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Influence of PLL control on sub-synchronous oscillation stability of
grid-connected PMSG :control parameter safety region
REN Bixing',DU Wenjuan*, WANG Haifeng’, LI Haifeng’,ZHAO Jingbo',SUN Rong',HUANG Qiang'
(1. State Grid Jiangsu Electric Power Company Limited Research Institute,Nanjing 211103, China;
2. College of Electrical Engineering,Sichuan University, Chengdu 610065, China;
3. State Grid Jiangsu Electric Power Company Limited, Nanjing 210024, China)
Abstract: The impact of PLL(Phase Locked Loop) control on the sub-synchronous oscillation stability for
grid-connected PMSG (Permanent Magnet Synchronous wind Generator) from the perspective of control para-
meter safety region is studied. Based on the established dynamic interconnection model of the general system,
the parameter safety region of PLL is calculated using the eigenvalue method. It is found that a series of
“peak points” appeared in the parameter safety region that are mainly due to strong dynamic interactions
between the PLL and VSC(Voltage Source Converter) caused by modal resonance. This conclusion drawn
from mode analysis is verified by nonlinear simulations. Moreover,from the new perspective of control para-
meter safety region for PLL,the instability mechanism of sub-synchronous oscillations of grid-connected PMSG
is investigated in detail. The impacts of system parameters and VSC control parameters on the sub-synchronous
oscillation characteristics of wind power grid-connected system are discussed.
Key words: phase locked loops; PMSG;sub-synchronous oscillation; control parameter safety region;eigenvalue

analysis method
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Fig.Al Phase tracking of voltage by PLL
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Fig.A2 Dynamic interconnected linearized model of power system
*k Al AFEHEBESH
Table Al Rated line parameters of system

2k i B/ p.u. fidi/p.u.
Linel 0.001 0.01
Line2 0.06 0.6
Line3 0.01 0.1

& A2PMSG FES %
Table A2 Main parameters of PMSG

P H1E
Cg /p.u. 001
Vico P-U. L0

X /p.u. 01

Kp vde=0.1,K; v4c=150
Ki_Q: 100, Ki_v:5
Kp7|q=0.01, Ki7|q=20

Ve (P F461)
QIV I (P1 421H1)
1o 3 40(P1 7% 41)

% A3 BIEITITT VSC FAR % BiriER
Table A3 Target oscillation mode of VSC sub-system

VSC £ FHEAR
BRI Ve X -7.219+j119.98
ToL QIV B, -1.794+j25.973
I HILL 1 A0 -13.767+j248.94

T AR d-g HIBEIAIR, ASCALELIE DRI 1o fE A7 B3 %

* AL BUEERPI S
Table A4 PI parameters of each “peak point”

PI $2 il & WA AL A WA i B IEAH 11 C
K, pi 0.0193 0.0232 0.1364
Kion 23 44 208
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Table A5 Pl parameters(nonlinear simulation)

2 7(a) & 7(b) &l 7(c)
s K oy 0.015 0.018 0.12
fa Ky o 0.03 0.055 02
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Fig.A3 Impact of system parameters on parameter safety region of PLL
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Table A6 Distribution of modes in complex plane

i Case A Case B Case C Case D
Ve -7.21+j119 -7.36+j119 -17.5+j118 -27.7+j116
Iq -1.79+j25.9 -3.17+j25.2 -6.65+j26.9 -10.1+j25.3

Qv -13.7+j248 -27.5+j247 -39.3+j246 -51.2+j244

7. Case A—Case D "R VL RIS A3,
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