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Design of Real Time Simulation Platform Based on RT-LAB for Flexible HVDC System

ZHANG Qun, ZHAO Qian, CHEN Peng
(XJ Electric Co., Ltd., Henan Xuchang 461000, China)

Abstract: Because of its many inherent advantages in power control, power reversal, reactive power
compensation and so on, flexible HVDC system based on modular multi-level converter will become an
indispensable component of transmission and distribution systems. But with the voltage level getting higher
and higher,the number of switching devices of flexible HVDC system will be thousands. The traditional
simulation platform has been unable to meet the requirements of simulation and engineering test. To solve
this problem, this paper presents a real time simulation platform for this flexible HVDC system. It is
based on RT-LAB, exchanges data between RT-LAB and under test systems with high-speed fiber-optic
communication interface and completes systems test using semi-physical simulation technology. This platform
has been applied in Zhoushan PCP and MVCE test. The test results and engineering application show that
this real-time simulation platform can well complete the verification of actual project MVCE and PCP, and
can meet the actual engineering test requirements.

Key words: MMC-HVDC; power transmission; RT-LAB; real time simulation

0 58§

AR FETRIULZ rOT0 25 0 B
(MMC-HVDC) & 4t B T H Ge 08 A7 250 b 02 4 I
T | BEARTT A3 [ R G0 AR | S 3 U R G 3K
S G Y ERN e Ty R & S E A B B
L TR R B 2 BT MMC R B TR
FRURSLE, T MMC-HVDC 19 B fc FL M 7R BE %
fiff DR BRA A8 3 e FL D) T I 1 43 A BT RE A AL R
TR TR 2R WA phJR 4 ) 52 2 4k S

K BE.2015-04-20; 1EEIBH3.2015-05-25

L RE LI AR E M Rl | 2R T PSS T 1Y RS

AR MMC-HVDC 7 4 HL D A 25l AR 2L A 1R
JURIN TR, (R TR OCa AR R S T
1 R /83 1 I 1 M - 90 s = 0 e = Rk 1
e STk I SN T

MMC-HVDC H [ 45 5 G0 75 S B 4 i) 4>
TR, PR R G MR E AR 2 AfEE £
AR, B A TR 1 B 2 A RE T I R i
I LS BB

RT-LAB SR ARG E 24 2 W FH T E W
M FEAL | 3161 R RT-LAB SE {7 H4%
SERL T BB RGNS B B S 7R A

PDF SC{H{#if] "pdfFactory Pro" i A4 smw. Fineprint.com.cn



http://www.fineprint.com.cn

<124 2015 49 J

iE ey

Fs51E FHo

RT-LAB LRI LA EE T —& 3 MW REX 2T
FASTRAR AR M B, S8 T 550
il #5 B JCAEE Bz, (81 AT RT-LAB #5#: T —&
ZHVARRAR R G, W E AR 45 S R
SEIH EARRENS B STB AR A RS0, SRR 3
Bl RT-LAB RGAE E MBI BB A R G HE
FaAS i AR 3091 B AR ST T F Mk L i B —
PR A S B4, (E O (i R S 2R 4, LM
YR EULE A MMC-HVDC R4,

TV LTS, SO T —FE e 2 B
Wi RS SR BT, RSt SR B AR
(RT-LAB) #4% R G (PCP) . I ¥ R G5 (MVCE) Az 1
WA AR, % S5 BT BT 6 RE 08 ORE o A A
MMC-HVDC R%t, H i e ] SEnHi 5 720 HLF
MMC-HVDC %%t , H 24 Dfe . Q2507 Sea {5 1
DiRe—WIE RS . W RGN —IR RS 50 4 5K
M LA 5E B, FE LT B TSR, Sl A

