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ABSTRACT

This study focuses on designing and implementing a three-phase full-wave unconfrolled rectifier
system to convert alternating current (AC) from local energy sources, like small-scale generators,
info direct current (DC) for rural communities. A rectifier circuit, primarily consisting of diodes,
plays a vital role in energy conversion. In controlled rectifiers, an AC voltage is modified into
stable DC voltage for a reliable power supply. The three-phase rectifier offers high oufput power
by utilizing both positive and negative cycles of the AC signal, ensuring continuous, stable
energy. In an uncontrolled rectifier, a capacitor is used to reduce ripples in the output, making
the current closer to ideal DC, crucial for many energy system applications. This conversion
process is essential for providing consistent electricity in remote areas for domestic and
community activities. The methodology of this research includes identifying energy needs in rural
areas, followed by calculations and system flowcharts to create an efficient rectifier system. A
detailed simulation predicts the system's real-world performance. Data collection and
measurements validate the system's functionality and efficiency. By conducting these stages,
the study demonstrates how a three-phase uncontrolled rectifier integrated with a three-phase
AC generator can provide sustainable and reliable energy solutions for underdeveloped rural
communities. This approach can improve livelihoods and economic stability through consistent
access to electricity. Ultimately, the research aims to highlight the social impact of such
fechnology, enhancing the quality of life for underserved populations in rural areas.
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I.INTRODUCTION

info direct current (DC), which s
typically used for powering sensitive
equipment or domestic appliances [4].
The process of rectification can either
produce unregulated or regulated DC
oufput, depending on whether the

A power electronics circuit s
designed to modify the characteristics
of electrical power, such as changing
an alternating current (AC) waveform

into a different form, including direct
current (DC) [1]. These circuits play an
essential role in energy conversion
technologies, particularly in rural and
underserved communities where reliable
power sources are scarce  [2].
Semiconductor components, such as
diodes, act as essential switches and
controllers in these circuits, depending
on the specific needs of the energy
system [3].

A rectifier circuit converts alternating
current (AC) generated by local energy
sources (such as small-scale generators)

system is designed to provide a fixed or
adjustable voltage. In this confext,
unconfrolled rectifiers are commonly
employed due to their simplicity and
efficiency in rural electrification projects,
where cost-effectiveness and reliability
are key [5].

There are two primary types of
rectifiers: single-phase and three-phase
rectifiers. A three-phase rectifier system,
used in combination with a generator, is
preferred for its higher power output,
which makes it suitable for powering @
larger number of homes or small
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businesses in  rural areas [6]. The
fundamental components of a rectifier
include a fransformer, diodes, and a
capacitor. The transformer stores charge
temporarily and filters the voltage, while
the diodes ensure that current flows only
in the correct direction, allowing for the
conversion of AC to DC [7].

A diode, the primary component in
this type of circuit, only allows current to
flow in one direction and blocks reverse
flow, which is critfical for achieving the
desired DC output [8]. When an AC
voltage is applied to the rectifier, the
diode will conduct during the positive
half-cycle, and block current during the
negative half-cycle. As a result, only half
of the AC waveform can pass through
the diode, producing a half-wave
rectified output. Alternatively, a full-
wave rectifier can be achieved using
either two or four diodes. A common
approach is the fullwave bridge
rectifier, which uses four diodes and is
frequently employed in power circuits
due to its superior performance
compared to half-wave rectifiers [9].

The fullwave rectifier with four
diodes produces a continuous DC
output, which is essential for many
community applications such as lighting
systems and small machinery in rural
vilages [10]. When the input current is
positive, the diodes allow current to flow
through the load; when the current
reverses, the diodes still conduct,
ensuring that the output remains positive
throughout the cycle.

The working principle of a
synchronous generator is based on
electromagnetic induction, where
rotating the rotor creates a magnetic
field. This induced magnetic field
generates an electric current in the
stator windings, which is then used to
supply AC power to local communities
[1]. In the context of rural development,
these generators provide vital energy in
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off-grid areas, where connecting to the
national grid is often not feasible [2].

In modern rural applications, «a
significant  number of  household
appliances and electronic devices
require DC power to functfion. Since
most of the available power is supplied
in the form of AC, a reliable system for
converting AC to DC is essentfial for
meeting the energy needs of these
communities [3]. As part of this study,
various components, including resistors,
voltage sources, and  measuring
insfruments, are used to ensure the
performance and accuracy of the
rectifier system [4].

For example, when measuring the
output of the rectifier using loads and
voltage sources rated at 30V, 45V, and
60V with a load resistance of 410Q, the
results will be compared with theoretical
predictions. This comparison will allow for
the assessment of the system’s
efficiency, accuracy, and potential for
wider implementation in rural
electrification projects [5]. By testing and
refining the rectifier's performance, this
study aims to optimize energy solutions
for rural areas, ensuring that the
generated DC is stable and sufficient for
the economic and social development
of remote communities [6].

