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Abstract:

In this article, we shall investigate how a Three-Phase AC to DC Converter, coded as
TPAC, functions under the control of a Proportional-Integral controller, abbreviated as P
In a number of industrial applications, such as variable speed drives and power supplies,
for instance, this converter plays a highly important role. One reason why the PI
controller enjoys widespread usage can be attributed to its simplicity in implementation
as well as its ability to control well the output voltage in the converter. Here, our prime
interest lies in uncovering how TPAC acts while performing in varying scenarios for
simulation purposes, MATLAB/Simulink simulation results can be obtained that describe
both the TPAC and the PI controller. The start of the model description of the converter
could be either three-phase diode bridge rectifier/DC link capacitor and inverter or the
inverter output voltage control by the PI controller. It has been found to be very effective
in regulating the desired output voltage. Even in the case of varying loads, the output
voltage remains constant, and the analysis also focuses on the performance of the PI
controller during the process of conversion of AC to DC. It has fast recovery in the case of
power interruptions. It can be seen that the above research has provided valuable
information about the operation of TPACs that include PI controllers. It can be considered
an important study that gives guidelines on how to design and control TPACs. It aims to
improve reliability and efficiency.

Keywords: Three-phase AC to DC converter, PI controller, Performance analysis,
Efficiency.

1. INTRODUCTION
Three-phase AC-DC converters play a very important role in many industrial
applications, including motor drives, power supplies, and green energy utilizing
systems. These converters need to convert the three-phase AC power from the grid into
DC power. DC power is then utilized to drive DC loads or charge DC batteries. PI
controllers are widely adopted due to their simplicity and ease of use in real-time
applications and have proved satisfactory performance. In fact, the performance of such
processors largely relies on the control strategy employed. The main objective of this
work is to analyse the performance of a three-phase AC-DC converter using a PI
processor. The converter has been modelled using MATLAB/Simulink, and various
working conditions have been applied for testing different performance indices. The
objectives of this study are to further investigate the dynamic response, stability,
efficiency of the converter, and comparative evaluation with other control
techniques.[1]. Because three-phase AC to DC converters can convert three-phase AC
power from the grid into DC power, they find widespread use in industry. DC loads, such
as motors, have to be supplied, and batteries have to be charged in green energy
systems. The effectiveness of the converters is very important for the overall functioning
and reliability of the entire system, and your choice of a control approach significantly
impacts the effectiveness of the converter. Due to their simplicity and effectiveness, PI
processors are widely used for handling three-phase AC to DC converters. The driver
controls the output voltage of the converter by changing the firing angle of the thyristors
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or by changing the switching frequency of the transistors. The proportional and integral
gains of the controller have to be fine-tuned for the desired stabilization of the output
voltage and also to maintain stability when the load changes. Microgrids have become an
important part of modern power systems, offering an autonomous and reliable method
for generation, distribution, and utilization of energy [2]. A voltage source inverter is
used in order to link the microgrid into the main grid. The operation of linking will
convert the frequency from DC to AC and connect the DC power source with the main
grid. That link is very vital in maintaining stability and dependability within the
microgrid system. Determining the best operating strategy and financial performance
prediction is one of the most involved design tasks within a microgrid [5]. This implies
maximally utilizing resources such as energy storage systems and green sources of
energy for cost minimization and efficiency enhancement. It identifies that the purpose
of the forecasting methods is to guess the variability of the load and output in the future
time, based on which the microgrid planning and operation becomes easier. Control is
one of the most important parts of ensuring the functionality and stability of the
microgrid system. Major components of the microgrid will include the DC-DC converter,
the DC-AC converter, the BESS, and the link components for electric cars [3]. Those
components require high-performance controls so that quality figures, such as levels of
voltage, are kept within specified limits.

