA B VSC BEHITFER R 40, &% B
Hedl il e B AR — BN F A5 S 5 R A A
Wi, M4 VSC AHIFBRAZ AT I | 5 R A AR B i 48 1)
B B s tT, B A B %, T
11 LA 1E 5% Jik 5 9 i (SPWM ) 32 A Ry 1] | 43 #7280 58
FEXT VSC AR B I8 28 G2 I I L 3 A 5% i) | 0 171 48 7R
T A HEXT VSC BB [8] PR AL RO SE ]

2.1 FELES|IEERESIAR

DL 1 H 2 A VSC BRI R 58 0 ]| 45 Bk
Bk H SPWM , 2 I g il 3 pros Rk 2
ASVSC BB AR A K 3 g T — 2 A
HIPY VSC B4 A UK sh i B | T LA & K Y
Z X3 000-111,111-000.000-111,2 4> VSC #i B
(] B4 1 3R B m—a,—a—ay—n .m—b,—b—by—n .m—c,—c—
en—no TEELFEEZH R AR | K [R] s o i Jpt e J2%
PEAT 78 L Bl | R VSC B = A H I ok B
PRI e HoAh X 38, 001-101,101-001, HA m-a—
a—ay—-n .m-b,—b—by—n .m-c,—c—cy—-n T TE B,
PR 7 B AR B R AT T R R

SEPRFR G B 2 A VSC B I il — 2
7 VSC L PWM 24 °R FH7E = f 2% 36 F Ui 2 R FE

U

_
ENERE

—_

by ——
CN

._
[ |o |=
=

B3 HETHEAR
Fig.3 Phenomenon of carrier interleave
AT A % B — A VSC BEEUH LT

—~ VSC T iy 8 ] I R B S — S SCHS AR
RV ] — 4> B BB X 7y 832 3pk S 1A P 9 o 0 b A7 AE
T 2%, DK IF — 25 BRI TR 50 E T A
TR U 58 R A ) B3 A S
2.2 EE A XTI BR 18 BRI 5 N 7 B UG E

PL2 &5 VSC BEEIF B 2 500 6] | 560 UE 2R % 2 45
XTSI, 7E MATLAB H 45 245 A i A A |
EZEANT . B M B R U,=650 V, H K55
50 Hz, I8P AR L=2 mH , JE P HHCH 1074 s, IE P
P R=0.01 Q,dg #7524 2% K,=0.035 .K,=100, F
TR f.=10 kHz, B M LR 380 V., B EL Y
WIRIRSHIE e S HmEIR 0,

Bl 4 Jy 40% 38 55 i VSC RS e IF B &R S8 i L T
WY N B2 TR VSC B HIF B E L 4, VSC
BEE 1 HLI 4, VSC BEE 2 FLIR 4y, VSC BEER 1 FF 3
Lo A1 VSC B 2 BRI i, HoHT VSC BEH 1 5 VSC

100 §
3 O\A/\/\NV\/\/W

-100
50
ELYAVAVAVAVAVAVAVAYAY,
50 f
SVAVAAVAVAVAVAVIVAY,
N O0F
s
6
<

0 0.04 0.08 0.12 0.16 0.20
t/s
B 4 HEZER VSC R H B RFEHRIER
Fig.4 Current waveforms of system with parallel
VSC modules for interleaved carriers




E 58 T

W1, 45 3T CAN A2k BRI 725 VSC IRIRE 1 7 i (3)

BEHE 2 (19 2% AH 25 180°;2 A~ VSC ki i A3 D i
MEAEYI R 30 A, TR A E IR 0, U VSC
R k1 I L B R TSR

5 b #0E [F] 20 B VSC B B IR 156 3R 48 1Y HL O
BB Horp VSC BIEL 1 VSC BB 2 Fi A Dy B 4
EYIR30A, BB RAEH N0, HE S AT ILY
VSC A5 [ 25 B v A3 B i B S 0/

100
) -100
50
AN

-50
50

STAVATAVAVAVAVAVAVAY,
-50
5_
0

in/A

in/A

laa/A

ioa/ A
=)

0 0.04 0.08 0.12 0.16  0.20
t/s

B 5 SiKRSH VSC ERIFHK ARG R RIKE
Fig.5 Current waveforms of system with parallel
VSC modules for synchronized carriers

