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Adaptive Virtual Access Point Planning and Control Strategy of VSC Under Weak Network Connection
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Abstract: Voltage source converter(VSC) connected to weak AC power grid has the risk of small disturbance
instability. Under the traditional control strategy, VSC has to reduce output power to maintain stable operation. In
order to improve the stability of the weak grid connected VSC system, first established a universal analysis model
for revealing the stability mechanism of weak grid connected VSC based on the AC voltage outer loop, and
revealed the influence of the coupling characteristics among the phaselocked loop (PLL) and the VSC outer loop
control on system stability. On this basis, a parameter adaptive control strategy for virtual parallel point was
proposed. The detailed switch model of VSC in the PSCAD/EMTDC environment verifies the effectiveness of the
proposed control method.
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Fig.1  VSC grid-connected topology and vector control system
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Fig.2 Rotation coordinate system and PLL dynamics

d—q, D-Q WA AR 2 F B HL AU B G R AN

TR
X cosf,, sinf || x,
I:xj:[—sinﬂpn cosﬂplj[xj (5)
FUH o T RN AE U AR ST I HL R B R
X R LBR R G, LCL U8 % 45 (10 8 % L 2%
FEH /N, BRI AT AN T B HOX VSC i Hh L I 1 52
Wi, BIIAK =1, #5455 2005), iR (1) RR K

d—qZ % T AL 2, N s -
PR R
AE, AV, Ai -Ai,

RARE
AV, AV, Ai Ai,

Hrp
AV, | [-V,sind,
[AVJ ) |: Vcosb, }AG"“ (®)
K (2) 2 (3) s i VSC N AR R 16l 1
AAEATE 253 A PR
{Aid,_cf =G,(s)(AP, — AP) (9)
Ai,. =G, (s)(AV,, - AV)
{AEd = AV, + G,(s)(Ai,, — Ai,) + oL Ai, (10)
AE, = AV, + G,(s)(Ai,, - Ai,) - oLAi,
FH &1 2 AT 15 PLL 228510 F AR
AG, = —%cﬁ(s AV, (11)

FF G~ A1), nl 13559 VSC 19/
A ENE TR L AN P 3a T/

AT BT SCIRES 1, 55 52U i W 2616, 6
ZhAm &b B R I 52 U v T 4% 1 B VSC LR 6 )
Th AR il I A PE B SR T AT SR U5
AR S5 B 4 ] 5 >R R TG e, DA 0 SR [15] 7
T DM AR S AR E P AT AR, i
WO IREEFE o I, AN SO T AU L AR T PR
HEAL T — M EA R R 55 9 M VSC AR E
PEPLE A, An P 3b F s .

T (6) 2 (10) AT 5 N B LI S 7% (H 2

VSC i B A% 1% R G, (s ), IR TR
58

AP,\,,l lAP

[

BIBIR | Al [T TR
(AS) 7 rp%ﬂb AE, Eﬁ? A6,
SERILIE | et HE0 AR, (405 PLL
BLIR(AS) (A8) A3) (A7)

(
AV.M.T TAV AV AV, &

()33 I MV SCR G/ M SR

G,(s) }—>{ G(s) |T>( G (5) |—><§—A N
[G© ] [ G ]

A

A '/ret

[G.() =] G,(5)

(0)3 I IV S C R G sE M HLIR S A 20

K3 591 VSC e M4 M A

Fig.3  Stability analysis model of weak grid tied VSC

AL”} [Aiz [} sk, +k, {Aiz f:|
G dre! o dre
|:ALW o(s) Aijl L+ sk, + kLA (12)

) AXODRAK(T), w15

oLV sinf,G,(s) sL.V ,sinf,G,(s)
AV, T V,cos8,G,(s) v 1+ V,c080,G,(s) Ai,
{AVJ l wl, sL., LL}J

1+ 7V, c080,G,(s) 1+ V,cos0,6,(s)

(13)

VSC AN AR AP, AV, AT T F 20k TS
{AP = Voli, + V,Ai, +i,AV, +1i,AV, (14)

AV, = cosb,AV,, — sinf, AV,

tg

B (13)RA(14), 7775

il s Pl P S

Gm,(s) ALW
Horp
iuoVosing G, (s) + i,
Gpu(s)=V, +sLi, — oL, 0" 50 pllo 7o 0
1+ VSOCOSGI,“OGB(S)
iuoVosind G, (s) + i
Gp,(s)=V,o+ oLi, +sL, MY oGg 0

