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ARTICLE INFO ABSTRACT

Received: 30 Dec 2024 In this renewable energy era, the power from the solar PV arrays increasing. The world is
reducing the power from fossil fuels to reducing carbon emissions. Hence the concept of
microgrid with support form solar PV power and energy storage is significant. A local microgrid
Accepted: 26 Feb 2025 can reduce the losses as well as use effectively the generated power. In this paper, the two PV
inverters are operated in parallel, with support from the battery. PV inverters are used to supply
the critical load in a microgrid environment. The control algorithm of the PV inverters includes
the implementation of virtual synchronous generator concept and droop controller. It is
necessary to implement such control algorithms in a high penetration of solar power into the
grid to maintain the stability of the system and operate along with conventional generators.
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A dual inertia adaptive controller is used to calculate the virtual inertia constant based on the
system dynamics in this paper. A comparative analysis is made in this paper to verify the
effectiveness of the proposed dual adaptive controller. It is a decoupled methodology which
makes a compromise between the frequency response and power output.

Keywords: Virtual synchronous generator, PV Inverter, battery energy storage, droop
characteristics, frequency regulation.

INTRODUCTION

The rapid expansion of distributed generators (DGs) sources, such as photovoltaic, wind turbines, fuel cells, small
and micro turbines, and others, gave rise to the microgrid concept. Inverters and other power-electronic devices are
now used by most DGs to connect to the grid [1]. The virtual synchronous generator (VSG) control idea was developed
because inverters' static nature prevents them from supporting the microgrid's frequency stability.

A VSG is a control method that enhances microgrid stability and control by enabling inverters to mimic the droop,
damping, and inertial functions of synchronous generators (SGs) [2]. Researchers have put forth the VSG concept
under a number of names, such as synchronverter [4] and virtual synchronous machine (VISMA) [3]. Furthermore,
the VSG has been described in literature with other orders, such as second, third, fifth, and seventh order;
nevertheless, the SG is often simulated using the second-order voltage source voltage-reference [5].

Although SGs have mostly been replaced by VSGs, certain SGs are still utilized in microgrids today. Most research
simply assumes that because VSG shares characteristics with SGs, it may operate in parallel with them and effectively
share the burden. Therefore, below we have tried to investigate this concept. This is accomplished by the study's
detailed presentation of the VSG model and the parameter configuration for the paralleled VSG and SG. The VSG
model is established for each unit. Parallel setups of VSG-VSG and SG-VSG are then used to compare the dynamic
behavior of the VSG with the conventional SG in an isolated microgrid. The dynamic responses are compared using
both proportional and equal sharing of the load demand.

To further improve the decoupling capabilities, many additional effective methods have been proposed, including the
use of a communication network, a uniform rotation angle, and voltage correction. In [6], a decoupling method
combining virtual inductive compensation and a voltage controller is proposed. Even though the voltage controller
can compensate for voltage, it is difficult to pinpoint the exact value of the line impedance.
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To adapt to low voltage microgrid coupling situations, a coordinated rotational transformation mechanism is
proposed in [7]. However, the efficiency of this method relies on the exact value of the line impedance, which is
difficult to ascertain. In [8], a method for controlling multi-variable-droop synchronous current converters is
proposed. It enhances the current control loop with multivariable damping and synchronizing current. However, it
might be challenging to configure each of the many exact parameters needed for excellent decoupling. In [9], an
improved virtual power control method considering the unified rotation angle is proposed.

Since the degree of the link may be represented by the unified rotation angle, this method can effectively achieve
decoupling. However, the method's potential to improve dynamic performance has been underutilized, and its
separate process is a little complicated.

In [10], a decoupled control strategy that considers line impedance and load characteristics is proposed. Because the
load might create power coupling, it is possible for the decoupled matrix to account for the influence of the load.
However, figuring out the exact line impedance value is difficult, and changing the load characteristics could make
the decoupling capabilities worse.

