F43% %124
2025 12 A

T RERER

Renewable Energy Resources

Vol.43 No.12
Dec. 2025

MMC-HVDC % % MMC HEBeeE= 4189
28 ) 3= i 5% B

X 3E3E IMERF
(Fedbr iR RS TR, Wb A2 071003)

8 E. FE AR RRIE A ) R I AR ) R G, S B AR ST RS ) BB R R AR Y ) R, S
T —FE T 2 E VL (Modular Multilevel Converter Based High Voltage Direct Current, MMC-HVDC)
HEXESACI AR GE MMC N ABRE R P2 A 4 R St . 78 1 T2 0Pl At B, I ACRMERR A5 R0 P 45361 30
A, MMC REHS 1 S BLES 57 T8 A IRl [ By D 5 i, S0 S8 Ui e FE AU A T 2245, B0 2 142
19 MMC PR RE i S AR I AL, Bt T —Fh MMC PR3 B8 S k42 1 SRM , 12 s BE S A7 A PR AR A e
RHURSS), Fm , 2T PSCAD/EMTDC RUREET A7 5T 852 MMC-HVDC R 48, I BEIRE AR G arsi i |
SRR W T8, S e 1 i B ) SR 1 T A I AT R

XKH2IE: MMC-HVDC; WARBREREFEM]; ZIR4Eg]; To2Ei T

FES %S TK51

0 3%

Bl XK H AR B4, v] A REIRAEHL )
RGN BB Wb v, e TR A 22 P
M H ik e (Modular Multilevel Converter
Based High Voltage Direct Current, MMC-HVDC)
BORTEAT A BRI I | e B R i L 5507
T ELAT 2 e,

MR AR, R TR
(Grid-Following, GFL) ¥ il 3 B I i 77 FE R 5T
SRIESS . WERBHEIR ) R bRl RES | ke E
PRI, Sy 1 W Ik SEk R ] A A 4
R FHAER8CR H R R A ZH ) (Grid Forming, GFM) Y
ot A R S A8CA L T A A R D s ot . R
RO 2L P00 42 )l 455 T AR )R AU ] A0 BIL A )
DA RS R IR G e P 04 b H
R B T A T R R A ] 2D AL P e 4
il Ao R F MMC-HVDC A4 $s il 56 s
E O TR RS, SCHER[12] 4 1 B XL 37 4
MMC-HVDC i R G Beit 17 —Fh W 5 1 7
28, b KR SR A R FUL BT A A S SOk
(1314 ) —Fh7EAS G s T, B B it BR ] A
TR MPERTr % o SCR[1415T %R E MMC #eiit
R EHA: 2024-10-19,

ELTH: EHEARPHEEIH (51607069)

fEETE T
E-mail ; liuyingpei_123@126.com

- 1672 -

XERER: A XEHS: 1671-5292(2025)12-1672-08

it — PG R R GRS AR ]
e d mtE XL A i e R AR 1 Al 4, B
XL SR ATE T AU L R AR ], B
2 1) SR FH FR 00 40 6 $5 0 #8 - (Circulating Current
Suppression Controller, CCSC), R Xf MMC N #fig
S HIEATUISE . SCER[15)E 2 51 A BE = A
M A P R, AT RAORAIE MMC 45 3 R Ge A
REIBAT, RERGNERE . SCHR[16]45 Hi, MMC 2
P MEREAE T MMC S RE R4 i S ik
RS, SCHER17 M MMC N A RE
E B R B R, AR MMC TR RE
YRR B ARE o SCHER[18]4%2 Hh —Fh 40l
ZESHIRNS, Wl JEE MMC R4 RESR I K B
TSRS DIRRE B s . 7RIS | 5S¢
BRI19TSIA T XA RS r oo A, 2
— LU/ T B R R R 22 SCHR[20]158 H—F
AE MRS T SR R A AR 7 . SCHR[217)
I MMC N ERRE 2 532 R GUR P T, XLl
HOIEAE GFL #0152y . SCHk [22] 4@ —Fb
GFM #&iil 5 e e a AR &S A sl 48, Sel 7
MMC i A Dy 5 F i 2 =30 0 A b, 3 o 42
MMC. PN B BE 15 BEL L A2 i e % 328 31 B0

