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FMSS Positive and Negative Sequence Current Compensation VSG Control When Three-phase

Voltage Imbalance Occurs in the Power Grid
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Abstract: Flexible multi-state switch (FMSS) is a new type of power electronic device that replaces
traditional tie switches and is applied to modern distribution networks. It can optimize the consumption and
regulation of distributed power sources in modern distribution networks. The FMSS controlled by VSG is not
affected by the deterioration of phase-locked loop performance in weak power grid environments, it can provide
frequency support to the grid at low grid strength, thus enhancing the stability of the system. As a device connected
to the distribution network, FMSS, when there is three-phase imbalance in the grid voltage, the output current of
FMSS under traditional VSG control will become unstable, and the power will also fluctuate significantly, greatly
reducing the efficiency of the grid connection point. To address this issue, based on the modular multilevel
converter (MMC) structure and the traditional VSG control strategy, positive and negative sequence current
compensation was introduced to achieve the stability of FMSS output current, active power, and reactive power
under unbalanced power grids. Finally, a four terminal FMSS model was built using Matlab/Simulink, and the
effectiveness of the proposed control strategy was verified through the simulation.
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(MMO) ; positive and negative sequence current compensation

“R Ik U i RN S H AR XTI ) R — I, IEARZ A DO e IR IR R EARR
FEH T ERY BB RIE S I REE M EE 2 fuerist AR T G IR PR AR B D
EEW A /LA i A SRR EIF 58T H (18KID470004)
TEE BN : LIE5F(1984—) , B ot AL B0z, =258 7 1) o 08 RE AT L 15 45 S W, Email : wzqnjit@163.com
EIAEE B (1998—) U3 WL AF5E AR, W5 10 A 2 RAETF K Email : 591682703@qq.com
34




FOEF, . B R = AR AT B FMSS E §i 5 R AME A VSG 42 6]

WA AR 2024 5F H 544 F 4

HL R 25 P R REOLAL , 22 NI 45 A SRR BE AR H. 4
(CID NN 60 3D ok I T R G Y (1R
W2 [ H g5 0™ B, R, KOk e R fg R G
CE R TN S = R T S A EE R P sy
ey A g

FEZ ST KRB HRE0E 71658
T ICAE A5 UK v A U 5 5 T A B R FR A
A % TR ARG 0 0 2 W, K gk O B AR ARk v
T 2 LATC R I A e TR ) T 4 B T DX R
FEPE K AR IR L TR et 2R TT
BCH FFFF K (soft normally open point, SNOP) & Ji2
TR, 3T Y %) F, ) v - B0 — 20 4t ke
ZFE N 27 B DT, REER A F Rl 2 14T A
TEMCTURAT SRR o A58 FMSS £ Wiy 11 75 52
FAE 8 A D PR T 38 A 1 R P B A 4 o)
LU e R, DA S B R G D) AR
FHLEZ R, WU 3t FMSS AT LS 30N [) Fi, P 46 4
F G022 (6] R U T R R i M A B 5 E A
DG A TE H T A 3 25 RE ), TP 15 R A A
Yol /D 7R 458 L) A5 RE R A S H R A S O T A K
RARH BRI R B A 2= HATH WL
PRI T SR T G2 S T RS < R A A ] (gridl-
forming) LA B ) ) 54 478 1) (grid—following)[l =2 g
P 74 4% 1] 32 22 A H 8 AH 25 (phase locked loop,
PLL) B 5 52 it - 2 H s 9 A £ 52 3005 F 1Y) 17 T
A, SR R 1 A PQ P E LU L A o
SR EAESS HL I EREE T B0 B4R 1 iy TR
WWAETE , 5 R S RS S LR N, 5 16k
FRGURAQN by o 2 4 ) 3 e o T A ] S B
P, O[] 2, SHL IR 8 4 o D5 1 AT A ) R R 4[]
AP ) 2 4 ) B AR e B o 2 42 o] A5
i TO S R G AT R T R 1Y AR A R R
FE UL A5 42 il g, A0 (14 ) Do) R4 o S [) A%
G g i) 07 1 BHLJE W B RE R, VSG AU R] 2P
B HIL ) 1 R (i FMSS MO B HLABHLE
REPE RGP, Tk A2 L (8 815 750K, O E I Y
IBATRE ST o VSG IR W) Hi fir 22 2% 4 76 /g 40 1] 28 AL
PSR I PR R 0 8% VSG Al d it
D5 FLIA, 76 5290 S AL 900k 1 4 il PR B Y AT
k. BN B2z A A T BA 2D &
F LR P 1 4 o O 1, A AT B Bl i AR 2
RAGPERE ], 51 A% Zh 75 B R R 7 R, DT ik
— 2 P R UL ) A5 ALK R B A0 N 30 3 Y [ 25
HLAL, 25 H ) R G AR AL JE e PR AN 7, S 2L