For a long time, PI-type computers have been employed to operate microgrids due to
their simplicity and reliability. These controls are weak in handling dynamic or complex
behavior, especially under systems with high changes in the parameters 12. To
overcome this challenge, new controllers were developed and implemented that include
the adaptable controllers, robust controllers, neuro-fuzzy controllers, and Passivity
theory-based controllers. Certain types of machine learning, such as reinforcement
learning, have also been applied in the control systems for microgrids.[6]. For example,
the RL-TD3 agent can make the DC-AC converter control system work better through
interaction and learning of the best ways to control it. This agent works like an
industrial process control system. It learns about the dynamics of the system while
improving some quality measure to enable it to send adjustment messages to the control
system. In this project, Simulink is used to look at the functioning of a three-phase AC to
DC converter with a PI controller in detail. The converter is modelled by a three-phase
diode bridge rectifier, a DC link capacitor, and an inverter.[4]. In this project, the PI
processor is responsible for controlling the output voltage of the converter, while
different parameters affecting the performance have been chosen for investigation. The
project basically concentrates on the stability, dynamic response, and efficiency of the
converter in different working conditions. The project is tested for different loads in
order to verify the capability of the converter in maintaining an unvarying output
voltage. At the same time, it is also verified how the converter will behave during any
variation in the input voltage, for instance, sags and swells, which illustrates the
robustness and reliability of the converter. It attempts to acquire informative data on
the working performance of a three-phase AC-to-DC converter, which has adopted a PI
processor. The findings obtained in this study can aptly be used for designing three-
phase AC-to-DC converters, which will be superior in both design and control schemes.
This will help in making the power conversion systems in the industrial sector more
reliable and efficient.

2. LITERATURE REVIEW

2.1. Three-phase AC to DC converters
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The three-phase AC-to-DC converter systems incorporate the entire process, from
hardware design and design of the controls to performance analysis and possible
applications. Optimization of the designs for higher efficiency, compensation of power
factor, and reduction of levels of distortion is an important area of research and
development being worked upon. Effectiveness and possible utilization are analyzed for
several topologies of three-phase converters, such as diode rectifier, thyristor-based,
and more contemporary semiconductor technology IGBT-based designs. A large
quantity of research also deals with three-phase DC-to-AC converters control for prompt
and correct adjustment of voltage and current of DC output. The majority of the people
use conventional PI controls because they are easy to operate and have been proved
very reliable [7]. Still, the majority of the research efforts were directed towards
developing more sophisticated techniques of control like adaptive control, predictive
control, and fuzzy logic control to make things function even better. These techniques
relate to the enhancement of quick response, high efficiency, and stability in the wide
range of operating conditions. Efficiency analysis can be done considering other aspects
like power quality, rapid reaction, etc.,, of three-phase AC to DC converters. Various
performance measuring techniques have been presented by researchers, including
modelling software such as MATLAB/Simulink and hardware-in-the-loop tests. These
studies present the response of the converter to various loads and help determine the
optimum operation of the converter [8]. Three-phase AC to DC converters find their
application in industrial motor drives, green energy systems, among others. In
industries, converters are used to supply power to DC motors and for the control of the
speed and force of tools. Converters play a crucial role in green energy systems, where
they convert the input power from solar panels or wind turbines to DC power that is fed
into the grid or stored for later use.

2.2. PI controllers in converter control

Many converters employ PI processors due to their ease of use, good performance, and
capability to provide stable control in many applications. One area of research related to
PI controllers in converter control is the determination of the optimal settings of
controllers for various applications. Various works have proposed the tuning of PI
controller proportional and integral gains to meet various performance specifications
such as fast response, low overshoot, and strong stability [9]. It was applied to optimize
PI controller gains for VSIs and CSlIs, among other converter topologies. For example,
look at the Ziegler-Nichols method. The purpose of these research is to find the proper
adjustment of the controllers that would ensure higher stability and reactivity of the
converter system. The second area of research is focused on the determination of the
implementation of modern control strategies for higher quality PI processor
performance for converter control. Various researchers have applied a combination of
PI controllers with a feedforward controller or model predictive controller strategies so
that they could have better performance for set-point and disturbance. By utilizing these
more modern strategies, they could ensure that PI controllers could better handle the
nonlinearities and errors associated with the converter system [10]. Further than
enhancing the speed, researchers have also explored the stability analysis for the PI
processor based on the converter control. Various robust strategies, including H-Infinity
strategies and sliding mode strategies, have been applied with the aim that the PI
controller would be robust against variations and difficulties. The strategies apply
towards ensuring that the conversion system is always stable and properly functioning.
Researchers have further applied these PI controllers with digital signal processors or
field-programmable gate arrays so that the controller could be made more flexible with
enhanced computation capacity. This resulted in more advanced strategies for
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controlling with quicker responses, for which high-speed converter systems are
required.

2.3. Performance and control strategies related work

Studies that were conducted in the past on the performance and control of converters
have greatly influenced the current knowledge of power electronics. Various
researchers have considered distinct aspects of the converters. Such aspects include the
performance and control of the converters. Studies conducted have improved the
performance and stability of the systems. Another aspect is the cost-effectiveness of the
systems. Converter performance efficiency is the next aspect that has been pursued.[11].
Researchers have explored ways to reduce power loss in converters. They have
examined optimal switching patterns, minimized conduction losses, and improved heat
dissipation. As a result of these studies, we now have better converter designs and
control methods. This enhances the overall ability of power electronic systems to
convert energy.[22].

