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ABSTRACT: In order to suppress high frequency resonance,
low-pass filter-based voltage feedforward controllers are
commonly used in MMC-HVDC projects. Voltage feedforward
control may have negative impacts on MMC-HVDC integrated
system stability. Therefore, it is worth analyzing the impacts of
feedforward control on impedance characteristic as well as
integrated stability.  First, the
linearization method is adopted to establish the MMC-HVDC

sequence impedance model considering voltage feedforward

system multi-harmonic

control. Then, the impedance sensitivity analysis method is
used to quantify the impacts of different controllers on the
stability of integrated system. Voltage feedforward control is
essential in integrated systems stability analysis and in system
stability improvement. Finally, an optimization method for
MMC-HVDC impedance control based on voltage feedforward
control is proposed to improve the stability of integrated
system. The accuracy of the sequence impedance model and
the effectiveness of impedance optimization method proposed

in this paper are verified in Matlab/Simulink.

KEY WORDS: modular multilevel converter (MMC); voltage

feedforward control; stability analysis; impedance optimization

FEE: ) TR 22 B mR Y, R B LA b R A S
TRk 2 B33 4% (modular multilevel converter, MMC)
) 7 EL 3 4 e (high voltage direct current, HVDC)¥% |34
B H N 2 TG e 2 P H LS I ), R, P LS I3

HEE&WME: EFHEMARFREDH(SGTYHT/21-J8-223).
Project Supported by State Grid Corporation Science and Technology
Project (SGTYHT/21-JS-223).

X MMC-HVDC FH:P5k HPTR R R o, fERELe T
BRI BUE AT fil 5 R e tE S A AE R, HL,
AU BRI B ERTH MMC-HVDC J: M fase
S BRPUAR A 70 SO R 2 B e A vk, T
% &R BT P4 1 MMC-HVDC 3EMut TR, %
FBEST R %, T MMC-HVDC H: W3k A 8] 4%
HIFREE T 2R G fa e VDRV E T B8 0, RG M7 2% FE B I
o s 1) o YR 43 BT 0 2R S50 A A i R 1 46 B e P DA
BT RS R E A R, Rt B, Rl R TR
RIS MMC-HVDC Wi BEFTH 6 Ak 3, Sl
TIHM R G ETEN A 38T . 7F Matlab/Simulink H #4522
2 FE B IR TR B MMC-HVDC JER0 3 {5 EUREAY, % 3
FEBRBURLAY AR 1 4 B KBRS B VR AT
IS IE o

KRR B2 BT RS R AT R s AR
PHpTFE AL

0 3l

FE T AL 2 | P #9728 (modular multilevel
converter, MMC) 1] = & L7t i H.(high voltage direct
current, HVDC)RATURER., S ED . it
ROR A S, B i b XU A KRR e Y
NHM @ . 2R, EbrigiTid e, Epnak
MMC-HVDC T2 37 %t 50 5 3707 i 3% -,
YEE | RE K A. RE. EUFHEAT.

FELL 23 A7 7 1502 37 N R 4R35 0 A 1)
B, iz BT MMC-HVDC M £ Gifa e o Hr

PE3 T 5



8988 ST £ N =< 1 R B =3

43 %

W HERY MMC-HVDC FHPUBL I 2 HT I R 5t
e ERIRTEE, HET, %A MMC-HVDC BH$TE
P 7 VA 22 1 I 2R Ak D SRR R 2 4 T
7571 W (harmonic state-space, HSS), FiFf ity
P ST (R B TR CUAIE B R e e kL, B
B2 E R T B EER RS i s
/2 N 1/ R /1 = [ 0 AR 11 7 N
MMC-HVDC FRFiHEA, dhah, H%E KM, HiR
A RN R IE A R A RN T 2 B R I R B8
H1) MMC-HVDC FHPTREME, 75 ZE0 BHpTB Y 4T
BIE, DURIE M R Gefa e Yo Hr g R HEm Ik

