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Abstract - Master-slave configuration is a suitable
alternative to droop control method to perform the
proper power-sharing in microgrids. Microgrids based
on master-slave configuration need one master converter
(MC) which should be able to work in two operation
modes: grid-forming when an outage occurs in the main
grid; grid-feeding when the main grid is available. The
MC is responsible to control the microgrid voltage and
frequency when it is disconnected from the main grid
and it also plays an important role during changes of the
microgrid connection mode. This paper presents a control
scheme that allows the MC operates in both modes (grid-
feeding and grid-forming) and proposes a control system
management strategy to manage the MC operation under
any microgrid connection mode including the transitions
between these modes. As a result, the microgrid transient
response is smooth during its change of connection mode.
Simulations and experimental results are presented to
illustrate the feasibility and performance of the proposed
control schemes for the MC.
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I. INTRODUCTION

Microgrid has been proposed for effective integration of

distributed energy resources (DER), energy storage systems

(ESS) and loads to the utility grid, providing high quality and

high reliability electric power for the end-users [1], [2]. The

microgrid is connected to the main grid at the point of common

coupling (PCC), mainly in low-voltage distribution level, but

it should also be able to operate without this connection. In

such systems, the DER and ESS are connected to the local

electric grid through power conditioning units. Thus, inverters

or ac-ac converters feed local loads via a common ac bus (the

microgrid ac bus).

According to [3], these microgrid converters can be

classified into grid-feeding, grid-supporting, and grid-forming

power converters depending on their operation mode in a

microgrid. The grid-feeding converters are mainly designed to

deliver power to an energized grid. They can be represented as

an ac current source connected to the grid. The grid-forming

converters can be represented as an ac voltage source, setting

the voltage amplitude and frequency of the local microgrid by
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using a proper control loop. The grid-supporting converters

can be represented either as a current source or as a voltage

source, i.e., it is in between a grid-feeding and a grid-forming

power converter. Its main objective is to deliver proper values

of active and reactive power, contributing to the regulation of

the grid frequency and the voltage.

The load power demand of the microgrid must also be

shared among the DER and ESS through the proper control

of their converters. For this purpose, the droop control method

[4]-[6] is typically reported in the literature as a good choice,

relying on the fact that it does not require a communication

link among the converters [6], [7]. However, this method

has several drawbacks, such as [8], [9]: the power sharing

is strongly affected by line impedance; there is an inherent

tradeoff between the power sharing accuracy and the output

voltage regulation. Moreover, it is worth to mention that

communication is not necessary for a simple parallel operation

of converters (like in distributed uninterruptible power supply

systems), but it will be always necessary in microgrids to

perform other functionalities apart from power sharing (e.g.,

changing the reference values of voltage, frequency, active and

reactive power) [10], [11]. All converters in a microgrid based

on droop control are grid-supporting type and controlled as a

voltage source.

On the other hand, the master-slave configuration [12]-[14]

is a suitable alternative to droop control method to perform the

proper power-sharing in microgrids [8], [15], specially when

loads and converters are close to each other, i.e., for short

distribution lines [3]. As advantages, it can be mentioned the

following: there is no current circulation among converters;

the power sharing does not depend on the line impedance; the

voltage amplitude and frequency do not exhibit appreciable

deviation. This power sharing method needs a low band-width

communication link to set the power references for the slave

converters. Although the communication link is considered

as a drawback [4]-[7], in microgrid applications it is required

anyway as mentioned before. A simplified diagram of a

microgrid based on the master-slave configuration is shown

in Figure 1.

Regarding the master-slave based microgrids, they must

operate synchronous with the main grid when in the grid-

connected mode. On the other hand, during faults in the

main grid, the microgrid disconnects itself and at least one

converter must define a reference voltage (both amplitude

and frequency) for the whole microgrid. Such converter is

also known as the master converter (MC) of the microgrid

[12], [13]. The MC must operate as a grid-feeding or grid-

forming converter depending on the main grid availability.
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Fig. 1. Simplified diagram of a microgrid based on the master-slave

configuration.