Control techniques for converters have also been explored in the past. Various forms of
control techniques have been proposed and explored by different researchers [13]. They
include feedback systems, voltage and current control systems, and modulation systems.
The aim of carrying out such studies was to ensure that the control of converters
becomes dynamic and stable whenever there are fast changes in working conditions.
However, the issue regarding the integration of converters into micro-grids and green
energy systems has also been investigated earlier [14]. The control techniques used in
grid-coupled converters, techniques used to accomplish the concept of islanding, and
technologies used to manage power to derive the highest available power from green
energy resources have been explored by the research works. As a result, green energy
has been integrated into the grid, and cleaner power systems have also been developed
[15]. The impact of converter design and control on power quality is another research
subject explored in the past. In particular, an examination was conducted on the
influence of operating the converter on aspects such as voltage stability, harmonic
distortion, and power factor values. Active power filters, grid timing concepts, as well as
other solutions leading to improved power quality in converters have been made
possible by these research activities. Research done in the past on the performance of
converters as well as methods of controlling these converters have taught us quite a lot
about how to design, operate, as well as enhance power electronic systems. Research
done in the past have led the way toward advancements in converting technologies,
converting power systems into reliable, efficient, and long-lasting power converters.

Table 1: Summary of related work

Method | Type of | Topology Finding Limitation Scope
Filters
Optimizati | Passive Diode Improved Limited Further
on filters rectifier efficiency effectiveness | optimization
techniques under in reducing for higher
varying load harmonic efficiency
conditions distortion and lower
losses
PI Active Voltage Tuning PI Dependency Implement
controller | filters source controller on accurate advanced
tuning inverter parameters system control
(VSD) for better modelling for strategies

1987



Int. J.Adv.Sig.Img.Sci, Vol. 12, No. 2s, 2026

dynamic optimal tuning for
response improved
performance
Modulatio | Passive Current Reduced Limited Investigate
n LC source harmonic effectiveness active
techniques | filters inverter distortion in in reducing harmonic
(CSD) output high-order filtering
voltage harmonics techniques
Power Active Half- Improved Limited Explore
factor power bridge power factor | effectiveness advanced
correction | filters rectifier and reduced | atlow power | power factor
techniques grid levels correction
harmonics methods
Stability LCL Full-bridge Enhanced Susceptibility Study the
analysis filters rectifier stability to resonance impact of
under and grid different
varying disturbances filter
operating configuratio
conditions ns on
stability
Voltage Passive Boost Improved Limited Investigate
control RC converter voltage control range hybrid
strategies filters regulation at high control
during load frequencies strategies
changes for wider
control
range
Control Active Flyback Fast and Limited Explore
loop LCL converter accurate effectiveness advanced
design filters response to in reducing control
load settling time strategies
transients for faster
response
Fault Active Buck- Improved Limited fault Develop
tolerance PFC boost reliability detection fault
techniques | filters converter and fault capabilities detection
tolerance in and isolation
converter mechanisms
operation
Machine Hybrid | Multilevel Enhanced Complexity in | Investigate
learning filters converter efficiency training and real-time
algorithms through implementatio | implementat
intelligent n ion of
control machine
algorithms learning
algorithms
Model Passive | Modular Improved | Computational Develop
predictive RL multilevel control complexity simplified
control filters converter | performance | and real-time MPC
and dynamic | implementatio | algorithms
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response nissues for real-time
applications
Fuzzy logic | Active Matrix Enhanced Limited Investigate
control RL converter voltage robustness in adaptive
filters regulation highly fuzzy logic
and nonlinear control for
transient systems robustness
response
Harmonic | Passive Active Reduced Limited Explore
mitigation RL front-end harmonic effectiveness | hybrid filter
techniques | filters rectifier distortion in reducing configuratio
and high- ns for better
improved frequency harmonic
power harmonics mitigation
quality
Grid Active Grid-tied Improved Limited Investigate
synchroniz RL inverter | power factor | effectiveness advanced
ation filters and grid in unbalanced grid
methods synchronizat grid synchronizat
ion conditions ion
techniques
Power loss | Passive Single- Reduced Limited Investigate
analysis RL phase power losses | effectiveness soft-
filters inverter and in reducing switching
improved switching techniques
efficiency losses for further
efficiency
improvemen
t
Adaptive Active Current- Enhanced Limited Investigate
control RL fed full- adaptability | adaptability to advanced
algorithms | filters bridge to changing | rapid changes adaptive
converter system in system control
parameters dynamics strategies