FET BRI S BAS R LUE ) AR
T BELR VSC B H I B 2R 40 4R D 5 A B 4k ek
AR, e R I A TE AR 5 5 T S B ) o I
PRAr R [R5 5 5 0 R Gk R R A 4R
T CAN B my 8k 7] 20 5 ik

3 ET CAN B&mEKE St

ARSCR A CAN BVAE R VSC B H IF B R 48 25
PRI B3 A5 B, i ad— 2% CAN L2858 st e
Ji) 2800 [A) 20 A5 (5 Bl A | R A A i B3 2R S B
VSC B If I Rl
3.1 HERGEHE

VSC BB R Gt v RS B BC &k 57 Y DSP
P 2% R R B A 7 b B R AR B BRI BA vk
fRREF . VSC B IR R 40 £ il it e an &l 6 e
N, ARYE SPWM 45 555 E A ESS -1 42K
PSR Bk o5 ST ORAE IR AR k1 2RI A
k2% G it B RESE F N REEET
Wi i W 6 g, g BEBE L EREERAE 4, BB
Tia) AR R e 32 28000 [) 20 A5 45 ) NS IRAE ¢, B BE 20
FRIH P R G T — S R
PR | AL 4 A0 E 0 & 3% — Rk R AP A
S ARIE 3 AR B # % R AL B SR 6 R, A
1o B BOH T [ W IR A 0 &%

F R T
Ll 23 (%)
’,;\“ A A
X i Vil Loy Ma
PN S e e
* ) * b
k-1 k k+1 k+4

B 6 VSC R FH B 7 48 = M= i B
Fig.6 Timing of master-slave control for system

with parallel VSC modules

32 HEEFIEIT

VSC BRIk R GE i 45t an &l 7 o, £ 2
145 F K IGBT 9K 2l i % LA & DSP £ ¥4k (AD
KAFHLEE CAN =6l #8 PWM 6l )55 RS
# DSP(Digital Signal Processing)TMS320F28335, 1%
R AT 2 EIE A 32 S HRAE A 5E A CAN FEHR
ST AR E EROHE B A e M R ADT 2 B B S o
CAN & ADM3053 7E Rk 4% , Zum i 120 Q DT
Bt FiL BEL 190 £ B AL R CAN2.0 3 5 PR asl, WL 26
(3 TR

CAN

| | 1r—— Bk o |
(8 7 E0 8] [Tap ke fi il
”"‘:5: IGBT B3l iz 2 b B 2t | {CANRX
______________________ || can
WO [ FCANTX
ADM3053
i
I Bk v
1 AD RFF]
_ DSP
ICBT &t | EBEBR | [pest] CANRX
{PWM i CAN {| | CAN
""""""""" WO B [ FCANTX
L ADM3053 —

7 VSC EHRIF B R G H45H

Fig.7 Hardware structure of system with

parallel VSC modules

3.3 CAN BZ&utaii%it

CAN B PIhR ik, FEALFEXT CAN HFlr 5]
BB GERAEE ERRIEE RGeS, E
CAN #23CH 8 MF 19 il R 1 Mbit/s 3R |
TR {5 A St . CAN AR I A T B 5 22 5
FEWON 2R FE ) A5 WU YN R A | 2R R 2P
B T 422 A7 25 IR A LA B AT T i AR 25 R A
34 HERTIRIE

T CAN AL 2k L i 35 40 i I b 25 47 4 38 ]



(4] ® 0 8 & iR B

DAXT S b i Ar B B 2R A7 (W) 26 15, IR B CAN
It b 25 A7 S AE A 28 I [ A I R e v & 25 100 Rk |
— HUA RS A& A A5 o A N A B A I
PRI B BR AT T H 550, BV B 2625 TR BAH AT g
UK EE iR ERERA S0 - Q= IESIF T €T 1 BU N 52
SCEE R A o B A R AT R, 45 5 B CAN M2k
HEEH TS —IHE B TR fE LR, %5
A5 A5 B b R AE A X A7 B ) S ] 2 A ) e ] -4
EAH S NI A B2 R A2 5%

FLRAFE 6 1 3 AR i P | 75— A 57 [H
IR RIAILE 2k WP s AR

S — AR b E S A A R A s — A R it
FEEER FL AL &k A5 S, i TR — Bk
FRAN BN A By | B R S, sl o B IR
U376 1N 25 A BE IR R R T AR R, B A E
5 ON A S AR & 6 e R i A A
H P A7 A TS N T O R 0 R 4k T2
MHBAT ST AR W 8 (a) Fis

