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Abstracts — In this paper the study of a new isolated
DC-DC converter in CCM, with two forms to process
energy, denominated Flyback-lsolated Boost converter is
presented. A qualitative and quantitative analysis in
continuous conduction mode is made. Where are
obtained the equations that model the behavior of the
new converter. The models for their static as well as
dynamic behavior are determined; this is made through
state-space average method. All the analysis is verified
experimentally, through of a design prototype for a
power of 200W and working to a frequency of 50 kHz.

Keywords — DC-DC converters, Tapped-inductor
converters.

1. INTRODUCTION

It is possible to separate the DC-DC converters between
isolated and non-isolated. The main disadvantage of the non-
isolated converters, such as: the step-down converter (buck),
the step-up (boost), the step-down-up (buck-boost), is the
electrical connection between the input and the output. On
the other hand, it also is possible to separate them by the way
of processing energy; there we have direct and indirect
transference. The Buck and Boost converters processes the
energy directly, the same happens with all the converters
based on these two.

It is different with the Buck-Boost converter and its
isolated extension the Flyback converter, both with indirect
methods of energy conversion. Nevertheless, the transference
in both ways simultaneously was not done by any circuit.

Until Professor A.H. Weinberg developed, a new isolated
DC-DC converter, what he called converter with a new
principle of energy transference [1] having actually a direct
and indirect transference of energy simultaneously.

The objective of Professor Weinberg was to develop an
step-up converter that provide with continuous output
current, alowing smaller output filters with the resulting
weight and size savings. Conventional Weinberg's step-up
converter, shown on figure 1(a), is based on this converter.

Other published works show variations to this circuit, such
as the new Flyback push-pull converter, shown on [2], and
represented by Fig. 1(b). This was an attempt to diminish the
number of components and also to be an alternative for
conventional Weinberg's converter.
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Fig 1 (a) Conventional Weinberg's converter
(b) New Flyback-push-pull converter.

However, this principle of double energy transference, is
not exclusive of these converters, aso it has been widely
used in basic DC-DC converters. This is possible to
corroborate with the extensive list of published works [2 —
6].

Figure 2 shows the basic circuits Boost. In this circuit
the windings inductor has been replaced by another coupled,
being this circuit aso known as tapped-inductor Boost
converters.

One of the firsts to study this principle applied to the
Boost converter was professor Middlebrok [3] during the
seventies. Later this was extended to different circuits [5] [6]
by others different authors.
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Fig. 2. Tapped-Inductor Boost Converters.

2. PROPOSED CIRCUIT

The proposed circuits are generated applying isolation
galvanic to these composed converters with which equivalent
isolated circuits are obtained, that will be denominated, from
now on, as isolated Flyback-Boost converters, these circuits
are shown in figure 3 in their two modalities respectively.

The converter proposed to being studied in this paper, is
represented in the figure 3(a). It is constituted by coupled
inductors, L; and L,. The disposition of these in the
converter, make that when the switch, S; is on, this stores
energy, and supplying it to the load during the period when
S, is off. The windings of these coupled inductors are
defined the primary as n; and the secondary as n,, hence the
ratio of transformation is defined as:

N, = W
nZ

These coupled inductors are separated by a transformer
operating in high frequency which provides isolation
galvanic between the source and the load, this transformer is
known, from now on, as Forward transformer. In addition it
provides the direct conversion of energy of the new
converter.
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Fig. 3- Circuits generated from the tapped-inductor Boost converter.
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The number of turns of the primary of the Forward
transformer has been defined as n; and the number of turns
of the secondary as n,, hence the ratio of transformation of
the Forward transformer is defined by:

N, =%

2
2=, 2

Converter also is constituted by an output diode, Do, by
two switches of power S; and S, which provides the
characteristic of high frequency to the converter, and finally
by an output filters capacitor, Co, which provides voltage
constant to the load, filtering the component in high
frequency of the output current inductor, generating a current
of constant amplitude in the load. The load is represented by
an equivalent resistance, Ro.