3. Theoretical Background

3.1. Three-phase AC to DC Converter Topology

A rectifier circuit is used to convert the three-phase AC signal input to DC output. This
essentially describes how a three-phase AC to DC converter works. The diode rectifier
circuit is a very common configuration of the circuit. It comprises six diodes, which are
arranged in the form of a bridge [16]. The main characteristic of this circuit is that it
supports the flow of current in one direction alone. It supports the positive half-cycles of
the AC signal but blocks the negative half-cycles. Thyristor converters are another
common configuration of the circuit. They are preferably used in place of the earlier one
because they utilize thyristors, which are also known as silicon-controlled rectifiers or
SCRs, in place of diodes [17]. The thyristor is given the capability to allow the flow of
currents in a certain portion of the AC signal. This essentially provides the circuit with
the ability to control the power flow as well as the output voltage level [17]. Mostly, this
circuit configuration is preferably used in high-power applications, requiring precise
control. However, modern versions of the converter circuit use semiconductors such as
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metal oxide semiconductor field-effect transistors (MOSFETSs) and insulated gate bipolar
transistors (IGBTs), which essentially improve their performance by making them faster
in terms of switching operations. Most of the following applications utilize this kind of
circuit configuration, including the voltage source inverter (VSI) and the current source
inverter (CSI) circuits.

3.2. Principles of Operation

What a three-phase AC to DC converter can do is dependent on the type of converter
being employed. For a diode rectifier device, the current flows from two of the diodes in
each half-cycle of the input AC voltage source [18]. This lets the positive half-cycles go
through but blocks the negative half-cycles. The rectifier gives off a pulsing DC voltage
that changes based on the AC voltage it is fed and the load it is carrying. In a thyristor-
based converter, the thyristors are set to conduct for a part of each half-cycle. This lets
the converter manage the DC output voltage on average. The converter can change the
output voltage and power flow by changing the firing angle of the thyristors [19]. In
newer converter designs that use IGBTs or MOSFETSs, the way they work is based on
pulse-width modulation (PWM) methods. In order to change the overall output voltage,
the switches are turned on and off at high rates. The PWM signal's duty cycle can be
changed so that the converter can precisely control the output voltage and power flow.

3.3. PI Controller Design and Implementation

Because it is easy to use and works well, the PI processor is often chosen to handle the
output voltage of a three-phase AC to DC converter. There are two parts to the
controller: the proportional and the total [20]. The integral part considers the error over
time to make up for steady-state mistakes, while the proportional part reacts to the
error now. When you build a PI controller, you must tune the proportional and integral
gains to get the results you want, like fast reaction, little error, and stability. This process
of tuning is usually done by feeling, considering how the system works and what it
needs to do. When a PI processor is used in a converter device, the output voltage is
usually measured and compared to a reference voltage. The processor then changes the
duty cycle or shooting angle of the converter switches to keep the output voltage steady.
The output of the controller is a control signal that tells the converter how to work and
makes sure that the output voltage closely follows the reference voltage.

3.4. Performance Metrics for Converter Analysis

A three-phase AC to DC converter's performance can be measured in a number of ways,
such as its efficiency, power factor, harmonic distortion, and rapid reaction. How
efficiently the converter changes AC power into DC power is measured by its efficiency.
It is found by dividing the power going out by the power coming in, and the result is
given as a percentage. To cut down on power waste and make the whole system more
efficient, you want it to be very efficient. This is a way to figure out how well the adapter
takes power from the AC source. It is the ratio of the real power (in watts) to the visible
power (in volt-amperes). It can be written as a percentage or a number. A power factor
close to 1 means that the power is being used efficiently, while a low power factor
means that the system is not working efficiently. When harmonics are present, they
change the shape of the output voltage or current pattern. This is called harmonic
distortion. Harmonics are different amounts of the basic frequency (50 Hz or 60 Hz).
They can mess up power systems by making equipment boil and interfering with
communication systems. To make sure the quality of the output power, low harmonic
distortion is good.
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Transient response: This refers to the speed as well as the accuracy of the conversion
accomplished by the converter. To ensure that the value of the voltage Output remains
constant under different working conditions, a high rapid reaction rate is necessary. To
determine the rapid reaction of the converter, the following factors are considered.
When making and using a three-phase AC to DC converter, the layout, control strategy,
and performance measures need to be carefully thought through. The application needs
to determine the structure and control strategy. The performance metrics give a number
value to the converter's efficiency, power quality, and ability to adapt to changes.

