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ABSTRACT: Voltage source converter-based high voltage
direct current transmission (VSC-HVDC) has been widely used
in large-scale renewable energy transmission and cross-
regional transmission due to its economic and stability
advantages. However, in recent years, several high-frequency
resonance (HFR) events have occurred in modular multilevel
converter-based HVDC systems at home and abroad. These
events seriously threaten the safe and stable operation of power
systems and restrict the large-scale consumption of renewable
energy. In order to deeply study and solve this new stability
problem of power system, this paper first summarizes some
typical high-frequency resonance events that have occurred at
home and abroad. Then, the research statuses of HFR in terms
of impedance modeling, stability analysis and mitigation
strategy are summarized. Finally, the difficulties and challenges
faced in the current research are pointed out and the future

research directions are prospected.
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Fig.1 A practical multi-terminal VSC-HVDC system
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In recent years, several high-frequency resonance
(HFR) events have occurred in modular multilevel
converter-based high voltage direct current transmission
(MMC-HVDC) systems at home and abroad. These
events seriously threaten the safe and stable operation of
power systems and restrict the large-scale consumption
of renewable energy. HFR is different from the low-
frequency oscillation dominated by electromechanical
coupling in the traditional power system. It is caused by
the interaction between different equipment dominated
by power electronic control. It is a new power system
stability problem in the process of power development.

In order to deeply study and solve this new stability
this paper
summarizes the research status of HFR in the MMC

problem of the new power system,
-HVDC system from three aspects: stability analysis,
impedance modeling and suppression strategy. The
stability analysis methods of HFR in MMC-HVDC
systems can be divided into time-domain analysis
method and frequency-domain analysis method. In
addition, there are some new stability analysis methods,
such as the nonlinear analysis method. However, the
HFR still belongs to the problem of small disturbance
stability at the starting stage, and the linear analysis
method can still be used for mechanism study.

According to the summary of stability analysis
methods, the eigenvalue analysis method in the time
domain and the impedance analysis method in the
frequency domain are still the most common analysis
methods to study HFR at the current stage. Therefore,
the study of the state space model and the small-signal
impedance model are the basis and premise of stability
analysis, and they are also one of the hotspots and
emphases of current research. For an MMC-HVDC
system containing a variety of power electronic devices,
the modeling requirements of the state space model are
high. It is necessary to know the control structure and
parameters of each power electronic device. However,
the equipment manufacturers often refuse to provide the
above information due to intellectual property, so it is

S2

difficult to establish the state space model. In addition,
the increasing number of renewable energy units will
also lead to a significant increase in the dimension of the
model, and even lead to the problem of dimension
disaster. The impedance model can be directly obtained
by measurement. If the internal structure and parameters
of the equipment cannot be obtained, the "black/gray
box" equipment can also be modeled. In addition, the
impedance model can be modeled only in a specific
frequency range as required, which can greatly reduce
the difficulty of modeling. Therefore, the paper mainly
introduces the research status of impedance modeling of
the MMC-HVDC system.

In addition, the mitigation strategies of HFR are
also summarized. The traditional mitigation methods for
MMC-HVDC systems mainly focus on the research of
sub/super-synchronous oscillation. However, the HFR in
the MMC-HVDC system is highly dependent on the
operating conditions, and its resonance frequency can
vary as much as hundreds or even thousands of Hertz,
which makes the existing mitigation methods unable to
solve the problem. In recent years, scholars at home and
abroad have also carried out a lot of research on HFR
mitigation in MMC-HVDC systems, which can be
divided into three aspects: additional damping control,
additional passive filter and harmonic protection strategy.

Finally, the difficulties and challenges faced in the
current research are pointed out and the future research
directions are prospected. As an ac/dc converter, MMC
cannot separate the dynamic characteristics of its ac and
dc ports, so it is urgent to establish a multi-port coupling
impedance model in the high-frequency range. Besides,
in order to study the whole evolution process of HFR, it
is necessary to take into account all kinds of nonlinear
links, so as to establish a more practical nonlinear model.
In addition, considering the high dependence of HFR on
operating conditions, adaptive mitigation methods still
need to be further studied to solve the time-varying HFR
problem.