F, P T 65 42 il T 50 A8 e 28 1 3 A 1
RE, T SO DA 2% A R I R 5] RS ) AN S
WL, A, R R A e R BT
FB, THTHmAS M. Hil, MMC-HVDC
(147 B Bt g ABE A0 B2 PR 2 AT K 22 BB T FE R I
HlfsEa, (RAE SRR N ORI, TN o R
)5, X MMC-HVDC [ BHHTRR R R Gk e P
AR, PRI, A A BEAE 5 RE IR R R AT IR
N &G453 5 MMC-HVDC F: M Fa 5 14 & H P b
Jiiks

W, R R AR B 2N,
HMFe e R R SR B AR, T R A A T
B i AN [ o A B 6 ) T L
BHATLRFPE S M A e PRI . SCHR[18]: TOIRES
2 (A ASE TS AR A1 A 7R B0 E 23 A U1 B K XL H L 4L
IR FPPIRG AR E N E SRR HEE R85
SRR, R GURFEAA 1SR A A B i 2 1
Be SCHER[19]3R LT RLC HRER AR AR 1) R 450 3 bt
Jiik, BIEAHT RAER RLC HLESTE BT &
WAL, PHPUSEES IE AU Rk G R &%, (H
RLC HEREE RN N, NS AR R
BRIk, (EAEERE, MMC-HVDC (32 45 /31
M2, BAPUENTE R, WERE UGN, MELLE
BT R IHPU e &i, Fk, A %ISR
FE D HTIR AT 58 MMC-HVDC F BEATUAR 1 5% 1 B He
A BT FE

B 3ot H S A 2 1 5 MMIC-HVDC - £ 5
(s S BHALACAG IR R, AR SO 56 R FH 2 18Ik 2k ik
ik, o 2% RE U AT ISHE ] 1 MMC-HVDC J#
PHETESOL R, RAMSIRBE ST, s
JE R 5 MMC-HVDC 99 35 BEL 3045 2 5 0
BEJ5, ELEBOANAEE SR 5 MMC-HVDC M R4t

FooE M py s, e IR 25 RE R AR 9 6 T R
MMC-HVDC M R Gufee tEwt 7t i 220k 5,
P& — P L R A% ) ) MMC-HVDC FH %
Hl SRR ik, R BRI T R,
S MMC-HVDC 3 2 4t (I BH P TR AR A R AR
PSR

1 EEBEFIRITHRN MMC-HVDC #X
b PRI IR AR K PRI A AR

SR MMC-HVDC FF /4 3 T 56 40 $ 5 4 Az
flgE a1 FR, BF: iy ia(e=a,b, )5l
SR L AV B i v 2299000 MMC-HVDC
XSl R B LR s ve, 20 I 9 HE L
) dv g #538; vee N MMC-HVDC 93k B3]
LR veas va 00008 By MBI F s L
R SRV BRI s C NEHHEZR, Co
NERHZ, H Ceq=Cu/N, N NWFE RIS,

___________________________________________________________

----------- o |
u o] i) *
s 1 Vau LV [ v
Ei T _ [sm] [sm, ] _
i ‘ ‘
i au L € iw L S i
TN + Vsb i Vse +
' ; o—rm Vde 1
SF’ SC_> 1
i > + I 7 + |
Ipl Ll -
| * [s™m, ] * [sm, |
| Val | R | : Vel
RS - bl sl
s FE A '
_Vz Glf(Si
Vag | LIt HE A iy H PR A )
= Twe Pl Ee
it o4
iy iy 26
Voare | R |G | FREH
M He | A

1 MMC-HVDC H# Mt SiEH5EH

Fig.1 Topology and control structure of MMC
T 6k R DR R R O R I D s AN R
-2 P O - w1 S IS WA RN 1 R | DN 30177,
25 LLUERR g U, R TR SR Gs)
HREY oUW