XUYERE (1982-) 2, Wi, B2, D500 W o B EDRIC R BOR GBTRRIRUR fL S5 T A



X|FEEE, % MMC-HVDC %% MMC K 314335 4] 69 20 W 3541 Fook

], TPRFMMC B 421 0 H T A A
FEWE 7 2% 1, PRI R 28 f R I Bl 2l
SATAMRI LR 1, MMC e e T
WP, AT —Joae Ry s R ) i BRAE AR T
AES 1 MMC LR PR I AE | B 4 25 40, 52
i RGEFE BT,

AR MMC-HVDC #5558 M R 55, 32
H—Fp B MMC NS RE s A R, B
Je, TEALGE T AL dl LR T, 5 I AR
FAE ARG, 51 LB AT BE
% JC 25 VR 15 A8 T L R RIS 5 SR, R 2 I 42 o
() MMC NP RE S 80 [, 38 MMC NS RE
SIBBERAEER, BiF—F MMC NS RE A
PP , T A R AR B 25 R i 35
J&i , 3T PSCAD/EMTDC {f EAF-6 56 E T Arde
Tl R WP 35
1 MMC-HVDC ZSLEHREFEE

MMC-HVDC R2G A 1 FiR,

MMCI HVDC MMC2
S FL A AT

B EMERRERGEN

Fig.1 Structure of MMC-HVDC transmission system

HIFEL 1 AT, SSRGS 2t TARMBDE R 5k
WA, BB TR BRI , 28
VAR G U RIS , 7T R A TR R
R VEII L, 2 PLA T 7 MMC2 SR P IO 1 58
WKy SR GE 2 R H R, SR LR R
P MMCT RS B0V TR P ISl i e 2
FFHR RGBT,

MMC A5 HI R 2 B . HC= A H
B, BEA (i=a, b, o) L5 1 T IR, 1R 4%
BN TR

1 2 7. Ry, LAY SR A VM A B HL
Ry L 5 BR SEAWRI (RSB LB 50,7,
SY51 0 MMC S U | LU 5w, R j RS
TRGEHIE s, i 53 BRI TR LV 50,
o, S0 AL FRREHLIR i, i 42
ML AR L

] 2 IR /R 7B R L TR T 7

2 MMC &
Fig.2 Topological structure of MMC

A

N +L o, a +Romi; +Ls P +R i, +1; (1)

.L .A

wg by G poa s
T:Uj +me dl +Ram,l,j _Lf dt —Ra,mlj —U; (2)

(1), (2) T 15 MMC #3577 35 32 30 25 2%
A B Bh A b gk = D

A

A di. A
v, —uj:LW#dt +R.f; (3)
di-
we > i =
5 _L“""#dt +R i, (4)

P SEBIE 0= oy 40, |/2 3 ZEBUTE o) =

( e N 2 ( A e N .A
(‘ij—v;j )/2 s JLAR AL L =(‘L'JI.J+L'J.L )/2 s ZZ AR VAL L=
L

i) =i 3 SEAGE BRI R (=R R 2 S0 HE LR
L=LAL .12,
38 (3), (4) AT LAFR H B i 2 TR 25
EHLR IO R, SO T e S A AN DA
5 3 S o AR T A ER R P, SR T
WA BRI Th R3S e
2 AR
2.1 T

