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Abstract:

This paper represents the study of different types of single phase AC to DC step down
converter. Performances and outputs have analyzed depending on the equations. Different
parameters such as voltage gain, harmonic contents in input current, and parameters of
changing output voltage are compared different type of single phase AC to DC converters. AC
to DC converter is defined as rectifier. The main power supply system is alternating in nature.
Rectification action is required to obtain DC supply from the main power supply which is
sinusoidal.
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1. INTRODUCTION

A rectifier is an electrical device that converts alternating current (AC), which periodically
reverses direction, to direct current (DC), which flows in only one direction. The process is
known as rectification. Physically, rectifiers take a number of forms, including vacuum tube
diodes, copper and selenium oxide rectifiers, semiconductor diodes and other silicon-based
semiconductor switches. Historically, even synchronous electromechanical switches and motors
have been used. Early radio receivers, called crystal radios, used a "cat's whisker" of fine wire
pressing on a crystal of galena (lead sulfide) to serve as a point-contact rectifier or “crystal
detector”. Rectifiers have many uses, but are often found serving as components of DC power
supplies and high-voltage direct current power transmission systems.

Rectification may serve in roles other than to generate direct current for use as a source of power.
As noted, detectors of radio signals serve as rectifiers. In gas heating systems flame
rectification is used to detect presence of a flame.
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Figure 1: Rectifier

Because of the alternating nature of the input AC sine wave, the process of rectification alone
produces a DC current that, though unidirectional, consists of pulses of current. Many
applications of rectifiers, such as power supplies for radio, television and computer equipment,
require a steady constant DC current (as would be produced by a battery). In these applications
the output of the rectifier is smoothed by an electronic filter (usually a capacitor) to produce a
steady current.

2. RECTIFIER DEVICES

The development of silicon semiconductor rectifiers, vacuum tube thermionic diodes and copper
oxide- or selenium-based metal rectifier stacks were used. With the introduction of
semiconductor electronics, vacuum tube rectifiers became obsolete, except for some enthusiasts
of vacuum tube audio equipment. For power rectification from very low to very high current,
semiconductor diodes of various types (junction diodes, schottky diodes etc.) are widely used.
Other devices that have control electrodes as well as acting as unidirectional current valves are
used where more than simple rectification is required e.g., where variable output voltage is
needed. High-power rectifiers, such as those used in high-voltage direct current power
transmission, employ silicon semiconductor devices of various types.

3. RECTIFIER CIRCUITS

Rectifier circuits may be single-phase or multi-phase (three being the most common number of
phases). Most low power rectifiers for domestic equipment are single-phase, but three-phase
rectification is very important for industrial applications and for the transmission of energy as
DC (HVDC).

4. SINGLE-PHASE RECTIFIERS

HALF-WAVE RECTIFICATION

In half wave rectification of a single-phase supply, either the positive or negative half of the AC

wave is passed, while the other half is blocked. Because only one half of the input waveform
reaches the output, mean voltage is lower.
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Half-wave rectification requires a single diode in a single-phase supply, or three in a three-phase
supply. Rectifiers yield a unidirectional but pulsating direct current; half-wave rectifiers produce
far more ripple than full-wave rectifiers, and much more filtering is needed to eliminate
harmonics of the AC frequency from the output.
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Figure 2: Half-wave rectifier
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The no-load output DC voltage of an ideal half wave rectifier for a sinusoidal input voltage is:
Where:

Ve, Vav — the DC or average output voltage,

Vpeak, the peak value of the phase input voltages,

Vs, the root-mean-square value of output voltage.

FULL-WAVE RECTIFICATION

A full-wave rectifier converts the whole of the input waveform to one of constant polarity
(positive or negative) at its output. Full-wave rectification converts both polarities of the input
waveform to pulsating DC (direct current), and yields a higher average output voltage. Two
diodes and a center tapped transformer, or four diodes in a bridge configuration any AC source
(including a transformer without center tap), are needed. Single semiconductor diodes, double
diodes with common cathode or common anode, and four-diode bridges, are manufactured as
single components.
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Figure 3: Full-wave rectifier using 4 diodes.

