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Abstract—The integration of Renewable Energy Sources (RES)
brings along abnormalities that affect the grid, loads, and may
degrade the performance of the system. These issues can be
alleviated with the integration of RES with the use of a
distribution Static Synchronous Compensator (STATCOM).
Renewable generation with STATCOM provides quality of
power during disturbances created by the AC loads and
intermittent power from the RES. The STATCOM distribution
of DC link plays a major role in the supply quality during
abnormalities. In this work, an attempt has been made to provide
supply quality in the distribution system with the integration of a
renewable energy farm using Artificial Neural Network (ANN)-
based DC link STATCOM control of distribution. The wind farm
is analyzed for a Double Fed Induction Generator (DFIG) based
wind turbine system and it is integrated into the distribution
system. The system was simulated in MATLAB 2018A.

Keywords-double fed induction generator; distribution static
synchronous compensator; artificial neural network; windfarm
generation; power quality

1. INTRODUCTION

Wind generation plays a vital role in energy production
these days due to its comparatively lower cost and
environmentally friendly status as compared to conventional
power generation. There is a worldwide rapid growth of wind
generation plants due to the high demand for the usage of
electrical energy. Wind energy generation is the most desirable
non-pollutant source, it is renewable, and available in
abundance [1-3]. In the early twentieth century, the aviation
technology advanced rapidly and the blade technology
improved. This allowed the wind turbine development with two
or more blades [4-5]. At present, the wind farm was considered
more economical when compared to conventional sources [6-
7]. Wind turbines can have different sizes, depending on power
requirements. The electrical generator, the rotor, speed control,
and a tower are the basic components of the electrically
generating wind turbines. The wind turbines may fail
sometimes to safe shut down due to malfunctions [8].
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Wind farm generation is installed in rural and remote
places, which are usually away from the grid. Some areas have
weak grid due to voltage fluctuation [9]. The supply from the
induction generator is unbalanced and the torque developed by
the Induction Generator (IG) varies. Due to the unbalanced
current drawn by the IG, periodic pulsation torque is developed
at two times the grid frequency [10]. Recent research made the
wind turbines to be operated between fixed speeds to variable
speed utilizing Model Predictive Control (MPC) approach
which captures maximum wind energy even though wind is
intermittent in nature and cannot be predicted. MPC approach
gives better results when compared with a conventional PID
controller [11]. This produces noise and affects the rotor shaft,
the blade assembly or the gear box, causing overcurrent. To
avoid these problems and in order to capture maximum wind
energy, variable speed wind turbines are employed in many
new wind farms. One of the components of the variable speed
wind turbine is the DFIG [12-13]. The DFIG has many
advantages compared to the fixed speed generators [14].
Recently, many researchers focused on the study of DFIG-
based wind turbine systems which are connected to the grid.
The most prominent one is the vector control of DFIG. In this
case, the stator is directly integrated to the grid and the rotor is
connected to magnetizing the machine. Disturbances created in
the AC loads due to the intermittent power generated from the
renewable energy leads to various power quality issues [15-16].
Therefore, the abnormalities related with grid and loads will
affect the performance of the system considerably. These issues
can be alleviated with the integration of RES using distribution
static synchronous devices. STATCOMs are much used at the
distribution level and in the installation of the end-user.
Voltage regulation, power factor correction, load balancing and
harmonic filtering are some of the functions that are supported
by STATCOMs. Application of intelligent controllers like to
compensate reactive power absorption, improves the dynamic
voltage stability of a grid-connected wind power system [17].
The major advantage of a STATCOM distribution as compared
to SVC’s is its reduced size [18].
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In order to improve the operational efficiency of the
controller of STATCOM, various intelligent controllers have
been designed to improve system stability and voltage quality.
SVC and STATCOM are reactive power compensating devices
and support the maintain voltage profile, however STATCOM
performs better. The intermittent wind firm energy generation
and the dynamic switching of load creates voltage instability
and reactive power mismatch. This effect can be reduced with
the use of STATCOM. Hence, the proposed work investigated
the STATCOM distribution wind generation system.