TSR ALE T, RGHRAALE IR
2 F UL RIS, T E 59 58T R GE T , REGEMR
A FEL PR T L ph SR P20 9045 o S0 P e 2R

- 1673 -



T REREJR

T8 20 2 i SR AR S A TR P 50 R w
HE I R L LT Y% Q St v
PRI R, WAL R RS A )
I IR & i A £ AR (L, 2k
w=w"+K,(P-P) 5)
V=V+K (Q-0)
KK, K, 3900 Plo FER Q/V FERKT
PR H G0, VIR RS,
AT P AT Q 1 ki (A AR 4
ARG R A AR R 0, R
[fElj(”ﬁj+“Jj)
s 4 (6)
bﬂ5@%wﬂ)
4T 2 9045 il %) DR B2 B TR DL ) 4 &
HL—URAR . — R, ORp e Ta 24
i, R RESCBOGR R A JC 2290, OF B
AANBE N AT R G . AR SCT ARSI
25 (Low Pass Filter, LPF)HI LG FL 3 (PL) #5 l #%
Kk Plo THEFR Q/V T, LPF BEAT LAERR
TR | g5 P 3] P R %5 R BRI
Q 3] Q" MV 1E 38 PR B R B, R R G A5
P PLESHI IR AT LS S8 I R oA R LR
FITCZEPETT , B Plo ™3 Q/V T FdHIAE N
Kl 3,4 s,

P w

y K
B e KRSy RO S R

stw,
P

3 B Plo TEEFIEER
Fig.3 Improved Plw droop control block

. 0
Vv
-ﬂ%»nn Sy SR

s+,

0

B4 it oV TEEHIER
Fig.4 Tmproved Q/V droop control block

MWRHEE 4,5 T LIfES .
. P-pP
W=+ s+w
—Lprp +h pt
. Q-0
V=V"+ o » +k#
Kw, ™"
K w,, 0, 35N Plo TR Q/V T TALIE

kim

(7

- 1674 -

2025,43(12)

A= (7) AT AL, T AEAE PRS2 ¢ il
FIIFHF,s BT T 0, MEHER AN I
T 0, HIFER o=0" B V=V, FI AT ISEBIAS T
S R S N AN U e =3
2.2 AIRIEH

AT SEEIATH . R A PGERE ], SR
JE N IR, HE5FaniE 5 s,

5 WINMZHIEE
Fig.5 Inner loop control block

& 5 AT, HL S P ER R I N SRR R AE dg
AEFRR NI, ARSI A Plo T TEE
ft BRI T MMC i B R BREE Plo
TEEFR Q/V T I AR IR AR, S5
FE R ST B FEL R 22 ) ) iR 22 A A FE s P9 0 1)
A HA o MMC i S5, IR T
TR RN AR AL S, LAETT MMC
B, EARE AR, MMC S8 3 AT 8
HLZY, PR L N PR R A 30T
3 MMC gEEHEHIREE
3.1 E#EEAL MMC AT X A

HRAE P 2, %5 b A R O L e
A, AR R R IR Ay

v Uge z

v; _T_Uf_uj

s . (8)
v, :T+vj—uj
e as j AL TR BE R bR AR R R IR

W

U
dW. v [y, AN A
= S ||

L Yo
dw, iy, S\ s i
i e |

Heigias j AHE VB RER ARy
W=, W) (10)
(9 IRAK(10) rTLIGE E | AVE fE R



X|FEEE, % MMC-HVDC %% MMC K 314335 4] 69 20 W 3541 Fook

IR FIk AN
aw’ XX A
th:udclj —2u; i, —vji; (11)

M (1) AT, S8 XA AT Iy MMC 5
BB, XA =00 MMC 5
ZETRAM A D) 22 1y P 101 55 A YA O, HLAsE
RER T TR DR B A, AL
B R AR TR DS o, PR mT L a4
LA HL I A RS U0 43 R /N MMC PN 38 i 1t 4R
Vi , NI/ INFASEH F 25 L R D 30
32 REEIEH R

SR I T B B i RN 6T A
sy, HER AT MMC 5 E v
A, IEH I A AR L L e R R
FLURHLI d0; ZAEOEDE 0 T S A Z 0] 58
g, RO RAERIRS M EEHN R, K AT s
il AR B JAL G AP A 40 R S BT MMC B 4%
il o

jHLE T E A ERE RS b TS R AR
INSESINIVE TN

u CSM(’U-U )

’ : (12)
L
L CSM(Uj )

i~ 2N
st (10) At (12) AT, 3t/ W, 330,
SEEN/N W, W RS, ET AT LI/ R

REFLFR o, o, (9030, BN b 2 Fh R 3
.

