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Abstract: In this work a bridgeless Power Factor Correction (PFC) boost ac-dc converter is proposed to
reduce harmonic current of an induction motor. The aim of the work is to improve the input power
factor of induction motor drive. Conventional bridged PFC topology is replaced by bridgeless PFC
topology. Conventional VSI fed induction motor suffers from the high conduction loss in the input
rectifier-bridge. The bridgeless boost converter is used to avoid conduction loss. Higher efficiency can
be achieved by using the bridgeless boost topology. The simulation results with bridgeless boost
converter show that there is an improvement in power factor.

Key Words: Bridge boost ac-dc converter, Continuous Conduction Mode, Power Factor Correction
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I. INTRODUCTION

There are two factors that provide the
quantitative measure for the quality of power
supply in an electrical network. They are the
Power Factor and Total Harmonic Distortion
(THD). The Power Factor (PF) of the system
predominantly decides the amount of useful
power to be consumed by an electric network
[1]. The reward of Power Factor Correction
includes less energy and distortion losses,
reduced losses in the system at the time of
distribution, improved voltage regulation and
can supply the power demand. This paper deals
with the Power Factor Correction thereby
improving the Power Quality at ac mains. The
input bridge rectifier in the conventional Power
Factor Corrector converters reduces the
efficiency of the converter. In order to reduce
the losses associated with the rectifier, the
rapidly developing power electronic strategies

are employed [2] [3]. Some of the limitations
are Stresses across the switch, since a single
switch for both the period of conduction,
conduction losses, etc [4].The induction motor
has  well-known advantages of simple
construction, reliability, ruggedness and low
cost. While comparing with dc motor, it can be
used in hazardous environment since there are
no problems with spark and corrosion [5-7]. In
the past Induction motors and synchronous
motors are employed mainly for constant speed
applications because variable speed application
of this drives are either too expensive or had
very poor efficiency. But with development of
semiconductor employing
thyristors,power transistors, IGBTs and GTOs
they are widely used now a day’s [8].
Thepresent proposal aims at minimizing ripples
in DC bus voltage and the peak current flowing

converters
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through the rectifier diodes by interleaving of
bridgeless converters [9]. The converter
improves power factor and VFD employed will
reduce the power consumption. It can be
employed in applications requiring operation at
variable speeds ranging from small appliances
to the medium power applications [10]. The
Active Front End Inverter refers to the power
converter system consisting of the line-side
converter with active switches such as
MOSFETs, the dc link capacitor bank, and the
load-side inverter. An improved front end
converter was proposed in [11-13].But this
converter is being replaced by interleaved
bridgeless boost converter. The line-side
converternormally functions as a rectifier
alsoknown as PWM rectifier, since it can be
switched using a suitable pulse width
modulation technique.
II. BRIDGE TYPE BOOST PFC
CONVERTER

For the active Power Factor Correction in ac-dc
converters we mostly use dc-dc converter.
Among all the basic dc-dc converters, the boost
converter is more effective than others in PFC
applications. Mostly we use dc-dc boost
converter with the output of ac-dc converter to
get power factor approaching unity. This
process also has simplicity, higher conversion
efficiency and lower harmonic distortion as
compared to the other converters. The dc-dc
converter which steps up the voltage is known
as boost dc-dc converter. This type of converters
requires some energy storage element such as
inductors, along with switching elements;
diodes and transistors.Most of the times the
boost PFC type ac-dc converter do not require
much filtering because it gets continuous current
from the ac source. Only a simple filter
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consisting of a capacitor can fulfill the
requirement of filtering for such converter.
However, higher level of filtering is required for
all other converters such as buck and buck-
boost. This is because their input current is
pulsating type. So the BOOST converter used
for PFC is our main focus in this paper. In this
paper we will analyze different operating modes
and controlling of this topology to obtain the
best possible results with this topology. We will
also do some modifications in the structure of
conventional boost PFC and its control.In this
PFC technique bridge rectifier is followed by a
Boost converter. We can control the output dc
voltage and the power factor by controlling this
boost converter. This converter can operate in
different regions that are defined on the basis of
inductors current behavior. The regions in
which a boost converter can operate are the
continuous conduction mode (CCM) and
discontinuous conduction mode (DCM). In
DCM, the inductor current ripples are very high
due to which power losses are high so the DCM
operation restricts it to low power applications
[13]. At the other end in CCM, the inductor
current ripples are very small due to which
power losses are low, which makes it optimal
for medium and high power applications.
Moreover in case of DCM we just have to use
the voltage control loop but in case of CCM
operation of boost PFC converter, we have to
use both the current and the voltage control
loops. The current control loop is used to force
the input line current to follow the input line
voltage while the voltage control loop is used to
regulate the output dc voltage. DCM operation
offers a number of advantages such as inherited
power factor correction and simple control of
power electronic switches. Moreover it also
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reduces reversed recovery losses of the diode
due to soft turn off of freewheeling diode. On
the other hand, in CCM, complex controller is
required to control voltage and current
simultaneously but the inductor current ripples
are very low. Therefore, at the cost of complex
control strategy the size of inductor is reduced.
Whereas, DCM requires a high-quality boost
inductor for extremely high current ripples.The
control of this system is divided into two loops;
the output voltage control loop and the input
current control loop. Fig.1 shows the block
diagram of the control strategy in which one
loop calculates the voltage error and the other
loop calculates the current error. Both of these
errors are then fed to PI controller.
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Fig.1. Block diagram of the control
methodology of Boost PFC converter
As discussed earlier, there are two states of this
system; capacitor voltage and inductor current.
In this particular system both of these states
need to be controlled but there is only one
control input available for controlling the

