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Abstract - In this paper, a single-phase PWM boost rectifier
operating at a controlled power factor has been simulated and
implemented. The power circuit under investigation is a
single-phase full bridge converter using IGBT transistors. The
control algorithm provides the regulation of the output DC
voltage as well as the control of supply current power factor.
In addition, the proposed control strategy is implemented
using a low-cost microcontroller Intel 80196. The
experimental prototype offers several advantages such as;
simplified control system, sinusoidal ac line current that
satisfies the recently published harmonic current standard
IEC 1000-3-2 Class D.
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1.INTRODUCTION

As the amount of equipment using conventional diode
rectifiers increases, harmonic input currents are becoming a
problem. Harmonic current limits are recommended by the
IEC standards (IEC 1000-3-2). In an effort to meet these
requirements, power-factor correction techniques to reduce
harmonic current are becoming very important.
Furthermore, it is desirable to have minimal size, high
efficiency, and low electromagnetic interference [1].

The main disadvantages of classical rectifiers are:

i) They generate a lagging displacement factor with respect
to the utility voltage.

ii) Increased total harmonic distortion (THD) of ac supply
current.

These aspects have a negative influence on both power
factor and power quality.

The IEC 1000-3-2 International Standard establishes limits
to all low power single-phase equipment having an input
current with a “special wave shape” and an active input
power P < 600W. Figure 1 shows the harmonic spectrum ofa
line current drawn by classical diode rectifier compared to
the IEC 1000-3-2 standards. It is noted that the diode
rectifier is not able to comply with the standard, because of
the input current is highly distorted, and has a very low
power factor due to its large harmonic content.

Many research efforts have focused on the control of the
harmonic emission from power electronics circuits.
Harmonic control techniques such as: passive filtering, active
filtering, and power factor correction have been used.
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Fig -1: Harmonics spectrum of line current of diode
rectifier compared to IEC standard.

One problem associated with many existing drive systems
with frequent regeneration is that the size of the dc link
capacitor is often very large in order to limit the link voltage.
Normally large capacitor bank of thousand micro-Farad is
required, which increases the size, weight, and equipment
cost. If braking resistor is used to dissipate the regenerative
energy, the overall efficiency of the drive system becomes
low [2-3].

The main features of PWM rectifier are: bi-directional power
flow, nearly sinusoidal input current, regulation of input
power factor to unity, low harmonic distortion of line
current, adjustment and stabilization of DC link voltage,
reduced capacitor due to bi-directional power flow [4-6].

2. THEORY AND OPERATION

The power circuit of the fully controlled single-phase PWM
rectifier in bridge connection, show in figure 2, uses four
IGBT switches to provide a controlled DC voltage V,. In this
topology, the output voltage V, must be higher than the peak
value of the source voltage vus in order to ensure proper
control of the input current [7].
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Fig -2: Single-phase PWM rectifier
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2.1 Modes of Operation

During positive half cycle, when S2, S3 are switched ON,
current is begins to flow through L, S2, C, S3, and returns to
the mains with polarity shown in figure 3.a. The inductor

Assume the load is pure resistive, the dc current could be
represented as:

voltage has the following expression;

v = L(:Tlts =v, +V, = (+ve)

which means an increase in the instantaneous value of the
input current is.
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Fig -3: Equivalent circuit of PWM rectifier, (a) when S2, S3
ON, (b) when S2, S3 OFF.

When S2, S3 are switched OFF (to decrease is): the polarity
of inductor voltage is reversed, making diode D1, D4
conducts and current i; begins to charge capacitor C
through the inductor L, and diodes D1, D4 and permits the
rectifier to produce dc power, then returns to the mains
with the polarity shown in figure 3.b.

In this condition, the inductor voltage is given by;

v =L—2 =0, -V, = (-Vve) (2)

IS
dt
therefore, a decrease in the input current is; occurs.
During negative half cycle, a similar operation occurs but
with S1, S4 and D2, D3.
The mathematical model of single phase PWM rectifier
may be represented by means of figure 4.
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Fig -4: Single line representation of the PWM rectifier.

The converter voltage could be represented as follows:

di Ry 3)

Us = LE conv
di 1
dits = E (Us _Vconv)

4)

lge=lc +1, (5)
dv, Vv
l,,=C—2+-2% 6
©T7 dt R, (©)
(1)
Mo e -2 9
dt C R

Currents and voltages can be represented as function of
switching states as follows:

c= (81*83) is

conv (S S 3 )VO

where v; is the ac supply voltage, isis ac supply the current,
Veonv is the converter voltage, V, is the dc output voltage, I, is
the dc output current, R, is the load resistance, and S1, S2,
S3, S4 are the switching states of IGBT transistors.