Besides, it must have a suitable synchronization system

for the grid-connected mode and a sinusoidal oscillator to

generate the voltage reference for the islanded autonomous

mode. Moreover, the transition between both modes should

occur smoothly (without abnormal transients) and as fast

as possible, in order to ensure the quality of the electrical

energy supplied to the loads connected to the microgrid [16].

During the transition between these two operation modes, the

synchronization unit should provide precise synchronization

signals that allow the MC to establish a stable voltage in

the microgrid. During the reconnection to the main grid,

the voltage generated by the MC should be resynchronized

with the grid voltage: the synchronization unit varies slowly

the phase angle and frequency of the microgrid voltage to

resynchronize with the grid voltage. Since all the other

converters and equipment connected to the microgrid would

be subjected to the reconnection frequency and phase-angle

transients, this maneuver must be made in a stable and secure

way [3].

A control scheme that allows the MC operates in both

modes, grid-feeding and grid-forming, and a management

strategy for this control are proposed in this paper. Such

scheme comprises of the current and voltage control loops,

a single oscillator/synchronization system unit and a control

management unit. The aim is comply with the MC

requirements that are mentioned above. This work focus

mainly on these MC control units and it does not dedicate

much attention to the microgrid overall control as well as

the converters primary sources (connected to the converters’

dc link). This paper is an extended version of [15], with

an improved description of the MC operation management

and additional analyses. This paper is organized as follows:

Section II presents a short description of the converter current

and voltage controllers in stationary reference frame. It is

pointed out in which condition these controllers must be

used in accordance with the main grid state. In Section

III it is presented a way to obtain both voltage and current

references for each converter operation mode (grid-feeding or

grid-forming). The transition between both operation modes

is also described. Finally, the performance of the proposed

control scheme and its simulation and experimental evaluation

are discussed and reported.

II. INVERTER CONTROL STRATEGIES

The control of the MC depends on the connection of the

microgrid to the main grid (grid-connected operation or island

mode). When the main grid is available, the microgrid voltage

is defined by the main grid and the MC is controlled in such a

way to inject or absorb power (in according to the primary

source needs). Therefore, it is more convenient that the

MC operates as a controlled current source, i.e., as a grid-

feeding power converter. However, when the main grid is

not available, the MC is responsible to impose the microgrid

voltage and it has to be controlled as a voltage source, acting as

a grid-forming converter. Both operation modes are achieved

by the same voltage-source inverter (VSI) controlled as a

voltage or as a current source.

The electrical scheme of a VSI and its output LC filter

are shown in Figure 2. R1 represents the equivalent series

resistance (ESR) of L1. The ESR of Cf is neglected. It is

supposed that there is a primary source of power connected

to the dc side of the VSI (not shown in the figure) and that

vdc is constant. The switches are controlled by a pulse width

modulation (PWM) technique which results in the VSI output

voltage vector �vi = [via vib vic]
T and output current vector

�ii = [iia iib iic]
T . The LC filter output voltage is �vo =

[voa vob voc]
T , which corresponds to the microgrid ac bus

voltage, and the current injected in the microgrid is �io =
[ioa iob ioc ]

T . All these variables can be represented in the

stationary reference frame through the Clarke transformation

and they will be denoted by the subscript αβ.

The converter output voltage (voltage across the capacitors

Cf ) can be controlled through the current �iiαβ
, being �ioαβ

considered as a perturbation. The current�iiαβ
can be imposed

by �viαβ
through the inverter switches control. Therefore, the

output voltage control can be obtained by two control loops: a

current inner loop and a voltage outer loop. Note that the load

current is a disturbance of the voltage loop, as well the output

voltage is a disturbance of the current loop. However, they can

be properly compensated since these quantities are measured.

