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Abstract: [ Objective ] The

introduction of  virtual

synchronous  control ~ complicates the  sub-synchronous
oscillation between double-fed induction generator ( DFIG )
and line compensation devices. To address this issue, a sub-
synchronous oscillation suppression strategy based on model
predictive control ( MPC) for a virtual synchronous DFIG
grid-connected system is proposed. [Method ] First, the
second-order expressions of virtual inertia and damping were
derived from the virtual synchronous generator ( VSG )
impedance model, and the impact of parameter variations on
sub-synchronous oscillations in the grid-connected system was
investigated ~ from  the  perspective  of  impedance
characteristics. Second, using a three-phase two-level voltage
equation with switching functions, the prediction functions of
active and reactive power output from the converter were
derived. A direct power predictive inner-loop control based on
MPC was established to achieve optimal control with minimum
power fluctuation. Finally, the MPC _VSG control strategy
was analyzed using the frequency sweep method. [Results]
The proposed MPC _ VSG control strategy was verified by
hardware-in-loop experiment based on RT-LAB . The results
demonstrated that, under different series compensation levels
and wind speeds, the MPC_VSG control strategy can suppress
sub-synchronous oscillations within 0.5 seconds, and exhibits

strong robustness. [ Conclusion] The MPC _ VSG control
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strategy designed in this paper selects the optimal switching
state by targeting minimal power fluctuations, achieving the
subsynchronous oscillation effective suppression.

double-fed  induction virtual
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Fig.1 Structure diagram of DFIG
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Fig.2 Voltage-type VSG control block diagram
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As the " Dual Carbon" strategic goals continue
to advance, the proportion of renewable energy such
as wind power in the power system is steadily
centralized wind power

double-fed

induction generators ( DFIGs) , are often located in

increasing. Large-scale

generation bases, represented by
remote areas, requiring series capacitor compensation
on long-distance transmission lines to reduce energy

the

introduction of virtual synchronous control, aimed at

losses  during  transmission. However,
addressing the issues of low inertia and weak
damping in wind power systems, complicates the
sub-synchronous oscillation between the DFIG and
the series compensation devices. Therefore, a new
control strategy is urgently needed to suppress sub-
the
connection of DFIG through virtual synchronous

generator ( VSG).
In this paper, based on the VSG controller, an

synchronous  oscillations  caused by grid

improved virtual synchronous machine control

strategy based on model predictive control ( MPC)
was proposed to  suppress sub-synchronous
oscillations caused by the grid connection of DFIG
through VSG. First, a frequency sweep analysis was
conducted on the traditional VSG, revealing that

resonance points appeared on both sides of the

S8

fundamental frequency, affecting system stability.
Then, based on the converter voltage equation, a
power MPC strategy was designed to improve the

VSG,
performed ,

and a frequency sweep analysis

the

strategy could eliminate resonance points. Finally, a

was

showing that improved  control

hardware-in-the-loop test was designed based on the
RT-LAB the
effectiveness of the proposed MPC _ VSG control

experimental  platform to  verify

strategy in suppressing sub-synchronous oscillations.

The experimental results are shown in Fig.1.

Fig.1 Suppression effects of different control strategies

The experimental results show that the MPC _
VSG control strategy can effectively suppress sub-

synchronous  oscillations and  exhibits  strong

robustness under various conditions, such as

different wind speeds and series compensation levels.

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



