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Abstract

As akind of generation and distribution system with autonomous control, AC-DC hybrid microgrid plays a pivotal role in the
transformation and development of modern power grids. To address the problems of microgrid system instability that occur
in islanding mode, the study proposes a coordinated control strategy for hybrid AC/DC microgrid in islanding mode. First,
the bidirectional AC/DC interconnection converter is modelled and parametrically designed; second, the control strategy
of the interconnection converter in islanding mode is raised, including both active power control with double-loop control
and seamless switching of operation modes with pre-synchronous control, and in the end, the effectiveness of the strategy is
examined. The data display that under this strategy, the real and reactive power output gaps between the micro sources in the
hybrid microgrid do not exceed 0.01 kW and 0.03 kVAR, respectively, and the current during islanding switching is more
stable up to 32 A. This shows that the strategy effectively improves the shortcomings of the traditional regulation method,
realizes the accurate distribution of real and reactive power, improves the power sharing between DC and AC subgrids,
strengthens the stability and reliability of the hybrid microgrid, and helps to promote the technological progress of the hybrid
microgrid and escorts the efficient and green development of the smart grid.

Keywords Islanding mode - AC-DC microgrid - Bidirectional AC/DC interconnected converter - Dual-loop control - Pre-

synchronous control

With the vigorous promotion and wide application of clean
energy, the traditional distribution network cannot meet
the expanding demand for distributed clean energy access,
and microgrid networks have emerged (Mahdavian et al.
2021; Malik and Sun 2021). Compared with traditional
distribution networks, microgrids, as a kind of system
decentralization and small-scale distribution network, have
higher independence, improve the autonomous control and
management capability of the grid system, and provide a
guarantee for continuous power supply; at the same time,
microgrids combine the Internet with power networks,
promote the informationization of power supply, and
enhance the diversity of transmission and generation energy
(Gothner et al. 2021; Monica et al. 2021). In a microgrid,
AC-DC hybrid microgrid absorbs the superiorities of DC
(direct current) and AC (alternating current), reduces the
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conversion devices in the grid system, reduces the loss rate
of electronic devices, and accelerates the grid operation
efficiency (Sadeghi and Khederzadeh 2019). At the same
time, each subsystem is independent and interconnected,
enabling interchangeable operation modes, greatly
improving the adaptability and constancy of the grid system,
and saving economic costs (Anh and Kien 2020; Huang
et al. 2019). However, due to the limitations of the islanding
mode on the autonomous control capability of the microgrid,
improving the coordinated control effect of the islanded
microgrid becomes the primary problem to be solved for
the development of a hybrid microgrid (Wenjuan et al.
2019). To this end, the study proposes a coordinated AC/DC
hybrid microgrid regulation method based on bidirectional
AC/DC interconnection converter to enhance the reliability
of the hybrid microgrid and promote the transformation of
traditional grid to a smart grid.

@ Springer



356

Proceedings of the Indian National Science Academy (2023) 89:355-365

Related work

Microgrids rely on modern intelligent technology and
have powerful regulation and control, and play a signifi-
cant role in the intelligent dispatch of the grid, etc. Qin
et al. (2019) aim to extend the life of BES equipment in
islanding mode and treat it as an optimal control problem,
proposing a modelling method based on differential equa-
tions and neural networks, and solving it using a dynamic
programming solver. Experiments show that the method
effectively controls the gas turbine and improves the uti-
lization of the BES equipment. Liu et al. (2019) focus on
the economically coordinated dispatch of microgrids in
the islanding mode and propose a system decentralization
method to reduce the cost of microgrid generation. The
decentralization of dispatch is achieved using the incre-
ment of the optimal function, and the economic supreme
regulation of the microgrid is further accomplished by the
sagging method. Data analysis successfully proved the
effectiveness and feasibility of the method. Anh and Cao
(2020) took the optimal energy management of microgrids
as the research object and proposed to solve the optimal
thermoelectric isolated grid using PSO to achieve the
intelligence of microgrids, and designed a comparative
experiment to test it. The experiments demonstrate that
the method improves the real-time performance of optimal
grid management and can be applied to short-term micro-
grids. Vijay et al. (2021) worked on breaking the bottle-
neck of sag control techniques in isolated AC microgrids
and proposed an adaptive NS fictitious impedance method
for power sharing while getting rid of the dependence on
sensors, which is experimentally also been verified. Vet-
tuparambil et al. (2021) proposed a multi-port converter
to improve the power utilization of modules by integrating
modules such as DC microgrid and battery and adjusting
the connection between DC microgrid and each module
using a transformer, which successfully improved the per-
formance of the multi-port converter for solar PV module
system. Yang et al. (2020) presented the structure of a
hybrid microgrid was introduced and designed a decentral-
ized bi-directional voltage control method for its difficult
control and operation, which successfully improved the
power sharing by incorporating reverse sag control with
virtual impedance in the BPC to achieve a seamless transi-
tion between the two operation modes.