It is also possible to control the output current,�ioαβ
, through

the control of�iiαβ
, since the capacitive current (through Cf ) is

known. The current�iiαβ
can be imposed by �viαβ

through the

inverter switches control, in a similar way to the first case.

A. Current Controller
The current control loop diagram and the model of the

system to be controlled are shown in Figure 3 [15]. It is

important to note that the α and β components are decoupled

and the structure shown in Figure 3 is the same for each

component [3]. The PWM gain is considered unitary. The

voltage �voαβ
added to the controller output is a feedforward

Fig. 2. Electrical scheme of the VSI with the output filter.
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Fig. 3. Current control loop of the VSI.

to improve the system transient response [17]. This voltage

is obtained directly from the voltage measurement of the

capacitors Cf . As the currents to be controlled in αβ are

sinusoidal (grid frequency), the proportional-resonant (PR)

controller is a good choice [18]. Its transfer function is given

by

GI(s) = kpI
+ krI

2s

s2 + ω2
(1)

where kpI
and krI are the proportional and resonant gains,

respectively, and ω is the controller resonant frequency that

must coincide with the fundamental frequency of the signal to

be controlled [18], [19].

B. Voltage Controller
When the converter in Figure 2 is operating in island mode

(without the main grid), the voltages across the capacitors

Cf are undefined and the inverter must be controlled to

impose these voltages, which will correspond to the microgrid

voltages. This control is made by a voltage outer loop that

actuates on the current�iiαβ
. The voltage control loop diagram

and the model of the system to be controlled are shown in

Figure 4. The feedforward voltage of the current loop should

be changed to the reference voltages when the inverter is

operating with the voltage control. Thus, the voltage reference

is directly imposed to the PWM and the control loops are

responsible only to compensate possible deviations [15].

The voltage loop also uses a PR controller with transfer

function GV (s) similar to (1), however with different gains.

III. MASTER CONVERTER OPERATION

MANAGEMENT

When the main grid is available and the voltage and

frequency are within the established power quality limits,

the microgrid stays connected to the grid through the PCC.

In this operation mode, the DER and ESS supply the loads

and the power deficit is supplied from the grid. In case of

the generated power be higher than the load demand, the

Fig. 4. Voltage control loop of the VSI.

microgrid supplies energy to the main grid. Independently

of the power flux, the main grid defines the voltage and

frequency of the microgrid. Therefore, the MC must follow

the voltage and frequency and inject or absorb power in

according to the optimal load dispatch. To attend this

objective, the MC operates as a grid-feeding power converter.

The active and reactive power references, P ∗ and Q∗, are

defined by the microgrid hierarchical controller and passed

to the MC through a communication link. The MC current

references are calculated based on these power references.

A synchronization system is necessary to deliver the power

accurately.

When the main grid is not available, due to a fault or

a noncompliant power quality requirement, the microgrid is

disconnected from the main grid and it starts to operate in

an autonomous way (island mode). In this operation mode,

all the loads in the microgrid are supplied by the DER

and ESS. If the microgrid available power is not enough to

supply the load demanded, the non-priority loads must be

disconnected, otherwise the overall microgrid will shut down.

These sources are current controlled and they need a voltage

source to operate. Since the main grid is not available, the

MC is responsible for assuming the voltage and frequency

of the microgrid and it operates as a grid-forming converter.

Therefore, the MC must be voltage controlled when the

microgrid operates in island mode. The voltages references

with the desired amplitude and frequency can be obtained

by an oscillator. However, this oscillator must be able to

resynchronize with the grid voltage during the reconnection

process.

The algorithm proposed in [20], [21] can be used to perform

the fast detection of the main grid fault condition. The

output of this algorithm is used to trigger the disconnection

or reconnection procedures, which are presented in the

following. The computation of the reference signals for each

microgrid operation mode is also discussed.

