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Abstract This article presents a synchronizing control for wind turbine (WT)driven doubly fed induction
generator (DFIG) system with DG (Diesel Generator) in a remote area consisting of solar photovoltaic
(PV) array and the battery energy storage. The DFIG is operated with two voltage source converters
(VSCs) namely VSC on rotor side (VSCR) and VSC on load side (VSCL) by sharing common DC link with
a battery. Moreover, the solar PV array is connected to the DC link through a boost converter, which is
used to acquire peak power from the PV array. The microgrid is designed with minimum power
converters with enhanced reliability and reduced intermittency especially for islands. Moreover, two
controls are presented for successful and smooth operation of microgrid. An additional frequency loop is
added in the control of VSCR for minimizing the power fluctuations and for smooth connection of DG to
DFIG-solar-battery based isolated microgrid with static transfer switch. Moreover, the VSCR control is
framed to build the rated voltage at the DFIG stator with control over ON/OFF operation of VSCR. It is
also designed to harness the maximum power from wind. The control of VSCL is framed to regulate the
DG power to operate it in optimal fuel consumption zone whenever it is synchronized. Simulations are
performed at steady and varying wind speeds, varying PV insolation and at unbalanced connected loads.
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1. INTRODUCTION

Even in the present scenario, there are locations
with no grid availability. In such locations,
diesel generation plays key role in feeding the
base load requirements though it involves
operational expenditure due to its fuel. However,
the main benefit is its dispatchable operation.
This is why in many islands, diesel generators
(DGs) are used as a source of power. However,
it is essential to minimize the pollution
otherwise, it leads to global warming and many
other harmful effects. Currently, the world is
focused on harnessing the energy from

renewable sources like wind and solar. It is
because, they are non-pollutants and ample in
the nature. The integration of DG with wind and
solar, reduces its operational fuel cost.
Moreover, its combination improves the
reliability. The doubly fed induction generator
(DFIG) is used widely at wind power sites
because of its merits such as fractional rated
converters, favourable for variable speeds with
MPPT (Maximum Power Point Tracking)
operation, simple manufacturing and
maintenance.
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It is also apparent that there are issues of
microgrids with distributed sources. The impacts
of distributed generation penetration have been
discussed, the authors have discussed the
impacts of high penetration of renewables based
distributed generation on the tap operation of
under-load tap changer in the power network.
Moreover, various challenges have been
discussed especially the interaction between the
voltage control equipment and the distributed
generation. the authors have proposed an
optimized fast frequency controller for DFIG
based wind turbines to improve the frequency
response under the high penetration of
renewables such as wind. Moreover, case studies
have been performed to prove the effectiveness
of fast frequency controller. In other side, as
most of the wind farms uses DFIG, there has
been significant research going all over the
globe especially in control advancements, the
authors have developed a rooted tree
optimization algorithm for wind-DFIG systems,
which is based on adaptive backstepping control.
Moreover, it has been applied to both converters
of DFIG for achieving the insensitive system to
parametric variations.

The authors have demonstrated the wind-DFIG
system with a sensor less control. The rotor
speed has been estimated from the second order
generalized integrator based adaptive algorithm
and rotor position correction. the authors have
presented an enhanced estimation of rotor
position for DFIG based wind turbines.
Moreover, it does not require the initial position
of rotor. the authors have proposed a new
frequency control technique for wind-DFIG
systems by considering the wake effect.
Moreover, the control has been developed with
the incorporation of primary frequency and
virtual inertia controls. the authors have
proposed an adaptive sliding mode control for
voltage source converter on load side (VSCL) to
regulate the stability of wind-diesel power
system. However, it lacks the synchronization

control for smooth connection of DFIG system
to the DG. the authors have demonstrated a
hybrid system based on wind and diesel with a
battery for the optimal fuel operation. However,
it requires higher battery rating because of only
two power sources. Moreover, it has more power
fluctuations because it does not have frequency
loop. In , the authors have presented a model-
free predictive current control for the
synchronization of DFIG to the grid. However,
wind fluctuations have not been taken in to
account for the design of control algorithm.
Moreover, the grid side VSC control has not
been discussed. the authors have demonstrated a
microgrid based on wind turbine driven
synchronous  reluctance  generator, solar
photovoltaic (PV) array and a battery. Moreover,
seamless transition controls have been presented
for smooth interaction to the grid based on its
availability. the authors have presented an
overview of grid forming converters and their
various control schemes. Moreover, various
controls of grid synchronization have been
discussed. the authors have presented a
microgrid based on wind-DFIG, solar PV array
and the battery, which is suitable to operate in
islanding and grid connected modes. Moreover,
seamless transition controls for both converters
of DFIG have been discussed.

