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Closed-loop charging strategy of MMC in flexible DC transmission system
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Abstract: With the rapid development and wide application of the flexible DC transmission system, its starting conditions
are more and more diverse. Traditional open-loop charging strategy of MMC valve requires comprehensive consideration
of the system state variables for parameter configuration, and the configuration is difficult. Therefore, a general-purpose
closed-loop charging strategy for the converter valve is proposed, which can control the steady state of the sub-module at
a rated voltage without detecting the system state, and has a good adaptability. First of all, three kinds of charging loops
and active voltage equalization charging strategies of flexible HVDC transmission systems are analyzed. Secondly, based
on the analysis of equalization requirements of submodules with inconsistent characteristics, a complete universal
closed-loop charging strategy and the coordination start strategy of multi-terminal flexible DC transmission system are
proposed. Finally, a three-terminal DC grid model is built through PSCAD/EMTDC. Simulation results show that the
closed-loop charging strategy can be generally applicable to the startup charging process of various converter stations,
ensuring the submodules steadily charge to the rated voltage without bridge arm overcurrent and submodules overvoltage.
This work is supported by National Science and Technology Grant Program of China (No. 2015Z2X02301003) and
Science and Technology Project of State Grid Corporation of China (No. [2017]).
Key words: modular multi-level converter; flexible DC transmission, DC power grid; closed-loop charging strategy;

sub-module voltage balance; coordination start strategy

0 3l

Bt RNk EL A P R ST, B 2 B

HEEWE: BRALETREFM (20152X02301003); B E L X
N E) AR B K8 ([2017])

37 2% (Modular Multilevel Converter, MMC)! > pE
HAMHUBET, o AR BIRE NS 25,
{%@U.V\Jﬁl‘ F )2 R AR (R HET N
Hr, EHNCH6E 7 a3 = w2k i T
5N UJE%”%?T&"E%%EEIE\ J& T8 e P
TR TR BT R R R e P M R AR,



5K, AF RPEEGU AR MMC G I P 78 L SR - 135 -

SR ST TR EAE @ Berh, akALDU s et
Vi TR CIT T,
[ IS ST REDR I W () AR e P e i )y it 75 5K
M H e R, R B T R S 2 i
R S EH I L T R e, DAZE S il e
REKBE bz g MG KFHAESE e HBEE
T EAE R AR A4k, I MMC #3758 1 )5 3l
P SR S S AP CEE /oy e WL oy B W LYl =
M ORI SE R 2R P, L8 rUSRIS R 48 5 5 8
RGNS RIITSHICE , oS B A,
Har, BN E Nt E R RS MMC
e SRR 2 . SCHR[12-13]45 1 T MMC
L IR FEANES 70 FLUJS AR, d sk R P A 42 i 4k
S oTel Ay 8= S EN O vl 4 (B Rl Wt/ B
BN A S AR ELU R A S5 B, TR 14]
T AEARE R G RO L BEL e e EL R FE FE, STk
(157 D003 3o 98 A0 6 e P BEL 5 ol 480 i 22 )3 8 7
EI B O 1 MRS Y EER T (SRS -y N N & s
No SCHR[16-1718EH TS A8 Tl 7e v ml %
N PABTE R, SCHRT TS U i 5 A R P S
PR, YT R R R R AUEE, H T
BB AN AT, ARXAE ELRIR A 78 I TR
bR SCHRSA R 45 e E P ) P R 7S A T R
W, 5 X AN [ et st PR A A T4 2 (R 7S FE L
SCHRLLOTH X 22 i 2 Mk Bt i vl R e 4 th 1 PR
L 1 S ERE AT RN W B S Rl E R A EN A TR TN
AW HIATEE, EHRA RN EHRRS 7
BEWR AR IR T 00T 23 77 AL AR e e 25 UG
FEF A SOOI P 70 F s I SRS BT T A
JE s ARSCHEH T AR SERE I A 7 H s I SR, XS
AN 8 L T3 A AP IO TG N o 1 580 R 7
FE, SRS 1) = 25 7 Fi B ¢ K %) I E B 440 s 7 F, SR gk
ATHIA, FLRFE T AR A — B0 I R 7k 43
B, BEH T 0k E i R G AR S B S Sl
FHE IR 78 HL SRS o %07 R 4Pl B AR M IR
WHRGH, EAZRGEEZEMIEL T, KT
FECH R 70 L AR A RS o AR SCAITIR 1 PR 72 HL 3
WS 335 P 1 4 2 R M LA i PR 2R 48 B SR L i P )
AN I 28 7R i ot e it A

1 EHFTERE

JA By 78 FL I 2 DL 5 (10 78 R S D B
fifl, 455 AN L A ELAUH HR A, B
W5 S It B R TR SO BN ) 7 e ]
N % 78 LR BURE P 78 S

A TR B AR G A1 AR

SR N 5 S VRS i W N S ER N 8
Bl oy AN B, AN 8 FL B BORT 323053
JEE Y ER
1.1 3RMFEER IR

AT YL HAL A8 B P S h  B  T PASAH TG R
Ak, S5 BV RRE, RS AT
MR R sl %, a1 B

71 B @1
m; AL—JE QSUI T q};uj
_%_L G|
. T 4 T ~ T
N d;_ AU2 d>BU2 d> cu2
C 7 7 BDI 7 CDI
;g‘”j g |-
: ADZ—[ : Bl;[ : CDzT
S e O
B e AN

1 RGRMBEN T B3
Fig. 1 AC charging circuit
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Fig. 3 DC charging circuit of converter
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Fig. 4 DC charging equivalent circuit of converter
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Fig. 7 Flexible DC transmission system startup process
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voltage waveform of DC voltage control station
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