F42% Folf
2022 F 6 B

Vol.42 No.6
Jun. 2022

® 2 & % wE &

Electric Power Automation Equipment

M VSC R 5 P et i) — 2V 4 it ¥ 7 br

B, E=F N, AR ATHEFE
(1. b A RF HLRLHALBRELLRT, T 1022065
2. B LA ARG E  Hd ki 410007)

WE. R KA G LA EMRFEGFME ERBERE(VSC) RGN FER D EAERE, BF 4 &7k
FIRt@AT 23 A — KB ARG, A, L0EMER ST ERZRE., GAELTHMVSC AL M
WREZ MR o T ZEAG IR REZER LU DR FRGHn, BRSO T dibE R
KBRS IZ R A ETAR T HENGZwm, LKL TH W VSC & %2 B d 4w 7k | R = & ik
R, BRI A RBERFOENEE AR, BT ZWBAERGOTERBDETHEEN 24K
HIFFARIES ., RGBT HEBENRAAERALATHRG ZARBG BN, TAEMNHEREN R HAE
A RMREGZREREGE ARG 096 T54

KGR HOA R R WARRRG TS A
hE5SES:TM 46

0 3l

U — ) 00 22 A0 A R g v 2 A IO P R R
kR T AL ) R GRS AT 7 SRS AR
P AR g R T2k ) R IR S B BT AR A R A
I A T B SR AR R R R AR T R B R G
RASIES R T 23 )2 R TE

FL T L R 7 AR IR R A 4R 3 1] o3
TR Pk G A SR 4R Ul A R .
AR Z RN T R HENRE: , B R 40
s S BB TR / B R PR G T R TR
Je 278 g A, 51k B — B A 1 A R JR AR
G M ARAE VIR IR 51 % / 25 D] B R
GUTTEAS B  HED, IR R/ &
5 BIR G I B T R BRI S5 A LR D) R
PRI 57 3 AL 53 BT S5 S8 A LA B PR M A AR 2 R D146 1
i R Gk R AR LB IS 24~ D7 T

TETT B BRI AR A DR 1Y (4R35 1L 3 B
SRS TS T , ST SCIHR 32 2R A A R B 23 e
s i PP AL P DA TR R G sh A r R,
FLA SE AR A A R AR L DI 3R 1Y, A
TRE FIF 0 A7 B4 28 GEAE AU N D g e e R 8™, 1
I RO RS, 40 SCHRL9 12 Hh R A5 5Bl
PO (LSIM) B AL & LA 2» i BOR IR EL I 3 T R 4¢
BB AR, DR B A AR LR DI IR A5 2L LSIM
R LA ) 28 GE4iR 5 1 It 5 SCRR [ 10 ]38 T4 34 o

s B 3 :2021-09-05; f& @ B #7:2022-01-21

TEZk AR B #:2022-03-25

E€TIR:E £ F 5 AL X3 B (2017YFB0902000 ,
2017YFB0902004)

Project supported by the National Key Research and Develop-
ment Program of China(2017YFB0902000,2017YFB0902004 )

[

XHEARERG: A

DOI:10.16081/j.epae.202203021

BRGSO R 5 2w K TE VR i (PWM) g
RS, FE 7 B R VR 2% (VSC) Y LSIM,, it B 1T Ak
LMV K / S5 YRR 3 BT = A 45
2B TR 1l 2 17 80 5 SCRgk [ 11 )0 Sk [ 12 ] 439 2% 1
T B IR R AL R e PR R R R O PR R ER Y, ST T
FL AR LR LR R IR ERAY (4% PR, Tl X A
Zs Hi 4 i P T 2 G O AR E L R LG /NI Sh AR AR A
356 pRELRE RS B LA T T R SRR IR AE S5 40 %