SRR FIRAL ;. @0 B —R &
GM— KR G ih S5 Baf e A — KRG

SRRSO, TS SRR T A 1%
SIE S 7 R RS, H T, %52

DI 5 E L5 L TR B R G AR R SR
e HAAE

1 R & BT iR ES

& 1 M MMC-HVDC #hiihaita, B 1w
A RIS BRE R AL, R BV A TR
F—AHPras BRI AL, FA TR PN IGBT
PN ) AR A — N TRIE S BTG — APk i il
B A B, AL 2 B PR DL ] 2001
P& 2 Ho R[] AR T PRk, RS T %
FHT 55 B b A PR T W T B R
(i) B st G TR S | S TR, DAZEHRF LR
BEZ L, MMC-HVDC NI|_F-H T AER 3 s ) — %
D, AT AT, 2§ MMC-HVDC 1E#
TAENG, DAGGIE L FHE A NS FREARA
BI N+N=N, Ho N, R EARE R A TR N A
TV A TS MMC i il 4 AR A
MR b T OCE A PR R DY LR I
FREX B NS TS H A dr U R (AR A IR M A 3
JITHHER A 22 H v R TR E A 3 2 %
F U, WA, B2 MMC 143 A s il S ) -3

SMy | SMy, |
SMi, | SM, |
SMUN ‘ SMUN‘

SMi»

SV

SM;,

SMyy |

|
HHTT

| |
BrERIL  HHOT

E 1 MMC-HVDC #h#h i
Fig. 1 Topology of MMC-HVDC

L T

B2 BRUSEEFRR
Fig. 2 Sub-module of MMC
BB A R R AT RN, N BRI
ST T, T, AR ARSI BRI+

DT, T, #RF8E, 3X B R G4 TR G SRS 5L
HRFRAR A

)T, Ji8, T, 8, PR ZAED T, B ek
IR A AR Dy FEHL | ST AR 2
IR T R R A U, N, 8RRV, BB K

3T, I, T, A, LA T, SR A AR
D, Vil , PRI AR LA LR O, N,
W/ INER, IV, )N

gk, H— BB AREHN 0-N 21k 5
— IR ABHEON N-0 2R 1B AC AT 2531 v+
1 P RS

PDF (i “pdfFactory Pro™ i H RAG]&E www. fineprint.com.cn



http://www.fineprint.com.cn

W44

gk B, B, BR . EET RT-LAB R E M H RS EE 51t -125-

2 EHRMFESS

HL ) R GRS 24 H 2580, i — i
T4 AR b A R [ i it E) XTI A
BRI T ERELR, KBRS B AR
AR HLIE A R e o B (0 A S, S
FLARERE (A B e AT S e i 3 i
AN FEMASR E R To0br, HAE RN E
fHHE I B KA T I &R BB E 25
{E, PIHSEROF B B RN Rk A58 T
FI A,

RT-LAB /& & A KA X S L T RS0 =
i B SIS B | R4 o R (RCP) S B AR A5 L
DU (HTL) B B ) v 32 | 22 A B S i 4 1
B o HYkK RT-LAB 40 A A JFA 70 BRI, BT
Intel® CoreTM2 Quad Z A% AL FLER A1 FPGA $A | 5K
BT RA 9 () 2 RS L REFEIRP LA R 1Y
INERSERHEFT, AP B, H AT 1 RGP
KRR ASL, BZ RS, 7T DL MATLAB/
Simulink ZE 7 B9 #5858 i — %2 A R0 D) 5 e il
RT-LAB "R A AAEAY . RT-LAB &Gt EAidL H
FRALAILLASAUBLF B | HARZE R ULIE 3,

£+ P G

o] aEfiE
LIS TRE

P

A oLkm oy o
Bl powsmi )
R e % LE
WL Gl B Betk zﬁ
I 1 ;}%

T PCIE i

SM FERIES | g
iy | LB SEmTia T X
feigy | LS REHARAL

T L& ES RS Nt E X R e e HOGET
SM H A5

E 3 RT-LAB R2&ZEETEE

Fig. 3 Diagram of connection of RT-LAB

Bl 3 . EAALEEE A LB LA T4
ARG JPE 1 o T RS, G
PRAERE C ARG 3E i LUK R 28 BFrLizTT i 17
AR AR R G175 B S R min B,
H AR HLOP5600)K F Red Hat #:4E R4, %01
KIFATHHA LS B X R RS 4L, [RIE H
PRHLEL AR 170 FIECT: 1/0 18 DL S A4
il # A B E 52 B 1 ZH BB L (0P7020) % T 8137 7T