B S 26 PR VSG 45 il 5 A% G 42 ) R s A
FUELA BRI B, g 0 v I 114 B e P Ak 1R
AR S,

TE FMSS [ 45 B $h 45 44 v, #E B Ak 22 Ha o
A A T ILARR A S50 AR B T2 R G A
WF5E . MMC 2% TR T 52 f e 0 7388/, vl T4
FERARTTF AR, BEAE If0 0) B 5 1) R R S5 2
BRI 25 oK 5 [ R R LA B e
w0 W AT R A 2R,

AR SCHIBIFFE R G R DA MMC 235 F4) A FEmt 74 DY
Ui T FMSS. 4387 T FMSS 5 2= 455 78 fn s 9 | 7
JEHE HL W EL RS ST VSG s fr e .
TFAESE VSG 5 i AN RE i & AN HL ) FMSS &
SLRE , 5 AIE ST LR AME | B 78 SRSy
HL T FMSS Bt B3 A DI AITC D DR AR o

1 MMC #3631 45 M B B AR A

L1 RGhiMEN
Pl 1 DY i 1 FMSS R GE 40 £h, K12 2 MMC

—— =Y
B~ EE
== X ===
e BECER
: b i
! LU | -#-CD+®
AL ' - )
1BBE | LS55 |
MMC, MMC,
——— =
| EEE ! EEER
H i 1 |
ey [
ESUES S —— | SR RGA
-i=1-N | ) A T
MMC MMC, N\ | JES :
Te—AT |
' |
| I
| [}

B PYsEG 1 FMSS RELHih
Fig.1 Topology of the four-terminal FMSS system

H &1 2 AT, MMC 28 Gt 1 A i = HH A2
CE T e N 1 R SO N 13- R A )
TR SO L R A A5 L AR SOR B 1R O 2
Bttty , & TR N R Y 3R A8 FHL A S8
) o ELUR AN R e AREE TR 25 S48, T 1A
HRBSCHA [R] DA T ORI 38 000 v, P A R o il e 45
R TR A 4D, ik — AP 45 MMC 1) i
HL T, SE R ST 45
1.2 MMC #2158

FRAE 22 Ge AT FR P, LA K MMC Ry 3354743

B, Ha5 i 3 Frs o
35



BAAES 20245 54K F4aH EIEF,E. WM W= AR AR FMSS E 8 iR AME R VSG 424
________i—di_'_l L%
: Vi = (U, = U2
l |2 L =12+, (5)
I
=1 5 B | SRR
U 0 O H (AR (@) TR MMC B0
_ : e Loy u,=V,+Ldi,/dt+R,i,
o> e e Uy =V, + Ldiyhdi + R, (6)
“p i vl U,=V +Ldi /dt+R,,
SN O O 1A =g B A AT (2) RIS (3) 7 4
puLIne i PR TR
B J[Zﬂ i\ﬁ 2 Ldi,fdi = = Ri, + oLi, + uy = e,
[ —— I -; Ldi /dt = - Ri, - wli, + u, — e,
- MMCL-;%""" ' 4158 (7) 7T DUt MMC 25y PMSS 77
INTE
28 A an = f7
Fig.2 Diagrammatic sketch of MMC Ejlzjz ri%ugi*l% r j‘j—FIVSG E/J CI:Tr
VA iE iy e i
2 WM ER MR VSGIZ T4
U2
5T
VSG 424l T (1 MMC $ A H, 19 119 735 72 &1 141
41
-U,/2
i, R, L, hig,
> €ea
{y - I>’ L e,
13 AR MMC %ok YRS U T e
Fig.3 Equivalent model of A-phase MMC ZM
H MMC S5FI IR PRYE , iI A A RSB LA :
; i MM CZ5 14 i
i - _ de _ oa ) VSGF L
302 (1) 4 VSGH AR
i = - Li + i Fig.4 Schematic diagram of VSG access to the power grid
" 3 2

HRAE KCL 7 #, nlA5 fay HH AR o B A L R
Ui R VAN SENGW
Uu,-U

a

N " : R :
v, =#+Ld(lm Ly )+ — 5 (G = 1,,) (2)

() BT A5 I 0 e R R S R
O S7. W
U.=U,+U,+R(, +i,) +Ld(i, +i,)/dt (3)
T MMC (1 = AR PR , 53 4 AR 53 [7] A
A, R T 5 MMC AR LR AR AR R R B A A