A. Grid-Connected Operation Mode
The current controller shown in Section II.A is used in this

mode of operation. A strategy that results in sinusoidal and

balanced currents is called balanced positive-sequence control

(BPSC) [22]. For this strategy, the currents are calculated by

�i∗iαβ
=

2

3

P ∗

|�v+αβ |2
�v+αβ︸ ︷︷ ︸

�i∗Pαβ

+
2

3

Q∗

|�v+αβ⊥ |2
�v+αβ⊥︸ ︷︷ ︸

�i∗Qαβ

(2)

where �i∗Pαβ
and �i∗Qαβ

represent the current components

responsible to produce the active and reactive power,

respectively.

In this case, only the positive-sequence component of the

voltage at the PCC (�v+αβ) is used to calculate the currents. Note

that �v+αβ⊥ is only a 90o phase-shift version of �v+αβ . Moreover,

the terms |�v+αβ |2 and |�v+αβ⊥ |2 in (2) and the amplitude of the

vectors �v+αβ and �v+αβ⊥ are constant, resulting in a sinusoidal

current reference of positive-sequence as well.

The reference current calculation through the BPSC

strategy requires the estimation of �v+αβ . The detection
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algorithm of the positive-sequence component presented

in [23], called dual second-order generalized integrator

– frequency-locked loop (DSOGI-FLL), has a good

performance and some characteristics that are very suitable

for the control of the MC, as described in [15]. The overall

block diagram of the DSOGI-FLL is shown in Figure 5.a.

Two SOGI for quadrature signal generation (SOGI-QSG) are

used for each voltage component and their output signals are

used by the positive-sequence calculator (PSC) to estimate

�v+αβ . The internal block diagram of the DGOGI is shown in

Figure 5.b where the gain ks can be seen. This parameter

defines the DSOGI dynamics. Similarly, the FLL also has

a gain which defines its dynamic behavior. Reference [24]

presents a method to tune these parameters.

B. Island Operation Mode
The voltage controller shown in Section II.B is used in this

mode of operation. The point is how to obtain the three-phase

voltage references (in αβ frame) with nominal amplitude

and frequency, apart from allowing an easy resynchronization

when the grid is restored. The DSOGI-FLL can be used for

this purpose if some modifications are made. The shaded box

in Figure 5.b highlights the modification. The FLL must be

also modified such as presented in [15].

The DSOGI-FLL acts as a synchronization system (its

normal function) if SS is in position 0, otherwise it acts as

an oscillator. The amplitude of the generated signal, in the

oscillator mode, can be adjusted through the input c given by

c = kp

(
V̂ ∗ − V̂ +

)
= kp

(
V̂ ∗ −

√
v+

2

α + v+
2

β

)
(3)

where kp is the proportional gain, V̂ ∗ is the reference

amplitude and V̂ + is the amplitude of the DSOGI-FLL output

[8].

Assuming that SS changes from 0 to 1 in t = t0 and c
is kept in 0, the output v′ will be described by the 2nd-order

Fig. 5. Simplified block diagram of the DSOGI-FLL with oscillator

feature. (a) overall structure, (b) detail of the SOGI-QSG block.

differential equation,

d2v′(t)
dt2

+ ω2
ov

′(t) = 0, for t ≥ t0 (4)

which the solution is of the type

v′(t) = A1 cos (ωo t) +A2 sin (ωo t) (5)

where A1 and A2 are complex or real constants. For the other

output,

v′⊥(t) = − 1

ωo

dv′(t)
dt

= A1 sin (ωo t)−A2 cos (ωo t). (6)

Assuming that the SOGI was operating as synchronization

system prior to the SS switching, their outputs are given by

v′(t) = A cos(ωt) (7)

v′⊥(t) = A sin(ωt), for t ≤ t0 (8)

where A is the voltage amplitude of the DSOGI-FLL output.

At t = t0, (5) and (7), as well as (6) and (8), must be equal.

