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Abstract: Energy is an important driving force for social development. The shortage of natural resources urgently promotes the
research of energy and the development of related technologies. Meanwhile, the distributed generation is one of the most
important approaches. Virtual synchronous generator (VSG) technology, as a kind of control strategy that can participate
actively in grid power regulation, has drawn much attention. Traditional VSG technology uses the two-level inverter as the main
circuit. Based on the theory of VSG and the matrix converter (MC) as the main circuit of the VSG, the control system can imitate
synchronous generator's characteristics such as inertial characteristics, frequency response characteristics and frequency
modulation. The method provides a feasible solution for the power conversion of the distributed generation, which is the AC
output, omitting the procedure of AC-DC-AC. Through the simulation, it is verified that the VSG technology can be applied to

the MC, which provides a new idea for the exchange transformation in distributed generation.

1 Introduction

At present, because of the shortage of natural resources and the
environmental pollution, the demand for renewable resources is
increasing. Distributed energy, as an important part of renewable
energy, has also been receiving considerable attention [1].

With the development of distributed power generation
technology, the capacity of distributed energy that participates in
the grid is largely growing. The original control method in
response to the increasing capacity of distributed energy will
influence the power system stability and security [2]. As a result,
the demand for distributed energy improves. Under this condition,
some scholars put forward the droop control method that simulates
traditional droop characteristics of a synchronous motor, making
the distributed power supply according to the amplitude and
frequency of power fluctuations and achieving the purpose of
regulating the output of active and reactive powers [3]. However,
the droop control does not simulate the inertia of the synchronous
generator. When the power grid is in unbalance, the lack of inertia
in distributed power supply will lead to the lack of regulation in the
grid fluctuation. Therefore, based on droop control, some scholars
proposed the virtual synchronous generator (VSG) technology,
which can make the grid-connected inverter to simulate the running
mechanism of the synchronous generator. Specifically, the grid-
connected inverter can be compared with the conventional

Fig. 1 Structure of a three-phase synchronous motor
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synchronous generator from the viewpoint of operating mechanism
and external characteristics by simulating the characteristics of the
synchronous generator's main body model, active frequency
modulation and reactive power voltage regulation [4]. The matrix
converter is different from the conventional AC-DC—-AC converter.
Compared with the traditional two-level converter, the matrix
converter (MC) has many advantages, namely, without energy
storage units, can achieve four-quadrant operation, has small size
and light weight and is the unit of power factor input [5, 6].

Based on these excellent characteristics of the MC, the virtual
synchronous power generation technology is combined with MC.
In the VSG field, such circuit is rare. It can be applied to new
energy sources such as wind and tidal power output, eliminating
the exchange of DC and then conversion into AC.

2 MC based on the principle of VSG

The structure of a three-phase synchronous motor is shown in
Fig. 1, and it is assumed that the surface of the motor rotor is
smooth enough and the electromagnetic leakage inductance is
ignored. Here, the stator winding is simplified as inductance of
self-inductance L, and mutual inductance —M. The currents and
voltages flowing through the three-phase stator windings are i,, i,
icand V,, V,, V., respectively.

In order to facilitate the analysis, the following equations are
proposed:

v=[v v v (1)
e = [ea e eC]T 2
o=[0, ® @] (3)
sin @
. 2r

gno< (0 7) “)

sin(@ - T)

T B
i=[ila 1 i] =ising (5)
Li=L+M 6)
1972

This is an open access article published by the IET under the Creative Commons Attribution License

(http://creativecommons.org/licenses/by/3.0/)



q

Three—phase

modulation Matrix
v SYPI -
N converter
calculation

formula

Fig. 3 Control strategy of VSG

where @ is the stator inductance, i is the stator current, v is the
terminal voltage of the synchronous motor and e is the stator
voltage of the synchronous motor. The relationship between the
terminal potential of the synchronous motor and its stator
inductance, stator current and internal potential is as follows [7]:
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Fig. 2 shows the MC-based VSG main circuit topology and control
structure; the traditional topology of VSG is a two-level inverter.
The main circuit part Sy, — Sc. has a total of nine switches of the
MC, and an output-side inductor Lg, a filter capacitor C and the
network-side inductor L, form LCL-type filter.

According to the circuit theory, the output active power P, and
reactive power Q. of the VSG can be obtained by orthogonal
projection of the voltage and current vectors, that is,

P.= %ﬁEmwiocos(Q - ) ®)
0, = %ﬁEma‘)iosin(G —) ©)

The control strategy of VSG is shown in Fig. 3. As can be seen
from Fig. 3, the active loop of VSG simulates the inertia and
primary frequency modulation characteristics of the synchronous
generator. The reactive power loop simulates the primary voltage
regulation of the synchronous generator [8].

The mathematical equations for the VSG active and reactive
rings are as follows [9]:

Tset=T6+Jd_w_

dl Dp(d)r - (0) (10)

Pyt = T = Ty (11)
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where P, and Qg are given for the active power and reactive
power, respectively, T, is the torque reference, 7. is the
electromagnetic torque, D, is the active power—frequency droop
coefficient, Dy is the reactive power-voltage droop coefficient,  is
the VSG angular frequency, w, is the reference angle frequency, U,
is the output voltage, U, is the reference voltage and J is the virtual
moment of inertia [9].

