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Abstract

Rectifier circuits are fundamental in electrical engineering systems, serving as a critical component in
converting alternating current (AC) generated by a three-phase AC generator into direct current (DC). The key
component in these circuits is typically a diode. Rectifier systems can be classified into controlled and
uncontrolled types. A single-phase uncontrolled full-wave rectifier, in particular, offers high output power by
effectively converting the negative voltage of an AC signal into a positive voltage. This characteristic ensures a
stable and efficient DC output for various applications. In circuits with an uncontrolled rectifier, the inclusion of
a capacitor significantly enhances performance by acting as an active filter, minimizing ripple and ensuring that
the output current approaches a pure DC waveform. This study employs a structured methodology
encompassing system identification, analytical calculations, process flowchart development, simulation design,
and experimental data measurement to comprehensively evaluate the performance of a full-wave single-phase
uncontrolled rectifier in the context of a three-phase AC generator. The outcomes of this study highlight the
operational characteristics of single-phase full-wave rectifier circuits under different load conditions and their
effectiveness in improving power quality and stability. These findings contribute valuable insights into
optimizing rectifier circuit design for power conversion systems.

Keywords: Single-Phase Uncontrolled Rectifier Circuit, Three-Phase AC Generator, Power Conversion, AC-DC
Signal Processing.

1. Introduction

Power electronics circuits are essential in modern engineering applications, particularly in systems
requiring conversion between different forms of electrical energy. These circuits function by altering a power
source's waveform—such as converting a sinusoidal alternating current (AC) waveform into a direct current
(DC) waveform. Key components in power electronics, such as semiconductors, serve as switches, converters,
and controllers depending on the intended function and design of the circuit (Grewal et al., 2019).

A rectifier circuit, as a fundamental power electronics circuit, is designed to convert AC voltage generated
by an AC generator into a DC voltage. Based on the control mechanism, rectifiers are divided into controlled
and uncontrolled types. For single-phase uncontrolled rectifiers, the circuit can convert AC voltage to DC
voltage with a fixed, unregulated output. The primary components of a rectifier circuit include diodes,
transformers, and capacitors, each contributing to the circuit's operation. For instance, capacitors function as
filters to reduce ripple, ensuring a smooth DC output, while diodes allow current to flow in one direction,
blocking reverse currents (Nugraha et al., 2020).

Rectifier circuits can further be classified into two types: half-wave rectifiers and full-wave rectifiers. In
full-wave rectifiers, the conversion process can be achieved using two methods: employing either two diodes
with a center-tapped (CT) transformer or four diodes in a bridge configuration. Full-wave bridge rectifiers are
widely used in power circuits due to their superior performance and efficiency in delivering continuous DC
output. During operation, diodes in the circuit conduct during positive half-cycles of the AC waveform and
block current during negative half-cycles, resulting in a unidirectional output (Rahman et al., 2021).

This study focuses on the analysis of the full-wave rectifier's performance in converting AC to DC when
integrated into a three-phase synchronous generator system. The working principle of the synchronous generator
is based on electromagnetic induction. When the rotor of the generator is rotated by a primary motor, the rotor
poles create a rotating magnetic field upon being energized with a DC voltage. This process induces an
electromotive force (EMF) in the stator windings, generating alternating current (AC) (Faraday, 1831; Nugraha
et al., 2022). The need for rectifiers in such systems is evident, as many modern electronic devices and
household appliances operate on DC voltage while the primary supply is AC.

In practical applications, power supplies utilize rectifiers to convert the 220V/50Hz AC from utility
providers into DC for various devices. This study incorporates experimental measurements of output voltage
and current in the rectifier circuit, considering different load conditions and input voltage levels (e.g., 30V, 45V,
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and 60V). The results are compared with theoretical calculations to identify discrepancies and validate the
circuit's design and performance. Such an evaluation provides critical insights into the design and optimization
of rectifier circuits for power conversion systems (Smith et al., 2018).

2. Material and methods
2.1. Material

The study of rectifier circuits, particularly single-phase full-wave uncontrolled rectifiers, has been widely
explored in various applications, from power supply systems to advanced electronics. One significant
contribution in this field is the work by Jatmika, Syakur, and Afrisal (2019), titled Designing a DC Voltage
Source as a Flyback Driver Supply Using a Triac Dimmer Module and an Uncontrolled Single Phase Full-Wave
Rectifier: Wireless for Application in Window Trap. This study focused on utilizing a full-wave single-phase
uncontrolled rectifier circuit integrated with a Triac Dimmer module for controlling the DC voltage output. The
rectifier circuit, as a fundamental power electronics tool, serves to convert alternating current (AC) to direct
current (DC), with important implications for applications such as energy conversion systems and wireless
power transmission (Jatmika et al., 2019).

