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Abstract — This paper proposes a soft switching
interleaved Boost-Flyback converter employed as a
preregulator stage providing power factor correction.
The use of a soft commutation cell allows the main
switches to be turned on and off under null current and
null voltage conditions, respectively. Interleaving
techniques imply the overall reduction of the Boost
inductor size and also the minimization of the switching
losses without increasing voltage and current stresses.
This topology has the advantages of the Flyback
converter, as auxiliary power supplies are not necessary.
A theoretical analysis, including the description of the
operating stages and relevant expressions is developed.
Additionally, simulation and experimental results are
presented.

Keywords — Power Factor Correction, Interleaved
Converters.

I. INTRODUCTION

The intensive use of electronic converters, mainly in
industrial and residential applications, e.g.,
telecommunications, control and motor drives, instruments of
measurements and switched-mode power supplies employed
in personal computers has significantly increased the
injection of harmonic currents in the power grid. Recently,
there has been great interest on the reduction the harmonic
content of the input current and also power factor correction
(PFC). However, at high switching frequencies, switching
losses and EMI levels become significant and must be
considered in the design of converters. The losses during
turning on and turning off are also increased at high
frequencies, although soft-switching techniques are supposed
to overcome this limitation. A prominent solution can be
found on the zero-voltage transition PFC (ZVT-PFC) [1]
converters and on the zero-current transition PFC (ZCT-
PFC) converters [2]. The work described in [4] presents eight
Boost topologies where switching cells operate in
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discontinuous conduction mode (DCM) at relatively low
frequency (25kHz per cell), and [5] presents a PFC
interleaved Boost converter operating in continuous-
inductor-current mode (CICM).

However, the configurations mentioned above develop
considerable commutation and conduction losses, demanding
complex control circuitry and implying reduced reliability of
the converters.

The Boost PFC converter has been intensively used due to
the dc voltage gain characteristics and reduced inductor
volume and weight [7,8], since it is adequate as a
preregulator stage. The work presented in [9] employs two
switches that perform the same operation, what allows the
choice of a greater switching frequency and also a smaller
filter capacitor than that in [10]. In this case, the use of
interleaving techniques results in even smaller filter
inductors and filter capacitors.

Interleaving techniques consist in the interconnection of
multiple switching cells where the operating frequency is the
same, but the gating signals are sequentially phased over
equal fractions of the switching period [3]. The converter
described in [11] employs this strategy with power factor
correction IC UC3854 [13], although the switching
frequency is 100kHz. This paper presents two switching cells
operating at 100kHz each i.e. the filter inductors and filter
capacitors are designed for an operating frequency of
200kHz. It means that the sizes of the filter elements are
substantially reduced in comparison with the case studied in
[11].

An optimum alternative that leads to high power levels at
high switching frequencies lies in the wuse of the
nondissipative snubber described in [7] and [12]. However,
such configuration employs two voltage sources, while the
one proposed in this paper uses an interleaved Flyback
converter to replace them. Additionally, the resonance does
not demand two diodes as in [7] and [12], but a single
inductor and a single diode instead. Within this context, this
work presents two significant contributions i.e. the reduction
of the size and the volume of the filter elements and the
absence of auxiliary power supplies [14].
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II. OPERATING PRINCIPLES OF THE INTERLEAVED
BOOST-FLYBACK CONVERTER WITH THE
NONDISSIPATIVE SNUBBER

In order to study the proposed topology, the operation of
the converter shown in Fig. 1 is divided in six topological
modes, according to Fig. 2. One must remember that
operation of a single cell is considered due to the inherent
analogy between the cells. The main waveforms are shown in
Fig. 3.
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Fig. 1. Interleaved Boost-Flyback converter with power factor
correction.

First Stage (#y, t;): This stage begins at instant #), when
switch M1 is turned on in ZCS mode, due to L,; that
demagnetizes though loop formed by Cy, Ds and M;. The
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Flyback stage maintains the resonance between C,; and L,;
causing diode D; to be forward biased. This stage finishes
when the voltage across capacitor C,; equals the output
voltage.

Second Stage (#;, t;): It begins when the voltage across
capacitor C,; is clamped to V), and the resonant inductor L,;
demagnetizes linearly through the loop formed by D,;, D;, C,
and Flyback stage. This stage is responsible for the PWM
characteristics of the converter, and it finishes when switch
M, is turned off.

Third Stage (¢, t;): This stage begins when switch M; is
turned off in ZVS mode. Resonant capacitor C,; discharges
linearly the stored energy through the loop formed by L;;, Cy
and D;.

Fourth Stage (#;, t,): Inductor L,; oscillates with C,;, D5 and
D; until it equals the load current. At the same instant, there
is a resonance involving capacitors C,; and C,,, and inductor
L,;. Capacitor C,; is charged negatively, while capacitor C,,
is fully discharged, as this stage finishes and switch M, is
turned on in ZCS mode.

Fifth Stage (¢, t5): Capacitor C,; oscillates with inductors L,,
and L,, through the loop formed by Ds, Cy and Flyback stage
until the current through L,; equals the load current.

