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Abstract. As environmental awareness increases and new energy technologies develop, microgrid
systems have garnered significant attention as an important method for operating new energy
sources. This trend reflects the growing emphasis on environmental protection. In the process of
achieving both independent operation and grid-connected operation, the internal microgrid needs to
incorporate an inverter control system equipped with various control methods. The inverter control
system is responsible for regulating the inner loop parameters, and the coupling of these parameters
will directly impact system stability. The research focus of this article is on microgrid systems that
include wind-solar-storage systems. The study primarily employs three control types—constant
power control (PQ), virtual synchronous generator control (VSG), and a combination of PQ and VSG
control (PQ+VSG)—for simulation analysis to explore system stability. By conducting an in-depth
stability analysis, we further understand the characteristics of inverter internal control and grid-
connected inverter operation, thereby providing guidance for the design of control systems and
ultimately achieving their effective application in power systems.
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1. Introduction

In order for human society to survive and develop, energy is an essential component. Since the
consumption of non-renewable energy sources such as oil, coal, and natural gas has increased in
recent years, environmental pollution problems have steadily worsened. Under this circumstance, the
development of new energy technology has been continuously improved, and clean energy based on
wind and solar energy has gradually entered the public's field of vision [1].But due to the lower energy
density of wind and solar energy than traditional coal-fired power units, and the characteristics of
dispersion and uncertainty, micro-grids consisting of distributed power sources, energy storage
equipment, distribution facilities, and power loads have become a hot topic [2]. Power electronics are,
however, the most common technology for generating renewable energy power. With the growth of
renewable energy power generation, more power electronic equipment are being connected to the
grid. System stability is negatively affected by these devices' low inertia and lack of damping
characteristics [3].

This article mainly studies the effects of using PQ control mode, VSG control method, and
PQ+VSG control method on the system stability operation of the system stability under the operating
state of the landscape. And use Simulink to simulate the above three inverters control methods,
discuss the effects of different inverter control schemes on the stability of the system, and provide
ideas for other combined multi -inverter control circuits.

2. Composition and architecture of micro-grid system

Micro-grids are small systems for generating, distributing, and consuming power. There are many
components in it, such as distributed power sources, energy storage systems, energy converters,
monitoring and protection devices, loads. It is an autonomous system with self-control and self-
energy management capabilities [4]. It can effectively realize the output of distributed power supply,
improve the reliability of customer power, and achieve power quality performance indicators such as
voltage and harmonics [5, 6]. Also, micro-grids have the advantage of being able to connect to an
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external power grid as well as becoming an island in the event of a large power outage. The typical
micro-grid structure is shown in Figure 1.
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Figure 1 Micro-grid system structure diagram

In the figure, DG is a distributed generator. The DC output end of DG is connected to the DC end
of the inverter. Under the action of the control link, the input DC is converted into AC energy, and
the energy flows to the load side and the large power grid through the filtering circuit. In some
practical application scenarios, to meet electromagnetic compatibility requirements, inverters may be
equipped with electromagnetic interference (EMI) filter modules on the DC and AC sides [7]. In a
micro-grid system, whether it is connected to the grid or independently supplies power to the load as
an island, the stable operation of the micro-grid is the key [8].

This paper is based on the background of isolated micro-grid operation. As shown in Figure 1-1,
even if the micro-grid contains an energy storage system, the lack of support from the large power
grid will make the micro-grid system highly power-electronic, which will lead to significant
characteristics such as low inertia and weak damping [9]. For this reason, a voltage-source inverter is
necessary for the isolated micro-grid to support the voltage and frequency.

The four typical control methods of micro-grids are: constant power control (PQ), constant voltage
and frequency control (V/f), droop control (Droop), and virtual synchronous generator control (VSG)
[10]. In PQ control, the power grid sets the voltage and frequency, while the current controls the
output power. Therefore, in essence, PQ control is a current control [11]. Therefore, the voltage
control of this article is mainly selected from the three types of controllers, Droop controller and VSG
controller. Compared with the V/F controller and Droop controller, VSG control can simulate the
speed regulator function of the synchronous generator, which can perform frequency adjustment. In
addition, VSG control can provide virtual inertia through energy storage systems, so that the load of
the system does not occur without obvious temporary processes. So VSG controller and PQ controller
are chosen to study the influence of the parameters of the inner control loop and the line impedance
on system stability, as well as the coupling between the two control inverters.