U, =(L, +05L)i,/di + (R, +05R ), +(U, -U,)2
U, =(L, +0.5L)di,/de + (R, +0.5R )i, + (U, - U,)2
U,=(L, +05L)i,/dt + (R, +05R)i, +(U, - U,)2

(4)

36

ZWETF A A A FE T 15 VSG 7E a—b—c #r 1E
L T Ny R Y WO £y 1B sa o A
dl’Zu(t) _
LZT =u,(t)-e,
. di,, (1)

e w,(t)=u,(t)

(8)

iﬁﬂiﬂ:&(t)i%r%%‘ﬁiﬂ%%ﬁé@%a‘é@%ﬁz,%ﬁj@1
KW h 0,

b, FIFMIA MR a Ao FH R 4 = A = 2R A 45
FART I, VSG RN AEAE R 7 4 &, X FR 40 27k




EEF,F:

W, W W, B = A8 R T4 B FMSS OF f 5 iR AME A VSG 35 )

WA AR 2024 5F H 544 F 4

3BT AT A ML L 2R IA

5, U'cos(w,t + ¢) U cos(wyt + ¢)
{u(,,]= Utcos(wyt + @* = 120°) |+ | U cos(w,t + ¢~ + 120°)
Ued | Utcos(wyt + @ +120°)| | U cos(wyt + ¢~ = 120°)
(9)

1E a-BAEBRF T AT KR

{um} ) {u(*a} . {um} ) [U*cos(wot + go*)} s { U cos(w,t + (p)}
wel Lul Lugd |[Usin(wgt+e")| |-Usin(wt+e)
(10)
KU, U 5350 LS L 1Y OE g3 d 6
TorE e e AR A HL HL S E R R T AR A

FARIBILARE s 0, N FAAR

(7] JEE AT A A S P O P el e ik =K
{hﬂz{ﬂi+{ﬁiz{ﬂwde+0W}+{dewﬂ+0j}
Ied Lid Lind |I'sin(ogt +6°) ] |-Isin(wg +60)

(11)

2 gy 1 35002 MMC AR 88 £ TE P 434k 0 £
FF o350, 0 23 i A L I Y TE R R 67 AR
IRENOE LIRS
i L1 B RS A DR TC ) M Rk
P =Re(S) = py + puncos(2w4t + 20) + posin(2w,t + 20%)
{Q =Im(S) = g, + g 0c0s(20,t + 20°) + 051020t + 207)

(12)
p 0 r + + - — 7
Uy, U U gn Uen
+ + - - -4
o Uy TUegy Uy U || Liap
- - + + .+
Peos2 _ U gn u(:qn u('dp u(:qp 4 lgp ( 13 )
- - - + + .-
Psin2 U, T Uen T Uy U cap Lidy
- - v N .
q o2 uc[ = Uean ucqp - ucdp L Ign
- - + +
qsinZ L ~Uen - ucqn uulp ucqp -

2 po, g0 73501 i L 0 BRI D D FE RN TE T 2
B IE 5 Do Qo 5390 A SN FTC T B 32 1) —
R TR BN 3 P s Qi 53 ) R A T FITC ) Ty 48
1) IR IE LIS

TE HL 9 H T = AR S -7 I, FMSS it i v,
i AR, B Y U e e R
I DD R AL AL & A D2 3V S48 po, 1T HAL
LA 2 A H O AR Bl A D B R AR K Ay
Peoa€08 (2wt + 20" ) FIE 5% /3 1 ponesin (2wt +2¢7),
[ 3, JC ) Dy rpde 5 A JC ) D 3o B DL 2
3% B X80 23 305 B 14 TG D T B 4% 9% 4 ik D BE 5K
Gip g

o3 A 3 C13) A LAy Sl i T e e Ak s &% 1Y

A HL A6 4, LS o, P i
BT 6L 0 P A 2090 7K 0 8
A MEE R =A R
4 4 = AFF 4 i, SR e
SO 0, B iy =iy, =0, LAR " FoR 40y
HEHY 0, DAL PR 26 B 40 B
% A R R E ST SE 61, 8 s, =0 3 — 278
TEFRHLIR ST 5 45 dg HERE AR R T
EFSUE
ify = i,

Ll’li = T4 ey (14)

Iy =0

i =0
K TR “dp”, TR “gp” 73 M F IR e f A bk £
TIEF d B A g Bl R AR “dn”, TR “gn” 435
R ERE AL bR 2N T d Bl g Bl £

M UIA YY) 2R E8 0 HARET , R P =P =
0, BRI T4 D DR 0 2 R340 8 3, b sk 1 5 i
RIFHIMSHEH RN
i =0 uly, (1= K3y = k)]

i]j,: = - q*/[u:dp(l + krzid + k?d)]

