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ABSTRACT: This paper focused on the problem of local
control stability control in a hierarchical multi-scale
coordination control framework for flexible interlinking
AC/DC MGs clusters. On one hand, the existing deterministic
control strategy is difficult to effectively deal with smooth
transition issue of the AC/DC MGs clusters operation control
mode in emergencies, and on the other hand, the power
coordination control must rely on communication. In order to
solve the above problems, a new control strategy called AC/DC
MGs clusters flexible control method was proposed to
distinguish it from the existing deterministic control method.
Applying the flexible control method, the local control of each
device in the AC/DC MGs clusters no longer depends on a
specific operation mode, and it is easy to realize smooth
transition of the operation mode. More importantly, it only
relies on the local measurement of electrical quantity
information to achieve MGs clusters power coordination
control. This paper discussed the effectiveness of the proposed
flexible control method from two aspects: one is steady state
and the other one is small signal modeling and stability
analysis. Finally, a simulation example of multi-microgrid
flexible interlinking clusters consisting of two DC microgrids,
an AC microgrid, and isolated DC-DC and DC-AC interlinking
devices were built in PSCAD/EMTDC, which verified the
proposed method effectively.

KEY WORDS: AC/DC MGs clusters; flexible interlinking;

flexible control; small signal model; stability analysis
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Fig. 7 Small signal model of ACMG:

normal operation mode
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The operation of microgrids clusters can give full
play to the mutual support of distributed slack units in
the system, so that the system can disperse the power
disturbance or impact of large-scale distributed power
supply or load on a single microgrid. However, the
existing methods have the following two problems in
solving the coordinated operation of microgrid. One is to
rely on communication, the other is that it is impossible
to achieve smooth transition of the operation mode. In
order to solve the above problems, a flexible control
method is proposed in this paper.

The system structure considered in this paper is
shown in Fig. 1, where interlinking DC-DC and DC-AC
are applied in the flexible control proposed in this paper.
The desired objectives are:
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Fig.1 Considered AC/DC MGs clusters and flexible control

1) Assuming that the rated capacity ratio of slack
terminals in DCMG#1, DCMG#2 and ACMG satisfy
Pics1 i Pacs2: Pacs= a1 1: f. Through the flexible control,
the actual output power Py, Ps, and Pg,. of the three
slack terminals can be run according to their capacity
ratio (a: 1: f).

2) Only relying on the electrical information
measured locally, the smooth transition of the operation
mode can be realized.

Based on the droop control of the slack terminals,
the interlinking power increments APg4. and AP,. are
defined in this paper, which are expressed as follows:

AF, 4o = kg, (u:;c,l —ug )] [kdc,z(u;c,Z —Uyge;)]
AIjs,al(: = kac (a)ac - wac) - ﬂ[kdc,Z (udc,Z - udc,Z )]

The power reference value of the inner loop can be

)

S7

obtained from (1) and the proposed flexible control in
Fig. 1, which are expressed as follows:

Ref,dc = APs,dc (kpo,dc + kio,dc
Ref,ac = APs,ac (k + k

po,ac i0,ac

/)

/5) 2

Then the power reference can be tracked by the
inner loop, which can realize the power coordination
control of the multi-terminal microgrid, and can realize
the smooth transition of the operation mode, including
normal operation mode, DCMG support mode (slack
terminal of DCMG fails) and ACMG support mode
(slack terminal of ACMG fails). Moreover, any mode
can achieve power coordinated operation according to
the rated capacity ratio of slack units which are in
operation.

In this paper, the effectiveness of the proposed
flexible control method is discussed from two aspects: 1)
2)
modeling and stability analysis. Finally, the simulation of

steady-state  theoretical analysis; small-signal
flexible interlinking multi-terminal microgrids cluster
shown in Fig. 1 is built in PSCAD/EMTDC, and the
method proposed in this paper is effectively verified.

Fig. 2 shows some simulation results of the power
of slack terminals when their rated capacity ratio is
1:1:1 (the waveform with A represents the simulation
results of the math model), where (a) represents the
normal operation mode, (b) represents DCMG support
mode (slack terminal of DCMG#2 fails) and ACMG

support mode (slack terminal of ACMG fails).
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Fig.2 Some simulation results of different mode