1+ V080,06, (s)
L.V ,sinf ,G,(s)
1+ Vycos0,,G,(s)
sL.V 4sinf ,,G, (s (s)
1+ V,c080,,,G,(s)

Gv’ld(s ) =sL, -

qu (s)=oL, +

(16)

RS UE A SRR Y I, 25T R

X SEFR VSCH- P R GE A AH S50, 78 PSCAD flf B

TR E T o fm P ARG R 1% 55 9 VSC i

TEA LRGSO AR ()7 LB g HLR S 40
F 1R

BT ERIFERG, 3wl T AR AL

it LR B BR B X6 EL B UE . Rl 4a TR, FE 1=0.5 s



Brh, 5 BB A AF T VSC Ry B 5 8 B IR JF M E AL 5 45 4 ek

WA AR 20245F H 544 F2

®1 FERZESH

Tab.1 Parameters of simulation system

Eriesi] BAA SRR ZHUH
VSCHEYIF P, 30 MW
e HE S L V, CARUE) 35kV
FMEZHL N

LRAR £, 50 Hz
A DI PLEEL ke 0.2/4
B RG SCHIEIN R PLSR & \/k, 0.2/8
28 PLLIF T PTBH k 5 k,y 4120
HUIR N PR PLB L K, /K, 10/100
TFIIA S, 10 kHz

%Xgﬁ LCLIEW RSB L, /C/L, 11.7 mH/1 wF/0.6 mH

SRR 1,

ASHININE S % P, 0.8 (hr 48 B K % 0.85
(bR X AH) , FIAE =3 s IR ] 0.8 (B L {H) , AT AL
55 3 W VSC R M LB 4 Hr A 0 5 S A5 1Y)
PRSI — E4b 4 T SR Ry
BRART LS5 76 1=0.5 s S IES H V, B 1
(bR ZAH) B BR 28 0.95 (bR L {1 , FHAE 1=3 s BB ER
] 1 (hp ZAH) , B AL e 45 SR — 3%, iRy B
SEOLIGUE T AT FpsE R T 1 IE A M

130 mH

T
0.85F !
) : i
N |
120.80 '
< N RUEHE {
(N i L !
|
I ,
0.75; 1 5 L . !
t/s
(OGEIPIESTES
T T
I
@100 {5 LR
X
1% |
S095) | !
| FasE |
] :
0.905————5—— . !
tls
(b)) RSN

K4 8597 VSCRAEME /AT R i 45 2
Fig.4 Validation results of weak grid-connected

VSC stability analysis model

2 355t M VSC A& MEALIE 4547

BEF LB R, Gy (s) L Gy (s) L Gy (s) 2
Gy, ()P TER 2  3R WI42 5 B 4 (R4 1 R
Bro 0 A, B AV PG BRECH Hs) T IR 5
F I PR A% 3 pREICER 43 H G, (s) FIH () BRI 4 18 o
B 5 45 1 T RR S T F s B R, F 1A% 326 pR 2L
1Y Bode &l . Hor SCREUE M 1.2, 1.5, 2 BF REH
FasE . SCR=1 I KFa T,

10' 10°
B/ (rad-s™")
5 A RSREE R Bode 5]
Fig.5 Bode diagram under different grid strengths

mE s UL, SCR A 1,1.5,1.7, 21, JT &5
BRI Y A A 43 ) 29 2R 1607, 1107, -100°, =90° .
I3 SCR=1 B R G MRS/ MAN RS0, Ktk -
R 4 T UL AR IE S5 AR 67 4 B 43 51 R - =207,
70°,80°,90° , 3 3R HH Bt 5 HL DO 52 5 955 L H ()
PR RE S i I R B A A W R, 2 R G SCR AR
B AR BRIV T 0, RGER TR

I T A B A BT () AR B R T 55 O
VSC RGREEM M o 350 PR RIAA R RS &
) A B2 S5 AP s ) R g e 7 SR B A A ST ) B
T RUFEE DAY o 17T ) R 42 ) A8 4 g 3 S8 32 %) 4K 4l A1)
EEHIFRA R TE . PLL A IR 38 i HL HE Ah
I st =

PLL 1) A1 A% 326 pR AR

Guels) =)
- &+ kpp”s + kip”
AU YPRFASFRR T AR
P=V,+V,i, (18)
LM AR RS R T RN
V,=V,+oLi, (19)

F BN EE KT BN s AT Y AR
I, R V=V, 3R T AT AR S D RSN M A8
T H, s 7 1 A P 3 PR N 1] 6a K] 6b BT,

)1

HHer 2R s i F R .