(15)
P - -
Lijg = 7 kddlldp - kq(lllr]p
cer CgE -
Lign = _kqultlp + kddllqp
- + - +
;H‘: ':Fl kq(l_ucqn/u cdp k(ld_ucdn/uc(lp

ek, kg HL AP AT 250
MULTC U YR AR E N HARET , 2K ¢00=0.n=
0, B 1 IS L o)) 2 44 2 455450k 3 , e i 1E A
TIPS HE R
fg =P/ Luly, (14 EGy + K3y ]
0y =—q ul, (1= k3 = k)] (16)
e = kaallyy + Koally,
it = kite = kil
i iR = A Hir g b CnT LA, Y
LRI = AR R H bR, BT 0% B RIE P
FEL I O R ), A8 S )RR TG T T S5 A 2 5 4 % B
RAEAE . MU DI o) D258 oy HARAT,
F T B LR B4 T (5 45 67 P L SRS R 0, LA
AR BB B SR AFAE o T LB R 3k =
Pl B AR, SCORE B TE A I 4 42 161 3R 0 43 5]
{45 LU —AH - A D A DL ST )
37



WA AR 2024 5F H 54K F 4

EOEF,F:

W, W W, R = AR R P47 B FMSS iE # 5 97 AME R VSG 45 4]

3 WKW AR R R R W R A

127 VSG 4% 4|
31 EfFERIMER VSG i H BiFK T Em s

MR 25 B9 A0 HT , 76 HL IO HL R S A,
REURY ) R R A R R A R T B £
Gy A2 0, Ml B A R T RS R
I3t e XK VSG AT T -5 R 45 i LA K To Tl —Ha,
JEF Ay 9 AR 0 FIE R S A E,, 455
2RISR SIS 0 0 T d
5 16) dg 43845 B LU IE R 4w A )
TSR 0 = HA R Bl
0, T LA A 7540 Y HL R LE R 4 i (B B N

G- o

A Y NBPUEFE se, e, 433 0 MR IE T o %l
*uq%%%o

HL VR 22 (R HE [ A 1 5 s

1 i
R+(wL)

1
R+(wL)’

K5 VSGHLMET- 2% i A AE

Fig.5 VSG current balance reference value calculation block diagram

S AR B AR, ) R
L B IE P AU 2> 225 (H 1 S % (X 2
MMC H I A T 2R, 15 3] d—g BERE A bR &
A IE R AR E R IR A, R T S K
PR, e 245 2 MMC iy 1 = AR . Bidd A
it SN FL U P F s ) T B 0 e AT A ST A
PR O #EAT IE 50 o0 B, RIS T SRy
(reduced order generalized integrator, ROGI) f) $
W7 ¥R AR AR IE 57 73 i o ROGL i Ry PR, 1 ff J32
v, AR D P T 558 P DO PR E IR H F H U TE £
FFR9EI, 5 VSG I+ U1a

B3 B R IE U o i AR R AL IE R
H, R Ok o [ AT L P AL I E L 57 43 1 1Y) d -
q WG AR B 4, 2 Jim A 1k I 2 3 B A 31 VSG 45
il AR E RS, FHE s RS E T
Ao B AL L TP A (B B R AL TR B R A
FI IR RS, T U5 F R AR 2 (HIE N 0,

38

5 BRER E T 507484 19 B e Aebn &R I
H, it d—q/a—b—c A FRAZ IS (B 25 A SPWM
il RS P A B de 2 Y P A, P D A SR M A
B 6 57 . T, 5 AP IE R
J7 HL T R MR, 78 L T o R MR 0,

6 VSG HLI P e il 1
Fig.6  VSG current balance strategy control diagram
32 FERFBERIMER VSGEH AR FE
=l
R H15 S 43 BT, F A0 T 4 ol i o 19 1)
LS A T LA (14) W B LIRS 2 (E A5, i
TE HL ) L FEAS S A7 AR 1 % ik SR 31 i v
MAS LT LLE W, o WA S5k, F k,
E Ja 2 (15) e 7T HL IS5 (H I VSG L
ST B 8 AL Z B AF AR B R B SR
VSG VA4 il 1 5 F1 677 LU A 48 A (8, PR R
M Z 5 B HL AL AR A (B, A0 I R A B R A T
DI 2 A5 S 0 F b o 1 S fL i (5 R
HL U B A OE L BT AR AL 45 A (14) A1t
(15)A[R] H FRE L S (6 0T 45, G DA A
Ty 248550k 2 Ry H BRI, 1E 07 FL A MEAE
SESSva W)
Loy = iy (kG + B2/ = K2y = k)
b= =i (B2 + B2 (1+ B + k)

