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Abstract. With the increasing number of population, people are increasingly dependent on
electricity. In recent years, more and more public transportations like bus, taxi take the mode of
“pure electric”. The function of rectifier is to transform the AC current into DC current, which is
a significant research direction in electrical industry, especially in power electronic technology.
In our nation, the national grid supplies 220V 50Hz AC to residence, it is a voltage pattern that
varies periodically. Due to the lower loss of power during long-distance transmission, it has
become the basic mode of power transmission and supply in the world. In usual production and
our daily life, we frequently need DC (such as: mobile phones, flashlights, computers, charging
piles for electric vehicles, etc.), so rectifier has become a heated research part. At present, more
and more researches are based on power electronic technology, design all kinds of rectifier circuit
by using the “between conductor and insulator” property of semiconductors. This essay provides
an overview of single-phase rectifier circuits (including half-wave rectifier, full-wave rectifier,
and bridge rectifier) and passive power factor correction.
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1. Introduction

With the increasing number of populations, people are increasingly dependent on electricity. However,
the issue related to how to solve environmental problems is also an important topic, the environmental
impact of the utility of traditional energy sources like coal, oil cannot be ignored, taking thermal power
generation as an example, China’s thermal power generation accounts for 41% of the energy sector’s
carbon emissions, which can make a huge influence for the air quality. The use of new energy sources
like solar photovoltaic power generation, ocean energy, geothermal energy and wind energy is more
environmentally friendly and efficient [1-3]. Also, the emergence of new energy vehicles (such as pure
electric vehicles, hybrid vehicles, solar vehicles, and fuel vehicles) has made it possible to use energy
efficiently. The advantages of new energy vehicles include lower emission (such as hydrogen cars emit
water, electric vehicles have no gas emissions), generate lower levels of noisy [5-6]. More importantly,
compared to traditional internal combustion engine, the new energy vehicles have a higher energy
utilization rate (generally using hydrogen energy, natural gas, electric energy, etc.) In recent years, more
and more public transportations like bus, taxi take the mode of “pure electric”. In Europe, the amount
of city tram system is constantly rising. Take pure electric vehicles for example, the basic structure of
DC charging is shown in Figure 1.
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Figure 1. Basic diagram of an electric vehicle charger [4].

In the DC charging pile, the rectifier coverts the 220V AC (supplied by national grid) to DC, then the
rechargeable battery is charged through the charging plug. But in actual process of rectification, the
influence of the inductive and capacitive reactance of the actual circuit on the power factor will further
affect the efficiency of charging, so power factor correction (PFC) technology was proposed in the 1950s,
the aim of it is to adjust the input current wave also avoid the active power loss caused by the low value
of power factor. It also avoids heat dissipation problems due to the high-power factor, more importantly,
reduces the phenomenon of harmonics in the circuit as well as solve the issues related to electromagnetic
compatibility (EMC). As for the PFC technology, there are two common ways: active power factor
correction (APFC) and passive power factor correction (PPFC) [6-10].

Based on existing research results, this essay provides an overview of single-phase rectifier circuits
(including half-wave rectifier, full-wave rectifier, and bridge rectifier) and passive power factor
correction.

2. Single-phase half-wave rectifier circuits
2.1. Half-wave rectifier circuit with resistance load

Most forms of AC are sinusoidal, using the ideal diode’s characteristic of “forward voltage drop is 0 and
reverse impedance is c0”, a basic resistive load circuit has been designed as shown in Figure 2.
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Figure 2. Diode-based Half-wave rectifier [4]
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Figure 3. Waveform of half-wave rectifier circuit [2]
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The diode conducts when the AC voltage source is in the positive half cycle; conversely, the diode is
in the cut-off state, and no current passes through the resistor. This circuit has the advantage of simple
structure and it is easy to construction, but disadvantage is that its output pulse is too big, and the output
wave cannot be controlled. The measured waveform (voltage versus time) is shown in Figure 3. If the
diode is replaced by the thyristor (as shown in Figure 4), the circuit achieves the semi-control function.
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Figure 4. Thyristor rectifier with R load [2]

Thyristor is a semi-controlled electronic device, which has anode, cathode and gate. In order to
conduct it, besides the need to add the positive voltage to the anode, the pulse signal also needs to be
added to the gate, the value of the control angle is changed by changing the pulse signal, then controls
the output voltage waveform. When the input voltage is in the negative half-cycle, no current passes
through the load R. When the input voltage is in the positive half-cycle, if no pulse signal is applied to
the gate, the entire circuit will still remain the state of no current. Setting the control angle of VS shown
in the figure 4 is o, during the range of (0, 7), the thyristor conducts and current flows through the load
R. The gate of thyristor has the “switch” fundamental, the magnitude of the conduction angle a is
controlled by varying the monument of when applying the pulsed voltage signal, which in turn controls
the time interval of conduction and finally the average power at the load will be adjusted, too. However,
the thyristor can just control the circuit conduction but not the open of it, thus it a type of semi-controlled
circuit.
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Figure 5. Thyristor rectifier with RL load [3]
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Figure 6. Thyristor-diode rectifier with RL load [3]

