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ABSTRACT

With the demand of alternative source of energy, there is an increasing trend in solar power
plants, as it is abundant, clean and has significantly reduced the reliance on conventional
energy sources. Integrating solar through inverter brings about various challenges in the

microgrids and the inverter itself.

This project aims the study of problems in the operation of inverter during unbalance load
and unbalance fault condition along with the possible control measures to mitigate those

problems to ensure the safe and reliable operation of the inverter.

A grid connected PV inverter is modeled using hysteresis band controller and implementing
the MPPT of the PV system with the buck boost converter. During unbalance load and
unbalance fault condition, the negative and zero sequence components of current exists. All
the zero-sequence component of current is delivered by the grid. The negative sequence
component of current also flows through the inverter resulting in high value of current and
loss of stability. Also, the voltage across the dc link capacitor increases during voltage dip.
The high value of current flowing through the inverter and high voltage across dc link

capacitor may damages the inverter and capacitor respectively.

A modified hysteresis controller is studied to compensate the above problems, it addresses
the stability issue but isn’t found to be much effective as it reduces current flowing through
the inverter from 950A to 330A only. Then an inverter dual current controller is introduced
replacing the hysteresis band control such that the negative sequence component of current
flowing through the inverter is almost mitigated from 600A to 10A and positive sequence
current is also reduced relatively to a tolerable value 150A from 550A. The total current
flowing through the inverter is limited to 200A from 950A and voltage across dc link
capacitor is limited to 700V from 1050V during LG fault at the inverter side thus ensuring
safe operation of the inverter during voltage dip condition.

A further study can be done on limiting the positive sequence component of current to a

rated value and improving the performance while operating in islanded mode.
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CHAPTER ONE
INTRODUCTION

1.1 Background

The global demand for electricity is growing due to the development of new technologies
and higher consumption rates. Additionally, there is a growing global awareness among
people and governments about environmental issues such as pollution, global warming, and
their impact on human health, agriculture, and the economy. As a result, renewable energy
resources like solar and wind energy are becoming more popular and are being prioritized.
Renewable energy technologies, which offer a secure and environmentally friendly source
of electricity, have become increasingly affordable and readily available to the general
public [1].The cost of photovoltaic panels has considerably decreased, and with new
innovative technology and the use of more efficient power electronic devices, the costs
associated with renewable energy power plants have also reduced.

The use of DERs such as wind, solar, and micro hydro production is increasing due to their
reliability, cost-effectiveness, and ability to reduce carbon emissions. However, wind and
solar DERs are dependent on environmental factors and their intermittency can be a
limitation. To address this issue, DER microgrids are connected to the utility grid. This
connection provides a reliable and resilient power supply, allows for effective energy
management, increases efficiency, and promotes environmental benefits. The DER

microgrid is connected to the utility grid through an inverter which serves as an interface.

Solar PV power plants are increasingly popular as they are the most abundant and cheapest
renewable energy source, alongside wind. Ongoing research is resulting in more efficient

PV cells and power electronics, and development of new control strategies.
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Figure 1.1: Schematic diagram of grid connected PV system

Figure 1.1 shows the schematic diagram of grid connected PV system. A PV system consists
of PV arrays, a MPPT subsystem, a DC-DC converter, and an inverter, which serves as the
interface with the grid. The output power of a PV cell depends on the ambient temperature
and irradiance level. As these environmental factors change, the optimal voltage of the PV
system also changes, which can change the overall efficiency of the operation. So, an MPPT
is used to ensure maximum possible output by adapting to the changing temperature and
irradiance levels. The MPPT algorithm controls the duty cycle for the operation of the buck-
boost converter, which is responsible for controlling the voltage for maximum output power
delivery. Additionally, the buck-boost converter helps isolate the PV side from the AC side.
The inverter is acts as an interface to the grid as it can synchronize its output with the grid.
It can be also be used to directly power the load [2]. The cost of these additional equipment
increase the cost of the entire system but also improve the efficiency of the system making
it economically feasible and with the improvement in control strategies, improving
efficiency and decreasing cost of power electronic components it makes the overall system

cheaper and more efficient.

Integration of renewable energy like solar and wind energy into the grid poses challenges
in preserving the power quality and operational reliability of the system due to the
independent operation of DERs. Different inverter control techniques and topologies is
essential meet grid standards [3]. The need for grid regulation arises from both balanced
and unbalanced faults, as they can have severe effects on both the grid and microgrid.
Maintaining power quality is crucial, and any unbalanced event on the grid can potentially

2



compromise it [2]. During these unbalanced fault conditions there is flow of very high value
of current which may damage the components. Also, there are active power oscillations in

this situation which may cause high voltage on inverter input.

During an unbalanced fault situation, the total harmonic distortion (THD) also experiences
an increase [4]. Therefore, it is of utmost importance to mitigate the harm caused to the
microgrid and minimize the damage inflicted on the connected loads and the grid. For this
the inverter needs to have suitable control strategies to minimize fault current and

harmonics and prevent these from damaging the system components.

Conventional inverters can handle normal operations in balanced load conditions but for
reliable operation of inverter in unbalanced loads and fault conditions, it is necessary to
build a system for handling negative sequence currents and zero sequence current to
minimize the damages caused by faults and sustain use of unbalanced load conditions [5].
This requires a control system to control the switching operation of the IGBTSs effectively
regulating the unbalanced sequence current components. By regulating these currents, the
efficiency of three phase inverter can be effectively increased.

In order to address issues caused by unbalanced systems, it is crucial to extract both voltage
and current sequence components, as the negative sequence component generated during a
fault can contribute significantly to various issues [2]. This work proposes a dual current
controller method, utilizing the DSOGI method for extracting sequence components of both
voltage and current. The current reference generation is optimized to limit current and
reduce DC-link voltage oscillations. The effectiveness of this controller a standalone PV

system is demonstrated through MATLAB simulations.
1.2 Problem Statement

e Due to unbalance load and unbalance fault, the negative and zero sequence currents
flows through the inverter.

e If inverter has to supply the fault current, the inverter may damage and there also
occurs a stability issue.

e Voltage across the dc link capacitor increases during the unbalance load and

unbalance fault.



1.3 Objectives
1.3.1Main Objective

e To enhance the performance of grid tied inverter under unbalance load and
unbalance load.

1.3.2Specific Objective

e To control the effects of negative and zero sequence current caused due to
unbalanced fault and unbalanced load.
e To regulate the current flowing through the inverter during fault.

e To maintain the dc link capacitor voltage.
1.4 Scope and Limitation

The rise in current flowing through the inverter and voltage across the dc link capacitor due
to voltage dip condition at the output side of grid connected inverter is controlled to a

tolerable value ensuring the safe operation of the inverter.

However, the rise in positive sequence component of current isn’t mitigated completely but
to a safer value. Also, the current supplied by the inverter isn’t pure sinusoidal to minimize

the switching loss.