In microgrids, hybrid AC-DC microgrids use energy
storage, load and conversion devices to complete the sup-
ply of multiple forms of energy, which is one of the trends
in the development of microgrids. Huang J et al. described
the advantages of DCT and its importance in hybrid micro-
grids. To reduce the restrictiveness of complex grid sys-
tems for its application, a regulatory scheme based on
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multi-time scale frequency is proposed to improve the
hybrid micro to reduce the limitation of complex grid sys-
tems for its application, a multi-timescale frequency-based
regulation scheme is proposed to improve the accuracy and
real-time hybrid microgrid control. The effectiveness and
superiority of the method are experimentally demonstrated
(Huang et al. 2020). Sepehrzad et al. (2020) designed a
power allocation strategy based on PSO to optimize the
energy management effectiveness of a hybrid microgrid,
taking into account the islanding mode and grid-connected
mode, using PSO to resolve the multiple target problem
optimally and embedding it into the PDM. Simulation
data demonstrate that the way achieves a rational alloca-
tion of distributed generation resources (Sepehrzad et al.
2020). The implementation of adjustable BPC inertia in a
hybrid microgrid is studied by Lv et al. (2020) who pro-
pose that in the first and second stages of the BPC, which
are controlled as synchronous generators and capacitors,
respectively. Through analysis, it is found that the method
can increase the constancy and dynamic performance of
the grid system. Espina et al. (2021) pointed out the limi-
tations in the traditional hybrid microgrid layer control
and proposed a new distributed secondary control strat-
egy that uses a distributed consensus approach to regu-
late parameters such as current and voltage to improve
the correctness of power sharing between the DC and AC
grids, reduce the dynamic corresponding adverse effects,
and successfully optimizes the effect of the dispatcher
method for hybrid microgrids. Sun et al. (2021) aim to
improve the application of SST in hybrid microgrids by
designing a direct power prediction model and comparing
it experimentally with the traditional method. The data
show that the method reduces bus voltage fluctuations,
lowers energy consumption, and enhances the dynamic
response of the grid system, providing a new idea for the
control of hybrid microgrids. He et al. (2019) developed
a coordinated control scheme for a dual converter with
electronically connected units, where the two converters
are controlled by a voltage controller and a current regula-
tion algorithm, respectively, in order to achieve between
different operating modes smooth switching. The analysis
confirmed the scalability and effectiveness of the method.

From the above research results, it can be seen that there
has been more research in the field of coordinated dispatcher
methods for microgrids, and the research mainly explores the
dispatcher method for hybrid microgrids from the perspective
of interconnection converter or islanding switching grid-con-
nected mode, but there has been little discussion on combining
the two. For this reason, the study takes a bidirectional AC/
DC interconnection converter as the basic equipment, and on
this basis, the microgrid control strategy in islanded hybrid
microgrid as well as under mode switching to enrich relevant
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research, provides the theoretical basis for improving the flex-
ibility and efficiency of hybrid microgrid, and promote its
intelligent development.