Thus, it results

A1 = A cosψ (9)

A2 = −A sinψ (10)

where ψ = (ω−ωo)t0. Substituting these constants in (5) and

(6) results

v′(t) = A cos(ωot+ ψ) (11)

v′⊥(t) = A sin(ωot+ ψ), for t ≥ t0. (12)

Therefore, if SS changes to 1, this system will oscillate

indefinitely regardless of its input. The amplitude and

frequency of the DSOGI output signal will be equal to the

values immediately before that change (the same is valid for

the PSC output). For this reason, c must be used to restore the

amplitude to the rated value. The oscillator frequency can be

adjusted any time through ωo.

C. Transition from Grid-Connected to Island Mode
The microgrid disconnection procedure is summarized in

the flowchart shown in Figure 6.a. When the disconnection

is started (e.g., due to a fault), the first action is send a

signal to open the microgrid switch (S1 in Figure 7). After

a while, the converter control changes from grid-feeding to

grid-forming. It is waited for a while again and then the

DSOGI-FLL is changed to oscillator mode. The modified

DSOGI-FLL structure (Figure 5) must be used to ensure

that the voltage amplitude and frequency given by this

oscillator can be restored to their rated values. This structure

presents a seamless transition throughout the change from

synchronization mode to oscillator mode and vice-versa.

When the procedure is finished, the converter is operating

in grid-forming mode following the voltage reference given by

the DSOGI-FLL which is operating as a three-phase oscillator.

Note that the microgrid voltages are different from the grid

voltages, thus it is necessary to keep monitoring the grid

to identify when it will be available again and start the

reconnection procedure.
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Fig. 6. Flowchart of the procedures for (a) disconnection and (b)

reconnection to the main grid.

D. Transition from Island to Grid-Connected Mode
The transition from the island mode to the grid-connected

mode occurs, for example, after a fault clearance. It is

necessary to resynchronize the microgrid voltages with the

main grid before reconnect them. When the grid voltage is

restored, the DSOGI-FLL could be enabled again to operate as

a synchronization system (it is made by restoring the position

of the DSOGI switch, SS , shown in Figure 5). However, it

can result in an abrupt frequency deviation of the microgrid

(including their loads) if the phase shift between both voltages

are high. Such frequency deviation can destabilize the overall

microgrid. Thus, to overcome this drawback, the DSOGI-

FLL is kept operating as an oscillator and its frequency is

slowly increased (or decreased) to accelerate (or decelerate)

the microgrid voltage until it get synchronized with the grid.

When the voltages are almost synchronized (both in phase

and amplitude), the DSOGI-FLL can be enabled to operate

as a synchronization system. Then, the signal to close the

microgrid switch is sent. After waiting enough time to ensure

that the switch was closed, the converter control changes from

grid-forming to grid-feeding. This procedure is summarized

in the flowchart shown in Figure 6.b.

IV. SIMULATION RESULTS

The diagram of the system used for simulation is shown in

Figure 7. The system parameters are shown in Table I. The

electrical system of medium voltage is modeled by a Thevenin

equivalent circuit with rated voltage of 13.8 kV and short

circuit power of 100MVA. The microgrid is connected to the

medium voltage grid through a 50MVA Dy11 transformer.

In this transformer is also connected another load apart from

the microgrid. For simplification purpose, the microgrid is

composed only by the MC, a grid-feeding power converter and

a three-phase RL load that demands S = 12 kW + j3 kVAR
in 380V . The grid-feeding converter is current controlled and

it uses the same control scheme described in Section III.A.

The power delivered by this converter is kept constant in

PDG = 6 kW and QDG = 1.5 kVAR.