1.5 Project Outline

e This project constitutes five chapters including the current chapter. This chapter
explains about the grid connected PV system. Also, it covers the statement of the
problem, objective of this project, and scopes and limitations.

e Chapter two provides a literature review that encompasses theoretical framework,
articles and publications from IEEE conferences or transactions and books from
reputable publishers. The purpose of this review is to gather existing information and
examine previous findings from other researchers in the field.

e Chapter three includes the proposed layout of the project and the methods and tools

that were implemented to attain the objectives of the project.



Chapter four presents the simulation results that have been obtained during the
implementation of this project. Also, the discussion on the obtained results is
performed.

Chapter five represents the conclusion and recommendation of the project.



CHAPTER TWO
LITERATURE REVIEW

2.1 Review of paper

In recent years there is a growing trend in integration of distributed energy resources (DERS)
such as wind and solar into the utility grid due to the intermittency of supply of DERs. By
integration to the grid the overall performance and efficiency of the DERs can be improved
and also promote renewable energy resources overcoming the problem of intermittency of
renewable [1]. The technology of power electronics is crucial in aligning the characteristics
of distributed energy generation units with the requirements of grid connections, such as
frequency, voltage, active and reactive power control, and minimizing harmonic distortion.
However, the low efficiency and limited controllability of distributed power generation
systems (DPGSs) based on wind and solar power are their primary drawbacks [6]. If the
system of DPGSs connected to the utility network is not properly controlled it can result in
grid instability or failure. Additionally, the interconnection standards for these systems are
increasingly emphasizing the need for DPGSs to operate effectively during short grid
disturbances. In this context, the synchronization algorithm and current controller play a
critical role. Consequently, the development of effective control strategies for distributed

systems is a matter of significant interest [7].

The behavior of a PV module is nonlinear and subject to variations influenced by
environmental factors. Ensuring the tracking of the MPP under changing environmental
conditions is crucial to achieve optimal power output and ensure reliable and efficient
operation of solar-integrated power generation units [8]. While numerous algorithms have
been developed, traditional methods such as P&O and incremental conductance are popular
due to their simplicity [9]. The various conventional MPPT techniques such as FOCV [10],
FSCC [11], CF [11], HC [12], INC [13] etc. can be also be used. These approaches differ in
terms of their implementation, cost, speed, and efficiency. Among them, the commonly
employed techniques include the P&O method, incremental conductance, and fuzzy logic
control method. In our project, we opted for the P&O method in conjunction with a DC-DC
buck/boost converter [8].



Maintaining a stable power system operation requires a constant DC-link voltage in the
inverter. Fluctuations in input and output power can result in voltage variations at this
specific point, potentially leading to THD in the grid current. Such distortion adversely
affects the power quality of the system [14]. Traditionally, addressing this issue involves the

utilization of a PI controller device, assists in regulating the power factor of the grid [15].

Most of the faults on the power system led to a short-circuit condition which results in heavy
short circuit current flow through the equipment, causing heavy damage to the equipment
and interruption of electricity supply to the consumers. Therefore, a robust and efficient
short-circuit analysis program is essential for system planning and operation, affecting the
design of various system components such as bus systems, grounding systems, circuit
breakers, and substation apparatus [16]. In scenarios where the network voltages encounter
imbalances caused by unbalanced loads or temporary disturbances, the regulation of current
becomes more complex. This is due to the presence of a negative-sequence component in
the unbalanced voltage, resulting in double fundamental frequency oscillations in both real
and reactive power injections. Consequently, controlling the +ve and -ve sequence currents
poses challenges that demand the implementation of straightforward PI control structures

within each rotating frame of reference to effectively regulate these components [8].

Hysteresis band controller uses a nonlinear control approach to ensure that a variable within
a specified range. This controller dynamically adjusts the hysteresis bandwidth based on
variations in the reference compensator current to optimize the switching frequency and
THD of the supply current. The hysteresis band technique offers simplicity, robust current
control performance, excellent stability, rapid response, inherent peak current control, and
ease of implementation [17]. Hysteresis current control method is simple to implement, has
low THD and constant switching frequency. To generate reference signal for hysteresis
current control while controlling positive and negative sequence component, the positive
and negative sequence components are extracted. Various techniques are used to extract
positive, negative and zero sequence components during unbalanced load and disturbances
[18]. In PWM inverter the controlled output is obtained by adjusting ON and OFF period of
the inverter components. This PWM signal is generated using gate signal from hysteresis

band controller.



In the presence of system imbalance, which gives rise to a negative sequence component
causing various issues during a fault, it becomes necessary to extract the sequence for both
voltage and current [2]. To accomplish this, the dual current controller method is employed
in this study, utilizing the dual second-order generalized integrator (DSOGI) technique for
sequence extraction of voltage and current [2]. Controlling three-phase systems in a
stationary reference frame poses challenges, thus reducing the number of phases by
transforming them first into the aff reference frame and then into the dq-reference frame
enables improved control [4]. This method reduces the THD and provides improved control

of the sequence components.
2.2 Related Theory
2.2.1 Solar PV

A solar PV (photovoltaic) cell is a semiconductor device that directly converts sunlight into
electrical energy using the photovoltaic effect. It consists of a thin layer of silicon or another
semiconductor material sandwiched between two electrodes. When sunlight interacts with
the cell, photons with sufficient energy generate electron-hole pairs within the
semiconductor. This process creates an electric field that guides and propels the light-
triggered electrons, resulting in a current flow when the solar cell is connected to an external
load. PV cells can be represented by a current source in parallel with a diode. In the absence
of light, the PV cell behaves like a diode. To generate more electricity, solar PV cells can be
combined to form larger modules or arrays. They are increasingly employed as a renewable
energy source in a wide range of applications, from small portable devices to large-scale
power plants. In a PV module, the dominant resistance is the series resistance (Rs), while the
shunt resistance (Rsh) is typically assumed to be infinite and has a negligible impact on

performance, as depicted in Figure 2.1 [19].
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Figure 2.1: The equivalent circuit of a PV cell [19]



Figure 2.1 shows the equivalent circuit of a PV cell. A photovoltaic array is constructed by
connecting multiple solar cells in a combination of series and parallel configurations. [19].
The 1-V characteristics of PV cell are non-linear and the power production at different solar
irradiation and ambient temperature varies. So, we use MPPT algorithm to gain maximum

possible output.