The main objective of the proposed system is maintaining
the DC link voltage constant and maintain the voltage profile
under dynamic variations in wind generation. The grid
integrated wind generation under dynamic load performance
improved with STATCOM control. The DC link voltage of the
STATCOM is regulated using ANN and it tries to maintain the
necessary power to the load. In this paper, an attempt has been
made to improve the performance of power quality in the
distribution system connected with a renewable energy farm
using STATCOM. The wind farm is analyzed for a DFIG-
based wind turbine system integrated in the distribution system.
This is studied in three different scenarios, i.e. isolated, grid-
integrated, and grid-integrated using STATCOM, and
compares their dynamic and transient performances under
different load conditions.

II.  LITERATURE REVIEW

Authors in [19] discuss the impact of STATCOM and
Power System Stabilizer (PSS) on multi-machine power
systems. They improved the damping oscillations of
synchronous generators under normal and abnormal network
conditions. Applying intelligent controllers with STATCOM
and PSS leads to better performance than the conventional
controllers’. Authors in [20] presented a distribution
STATCOM reactive power source based on the magnitude of
the DC link and AC voltage control. It includes a transformer, a
Voltage Source Converter (VSC), and a DC link capacitor. The
transformer secondary winding is connected in shunt with the
grid. The VSC is constructed as an inverter. It has a capacitor
bank to stabilize the DC link voltage in order to perform the
converter operation. The converter also keeps the capacitor
charged to the necessary voltage by maintaining the output
voltage of VSC to lag the AC system voltage by a small phase
angle. The phase angle is maintained at a smaller range in order
to permit active power flow to compensate solid state switching
and coupling transformer losses. The dynamics of the load was
not taken into account. Retaining voltage and preventing
overcurrent on the rotor side at the DFIG during a fault interval
on the connected grid is done by using the ideal of Dynamic
Voltage Restorer (DVR) in [21]. Here, the capacitor is not used
intrinsically in the variable reactive source. The variable
reactive source process is achieved using PWM control signals
of the VSC to satisfy operational requirements. The active and
reactive power dynamic exchange between the STATCOM and
grid is maintained by regulating the VSC output [22]. The
system dynamics was not considered.

Distribution STATCOMs do not depend on the voltage
level at the PCC for compensating the current. Hence, it is not
reduced as the voltage drops [23]. This is an important feature

in new grid codes. Hence, reactive power is provided to the
wind generators, steadily depending on the grid demand and
actual voltage level. Other significant features are the provision
of controllable reactive current independently of the grid
voltage, the improvement of the margin of transient stability,
and the improvement of power quality. Performance strategies
of different controllers were compared with Hoo in [24].
Disturbances created in the AC loads due to the intermittent
nature of the generated power from the RES lead to reactive
power mismatch and other power quality issues. Therefore, any
abnormalities related with grid and loads will affect the
performance of the system considerably. These issues can be
alleviated with the use of distributied STATCOMs in the
integration of RES [25]. Under faulty conditions, there will be
fluctuations in the frequency and eventually speed differences
between the grid and the interconnected wind generator
creating the need for transient stability. Critical Clearing Time
(CCT) with FACTS devices is longer than the one without
them, which is an indication of TS improvement [26]. Hybrid
systems with STATCOM have been investigated in [27, 28]
and the grid integrated wind generation with STATCOM under
dynamic load performance was presented ther for the first time.
Hence, there is a need to investigate the performance under
dynamic source and load conditions [29, 30].

Both source and load dyamics are considered in the
proposed system and the complete and description is detailed
below.

III.  PROPOSED INTEGRATED WIND FARM SYSTEM USING
DISTRIBUTION STATCOMS

The wind farm integrated to the distribution system with
distribution STATCOMs connected with multiple loads and
grid is shown in Figure 1.
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Fig. 1.

Integrated windfarm using a distribution STATCOM.

A VSC based distribution STATCOM is integrated to the
distribution transmission system via a shunt connected
transformer. It can generate or absorb the reactive power from
the bus through a controller and it is used for maintaining the
voltage in distribution transmission systems. The voltage
source converter is normally placed between the DC link and
Point of Common Coupling (PCC). It converts the DC link
power into AC power, and it supports the load and the grid
during the load demand.

A. Distribution STATCOM

The distribution STATCOM has a VSC connected to a DC
link and its AC side is connected in parallel across the PCC as
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shown in Figure 2. The VSC uses PWM control, hence it
requires filters to overcome switching ripples. It uses a control
algorithm to generate gating signals for the IGBT devices. The
VSC is usually in PWM current control mode to inject the
necessary current into the system. STATCOM also requires
passive elements like a DC link capacitor, AC inductors,
injection transformers and passive filters [31-32].
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Distribution STATCOM.