_ VsdGP(S)Gn(S)
TN B T N
X,G,(s)G,(s
Gv;c(s)_ : (+)Culs) (21)

1+ X,6,(5)6,(s)
16, (5), 6, () 4N B AT Ty S FE AR 3R
{19 PR 356 PR

(b)ZC L FL M1 45 [l it
K6 SMIRPAERE i EL

Fig.6  Closed loop transfer function of outer loop

59



WA 20245 F 54K F24

Bl 5 BB IF M AT VSCHY B 3 B E WUJF M S ML 5 45 ) ek

$ T AR (17) (K (20) KX (21) , w5
AHINE A FE AT .
201g(1G,. (jw)l) = -3 dB (22)
K G (LR G, (5),6, (5)TG, (5),
BT R iR Mk BT A TR T
AN GE 0, =15 Hz, 38T LR AR 98 0, =10 Hz
B, ANTA] PLL A 56 2544 H(s) i) Bode [£]

I AE/dB

10 10°
B/ (rad-s™)
Bl7  PLLARSEAZALIN H(s) Y Bode [£]
Fig.7 Bode diagram of H(s) when PLL bandwidth changes

B & 7 7 DL, 2 PLL A 98 w,, 452384 D140 3F
BAS I EL TR AN IR B, H (s) (AR A HE B BH B T )
WIS, R S8 I RRE PR 10235 T I

8 45 Y T 28 It L R AR 3471 98 w, =15 Ha,
PLL %8 w,,,=10 Hz B}, AN [6] 45 Dy S 37k 58 251
T, H(s) ) Bode Kl . HH &I 8 AT UL, Y44 T Ah 3ty
Vi w, %3 PLL B I R AR IR E , H () A IR (AR
JER IR R, I RS R E s B R R, 47
G LR HrT UL, PLL AT DS B 38 i HL RS A
AR AT B A S, RS
JE M AR B S RIS, S B8 0T W VSC R R e
PEEAY . (H A0 A, LA SCHk A5 B 458
YRR GAL T R4 TR B4 3L, dn e
BRI121IT B8 B 19 28 Ui H He e S R AR ) R e s Pk
Yk 55, 1% SCHR O B T A PLL A SE AR T 28 i i
FEANHE B8, DA I REAIR A8 T L R D PR A 75 7

10°

10' 10°
B/ (rad-s™")
K8 A i R TE AR AT H(s) Y Bode £

Fig.8 Bode diagram of H(s) when P outer loop bandwidth changes
3 BiE R A E WA W B AR R

AT B R A T SR T2 B PR B —
60

Jet i e i S B e S Bk I, A VSC R T
R RGBSR . SRR TR, RS
FREPEERTHA B, IR VSC I3 iy Wy 3L 2 RO
PETt o AR 2R i i R R GG vl U
FARARTE VSC IR BB R . NIt , BT He
Frd B Z5E , AR S 2807 1 i S i, 4
P — e ) 2S00 T T ) R UL P 4 o SR
PAPRTH55 3 M VSC REE AR E M. FERAR S B
Tk« 1) 2T 2 Pr I M i SR BB AU I G A
SRR 5 2) MR R AU 100 7 B AR T 24
31 ERFMNABRSERK

S 1, MRS BRI RN HEAUO 19
ORI WA L 1o R TR 9 B B D)
FELIF: D00 ) ) £ 6 ELJERCAY Ly, UL T S Bs  19)
AR SRAE AR 5 RTOR R DL O R A i, A R
7R -

v.] TV, i i
{v} B [V} ) SL“L‘J ) wL“[—i.j (23)

P=Vi,+V,i,

{Vﬂ -V (24)
SV VAR 3 R G g i
o35 SR

FeF 30 (24) 3R H 14 R FLIT I 054 T AT
YR VSC AR IR 1, DA SE BT R T I i fn) 4
il o [FEVFERY, PLL GE B8 B fUF W 5 s R, an R
AR