Initially, the system operates in normal conditions with

the MC operating as a grid-feeding converter and supplying

4 kW of active power (1/3 of the rated load) and 1.5 kVAR
of reactive power. Then, the grid supplies the remaining

2 kW with unitary power factor. A phase-to-phase short-

circuit between the phases b and c (through a 5Ω resistance)

in the medium voltage side occurs in t = 50ms. After

11.6ms, the fault detection system senses the disturbance and

it starts the disconnection procedure according to described in

Section III.C. The first action of this procedure is to open S1

(Figure 7). It was considered that the switch opens 1ms after

the signal has been sent. When the disconnection procedure

finishes, the MC operates with the voltage control to impose

the microgrid voltage and share the load only with the grid-

feeding converter. The power delivered by the MC will depend

on the load demand. In this study case, the the power are

PMC = PDG = 6 kW and QMC = QDG = 1.5 kVAR.

The pre-fault and post-fault voltages in the PCC are shown

in the first graphic of Figure 8. It is also indicated the

moments when the fault occurs and when the S1 is opened.

The microgrid voltages and its positive-sequence voltage

module (|�v+oαβ
|) are presented in the second graphic of this

figure, where it is possible to see that after the microgrid

disconnection, the voltage is reestablished to the rated value by

the MC actuation. The microgrid voltage reaches the steady-

state in approximately three cycles as indicated in Figure 8.

The grid side and MC output currents are also shown in this

figure. Note that during the beginning of the fault until S1

opens, the microgrid is connected to the grid and, therefore, it

is submitted to the grid disturbances.

When the fault is cleared, the fault detection algorithm takes

a few milliseconds to detect it and starts the reconnection

procedure according to described in Section III.D. The grid

and MC voltages as well as their currents, throughout the

reconnection steps, are shown in Figure 9. At the end of this

TABLE I
System parameter used in simulation

Parameter Value
Filter inductance, L1 2mH
Equivalent resistance of the inductor, R1 0.1Ω
Filter capacitance, Cf 15μF
Microgrid nominal voltage, Vn 380V
Dc-link voltage, vdc 650V
Switching and sampling frequency, fs 20kHz
Proportional gain of current controller, kpI

25
Resonant gain of current controller, krI

1000
Proportional gain of voltage controller, kpV

0.02
Resonant gain of voltage controller, krV

5

SOGI-QSG gain, ks

√
2

SOGI-QSG voltage restorer gain, kp 0.005
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Fig. 7. System scheme used in simulation for evaluation of the MC behavior during microgrid disconnection from and reconnection to the

main grid due to an unbalanced fault in the grid.

procedure, the power delivered by the MC is restored to the

pre-fault value.

Figure 10 shows a detailed view of the phase a voltages

of the grid (va) and the microgrid (actually, the MC output

voltage voa) throughout the synchronization process. The

beginning of the synchronization occurs at the same time

that the normal condition is detected. In such example, the

phase shift between these voltages is small and, therefore,

the synchronization is fast. The worst case occurs when the

voltages are completely out of phase, which will require more

time.

Fig. 8. Behavior of voltages and currents in the electrical system and

microgrid during a phase-to-phase fault in the main grid with the

disconnection of the microgrid.

Fig. 9. Behavior of voltages and currents in the electrical system and

microgrid during the reconnection to the main grid.

Fig. 10. Phase a voltages of the grid and microgrid during the

synchronization process.
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V. EXPERIMENTAL RESULTS

A prototype, with a structure similar to that one shown in

Figure 7, was developed. The grid-feeding power converter

was not yet performed in this prototype and the load is

purely resistive. The fault effect is emulated by means of a

transformer with taps connected to a second Dy transformer.

Thus, a single-phase voltage sag in the first transformer

will result in a two phase disturbance in the microgrid with

voltages similar to that one of the simulation.

In the first experiment, it is evaluated the behavior of the

MC during the microgrid disconnection due to a disturbance

on the main grid. The disconnection process of the microgrid

is started when any abnormality in the PCC voltages is

detected. This possible abnormality is determined by the

fault detector algorithm, that will begin the disconnection

procedure. In the results presented in Figure 11, the event that

leads to disconnection is a phase-to-ground fault in the delta

(Δ) side of the transformer (Figure 7), which results in a two

phase disturbance in the microgrid PCC.