Coordinated control method for hybrid AC-
DC microgrid in islanding mode

Modeling and parameter design of bidirectional AC/
DCinterconnected converters

The interconnect converter (IC) in the hybrid microgrid con-
verts AC and DC power through power transfer and regulates
power, which helps keep the hybrid microgrid coordinated
and in balance (Wang et al. 2020). Bi-directional AC/DC
ICs are more flexible than other converters in that they can
change their power characteristics as needed to implement bi-
directional power transmission. They can also stabilize the DC
network voltage, lessen interference during the transmission
of power, and enhance grid quality (Aram et al. 2019; Zheng
et al. 2021). In the IC network, the three-phase voltage output
from the bridge arm side is represented by the numbers V,
V,, and V. The DC regulator capacitor and filter capacitor
are represented by the numbers C,, and C;. What is more, the
DC-side current and DC-side voltage are ;. and V.. Setting
the bridge arm on/off condition to be expressed by the function
S, and assuming that the upper and lower bridge arms are in
the on and off statuses, respectively, when the function value
is 1; when the function value is 0, the switching states are the
opposite of the previous assumed state; the IC's a, b and ¢
phase circuit voltages are then calculated as shown in Eq. (1).

-

dila . diga .
Lf? + Reijy + LgW + Rylpy =Voy —Voy — €

a’®
diy, . digb .
9 Lf— + sz,b + Lg— + Rgng =Vy —

dt dt Yo = € M
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‘f dt e g dr glgc cN ON c*

In Eq. (1), L, expresses the filter inductance, the unit is
Henry (H); R, expresses the damping resistance, the unit is €2;
i, ijp and denote the DC-side currents of i;. a, b and ¢ phases,
the unit is mA; respectively, Lg and Rg denote the net-side
inductance and line impedance, respectively, iga, igb and igC
denote the AC-side inductance currents of the three phases,
v Ve and v,y represents three output phase voltages, the
unit is V; vy denotes the initial output phase voltage, the unit
is V; e, e, and e, denote the three-phase charges, the unit is C.
The contact between the DC side currents and the bridge arm
currents is shown in Eq. (2).

L. = s,i, + spip + 5,0, )

In Eq. (2), i,, i}, and i, represent the AC bridge arm side
inductance currents of three phases, respectively. The
pattern of the IC in the stationary coordinate can be obtained
by calculating the conditions such as the DC measurement
current and setting the AC measurement variable in a phase
as x, which is expressed as shown in Eq. (3).

di 1
gx .
L i + ngx = (sx — § sza.b.c sx>vdc —e,,

dvy. . .
9 Ce dt =L Zx:a.b.c Salgrr 3)
Zx:a.b.c € = 0,
Zx:a.b.c lex = 0

In Eq. (3), C,. and i; denote the filter capacitance and
side load current of the DC network, respectively. Due to the
presence of multiple variables in the IC model, both currents
and voltages will be component on each phase coordinate
system, and this cross-variance increases the difficulty of
the calculation. Therefore, to improve the simplicity of the
operation, the stationary coordinate system needs to be con-
verted to a rotating coordinate, and the representation of the
IC model is shown in Eq. (4).

di, ) .
LE =s,V4 +ali, —Ri, —e,,
di,, . .
9 LE =8,Vq +ali,—Ri, —e,, “)
dv
dfc =iy = (Sl + Spiyy)-

In Eq. (4), m and n denote the axes in the rotating coor-
dinate system,s,,, i,,, Ri,, and e,, denote the components of
the switching function, AC side current, DC resistance and
AC side voltage on the m axis, respectively, s,, i,, Ri, and e,
denote the components of the above four parameters on the
n axis, respectively, and a denotes the control parameters.

The filter capacitor parameter is an important influence
in controlling the IC connection, a good filter capacitor
improves the stability of AC and DC energy exchange and
reduces network losses by reducing the bus voltage varia-
tion. When the system is in starting state, the rated DC bus
voltage U/, and the average output voltage ch of the IC are
computed as shown in Eq. (5).

U, =+/P'R,,
dc dc (5)

Ul =1.35U,.

In Eq. (5), U;, P' and R/, denote the AC network side
line minimum voltage, IC rated active power and DC rated
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(a) Constant voltage source

Fig. 1 Equivalent circuit of DC bus voltage variation

load, respectively. When the grid system starts to operate,
the equivalent circuit for DC bus voltage variation is shown
in Fig. 1.