At TS (FPGA)BAR | AT ST B 22 M B
By i, AL B ARl Pele 3 HE1 75
BAEH. R HEA 16 M Es G AF 82 1 Sl %
A% 5 GB/s, ASERL S HMNREE T 2B 3C |

A MMC-HVDC RGeat THEK, FELBRNH
TR EE AR R S TR IR A i LA R
BRI T R I T2 TR b i &
FARNETZE , LAX A3 IR, SERUAN R T B A S
PRIG REMS BGEARF B CPU AT RT3 AR, 2 Asi Al
SRS IR R G0 HAARAL i a8 BT 43
DL 4,

SM_ds
A
A5 ) Bl
iEAT f )
EE 5%

______________

| SC_scope | ool
| oS | OP5142 B3
S | LR
g | e |
RS | A

__________________________

R I
= o
i %

B 4 ETF RT-LAB § MMC-HVDC %35!

Fig. 4 MMC-HVDC model based on RT-LAB

&l 4 v, SM_ R TR Fns A7 B R 2
HA AR PSS WAL iz ATy
AR P PR LU AT LI, E2RIRB 1T
RIS AT ;SC_ I N R G izt 7l
AR B, HAen | Bz b A g, 5
SRR IZ R IR B IR SE N R
A 2SR SRR S , HABE AT RT-LAB F A BIER
OpWrite File, {HiZ#H H G252 I 10 SR Bl | AN RE S
Bf i, RS RS Reset Ji, A BEXLIM 0 S 4k
P, BP RT-LAB RGUAAAEARE % S LIS 174X
PR, X AR R rh s A AMEZ Ab

3 EHAETA

SR B S 4R WL 5, S0 T AR N 5 i, SC
FR LIS s ALl st R i, HAy 3 i ls5E 4
— kK5 H R YR 48k H DPS2000B X

PDF (i “pdfFactory Pro™ i H RAG]&E www. fineprint.com.cn


http://www.fineprint.com.cn

<126+ 2015429 A

iE ey

Fs51E FHo

HCM3000 ~F- 5 38 AT FH Al A B AR R 4, 76 55PR
R DPS2000B 2 Hi /-47 R 58 ; FS_PCP Ak
2 R G0 R AR 2R G U A B i LA R AN [R] R 51 AR
RGN R G RE T oK 125 & S TDM P
W IEC 60044-8—2002 P I 845 7 48 LA FA
AP, SEhREGE R A TDM PSR TEC
60044 -8—2002 WML ; B 4% R 58 SCHFARAT S =5 8
A IR SRR A R & A L TR AT

FI ¥ 248 (MVCE300); FS_RTLAB A H £ & 1
It 455 22 G0 F IR LB ML (OP7020) 22 [B] fR) 55 42206
TSR IIRE . ORI RE, B RT-LAB i
F G5 (il R DU A il B 45 R B8 T DL @01
idg, Xt £ E SRS LR ER R EHY]
e I E R G RT-LAB 15 H RS ) SE s
ZH @RI, EE P SRR LA R
TEECHE 22 H B[R]