Rectifier circuits can be classified into controlled and uncontrolled types. The controlled rectifiers utilize
switching devices, such as thyristors, to adjust the output, while uncontrolled rectifiers, like the one used in the
above study, rely on diodes to convert AC into DC without external control mechanisms. The use of a Triac
dimmer module in place of traditional voltage regulators like variacs allows for more accessible and practical
implementations in modern circuits. The integration of Triac dimmers in the rectifier circuit offers a more
compact and efficient solution, which is crucial for systems requiring variable DC output (Syakur et al., 2020).

The significance of filtering in rectifier circuits is another important aspect. Filters, typically implemented
using capacitor-based diode bridges, aim to reduce the ripple in the DC output. This process smooths the output
voltage, ensuring that the DC supply is more stable and usable for sensitive electronic applications. Without
proper filtering, ripple effects in the output voltage can degrade the performance of the system and cause
unwanted fluctuations in operation (Afrisal, 2021).

Key components of the rectifier include semiconductor elements, typically diodes, and transformers. The
diodes function as unidirectional switches, allowing current to flow in only one direction— from the anode to
the cathode. The operation of the rectifier is straightforward: when AC voltage is applied to the circuit, the
diodes allow current to pass during the positive half-cycle of the AC waveform, while blocking current during
the negative half-cycle. This behavior results in the conversion of AC into a pulsating DC output. Understanding
the dynamics of the diodes and their orientation in the circuit is critical to ensuring efficient operation (Rahman
etal., 2018).

In the context of three-phase systems, the performance of full-wave rectifiers becomes particularly relevant.
A three-phase generator, such as a synchronous generator, produces AC at multiple phases, and the integration
of a rectifier circuit helps convert this AC into usable DC for various power applications. Recent studies have
emphasized the importance of analyzing the unidirectional characteristics of these rectifiers in systems involving
generators with multiple phases, as the AC voltage in such systems is already naturally phase-shifted (Nugraha
et al., 2022).

2.2 Methods

In the design and simulation of the rectifier circuit, several critical questions arise regarding the circuit's
performance under different loading conditions. Specifically, it is important to understand whether the circuit
exhibits significant changes when running without a load compared to when an R-C load is applied. This
distinction is essential because the presence of a load influences the overall behavior of the rectifier, particularly
in terms of voltage ripple, current flow, and efficiency of the DC output.

To address this, simulations are conducted at various voltage settings, where each configuration produces
distinct waveforms. The input AC voltage is varied to observe its effect on the rectified DC output, and the
resulting waveforms are recorded for further analysis. The measurements obtained from these simulations will
then be compared to theoretical calculations based on standard rectification theory. The goal is to assess the
accuracy of the simulation results by comparing them with predicted values, thus determining the precision and
reliability of the simulation model used.

An important aspect of this experiment involves understanding the working principle of the rectifier circuit,
which operates similarly to a switch. The rectifier's diodes function to control the direction of current flow:
when the diode is forward-biased (anode to cathode), current flows easily through the circuit; conversely, when
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the diode is reverse-biased, current flow is blocked, with only a small reverse current flowing in the circuit. This
behavior leads to the rectification of the alternating current (AC) input, where only one half of the AC waveform
is utilized while the other half is blocked by the reverse-biased diode.

The simulation further explores the role of the transformer and its secondary winding in supplying the AC
voltage to the rectifier. The current waveform is studied over a complete cycle, with attention given to the
voltage fluctuations or "ripple" that occurs as a result of the half-wave rectification. This ripple effect is
expected to vary with different loading conditions, and its magnitude will be a key factor in evaluating the
circuit's performance.

At the conclusion of the experimental analysis, a comprehensive comparison of the measured data and
theoretical predictions will be conducted. This will allow for an in-depth evaluation of the rectifier's
performance under various operating conditions, providing insight into potential improvements in design for
enhanced efficiency and stability. The analysis will also explain the underlying reasons for observed
discrepancies between the theoretical and measured results.

