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Abstract: Electrical devices have advanced and are employed in
many different applications nowadays. Personal computers, arc
furnaces, and non-linear loads like fluorescent lights emit
harmonics alongside utility variable frequency drives (VFD).
These are the main gadgets for power quality issues. As is well
known, power quality is a significant problem for consumer and
distribution systems. This study explores the harmonics induced
by non-linear loads. An active power filter, which can enhance
power quality and compensate for reactive power has been
utilized. In the electrical system at low and medium voltage,
Series Active Power Filters (SAPF) are primarily employed to
reduce the harmonics, over and in compensation for voltage
distortions like sags, flickers, and notches. Total harmonic
distortion (THD) can be minimized by SAPF, which injects
voltage into the line to mitigate the distortions.

Keywords: Total Harmonic Distortions (THD), Series Active Power
Filter (SAPF), and Variable Frequency Drives (VFD), Non-linear
Loads (NLL).

L INTRODUCTION

A common location for the production, transmission and
consumption of power at a particular amplitude and frequency
is the distribution system, which reveals the quality of the
electric power (EPQ). EPQ is mainly used to indicate voltage
& current quality, availability of service, and supply of power,
among other things [1]. Power lines have seen a variety of
harmonic disturbances in recent years, mostly as a result of
non-linear loads (NLL) like electric motors, power converters,
arc furnaces, etc. Additionally, power electronics (PE) usage
for our comfort has significantly increased in recent years.
Even though these PE devices make human life more
convenient, they also increase the harmonic current in the
supply system and negatively impact the power factor [2].
Due to the differences in the component values and
component tolerance of the filter, source impedance, and
frequency of the AC source have a considerable negative
impact on their performance. These might also cause the
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system to experience series and load resonances [3][4]. To
deal with the issues related to the quality of power, a passive
power filter (PPF) is used, but it has some disadvantages such
as being more-costly, due to parallel or series resonance and
the source's impedance. An APF is extremely wealthy and
takes up a lot of space in control theories, and harmonic
extraction techniques of the APF [10]. The active filters are
employed in the case of the connection for both the series and
shunt systems to eliminate harmonics from the system [7]. As
compared to PPFs, APFs have an increased number of
advantages. They are good performance, an automated
adjustment that is risk-free in resonance, and a (power factor)
PF that is kept at unity [8] [9]. The APF has more desirable
performances when compared to other strategies [5][6]. The
traditional PPF has a high-rated capacity to eliminate all the
harmonics produced by NLL [13]. On the demand side, a
hybrid filter that combines an APF and a PTPF is proposed to
operate for improvement in the harmonics [11] [14]. To
account for voltage sag and swell, a Shunt APF fundamentally
needs an energy source, like a DC battery. Typically, the
required DC power for the Shunt APF is provided by a
separate rectifier [12] [15]. A series APF reduces voltage
distortions using suitable filters and controllers.
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Fig 1: Circuit diagram of distribution network

The diagram of the distribution network, which includes a 3-
phase supply, a 3-phase V-I measurement block, a thyristor
converter, and an RL non-linear load, is shown in the picture
above. The 3 phases are represented by, Va, Vb, & Vc. The
input voltage is given to the thyristor converter, which
connects to an NLL and adjusts its value as per the
consumer’s requirement. There are numerous distortions in
the distribution lines which include voltage swag, as a result
of the NLL. A series APF is employed to correct for the
distortions; this is explained in detail in the sections that
follow.
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Fig 3: Circuit Diagram of distribution network with SAPF

The image up top shows the diagram of several APFs. An
injection transformer, a 3-@ parallel RLC load, a 3-¢ V-I

measurement block, a thyristor converter, a synchronized six-
pulse generator, and a three-phase supply are all shown in the
diagram. The V-I measurement block, which is used to gauge
the circuit's three-phase voltages and currents, is connected to
a three-phase supply. When this block is linked in series with
the 3-phase elements, it gives 3-phase phase-to-phase or
phase-to-ground voltages and currents. Gate signals are given
to all the thyristors by the pulse generator, which is powered
by supply voltages. The thyristors receive the triggering pulses
from this pulse generator, which also regulates how they fire.
A phase-locked loop (PLL) can be used to determine the 3-
phase source voltage's phase angle. The current controller
receives all low-frequency currents on the DC side. The
thyristor converter receives the generator's output. By doing
this, high frequencies in a three-phase systemare transformed
into middle frequencies.

Active power filters (APF) have been successfully used to
account for nonlinear loads. The shunt architecture, in which
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the APF is connected in parallel with the load, has drawn the
most interest. Its typical use is for the elimination of current
harmonics produced by disturbance-causing harmonic current
source (HCS) loads. However, parallel APF is ineffective
when a load generates voltage harmonics, also known as
harmonic voltage source (HVS) loads. In this case, an APF
design with a series connection has been proposed known as
SAPF. The SAPF is linked between the source and NLL. The
voltage injected by a SAPF at the PCC ensures that the load
voltages are not affected by voltage disturbances. Most three-
phase unbalanced systems and voltage sags, swell, and
flickers are reduced using SAPF. A converter, injection
transformer, and filter are their parts. The supply lines are
connected in series with these transformers. They are used to
compensate for the voltage harmonics along with filtering the
switching ripples in a SAPF.
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Fig 4: Ideal series compensation of a transmission line.

The equation yields the equivalent impedance value for the
transmission line is,

Xeq =X — Xcomp = X(1—-r)-—(1)
Where,
_ Xcomp ®
X
r -—series of degrees compensate,
Xcomp ---Comparable series compensation reactance
—>+, if capacitive
—>-, if inductive
The transmission line's current flow is of the following

magnitude:
2V . 0
=— sSm— - (3)

1-nNX 2

The transmission line's current source of active electricity is,
VA2
Pe=Vel=———= __ 4
(1-r)Xsind

The source provides the reactive power,

If the switch opens with a slanted delay relative to the line
current,

i=Imcoswt = \/51 COS Wt - (6)
The following functions can be used to express the capacitor
voltage:

Ve(t) = 1
c

int Im

j i(f)dt = ——(sin art —sin y) — (7)
’ oC

The basic voltage of a capacitor,

1 2 I .
Vef () =—(1——y——sin2y) - (®
wc T T
Impedance about y,

1 wc T T
Where,
I=Tn/\2

In the sections that follow, let's talk in detail about the control
technique utilized.

111. CONTROL STRATEGY
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Fig 5: Control strategy for the SAPF
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QOc=1"2 (Xcomp) X (1_,,)/\2(1 cos 9) A SAPF is typically used to inject a voltage component to
_____ ) control terminal voltages and adjust for voltage sags, voltage
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swells, spikes, notches, and flickers. It primarily serves to
preserve delicate loads. Direct Voltage Restorer (DVR), a
series APF, inserts a series voltage and corrects for the load
voltages when the fault occurs on other lines. As is common
knowledge, there are two different types of SPAFs: those with
current-fed NLL (CFNLL) and those with voltage-fed NLL
(VFNLL). In the DC link of a diode rectifier, VFNLL consists
of a capacitive filter and a load. All by itself, SAPF
successfully keeps the sinusoidal supply currents for the
VFNLL. Coming back to CFNLL, it has a resistor and
inductor connected in series in a DC link of a 3-¢ diode

rectifier. A sufficient voltage is injected to get rid of the
harmonics and keep the voltage under control. By forcing a
high impedance path to the current harmonics, SAPFs correct
current system distortion brought on by non-linear loads. The
series filter will act as a harmonic voltage source to produce
low impedance at the fundamental frequency and prevent
current harmonics from entering the ac mains. This compels
the high-frequency currents to pass through the LC passive
filter connected in parallel to the load. The SAPF imposes a
high impedance by producing a voltage at the same frequency
as the harmonic component of the current that needs to be
removed. By correcting the fundamental frequency positive,
negative, and zero sequence voltage components of the power
distribution system, voltage control or unbalance can be fixed.
The SAPF is able to account for voltage control on the load
side (sags or swells) and voltage unbalance by injecting a
voltage component in series with the supply voltage in this
situation. To reduce theripples caused by the voltage injection
from the SAPF, a ripple filter is connected. Given that it
consists of a series connection between a capacitor and a
resistor, the calculation is as follows:

Fr = 1/2*pi*Rr*Cr)
Where,
Rr — Ripple filter Resistance
Cr — Ripple filter Capacitance

Here, a PI controller is used to enhance the performance of a
SAPF with the PWM technique. The PWM controller, which
in turn produces the triggering pulses for the VSC of the
SAPF, receives the error signal that the PI controller
calculates and the difference between the reference voltages
and the detected load voltages. In real-world applications,
voltage harmonics is corrected using a PWM control circuit.
As seen in Fig. 5, the voltages at the load side Vao, Vbo, &
Vco are linked to the input of the subtract, subtractl, and
subtract2 to calculate the difference between them. The output

of the subtract is then sent to the gain, gainl, and gain2 to
increase the voltage. Subtracts 6, 7, and 8 are connected to the
output of the gains and the reference currents Irefa, Irefb, and
Irefc. Additionally, their outputs are linked to gains 3, 4, and
5. Finally, a 2-level type that produces the output is coupled to
all ofthese gains.
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Fig 6: Subsystem

This figure shows the subsystem 1 circuit diagram which
consists ofa carrier generator.
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Fig 7: Subsystem 2

The circuit diagram for subsystem2, which comprises a gain
block and carrier signals,is shown in the above picture.

979-8-3503-9728-4/23/$31.00 ©2023 IEEE 126
Authorized licensed use limited to: JAWAHARLAL NEHRU TECHNOLOGICAL UNIV. Downloaded on June 20,2023 at 07:19:47 UTC from IEEE Xplore. Restrictions apply.



Proceedings of the 7th International Conference on Trends in Electronics and Informatics (ICOEI 2023)

IEEE Xplore Part Number: CFP23J32-ART; ISBN: 979-8-3503-9728-4

IV. SIMULATION RESULTS
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Fig 8. 3-phase Supply Voltage and Supply Current waveforms.

From fig. 8, it can be seen that there are two waveforms:
supply voltage and supply current. Three phases make up each
waveform. 3-phases A, B, & C marked with 3 different
colours from the 3-phase supply voltage & current waveforms
can be found. In this case, the colours red, blue, and green
denote the A, B, and C phases, respectively. The voltage
waveform's magnitude lies between -200 and 200. While the
current waveforms' magnitudes range from -20 to 20. Because
it is a pure sinusoidal waveform, there won't be any distortions
in the voltage or current.
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Fig 9. 3-phase Load Voltage and Current waveforms

The load current and load voltages for the three phases
calculated as shown in fig 9. Two waveforms of the three-
phase load voltage and load current can be seen. 3 phases A,
B, and C indicated with 3 different colours from these
waveforms can be found. In this case, the colours red, blue,
and green denote the A, B, and C phases, respectively. The
voltage waveform's magnitude lies between -200 and 200.
While the current waveforms' magnitudes range from -20 to
20.
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Fig 10. 3-phase Compensated Voltage and Compensating Current
Waveforms.

The compensated voltages and compensated currents from the
3-phase compensating voltage & current waveforms can be
found. To lessen the harmonics, these voltages are introduced
into the supply lines. The magnitude of the voltage waveform
spans from -200 to 200. While the current waveforms'
magnitudes range from -20 to 20. The waveforms of the

compensating current and voltage have been displayed above.
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Fig 11. 1-phase Source Current, Load Current, and Compensating Current
Waveforms.

The source current is shown in red, the load current is shown
in blue, and the compensating current is shown in green.
These are the output currents obtained at the source, load, and
compensation or filter. Fig. 11 shows the waveforms of the
supply, load and compensating currents in a single phase.
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Fig 12. 1-phase Source, Load, and Compensating Voltage waveforms

The source voltage, load voltage, and compensating voltage
waveforms for a single phase are shown in Fig. 12. Different
colours are used to symbolize each waveform. While there is
no distortion in the source voltage waveform, the load
voltages do have distortions; to reduce them, the corrected
voltage, which is indicated in green is used. A SAPF improves
the power quality in distribution lines. By utilizing
transformers to pump power into the supply lines, voltage
harmonics are typically greatly decreased.

V. CONCLUSION

This proposed research infers that employing SAPF harmonics
reduces large values by looking at the supply and load
voltages. The series active filter employs a hysteresis
controller to minimize NLL voltage distortion compensations.
The usage of SAPF has significantly enhanced the quality of
the power.
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an architecture for high voltage

and also an widely used necessity, since the universe cannot
function without electrical energy. There are a variety of sources
that can generate electrical energy; these include conventional
energy sources and nonconventional energy sources. Due to
limitation and the high cost of fossil fuels and also
environmental effects, consideration of conventional source
energy generation can be a trouble; therefore, the world is
looking toward energy generation that has less impact on the
environment as a source. Even though generation is easy, some
uncertainity like high harmonic distortion and less efficient
power and low power factor at consumer or load can be attested
in this process due to standard conventional switches. Hence,
cascaded h-bridge with increased level for nonconventional
energy generation and transmission for switching operations has
been suggested in this research to overcome all the loopholes and
to improve the efficiency.

Keywords: Power Factor, non-convetional energy sources,
cascaded H-bridge

L INTRODUCTION

The serially added H-bridge multi-layer alternator is the
combination of serially linked H-bridge with a separate
Direct current source which is elect acquired as of any non-
conventional source [1]. Multilevel inverters have recently

industrial applications. To provide elevated power demand
with rising electrical energy-level, multilevel inverters have
made significant advancements. Multilevel inverters provide
several benefits over traditional two-level inverters, including
lower switching frequencies first-class load voltage(v) and
current(i) with less harmonic disturbance, and reduced
voltage stress on power switching components [2-4]. These
factors are the causes of the ongoing nature of several
multilevel inverter investigations. Multilevel inverters come
in a variety of topologies, such as diode-clamped multistep
alternators, flying-capacitor multistep alternators, and serially
connected H-bridge multilayer alternators. The multilevel
serially added H-bridge alternator is one of these multilevel
topologies that has gained popularity since it does not require
clamp diodes or capacitors [5-6].

Serially added multi-step alternator is a power
electrical component designed to integrate an Alternating
voltage that has been converted from several levels of direct
current voltages. The most enticing advancement in The
multilayer inverter operates in the moderate-to-peak level
voltage array, which includes applications for motor drive,
energy distribution, power energy class, and power
conditioning [7]. The medium voltage energy management
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industry benefits from the use of multilevel voltage source
inverters since they are affordable. Inverters with numerous
voltage or current sources and output levels might be referred
to as multilevel inverters. Different topologies can be used to
create a multilayer inverter [8]. A multi-step inverter has
more whip hand when compared to the normal two-level
inverter which consumes an excessive rate of switching
frequency. The best properties of multi-step inverters are low
dv/dt generation and a very low total harmonic distortion in
output voltage. Operation is done with minimum switching
frequency in the case of multi-level inverters [9].

Asinusoidal voltage is required in many real-world
applications because of their affordability, multi-level
inverters have become a common alternative. As the step
increase, wave nature class likewise improved and the need
for filters decreases [10]. Multilayer alternators have often
employed in medium- or peak-power system applications,
such as variable-speed and stationary reactive power
correction [11]. The better-switching devices are opted for
better and more efficient economic operations. The layer
number of the alternator must be gradually improvised and
stepped up so that the whole harmonic disturbance can nearly
get nullified.

II. SERIES CONNECTED-BRIDGE MULTILAYER
ALTERNATOR TOPOLOGY

The 7-level/layer alternator topology is described in
fig-1 it contains three h-bridges cascaded in series and
each h-bridge contains four switches igbt. Each h-
bridge has one separate dc source.
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Fig.1. Seven level inverter topology

The 7-layer series connected h-bridge alternator can
be operated in many modes. To operate modes can be
changed by changing the switches position (on/off),
for different modes of operation, different voltage
values are obtained. As 7layer series connected h-
bridge multilayer alternator is considered, 7 different
voltages as provided in the below table-1 are

obtained.
Table-1 7- level inverter voltage levels
Voltages VHI VH2 VH3
-3Vdc -Vdc -Vdc -Vdc
-2Vdc 0 -Vde -Vdc
-1vdc 0 0 -Vdc
0 0 0 0
1Vde Vdc 0 0
2Vdce Vdc Vdc 0
3Vdc Vdc Vdc Vdc

The designed nmultilevel inverter can be operated in
many switching modes; two modes are explained below.

A. MODE OF OPERATION -1

For 7- the series-connected h-bridge multilayer alternator,
three h-bridges connected in series are used. If -3 VDC
voltage as the output is considered, the switches are activated
are S2, S3, S6, S7, S10, and S11. The operating condition
diagram is shown below in Fig. 2. The seven-level can be
used in a variety of ways. The switching sequence for the two
modes of operation is explained. for the 7-level alternator.
MOSFET, GTO, IGBT, and thyristor switches are just a few
examples of switching devices. Based on the specifications of
the switching devices and requirements, any one of the above
switches can be used. These switching devices are used to
achieve smoother, wiser, more efficient, and cost-effective
operations.

The thyristor switching devices are suitable for the
rectifiers, ac-ac voltage controllers, and cyclo converters; the
MOSFET switching devices are best suited for dc-dc
converters and chopper circuits; and the IGBT switches are
best suited for the alternator topologies. In this manuscript,
for the switching operations, the IGBT switches are used
rather than any other switches because they operate at the
best voltage, power, and frequency as well. Because of the
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IGBT's above-mentioned characteristics, it is the most
commonly used switching device in alternator internal
circuits. Inverters are electronic devices that convert DC
power to AC power. The operating conditions for inverters
depend on several factors, including the type of inverter, the
input DC voltage, the load requirements, and the switching
frequency.

Here are some general recommendations for
operating conditions:

Input DC Voltage: The recommended input DC voltage for
the inverter depends on its design and load requirements. The
input voltage should be within the range specified by the
manufacturer to ensure safe and optimal operation.

Switching Frequency: The switching frequency of the
inverter affects the output waveform quality and efficiency. A
higher switching frequency can improve output voltage
quality and efficiency but can also increase switching losses,
reducing the overall efficiency. The recommended switching
frequency depends on the inverter type and the application.

Load Requirements: The load requirements, such as voltage
and current requirements, determine the output voltage and
current of the inverter. The inverter must be sized to meet the
load requirements, and the operating conditions must be set to
ensure that the inverter can deliver the required voltage and
current.

Heat Dissipation: Inverters generate heat during operation.
The operating conditions should be set to ensure that the
inverter can dissipate heat effectively and operate within its
safe temperature range. It is essential to consult the
manufacturer's specifications and guidelines for the specific
inverter being used to ensure that it is operated within its safe
and optimal operating conditions.

Overall, the best operating conditions for inverters
depend on the specific application and inverter design.An
IGBT (Insulated Gate Bipolar Transistor) is a type of power
semiconductor device that is widely used in high-power
applications.

The specifications of an IGBT may vary depending
on the specific model and application, but the following are
some key specifications:

Maximum Voltage Rating: This specification refers to the
maximum voltage that an IGBT can withstand without
breaking down. It is crucial to ensure that the IGBT can
operate safely within the specified voltage range.

Collector Current: This rating specifies the maximum current
that an IGBT can handle without damage. It is important to
ensure that the IGBT can handle the required current for the
particular application.

Switching Frequency: This specification defines the
maximum frequency at which an IGBT can switch on and off.
It is essential for applications that require fast switching, such
as in inverters.

Thermal Resistance: This specification refers to how
efficiently an IGBT can dissipate heat generated during
operation. It is crucial to ensure that the IGBT can operate
within its safe temperature range.

Gate Charge: This specification defines the amount of charge
required to switch an IGBT on and off. It is essential to
ensure that the IGBT can be controlled effectively and
efficiently.

On-State Voltage: This rating is the voltage drop across the
IGBT when it is conducting current. It is crucial to ensure
that the IGBT can handle the required voltage for the specific
application.

In summary, the specifications of an IGBT play a
vital role in ensuring its safe and effective operation within
the specified operating range. To ensure that an IGBT
operates optimally, it is essential to consult the manufacturer's
specifications and guidelines for the specific model being

used.
T .
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B. MODE OF OPERATION-2

Similar to the above mode of operation, mode-2 operation of
the 7- level serially connected h-bridge alternator is studied.

RN E——— s2
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/
3 | s4 |
—— S5 / S6
V2 —_—
|
/
s7 <8
—— s9 / S10
V3 ——
/
S11 s12
]

Fig.3. mode-2 operation

Apart from the above modes of operation, the 7-layer
alternator has many other modes of operation. the remaining
operations of the 7- layer inverter switching sequence is
explained below table-2.

Table -2 switching modes for different voltages

S{S|S|[{S|S|[S]|S|[S]|S|[S1]S1]S1
1 [2)3[4]|5]|]6]|7[8]9 0 1 2
Of1 (1 [0ofoO{f1 1100 1 1 0
1 {1 ]1]0f[0]0(1 11010 1 1 0
1{1]1]0f0]T1T[1]0[0]O 1 1 0
1] 1]0]J0]1]1]0]0]1 1 0 0
1/ 0] 1 ]0]1]1T[0]O0]1 1 0 0
1o f1]J]O0|T1T[]O])JO]O]]1 1 0 0
1{o0of1 0|1 |J]O]JO]O]|1 0 1 0

IV. WORKING SCHEME
The series connected h-bridge used is operated in two
modes.

1. OPERATION OF A SERIALLY CONNECTED H-

BRIDGE MULTI-LAYER ALTERNATOR IN
GENERATING MODE

The operation of series connected h-bridge multilayer
alternator is explored for the straightaway/linear load of
40KVA and (8/10) power-factor lagging is connected to
normal 3-layer, layer and 7-layer series connected h-bridge
alternators. Here one h-bride use one DC source hence
maintenance and controllability is easy . the total harmonic
distortion is observed accordingly from the output voltage
graphs of cormresponding 3-level ,5-level and 7-level
inverter.For 3-layer alternator the voltage levels are -
500V,0V,500 for 5-layer alternator the voltage levels are -
500V,-250V,0V,250V,500V.For 7-layer inverter the voltage
levels are-500V,-250V,125V,0,125V,250V, 500V. It is
observed that the voltage profile has improved and the whole
harmonic disturbance(THD) is absolutely decreased while the
layer of the serially connected h-bridge is increased[13].

2. WORKING OF A SERIALLY CONNECTED H-
BRIDGE AS A COMPENSATOR

The combination of nonconventional energy sources can be
used as a compensator as well as a secondary power source.
By cutting the harmonics, power quality improvement can be
attained. The load is not constant orlinear on the load side,
soThe serially h-bridge alternator, as a compensator, reduces

the harmonic quantity, improves the power factor, and also
increases efficiency [14].

A good power factor indicates that the electrical power is
being used efficiently, and this can result in several benefits,
suchas:

1. Lower electricity bills: A good power factor means
that less electrical energy is wasted, and as a result,
youwill be charged less by your electricity provider.

2. Improved equipment performance: Electrical
equipment operates more efficiently with a good
power factor, which can result in lower maintenance
costs and longer equipment lifetimes.

3. Increased capacity: A good power factor means that
more electrical load can be served with the same
amount of electrical power, which can result in
increased capacity and fewer power outages.

4. Reduced environmental impact: A good power
factor means that less electrical energy is wasted,
which can result in a reduced environmental impact.

IV. SIMULATION RESULTS:

The simulation outcomes of the 3-layer, 5-layer, and 7-layer
inverters are achieved with the help of MATLAB and
Simulink. The three-level inverter voltage waveforms are
shown in Fig. 4, and the whole harmonic disturbance of a
three-level series connected h-bridge is analyzed in Fig. 5.
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Fig.5. Whole harmonic disturbance of 3- layer serially connected h-bridge
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The 5- layer serially connected h-bridge alternator voltage
waveforms are shown in the fig-6 and the whole harmonic
disturbance of 3- layer series connected h-bridge is

analyzed from fig.7.
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Fig.7. Whole harmonic disturbance of 5- layer series connected h-bridge
alternator.