IILMETHODOLOGY

In the context of this circuit design,
several questions arise regarding the
performance when the circuit operates
under different load conditions. Specifically,
we seek to understand the variations when
the circuit runs without a load compared to
a scenario where an RC load is applied [11].
This distinction is crucial when considering
sustainable energy solutions for  rural
communities, where power consumption
patterns are variable, and understanding
these conditions is important for optimizing
energy distribution  [12]. By running
simulations under these different conditions,
we can observe how the waveform
changes at each voltage setting, providing
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insight into the efficiency and stability of the
energy conversion process [13]. This is
particularly relevant when designing energy
systems for off-grid areas, where power
loads are irregular [14].

The simulations allow us to record
the results of various voltage settings and
compare them with theoretical calculations
[15]. By doing so, we can assess the
accuracy and reliability of the circuit's
performance in real-world scenarios [16].
The comparison between measured results
and theoretical predictions is an essential
part of ensuring that the rectifier design will
be efficient and effective when deployed in
rural communities [17]. Accurate
measurements are crucial for ensuring that
the system can provide stable DC power for
local appliances and services, which can
significantly  improve community  living
standards [18].

Upon completing the simulation
and collecting data, a detailed analysis is
conducted to understand the behavior of
the circuit when it is subjected to various
conditions [19]. This analysis not only explains
what occurs during the simulation but also
provides a deeper understanding of how
the rectifier performs in different scenarios
[20]. Such insights are essential when
implementing energy solutions in remote
viloges where electrical infrastructure is
often limited. These findings help refine the
system fo ensure that it meets the energy
needs of these communities while remaining
cost-effective [11].

The working principle of this circuit
can be likened to a switch, which controls
the direction of current flow [12]. In the
forward direction, the current flows from the
anode to the cathode, allowing for current
to pass through. However, when the circuit is
connected in a reverse direction, high
resistance prevents the flow of current [13].
This characteristic is vital in ensuring that only
the positive half of the AC waveform is used
in the rectification process [14]. The ability to
control this current flow ensures that the
energy conversion process is both efficient
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and reliable, which is crucial for sustainable
energy systems in rural applications [15].

In a typical rectifier circuif, only the positive
half of the AC signal is used to produce DC
output, while the negative half is blocked
[16]. This process allows the rectifier to
convert AC power into DC, which is
necessary for running electronic devices
and appliances in homes and small
businesses [17]. The transformer, diodes, and
capacitors all play critical roles in this
process, ensuring that the output is stable
and usable [18]. The use of a full-wave
rectifier, which allows for a more confinuous
flow of current, is particularly beneficial
when implementing these systems in rural
areas where power supply interruptions are
frequent [19].

Finally, understanding the
frequency and current waveforms is crucial
for improving the overall design and
implementation of the rectifier system [20].
By analyzing the behavior of the circuit
under different conditfions, it is possible to
adjust the design to achieve opfimal
performance [11]. This includes minimizing
power loss, improving efficiency, and
ensuring that the system provides reliable
DC power for off-grid communities [12]. The
analysis and fine-tuning of this rectifier
system are essenfial steps in delivering
sustainable energy solutions that can drive
economic growth and social development
in rural areas [13].

III.RESULT & DISCUSION

After conducting simulations of a full-
wave uncontrolled rectifier circuit using the
PSIM simulation software, the results were
analyzed through various measurements.
The simulation displayed the waveforms
generated by the circuit on an oscilloscope,
offering valuable insights intfo the behavior
of the system under different conditions. This
simulafion tool is particularly useful for
analyzing the performance of the rectifier
before implementing it in real-world
scenarios, which is critical for ensuring the
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reliability of energy systems, especially in
rural communities where energy
infrastructure is often limited.

In addition to waveform visualization,
the simulation allowed us to measure the
current flowing through the circuit using an
ammeter, providing data on the current
flow at various stages of the rectification
process. These measurements are essential
for assessing the efficiency and stability of
the system, as they ensure that the circuit
can provide a consistent and reliable DC
oufput, which is crucial for sustainable
energy solutfions in off-grid areas. Proper
current measurement is vital in ensuring that
the designed system can meet the energy
needs of the community effectively.

Furthermore, the simulation enabled
us to measure the voltage at different points
in the circuit using a voltmeter. This
measurement is critical for determining the
performance of the rectifier in converting
AC to DC, ensuring that the output voltage
remains stable and within acceptable limits
for powering household appliances and
small businesses in rural areas. Accurate
voltage readings are necessary to evaluate
the overall effectiveness of the rectifier and
to fine-tune the system for optimal
performance.