(10)
(11

3. PROPOSED CONTROL STRETEGY

Figure 5 presents the block diagram of the proposed control
algorithm of PWM rectifier.
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Fig -5: Block diagram of implemented control strategy.

The voltage source rectifier operates by keeping the DC-link
voltage at a desired reference value, using a feedback control
loop. To accomplish this task, the dclink voltage is measured
and compared with a reference V.. The error signal is
applied to PI controller then multiplied by a unity sin. The
resulting signal is considered to be the reference current,
which is compared to the actual source current and
producing the switching pattern through a hysteresis
controller. The signal generated from this comparison is used
to ON and OFF the four switches of the rectifier. In this way,
power can come or return to the ac source according to dc
link voltage requirements. When the current I, is positive
(rectifier operation), the capacitor C is discharged, and the
error signal ask the control block for more power from the ac
supply. The control block takes the power from the supply by
generating the appropriate PWM signals for the four
switches. In this way, more current flows from the ac to the
dc side, and the capacitor voltage is recovered. Inversely,
when [, becomes negative (inverter operation), the capacitor
C is overcharged, and the error signal asks the control to
discharge the capacitor and return power to the ac mains.
Figure 6 shows the waveforms and phasor diagrams for PWM
rectifier at unity, leading, and lagging power factor
operations.
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Fig -6: Operation of PWM rectifier. (a) operation at unity
power factor. (b) operation at leading power factor.
(c) operation at lagging power factor.

4. SIMULATION RESUTS

A simulation platform using Simulink and Power System
Block Set under MATLAB is built to evaluate the
performance under different operating conditions. The
system parameters are shown in Table 1. The step time of
solution is 100psec, which is equivalent to 10KHz sampling
rate.

Table -1: System Parameters.

Parameter Value
AC supply voltage 40Vrms
Line inductor 10mH
Load resistance 1009
1mF

DC link capacitor

2%

Hysteresis band

Figure 7 presents the ac source current of classical diode
rectifier, which is highly distorted waveform.
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Fig -7: AC line current of diode rectifier

Figure 8 presents the steady state performance at unity
power factor operation. The dc load voltage is regulated at
140V. The ac source current has a high-quality waveform.
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Fig -8: Steady state performance at unity power factor.

Figure 9 shows the transient response according to lead-lag
power factor operation with angle of 30°.
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Fig -9: Transient response due to lead-lag power factor.

Figure 10 shows the transient response according to step
change in reference load voltage form 140V to 160V.
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Fig -10: Transient response due to step change in reference
load voltage.
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5. EXPERIMENTAL SETUP

Figure 11 presents the block diagram of the implemented
system. Principle connections between the different elements
in the complete system are indicated. The software algorithm
was implemented using an Intel 80C196KC 16-bitembedded
microprocessor.
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Fig -11: Block diagram of the implemented system

This microcontroller provides an A/D converter with
multiplexed eight-input channels, which is used for the
various A/D operations required by the controller algorithm.
The output ports provided by the 80196 are used for
interfacing the switching signals to the IGBT drivers. The
high-speed input port is used for line voltage zero-crossing
detection measurement [8]. The system parameters are
shown in Table 1 with a hysteresis band of 2%. In all
experimental results the sampling rate of data of
microcontroller card is 9KHz.

Figure 12 shows the waveform of the ac source current and
the ac line voltage of single-phase diode rectifier. As plotted
in figure the source current has a low-quality waveform.

RL.CH2,  vae 5.V, 10 ns

Fig -12: Source current of diode bridge rectifier.
2A/div., 30V/div.

Figure 13 shows the steady state performance according to
unity power factor operation at reference load voltage of
85V.
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Fig -13: Steady state performance at unity power factor.
2A/div., 30V/div.

Figure 14 shows the transient response according to step
change in the load resistance from 200Q to 100Q [load
disturbance]. The reference dc load voltage is adjusted to
45V.
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Fig -14: Transient response for a load disturbance.
4A/div., 30V/div.
Figure 15 shows the transient response according to step
change in reference ac input current from lagging to leading
power factor with PF angle of 30°.
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Fig -15: Transient response due to leading-lagging power
factor.
4A/div., 30V/div.
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6. CONCLUSION

In this paper a high performance single phase PWM boost
rectifier has been implemented using IGBT transistors as a
power switch. The mathematical model and the
experimental verification are presented. The control
algorithm of experimental prototype is implemented using a
single chip Intel Microcontroller 80196KC. The software
source codes are elaborated in assembly language directly.
The experimental results prove that the converter draws a
near sinusoidal current waveform with low THD. Moreover,
the converter can operate at any desired power factor (lead,
unity, and lag). The dcload voltage is regulated againstload
disturbance and variation. The maximum obtainable
sampling frequency is 9 KHz, which resulted in an actual
switching frequency of about 2.6 KHz.
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