The 7- level alternator voltage waveforms are shown in the
fig-8 and the whole harmonic disturbance of 7- the layer
series connected h-bridge is analyzed from fig.9.
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Fig.9a and 9b. Whole harmonic disturbance of 7- layer series connected h-
bridge alternator.
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V.CONCLUSION

This research work has investigated the increased layers of
series connected h —bridge inverter to analyze output voltage,
power quality improvement, and total harmonic distortion.
The simulation result clealy shows that when the level of the
inverter increased then the total harmonic distortion gradually
decreased. Moreover, the load power factor is improved and
the overall efficiency is increased. Hence, high-level inverters
are used in switching operations while the non-conventional
source is needed to generate and transmitted with efficiency
and quality.
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ABSTRACT

Synchronous generators (SGs) are expensive and essential parts of power networks that need to be safeguarded from flaws
and unusual operating conditions. The performance of the power system as a whole can be negatively impacted by internal
and external problems that can seriously harm SGs. Electric utilities utilize numerical, solid-state, and electromagnetic relays
constructed on a differential protection scheme to protect SGs. More machine models and analyses of how synchronous
machines operate with intrinsic flaws are nonetheless required. Various synchronous generators have been successfully
controlled using traditional control theory and nature-inspired metaheuristic stochastic optimization techniques like
evolutionary algorithms (EAS), particle swarm optimization (PSO), differential evolution (DE), genetic algorithms (GA),
firefly algorithms (FA), and artificial bee colonies (ABC) algorithm. defects. Artificial neural networks (ANNs), wavelet
packet decomposition, and MFO-based FLC have all been used to analyze synchronous generators with internal and external
ground faults.

Key words: Synchronous Generator , Incipient faults , Artificial Neural Network (ANN) , MFO ,Fuzzy Logics

1. INTRODUCTION

Synchronous generators (SGs) are essential components of power systems that generate electricity and ensure an uninterrupted
power supply to consumers[1]. However, SGs are susceptible to various internal and external faults that can cause significant
damage to the machine and affect the performance of the entire power system[2]. Traditional protection methods have limitations
in detecting and identifying faults in SGs, necessitating the development of new and effective fault detection techniques[3]. This
article focuses on the detection and identification of different types of faults in SGs using MFO-based FL techniques[4]. The
article highlights the importance of fault detection and identification in SGs and proposes the use of MFO-based FL techniques for
this purpose[5]. The article also discusses the application of wavelet packet decomposition and artificial neural networks (ANNS)
in conjunction with MFO-based FL techniques to improve fault detection and identification in SGs[6]. The proposed technique
was tested on a 3 MW SG, and the results demonstrated its effectiveness in detecting and identifying different types of faults[7].
The article concludes that the proposed technique can be a valuable tool for power system operators to improve the reliability and
performance of SGs[8].

Proposed MFO-Based FLC Using Synchronous Generator and Fault Diagnosis

This section discussed the synchronous generator's fault detection and diagnostic technique using the MFO-based FLC. The block
architecture of a possible method for diagnosing synchronous generator incipient faults is shown in Figure (1). The synchronous
generator, offline process, online process, and diagnosis process are shown in this diagram. In this case, the output signal has
produced and controlled the synchronous generator. The alternator’s signal has been double-checked for errors and the data
collection representing is saved for the different errors throughout the offline phase.
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Figure.1 shows a block diagram of the suggested method for diagnosing internal faults in alternators.

The recommended technique is carried out in this case in a synchronous generator collecting data sets and identifying the new
issues in two steps. The Moth flame optimization approach is used to identify the best ways to proceed from the open looking for
space in light of a function of the objective kind and produce logically plausible data sets first and foremost. The Moth flame
optimization technique uses the synchronous generator to provide a range of metrics that are used to determine if the generator is
healthy, ill, etc. situations separately. In the second stage, the Fuzzy logic controller applies the finish of a data set and terms the
es synchronous generator's nascent problems under various scenarios. The recommended diagnosis technique was developed with
the specific genuine purpose of separating the fault concerns from the states of the synchronous generator. the figurel. A
synchronous generator's modeling is put together, furthermore, with a combined MFO control technique, finding a synchronous
generator's three-phase fault problems is made. For synchronous generator incipient defect diagnosis, the proposed method is the
MFO-based FLC. The MFO technique is used in this situation to identify the best courses of action within the confines of the
desired capacity and create any feasible coherent datasets. Considering the finished data set, the Fuzzy logic control performs and
diagnoses Alternator nascent difficulties in various scenarios. The following are notable steps connected to the recommended
calculation:

(a) Stages in the Proposed Algorithm's Optimization:

Stage 1: Initialisation
The voltage(V), speed(N), and torque(T) numbers serve as the initial constraint parameters. The number of iterations is initialized,
and the power values begin as the FLC parameters are generated at random.

Stage 2: Random generation
V, N, and T values are used as the beginning values for the restrictions' conditions. Initialize the power values and the number of
iterations. using the equation and the random generation of Fozzy logic controller parameters, respectively .

Stage 3: Evaluation
The V and | level that correspond to the value of the produced power are displayed during the assessment Work on.
Recommended MFO and FLC method's primary goal is to minimize the deviation of the power signal from the intended location.

Stage 4: Updation
Using equations and the moth's position in proximity to the flame is updated based on the fitness function.
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Stage5: Final process

Equation estimates that during the course of repetitions, the number of flaws decreases adaptively . The calculation's output is only
available for the data sets that are theoretically possible to predict the optimal parameter. Access is granted to the FLC's rule base
of these finished data sets so that it may simulate the fuzzification process and identify any impending problems with the
synchronous gene under varied responsibility situations. The FLC is created with the particular objective of diagnosing the
synchronous generator's nascent problems.

(b) With FLC, prediction of the ideal parameter:
Identification of impending problems with a synchronous generator is carried out using the fuzzy system. Figure 1 shows that the
following succinct explanation of the technique has been provided:

Procedure (i): Fuzzification
This process converts the sharp input into a linguistic element in a fuzzy knowledge base using the membership function acquired.
The error and the change of error, are provided as equations (1) and the fuzzy controller's input (2).

E®)=V(1)-V*(1)
A\EGO=V,0)-Vi, (0 ... (1)

V(t) presents the output voltage, V*(t) refers to the standard voltage and | subscripts denote the value taken at the beginning of
the process. Process (ii): the system of fuzzy inference fuzzy input, fuzzy input, and fuzzy output is changed with the help of the
"If then" type fuzzy rules. Here, rules are formed with one reflecting the circumstances in which a defect occurs and the other
indicating the situations in which the system is fault-free. Both levels of the fuzzy system and demulsifier can be used to recognize
the membership function. After the The membership function is pushed out to list phonetic words during the fuzzification and
defuzzification layers; it graphs non-fuzzy information values to fuzzy semantic terms and, in contrast, fuzzy linguistic positions
to non-fuzzy information values. Procedure (iii ): Decision making the uncertain values that the fuzzification approach is based
on may be used to create fuzzy rules for every component of the methodology. The decision is based on the aforementioned
criteria. The common method for the If A, then B is a vague rule. The system is faultless if A and B are both zero, but in the
unlikely event that A is positive and B is negative, fault 1 is now active. The rules for the form are unclear

If Eis X,and A Eis Y, THEN X£(f) is F.(f) ®

Where Xa and X, are the vague subsets and consider the singleton values of the fuzzy system. Procedure

4: Defuzzification

The decisions made when using the defuzzification process are where the fuzzy values are found. This method converts the output
esteems from fuzzy to crunchy . The output variable's potential to include members serves as the foundation for the
defuzzification. The framework is provided as a database.

FO=XS0) e (3)

Where Xaf (t)is the final result of fuzzification.

As a degree of assistance target is determined for each member of the collection, fuzzification is necessary. The fuzzy system
accurately anticipates the outcomes when there is increased participation in the work. Similarly, the proposed MFO with the FLC
system determines the precise SG fault while increasing the gain parameter. Figure(2) shows the MFO with FLC flowchart in
action.

- 1

Figure.2: Flowchart of proposed MFO with FLC
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By using a variety of approaches, including wavelet packet decomposition, artificial neural networks, and MFO-based FLC, this
chapter investigates the synchronous generator's nascent flaws. To diagnose the behavior of the fault at this point, internal faulty
signals are analyzed as wavelet packet decomposition to three-phase currents is decomposed into approximate and detailed
signals. This method establishes the energy of the approximation signal and the maximum energy of the detail signals. By
controlling both regular and irregular signals, the ANN controllers successfully get rid of internal faults. The output performance
of the synchronous generator signals is assessed by the MFO-based FLC-based signal analysis to determine whether or not it is
initially flawed. The subdivision gets rid of increased inquiries into the developing fault, decreased fault detection, and decreased
internal fault. As a consequence, it is possible to raise the issue of the internal fault of the synchronous generator with MFO based
FLC much more successfully by presenting an optimization fault issue, followed by fact-finding and the suggested techniques.
The recommended MFO-based FLC-based synchronous generator's concept and plan, as well as its implementation next to the
internal fault problems, are made evident. The results and discussion of the proposed approach and the existing method have been
briefly presented along with comparisons to other methods.

RESULTS:
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EXPERIEMNTAL DATA:
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A Phase B Phase C Phase Total
A Fault 1.1086 0.5939 0.7473 2.4499
B Fault 0.6924 1.1075 0.7473 2.5472
C Fault 0.5945 0.6927 1.1074 2.3946
AB Fault 6.9434 0.4092 0.7473 8.0999
BC Fault 0.5500 2.9050 4.0326 7.4876
AC Fault 5.5450 0.5412 1.4399 7.5261
ABC Fault 7.6566 1.2451 3.8882 12.7899

Table 1: Execution analysis of a suggested method through a developing fault for ten preliminary steps

Model Proposed ANFIS ANN
RMSE 94 20.5 234
MAPE 1 120 162
MBE 23 4.6 6.1
Consumption 5 7.8 7.8
time (s)

Table 2: A statistical analysis of a method proposed by an existing technology that detects a flaw in the first 10

preliminary results

Performance Proposed ANFIS ANN
Measures
Accuracy 0.96 0.87 0.58
Specificity 0.94 0.83 0.55
Recall 1 0.91 0.62
Precision 0.95 0.85 0.59
CONCLUSION:

The control calculation for a synchronous generator is shown in the thesis utilizing a variety of methods, including wavelet packet
decomposition, artificial intelligence, BA-RNN, ANN-GSA, and MFO-FLC. In this case, the suggested approach is carried out in
two stages, such as the first problems with SG-set sorting and data analysis. A synchronous generator is used to study DWT and
ANN, fault detection, and character with the GSA system. The mistakes in the synchronous generator then control the RNN
technique going ahead. Here, the RNA production process was used to enhance the BA. The ANN is trained using ALO, which
improves ANN performance. The improved ANN is used to determine whether or not the signs are faulty. The MFO approach's
best course of action is to use the space that is now available to authenticate and maybe store static data packages. The FLC
employs SGs and supplementary data sets in both favorable and undesired circumstances. Using factual estimations, such as
sensitivity, specificity, recall, and accuracy, has allowed researchers to examine and assess the suggested strategy's practicality.
Using statistical measures including MBE, MAPE, RMSE, and use time, the proposed task's execution was verified and compared
Using ANN, fuzzy, and ANFIS methods . The suggested methodology was displayed in front of several techniques relating to
communication presentation methods and real techniques. The comparison of the MATLAB simulation results with the outcomes
of the experimental setup demonstrated the superiority of the suggested Al approaches for fault identification in a Synchronous
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Generator The suggested approach is employed to identify the stable and undesired SG states in the presence of an early deficit.
Here, the suggested method is employed to diagnose emerging defects and collect informational indexes. The SG rehearsals are
divided into good and bad circumstances right away. The stator-torque current views within that are normalized to their estimated
peak esteem. At that point, the MFO is used to evacuate the deficiencies that directly correspond to the current symptoms. To
offer the precise type of flaw, the extruded components are established using FLC. This proposed method allows for more

accurate detection of new failures.
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Abstract: This article implemented a hardware structure of a
single-phase inverter with Arduino with hybrid energy sources,
this inverter generates an Ac square wave using PWM generated
by an Arduino microcontroller, and this Arduino helps in
generating triggering pulses for MOSFETS switching, thereby AC
voltage is developed, taking this as a reference. This paper
simulated a renewable energy source fed multilevel inverter,
which consists of the windmill, and PV cell as renewable sources,
as there is a lot of change in power generation in the current world
there is a need of using renewable energy sources for power
generation, and a 9-level inverter for power conversation, the 9
level inverter is used for maximizing the output power to a higher
extinct when compared to other inverters, the energy generated by
the renewable energy source is stored in a battery, and this circuit
is parallelly connected to the inverter for the AC power
generation.

Keywords: Single-phase inverter, hybrid energy sources, Arduino,
renewable energy sources, windmill, PV cell, multilevel inverter.

INTRODUCTION

Multilevel energy inverters were studied highly in the latest
years. The advantages of using multilevel inverters are that it
has low harmonic distortion acquired due to the multilevel
voltage range at the output and reduced stresses on the
switching devices used [1]. in comparison with traditional two-
level voltage deliver inverters, multilevel inverters can output
higher voltage rankings without the usage of the collection
connection of low sustain voltage devices and function a
decreased dv/dt of the output voltage and spectrum better
harmonic. The use of multilevel inverters become one of the
inexperienced techniques for immoderate energy medium
voltage applications [2]. The popular kinds of multi-stage
inverters are categorized into three primary groups Neutral
point Clamped multilevel inverters, flying capacitor multilevel
inverters, and protruded H- ground multilevel inverters. The
Neutral Point Clamped multilevel inverters have a few step
backs that weaken the reliability of these structures because it
desires one-of-a-kind clamping diodes which are rated. The
incorrectly balanced capacitor hassle and an additional range of

Chandan Kumar Chiguru
Dept. of Electrical and Electronics Engineering
Teegala Krishna Reddy Engineering College
Hyderabad, Telangana, India.
chandankumarchigurul999(@gmail.com

switches, capacitors etc, are required for growing the machine
energy rating [3]. A nonpartisan point-braced inverter with a
dynamic countdown of nine levels 9Level R D C, AN P C
Inverter). The shortcomings of the SL ANPC are eliminated by
this inverter, which also reduces control unfortunate and
improves yield waveform quality [13]. inverters with three
stages are used in high-power applications. Two-changed
SVPWM computations were reported by Yong-Chao, and these
techniques reduced regular mode voltages in a three-
level inverter [4]. comparable negative aspects of the Flying
capacitor multilevel inverters additionally have been recorded
including a massive quantity of cumbersome and more
capacitors highly priced, the improperly balanced capacitor
problem, and bad efficiency [14]. the concept of the output
voltage which is stepped up became commenced with the
handiest 3 ranges withinside the output voltage of the waveform
withinside the Neutral factor clamped multilevel inverters
inverter additionally referred to as a diode-clamped multi-level
inverter in the year1981. The subsequent change of this inverter
comes in the way of means of including outside ranges [5]. The
fundamental output voltage is improved, and harmonics are
reduced with the aid of multilevel inverters. They are more
electromagnetically ~compatible, have higher voltage
capabilities, and have fewer harmonics [15]. They also have
fewer switching losses. Five-level and nine-level multilevel
inverters are both available. They make accurate comparisons
with the aid of inverters, IGBTs, and switching devices [6]. The
characteristics checking based on space-vector modification
was proposed by Quang Wei and others. The 3-stage current
source inverter's 5, 7, 11, and 13 sound requests were silenced
as a result of this technique.10 kilo-volts ampere consecutive
current from source-converter modules were tested by
equipment [7]. This technology can assist in achieving
efficiency of the system and the usage of energy from
renewable sources incorporated into hybrid systems [12].
Different energy from renewable sources, such as PV and wind,
have been combined to satisfy the necessary load because of the
fluctuating natural conditions [8]. Now, these systems aid in
reaching the desired optimum output when used in conjunction
with multilayer inverters. Pulse width modulation aids in
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lowering harmonic distortion output and significantly raises the
voltage from the 5-level inverter output. For power electronic
applications consisting of bendy AC transmission systems,
renewable electricity sources, uninterruptible electricity
supplies, and lively electricity filters, multilevel inverters have
become crucial. Here, an approach for implementing pulse
width modulation is suggested. The output is minimised with
the aid of PWM. The PWM's overall distortions of harmonic
aids in raising the output voltages [9]. The PV wind-battery-
based hybrid system manages power flow by connecting to the
grid via a multiple-input of transformer. The output waveform
distortion is the biggest negative. Efficiency increases when
harmonics are reduced. Utilising the suggested multi-lever
inverter is achievable [10]. A switched capacitor was used in
the Flying capacitor clamped 5-degree inverter. The quality of
the output waveforms could be raised [11]

II. HYBRID ENERGY SOURCES

PV CELL
+ .
0 1397 83
WIND g RECTIFIER
MIL ¢ | vi
S FT e
| |53 | LOAD
-+
57 s6
BATTERY “
+
—
4755’7 56 7

:

Fig.1. The hybrid-energy source system diagram.

The above fig.1. is a hybrid electric energy sources system. The
circuit consists of two hybrid electric energy sources, a
windmill & PV cell, a windmill is an electric energy generating
device which converts wind energy into electrical energy, and
the windmill consists of a turbine which rotates in the wind
direction making kinetic energy and the shaft of the turbine is
connected to the motor shaft and this motor shaft is connected
to the generator where it converts kinetic to mechanical energy
and thereby it converts and develops into electrical energy, PV
cell is a device which converts light energy into electrical
energy by the means of sun rays which is nothing but
photovoltaic effect. A storage unit which is a battery is used for
storing the energy received from the windmill and PV cell, the
boost-converter is used to step up the voltage from the windmill
to a desired higher level, and the 9-level inverter circuit consists
of 3 pairs of MOSFETS in each set making it 12 which are
connected parallelly. Input for the 1 set of MOSFETsS pair will
be given from the hybrid circuit which is V1, whereas the
second set of MOSFETS pair will be given input from a battery

which is V2. The battery is connected as V2 because of the
circuit complexity. The rectifier circuit input will be fed from
the windmill, the rectifier is used for reducing the distortions
from the windmill output, after the rectification process, the
output of the rectifier is given to the boost converter for
increasing the voltage to a higher extinct. Mutually to the output
of the converter, the PV cell and battery are connected
parallelly, and the total output of this circuit is given to the input
of the 9-level inverter input 1 which is V1. And after connecting
the input sources of the inverter V1 & V2 the MOSFETs will
get into their switching action and thereby it is converted to AC
from DC. And the output from the inverter is given to desired
the load.

A. Full wave rectifier

A full-wave rectifier is useful in converting the output-Ac
of the windmill to Dc, the rectifier input is given to the output
of the windmill and the output received from the rectifier is
hereby given for the boost converter for increasing the voltage
to a higher level.

Full wave rectifier output voltage,

T+a

. 2y
Vy=— _[ V. sinwt.d(wt) =—"cosa
T V4

(1

B. Boost converter

The boost converter is useful for stepping up the received
voltage to a higher level. The circuit of the boost converter is
shown below from fig.2. The input of the boost converter is
given from the output of the rectifier, in which the dc output
of the windmill is converted to Ac using a rectifier. In the
boost converter, there are two modes of operation which can
be seen in fig.3, & fig.4.

L D

™ N )

I— -_ICH
I Vo
Vs L— 1

O >» O r

Fig.2. circuit diagram of the boost converter.
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There are two modes of operation which undergoes a boost
converter, which is shown below.

L i D
—
MM Dl

+ -

O>»0r

+ i CH
Vs:?

Fig.3. The boost converter for the first mode of operation.

From fig.3, This is one of the modes of operation in the Boost
converter in which the switch CH is in the ON condition which
is nothing but the circuit being short at the node, in which
current is being divided at the node, flows through the first loop,
and then flows through the load. This is the first mode of
operation.

L i D
—_
MM {>|

+ - +

e
O>»O0r

Vs Vo

Fig.4. The boost-converter for the second mode of operation.

From fig.4, This is another mode of operation in the Boost
converter in which the switch CH is in the OFF condition which
is nothing but the circuit being open at the node, in which
current flows in

One direction is nothing but through the load side. This is the
second mode of operation.

Boost converter output voltage

— Vi’l
=

1-D )
Where D= duty ratio

pole
T

e
" —a 3)

C. Inverter

The inverter in this circuit is useful for converting the Dc
power to Ac using switching devices which are MOSFETS, the
input of the inverter is given from the battery which stores the
energy received from the hybrid sources, after receiving the
input, the inverter converts the received input DC supply to Ac-
voltage with the help of switching devices then the output of
the inverter is given to the load which is nothing but stand-alone
applications.

The output voltage of Half bridged Inverter

“4)
V. T
y=—2..—=<t<T
2 )
The output voltage of Full bridged Inverter
Vy=Vg....0<t < —
(6)
Vo=—Vgeuooc.. 7 <t <T
(7

IIT SIMULATION RESULTS

A. Control scheme

") Pl

Tref 1d_ref \.

wm

Vd
Sub system

i Tref

Torque reference 1

Discrete
1* order
Filter2

Fig.5. The control scheme of the windmill.

The above fig.5 displays the control scheme of the windmill the
output of the windmill is given to the torque reference 1
subsystem and the output of the torque reference 1 is given to
the sub system 2 which is connected to the saturation for the
desired output and is compared with references.
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B. Subsystem 1 (torque referencel)
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Fig.6 Diagram of subsystem1(torque referencel) from the control scheme.

Subtract

The above fig.6 shows subsystem 1 of the windmill control
scheme which is the torque reference 1. which contains
differentiator and other mathematical components.

C. Subsystem 2
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Fig.7. Diagram of subsystem 2 from the control scheme.

The above fig.7 shows subsystem 2 of the windmill control
scheme which contains mathematical logic blocks.

D. Battery control scheme

0 Pl

Discrete I
controller

Data type
conversion

Ibat

Fig.8.Diagram of the battery control scheme.

From fig.8, we can observe the control scheme of the battery
which involves a discrete Pi controller, logical gates and
references for comparison, and saturation for the constantly
desired output.
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Fig.9. wind turbine output voltage &current

From the fig.9, we can observe the output voltage obtained &
current waveforms of a permanent motor synchronous
generator, the wind turbine, which is three-phase, from the
voltage waveform we can observe three phases R, Y,&B three
red colour lines indicating the R phase while the green colour
indicating the Y phase and blue colour indicating the B phase.
similarly, from the current waveform, we can observe three
phases R, Y,&B three red colour lines indicate the R phase
while the green colour indicating the Y phase and the blue
colour indicating the B phase. The magnitude of voltage
waveforms is ranging from -500 to +500. whereas the
magnitude of current waveforms are ranging from -50 to 50.
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Fig.10. Boost converter output voltages.

The above fig.10 shows the output voltages of the photovoltaic
cell, rectifier voltage, battery voltage & inverter input 1
voltages. As all voltages are of DC the waveforms are constant.
The RED line indicating the output voltage obtained from the
photovoltaic cell and its magnitude is ranging from 0 to 1000.
The blue line indicates the output voltage obtained from the
rectifier and it is ranging from 0 to 1000. The green line
indicating the output voltage obtained from the battery and its
magnitude is ranging from 0 to 1000. The pink line indicates
the output voltage of inverter input 1, and its magnitude is
ranging from 0 to 1000.
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Fig.11. Input & output voltages obtained from the inverter

from fig.11, we can observe the input and output voltage
waveforms obtained from the inverter. Usually, this inverter
consists of two inputs 1 &2. input 1 voltage is given as V1 and
indicated with green colour. its magnitude is ranging from 0 to
500. The inverter input 2 is given as V2 and indicated with blue
colour. and its magnitude is ranging from 99 to 101. As the
voltages V1 & V2 are of DC the waveforms are constant.
Finally, the last waveform displays the waveform of the output
voltage obtained from the inverter VAC, the 9-level inverter
output waveform is indicated with red colour and its magnitude
is ranging from -2000 to 2000.
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Fig.12. the voltage obtained from the inverter output

From above fig.12, we can observe the output waveform
obtained from the inverter VAC which is 9 level inverter output
indicated with red colour and the magnitude is ranging from -
2000 to 2000.

