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Abstract—In this paper, a structure consisting of combination of a flyback and a forward
converter capable of making the power switch conduct at wide duty cycle, is presented. The
configuration suggested employs sub-converters having their inputs combined in series with
each other. In a forward converter, the maximum duty cycle by conventional manner becomes
insufficient to utilize the isolation transformer, optimally. Under such condition, it becomes
more important to extend the duty cycle, further. Bearing its importance and need in mind,
present scheme is employed. By combining a forward with a flyback sub-converter in such a
way that the inputs to both the sub- converters are in series, very wide switch duty cycle is
obtained. The sub-converters are named as modules, and these are combined with their inputs
connected in series with each other. A forward sub-converter is essentially a main module while
flyback module is treated as auxiliary module. The configuration consisting of two modules is
proposed and examined for the establishment of the results. The duty cycle for the switch has
been extended to the expected level. For the validation of the performance, a 24 W, 24 V
converter is presented.

Index Terms— series-input, parallel-output, main module, auxiliary module, enlarged duty
cycle, magnetization and demagnetization.

|. INTRODUCTION

The need of extended duty cycle in a forward converter is essential for optimum utilization of the transformer
core. Converters based on non-cascading structures, reported in [1-8], can be employed for widening of duty
cycle. In [9], how the switch duty cycle in a forward converter, by way of demagnetization through secondary
side, is presented. In [10], extended switch duty cycle has been realized through a non-cascading structure based
operation of the converter. But the stress on the main power switch is more which needs to be reduced to
minimum value. A novel scheme based on so called flyboost cell is presented in [11] which when modified
becomes suitable for the widening of the duty cycle in any converter. The converters based on non-cascading
structures are reported [12-14] but their sole purpose is not widening duty cycle. However, under some
circumstances, these are found suitable for use in widening of duty cycle also. But it is observed in these cases
that the voltage stress on main switch becomes high.

As an alternative to the mentioned methodologies if the configuration is modified to have the inputs connected in
series, the problem of excessive voltage stress on the switch can be overcome. A list of different series input
based converters given in [15-21] has proved that this class is no less important than non-cascading structure
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based class is. In most of the cases, however, the main problem faced is the occurrence of circulating current
between the input capacitors. A suitable analysis for the same is presented in [15]. Thus, keeping the problem of
circulating current aside, the analysis of the converter becomes simple. Now, by increasing the number of
modules, the duty cycle can be extended with the switch stress reducing further and further with increasing
number of modules. Thus, it appears that this is a much useful scheme for extending duty cycle and also for
stepping-up the output voltage. The overall efficiency of the converter also improves. Basic idea lying behind the
proposed approach is based on the magnetization and demagnetization processes for isolation transformer in a
forward converter. In a conventional forward converter, both actions take place at same voltage level. If, by
anyway, the voltage levels become different, the duty cycle gets affected. To render the duty cycle, wide, it is
essential that the demagnetization of the transformer core should take place at higher voltage than at which the
magnetization occurs. More is the difference between the two voltages wider will the duty cycle be. The same
fact is the basis of design of the said configuration and the maximum switch duty cycle has been found extending
beyond 0.5. The description of the same is presented here asunder through different heads.

I1. CIRcuUIT DESCRIPTION AND OPERATING PRINCIPLES

The circuit of the proposed converter is shown in Fig. 1. It consists of a forward sub-converter, which is to be
operated at wide duty cycle, and a flyback sub-converter connected in series with the forward sub-converter. In
addition to a main switch, S two power switches S; and S, are connected with each sub-converter, to supply the
power to the load. Both of the switches are turned on simultaneously through PWM scheme. The outputs of the
sub-converters are connected in parallel.

The rectified DC supply voltage on main bulk capacitor, C, is shared by the two sub-converters with the help

of input capacitors C; and C,. The magnetization circuit of forward transformer consists of tertiary winding
consisting of turns Ny, capacitor C; and a diode, Ds;. The demagnetization takes place through main capacitor, C.
The circuit operation in a switching cycle consists of following stages:

Stage [ (to <t< tl). At t=t,, when all the switches turn on, the current flows as shown in the equivalent
circuitin Fig. 2 (a). At the end of this stage, the switches turn off.
Stage [ (tl <t< tz). The equivalent circuit for this stage is shown in Fig. 2 (b). The power to the output is

supplied by all the modules, partially. Also the demagnetization of the forward transformer takes place through
input supply. At t = t,, the output inductor L, is fully discharged of its stored energy.
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Figure 1: The proposed converter

