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Abstract—This paper presents the comparison of various otigentrol techniques employed for a bridgeleseriaved

boost converter for improving the power qualityeTmajor control strategies discussed in this paperpeak current, average

current mode and borderline current control. Thetstegies are implemented in MATLAB/SIMULINK anloet performance
of the proposed converter is compared under opgmdnd closed loop operation. From the resultsinet current waveform
was close to sinusoidal implying high power facod reduced harmonics for borderline control.
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l. INTRODUCTION

For automotive and battery charging applications,
regulated DC supply is required and since AC segpéire

more commonly available, a suitable AC-DC converter
becomes mandatory for such applications. These &C-D

converters involve a number of non-linear devicdsctv
reduce the system power factor and introduce haigron
the power system leading to adverse effects. Hénee
essential to use a suitable power factor corre¢gchnique
to condition the supply current. This paper presethie

design and implementation of one such Active Power

Factor corrected AC-DC Converter topology, whichutes

in an improved supply power factor and reduced line

current harmonics. A novel converter topology, ngntiee

Bridgeless Interleaved Boost Topology for activewpo
factor correction, along with a closed loop curreantrol

technique to condition the supply current has h@eposed
in this paper. Various current control techniquasehbeen
investigated for the proposed topology and the lsugide

parameters are computed to show the effectivenefiseo
current shaping methods. Simulation studies anéechout
in MATLAB/SIMULINK and the results are presented.

. BRIDGELESSINTERLEAVED BOOST
CONVERTER

The Bridgeless Interleaved Boost Converter (IB@potogy
for active power factor correction consists of aniber of
boost converters operating in parallel. The inpigdd
bridge rectifier stage is eliminated while still imzining
the classic IBC structure. This topology affordsuenber of
advantages in comparison to the conventional tapedo[1-
3]. It addresses the heat management problem céystbe
input diode rectifier stage of IBC. In effect, thedgeless
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IBC topology combines the benefits of both the peiess
topology and the interleaved structure. In the &eldss
Interleaved Boost Converter topology, the rectiftage is
integrated with the high frequency converter. Daethe
elimination of the bridge rectifier stage, the aitdboecomes
less bulky. Interleaving leads to an increase énftquency
of input current ripples and hence a reductiorhie weight
and volume of EMI filters required. The conductiosses
are greatly reduced due to the presence of fewmbau of
semiconductor devices in each conduction path.
comparison to a two-phase IBC, a two-phase briggdBC
topology uses two extra MOSFETs and fast diodestead
of the four slow diodes in the bridge rectifier gaga This
converter topology thus affords the maximum efficig

due to the combined merits of interleaving and the

bridgeless structure.
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Fig.1 Bridgeless Interleaved Boost DC-D@h@erter

A. Circuit operation
For analysis of the topology, the circuit is sepagainto

two half cycles. @and Q are turned on at the same instant
and Q and Q are turned on at the same instant which is

180° out of phase with respect to the instants 0l Q.
During the positive half cycle, {and Q are turned ON and
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the current flows through,l.Q;, @ and L, thereby storing
energy in L, and L,.. When Q and Q are turned off, the
energy stored in Land L, are released as current through
D1, load, body diode of Qand is fed back to the mains.
Similarly, with a shift of 180°, @and Q are turned ON and
energy is stored ingd.and L, via @ and Q. During the
negative half cycle, Qand Q are turned ON, energy gets
stored in L, and Ly for the first phase and;land L for the
next phase and gets released as current which flowsgh
D, (D,), load, body diode of )(Qs) and back to mains. A
new loss has been introduced in the intrinsic bdidges of
the FETSs, but since input bridge rectifiers arenglated,
there is some efficiency gain in overall performad the
topology [4-6].

Overall, the MOSFETs are under more stress in bleds
IBC topology, but the total loss for the proposeididgeless
interleaved boost are 40% lower than the convaeatio
boost, 27% lower than the bridgeless boost and RRgér
than the interleaved boost . Since the bridge frectbsses
are so large, it is expected that bridgeless iedéedd boost
converter would have the least power losses in eoisqn
to the conventional topologies, discussed in ttegdture. It

is to be noted that the losses in the input brickgifiers
constitute 63% of total losses in conventional PFC
converter and 71% of total losses in interleavedC PF
converter. Therefore eliminating the input bridgesPFC
converters is justified despite the fact that nessés are
introduced. The bridgeless IBC topology is chosarfihal
implementation purposes due to its various merds,
discussed above.