3. Typical control methods for micro-grid operation

3.1. PQ controller

3.1.1 PQ control structure

PQ control is constant power control. In the grid-connected operation mode, according to the
power reference value provided by the system, the PQ controller outputs the corresponding active
and reactive power, so that the distributed power source can always generate maximum power. The
structural block diagram of PQ control is shown in Figure 2.
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Figure 2 PQ control principal diagram

In the flow chart, the main circuit consists of a DC source or a rectified DC source, an inverter, a
three-phase filter circuit composed of Ls, R, and Cy, alocal load, and a three-phase AC power grid.
PQ control consists of three parts: phase-locked loop and dqg conversion, power control, and current
control. PQ control reads the AC voltage amplitude, frequency, and phase on the bus through the
phase-locked loop (SPLL) module to provide a reference for the subsequent coordinate
transformation, and performs park transformation on the three-phase current output by the RLC filter
and the voltage on the input bus side to obtain Uy, andly4q.

Output Uy, to the power control module to calculate with the active and reactive reference values
to obtain the current reference value I;4,.r, and then introduce 1,4, and the current reference value
laqres through the PI controller of the current loop to obtain the reference voltage value Uggyer-
After the park inverse transformation, the voltage reference value Ugperep in the three-phase
coordinate system is obtained. Finally, the SPWM drive signal is generated to control the inverter,

thereby completing the PQ control of the inverter [12].
3.1.2 Mathematical model of PQ controller

The voltage and current output from the inverter are decomposed into Uy, Ug, 14,1, in the

synchronous rotating coordinate system, and the output active power P and reactive power Q are
expressed as follows:
3 . .
p= E(udld + uqlq)
3 . .
q= _E(udlq — Uqla)

)

As a consequence of the grid voltage being oriented to the d-axis, it follows that the voltage on the
g-axis is zero, and therefore the active and reactive powers can be expressed as follows:

3
P =ZUglg
2)

3 .
q = —3Ualq

3.2. VSG controller

3.2.1 VSG control structure

By embedding the mathematical model of the synchronous generator into the inverter's control
algorithm, VSG simulates the operation of a stationary power electronic device as a rotating motor.
By simulating the primary frequency and voltage regulation of the synchronous generator, it dampens
rapid fluctuations in voltage and frequency, distributes power automatically, and operates
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synchronously in a grid. As a result of VSG technology, inverters are comparable to synchronous
generators in terms of external characteristics and operation [13]. However, in addition to the
advantages of having the same functions as synchronous generators, VSG control also brings
problems such as power oscillations generated by synchronous generators [14]. The typical VSG
control structure is shown in Figure 3.
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Figure 3 Typical VSG control structure

In Figure 3, the main circuit consists of a DC source or a rectified DC source , an inverter, a filter
inductor Lg, a filter capacitor Cy, a line inductor L, and a three-phase AC power grid. i; IS the
three-phase current output by the filter inductor;u, 4;.is the three-phase voltage output by the filter
capacitor;/, is the inertia coefficient; u,, is the three-phase line voltage on the AC bus side;
D, Dyare the reactive droop coefficient and damping coefficient of VSG respectively;Py,, Q.5 are
the mechanical power and reactive power reference values of VSG respectively; U, is the rated
voltage; Kjis the reactive inertia coefficient; E is the amplitude of the VSG electromotive force; 0is
the phase of VSG.

3.2.2 Mathematical model of VSG controller
The traditional three-order model of VVSG is as follows:

( %:}[Pm—Pe—Dp(w—l)]

d
z—fsz(w—l) 3
% = Tlo[Qref —Qc+ Dq(EO - E)]

Among them, w is the virtual angular velocity; t is the time; J is the inertia time constant of VSG;
E, is the virtual rated electromotive force. Then the formula for the mechanical power B, of the
virtual synchronous generator is:

Py = Pres + Dp(l-w) 4)

Among them, P,..r isthe active power reference value; D, is the active power droop coefficient.
Then the active power P, and reactive power Q, output by VSG is:

Pe _ EU;in&
1
0 _EUCOS5_U_2 (5)
e X X1

Where, X, is the equivalent reactance between VSG and the grid.
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3.3. Parallel operation of PQ controller and VSG controller

This paper studies the influence of the coupling effect between different control inverters on
system stability by connecting the PQ control circuit and the voltage source type VSG control circuit
in parallel to the grid. The structural diagram of the island micro-grid is shown in Figure 4.

