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ABSTRACT:
The objective of this project work is to '
develop a Buck-Boost Converter to achieve high I_ \
power factor with high operating frequency with ,«',v),‘.‘ ‘,'l,\
simulation study. The recent technologies which Li
involve high frequency applications such as wireless ’ %
power transfer (WPT) wuse a high operating k / .
frequency in the range from a few hundred of kHz to Diode Rectifier N
over some of MHz. Such buck, boost or buck-boost (®)
configuration adopt improved power quality in
terms of reduced total harmonic distortion (THD) of
input current, power-factor correction (PFC) at A
mains and precisely regulated and isolated
output voltage feeding to loads from few V
several kKW. Further this paper p
comprehensive study on power factor corre
single-phase AC-DC converter configuration, contr@
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apacitor is char@éd to a value close to the peak of the ac
input voltage [see Fig. 1(b)]. Finally, pulsating input
current of large magnitude occurs near the peak of the ac
input voltage. Because of distorted input current the
ess power does not flow continuously from the
mary side of the WPT system to the output of the
system. Thus such diode rectifiers result in a poor input
power factor (PF).

Figure 2 shows simulation of such diode
rectifier circuit. Input voltage is taken as 50 Vrms. The
result is depicted in fig.3 which shows the distorted
input current with that of sinusoidal input voltage.
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Fig. 2 Simulation Model Of Diode Rctifier
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Fig. 3 Input voltage and current waveform

In order to overcome such problem of
rustication, an excessive use of AC-DC converters in a
number of applications have been increased. As a result,
the power quality has become important to mai
clean power supply to the consumers. Dependingfn
the voltage levels, the AC mains voltage is convge

converter at the re
power converter an
frequency-fed ac to dc co
technique, the input current is shaped to be sinusoidal

side, This paper presents a
ntrol circuit for high-
rsion. Based on the resonant

and is forced to follow the high-frequency sinusoidal
input voltage so as to achieve unity power factor. With
the proper selection of the characteristic impedance of
the resonant tank, the converter is able to perform the
function of a buck, boost, or buck-boost converter. The
initial condition of the resonant tank is used to control
the output voltage gain of the converter. Since all the

switches are operated at the fundamental frequency of
the input ac source, the switching loss of the converter is
small. A control scheme is also proposed for the
converter. A proof-of-concept prototype operating at
400 KkHz is constructed and its performance is
experimentally measured.

In [2], the use and design of a Boost pre-
regulator for the Power Factor Correction and the
design, use and analysis ck Converter for power
Factor Correction are cribe@. Also comparision of
various DC-DC Con r topologies for Power Factor
Correction is de e basic purpose of a Power

n considerations, performance
quality considerations, selection

future developments. Simulation results as well as
comparative performance are presented and discussed
t of the proposed topologies.

Interleaved buck and boost converters have
een studied in recent years with the goal of improving
power-converter performance in terms of size,
efficiency, conducted electromagnetic emission and also
transient response. The gains of interleaving consist of
high power potential, modularity and better reliability.
Since the inductor is frequently the largest and heaviest
component in a high-boost converter, the use of a
coupled inductor as a substitute of multiple discrete
inductors is potentially beneficial [4]. The coupled
inductors also offer additional benefits such as reduced
core and winding losses as well as better input and
inductor current ripples. Generalized steady-state
analysis of multiphase IBCs has been previously
reported.

PROPOSED PFC TECHNIQUE WITH BUCK-BOOST
CONVERTER:

In proposed system an improved boost
converter circuit is connected after a diode bridge
rectifier to form a PF correction (PFC) circuit as shown in
fig.4. The output dc voltage is sensed and fed to an error
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amplifier [1]. The difference between the actual and
reference voltage is derived and applied to a
compensator circuit such as a proportional-integral (PI)
compensator. The output of the compensator is
multiplied with the signal proportional to the ac voltage
waveform Vs to produce the reference current signal Iirer.
After- ward, a current mode controller is used to
generate the ON and OFF signal to the switch shaping the
current waveform of the inductor. Therefore, the average
wave shape of the ac current is forced to follow the
waveform of the ac voltage.

