$£395 F11H
2019 £ 11 A

2 9 8 % RS

Electric Power Automation Equipment

Vol.39 No.11
Nov. 2019

MM C-RPC (1) Z) 2[R 25 F- 0 55l e

RFHRMIE, A I E R
(£RZGERF OAL5AHLIEFR, T 5 330013)

WE:ABRENEE RGP RN T L NS AR E IS K F 25 P A58 1 T B A0 2R A 40 % v
FAL, A FER S IEAGAM L B BR kT My TR BB —AER TR S & FHAS
AR AP T B FR T Fimds Rk R E B RGAA L B P HIR BARERE T A A, A E
I MBI 242, ATy T B ARG iR fo sl BiE 2 RAT2 /N30 4k, , A6 A LR H) 4255 &
HLRBHT WA S A0 R4, £ MATLAB/ Simulink P #2454 A A%, @i 530 £ 5 F 355 Rk 34T

st , A 3AFRE LT3 AT A, A4 RIE T 32324 K ek o ik B AAR 5,
KR A S P RA R SR RIRT R V/vEN T ER HERTIER M- AR

hESZES . TM 46;U 223

0 3%

UTAER , T I v A B i i Rt 2 it B
AR R AR f R R R B . el T HL AR
% R FH B AR AR v, 7 RN 2 5 | By Y s e, A2 5] 1 v
FAER T R S B A 5]
HLRE I, H A 2R AR B% D 2R 96 5 4% RPC(Rail-
way static Power Conditioner) . IETC )& A 455"
IR T I AN AR AR T 58, 5 HoA 7 FEAH LA RPC
BA ST g e | o rp 777 A8 F R Jo e 45 TR R ) E
I IZ AT 7 He TP P H He YA I VSC
(Voltage Source Converter) 25 £ 45 RPC, i T
AN TR e 7K P A BIR A o e s 28 s i A 4l B 22
T AR T SRR o AR LG TAE S8 VSC 45k 45
Hefk £ i S 37 #8 MMC (Modular Multilevel Con-
verter) FLAT RE AL B2 7 | il 1k fl BB o v MG i
DPRPFE/NE . AE a4 NS EEn
H 5 MMC 438 %7 84 RPC, B MMC-RPC!, ] 51 Bt
225 | BT, HIC Sl s 2 R A R 7

T8 2 U i v U O e A = i
R A2 T SR, (EL 7 55 S Ut AR 8 v A S, 257 A
R I 4R, 52 ) H 3 Ok R 59 A BURE 3 PLL
(Phase Locked Loop) % 51 25 M b 55 23 X6F 46 37k 2%
FERAEARIZ S A A R - SR
1) 77 5 2K V8555 A 55 58 i B S8 PLL XS R GE RS2
SCHRLLL]H T D 22 W] 254 ] PSC(Power Synchro-
nization Control) J7% , A DM 24 Ry v () A7, BX
R R GRS 1 VSC BAA A R Yifg. 3¢
Yrim B #8:2018-08-27; £ [E H #1:2019-09-03
EETH:BEaAHFELT 7 A (51367008)

Project supported by the National Natural Science Foundation
of China(51367008)

XERFRERD A

DOI:10.16081/j.epae.201910016

k[ 13 178 PSC A9 Al A L 3 34 LA 1) B 1 2 %
HLR AR o SCHR[ 12 148 H R PLL OB 3R 2K 1
P R AE 5 B L /N T 1.3 B B R G ME LU IE #3817 .
KT M i, MMC-RPC 7238 17 I e FH Y
2 HL U S P ] L A5 i O YA AR R SR sl A
M 37 7 1D LA B AT | 2 5 | R e — > L 78 g
IECU ARG 1 H AT X MMC-RPC 2 45T M 5 3
I SCHkA /D, DR AT o BN b A T i — R A 5%

ARSIV /v 5L R R L R 58 0], 8 1
BT XA (SOGD) ¥ 3 1E A8 4y it , FF AT T R
MR R SRE . AR R R AL P s S A
PSC, BUfC PLL Jf- % MMC-RPC #1545 Dh 24l , 4%
Ji B AR 53 SRS E ST HL R ER , N ER L IR S AR
St R ET I A R 2 M ) 2 AR A A
F A9 ] Ry SO SR e (LD, 15 2 M ) FH ok
IR 5 S PR A 2 A AR 25 % N B E g o
AEAEVERR T |, 32 RGN, BREE RS 1, Wi b7
WEE M, F)5, 7E MATLAB /Simulink H4% 8 {7 £
RSG5, T g i SR W 1 A S T AT

1 BHEHBFEMMCEREZEN

MMC-RPC i fbZ5 W E 1 F7R . 28 HIHL N =48
HLIRZR A 5| AR L BT TR V /v AR R g R R 24~ A
SN LR A | R, SerpoR 2N A H
AR MMC SPH-MMC (Single Phase H-bridge MMC)