2.2. Half-wave rectifier circuit with Resistance-Inductance load

For inductive load, the voltage waveform leads the current waveform, when the input voltage just at the
instant when the positive half-cycle changes to the negative half-cycle, the inductor can discharge, in
this case the thyristor conducts (the ideal thyristor is equivalent to an ideal wire, no resistance). At this

273



Proceedings of the 2nd International Conference on Mechatronics and Smart Systems
DOI: 10.54254/2755-2721/62/20240443

point, there is voltage at the load, even though the input voltage is in the negative half-cycle. Compared
to resistive loads, resistance-induction load delays the turn-off monument of thyristor, but the output
voltage has a negative area, which reduces the average value of the output voltage [3].

As shown in Figure 6, if paralleling a diode in front of the load, the issue can be solved, because
when the inductor is discharging, the current can pass through the diode, It has no effect on the thyristor.
Since the thyristor does not conduct, the output voltage waveform at the Resistance-Inductance load is
the same as that at the resistance load.

Figure 7. Full-bridge rectifier [4]

3. Single-phase bridge full-wave rectifier circuit

As shown in Figure 7, in this circuit, the diode T1 and T4 belong to a group, T2 and T3 belong to a
group, when the supply voltage is in the positive half cycle, diode T1&T4 conduct, and current flows
through T1 and resistor, finally back to the negative terminal, when the supply voltage is in the negative
half cycle, diode T2 and T3 conduct, and current flows through T2 and resistor, finally back to the
negative terminal.

Ignoring the positive voltage when diode is conducting, the voltage at the load is always same as that
at the secondary transformer, thus it greatly increases the average power of the load, but the material
cost is higher than that of the single-phase half-wave rectifier circuits. What truly matters is that diode
is also uncontrollable device and this circuit belongs to uncontrollable circuit.
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Figure 8. Semi-controlled rectifier [3]

4. Single-phase bridge semi-controlled rectifier circuits
As shown in Figure 8, the use of two thyristors and two diodes in this circuit achieves semi-control of
the circuit. When the input voltage is in the positive half-cycle, T1 applies a pulse signal and the current
flows through the load and diode T4; whereas when the input voltage is in the negative half-cycle, T2
applies a pulse signal and the current flows through the load and diode T3, which achieves semi-control
of the full-wave rectification.

Compared with the half-wave rectifier circuit, the bridge rectifier circuit has a higher utilization of
the input voltage, and for the transformer, because there is no center tap, there is positive voltage at the
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load from time to time. and the output waveform is smooth and stable [4]. Also, the output pulse
fluctuation is relatively small, but this kind of circuit is only suitable for low power loads.
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Figure 9. Power factor [6]

5. Passive Power Factor Correction

The rectification method mentioned before is only in the ideal state of the situation. Generally speaking,
the current after the rectification cannot up to the quality criteria, it is mainly because during the actual
process, the harmonics of the grid and the inductance of the wire are not negligible, which always affects
the power factor cose, as shown in Figure 9, if the value of it is too high, it will increase the power of
the heat, bringing potential safety hazards, by contrast, if the value is too low, it will affect the power
transmission.

In recent years, various active power factor correction circuits have been designed to keep the power
factor at a suitable value, which is suitable for high-power loads such as electric vehicles, but the lack
is that the stability of the circuit is reduced, as a result, it makes certain economic losses. Passive power
factor correction is using passive devices (diodes, capacitors, inductors, etc.) to correct the power factor,
the circuit of it generally has simple structure, it is also easy to design, but the disadvantage is that it is
only suitable for low-power loads.

The use of inductors can make the power factor lagging, while the use of its feature: “voltage can not
be changed suddenly” to ease the pulse signal, so that the waveform of the output voltage is smoother;
and using the capacitor’s property that the voltage change across the capacitor lags the current change,
it can be connected in parallel in front of the load to improve the power factor.

6. Summary

This essay is a review of the basic single-phase rectifier circuit topology, analyzed from the perspective
of output waveform and their own application. Whereas, basically, a significant issue of the rectifier is
the large output pulse, we need to pay attention to the voltage range that diode & thyristor can withstand.
In addition, harmonics is also an important influence on the rectifier, so the rectifier should be combined
with the field of filtering and PFC technology, based on it, we also need to consider the need of the
industry. In the future, co-operation between the automation field and the power grid field, along with
the combined use of circuit topologies such as Boost and Buck will accelerate the development of
rectification technology.
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