2.2.2 DC-DC Buck-Boost Converter

A DC-DC Buck-Boost Converter is a type of converter that can modify the input voltage to
produce a regulated output voltage, allowing for voltage step-up or step-down operations as
required. Unlike other converters that rely on transformers, the Buck-Boost Converter
utilizes a single inductor, making it more streamlined and compact. This converter is highly
versatile and finds extensive use due to its ability to generate a wide range of output voltages,
making it suitable for diverse applications. A buck boost converter is used commonly used
in battery-powered devices, renewable energy systems, and automotive applications to

regulate voltage and improve efficiency.
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Figure 2.2: buck boost converter in PV system with MPPT [20]

Figure 2.2 shows the circuit diagram of buck boost converter consisting combination of
inductor, capacitor, diode and Mosfet. The duty cycle of the converter is determined through
the utilization of MPPT algorithm and PI controller thus controlling the output voltage.
Efficiency plays a crucial role in mitigating the impact of intermittent solar and wind power

generation, as their supply fluctuates [7]. Buck-boost converter controlled by MPPT
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algorithm makes the system more efficient and regulates power output of PV array. Buck
boost converter is more economical than other converters and has better cost performance
ratio. A DC link capacitor is used at output of this converter to provide constant voltage to
inverter and limits voltage fluctuations. Typical converter consists of single control loop to
control either voltage or power flow of PV array. The PWM signal for the operation of buck-

boost converter is generated by MPPT algorithm.

2.2.3 Reference Frame Generation

To effectively manage both active and reactive power in a system, it becomes necessary to
control both voltage and current. However, in a three-phase system, controlling all three
alternating phases simultaneously can be quite challenging. To simplify the control process,
it is advantageous to transform the system into a reference frame that is easier to manage.
This transformation reduces the number of phases that require control. There are two primary
techniques for reference frame transformations: the aff transformation in a stationary
reference frame and the dq transformation in a rotating reference frame [7]. The process of
converting three-phase quantities into a rotating reference frame involves an initial step of
transforming these quantities into an orthogonal component system (a-f). This
transformation is achieved by projecting the three-phase quantities onto orthogonal axes, as
illustrated in Figure 2.3. In the stationary reference frame, the total voltage vector is inclined
at an angle 0 to the orthogonal reference frame and rotates at a frequency of @. By mapping
the elements of the stationary reference frame onto the rotating reference frame, the system

can be transformed into a simplified form resembling DC [21].
Beta

> Alpha

IZI'F"""‘.II

Transformation

Figure 2.3: abc to af and dq transformation [21]

Figure 2.3 shows the phasor representation of 3 phase components and transformation to dq

and o-B-0 component, a-b-c to a-f transformation changes 3 components to 2 components
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but both have stationary reference frame whereas d-g component has rotating reference

frame. The transformation matrix associated is as follows:

Vel 1N2 1/N2Z  1/V2 )\ /va

(VB):‘/Z_/?’ 1 -1/2 -1/2 <vb> .............................................. (2.1)
0 +3/2 =372/ \Vc

Vd\_/sin® cos 0\ [Va

(Vq)_(cose cos8) (VB) .................................................................. 2.2)

In a-pB transformation, we assume that the voltage is balanced and to get the theta (6)we are
using a PLL. Therefore, its performance in unbalanced voltage conditions will not be good
as d-g method. In d-g method we don’t care about whether the voltage is balanced or not.
The theta is calculated by transformation itself and we don't need a PLL. The three-phase
current component a-b-c are converted into a-f3-0 components in stationary frames. These
components are then rotated by an angle 0 in the synchronous reference frame using the Park

transformation [22].
2.2.4 MPPT (Maximum Power Point Tracking)

Maximum Power Point Tracking (MPPT) is a method employed to enhance the power output
of a solar PV module by continuously monitoring and adjusting the operating point to
achieve the maximum power point (MPP). MPPT endeavors to ensure optimal efficiency for
PV modules, which is impacted by factors such as sunlight conditions, shading effects, solar
panel temperature, and the electrical properties of the connected load. Since these conditions
fluctuate, the load impedance that results in the highest power transfer also changes. The
MPPT system optimizes the operation of the solar array to achieve maximum efficiency in
response to varying load characteristics [23]. It is possible to design circuits that offer ideal
loads to photovoltaic cells, and subsequently convert the voltage, current, or frequency to
match the requirements of other devices or systems. The MPPT controller controls the PV
module output voltage using buck/boost converter to produce maximum power in different
environmental conditions. P&O method in addition called “Hill-Climbing” is commonly
used method for MPPT because of its simplicity in high efficiency [24]. In this particular
work, P&O method is utilized as MPPT technique.
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Figure 2.4: Flowchart for identifying MPPT [25]

Figure 2.4 shows the algorithm for MPPT system. Here voltage and current from PV output
terminal is measured and power output is calculated. Reference voltage D is varied for which
power is calculated and then increased or decreased to get to MPP. The loop of the system
continues till the maximum power point is tracked and continuously works to keep power

output at maximum point.
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2.2.5 Three Phase Voltage Source Inverter (VSI)

A three-phase voltage source inverter (VSI) is a power electronic device employed for
transforming DC voltage into AC voltage with adjustable frequency and magnitude. The
switching action in inverters is carried out by utilizing a collection of semiconductor
switches, such as IGBTs or MOSFETS.
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Figure2.5: Three Phase VSI with L-filter

Figure 2.5 shows the circuit diagram of three phase voltage source inverter which involves
the conversion of DC input voltage into a set of three-phase AC voltages followed by L
filter. The output waveform of the VSI is a pulse-width modulated (PWM) waveform that
can be regulated by adjusting the switching frequency and duty cycle of the semiconductor
switches. The three-phase output voltage of the VSI can be either sinusoidal or non-
sinusoidal depending on the type of modulation technique used. A three-phase VSI allows
for the conversion of DC voltage generated by the PV array into AC voltage that can be fed
into the grid. The VSI provides better control over the output waveform, allowing the system
to operate at optimal levels and minimizing the impact of grid disturbances. The VSI is
highly efficient and can handle high power levels, making it suitable for large-scale PV

systems.

2.2.6 Hysteresis band control

Hysteresis band control is a technique utilized in the control of inverters within Renewable
Energy Based Power Systems. It functions by comparing the instantaneous load current with

a sine wave reference and ensuring that the difference remains within predetermined upper
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and lower limits. It offers various advantages, including simplicity, resistance to variations
in load parameters, rapid dynamic response, and inherent maximum current limitation. Due
to its robust nature, it finds extensive use in renewable energy-based power plants, such as
PV converter systems, Wind Energy conversion systems, and control systems for Wind
Energy Applications. These controllers are simple and cost-effective to implement but do
not provide precise control, as the output oscillates around the reference value within the

hysteresis band.