This proposed scheme is simulated as shown in
fig.5 with input voltage of 50 V at frequency 50 Hz. Thus
we get the perfect sinusoidal input current with respect
to input voltage and we are getting the unity power
factor as shown in fig.6.
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Fig. 5 Simulation of PFC circuit

t of PFC showing

current

roposed high frequency fed
it. The PF conditioning
the LC series resonant

nt frequency of the LC circuit,

(w=wr=1/[2n(Lr Cr)%3] rreerrrererinens (D

and the initial current of the resonant inductor is zero.
There are two parameters that will affect the amplitude
and waveform of the inductor current. The first
parameter is the equivalent impedance of the LC circuit
which is designed by the resonant inductor and capacitor
such that,

Zic = (Lr /Cr)os

and the second parameter is the initial voltage of the
resonant capacitor.

In [1] the current and voltage waveforms of the
LC resonant circuit with different equivalent impedances
in the positive half cycle of the input voltage. The initial
voltage of the resonant capacitor and the current of the
resonant inductor are zero.

(Verinit = 0, ILriit= 0)
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Fig.7 Proposed ac-dc Buck-Boost converter with PFC and
Regulation stage

It can be observed that the source current is
affected by the equivalent impedance of the LC circuit
while the voltage waveform of the resonant capaci
remains the same. The total energy stored i
resonant capacitor over the positive half
proportional to the size of the capacitane€.
positive half cycle of the input voltage, the current o
resonant inductor, and the voltage of the resonant

higher the capacitor vol
half cycle

o 37
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Fig. 7.1 Series resonant circuit

TIMING DIAGRAMS AND MODES OF OPERATION:

The timing diagrams of the proposed high-
frequency-fed ac to dc power converter are shown in
Fig.8. It can be seen that there are four operating modes
as shown in Fig. 9 to 12. In the PFC stage, switches S1
and S2 are used to select the resonant tanks Lr1 Crl and
Lr2 Cr2 for the positive and negative half cycles,
respectively. In the regulation stage, S4 and S3 are the
k boost converter for the
yclesprespectively. Here, it is
nd Lrl=Lr2.

switches for controlling th
positive and negative h
assumed that Crl =

ON o

Fig. 8 Timing diagram

Mode 1 (t: O to t1 ): Initially the capacitor Crl
and Cr2 are assumed to be charged to Vcrmin and Vermax ,
respectively. Then the positive half-cycle begins at t = 0.
In the PFC stage, switch S1 is turned ON and switch S2 is
turned OFF. Diodes D1 and D4 are in the conducting
state but diodes D2 and D3 are not conducting [Fig.9].
Lrl and Crl are connected in series to form a series
resonant circuit. In the first positive half cycle the
resonance takes place and the inductor current starts
from zero and follows the first half of a sinusoidal
waveform and then decreases to zero when D1 and D4
block the reverse current flow. In this span t= t1 the
voltage of Cr1 is charged from its initial value Vcrmin to a
certain level.

While regulating, switch S4 is turned ON and
diode D6 is in its conducting state. Switch S3 is turned
OFF and diodes D5 and D7 are reverse biased. The
current iL. can be assumed to be a constant magnitude
because of large value of L. Capacitor Cr2 and inductor L
form a closed circuit. Due to reverse polarity of D6 , Cr2
is discharged in one direction until the voltage of
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capacitor Cr2 is equal to the minimum voltage of
capacitor Cr2 (Vcrmin )- The minimum voltage of capacitor
Cr2 is either a positive voltage (Vcrmin>0), zero voltage
(Vermin = 0), or negative voltage (Vcrmin < 0) depending on
the output power. Energy is transferred from the PFC
stage to the regulation stage and is stored in the inductor
L. In this time period, the output capacitor CO delivers
energy to the output load resistor RL.

U ot O

Il

sitive cycle ends.
switch S1 is

is turned OFF at t = t1 and
the voltage of Cr2 is equal to
Vermin . Now, capacitor Cr2 is not connected to the PFC or
the regulation stage. The current of inductor L cannot be
changed instantaneously, resulting in the forward-biased
conduction of diode D7 . Therefore, the energy stored in
inductor L is delivered to the output capacitor CO and the
load resistor RL.