1

0, = ; [w, - Ge(S)VW] (25)

IS R 0 I A5 V'SC 3 T ] ) 45 0 a2 Sy
Li+Ly, L N AT F R B I
E,=V,+o(L +L)i, +G(s)(i—1i,
{E,, =V, —o(L + L)i, + G (s)(i,. i,
(26)
HTRG)~Z(8) A X HEIIE W 5 L <
T AR AR, A RO N A ik
PO E B R Gt i B (26) h L+L, Y
(ELE T, A 458 1) 5 X st oL T (R AR B o 1
VSC ¥ FHL . E 8 5, #E T 20 PWM B3 (1 78 il
Fb f 3 T 5, 3 B VSC i HE R R RO i i A
(R, RO, R 4000 X s O Al Bl R e 45, 76 S B
TE BRI AR VSC i 1 1) 238 K i i b B B R3S
MEH, PEH e m BFRB A PR
2V6 E
" 30,

(27)

m



Brh, 5 BB A AF T VSC Ry B 5 8 B IR JF M E AL 5 45 4 ek

WA AR 20245F H 544 F2

Kb Uy ET
R PR IEAE It 3 G L RE o £, 38 BR A8 m<1,
PRI AT 3330 10 Y T U, 5544 T B AR i oK VSC
i TR E,, IR R
E,.. =V6U,l/4 (28)
FHET E,, SR 1240 U A0 2 V8 T H 20 51 )
VSC e KALHi P 5
P..=E V(X +X,) (29)
BT Y HT VSC 4 Zh 3 P, RERT 5 S
g P X, 0 R 2
X, =X, - V,V.sinf /P (30)
A0, R LI S AR AT 5 X, R Ly X Y
HL L.
wEENE, B Q)R P, AR
(30) Hr, AT R H E VSC RS PWM 3R 5 A 30 5
JE T B K Xy, ATIE R Xy, T ZEHCX, I JHAE
AT Xy o
3.2 EHSHAIENET
S UL D) A7 B S I R R AR A
I D0 B A2 it H, D) ] 1) 45 A8 L R K A T Ak
TCOKS 5 M 22 3t L R AR R A B o DRI LG AN R 28
it LR MR I i S B A TR R AT R AT AR A T
HL A0 B 1 2 6 A8 45 B R 4230 PLL B0A B A1 BF
DT, (9 1] SR W KT 55 0T I VSC AU T AN 3]
W4T ROR
A A T L AR IR S B0 S R Y
JRUB
1) E ewi e gk P R mg T~ 1Y PLL A
DI AN A it B R AN PR S8 BRI 1R e T
2) FHLRAR Y8 S PR T 000 5 R 4800 0 5, P
AT LI A 3 52 TR G ) Y AR AR
FH AT -
X, ., =o(l, - L) (31)
3) F SR A A2 Tt F R A A% 38 pRER, I3 DTy 58
T HL RSN ER Y PR BN, T 2 A8 Ui L R P A% 328 vR
A 98 0, SR IR B HE R — 3

4 Ay AISE

AR AT 3 T H R R M X R AR B D
VSC 2 IR B 28 Uit 4 i O ) | L R0 4 1, 1
PSCAD fjj BL ¥R 5 T #5 # 19 55 IF W VSC R 42 I
S XA SCHE A [ 3 O AR A0 I
il R ms AT TR B E . 945 T R

DX AR 2 1 VSC 2K B B 32 Ui £k 8% 0T 9 19 9
SRR NN ) PN N
KBRS, i 0 VSC A 2 AT B A8
HLB o SR I A M AR A A, 2 B e D KR
JEAR L W Sl R 28 i R B R S U R K
SR TH R DX R TR A o B R A Al R
T 5 BRI

E SRR REAHAR é

I BER

T I T |l

L ] | e !
VL] AT ] &
Ve

Stk R

A |
G = |

K19 SEhrip 1Y
Fig.9 Actual power grid topology

4.1 AIHERHH FREFARRIE

B 10 45 3 T VSC it TIPR T @ L 58 % i
BRI T, DL R L,=16 mH I, 250 [ & W
B A8 0 s 2 L SR R, VSC A Thoi g i