'{“I{)g'“"'"-------—----_-__iﬁ’_/’_‘; _______ Gale
Lape™ v Aipe L _.S_'ifllals
E I =

Vfi/)i-—-» PLEL “C{)—L ao Hysteresis ::::
dq Controller [~~~ E=

Reference
Current

Gat
L
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Figure 2.6: Schematic diagram and gate signals for hysteresis current controller [26]

Figure 2.6 consists of on/off control, dead band control, PID control, and its variations.
Onl/off control, although simple and efficient, may not be responsive enough to rapid
fluctuations in the process variable (PV). Dead band, or hysteresis control, is another form
of on/off control where the action is delayed until a predetermined limit set point is reached,
whether ascending or descending. For feedback control, mostly PID control is used.
The fundamental concept behind hysteresis current control (HCC) is to ensure that the
inverter's output current closely tracks a designated current reference, denoted as i*. This is

achieved by employing an online PWM control mechanism that rapidly stabilizes the
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inverter's output voltage. The controller continuously compares the instantaneous current in
the load with the reference signal and adjusts the duty cycle of the PWM signal to minimize
the error signal (8) [27].The use of a hysteresis current controller in the control of a grid-tied
VSI provides several advantages. Firstly, the hysteresis current controller ensures that the
output current of the VSI follows the reference current closely, minimizing the impact of
grid disturbances and ensuring the stability of the grid. Secondly, the hysteresis current
controller provides fast response times, allowing the system to respond quickly to changes
in the output current. Finally, the hysteresis current controller is a simple and robust method

of control, requiring minimal computational resources and offering high reliability [18].

2.2.7 Sequence components extraction

The initial step of dual current control method involves extracting of positive and negative
sequence components. For this work, DSOGI method has been applied, which integrates the
QSG along with calculations for +ve and -ve sequence component. DSOGI method has
advantages in terms of accuracy, speed, and adaptability to varying frequencies improving
the overall controller performance. Moreover, it acts as a bandpass filter (BPF) by effectively
rejecting higher-order switching frequencies [2]. The block diagram for extraction is

illustrated below:

abe / —— socs

Vabc

af |l s

Figure 2.7: Block diagram of extraction of positive and negative sequence

The stationary voltages are transformed into two components that are orthogonal to each
other, differing by 90 degrees [2].The transfer function of the SOGI-QSG scheme is:
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v’ Kw's
D(S) = 7 (S) = m .................................................................... (23)
_qv’ _ K wr?'
Q(S) = 7 (S) = m ................................................................... (24)

As depicted in Figure 2.7, the voltage is converted into sequence components in aff voltages
through an arithmetic calculation, commonly referred to as the sequence calculator, as

demonstrated below.:

Va2 e 2.5)
Vi = e (2.6)
Vi = e 2.7)
V2 e 2.8)

2.2.8 SPWM (Sinusoidal Pulse Width Modulation)

SPWM is a modulation technique used in voltage source inverters to convert DC input to
sinusoidal waveform. The method uses a high-frequency carrier signal modulated by a low-
frequency sinusoidal signal to generate the output voltage. The modulation index and
frequency of the sinusoidal signal determine the quality of the output waveform. The
technique has benefits over other methods, such as lower harmonic distortion, lower
switching losses, and simple implementation. It reduces electromagnetic interference and
improves the efficiency of the inverter. As a result, SPWM is widely used in various
applications [28].

In this approach, the reference frequency signal is compared with a triangular carrier to
generate a switching signal for Pulse Width Modulation (PWM). This signal is used to
control the upper and lower switches of the inverter in a complementary manner, as well as
the switches of both legs [29]. The terminal voltages of the inverter, VAN and VBN, are

obtained, and the output voltage of the inverter, VAB, is calculated as follows:

The waveform of VAB alternates between +ve and -ve DC voltages, earning this scheme the

name bipolar PWM, as illustrated in figure 2.8.
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Figure 2.8: waveforms of working of SPWM technique [29]

In figure 2.8, the magnitude of carrier signal i.e., triangular is compared with the reference
sinusoidal signal to get the pulse thus controlling switching of the IGBT’s and obtaining
the respective voltage at the output of the inverter.
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CHAPTER THREE
METHODOLOGY

3.10verview

For the use of grid VVSI in solar power plants to connect to the grid, it is preferable to directly
control magnitude and voltage of the system to get better quality AC power. The

methodology of proposed system is:

Stepl: Study of basic theories and literature related to project.

Step 2: Development of MATLAB simulation model of 50 KW grid connected PV system
using hysteresis band control

Step 3: Successfully injected the maximum power from PV to the grid.

Step 4: The sequence components of current and voltage were successfully extracted.

Step 5: Observed the effects of unbalanced load and unbalanced fault condition in grid tied
inverter.

Step 6: Modified the hysteresis current controller to improve the performance of the inverter.

Step 7: A new inverter dual current control mechanism was developed replacing the
hysteresis current controller to limit the current flowing through the inverter.

3.2 Simulation Tool

For modeling of our PV system and simulation is done in MATLAB/SIMULINK (2018a).
MATLAB is a proprietary programming language and numeric computing environment that
supports multiple paradigms. It facilitates matrix manipulation, visualization of functions
and data, implementation of computational procedures, creation of user interfaces, and

seamless integration with programs written in different programming languages.
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3.3Description

3.3.1 Selection of PV panel

Table 3.1 : PV specifications

Components used 1 Soltech 1STH -215-P
Maximum Power 213.5W
Open Circuit Voltage (Voc) 36.3V
Short Circuit Current (lsc) 735A
Parallel strings 11
Series-connected modules per string 22
Total open circuit voltage 36.3*22=798.6 V
Total maximum Power 22*11*%213.5 = 51.667 KW

3.3.2 Structure of PV system

In the PV system there are mainly following components; PV array, Buck-Boost converter
with MPPT control. In a photovoltaic system the buck-boost converter system is used to
transmit the output voltage to higher voltage by changing the correct voltage to input of
converter that consist of diode, inductor, capacitor elements and MOSFETS/IGBT as switch.
To determine the MPP of a PV cell, it is necessary to operate the cell across a wide range of
voltages (V) and currents (I). The MPP of an irradiated cell can be determined by
incrementally raising its voltage from zero (short circuit) to its maximum value (open
circuit). In this model, the P&O algorithm is employed to track the maximum power output
of the solar panel. The P&O algorithm is aptly named as it observes the output power of the
array and perturbs (increments or decrements) the power based on corresponding

adjustments in the array voltage or current.
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3.3.3 Block Diagram of grid connected PV system
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Figure 3.1: Block Diagram of Grid Connected PV System

Figure 3.1 shows the block diagram of Grid Connected PV System. The PV Array is
connected to the inverter through buck boost converter to maintain the maximum power.
To ensure maximum power tracking, it is crucial for the PV system to operate at the voltage
that corresponds to the maximum power point. While a boost converter can be an option, it
becomes ineffective when the PV voltage exceeds the maximum power voltage, requiring
voltage reduction. However, this case is equivalent to open circuit condition which is rare
during operating condition. So, for the efficient operation, a buck boost converter is used.
The voltage across the PV and current flowing through the PV are sent to the MPPT which
uses the P & O algorithm to generate a duty cycle that controls the operation of buck boost
converter such that the PV works at the voltage corresponding to the maximum power. The
voltage generated by the MPPT block is compared with the dc link capacitor voltage then
uses Pl controller to generate the reference d component of current. And then keeping the q

component zero as there is no consideration of reactive power, the 3-¢ current reference is
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generated using dg - abc conversion. PLL block is used to generate the frequency of grid
which is required for dq - abc conversion. The reference current is compared with the actual
current flowing through the inverter to get the PWM signal to control switching operation
of the IGBT’s used in the inverter.