i L vk
SR | M e E e IS AN - BRI W Wk | RO
£4 B S4B | FAA | BE%A | 4B | FAEB| FAA| REA |
A A A A A A A A
ot S )t ot
F o o £F
\ L Ll Y Y LA LA v
FS_PCP KK | rs_pcp FS_PCP K| K| Fs_pcp
A\ & M ] A E " ]
B S ot ot
£ oF o
pa z z
Y Y Y w} ﬁ y Y Y Y K
o MVCE MVCE ax o MVCE MVCE S
s s \ . ; Y X , ‘ , r
& IR 5E B WERLA |5 B B R 5% B WERSEA | m
E= . Ay — A \-EJ ﬂ:'?f‘ o “H— “H— =
= s o> Ny il In QL = 7 7 A = 1Y
I 411;\: i = @ {1 R % %i‘_’: {ic = 4]:1[“; 4]:1[]1\; RE
) RN ) &) : o 48 dE n
o ® AR B R = S® ) < : o £
£ ‘]_H = 9q HE G z w,].H = q ﬁ E?_%\ 5 :
° Y v~ Yy v S ) \ 2 An v v- =H
i 1) 1=
) FS_RTLAB 1 ) FS_RTLAB2
J 2 4
2 GHAHF 2 G4
—KE 5 RT-LAB AT &G
Bs5 ZRMIEFEAZEH
Fig. 5 Structure of real time simulation platform
RT-LAB L E RGBS AL S Wk 1 HAFE-RASGSEIE 2,
®1 THRESESH *2 THESH
Table 1 Parameter of AC system Table 2 Parameter of main circuit
SR (il il ZH (il L
B B THLR/V 230.0 115.0 A FRA AR L 230/204.12/10.5 115/208.2/10.5
3T RENINANINY 242.0 117.7 A5 PR A Be gl ek Yn.d,d Y.yn.d
IR R/AY 212.0 106.7 B L PT#F/mH 120 350
ot 2 A o R R /K V 242.0 121.0 o RHAQ 9 26
T AR AR i L R/ V 209.0 99.0 L2 /F 6 000 2 000
I R AL T/KA 50.0 40.0 BE LMW 300 100

N T Yk T AR SCRR R R G il PR 9 2 AR A1 3
PERY T EEE | o0 AL T K6 . (O i i
QIR FHE R ; BB LA ) Bt i
Ao R A L D o A R S A R E O ) ) R
i, PELL G A A DR MUE oL Dl 52
7 A Bl B 1T, WK 6-8.,

K 6-8 A MR BT .

DB, T A Lo o B
B, AT Lok s s as S sl A4
FEH B | HGE A IR IR AR g TR B A AT
FEHL FEAE SERL T BESE U, A5 55 B e BEL BB
AR EITSC, IS IR iy, SE Ul A

PDF S i “pdfFactory Pro™ i H iRAG]&E www. fineprint.com.cn


http://www.fineprint.com.cn

WgE5 0 M sk e, BCfiE, BRI 25T RT-LAB BOZRVEE R RS0 B Bt -127-

300 ; : : YR 5, {HZ MMC-HVDC EZALH 2z —iEA
200[ 7 i WO R GO A B TR T, 12 1)

f ; : L RV AT B ), OSSN P
100 e ' -------- Seiivsesy . L’lejjzﬁﬂ%ﬁwA UB"IIE/E\%I% EE?;EBTI%IEP

B0 T 0 a0 a5 a0 %2mmﬁ%%mjﬂ%wwMHJQHw$tﬂ

LR AL RV
(e]

0
-100
-200

H T MMC-HVDC #H¥MNER B s, R
W A | R A A A TP B R | TR
ARG A E R IR S R A R DIRE

1A s BRI E) 500 MW/min, I BEBS I I R 5¢
E6 IRt R R IRE P LL S D5 BB B DL 7, L O
Fig. 6 Sequence control unlock experiment AT 100 MW A DR Tazs ’ RIS 2%
% : 5 5 5 ik, BAARFER I 100 MW BIIDIRETS,
E 200 S AEFEFLE T 24 s, BEIRAIE T R G0 H9 LA, IIE
- ; ; 5 ; T RS,
ﬁ 400 i i : 5 3) ELI AR RS, H T, MMC-HVDC &
< 200 &8 v fi ™ o I B Sy TG e AN () T B
=
=
s
¥

400 o HARGE R ULIE 8 THAFE LG AL T4 100 MW
g 200 IR, FERe—I A B R e el
£ 0 e SRR IR R GG T W RG]
= : : : : PR RO S ST, SO 25
217 227 237 247 257 262 ORI RN P RV L 2 A S i, S0 1
Ll BRI, 75 T P02
Fig. 7 Power reversal experiment 4 4iE