Fig. 2.

IV.  WIND TURBINE DFIG WITH STATCOM DESIGN

The distribution STATCOM is designed according to the
requirements of wind generator. The electrical specifications of
the Wind Energy System (WES) are shown in Table 1. The
STATCOM design includes the selection of DC link voltage,
DC link capacitor, AC inductor, ripple filter values, voltage and
current rating of the IGBT switches. The interfacing inductors
and a ripple filter are used to limit the ripple in the currents and
voltages.

TABLE L WIND ENERGY SYSTEM ELECTRICAL SPECIFICATION
Apparent power 2.71IMVA
Real power 2.5 MW
Voltage 11kV
Frequency 50Hz
Reactive power 1.023MVar

The required rating of the distribution STATCOM depends
on the reactive power demand in the system. An uncontrolled
rectifier contributes to lower order harmonics particularly of
the fifth and seventh order, is considered as a nonlinear load
and is connected to the PCC. A three leg VSC is used in this
design. This configuration contains IGBTs, inductors, and a
DC capacitor. The required reactive power of 1.53MVar comes
from an 11KV, 50Hz three phase system with compensation
from STATCOM. The compensation support from distribution
STATCOM depends on the rating of the VSC components. The
VSC is designed for compensating and it decides the rating of
the VSC components. During grid drop, the reactive power
demand may vary. Similarly, nonlinear load connected to the
PCC contributes harmonics and considerably increases reactive
power requirement. Considering both aspects leads to 50%
variation in reactive power. Hence, it is selected to 1.53MVar.

V. ANN-BASED DC LINK CONTROL OF STATCOM

ANNs are computing systems inspired by the biological
neural networks that constitute animal brains. Such systems
progressively improve their performance on doing tasks. They
have found most use in applications difficult to express in a
traditional computer algorithm using rule-based programming.
An ANN is based on a collection of connected units called
artificial neurons. Each connection (synapse) between neurons
can transmit a signal to another neuron. The receiving neuron
can process the signal(s) and then signal the downstream
neurons that are connected to it. Neurons may have states,
generally represented by real numbers, typically between 0 and
1. Neurons and synapses may also have a weight that varies as
learning proceeds, which can increase or decrease the strength
of the signal that it sends downstream. Further, they may have
a threshold such that only if the aggregate signal is below (or
above) that level the downstream signal is sent. Typically,
neurons are organized in layers. Different layers may perform
different kinds of transformations on their inputs. Signals travel
from the first (input), to the last (output) layer, possibly after
traversing the layers multiple times. The original goal of the
ANN approach was to solve problems in the same way that a
human brain would. Over time, attention focused on matching
specific mental abilities, leading to deviations from biology
such as backpropagation. ANNs have been used on a variety of
tasks, including computer vision, speech recognition, machine
translation, social network filtering, playing board and video
games, medical diagnosis, etc.

The DC link with ANN control of distribution STATCOM
is shown in Figure 3. The layout of the ANN is shown in
Figure 4 and the simulink model of the proposed system is
given in Figure 5.
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Fig. 4. ANN control layout.
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Fig. 7. Training of ANN.

Figures 6-8 represent the performance of ANN which
depends on the DC link voltage. The mean squared error of the
training performance of the ANN is 0.012605 and the gradient
15 0.008762 at 500 epochs.

Simulink model of the proposed system.
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Fig. 8. Regression of ANN.

VI.  SIMULINK RESULTS

The performance of the proposed system under wind
changing wind, sudden switching of inductive load, and
voltage variation is investigated below.

A. Wind Speed Characteristics

Figures 9-10 show the wind profile of Gennerators 1 and 2
respectively. Generator-1 is considered as the base generation.
Generatore-2 is considered only for creating dynamic
variations in generation.