For the analysis, in continuous conduction mode of the
new proposed converter, the following considerations will be
had:

- The converter operates in steady state (without any
transient).
- All the semiconductors are ideal .

- The Duty cycle, designated as D and defined as D=
Dt,/T, is greater to 0.5, which generates overlapping
pulses of command for the power switches, Figure 5(a)

y 5(b).

3. ANALYSISOF THE NEW CONVERTER.

For the analysis of the new proposed converter it is
necessary to take into account the considerations expressed at
the final part of second section.

3.1- Flyback-Isolated Boost
operation analysis.

converter in continuous

There are four operation stages in continuous conduction
mode, being these explained in the following paragraphs.

First Stage (Dty):

At t=t;, S, is commanded to conduct, whereas S, is
enabled from before stages. In this interval Flyback
transformer, through of L1, it continues with the energy
storage. Whereas Forward transformer is standing by due to
the drive simultaneous of S1 and S2, i.e. the primary voltage
V3 is zero in this stage, see figure 4(a). Hence the energy in
the load comes from the discharge of capacitor Co.

Second Stage (Dt,):

At the instant t=t;, the power switch S; is turned off,
whereas S, follows enabled. In this stage the double
processing of energy takes place. Direct through Forward
transformer and indirect because the Flyback transformer
provides the accumulated energy of the previous stages, see
figure 4(b). In this stage also the energy stored by primary
leakage inductance is sent towards clamping circuit through
diode Dsl.

Third Stage (Dts):

In this stage S1 is turned on, whereas S2 continues
enabled but is not conducting.
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This interva is identical to the first. Again, Flyback
transformer stored energy and the Forward transformer is
standing by dueto S1 and S2 are drives simultaneously.

Fourth Stage (Dt,):

In t=t3 the switch S2 is turned off, whereas S1 continues
enabled. In this interval the stored energy in magnetization
and leakage inductances of Forward transformer are directed,
by diode Ds2, towards the clamping circuit and the primary
of Flyback transformer. Therefore, a part of this energy is
stored in L1, which increases the tota efficiency of the
circuit.
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(d) Fourth stage of the converter,Dt, interval

Fig. 4- Stages of operation of the Flyback- isolated Boost for half a
period of operation.

3.2- Current value in the Dt; interval.

In this section it will be possible to obtain the value of the
current variation in L; respect to the current in the previous
interval. See figure 5(c).
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It is known that in steady states the inductor flux does not
vary in a working period, so the magnetomotriz force
contained in the core of the Flyback transformer must be
constant. Then it is possible to obtain:

fmm/Dtcond = fnm/Dtcond (3)
Equaling this magnetomotriz yields [7]:
N @

. _ 2\ u
ILl/ Dicond (1+ ) A L1/ Dtblog
Nl

In equation (5) there is a definition for K which is, the
times that the current in the interval Dt, increases in relation
to the current of the previous interval, see figure 5(c).

K =1+ ®)

1

How it can be observed the current-step phenomena
appear once again, with the difference in respect with the
Flyback-Forward [8], which appears now in the primary
circuit current.
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Fig. 5- (a) and (b), command voltages of the switches, () Current in
the primary, and (d) Current in the secondary of the Flyback
transformer.

3.3- Satic gain in the continuous conduction mode [7].

In steady state, there is no variation of the flux net in the
inductor into a commutation period. Hence the static gain is
obtained as:

V, _(1+D(K- D)
Ve ) (Nz )(1' D))

3.4- Dynamic gain in the continuous conduction mode [7].

(6)

In the section further are shows the dynamics gain of the
circuit, these are obtained by using the state space average
method:
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a. -Input-Output Transfer Function (IOTF)

ThelOTFisgiven as:

a {DxK-1)+1)

Vs _ L, xCg )
Ve 1 a?