From Fig. 1, when the IC DC-link voltage is set to the
rated value, the DC side will transmit electrical energy in
the form of maximum current and voltage to achieve charge
replenishment to the DC side load and storage capacitor to
ensure smooth power transportation and maintain the con-
tinuous performance of the power supply system.

According to the characteristics of DC bus voltage varia-
tion, setting the original data of the IC DC side voltage to be
the same as the average output voltage, the continuous rise
time of the DC side voltage can be obtained by calculating
t, whose operation is shown in Eq. (6).

U# Idc maxR/

t=pfIn U’ R"

(6)

Idc max

In Eq. (6), 1, max denotes the maximum load current and
p denotes the time constant. Based on the implication
between the total voltage and the DC-side voltage, the maxi-
mum limit of the DC-side capacitor is obtained as

<
< 0. 74R’

. For the selection of AC-side filter capacitor

Network me asurement current

(b) Constant current source

parameters, the study sets the AC-side filter capacitance to
not exceed 5% of the rated power of the IC based on previous
experience, which is expressed as shown in Eq. (7).

6Cr max @), = 0.05. @)

In Eq. (7), Gy 1oy denotes the maximum value of the AC-
side filter capacitance, 0, denotes the reference impedance,
the unit is Q; and é denotes the fundamental component. To
further optimize the harmonic filtering effect and improve
the quality of AC current, the net-side inductance parameters
need to be set, which are calculated in Eq. (8).

1

k =

L ‘ (8)
L—i(l —L;Ci8%) + 1

In Eq. (8), k denotes the harmonic current ratio to evalu-
ate the harmonic current filtering effect, when the larger
value of k indicates the harmonic current has a tendency to
enhance. The main circuit composition of the two-way AC/
DC IC is indicated in Fig. 2.

From Fig. 2, in the main circuit structure of the two-way
AC/DC interconnected converter, the main hardware circuits

DC subnet DC load Cdc

444

Filter .
. Line impedance
] 1nducta\n ce Inductance
> —><
:::::::Jvm MW= n'“."."'m_ '/
——M—n W—r N - M—" N —]
Inductive AC subnet
impedance
Filter capacitor  AC load

Fig.2 Main circuit composition of the two-way AC/DC interconnection converter
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include the filter circuit and the three-phase bridge circuit,
in which the latter circuit rectifies the AC power into DC
power and regulates the power supply of the DC motor by
using the switching operation; the filter circuit has the func-
tion of removing the ripple from the output voltage, and by
setting the parameters of two current filtering capacitors,
the DC power is retained to the maximum extent. The fil-
ter circuit has the function of removing the ripple from the
output voltage.

Control strategy for islanded hybrid microgrids
based on dual-loop control and pre-synchronous
control

On the one hand, it is necessary to ensure that the hybrid
microgrid has strong self-control under the condition of
power islanding, and timely adjustment of current and volt-
age parameters to assure the constancy and security of power
supply; on the other hand, when the power system returns
to the normal state, the hybrid microgrid should complete
the seamless switch from islanding to grid connection to
avoid the problems caused by mode switching. On the other
hand, when the power system returns to the normal state,
the hybrid microgrid should complete the seamless switch-
ing from islanding to grid connection to avoid the problems
of grid instability and equipment damage caused by mode
switching (Pompodakis et al. 2020). For the control of two-
way AC/DC interconnection converter in islanding mode,
the study analyzes the micro-source sag control in DC and
AC grids starting from the micro-source port. In the DC
microgrid, the control of the converter is mainly realized by
regulating the real power, and the sag characteristics of the
IC are expressed as shown in Eq. (9).

1
+—(U. — Uy ©9)
04

c

P, =P,

In Eq. (9), 0, denotes the DC sag control coefficient, and
P, and P;lc express the target and actual data of the output
real power, respectively. In AC microgrid, due to the diver-
sity of AC micro sources, the reactive and active power of
the circuit needs to be used for sag control of the intercon-
nected alternators, whose sag characteristics are expressed
in Eq. (10).

