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Fig.5 Calculative results of two modals
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Small disturbance oscillation stability analysis of permanent magnet
synchronous generator wind farm under weak grid in
DC voltage timescale based on matrix trace
LIU Kequan',LIU Wenfei’,LIU Chun',HAO Ruhai*,CHEN Shibin’, GAO Zhen’, WANG Yang’
(1. State Grid Gansu Electric Power Company,Lanzhou 730070, China;

2. State Grid Gansu Electric Power Research Institute,Lanzhou 730070, China;

3. School of Electric Engineering,Sichuan University,Chengdu 610065, China)
Abstract: The strong interaction between PLL (Phase-Locked Loop) and DC voltage loop brings safety ha-
zard to the stable operation of grid-connected permanent magnet synchronous generator wind farm under
weak grid. In previous researches,the modal analysis method based on detailed simulation cases is mainly
used to study the stability law of the wind farm system induced by PLL or DC voltage loop under weak
grid, while the internal mechanism of stability law obtained by this method cannot be revealed. For that,
the reduced order model considering the dynamics of DC voltage loop and PLL is built,and the mathematic
expression of matrix trace is deduced. The small disturbance stability law of the permanent magnet synchro-
nous generator wind farm under weak grid in DC voltage time scale is revealed theoretically. Analysis results
show that under the condition of the control parameters for wind turbine are fixed,when the system opera-
ting parameters such as the line reactance,the reactive power output of wind farm or the number of wind
turbine increase, the matrix trace moves toward the positive direction, which shows that when considering
the dynamic influence of PLL, the damping of at least one mode for the permanent magnet synchronous
generator wind farm system dominated by DC voltage loop dynamic is weakened.
Key words: permanent magnet synchronous generator;weak grid;phase locked loops;DC voltage loop dynamic;

matrix trace
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Table B1 Modal calculative results with variation of Qg

Qo

PLL #5{

Vdc *ﬁiﬁ

Ti(Ap)

0.03
0.05
0.07
0.09

-2.38+{83.95
-2.46+{81.30
-3.65+{77.24
-7.02+{75.44

-0.81+j69.39
-0.67+{71.00
0.58+j73.97
4.01+74.61

-6.38
-6.26
-6.14
-6.02
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Fig.B1 Non-linear simulative results(Q=0.5,Q,=0.7)
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Table B2 Modal calculative results with variation of N

N

PLL #3(

Ve ﬁi\:

Ti(An)

7
10
13
16

-2.43+{84.40
-2.46+{81.30
-4.10+{75.85
-8.25+j72.75

-0.82+{70.13
-0.67+j71.00
1.10+j73.41
5.44+72.37

-6.50
-6.26
-6.00
-5.62
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