PR AR L5 2R
1.3 - : .
P:0.9-0.95 P:0.95—1.05 P:1.05—1.1
% 1.1 f '\“u‘.‘-"\,,‘
15 PPN W .| A , - |
oo T T 7k L& 4
st R il ‘
" " |
07y 2.5 5 7.5 10 12.5 15
t/s
(a) VS CHii th A D D335 1
1.1
P:YO_Qﬂ()A()S P:0.95 I'1.()5 I’:l.OS‘J'I.l
a RN
X DN U P (S Y
mélﬂ 24 QY VAT Y \j‘\_'!
= . [ERAnd: 2] !
S e Bt S e “
09 25 5 75 10 125 15
t/s
(b)JF: 19 A H X L
1.6 : : y
s P:0.90.95 i
B i
=} A ’
£ L AF fegee gl AHHYH i
; : = P0.95-1.05 P05 11
0-65 2.5 5 7.5 10 12.5 15
t/s
(c)PL LA i AR A X Fb

P10 A oAk ERRERTHRCRIRTE
Fig.10  Effect of verification of raising VSC

active power output upper limit

F 1 10 AT UL, A& G 45 Tl SR ms T, VSC i i i
U1 H 0.9 (bR L {E) B R 2 0.95 (bR £ (H) I, &
Grkifa. MRS E A 8 N Y KR 805 P A5 4 il
FEME T, VSC By th T3 2 1.05 (Bs L 8D B
RGN RRRE, HE M 1.05 (br L H) BrERE
11 (AR AE) B A R R . Bk o B SR IE
T SE A 35 A UL IF X e A SR T 55

61



WA AR 20245F H 544 2

Bl 5 BB IF M AT VSCHY B 3 B E WUJF M S ML 5 45 ) ek

W VSCA TR dh 1 R A HE T35 R
4.2 B¥BEENERHRRKIE

B 11251 T VSC i i DR T m B SCR H B
AT sl DA SR 280 A & N R k2 FO T )
S R WS B, VSC A Th I R A L R A X L
gER

—
=l

P:1.05—1.1

P:0.95—1.05

P:0.9—0.95

Z A
X
£ /!
5—:0.9 EHSEAE s
g |
1 1 1
07 25 5 75 10 12.5 15
t/s
(a)VSCHiy th A D D Z5% L
1.1
P:fl).‘)**().f)ﬁ P:O.‘)S*"l.OS 2 1.05:'1 1
2 a2
N VA s I 2
l‘\)-::/1.0 \/\/\/\——1 INAGEVANLE \‘A‘\"A\j'l 1 R
= |
. e g .-
0.9 25 5 75 10 125 15
t/s A
(b)FF: I A5 L X L
;\1'6 /1":0.9—»0.95 P:0.951.05 ‘:
) 2 i
. . oA f!_;
Bl mwsrors -y AN e
~ Uy - 1
= A e N 220
O P:1.05—1.1 HiE R
06 25 5 75 10 125 15
t/s
(c)PL LA 1 AH X L

P11 B8R IS0 e O AR R IE

Fig.11  Effect verification of parameter adaptive selection

TR IP R, LR L=16 mH, # A
PEAT S8 A 35 N e B, 8 U H R S0 FR ) TR 2
AT PLL, LA R 11 0] 0L, VSC 2 i D R T 5
F1.05(br L {8 BB RS . 7 A5 R I0IE T
SR AE it HL R AR RS 500 A 3 R e BT, R 4805 1)
SR T R W X TR T 55 97 VSC R g/ Mk B R
TETEE AR
4.3 VSC i OB JERIEH o Z 4 L8E

BI1245H0 T LB K, S BOVSC i HHLUE
b, HET B VSC B PWM R 1k RN, R 46
s, mIE 12IR8EA £ 1S8R, Y
L,=30 mH W}, 5 He m>1, B VSC i i i 32 i
B BE Br W E 0, & VSC IR R R el T
TR Ly AR D2 T, SO R R 58 i R G0
W i R R BN BT = 2 1.05 (bR L {H)
BF gl B AR R e mT DL SR A Y S )
JE HUL I D0 5 4 o) 5 s B2 T 55 91 I VSC /I Bl B
SEVEIF, D625 LT PWM IR I e B BR ), % L, 3%