[ll. CURRENT CONTROL TECHNIQUES FOR
SHAPING THE SUPPLY CURRENT

The power factor obtained with the AC-DC converter
topologies can further be improved using wave si@pi
techniques to condition the supply current. The grofactor

is found to be the highest in case of the bridgel&C
topology in the open loop configuration. To furtlmprove
power factor and make it closer to unity, feed famlvand
feedback loops are introduced in the circuit toedetand
shape the supply current and to reduce its harmonic
distortion. The current control strategies are sifaedl into
two modes, namely the Discontinuous Inductor Curren
Mode (DICM) where the inductor current reaches zero
during a cycle and Continuous Inductor Current Mode
(CICM) where the inductor current never reacheso zer
during a cycle and there is always energy storedhen
inductor. Some of the Continuous Inductor Currerddil
control strategies are: Peak Current Control, Agera
Current Control and Borderline Current Control [[7-8

A. Peak Current Control
In this mode of control (refer Fig.2), an R-S ffipp is used
to toggle the power switches. The flip flop is &t every
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falling edge of the clock input. The switches angtched
ON at a constant frequency. The current through the
inductor increases practically linearly. When itgkes a
reference valued, the switch is turned OFF. Peak detector
circuits are used to detect the peak current aedligh flop
is reset which turns the power switches OFF. Pemtent
control is inherently unstable when the duty ramdiothe
converter exceeds 50% due to the presence of sutehi&
oscillations [9]. So, a compensating ramp is usedgawith
the peak detector circuit when the duty ratio edse®0%.
As seen in the figuree} is generated by multiplying the
output voltage error amplifier and the input sirdab
reference current. When the inductor current rem¢hethe
flip flop is reset and power switch is turned offhe
compensating ramp is avoided in this work sincedhty
ratio is equal to 50%.
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Fig. 2 Block Diagram of Peak Current Control Mode

The following are the advantages and disadvantabpsak
current mode control:

Advantages

» The switches are triggered at a constant frequency.
» Itis enough that only the switch current is seresed

it is accomplished by a current transformer thereby
eliminating the losses due to sensing resistor.

Switch current limiting is accomplished thereby
protecting the power switches

>

Disadvantages

» Sub-harmonic oscillations are introduced in theesas
where duty cycle is greater than 50%. An extra
compensating ramp is required.

Any noise spike in the input current can turn the
switch OFF immediately. The control is highly
sensitive to communication noises.

The MATLAB implementation of this control mode and
the resulting supply voltage and current wavefoares
shown in Figs. 3 & 4
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Fig.3 MATLAB circuit of Peak Current Control Mode
with Bridgeless Interleaved Boost Converter Topglog
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Fig.4 Supply Voltage and Supply Current Waveforms
B.Average Current Control

The technique of average current mode control @rees
the low current loop gain problem of the peak caintnode

by introducing a high gain integrating current erro

amplifier in the current loop as shown in Fig.5.efage

current mode control differs from peak current mode

control in that it attempts to control the averagtie of the
current to follow a reference as opposed to cadintiplthe
switch peak current. The fundamental notion isntooduce
a closed loop of average inductor current stateabbr as
an inner loop in a dual loop control system. Irsthiner
loop, the intent is to re-shape the inductor cur@npeak
Current Mode, so as to improve it with higher gainthe
low frequency region and extend its cross overuesqy.
In short, average current mode control is a twgloontrol
method, inner loop being the current and the oldep
being the voltage loop for power electronic conmest

Here the inductor current is sensed and filterea loyrrent
error amplifier whose output drives a PWM modulaithe
control methods reviewed in the previous sectidhsudfer
from high sensitivity to commutation noise. Thehteique
of average current-mode control addresses thiseidsu
introducing a current compensator in the curreetlfack
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loop that allows a more sinusoidal input currenttlie
converter. The inner current loop compensator iis th
control technique attempts to minimize the errotwieen
sensed input current and the current referenceftineent
reference is obtained in the same way as in peatertu
control).This ensures a unity power factor andréaiction
of higher order supply current harmonics. Hencesragye
current mode control is generally considered as libst
control approach for AC/DC PFC converters espagiall
single-stage PFC converters. Since the input cutranks
an average reference signal, the PFC converteatgsemn
CCM with this control technique. Like peak currenntrol,
the current reference in average current-mode abistthe
product of input voltage and the outer voltage loop
compensator.
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Fig. 5 Block Diagram of Average Current Control Mod

The following are the advantages and disadvantades
average current mode control:

Advantages

» Average current mode control has better noise
immunity compared to peak current control.

» Fixed switching frequency operation and there is
no need for slope compensation as the modulator
ramp/carrier waveform provides the required
compensation.

» Better accuracy.

Disadvantages
» The scheme does not provide immediate switch
current limit as in the case of peak current cdntro
» Need for a current error amplifier compared to
peak current control.
» Dynamic response is slow.

