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ABSTRACT: Hybrid multi-microgrids (MMG) will be an
important form of future power distribution system, however,
the stable operation of hybrid MMG is limited by dynamic
interactions. This paper tested low-frequency small-signal
stability of hybrid multi-microgirds (MMG). Analysis was
based on multi-input multi-output (MIMO) interconnected
model to investigate the interactions among microgrids
introduced by multi-connection of microgrids under the
grid-connected mode and standalone mode. The complete
small-signal model of hybrid MMG was derived by
considering the bidirectional interlinking converters (BICs) and
multiple AC or DC microgrids under different operation
modes. By the comparison among different control strategies,
how the dynamic interactions take place was revealed and a
method has been improved to quantify the instability impact of
interactions. Due to the bidirectional droop characteristics of
BICs, the strong dynamic interactions among subgrids were
likely to happen under grid-connected mode and standalone
mode. Example hybrid MMG system was presented to validate
the analysis and conclusions made in this paper, and some
stability enhancement manners were provided to improve the

dynamic characteristics of hybrid system.
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Fig. 1 Generalized hybrid MMG system configuration
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Dynamic interactions among sub-microgrids may
lead to oscillatory instability inside  hybrid
multi-microgrids (MMG) under both the grid-connected
and standalone operation mode, which has not been well
investigated in current works. In this study, strong
dynamic interactions induced by bidirectional
interlinking converters (BICs) are discussed from the
perspective of modal condition. The open-loop modal
analysis method is used to quantify impacts of
interactions on the stability and corresponding stability
control measures that are proposed.

The hybrid multi-microgrid can be modelled into
three parts: DC section, AC section and BIC section.
Under the grid-connected mode, BIC controls the DC
voltage of DC microgrids where the synthetic droop
control (SDC) as shown in Fig. 1 is adopted under the
standalone mode, which means bidirectional interaction
among microgrids may occur under both operation

modes.
SDC

Ugc
T DC bus

ref 3

Uge 1=

Converter

Outer loop

Inner loop

Fig. 1 SDC of BIC under standalone operation mode

Firstly, by combing the open-loop state-space
models of BIC and DC section, an interconnected model

can be established as shown in Fig. 2.
BIC-DC section subsystem

AC section subsystem

Fig. 2 Closed-loop interconnected model

S10

Denote A, and 4, are the open-loop oscillation modes
of two subsystems, respectively. It can be proven that the
closed-loop oscillation modes can be derived as shown
in Eq.(1), (2) when open-loop modes are close to each
other.

lim 7, = 2+ £ (T, () T, (A)
AhiTOib ~ Ab tf (Tl(ﬂ’a)'Tz(ﬂva))

f(Tl(ﬂa),Tz(ia):\/Tl(la)i' Tl(;“a)z_‘ﬂ-z(ﬂa) "

where ia and ﬂ; are the closed-loop oscillation modes
corresponding to A, and A,. The damping degradation
caused by strong dynamic interactions can be explained.
When the inequality in (3) holds, the dynamic interaction
is strong enough to lead to the instability.
|real part of f (T,(4,),T,(4,))|>|real part of A4, or 4,| (3)
The instability phenomenon caused by strong
dynamic interactions has been observed in hybrid MMG
under two operation modes, as illustrated in Fig. 3(a), (b).
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Fig. 3 Modal trajectories and simulation results

From the perspective of modal condition, the
stability of hybrid MMG can be enhanced by: (1)
adjusting the parameters to move open-loop modes apart,
and eliminating the modal condition of strong dynamic
interactions; (2) installing supplementary controller (SC)
to reduce the strength of dynamic interactions. Results of
simulation shown in Fig. 3(c), (d) demonstrate the
effectiveness of stability enhancement manners.



