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Abstract - This work presents the operation and desigr?encect fqr pre-regulator,_ but this converter presents
. . o commutation and conduction losses, bringing reduction in
of a high power factor high frequency switching power, efficiency
supply. A good power factor is obtained using as a pre- C tioﬁal Resonant and Quasi-Resonant Converters
regulator circuit an AC-DC Boost Converter associate 4 onven )
. Co : L t], [5], [6], [7] and [8] provide ZCS (Zero-Current
with a non-dissipative snubber operating with high poweg . - - L
factor and without commutation losses. The same no switching) and/or VS (Zero-VoItage_Swn_chlng) [9], [10],
dissipative snubber associated with the l.:orward convertnand these converters can operate W'th high-frequency, but
providing the soft commutation switching, is used as thethese techniques have load limitation, .because there are
DC-DC converter. A complete theorétical analysis%urrem and/or voltage p_eaks_oyer the swltches and range of
. : I frequency control, making difficult the filter components
simulation and experimental results are presented. design
A good way to reach high frequency and high-power
1-INTRODUCTION operation is to use the non-dissipative snubber presented in
The power supply unit is a very important circuit for allreferences [11], [13] and [14].
electronic equipments, because it provides the necessaryThe switching mode power supply provides the
voltages for correct work of the electronic circuits, thesdransformation of one DC voltage level to another, then a
electronic circuits are wused, usually, to performDC-DC converter is used for this finality. There are several
professional or domestic equipments, for instance DC-DC converters that can be used in this case, but it is
computer, equipments of telecommunication, aviation andecessary those converters operate in high-frequency and
military, games, etc. These equipments are morpresenting reduction of switching losses, regulated
sophisticated, then it is indispensable a power suppl§ultiple output and isolation between outputs.
smaller and lighter, and more efficient. Generally, these A DC-DC Forward converter using non-dissipative
equipments use AC as a primary power energy supplgnubber that can reach high frequency and high-power
therefore, the AC must be transformed in DC energypperation is used in this SMPS. This converter is well
because the majority of these systems require high qualigpitable for this power level and it provides:
DC power. - Soft switching for full load range;
The linear power supplies are good for low power - Conduction losses are almost the same as those
applications, but are uneconomical and inefficient whem@bserved in the hard PWM converter.
more power is required. The alternative is to use the
switched mogle power su.pplles.(SMPS). This kind of 2 - THE PROPOSED SMPS
power supplies presents: multi output DC voltages,
constant switching frequency and reduced size and weight
when compared with linear power supplies, but the input The AC-DC and DC-DC non-dissipative converters are
stage of the switching mode power supplies are wekhown in Figure 1 and Figure 4 . These two converters can
known to be harmonic generators. Recently, there has beeperate with reduced commutation losses. In these
great interest about the reduction of input currentonverters of the SMPS the switches S1 (Boost) and
harmonics and power factor correction (PFC). MoreoverS1'(Forward) are commutated in a ZVS way and the
in many single-phase applications, mainly in poweiswitches S2 (Boost) and S2' (Forward) are commutated in
supplies, the power level can reach several kWatts; and the ZCS form due to the resonant cell, composed for
some situations, the input voltage can be quite high tosesonant inductors (Lr and Lr’) and resonant capacitors
For these types of application the conventional Boost PF(Crl, Cr2, Crl’ and Cr2’). The high power factor is
converter has been more used due to its characteristicsaiftained using the Bang-Bang Hysteresis current
dc-voltage gain, lower inductor volume and weight, andvaveshaping control technique [12].
losses on the power devices, which will affect converter To simplify the analysis the converters will be studied
cost, efficiency, and power density [1], [2] and [3]. It is separated, but it does not prejudice its understanding.



3 - PRINCIPLE OF OPERATION OF THE AC-DC
BOOST

Figure 1 shows the Boost Converter associated with a
non-dissipative snubber used like a pre-regulator.
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Figure 1 - Boost Converter associated with
the non-dissipative snubber.
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From [11] and [13], one can obtain the waveforms

shown in Figure 2.
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Figure 2 - Theoretical waveforms for the Boost
Converter associated with a non-dissipative snubber.

From [11] and [13]. The transfer function between
Vo and Vin is given by:
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Where:

fs = switching frequency;

fo= resonant frequency;

D = duty cycle;

X =it is the reason between Crl and Cr2.
I|n Lg
~ Vo Cr

K:]_:f_s
fo

X+1+g|:@
Xa 2

1)

)

®3)
4 - CONTROL STRATEGY

The block diagram of the control circuit with the Boost

The samples of the input current and line voltage are
obtained from Rshu and Rtl / Rt2 sensors. The voltage
sample is rectified in the Precision Rectifier block.