[11] proposes a virtual frequency and voltage frame to distinguish between active and reactive power. Since the virtual
frequency and voltage in this way dictate the accuracy of power sharing, effective decoupling can be achieved by
setting the proper parameters. However, as the frame transformation angle in the virtual frequency and voltage droop
slopes differs for every DG unit, the fixed frame transformation angle can affect the decoupling's performance. [12]
proposes a gain-scheduled decoupling control method that uses the extra control signals to achieve decoupling.
However, the extra control signals may not be suitable for the dynamic system because they rely on the steady-state
system's properties.

To accomplish exact power sharing, a distributed cooperative control-based droop control technique is put out in [13-
16]. As a result, the system's performance is greatly enhanced. The inverter and microgrid are synchronized using a
phase-locked loop (PLL). Through PQ regulation, the RES supplies the grid with steady real and reactive power. The
components of the d-axis and g-axis AC currents are defined by the DQ reference frame, which is the basis for PQ
control operation.

SYSTEM CONFIGURATION

The load is supplied by the system's two PV sources. To get the most power out of each PV array, a boost converter is
employed. For each PV array, the rating is 4 kW at 300V DC. It uses a battery backup to power the important loads.
The system's power supply determines when the battery is charged and discharged. A stand-alone system is examined
in this research. The two PV inverters feed the load and run in parallel. To remove the harmonics, a 10kVAr capacitive
filter is employed.

The droop and adaptive virtual inertia controller regulates each PV inverter's operation to lower the rate of change
of frequency (RoCoF) when loads and faults vary. In a grid-connected system, the two inverters will provide both
active and reactive power, which is essential for system stability.
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Figure 1. Block diagram of the system
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2.1 Modelling of PV Source

An equivalent electrical circuit can be used to represent a photovoltaic cell. Typically, this circuit consists of a current
source to represent the photocurrent, a diode to model the behavior of the p-n junction, a series resistance to account
for connection losses, and a parallel resistance to represent leakage currents.
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Figure 2. Equivalent circuit of PV Cell
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I,n = Photogenerated current (depends on irradiance and temperature)

Is = Reverse saturation current; R, = Series resistance
Rsh= Shunt resistance; Vi = Thermal voltage
n = Ideality factor: T = Temperature in Kelvin

k = Boltzmann's constant
A) Modelling of PV Inverter

To reduce the influence of the uncontrollable power coupling, coupling compensation is introduced into the
traditional droop control strategy. And its formula is written:

Figure 3. Modelling of PV Inverter

B) Design of Boost Converter

The basic structure and control topology of the boost converter is shown in Figure 4: This converter divides the dc-
link into two levels: de-link voltage at the output terminals of the diode rectifier, which is a variable dc voltage, and
the dc-link voltage at the input terminals of the voltage source inverter, which is a constant voltage.
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Figure 4. Boost converter for PV inverter
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The duty cycle of the Boost converter is controlled to get the maximum power output from the PV array. P&O method
is used to the maximum power output

CONTROL ALGORITHM

3.1 Droop Control Methodology

In a traditional alternator, the two synchronous generators exchange power using the droop control mechanism.
Although the two PI inverters are run independently in this work as well, the power is divided based on their
respective droop coefficients. These inverters rely solely on traditional generators to function. The upgraded droop
controller's control block diagram is shown below.

L, ‘

L e |
W “

™ -
\f ) Vo u.;l
[ PWM abe
[ pw | A

Sng DV

Frequency Restoration

[l

Fard

W
[ | . f e
il = m =
i &y W
=
7oltage . s
Voltage | @ Active power controller ==
Reference = =
n e g
Vi =Esing) Reactive power controller g
E -
J - Q@ﬁ n Sa— [#]
+ L ) s )
T AE T § oW

Figure 5. Enhanced Droop controller

3.2 Virtual Inertia Controller:

Grid-connected inverters use a Virtual Inertia Controller (VIC) to simulate the inertial response of conventional
synchronous generators. By assisting with frequency management during abrupt load fluctuations or failures, this
enhances grid stability. It is derived from the swing equation, which is provided by equation 3 below.

