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Review and Prospect of Inertia and Damping Simulation Technologies of Microgrids
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ABSTRACT: Microgrids have attracted widely attention due
to its high proportion of renewable energy sources, high
proportion of power electronic equipment and its flexible and
controllable  characteristics.  However, microgrids are
characterized by low inertia and weak damping because they
convert energy through power electronic converters and do not
have the inertia support provided by synchronous generators in
traditional power grids. Therefore, the stability problem caused
by the lack of inertia and damping of microgrid system is
particularly prominent. Firstly, the problems caused by the lack
of inertia and damping in microgrids and the interaction
mechanism with frequency stability were described. Then,
various control technologies based on inertia and damping
simulation were summarized, such as virtual synchronous
generator, virtual inertia adaptive control, generalized droop
control and so on. And the research status of frequency stability
and oscillation suppression strategy of AC microgrids and
voltage stability of DC microgrids were summarized
respectively. Finally, the future research and development
direction was prospected from different operating scenarios,

different load types and instability mechanism of microgrids.
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Fig.1 AC and DC hybrid microgrid topology
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Fig. 3 Frequency response time of microgrids
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Fig. 4 Topology of virtual synchronous generator
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With the acceleration of the energy transition
process, the utilization rate of renewable energy sources
is constantly improving. High penetration of renewable
energy plus high penetration of power electronic
equipment(namely, “double high”) is becoming the
inevitable trend of power system development.
Microgrids have significant "double high™ characteristics
and convert energy through power electronic converter,
which do not have the inertia support provided by
synchronous generator in traditional power grid, so they
present the distinct characteristics of low inertia and
weak damping.

Influencing factors such as different power types,
load types and control strategies in microgrid determine
the inertia of the whole system. As shown in Fig. 1, the
influencing factors of system inertia are classified.

Fig.1 Classification of the influencing factors of inertia

Distributed energy sources such as wind power and
photovoltaic in microgrids have replaced traditional
synchronous generators as the main energy source.
However, these distributed generation units do not have
the inertia like traditional synchronous generators and
cannot provide inertia and damping support for the
microgrid system, which will lead to serious problem of
missing inertia and damping.

At the same time, without the support of traditional
synchronous machine, there is almost no power angle
characteristic in microgrids. When the system is
disturbed, the disturbance power cannot be allocated
according to the synchronous power coefficient, and the
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inertia directly participates in the response. As shown in
Fig. 2, it is the frequency response time of microgrids.

Fig. 2 Frequency response time of microgrids

Compared with the traditional power system, the
frequency response time of microgrid is faster and
presents the characteristics of multiple time scales. The
lack of inertia problem of microgrid is particularly
obvious, which will lead to a significant increase in the
frequency change rate of the system.

This paper focuses on the common problems of
inertia.  and damping loss in microgrids, the
characteristics of “low inertia” and “weak damping” are
analyzed, and the problems caused by inertia and
damping loss in microgrids and its interaction
mechanism with frequency stability are expounded.
Various control technologies based on inertia and
damping simulation, such as virtual synchronous
generator, virtual inertia adaptive control and generalized
droop control are summarized. The research status of AC
microgrids frequency stability, oscillation suppression
strategy and DC microgrids voltage stability are
reviewed. Finally, the future research and development
direction is prospected from different operation scenarios,
different load types and instability mechanism of
microgrid. It is expected to provide useful help and
contribution for the development of simulation
technology of inertia and damping of microgrids.