4 The PI controller is implemented to provide the signal
control (Vc) which is multiplied for the voltage reference
(Vinref). Following this signal is added to the sawtooth
signal generating the reference current signal (Iref). Drive
signals are achieved comparing the current feedback
signal, obtained in the Rshu sensor, with the reference
current signal.
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Figure 3 - Boost Converter associated with
the non-dissipative snubber and the control circuit.

The signal obtained from the output comparator block is
driven directly to monostable, to provide a fixed pulse, and
driven to auxiliary switch S2. The same signal will drive
the switch S1, when the zero voltage transition on the
switch is satisfied. It is possible because switch S1 is
driven in a dual thyristor mode.

5 -THE PROPOSED FORWARD CONVERTER

Figure 4 shows a simplified schematic circuit of the
Forward converter associated with the non-dissipative
snubber.
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Figure 4 - Forward converter associated with
the non-dissipative snubber.

Following, a theoretical analysis for the approach shown
in Figure 4 is presented. The analysis begins with the
description of the seven operational stages whose are
divided a switching cycle of the proposed converter.

First Stage (i, t,) - This stage begins when switch S2’ is

power stage is shown in Figure 3. This converter operatggrned on in a ZCS way. During this stage the resonant
with constant switching frequency and high power factorinductor current (ILr") rises linearly from zero to the input
using a Bang-Bang current control strategy. current (lin").
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Figure 5 - First Stage;(it,). Figure 9 - Fifth Stage4tts).
Second Stage 4t t) - When the resonant inductor Sixth Stage {§, t;) - When the main switch S1’ is

current (ILr’) is equal to the input current (lin"), this stageturned off, this stage begins. Input current flows through
begins. During this stage the resonance between tliee resonant capacitor 1 (Crl’), this capacitor is charged up
resonant capacitors (Crl’and Cr2') and the resonant to the output voltage (Vo). This stage finishes when diode
inductor (Lr’), begins. In this stage the resonant capacitor D1’ is turned on beginning the transformer
(Cr1") is discharged and the resonant capacitor 2 (Cr2’) idemagnetization.

charged. This stage finishes when the resonant capacitor 1 - .
(Crl") is completely discharged. L ‘
win'
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Figure 10 - Sixth Stages(tt;).
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Seventh Stage {t t5) — This is the stage of the
Figure 6 - Second Stage, (). transformer demagnetization. When diode D1’ is turned
. . . on, this stage begins. This stage finishes when the
Third Stage (§, ;) -This stage begins when the voltage o nstormer demagnetization finishes. During this stage the

on the resonant capacitor 1 (Crl’) is equal to zero. During,nsformer demagnetizes over the impute voltage source
this stage the resonant capacitor 2 (Cr2’) is in resonan in’)

with the resonant inductor (Lr"), alone. When the resonan
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inductor current is equal to zero this stage finishes. After w
the resonant inductor current reaches zero the switch S2’
can be turned off in a ZCS way. During this stage the main /"™ e
switch S1’ is turned on in a ZVS way. T ot
i o§ DA Lt 'Dl .
. Lp cf i} vl Figure 11 - Seventh Stage, ().
MR .% Tios = | Eighth Stage (f, t) — When the transformer
T o] demagnetization finishes this stage begins. This is the
sz SL| freewheeling stage. This stage finishes when switch S2’ is
turned on, in a ZCS way, beginning the next switching
Figure 7 - Third Stagex(tts). cycle.
Fourth Stage (i, ts) - This stage begins when ILr is Lf 'Dl .
equal to zero, and it finishes when the voltage on resonant R o
capacitor 2 (Cr2") is zero. During this stage the resonant oo Al

capacitor 2 (Cr2’) is discharged in a linear way by the

input current (lin’).
From the operating stages. The transfer function

T L;% H m ; between Vo’ and Vin' is given by:
cf o
1 ~ ' il D 1 ]
v Ls T " G':V—O:E '+ﬁgf>\rccosﬂ-i5+X—+l+iEE (4)
L I 2ng 0 X0 %
cr2'

Figure 12 — Eighth Stage(to).