3.3.4 Simulation model of PV MPPT
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Figure 3.2: Simulation model of PV MPPT

Figure 3.2 shows the simulation model of solar panel connected with the dc-dc buck- boost
converter followed by MPPT system. The voltage across of terminal and the current flowing
through it is measured and sent as an input to MPPT block that uses P&O algorithm to
generate the reference voltage corresponding to the maximum power. The reference voltage
is passed through a PI controller and compared with carrier signal to generate the pwm
signal. The pwm signal is used to control the switching IGBT of buck-boost converter thus

tracking the voltage corresponding to the maximum power.
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3.3.5 Simulation model of hysteresis band controller

GO ) Pig) ({1

(1]
a Vref
jEI—f dgd

pwmi
ot
Co— raal >3
Ia pwm2 Vg

@ — ‘I
pwm3 O JIJ_ pwm3
° | [

pwm ¢ pwmé

Figure 3.3: Simulation model of hysteresis band controller

Figure 3.3 illustrates the simulation model of hysteresis band controller. The voltage across
dc link capacitor is compared to reference voltage generated by the MPPT and a Pl controller
is used to generate a control signal. The change in voltage across dc link capacitor is
equivalent to the active power transfer through the inverter. The high voltage across
capacitor i.e., overcharged condition means the power transfer through the inverter is less
and vice versa. Thus, the control signal so generated can be used as a reference current for
d- component of current i.e., lq equivalent to the active power transfer. And then keeping the
g component zero as there is no consideration of reactive power, the three-phase current
reference is generated using dq - abc conversion. We have used PLL block to generate the
frequency of grid which is required for dg - abc conversion. The three-phase reference
current is compared to actual current flowing through the inverter and passed to a hysteresis
band controller to generate the pwm signal. There is certain band limit of 5% for 1000 W/m?
irradiance in the hysteresis control so as to minimize the switching loss. The pwm signal

controls the switching operation of all the IGBT’s.
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3.3.6 Simulation model of grid connected PV system
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Figure 3.4: Simulation model of PV System

Figure 3.4 shows the simulation model of grid connected PV system using Hysteresis band
control. The working mechanism is same as explained in figure 3.1. Here, we have designed
a PV panel to connect it to the 400V grid system through the three- phase voltage source
inverter and buck boost converter. The irradiances and temperature are the input to the PV
panel. The signal builder block is used to provide varying irradiances as a input to the PV
panel. We have used P&O algorithm for maximum power tracking in PV system by
controlling the switching of the MOSFET used in the buck boost converter. And using the
hysteresis band control, the actual current flows the reference current obtained by comparing
the PV voltage corresponding to the maximum power and the voltage across the dc link

capacitor. The pwm signal generated by hysteresis control is then used to control the
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switching operation of the IGBT’s used in the inverter. The PU calculation block is used to
get the all voltages and current in pu which makes the visualization easier for the varying

irradiances. And various scope blocks are used for observing the various parameters.

3.3.7 Inverter dual current control

The figure below depicts the control design of the inverter used in this study. In order to
regulate specific system states, a conventional Pl controller is employed, utilizing
proportional gain and integrator components. The Pl controller receives the error from
tracking the positive and negative reference current. Next, the feed-forward voltage is
merged with the corresponding voltage calculation, resulting in the generation of
commanded voltages for the d-axis and g-axis according to the given equation:

Ug = (Kp+ =) (ia™ie) = Whig V..o 3.1)

Ug = (Kp+ =) (ia™ig) ~WLig+ Vg oo (3.2)

The voltages uq and uq are initially expressed in the terms of d-q components, and it is
necessary to convert them into stationary reference frame i.e abc voltages using the

conversion process from dg to af accomplished using equation shown below [2].

Vs sinfl cosd #

8 cosfl —sind Ve
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Figure 3.5: Inverter dual current control

Once the o components are obtained, the calculation of the abc components is performed

using

b = U oo, (3.4)
Vo= T3 = BV5 o (3.5)
Ve o (3.6)

Moreover, the PWM signal for three phases of the inverter is acquired through:

7. P P PR PSPPI (3.7)
1"lrl.f:'

Mabe =

The modulating signal is utilized to control the SPWM (Sinusoidal Pulse Width
Modulation) of the inverter, resulting in the generation of the desired voltage at the

corresponding pole of the inverter. [2].
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CHAPTER FOUR
RESULTS AND DISCUSSION

4.1 PV panel characteristics

242 PV panels of specifications shown in table 3.1 have been placed in combination such
that it provides 51.667 KW power. The power supply varies according to irradiance and
temperature. For maximum power delivery to the grid at given irradiance voltage has to be
maintained at level where maximum power transfer is possible.

Array type: 1Soltech 15TH-215-P;
22 series modules; 11 parallel strings
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Figure 4.1: 1-V and P-V characteristics of PV system at different irradiance level

From fig 4.1shows the 1-V and P-V characteristics of the selected PV array. From the figure
the current and power variation with respect to voltage level can be observed at different
irradiance level. The maximum power point for different irradiance level can also be
observed along with the corresponding voltage level. The voltage level for maximum power

and the maximum power varies according to irradiance level.
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Observing the maximum power delivered by the PV array to the grid at different irradiance

level we get the voltage corresponding to maximum power delivery for given irradiance.

At 1 KW/m?irradiances, max power = 51.58 KW at 638 V
At 0.5 1 KW/m?irradiances, max power = 26.13 KW at 645.3 V
At 0.1 KW/m?irradiances, max power = 5.005 KW at 616.5 V

4.2 MPPT verification in VVSI using hysteresis band controller

The working of MPPT to deliver maximum power to the grid is better demonstrated by
following graphs:
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Figure 4.2: MPPT demonstration
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The waveforms in figure 4.2 demonstrate the MPPT system at work as the PV system power
delivery and corresponding voltage level for maximum power point is tracked by the MPPT.
We can see that at 1000 w/m? irradiance the power delivered is maximum i.e., around 51KW
and respective voltage is around 638 V. Similarly, the voltage level corresponding to
maximum power is tracked at the output of PV terminal despite of the change in irradiance

thus delivering maximum power at all varying irradiance.
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Figure 4.3: Voltage before and voltage after buck-boost converter

Figure 4.3 shows the voltage waveform before and after the buck- boost converter i.e.,
voltage across the PV terminal and dc link capacitor respectively for varying irradiances.
We can see that the PV terminal voltage is maintained equivalent to the voltage
corresponding maximum power and that voltage is tracked at the output of buck- boost

converter thus maintaining the dc link capacitor voltage and delivering the power to the
inverter.
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Figure4.4: Inverter output line voltage before filter
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Figure 4.5 Magnified view of inverter output line voltage before filter

Figure 4.4 shows the line voltage waveform at the output of inverter i.e., before filter and

figure 4.5 is its magnified view. We can observe that the voltage waveform is changing as

per the switching of IGBT’s forming the quasi - square type waveform and its peak value is

about two-third of the input dc voltage.
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Figure 4.6: Magnified view of grid phase voltage

Figure 4.6 shows the magnified waveform of grid phase voltage. The grid voltage is of
400V (phase-phase) thus obtaining the peak phase voltage of around 326V and is pure
sinusoidal.