Finally, the simulation results were
carefully compared to theoretical
calculations to ensure the accuracy and
reliability of the design. By using the PSIM
simulation software, we can gain a deeper
understanding of how the rectifier behaves
in various scenarios, which helps in making
informed decisions about its potential
implementation in community
empowerment projects. This comparison
between simulation and theory is a crucial
step in ensuring that the system will meet the
practical needs of rural communities and
contribute to long-term sustainable energy
solutions.
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1.Result

In the context of this study, the PSIM
simulation application was employed to
model and analyze the behavior of the
three-phase full-wave uncontrolled rectifier
circuit. The use of PSIM software allows for a
comprehensive  simulation  of  power
electronic circuits, which is essential in
testing and refining the system design
before it is implemented in real-world
applications, particularly in rural
communities that face challenges related
to reliable energy access.

The goal of this experiment was fo
assess the rectifier's performance under
various operating conditions to ensure that it
can efficiently convert alternating current
(AC) from a three-phase generator into
direct current (DC) for use in local energy
systems. By simulating the circuit in PSIM, we
can predict its behavior in a conftrolled
environment, which is crucial for ensuring
the system's functionality and reliability
before deployment in sustainable energy
projects for communities that are not
connected to the grid.

The image below illustrates the
specific circuit configuration used in the
simulation. This diagram shows how the
various components, including the diodes,
capacitors, and resistors, are arranged fo
form the rectifier circuit. By analyzing this
configuration, we gain a clearer
understanding of how the rectifier will
function once implemented in actual field
conditions. The simulation process allows for
adjustments to key components such as
diodes, capacitors, and resistors, enabling
researchers to test different parameters and
observe their effects on the circuit's
performance.

Through this process, valuable
insights are gained into how each
component contributes fo the overdll
function of the system, particularly in terms
of minimizing voltage ripple and stabilizing
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the DC output. These two factors are critical
in ensuring that the rectifier delivers a
consistent and reliable power supply, which
is especially important in off-grid rural areas
where access to stable electricity is often
limited. By fine-tuning the values of the
components, the simulation helps opfimize
the circuit's design to ensure that the DC
oufput remains steady and usable for
powering homes, small businesses, and
other community needs in remote areacs.

e No-Load Simulation Circuit

Ly

Figure 1. No-Load Simulation Circuit

In the image above, it can be
observed that all switches are connected to
the resistor and capacitor load, but they are
in the open position. This means that neither
the resistor nor the capacitor is receiving
power, and the circuit is essentially idle. As a
result, no current flows through the load
components, and the system is in a no-load
state. This type of setup is commonly used in
simulations to assess the behavior of the
circuit under conditions where no external
load is present, allowing for a more precise
analysis of the system’s inherent
characteristics.

By operating the circuit in a no-load
condition, we can focus on how the
components behave without the
interference of active loads. This scenario
helps to evaluate the voltage and current
at various points in the circuit without the
added complexity of load variations. |t
offers a baseline understanding of the
system’s performance, which can later be
compared to scenarios where the circuit is
under load. This approach is essential in
determining how well the circuit responds to
changes in input without external influences.
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e Load Simulation Circuit R

Figure 2. Load Simulation Circuit R

In the image above, it can be seen
that the switch connected to the resistor is in
the "on" position, while the switch
connected to the capacitor is in the "off"
position. This configuration indicates that the
circuit is supplying power to the resistor,
which creates a resistive load, while the
capacitor is effectively removed from the
circuit. In this state, the resistor acts as the
sole active component, causing current to
flow through it and allowing the system to
experience the effects of a purely resistive
load.

As a result, the simulation reflects a
condition where only the resistor is active,
offering a focused observation of how the
circuit performs under resistive load alone.
This setup is useful for analyzing the voltage,
current, and other parameters in a simple,
resistive environment, without the added
complexity of capacitive behavior. By
excluding the capacitor, we can isolate the
effects of the resistor and gain a clearer
understanding of the circuit’'s behavior in
this specific loading condition.

e Load Simulation Circuit R + C
R, SR,
|
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Figure 3. Load Simulation CircuitR + C
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In the image above, it can be seen
that all the switches are in the "on" position,
allowing current to flow through both the
resistor and the capacitor. This configuration
results in the circuit being fully energized,
with both components actively involved in
the load. By enabling both the resistor and
capacitor, the circuit now experiences the
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scientifically sound and practically
applicable, aligning with the goals of
sustainable energy solutions for  rural
communities. The simulation offers an
opportunity to test various scenarios and
opftimize the system before its
implementation in real-world applications,
ensuring that it is effective in providing

combined effects of resistive and
capacitive  behavior, creating a more

reliable DC power in off-grid environments.

complex load scenario. e No-Load simulation

The simulation now reflects a Table 1. No-Load Simulation Circuit
condition where both the resistive and vO Is Vo lo Vo lo
capacitive loads are engaged (rms) (rms) (dc) (dc) (RMS) (RMS)
simultaneously. This setup allows for a more
comprehensive view of the circuif's 30 0.00 48 0,00 48 0,00

performance, as it demonstrates how the
system responds to the interaction between
the resistor and capacitor. By observing the 45 0,01 48 0,01 48 0,01
behavior under these combined load

conditions, we can beftter understand how 60 0.00 78 0.00 78 0.00

each component influences the overall
circuit dynamics, including voltage, current,
and phase relationships.