B. Switching of Loads

The dynamic switching of the RL and inductive load has
been presented in different intervals at t=0.3 to 0.5s and 0.5 to
0.9s respectively. The load voltages are shown in Figure 11.
Dynamic switching of inductive load t=0.3s to t=0.9s is shown
in Figure 11. During this period the voltage profile improved
with the use of STATCOM.
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C. Grid Active Power, Reactive Power, and Time
Characteristics

Grid power in isolated Case-1 net power delivery is zero
(Prets Oner) = 0. The grid integrated mode active and reactive
powers in Cases 2 and 3 are shown in Figure 12. Active and
reactive power delivery in Case-2 is less than in Case-3. In
Case-3 the reactive power was supported with the STATCOM
and the burden on the grid was reduced.
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Fig. 12.  Grid active and reactive power.

D. Load Active Power, Reactive Power and Time
Characteristics

The dynamic switching of the four loads reactive
performance is shown in Figure 13. Load 1 and Load 2 are
restive loads, Load 3 is R-L load and Load 4 is the inductive
load. The reactive performance according to the dynamic
switching of the four loads is shown in Figure 13. Load 1 and
Load 2 reactive power is zero hence the loads are resistive
loads.

E. STATCOM Reactive Power — Time Characteristics

In Cases 1 and 2, the STATCOM is not integrated in the
system. The reactive power exchange is shown in Figure 14.
Initially, the reactive power support is more due to insufficient
sharing power from wind generation.At t= 4s to t=12s the
change in the inductive load requires the necessary reactive
power and it is supported with STATCOM as shown in Figure
14. In Case-1 the voltage drop variations is more during the
t=0.3s to t=0.9s interval. The power is insufficient to meet the
increased load demand, resulting in a voltage drop at the bus.
In Case-2, the voltage profile is improved compared to Case-1
due to grid support. But the voltage profile suffers due to
switching of large inductive load including resistive loads. Still,
there is a need to improve the voltage profile further. In Case-3,
the distribution STATCOM supports the counter effect of
reactive power generated by the inductive load on the grid. The
results in Case-3 show the better voltage profile improvement
compared to Cases 1 and 2.

www.etasr.com Rani & Prabakaran: ANN Based DC Link Control of STATCOM in Wind Integrated Distribution ...



Engineering, Technology & Applied Science Research

Vol. 10, No. 4, 2020, 5896-5902 5901

T T T T T T T
0 —: t::: ::aﬂ!\chndh
o ’ s CASE2 Reactive Power [
i = CASE3 Reactive Power
P (\ 4
z
& |
204 i
¢
S
&6 8
! ! 1 1 1 ! ! 1 1
0 2 4 6 8 10 2 " 16 18 20
Time(seconds)
f ] ! ] ] I I ] CASEI Active Power
s CASE2 Active Power
3 04+ (CASE3 Active Power
3 \ /\/——A
T2k V 4
z
L e e
v
Sa2r 1
4L 1 1 1 1 1 1 ! ! I ]
0 2 4 6 8 10 12 L] 16 18 20
Time(seconds)

Fig. 13.

Loads active and reactive power performance.

CASEI Reactive Power
Reactive Power
Resctive Pumer |

S
'S

et
v

o

Reactive power(p.u.)
& & &
> e ~
L 1 1

£
=
.

=
™~
-
EN
o
s
=
=
=
=
5

Time(seconds)

Fig. 14. STATCOM reactive power.

STATCOM DC link Voltage

Vde Voltage with ANN controller
3000 s Ve Voltage with PI controller |
Difference Voltage
—\de_ref

= 2500 z a
c
<

o 2000 4
St
£

£ 1500 1
-
=<
|

= 1000 4
@)
a

500 1

0r 4

0 2 4 6 8 10 12 14 16 18 20
Time (Seconds)
Fig. 15.  DC link voltage of STATCOM.

The STATCOM DC link voltage with PI, ANN controller
is shown in Figure 15. The performance of STATCOM under
dynamic switching of loads affects the DC link voltage and it is

stabilized with the ANN controller. From the results it can be
inferred that the ANN controller performs satisfactorily.

VII. CONCLUSION

The performance of a DFIG based windfarm using
distribution STATCOM is analyzed under different load
dynamics. The distribution grid maintains constant voltage and
the necessary active and reactive power of the proposed system
in the third case compared to the other scenarios. The system is
stabilized even during fluctuating wind speed and the
occurrence of varying AC load. It was shown that the effective
work of the STATCOM made the system more reliable. The
results show that the obtained voltage profile is maintained
with the distribution STATCOM, which is effectively control
of the DC link voltage with ANN under undesirable effects.
The DC link voltage is stabilized with the ANN controller.
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