4. Methodology

4.1. Simulation setup using MATLAB/Simulink

MATLAB/Simulink simulation setting is a popular way to model and study how well a
three-phase AC to DC converter with a PI controller works. Power electronic systems
can be designed and simulated easily in MATLAB/Simulink, which lets you use converter
designs, control methods, and performance evaluation measures. Starting the simulation
requires first modelling the three-phase AC to DC converter structure in Simulink. To do
this, you must pick the right blocks to show the AC voltage source, DC load, and
converter parts like diodes, thyristors, IGBTs, or MOSFETs. The converter design can be
chosen based on the needs of the application and the control strategy that is being
investigated. Further, the structure of the PI controller is modelled using Simulink with
respect to the output voltage of the converter. In our discussion earlier, the tuning stage
is carried out with the aim of finding the optimum values of the proportional and
integral constants, which are implemented in the PI controller block. Upon receiving the
error signal (between the reference voltage and the actual output voltage), the control
signal is generated, which adjusts the firing angle of the switches in the converter circuit
based on the control action of the controller block.

The simulation is then performed to analyse how effective the conversion process is.
Based on the data from the simulation model, one can calculate the performance
parameters such as power factor, harmonic distortion, quick response, and economy.
The simulation model can be applied in assessing the performance of the converter
circuit in several areas. The advantage of carrying out a simulation process using the
MATLAB/Simulink software includes the capability to analyse the outcomes. It is
simpler to analyse the performance of the converter circuit as well as how it needs
improvement through the software since it provides capabilities to analyse waveforms,
bands of frequency, as well as performance metrics.

4.2. Modelling of the three-phase AC to DC converter with PI controller

Modelling a three-phase AC to DC Converter using a PI controller entails creating the
mathematical model of the overall converter system and the way it has been controlled.
The mathematical model enables the performance of the exchanger to be evaluated,
modelled, and optimised. Firstly, the design of the overall converter system has to be
determined. This may be the basic diode rectifier or the advanced design of the voltage
source inverter. For simplicity, we will consider the diode converter. The basic principle
of the overall converter system entails the conversion of the three-phase AC input
voltage to the DC output voltage, which pulses. The mathematical equations involving
the input and output volts, currents, and components of the overall converter system
indicate the way the whole process of converting the input to the output has been
conducted. Lastly, the PI processor is designed to process the output voltage. The
difference between the reference and actual output voltage indicates the way we are
supposed to calculate the output of the controller. The output of the controller entails
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the sum of the proportional and integral components. The proportional component
responds to the current error, and the integral part responds to the whole error and
eliminates the SS error. While designing the controller, we alter these two components
to design the desired performance of the controller, which may include fast response
and minimal error. Modelling of the three-phase AC to DC Converter using the PI
controller entails several procedures. Here, we will provide the procedures for
modelling the whole system, along with the mathematical equations.

Figure 1. Representation of proposed block diagram control system three phase AC

to DC converter with PI controller
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The block design of a suggested control system for a three-phase AC to DC converter
with a PI controller can be seen in Figure 1. The AC input, the converter structure, the PI
controller, and the DC output are all shown on the figure. The converter takes an AC
input and turns it into a DC output. The PI processor controls the voltage at the output.
This control system makes sure that the converter works well and quickly, keeping the
output voltage levels fixed. The picture shows the important parts of the control system
and how they work together. This makes it easy to understand how the converter works
and how to control it.
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Figure 2. Schematic diagram of the proposed hybrid AC/DC Microgrid
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Figure 4: The DBC Equivalent Circuit for Solar PV System
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1. Converter Topology:

Figure 5: Implementation of Proposed Scheme
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We'll consider a basic diode rectifier topology for simplicity, although the principles
apply to other topologies as well. The converter converts three-phase AC voltage Vin to a
pulsating DC voltage Vdc.
The output voltage Vdc can be expressed as:

2. PI Controller Design:

Vdc = V2 * Vin * \/(3/pi)

The PI controller is used to regulate the output voltage of the converter.
The control signal u(t) is the sum of the proportional and integral components:
u(t) = Kp * e(t) + Ki * [e(r)dr fromOtot
e Where e(t) is the error signal (the difference between the reference voltage Vref and

the actual output voltage Vdc):
e(t) = Vref — Vdc
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Kp and Ki are the proportional and integral gains of the controller, respectively.