= Vin'  np X'a' 2
51 Where:
4§ np = number of windings of the primary;
Figure 8 - Forth Stage(tts). ns = number of windings of the secondary;

fs = switching frequency;

fo'= resonant frequency;

D’ = duty cycle;

X' =it is the reason between Crl’ and Cr2'.

Fifth Stage (&, t) - This stage begins when the voltage
on the resonant capacitor 2 (Cr2’) is equal to zero, turning
on diode D2'. When switch S1’ is turned off in a ZVS way

this stage finishes. During this stage the energy is N ' (5)
transferred from the input voltage source (Vin') to the .- lin" |Lg’
load. This stage is responsible for the converter PWM Vin'\ Cg'

characteristics.



From

waveforms shown in Figure 13.
t\D tll t2 t3

the operating stages,

(6) Figures 15, 16, 17, 18 and 19 show the simulation and
experimental results. As can be seen the commutations of
the switches occur without losses and the power factor is

one can obtain g, ynity. Figure 15 shows the power factor correction,
in the nominal load was obtained the value of 0.998.
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Figure 13 - Theoretlcal waveforms for the Forward Converter
associated with a non-dissipative snubber.

In Figure 14 is shown de control strategy of Forward

converter.
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RsT' Figure 15 - Input voltage and current for nominal load:

a) simulated results;
b) experimental results.
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Figure 14 — Control strategy of Forward Converter.

6 — SIMULATION AND EXPERIMENTAL / @
RESULTS “

The switching mode power supply proposed was studied
by simulation using the PSpice software and using the

following parameter set:

S1 and S1' = IRFP460; #z= 10nF;
S2 and S2'= Sbreak; &= 27nF;
D3 and D3’ = Dbreak; &' = 7.5nF; -
Other diodes = MUR1560; & = 47nF; T e
P,=600 W; Lg and Ly’ = 2.54H; (0)
fs= 100kHz; ly = 1.5mH;
Vi, =~110V; Cf=1mF;
Co = 68QUF; Vo' =50V,
Lf = 100uH; lo’ = 12A.
A prototype of the proposed switching mode
supply was built using the following parameter set:
S1 and S1' = IRFP460; #z= 10nF;
S2 and S2'= IRGBC20f; & = 27nF; o () o
D1’ = Z.X MUR1560; Gy =7.5nF; Figure 16 — H:rmonic Spectrum:
Other diodes = MUR1560; & = 47nF; (a) of thge Input Current for simpulated results;
Py,=600 W, Lr and Iz’ = 2.5uH; (b) of the Input Voltage for experimental results;
fs= 100kHz; l, = 1.5mH; (c) of the Input Current for experimental results.
Vin=~110V; Cf=1mF; Current and voltage THD were obtained, they are
Co = 68QUF; Vo' =50V, relatively low as it can be seen in figure 16. THD was
Lf = 100uH; lo" = 12A. calculated for the current, in the simulation and in the




experimentation, and for voltage just in the prototype.
From the simulation the value of THD of current obtained
was of 4.85%, for the prototype the value of current and
voltage THD, were 2.84% and 2.83%, respectively.

Figure 17 shows the input of the comparator, where the

pulses are generated, little interference can be seen, this is

due to the used filters in the control.

-
907205 190,905 1909205 19090z 19096005 o980 191, 0000

T T T T T T

T T T T rrT

it g e g 0 Y
(b)
Figure 17 — Impute of the comparator:
(a) for simulated results;
(b) for experimental results.
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Figure 18 - Experimental Results:
a) Switch s waveforms for simulated results;
b) Switch s waveforms for experimental results
c¢) Switch s (auxiliary switch) waveforms for simulated results;
d) Switch g (auxiliary switch) waveforms for experimental results;
e) Switch g waveforms for simulated results;
f) Switch g’ waveforms for experimental results;
g) Switch ¢’ (auxiliary switch) waveforms for simulated results;
h) Switch g’ (auxiliary switch) waveforms for experimental results.



Figure 18 shows the commutation in the active switches, The objective initially proposed was reached, a switched
it can be seen that the main switch does not present stressearce with correction of power factor (0.998), high
of current and/or voltage, as well as the commutations aedficiency (91%) and lower harmonic distortions (2.84%
non-dissipative. The auxiliary switch commutates withfor current and 2.83% for voltage) and good regulation was
Zero current. analyzed theoretically, projected, simulated and
AR AaE LS N e nt S At s implemented.
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The SMPS presented uses a Forward converter as a DC-
DC converter. This converter works with soft-commutation

by using a non-dissipative snubber.