For single-phase AC, if the transformer is center-tapped, then two diodes back-to-back (cathode-
to-cathode or anode-to-anode, depending upon output polarity required) can form a full-wave
rectifier.
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Figure 4: Full-wave rectifier using a center tap transformer and 2 diodes.
5. RECTIFIER EFFICIENCY

Rectifier efficiency (n) is defined as the ratio of DC output power to the input power from the
AC supply. Even with ideal rectifiers with no losses, the efficiency is less than 100% because
some of the output power is AC power rather than DC which manifests as ripple superimposed
on the DC waveform. For a half-wave rectifier efficiency is very poor, (the divisors are 2 rather
than V2 because no power is delivered on the negative half-cycle). Efficiency is reduced by
losses in transformer windings and power dissipation in the rectifier element itself. Efficiency
can be improved with the use of smoothing circuits which reduce the ripple and hence reduce the
AC content of the output.

6. RECTIFIER LOSSES

A real rectifier characteristically drops part of the input voltage (a voltage drop, for silicon
devices, of typically 0.7 volts plus an equivalent resistance, in general non-linear}—and at high
frequencies, distorts waveforms in other ways. Unlike an ideal rectifier, it dissipates some power.
Half-wave rectification and full-wave rectification using a center-tapped secondary produces a
peak voltage loss of one diode drop. Bridge rectification has a loss of two diode drops. This
reduces output voltage, and limits the available output voltage if a very low alternating voltage
must be rectified. As the diodes do not conduct below this voltage, the circuit only passes current
through for a portion of each half-cycle, causing short segments of zero voltage (where
instantaneous input voltage is below one or two diode drops) to appear between each "hump".
Peak loss is very important for low voltage rectifiers (for example, 12V or less) but is
insignificant in high-voltage applications such as HVDC.

7. RECTIFIER OUTPUT SMOOTHING

Producing steady DC from a rectified AC supply requires a smoothing circuit or filter. In its
simplest form this can be just a reservoir capacitor or smoothing capacitor, placed at the DC
output of the rectifier. There is still an AC ripple voltage component at the power supply
frequency for a half-wave rectifier, twice that for full-wave, where the voltage is not completely
smoothed.

To limit ripple to a specified value the required capacitor size is proportional to the load current
and inversely proportional to the supply frequency and the number of output peaks of the
rectifier per input cycle. The load current and the supply frequency are generally outside the
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control of the designer of the rectifier system but the number of peaks per input cycle can be
affected by the choice of rectifier design.

A half-wave rectifier only gives one peak per cycle, and for this and other reasons is only used in
very small power supplies. A full wave rectifier achieves two peaks per cycle, the best possible
with a single-phase input. For three-phase inputs a three-phase bridge gives six peaks per cycle.
Higher numbers of peaks can be achieved by using transformer networks placed before the
rectifier to convert to a higher phase order.

A more usual alternative to a filter, and essential if the DC load requires very low ripple voltage,
is to follow the reservoir capacitor with an active voltage regulator circuit. The reservoir
capacitor must be large enough to prevent the troughs of the ripple dropping below the minimum
voltage required by the regulator to produce the required output voltage. The regulator serves
both to significantly reduce the ripple and to deal with variations in supply and load
characteristics. It would be possible to use a smaller reservoir capacitor (these can be large on
high-current power supplies) and then apply some filtering as well as the regulator, but this is not
a common strategy. The extreme of this approach is to dispense with the reservoir capacitor
altogether and put the rectified waveform straight into a choke-input filter. The advantage of this
circuit is that the current waveform is smoother and consequently the rectifier no longer has to
deal with the current as a large current pulse, but instead the current delivery is spread over the
entire cycle. The disadvantage, apart from extra size and weight, is that the voltage output is
much lower — approximately the average of an AC half-cycle rather than the peak.

8. TRANSFORMERS WORK

A basic transformer consists of two sets of coils or windings. Each set of windings is simply an
inductor. AC voltage is applied to one of the windings, called the primary winding. The other
winding, called the secondary winding, is positioned in close proximity to the primary winding,
but is electrically isolated from it.

The alternating current that flows through the primary winding establishes a time-varying
magnetic flux, some of which links to the secondary winding and induces a voltage across it. The
magnitude of this voltage is proportional to the ratio of the number of turns on the primary
winding to the number of turns on the secondary winding. This is known as the “turns ratio.”
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Figure 5: Transformer work
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