3. Converter Control:

The control signal u(t) is used to control the firing angle of the thyristors in the
converter.

The firing angle o determines the conduction angle of the thyristors and hence the
output voltage.

For a diode rectifier, the output voltage Vdc is given by:

[(3 * 2 = Vin *sin(a))]
/s

Vdc =

4. System Dynamics:

The dynamics of the system can be described by the following differential equation:

dVdc (1) i out)

= — | % —_

7t C iin — iou

Where C is the capacitance of the DC link capacitor, iin is the input current, and iout is
the output current.

The input current iin can be approximated as:

_ [(Vin * \2 *sin(a)t))]

iin =
R

Where R is the resistance of the load.

5. Simulation:

The system can be simulated using a numerical solver to solve the differential
equation and update the output voltage and current over time.

The controller parameters Kp and Ki can be tuned to achieve the desired
performance characteristics of the converter.

4.3. Selection of Performance Parameters for Analysis:

When looking at how well a three-phase AC to DC converter with a PI processor
works, you can pick out a few important performance factors to look at. These
factors tell you about the dynamic reaction, power quality, and efficiency of the
converter. Here are some of the most important success indicators:

Efficiency: This is a very important factor that shows how well the converter can
change AC power into DC power. It is found by dividing the power going out by the
power coming in, and the result is given as a percentage. Less power loss and better
function are signs of higher economy.

Power Factor: Power factor shows how well the generator uses the power that
comes in. It is the ratio of the real power (in watts) to the visible power (in volt-
amperes). It can be written as a percentage or a number. A high power factor means
that the power is being used efficiently.

Total Harmonic Distortion (THD): THD is a way to measure how much the output
voltage or current pattern is distorted by harmonics. It is given as a number and
shows how good the producing power is. Power quality is better when THD
numbers are lower.

Transient Response: The test measures how quickly and accurately the converter
can respond to changes in the load and the input voltage. To test the quick response
of the converter, functions such as settling time, error, and rise time can be used.
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e Voltage Regulation: Voltage regulation checks how well the converter can keep the
output voltage fixed when the load changes. It is important to make sure that related
loads work properly.

4.4. Description of Simulation Scenarios and Test Cases:

Various test examples and model applications can also be performed to determine how

the three-phase AC to DC converter with the PI processor works. To test the functioning

of the conversion system in specific scenarios, these testing scenarios can be used for
simulating different operational and loading situations. Some examples of the testing
scenarios and simulations are given below:

e Analysis of Efficiency: To figure out how efficient the converter is, you can simulate
it with different loads and input voltages. Try to identify the performance level at
each operation point. Then, compare them.

e Power Factor Analysis: To calculate the power factor of the converter, simulation
with varied loads needs to be done. The power factor corresponding to varied loads
should be matched with the required numbers.

e THD Analysis: Do a simulation of the converter for different loads and observe the
THD of the output voltage or current. Compare the THD numbers against the
allowable ranges.

e rapid Response Analysis: Now, to see its fast response, the converter will be
subjected to rapid changes of load or input voltage. Check on things as the rise time,
error time, and setting time.

e Voltage Regulation Analysis: Perform a simulation of the converter for various loads,
and verify its capability of maintaining the output voltage within good margins.
Verify the deviation of the output voltage from its expected number upon change of
load.

5. Results and Discussion

5.1. Analysis of converter performance under varying load conditions

Table 2 illustrates the detailed working of the three-phase AC to DC converter under
various loading conditions. The important parameters that identify the efficient working
of the converter under various conditions include efficiency, power factor, total
harmonics distortion, and the transient response of the converter. The efficiency,
measured between 85.70% and 96.30%, indicates the efficiency of the converter in
transferring the power from the input to the output.

Table 2. Results of the converter's performance under different load conditions

Load Efficiency Power THD Transient Response
Condition (%) Factor (%) (settling time)
Light Load 96.30 98.88 2.36 15 ms
Moderate 95.40 95.63 5.12 21 ms

Load

Heavy Load 85.70 90.44 8.63 28 ms

It makes sense that effectiveness goes down as load goes up, since bigger loads cause
more loses. Power factor, which ranges from 90.44% to 98.88%, shows how well the
converter uses the power it receives; higher numbers mean better use.