It has proposed a robust load frequency control
for wind-diesel based isolated microgrid.
Moreover, the control has been incorporated
with dual loop compensations for suppressing
the variations in frequency, which is common
with renewables penetration. However, the
results have not been discussed during DG
connection. have presented the control for DFIG
with inertial response loop to balance the
frequency fluctuations at grid side in a diesel-
wind system. However, both DFIG and DG have
been connected to grid directly and, moreover,
coordination control between DFIG and DG,
have not been analysed. have discussed the
power management techniques for a microgrid
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with wind-diesel-hydrogen based generation.
Moreover, the controls have been framed to
extract maximum power from wind generator
during uncertainty of generation. However, the
system has not been tested experimentally
Demonstrated.

THE voltage-source converter is widely used as
an interface for the renewable energy systems
before they are linked to the grid like in the
photovoltaic and wind power system cases, with
its advantages in fully control of dc-link voltage,
active and reactive power, as well as power
factor A grid filter is normally introduced to
avoid the pulse width modulation carrier and
side-band voltage harmonics coupling to the grid
that can disturb other sensitive loads or
equipment. For the megawatt-level wind power
converter, due to the quite low switching
frequency of the power switching devices
(usually several kilohertz), a simple filter
inductor  consequently  becomes  bulky,
expensive, and it may also bring poorer
dynamics into the system].

In order to fulfill the modern grid
codes], the wind turbine system is currently
required to behave more like a traditional power
source (e.g., synchronous generator), which
implies that the wind turbine system should have
the capability of reactive power support. Due to
the doubly fed mechanism of the doubly fed
induction generator (DFIG)-based wind turbine
system, the reactive power can be supported
either by the grid-side converter (GSC) or the
rotor-side converter (RSC). If the reactive power
is provided by the GSC, in the case of the
constant dc-link voltage, the modulation index is
closely related to the filter inductance, and it will
increase very fast to over modulation, especially
when overexcited (OE) reactive power is
needed.

There are two ways to deal with this
issue—increase the dc-link voltage, which gives
higher switching loss and power rating, or
design an optimized grid filter. Besides, if a

small amount of reactive power is demanded by
the transmission system operator, it is also of
interest to compare the loss of the whole DFIG
system, as the reactive power supported by the
GSC only affects the loss of the GSC, while the
reactive provided by the RSC not only
influences the loss of the RSC, but also the loss
of the generator itself. Then, the annual energy
loss of the wind turbine system and cost of the
reactive power can be calculated based on the
annual wind profile at different compensation
schemes.

2. DFIG (DOUBLY FED INDUCTION
GENERATOR)

DFIG is an abbreviation for Double Fed
Induction Generator, a generating principle
widely used in wind turbines. It is based on an
induction generator with a multiphase wound
rotor and a multiphase slip ring assembly with
brushes for access to the rotor windings. It is
possible to avoid the multiphase slip ring
assembly (see brushless doubly-fed electric
machines), but there are problems with
efficiency, cost and size. A better alternative is a

brushless  wound-rotor  doubly-fed electric
machine.
Power
netwrk
|,
~,

Fig 1: Doubly-fed induction generator
3. MODELLING AND CASE STUDY
3.1 SYSTEM CONFIGURATION AND
OPERATING PRINCIPLE
The standalone wind-diesel system for
water treatment application and moreover, a
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permanent magnet synchronous generator has
been used for wind energy extraction. However,
the controls have been designed for the
continuous operation of DG even at higher wind
generation. Khalil et al. [20] have presented an
artificial rabbits optimization control flow for
the load frequency control in an isolated
microgrid. The algorithm basically tunes the
conventional controller constants automatically
with changes in the load frequency thereby it
provides the sufficient inertial response.
However, experimental performance has not
been discussed. Furthermore, in [21], the authors
have discussed the turbulent flow water-based
optimization technique for optimal sizing of
different sources of power generation such as
wind, solar, DG and battery. However, the
microgrid performance for seamless connection
of wind and DG, has not been analysed.
Moreover, Mohammad-Alikhani et al. [22] have
demonstrated the multi objective optimization
control for both capacity and components
selection in a microgrid with sources namely
wind, solar, DG and battery etc.

However, the power control for coordination of
different sources has not been analysed. have
presented a decentralized controller for the
coupled wind turbine-diesel engine generator
based isolated system with both frequency and
active power control. However, the experimental
results have not been analysed. Moreover, in
[24], the authors have demonstrated an optimal
economic dispatch of different sources such as
wind, solar, DG and battery in a microgrid with
a mathematical approach. However, the point of
connection and seamless operation of different
sources have not been discussed. In [25], the
authors have presented a power management
strategy for wind-diesel-solar microgrid based
on adaptive fuzzy logic control. However, in its
configuration, the DFIG system is connected to
the DG at point of common coupling (PCC)
without static switch. Moreover, its coordinated

control has not been considered the variations in
wind for the smooth connection.