_ (18)
by = ki = kil
G = —koi + ki)
Ao AR~ AR AMEE i i e
VSG H P-4 il 1Y) TE T d 3l Rn g ildE 4 o
T HL AR A FEMEE O 0, e 445 Bk itk 5
[ VSG HL UL T~ i 45 il i P B0 42 il AE 1T, dn &1 7

AN



EEF,F:

W, ® @, [ = A8 R T4 B FMSS iE 5 @ 5 AME A VSG 35 %)

WA AR 2024 5F H 544 F 4

+[3-
1

7 VSG Bk P R il HE 1]

Fig.7 TImproved inner loop control block diagram of VSG
33 EAFBRIMEER VSGEFI LI REE

=

P TC T 2 2 A8k sl i 5 ik R 3.2 719, 58
#MELLTC D) iR E S BAR W IE UF IS %
1B, PSR R M S 1 H AL, DA st 38 B4 1 o 1)
DR 245 s i H br o BRI AE 51 5 & 7 []
B M 0 TE U R R IR

by = =i (B2 + B2)I(1+ k2, + K2,)

T% =i (ko + ko)1= k3, = k) (19)
b = ki + ki
Z’ljln = kqdiltl: - k(hlil;:
VI 3T d, q SRt VSG 45 i, 78 HL I HL
JE RS-y B 3 i VSGHL T 4 A 2 T
THEUEAE , 51 RS S 8k, Mk, HR
P il 5 AR A TR A3 B [ A9 1E L 0% H 3 EE
A TEBR B B R A 05, B ORI L = A O
i AR MBI YPREE N B, it e
B VSG $5 il , 36T VSG AR B2, Rl A8 IR 5
e, ELAE H D B R AN A R S B, TR
Yl FMSS 1) 2 il B 0 n] SE B R G B, V)
B SEBR I o [F BRI RS B, ROGTAS
KAFENE A5 B8 k=k =0, B Bk )5 1)
VSG & il AL 8 VSG ¥ il — B, A5 FMSS (1)
E# TAE,

4 Ay AIhiE

AT B UESE T MMC (1 DU 3 11 FMSS 1F 77
HL JE A2 B VSG 45 il 78 5 AN - v I 1) ) 42
5 | 3 3 Matlab/Simulink - 5 35 2 7 PO 3 1
FMSS A, Hoi MMC, 2R FH 8 B L e 458 1l
MMC, 2k H % Tp % PQ ¥ 1l , MMC, >R FH VSG A< {&
i, MMC, K e VSG il . FMSS H2 A HL 7Y

N E A E 8 s, BARE HSECh  ELRN HL
20 kV, HL B R 10 KV, TR 4, F AL B
25 10 mF, HPEF FEE 7 mL, HPREF L FH 0.1 Q.

SE L FE )

L L

'EEE|  I==s

I | + !

[ [ 1 !
@-|—GD—#/—}%E‘ LU :—/#—GD—|-®
e : : -+ : S FR G2

| EEE.) L858

|‘ _____ o1 |' _____ hl

'EEE| | | /EEq]

| |

I%EEE —l: jj%i

|
FFH | I | R i
| BER LE55

HHVSG HEVSG

i il o 11 s il v 11

8 DU FMSS 5 B i &

Fig.8 Four-terminal FMSS simulation diagram

4.1 ERFEFMER VSG = H B i T ERIE

P T 4 ) B0 TE 25 SR AN BT 9 o o LR
R BE N 1.5 s, Hodr 0~0.5 s Bsf [a] py , H 9 He,
B, REEAZ RN 50.5 s JT-4h v 0 AL T 3=
MRS . B 9b i MMC, A 2% JH VSG i
P B B I 1 9¢ S MMC, 2R T ek VSG
P LRI, v LB S HB R 2 FMSS #2 A
P = A AN S A7 %) Fi, R s A SR FE 0 4 o Y
MMC, 3ty 1, HL3E I A B 2 A IR AR | — A - i
TR ; et 1Y VSG 4 ] BEAE 78 L R AS -y
B, A R0 GRAIE T U — AP, F I A R R L
P AR 5 S PR R AN TR A E I A A
T A DY ITC Y P E BT W 2 A5
3l LI 9d F1IE] 9e ; 45 v 11 L JA0 HL R B 2L AR
FE,FMSS 1IE# TAE,
4.2 EfFHEFMER VSGIEH AT EERIE

35 A Ty oy 22 % 2 5 BLEE B AN 10 BOR o
D5 B B 3 s,0~1 s BFHL W IE F 3847, 1 s Bif 1
PR D L = AN AT LR O R 2 F) 2 5,2~3 s
FHL O R K &2 16 . &l 10b S FMSS ¥ 11 3 2R
BRI VSG il i DRI | B 10¢ A FMSS % H 4
K FHECHE VSG 2 il 0 i T A T 2 3% B s
o TLUE SR HIMESE VSG 45 il 78 LR —HHAS
SRS, FMSS 43 123 H R EH S 19 2 453545 T )
R By ek VSG FE ) R T T A T Rk
Bl RS AR TR T ST A B, A )
DR R R e LT 8.