QaC = Q;c + hL(Utlzc - Uac)’
lac (10)

PGC = P:lc + _(f;llc _fac)'
Zac

In Eq. (10), A, and z,. are both AC sag control coef-
ficients, f,. and f denote the current voltage and rated

voltage, respectively, Q' and P! denote the reactive power
output and active power output at rated voltage, respectively,
and Q. and P, mean the output reference data of reactive
and active power, respectively. From the two sag character-
istics, it is clear that in a micro-hybrid grid, the IC needs to
coordinate the control of multiple micro-sources by com-
bining the two sag characteristics to achieve power sharing
between different micro-grids. Assuming that there are a
total of T sources using sag control in the system, the sag
factor of the IC is set as shown in Eq. (11).

ST 1 (11)

=17

1
Yoo = oF T

Zi:l v

In Eq. (11), h,., z,. and y,. denote the different micro
sources and i denotes the current i hybrid micro sources.
Based on the error between DC voltage and AC rate, the
transmitted power of the IC is calculated and the operation
is shown in Eq. (12).

h, AP,
fie  Up

_ ychPdc

Y 12)

In Eq. (12), y denotes the ratio between DC voltage and
AC frequency, y,. denotes the sag factor, and AP, and AP,
denote the error between the set data and the actual data of
the output active power in the DC and AC grids, respec-
tively. The real power control flow of the converter is dis-
played in Fig. 3.

From Fig. 3, the crux of the IC real power dispatch in
islanding mode is the dual-loop control, which obtains the
AC-side and DC-side transfer power by using the DC-bus
voltage and AC-bus rate, respectively, through the power
outer ring management and the current inner ring manage-
ment, and obtains the AC power electric energy consumed
by the interconnecting converter per unit time based on the
difference between the two.

Due to the limited nature of the electrical energy mem-
ory system, the power system cannot maintain the islanding
mode of operation for a long time, and when the grid is
restored to normal, the power system has to detect and adjust
the voltage and other power parameters to achieve a smooth
conversion from islanding model to grid-connected model
to ensure the stability and safety of the power supply. The
calculation of IC load voltages U, and U, in two operating
modes are indicated in Eq. (13).
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Fig.3 Active power control flow of converter

U, = V2U,, sin(o,t + 4,),

(13)
U, = V2U,, sin(oy1 + Ay).

In Eq. (13), U, represents the outlet voltage of the bidi-
rectional AC/DC interconnector, U, represents the grid
voltage, 6, 0,, A, and 4, are constants, and ¢ represents the
grid operating time. When changing-over the run model,
the voltage and current of the power memory system will
change correspondingly and the sudden change is calculated
in Eq. (14).

AU = V2U,, sin(o,1 + Ay) — \/Euol sin(oyt + 4,),

B z

(14)

In Eq. (14), AU and Ai denote the voltage and current
mutations, respectively, and Z denotes the load impedance.
For the parameter adjustment before grid connection, the
study uses a pre-synchronous dispatcher method to adjust
the parameters of the microgrid using the errors between the
phase angle and frequency arguments of the power memory
system and the grid. Under pre-synchronous control, the
voltage magnitude deviation AU and frequency deviation
Af are calculated as shown in Eq. (15).

K!
AU = <K + _>(|U|l |U|e)7
Af = (K +—>(9,—9)

In Eq. (15), K and K, denote the ratio in Voltage magnitude
control and frequency control respectively, K and k, denote
the integration coefficients in voltage magmtude control

s)
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and frequency control, respectively, |U|; and 6, denote the
voltage magnitude and phase, respectively, and |U|, and 6,
denote the voltage magnitude and phase, respectively. The
structure of the pre-synchronization dispatcher method is
shown in Fig. 4.

From Fig. 4, the objective of the pre-synchronization
dispatcher method is the voltage synchronization between
the energy storage system and the grid, and the voltage, fre-
quency and phase are continuously regulated by synchroni-
zation tracking of the microgrid to the grid in order to reduce
the voltage error due to sag control and avoid generating
huge voltage phase differences that can cause problems such
as equipment damage and circuit failure.