AC BUS

Figure 4 Structure diagram of isolated island microgrid

4. Simulation Verification

Depending on the structure of the island in Figure 4, simulation is performed in Simulink. First,
the PQ control inverter is connected separately to observe the correctness of the output waveform
verification PQ control model. Then connect the VSG control inverter with a load, and also observe
whether the output waveform verification simulation is correct. Finally, in the island mode, two
different control inverters are carried in parallel to observe the output waveform and verify the power
and frequency adjustment performance of the VSG control inverter by changing the load.

4.1. Simulink simulation platform

Simulink is a visual simulation tool based on MATLAB that covers simulation and model design
in the fields of industrial automation, signal processing, power electronics, etc.

Simulink is a block diagram environment that provides users with a rich toolbox, allowing users
to directly use the models in the toolbox to build by dragging and dropping, so that users can easily
build electrical model simulations. Furthermore, Simulink also provides a graphical editor for
modeling and simulating dynamic systems using user-defined module libraries.

In the theoretical study of the problem, compared with traditional experimental methods, it has
many advantages to use Simulink for model building and simulation. First of all, Simulink simulation
technology can provide more flexible and efficient experimental solutions, support the simulation of
discrete, continuous and mixed signals, reduce dependence on experimental venues and equipment,
and avoid safety issues that may occur in actual experimental scenarios. Secondly, the Simulink
platform can handle the simulation of complex systems of multi -field and interdisciplinary
disciplines. Aside from that, Simulink is tightly integrated with MATLAB, so users can use
MATLAB’s powerful simulation analysis and visualization tools, batch processing scripts, modeling
environment customization, signal parameters, and test data directly.

4.2. Single inverter simulation verification

4.2.1 PQ controller simulation
The Simulink built according to the structure diagram of the PQ controller is shown in Figure 5.
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Figure 5 PQ controller simulation circuit diagram
The simulation parameters are shown in Table 1.

Table 1 PQ simulation model parameters

Parameter Value
Ve 1000V
Ley 1000puH
Ly, 500pH
Cr 500uF
R¢ 0.01ohms

Pres 40kW
Qrer OkVar

According to the PQ mathematical model mentioned above, we can get the three-phase voltage
waveform of the phase‘-locked[ loop in‘Figure §
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Figure 6 Three-phase voltage waveform
The output three-phase current waveform is shown in Figure 7.
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Figure 7 Three-phase current waveform

From the waveform diagram, it can be judged that the three-phase voltage and current waveforms
output by the PQ controller when it is running alone are normal, but due to the presence of more
capacitors and inductors, the current waveform fluctuates slightly at the peak value. Perform FFT
analysis, and the THD of the current signal is shown in Figure 8.
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Figure 8 FFT analysis

The current waveform of 0.7s was taken for FFT analysis, and the THD was 1.58%, which meets
the grid requirement of less than 5%.

4.2.2 \/SG control simulation

VSG control includes the following three modules: 1. The VSG power outer loop (active power-
frequency droop link rotor motion equation reactive power-voltage droop link) synthesizes the three-
phase reference voltage; 2. In a double closed loop, voltage and current are tracked quickly and
without static errors; 3. PWM modulation mode to generate waves.

Since the off-grid VSG simulation model is relatively complex, the simulation is built and
displayed according to the above three modules. The Simulink built according to the main circuit
structure diagram of the VSG controller is shown in Figure 9.
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Figure 9 VSG main circuit diagram

Among them, g connects the PWM signal generation module to input and output PWM waveform.
The PWM signal generation model is shown in Figure 10.
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Figure 10 Overall control circuit diagram
The VSG control model is shown in Figure 11.
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Figure 11 VSG control circuit diagram
Among them, the three-phase sinusoidal signal value and the excitation electromotive force are
input into the PWM generation module through the multiplication input module. The simulation
parameters are shown in Table 2.
Table 2 VSG simulation model parameters

Parameter Value
P/Q 120kW/10kVar
Ve 2000V
Ley 200uH
R 0.050hms
R, 0.50hms
Cr 10uF

The voltage and current waveforms of the VSG control simulation output are shown in Figure 12.
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Figure 12 Voltage and current waveforms of VSG control output

When the VSG controller runs alone, the output current and voltage waveforms are normal. FFT
waveform analysis is shown in Figure 13.
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Figure 13 FFT analysis

The current waveform of 0.2s was taken for FFT analysis, and the THD of the current was
measured to be 0.15%, which meets the grid access standard.

