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Fig.1 Topological structure diagram of two VSG models

1 v R 40L R 2 PMSG 3 W & 42 11 PMSG 3 i3
LU LA RN R (P-o,) M i £ 5 R L] A5
BEHIES ARG CR R R R EE AR
JEAFPEFN P-co H5VE 5 HL IR G H . R A3 8 25 3 i
DAL 16 20 B, 51 S B F R A3 3y, b
PMSG % 31 25 Ak 5 f5e 27 A8 Ak NG 3o P-oo FEPE
iy £ 0T P Ty 3 38 B Bl . O 8L R 25 PMISG -1
G0 WU S R A R UL R 20 4 ) R s AR i L
TnA 2% , SR SRy RS I e AR I L 2 1 e A FR
U5 By Ay PRAEL LI L R R B A% 48 VSG I M) R G fsi 1Y
s M AZ BIRR G . ate— 2D X R S
PR ] A G O 2R L 75 57 PMSG IR i 5
AV IR] AL 4 il A A AR
1.2 PMSG.HU A 8842 il R B M R R A= R
1.2.1 PMSG # #AEA
PMSG PS5 14 FEL 0 FEE R DG 25 R FH A2 I T
EXBHAT I 254 23k, % g 1 8k e ik X0k
(f)%’j%=usd—rsisd+a),_lwisq
1, di,

w,, di
Kreiya, 30 E R d g il or a1, L, 530
R TR d g A B 5 o, UL AL AR 0 23 1)
HEME 5wy w, 730 E FHUEI d g o s r D E
HLBH 5 @, Ry e T3

K FH B 5T He B R 1 PMSG 5% FiB 8 T FE R

TWCE";:O‘ST’: :)RCS” + b, (2)

Ao T, R RHLIE PRI (] 5 555 p 28 S HE s R WAL
BU 242 5 € o IGRE R Z 880 0 S KU T, W AL
B RE A s o, N IAHLBUE e
1.2.2 AUM 3R 35 42 ) 0 2 AL R

7 RE AL R 2 PMSG Jf- 9 22 48 v, AL 48 378 4 719
P H bR R 4 B Bk 2 L R AR RN S B, 1 WA
FE ] o O EERL ZE ML I g 4 i a3 A4S
PR AR 1, X R RS TR ¢
dr

U T Uy

de

do—[]_ ok .
dt =l ly

(1)

U, T L ol i~ 0P,

(3)

do, .. .
de T

Ko Mo, o, 7358 B R d g Bl H
TR Hh RR A AR o ML 7 4 178 45 ol HE 1] 4 ]
2R .
1.2.3  Hia b g ey 3 g AR

Z R RS A FEE IS, B0 257 K LA 25
5 i) 25 495 v Ak T AT RN AN | 28 A i T SR 3% B




5 8 A

RSO, 45 - 25 SR i P B4 i A0 1) 20 KRB M 5 B S5 F E P (5]

2 AL 25 B FR I AE

Fig.2 Control block diagram of rotor-side converter
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Fig.3 Block diagram of active power control of virtual

synchronous PMSG grid-connected system
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Fig.4 Comparison of simulative results between

nonlinear model and linear model
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Small-signal modeling and stability analysis of virtual synchronous
PMSG considering source characteristics
CHU Wencong',LIU Jingli*, LI Yonggang', LIU Huazhi',LI Degqi'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China;
2. State Grid Weifang Power Supply Company, Weifang 261000, China)

Abstract: The model of traditional grid-tied VSG(Virtual Synchronous Generator) treats the DC side as an
ideal DC voltage source, which is difficult to match the distributed power sources with complex dynamic
characteristics,,such as wind power and photovoltaics. In order to accurately characterize the dynamic perfor-
mance of the VSG whose source is the direct-driven wind turbine,a refined small-signal model of the gird-
tied virtual synchronous PMSG (Permanent Magnet Synchronous Generator) is established firstly. On this
basis, combined with the parametric root locus and the dominant state variables, the influence of model
parameters on stability is analyzed. Then,the eigenvalues obtained from the grid-tied model of the traditional
VSG and the virtual synchronous PMSG are comparatively analyzed,and an error measurement index based
on the difference of eigenvalues’ moving locus is proposed for the coincident eigenvalues. The results
show that the traditional grid-tied VSG model cannot cover the dominant eigenvalues related to the charac-
teristics of the direct-driven wind turbine, thus the stability analysis will be inaccurate when the inertia of
wind turbine does not maich,the frequency drops or the line impedance changes. Finally,a simulation model
for the grid-tied virtual synchronous PMSG system is built, which further verifies the accuracy of the pro-
posed model and the accuracy of the conclusions.

Key words: virtual synchronous generator;virtual synchronous PMSG ;small-signal model; participation factor;

stability analysis
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T,Udc A1y A,=—1.63419.92 Vpilg J15=-484.34 L10=-484.34
A3» A=-1.7140.70 _ _ 111=-500
Ba/sg,sgpll,wr (56(,59,59,3”,0),) = 3.53 (65\/59,6(913") Vpll,d A16=-500
Tq As=-5.00 Qm 17=-1002.81 112=-100 2.80
Od A6=—5.00 Vo,diVo,q A1gy A19=—1269.18+ H3,m4=—1269.21 +
j4328.32 j4328.36
86, i3 Bhsg Ar» Ag=—5.42427.58 1o, 15= ~5.42427 .54 Vo,:Vod A2y An=-1457.48%  pus,ine=—1457.49+
4506.27 j4506.21
A Ao=-11.25 lu4=*11.25 icv,dyicv,q A2y Apg=2 253.59+ ‘u17,/.l13=*2 253.56+
j209.5 j209.63
7 A10=-11.26 us=-11.27 Sansy Jas=—2629.11 11=—2 629.11
&g M1 Ap=—19.714H244.83 6= —19.724244.84 isq Jas=—4 530.84
o A13=-50.60 15=-50.60 isg Za=—4 535.00
P 214=-50.84 1=—50.84
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Fig.G1 Coordination diagram of T,, and T, in Model 1
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Table H1 Parameter variation range

24 Y S = 2 S RHIERR
w4 [0.9,1] 001 19828  Apaoper~ Auspao
ry [0.01,1] 0.01 2.54 T2
Iy [0.2,1] 0.01 1.38 T 2R
ry [0.1] 0.01 o267 T 8 2 5
Iy [0.2,1] 0.01  0.2186 T B 25
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Fig.H1 Trajectory of non-coincident eigenvalues of two
models when @y changes
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Fig.H2 Participation factor curve of 4, and 1, when
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Fig.H3 Trajectory of non-coincident eigenvalues of two
models when common parameters change
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Fig.H4 Participation factor curve of non-coincident
eigenvalues of two models when ry increases
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changes
1.0 1
o 05| A< 2 06
1.0? LA
g 100 —=
o9 0.99
1240 1240
2, 1200 —L———«/
>
1160 g—5 11605
t/s
(a) A8k
ARG BB KL - P 5 2

[

[ 1003}
1 ooozm

> /Y
2 oo h
31200

p=]

4 8
t/s
(b %1k
— —fEGVSGIH LY

E 13 EHIEI TR R BRI

Fig.13 Simulative waveforms when virtual impedance

changes

2.6



	202208002.pdf
	附录