FHIES: CCSC 1) MMC P3RS R RS2 15
HAB A R T MMC 5 52 00 o 137 00 52 e
Ty AR SCH I — A R MR R ]
SEREH U RS A MVMC P 24 Rl ik BR 5
TS R AR /e TR A 2 PR RE Rt
AR IR 57 R0 dg Ahi 2 T 9B, A
PRSI FABE T Plo FIRFMRAL. A RERSHIER Y
HRE SN HL Y M ERZE I, 1T 6 s

— AN j A TR R R

Ve

J

R AMZ i Rk N

(b)) HAE HL I3 P PR HIAE ]
E 6 MMC NAEBREEIZHI 4
Fig.6 MMC internal energy control block
b
AP Ky WAMEREL, H Ky BUE KT 1,
SHPEHURIR] Ky if, A5 e 2 r s i
IINBCRANR] i i 0 ELAG AN [ 4 M 2R B 5
JLTPSCAD/EMTDC LRI ASTHA- 5, # T
1 9 MMC-HVDC RENTEAR, R FES
g 1 s,

®1 MMC-HVDC Z5EBH
Table 1 Main parameters of MMC—HVDC network

i), = (KW W) [y (14)

24 il
MMC %€ B i i R/ V 640
MMC %38 32 it H R /k V 320
FETNR/MVA 600
AP TR 100
S F R R/ V 6.4
TR mF 10
Rl 0.4
Lom/mH 50
Ri/Q 0.08
L/mH 32
HIRL IR km 200

B 7 AR FRME R BT PR R TE

M 7 FTRAVE Y, SR AR A M AT LA
BN R B, BEE Ky R, T
Herf 2 R RAE RS (H2Y Ky>1.12 B TR
2 R BUHT AR, O LI RS K Ky,
Xof TR 75 L PR IR (E A0 IR AN 2, e
WRGESHAET Ky ERE R 1.12,

AR SCAITAR BRI MMC P93 BE fE s 1 0 4 I 9
G513 e b2 S WE L B B bR L E

- 1675 -



T REREJR

2025,43(12)

6.30 L
4.00 4.05

t/s
7 ARIMERE T FEREREE

Fig.7 Capacitance voltages of submodules with different

4.10

compensation coefficients

ISR MG R 2H M s, SRS R AR R A G
ZEVATT  ELURANAE SRR S B AR AR, BRI
MMC PN 5 A e s o] 118 200 ) 4 il 8 s fA A [
Kl 8 Fi/R,
4 HELERSH

R T B UEA SO S A R, ST
PSCAD/EMTDC HL#;# & i B &, &0 T
MMC-HVDC R4 BmBA (B 1), ki
MMC1 R FH 22 L H R A5 ], MMC2 R FH AR 4
HH B4 BRE I MIMLC P 358 7 £ 42 1 198 201 19X 2 ] 5 s
ZUSEMAFNFLMAGE, RGN EESH
# 1R,

R — R; Ly
MMC A— TN @
Labe 0 Jabe 0 |abe e
abe ﬁ dq dq ‘0— Plo 7 4—5:
dq o
Wylwxl iz iz 26 ﬁg P ij ij Ug| Uy
s d q T s ;t“; . vA' LA u, le—
k] Ve v ,k ¥ vﬂh = N et OV H e—0Q
RESAMER . LB _ abe = %ﬁu ae | abe o R AR - HLE YR — v
E 8 Fiin MMC M EBRES = i H 28 M=l
Fig.8 MMC grid—forming control with internal energy control
4.1 ZRRG R AT 120 —— CCSC
16 1=5 s b, SCHARLE 2 A DI SN 120 E [ e
MW, JE T 40 Mvar, 154 SCHH B A S ofeed
—_— _ 1 1 1 1 | 1 1
MMC PNHBHE B4 ) A 2L Do 42 il SR AR B CCSC Y90 25 50 55 60 65 70 75 80
257 PR > /s
ML ARSI T, AR SZIARSE 2 A Uﬁ@%
[ Ny s c e
RTINS A A RUE MMC TR L 2 s
i B MIMIC 4 39 i 0725 £ i 2 P 9 B ) o o
480 225 | 1 | | 1 | 1
40 45 50 55 60 65 70 75 8.0
420 k&0
z 360 —&— (CCSC s
< oo e REREH (d) 22 B A UE
240 1 1 | | 1 1 1 72
40 45 50 55 60 65 7.0 75 8.0
is PO qab i onm ool . cesce
O kS ssF WYV it
50.1
EN 50.0
—— CCSC
4991 --o- - gl
49.8 I L 1 I I I I 6.0 L L I I