system so this is an under actuated electric
system.
III. CONTROLLER AND RESISTOR
OBSERVER
The control strategy of Boost PFC AC-DC
Converter is designed in such a way that, first it
calculates the error between the reference and
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the output voltage and then this DC value is
converted to the reference current thatfollows
the input voltage by multiplying it with the
rectified sinusoidal wave and dividing it with
the load resistance. Now this reference current is
then subtracted from the actual inductor current
to get an error, which is then fed to the
controller to achieve our goal of tracking. Fig.2
is the schematic diagram of Boost PFC with
Diode Bridge and controller. In equation (1) PI
controller is shown which is applied on the error
obtained by subtraction of reference current i,.r
from inductor current i;. In equation (2) the
reference current i, waveform is generated
using required output DC voltage, connected
load and the sinusoidal waveform of AC
voltage. V., is the desired output voltage of the
converter and V, is the actual output voltage.
The variable resistive load is denoted by R (t)
and k;, k, are the gains.

u= K (irgf'_il)+ KE (f‘nﬂ' _ii)df
' I (1)

irg = LT =KV | i) |
k2R(1)

2
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Fig.2. Schematic diagram of Boost PFC
converter with control diagram
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As output of the controller has to switch the
power electronic switch of boost converter so
we have to convert u into PWM. In this paper,
fixed frequency Sinusoidal PWM (SPWM) is
used. As this converter is designed for variable
switching load so we have to observe the value
of load. As the equation of controller totally
depend upon the generation of reference signal
and reference signal depends upon connected
load so value of load must be known. The load
observer can be described as:
R()=""
o 3)

Vs reference dc voltage and Io is defined as:

lo=(iL—ic)u @

i 1s the current passing through inductor and i,
is the current passing through capacitor.

dVe

dt

IV. BRIDGELESS BOOST PFC
CONVERTER
As the requirement of high power quality is
always there so it is an active research area.
Therefore, efforts are always made to get higher
power factor and lower total harmonic
distortion. Previously, boost power factor
correction converter has been widely used
because of its simplicity, inherent PFC
capability and high output power. But this

ic=C

(&)

topology has harmonic distortions and low
efficiency due to number of semiconductor
switches in the line. To lower the losses and to
increase the efficiency single phase bridgeless
boost PFC converter was introduced [12]-[13].
In the literature bridgeless boost AC-DC
converter is also called as dual-boost converter.

www.ijiemr.org

In this converter the conduction losses are
reduced due to reduction in the semiconductor
switches in the path of current. Bridgeless boost
PFC converter is highly efficient topology
because in this topology bridge-rectifier is
omitted and there are only two nonlinear
switches in any given conduction path. This
bridgeless topology consists of two boost
converter circuits. The control strategy is same
as Boost PFC converter, but the only difference
is during positive half cycle one boost circuit is
used and during negative half cycle second
boost circuit is used. Where as in boost PFC,
first negative half cycle is converted to positive
half cycle by using bridge rectifier and then it is
fed to the boost converter. Fig.3 shows the
schematic diagram of bridgeless boost PFC
converter.
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Fig.3. Schematic diagram of Bridgeless Boost
PFC converter
A. Working principle of Bridgeless PFC
converter
This bridgeless topology is actually made from
two converters that’s why it is also known as
dual boost converter. In conventional boost
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converter DC is fed to the inductor but in
bridgeless topology AC is directly fed between
the inductors of two DC converters. There are
four modes of operation of bridgeless power
factor correction converter. Positive half cycle
of the ac line voltage consists of Modes I and II
while negative half cycle of ac line voltage
consists of modes Il and IV.

