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ABSTRACT: In recent years, high-frequency oscillation
(HFO) in flexible HVDC transmission systems has been paid
more and more attention, and several HFO suppression
strategies have been proposed by related scholars. However,
the impact of HFO suppression strategies on the dynamic
performance of the flexible HVDC systems is not yet clear. The
impacts of HFO suppression strategies on the dynamic
performance of the flexible HVDC systems were
comprehensively evaluated in terms of sub-/super-synchronous
stability, dynamic response characteristics and fault ride-
through characteristics; and three typical HFO suppression
strategies were analyzed comparatively. Firstly, the detailed
wideband impedance models of modular multilevel convertor
(MMC) under different HFO suppression strategies were
established, respectively. The impacts of HFO suppression
strategies on the risk of sub-/super-synchronous oscillations of
the flexible HVDC system were analyzed by using the
impedance- based analytical method. Then, the input-output
and disturbance-output transfer functions were built,
respectively, and the influences of HFO suppression strategies
on the dynamic response characteristics of the flexible HVDC
system were analyzed by theory and simulation results. Thirdly,
a theoretical analysis model of the fault AC current peak value

was established by considering the MMC current inner loop
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and the capacitor voltage dynamic, and the impacts of HFO
suppression strategies on the fault transient characteristics of
flexible HVDC systems were analyzed by theory and
simulation. Finally, the influence of parameter interaction of
HFO suppression strategy on the conclusion of single
parameter analysis was discussed. The research results can
provide references for the design of the HFO suppression

strategies in practical flexible HVDC systems.

KEY WORDS: flexible HVDC; modular multilevel converter
(MMC); high-frequency oscillation; sub-/super-synchronous
oscillation; dynamic response characteristics; fault ride-through

characteristics
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Although related scholars have proposed many
effective high-frequency oscillation (HFO) suppression
strategies for the HFO problem of flexible HVDC
systems, the impact of HFO suppression strategies on the
dynamic characteristics of the flexible HVDC systems is
not yet clear. Taking three typical HFO suppression
strategies as examples, this paper comprehensively
evaluates the impact of HFO suppression strategies on
the dynamic characteristics of the flexible HVDC system
from three aspects.

For the first aspect, the wide-band impedance
model of modular multilevel convertor (MMC) and
impedance stability criterion are used to analyze

sub-/super-synchronous stability, as shown in Fig. 1.
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Fig.1 Impedance characteristics of AC grid and MMC station

under different HFO suppression strategies

For the second aspect, the input-output Gi(s) and
disturbance-output G»(s) transfer functions are used to
analyze dynamic response characteristics, as shown in
Fig. 2.

For the third aspect, the theoretical analysis model

of the fault AC current peak value is established to
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Fig.2 Frequency response of Gi(s) and G2(s) under
different HFO suppression strategies

analyze fault ride-through characteristics, as shown in

Fig. 3.
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Fig.3 Simulation verification of
AC fault current peak analysis model
The impacts of parameter changes and interaction
of the HFO suppression strategies on the dynamic
characteristics of the flexible HVDC systems are also
analyzed and discussed to enhance the universality of
conclusions. The research conclusions can provide
references for the design of the HFO suppression

strategies of the flexible HVDC system.