FEHRA R A G LN EES e
BEFNNA 38 5 HRAF T A 2% — A~ CAN B i 4G
=R A EE A€ R sl S S e SR L e s
FEARTEF | A I 4% 45 A 0 I 25 77 B 0 Bk | 2L [
B4 AT R ) 25 3150 DRSS B i 1) 28 i ) 26 B340 i )
b1 NG R TR VA 3 = i L A S 2 € o [ A 2 s A
[F )3 2 PWM 4 18T 1) o5 25 1

RV [F] 2515 5 78 I IR B [a) 4% i BE B AN ) 4%
B DSP LA K b IR 22 ) o A7 /N Y 22 001 S 3 T4
i B P B AR 22 5 PR R U T v T R 4%
AT ZEAR B AL [R] () 2 2% G008 B B8k R, A
SCHR DR I 100 s, B 4 AR R R 2 —K
X1V 1 Mbit/s FRUER) CAN BLZEA7 A 4P {E 4 400, M
BB RE R B YR B A R 2 B R S R, e
KA H B CAN B A7 I B (8 F- 55 6 o 08 67 B (L
YEZE L 19 20 0 20 R B T 28 5 25 S5 B I 1
ZHAIERN B SRR LSS hnEE, 206
St Fes H B R I e S B bR dE iR m)
PO 2800 T AL | R AT PR T2 DRSS B S B0 4 va G
W R | R AR 22 HIAE 0.5 s LA, 32 AR
Heak i Rl A AR an & 8 (b) Fri

T PRUE AR AEAE ST FE B AT | kA A
Hebi R e St B PR TG vk 5 28 3 e al e vk A
I ke 5 T 2 ) AR T A A, TR AR 0 32 DA i 3
fih E5] AR [ W EALE] ARG A S A
P Beps i mese . AL [ 3 M AL R E A 9
FE7R A5 b i 32 L ST 5 AR W 45 B
REE R RS BN CAN H5 150K 25 25 77 48 19 5L
fED) B RS B R A 55505 K ik 2] 82 [F
B B O At BB (R RS AR B BB AT — Nl

£ 36%
IRl H BT ) [
S 15 G i
USTEEN

Bl R RS

BAF IR AR

Y
T 20k R

J ik B
BEZER

TR
R fih 1] |#REA N 0

R

Y v
I [LEX°S | | AR e ‘
(a) P T AL (b) FEMAEH
ST AR [vil 2 g it
B8 MU EMMUARIRBBERATRER
Fig.8 Flowchart of master-slave initialization and
flowchart of carrier synchronization

T E B ) 45 AR B

BRI | R IEARE A Bk
]

M
[ e B R A fe

| BRE® BT S OREREE

v
|2 bk S B0 s P ) 5 HE 5 %2 3 A5 A3 |

B R IK UL N,
I B KRR
(EISSTEN

PO S
5 B IEH 2

M O 0[] 2
i, Bl

R A
ER=NRikd

F IR T 515
72 1 4 5 3 25 Moo A5 B
PA B Hpr 45 DA B 1) B
IS Yo LR AT BN
1
CAN SZ& P
5 7 4 3 A e

B o #REEEENFREER
Fig.9 Flowchart of independent module
monitoring mechanism

SEIFEBN S I8 P 515 D0 S G UK HEA B 25 BA
B A5 2H I J R I SR R R B A A B | AR A
> S UL L Y 0 1 DA B A K A BROIR S £ R K
A B A Wi AR A B R R, B B R R IR
BN, FOP SRR ZAR BAR 2 T R A i B s AR
A BRI AR 25 0% ik e R AT B e
5 NBhZS NS i B o i e 7 A, DU BT A
TR AR S 75 TE A, 5 A I 9 DA BRI B8 e )



gs58 T W14 T CAN BLk MBI R VSC IR 17 ik (5)

MG S TEH WDRE o A 3h 25 BA S | PRI 3h 25
BAS rf DAASE B 249 S T AR 24 oA B 22 0k ol
ORI Bl 25 BAB P i DA BR ) R A A R
PR P A T ) SRR R AR T SR R R R