Theoretical current value
e For 1 KW/m?irradiances, P= 51.58 kw

51.58 X1000
Then, max per phase peak current = ==—z%— x V2
3

=105.28 A

e For 500 W/m?irradiances, P= 26.13 kw

26.13 X1000
Then, max per phase peak current = — a0 X V2
Vi

=53.33A
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Figure 4.7 Phase current delivered to grid for irradiances of 1000W/m2
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Figure4.8: Magnified view of phase current delivered to grid for irradiances 0f1000 W/m?

Figure 4.7 shows the phase current delivered by the inverter to the grid for irradiances of
1000W/m?and figure 4.8 is its magnified view whose peak value is around 105 A which is
the actual theoretical value that should be flowing to the grid. As seen in the curve, the phase
current delivered to the grid regulated by hysteresis band controller is not smooth. It is
because we allow certain band limit in the hysteresis band controller. This is done so that
the switching losses can be minimized which are quite high for low permissible
error/deviation as switching is more frequent. The harmonics can be filtered out of the phase

current smoothen it before supplying it to the grid.
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Figure 4.9 Per phase grid voltage and current under varying irradiances

Figure 4.9 shows the per phase grid voltage and current flowing through grid under varying
irradiances. The 1 pu of voltage is equivalent to the peak value of rated grid voltage whereas
1 pu of current is equivalent to the peak value of phase current corresponding to the
maximum power transfer. Here, we can observe that the peak value of voltage and current
is always 1 pu despite of the random change in the irradiance thus delivering maximum
current to the grid at rated voltage under varying irradiances.
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Figure 4.10 Power delivered to grid for irradiances of 1000W/m2

Figure 4.10 shows the active power delivered to the grid for irradiances of 1000W/m2. At
steady state, the power delivered is around 51 KW which is equal to the value observed

from PV curve in figure 4.1.

4.3 Effects of unbalanced load condition in grid tied inverter

After developing simulation model of PV system with MPPT and hysteresis band-controlled
inverter connected to the grid, the unbalanced load conditions were simulated in the

simulation model to observe and understand its effects on the system as shown in figureA2.
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Figure 4.11: Voltage across the capacitor for unbalanced load at the inverter side between
0.3-0.4 sec

33



Figure 4.11 shows the voltage of DC link capacitor during unbalanced load condition. The
unbalance period is from 0.3s to 0.4s. As we can see from the graph the capacitor voltage
fluctuates within the time frame when load is unbalanced and smoothens once the system

load is balanced.

Figure 4.12: Phase current flowing through the grid for unbalanced load at the inverter

side between 0.3-0.5 sec

Figure 4.12 shows the current flowing through the isolated unbalanced load at the inverter
side between 0.3-0.4 sec. The small number of current flows through the lightly loaded phase
i.e., R phase and a current of around 80A flows through the heavily loaded phase i.e., Y

phase.
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Figure 4.13: Phase current flowing through the grid for unbalanced load at the inverter

side between 0.3-0.5 sec
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Figure 4.13 shows the phase current flowing through the grid for unbalances load at inverter
side between 0.3-0.5 sec. We can see that the inverter supplies the rated amount of current
at normal condition whereas there is decreasing of each phase current supplied to grid. This
decrement is due to portion of current supplied by the inverter goes to unbalanced load.
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Figure4.14: Phase current flowing through the inverter for unbalanced load at the inverter

side between 0.3-0.5 sec

Figure 4.14 depicts the phase current flowing through the inverter for the unbalanced load
at the inverter side between 0.3-0.5 second. We can see that the current supplied by the
inverter remains doesn’t fluctuate much as portion of current goes to grid as well as

unbalance load during unbalanced loading condition.
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Figure 4.15: +ve, -ve and zero sequence components of current flowing through the

inverter for unbalanced load at the inverter side between 0.3-0.5 sec

Figure 4.15 shows the current flowing through the inverter in term of its sequence
components for unbalanced load at the inverter side between 0.3-0.5 sec. We can see that
during unbalance load at the inverter side, the positive sequence current is almost unchanged,
slightly variation in negative sequence current and the zero-sequence current is almost zero.
From this we can conclude that inverter operation is not much affected by unbalance fault

on inverter side.
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Conclusion obtained from unbalanced load at inverter side

Voltage across dc link capacitor doesn’t change much.

Inverter supplies the rated unbalanced load at the inverter side and rest is supplied to
the grid.

Small presence of —ve sequence current and zero sequence current is zero.

Inverter operation isn’t affected by the unbalanced load and is safe.

4.4 Effects of unbalanced fault condition at the grid side in grid tied inverter

Similarly, the LG fault was given on grid side using three phase fault block in the simulation

model of PV system with MPPT and hysteresis band-controlled inverter as shown in figure

A3
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Figure 4.16: Grid phase voltage for unbalanced fault at the grid side between 0.3-0.5 sec

Figure 4.16 shows the grid phase voltage for the unbalanced LG fault in the Y phase and

fault time is between 0.3-0.5 sec. We can see that when fault occurs, the faulty phase voltage

undergoes nearly zero while others remain same.
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Figure 4.17: Total Fault current flowing through the faulted line for unbalanced fault at
the grid
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Figure 4.17 shows the fault current flowing through the faulty section. Here, the large
amount of the current flows through the Y phase for the fault period 0.3-0.5 sec while the

zero current flows through the healthy section.
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Figure 4.18: Phase current flowing through the grid for unbalanced fault at the grid side
between 0.3-0.5 sec
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Figure 4.19: Magnified view phase current flowing through the grid for unbalanced fault
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Figure 4.18 shows the phase current flowing through the grid and figure 4.19 is the magnified
view. It is observed that at normal condition, the inverter supplies the rated value of current

to the grid while during unbalanced fault period of 0.3-0.5 sec, the grid supplies back the

majority of fault current.
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Figure4.20: Phase current flowing through the inverter for unbalanced fault at the grid
side between 0.3-0.5 sec
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Figure 4.20shows the phase current flowing through the inverter for unbalance fault at grid
side between 0.3-0.5 sec. The inverter supplies the rated value of current to the grid during
normal condition while the current increases by around 50 A during fault condition. The rise
in current isn’t much though the fault current flowing through the faulty section is too high.