IV HARDWARE IMPLEMENTATION

This article implemented a hardware structure of a single (1)-
phase inverter with Arduino by hybrid electric sources, which
mainly consists of, one Arduino Uno which is a
microcontroller, two MOSFETs for the inverter, one 12v
rechargeable battery for an energy storage unit, a step-up
transformer a Dynamo for windmill 40x40 solar panel for photo
voltaic power generation, and lamp load for the output, the
above-mentioned components were used can be seen in the
below fig.13. The Arduino uno is the heart of this inverter in
which it helps in generating the PWM pulses. It helps in
switching of MOSFETS.

ARDUINO UNO
MIGRO
CONTROLLER
PV CELL 7 s
[ G”j PWM
w o+
RECHARGABLE HALF- TRANSFORMER o
BATTERY BRIDGE 0y
. INVERTER
WIND
ML

Fig.13. single-phase inverter using Arduino with hybrid energy sources

The above block diagram from fig.13, of a single-phase inverter
using Arduino with hybrid electric sources, exposes the total
construction of the project. In this circuit, two hybrid electric
sources were built which are a windmill and a PV cell, and are
connected parallelly to a 12V rechargeable battery which is the
storage unit, there by a single phase half bridge inverter is built
using two MOSFETSs which is the main component, used for
power conversion DC-AC, the triggering pulses for the
MOSFETs will be given by the Arduino Uno which is the
microcontroller used for controlling the output voltage at the
desired level, and now the 12v battery is fed to the inverter
input, through this inverter the DC supply given to the inverter
is converted to AC by the MOSFETs and the output obtained
of the inverter is fed to the input of the step-up transformer for
increasing the voltage level and thereby the output of the
transformer is connected to a lamp load.

Fig.14. Hardware kit of the single-phase inverter with hybrid sources

The above fig.14 indicates the hardware implementation of the

single-section inverter that's linked to a lamp load.
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Fig.15. Single phase inverter output displayed on CRO.

The above circuit was successfully implemented and out was
generated with 220V S0HZ supply at the output side, which is
our desired output level, the inverter generated a square wave
which is nothing but AC voltage and this generated output and
waveform is displayed on CRO which can be seen on the
above fig.15.

V CONCLUSION

This paper implemented the simulation of the renewable energy
sources fed multilevel inverter and the output of the proposed
system was shown. Hardware structure was implemented with
a single-phase inverter using Arduino, which generated a
square pulse by PWM with the help of an Arduino
microcontroller and the output of the hardware displayed on
CRO is shown.
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Abstract: In this paper, A crystal clear explanation is
seen regarding improvement in a power quality distribution
system. When the electrical power system appears to be out of
phase that is either unbalanced of power on the source side or
load side irrespective of any case FACTS (Flexible AC
Transmission system) devices are used FACTS is nothing more
than a program that uses electronic controllers to boost the
effectiveness of current power systems. Over the past few years,
research on new developing technologies has also been ongoing.
STATCOM is one of the important FACTS controller devices.
Overall from a cost point of view, VSI (Voltage source inverter)
is preferred. DSTATCOM (Supply static compensator) is placed
at PCC (point of the mutual link) to solve the above problem
which is to get into the phase of currents and voltages. A
DSTATCOM has different theories to explain but here SRFT
(Synchronous reference frame theory) and IRPT(Instantaneous
reactive power theory) are explored. After processing, the
results are simulated by using MATLAB/SIMULINK

Keywords: FACTS, DSTATCOM, SRFT, IRPT

L INTRODUCTION

Quality of power is important for distribution and
utilization. This quality of power depends on voltage, current,
and frequency to some extent. If any disturbances/variations
occur then this quantity tends to change from the actual value,
Author [1] said that in this type of case power quality
problem arises. According to [2]'s comprehensive explanation
of the distribution system's power quality issues, the issues
are due to transients, voltage variations (Vsag and Vswell),
voltage imbalance, voltage fluctuations, frequency variations,
and waveform distortions(noise, harmonics...). To get out of
this problem they implemented DSTATCOM. In reference
[3] author suggested that for power quality compensation and
also for power quality enhancement a PI controller
DSTATCOM is used. A FACTS can be placed in different
ways in a system that is it may be in series, shunt, or shunt-

Hyderabad, Telangana, India
maheshkumar9400@gmail.com

Hyderabad, Telangana, India
pnandakishorereddy24@gmail.c

om

series. A shunt-connected device is STATCOM it is
connected at PCC if the link is disturbed due to more power
DSTATCOM consumes power or else it also supplies power
when the power is needed when there are non-linear load
circumstances on the scheme. The active power filters used
for harmonics and power compensation are described in [4].
In different phases, with and without neutral wires in the AC
distribution system. And also they presented the different AF
configurations for harmonics and reactive power
compensation. It was all about the survey regarding the
selection of AF which is very helpful for manufacturers.
About [5] active filters are connected in parallel to nothing
Nevertheless, shunt active cleans are used to reduce
harmonics, recompense for reactive power, and maintain the
quality of the power supply. At PCC they send equal and
opposite harmonics to eliminate the harmonics present in the
AC link. And also analyzed the performance of SAF by
considering two different loads and observed various results
of THD (Total harmonic distortion). In [6] complete
observation on the capacitor planning and sizing to enhance
the distribution system's quality of power, they divided their
work in two ways the very first concerns with identification
and combination of voltage factors, and the second is all
about using PSO techniques the capacitor sizing is
implemented because they help in reducing power loss and in
voltage profile improvement. Author [7] considered only
applications of FACTS in the distribution system that is shunt
connected to one DSTATCOM application are regulation of
voltage and compensation of reactive power. He said that at
first power electronics used are Thyristor-based controllers
but now technology is improving day by day in our lives as
the PWM technique replaces the outdated methods. Clear
details about the DSTATCOM SRFT (synchronous reference
frame theory) control technique are provided in [8]. is
observed and simulated the results in MATLAB and those
outcomes are compared with the real-time outcomes, they
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choose this SRFT because it is effectively improving power
quality in the distribution network. The paper [9] can give
knowledge on ASFC (adaptively switched filter compensator)
and DSTATCOM using PID controller, they compared those
two studies and resulted in Simulink/MATLAB which shows
the power quality improvement in different aspects such as
PF improvement, reactive power compensation, voltage
stability and harmonics reducing effects. Paper [10] gave
advanced information that to reduce the problems related to
power quality they introduced a device named PTDS (power
transfer integrating supercapacitor) name itself says that a
supercapacitor is placed for the transfer of power in the
network and also they verified the control strategy of PTDS,
here PTDS makes the connection between both AC and DC
networks in addition to power quality improvement it also
reduces the load demand issues. In [11] concerns about a non-
linear load with variations in power are removed with the
help of FACTS shunt-connected device DSTATCOM for
three-phase, they used voltage controllers of AC for the
extraction of harmonics and balancing the load and also
implemented the work on salp swarm optimization. Here they
observed and performed for both modes of operation those
are UPF (unity power factor) and ZVR (zero voltage
regulation) of imbalance in both current and phase. As we
know there are different control algorithms for DSTATCOM
[12] explained by PPFNN (polynomial Petri fuzzy neural
network) controller for the improvement in PF, unbalanced
currents, and THD. In droop-controlled microgrids, the power
quality problems are very seriously considered and these can
be improved by using DSTATCOM controllers like online
trained PPFNN and also IPRT, which are successfully
implemented. I've now discussed each author's goals and
efforts to increase the system's power quality. Our primary
goal is to provide consumers with quality power since, as we
are all aware, quality is important in all aspects of our
everyday lives.

This is possible when we employ various tools, such
as FACTS, to handle every issue, such as enhancing steady-
state and dynamic stability as well as reducing voltage
instabilities. The FACTS devices can be connected in three
different ways.

« Shunt connection ¢ Series connection
¢ Shunt-Series connection

STATCOM is the name of a FACTS device that is
coupled to a shunt.

A static compensator, also known as a voltage
source converter or current source converter, is an electronic
device that controls power using IGBTs, MOSFETs, and
other devices.

1L TOPOLOGY

Three-
phase
Three-wire|
Nonlinear
Loads

Fig. 1. Three-phase, Three-Wire Distribution for STATCOM

Fig 1 demonstrates a 3-wire shunt active filter's
basic schematic representation in a 3-phase 3-wire supply
network.

The designs of the inductor, capacitor and voltage
across the capacitor must be taken into account for the
STATCOM, and once that device has been designed, its
location must be considered. Before starting, the following
explanation of what we're going to perform in this
section[13].

As we all know the supply is from generating station
where electrical power is generated and transmitted over long
distances to reach the distribution station, from this station
loads are connected to satisfy the consumer needs. Here in
daily life, we observe non-linear loads are more compared to
linear loads. There will be a disturbance in the transmission
sector. To overcome this unbalance/disturbance we are going
to introduce some devices which are useful for balancing
these problems. DSTATCOM is a FACTS device used for the
solution of all power quality issues which is shunt-connected
to the point of mutual connection through the supplied link
(PCO)[14].

It has two different operating modes.

i) voltage mode

i) current mode

In the voltage mode of operation, we consider all
voltage values for respective calculations and whereas for the
current mode of operation we consider current values for the
mathematical calculations.

The very first main function of DSTATCOM is to
generate or absorbs the reactive power present at PCC, so that
power quality issue can be eliminated successfully[15]. So,
before solving the power quality problem it is better to know
what precisely are these power quality issues.

The following are a few power quality issues that I
am aware of:

-Disruptions in power frequency

-Transients in the power system

-Harmonics in the power system

-power factor
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As clectrical and electronics engineers, we must
minimize these problems and issues as well as the numerous
others that are connected to power quality. When we consider
a voltage source converter, Fig. 1 depicts an active shunt filter
linked to a link in parallel with inductors, capacitors, and six
diodes. We can also see six IGBTSs in parallel with the diodes.

There are primarily two forms of systemic
imbalance.

Unbalanced on the source side

Unbalanced on the load side

Our device can generate or absorb active and
reactive power to balance out an unbalance on either the
source side or the load side. For instance, if the load side
needs z amount of power and the source side only takes y
amount, our STATCOM will supply x amount, which is z
power is alike to the sum of x power and y power. However,
to obtain this STATCOM power, some control techniques for
the needed power are needed to achieve a balanced system
and eliminate unbalances in load, The next section goes into a
detailed discussion of control algorithms.

currents. The calculations of these transformed reference
currents are different in both theories.

1) IP

This model is founded on Clark's renovation, which
reduces 3-phase quantities to 2-phase equivalents in the
alpha-beta structure.

Rapid active and reactive power calculation stands
to be done. (1) gives the alpha and beta values of voltages by
using

Three-phase supply voltages after the alpha-beta
transformation, similarly (2) for currents

(3) Shows active and reactive powers in the dc
component. After converting those dc component values into
ac components instantaneous active and reactive powers are
4

In (5) we calculated reference three-phase supply
currents by using previous calculations. (6) power factor
correction is done.

This transform is applied to the voltages & currents
which generate reference currents for controlling at gate
signals of VSC( voltage source converter )

1. CONTROL SCHEME Applications: Mainly used for reactive power
compensation
Idc* Pi - -
Controller |__ 1 1 _
Ide ; 1 —= — ||V
Icap Va —_ 2 2 2 V (1)
’ Ila* RV sb
a abc y T 0\ abc N V,B 3 0 \/g _ _\/5 ”
oy N A L7 se
> dq0 9 Lpf Iq " dao ic* L 2 2 |
— - . 1 1 e
ILabe Three phase Ia 2 2 2 Isa (2)
PLL ta | Voltage =al5 sb
1w —{ Controlled _Iﬁ 3 0 ‘\/§ 3 I
w ] o 3 o
Amplitude . controller B L e
P | Vv, T,
controller‘_ pL = “ B ¢ (3)
L9c Ve Vallds
I* JRE—
B =p.+p
Fig. 2. Control algorithm for DSTATCOM — “)
‘ O, =9, +q,
The above figure shows the control technique used - 1
for our DSTATCOM. There are different kinds of control
algorithms/theories used for the implementation of I 1 0
DSTATCOM. which are classified into two categories and sa e
those are as follow: I | = 2 __1 ﬁ Ve Vy p
i) Time domain control algorithm ‘ib 31 2 2 _Vﬁ v, q*
ii) Frequency domain control algorithm ] “
We examine the two basic kinds of time domain _l _ﬁ
control methods, namely: The two categories mentioned 2 2
above are further divided into numerous types. 5 - N
SRF and IRP ©) R
The 3-phase 3-wire supply system is explored by P =P+ D
both of these ideas. As a DSTATCOM, VSC is used. In both R (6)
algorithms, the main aim is to create the gate pulses for the q =4; 4,
IGBTs with the help of the PWM current regulator, It is used
to match the supply fluxes with the transformed mentioned
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2) SRF

This theory, often referred to as the DQ mention
frame scheme is based on the change of currents in a
synchronously rotating d-q structure. This means that the
controller uses source side voltages Va, Vb, and Vc as well as
load side currents ILA, ILA, and ILS to generate appropriate
reference currents.

A phase-locked loop (PLL) converts voltage signals
into current sine cosine signals.

Park's transformation transforms current signals into
the DQ frame, which is then filtered and turned back into the
ABC structure (Isa, Isb, and Isc), which is then supplied to an
indication maker to create the changing signals for VSC.

Reference direct axis supply current is equal to the
total of the direct axis load current's dc component and
DSTATCOM losses current. The difference between the
quadrature axis load current's dc component and the
quadrature axis current is the reference quadrature axis supply
current (8).

9) Achieved through the reverse park's transition are
three-phase reference supply currents, At PCC (10)
calculated.

Applications: Mainly used for the THD and load
imbalance

I; :IdDC +Iloss(7)
I =150 —1,(8)

I:a cosd sin @ 1 I;
I, |= 003(0—2—”) sin(@—z—ﬂ) 1|

. 3 3 !
I I

cos(é’ + 2—”) sin(@ + 2—”) 1

2 1
Vi =£(Vs§, +VG+VEFao

)
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Fig. 3. Hysteresis Control Scheme

In this control scheme, we are getting pulses to
operate VSC

The procedure for The supply currents and reference
currents are added to produce these pulses, as indicated in Fig
3. After the control system was finished, we simulated the
outcomes in the form of graphs, as shown in the
corresponding figures below. Single-phase voltages and
currents as well as three-phase voltages and currents of both
sides that is source side and load side are simulated in
MATLAB. Compensating voltage and current are also
simulated in fig 8 and fig 9 respectively.

All of the simulated results display the voltage or
current value at that specific instant of time on the x-axis
(time in seconds) and the y-axis (respective voltage or current
value, either load side or source side).

0,035 T T f — T T &

0.03

I \
o 01 02 03 04 05 06 o7 08 09 1
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Fig. 4. Shows the output voltage
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Fig. 5. shows the Vs, Vo, Is, and lo
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Fig. 7. Three-phase input voltage
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Fig. 8. shows compensating current
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Fig. 9. shows compensating voltage

V. CONCLUSION

This article has discussed about the FACTS shunt
connected DSTATCOM for the power quality improvement
and explained different control theories of DSTATCOM like
SRFT and IRPT additionally to the explanation they also
compared and their performance is investigated accordingly,

simultaneously ~ the  results are simulated  in
MATLAB/SIMULINK.

REFERENCES

[1]  Chenchireddy, Kalagotla khammampati.R. sreejyoti, and V.
Kumar. “Comparative investigation on single-phase distribution
Grid-connected with and without DSTATCOM.” In E3S web of
meetings, vol. 309. EDP sciences, 2021.

[2] Kumar, V., et al. “Power Quality Enhancement In 3 phase 4-wire
Distribution system using Convention Power Devices.” 2002

[3] Chenchireddy, K. et al. ( 2021 December), A review on regulator
techniques for power quality improvement in the Supply system.

[10]

(11]

[12]

[13]

[14]

[15]

2021 5™ international meeting in electronics, communication and
aerospace technology (ICECA) (pp. 201-208). IEEE.

Singh, B., Al-Haddad, K. and Chandra, A ., 1999. A review of
active filters for power quality improvement. IEEE transactions
on industrial electronics,46(5), pp.960-971.

Shah, A., Vaghela. N, shunt active power filter for power quality
improvement in the distribution system. International journal of
engineering development and research. 2005.

Wang Z, Liu H, Li J. Reactive Power Planning in Distribution
Network Considering the Consumption Capacity of Distribution
Generation. In 2020 5" Asia Conference on Power and Electrical
Engineering (ACPEE) 2020 Jun 4 (pp. 1122-1128). IEEE.

Padiyar KR. FACTS controllers in power transmission and
distribution. New Age International; 2007.

M ahela, O.P. and Shaik, A.G., 2016. Power quality improvement
in the distribution network using DSTATCOM with battery
energy storage system. International Journal of Electrical Power
& Energy System, 83, pp.229-240.

Elmetwaly, A.H., Eldesouky, A.A. and Sallam, A.A., 2020. An
adaptive D-FACTS for power quality enhancement in an isolated
microgrid. IEEE Acess, 8, pp,57923-57942.

Lai J, Chen M, Dai X, Zhan N. Energy Management Strategy
Adopting Power Transfer Device Considering Power Quality
Improvement and Regenerative Braking Energy Utilization for
Double-Modes Traction System CPSS Transaction on Power
Electronics and Applications. 2022 Apr 20:7(1):103-11.
Sikakolapu, J., Arya, S.R. and Maurya, R., 2021. Distribution
static compensator using an adaptive observer-based control
algorithm with salp swarm optimization algorithm. CPSS
Transactions on Power Electronics and Applications, 6(1), pp.52-
62

Tan KH, Li MY, Weng XY. Droop Controlled Microgrid with
DSTATCOM for Reactive power Compensation and Power
Quality Improvement. IEEE Access. 2022 Nov 18.

Grunbaum R. FACTS for voltage control and power quality
improvement in distribution grids.

Kewat S, Singh B. Modified amplitude adaptive control algorithm
for power quality improvement in multiple distributed generation
system. IET Power Electronics. 2019 Aug;12(9):2321-9.

Singh B, Arya SR. Design and control of a DSTATCOM for
power quality improvement using cross correlation function
approach. International Journal of Engineering, Science and
Technology. 2012;4(1):74-86.

978-1-6654-7451-1/23/$31.00 ©2023 IEEE 785
Authorized licensed use limited to: JAWAHARLAL NEHRU TECHNOLOGICAL UNIV. Downloaded on June 20,2023 at 09:53:23 UTC from IEEE Xplore. Restrictions apply.



2023 5th International Conference on Smart Systems and Inventive Technology (ICSSIT) | 978-1-6654-7467-2/23/$31.00 ©2023 IEEE | DOI: 10.1109/ICSSIT55814.2023.10060963

Proceedings of the Sth International Conference on Smart Systems and Inventive Technology (ICSSIT 2023)

IEEE Xplore Part Number: CFP23P17-ART; ISBN: 978-1-6654-7467-2

Power Generation of Wind-PV-Battery based Hybrid
Energy System for Standalone AC Microgrid
Applications

Nagasridhar Arise
Dept of EEE, Assistant professor
Teegala Krishna Reddy Engineering
College
Hyderabad
sridhar0106@gmail.com

Veluma Bhoomika
Dept of EEE, UG Student
Teegala Krishna Reddy Engineering

Hyderabad
bhoomika83411@gmail.com

Nalla Ajay Reddy
Dept of EEE, UG student
Teegala Krishna Reddy Engineering
College
Hyderabad
ajayreddynalla2612@gmail.com

Sama Harika
Dept of EEE, UG student
Teegala Krishna Reddy Engineering College
Hyderabad
harikasamal603@gmail.com

Abstract: This article describes the power generation of wind,
PV, and, battery-based hybrid energy systems for standalone
AC microgrid applications. There are many results for
resolving issues with the supply of electrical power,
particularly in rural places where electrical networks are
difficult to access. The usage of networks that are not linked to
electrical systems allows for the provision of electricity to
remote places, which is one way for determining this issue.
They are denoted to as standalone microgrid systems. The
standalone microgrid has its sources of electricity, extension
(or)addition with an energy storage system. They are utilized
where power transmission and distribution from a major
centralized energy source is too far and costly to operate. In
this article, a standalone AC microgrid scheme with a hybrid
power system comprised of wind, photovoltaic, and batteries
are designed and managed.

Keywords: Hybrid energy system, PV (Solar Cell), Wind, Battery,
Microgrid.

L INTRODUCTION

Nowadays, electricity plays an energetic role for lightening,
heating, refrigerating, operating computer appliances, etc.,
For less emission of gases, while producing energy when it
allocating energy to different energy generation systems
renewable such as Pv, wind, and storage device maintain a
crucial role. Because of the inclusion of variable non-
conventional energy resources when running in standalone
mode, it requires various control techniques for continuous
and systematic power transfer. In [1], they proposed an
article about the system which has the ability to perform
experimental research and studies in the field of non-
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Dept of EEE, UG Student
Teegala Krishna Reddy Engineering College
Hyderabad
koushikadhil43@gmail.com

conventional energy resources. They used control
procedures which are cast off for real-time control
environments. In this paper, an experimental scale
microgrid of distributing non-conventional energy resources
with battery storage, EMS, and a controller scheme is
developed. In [2], they introduced the methodology in
which dissimilar methods were used for the optimization of
hybrid-based non-conventional energy resources. They used
different algorithms which include optimization including
hybrid algorithms. This generation used Artificial
intelligence algorithms as they have better precision and
good convergence. So, finally, they decided that unalike
procedures have different accuracy and precision level and
also there is a difference in convergence speed. So, the
choice of an algorithm or methodology may vary with user
requirements. In [3] they proposed an article about the ideal
planning of Hybrid renewable power resources. They used
the (HOMER)Hybrid optimization model for electrical
renewables software system, which was developed by the
National renewable energy laboratory (NREL), US. They
determined that more than grid-connected mode HRES
modeled in standalone mode. In [4] this article they used
multiple algorithms for optimization of non-conventional
energy resources based microgrid systems. The algorithms
are multi-objective multi-verse optimization (MOMVO)
algorithm, DE, and PSO are used. The outcome show a high
accuracy rate compared to other techniques. In [5] they
introduced the mathematical modeling of hybrid non-
conventional power systems which recapitulate the HRES,
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mainly solar cells, wind, hydro, and storage devices such as
batteries. They presented t MPPT technique and to extract
maximum power PV, wind requires special techniques
because of non-linear power characteristics. In [6] they
proposed an article about the hybrid renewable energy
resource’s-based DC microgrid which they concluded that
DCMG is pollution-free and also low cost. In [11] they used
multi-objective optimization algorithm for decreasing the
load losses, maintenance cost. [12] the study proposed the
cost analysis and the worth of standalone microgrid related
area of Bangladesh.
II.  HYBRID ENERGY POWER
GENERATION

INVERTER
—

DC bu

PV
CELL

Ac LoAD
WIND f—
bc

BATTERY

Fig-1: Hybrid Energy generating station

The block diagram for the hybrid energy generation station
is shown in Fig-1 and includes PV cells or solar cells, wind
energy, Battery, and inverter. It tells that the solar cell,
wind, and battery are the inputs that generate some energy
and pass it to the inverter. The inverter stores the energy and
sends that energy to the load. As we are seeing a DC bus
over there, it is also identified as the DC link which serves
as an interface between the AC-DC converter and inverter
. The proposed system is going to generate the power using
Non-conventional energy resources that are shown below;

A. Pv Model

Solar or photovoltaic (PV)generation of power is the
procedure of converting radiant energy from the sun into
electricity using solar panels. Solar panels also called PV
panels, PV systems can too be installed in grid-connected or
off-grid (stand-alone) configurations. Pv cell has many
advantages than wind model such as less maintenance and

its installation is very easy [7].
DC bus

Solar Cell(PV Cell) Converter

DC

| AC
P

Fig-2: PV model

LOAD

The PV model is made known in Fig. 2, which demonstrates
how the PV cell is linked to the DC bus, then to the DC-AC
converter, also known as an inverter, and ultimately to the
load. So here first PV model generates the power in the

form of DC and then it passes through the converter, that
converter converts the DC power to the AC and sends it to
the load.