40 45 50 55 60 65 7.0 75 80
t/s

(b) R RAGHR

- 1676 -

5.0 55 6.0 7.0

tls

(e)MMC FA5ib i 25 i TR



X|FEEE, % MMC-HVDC %% MMC K 314335 4] 69 20 W 3541 Fook

Cccsc

----- et
} | 1 1 1 1 1 1
40 45 50 55 60 65 70 75 80

tls
(FYMMC P fE =
H9 XmATHEMAGHELR
Fig.9 Simulation results of AC system load increasing

A& 9(b) FT AT, 458 07 faf A 300 MW 58
BEE] 420 MW Ji5, B T2 4 2R 15 TE ik A i)
N, MMC %t 23N FRAm e D3RP &
B AGR T, R MERIRIEER T,
MMC i A DR i SRk &2 %5 50 Hz, S8
TR TCZEVTT . FIE9(d) AT, B8 7 fr DA
0 Mvar 234 5] 40 Mvar, S B B E N, 724
D) 42 il SR s () VT 28 0 L R . 2R e {1, 52
BT AT R T2 . 5155 CCSC %5
WEAR LG, A SCRTHE MMC P 42 i SR mes i o
B RMAS T~ 0.11 Hz, 383 HL A R B e K An
R 2.7kV, RUIBERIEHIFTA S 2 W45
TFR X2 i R G R I RO BB 9
(e), (f) I, @it MMC PN EBRE 122 H 254
MMC NFFAER , 7T LA/ MMC T B 25 L TR
(% Bl RS, AR R R F 45 il TR L A L R
Beshh 6.332 k~6.425 kV , K g5 i b,
LRI BN A 6.345 k~6.405 kV , XF T Fr bl Ay 5
ft, SRH MMC PN EBRE 45 i S m A H 28
FEUE S 35%
42 TARAEFTRY

T =8 s B}, 3CT RS 2 A Uit far i 450 MW
W/NE] 300 MW, JEE A far B 30 Mvar #5703 0
Mvar, FEASSCATEERHIN MMC P35 fE B 45 il i 21
IR8) 2 441 45 s FH % FH CCSC 1% 58 28 00 42 1 5 s
T, AR LRASL 2 R IR 28
FLHEA SUE MMC NS RE DL MMC T
ZEHL R A AL A& 10 R,

1 & 10 (h) AT, 428 i A 2 67 fif 28 9K s
B 150 MW Ji5 , BT A 2015 A S 17,

_ 450
g 400
£ 350F

300

250 1 1 | 1 1 1 1
70 7.5 80 85 90 95 100 10.5 11.0

tls

(a)BITR

—+— CCSC
- - o- - e

502
B A —a— (CSC
5 %01 . oo R
=500 [ e
499 1 1 1 1 1 1 1

70 75 80 85 9.0 95 10.0 105 11.0
tls

()AL R G 2 SR

90
. 60F e G
5 30 - o gkt
= ok L
(=2

=30

—60 1 1 1 1 1 1 1

70 75 80 85 9.0 9.5 10.0 105 11.0
tls

(e) LR

—+— CCSC

225
70 7.5 80 85 9.0 95 100 105 11.0
tls

(d) 22 i A 2

..............

CCSC

g e ' eeee- BE
Zo7 :—L R 42 )
i~ 0.6 -
remmmemesemaneceeneeaasas
= 051 X
| 1 1 1 1 1 !