Analysis of the application of coordinated
dispatcher methods for islanded AC-DC
hybrid microgrids

Analysis of control results of bi-directional AC/
DCinterconnected converters for islanded hybrid
microgrids

The AC/DC hybrid microgrid of a heavy power plant is
used as the object of research to regulate the converter
using microgrid coordination strategy, and real power,
reactive power and voltage are used as evaluation indexes
to analyze the performance of the microgrid in islanding
mode, and the traditional control strategy is added as method
comparison during the experiment. The hybrid microgrid
is used to simulate and evaluate the proposed control
strategy. Using the given mathematical transformation and
the unit method, the power—voltage sag characteristic curve
and power—frequency sag characteristic curve of different
dimensions are converted into the same coordinate system
in the form of unit value to realize the power balance of
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Fig.5 Overall framework diagram of the system simulation

AC and DC microgrid. See Fig. 5 for the system simulation
structure block diagram.

Based on the framework of Fig. 6, the parameters in the
hybrid power grid were set before the formal implementation
of the experiment, as shown in Table 1.

From Table 1, the maximum, minimum and rated power
of the DC micro source and AC micro source are 350 kW,
200 kW and 250 kW, the maximum, minimum and rated
AC frequency are 51.6 Hz, 48.6 Hz and 50 Hz, respectively,
the maximum, minimum and rated voltage of the DC bus

are 753 'V, 649 V and 710 V, respectively, and the converter
with rated power, DC network and AC network sag factor of
110 kW, 0.95x 1073 V/W and 0.01 x 1073 V/W, respectively.
The active power variation under different control strategies
is shown in Fig. 6.

From Fig. 6, there is a prominent difference between the
active power output from the DC and the AC subgrid under
the two dispatcher methods. In Fig. 6a, the active power
variation trends of both AC micro sources are the same, and
the difference between them is not more than 0.1 kW, but
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Fig.6 Active power variation under different control strategies
Table 1 . Aff%“men,ts setting Parameter name Symbol Parameter value
of hybrid microgrid and
bidirectional AC/DC DC micro source parameters Maximum power P e max 350 kW
interconnected converter Minimum power Poenin 200 kW
Rated power P 250 kW
Droop coefficient Vae 0.95x 1073 V/W
AC micro source parameters Maximum power P ¢ max 350 kW
Minimum power P 1 min 200 kW
Rated power P 250 kW
Droop coefficient Nye 0.01x107° V/W
AC network parameters Maximum allowable frequency  fi.« 51.6 Hz
Minimum allowable frequency  fi,in 48.6 Hz
Rated frequency Iy 50 Hz
DC network parameters Maximum allowable voltage U je.max 753V
Minimum allowable voltage U je.min 649 V
Rated voltage Van 710 V
Interconnecting AC parameters ~ Rated power P* 110 kW
DC droop coefficient Vie 0.95x107° V/W
AC droop coefficient hy, 0.01x1073 V/W

in the DC subgrid, the difference between the two micro
sources increases significantly, and the real power output of
the DC subgrid increases by 0.101 kW compared to the AC
subgrid in 8—12 s, and its load pressure is higher. In Fig. 6b,
the real power variation curves of the DC subgrid and AC
subgrid are basically fitted under the dual-loop control strat-
egy, and the active power parameters are consistent among
the four micro sources during the grid operation time. The
dual-loop dispatcher method improves the accuracy of grid
load distribution and has a good application effect. The reac-
tive power variation of IC under different control strategies
is shown in Fig. 7.

In Fig. 7, under the conventional control strategy, the
reactive power output of IC in the AC subgrid is the highest,
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which is maintained in the interval of 2.3-2.8 kVAR, and
the gap between the reactive power output of IC and micro
source 1 and micro source 2 reaches the maximum in 24 s,
which is about 0.3 kVAR; at the early stage of grid operation,
the gap is the smallest, which does not exceed 0.10.3 kVAR;
under the double-loop control strategy, the reactive power
between the three micro sources is almost the same during
the power system operation, and its gap does not exceed
0.03 kVAR. The double-loop control strategy significantly
improves the gap between the reactive power output of micro
sources and ICs, which indicates that the strategy achieves
the effective distribution of load consumption between
micro sources through sag control, which is instrumental
in increasing the productiveness of the power system.
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Fig.8 Voltage variation of DC and AC networks under different control strategies

The voltage variations of the DC and AC networks under
different control strategies are shown in Fig. 8.