Finally, the conclusions drawn from this study will serve to highlight the practical implications of using
single-phase full-wave uncontrolled rectifiers in AC-DC conversion systems. The performance characteristics,
such as ripple reduction and output stability, will be assessed to provide recommendations for optimizing
rectifier circuits in real-world applications, especially in systems that involve three-phase AC generators.
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Figure 1. Flowchart
A flowchart will be provided to illustrate the simulation process, from setting up the circuit parameters to
collecting and analyzing the simulation data, allowing for a clearer understanding of the methodology.
3. Results and discussion

In this study, we simulated a full-wave uncontrolled rectifier circuit using the PSIM simulation software.
The analysis encompassed a variety of circuit conditions, including no-load, resistor load (R), and resistor-
capacitor (RC) load configurations. The results were recorded in terms of the voltage and current waveforms
observed via oscilloscope readings, as well as voltage and current values measured with a voltmeter and
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ammeter, respectively. These experimental results were compared against theoretical values derived from
manual calculations, as detailed below.

3.1. Results

The full-wave uncontrolled rectifier was simulated on a three-phase AC generator, and the results were
categorized according to the load conditions. Each condition provided different insights into the behavior of the
rectifier.

e No-Load Circuit: The simulation was first performed under a no-load condition to understand the
baseline characteristics of the rectifier. The waveform characteristics were captured using the
oscilloscope, and measurements of the output DC voltage and RMS voltage were taken.

o Resistor Load Circuit (205Q): The rectifier was then tested with a 205Q resistor load. The output
voltages and currents were measured under different input voltages (30V, 45V, and 60V). The
comparison of practical measurements with theoretical values revealed small discrepancies, typically
within 1-3% error margins, which can be attributed to rounding errors, simulation limitations, and human
error.

e Resistor-Capacitor Load Circuit (RC Load with 0.0022F Capacitor): Finally, the rectifier was tested
with an RC load. The performance under these conditions showed the effect of capacitive filtering, with
notable improvements in the waveform smoothness and voltage stability.

Theoretical vs. Measured Results:

For each configuration, the following parameters were compared:

e No-Load Circuit: For a supply voltage (Vs) of 30V, the RMS output voltage (Vo(RMS)) was calculated
as 20.2233V, with a measured DC voltage of 18.2166V. This value was consistent with theoretical
calculations derived from the equation is the peak voltage of the AC supply.

2 Vmax
Vo|DC|= — whereV

e Resistor Load Circuit: For the same supply voltage of 30V, the output DC voltage (Vo(DC)) was
measured as 17.7188V, which is approximately 2.7% less than the theoretical value of 18.2166V.
Similarly, the RMS current (Io(RMS)) was calculated and compared to the theoretical current, showing
minimal deviation.

e RC Load Circuit: For an RC load circuit, the DC voltage was measured as 28.44V, with a calculated
RMS voltage of 29.28022V. The inclusion of a capacitor significantly altered the waveform
characteristics, reducing ripple and providing a more stable DC output.

3.2. Discussion

The results highlight the key performance aspects of a full-wave uncontrolled rectifier under different load
conditions. While the measurements show small discrepancies when compared to theoretical values, the error
margins are minimal and fall within acceptable limits. The minor errors observed may be attributed to several
factors, including rounding in manual calculations, component tolerances in the simulation, and measurement
inaccuracies.

Observations from the Simulation:

e The error margin between theoretical and measured values tends to decrease as the output voltage
(Vo(RMYS)) increases.

e The inclusion of a capacitor in the RC load circuit significantly reduces ripple and improves the overall
DC output, demonstrating the importance of filtering in rectifier circuits.

e  The simulation results offer a clear understanding of how the rectifier performs under different loading
conditions, which is crucial for real-world applications.
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The analysis confirms that while ideal theoretical calculations provide a useful benchmark, practical
simulations and measurements reveal the influence of non-ideal factors. The results underscore the need for
precise component selection and calibration to minimize these discrepancies in practical rectifier applications.

3. Conclusion

This study presents a comprehensive analysis of the performance of a full-wave uncontrolled rectifier when
applied to a three-phase AC generator. The simulated results, while showing minor discrepancies from
theoretical values, provide valuable insights into the rectifier's behavior under different load conditions. These
findings contribute to a deeper understanding of rectifier performance in real-world applications, highlighting
the importance of proper simulation and measurement techniques to optimize rectifier design and efficiency.
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