This study focusses on synchronizing control of
wind turbine (WT) driven DFIG to the DG in an
isolated microgrid involving solar PV array and
battery energy storage (BES). The contributions
of this work, are as follows.

1. The control for VSC on rotor side (VSCR) is
achieved by considering the wind speed
fluctuations for smooth

connection of DG stator to the DFIG-solar-BES
based isolated microgrid.

2. An additional frequency loop is incorporated
in the VSCR control for minimizing the
fluctuations in wind power.

Moreover, the control logic to generate the
synchronizing signal for static transfer switch
(STS) is presented.

3. The VSCR control is designed to harness peak
wind power. Moreover, the control aims to build
the rated voltage at the stator of DFIG.

4.The VSCL control is designed to regulate the
DG output for optimal fuel operation once STS
is ON, along with power quality aspects.

5. The microgrid is designed with minimum
number of power converters as compared with
conventional configuration. Therefore, the
overall cost of the system is reduced.

6. The microgrid is formed with renewables like
wind and solar along with DG and a battery,
thereby, it improves the overall system
reliability with reduced intermittency.
7.Simulated performance is studied for constant
and varying wind speeds, variable insolation’s
and at unbalanced connected loads to
demonstrate the system performance.

8. Test results are demonstrated at different
operating conditions

to evidence the practicality of isolated microgrid
for remote area applications.
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Fig. 2. Isolated microgrid with WT driven
DFIG, and solar-diesel-battery energy storage
system

3.2 MICROGRID CONFIGURATION

The wind turbine driven DFIG, solar PV array,
DG and battery based isolated microgrid, is
depicted in Fig. 1. The DFIG stator is connected
to the PCC and the DG is connected to PCC
through STS. The DG consists of a synchronous
generator with the speed governor and an
automatic voltage regulator (AVR). The AVR
regulates the terminal voltage of DG as per the
input voltage (Vd) command. The DFIG has
VSCR and VSCL with common DC link along
with the battery. The solar PV array is connected
at the DC link through a boost converter (BC).
An incremental conductance based solar MPPT
[26], is used to generate the duty cycle for BC.
Ripple filters are used on both sides of STS to
remove the switching ripples in voltages.
Moreover, the loads are connected on Y-side of
A/Y transformer. Various current and voltage
signals used for control of microgrid, are
depicted in Fig. 1. Different components of
microgrid are designed as per the literature
reported in [11]. The control algorithms of
VSCs, are discussed in the following section.

4. CONTROL ALGORITHMS OF VSCS

The microgrid contains VSCR and VSCL to
control the various parameters. Therefore, it
necessitates one unique control for each
converter. Moreover, the STS requires control
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signal for its smooth operation. The control of
VSCR and VSCL, are discussed as follows.

A. Synchronizing Control of VSCR With

Additional Frequency Loop

The synchronizing control of VSCR, is depicted
in Fig. 2. It is aimed to build the rated voltage at
the DFIG stator, and to acquire peak wind power
along with synchronization of DG to DFIG-
solar-BES system. The DG is used to meet the
base load demand by operating in optimal fuel
mode whenever generation is reduced and BES
is unable to discharge. Whenever, the rotor
speed (wg) and wind speed (Vw) cross its
minimum allowable values (wgl, Vwl), the
AND logic gives the signal, XR. The manual
control switch (MS1) is provided with two
inputs i.e., XR and logic (0/1), which is
controlled manually with control signal Mc. The
control signal of MS1 (Mc) is either logic 0 or 1.
If Mc is 1 then the signal to VSCR, XVSC_R is
equal to XR otherwise it is controlled manually.
Based onMc the turn ON/OFF of VSCR is
performed. Once VSCR is ON, it starts building
the voltage at the DFIG stator by generating the
d-axis reference component of rotor current (i*

i SN 0/} AN

03 fANT Ao ) Tulscw 1o
..... ‘ (V1) iy
STS sigoul

Fig. 3. Synchronizing control of VSCR with
additional frequency loop
It is to be noted that VSCR is operated in field
oriented control approach. Moreover, the
synchronizing signal (Xs) to STS is generated by
comparing the voltages, frequencies and phase
angles between PCC and DG. If the phase
voltage at PCC (VrG) is within the minimum
and maximum limits of phase voltage at DG

