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Fig.1 Structure diagram of single-machine

infinite-bus system connected with VSG
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R1 SGHARE.VSGHAEUREITHELER
Table 1 Calculative results when output of SG is

constant and output of VSG changes

Py Py, BUBERRE Pt

0.5 0.1 0.0025 -1.3062+j8.6694
0.5 0.2 0.0374 -1.3076+j8.6597
0.5 03 0.1053 -1.3090+j8.648 1
0.5 0.4 0.1472 -1.3104+j8.6344
0.5 0.5 0.1862 -1.3119+j8.6189
0.5 0.6 0.2460 -1.3114+j8.6014
0.5 0.7 0.0477 -1.3149+/8.5821
0.5 0.8 0.0096 -1.3164+i8.5609
0.5 0.9 0.0020 -1.3179+j8.5378

*2 VSGHARE.SGHATUMEITESESR
Table 2 Calculative results when output of VSG

is constant and output of SG changes

Py Py, BHJEHHEREL RTL S

0.2 0.1 0.0054 —-1.2528+j8.3640
0.2 0.2 0.0123 -1.2615+j8.4008
0.2 0.3 0.0201 -1.2757+j8.4430
0.2 0.4 0.0286 —1.2943+j8.495 1
0.2 0.5 0.0374 -1.3164+j8.5609
0.2 0.6 0.0457 -1.3406+8.6438
0.2 0.7 0.0527 —-1.3655+j8.7463
0.2 0.8 0.0576 -1.3896+j8.8701

R3 VSGHMSCHENERFHATHBITHEER
Table 3 Calculative results when total power of

VSG and SG remains constant

P Py BURHERE teiat
0.2 0.8 0.0576 -1.3896+j8.8701
0.3 0.7 0.1304 -1.3626+j8.7790
0.4 0.6 0.1623 -1.3363+j8.6959
0.5 0.5 0.1862 -1.3119+8.6189
0.6 0.4 0.2320 -1.2903+j8.5455
0.7 0.3 0.1195 -1.2726+j8.4730
0.8 0.2 0.0305 -1.2595+j8.3984
0.9 0.1 0.0064 —-1.2518+8.3184
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Fig.2 System response curves
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Table 4 Related results of system oscillation modes

B FHIE{E WG /He  PHEH
1 -1.40765+j8.31448 1.32329 0.16690
2 -2.87338+j1.67046 0.26580 0.86452

DA E RGNS ERNS SN UL
JIi7s o RPIRIE AP 206, RS TE N, 15
SG AR L IR R B

x5 BEASE5RTHIHTELER
Table 5 Calculative results of participation

factors for each modes

B JofE R i L s /()
. SG ® 1.000 0
G B 0.991 176.19
5 VSG o, 1.000 0
VSG 3, 0.642 160.80
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Table 6 Calculative results when output of SG is

constant and output of VSG changes

Py, / MW Py / MW PR
300 109 ~1.407 65+j8.31448
300 98 ~1.40633+j8.31849
300 85.7 ~1.40566+j8.31928
300 75.1 -1.40532+j8.31980
300 63.1 ~1.40501+j8.32031
300 35 -1.404425+j8.32135

x7 VSGHARESGHATHXHMFESER
Table 7 Calculative results when output of VSG

is constant and output of SG changes

Py / MW Py, / MW Pt
109 50 -1.39942+j8.33382
109 100 ~1.40107+j8.33226
109 150 -1.40278+j8.32983
109 200 ~1.40455+j8.326 52
109 250 ~1.40638+j8.32233
109 300 ~1.40827+i8.31726

®8 VSGHMSGHIBINERBAZTHHELER
Table 8 Calculative results when total power of

VSG and SG remains constant

Py, / MW Py / MW R
191 109 -1.402230+;8.327 180
214.3 85.7 —-1.402367+j8.327 440
225 75 -1.402400+j8.327 090
237 63 -1.402530+j8.326 580
265 35 -1.403020+;8.325023
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Damping torque analysis of virtual synchronous generator
connected to power system
MA Yanfeng',ZHENG Liwen',HUO Yaxin',LIN Zijian*,ZHAO Shugiang'
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University , Baoding 071003, China;
2. Foshan Power Supply Bureau of China Southern Power Grid Corporation,Foshan 528000, China)
Abstract: Aiming at the AC system interconnected with voltage source inverter controlled by VSG (Virtual
Synchronous Generator) , the linearized model of single-machine infinite-bus system with VSG is established
to analyze the influence of VSG-controlled renewable energy access on the low-frequency oscillation of power
system. The damping torque analysis method is used to reveal the influence mechanism of VSG access on
the electromechanical oscillation mode of power system, and DIgSILENT / PowerFactory simulation software
is used to verify the simulation. The results show that VSG changes the overall system damping by provi-
ding damping torque to the electromechanical oscillation ring of synchronous generator in the system, thus
affecting the oscillation stability of the power system.

Key words: VSG;single-machine infinite-bus system;low-frequency oscillation;modal analysis;damping torque
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