SCPEET RT-LAB SR ELan i it 14X ek
L RGN SN T AL SEPR T AR X
¥ RGN R G SERT R TIRERIET R |, @it [ 3
FFE M H 4 (FS_PCP\FS RTLAB)SE}M XFAS [
| REARRY S B RGO R G I, S
i RRY] RT-LAB SE 5 s AMUBE BRI SEAL —
R RGABEAS, HIARE B35 s> 2 Gy EAI]
T AL TR R RGN EK , FFHZ -G 28

VBB R/KA B LR B kY

< 200 i 1:{. A i'l,_f-tr' Ml % y ﬂﬁﬁﬁﬁ*%ﬁ‘ﬁﬁﬁ?ﬁ%lﬁzfﬂﬂiﬁ*o
]—ﬁ 100 b ,"gf K L .
‘Ej, 0l ﬁM .i? i v ;}/j%j{ﬁk
= :;88 - . . (1] B N0 F 955 ZmArt i R 50
15025 15030 15035 15040  150.45 Shirsihil IO E). B R G SR, 2013 ,41(14).
Nl 60-65.

B8 Hift SR G HERLe FENG Ming, LI Xingyuan,LI Kuan,et al. Control and

Fig. 8 Line-to-line DC fault experiment simulation of VSC-MTDC start-up procedure [J]. Power

*I_)‘(ﬁﬁ{{)\lﬂAﬁém,lﬁﬁC(mml i %%ﬁ %%EEBE}JFE% System Protection and Control,2013,41(14): 60-65.
FAETTER, VE LS B L e, MIRTSSARGERRIUZE 1) \ARQUARDT R,LESNICAR A. New concept for high

//f? ZIASR B SR R G R R e AR voltage-modular multilevel converter[C[/IEEE Power Elec-
%J]jjﬁbm T Lyl W i g i UL IR 6, tronics Specialists Conference. Aachen, Germany:IEEE,
DI, BRI TR Ll HUE 2004: 1-5.