1) Positive half cycle

For the duration of the positive half cycle of the
ac line voltage, the current follows the path of
first dc/dc boost converter; L1-D1-S1-D4.
Diode D4 completes the circuit without
including the inductor L2 and connecting the
output ground. Furthermore, there are two
modes of operation of positive half cycle.

Fig.4 shows the working principle of mode I.
The switch S1 is turned on to store the energy in
inductor LI1. The path Vin-L1-S1-D4 is
followed in this mode.
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Fig.4. Mode I positive half cycle
Fig.5 shows the working principle of mode II in
which switch S1 is in off state. As S1 is turned
off so the current uses the path of diode D1 to
pass through the load. In this mode the charged
inductor L1 of mode I gets discharged by using
the path of diode D1, load and diode D4.
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Fig.5. Mode II positive half cycle

2) Negative half cycle

For the duration of the negative half cycle of the
ac line voltage, the current follows the path of
second dc/dc boost converter; L2-D2-S2-D3.
Diode D3 completes the circuit without
including the inductor L1. This diode also
connects the ground with the diode D3. Same
like positive half cycle there are two modes of
operation of negative half cycle (Mode III and
Mode 1V). Fig.6 shows the operation of mode
III. The switch S2 is turned on to store the
energy in inductor L2. The path followed during
this operation mode, consists of Vin-L2-S2-D3.
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Fig.6. Mode III negative half cycle
Fig.7 shows the mode IV of operation in which
switch S2 is turned off. As switch S2 is off so
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the current uses the path of diode D2 to pass
through the load. In this mode the charged
inductor is discharged through the path of diode
D2, load and diode D3.
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Fig.7. Mode 1V positive half cycle
V. INDUCTION MOTOR

An asynchronous motor type of an induction
motor is an AC electric motor in which the
electric current in the rotor needed to produce
torque is obtained by electromagnetic induction
from the magnetic field of the stator winding.
An induction motor can therefore be made
without electrical connections to the rotor as are
found in universal, DC and synchronous motors.
An asynchronous motor's rotor can be either
wound type or squirrel-cage type.Three-phase
squirrel-cage asynchronous motors are widely
used in industrial drives because they are
rugged, reliable and economical. Single-phase
induction motors are used extensively for
smaller loads, such as household appliances like
fans. Although traditionally used in fixed-speed
service, induction motors are increasingly being
used with variable-frequency drives (VFDs) in
variable-speed service. VFDs offer especially
important energy savings opportunities for
existing and prospective induction motors in
variable-torque centrifugal fan, pump and
compressor load applications. Squirrel cage
induction motors are very widely used in both

