A Forward Converter Using a Soft Switching Active Cell Without Stress
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Abstract - This paper presents a two transistor
forward converter operating in Soft Switching mode
without voltage and current stresses. The use of a
Stressless Soft Switching Cell allows the auxiliary switch
to operate in ZCS mode at turning on and ZVS mode at
turning off. The main switch S; operates in ZVS-ZCS at
turning on and ZVS at turning off and the main switch
S, operates in ZCS at turning on and hard switching at
turning off.

The output voltage is controlled using the PWM
technique. Operating principles, simulation and
experimental results are presented.

I - INTRODUCTION

Power supplies with high static and dynamic
performance, low harmonic distortion and small physical
size and weight, have required switching frequency increase
in switched converters. High frequency in a power
converter, reduce the size and weight of passive
components and increase power density, making the
structures cheaper. However, high switching frequency
operation of converter has caused trouble due to the
increase of EMI level and switching losses.

High switching frequencies with high power levels have
required careful examination and control of the power
dissipation during switching. Therefore, soft switching
converters have been developed such as those presented in
[1].[2].[31.[4]. [5], [6] and [7].

In many soft switching technique applications, there are
the inconvenience of voltage and/or current stress in active
switches.

To overcome this drawback, several researches has been
carried out, designing snubber resonant circuits cell wich do
not submit the switches to high current and/or voltage
stress, as in [8].

Although this converter has several advantages, it
presents some drawback as follows. The presence of a
coupled inductor, in series with active switch, makes ZCS
turn on not so good. Furthermore the duty cycle of this
converter is limited to 0.5.

Recently, other converters have been presented, as in [9]
and [10]. Although these converters do not present series

coupled inductor in series with active switch, they present
current stress and coupled inductor.

In order to overcome these disadvantages, this work
proposes a forward converter using a stressless active
commutation cell, of the reference [11], operating without
current and voltage stress.

The used cell is shown in Fig.1, this will be described
your operation in a buck converter in the next sections.

Fig. 1 — Stressless Soft Switching Cell.

I - OPERATION PRINCIPLE

For the theoretical analysis, it will be considered that the
input source V, and output current I, are ripple free and all
devices are ideal.

A switching cycle of Buck converter will be divided in
eight stages as shown in Fig.2.

First Stage: Interval [t,t;]. This stage begins in the
instant that the switch Sa is turned on in a ZCS mode, due
to the presence of inductor Lr, and it finishes when i,
reaches l.

Second Stage: Interval [t;,t;]. It begins when i, assumes
value ly. The current |, circulates through S, and Lr. Before
this stage to finish the switch S; is turned on, as shown Fig.
2, in ZCS and ZVS mode. It finishes with S, turning off in
ZV/'S way.

Third Stage: Interval [tp,t;]. This is a resonant stage
through circuit Cr, Lr and Dr, where the capacitor Cr
charges until it voltage reaches value V,, ending this stage.
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Fourth Stage: Interval [tz-t;]. During this stage, the
inductor current decrease linerarly until it reaches zero. The
switch current ig increase until it reaches load current I, and
the capacitor voltage value V¢, remains in V,.

Fifth Stage: Interval [t4,ts]. Energy transference from
source to load occurs during this stage. It finishes when the
switches S; is turned off in ZVS mode, due to capacitor Cr.

Sixth Stage: Interval [ts,ts]. In this stage the capacitor
linear discharge occurs. It finishes when the capacitor
voltage V¢, reaches zero.

Seventh Stage: [tet7]. In this stage just freewheeling
occurs. It starts when the Cr voltage reaches zero. This
stage finishes with the turning on of the switches Sa.
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Fig.2 - Operations Stages of the Buck Converter.

In Fig. 3, the main waveforms of the operations stages
are presented.
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Fig.3 — Main waveforms of the Buck Converter.
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In Fig. 4, it can be seen the phase diagram. As it can be seen in Fig 6, the main switch S; is turned

iLR off when the resonant capacitor voltage reaches zero value.
1 If an unity transformer turn ratio is assumed, the
tz following gain expression can be obtained.
1o
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Fig.4- Phase Diagram. JLr*Cr

Applying this Cell to one transistor forward converter
some trouble are appeared. This drawback has been
overcomes applying this Cell to two transistor forward
converter as shows Fig. 5.

In this converter, the main swich S, operates in hard
mode at turning off and S, tuning off command must be
independent of switch S;.

fs = Switching frequency;

fo = resonant frequency;

a = current load normalized in relation to the resonant
current peak value;

w = resonant frequency;

lo = load current.

§1 ; Using equation 1, it was traced the graphic of Fig. 7,
Dz Le W which shows the static gain a versus normalized load
— \LID current for several duty cycles.
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Fig. 5 — Forward Converter.

With those change, the main waveforms of this converter
are shown in Fig. 6.
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Fig.6 — Main waveforms of the Forward Converter Proposed. Fig. 8 — Operation Limits.
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I11- SIMULATION RESULTS.

In order to illustrate the converter operation, the forward
converter from Fig. 1, has been analyzed by simulations
(PSPICE) with the following parameter set:

V=150 VDC; Lf=600uH; Cl=470 pF;
RI=8 Q; Cr=12 nF; Lr=7 pH;
Diodes: MUR1560 and UF5404.

fs=50 kHz; Switch IRF740

Current and voltage on the switch S; can be noticed in
the down part of Fig. 9. Current in resonant inductor and
voltage on the resonant capacitor are shown in the upper
part. As it can be noticed, this converter operates softly
without voltage and current stress.

Auxiliary switch voltage and current are shown in Fig.
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IV - EXPERIMENTAL RESULTS

To obtain some experimental results, a prototype of
structure presented in Fig. 5, has been built by using the
following parameter set:

V=100 VDC; Lf=600uH;
Cl=330 pF; Cr=4.7 nF;
Lr=3.6 puH; fs=100 kHz;

Switch IRF740: Diodes: MUR1560 and UF5404.
Figures 11,12 and 13, show some obtained results in the
experimental test. Fig. 11 is corresponding to voltage on
the capacitor (V¢r) and current on the resonant inductors

(ILy). Fig. 12, shows voltage and current for the switch S.
In the Fig 13 it is shown voltage and current in main switch
Si. As it can be seen the experimental waveforms are
closed to those foreseen in theoretical analysis and
simulation, assuring the soft switching without voltage and
current stresses.
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Fig.11 —Capacitor Voltage Vcr (20V/div); (5 us V/div)
Inductor Current I r. (2A/div). (5 us V/div)
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Fig.12 —Auxiliary Switch Voltage Vsa (20V/div); (5 us /div)
Auxiliary Switch Current Isa (2A/div), (5 s /div)
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Fig.13 —Main Switch Voltage Vs (20V/div); (5 us /div).
Main Switch Current Is; (2A/div), (5 s /div).

The efficiency graph has been traced for structures
operating in hard and soft switching mode, as it can be seen
in Fig. 14.

Although, the main switch S, commutes in hard mode at
turning off, efficiency of this converter reaches almost
90%.
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Fig.14 — Efficiency Graphic of the Converter.

V - CONCLUSION.

A Soft Switched Forward Converter, has been presented.
It operates almost without switching losses, by using a
stressless soft switching commutation cell.

The experimental and simulation results confirm the soft
switching operation.

This converter operates without voltage current stresses
in actives switches, to experimental results.

Although the main switch S, operates in hard mode at
turning off, the proposed forward structure presented
satisfactory efficiency, which except for light loads, is better
than one of hard converter.
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