® = wN —m (P — Pref) (@)
V =VN—n(Q — Qref) (s)
ZHZ—‘;) = @ =Pref — PO — k((w — wgrid) + 1/D (w_ref — wgrdi) 5)

The image figure 6 below shows the control block diagram for the implementation of the virtual inertia controller
used in this study. It may be difficult to calculate the value of the virtual inertia "H" at times. A higher virtual inertia
value will cause the system to react more slowly.

Because of this, a lower H generates output active power that is dynamically better, responds more quickly, and
oscillates less. larger inertia results in larger angular frequency changes even while it lessens power overshot.
Consequently, this study builds an adaptive inertia controller in addition to the droop controller. This helps the PV
inverter work more like a synchronous generator and enhances its frequency regulation capabilities.
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Figure 6. Adaptive controller for Virtual Inertia controller

3.3 Overall Controller (Integration of Enhancing Droop Controller and Dual Adaptive Inertia
Controller)

To replicate a conventional synchronous generator, the droop controller and the virtual inertia controller are
combined. The droop controller will distribute power in accordance with the frequency ratings, while the virtual
inertia controller, acting as a primary frequency controller, will use its inertia to mitigate the effects of sudden power
changes. The frequency-dependent demands' fluctuation is controlled by the droop controller. Two PV inverters are
operated by these integrated controllers, each of which performs frequency regulation. The control block diagram
displays the entire control mechanism of two inverters connected in parallel. to increase the effectiveness of the
frequency regulation as well.

SIMULATION RESULTS AND ANALYSIS

The following system parameters were taken into account when simulating the suggested system. Table 1 gives the
various parameters. The insolation is varied and corresponding power is also varied from the two PV inverters

Table 1. System Parameters

S.No Parameter Rating
1 PV Array 4 kW, 300V
2 Boost converter 4.5 kW, 650V
3 Load 4kW, 1kVAR
5 Droop coefficient m;=1% and m,-1%
6 Virtual inertia Hi= 2sec and H2= 2sec
7 PV Filter 10 kVAr (Leading)
8 PWM SPWM
9 fow 10 kHz

Initially the Solar inputs to the PV arrays are varied and the PV delivers the active power to the Boost converter. The
following figure 6 and 7 shows the PV power output.
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Figure 7. PV-1 and Battery output power . . .
Figure 8. PV-2 power and its corresponding battery

output power

In the above figure 8, the insolation is increased at t =0.35 seconds and decreased at to 0.75 seconds. With the
increase in the PV power the battery is reduced at t= 0.35 seconds which is shown the above figure. The load is
increased at t -0.6 sec as shown in the figure 9. With the increase in the load the battery power is varied accordingly
to keep the system balance.
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Figure 9. Load Voltage and Load current waveforms adaptive and normal virtual inertia controller

In the figure 10, the frequency waveform is compared between the dual adaptive inertia controller and normal
controller. It is observed that the dual adaptive controller the frequency dip is low compared to normal controller.

Figure 11 and 12 shows the power output waveforms of two inverters with different controllers. In the figure the no
inertia waveform is obtained without any virtual inertia where as inertia 1 waveform is obtained only virtual inertia
concept and it doesn’t include the droop characteristics, while adaptive inerttia waveform is obtained considering
dual adaptive and enhanced droop controller.

The frequency of the system is shown below figure 13. It is found that the with the droop controller and inertia
controller the frequecny is reaching to 51 Hz, where as with the adajptive controller the increase in freqeucny is
limited to 50.6 Hz. This shows the effectiveness of the integration of the enhanced droop controller as welll as
adaptive inertia controller.
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Figure 11. PV-1 Inverter output comparison with Figure 12. PV-2 Inverter output comparison with
different controllers different controllers
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