B 1145 T 30 D 2B st A Y2 %
KA AT B B R HE K 2 5,0~0.5 s

39



WA AR 2024 5F H 54K F 4

EOEF, A WM W E AR F B FMSS IE 5 P i AME A VSG 2 4

Il
0.4 0.45 0.5 0.55 0.6 0.65 0.7
tls

(b)MMC,H HLV S GF il

1 1 1 1 1
0.4 0.45 0.5 0.55 0.6 0.65 0.7
tls

(c)MMC BV S G il

L5F ‘ , , ‘ .
! MW«MW
2 0.5 1
< ok ]
-0.5f
-1 1 1 1 1
0 0.3 0.6 0.9 1.2 L5
tls
<10 ()Y Dy Apf i )
X
1
0.5

QOlvar
|
=4
o =}
[ T

-1 1 1 1 1

0 03 0.6 0.9 1.2 L5
tls
\ (e)TE T Ty A1 Wi 5
(x10")
2.1
2.05F
>
= 2
)
1.95
1 1 1 1
% 03 0.6 0.9 1.2 L5

tls
(f)FMS STl it

B9 FMSS i T s i 7 L4 4

Fig.9 Simulation results of balanced current control of FMSS
I, HL P = A4, 0.5~1 s IF, HL S = AH AR SE 4
1~2 s 5 L O L R &2 DE &, 76 0.8 s [ D 0%
MTAE 8 MW 431 22 22 5] 6 MW F1 10 MW -
Feal A, B AT DUE el VSG #Eil
FEA A Dy Ty 238 2 A5 050 20 1 [ BsF, e A 8t R

BRI (A, FMSS 1A T 2 38 0 A B BR S
40

_2 1 1 1 1 1
0 0.5 1 1.5 2 2.5 3
tls
(b)MMC, #LV S GH il
(x10°)
15
10 v‘ . A
= !
£ 5
0
_5 1 1 1 1 1
0 0.5 1 1.5 2 25 3
tls
(c)MMC 2 #E:V S G il

110 FMSS il A5 Dy % s B4 5%

Fig.10 Simulation results of FMSS for suppressing active power

(x107) y
1[\ A
z
Q ok
-1 05 I s 2
tls
()i il Syl shint 45 D Tt s
(x107) ‘ ' '
1 bvf————v——\
ny
=z
Iy oL
_1 1 1 1
0 0.5 1 1.5 2

tls
(b il A5 b Sl A DI FEAR
P i D sl D3 s iy AR
Fig.11  Simulation results of power change when

suppressing active power fluctuations

FERs R R R, RN R SRR RRE o
43 FHFERIMER VSG 24 T Th F &1
v if T8 T oy 22 B LA R 12 s .
Di E A A 1s,0~0.4 s W HL M IE 3 1517,0.4 s
FF o6 0 B R = A AN A B, 0.8~1 s LR
WA, IR N | Mvar, [ 12b 1 12¢
4390 R FMSS & HIL VSG 4 il it 11 ATt VSG il
Ui 1o BRI VSG il v 117 Fi 0 L AS S st G
Doy s A B 1 2 R4 I8 2l 5 etk I 1 VSG
BRI RELETC I IR E G EWIE 1 Mvar 24 6



EEF,E. MR AR AR FMSS E 5 i AME A VSG 45 4) W AAES 202455 F54% FH4H
(x10")
i 5 4t

0.3 0.35 0.4 0.45 0.5 0.55 0.6
t/s

()WL = AP Al

(x107)
15
s ]
S 0.5 1
OwW#M»~wwmwwmeWf
-0.5F 1
1 : : : :
0 0.2 0.4 0.6 0.8 1.0
tls
(b)MMC,H LV S G il
(x107)
1.5
. 1
<
Z 05
Q 0 W e
-0.5F
_1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
tls
(c)MMC B itV S GH il

Bl12 FMSS H JE 5 255 s i Fess
Fig.12  Simulation results of FMSS for suppressing

reactive power fluctuations

EI13 25 T I JC D) DSk s, I o %
RAEBIRIG B AR P AR 15,0~04 5
i, B X = AH A, 0.4~0.8 s I, B TR = A AN 46
0.8~1 s iy H PR 52 T °H6, 7E 0.6 s I 1528 i 1 i 114
FTC I3 M2 (6 1 Mvar 9 K3 1.5 Mvar
F10.5 Mvar F - FEFRIG B 45, AalGlA D) oR
W B BAE R, BUH B VSG s F fig S i B
BETC I I R 45 A, 92 B FMSS 3 WS 1Y G 3