SRR n - B
62

1.3
—~ L,=30mH '
&=+ . A,
= | !
s L,=16 mH
EOQ*
- P:0.90.95 /I’:OAQSA'IAOS P:1.05 >|_|]
s L I
0'70 2.5 5 7.5 10 12.5 15

t/s
(a) VS Clii i A Dy ol =%t

1.1 T T T
= L,=30 mH L
= NERE
N AN A~ AN VTN |
gﬁl'c Y AL SRS LAR § 1 Le=16mH
N _P0.9-095__P:0.95-+1.05 el
0.9 ! | L
-0 2.5 5 7.5 10 12.5 15
t/s )
(b)JF: P st HL H X L
1.6 T ‘l
o _P:0.90.95 L ma0mE ) '.
! X i
AR AR .
& AT
= Y 1,=16mH
S }_r:0.95-1.05 P:1.05—1.1
. . .
0.6 2.5 5 7.5 10 12.5 15

tls
(c)PL LA A % e

12 VSC ¥ 1 HL R PRI s ZEPE TR IR

Fig.12  Necessity verification of VSC port voltage limiting
5 Zw

BEXT 55 I I VSCAAAE /N SRS 1 Il R, i
T3 BRBRAR A ] A1, AR SCHE 55 91 VSC &
SR E PEDLER 3B, B0 T — Bl il 285 A 3
R AT s i S g, BAR STk an T

1) BT 28 i f R AP HE S N T — s Of:
M VSC R G0 /NMEsh AR E PEHLEERB R 2B 5 A
R 47 M 6 TR [ AR g A R 9 55 91
M VSC i H 5

2) LT @ ST MBI R UEAT T HLEL AT, 25 R 3R
B, A DY) R AN 38 i FL R AR A S PLL =35 1],
AT R B e AR B 3 s, 55 91 VSC IR /NG
Sk TR, SEVSC i TR BREL;

3VEE M T A S AR A R R AL
SO SR ST 55 9 VSC i D BR
B4 R T, IE T % PWM BRG] L BRI AR30E T 38
ARG AR,

Bt ] PR RE IR S A LU B T 2 s O
W& 7E AT FAE BE VR 1 VSC 55 31 M J7 T8 9 1R FHR
bR TEN

e
(1] JA205 BR800, % . AR h R B — (R 1 2

GERHORAFAES]. A [ AL T #2240, 2018, 38(7) - 1893~
1904,2205.



A, M AT VSC 9 8 i m A R WF 5 AR 5 426 R ek

WA AR 20245F H 544 F2

3]

[4]

5]

6]

[11]

ZHOU Xiaoxin, CHEN Shuyong, LU Zongxiang, et al. Techno-
logy features of the new generation power system in ChinalJ].
Proceedings of the CSEE,2018,38(7) : 1893-1904,2205.
BRSO, R IGE A, T 20 . e LT AR I H ) 2R e R TR A Y
IRFEHAEEAL AT, HL A& 3l , 2022, 52(20) : 57-62.

CAI Wenbin, CHENG Xiaolei, NAN Jianan. Assessment and
analysis of adequacy of flexibility resource of power system
with high proportion new energylJ]. Electric Drive, 2022, 52
(20):57-62.

AR, T, T, A TR DG BB RIS £ ik
(7. " L T AR50, 2016,36(1) : 2-17.

LI Xialin, GUO Li, WANG Chengshan, et al. Key technologies
of DC microgrids: an overview[J]. Proceedings of the CSEE,
2016,36(1):2-17.

PRI, Biife o . FL S DAL AT i 28 P R B R ZR AR (T, v e
JEFAR,2007,33(1) : 1-10.

XU Zheng, CHEN Hairong. Review and applications of VSC
HVDCIJ]. High Voltage Engineering,2007,33(1):1-10.
KR AR, F P L IR T P-Q # A L ) VSC-HVDC 7)
TR E MR T 1A% 3),2020,50(8) : 53-58, 64.
ZHANG Zhijun, LI Fan, MENG Qingbo. Research on small sig-
nal stability of VSC-HVDC based on P=Q control mode[J]. Elec-
tric Drive,2020,50(8) : 53-58,,64.

FOE, FESCHH , F R 55 ARAETIRI VSC RGN
BRE e BT B ST ER IR 1. P B AL PL TR 272 41, 2018, 38
(6):1593-1604,1895.

WANG Xubin, DU Wenjuan, WANG Haifeng. Stability analy-

Y

sis of grid-tied VSC systems under weak connection conditions
[J]. Proceedings of the CSEE ,2018,38(6):1593-1604, 1895.
SRATUSC, VT, B BEE . R T X 306 A 4 X 558 e, DO )V g
AP SRR (T, 1A% 30,2021, 51(9) : 43-48.