AV LT
GEIE iV

Lo [ ) R4
@ ~—1 SPH-MMC |—{SPH-MMC - K5 B
L MMC-RPC )

B 1 MMC-RPC &M RER
Fig.1 Structure diagram of MMC-RPC



149 ® D 8 it b #39%
TR B AL R PO B STEXT 22 5] X H fuls) ks
AE R S AR, F(s) s +hos+o

DL 2 I 7 ) MMC-RPC — 0] 2% $ 4% 55 52 S 4% f3(s) kw 2)

SIS, Wt 58 A SR . AniEl 2 firR | 32 s 5 |
W) Ay LA v BB A I 10 55 38 I R e, L ph BEAR R R
U5 u, A0 R w, A EEEE S (PCC) LU w, A5
HiL B R RN A5 LR LA R, B 2 R, T AR
A BN TS (SM) AR . Fh, i IZHEAS
B HL I 3 R, WL, 43 59 S MMC-RPC 58 7 ] 122 422 2% B 114
HLPH AL B U, R SMUBL 2R L 54, oK a FH AT HR
Uit 3y, A bAH VB LI 50, o a AR ATV FLU 54, 0 b
AH AR L 5 0y, w1, 20 SR a b AR SR S U,
R B LR 5 Ry Lo o3 B A AR i H B FL R

B2 SPH-MMC R4 HE
Fig.2 Structure of SPH-MMC system

FRAE ] 2 $h F NG A I R 2R e T A5
w,—u=Ldi /dt + R,i, (1)

2 NWERZEFMEITE

2.1 EXHDEENE

A5 | A BARAC TR, A —A H AR T
—AHAS I AT AR T AR R AR S RN TR, R
T B — N S b E R R R . A IE5LE
5 90 M AR W AL A 2 B T IR ANl L ZE B
P AP A (APF) 3404 {H X B i TR A
il V8 0tz L AR AT 3R AR A sl ) 1 B o A AR S
] 3 B 7 19 SOGT #4) 3 1F 38 HE 481 i

f+_§ DQE | fo
b

B3 SOGIEARZEMIEE
Fig.3 Basic structure diagram of SOGI

FH &1 3 AT 45 SOGI A& 33 pR AR -

f(s) & +hkos+w’
Ho o FEIRAR 5k SOGT RGE S8, HK /N i
RGMERE ZE AR RCR A Bh AR RE B k=1.414,

Bl 4 S SOGI B3, Aot ke k ith 6 o el T T T
SOGI fy it o f, R t0 5 f, WRAUARLT) , DAAR S AR
A LUE AR £ 5 900, B £ £ IESE KRR .
M A B ERSR AR S f e S YO I S s, A
Pl 4 v g s 3R 1 it 2 mT DL 1 SOGTBR T e 1
TEAZ A HATUE B AE AT, B SOGI Wl 1 FH i

<
-
=
0 0.02 0.04 0.06
t/s
(a) BSRePE
20 1
z of <
2 -20F V.
= -40 |
-60
~— 0 -
N
2 | %
z ~100 fo
-200 : -
10" 10 10°
f/Hz

(b) BURFRE it £k
B4  SOGI R S s I i £k
Fig4 Time and frequency characteristic curve of SOGI

22 MEHERIUEH

MMC-RPC il i e % A D Eh 2, AT oo DR b
IR B D S B R e R Y 2R AR B, K5 0 )
UM A 5] P 3R A R R I AR O AR
Ko fBoE LSRR, RAD S, B, u, (=
ALBLC) A5 A EH = A SR A P 0,

Uc

/I 3\(;(;‘:\;0 Qhﬁf qL Ha
/ AN P]_Rf

/ N
! \D N

S N
qr | }P Reel N

o
Rrel

Uz

BEs5 hERiMZEEE
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Power synchronization flatness control strategy of MMC-RPC
SONG Pinggang,ZHOU Penghui, XIAO Dan, YANG Shengdi
(School of Electrical and Automation Engineering,East China Jiaotong University , Nanchang 330013, China)

Abstract: In order to solve the problems of poor power quality, poor resistance to disturbance, influence of
short circuit ratios on phase locked loop parameters in conventional decoupling vector control in traction
power system. On the basis of power synchronization control strategy, combined with current vector control
and differential flatness theory, a power synchronous flatness control strategy based on modular multilevel
converter railway static power conditioner is proposed. In order to provide inertial support to traction net-
work, power synchronization loop simulate MMC as a synchronous generator. The current loop based on
three differential flatness consists of feed forward control and dynamic error feed-back control, which can
limit the short circuit current effectively and improve its dynamic characteristics. Finally,the simulation sys-
tem considering different conditions is built in MATLAB/ Simulink, simulative results verify rapid response
and high-precision of the proposed strategy compared with power synchronization control strategy.

Key words: modular multilevel converter; railway static power conditioner; V/v traction transformer; power

synchronization control ; differential flatness theory;phase locked loop
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