1996




Int. J.Adv.Sig.Img.Sci, Vol. 12, No. 2s, 2026

Figure 6: Performance Analysis of Three-Phase AC to DC Converter
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Figure 6. illustrates the efficiency of a three-phase AC to DC converter for different loads.
It includes the variation of the converter efficiency, power factor, total harmonic
distortion, and rapid response times for light, intermediate, and heavy loads,
respectively. The high power factor of the converter is maintained whatever the load
may be, which demonstrates how efficient the power migration and utilization of the
converter are. Total harmonic distortion (THD) in the waveform of output voltage or
current represents the amount of distortion caused by harmonics, varying from 2.36%
to 8.63%. Lower values of THD indicate better power quality; thus, relatively low THD
values of the converter denote stable and effective power conversion. Settling time
represents the transient response, that is, how fast the converter adapts to the change in
load. It ranges from 15ms to 28ms. The ability of the DC-DC converter to provide
constant output voltage magnitudes regardless of the changes in the load can be
determined by the fast transient response times, which makes it an extremely important
criteria for the source of steady power. From the test results, the DC-DC converter will
function to perfection even for the broad range of loads and will be able to sustain its
high efficiency, power factor, and very good quality of power conversion. The fast
transient response of the DC-DC converter in real situations ensures reliability and
stability, which are extremely essential for the source of steady power. The functioning
of the DC-DC converter portrays good conversion of the three-phase AC power to DC.

5.2. Evaluation of converter efficiency

Table 3 provides detailed performance characteristics of the three-phase AC to DC
converter for different loads. Efficiency is one of the key factors pointing out how
effectively the input power is converted to the output power. Light Load (LL), Moderate
Load (ML), Heavy Load (HL), Very Light Load (VLL), and Very Heavy Load (VHL)
represent various load conditions. Each symbol corresponds to a separate value of the
load applied to the converter. The values of efficiency as well as the values of converter
type, input power, and output power are dependent on each load condition. The
efficiency values vary from 85% to 95%, and this shows that the efficiency of the
converter decreases with the increase of the load acting on the converter.
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Table 3. Results for the efficiency of the converter under different load conditions

Load Converter Input Power | Output Power | Efficiency
Condition Type (W) (W) (%)
LL Tk;\rg‘;pgacse 500 475 95
ML Tl;\rgi;)pgacse 1000 920 92
HL Tkggi;pgfése 1500 1320 88
VLL Tl;\rgi;)pgacse 300 280 93.3
VHL Tkggi;pgfése 2000 1700 85

This is most likely to persist, as larger loads often result in increased losses in the
converter. Light Load, Moderate Load, as well as Heavy Load all report efficiency
measurements of 95%, 92%, and 88%, respectively. These measurements depict that
the converter is quite efficient in standard scenarios, even when dealing with moderate
to heavy loads. In relation to Very Light Loads, efficiency measurement stands at 93.3%,
while Very Heavy Loads register 85%. Based on these measurements, it seems that the
efficiency of the converter is not as great when dealing with very light loads, as well as
very heavy loads, as opposed to moderate ones. This might be because of reduced power
requirements, resulting in suboptimum efficiency of the converter during very light
loads.

Figure 7. Efficiency of Three-Phase AC to DC Converter under Different Load
Conditions

EMcieng

The reduction in the efficiency under large loads, on the contrary, might be due to
increased losses and errors as the load levels increase. Because of the efficiency
measurements carried out in this paper, it appears the converter maintains a relatively
high efficiency over a differing load condition. Efficiency reduces on both ends of the
load levels. This indicates the imperative use of the converter within the optimal load
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levels so as to obtain the maximum benefits. Such findings can aid in enhancing the
performance as well as usability of the converter in practical life situations to ensure
optimal power conversion. Figure 3 indicates the efficiency of the three-phase AC-to-DC
converter under differing loads. On observing the graph, it reveals the converter
maintains relatively high efficiencies as the load increases. The drop in the efficiency is
slightly high as the load increases. It indicates the converter maintains high efficiencies
as it successfully transfers power from the input side to the output side. This makes the
converter an optimal component as it efficiently transfers power in various life
situations. Figure 4 indicates the differing efficiencies of the converter as the load
condition changes. The differing load levels of the converter maintain relatively high
efficiencies. This indicates the converter maintains relatively high efficiencies as it
successfully transfers power from the input side to the output side. The graph indicates
the converter maintains relatively high efficiencies. The graph outlines the reliability of
the converter in a commercial life scenario.

