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Low-frequency oscillation characteristic analysis of grid-connected
VSG-PMSG via MMC-HVDC system
LI Yonggang, CHU Wencong, LIU Huazhi
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China)

Abstract: The virtual synchronous generator of permanent magnet synchronous generator(VSG-PMSG) is in-
terconnected with the modular multilevel converter based high voltage direct current(MMC-HVDC) through
the power synchronization loop,and there will be a risk of low-frequency oscillation. Considering the inner
dynamic process of the MMC-HVDC and the rotor-side converter and grid-side converter of direct-drive
wind turbine, the small-signal model of grid-connected VSG-PMSG via MMC-HVDC system is firstly estab-
lished, and its accuracy is verified by the refined electromagnetic transient simulation. Then, using the root
locus method, by analyzing the influence of wind power fluctuation and AC system strength variation on
the stability of the interconnected system,a parameter tuning method for VSG-PMSG with power variation is
designed. The results show that due to the power outer loop and the voltage loop of MMC-HVDC sending-
end rectifier, the interconnected system has low-frequency oscillation during the process of wind farm out-
put power increasing and AC system strength decreasing. By adjusting the controller parameters of the
phase locked loop,the VSG active power loop and the voltage loop of MMC-HVDC sending-end rectifier,
and changing the form of VSG damping loop, the oscillation can be suppressed and the stable operation
can be achieved.

Key words: VSG-PMSG; modular multilevel converter; low-frequency oscillation; eigenvalue analysis; phase

locked loops;damping loop
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Table B1 State variables and its physical meanings of

MMC-HVDC
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Table B2 State variables and its physical meanings of
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Table B4 Parameters of MMC-HVDC

wind farm
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Table B3 Parameters of single VSG-PMSG
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Fig.B1 \Verification of dynamic characteristic of key
variables at wind farm side
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Fig.B2 Verification of dynamic characteristic of key
variables at MMC-HVDC side
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Fig.B3 Loci of eigenvalues of  system during active
power(wind speed) changing
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Fig.D1 Control block diagram of VSG with changed
damping loop
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Fig.D2 Simulative waveforms of active power after
changing damping loop
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