In Fig. 8a, under the regular dispatcher method, the AC bus
voltage of the micro source drops rapidly at around 6 s and
reaches stability at around 8 s, with the voltage value remaining
in the 4-6 kV range, and the common AC bus voltage amplitude
is high and remains in the 4-12 kV range. The DC bus voltage
declines with great speed at 5 s and climbs again swiftly at 7 s,
while remaining stable at 8—10 kV thereafter. In Fig. 8b, the rate
of change of AC bus voltage and DC bus voltage is slowed drop,
while both bus voltage and common AC bus voltage magnitudes
are increased, both by about 2 kV compared to the regular dis-
patcher method. The dual-loop control strategy improves the
quality of the bus voltage, especially the common AC bus, and
ensures the stability and safety of the power supply.

Analysis of the results of seamless switching
from microgrid islanding to grid integration

In the process of switching from islanding to grid con-
nection, pre-synchronous dispatcher is used to adjust the

microgrid at the 1sts, and the availability of the dispatcher
method is judged by I output current and output power as
indicators. In this process, the direct switching method is
added as an experimental comparison. The output current
comparison under different switching methods is shown in
Fig. 9.

In Fig. 9, the output current fluctuates immediately after
direct switching, with the highest output current reaching
48 A and the lowest output current nearly — 50 A. Moreover,
during 1-1.5 s, the output current keeps fluctuating
continuously and the current output fluctuates greatly; at
around 1.6 s, the output current tends to stabilize and stays
in the range of —30 A to 30 A. After switching through the
pre-synchronous dispatcher, the output current starts to grow
slowly, reaching the current output effect of [—32, 32] at
1.3 s, and starts to continuously stabilize the output. The
mode switching under pre-synchronous control achieves
a stable current overload, mitigates the system shock
caused by direct switching, and elevates the robustness of
the system. The distinction of output power under diverse
switching methods is manifested in Fig. 10.
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Fig. 10 Output power comparison under different switching methods

In Fig. 10a, the real power of the hybrid microgrid rises rap-
idly to 36 kW after direct switching, and after a 1 s power drop,
it stabilizes at 20 kW at 2 s; the reactive power shows a trend of
rising and then falling, and it rises 28 kVAR during 1-2 s with a
faster rise and finally stabilizes at 3 VAR. In Fig. 10b, the active
power is boosted by 8 kW during 1.5 s after the operation mode
switching and finally stabilizes at 18 kW; the maximum and
minimum data of reactive power are —4 kVAR and 0.5 kVAR,
respectively, and change at a slower rate. The pre-synchronous
dispatcher reduces the power oscillation, improves the smooth-
ness of islanding switching, and avoids damage to the electrical
equipment and circuit performance.

Conclusion

The islanding mode is an important aspect in the
construction of the self-healing function of hybrid
microgrid, which can reduce the economic losses and human
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casualties due to power failures, etc. To optimize the safety
performance of the islanded hybrid microgrid, a hybrid
microgrid coordination control strategy is proposed in the
study, and simulation experiments are conducted. Under this
coordinated control strategy, the real power variation of DC
and AC subgrids is basically the same, and the difference
of reactive power between each micro source is no more
than 0.03 kVAR, and the link voltage and common AC
bus voltage magnitude are both improved by about 2 kV
compared with the traditional control strategy. During the
island-to-grid switching, the output current is stable in the
range of [—32, 32] and the power changes more slowly
compared to direct switching. This shows that the strategy
optimizes the load distribution among micro-power sources
and maximizes the generation capacity of micro-power
sources; the strategy also improves the voltage quality,
achieves seamless switching between operation modes,
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enhances the stability and availability of hybrid micro-grids,
and provides technical support to strengthen the infiltration
of reproducible energy in the power system. Although the
study obtained certain results, due to the epidemic and other
conditions, the study has the limitation of a small number
of selected application subjects, and in future studies, the
experimental sample size needs to be expanded to further
validate this conclusion.
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