B. Wind Generation Model

By transforming the kinetic energy of moving air into
electricity, wind energy is castoff to generate power. The
wind moves the rotor blades of modern wind turbines,
changing moving energy into rotational energy. This
rotational energy is then converted into electrical energy
with the support of a generator. When the speed exceeds
more than the cutout speed pitch angle controller is used to

limit the speediness of the wind turbine [8].
DC bus

AC DC
WIND LOAD

I AC
DC

Fig-3: Wind Generation

The full-wave rectifier output voltage is given by;

VO:V;n T :V;n 1
T-T | B

on

()

Where Vo-Output voltage
Vin-Input voltage
Figure 3 depicts the production of electricity utilizing wind
energy. In this diagram, the generated power is routed
through Converterl, an AC-DC converter, and through
Converter2, a DC-AC converter also identified as an
inverter, with the aid of the DC bus. The line between the
rectifier and inverter is known as a DC bus or DC link, and
the output of the inverter is linked to the load in AC.
C. Battery System Model
The Battery is completed up of a DC-DC boost converter
and a nickel-metal-hydride battery. Through the PI
controller, this converter is in charge of maintaining the dc
bus voltage.

L

S2
Battery :

N
-t
1 * D

Fig-4: Battery and DC-DC converter

The production voltage of the boost converter is given by;

V,
V — mn 2
“ 1-D @
T,
D: on 3
T )

Where Vo-Output voltage
Vin-Input voltage
D-Duty ratio
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The energy storage device and DC-DC converter are shown
in Fig. 4, which explains how the energy is kept in the
battery and transferred to the inverter with the aid of a boost
converter. A boost converter creates a DC output voltage
that is larger than the DC input voltage It is obvious from
the name alone that this is a boost converter used for DC
voltage step-up. The inverter's AC output was sent to the
load.

D. Load Side Model

As conventional resources are depleting, we are using non-
conventional resources for the generation of energy. But in
most cases, non-conventional energy resources are
generating DC, while conventional or non-renewable
resources have adopted the AC system. So, this
imperfection between the two systems requires an inverter
for converting the DC supply to the AC supply to fulfill the
load demand. Combining of solar cell and wind when
connected to grid can help in deduction of maintenance cost
and increasing reliability of renewable power while
supplying to load [9]

inverter o/p voltage

Half bridge inverter

v, =z ..... O<z‘<<Z 4)
2 2
v, =—ﬂ ..... Z<t<<T 5
2 2
full bridge inverter
v, =Vs...0<t<<§ (6)
v, =—Vs..§<t<T (7)

Where Vo-Output voltage
Vs-supply voltage

Inverter
—

Load Side

Battery

J
— _I._I

—_—
B

Fig-5: Load Side Model

Fig 5 shows the load side model in which all the hybrid
resources give DC power, with the support of an inverter it
changes to AC power and sends it to the load.
[II. CONTROL SCHEME

In [13] they developed an control method which is named as
model predictive power and voltage control (MPPVC). In
this section there are dissimilar controlling techniques
which are going to discuss below; They are control of the

PV cell, control of wind mppt, battery/electrolyzer
controller, and control of the inverter
-1
@ cvs — Sx::;xnlf.l‘_(, =®

PV module(1)

Bus Creator

Fig-6: Control of PV cell (solar cell)

Fig 6 shows the control of the PV cell (solar cell), from the
above fig 6 we can say that the irradiance block is
associated to the insolation to current gain, and also there is
a current variable of the Pv model which is denoted by Ipv,
after saturation the product of IPV and irradiance gives Ppv.
Now the production of insolation to the current gain block
and Ipvis solved thereby it is coupled to Vpvblock. And
there are Bus creation blocks decrease the number of lines
needed to route signals from one area of a diagram to
another by combining a group of signals into a bus. The
production of the regulated voltage source is associated to
the current measurement, which is then connected to PV+
through a series RLC branch, and the Vpv is linked to this
source. The Ppv is associated to the goto block, which
without really connecting them, transfers its inputs to other
blocks whose inputs can either be real or complicated.

T
L .. M« —

Wm - Tref
Math function Productl Subtract Ref.Sat1
1.791e-3
_\_ X

a
1d_ref
Discrete first order filter Base
T
]

X

Product1

vd

LH_T

Fig-7: Wind MPPT control

Fig 7 shows the wind Mppt control. Maximum Power Point
Tracking, or MPPT, is a controller or regulator that must be
utilized to operate the helicopter. These ppt controllers
monitor the determined power under several wind
situations. Consequently, variable speed management of
wind turbine generator systems has been created to find the
greatest output power with every change in wind speed. We
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are well aware that the rotor blades in the wind convert
moving energy into rotational energy, and that generator
terminals are used to transform rotational energy into
electrical energy. From the figure the Wm block is
associated to the square math function then the result of the
math function and some constant value are the input to the
product block, the output of the product block is coupled to
the subtract and then after saturation it is associated to the
output port Tref. The output port Tref is now input to the
subsystem which involves the product, base torque block as
made known in fig 7. And this subsystem is coupled to a
discrete first-order filter then to a current controller and
finally to a generator terminal.

660

>

L

error
O
Discrete P1 controller

“i‘f_/_‘

Not

Fig-8: Battery/Electrolyzer controller

A Dbattery/electrolyzer controller is represented in Fig. 8
where a constant value and dc voltage input are distributed
to the summation point before being coupled to a discrete PI
controller. Conferring to the form of feedback, the discrete
PI controller block calculates the control signal using the
backward Euler discretization method, which is a
commonly used method in control systems for the
correction of error between the commanded setpoint and the
actual value. The relay is now connected to the discrete PI

controller block via the summation point, and the data type
conversion, which is Boolean, is attached after that. The
logic gate, NOT the block, is linked to it at the end. When
shortage of wind and Pv power generation takes place
battery acts an active power source as a backup [10]

v

Fig-9: Control of inverter

Fig 9 shows the controller of the inverter is in three phases,
the variables A, B, and C is associated to phase blocks and
then connected to multiplexers and also connected to RMS
discrete blocks, now connected to phase RMS voltage
blocks and Vi blocks and then connected to discrete PWM
generator, thus to generate some pulses.
IV. SIMULATION RESULTS

After designing the MATLAB/simulation diagram. The PV
model, wind model, battery, inverter, and load side input
and output current and voltage wave form are made known
below and were extracted using MATLAB/Simulink. The
designed MATLAB/simulation diagram is shown below
figurel0.

Fig-10: MATLAB/Simulation diagram
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Fig-13, Fig-14, and Fig-15 which are represented above are

:Zz ‘ 1 T 1T T T 1 T ] the wind output current and voltage, Battery output voltage,
B | and Battery output current respectively. So, from the Fig-13
€ 600 1 the voltage is nearly to 260 volts and current is from -20 to
i T +20 amperes. From Fig-14 the voltage is constant around
= 400 K
2 660 nearly.
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Fig-11: Solar panel output voltage E 400 T
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Fig-12: Solar panel output current 2
T ast
Fig-11 and Fig-12 which are depicted above defines solar 2 = == o o3
panel output voltage and solar panel output current ‘ Time(sec)
respectively. From the Fig-11 we can see that there is an . Fig-17: Inverter output voltage

output voltage which rises maximum up to 880 v then it is

N

decreased to 655.8 v nearly. £
500 § 0.5
g g’ L A O I A S N |
g . ] ol
2 5
£ Z
2 ol
=
o ‘ . . , .
Ee [) 01 02 03 0.4 05 06
3 Time(sec)
§ Fig-18: Inverter output current
§ oo
Ll ' Fig-16, Fig-17, and Fig-18 shows the inverter input voltage,
0.3 0.305 0.31 0.315 0.32 0.325 0.33 0.335 0.34 0.345 0.35

inverter output voltage and current respectively. From the
Fig-16 we can see that x-axis represents input voltage of an
inverter and y-axis shows the time in seconds. So, it

Fig-13: Wind turbine output voltage and current

=3
%6""' ] maintains constant voltage DC from 0 to 1 seconds. From
? 400 1 Fig-17 there is a constant output voltage varies from -1 to
B s | i +1 volts with respect to time in seconds.
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Fig-15:Battery Output current Fig-19: Three phase load currents
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Three phase load volatge

1000 L L " L " " L i
o 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

Time(sec)

Fig-20: Three-phase load voltage

Fig-19 and Fig-20 depicted above are the three phase load
currents and voltages respectively. From the Fig-19 we can
see that it maintains constant value up to 0.5 seconds which
is nearly to 2 amperes and then suddenly rises after 0.5
seconds to 10 amperes and that is continuous to 0.7 seconds.
V. CONCLUSION
This paper proposes control techniques for power
generation of wind-Pv-Battery based hybrid energy system
for standalone AC microgrid applications. The proposed
techniques introduced power management under variable
conditions like solar irradiance and wind speed variations,
where the generation of power is used for standalone AC
microgrid applications.
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Abstract: In the current world, where we depend on a variety of
systems and technologies, batteries play a critical role. They are
necessary for supplying portable power for cellphones, laptops,
and other mobiles as well as for regenerative energy sources
including solar and wind, electric cars, And home energy storage
systems. Rechargeable nickel-metal hydride (NiMH) batteries
have grown in significance as a result of their many advantages
due to great performance, Extended life, and eco-friendly
alternative to throwing away batteries, these batteries have grown
in popularity for years. As a result, we examine in this research
how well a Ni-MH battery performance when coupled to a boost
converter for boosting and battery state of charge

Keywords: Boost converter, Nickel-metal hydride battery, state of

charge
LINTRODUCTION

System for managing energy A technology that makes it
possible to store energy for later uses is an energy storage
system (ESS).[2] It is a crucial element in the development of
renewable energy sources, one way to address the intermittent
production of sources such as solar and wind is to store excess
energy during periods of low demand, and then utilize that
stored energy to meet demand during times of high demand.[1]
ESS can assist regulate the supply of electricity and balance the
grid.[6]

Batteries, flywheels, compressed air systems and pumped
hydro storage are s few of the many distinct types of ESS.
Batteries, which store electric energy in a chemical form for
later use, are the most widely used ESS technology.[3] Some
types of ESS, including flywheels and compressed air systems,
store energy and mechanical forms as compressed air systems
and flywheels, o in forms of potential energy, such as pumped
hydro storage.[7] As the world moves rapidly towards a future

mail.com

controlled completely by environmentally friendly power
sources interest in energy capacity gadgets rising rapidly as
well as supporting the Cornmeal joining of environmentally
friendly power essays.[4] May likewise bring down top interest
offer crisis reinforcement power and upgrade the effectiveness
of ESS will increment as the expense of innovation keeps on
dropping contributing to the improvement of a more reasonable
energy framework.[§]

At the point when required a battery hence compounds over 2
electrical energy it is one of the most utilized kinds of energy
stockpiling fueling anything from a little electronic device to
enormous scope electric vehicles and power frameworks
batteries or compromised of at least one cell that each has a
positive and a negative cathode isolated by an electrode
light.[5] As you charge a battery synthetic response happens
that permits particles to move to start with one terminal and
then onto the next putting away electrical energy in the process
as a battery is discharged the particles return to their Cortana
areas in the put-away energy is delivered as electric flow.
[9]There are a few kinds of batteries each with its arrangement
and applications lead corrosive, lithium-particle, cadmium, and
nickel metal hydride batteries are the two most generally
utilized sorts of batteries.[12]

Lead storage cells are among the oldest & most extensively
usable types of batteries.[11]They are commonly utilizing
automotive applications and backup power systems. They are
generally expensive and deliver strong currents, making them
ideal for starting engines.[10] Lithium-ion batteries are
becoming increasingly popular because of their high-quality
energy density, extended cycle life, and low self-discharge
rates. They’re common in portable electronics, electric cars,
and energy storage systems. Nickel-cadmium and nickel-metal
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hydride batteries are commonly utilized in portable electronic
devices and power tools.[15]

They have a better energy density than lead-acid batteries and
supply larger currents.[11] Battery technology is always
growing and improving, with continual research to boost
energy density, lower costs, and enhance safety.[14] As
renewable energy sources such as solar and wind become more
prevalent, the requirement for energy storage devices to
balance the grid and provide backup power is likely to
expand.[13]

II. NI-MH BATTERY AND BOOST CONVERTER
TOPOLOGY

Rechargeable nickel-metal hydride (Ni-MH) batteries are
commonly used in various electronic devices., including
cameras, toys, and portable music players. These batteries
outperform the nickel-cadmium (NiCd) batteries that came
before them in terms of energy density and longevity. NiMH
batteries are composed of an alkaline electrolyte solution, a
hydrogen compound negative terminal, and a positive cathode
made of nickel oxyhydroxide.

During the charging process of NiMH batteries, the hydrogen-
absorbing alloy negative electrode takes in hydrogen while the
nickel oxyhydroxide positive electrode releases oxygen. This
sparks a chemical process that causes the battery to store
electric energy. NiM H batteries have the benefit of being able
to maintain their charge for extended periods which makes
them perfect for usage in inactive gadgets. As they don’t
contain any harmful metals, they are also more ecologically
friendly than NiCD batteries. NIMH battery so has certain
drawbacks; thorough however they gradually lose their charge
even while not in use since they are more likely to self-
discharge. They are also less powerful and have lesser capacity
than other battery kinds, as such lithium-ion batteries. NIMH
batteries are a suitable option for many users, especially in
low-drain devices where longer battery life is needed. these
might not be the ideal option for high-power, high-drain
devices, though, since they might not be able to supply enough
energy to keep the item operating for extended periods
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Figure 1: Dc boost converter

Boost converter: Boost converters are DC-to-DC converters
that increase the input voltage to higher output voltages, and

they operate primarily in two modes: continuous conduction
mode (PCM) and Broken conduction mode (BCM).

Persistent conduction method: boost converter can work in
persistent condition mode PCM in which the inductor current
never arrives at zero during an exchanging cycle in CCM, the
inductor receives the input voltage and stores energy as a
magnetic field. The inductor delivers this accumulated energy
to load when the adjustment is switched on, increasing the o/p
voltage. The inductor continues to give energy to the load even
after the switch is turned off, causing a constant flow of current
through the inductor.

+ . .
Il

vV, V. load

Figure 2: persistent conduction mode

PCM is superior to conventional modes of operation in several
ways, including smoother output voltages and greater
efficiency. There is no voltage spike after each switch since the
inductor current never goes to zero. This can lower efficiency
and create electromagnetic interference (EMI). In addition,
misfortunes brought about by obstruction and center
misfortunes are diminished by the state’s current coursing
through the inductor. The inductor must be designed correctly
to ensure that the inductor current is constantly larger than zero
throughout each switching cycle to sustain PCM. This
necessity careful consideration of the inductor value and
switching frequency to prevent saturation and decreased
efficiency from the inductor current exceeding the maximum
permitted current. In higher power applications where input
and output voltage levels are quite steady, PCM is frequently
employed. It is frequently used in power factor correction
circuits as well, where it helps to lower harmonic distortion and
enhance power factor. As a whole, PCM is a dependable and
effective way for boost converters to operate.

In Broken conductance mode, the moving charge in the
inductor reaches zero during a certain period. each switching
cycle when a DC-to-DC mechanism operates in Broken
conductance mode (BCM) in lower power applications where
the i/o and o/p voltage heights differ significantly, this mode of
the process is frequently employed. In BCM, the inductance
current is let to reach 0 just before each switching cycle is
completed. This may lead to an output voltage waveformthat is
discontinuous, which may produce an output voltage ripple and
lower efficiency
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Figure 3: Broken conduction mode
Yet, compared to other modes of operation, BCM has the
advantage of having the option to offer a less difficult and
more reasonable arrangement at the point when the switches
turn on the info voltage is given to the inductor which makes
the inductor current increment directly than when the switch is
the resulting voltage begins rising. The inductor current
ultimately reaches zero and the diode starts to conduct as a
result. This enables the inductor to release its stored energy
into the output capacitor and the load, producing an output
voltage waveform with discontinuities. converters that employ
boost, buck, or buck-boost can use BCM. Nonetheless, it is
frequently utilized in low-power applications, such as battery-
power gadgets, in situations where the voltage levels of both

Undertaking inductor current increases fromI1 to 12 over time.
- 1

=1 12 Il — LA— (1)
l [

Equation (1) shows the voltage supply

Vs

Or
IL
f==" el
Vs
Furthermore, the inductor current falls straightly from
/
Vv, =L (3)
l
Or
IL
f=——— (4
V.=V

al is the top-top wave current of L.

— AVJl:(Va_Vs)fz
L L

Replacing t1=kT and t2=(1-k)T produces the typical result
voltage

al

®

the input and output are unregulated. A DC-to-DC method of T V,
stilling the air by the recipes of specific applications including V.=V, = 1—k (6)
the power level information and result in voltage levels wanted tz n
effectiveness and result voltage Well, the choice between PCM Which gives
and BCM depends on the specific prerequisites of utilization
both modes have benefits and drawbacks (1-K) = Vs %)
V.
Substituting k=t1/T=t1f into yields
V. Vs
' t=""—" ®)
v/
Expecting a lossless circuit,
I
= ®
]S 1 _ K
‘ The exchanging time frame T can be found from
| alL  AlL alL
T:_:l‘1+l‘2: + = Ve (10)
‘ f Ve vV, viv,mv)
What’s more, this gives the top to top wave current:
Al = M 11
/Ly,
t or
Figure 4: wave forms k
al = fSL (12)
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At the point when the semiconductor is turned on. The
capacitor .conveys the heap current for a length of t=tl and
during this time, the typical capacitor current is ic=ia while the
top voltage of'the capacitor still up in the air

t t
1 1
Avczvc—vc(l:()):—f]cdtz—jla Lt =—=1(13)
€ €%
Eq(13) shows the small change in capacitance-voltage
Substituting f = (va —vs) /VJ
—_ ]a(Va _VS)
AP =T
v./C

or

(14)

1K
V=10

Condition for ceaseless inductorand capacitor voltage

v,
—2]L 21.= 0 K)R (16)

Whlch gives the basic worth of the inductor
K(1-K)R
L.=L= KA=K)R (17
2f
Eq(17) shows the inductance current
Assuming vc is the typical the ripple voltage of the capacitor is

(15

equal to 2 times the value of the capacitor voltage. A}y =2va

k
L —vo-2rI, 9

Which gives the critical value of the capacitor

K

—C=—"—"_ 19
C. 2R (19)

INIL.WORKING SCHEME

The Ni-MH battery was used in 2 operations

Working

1. Procedure of Ni-MH battery

The battery is associated with constant load and parallel
with the dc machine where a rate limiter for the signals
rises and down. Having a relay with some limitations is
linked to the battery. At the point when the territory of
charge (soc)the of battery goes below 0.1[10%], a negative
burden force of 200Nm is functional to the machine Thus it
goes about as a creator to re-energize the battery. At the
point when the SOC was more than 0.9[90%], the heap
force is eliminated So just the battery supplies the constant
load.

2. performance checking of Ni-MH battery associated
with step-up converter:

In this mode, the Ni-MH cell will be associated with a boost
converter in which there are PID controller, MOSFET, and
DIODE mask are there. Which relational operators are there in
the step-up converter these all are connected to a dc voltage
source and the performance of the battery such as soc, current,
and voltage are measured using a scope.

IVSIMULATION RESULTS:

With the help of MATLAB/SIMULINK software. The
Simu lation outcomes of Ni-M H batteries at different stages are
achieved.
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Figure 5: voltage, soc, speed, and armature current waveforms which are
connected to the scope where both battery and machine are associated parallel.
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Fig (6): waveforms of dc machine in different with different parameters
like electrical torque, field current, armature current, speed
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State of charge, current, and voltage of a battery which
stands connected with constant load and a dc machine then
the characteristic waveform will occur on the scope
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Fig7: voltage, current, and soc waveforms of the battery
When the battery is allied to theboost converterthe waveform of the Ni-MH
cell will occur
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Fig8: current, voltage, soc, the voltage of Ni-MH battery connected to the step-
up converter
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V.CONCLUSION

In this paper, we went through the Ni-MH battery which we
placed in different conditions like associating it parallelly with
the dc machine and boost converter. The speed, soc, current,
and voltage are rising and falling depending upon the time
where we saw that from the simulation result. We use a rate
limiter and relay for the Ni-MH battery model which is
connected to the dc machine and the PID controller in the boost
converter which is connected to the Ni-Mh battery.
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1. INTRODUCTION

The significance of brushless direct current (BLDC) motor drives has gained more in the last
decades due to their power quality improvement and their extraordinary performance compared with other
drives [1], [2]. Field windings and armature windings are located on the stator and rotor, respectively, in DC
motors. Because there are brushes and dust has built up in them, upkeep is more expensive. Due to their
tendency to arc, DC motors can only be used in certain hazardous industries [3], [4]. The BLDC motor could
be changed to resolve this. Because it is more efficient, requires less money, has a large ratio of torque to
weight and is simple to operate at all speeds [5], [6]. The importance of taking into account a large ratio of
torque to weight is that it has a long operational life, is silent, and is more effective than others [7]. The
BLDC motor can solve the issue of electrical erosion and mechanical friction. Hall sensors are used to
determine the motor's position [8]. To achieve a smooth speed operation and torque with a low ripple content,
the motor must be controlled]. Electronic commutation of the BLDC motors results in trapezoidal back
electromotive force (EMF) signals. The proportional integral derivative (PID) controller adjusts the motor's
input voltage continually based on the discrepancy between the intended speed and the true speed. The PID
controller's proportional, integral, and derivative gains are adjusted to produce the desired responsiveness and
stability [9]. In an open loop, BLDC motor the control technique involves voltage control, pulse width
modulation (PWM), and frequency control [10]. The open-loop speed control is more accurate than the
closed-loop speed control as external factors like temperature and load variations are included [11]-[15].
The open loop BLDC motor model is used in MATLAB, and the responses are used to study under
various circumstances.

Journal homepage: http://ijape.iaescore.com
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2. BRUSHLESS DC MOTOR

Figure 1 shows the permanent magnet rotor (moving component) and stator windings make up a
BLDC motor (fixed part). The brushless DC motor is an AC synchronous motor without brushes or
commentators [16]-[19]. It has a compact form, noiseless operation, long operation life, and high efficiency,
unlike DC motors. Hall effect sensors (H) monitor the coil's position concerning the motor's magnetic field.

|| Vbatt
AN
Lo
If
O
T
o

Controller

Figure 1. Equivalent circuit of brushless DC motor [4]

A stator is connected in Y in a BLDC motor type, and each phase's resistance and inductance are
equal. Losses like those caused by iron cores, eddy currents, and hysteria are disregarded. The BLDC motor's
phase voltage formula is displayed as (1).

Uy R 0 O0][ia L—M 0 0 d iy €4
ug|=10 R O0]|ig|+ 0 L—-M 0 o ig| +|€s (D)
Uc 0 0 RIli 0 0 L-M ic ec

Figure 2 shows the back EMF waveforms, Hall effect sensor waveforms and current waveforms of
the BLDC motor. The wave forms are varied each 60°, the back EMFs are at each instant one positive, one
negative and third EMF zero. A brushless DC motor's electromagnetic torque is computed as (2).
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Figure 2. Characteristic waveforms of a BLDC motor [5]
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Te — egip+epiptecic (2)

Wm

Where w,, is the rotational angular velocity in radians per second and T, is the electromagnetic torque. To
calculate the motion of the BLDC motor:

JAwpy,
Te - TL = : + vam (3)

d
where, T}, is load torque, J is the moment of inertia of the motor a Bvisthe friction coefficient. The equation
for the relationship between the rotor's location and speed is (4).

de P
@ =7 Om @

Where P is the number of poles and is the rotor's pole position.

3. CONTROL SCHEME
3.1. Brushless DC motor speed adjustment

Figure 3 shows the most popular method of controlling BLDC motors is by the use of Hall sensors,
which serve the dual purposes of position and speed sensors. Nevertheless, its primary flaw is that it collects
current speed data, which is displayed as inaccurate [20]-[22]. In this paper, we use pulse width modulation
(PWM) for controlling the power to the device. The main advantage of this technique is low power losses
while switching the devices. Two loops are shown in the block diagram above, one of which is used to
measure the speed of the BLDC motor, and the other of which is used to power a three-phase, six-step
inverter. The generated torque must match the driver's desired torque and be in control of the brake and
accelerate pedals. Torque control is a need. In the range up to the rated speed, torque remains constant. The
BLDC motor can operate at its top speed, but the torque may decrease. Torque control can be mainly used in
traction units and electric cars.