From the above analysis, the VSG active loop and reactive
power loop simulate the characteristics of synchronous generators.
Then, the three-phase modulation wave expression is

Upna = 2Epesin 0
. 2
U = ﬁEmw51n(0 - T) (13)

Upe = ﬁEmwsin(o + 23—”)

A three-phase modulated wave U,,,, U,;, U, and a drive signal
are switched by the MC after space vector pulse width modulation
(SVPWM) modulation. Under the control of MC, finally, it can get
the corresponding output waveform [10].

3 New strategy of SVPWM

The SVPWM based on the traditional MC needs both two
quantities of voltage and current to determine the switching state.
However, the control strategy in the VSG has only given voltage.
Therefore, a new SVPWM control strategy is proposed in this
paper, which only needs the state of a given voltage to realise the
corresponding SVPWM.

Set the current output voltage vector as U,,,. Though Table 1,
on the same straight line can be drawn from six size of the voltage
vector, corresponding to the instantaneous input voltage U,;, — U p,
Upes —Upe, Uy, —U,, 1s six values, and the largest voltage space
vector in those six voltage is selected. Every corresponding vector
has a corresponding switch state; there is only one vector that can
meet both demands about the maximum vector and the
corresponding direction, so the corresponding switch state can
correspond to Table 1.

Three-phase instantaneous voltage space vector can be
synthesised by pulse width modulation. When the desired output
voltage of the rotating space vector U is in some sectors, V, and Vg
are available to compound the desire output voltage.

The real-time modulation of SVPWM signals requires the
components of a and f axes, V, and Vj, the PWM periodic Tpwwm
and the magnitude of the output voltage. According to the principle
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Table 1 Corresponding switch state

Maximum voltage Sector
1 2 3 4 5 6
Uap -4,1 -5,2 -6,3 4,-1 5,-2 6,-3
Upe -5,2 2,-8 3,-9 -1,7 -2,8 -3,9
Uea -6,3 -8,5 -9,6 7,-4 8,-5 9,-6
-Uy, 4,-1 5,-2 6,-3 -4,1 -5,2 -6,3
—Up, 5,-2 -2,8 -3,9 1,-7 2,-8 3,-9
U 6,-3 8,-5 9,-6 -7.4 -8,5 -9,6
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Fig. 4 Switch combination in a single modulation cycle

of area equivalence, the relationship between the output voltage
and the switching state in a sector is

V, = TQM%|VI|COS% + %lvzlcos% (14)
V= %l%l(—sm%) + TPT‘;M|v2|sin% (15)
T, = %(%va - V,,) (16)
T, = %(%va + Vﬂ) (17)

If T, and T, are greater than the periodic values in one period, the
time of the two adjacent vectors in one cycle is

=75, (18)
— T2

L=7r3T, (19)
Ty=0 (20)

If the sum of T, and T in a period is less than the periodic value,
its action time is

TPWM( 1 )
T,= 2Py y
1 |V1| \/g a p (21)
TPWM( 1 )
T, = dv,+v
=W f 22)
o=Tpwm—T,—T; (23)

In order to reduce the harmonic component of the input line current
and the output line voltage, the symmetrical space vector
modulation strategy is adopted. Assuming the current maximum
voltage is Uy, in the first sector, as shown in Fig. 4, in a single
modulation cycle, the above switch combination is halved,
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Fig. 5 The waveform of the synchronous inverter when Pgor =7 kW, Qe
=0 kvar

(a) Steady-state phase current and voltage, (b) Active (blue) and reactive (green)
powers when Pget =7 kW, QOget = 0 kvar

according to -4—-10-»> —-4—>1—->11 -1 and lead time
sequence (7,/2) — (Ty/2) — (T\/2) = (T2/2) - (Ty/2) — (T,/2).

The control concept in this paper is different from indirect space
vector modulation algorithm mode, but the basic modulation
algorithm is based on the principle of SVM; its advantage is that
without sampling current, it can control the output voltage, greatly
simplifying the control strategy.

4 Simulation results and analysis

As can be seen from Fig. 5, the phases of the current and voltage
are basically the same, indicating that the output of the
synchronous inverter meets the power setting requirements and
only outputs the active power. As can be seen from Fig. 6, there is
a certain phase difference between the voltage and the incoming
current. It shows that the synchronous inverter output meets the
power setting requirements, and both the active power and the
reactive power are outputted.
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Fig. 6 The waveform of the synchronous inverter when Pgo =5 kW, Qger

=5 kvar
(a) Steady-state phase current and voltage, (h) Active (blue) and reactive (green)
powers when Pget =5 kW, QOget =5 kvar

5 Conclusions

J. Eng., 2019, Vol. 2019 Iss. 16, pp. 1972-1975

The VSG technology is expected to solve the problem of stability
caused by the large-scale access to distributed power grids and has
drawn wide attention. The VSG technology based on matrix
converter proposed in this paper is aimed at the application of a
distributed generation system with AC output such as wind power
generation. It can directly convert electric energy and carry out
exchange transformation, and it also eliminates the need of AC—
DC conversion and DC-AC conversion. A 10 kW simulation
model based on a matrix converter VSG is built in MATLAB/
Simulink. The simulation results show that VSG can be used in the
matrix converter.
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