It is because of the fact that majority of fault current is supplied by the load.
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Figure 4.21: +ve ,-ve and zero sequence components of current flowing through the
inverter for unbalanced fault at the grid side between 0.3-0.5 sec

Figure 4.21depicts the current flowing through the inverter in terms of its sequence
components. It is observed that at normal condition there is presence of only positive
sequence component of current equivalent to the rated value of current that should be
supplied by the inverter to the grid. During unbalanced fault period the positive sequence
remains almost constant and zero sequence current is almost zero while there is the slight

presence of -ve sequence component of current.

40



+we Sedq CUurrent (S0
=

—we Sedq current (S0
. = =
= o N = = e

.

Feroc seq current A
ra

=

A ACALA

i

Il
|

i

WYYV

AL N

I

It

]

VW

AMAAAAA

VIV VUV VYV VYV

=

02

03

Time (secunds)

06

Figure 4.22: +ve, -ve and zero sequence components of current flowing through the grid

Figure 4.22 depicts the sequence components of current flowing through the grid. At normal
condition, the zero and -ve sequence component of current is zero whereas the positive
sequence component of current is equivalent to the current supplied by the grid. But during
unbalanced fault condition there is drastic increase in all the sequence components of

current. It means all the zero-sequence component of current required for the unbalanced

load caused by the LG fault is supplied by the grid.
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Conclusion obtained from unbalanced fault at grid side

e Majority of the fault current is delivered by the grid and slight increase in the current
flowing through the inverter if fault occurs at the grid side.

* No presence of —ve and zero sequence components in the current flowing through
the inverter.

e Both —ve and zero sequence components of current is supplied by the grid.

® \/oltage across the dc link capacitor changes within the permissible limit.

4.5 Effects of unbalanced fault condition at the inverter side in grid tied inverter

Fig A.4 shows the simulation model of grid connected PV system using hysteresis band
control along with three phase faults on inverter side i.e., before filter. Now let us see

different current graphs under unbalanced fault conditions.

—

:m \ H YT el
ooy ! A A A
il ALY S

) m; W“, SRR SRR ERERER]

—
o R—

=
=
;a{::

(AR
|

Time (seconds)

Figure 4.23: Phase current flowing through the grid for unbalanced fault at the inverter

side between 0.2-0.4 sec

Figure 4.23 shows the phase current flowing through the grid when LG fault occurs at the
inverter side for a duration of 0.2 sec. It is observed that before the fault occurs, the current
flowing through the grid is equivalent to the rated value of current supplied by the inverter.
During fault conditions, the current is unbalanced and the peak value is around 700 A. After
the fault has been cleared, the current decreases suddenly and it starts growing up which

indicates the instability of the system.
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Figure4.24: Phase current flowing through the inverter for unbalanced fault at the inverter
side between 0.2-0.4 sec

Figure 4.24shows the phase current flowing through the inverter. Before fault occurs, the
inverter supplies the rated value of current i.e., 105A. During fault conditions of duration
0.2 sec, the inverter current rises significantly to around 1000A. This high current flowing
through the inverter may damage the inverter. The current decreases suddenly and again start

rising slowly leading a instability issue even after the fault has been cleared.
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Figure4.25: Phase current flowing through the inverter for unbalanced fault at the inverter

side between 0.2-0.28 sec
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Fig 4.25 depicts the phase current flowing through the inverter. Here, the fault period has
been decreased to 0.08 sec. During fault conditions the current starts rising significantly up
to 800A and then the fault has been cleared. After that the current decreases and slowly settle
down to the previous rated value of current. It means that there occurs the stability issue only

when the fault period exceeds 0.08 sec i.e., when the fault current exceeds around 800A.
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Figure 4.26: +ve, -ve and zero sequence components of current flowing through the grid

for unbalanced fault at the inverter side between 0.3-0.5 sec
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Figure 4.26 depicts the phase current flowing through the grid in terms of sequence
components of current. At normal condition, there is the existence of positive sequence
component of current equivalent to the rated value of current that should be delivered by the
inverter to the grid while negative and zero sequence current are zero. After the LG fault
occurs at the inverter side for a duration of 0.2 sec, there is fluctuation in the positive
sequence of current as the inverter has to supply the current to the faulted line and there is
also a mutual sharing to the load both by the inverter and the grid. And there is also increase
in the both negative and zero sequence component of current. After the fault has been
cleared, the negative and zero sequence current becomes zero but the positive sequence

current increases to a high value and it goes on increases due to stability issue.
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Figure 4.27: +ve, -ve and zero sequence components of current flowing through the

inverter for unbalanced fault at the inverter side between 0.3-0.5 sec
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Figure 4.27 depicts the sequence components of current flowing through the inverter. At
normal conditions, as the system is balanced there isn’t the existence of zero and negative
sequence component of currents while the positive sequence current is equivalent value of
rated current that should be supplied by the inverter to the grid. During fault conditions, the
current becomes unbalanced and it is observed that the positive sequence current increases
to around 550 A from 105 A and negative sequence current increases up to 600 A. This high
current may damage the inverter. Also, the zero-sequence component of current remains
almost zero even in the fault condition as all the zero-sequence current required for the
faulted line is supplied by the grid. After the fault has been cleared, the negative and zero
sequence current doesn’t exist means the inverter supplies the balanced current to the grid.
However, the positive sequence current doesn’t settle down to the rated value of current

leading to stability issue.
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Figure 4.28: voltage across the capacitor for unbalanced fault at the inverter side between
0.4-0.48 sec

Figure 4.28 shows the voltage of the dc link capacitor. At normal condition, the voltage is
settled down to around 640 V which is equivalent to the voltage corresponding to the
maximum power of the PV system. The fault period is 0.08 sec. During fault condition, the
voltage rises to around 1050 V and it settle down the previous rated value after the fault has

been cleared.
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Figure 4.29: voltage across the capacitor for unbalanced fault at the inverter side between
0.3-0.5 sec

Figure 4.29 depicts the voltage across the dc link capacitor. Here, the fault period is increased
to 0.2 sec. It is observed that the capacitor voltage rises toa round 1050 V from around 640
V. This high voltage may damage the capacitor and often required high rating of capacitor.
And the capacitor voltage doesn’t settle down to its rated value even after the fault has been

cleared, it goes on increasing.
Conclusion obtained from unbalanced fault at inverter side

® \/oltage across the dc link capacitor increases during LG fault.

e Majority of the fault current is delivered by the inverter and partially by the grid
when fault occurs at the inverter side which may damage the inverter.

e There occurs a stability problem when fault period exceeds 0.08 sec (where current
passes above 800A).