DC Supply

| |

Three-phase
inverter

| Motor

Gating

Signals

- Current controller

[ | : |—»| and commutation
sequencer

A

AA A

Position Sensor

Figure 3. Block chart of the torque control scheme

3.2. PID controller mathematical equations

The motor's speed, torque, and voltage are measured and relayed back as feedback using a PID
controller [23]-[25]. The terms proportional (P), integral (1), and derivative (D) make up a PID controller.
The controller can shorten the rise time and dampen oscillations.
- The transfer function of the PID controller

u(s) = [Kp + % + de] E(s) (5)

- Controller equation in the time frame

u(t) = Kye(t) + K [ e (t)dt + Ka% (6)
u(t) = K, <e(t) + I’:—;fte (O)dt + i—j%) @
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u(t) = K, (e(t) + %.ft e(t)dt + Ty ) 9)

3.3. Commutation logic

A brushless DC engine is an electric motor that requires an electronic commutation system to
control its speed and direction. Unlike DC motors BLDC motors do not use brushes to transfer the power
instead they use a controller to send electric signals to motor windings to generate a rotating magnetic field.
Figure 4 shows the logic gate circuit for switching on the inverter circuit. Figure 4(a) shows the Hall effect
signal to EMF signal. Figure 4(b) shows the EMF signal to GATES. The Hall effect sensors are used in the
control scheme. The Hall effect sensors are a key role in the BLDC motor circuit.

ha

ha N

/hb
hb

;
/he
he |

/ha
h

Hall

Logic
operator

AND Convert

hb

(b)
Figure 4. Logic circuit connecting from (a) Hall to EMF and (b) EMF to GATES

4.  SIMULATION RESULTS

Figure 5 depicts the output response of stator currents of A, B, and C to time. The maximum
amplitude of the waveform is 3 A. Phase B and C are the same as phase A but 120 electrical degrees phase
shift to each other. Figure 6 depicts the output response of the back EMFs of the engine. The signal is called
a TRAPEZOIDAL SIGNAL. The three-phase stator back EMF magnitudes are shown in the figure. The
magnitude is 200 V. The magnitude of voltage is 0 to 0.1 s is a very less and transient state.
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Figure 5. Three-phase stator current characteristics Figure 6. Back EMF characteristics

Figure 7 depicts the output response of the speed-torque characteristics. Here the supply voltage is
constant. Speed took 3000 rpm. Here torque is inversely proportional to the speed. Speed is measured in rpm
and torque is taken as newton per meter. The motor’s rate of spinning depends on the relation between the
applied voltage and the loaded torque. Figure 8 depicts the output responses of the Hall effect signals for
phases A, B, and C. The signals represent the density of a magnetic field around the device.
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Figure 7. Speed-torque characteristics Figure 8. Hall effect signal characteristics

Figure 9 shows the output responses of the motor in two different speed conditions. The Figure 9(a)
is taken when the motor speed is 3500 rpm. The Figure 9(b) is taken when the speed is 2500 rpm. From
the above speed-torque characteristics we can conclude that the output result doesn’t change even if
the speed varies.
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Figure 9. Speed-torque characteristics in different speed conditions (a) reference speed 3000 rpm and
(b) reference speed 2500 rpm

CONCLUSION
This study described how to effectively control the speed of an open loop brushless DC motor.

A BLDC engine's pace can be controlled using a PID controller in a variety of applications. Moreover, it
offers improved precision and lessens motor wear and tear. The paper's primary goal is to demonstrate how
long a motor can operate reliably. MATLAB/SIMULINK software is used to verify the characteristics,
including stator current, back EMF, and speed-torque characteristics, which are considered under various
speed situations.
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Abstract—For a three-level grid-connected neutral point
clamped (B3L-NPC) inverter, a closed-loop space vector
modulation-based PI controller is presented in this paper. The
clamp diodes and cascaded dc capacitors used in the diode-
clamped multilevel inverter produce multiple-level ac voltage
waveforms. Low THD and creating pure sine waves are the
key benefits of MLIs. Generally speaking, the inverter can be
set up with a three-level, five-level, seven-level, etc.
architecture. However, a NPC inverter is only ever referred to
as a 3-level inverter. The SVM isone ofthe well-liked
period modulation techniques and is widely used for the
digital management of VSIs. The SVM is principally used for
generating change pulses. The project SVM results are
compare with carrier-based curved PWM (SPWM).
The enforced 3L-NPC  simulation results are verified in
MATLAB/SIMULINK software.

Keywords—SVM, PI Controller, Grid-Connected 3-Level 3-
Phase NPC Inverter.

I. INTRODUCTION

The inverts are plays vital role in modern electrical
engineering like Electrical Vehicles, robotics and Solar
plants. Authors in [1] implemented A novel high-power
ANPC Inverter. The implemented inverter is controlled by
an improved fault-tolerant control strategy. The control
strategy is well operated under short-circuit fault conditions.
Reference [2] grid connected three-level inverter had
implemented. The inverter is controlled by general mode
resonance damp and DC voltage complementary techniques.
The implemented controller reduced output current distortion
reduced power loss and switching loss. The proposed
controller had verified under different load change
conditions. The 3-Ph 3-levell inverter is controlled by a
model predictive controller. The control strategy had well
operated in a closed loop. The planned controller is well-
operated under steady-state and active conduction [3].
Authors in [4] introduced 3-phase and 4-wire T-Type
inverters with the neutral inductor. The zero-sequence
voltage controller is implemented for the inverter. The

979-8-3503-9737-6/23/$31.00 ©2023 IEEE

karthikgaddam252@gmail.com

maruthil3031999@gmail.com

implemented controller eliminated lower-order harmonics.
The reduced device count 4-level 3-phase inverter is
presented in [5]. The DC-Link capacitor voltage
complementary system had been implement and the low-
frequency modulation scheme, as well as level, shifted PWM
technique implemented this reference.

Grid-connected three-phase three-wire NPC inverter had
implemented in [6]. The implemented controller had
controlled by a de-coupled control scheme. The experimental
results were verified at different PLL conditions. This paper
had different mathematical equations analyzed.

Reference [7] presented an MPC controller for a 3-L
NPC inverter. The inverter-controlled PMSM is in this
paper. The MPC controller was robust, well operated steady
state, and had dynamic conduction. Different topologies of
inverters and different SVM techniques are reviewed in [8]-
[9]. The infinite-level induction motor is discussed in [10].
The motor was controlled by three-phase VSI, the
experimental results verified different load conditions. A
modified Z-Source inverter had implemented in [11]. A
novel technique is implemented in this reference for
balancing DC-Link capacitors. Three-level inverter reduced
torque ripples in the induction motor [12]. Level-shifted
PWM techniques implemented in [13] for MLI. This SVM-
based three-level grid-connected inverter was implemented,
in section II inverter topology explained, the section III
control technique implemented and the section IV results
explained.

II. GRID-CONNECTED INVERTER

A single pole triple throw switch is also called a three-
level inverter. in its place of a two-level inverter, We are
using a three-level inverter because we need a multi-level
converter. In a three-level inverter, there is a pole R where a
load terminal is connected to it. So that we can apply either
+Vdc or -Vdc to it, which is measured concerning 0 at R.
So the quality of waveform will be improved if we connect
this R to the midpoint 0 either by positive bus or by negative
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bus. This connection is not available in a two-level inverter
so we are using a three-level inverter. Three-Level NPC Grid
Connected Inverter is shown in Fig. 1.
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Fig. 2. Mode-I operation

Fig. 2 shows the Mode 1 operation: when the switches S1
and S2 are in the ON position and S3 and S4 are in the OFF
position. Then +vdc will goes to the pole R.
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Fig. 3. Mode-II operation

Fig. 3 shows the Mode II operation: whenever the
switches S3 and S4 are in the ON position and S1 and S2 are
in the OFF position. Then -Vdc will go to the pole R.
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Fig. 4. Mode-III operation

Fig. 4 shows the Mode III process: it is also possible to
connect R to O. When the switch S2, and S3 are in the ON
position and S1, and S4 are in the OFF position. So that R
could establish a connection with O.

Here readily available are two different paths depending
on the consignment current i.e., O to R (or) R to O
directions. This O is sometimes called DC neutral i.e.,
neutral point clamped inverter. here we used two diodes
which are called clamping diodes, which connect the two
midpoints R and O. sometimes these are called Diode
clamped inverters or Active clamped inverters. This
converter can apply either +Vdc or 0 or —Vdc at the pole
regardless of the current direction. We also have another
possibility of the case that is case 4.

CASE 4: When the switch S1 and S4 are ON and S2 and
S3 are in the OFF position.

Here we neglect this condition because S2, and S3 are
open-circuited and there is no load possibility and the NPC
inverter is open circuit. Table 1 is showing the positions of
switches and their voltage conditions.

TABLE 1
Si S, S3 S4 Vro
ON ON OFF OFF +Vc
OFF ON ON OFF 0
OFF OFF ON ON -Vie

Let switching states for three cases are: P(+) ,0 ,N(-)
By observing the above table 1 we find that

1.S1 and S3 are complimentary. when S1 is low then S3
is high and vice versa.
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2.S2 and S4 are complimentary. When S2 is low then S4
is high and vice versa.

In a three-level inverter .there are two pairs of
complementary switches. For two pairs of complementary
switches, we need to generate two getting signals. Which
will significantly change. For the two-level, we generate one
sine wave with one triangle. but for the three-level, we need
to generate one sine wave with two carriers and sometimes it
can also be two sine waves with one carrier.

Instantaneous pole voltages, line-line voltages and line-
neutral load voltages

Vro=0, + Vi4/2; Vyo=0, +Va/2; VBo=0, +V4/2

When the middle two switch in the R phase then Vro=0
and +V4/2. Similarly Vyo and Vgo.

Vry=Vro-Vvo;
Vry=*tVde, TVa/2, 0

Vrn=(Vry-Ver)/3.
Vrn=+2Vae/3, Va2, Va3,
+Vae/6, 0

I1I. SPACE VECTOR MODULATION

For the three-level NPC inverter, several SVM schemes
have been suggested. The NPC inverter is presented using
conventional SVM, and then the even command vocal
elimination is achieved using a customized SVM system.
SVPWM diagram is shown in Fig. 5.

2 jnl3

— V 7o
I/15 i V147§V.1€

VI7 V—” VIX

Fig. 5. SVPWM diagram

Synchronous reference frame (SRF) theory-based PI
controlled implemented in this project. The SRF theory
converts three-phase to two-phase and two-phase three-
phase. This total conversion is used for controlling direct-
axis and quadrature-axis currents. In AC currents we need to
control magnitude and phase angle; in DC systems we need

to control only magnitude. This is the main advantage of the
conversion system. The SVM-based PWM generator will
implement in this project, these PWM techniques total 21
vectors, six tiny vectors, six intermediate vectors, six fat
vectors and two zero vectors.

Base on their scale (length), the voltage vectors be able
to be classified into four groups, as shown in the vector
diagram above.

VECTOR ZERO: The magnitude of v0 in the three
switching states [+++] [000] and [---] is zero.

SMALL VECTOR: The magnitudes of (V1 to V6) are all
equal to Vd/3. There are two switching states for each tiny
vector. One was classed as a P-type minute vector and the
other as an N-type minute vector since one contained [+] and
the other contained [-].

Large vectors (V13—V18) have a scale of 2Vd/3, while
medium vectors (V7-V12) have a scale of 3Vd/3.

Here in the R-phase top two devices are ON and in the
Y-phase top two devices are ON and in the B-phase bottom
two devices are ON and the pole voltages are
+Vdc/2,+Vdce/2,-Vdc/2. This case is also possible in a two-
level inverter and vectors 2, 3,4,5,6 are like to that of the
two-level inverter. Here R phase has three possibilities and Y
phase has 3 possibilities and the B phase has three
possibilities. This means that there are 27 possible switching
state combinations. Only 6 states out of 27 have been
accounted for. We can determine the connection between the
switching states and the related voltage vector by looking at
the diagram above. Out of 27 inverter states, these 6 vectors
lead to 6 active vectors, all having a magnitude of Vdc/2. So
that two of them produce the same vector. The three-level
inverter gives us much more opportunities to explore and
design new PWM methods than a two-level inverter.

DWELL TIME CALCULATION

{VR;,»TS =V T.~V.T.,+V.To
TA<v:Tu+T1)+T0 (1)

The SV drawing can be alienated into six triangular
sector, which are then additional alienated into four
triangular region based on the SVM algorithm to calculate
the dwell time. As is well known, the SVM is founded on the
'volt-second balancing' principle. The reference voltage and
sampling time are combined to form the term "voltage
second balancing," which is equal to the sum of voltage
times the duration of space vectors.

Let us take a triangular region whose tip falls in it as
shown in Fig. 6.

96
Authorized licensed use limited to: JAWAHARLAL NEHRU TECHNOLOGICAL UNIV. Downloaded on June 20,2023 at 06:58:05 UTC from IEEE Xplore. Restrictions apply.



2023 9™ International Conference on Advanced Computing and Communication Systems (ICACCS)

The inverter output phase voltage is exposed in Fig. 7.
Peak to peak, the phase voltage is 300V in magnitude. The
wave shows like square wave. The three-phase voltages and
currents be displayed in Fig. 8. The three-phase voltages are
1200 phase shift each other. The magnitude of the line

V. PPN

v, voltage is 500V. The magnitude of three phase currents is
PON
5A.

Three phase grid volatges
600
400
PNN P 200
V, 7 ONN V. g o
; -200
Fig. 6. Triangle VECTOR diagram 400
-600

Whenever we are applying the two active vectors, the )

error is very high due to the longest duration. To reduce this 6 TUES AT
error, we need to apply the three closest vectors. so that the 4
error is so small. This error voltage vector is nothing but the g2
harmonics and the ripple voltages in all three phases. if we Eo
transform the ripple voltages in all three phases into the S
space vector domain that becomes the error vector 5

-6
o 0005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05

If the instantaneous error vector is low then the integral Time
instantaneous stator flux ripple and instantaneous current . o
. . . Fig. 9. Three phase grid side line voltage and currents
ripple are going to be low. That is the reason why a three-
level inverter gives us better waveform quality. - e ———
IV.  SIMULATION RESULTS st
400 Phase Yolatge ‘ 0
-200
200
& 400
j=2
% 0 Inverter Line voltage
= 1000
-200
-400 - : : - - - 0
0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
Time
. . -1000
Fig. 7. Three levels NPC inverter phase voltage
Grid line voltgae
1000 . . :
Three phase volages and currents
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1800 Inverter with grid interfacing current
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-500
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Fig. 10. Inverter phase voltage, line voltage, grid line voltage and current

vB
§8 .8

Fig. 9 shows the three-phase grid side currents as well as
* current waveforms. Fig. 10 shows the single-phase inverter
output voltage and current. The magnitude of the current is
5A. Fig. 11 show the THD value of the grid side current.

3-Ph currents
(=]
! g\

Fig. 8. Three-phase line voltages and currents
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Fig. 11. Phase current THD value

When we compare the average pole voltage in 2L and 3L
inverters the error is very high in 2-level inverters. Whereas
the error is low in 3-level inverters. This indicates the low
harmonic content of the current. So that we can vary it
sinusoidal [VRO, VYO, VBO]. In the case of 3-level
inverters, we have two pairs of complementary switches,
which is different from 2-level inverters. So that we have 2-
level shifted carriers.

Here, there is a torque that runs between 0 and land the
other torque runs between 0 and -1. so R, Y, and B are un
compared here but with help of switching logic, their voltage
is known. We can also do a phase shifting of level-shifted
carriers for 3-level inverters which will not affect the
fundamental voltage. The final experimental findings
demonstrate the system's robustness without any outside
disturbances and high dynamic performance with reduced
THD.

V.CONCLUSION

For a grid-connected, three-level NPC inverter, a
potential integral control method based on SVM has been
carried out in this paper. Due to their high importance, MLIs
acquires more vogue for both low and high-power
applications in research, medical and other industrial
applications. Known as a feedback control loop, a potential
integral controller determines the error signal by comparing
the output of each system in the grid. This is due to NPC
inverters requiring DC. In this project switching of SVM and
PI control is integrated with the voltage balancing technique.

The main reason to design this system is to generate a
pure sine wave without any external perturbations and
unwanted harmonics. This PI control-SVM grid technique
allows low THD current, high power factor, and has low
ripples, this also operates at a steady switching frequency.
Also, the competence of the planned topology is elevated.
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Abstract: This study introduces a grid-connected inverter
powered by fuel cells (FC). Though comparable to a battery, the
fuel cell does not store energy. DC voltage is continuously
supplied to the fuel cell. Oxygen(O2)and hydrogen (H2) are used
as fuel inputs. In this research study, fuel cell is connected to a
two-level inverter, and the inverter output is linked to a
segregation transformer, whose output is connected to the grid.
The primary goal of this study is to use renewable energy sources
to lessen air pollution. There has been a lot of recent study on EVs
powered by fuel cells. MATLAB/ Simulation software is used to
validate the fuel cell results.

Keywords: fuel cell, micro-grid, voltage, current
I INTRODUCTION

The smart micro grid design in reference [1], has different
input sustainable efficiency sources like wind, solar and
photovoltaic. The inverter is used for converting DC-AC. Fuel
cells and hydrogen technology can provide clean, efficiency
and sustainable electrical power wherever and whenever it is
needed. The designed micro grid was used for Electric Vehicle
battery charging and domestic loads. Modified teaching
learning algorithm is implemented in this study. The algorithm
controlled the micro-grid system. The hybrid electric vehicle
is presented in [2]. The hybrid vehicles have two different
input sources one is battery and other one is fuel cell. The fuel
cell has clean and green energy generating power. The fuel cell
used a secondary source in HEV. Fuel cell based distribution
system is implemented in [3]. Frequency control technique
was introduced in this study. In this study mathematical
formulas are analyzed. The implementation of micro grid
technology can emphasize the dependability of the power
systems by beneficence of self-heal performance at low
voltage levels and reducing air pollution. Generally speaking,
fuel cells are employed mostly for transportation technology,
household applications, portable use and stationary power
generation [5]. The characteristics of fuel cells are partly

prashanthvattil23@gmail.com

distributed and nonlinear, which are mainly required for the
analyzing of the system design [6].In general, the fuel cell's
contribution to the frequency control approach can be divided
into two categories: frequency regulation and island grids [8].
With a set-point reference frequency, it was possible to
regulate the fuel cell inverters for output power requirements
[9]. Through local control systems, frequency modulation of
the fuel cells is discovered to be outsourced [10]. This research
presents FC based grid connected system. Fuel cells are
ecofriendly distributed generation systems. They are
environmentally responsible because the demand for electric
power and environmental restrictions may rise as a result of
the greenhouse gas emissions [9]. The electrochemical cells
convert the chemical energy into electrical energy [10]. One
of the most attractive distributed generation techniques for
power transmission is fuel cells [3]. The economic operation
of microgrids can vary the topology of the feeder only through
the reconfiguration process, which is another feature of them
[4]. The two-level inverter provides a clean and stable power
supply for grid-tied applications. It offers a sustainable energy
solution that can help in mitigating the energy crisis and
environmental problems [5]. With continuous technological
advancements in fuel cell technology and inverter scheme, the
fuel cell is based grid connected two-level inverter is
predictable to play an important part in the upcoming energy
generation and distribution [9]. Due to their energy conversion
efficiency is more and emissions are low, FC have developed
a popular clean and effective choice for converting energy.
The two-level inverter is the key component of the system and
is responsible for converting the DC signal into an AC signal
suitable for grid connection [7]. The benefit of AC Micro grids
is that they utilize some converters to supply AC power
straight to AC then DC loads. The effective control plan is
used to plan the hybrid energy sources in AC micro grid to
generate an ideal energy management system [4].Fuel cells
generate power by a unit cell that contains a strong current but
alow voltage.Grid voltage wave can result in lowest frequency
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ripples in the FC output current in a FC built power production
scheme which is linked to the network. The low-frequency
ripple should not exceed 15% of the fuel cell's output (100—
120 Hz), as this will boost the FC proficiency and prolong its
lifecycle [6].As same as the battery, the primary frequency
control can also be used by FC power plants. Dependent on
the FC technology, a fuel processor is employed to deliver
hydrogen-rich fuel to the fuel cell. FC frequency management
is more locally controlled thanks to local systems [7].Because
the fuel cells won't be able to react quickly to such rapid load
changes, the batteries must be allied to the fuel cells either in
parallel or in series to serve as an impermanent energy storing
part that supports setup or unexpected load adjustments. An
organic model or a primary/additional order typical is utilized
for the analysis of FC systems in order to understand the
sluggish dynamic of the FC [1].Each element in fuel cell
architecture is evaluated based on its power, energy capacity,
and voltage boundary conditions [2].FC are broadly used in
many countries for their specific purposes. FC work by
merging a fuel, as hydrogen , with an oxidizing agent, such as
oxygen, in the presence of an electrolyte.This reaction
produces electricity, heat and water. The electricity can be
used to power a wide range of applications, from cars to
buildings [6]. One of the main advantages of FC is they have
high efficiency. With this they can convert up to 60 % of
energy in fuel into usable electricity, compared to around 20%
for internal combustion engines. FC have the potential to be a
very efficient and clean source of power [3]. They produce
electricity with very little pollution, emitting only water vapor
and heat. FC are a promising technology that has the potential
to revolutionize the way we generate power [1]. These are
becoming increasingly popular as a clean, efficient, and
versatile power source for a variety of applications. In the
electric vehicles the FC are used as alternative to batteries [6].
FC electric vehicles are already being deployed in some
countries and major automakers are investing heavily in their
development. These are being developed for use in portable
electronic devices such as laptops, smartphones, and drones.
These FC offer longer run times than batteries and can be
refueled quickly and easily, they are developed by a number
of companies and are expected to become more widely
available in the coming years [8].FC offer a promising
alternative to traditional power sources in a variety of
applications offering low noise levels. As research and
development continues, FC are likely to become even more
widely adopted in the years to come [10]. These FC are likely
to play an increasingly important role in global energy
landscape, driven by their potential to reduce the greenhouse
gas emissions, increase energy efficiency, and provide power
in a wide variety of settings [9]. Two-level inverter can be
easily integrated into overall system design, and they require
minimal maintenance and upkeep [2]. As FC technology
continues to improve and costs continue to decline. One key
advantage of a two-level inverter is its ability to provide high-
quality power that is synchronized. It does not cause
disruptions or other problems on the electric grid [8].

II FUEL CELL
— —
Electron flow
load
Moe™ [
H; i e - i 0
- T .
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—_— 4
I
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- >
_\ Electrolyte I—
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Fig.1fuel cell illustration

Figure.1 shows the diagram of the fuel cell. The FC is like a
battery but they do not need recharge. They produce voltage
continuously. The Fuel cell is operating at high efficiency in
combustion engine.In this cell, chemical energy will be
transformed into electrical energy. Both the anode and cathode
which are in fuel cell are two electrolytic plates that are
divided by an electrolyte membrane. Oxygen (0O2) passes via
the cathode and hydrogen (H2) passes over the anode.

Hysteresis
control

Uncontrolled
Reftifier

Fig.2 micro grid system with wind/fuel cell [11]

Fig.2 shows the micro-grid connected hybrid energy source.
Wind and fuel cells are examples of hybrid sources. The DC-
AC converter input is coupled to the fuel cell and wind outputs .
In this paper inverter pulses are generated HCC. The active
power controller has controlled this paper.
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Fig.3 proposed block diagram
Figure.3 displays the single line diagram of the FC and grid
connection. Single line diagrams have mainly four blocks one
is supply, Non-linear load, fuel cell DC supply and inverter.

V.
s )s)Ss
& s 7/ /
V.

= FUEL
CELL
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THREE-PHASE Sy Sb/ /

Vu TRANSFORMER I I I

Fig .4 proposed schematic picture

Figure.4 represents the grid-connected FC. A fuel cell, a three-
phase two-level inverter, an isolation transformer, and a three-
phase supply are all involved in this circuit. The three-phase
grid supply is connected to transformer's other end, the
inverter output is connected to the transformer's one end, and
the FC output voltage is connected to the inverter's input.