The three-phase voltages in the PCC and in the microgrid

(MC output voltages) are shown in Figure 11. In the first

100ms, the microgrid is connected to the main grid and their

voltages are the same. When the fault occurs, the voltages

become unbalanced. Observe that in this moment the system

has not yet detected the fault and the microgrid is under the

condition of unbalanced voltages. However, the fault detector

actuates rapidly, beginning the disconnection procedure. The

tripping signal sent to the S1 coincides with the instant of fault

detection as shown in Figure 11. The complete disconnection

process takes around one cycle. When the disconnection is

completed, the microgrid voltages become balanced and their

amplitudes are recovered to the rated value.

Fig. 11. Transient voltages in the PCC and in the microgrid

during a disconnection of the microgrid due to a fault. Scale:

100V/div.

The behavior of the MC current, ioa , and load current, iLa
,

during the disconnection are depicted in Figure 12. This load

current is measured directly on the load, since there is only

one load and there are no slave converters. Previous to the

fault, the current injected by the converter is higher than the

load current, then the surplus power is injected on the grid.

The current ioa presents some amount of distortion when the

microgrid is connected to the main grid due to the harmonics

present in the grid voltages of the lab, which interacts with the

LC filter capacitor. The fault leads to a small transient in the

MC current which is followed by a second transient when S1

is opened. The microgrid voltage and the load current also

present a small transient due to the grid voltage disturbances

caused by the fault. The MC current becomes equal to the load

current when the disconnection is completed.

The next result, shown in Figure 13, presents the

synchronization process that takes place after the fault detector

notice that the fault was cleared. In this experiment, the grid

voltages and microgrid voltages are completely out of phase

when the grid is restored. For this reason, the synchronization

leads more time to be completed. In this particular case, the

synchronization process has led almost 780ms. When the

voltages are synchronized both in phase and amplitude, S1

is closed and the MC controller changes to the grid-feeding

converter mode.

The currents behavior during the reconnection is shown in

Figure 14. The MC current spikes that occurred before S1

gets completely closed, is due to the fact that it was used an

electromechanical switch (an ac contactor) instead of a static

switch as done in simulation. After S1 is closed, the MC

current has a transient and tend to zero. It occurs because

P ∗ and Q∗ are reset to zero previous to the change to grid-

feeding mode in order to reduce the transient current. After

Fig. 12. Transient of the currents during the disconnection of

the microgrid. Voltage scale: 100V/div, current scale:

1A/div.
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Fig. 13. Voltages in the PCC and in the microgrid during the

synchronization procedure. Scale: 100V/div.

Fig. 14. Transient of the currents during the reconnection.

Voltage scale: 100V/div, current scale: 1A/div.

a while, those power references are restored to their previous

values before the microgrid disconnection. Note that in both

disconnection and reconnection procedures, the microgrid

voltages and the MC output currents change smoothly proving

the effectiveness of the proposed control system management

strategy for the MC.

VI. CONCLUSION

This paper presents the current and voltage controllers for

a three-phase converter, as well as, a control structure that

permits this converter acts as a grid-feeding and a grid-forming

power converter for microgrids. Also, it is presented how to

obtain the reference voltages or currents depending on the

microgrid operation mode. The adaptation of the DSOGI-

FLL structure permits its operation as a grid synchronization

system and as an oscillator. The latter feature is very

suitable to generate the output reference voltages of the

master converter when the microgrid is operating in island

mode. The system can change from synchronization mode to

oscillator mode and vice-versa, achieving seamless transient

operation between the microgrid modes with fast dynamic

responses. The proposed system avoids the well-know high

frequency deviation of the microgrid during the reconnection

procedure. The simulation and experimental results prove the

effectiveness of the proposed control system, guaranteeing the

safe operation of the microgrid.
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