ZHANG Shuowen, MIAO Hong, ZENG Chengbi. Control strate-
gy for enhancing adaptability of grid connected inverter to weak
power grid[J]. Electric Drive,2021,51(9) :43-48.

TREIMR, AR ORI, AR L S5 HE VSCAE S IR-BU BRI
] NOBE T 1 — /N B AR P B T O vk B S R 43 e ().
HL AR ,2023,47(4) : 1632-1642.

LI Xialin, LI Jiaxin, ZHU Lin, et al. Equivalence analysis of a
class of small-signal stability enhanced methods for weak grid
connected VSCs in“outer-loop & PLL time-scale[J]. Power Sys-
tem Technology,2023,47(4) : 1632-1642.

ZHOU J, GOLE A. VSC transmission limitations imposed by
AC system strength and AC impedance characteristics[CJ/ IET
International Conference on AC & DC Power Transmission
IET,2013:1-5.

ZHOU J Z,DING H,FAN S T, et al. Impact of short-circuit ra-
tio and phase-locked-loop parameters on small-signal behavior
of a VSC-HVDC converter|J]. IEEE Transactions on Power De-
livery,2014,29(5) :2287-2296.

HUANG Yunhui, YUAN Xiaoming, HU Jiabing, et al. Model-
ing of VSC connected to weak grid for stability analysis of DC-
link voltage control[J]. IEEE Journal of Emerging & Selected

[12]

[13]

[15]

[17]

[18]

[20]

[21]

[22]

Topics in Power Electronics, 2017, 3(4):1193-1204.
ARANI M, MOHAMED A. Analysis and performance enhance-
ment of vector-controlled VSC in HVDC link connected to very
weak grids[J]. IEEE Transactions on Power Systems, 2016, 32
(1):684-693.
WEN B, BOROYEVI D, ROLANDO B, et al. Analysis of D-Q
small-signal impedance of grid-tied inverters[J]. IEEE Transac-
tions on Power Electronics,2015,31(1) :675-687.
HUANG Y,ZHAI X, HU J, et al. Modeling and stability analy-
sis of VSC internal voltage in DC-link voltage control timescale
[JI. IEEE Journal of Emerging & Selected Topics in Power
Electronics,2017,3(27) : 1425-1439.
SR, T, SR A VSC A5 L R A PR A
/NS RRE VERT. h E AL TR AR, 2019,39(21) :
1987-1998.
WU Guanglu, WANG Shanshan,ZHOU Xiaoxin, et al. Analy-ti-
cal analysis on the active power control stability of the weak
grids-connected VSC[J]. Proceedings of the CSEE, 2019, 39
(21):1987-1998.
HUANG Yunhui, YUAN Xiaoming, HU Jiabing, et al. Model-
ing of VSC connected to weak grid for stability analysis of DC-
link voltage control[J]. IEEE Journal of Emerging & Selected
Topics in Power Electronics,2017,3(4) : 1193-1204.
T I R AL SRR VSC IR HL ) B R A SR
FRH 5 BELE #2 R EL)]. ALIEEA, 2022, 46(1) 1 185-194.
WANG Shanshan, ZHAO Bing, WU Guanglu, et al. Outer-loop
improved damping control strategy for weak grid-tied VSC de-
vices[J]. Power System Technology,2022,46(1) :185-194.
FIGIE, HE /N A TR T 2 AR RGN L
S EELD. T UL TR 2440, 2016, 36(22) : 6013-6027.
XIN Huanhai, DONG Wei, YUAN Xiaoming, et al. Generalized
short circuit ratio for multi power electronic based devices in-
feed to power systems[J]. Proceedings of the CSEE, 2016, 36
(22):6013-6027.
RITRE AR AR AR S S R Z R T VSC-HVDC
3 O A D7 D0 T I AR T AR 244, 2017, 3 (16)
4577-4590.
WU Guanglu, ZHOU Xiaoxin, LI Yalou, et al. Improved vector
control for VSC-HVDC connected to weak AC grids[J]. Pro-
ceedings of the CSEE,2017,3(16) :4577-4590.
EGEA A, FEKRIASL S, HASSAN F, et al. Advanced vector
control for voltage source converters connected to weak grids
[J]. IEEE Transactions on Power Systems,2015,30(6) : 3072—
3081.
M, TR BT L % VSC-HVDC I HE S 58 R 48 T 1
T BRI A< B 43 O vk 0], o A LT AR A4, 2018,
38(10):2989-2998,3149.
WANG Ye,NING Linru,ZHAO Chengyong, et al. A novel sup-
plementary frequency-based damping control for VSC-HVDC
station connected to a weak AC grid[J]. Proceedings of the
CSEE,2018,38(10):2989-2998,3149.
GUO Chunyi, YANG Shuo, LIU Wei, et al. Small-signal stabili-
63