4  SELGISIE

HR A AR SCHT 2 7 ¥ i T 2 & 36T VSC BBk
FEER B A% BE PCS FEML , I HEAT LI IRE . A5 VSC
B B A ST 0 LR DB P FL A BRI DSP $E il 25 Al
U8 HL R AR BRSO IR S 2R U U R A S
It A 380 V BLHL I, BN 650 V/75 kW -h HL
HhAigRE R4t

10 2 VSC #E e 31 Bk iz 17 i L He ) CAN
SR R AR RG-S (R B L ] T 2 A
WA BRI JE A B 4 A R R % — Ik IR
UE T AR R A & 11 R 35 DR ] — sk 2] 2%
e ARG 5008 | NBICR 8 1 7T DA — B 547
UL R 2 HITE 0.5 ws LA, RERE W 2 VSC JF
I 97 o) 0 28 05 (W) 20 RS B 0K

t:36 ps/div

B 10 BiKE T ES KK

Fig.10 Waveforms of carrier synchronization signal

2 ,,,,, Pe— Pe—— | __ |
= beeoa R Y| S| S | U R 1 NS | S,
~N
St
E' ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Bl A S I U S
:50 ps/div
o
S [ AR I
- “PVSC B 2
=< T A R R AN

t:1 ps/div
11 EMERE— 28K EABES K

Fig.11 Waveforms of periodic carrier signal of
master and slave modules at same time

B 12 R VSC 5 B 38 9% [\ 28 9F Bk 38 17 55 5 I
. VSC #ibk 1 VSC & 2 A4 E N 3.5kW,
T E R 0, HA K 12(a) % W T #EH L B H i

AR P[] BRI T | 12 (b)) i i 1 R B Hi J vl O A
BEHIFIRR BT . A 12 ffUAEH 2 Gt H
i BE R VSC BRI I AR S8 B[] g A5 A B T
AR A TERE R4,

JEORRSNY Ut OO AN Y AV RO AN MR

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

HLIE .20 A/div

SUAARACAA

R .20 A/div

NN N

________________________________________

t:13 ms/div

D VSC #EHe 1 HL R LI 5 () 5P a] BRI
() VSC Mt 2 H LI

(a) LA IR

________________________________________

L .20 A/div

LT .20 A/div

t:13 ms/div
D VSC BEHe 1 HL LI 3 () BRI 10 HL i
(3 VSC B 2 L jgk L i
(b) A He 156 L vad

B 12 VSC BRE M B & FF LIS 1T LI
Fig.12 Experimental waveforms of parallel VSC
modules with carrier synchronization

Bl 13 2~ VSC BEH 1632 17 B 1) 38 58 48 S50 56 I
. B 13(a)" 2 5 VSC B UG PR 358 0, R if
REIHINZE 35kW, K 13(b)H 2 & VSC B4 b
B E N 3.5 kW, FIFREZE 02 kW, Bl 13(c)
LG VSC R DI E N 0 R 2 3.5 kW, 14 13

—_ S S

HL U - 20 A/div

LI . 20 A/div
h wJ i
>
s

t:20 ms/div
(a) 2 3 VSC B Ty 2 [F] B 58 3 52 50 % I



0 ® 0 8 & iR B

$£36%E

B .20 A/div

HL U - 20 A/div

VAVAVAVE VAV
t:20 ms/div
(b) 2 13 VSC B HL 3y 2 [ ief 5 Jall 512 46 9 I

B .20 A/div

B .20 A/div

-—»v\m R S A NN ,’\q_/‘« )Z"i

P B PR P S S T WS AN A

:20 ms/div
(¢) M5 VSC B I A1 S 10 ) TB

L .20 A/div

L .20 A/div

t:20 ms/div
(d) PR VSC FEHL ) 358 0 50 56 9% B
@ VSC FiHe 1 BRI ;) BRI LR
@) VSC HH 2t i

13 VSC R HBRIE TR I R RTLI K
Fig.13 Experimental waveforms of parallel VSC
modules with active power mutation

()P E 5 VSC BLERA T 45 7E M 3.5 kW RIEE 0,
HIE 13 AT 2 G IS ER LR VSC BB If Ik
FR G0 1R 5% 7 Wik 1) A5 R I R v O BEAT i 2 B ik i %
A8 EhASPERE R AT,