Stage [ (t2 <t< t3). After L, is discharged the equivalent circuit is shown in Fig. 2 (c). The inductor L, is
fully discharged at the end of third stage.
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Figures 2 (a)- 2(e): Equivalent circuits for different stages
Stage [ (t3 <t< t4). The power to the output is being supplied by inductor L;. The equivalent circuit for the
same is given in Fig. 2(d). L, is fully discharged at t = t,.
Stage [ (t4 <t< t5) . During this last stage only the output capacitor, C, supplies power to the load until t=tg
when the next switching cycle begins. The equivalent circuit is given in Fig. 2 (e).

The associated voltage and current waveforms in a switching cycle are shown in Fig. 3.
I11. ANALYSIS

Assuming maximum efficiency, the input current is given as;

Pin

Iinrms = Vi . (1)
mrms
The average bulk capacitor voltage is;
VemaxtVemin Pin
Ve = = . (2
¢ 2 linrms ( )

For the selection of bulk capacitor;
|4 maxz_V min2 —
C%Zﬁ =P,. (3
The magnetizing inductance, Ly, of forward transformer is charged due to voltage V¢ during the switch turn on
period and discharges through voltage V. during switch turn off period. By volt-second balance for Ly,;

Vcld1 =V.(d, +ds) (4)
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Figure 3: The current and voltage waveforms in a switching cycle

yielding;
yrntlr (5)

" (dz+d3) Ve,

From eqn.(5), it is observed that the maximum turn on time of the switch exceeds its turn off time which means

the maximum duty cycle exceeds 0.5.

The series capacitor voltages are;

= GV
Ve, = C1+Cy Q)
and
_ GV
Ve, = C1+Co ™

The powers supplied by the modules are;

Ve, Pin
: Pinl = Cll/_c 8
and
Ve, Pin
Pin2 = ‘2/—6 (9)
A. Selection of Inductors
Output inductor, L,, is;
_d max wis
L, = % (10)
The inductor, L,, of auxiliary module, is;
C1V,
( 1¥c )ZdZTS
L, = CIJ;CPZ%I (11)
ing

There is no circulating current between the capacitors which means;

_CdVC2
T2 g

ave
C,—=
dt

(12)

The converter currents relate with each other as;
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i, = i, + Ny, (13)

In (13), the magnetization current is given as;
it = 72T, (14)

T 2Ly

For a 24 Watts, 24 Volts converter, the components list is given in Table |

TABLE |. COMPONENT VALUE SELECTION

Parameter Name Symbol Description
Input AC voltage Vims 220V
Input filter inductor L¢ 5mH
Input filter capacitor Cs 2uF
Bulk capacitor C 6 uF
Series capacitor C: 17 uF
Series capacitor C; 17 uF
Magnetizing inductance Ly 7516 uH
Magnetizing inductance Lm 4050 pH
Output filter inductor Lo 163 uH
Output filter capacitor Co 6600 pF
Turns ratio N31=N31/N1; 1:1
Turns ratio N22=N2/N1, 0.08:1
Turns ratio N21= N21/Nyy 0.23:1
Duty cycle d; 0.66

IV. SIMULATION

The simulation of the converter circuit has been carried on MATLAB / Simulink platform. The results are
depicted in Figs. 4(a) through 4(d). A reference signal of 2.18 volts is employed and a PI controller is used to
regulate the output of the converter. Necessary simulation waveforms are shown in the figures. The gate pulse
waveforms as displayed in Fig. 4 (c), indicate that the maximum achieved duty cycle is greater than 0.5.
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Figure 4 (a). Output voltage waveforms Figure 4 (b). Input current waveforms
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Figure 4 (c). Gate pulse waveforms Figure 4 (d). Series capacitor voltage waveforms

V. CONCLUSIONS

Combining different modules or sub-converters with their inputs connected in series with a forward sub-
converter, an enlarged switch duty cycle above 0.5 is obtained. In a two module configuration, the duty cycle is
as wide as 0.66. The results obtained are satisfactory and expected ones. The voltage stress on the switches is
less due to the distribution of voltages which helps improve the efficiency. Continuing with the proposal, the
idea can be extended to large number of input modules combined together in series or in parallel.
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