WA 20245 F 54K F24

Bl 5 BB IF M AT VSCHY B 3 B E WUJF M S ML 5 45 ) ek

ty enhancement approach for VSC-HVDC system under weak

AC grid conditions based on single-input single-output transfer

converters in weak AC grid[J]. Power System Technology,
2016,40(3) :696-703.

function model[J]. IEEE Transactions on Power Delivery, 2021, [25] Tw 2, XI5 . 27 VSC ICEh BN 3RS FEGRE J7 14 137 v qb

36(3):1313-1323. ISR ) AR G A B ikl 2023,35(2) :63-
(23] BUTE, VEdirh, BXEE L 55 . R A 0L e BEL R v 42 A8 2 T HL 74.

150 i MMC /M5 5 A2 8 AR k00, v L TR At

2015,35(15):3794-3802.

YUAN Bin, XU Jianzhong, ZHAO Chengyong, et al. A virtual

WANG Chang’ an, LIU Junyong. DC voltage compensation con-
trol strategy for improving VSC reactive power support capabili-
tylJ]. Proceedings of the CSU-EPSA ,2023,35(2) :63-74.
resistor based control strategy for enhancing the small-signal [26] MFM Arani, ARl Mohamed. Analysis and performance en-
hancement of vector-controlled VSC in HVDC links connected

to very weak grids[J]. IEEE Trans. on Power Syst., 2017, 32
(1):684-693.

stability of MMC integrated in weak AC system|[J]. Proceedings
of the CSEE,2015,35(15) :3794-3802.

[24] T 255 RS , S5, 45 S ACTHL AR T VSC IR D2
il 734 S AL R A, 2016,40(3) :696-703.
YUAN Yijia, ZHAO Chengyong, YUAN Bin, et al. Analysis

Wik H #.2022-10-29
Bk H 91 :2022-11-09

and optimization of reactive power controllers of voltage source

3333333333333 3333IIIIIIIIIIIFIIIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIFD

(E3EF207)
WA AL H A, 2017,41(8) :2695-2702.
HUANG Kai, GUO Yongfang, LI Zhigang. Modeling of power

[14] ZHENG F,XING Y,JIANG J, et al. Influence of different open
circuit voltage tests on state of charge online estimation for lith-
ium-ion batteries[J]. Applied Energy,2016,183:513-525.

[15] AE% . =T B 5080 -5 ) L 3 72 9 8l s DR S A
WFFEID]. b5t JL a3 T K%, 2014,

XIONG Rui. Research on state estimation of electric vehicle

lithium-ion behavior considering hysteresis effect[J]. Power Sys-
tem Technology,2017,41(8) :2695-2702.

[11] WEI Z,ZHAO D, HE H, et al. A noise-tolerant model parame-
terization method for lithium-ion battery management system
[J]. Applied Energy,2020,268:114932.

[12] WEI Z,DONG G,ZHANG X, et al. Noise-immune model iden-

power battery pack based on data model fusion[D]. Beijing: Bei-
jing Institute of Technology,2014.

tification and state-of-charge estimation for lithium-ion battery [16] XING Y,HE W,PECHT M, et al. State of charge estimation of
using bilinear parameterization[J]. IEEE Transactions on Indus-

trial Electronics,2020,68(1):312-323.
[13] MIAO H,CHEN J,MAO L,et al. A novel online model parame-

lithium-ion batteries using the open-circuit voltage at various

ambient temperatures|J]. Applied Energy,2014,113:106-115.

ters identification method with anti-interference characteristics

for lithium-ion batteries|J]. International Journal of Energy Re-

search,2021,45(6):9502-9517.

ek H i :2022-09-23
ks H 9 2022-11-02

64