832
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stator (Vrpmn, Vrpmx) then AND operator gives
logic ‘1°. Similarly, frequency and phase angle
error, are checked to generate the signal Xs, as
depicted in Fig. 2. The 6p, 6G, Oer, Bermn,
Oermx, TG, fpmn, fpmx, denote the phase angle of
DG voltage, PCC voltage phase angle, phase
angle error, minimum and maximum phase
error, DFIG stator frequency and, minimum and
maximum frequency limits at DG side,
respectively. When XVSC_R = 1, then i+ rd is
generated from the PCC phase voltage reference
(V# rG) and its actual values (V= rG, VrG)
comparison and passing error through Pl
controller (PI1V). The computation of és/ is
clearly depicted in the control of VSCL in the
subsequent subsection. Furthermore, it is noted
that the pulses are generated to VSCR only
when the status signal, XVSC_R is logic 1
otherwise VSCR remains non-operational

B. Control of VSCL

The control of VSCL is depicted in Fig. 3 and it
is developed with voltage orientation. It is aimed
to regulate the DG power and to achieve the
power quality aspects such as unbalanced
compensation of loads etc. It also assists in
maintaining the balanced and sinusoidal system
currents and voltages. As shown in Fig. 3,
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Fig. 4. VSCL control
Extension with ANN
Interest in neural networks has made a
comeback after a period of relative inactivity
following the shortcomings of early neural
networks (the single-layer perceptron), which

was publicized in the late 1960s. The renewed
interest was due, in part, to powerful new neural
models, the multilayer perceptron and the
feedback model of Hopfield, and to learning
methods such as back-propagation; but it was
also due to advances in hardware that have
brought within reach the realization of neural
networks with very large number of nodes [1].
The use of neural networks in control system
can be seen as a natural step in the evolution of
control methodology to meet new challenges.
Looking back, the evolution in the control area
has been fuelled by three major needs: the need
to deal with increasing complex system, the
need to accomplish demanding design
requirement, and the need to attain these
requirements with less precise advanced
knowledge of the plant and its environment-that
is, the need to control under increased
uncertainty.

5. SIMULATION DIAGRAM AND
RESULTS

Fig 5: Existing system Model
5.1 SIMULATION RESULTS

This article can be downloaded from https://ijerst.org/index.php/ijerst 833



https://ijerst.org/index.php/ijerst

Int. . Engg. Res. & Sci. & Tech. 2025 &% Iternational Joursal of Englneerng Research and Scence & Tochnobogy

TR R R R s s i it il
i f {

AR R R R R R R R AR AR RN RN

Fig. 6. System péfformance during
synchronization of DG to DFIG-solar-BES
based isolated microgrid.

Fig. 8. System performance at varying solar PV
insolation.

Fig. 7. System performance at variable wind
speeds.
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Fig. 9. (a-b) System performance at unbalanced
connected load with optimal fuel operation of
DG.

5.2 ANN Results (Artificial Neural Network)

Fig 10: Extension with ANN Model
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Fig. 11. System performance during
synchronization of DG to DFIG-solar-BES
based isolated microgrid.

Fig. 12. System performance at variable wind
speeds.
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Fig. 13. System performance at varying solar PV
insolation

6. CONCLUSIONS

The synchronizing control has been presented
for smooth connection of DFIG system to the
DG in an isolated microgrid involving the solar
PV array and the battery. The wind variations
have been taken in to account for successful
operation of rotor side VSC along with
additional frequency loop. Effective generation
of voltage at the DFIG stator has been found
when VSCR is ON. Moreover, the ON status of
VSCR is found when the rotor speed crosses its
minimum allowable range. Moreover, the wind
MPPT is obtained. In addition, it is found that
STS is ON only when the frequency, voltage and
phase angle of the DFIG stator/PCC match with
that of DG. Furthermore, the load side VSC
control has been effective in achieving the

optimal fuel operation of DG even at unbalanced
loads. Since the microgrid is designed with more
power sources, it delivers reliable power to the
connected loads with reduced intermittency.
Moreover, the system is cost effective as it is
configured with minimum power converters.
Satisfactory performance of isolated microgrid
has been found at simulated scenarios such as
synchronization of DG to the DFIG-solar-battery
based isolated microgrid at steady, varying wind
speeds, varying solar PV insolations and at
unbalanced  connected loads.  Moreover,
experimental results at varying winds, varying
PV insolation, change in load and during DG
connection/disconnection  have proven the
practicality and robustness of isolated microgrid.
Furthermore, the microgrid voltages and
currents are appeared balanced and sinusoidal,
and their THDs are found within the acceptable
limits of IEEE 519 standard.
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