Based on Table 1 regarding
the no-load circuit simulation, it can be
concluded that the oufput voltage and
current remain stable despite variations in
input voltage. Both the DC and RMS output
voltage (Vo) and output current (lo) show
minimal changes, indicating that under no-
load conditions, the circuit produces
consistent  output  without  significant
fluctuations.

2.Discussion

In this study, a simulation of a three-
phase full-wave uncontrolled rectifier circuit
was conducted using the PSIM simulation
application, in conjunction with a three-
phase alternating current (AC) generator.
The simulation results were visualized using
an oscilloscope to capture the waveforms,
and measurements of the current flowing
through the circuit were taken using an

e Load Simulation Circuit R

Table 2. Load Simulation Circuit R

ammeter. Additionally, the voltage across VO R Is Vo lo Vo lo
various components was monitored with the  (rms) (@) (rms) (dc) (dc) (RMS) (RMS)
help of a voltmeter. These tools allowed us 250 0.16 48 0,19 48 0.19
TQ assess the cwcgl’fs pgrformqnce under 30 500 0,08 48 010 48 0.10
different load conditions, including no-load,
resistive load, and RC load circuits, which 5000 0.01 48 001 48 0.01
are commonly encountered in practical 250 024 73 029 73 0,29
applications for rural energy systems. 45 500 0,12 73 0,15 73 0,15
. 5000 0,01 73 0,01 73 0,01
By recgrdmg .’rhe meosuremenf data 250 0,32 98 0,39 98 0,39
for each circuit configuration, we were able
to conduct a comparative analysis 40 500 o016 98 020 78 0,20
between the simulated results and the 5000 0,02 98 002 98 0.02

theoretfical values derived from manual
calculations. This approach ensures that the
design of the rectifier circuit is both
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Based on the data, it can be concluded
that the output voltage (Vo) remains stable
across different resistances, while the output
current (lo) decreases as the resistance
increases. This shows that the circuit
maintains a consistent voltage but reduces

current with higher resistance, following
Ohm's Law.
e Load Simulation Circuit R + C
vO R Is Vo lo Vo lo
(rms) (Q) (rms) (dc) (dc) (RMS) (RMS)
250 22,57 79 1,90 79 47,03
30 500 22,57 83 1,90 83 47,03
5000 22,57 86 1,90 86 47,03
250 26,75 128 2,90 128 58,42
45 500 2675 126 2,90 126 58,42
5000 24,75 131 2,90 131 58,42
250 29.21 163 3,93 163 68,07
40 500 2921 170 393 170 68,07
5000 29.21 177 3,93 177 68,07

The data shows that the output voltage (Vo)
remains stable across different resistances
and input voltages. The output current (lo)
increases with higher input voltage, but
resistance has little effect on the current,
causing only minor variations. In essence,
the circuit maintains a steady voltage while
the current increases as the input voltage
rises.

IV.CONCLUSION

From the findings of this research, the
following significant conclusions can be
drawn:

1. Role of Input and Output Waveforms (V's
and Vo): The input voltage waveform (V's)
represents the alternating current (AC)
signal supplied by the source, serving as the
circuit's primary input. The output waveform
(Vo), shaped by the diode's rectifying
properties, demonstrates a smoothing effect
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achieved through the integraftion of a
capacitor as a filter. This highlights the
effective role of passive components in
waveform transformation.

2. Stability of Current Profiles (Is and Io):
The source current (Is) and output current
(Io) exhibit consistent, stable waveforms.
This stability is aftributed to the constant
input voltage and the regulation provided
by the circuit's design, ensuring reliable
performance under steady-state conditions.

3. Efficiency of Full-Wave Rectification: Full-
wave rectifier circuits effectively convert AC
waveforms intfo direct current (DC) signals
by utilizing diodes to achieve complete
waveform rectification. This process ensures
continuous operation and high efficiency in
power conversion.

4. Enhanced Performance in Three-Phase
Systems: In three-phase full-wave rectifiers,
the use of a six-diode bridge configuration
significantly reduces ripple voltage, leading
fo a smoother and more stable DC output.
This design underscores the importance of
strategic component placement in
optimizing rectifier performance for industrial
and high-demand applications.
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