e -ve sequence component exists in both the current flowing through the inverter and
the grid.

e All the zero-sequence current is supplied by the grid.
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4.6 Summary of the problem

Table 4.1 : Current flowing through the inverter and capacitor voltage at different fault
conditions

Current flowing through the inverter (A)

~ Capacitor Voltage
e -ve Zerp
SEQUeNCe  SeQUENCE Sequence
Normal 105 105 0 0 b0
condition
Unhalanced load 120 95 13 0 630
at inverter side
LG fault 160 135 3 0 B33
at grid side
LG fault 950 350 600 0 1050
at inverter side

4.7 Observations of modified hysteresis band control
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Figure 4.30: voltage across the capacitor for unbalanced fault at the inverter side between

o7 08 09

0.3-0.5 sec after hysteresis controller modification
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Figure 4.30 shows the voltage across dc link capacitor after the modification of the hysteresis
band controller. It is observed that the voltage decreases during the fault condition instead
of increasing. After the fault has been cleared, the voltage slowly settles down to its rated

value even though the fault period is increased beyond 0.08 sec thus solving stability issue.
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Figure 4.31: Phase current flowing through inverter for unbalanced fault at the inverter

side between 0.3-0.5 sec after controller modification

Figure 4.31 depicts the phase current flowing through the inverter for the unbalanced LG
fault at the inverter side after the modification of hysteresis band controller. The fault
duration is 0.2 sec. During fault condition, the inverter current is now limited to around 330
A from around 1000A. And the current also settle down to its rated value of 105A slowly
after the fault has been cleared. The modification in hysteresis band controller able to solve

the stability issue and decrease the fault current but not in the acceptable range.
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4.8 Observations of Inverter dual current control
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Figure4.32: Phase current flowing through inverter for unbalanced fault at the inverter
side between 1-1.3 sec after inverter dual current control
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Figure4.33: Magnified view of Phase current flowing through inverter for unbalanced
fault at the inverter side between 1-1.3 sec after inverter dual current control
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Figure 4.32 shows the phase current flowing through the inverter after the replacement of
hysteresis controller by the inverter dual current control and figure 4.33is its magnified view.
After the replacement of the controller, the current takes slightly larger time to settle down
to its rated value in comparison to the hysteresis controller. But during fault condition, the
inverter current reduces to around 200 A which is acceptable and prevent the inverter from
damages. Also, the inverter current has been settled down to its rated value quickly after the
fault has been cleared thereby solving stability issue.

il

a0

=

=
|

i

+we seq current (A
=
————

=

—we Ssedq current (A

0 02 04 06 08 1 12 14 16 18
Time {saconds)
Figure 4.34: +ve and -ve sequence components of current flowing through the inverter

for unbalanced fault at the inverter side between 1-1.3 sec after inverter

dualcurrentcontrol
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Figure 4.34 depicts the phase current flowing through the inverter in terms of its sequence
components after the addition of new inverter dual current controller. It is observed that the
positive sequence component of inverter current is now reduced to around150 A from 550
A and the negative sequence current is reduced to almost zero from around 600A during
unbalanced fault condition. Thus, the addition inverter dual current controller able to reduce
the positive sequence current to an acceptable value and to mitigate the negative sequence

Zero.
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Figure 4.35: voltage across the dc link capacitor for unbalanced fault at the inverter side

between 1-1.3 sec after inverter dual current control

Figure 4.35 shows the dc link capacitor voltage waveform after the addition of new inverter
dual current controller replacing the hysteresis band controller. The capacitor voltage now
limits to around 700V from 1050V during the fault condition. And the voltage settles down
to its rated value of around 640V after the fault has been cleared thus solving the stability

issue and preventing the capacitor from damages.
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Figure 4.36: Active power flowing through the inverter for unbalanced fault at the inverter

side between 1-1.3 sec after inverter dual current control

Figure 4.36 shows the active power flowing through the inverter after addition of inverter
dual current controller. During faulty period i.e., from 1s to 1.3s the power flowing through
the inverter is equal to power flowing through the inverter in normal operating condition.
Thus, our designed inverter module is able to supply constant power even during unbalance

load and fault condition.

4.9 Comparison of the results before and after compensation

Table 4.2 : Comparison of result before and after compensation

Current flowing through the inverter (A)
Capacitor Voltage
Type of controller Total -~ e Jer0 (V)
sequence | sequence | sequence
Before Hysteresis 950 550 600 0 1050
compensation Controller
Modified Hysteresis 330 250 170 0 350
After Controller
Compensation [ nyerter pual 200 150 10 0 700
Current Controller
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

The problems caused by the unbalanced load and unbalanced fault condition is studied in
grid tied PV connected inverter using hysteresis band control in MATLAB Simulink. The
unbalanced fault at the inverter side is found to be more severe causing high value of current
flowing through the inverter and increase in voltage of dc link capacitor affecting the
stability of system. A modified hysteresis controller is studied to compensate the problems,
it limits the current flowing through the inverter from around 950A to 330A during LG fault
at the inverter side which can still damages the inverter and it also solves the issue of
stability. Then, an inverter dual current control is introduced into the system replacing
hysteresis band controller such that the current flowing through the inverter is limited from
950A to 200A and voltage across the dc link capacitor is limited to 700V from 1050V during
LG fault at the inverter side. So, both current and voltage are limited to a tolerable value and

it also addresses the stability issue ensuring safe and reliable operation of the inverter.
5.2 RECOMMEMDATION

The grid tied inverter module so developed can now be operated even in voltage dip
condition. However, the +ve sequence component of current is limited to 150A during LG
fault at the inverter side. Further work can be performed on reducing the +ve sequence
component of current to a rated value and also improving its performance operating in the

islanded mode.
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APPENDIX

Appendix: A (Simulink model)
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Figure A.1: Simulation model of PV system
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Figure A.6: Overall simulation diagram for Inverter Dual current control
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Figure A.7: Simulink model of Inverter dual current control
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Appendix: B (Script)

MATLAB function code for MPPT

Function Vref = refgen(V,1,deltaVref)

Vrefmax = 800;

Vrefmin = 0;

Vrefinit = 500;

Persistent VVoldVrefoldPold;

if isempty (Vold)

Vold =0;

Pold = 0;

Vrefold = Vrefinit;

End

P =V*I;

dV =V - Vold;

dP =P - Pold;

ifdP~=0

if dP<0

if dv<0

Vref = Vrefold + deltaVref;
else

Vref = Vrefold - deltaVref;

end

else



if dv<0

Vref = Vrefold - deltaVref;
else

Vref = Vrefold + deltaVref;
end

end

else

Vref = Vrefold;

end

if Vref>= Vrefmax || Vref<Vrefmin
Vref = Vrefold;

end

Vrefold = Vref;

Vold = V;
Pold = P;
end
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