5 #it

AR SCE X BE PCS P 3L L A LOIF ER B 1T
VSC SR B v 530 B 3L 410 o) [ T, 3 o 0 BT 9 52
X RGN AR 5 AR [ R L B
T =M T CAN SERM AP R L LIk, Sk

GERFEM .

a. KA SO 23 T CAN S 2 9 380 R 25 07
5 AL H AR VSC BRI AR 40 b 30 R 2 R
FZEAEIE 0.5 % BB R] SR A 2 A M ], RS
e S VERE R 47,

b. i SRR AL e T A
1 45 K4 T 0 A4 ) M RE A £ 0 TR R S A B ) R
A Y], RG] SRR R RN 4% vSC
RIGME , 5 TR A RAAY R, BA R4 T
A S

S E UMk

(1] Bifl, Bk BET 48, A i i8I 199 o o YU it B 3% e AT

e AL [T, Wy A Bk 2015,35(3) :6-11.
YAN Wei, LU Bing,ZHAO Xia,et al. Coordinated allocation of
BESS and controllable switches in distribution system with high
penetration of wind power[]J]. Electric Power Automation Equip-
ment,2015,35(3):6-11.

[2] XIE L,CARVALHO P M S,FERREIRA L A F M,et al. Wind
integration in power systems:operational challenges and possible
solutions[J ]. Proceedings of the IEEE,2011,99(1):214-232.

[3] w3, ik Eh g A5 LT REBOR B = XU AL AR R 25

HERE TR o BT AR BEL) ] W) A B ki A, 2015,35(12) :1-10.

YANG Di,CHENG Haozhong,MA Zifeng,et al. Analysis and

prospect of LVRT improvement based on energy storage tech-

nology for wind turbine generator system[J]. Electric Power Auto-
mation Equipment,2015,35(12):1-10.

2k, S e SR 0. A o AR B 2R ST I A AR P T SR ).

HL1 A Bk B4 ,2014,34(3) :8-15.

LI Bin,BAO Hailong,GUO Li. Strategy of energy storage control

~

for islanded microgrid with photovoltaic and energy storage
systems[J]. Electric Power Automation Equipment,2014,34(3):
8-15.
TOUTBRE IR, S T ERAE REUE K R O L B A BE R S 2 A
[J]. ARG A IME,2013,37(1):19-25.
DING Ming,CHEN Zhong,SU Jianhui,et al. Review of battery
energy storage system for renewable energy[J]. Automation of
Electric Power Systems,2013,37(1):19-25.
HARM B Fam i AF, I ORI A g A B I A O ik
[J). HEBALT A= ,2014,34(19) :3098-3104.
XIAO Huagen,LUO An,WANG Yichao,et al. A circulating
current control method for paralleled inverters in microgrids[J].
Proceedings of the CSEE,2014,34(19):3098-3104.
(7] SKERYE, BTG, T 75, A5 Bk 22 o P46 JaL A% L IAL i s 22 o) 3
W77, W A3k ,2015,35(11):103-108.
ZHANG Jianpo,TIAN Xincheng, YIN Xiuyan. Control strategy of
MMC-HVDCI[J]. Electric Power Automation Equipment,2015,35
(11):103-108.
[8] ZHANG D,WANG F,BURGOS R,et al. Common-mode circulating

current control of paralleled interleaved three-phase two-level

—
W
[}

[6

[

voltage-source converters with discontinuous space-vector modula-
tion[J]. IEEE Transactions on Power Electronics,2011,26(12):
3925-3935.

[9] ASIMINOAEI L,AELOIZA E,ENJETI P N,et al. Shunt active-



gs58 T W14 T CAN BLk MBI R VSC IR 17 ik (7]

power-filter topology based on parallel interleaved inverters[]].
IEEE Transactions on Industrial Electronics,2008,55 (3):1175-
1189.
[10] XING K,LEE F C,BOROJEVIC D,et al. Interleaved PWM
with discontinuous space-vector modulation[J]. IEEE Transactions
on Power Electronics,1999,14(5):906-917.
PEREZ-LADRON G,CARDENAS V,ESPINOSA G. Analysis and