ZV

(1)
n=135, N7
V

2

ab nlz3:5 nw ()

ab

Z W, cos—smn(a)t+—) 3)
n=135, N7T 6

Equation (1), (2) and (3) are the three-phase inverter output
voltages.

IIT CONTROL SCHEME

Pref Active power
Dq0 to abe

controller
“
hysterisis
Iﬂ Num(S)

i |

labe_IB

Src

Fig.5 shows the control strategy

The figure.5displays the control strategy of inverter, this
control scheme has major components power reference
represented Pref, grid power PQ_IB, active power controller,
mux block, inverse park transformation, reference current Iref
and Imean.

The powers are taken from grid and reference power. The
active power controller block it controllers active power, the
reactive power zero in above controller and zero sequence
power also zero. The mux block has three input powers active
and reactive power, third one is zero sequence power. The
inverse park transformation outputs are three-phase reference
currents. [11-14]

This control scheme has PLL. The PLL is generated phase
angle and it locks the input and output voltage.

Fig.6 shows hysteresis controller

The fig.6 shows the hysteresis current controller (HCC). The
current controllers have two reference currents one is Iref and
other is Imean. The HCC is used for controlling current
saturation, upper limit or lower limit of current values.

978-1-6654-9199-0/23/$31.00 ©2023 IEEE 1630

Authorized licensed use limited to: JAWAHARLAL NEHRU TECHNOLOGICAL UNIV. Downloaded on June 20,2023 at 07:03:25 UTC from IEEE Xplore. Restrictions apply.



Proceedings of the International Conference on Sustainable Computing and Data Communication Systems (ICSCDS-2023)
IEEE Xplore Part Number: CFP23AZ5-ART; ISBN: 978-1-6654-9199-0

IV SIMULATION RESULTS
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Fig.7 shows the fuel cell simulation has mainly four blocks. ©
These are fuel cell, inverter, transmission and supply. The fuel £ 500
cell block has an input terminal called Idc and two output S
. E el it = ™Y
voltage terminals labelled +Vdc and -Vdc. The output current = 1000 : ' ' :
is represented as I DC and the output voltage is represented as 02 04 06 08 !
Time(sec) x10°

V DC.The inverter input is linked to the complete cell output
terminals. The three-phase transformer is linked to the single-
phase two-level inverter's output terminals. Three-phase
measurement port is associated to the three-phase output
terminals. Three-phase measurement port has two output ports,
one of which represents the three-phase output voltage as Vabce
FC and the output current as Iabc FC.The simulation diagram
has connected three-phase grid supply.

Fig.11 demonstrates the inverter's output voltage.
Fig.9 demonstrates the three-phase supply current. There are
certain distortions in the wave shape.Fig.10 demonstrates the
distorted inverter output current.Fig.11 Square wave is the
wave form used to represent the inverter output voltage.
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o 0.5 1 15 > Figure.12 displays the system single phase waveforms.

Time(sec)

Figure 12 displays the single-phase waveforms. In which X-
axis and Y-axis are taken as time(sec) and output current,
output voltage (ground current, ground voltage) respectively.

Fig.8 Oxygen (02), Hydrogen (H2) and H20

The fig.8 shows the hydrogen and oxygen the output is redox.
The fuel cell inputs are H2, O2 and outputs is H20. When the
inputs are H2 and O2 decreasing the output is increasing.
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Fig.13 displays the three-phase grid voltage.
figure.13 demonstrates the three-phase grid voltage, which has
5 N EN SN (NN (N N SR an amplitude of 600V.This section total represents the

04 00 042 043 044 045 046 017 048 048 02 simulation results; Grid current, inverter output current, grid
Time(sec) voltage, and various single phase output waveforms are the
Fig.9 demonstrates the supply current outcomes for the fuel cell.

Supply Current
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V CONCLUSION

This article discussed grid-connected fuel cells. The fuel cell is
comparable to a battery but does not store energy. The fuel cell
operates on a constant DC voltage supply. Oxygen (O2) and
hydrogen (H2) serve as the fuel inputs (O2).The output of the two-
level inverter linked to the isolation transformer, and the output of the
isolation transformer associated to the grid. This fuel cell in this
study uses renewable energy sources to achieve its principal goal of
lowering air pollution . Recent day’s lots of researches are going on
fuel cell based EV. Using the MATLAB/ Simulation programmed the
fuel cell results are confirmed. The output results are fuel cell inputs
oxygen and hydrogen.
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ABSTRACT: The three-level NPC PWM inverter is a type of
multilevel inverter that provides a higher quality of output
wave form compared to traditional two-level inverter. It is a
type of power electronic converterthat is used in renewable
energysuch as wind turbine and PV system. It convert DC
power source into AC power source. It is also capable of
handling high power levels and provides better efficiency
compared to other inverter topologies. Since, inverter uses
PWM technique to control the switching power of
semiconductor devices.

Keywords: Multilevel inverter, Neutral point clamped inverter,
Three level inverter, SPWM technique.

LINTRODUCTION

In comparison to other inverters that have been researched
and used in the past, NPC inverters are one of the most
significant multilevel inverter structures. Low volts is
needed to power the devices using this kind of inverter, and
the output voltage needs to have minimal harmonic content.
The topological structure cannot be expanded because of the
inherent neutral voltage balance issue. [1] [12]

The primary approach for a three-level NPC inverter uses
SVPWM and PWM to manage the average value of NP
currents at zero in a switching instance (PWM) [2]. Nabae,
Takahashi, and Akagi created the neutral point converter in
1981; it was essentially a 3-level diode-clamped inverter.
The multi-level inverter is more capable and effective power
applications nowadays [3]. This inverter is utilised in high
voltage, high power efficiency applications with a wide

Premkumarboyanapally 1234@gmail.com

variety of machine speeds [4]. Three-level NPC inverter
benefits include: maximising efficiency at switching times.
At the appropriate voltage level, the capacitors can recharge
once more. Due to the sharing of all phases to a single set of
DC links, the inverter's capacitance can be kept to a
minimum. [5]

Since new approaches for controlling the switches in
inverters were introduced. For Example, Pulse Width
Modulation (PWM). [6]

The most common used for the PWM technique is
sinusoidal PWM technique (SPWM). The NPC multi level
inverter can be operated as 3 modes operations. i.e. Dipolar,
Unipolar and Partial dipolar.[7]

As a result, the dc link voltage in an NPC 3-level inverter
can be divided into two equal capacitors. The fluctuation in
NP voltage is the 3-level inverter's serious issue[8].

In this study, an SPWM project was constructed that offers
an NPC multi-level inverter with voltage balance control
and waveform for switching between levels of three and
five.[9][10] Only the measurement of load current and DC
link voltage is required for this project. The load
performance is not high flow because the balancing voltage
strategy is based on adding the appropriate diagonals/angles
to the provided order of the voltage.[11]
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IL,TOPOLOGY OF 3-LEVEL NPC INVERTER

A. Three level inverter

There are three possible levels for the pole voltage: +Vdc by
two zeros, -Vdc by two, and zero. There are some another
who would count the number of levels. Let us say in R and
Y, you will have five different levels because it has + Vg
and + Vycby two or it can be zero or it can be -Vg. and or -
Vi by two. So these are the five different levels.

; T 59) 1.,

e -2 Ds"j J.
}A@ ZEais

i T 54) D4 S}} $D8 S12 I j;DlZ

Fig 1: Three-level NPC inverter

You maysomething getting referred as five level inverter but
convention is quite less. The relationship between the levels
and voltage poles. Just two levels of pole voltages, +Vdc/2
and -Vdc/2, are possible in a two-level inverter in terms of
both the pole voltage and the number of levels. Hence the
three level inverter has three levels: +Vdc/2, -Vdc/2, and
Zer0.

B. One leg of a three level inverter

The top two devices are S; and S ; on the bottom two will be
off S; and S;_ In this case R will be connected 0.5 Vpc .So
this is the pole getting connected to the top throw, the pole
getting connected to the bottom throw is again straight
forward to c.

The S; and S, are OFF S; and S; are ON. Therefore
you will might get pole connected to the bottom throw. So
Vro will be equal to -0.5Vpc earlier it was 0.5Vpc and it is
also possible to connect K to O turn off S4 turn on S, and S;.
So R could establish connection with O and through which
part there are two different parts that would depend on the
load current.

+0.5
Vdc I
T

T
1K lesz
o
IK 19
S3
K z=
-0.5Vdq
Fig 2: One leg of a 3-level inverter
\ St |S2 |Ss |Ss | Vro

1 1 0 0 +0.5Vy
0 1 1 0 0
0 0 1 1 0.5V,

Table 1: Relationship between switching devices and
output levels

S| and S; are complementary. If S; is high then S; is low, if
S; is low then S; is high. In the same way S, and S, are
complementary with one another. In this, there are two pairs
of complementary switches. So there it is sufficient for the
generate one gating signal and other gating signal would
come by taking its compliment. Here, two gating signals
may be S; and S, and S; would come by complementary S;
and S; would come by complementary S,. So two gating
signals should be produced, and that is going to significantly
change. It have one sine wave with two carriers.

III. CONTROL SCHEME

The most commonly used modulation scheme for an NPC
inverter is the SPWM technique. The basic concept of
SPWM involves comparing a reference sinusoidal wave
form with high frequency carrier wave form. The magnitude
and frequency of the carrier wave form are typically much
higher than the reference wave form.

In an NPC inverter, the DC voltage is split into multiple
levels using capacitors and diodes, resulting in several
voltage levels that can be used to generate a quasi-sinusoidal
output wave form. The SPWM technique is then applied to
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each level of the NPC inverter to generate the appropriate
switching signals for the power electronics. The basic
concept of SPWM involves differential a reference
sinusoidal waveform with a high- frequency carrier
waveform. The amplitude and frequency of the carrier
waveform are typically much higher than the reference
waveform. The resulting modulated waveform has the same
frequency as the reference waveform and a variable
amplitude determined by the width of the pulses in the
carrier waveform.

N | .
—* ==
—
» Scopel
Sine Wave o
.| = - »{ (311
Relstional L Gaoto
Operator
Wl_ o) SE——
Repeating Logical Goto1
Sequence Operator
|
» »( 1521
Relational Goto?
Operator]
Repeating
Sequencel | NOT ——{ [54]
Logical Gotod
Operator

Fig 3: Overall system of SPWM technique

To implement SPWM in an NPC inverter, the reference
sinusoidal waveform is typically generator using a
microcontroller or DSP. The carrier waveform is generator
using a high- frequency oscillator or a PWM generator. The
reference waveform is then compared with the carrier
waveform to generator the modulated waveform. The
resulting modulated waveform is then used to generator the
switching signals for the power electronics The rate of the
carrier waveform controls the exchanging rate of the power
electronics, while the width of the pulses in the carrier
waveform dictates the amplitude of the output voltage.

MW( I
AR

Time(sec)
Fig 4: Output of SPWM technique

Figure shows the simulation wave formof SPWM technique
X-axis indicate time(sec) and Y-axis indicate SPWM
technique.

Overall, the SPWM technique is a widely used method for
generating quasi-sinusoidal waveforms in power electronics.
When applied to NPC inverters, it allows for precise control
of the output voltage while minimizing harmonic distortion
and improving efficiency.

IVRESULTS
500
>
Q;_: o
-500
Time (sec)
500
=
= o
-500
Time(sec)
500
& o
=
-500
o 0.01 0.02 0.03 0.04 Q.05 0.06

Time(sec)

Fig:5 output waveform of individual R,Y,B line voltage

Figure(5) shows the simulation wave form of 3-phase line
voltage of individual R,)Y,B. X-axis indicate the time(sec)
and Y-axis indicate the VRY,VYB,VBR.
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600
Figure(8) shows the simulation wave form of 3-phase phase
400 voltage of individual R)Y,B. X-axis indicate the time(sec)
*;.?, 200 and Y-axis indicate the R-phase, Y-phase, B-phase.
5
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Fig:6 output waveform of combined RYB line voltage =
. =200
Figure(6) shows the simulation wave form of 3-phase line | !
voltage of combined RYB. X-axis indicate the time(sec) 300
. . . . o 0.01 0.02 0.03 0.04
and Y-axis indicate the 3-phase line voltage. Time(sec)

Fig:9 output waveform of combined RYB phase voltage

Figure(9) shows the simulation wave form of 3-phase phase
voltage of combined RYB. X-axis indicate time(sec) and Y-

‘_.i:f‘ axis indicate 3-phase phase voltage.
i 300
200
o 0.01 0.02 0.03 0.04 0.05 0.06 o 100
Time(sec) g‘l
Fig:7 output waveform of 1-phase line voltage § o
g
Figure(7) shows the imitation wave form of l-phase line % oo
voltage of R or Y or B. X-axis indicate the time(sec) and Y-
axis indicate the line voltage. -200
-300
(+] 0.01 0.02 0.03 0.04 0.05 0.06
200 Time(sec)
2
g °
& oo Fig:10 output waveform of 1-phase voltage
Time(sec) . . .
Figure(10) shows the simulation wave form of 1-phase
8 200 phase voltage of R or Y or B. X-axis indicate time(sec) and
g ° Y-axis indicate phase voltage.
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Fig:8 output waveform of individual R,Y,B phase voltage
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Fig;11 output waveform of switching sequency of SPWM

Figure(11) shows the switching sequence of SPWM
technique of S1,S2,S3. X-axis indicate time(sec) and Y-axis
indicate S1,S2,S3.

V. CONCLUSION

In conclusion, the 3- level NPC inverter with PWM
technique is highly efficient and effective method for
providing high quality AC power. It offers numerous
benefits over traditional two level inverters and has become
increasingly popular in a range of applications. Its ability
to provide precise control over the output waveform makes
it an excellent choice for many different type of power
systems.
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Abstract: The technique of vector control, often stated to as field-
oriented control (FOC), is frequently utilize in Factory made
applications to regulate speed and torque of IM drives. Vector
control enables precise control of motor speed and torque by
segmenting the stator current into components that produce
torque and flux. The 3-phase Alternating current(AC) voltage &
current signals are altered into a rotating reference frame, where
the stator currents are divided into their torque and flux
components, to achieve this. A PI controller uses the converted
signals to produce the reference values for the torque (T.) & flux
components of the stator’s current. The inverse Park transform
is then used to turn these values back into three-phase signals,
which creates the control signals for the motor drive.

Keywords: Field oriented control (FOC), PI Converter, inverse park
transform , Vector control, Alternating Current

LINTRODUCTION

Induction motors continue to be the most widely used motors

in the industry, as is well known, due to their excellent perform
ance and affordable price.[2]

Advantageous operational characteristics of AC induction
motors include power, durability, and ease of control. They are
extensively used in a variety of applications, ranging from
mechanical control mechanisms for residential appliances.[1]
Despite this, using induction motors at their highest
productivity levels is a challenging task because of their
complicated numerical representation and non-straight
trademark during immersion.[14]These elements lead to
acceptance engine control issues and necessitate the use of
advanced control computations, such as vector control.[4]Due
to their high performance and low price, induction motors
continue to be the most popular motors in the industry. It
comprises great dependability, low cost, and widespread use in
industrial applications, induction motors are practically
completely maintenance-free.[10]When compared to a DC
motor, it is robust, lighter, cheaper, more reliable, and nearly
maintenance-free. The induction motor(IM) can be controlled
in a variety of ways. V/f control is the oldest technique used
among these.[9]This approach has poor dynamic performance
because induction motors require coordinated control of the
stator current's amplitude, frequency, and phase, which is not
attainable with V/f induction motor drives. [5]An option is

shivapriy ap otharaveni@gmail.com

vector control, commonly mentioned as field oriented control
L(FOC). Dissociated control of flux and torque is a component
of vector control. For managing the speed and torque of
induction motor drives in industrial applications, vector control
is a potent technique.[8] Vector control enables fine control of
the motor's speed and torque by individually managing these
two stator current components.[3] On basis of the idea of
converting the three-phase AC voltage and current(l) signals
into a rotating reference frame, in which stator currents are
categorized into their torque and flux components, vector
control is used to drive motors.[13] A PI controller uses the
converted signals to produce the reference values for
torque(T.) & flux components of the statorcurrent.[11]

VC also acknowledged as field oriented control, is a control
approach used for achieving high-performance control of
induction motors.[15] This technique involves transforming
the three-phase AC power supply into a two-phase system,
with the first phase being the magnetizing component and the
second phase being the torque component.[6]

The advantages of vector control include:

1. High performance: Vector control provides accurate
and fast control of the motor's speed, torque, and
position.[12]

2. Energy efficiency: Vector control minimizes losses in
the motor, resulting in improved energy efficiency.

3. Reduced maintenance: Vector control reduces the
stress on the motor, resulting in lower maintenance
requirements.

4. Increased lifespan: Vector control extends the lifespan
of the motor by reducing the stress and wears on its
components.

In summary, vector control is a powerful control strategy used
to achieve high-performance control of induction motors,
resulting in improved energy efficiency, reduced maintenance
requirements, and increased lifespan.[7]
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II. CONTROL METHODS

Scalar
control _ V/F (volts per hetrz
control)
VFD, sensor/
sensories
e DTC
(direct control torque)
Vector
control
L . FOC

(field oriented control)
Fig.1. Control for induction motor(IM) using scalar and vector methods.

From figure (1), Vector control and scalar control are two
common methods used for controlling the speed & torque(T,)
of IM using variable frequency drive (VFD) sensors. Both
methods use VFD sensors to vary the frequency of A Csupply
for the motor, which in turn affects the motor speed and
torque.

FOC is a more sophisticated control procedure that allows for
precise and independent control of the motor speed & torque.
In VC method, the AC voltage(V) and current are transformed
into a two-dimensional space vector representation using
Clarke and Park transformations. This transformation allows
the relationship between the d-axis & gq-axis components of the
voltage (V) & current (I) to stand independently controlled,
which can be used for controlling torque (T,.) and flux of the
motor.

The controlling of Tc and flux is accomplished utilizing a PI
controller which regulates voltage (V) and frequency (f) of the
AC supply founded on the variance between desired torque &
magnetic flux and the actual quantities. The PI controller
adjusts the voltage and frequency by governing the duty cycle
of the PWM inverter signal generated by VFD sensors.

Scalar control, also known as V/f control, is a simpler control
method that uses a scalar relationship between the voltage and
frequency of the AC supply to control motor speed & torque
(T.). In scalar control, the VFD sensor adjusts the frequency of
the AC supply which is given to the motor based on the desired
speed. The voltage is then adjusted proportionally to maintain
a constant V/f ratio.

The V/fratio is described as the ratio between the voltage and
frequency of AC supply to the motor. This ratio is maintained
constant in scalar control to ensure that the motor operates at a
constant flux level. The constant flux level ensures that the
motor operates efficiently and does not overheat.

Both vector control and scalar control using VFD sensors have
their advantages and disadvantages. Vector control provides
more precise and independent control of the motor speed and
torque, but it requires more complex control algorithms and is
more expensive. Scalar control is simpler and more cost-

effective, but it is less precise and may result in lower energy
efficiency.

In general, vector control is preferred for applications that
require high precision and fast response times, such as robotics
and automation. Scalar control is suitable for applications
where cost is a significant factor and where the control
requirements are less demanding, such as in HVAC systems
and pumps.

Power supply

v

Clarke
transformation

\

Park L | Torque and magnetic
transformation flux calculation

PI controller

PWM inverter

|

Fig.2. Topology illustration of vector control of IM.

From figure (2), VC is a procedure used for controlling the
speed & torque (T.) of IM. The main idea behind this control
scheme is to treat the induction motor as a separately excited
Direct current motor with a field flux & an armature current.
This way, the induction motor(IM) can be controlled as a DC
motor, even thoughit is an AC motor.

The vector control scheme involves transforming the 3-phase
Alternating Current-voltage and current (I) of the induction
motor into 2-phase DC quantities, which can be used for
controlling the motor's speed & T.. The transformation is done
using Clarke and Park transformations.

Clarke transformation can be used to alter the 3 phase
quantities into two-phase DC quantities. The 2 phase DC
quantities are then transformed into two-phase AC quantities
via Park transformation. Then two-phase AC quantities are
utilized to control the torque (T.) and flux of the motor.

The torque & flux of the motor can be controlled
autonomously by supervisory of two-phase AC quantities. The
torque can be maintained by monitoring the g-axis current,
while flux can be also maintained by governing the d-axis
current. By controlling the torque and flux, the speed and
direction of the motor can be controlled as well.

The PI controller adjusts the voltage and frequency of the AC
supply founded on the change that occurs between desired
torque, magnetic flux, and the actual quantities The PI
controller regulates the voltage and frequency by controlling
the duty cycle of the pulse width modulation (PWM) inverter
signal produced by PWM inverter.

The PWM inverter converts the DC voltage from a DC link
capacitor into a 3-phase AC voltage through adjustable
amplitude, and frequency to control motor speed, and torque.
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The control scheme is created on a mathematical model of the
IM, which is used to predict the behaviour of the motor under
diverse working conditions. Mathematical model includes
equations for the torque & flux, as well as the voltage, and
current of the motor.

The VC scheme for an IM provides several benefits over other
control schemes. It provides precise and accurate control of
motor speed & torque, which results in improved energy
efficiency, reduced maintenance requirements, and increased
lifespan. It also provides a better dynamic response, which
means the motor can respond quickly to changes in load or
speed.

A. Induction motor

An induction motor (IM) is described as an AC motor that
translates electrical energy into mechanical energy through
the interaction of magnetic fields. The operation of an IM
can be defined mathematically using some equations
known as induction motor equations.

The induction motor equations are a set of differential
equations that describe the electrical, & mechanical
behaviour of a motor. Equations are typically written in
terms of stator & rotor voltages, currents, and magnetic
fields. They are based on the principles of
electromagnetism and are derived from the laws of physics.

The basic equations for an induction motor are:

Rotor Voltage equation:

SE =RI +Q2rf)L,I,

rr

E =1+ jerni
S

While the motor is in running condition,

__KER,
"R +(sX,)

3
27N,

(K)=

II. CONTROL SCHEME

Synchronous frame Stationary frame
(de signals) (ac signals)

-

fe dg/abe v B] )
s

Current

Controllers
6f

lds Tas,Ibs,lcs
Igs abe/dgq

A

FC

r

Rotor Flux 1 Vas.Vbs.Ves

Fig.3.DFOC through Rotor Flux Orientation

DFOC is nothing but a control scheme used for induction
motors that offer a fast dynamic response and high accuracy.
The control scheme of DFOC involves the following steps:

1. Measuring stator voltages & currents: The stator
voltage & current can be measured using appropriate
Sensors.

2. Estimating rotor flux: Rotor flux is assessed using the
measured stator currents & voltages. The rotor flux
assessed using a mathematical model or lookup table
based on the motor parameters.

3. Calculating the torque: The electro magnetic torque
developed by the motor can be calculated using the
assumed rotor flux & the measured stator current.

4. Generating the switching signals: Based on the
calculated torque, the control scheme generates the
appropriate switching signals to the inverter that
drives the motor.

5. Controlling the fluxes of stator & rotor: control
scheme adjusts amplitude & phase of the current from
stator & flux of rotor for achieving the desired_torque
and speed.

DFOC control scheme uses a mathematical model or lookup
table to calculate the switching signals required to control the
current from stator & the flux from rotor. The table is
depending up on the parameter’s of the motor, such as stator
resistance & inductance, rotor resistance & inductance.

DFOC provides precise control of the motor with a fast
dynamic response, which makes it suitable for robotics, and
electric vehicles. However, it requires complex control
algorithms and is more expensive than traditional control
schemes.
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Fig.4.General Diagram Of Rotor Flux FOC

Field-Oriented Control method named for (FOC) is the control
scheme for induction motors that offer a fast dynamic response
and high accuracy.

The working of FOC involves the following steps:

1.

Measuring stator voltages & currents: The stator
voltages & currents were measured using appropriate
Sensors.

Estimating rotor flux: Rotor flux is estimated using
the measured stator currents & voltages. The rotor
flux developed will be estimated using a mathematical
model or lookup table based on the motor parameters.
Transforming the stator current: The stator current is
transformed with in the stationary reference to the
rotor reference structure using a Park transform. This
transformation simplifies the control of the motor by
separating the torque-producing component from the
magnetizing component from the stator current.
Controlling the magnetizing component: A
magnetizing component from the stator current is
controlled to regulate the rotor flux.