04
70 75 80 85 9.0 9.5 10.0 105 11.0
tls

(e)MMC NHRRER:

----- CCsC .
701 BERHEH 6df A A A A

tls
(NHMMC FHibk g 78 L
10 ZHRAFEMASGHELSR
FiglO Simulation results of AC system load increasing
FH MMC it PR R T RIS, S8 R
T TEAH MR R EAE T, MMC i A 2h 2
R BRIKE 50 Hz, 529 T R0 Jo 254
5o FHE 10(d) T, A2 M G By A7 A 98 4K a2
30 Mvar, FECEE I HEL R B, 78 4 D00 45 il 5K Ik 1)
YER R3S B IR IR e (i, SEB T S s &
FITCZETTT o X ELAS ST 4 MMC P BB f 42 i
M G550 CCSC ¥ HIRMS , Wi KAmAS i 45
A4 0.16,0.14 Hz, A8 it B A R4 1H B K I % i
1ok 2.27 kV , BE R AN 2352 M 21 2 1 % A2 3
RGHE TSR B 10(e), () FTAT,

- 1677 -



T REREJR

Tk MMC PSR 2B MMC PR AL
AT MMC TR r 2 TR O 3 Bt
R 1 e A ) T8 B L 6L FE 496 2956 436
V, RITBERF R T AL 6 315-6 402
V. AT BTBHMAGNEL, RIS MMC
PR S T O L R S, TR e

B BN 38% .,
5 #ig

ASCEEXT MMC-HVDC 425538 R G0 i
TP MMC PN B 6l 2 45 ] 00 4 ) 4 ] R
W&, IR PSCAD/EMTDC 15 B - 54458 MMC-
HVDC ZGH T E, 15 H LA F 458,

A SR ] AW GRS AE 1E 5 T AR T iy
SRAMENLT , R EI RS AR G HE B RS (A A5 R T
JEZ7% Y AS i 67 faf 2 SR8 st/ D st 720 )
FEHIFERT, 280 H R AR AR R b
YK B, SETC 228

QAL MMC BB &4 MZeda ) SR s A 3 61
TR 25 L R 30 B0 7 AT B OR , Js N
M e 25 L % S REMS I/ )N R AR, DT /N
FER 1, AR F T R Guist iR b ; Rna AT
SEELMMC PR B, WM R Y B A
Z N

S E

(1] 2= XUAR , Bk d B T 1] Bk e v 0 A 0 3 1 W
NRGERJEGHA [T E LT R, 2021, 41
(18) :6245-6259.

[2] MM, S I, R A5 A SO B T
TR AP E s T sl ()], nTAEREIR , 2022, 40
(11):1505-1514.

(3] HaMe, X\, 2552, 55 B0 U R g R s R e
PR BRSO R (A AR
W) ,2021,61(5) :403-414.

(4] SHRT KT /NG A He T AR AR IR &R
GERSEHA N R Pk )]0 0 22 48 F 8k, 2021, 45
(9):171-191.

[S] Markovic U,Stanojev O, Aristidou P,et al.Partial grid
forming concept for 100% inverter—based transmission
systems [A].2018 IEEE Power Energy Society General
Meeting(PESGM)[C].Portland ; IEEE,2018.1-5.

[6] Guan M,Pan W ,Zhang J,et al.Synchronous generator
emulation control strategy for voltage source converter

(VSC) stations[J].IEEE Transactions on Power Systems,

- 1678 -

2025,43(12)

2015,30(6):3093-3101.

[7]1 Zhang L,Harnefors L,Nee H P.Power—synchronization
control of grid—connected voltage—source converters[]J].
IEEE Transactions on Power Systems,2010,25 (2);
809-820.

[8] Yu H,Awal M A,Tu H,et al.Comparative transient
stability assessment of droop and dispatchable virtual
oscillator controlled grid —connected inverters [J].IEEE
Transactions on Power Electronics,2021,36(2):2119-
2130.

[9] Pan D,Wang X,Liu F,et al.Transient stability of
voltage —source converters with grid —forming control; a
design—oriented study[J].IEEE Journal of Emerging and
Selected Topics in Power Electronics,2020,8 (2):
1019-1033.