23

Gi(s) =k ()

s+ o,

s ke NIRRT REG o MKIEIERZE I#E
AR . MMC-HVDC Ff: W3k () HoAth 4 1) .45 B He
JEFE S BT dg AhR F R 4 H EL AR
W, HALB RIS AN Has)s Ho(s)s Hi(s)



23 1

PR, KR R BT Y MMC-HVDC Jf MR 2 P24 A L FE s Ak 7 s 8989

HH(s)o dg AEFR Z2 T i HOURS I AR 42 1 )
fEFh R ECN KA Ky MMC-HVDC JF P93 ¥ B
HES%E, TYHRS % EMINRSEE 55N
Vies 1 A1 I,y MMC-HVDC Jf: M35 (8 AR 714 Ose
SCHR[2014HE S T 25 P8 B IR F R 2] Lt FLR
PE L PR PSRBT ] ) MMC-HVDC JE ™ ik
PHEUREAY, &l 1 wIs, HBEEERTBUSE, WS
T ME SRS 51— T R ] S IN
(Rt R AME SR, [RIE, 7E abe AAR R, 2R
PR B H1 45 5 MG S B & w, R Q) TR
(BT RATF I T hR). NFIZHE, ARAHE
SR ENT IR AT .
i, =G, +G,p, + Gy, 2)
Hrr

G, =(U-Q,H;)"(Q +0Q:H,)

G, =(U-Q.H,)" (0, +Q,H,)

G, = (U_Qsz)ilez
X: H =1, (6T, +6T, -V, T.) : H,=6I.T,:
H,=61'T,; i, v 459 EAFE s i f v s
/NS SR A& U N T x 7 (AR RE, S
50l DL MR H AR A R RN s AR RN
REGERE N Gys T 778 53 b U i i il < BEt
BIRZIA, i R REGERE N G Gy, GL 3R
FNBIAR T DO R A 5 BRI, G oK B BT i
HXF GG SR . A, B R AR
01+ 0rv O3 H1 Ovy, A3 AFRINE 5 &4 IS
BRI B R o 0 R T ) R 2
T—Ts J9RAESE B 0 Tl 28 57 15 77 72 v i) o ) A2
&, BARRERIAD—ASFTR.

2 R LR RIS H IS, MMC-HVDC 3 /3 1)

RMESAREZN, AIRRN

b, = Z (M, +1,m,)

P =K - Mg, V) O

b, =Hi +H, +Hp,
s Zow YO NAFEV/IME 5 A Fot B2 MMC 4
R R PP S5 B P AN s My Ls VR I,
N EMERGIE S PE R, SRR ARENE
T IR AR S S 5 A6 R 2570 45 21 1) R R
Vyo ~ ¥, 2T AN E LN AN A A Y R
SN ERE S A=

QMG 2 m, IR 215 & ER
Hi R 321 i) MMIC S8 %E R ¥
Y ={U-Y[0.5H, - MZM +(0.5H, —
MZ.I-V)G 1} 'Y[0.5H, - U +
(0.5H, - MZ.I V)G, +G,)] 4)

A MMC-HVDC F: Ml S 5EFE ¥ 9 7 x 7 FERE,
Horb(4,4)T0 5 RoR £, SR 1) MMC Har i H % 5 1)
M IR M S R, 456 R 1 FrRRT
MMC-HVDC % H FEI - S5 E  C &R,
BRI AT 5 % R H s I i) () MMIC-HVDC FF: )
uiikE. PP

1

%)=y aa ©)

Z,(s)=Z,(-s) (6)

N T SSUERTEE LI RE F IS AT 1) MMC-
HVDC P uk TR R R A 4, 2T Matlab/
Simulink #4265 BT RS AEH] Bk
A PR H AR ) MMC-HVDC Jf:
WA R, BT S HER 1 Pros. MMC-
HVDC Ff Mk IE . A7 BT PG i 28 5 07 7l &
LRI anE 2 BroR, BRI S 0 m RS R
TEME .

1 EEBERIRIEHN MMC-HVDC HMut i ES
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feed-forward control
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