Controlling the torque-producing component: The
torque_producing component’s fromthe stator current
is controlled to regulate the electromagnetic torque.
Generating the switching signals: Based on the
controlled stator current, the control scheme generates
the appropriate switching signals to the inverter that
drives the motor.

Inverter output: DC power supply to AC power and
supplies it to the motor windings is fed by the inverter
and converter.

FOC provides precise control of the motor with a fast dynamic
response, which makes it perfectly good for robotics, electric
vehicles. FOC has become a popular control scheme for
induction motors because of its effectiveness in achieving high
torque and speed control. However, FOC requires complex
control algorithms and is more expensive than traditional
control schemes.

In Field oriented reference axis frame,

R Ddqx Pqx
AMN—YYY LYY Yy,
Px
M SR
G(D % Pqx

Ws@ds (Ws-Wx)@dr

Fig.5. Field oriented reference axis frame
From the given circuit diagram,
Imaginary component,
@, =0
From rotor circuit,

d
-,
dq
So voltage across R,

=0

W, -w)J,. +Ri, =0

From flux equation in terms of i,

Mi +L,i,=0-i =Lﬂiqs

xr-qr qr
Xr

M .
(Ws - Wx)gdr = L_lqux
M .
Wslipgr :L_lqux

Xr

By above, We Can Say that W, is proportional to ig.
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IV SIMULATION RESULTS Fig.7. shows the waveforms of Rotor’s Quadrant
current (Iq), Direct current (Id) which have a magnitude
ranging from +10A to -10A

1000
0
-1000
500
i | |
D ] Timefsee)
v I I
-500
100 |
[ . | | \ \
D i 0501 890z [ [E: 1) 8905 [} a0 09
Timefsec)
Fig.8. Stator’s Iq,Id currents waveforms
Fig.8. describes the waveforms of Stator’s Quadrant
current(Iq),Direct current(Id) which consists of X-axis as

: : : : Time(sec) and Y-axis as Current(A).The Iq waveform exists in
0 0.2 0.4 0.6 0.8 1 between the -100A to -80A range. And Id waveform lies in

between +50A to +75A values.
Fig.6.Output Waveforms

150 T T T T T
Fig.6.depicts the waveforms of Voltage (Vab), Current (Iabc),

Rotor speed, Electromagnetic Torque (Te) in induction motor

under vector control reference frame. 10 /\/\/\

50 1
10-
l _ : DW
g
5 S0 J
A
45 | | | <100 - b
Time(sec)
10 | L | | | 1 ! L L L 1
0.9901 09902 09902 09903 09903 09904 09904 09905 09905 0.9906
5F b Time(sec)
. or | Fig.9. Three phase Iabc waveform
5 b . . . ..
Fig.9. demonstrates the wave forms of labc in which X-axis is
A0F - taken as Time(sec) and Y-axis is taken as Current(A).It is three
phase current waveform in which red coloured waveform is
| | I

15 L I
0.9915 0.992 0.9925 0.993 0.9335 0.994

Time(sec)
Fig.7.Rotor’s Iq Id currents waveforms

considered as Ia,the blue coloured waveform is considered as
Ib,and the yellow coloured waveform is considered as Ic.
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Fig.10. displays the waveform of three phase voltage
(Vabce).From the figure, we can see that the waveform varies
the magnitude ranging from -800V to +800V.

V.CONCLUSION

In conclusion, VC can be said as Field-Oriented Control is a
sophisticated control scheme for induction motors that offers
precise control of the motor's speed and torque with high
dynamic response and accuracy. The control scheme involves
controlling the stator current, rotor flux separately by a
mathematical model to estimate motor's parameters Vector
Control has been widely adopted in various industrial
applications, including electric vehicles, robotics, and machine
tools, due to its effectiveness in achieving high performance
and efficiency. However, Vector Control requires complex
algorithms and additional hardware, which makes it more
expensive compared to other control schemes. Nonetheless, the
benefits of Vector Control have made it a popular choice for
applications that require high-performance motor control.
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Abstract: This manuscript presents a grid-connected two-level implemented inverter is controlled by a one-cycle
inverter. The presented inverter is controlled by SRFtheory controller. The presented controller has low switching loss
with a PI controller. The two-level inverter switching pulses and robust performance [3]. In [4] implemented a multi-
are generated from the space vector modulation technique. string five-level inverter with a work of fiction PWM
The main advantages of two-level inverters are less number of . . .

. o . technique. The implemented topology has an input solar
switches, low switching loss, low cost and, suitable for low 1 i reuit. DC-DC L. d
power rating applications. Software called panel, auxtary le.Clllt, - Conyerter circuit, an
MATLAB/Simulink is worn to reproduce the depicted circuit. inverter. This paper is a DSP controller implemented.
the inverter output voltage, grid voltage, grid current, and PV . . .

. . . The yield current THD is 1.76%. Reference [5] different

module voltage are all confirmed by the simulation findings. o ) ) ]
sliding mode control strategies applied single stage PWM
Keywords: Inverter, PV panel, Grid. inverter. Different SMC procedures are regular SMC,
fundamental PWM inverter controlled by SMC, terminal
[ INTRODUCTION attractor, and crucial terminal attractor. For an LCL-GCI

) ) shut circle architecture, To stop the mutilation of the matrix
Th%s papet pr.esents a.Two—level voltage source inverter. current, reference [6] has presented a better current SMC
This type of inverter is worn for low-down voltage and hni ‘h . foed-f d )
low- lications Regarding [1]. Model technique with capacitor current feed-torward control.
odeower rangT .app q ’ ) gb & ’ ] Reference [7] reported on a modified sliding mode control
Pre 1ct1v¢': control 1s use FO regulate a better T-Type grid- for a single-stage VSI.In this control system is decreased
linked inverter. The implemented control scheme . L
d lod acti d . b . he D burden of current aggravations and gabbing issues. Jose

efcoup ¢ factlve anh-reactlve Powers y using the ]Q Antonio et.al [8] presented another SMC for a single-stage
felerence ra-1me. T IS, paper improved T-Type rf:su ts inverter in a photovoltaic MPPT application. The SM C had
comared Wlth, conventional T-type res'ults. Authors in [2] contrasted tentatively and a traditional PI regulator; SMC
Trinary hybrid CHB MLI had implemented. The or d . d ling infl dis missal
ol ted inverter generated more number of outout got a superior dynamic and unsettling mfluence dismussal.
1m}19 emenle : v Th g , i i DC ﬁP En-jaw change [9] introduced clever SMC for VSI. 1IKW
voltage  levels. ¢ controfler eliminate ‘_0 set VSI trial tests had. Thought about consistent state and
voltages. The second-order controller controlled active, and . .

; R ni h n dynamic reaction test results, the general framework had
reactive poyvers anfi imadiation. T 1s.p aper t r.ee-p ase tried under fluctuating working conditions, to be specific
three-level inverter implemented for grid connection. The
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state-load changing, the channel boundary varieties, and
rectifier load.

Another SMC system was proposed by satishkumargudey
et. al [10] which control voltage source inverter-based
higher-request circuit. The VSI yield results accomplished
great following capacity and hearty execution.
AshnaMohan et.al [11] a versatile all-out sliding mode
control (ATSMC) conspires intended for framework-
associated photovoltaic frameworks. The framework
associated inverter with an ATSMC had assessed by PC
recreation MATLAB/Simulink power framework tool
compartment. Authors explained different inverter
topologies in [12]-[15].

IT GRID-CONNECTED INVERTER

Three-Phase
PV Module }—3 TWO-Level (——3% GRID

Inverter

Fig.1 grid-connected PV module

MODULE

AC

"y {,}{'}: o
| U

LC
FILTER

Fig.2 grid interfaced three-phase two-level inverter

Fig.1 shows the grid interfacing inverter. The block
diagram has three blocks of PV Module, a two-level
inverter, and a grid. Fig.2 shows a grid-interfaced three-
Phase two-level inverter. The circuit has PV Module, six
IGBT switches, an LC filter, and a three-phase grid supply.
The LC filter circuit is used for reducing ripples in the
Inverter output voltage. In this circuit Va, Vb and Vc are
common coupling voltages grid and inverter. The Main
Reasons for choosing IGBT switches are operating high
voltage, high current, and high power. The other power
electronics switches like MOSFET and SCRare not suitable

for inverters; MOSFET is suitable for choppers because it
will operate at a high frequency. The two-level inverter
advantages are fewer power electronic switches, low
switching loss, easily control. The operation two-level
inverters S;andS4, S; and Se, as well as S5 and S2, are
working in a complementary manner. The inverter switches
are selected based on voltage-blocking capacity.

IIT SYNCHRONOUS REFERENCE FRAME THEORY

Fig.3 synchronous reference frame theory

The SRF theory is presented in fig.3. The SRF theory
mainly is used for controlling three-phase quintets. The
circuit Iga, Igbo, and Igc are the three-phase grid currents.
The controller unit vector-based PLL is presented in fig.3.
The main aim of this paper is the inverter output voltage
synchronizing grid. The PLL synchronizes the grid voltage
with the inverter output while also locking voltages with a
small continuous phase error. Three-phase voltages are
required for PLL input, PLL gives amplitude, frequency
and phase angle. The outputs of PLL are w and 6.

[ . 2 . 2 ]
sinot sin a)t—? sin a)t+?

2 2 2 “la
]q =5 cos wt cos[a)t—?ﬂj cos(a)H?ﬂj Igb ( )
l 1 l Igc
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1
2

B B Table: 2 Active Vectors
. / " 1 SWITCHIN@ ON-STATE
y sin o COS @ % SPACE VECTOR | STATES | SWITCH
“ . 27 27 d ) —
V., |=|sin a)t—? cos a)t—? 1 Vq v, POO SS9,
Vc V -
sin(a)t+2?7zj cos(wH%zj 1 ’ V. PPO SrS:S,
B - ACTIVE 73 OPO S.S.S,
B 1 1] VECTOR —
1 _E _E V., OPP AYRERY
V(Z Va -
:\/2 0 ﬁ _ﬁ V (3) Vs oor S4’S6’S5
2'E 2 2 ||V —
V., 1 1 V. Vs POP SvSeS,

2 2 |

IV SPACE VECTOR DIAGRAM FOR TWO-LEVEL INVERTER

The space vector can be generically represented by the two-
phase voltage in the alpha-beta plane. (4) Adding (2) to (3)
results in (5)

Wh dx=0or2/3 or4/3.
Each phase-leg of the carrier-based modulation scheme creanax o o

techniques must be controlled separately. The load section voltages produced for the active switching

state [POO] are
AP

V0=V,

1
VBo(t) - _5 Vd (6)

and
1
Vco(t) - _g Vd
o The analogous space vectorindicated can be determined by
plugging (6) into (5). @)

The same process can be used to derive all six vivacious

vectors. V—k — g ,/dej(kil)gk = 1, 2,...,6 (8)

A. Dwell time calculation
The volt-second balancing equation is

Fig.4 space vector modulation
TABLE: 1 ZERO VECTORS

—_— — —

Vrefl s:,/ll a_'_V 21 bTV 010

SWITCHIN{H ON-STATE (9)
SPACE VECTOR STATES SWITCH
7.=7T.+T,~T
PPP s a b 0
ZERO p S.S5.S
0o
VECTOR 000 | §.5:S.
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TABLE: 3 COMPARISON TABLE

Topology Control Technique O utcome
Controlled active and
reactive power.
Igtrl;g_rgggrcllec"{;iype Model predictive | Improved T-type
inverter[1] control topology has  better
results compared to T-
type topology.
The implemented

Trinary  Hybrid

Modified second-order

inverter produced the
maximun number of

CHB-MLI genenalized integral output voltage levels.
. control scheme
implemented [2] . The presented system
implemented. ..
) operated at critical load
conditions.
Three-phase 0 ) trol Robust performance
three-level mrelfho dclyncl iemecrcl)tg d Lowswitchingloss
inverter[3] p Interfaced with grid
The implemented
Carrier and reference | inverterfedPV

Multi-string five-
level inverter [4]

signal PWM technique
implemented

Unity power factor
Both voltage and current
in the phase

IV SIMULATION DIAGRAM

TABLE: 3 Circuit Parameters

Different voltage waveforms are shown in fig.5. The
inverter output voltage represents before filtering (Vine)
and after flier voltage represents (Vf). The Vine shows like
a square waveform and Vf shows like a pure sinusoidal
waveform. The grid voltage represents Vg and PV module
output voltage Vd.

0.05

Fig.6 shows three-phase Vine, Vf, Vg and Vdc

S.No | Parameter Rating
1 PVmodule short-circuits current S.01A 500 |
2 PVmodule open circuit voltage 36.90V
3 =
PV module cutting-edge at most power 7.10A = 0
-
4 PV module cutting-edge at most power 30.3V
=500 |
5 Phase-phase RMSvoltage 400V
Filter inductance value 4.5mH
The capacitoracross PV Module 2200e-6 500
o
= 0
w0 500 -500 . . . .
0 0.02 0.04 006 0.08 0.1
I 2 Time(sec)
>
Fig.7 shows the inverter output and grid voltage
-500 -500
500 1500 Fig.6 indicates the three-section inverter output voltage,
inverter output voltage after LC clear-out circuit, three-
1000 . . .
£ o 2 section grid voltage and PV module voltage. The inverter
500 output voltage looks like a square wave with a harmonic
-500 0 spectrum. The voltages Vf and Vg are both the same
0 0.05 0.1 0 0.05 0.1 waveforms.
Time Time
Fig.5 shows Vinv, Vf, Vg and Vd voltage waveforms
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Abstract: This research paper describes a wind-battery-based
standalone AC micro grid system that can provide reliable and
uninterrupted power to off-grid applications. The proposed
system consists of a wind turbine, a battery bank, and an inverter
that work together to generate and store electricity, which can be
utilized to power critical loads in a standalone micro grid.

The microcontroller controls the energy flow between the wind
turbine, battery bank, and load to ensure a stable and continuous
power supply. The system's performance is evaluated using
simulation, which demonstrates that the proposed system is
capable of effectively providing reliable and uninterrupted power
to standalone micro grids, making it a promising solution for
remote and off-grid areas.

Keywords: Battery, Wind turbine ,Micro Grid, Controller.

I INTRODUCTION
A wind-battery-based standalone AC micro grid is a new
technology that has been proven to be a dependable and
sustainable way to supply energy to off-the-grid and remote
locations.[1] This kind of micro grid creates and distributes
electricity using wind turbines, battery storage, and an AC
power system.[2]Several studies have investigated the
feasibility and performance of wind-battery-based
standalone AC micro grids in various locations. For
example, a study conducted by researchers at the University
of Manchester and.[3] the University of Edinburgh

chenchireddy .kalagotla@gmail.com

evaluated the performance of a wind-battery-based
standalone AC micro grid in a remote area of Scotland and
found it to be a cost-effective and sustainable
solution.[4].Another study conducted by researchers at the
University of Waterloo and the University of Ontario
Institute of [14].Technology evaluated the most efficient
wind-battery standalone AC micro grid design and
operation for distant communities in Canada and discovered
it to be a dependable and affordable source of electricity.

[5] Also, a University of Michigan study investigated the
potential of freestanding.[6] AC micro grids powered by
wind and batteries lower carbon emissions and enhance
access to energy in poor nations.[7] According to the study,
these micro grids might supply dependable and sustainable
electricity to rural areas, hence lowering the demand for
conventional electricity generation from fossil fuels. [8]
Standalone AC micro grids powered by wind batteries have
demonstrated significant promise as a trustworthy and
sustainable way to supply power to rural and off-grid
locations. [9] This technology has the potential to be
adopted widely as a means of producing and distributing
sustainable  energy  with  continued study and
development.[10].Electricity generated by wind turbines can
be stored in batteries to ensure a consistent supply of power
during periods of low wind or high demand. This enables
the stored energy to be utilized for electricity production at
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a later time, contributing to a reliable and stable energy grid.
[11] The batteries can also be utilized to balance the micro
grid’s power supply and demand. As a stand-alone
system.[12]By doing this, the micro grid is guaranteed to be
able to continue supplying electricity even during power
outages or other disturbances in the primary grid.[13]The
type of electrical power generated and supplied by the micro
grid is known as AC (alternating current).[15]

II WIND ENERGY POWER GENERATION
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Figure-1: WIND Energy generating station
a. Wind energy power generation
A self-sufficient electrical power system, a battery wind-
based standalone AC micro grid combines renewable
energy sources like wind turbines and batteries to deliver
electricity to a nearby neighborhood or facility. Using the
kinetic energy of the wind and transforming it into electrical
power, wind turbines produce electricity.
The batteries can also be utilized to balance the micro
grid’s power supply and demand. As a stand-alone system,
By doing this, the micro grid is guaranteed to be able to
continue supplying electricity even during power outages or
other disturbances in the primary grid. The type of electrical
power generated and supplied by the micro grid is known as
AC (alternating current). Alternating current (AC) is the
primary form of electricity that is utilized in residences and
commercial establishments, and it is usually supplied via the
main grid. Overall, a standalone AC micro grid powered by
wind and batteries is a dependable and sustainable way to
supply electricity to a company or local community.
The micro grid can lessen its reliance on fossil fuels and
contribute to a cleaner, more sustainable energy future by
using renewable energy sources like wind turbines and
batteries.

b. Battery Wind-Based Standalone AC Micro grid
Components:

Wind Turbines: In a battery-powered freestanding AC
micro grid, wind turbines serve as an important energy
source. These wind turbines transform wind kinetic energy
into electrical energy that can be utilized to power electrical
loads in a micro grid or stored in batteries.

Batteries: A freestanding AC micro grid powered by
batteries and wind has two main uses for its batteries. In the
beginning, they store the electrical energy produced by the
wind turbines so that it may be used when there is no wind.
Second, by delivering electricity during sudden spikes in
demand or drops in supply, they assist in maintaining a
balance between the micro grid’s power supply and
demand.

Power electronics play a crucial role in converting the
electrical energy produced by batteries and wind turbines
into the necessary AC power required to operate the
electrical loads in the micro grid. Furthermore, they assist in
managing the power flow and maintaining a balance
between the power supply and demand within the micro
grid.

A Dbattery-wind-based standalone AC micro grid’s control
system is in charge of overseeing the system's overall
performance. It keeps an eye on the micro grid’s power
supply and demand, regulates the power flow between the
wind turbines and batteries, and makes sure the micro grid
is running effectively and safely.

c. Battery model

The battery model for an AC micro grid typically includes
several parameters that describe the behavior of the battery.
These parameters include:

1. Capacity: This refers to the total energy that can be
stored in the battery. It is typically measured in
kilowatt-hours (kWh) and depends on the size and
type of the battery.

2. Efficiency: This parameter describes how
efficiently the battery can convert stored energy
into usable AC power. Various factors, such as

battery chemistry, temperature, and
charge/discharge rate, can impact the efficiency of
batteries. Charging and Discharging

Characteristics: This parameter describes how the
battery charges and discharges over time. The
charging and discharging rate of a battery can
affect its lifetime and performance.

3. Charge Status: The parameter describes the amount
of energy stored in the battery at any given time,
expressed as a percentage of the battery's capacity.

4. The charge status is an important parameter to
monitor as it can affect the battery's performance
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and lifetime. Voltage and Current: These
parameters describe the electrical attributes of the
battery. The battery's effectiveness and efficiency
can be influenced by variables such as voltage and
current.

d. Mathematical Model

Charge status Model:

The charge status of the battery can be represented as a
function of charging and discharging currents, battery
capacity, and efficiency.

dasoc/dt=1,-1,)/ C-1/E)*1,

Where: dSOC/ dt: rate of change of the state of charge with
time (in Ah/s)

I_ch: charging current (in A)

I _dis: discharging current (in A) C: battery capacity (in Ah)
E: battery efficiency (dimensionless)

Battery Voltage Model:

The battery's voltage can be expressed as a function of its
state of charge, internal resistance, and open-circuit voltage,
among other factors.

V;mt = I/ac _Iei*l _K

Where: V bat: battery voltage (in V) V_oc: The voltage of
the battery when it is not connected to a load, (in V) R i:
The battery's inner resistance. (in ohms) I: current flowing
through the battery (in A) K _SOC: voltage correction factor
due to state of charge

Wind Turbine Model:
The wind turbines power output can be mathematically
expressed by the wind speed and power coefficient.

P, =0.5C, rhodV’

where: P_wt: wind turbine power output (in W) C p: The
power coefficient of the wind turbine (unitless), which is
influenced by variables such as air density (in kg/m"3), the
area of the wind turbine blades (in m"2), and the wind speed
(in my/s).

AC Power Distribution Model:

The AC power distribution model can be represented by a
set of linear or nonlinear equations that describe the flow of
power between different sources and loads in the micro
grid. These equations may include factors such as the
impedance of the transmission lines, the reactive power
flow, and the phase angle of the AC voltage.

Overall, these equations can be used to simulate the
behavior of the battery-wind-based standalone AC micro
grid and optimize its performance under different operating
conditions. However, it's important to note that the specific
mathematical model used will depend on the specific design
of'the micro grid and the desired level of accuracy.

e. Benefits of a Wind-Based Battery-Based Standalone
AC Micro grid:

Reducing Dependency on Fossil Fuels: By using renewable
energy sources to power a battery-wind-based standalone
AC micro grid, we may lessen our reliance on fossil fuels
and move towards a cleaner, more sustainable energy
future.

Enhanced Resilience: A standalone AC micro grid powered
by batteries and wind is independent of the main power
system. This makes it more dependable and resilient
because it can keep supplying electricity despite blackouts
or other major grid disturbances.

Cost Savings: By providing electricity at a lower cost than
the main grid, a battery-based wind-based standalone AC
micro grid can contribute to the reduction of energy
expenses. This is especially true in rural locations where it
could be prohibitively expensive to connect to the main
grid.

Lower Environmental Impact: Compared to conventional
power generating techniques, a battery-based wind-based
standalone AC micro grid has a lower environmental impact
and emits no greenhouse gases.

Overall, a standalone AC micro grid powered by wind and
batteries is a dependable and sustainable way to supply
electricity to a company or local community. The micro grid
can lessen its reliance on fossil fuels and contribute to a
cleaner, more sustainable energy future by using renewable
energy sources like wind turbines and batteries.

The energy storage device and DC-DC converter are shown
which explains how the energy is kept in the battery and
transferred to the inverter with the aid of a boost converter.
A boost converter creates a DC output voltage that is larger
than the DC input voltage It is obvious fromthe name alone
that this is a boost converter used for DC voltage step-up.
The inverter's AC output was sent to the load.

. CONTROL SCHEME:

Batteries

iF

Pum
dq m a
I8z

Figure2: control scheme

PWM 1-6
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The primary objective of the control system is to manage
and maintain the power flow between the various renewable
energy sources. (Wind turbine), the battery, and the loads in
the micro grid, to maintain a stable and reliable supply of
AC power. Here is a step-by-step breakdown of the control
scheme:

1. Measurement of system variables: The first step in the
control scheme is to measure key system parameters
such as wind speed, battery voltage and current, and
load demand.

2. Power generation control: Based on the measured
variables, the control system calculates the amount of
power generated by renewable energy sources.

3. The power output can be adjusted by controlling the
blade pitch angle of the wind turbine. The power output
is then sent to the battery and the load

4. To regulate the charging and discharging of the battery,
a PI controller is employed for control purposes. The PI
controller compares the desired battery voltage with the
actual battery voltage and adjusts the battery charging
and discharging currents accordingly. The PI controller
uses the proportional and integral terms to adjust the
battery current in response to changes in the error
between the desired and actual battery voltage.

5. Load control: The PI controller is also used to regulate
the power flow to the load. The PI controller compares
the desired AC voltage with the actual AC voltage and
adjusts the power output of the renewable energy
sources accordingly. The proportional and integral
terms are used to adjust the power output of the

renewable energy sources in response to changes in the
error between the desired and actual AC voltage.
System stability control: For maintaining a stable
voltage and frequency in the micro grid, the PI
controller is utilized for system stability control. It
regulates the power output of renewable energy sources
and the charging/discharging currents of the battery.

