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ZH 4 S ZH 4 e
H(VSG&SG)  0.02 pu. || Pa(VSG&SG) 0.6 pu.
o,(VSG&SG)  314.15 rad/s || £.(VSG&SG) 50 Hz
D,(VSG&SG) 04 T,(VSG&SG) 0.02 s
K.(VSG&SG) 300 T,(VSG&SG)  0.001 s
K(VSG&SG) 0.001 T(VSG&SG) 0.1s
To(VSG&SG)  72575s || To(VSG&SG)  1.4x107%s
X,(VSG&SG) 21017 pu. || X,4(VSG&SG)  0.9931 pu.
X,(VSG&SG) 21017 pu. || X,,(VSG&SG)  0.9931 pu.
R.(VSG&SG)  0.0025 pu. || K,(VSG) 1.675

K.(VSG) 10 w,(VSG&SG) 0.8 pu.
Uu(VSG&SG) 12 pu. L(VSG) 0.8702 p.u.

(VSG) 0.0346 pu. || C(VSGRSG)  0.0454 pu.

L(VSG&SG)  0.0667 pu. || r(VSG&SG)  1.7746 p.u.
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Table 2 Parameters at steady-state operating point

S84 SHUH SHA ZHH
Aw 0 5, —0.797 8 rad
E, 0.595 p.u. E, 0.741 p.u.
I 0.322 p.u. 1, 0.588 p.u.
U,y 0.402 p.u. U, 1.127 p.u.
L 0.342 p.u. 1, 0.536 p.u.
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Table 3 Eigenvalues of system

FEAEAR B FEAEAR EAEIEN
Iy 0 Ao —475-j2229
X -379-j0.0267| Ao —475+j2229
A5 -3.79+j0.0267| A, ~4007
A -0.925 An ~2996-j3905
As -126 A ~2996+(3905
Ao -19.3-j32.6 X -4198-j7341
A -19.3+j32.6 Ais ~4198+j7341
As ~1793 Ao -69553
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Table 4 Participation factor

&L ) Az As Ay As As As As Ag Ao A An A Ay Ais A
[3) 0 0 0 0  0.001 0 0  0.240 0.109 0.109 0 0.010 0.010 0.2800 0.2800 0.002
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0> 0 0 0 1.001 0.003 0.001 0.001 0 0 0 0 0 0 0 0 0
U 0 0 0 0 0.112 0441 0.441 0 0 0 0 0 0 0 0 0
E; 0 0 0 0 0  0.001 0.001 0 0 0 0998 0 0 0 0 0
[ 0 0 0 0 1223 0.113 0.113 0 0 0  0.002 0 0 0 0 0
E, 0 0 0 0 0 0 0 0.002 0.001 0.001 0  0.002 0.002 0.0002 0.0002 0.996
E, 0 0 0 0 0346 0.673 0.673 0.001 0 0 0 0 0 0 0 0
@4 0 0.5 0.5 0 0 0 0 0002 O 0 0 0 0 0 0 0
@, 0 0.5 0.5 0  0.001 0 0 0 0 0 0 0 0 0 0 0
lig 0 0 0 0 0 0 0 0.783 0.261 0.261 0 0169 0.169 0.0160 0.0160 O
i 0 0 0 0 0 0 0 0.125 0.382 0.382 0 0.072 0.072 0.0160 0.0160 O
Uod 0 0 0 0 0 0 0  0.267 0.048 0.048 0 0481 0481 0.1040 0.1040 O
Uoq 0 0 0 0 0 0 0 0394 0.152 0.152 0 0412 0412 0.1330 0.1330 O
lod 0 0 0 0 0 0 0 0339 0.029 0.029 0 0136 0.136 0.1650 0.1650 O
i, 0 0 0 0 0 0 0 0176 0.018 0.018 0 0.077 0.077 03160 0.3160 0.002
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Fig.4 Trajectory of eigenvalues when H increases
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Small signal modeling for virtual synchronous generator consistent with

synchronous generator and analysis
CHEN Xin,ZHANG Changhua, HUANG Qi, YANG Wenlong,CHEN Shuheng,LIU Qunying
(School of Energy Science and Engineering, University of Electronic Science and Technology of China,
Chengdu 611731, China)

Abstract: An improved VSG(Virtual Synchronous Generator) model is presented through modeling of virtual
exciter,governor,and electromagnetic transient simulation unit. A Pl internal-loop controller is designed for
inverter terminal voltage d- and ¢-axis elements,which ensures that the proposed improved VSG can provide
an equivalent dynamic response as SG(Synchronous Generator). A small-signal model of a single VSG machine
infinite-bus system is developed,and then the system eigenvalues and participation factors are calculated.
Effects of the inertia time constants and the excitation system parameters on VSG small-signal stability are
analyzed. The analyzed conclusion coincides with the correlative theories of SG. Influences of the PI
controller parameters and the line parameters on VSG small-signal stability are also analyzed. Simulative
results based on MATLAB/Simulink verify the effectiveness of the proposed method.
Key words: virtual synchronous generator; consistency; small-signal stability; electric inverters; eigenvalue;

participation factor