www.ijiemr.org

fixed-speed and variable-frequency drive (VFD)
applications. Variable voltage and variable
frequency drives are also used in variable-speed
service.In both induction and synchronous
motors, the AC power supplied to the motor's
stator creates a magnetic field that rotates in
time with the AC oscillations. Whereas a
synchronous motor's rotor turns at the same rate
as the stator field, an induction motor's rotor
rotates at a slower speed than the stator field.
The induction motor stator's magnetic field is
therefore changing or rotating relative to the
rotor. This induces an opposing current in the
induction motor's rotor, in effect the motor's
secondary winding, when the latter is short-
circuited or closed through external impedance.
The rotating magnetic flux induces currents in
the windings of the rotor; in a manner similar to
currents induced in a transformer's secondary
winding(s). The currents in the rotor windings in
turn create magnetic fields in the rotor that react
against the stator field. Due to Lenz's Law, the
direction of the magnetic field created will be
such as to oppose the change in current through
the rotor windings. The cause of induced current
in the rotor windings is the rotating stator
magnetic field, so to oppose the change in rotor-
winding currents the rotor will start to rotate in
the direction of the rotating stator magnetic
field. The rotor accelerates until the magnitude
of induced rotor current and torque balances the
applied load. Since rotation at synchronous
speed would result in no induced rotor current,
an induction motor always operates slower than
synchronous speed.The difference, or "slip,"
between actual and synchronous speed varies
from about 0.5 to 5.0% for standard Design B
torque curve induction motors. The induction
machine's essential character is that it is created
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solely by induction instead of being separately
excited as in synchronous or DC machines or
being self-magnetized as in permanent magnet
motors.For rotor currents to be induced the
speed of the physical rotor must be lower than
that of the stator's rotating magnetic field (ny);
otherwise the magnetic field would not be
moving relative to the rotor conductors and no
currents would be induced. As the speed of the
rotor drops below synchronous speed, the
rotation rate of the magnetic field in the rotor
increases, inducing more current in the windings
and creating more torque. The ratio between the
rotation rate of the magnetic field induced in the
rotor and the rotation rate of the stator's rotating
field is called slip. Under load, the speed drops
and the slip increases enough to create sufficient
torque to turn the load. For this reason,
induction motors are sometimes referred to as
asynchronous motors. An induction motor can
be used as an induction generator, or it can be
unrolled to form a linear induction motor which
can directly generate linear motion.
Synchronous Speed:

The rotational speed of the rotating
magnetic field is called as synchronous speed.

Ns=120Xf  pppp)
P (6)

Where, f = frequency of the supply

P = number of poles
Slip:

Rotor tries to catch up the synchronous
speed of the stator field, and hence it rotates.
But in practice, rotor never succeeds in catching
up. If rotor catches up the stator speed, there
won’t be any relative speed between the stator
flux and the rotor, hence no induced rotor
current and no torque production to maintain the
rotation. However, this won't stop the motor, the
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rotor will slow down due to lost of torque, and
the torque will again be exerted due to relative
speed. That is why the rotor rotates at speed
which is always less the synchronous speed.The
difference between the synchronous speed (Ns)
and actual speed (N) of the rotor is called as
slip.

% slip 5=—NS-N x 100
Ns 0
VIL.MATLAB/SIMULATION RESULTS

P o Tt

Fig.8 Matlab/Simulink model of bridge boost
converter

Fig.9. Current waveform and scaled voltage
waveform of Bridge Boost
Power Factor Correction Converter.
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Fig.10 The output voltage regulation of Bridge
Boost PFC Converter.

Selected signal: 10 cycles. FFT window (in red): 1 cycles
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Fig.11. Frequency Response of input line
current of Bridge Boost PFC
Converter
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Fig.12 Matlab/Simulink model of bridgeless
boost converter
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Fig.13. Current waveform and scaled voltage
waveform of Bridgeless BoostPower Factor

Correction Converter.

Fig.14. The output voltage regulation of
Bridgeless Boost PFC Converter.
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Fig.15. Output Power of the Bridgeless Boost
PFC converter for switching loads of 1.28KW,
1.6KW& 2.13KW

Fig.16. Output voltage regulation of the

Bridgeless Boost PFC converter forswitching
loads of 1.28KW, 1.6KW& 2.13KW
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Selected signal: 45.42 cycles. FFT window (in red): 1 cycles
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Fig.20 Speed if the induction motor
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Fig.17. Frequency Response of input line
current of Bridgeless Boost PECConverter

Fig.21 Torque characteristics of the induction

motor

VII. CONCLUSION
This paper deals with PFC Bridgeless boost
converter has been presented. Higher power

ﬁ | : factor and reduced total harmonic distortion of
E[E\:‘E = the input current can be achieved. The
- 4 =3 bridgeless boost converter topology exhibits

Fig.18 Matlab/Simulink model of bridgeless lower voltage stress over the whole input
voltage range, and improved voltage gain and

less conduction losses than the conventional
bridge boost converter. The two power switches
driven by the same control signal significantly
simplifies  the control  circuitry.  The

boost PFC converter with Induction motor

conventional scheme has greater losses and
ripple. Hence the bridgeless boost PFC
converter can drive an induction motor drive
efficiently. The closed loop operation of and the
working of the converter fed induction motor
drive has been validated using simulation and

Fig.19 Induction motor stator current

verified by experimental results.
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