—
—
—_

[

implementation of a master-slave control based on a passivity
approach for parallel inverters operation[C]//Proceedings of IEEE
International Power Electronics Congress. Puebla,Mexico:IEEE
Press, 2006 1-5.
[12] 1 & A7 it f oy E A3 A 2R A5 T I 2% 14 TR) 25 SR g
XPELHT[)]. JI RS A B4k ,2012,36(13) : 81-85.
XIAO Fei,FU Lijun,XIE Zhen. Contrast analysis on syn-
chronization strategies for power electronic distributed digital
control network[J]. Automation of Electric Power Systems,2012,
36(13):81-85.
JFRYG  BUHNE, B, ST AR RS U IR RS (T
SO LR R4, 2012,46/(6) - 840-846.
FANG Tianzhi,RUAN Xinbo,XIAO Lan. Distributed redundant
parallel three-phase inverters system[J]. Journal of Nanjing Uni-
versity of Aeronautics & Astronautics,2012,46(6) :840-846.
SCHELLEKENS J M,DUARTE ] L,HUISMAN H,et al. Fast-

shared current transient response in high-precision interleaved

—
w
[

(14

[

inverters[J|. IEEE Transactions on Power Electronics,2011,26
(11):3308-3317.

[15] GUERRERO J M,HANG Lijun,UCEDA J. Control of distributed
uninterruptible power supply systems[]J]. IEEE Transactions on
Industry Electronics,2008,55(8) :2845-2859.

[16] fafrh— 500 T A, JE T s 2G50 (5 i 028 8 0T Ik R 4L R A5

FEHIE ], T E AL TR 224, 2008,28(33) : 25-29.

HE Zhongyi, WANG Xiaona,XING Yan. Synchronization control
for inverters in parallel operation based on power line commu-
nication[ J]. Proceedings of the CSEE,2008,28(33):25-29.
R S BGE R AE. BIPUE E HLE R SE CAN M2 it
L], TR, 2011,26(1) : 182-187.

LI Rui,CAI Tao,DUAN Shanxu,et al. Design and imple-
mentation of CAN-bus in modular DC-DC power system [J].

[17

[

Transactions of China Electrotechnical Society,2011,26 (1):
182-187.

[18] WANG Hongliang, YUE Xiumei,PEl Xuejun,et al. The CAN
bus monitor system for the three phase inverters[C ] // Inter-
national Conference on Electrical Machines and Systems. Tokyo,
Japan:IEEE Press,2009:1-4.

(197 XIGIG w i, 5K P, 45, TMS320828335 DSP J5UH 5 T % 4
RE[M]. bt JEati s ALK R A7 Mt 2011 :377-380,387-388.

EE R .

T 1956 —), 5, Z#AMA #H
BEERAREFI ZEHMTHTEAAEA
FATREME ol THAEWRBRS S H

REACARAE CHABTHRKEL N RAETH
‘ % /A % (E-mail : mingding56@126.com) ;
T

,‘f kOW(1990—), B E&HPITA AL
o BERE BAZAEL AFR @ A T R R
5 oA XA & b4 K ey 2 A (E-mail :
zhucan901024@163.com) ;
o (1983 —), B, ZHBEMA HE R T @A TH
AR5 5 XK 4458 R (E-mail : chenzh06@163.com) .

Carrier synchronization control for parallel VSCs based on CAN bus
DING Ming',ZHU Can',CHEN Zhong?, CHEN Zhong', WU Jie'

(1. Research Center for Photovoltaic System Engineering, Ministry of Education,Hefei University of Technology,

Hefei 230009 ,China;2. State Grid Anhui Electric Power Corporation Research Institute,Hefei 230022, China)
Abstract: Aiming at the high-frequency circulating current among the parallel VSC(Voltage Source Converter)
modules of the energy storage PCS(Power Conditioning System),a method of carrier synchronization control
based on CAN bus is proposed. The influence of interleaved carriers on the circulating current among the
parallel VSC modules is analyzed and the generation mechanism of high-frequency circulating current is
revealed. Based on the CAN-bus clock reference,high-accuracy carrier synchronization among parallel VSC
modules is achieved. Aiming at the complex synchronization control and poor redundancy,an independent
module monitoring scheme is put forward based on the traditional master-slave control for determining the
master module to ensure the independent operation of each VSC module and restrain the circulating current
among modules. Experimental results verify the feasibility of the proposed control method.

Key words: parallel VSCs; energy storage; carrier synchronization; high-frequency circulating current;

CAN bus; independent module monitoring
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