The MATLAB implementation of this control
mode and the resulting supply voltage and current
waveforms are shown in Figs.6 & 7.
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Fig.6 MATLAB Circuit of Average Current Control
Mode with Bridgeless Interleaved Boost Converter
Topology
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Fig.7 Supply Voltage and Supply Current Wavefs

B. Borderline Control

In this mode of control, the switch on-time is kepnhstant
during the line cycle and the switch is turned dmew the
inductor current falls to zero, so that the corsedperates
at the boundary between Continuous and Discontisiu
Inductor Current Mode (CICM,DICM)[10-11]. This alis

the switch to be turned on when the input inductorent

reaches zero and to be on until the input induntaches
the upper reference value. The frequency of thiee tgf

controller varies with line and load. At high limead load,
the frequency is at maximum but also varies througlhe

line cycle (high frequency near zero crossing aad |
frequency near the peak). The principle schembéadsve in

Fig. 8. The instantaneous input current is corstitlby a
sequence of triangles whose peaks are proportiontdie

line voltage. Thus, the average input current bexsom
duty-cycle

proportional to the line voltage without
modulation during the line cycle. Borderline contilore
mode (or Critical conduction mode) operation is thest
popular solution for low power applications. It

characterized by a variable frequency control s&eém

which the inductor current ramps to twice the dmsbir

average value, ramps down to zero, then immediadehps
© 2013, IJSRCSE All Rights Reserved

Valdssue-4, PP (44-49) July-August 2013
positive again. This control technique is referred as
"automatic current shaper". The same control siyatean
be generated, without using a multiplier, by motintathe
switch on-time duration according to the outputnsigof
the voltage error amplifier[12]. In this case switcurrent
sensing can be eliminated.
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Fig.8 Borderline control with Boost topology
Advantages

» Simple Control Scheme. The application requires
few external components

» Compensating ramp is not required

» Current Error Amplifier is not required

Disadvantages

» Large switching frequency variations

» Inductor voltage must be sensed in order to detect
the zeroing of the inductor current

» For controllers in which the switch current is

sensed, control is sensitive to commutation noises.

The MATLAB implementation of this control mode atite
resulting supply voltage and current waveforms sirewn

OU in Figs.9 & 10.
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Fig.9 MATLAB Circuit of Borderline Control Mode
with Bridgeless Interleaved Boost Conveftepology
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Fig.10 Supply Voltage and Supply Current Waveform
From Fig.10, it is found that the borderline cohtrbas
improved the spectral quality of the supply current
compared to the average current technique. Theowari
perfromance parameters are calculated which isigisal in
the next section.

VI.  ANALYSIS OFPERFORMANCEPARAMETERS

FORBRIDGELESSIBC RECTIFIER

The performance parameters for the proposed topaiog
discussed as follows:

A. Total Harmonic Distortion (THD)

The total harmonic distortion or THD is a measuretref

the harmonic distortion present in a signal andefined as
the ratio of the square root of the sum of the szpiaf all
harmonic components to the fundamental frequency
component. Mathematically, it is represented as:

—_—
Iy= 12
\ n=2 ‘nrms
THD; -——
1rms
B. Distortion Factor or Purity Factor (Kp)
The distortion factor describes how the harmongtadtion
of a load current decreases the average powelféregd to
the load. Mathematically, it is represented as:

1
|1+ THD?

v

K, =
C.Displacement factor (Kd):

Displacement factor is defined as the cosine of ahgle
(@) between the voltage and current.

K4=cos O
D. Power Factor (PF)
Power factor is defined as the product of the Dikio
Factor and the Displacement Factor.

PF=K, * Ky

The design parameters for the bridgeless IBC are fs
25kHz, Vin = 20V, Vo = 40V, duty ratio = 0.5, L1 =
667uH, C= 760uF, R = 47.06 ohms.The following table
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shows the consolidated comparative results of the
performance parameters of the various current cobntr
strategies discussed in this paper.

Table : 1

Topology THD Distortion Displacememt Power

(%) Factor(kp) Factor (kd) Factor
Openloop 68.43 0.8252 0.9995 0.8248
Peak 55.16 0.8756 0.9995 0.8752
Current
Average 50.75 0.8917 0.9998 0.8915
Current
Borderline 13.02 0.9916 0.9916 0.8689

Comparative results of the performance parametetheo
Bridgeless Interleaved Boost Converter Topologyhvifie
various current control strategies incorporatedntrthe
above table, it can be inferred that the bordez tontrol
technique is the most preferable as it affordslole THD
for the supply current and improved power factor.

V. CONCLUSION

A two-phase bridgeless interleaved boost convehias
been investigated and it is found that the propdspdiogy
has improved the spectral quality of the supplyentrand
better

power factor. The current control techniques fopiiaving
the power quality for bridgeless interleaved bamstverter
have been analyzed. A comparative analysis of peak
current, average current and borderline currentrobhas
been carried out by implementing these strategies i
MATLAB-SIMULINK. The simulation results obtained
show that the borderline current control offers gwver
factor very close to unity and the supply curreitDris
about 13.02% compared to the other techniques.
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