In general, the PI controller is a commonly used
option for governing power flow in a battery-wind
standalone AC micro grid due to its ability to regulate
battery charging and discharging currents and control
the renewable energy sources' power output
straightforwardly and efficiently. Nonetheless, it's
essential to acknowledge that the optimal control
scheme selection will depend on the micro grid’s
design and the desired level of control precision.

! ﬁ{'

FIGURE 3: SIMULINK MODEL
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IV.SIMULATION RESULTS

Once the MATLAB/simulation diagram was designed, the
current and voltage waveforms for the wind model, battery,
inverter, and load side input and output were extracted using
MATLAB/Simulink. The figure shows the
MATLAB/simulation diagram that was designed.
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Figure 4: wind output voltage

From the above waveform, we can observe the output
voltage of a wind turbine which is a three-phase ac
waveform, consisting of R'Y Bphases The determination of
the three phases involves the utilization of distinct colors,
namely red, yellow, and blue... The waveform is distorted
because of the in-consistency power generation. As the
wind is not constant the power generation using wind
energy will be inconsistent.
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Figure 5:P-W-M Input Voltage Waveform

The above visual shows the pulse width modulation wave.
That PWM is the minimum requirement wave for the
operating condition the x-label shows the PWM voltage and
the y-label shows the time in a sec that wave contributed to
the operating conditions .because of the PWM wave, only

978-1-6654-9199-0/23/$31.00 ©2023 IEEE
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requirement quantity is used hence the whole operation
becomes optimal and efficient.
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Figure 6:Vabc and Iabc load voltage and load current

The above waveform shows the output load for the voltage
and current. The output voltage and current of an AC load
powered by a wind generator are influenced by various
factors, whereas the determination of the three phases is
accomplished through the use of distinct colors, namely
blue, orange, and blue. Firstly, wind speed is a significant
factor as it affects the rotational speed of the turbine's blades
and, in turn, the output voltage and current. Secondly, the
size and design of the wind turbine can also influence the
output voltage and current.
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Figure 7 : waveform of the wind turbines output current.
By analyzing the waveform depicted above, we can deduce
that the wind turbines output current takes the form of a
three-phase AC waveform, characterized by three distinct
phases represented by three different colors. The magnitude
of'the current waveform oscillates between -30 and 30.
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Figure8: PWM voltage output waveform

The above waveform represents the pulse width modulation
waveform for output voltage. By altering the width of signal
pulses,the voltage can be adjusted. The horizontal axis of
the graph shows the output voltage, while the vertical axis
represents time measured in seconds.
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Figure9: battery output voltage

The above visual shows the output voltage waveform of the
battery output. the voltage that comes out from the battery is
alternating voltage Consumers make efficient and effective
use of the voltage produced by the battery.

VILCONCLUSION

Due to their capacity to deliver dependable and sustainable
power, standalone AC micro grid applications for wind-
battery-based energy systems are growing in popularity.
The management of electricity generation under varying
conditions, however, continues to be difficult. The control
methods proposed in this study tackle this issue and
optimize the utilization of the generated power for stand-
alone AC micro grid applications. These methods can help
wind-battery-based energy systems become more effective
and dependable, increasing their suitability for fulfilling
remote places' power needs and lowering reliance on fossil
fuels. For standalone micro grid applications, further study
and improvement of these techniques may result in more
effective and environmentally friendly energy solutions.

puting and Data Communication Systems (ICSCDS-2023)
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Abstract : This paper's essential objective is to introduce a structure for the plan and demonstrating of a PV-wind
half and half framework and its control methods. Since the conveyance of energy today assumes a huge part in saving
power steadfastness in dispersion frameworks, these control procedures plan to direct continuous changes in the
working requirements of the crossover framework. In this exploration, a half and half PV and wind energy framework
was added to the proposed cross breed framework. To capitalize on the predefined framework, approaches for most
extreme power-point tracking (MPPT) have been introduced. This examination additionally focused on improving the
half breed framework's solidness. We give another control technique called the dispersed power-stream regulator
(DPFC) execution with an advanced controller called model predictive control (MPC) to upgrade the power quality
and transient solidness of the proposed framework. The utilization of a DPFC regulator in a network associated
framework prompted the underlying improvement of this MPC control approach. Signals from the framework's voltage
and current attributes were utilized to fabricate the control approach. This work utilized fluffy rationale and MPC to
tweak these boundaries. The proposed regulator prepared framework was assessed in MATLAB/Simulink, and the
results were differentiated.

IndexTerms @ DPFC, fuzzy logic controller, model predictive controller (MPC), wind energy system. grid interconnected
,PV system.

LINTRODUCTION:

The requirement for electrical energy has risen rapidly in the flow circumstance. Contamination and nursery impacts
are welcomed on by the use of power creation strategies, like gas, coal, and thermal energy stations [1]. The flow
energy producing frameworks intensely depend on non-traditional sources to address these natural issues and satisfy
electrical interest [2]. These sustainable power sources' essential advantages are insignificant support costs, little
contamination, and moderateness. In spite of the fact that there are more sustainable power frameworks available, wind
and sun oriented energy frameworks are as yet significant due to their basic plan, openness to ecological assets, and
elevated degrees of proficiency [3]. In crossover frameworks, PV and wind energy frameworks are significant essential
energy sources [4]. When contrasted with other environmentally friendly power sources, PV frameworks are one of
the most viable [5]. Nearby planet groups are very costly to assemble, and photovoltaic frameworks are not innately
dependable concerning time, spot, season, or climate. The nearby planet group's result is affected by changes in the
climate [6]. Thusly, MPPT strategies were utilized to expand yield and further develop sunlight based charger
proficiency [7]. Wind energy frameworks are likewise a huge sustainable hotspot for PV frameworks, contingent upon
the accessible regular conditions. How much electrical energy delivered relies heavily on how much wind there is in
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the climate [8]. The results delivered by the breeze frameworks are affected by changes in the climate[9]. Thusly,
MPPT techniques are utilized to expand creation and work on the adequacy of the breeze framework. The control
outline in inverter was made utilizing an essential PWM approach, and the reference signals were chosen from the
lattice boundaries [10]. Electric power networks these days are enormous and convoluted. In an interconnected power
framework, regional repeat and tie-line power trade change when a power trouble demand fluctuates haphazardly. Age
and load may be in struggle in the event that they are not taken care of [11]. Likewise, a control structure is fundamental
to lessen the impacts of sporadic burden varieties, keep repeat at the standard worth, and have demonstrated the center
idea of a rebuilt power framework [12].

FIGURE 1. Structure of general microgrid system.

Solar Photo Wltaic [Electric Power| DC-DC Boost
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TABLE 1. DC-DC boost converter specifications.
Parameter Variable Ratings
Input Voltage Range DC (Min) 150V
O/P voltage range DC (Max) 350V
Switching Frequency up to 100KHz
Inductor (L) SmH
Capacitors (C) 1500uF
IGBT 1200V/100A

I1. Related Work
Solar Power System

As a result of its accessibility in nature, steadfastness, and reasonableness, the sun based energy framework has had a
critical impact throughout the entire existence of environmentally friendly power contrasted with other upset energy
sources. Electric flow first moves from sun based cells & is a short time later changed into PV voltage with the guide
of an identical electric circuit [14].The resultant DC voltage shifts concurring on temperature and sun irradiance. A
MPPT-based DC support converter is recommended to accomplish a reliable DC voltage from the planetary group, as
found in Fig. 2. The's MPPT will probably screen sun oriented energy's pinnacle yield [15]. To accomplish the
important voltage and current evaluations, these cells were set up in series and equal. The lift converter's details are
displayed in Table 1. A PV framework's momentary power is followed by MPPT. Utilizing the PV-voltage & current,
the PV not set in stone. A P&O MPPT is recommended for this framework [16] a standard PWM regulator delivers the
obligation cycle fundamental for the DC converter.
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Boost Converter Energy Storage

PV Module I

FIGURE 2. PV system with power converter.

I1I1. PROPOSED WORK
System For Wind Energy

One more significant calculate this uneven energy framework is wind turbines. To exploit the breeze's accessibility,
energy transformation happens two times: first, turbine sharp edges convert wind speed to mechanical energy, and
afterward, utilizing an electrical generator, they change it into electrical energy [18]. The wind turbine likewise
incorporates a gearbox instrument that changes into a fast shaft alongside [19]. To increment reliability, a pitch point
regulator was utilized to turn the breeze edges as per the course of the breeze [20]. A breeze vane was utilized to
measure the breeze's speed as it moved toward the breeze turbine. Fig. 3 portrays the commonplace design of a breeze
turbine framework utilizing a customary generator. The power delivered by the breeze turbine framework, as depicted
in (1), is the manner by which the numerical displaying of the breeze energy framework is communicated.

1
Pmech = ECp (ﬂ,ﬁ)mAst

Wi

=
a

Soft
SEATTEr o e

Transformer

LHHH

Capacitor Bank

FIGURE 3. Basic diagram of SCIG wind turbine

An enlistment generator and a simultaneous generator are the two sorts of generators that are promptly open
available [21].

Initiate And Screen The Mppt Calculation

Various exploration and innovation areas experience streamlining issues consistently. Because of the genuine and
commonsense nature of the objective capability or model limitations, such issues may now and again be incredibly
troublesome [23]. A goal capability exposed to convoluted, nonlinear highlights with huge uniformity or potentially
equity limitations is limited or expanded in a normal enhancement issue. In the annoy and notice procedure, the
framework screens changes in the cluster voltage prior to deciding how the result power has changed [24]. Fig. 4
portrays the P&O MPPT calculation's flowchart. This flowchart estimates the PV board's voltage and current and
processes the PV power [25]. Prompt PV power was utilized to measure the gained PV power. The essential current
sign is estimated as an outcome of these discoveries ceaselessly rehashed. This P&O procedure's essential downside is
that it can't be utilized to represent progressing changes in natural variables like irradiance and daylight. To deliver an
improved outcome, the ongoing result is persistently contrasted with the earlier output. This intricacy makes the
regulator plan a decent contender for arrangement by utilization of enhancement techniques [26]. An ideal answer for
high-intricacy plans is not too far off because of a deeply grounded part of study called electronic plan utilizing
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enhancement calculations. The MPPT calculation (irritate and notice) in this paper shows how the sunlight powered

chargers screen their greatest result.
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FIGURE 4. Flowchart representation of P&O technique.

Diagram For Inverter Control

As indicated by Fig. 5,this inverter control chart made utilizing a twofold circle of current regulators. In this occasion,
the inward circle effectively expands the transient steadiness of the framework, while the extemal circle-otherwise
called corresponding resounding regulators-assists with dealing with the consistent state blunder of the current
comparator [28]. Fig. 6 shows the converter control schematic. The load, framework voltage, and current in this
regulator were totally estimated. Utilizing Park's technique [29], these heap flows were changed into a d-q change. The
heap, misfortune, and half and half framework influence are utilized to make the network dynamic influence. (2) was
utilized to decide the framework power.
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FIGURE 5. Proposed DPFC controller block diagram.
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FIGURE 6. Fuzzy Logic based DPFC block diagram
Controller of Fuzzy Logic

A mathematical system based only on digital logic is known as a fuzzy control system. Fuzzification, participation
capabilities, rule-based, & defuzzification are the four steps of the controlling process in fuzzy logic [30].Fuzzification
is the method involved with changing over simple contribution to fluffy sets, which are then represented graphically
under the membership function. In this instance, an if-then statement is used to define the rules, as shown in Fig. 7.
The amount of enrollments in the fluffy rationale's bits of feedbacks, which are associated with the advanced
administrators, decides the number of decides that are made.

Controller of Model Predictive

The concept of MPC refers to a controller that explicitly uses the model of the system to select an optimal control
action. The basic implementing structure for MPC is shown in Fig.7. A model of the system is used to predict the future
behaviour of outputs based on the past and present values of both input and outputs. Based on the predicted outputs
and corresponding reference trajectory, the future errors are obtained and will be given to the optimizer. Depending on
the constraints and objectives given to the optimizer, future inputs for the system will be selected. In general, the input
is referred as a control signal and output is considered as a control parameter in MPC techniques. The concept of MPC
was introduced as an optimal control theory in the 1960s and by the end of 1970s, it was successfully implemented in
industrial processes [26]. The slow dynamics and large sampling periods of the chemical process allow enough time
for online optimization [25]. The first attempt to use the predictive control in power electronics was made in the early
1980 [28], [29]. This method was not popular at that time due to its high amount of calculations required in each
sampling period. In the recent past, the inception of modern digital control platforms with high computational
capabilities enabled the implementation of complex control techniques like MPC with more precision and ease.
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FIGURE 7: Structure for implementing model predictive control

IV. Simulation results and discussion:

FIGURE 9. Output waveform for distorted micro grid voltage.
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FIGURE 11. Output waveforms for uncompensated micro grid current, injected current, and compensated
grid current
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FIGURE 12. Total harmonics distortion for grid current using fuzzy based DPFC.
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FIGURE 13. Total harmonics distortion for grid current using MPC based DPFC.

FIGURE 14. Simulation result for change in voltage under Fuzzy DPFC.

FIGURE 15. Simulation result for change in voltage under MPC DPFC.
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Controller Optimization Technique %THD
DPFC Fuzzy logic 3.36
DPFC Model predictive 1.57

TABLE 2. Comparative analysis for THD under different controllers

IMPROVEMENT OF POWER QUALITY IN A HYBRID SYSTEM USING FUZZY AND MPC-BASED
DPFC CONTROLLERS: In this case, the proposed system is tested with a DPFC fuzzy controller, and the
experimental results are shown in the Fig. 10. The simulation result for non-linear grid voltage affected by DG system
conditions, and the injected voltage of DPFC is shown in Fig.10.The simulation result for compensated output voltage
of grid is shown in Fig.10. In this case, the proposed grid-connected system is affected by voltage distortions, which
helps mitigate the distortions caused,and the compensated voltage is measured at the grid side. The unbalanced current
affected by the unbalanced load is shown in Fig.11, and the injected current from the DPFC shunt converter under
fundamental and 3rd order frequencies is shown in Fig.11.The compensated current in the grid system is shown in
Fig.11.The proposed system is connected to different load conditions, that is, linear and unbalanced loads. Owing to
the utilization of nonlinear loads, the microgrid current is affected by unbalanced conditions, the shunt converter of the
DPFC helps to mitigate the unbalanced conditions, and the compensated current is measured at the grid side.The
harmonic distortion of the grid current affected by the nonlinear and unbalanced loads was compensated using a DPFC
controller. The THD for the grid current with the fuzzy-based DPFC controller was 3.36%, while that with the MPC-
based DPFC controller was 1.57%, as shown in Fig.12 and 13, and the comparison of THD shown in Table 2.

V. CONCLUSION

This study proposes an optimization-based control strategy for a distributed power flow controller to improve the
reliability, power quality, and transient stability of a hybrid system. In addition, an MPPT controller was implemented
for both the PV and wind energy systems to improve the performance of the hybrid system. In the literature, different
control techniques have been applied to tune the parameters of DPFC series and shunt controllers. However,this study
proposes a novel optimization technique for tuning the parameters of the DPFC. The series and shunt controls of the
DPFC were tuned using fuzzy logic control and a model predictive controller to improve the power quality problems
and the transient stability of the voltage, reactive power, rotor speed,and angle. These cases were successfully tested
and verified in the MATLAB/Simulink environment.Based on these results, improvements in stability and power
quality were achieved with the MPC-based controller as compared to the conventional fuzzy controller.
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ABSTRACT

This study examines the effectiveness of Series Active-Power Filters (SAPF) for enhancing power- quality using
dispersed generating. The distribution system's voltage-related issues may be reduced by the SAPF. The PV
system (Distributed Generation) provides the genuine power supply in order to offset voltage-related issues. The
Synchronous Reference Frame (SRF) Theory is used to implement the control method for generating the reference
in (V)voltage, which is then compared to constant in voltage for pulse-generation utilising hysteresis-band PWM.
When it comes to resolving issues with voltage on the distribution side, the SAPF performs better. MATLAB and
SIMULINK are used to model and simulate SAPF's performance.

INDEX TERMS: SAPP, PV-Photo-Voltaic, VSC-Voltage Source Converter, SRF-Synchronous Reference Frame-
Distributed Generation.

I.INTRODUCTION:

One of a utility system's primary duties is to provide consumers with electric-power in form of sinewave currents with
the proper magnitudes & frequencies at the PCC Despite the virtually sinusoidal produced V of coeval machines in
power-plants, certain undesirable circumstances, voltage & current disruptions. For instance, PEC produce contemporary
harmonics & twine voltage waveforms, electric arc furnaces induce voltage variations, and short circuit defects cause
voltage sags and swells [1-4]. On the other hand, the majority of consumer loads, including computers, microcontrollers,
and medical equipment. are vulnerable to power quality disturbances and are not shielded from them, and the
effectiveness of the voltage that is given to them determines how well they function. Only by guaranteeing a constant
supply of electricity at the right voltage and frequency levels is this achievable. A strategy known as "custom power" is
created largely to satisfy the needs of industrial & commercial customers. Power dispersal systems must provide
unbroken stream of energy to its consumers at a smooth sinewave voltage at the agreed-upon[8-10]. Power-systems(PS)
have a large number of nonlinear loads, which negatively impact power supply [11].[12].Voltage stability, supply
reliability, and voltage are the three subcategories that make up power quality, a thorough analysis of compensatory type
custom power devices, power quality concerns 13-16-21], a study of power-quality difficulties, standards and indices
put out by various authorities, and various methods used to sometimes enhance power quality.

The SERIES ACTIVE POWER FILTER SAPF [17-18] corrects the voltage sags and swells on the load side by injecting
a voltage component that is coupled in series with the supply voltage. A safe voltage supply is ensured under transient
situations by the control-response, which is the decree of 3msec. Protecting network is the primary purpose of a SAPF.
Based on sensitive loads, the SAPF is situated. DVR interlards series-voltage and adjusts load-voltage to value if a fault
occurs on other lines. The three injected phase voltages momentary amplitudes are managed such that there are no
negative impacts from a bus malfunction on the load voltage.
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I1.PV Fed Series Active Power Filter, Basic Principles of Compensation

The ultimate replacement for passive filters is active filters. When the harmonic orders vary in terms of magnitudes and
phase angles, the active filters are utilized. In these circumstances, it is possible to offer dynamic compensation by using
active components rather than passive ones. In nonlinear load situations where the harmonics vary on time, active filters
are utilised. Active filters may be linked in series or parallel depending on the types of sources that cause harmonics in
the power system, much as passive filters. By employing active power conditions to provide equal amplitudes of opposite
phase, the active filters eliminate the harmonics that are created in the nonlinear components and substitute the current
wave from the load, minimizing the effects of harmonic current [7].
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FIGURE 3. Principle configuration of an UPFC
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11I.PROPOSED WORK

I11.1 SRF, Synchronous Reference Frame
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FIGURE 4. Series Active Power Filter (SAPF) configuration

I11.11 Sequential Control

The series converter has the ability to correct voltage issues like voltage sag. The PLL in the series controllers provides
the sine and cosine values for the transformations from abc 2 dg0 and from dq0 2 abc, in series continence, abc -dq0 &
dgo 2 abc are used to produce the citing signal. Using the hysteresis band, the reference signal produced is compared to
the PCC point voltage Pulse signals are produced the converter receives the produced signals as the gate pulse. Figure 3
depicts the simulation diagram for a series controller The system's control approach is to regulate the rectified for the
injection of -ve harmonics necessary for system forfeiture. The gate pulse sent to the IGBTSs controls the converter output.
The SRF Theory makes this possible. The direct & quadrature axis slews dq0 are translated from the three-phase system
abc. For the series, APF is taken into account while calculating the reference signal and creating the pulse. The current
for the three phases is represented by equations (3), (4), and (5), which are translated to dgO for the balanced state.

iy = Ipsinwgt (3)
iy = Lysin (wst — %) )
ia = Ipsin (wst +) ®)

The transformation matrix for the 1. 1 ic 1s given by equation
(6),

—sinf

i cos6 , , 1 i,
[i:] _ |cos (B - ?ﬂ) —sinf (9 - ?’{) 1 [iq] (6)
le cos (9 + 2?") —sinf (9 + Z?H) 1 Lo
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To determine the transmutation of abc 2 dq0& inverse transmute of dq0 2 abc are both carried out concurrently. Equations
(7), (8), and (9) depict how dg0 changes in the balanced state. The quadrature, the direct, & zero-axis currents of system
are denoted by the letters id, ig, and i0 and are produced by inverse transformation.

g = ka> Ipsin(wst — 0) (7
iy = —kqgfmsin(mst -9 (8)
io = 2(ia +ip +ic) ©

The transformation matrix for the dq0 transform is given by
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LT SYSTEM CONFIGURATION

The grid is connected to nonlinear loads. The PV source is connected across the dc link. The PV fed filter can be utilized
two compensate the voltage related problems and also it can help to maintain the supply across the load when there is no
power supply The specific model is designed to keep the voltage across the dc link capacitor constant for efficient
operation of the filter. The filter can boost up and down the voltage as and when required and also provide the necessary
voltage to the distribution line for forcing the load voltage to be balanced.

The control technique plays the vital role for proper operation of the filter. Various voltage related problem are required
to be compensated to obtain balanced voltage across the load connected to the grid, Therefore, grid side voltage is sensed
& provided to the controller for further processing to develop a signal which can be treated as the reference signal [6].

I11.1V CONTROL TECHNIQUES

In PI controller, which is the existing model has no fuzzy FLC and the voltage calculations are being done automatically
where in the FLC controller all the voltage issues are sorted out by means of predefined rule set. The main role of the
functionary is to set up decision-based rules by analyzing the system behavior and the linguistic input variables within the
framework of the system. The inputs provided to the FLC have to process through three basic stages of fuzzification,
decision-making stage, and defuzzification before generating the output [4]. In the fuzzification stage, the input variable
is transformed into linguistic variable with the help of predefined membership functions (MFs). The output of the
fuzzification stage is then used to generate the fuzzified output according to the rules set defined.
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FIGURE 9. Voltage sag and swell from source

Figure 9. Shows Voltage sag, is a reduction in voltage for a short time. The voltage reduction magnitude is between 10%
and 90% of the normal root mean square (RMS) voltage at 60 Hz. The duration of a voltage sag event, is less than 1 min
and more than 8 msec, or a half cycle of 60-Hz electrical power. Voltage Swell is the increase in the RMS voltage level
to 110% - 180% of nominal, at the power frequency for durations of % cycle to one (1) minute. It is classified as a short
duration voltage variation phenomena, which is one of the general categories of power quality problems mentioned in the
second post of the power quality basics series of this site. VVoltage swell is basically the opposite of voltage sag or dip.

A

FIGURE 10. Injected voltage from filter to supply voltage

Figure 10. Shows the voltage to be injected and absorbed during sag and swell conditions respectively. If the voltage is
reduced then with the help of PV as backup, voltage is injected to balance the system whereas it is absorbed if the voltage
is increased.

FIGURE 11. Supply voltage after compensation
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Figure 12. The voltage of the DC link with PV Cell is shown in the fig.10 and it is constant in nature. This constant voltage
across the DC link increases the overall performance of the series connected filter which leads to maintain the constant

FIGURE 12. Voltage in DC link capacitor

voltage across the load after compensation.
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Model Optimization Technique % THD

Pl 2.30
PV fed series APF

FLC 1.57
PV fed series APF

TABLE 1. Comparison of FFT analysis of THD under different controllers

The designed PV fed series connected filter verified under different voltage related problems for both Pl and FLC
controller condition of the system. It is concluded that PV fed series connected filters with FLC is able to compensate the
voltage related problem satisfactorily and maintain the voltage across the load as pure as sinusoidal. In PI condition it is
observed that the harmonics distortion level is 2.30 percentage of fundamental and same model with FLC the harmonics
distortion level is 1.57 percentage. This encouraging results in each case proves the effectiveness of proposed series
connected filter for power quality issues in power systems.

V. CONCLUSION
In this paper, the Series Active Power Filter (SAPF) using Synchronous Reference Frame (SRF) Theory is
implemented to control the SAPF for the sag and swell mitigation. The simulation results show that the device is capable
of mitigating the sag, swell and the drop in voltage to maintain the voltage at 1 P.U. The Distributed Generation is used
for the mitigation of power quality problems has the superior performance.
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