Figure 8. a)Output of Rectifier b) Output of Boost Converter c) Output of Grid voltage
and grid current. No Load Connected across PCC

AR YA S S L T ORI B TS LR VAT A YR Y A I e T

1“5 ' " A o, A7 ¥
st it ok ' o\ A b A

200 T T

150 7

H‘f I

) !
m \l\\l A

-100 -
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5

100

-130

1999



Int. J.Adv.Sig.Img.Sci, Vol. 12, No. 2s, 2026

Figure 10. a) Output of Rectifier b) Output of Boost Converter c) Output of Grid
voltage and grid current (x0.2). Load Connected across PCC
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Figure 11: Representation of the efficiency of the converter under different load
conditions
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5.3. Response of the PI controller to input voltage disturbances

Table 4 shows the modelling results for how the PI controller reacts to different changes
in the input voltage. There are step changes, sinusoidal disturbances, their amplitudes,
response times, and overshoot percentages included in the table. These results are
essential in determining how the processor responds to voltage changes and sustains
output voltage within limits. Step changes can be either positive or negative and can
throw off the output voltage of a converter. Its disturbances have response times from 5
to 8ms, as demonstrated by the ability of the controller to quickly respond to changes in
input voltage. The overshoot percentages, however, lie between 5% and 7%, which are
relatively low, and also satisfactory because the controller can maintain output voltage
within limits without going too far in overruns. The noise is periodic with a peak-to-
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peak value of 5V and a response time of 10ms. The 2% low overflow is an indication that
a controller can sustain output voltage even under periodic disturbances. From the 10
ms response time, it would seem that the processor is able to detect changes in the input
voltage and make the necessary corrections in the output voltage.

Table 4. Simulation results for the response of the PI controller to input voltage

disturbances
. Magnitude Response Time Overshoot
Disturbance Type ) (ms) (%)
Step Change (+10V) 10 5 5
Step Change (-10V) 10 6 5
Sinusoidal
Disturbance > 10 2
Step Change (+5V) 3
Step Change (-5V) 3
Step Change (+15V) 15 7
Step Change (-15V) 15 7
Square Wave
Disturbance 8 12 4
Step Change (+8V) 8 4 4
Step Change (-8V) 8 5 4

In the scenario of a square wave signal, the value of amplitude is 8V, while the value of
reaction time is 12ms. The percentage overshoot of 4% shows that the controller is able
to respond efficiently to sudden voltage changes, although not as quickly as in other
cases. This analysis reveals that, perhaps, further work is needed to make the controller
more efficient in responding to square wave voltage fluctuations. The data provided in
Table 4 shows that a PI controller is able to respond efficiently to different voltage
change scenarios.

Figure 12. Comparison of PI Controller Response to Different Disturbances
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The response of the PI controller to various shock values is shown in Figure 12 below.
The response to the shock values is indicated in the table below where it shows the
shock value, magnitude, reaction time, and error%.The line index shows the
performance of the controller and how it can be able to react promptly to the different
shock values. The processor can be able to sustain a stable output voltage with no major
oscillations indicated by the small % overshoot. The reaction times are dependent on
the nature of the shock as well as the shock value. It is an indication that the shock can
affect the performance of a controller. The readings can be put to use in finding the best
parameters that can be applicable in the device so that it can work properly in the actual
environment.

6. CONCLUSION

The performance analysis of the three-phase AC-DC converter with PI controller has
given many learning experiences regarding the efficiency, power factor, total harmonic
distortion, rapid response, and dynamic performance of the converter under varying
voltage changes, and so on. The converter performed efficiently under various loading
circumstances, with values ranging from 85.70% to 96.30%. This indicates that the
converter has been able to efficiently handle the power entering the converter as well as
the power exiting it. The power factor values ranging from 90.44% to 98.88% clearly
reflect the efficient use of power as well as the effective transfer of power. The converter
also performed considerably well in terms of the total harmonic distortion of the power.
The values spanning 2.36 percent to 8.63 percent clearly reflect how stable the power
quality is and how there are fewer harmonic distortions in the power. The response
times of 15 ms to 28 ms also clearly reflect how quickly the converter responded to the
changing loading conditions while maintaining a constant output voltage. The varying
changes in the voltage are well handled by the PI controller. The response times of the PI
controller ranging from 4ms to 12ms with varying rates of error ranging from 2% to 7%
clearly reflect the efficient behaviour of the PI controller in handling changes in the
voltage. In the event of problems, this means that the processor can quickly and
correctly adjust the output voltage to keep the converter running smoothly. The
performance study shows that the three-phase AC to DC converter with a PI processor
works well and is reliable for changing power sources. The converter can be used in a lot
of different industrial and business settings by tweaking the controller's settings and
conditions of operation to get even better performance and economy.
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