S S
LT
(x10°%)
20 j (x10°) " j
E
15F "AMMMW/W
12
§ 10 1.0
&) 50 -85 0.55 0.6 0.6 0.7 |
S
_5 ! I I I
0 0.2 0.4 0.6 0.8 1.0
s )
, ()i JC Sy sk JE T I v
(x10°)
20 =10
15 16
1.4
= 12
S 101 1.0
Z 0.
S sl 03 0.55 0.6 0.65 07
ﬂ NN
0 T VT
_5 1 I I I
0 0.2 0.4 0.6 0.8 1.0

tls
(b)H il JE Ty i Bh B TE Ty AR
P13 S JE Ty sl il 2l 38 s ) T2 S
Fig.13  Simulation results of power change when

suppressing reactive power fluctuations

AR T ST L L AN A, SR 2otk
BIF K IE G LA A VSG F3i o F%F H Y
F, TR AN - 1] fiE S 850 FMSS B i HL R A S o)
RANTC L) Ty 28 2 A5 W 3 S 8, 1T d L g
BTG TE 977 R AMEE L VSG i, B AE 2 Sk 2
FEL U — RSP AT D ) A8 FTC ) D A X
=AHFR. 58 it Matlab - 65 5650 BT 42 56 g
(A SO AR H DA 458

1) 51 AIE B B AME 5 1 VSG $8 il 1T XF
W TR 0 | B 1 N N TR 1
A DT S AN TC T DR sh = Fp H AR

2) BARGIA T IE T HL A (B TR s
VSG AR v 1 71, FMSS HK R RE 1% I 2 A o
FNTC ) Ty 2 0 A8 A AR w1z ) FE o 4 Rk 2
(OB

S 30k

(1] XVR, 2858 A0 1B, 45 T () 7 B4 W O SR GE L T L 178

Ui g HE AU [ A T TA IR (D], B R, 2023,47(1) 2 1-
15.
LIU Zhaoxun, QIN Liang, YANG Shiqi, et al. Review on virtual
synchronous generator control technology of power electronic
converter in power system based on new energY[J].Power Sys-
tem Technology, 2023 ,47(1):1-15.

(2] AR, 22520 VREZF R REIC 0L 19 32 P TR 5T BUAR e K

JEFEHT] LR 2020, 44(12) : 4664-4676.
QI Qi, JIANG Qirong, XU Yanping. Research status and deve-
lopment prospect of flexible interconnection for smart distribu-
tion networks[J]. Power System Technology, 2020, 44 (12) :
4664-4676.

(31 XA, 22N, B, 45 i 1wl o s R R FE I ) F ) R

TR e R Bk SR SRS AT S ). 0 RGP S
il,2017,45(2) :85-93.
LIU Haijun, LI Gang, WANG Zhikai, et al. Research on medi-
um and high-voltage smart distribution gird oriented power
electronic transformer modeling and control strategies|J]. Power
System Protection and Control 2017 ,45(2) :85-93.

(4] BRZEFE R RERC L A AR MRS N D ik ). T &
Gilrd 5, 2019,47(16) : 136-142.

WU Yitong. Distributed topology identification and application
method of smart distribution network[J]. Power System Protec-
tion and Control,2019,47(16):136-142.

[5] WK FEOW L EOnR S Sim At 2RI s T
SARERIADL T E R T, 2021,54(11):97-103.

ZENG Yonghao, FAN Xinming, PENG Yuanquan, et al. Three
terminal flexible multi state switch operation control and dem-

41



WA 202445 H54% Fam TEF %,

W, W W, R = AR R P47 B FMSS iE # 5 97 AME R VSG 45 4]

6]

(7]

(91

[10]

onstration application[J]. Electric Power, 2021, 54 (11) : 97—
103.

X, R ARIRAR , 45 . BT M 2R TSI Y A1 X
LIS AN BOR DR, H i 55 {3, 2022, 59(7) - 1-8.

LIU Yujie, YUAN Xufeng, ZOU Xiaosong, et al. Review of dis-
tributed power supply dissipation technology based on soft
open point[J]. Electrical Measurement & Instrumentation,2022,
59(7):1-8.

R R T R IRA S T RS T RIR A
HL o A kA RS S R O vk (D). B 0 B S A Bk, 2021,
45(8):60-67.