FE BRI A5 AR R 1 D4 01 i B R Ge i 5 AR R
AALERAIETE D7 T, 32 B2 BN 24N J T A [ A s —
FEH BRI / VIAE 530 R G0 2 - o5, 1 Bl
NS RFRECE B SRR, i SCER (13 10 T AR
AT R G )4 2 IR o R SR S I R G R
MRV RISk [ 14 ] 358 T4 % 28 19 1 LT £
(VPA) R 438 7 RT3 F i A i BRI S B0 2
Rt IR ol o BIR R 5 B0 U4 AR U )2 35 )
FOU, QSR [ 15-16 136 TR 6 W 20 22 BRI A sk )5 2
WF5E T K 2 5 5 U] 3 BOR W] 25 IR L4, SCHiR
(17 ]85 TR VSC R G 12 B s, 4307 1
Tt BIR e 5 4 ) e R 91 3% R 42, U I H SR JR 1)
Wit RGFEAE A A Al o IR AE IR 1 A rp Rl s
LR S E (U IR 2 1R B IR IR E 55 ) S ER S bR
il — e b, W n] 2 B8 3 2 e BT
YR B BEA R TR R SR GRS SR
AR ECA AR A ) R R SORE R , X T LR R G
IR B A5 A FRdE— 25T

AR SCHET H RS I8 B BRI (B B R B 4 B 2R
G TR AT . e EESL T S IR ER (RN
IR T LI S A B A5 4 ) R 1 IR I VSC ] AR s
AU HWR G BB I B R B B £ 3, F 9 T
TERHJE T (1 H gtk 2 BR IR AR 5| & 19 U148 B4R 35 H1L



5 6 A

RS, 45 96 I VSC ZRSCIE ML I — VIR 15 407 ®

o TR BZZE VI B IR 57 1 DAL R X T e
A AT B BB B0 B B B R 58 (MROS) LA I B
A GRH e R A P PR R 48 (PROS) o fi
JE I8 T PROS 5 A 48 v iR 3 77 A Tt A B9 SG Tk
P IR TARA B T Bk 20 B AE AR 2 BRI 2R 1 %)
RGIRG B

1 FHMVSC ZZ &R

JE W VSC ZR G H MR B 45 45 4 DL 5% A &
Al eIt a4 BN 46 D 25 R D0 A48 378 25 , A SCHs
LA 465 3 8 25 28 Ay 1 g 25 7 48, DO O 480 . e 42 Tl 245
P A 5 B L R A IR | H I PN B B AR B
PRI 115 25 JE XS R G R 5 80 ) s AR Wil i R 1Y d
MRS, . 28 PWM AT, ATIA K i
HLE S (055 T 90 PR

FRYARAS 25 0] 7 A2 (5 W B Y bR 2 (8D 1Y
S RRNT . BRI TN

pUy=wy (P, ~u,i,~u,,)(CU,) (1)
K p AT E A U, EH B ;0,227 f, 7 fA
FILAEA, £ B COH E L2 P, AT,
R 510, e, B, i, 43 10 T G 28 1R o
AL i1 d gyt . B H RSN I R
RS PME S S EE, & IR (PO A i d
L RSB i g, B RIS R 50 T A
px=Uy = Uy
Lot =K (U= Uy )+ K 0 (2)
Arf: K FK, 5351 L L e A0 BR Lo A6 32 B AR 3
BB U, N U IS A 50 B SR A AT BT 7R IR
VSCHERIA b py b AS & & g MBS HE .,
EAE, IR N IR R IR S PR E S S, &
PLIR TS FAMAIUS i th L R 2 5l . 2208 d g Sl
A8 G A 4 10 H A 58 SCRB 3, B B e, e, R AR
AR R, SR FAH TR0 F N B L R BCK AR &R
K, IR NI TT R
pu, =K, (gt =14 )+Kp<tp(idref_ i)
pul]:Ki('(iqre‘_iq )+Kpcp(iqmc_i,,) (3)