D5 remain in the OFF sta
D6 is reverse biased wh

B s

0

series with the input source
lin is shaped as a sinusoidal

from the input source Vin to capacitor Cr2 . In the
regulation stage, switch S4 and diode D6 remain in the
F state. Switch S3 is turned ON. Diode D5 is in the
cting state whileD7 is reverse biased. The energy
red in resonant capacitor Crl is transferred to
inductor L. Crl is discharged to L until the voltage of
capacitor Crl is equal to Vcrmin . Similarly to Mode 1, the
load resistor RL is supplied by the output capacitor Co. In
this way in the negative half-cycle of Vin, the negative
part of the waveforms are similar to that of the positive
half-cycle.
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Fig.11: Mode 3
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Mode 4 (t: t3 to ts ): The switching state of the switches
(S1 and S2 ) and diodes (D1, D2, D3, and D4 ) are the

same as that in Mode 3 in the PFC stage. At t = t3, in the j_ﬁ/;l“ j; Ds Dy
regulation stage, switch S3 is turned OFF when the 355 A N il
voltage of Crl is equal to Vcmin . Energy stored in D, £D : Vi L =Co Vo3R
inductor L is transferred to output capacitor Co and load Vi i Pt f E =
A A
resistor RL through diode D7. Its equivalent circuit @ i i 1T
diagram is shown in Fig.12. Switch S2 is commutated AD, BD, Ven==Cp =
OFF naturally when input source Vin becomes positive at i S Ly | S Dy
t = ts . Again the positive part of the operation is repeated i _"':”‘;“ _'/ v
and switches S1 and S4 are turned ON. E LEETY T
. i \ Crt S
= | _D! 3 ” CrS, ars, , _
’ ‘ |0 i_ _: l’l:F' Stage Cr_$ Reg Stage l(‘r)nin B ’(_) -----
& Rt t Control Control Compensator '
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| et (LT | t o4 he
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CONTROL METHODOLOGY:
Fig. 13 shows the cg

S b

Fig. 12 : Mode 4

etector are also
applied to the on generator to
derive the control
S3 and S4 respectively. ntaneous output voltage
VO is sensed and subtra from the reference output
voltage Vrer , of whicll the error is applied to a
compensator to generate the threshold voltage VCr,min
for the resonant capacitors Crl and Cr2 . Fig.14 also
shows the control circuit of the regulation stage where
the instantaneous voltage of the resonant capacitors
VCrl and VCr2 are being sensed and compared with
VCr,min to generate the pulse width of the switches S3

and S4 .

CALCULATION:

Calculation of the components used in
ion study are given in following table no.1. These
ponents have been designed for buck operation of
e proposed converter. The component calculation can
vary as per the required operation, i.e. buck or boost in

case of simulation.

Table no.1: Component Calculation

Sr. Component | Symbol | Values
No.
1 Resonant Lr 2.02mH
Inductor
2 Resonant Cr 20nF
Capacitor
3 Filter L 0.6uH
Inductor
4 Filter C 1.6mH
Capacitor

Fig. 16 shows the results of overall converter
block diagram which is depicted in fi. 15. The first
waveform shows input ac voltage, second the input ac
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current following the ac voltage waveform with some
power factor correction. The third waveform is showing
constant dc voltage with buck operation and the last;
constant dc current with output power in few watts. We
can increase this result with several kW further by
selecting components with boost operation.

SIMULATION PART OF ENTIRE CONVERTER CIRCUIT:

ion results with buck tion: Vin, lin,
Vdc, Idc resp.

s a buck-boost power
circuit for high-frequency-fed
d on simulation study. Based on
ue, the input current is shaped to be
sinusoidal and s forced to follow the high-frequency
sinusoidal input voltage so as to achieve unity power
factor. With the proper selection of the characteristic
nce of the resonant tank, the converter is able to
rm the function of a buck, boost, or buck-boost
nverter. The initial condition of the resonant tank is
used to control the output voltage gain of the converter.
Since all the switches are operated at the fundamental
frequency of the input ac source, the switching loss of the
converter is small. A control scheme is also proposed for
the converter. A proof-of-concept prototype operating at
25 kHz is being constructed and its performance will
experimentally be measured which is left for further
work.

paper pre
its contr;
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