[10] D’arco S,Suul J A.Equivalence of virtual synchronous
machines and frequency —droops for converter —based
microgrids[J]. IEEE Transactions on Smart Grid,2014,5
(1):394-395.

[11] Adeuyi O D,Cheah-mane M,Liang J,et al.Frequency
support from modular multilevel converter based multi—
terminal HVDC schemes [A].2015 IEEE Power Energy
Society General Meeting[C].Denver; IEEE,2015.1-5.

[12] Freytes J,Li J,De Préville G, et al.Grid—forming control
with current limitation for MMC under unbalanced fault
ride—through [J.IEEE Transactions on Power Delivery,
2021,36(3):1914-1916.

[13] Jing Y,Li R,Xu L,et al.Enhanced AC voltage and
frequency control of offshore MMC station for wind farm

[JIJIET Renewable Power Generation,
2018,12(15):1771-1777.

[14] Freytes J,Bergna G,Suul J A, et al.Improving small —

connection

signal stability of an MMC with ccsc by control of the
internally stored energy [J].IEEE Transactions on Power
Delivery,2018,33(1) :429-439.

[15] /N, R NBIE BB, 45 2 ERC L R SR G &L MMC
A AR AL D). B 51805, 2023,60(9) : 88-95.

[16] Samimi S, Gruson F,Delarue P, et al. MMC stored energy
participation to the DC bus voltage control in an HVDC
link [J.IEEE Transactions on Power Delivery,2016,31
(4):1710-1718.

[17] Shinoda K,Benchaib A,Dai J,et al.Virtual capacitor
control ; mitigation of DC voltage fluctuations in MMC—-
Based HVDC systems [J].IEEE Transactions on Power
Delivery,2018,33(1) :455-465.

[18] Freytes J, Akkari S, Rault P, et al.Dynamic analysis of



[19]

[20]

X|FEEE, % MMC-HVDC %% MMC K 314335 4] 69 20 W 3541 Fook

MMC -Based MTDC grids:use of MMC energy to [21] Sanchez—Sanchez E,Prieto—Araujo E,Gomis—Bellmunt

improve voltage behavior|J|.IEEE Transactions on Power 0.The role of the internal energy in MMCs Operating in
Delivery,2019,34(1):137-148. grid —-forming mode [JI.IEEE Journal of Emerging and
BA R, Das Mukesh Kumar, 28, XA IR Selected Topics in Power Electronics,2020,8(2) :949-
AN MMC (9 RE &AM )] b R AL AR 2 962.

#2,2019,39(10) . 2864-2875. [22] Deng F,Chen Z,Khan M R, et al. Fault detection and
HG BB R b, 45 S e i R B B e TR localization method for modular multilevel converters|]].
LA OB TG D 2 AR 5 0B & R, IEEE Transactions on Power Electronics,2015,30(5):
2021,42(1) .48-59. 2721-2732.

Grid—forming control strategy for MMC-HVDC system with
MMC internal energy control

Liu Yingpei, Sun Dongqing
(School of Electrical and Electronic Engineering, North China Electric Power University, Baoding 071003, China)

Abstract; More and more renewable energy is incorporated into the power system through power
electronic equipment, resulting in reduced system strength and physical inertia. This paper
proposes a grid—forming control strategy for modular multilevel converter based high voltage direct
current transmission system (MMC-HVDC) with MMC internal energy control which is connected
with a weak AC system. Firstly, based on the droop grid —forming control,, inertia link and PI
control are added, so that MMC can automatically track the load fluctuation and adjust its own
power output, and realize zero steady-—state error regulation of AC voltage and frequency. Then,
aiming at the problem of internal energy fluctuation of MMC controlled by grid—forming control, a
MMC internal energy compensation controller is designed, which can effectively reduce fluctuation
of DC voltage of submodule capacitance. Finally, based on the PSCAD/EMTDC electromagnetic
transient simulation platform, a MMC —HVDC transmission system was established, and two
operating conditions of AC grid load increase and AC grid load reduction are selected to verify the
feasibility and effectiveness of the proposed control strategy.

Keywords: MMC-HVDC; internal energy control; grid—forming control; zero steady-—state error

regulation
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