PDF Cf-ffiH "pdfFactory Pro™ i FHfR AL www. fineprint.com.cn


http://www.fineprint.com.cn

-128- 2015 49 H Ao X Hs1E Hol
(3] A, AR RZIN, A BET MMC 2t [13] XUBPEE R 3R ISCRe . TR R 2 B AR AR Y
L L AR ST T R[], T E AL AR, BAVE AT RS O RS H B, 2010,34(2).53-58.
2014,34(3):397-404. LIU Zhongqi,SONG Qiang, LIU Wenhua. VSC-HVDC
YAN Fayou,TANG Guangfu,HE Zhiyuan,et al. An im- system based on modular multilevel converters [J]. Au-
proved droop control strategy for MMC-based VSC-MTDC tomation of Electric Power Systems,2010,34(2): 53-58.
systems|J]. Proceedings of the CSEE, 2014, 34(3): 397-404. [14] XUEPEL 2R 5 X SCAe B BB B fk 22 B P ARGt 2 () 45
(4]  TCIEHY S XK. ELHECH R BUIR S R ). R IEATSEL]. H T TR 2009,43(10): 5-7.
A4 B3k, 2012,36(8):98-104. LIU Zhongqi,SONG Qiang,LIU Wenhua. Research on
JIANG Daozhuo,ZHENG Huan. Research status and de- control of the novel modular multilevel converters|J]. Pow-
veloping prospect of DC distribution network [J]. Automa- er Electronics,2009,43(10): 5-7.
tion of Electric Power Systems,2012,36(8): 98-104. [15] B4, BRibeSS, WHERI, % HIUbZ B Fimes
[5] R ER, B XSO SR AE LG R M AT ST £ ik HVDC ELR NS ezl G sems (1) | RS A sk,
1. T EHL TSR ,2013,33(25):9-19. 2011,35(23):82-87.
SONG Qiang,ZHAO Biao,LIU Wenhua,et al. An ZHAO Chengyong, CHEN Xiaofang, CAO Chungang,et al.
overview of research on smart DC distribution power net- Control and protection strategies for MMC-HVDC under
work[J]. Proceedings of the CSEE,2013,33(25): 9-19. DC faults [J]. Automation of Electric Power Systems,
[6] #E A E ARET RT-LAB By R S50 2011,35(23): 82-87.
YIRS, RENTIEEA],2009,21(18):5720-5723. [16] ¥ 1, R 58, VPR T RT-LAB 19 MMC #&9i
CHANG Xiaofei,FU Wenxing, YAN Jie. Design of missile 7 HVDC i H R S8 S5 B D). = R BT 2015, 51(1):
hardware-in-the-loop simulation system based on RT-LAB 36-40.
[J]: Journal of System Simulation,2009,21(18): 5720-5723. WANG Qian,SONG Qiang,XU Shujie,et al. Real-time
(7] M %%, kEESC %K XS AR Y RT-LAB BE-AE simulation of MMC based HVDC power transmission sys-
Wi BRGSO S5 ORGP SR, tem using RT-LAB[J]. High Voltage Apparatus,2015,51
2013,41(23):43-48. (1): 36-40.
HE Shun,ZHANG Jianwen, CAI Xu. Realization and de- [17) JH KBS, BT, 55 SR RT-LAB POGIR & By
sign of wind power converter model based on RT-LAB FLRGERIG ). SRR ,2010,36(11):2814-2820.
HIL system [J]. Power System Protection and Control, ZHOU Lin,JIA Fangcheng, GUO Ke,et al. Testing analy-
2013,41(23): 43-48. sis on a kind of PV Generation simulation system using
[8] GREGOIRE L,Al-HADDAD K,NANJUNDAIAH G,et al. RT-LAB[J]. High Voltage Engineering,2010,36(11):
Hardware-in-the-loop to reduce the development cost of 2814-2820.
power electronic converters [C]//2010 India International (18] JA  #, Jha sk, FHra b 2 i P fR B 7o i
Conference on Power Electronics (IICPE).India;IEEE, EH)). = EEAY 2014, 50(4): 103-107.
2010:1-6. ZHOU Jian,SU Jianhui, WANG Xinying. Pre-charging
(9] X1 #R, %) 8, BN b 2 S S L control of modular multilevel converter[J]. High Voltage
AT —EENR A R (). B A&, Apparatus, 2014, 50(4): 103-107.
2013,33(2):68-73. [19] 48 3C,@A0EM  Be I | A5 A H Ak 22 32 T
LIU Dong, TANG Guangfu, HE Zhiyuan, et al. Hybrid re- RS G 3 KRG [)). BT RS H 8K, 2015,39(11).
al-time simulation technology for MMC-HVDC[J]. Electric 51-57.
Power Automation Equipment,2013,33(2): 68-73. HUA Wen,ZHAO Xiaoming, HUANG Xiaoming,et al. A
[10] HAGIWARA M,AKAGI H. Control and experiment of startup strategy for modular multilevel converter based
pulsewidth-modulated modular multilevel converters [J]. HVDC system[]J]. Automation of Electric Power Systems,
IEEE Transactions on Power Electronics, 2009 ,24 (7): 2015,39(11): 51-57.
1737-1746. [20] FEIEE,H 5 R HFET MMC FHEERTE
[11] LIU Ximei,ZHANG Qun,Zhao Qian,et al. Research on PR B L 3R SRV A BB L R T (), R
deadbeat control strategy of modular multilevel converter 7 ,2014,50(2):99-104.
[C}/72011 International Conference on Transportation and ZHANG Zhengguo,ZHANG Jian,XUAN Yi,et al. Over-
Mechanical & Electrical Engineering. China:Changchun, voltage calculation of submarine cable in VSC-HVDC sys-
IEEE,2011:621-624. tems based on MMC average value model[J]. High Voltage
[12] MUNCH P,GORGES D,IZAK M, et al. Integrated current Apparatus, 2014, 50(2): 99-104.
control, energy control and energy balancing of modular
multilevel converters [C[//IECON 2010-36th Annual Con- Tk BE(1988—), B AR A TAZIF BFR G A R
ference on IEEE Industrial Electronics Society. USA: B AR

IEEE,2010:150-155.

PDF (i “pdfFactory Pro™ i RAG]&E www. Fineprint.com.cn



http://www.fineprint.com.cn