Sixth Stage (¢5, #5): During this stage, the voltage across
resonant capacitor C,; is clamped to the voltage assumed at
the end of the previous resonant stage, until a new switching
cycle begins.
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Fig. 2. Equivalent circuits describing the operation of the proposed converter.
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Fig. 3. Main theoretical waveforms.

III. DESIGN PROCEDURE

The active components and resonant elements can be
determined according to the expressions presented below.
Further details on this procedure can be found in [15].
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The switches can be specified according to expressions (6)
and (7).

2
K K K K,(K-1
I :u_FK,K _f+2_K+M +
M](avg) 2D /B D a a 6)

K, _
K, 2 K cos K2+K, &+£
‘\2D «a ’ a 2
K K} (cos’l KZ)3

1 = +
M](rms) 3

2K KK, [(I—KZ)cos’l K2+1-K2? ] +

(7

KfKé -1 2
K KyKy =5 [cos K2 kN1-k2 }

3 2
(K5) (55) K,
3D? D
The diodes can be specified according to expressions (8)
and (9).
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The resonant diodes can be specified according to
expressions (10) and (11).
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Where:
L, —boost inductor;
D — duty cycle;
fs — switching frequency;
fo— resonant frequency;
C, — resonant capacitor;
L, — resonant inductor;
I — output current;
P, — output power;
P;, — input power;
Vy — output voltage;
K — constant;
wy; — resonance frequency;
Vy — output voltage;
Ve — voltage provided by the Flyback stage;
o — gain.
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The following analysis is based on the following
assumptions:
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(i) All switches and diodes are ideal;
(i1) Input voltage and output voltage are ripple-free;
(iii) Inductors and capacitors are lossless and the output
current is assumed continuous during the operation.

Initially, the transfer function between the input voltage
and output voltages can be determined as:

G=1+ DT, (18)
(l—D)TS— K+3ﬂ+\/§”
aay, 2\/56001 2 w,

Where:
T, — switching period;
DT, — switching frequency.
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From (18), one can see that the static gain depends on the
ratio between the output voltage and the Flyback voltage.
The duty cycle behavior as a function of the normalized
current is presented in Fig.4, where the static gain assumes
several values.

IV. SIMULATION AND EXPERIMENTAL RESULTS

In order to illustrate the operation of the converter, some
simulation and experimental tests were carried out
employing the parameters set shown in Table 1.

Simulation and experimental results are shown in Figs. 5
and 6, respectively. Fig 5 (a) and Fig 6 (a) evidence power
factor correction when the input voltage is 220V, as the
displacement power factor is 0.998 and 0.995, respectively.
Fig 5 (b) and Fig 6 (b) present the waveforms referring to the
resonant tank elements. Fig 5 (c¢) and Fig 6 (c) illustrate soft
switching, where one can see that switch M/ is turned on and
off under null current and null voltage conditions,
respectively. Finally, Fig 5 (d) and Fig 6 (d) represent the
current through Boost inductors Lb/ and Lb2.

Fig.7 depicts the harmonic spectrum of the input current
and input voltage.

Fig.8 shows the efficiency curve of the Boost-Flyback
converter. It can be seen that the efficiency at rated load is
quite high i.e. 98%.The graph also indicates that the use of
the nondissipative snubber is prominent in front of the
behavior of the hard-switched structure.
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Table I — Parameters set used in the tests.

Parameter Value
Boost inductors LbI=Lb2=600uH
Flyback inductor L,=5uH
Output capacitor C0=330uF
Auxiliary capacitor Cou=220uF
All diodes MUR1560
Switches M; and M, IRFP460
Switching frequency f=100kHz
AC input voltage V=80-240Vrms,

DC Output voltage V=400V 4
Output power P=2000W
Output current 1,=5A

Resonant inductors L.=L.,=5uH

Resonant capacitors C,.=C,,=8.2nF

Dty cycle
T T Gain
16— = 40
30
14 —
zn

1.2 —
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Mormalized load curent
Fig. 4. Duty cycle versus normalized load current, when the
static gain is varied.

V. CONCLUSION

This paper has reported analytical, simulation and
experimental results of a PFC interleaved Boost-Flyback
converter. It has been demonstrated that the converter
provides highly efficient power factor correction without
commutation losses, using the same number of switches of
the hard-switched structure. The proposed approach allows a
good performance at high switching frequencies, as the use
of  soft-switching techniques provides satisfactory
performances at high voltage and high power, due to the
reduced conduction and switching losses.

The behavior of the converter is analyzed, where it can be
seen that the main switches are turned on and turned off in
ZCS and ZVS modes, respectively. An experimental
prototype of the converter was implemented, as the
experimental results validate the theoretical study.
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Fig. 5. Waveforms obtained in simulation tests.
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(a) Input voltage and input current
Scales: 1;, — 100V/div.; V;, — 20A/div.; time — 2ms/div.
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(b) Resonant tank waveforms
Scales: I;,; — 10A/div.; I;,.— 5A/div.; Ve, —200V/div.;
time — 2ps/div.
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(c) Drain-to-source voltage and current waveforms of switch M;
Scales: Vy; —200V/div.; I, — 10A/div.; time — 2ps/div.
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Scales: I}, I15; — 100mA/div.; time — 10us/div.

Fig. 6. Waveforms obtained in experimental tests.
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Fig. 7. Harmonic spectrum.
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