4.3. Simulation of parallel operation of PQ controller and VSG controller

In the simulation modeling of PQ control and VSG control parallel, this article adopts a T -type
three -level inverter as the control object. There is a significant reduction in switching loss, since the
switch stress is only one-half of the two levels. A higher-level output brings the inverter's output
voltage waveform closer to sine waves compared with the three levels of inverters, the T-type
topology structure is simple and high in 4-30kHz. Therefore, the local microgrid model consisting of
two T-type three-level inverters running in parallel based on VSG control and PQ control is shown
in Figure 14.
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Figure 14 Local microgrid model with VVSG control and PQ control in parallel
The simulation parameters are shown in Table 3.
Table 3 PQ VSG parallel simulation parameters

Parameter Value
Vace 350V
Rline 0.001ohms
Rf,abc 0.1lohms
Lf.abc 5mH
Cr 1.5mF
Rloadl 2.90hms
Rloadz 50hms
Lioaaz 1.5mH
PrefllQrefl 50kW/0kVar
Pref2!Qresa 30kW/2kVar

It is operated in island mode. In the first 0.5s, only the first inverter controlled by VSG is put into
operation. At 0.5s, the second inverter controlled by PQ is put into operation. Observe the stability of
the system in the parallel mode of PQ and VSG controlled inverters, as well as the output voltage and
current waveforms and output power waveforms of the VSG controlled inverter and the PQ controlled
inverter during operation as shown in Figure 15.
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(a) Three-phase voltage and current waveforms of the VSG-controlled inverter 'o'utput
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(b) Three-phase voltage and current waveforms of the PQ control inverter output
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(c) VSG controls the active and reactive power output of the inverter
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(d) PQ controls the active and reactive power output of the inverter

Figure 15 VSG and PQ control the voltage, current and power output of the inverter during parallel
operation
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It can be analyzed from the figure that the VSG control inverter is relatively stable throughout the
process. When 0.5S is controlled by the external signal control, the circuit breaker is closed to the
inverter of the PQ control of the PQ control, the voltage current of the VSG control inverter And it
has no obvious changes in the power and has a certain stability. At 0.5s, connect to the PQ control
inverter, the voltage of the PQ control one side increases, the peak value is similar to the side of the
VSG control, and it maintains a stable operation within 0.01s; In the s, it is stable.The VSG control
side is in the grid-connected state, and its active power and reactive power are the same as the set
Py and Qrf.PQ control on the side of the side and non -effective power without power is generated
when it is parallel at 0.5s. When the contribution increases, the powerless power also increases, but
compared. At the time, there will still be a relatively obvious small range fluctuation. Compared with
the simulation effect of a single inverter in the previous article, the fluctuation may be related to the
coupling effect between the two inverters, which causes a small range of fluctuations in the power.

5. Conclusion

This article introduces the structural model and related control methods containing the micro -grid
system containing the landscape storage. It analyzes the structural model and mathematical model of
PQ control and VSG control, and on the Simulink simulation platform Simulation verification, the
correctness of the two control methods was verified by the model building and debugging. Then
perform the inquiry of the stability of the PQ control inverter and the VSG control inverter in parallel.
From the perspective of the simulation results, the effect of coupling effects between the connected
inverters has relatively small effects on voltage current, and on the power of power, the power of
power The impact is more obvious, especially the non -effective power of the PQ control inverter,
which will cause certain fluctuations during stable operation. Due to the idealization of the island
scene mentioned in this article, the single control method cannot well meet the operation of the island
micro -grid. There is indeed a coupling effect between parallel transportation of the two control
methods, but there is no more specific influencing factors. Further exploration. The research on
multiple types of control inverters is conducive to improving the construction of the micro-grid
system and improving the stability of the micro-grid system.
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