YUAN Yubo,ZHANG Chenyu, YUAN Xiaodong, et al. Energy
management strategy and control method for hybrid distribution
network based on flexible multi-state switches[J]. Automation of
Electric Power System,2021 ,45(8):60-67.

KOUTSOOUKIS N C, SIAGKAS D O, GEORGILAKIS P S, et
al. Online reconfiguration of active distribution networks for
maximum integration of distributed generation[J]. IEEE Tran-
sactions on Automation Science and Engineering,2017,14(2):
437-448.

FRUL L ZEAY FERER L AF R R GO BRI CEAR K
U1 R RGE A I1E,2022,46(4) : 1-14.

WANG Chengshan, JI Jie, J1 Haoran, et al. Technology and ap-
plication of soft open point[J]. Automation of Electric Power Sys-
tem,2022,46(4): 1-14.

I R0 5, T 0 B SR TR
AT R UIH BRI R 548058, 2020,57(11) 1 1-8.
ZHANG Guorong, ZHU Yiming, PENG Bo, et al. Switching
technology of different operating modes based on three-port
flexible multi-state switch[J]. Electrical Measurement and In-

strumentation ,2020,57(11) : 1-8.

(L1 /N DR, B UAR , 45 . XU i ) R ek P 7]

[12]

[13]

FE RS ARV B RN T AR 41, 2021, 41(2) : 461-475.
XIE Xiaorong, HE Jingbo, MAO Hangyin, et al. New issues and
classification of power system stability with high shares of re-
newables and power electronics[]J]. Proceedings of the CSEE,
2021,41(2) :461-475.

TREC. ALy R GE) IR R P i ) BEALEE 55 B 55 A2 0.
HL 7 A 3k 4, 2020,40(9) : 3-9.

XU Zheng. The physical mechanism and research approach of
generalized synchronous stability in power systems|J]. Electric
Power Automation Equipment,2020,40(9) :3-9.

PRI i AR [ 2 AL e 0 e o T i ) = DR AR B D). e
JrH AR 2020, 14(2) :1-9.

XU Zheng. Three technical challenges faced by power grids

42

with high proportion of non synchronous machine sources|J].
Southern Power System Technology, 2020, 14(2) : 1-9.

[14] Jii ¥ 7% . &5 L 0B RE IR L ) 2 90 iy PR IR B A Uit % ) D B
P SRR IDL TN - BT RS, 2021,

QU Zisen. Synchronizing stability analysis and control technolo-
gy of voltage source converters in power system with high pene-
tration renewables[D].Hangzhou : Zhejiang University,2021.

[15] W IE, #bfAE T Lk A A AR ) kg 00 1] 20 2 it LA IR A L

JEHERNL R RS A 1k, 2017,41(10):37-43,81.
ZENG Zheng, SHAO Weihua. Inertia and damping identifica-
tion of virtual synchronous generator based on linearization
model[J]. Automation of Electric Power System,2017,41(10) :
37-43,81.

[16] AR}, Sk, 0, A5 | =3 5 1 22 1 U i r Y R U ] 2
R H AL A ) SR W K A I I e R N R D). A i R
2018,39(3):233-239.
70U Dan, Al Xin, WANG Ao, et al. Virtual synchronous genera-
tor control strategy of three terminal back-to-back voltage
source converter based HVDC and its application in distribu-
tion network[J]. Power Generation Technology, 2018, 39 (3) :
233-239.

[17] #RE LRI M-S A E I RG] T E AL TR
1#,2017,37(2) :336-349.

ZHONG Qingchang. Virtual synchronous machines and autono-
mous power systems|J]. Proceedings of the CSEE,2017,37(2):
336-349.

[18] KT, B H T, LW, 55— R I T R LR L UL 35 S
ARG A I 5 104, 2019,56(19) : 107-113.
ZHANG Chenyu, MIAO Huiyu, SHI Mingming, et al. A back-
to-back system control strategy based on virtual synchronous
generator|J|.Electrical Measurement and Instrumentation, 2019,
56(19):107-113.

[19] XVEAS B fl 22 Wi P i a1 SCR S 23 6 8 R O HY

WEFEID]. B R LARCR 27, 2020.

LIU Zhijie. Generalized steady-state analysis model of modular

multilevel converters and its application research[D]. Jinan:

Shandong University, 2020.

Wi, K5 BT L AT HL I AT G 1o O R 42 o

SEMELI]. H T AR, 2020,513(3) :28-32,36.

YANG Zhen, LIU Baoquan, WEI Qing. Micro-gird connection

[20

—_

control strategy under unbalanced weak gird[J]. Electric Engi-

neering,2020,513(3) :28-32,36.

Wk H 1 . 2023-07-16
ek H 9 2023-12-04