RGP AFAE 2 D AR &R — B IR d' g A h
F,H & E 0 T d ST S, HLDLBIUA R
AR T s —JE L LR dg A s &, H: d 3l
SE 18] T o Bl e P HL s w,,, HL DA TR 2D 100038 o, TR
R 2R R IO R AP 1R o R d il d
BRI A . BAHPR R TR

pp=wyw

pra)=Kpppuw+Kipuw (4)
R =,y KK, 5814 BUHTFR H 19 5 KO
B 28, 0 o WO T LR 11 LT
AR PAHIR ' g s R G RS HEOCRUNT -

— BIAIERAARAR, oo B R AR RS R
Bl 2irRTEE

Fig.l1 Schematic diagram of coordinate system

(5)

AP U, LI R R R 5w v, 209000 g il L R0
B R A AL IR ' e RS AR . R AR
BAHPR d'q bR 2T B LA o0 AN

u,—u,=Lipi, /o, - wapulq

{uédz U,cos ¢

I — -
u,,=—U,sin ¢

u,~u,=Lpi,loy+Lw,i,

u,—u,=L,piJoy—Lo,i, (6)
u,~u,=Lpi/o,+Lw,i,
A Lok 3 (B S R R L, O 2 B I TR A
o H LT IR AR R . R 3K (1) —(6) AT AR I
VSC RGeS IRAE B (0.0 ot i, U, )8
B T AR Y | 2% A48 B A 53 J7 R LB S B 0 (B1) o

2 IMERRERSHEMS

FFIM VSC 28 58 P s A 5 1 rb o IO T e
Ve JIRE(E D o 20 0 T R B , nl 15
] HARE PRI A % B 2 (B2) s . M VSC &
GES RN % C 3 C1 TR, R GRS ORI (]
Wk sk CR C2 PR, 3 2RI, REEA 41F
7 A5 A Apga s Fo 2 Ay R GERE IBAT 855 Ay —
Apou N E A — D IE SRR A AR E B fE R, h
Xib 7 AR 58 28 (R (oo, 2,) AT T, RIS VSC A i i 2
R, FERGEARAEFRE BT,

FaE BT TP 55 A, BT VSC R 48 E A
B AFPRG I, SR T B9PR G 2 S BRIk
G B A K SRR G S 58 S0k 1 AT
3 NN 1 o ST N X R R SR AN O
Uig

F1 FEE A, THM VSC REH 4 FiRFER

Table 1 Four kinds of oscillation modes of grid-
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Table 2 Influence of parameter variations on

oscillation modes
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Table 3 Critical values of parameters for grid-connected

VSC system when switched oscillation occurs
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Analysis on category of switched oscillation for grid-connected
VSC system with positive damping
XUE Ancheng', WANG Yuntao',QIAO Dengke', WANG Yongjie',FU Xiaoyu'”
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;
2. State Grid Hunan Electric Power Maintenance Corporation,Changsha 410007, China)
Abstract: The grid-connected VSC(Voltage Source Converter) with positive damping characteristics still has
the risk of oscillation instability after suffering large disturbance, that is,a category of switched oscillation
will be caused when the current reaches its limitation. Therefore, combined with the reduced-order model,
the oscillation reasons are analyzed. Firstly,the simplified state-space model of grid-connected VSC system
is established, and its small disturbance characteristics and the influence of model parameters on its small
disturbance characteristics are analyzed. Secondly,the influence of the d-axis current reaching limitation on
the dynamics of the system under positive damping is analyzed, and it is found that switched oscillation
occurs under large disturbance when the d-axis current reaches its limitation. Thirdly, from the prospective
of the reduced-order system obtained when the current reaches its limitation, it is revealed that the
switched oscillation is caused by the negative damping oscillation in the physical reduced-order system.
Finally,the relevance of oscillation reason between the physical reduced-order system and the original system
is discussed,and it can be inferred that the negative damping oscillation occurred in the physical reduced-
order system is a necessary condition for the switched oscillation occurred in the original system.

Key words:electric converters;limitation ;switched oscillation ;non-smooth bifurcation
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Table C1 Parameters of grid-connected VSC system
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Table C2 Equilibrium points and eigenvalues of grid-connected VSC system
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	202206012
	附录