S

+ xS+
RS >(:S CS ><Le
b. -Control-Output Transfer Function (COTF)

The COTF will give us the dynamic system in view of
small variations in the duty cycle. This can be seen in the
next expression:

£2g1+D>(K- 1))xN, +a K - g Sy(1+D>(K- 1)) N, U

u
\} Le g Cs a’ xR x H(B)
d JERE SN a’

RCs  Code

In order to verify the transfer functions found, a number of
digital simulations were performed, which are shown on
figures 6 and 7. Where is observed the good performances of
the models when compared with real circuit, for variations on
the input voltage (Fig. 6) or for variations on the duty cycle
(Fig. 7).
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INPUT VOLTAGE

The ripple of the output current in amperes may be
established with the expression shown by equation (10).

_ Di N,
) o,

Di (10)

4. EXPERIMENTAL VERIFICATION

The parameters to be used in the design of the new
isolated Flyback-Boost converter are shown in table 1. The
power circuit built is shown in figure 14(a) and its
components are shown in table 2. Protection circuits were
used for the power switches, which correspond to dissipative
snubbers.

The coupling factor of the Flyback transformer and the
forward transformer, obtained from the tests, where: 0.998
and 0.9995 respectively.

Next, there are some waveforms experimentally obtained
from the built prototype. The figures show different
waveforms of the Isolated Fyback-Boost converter,
contrasting them with the digital simulations.

In fig. 8 it is possible to observe the current through
Flyback transformer primary, showing the current step
produced by the transformer ampere-turns.

Fig. 9 shows the voltages across the windings of the
Flyback transformer, and in Fig.10 the voltages across the
windings of the Forward Transformer, in both cases can be
observed that exist atotal demagnetization of the cores.

Table 1. Design Parameters.

\kﬁ | wooee
! \\ — PARAMETER DESCRIPTION
CIRCUIT Ve=60 (V) Input Voltage
“ Vs=48 (V) Output average voltage
ove 1 _ 1 1 - - e Ps =200 (W) Output power
e e Time D=07 Duty cycle
Fig. 6- Disturbances Response in the input voltage. Fec =50 (KH2) Switching frequency
150V ?is=10%Is Output current Ripple
n MODEL DV, =1% %/ Output voltage Ripple
100 ™~ A% h =0.8 Converter efficiency
sov — ,\'—_ — — N, =N, Equal ratio transformer

CIRCUIT

ov
0Os 20ms
@ V(Rs:2) + V(RL2:2)
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Fig. 7- Disturbances Response in the Duty cycle.
3.5- Ripple in the coupled inductor for the isolated Flyback-

Boost converter.

The normalized ripple current in the primary of Flyback
transformer, L1, is shown in the next expression:

DX1- D)

Pl = Kx1+DXK - 1))

(9)
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The maximum reverse voltages of the switches are shown
by figure 11 and 12. Figure 11 shows for S1, and figure 12
for the switch S2. In both figures are shows the simulation
and experimentation waveforms as a way to compare. The
voltage in the smulationin S1 and S2 is 330V.

For the experimentation voltages waveforms are obtained
340V for S1 and 280V for S2.

The good performance of the semi-dissipative clamping
circuit may be verified on the figure 11. Where could be
observed that the clamping voltage was approximately of
340V, giving protection to the switches.
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Table 2 - Power circuit components

s, IRFP244
S IRFP244
D; MUR1510
Dg. MUR420
Ds; MUR140
Ds; MUR140
Cs, 470[uF] , 100[V]
Cs 470[uF] , 100[V]
Cgs 470[uF], 100[V]
Ca 220[nF]
Rgs 250[0], 5[W]
Rou 1[KO],10[W]
Forward Ferrite Core
Transformer n1=102 turns, 7 wire AWG28
EE-55 n2=15turns, 43 wireAWG28
Flyback Ferrite Core
Transformer n1=39 turns, 13 wire AWG28
EE-55 n2=6turns, 27 wire AWG28
Ig =0.068[cm]
@
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Fig. 8 (a) Current through of the primary Flyback transformer.
Digital simulation.

(b) Primary current of the Flyback transformer. in experimental
mode. 2A/div.

Figure 13 shows the output characteristic and the
efficiency curve respectively. From the output characteristic,
figure 13(a), it is possible to observe the source-voltage
behave of the circuit for a given duty cycle.
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Fig. 9- (8) Voltage across the primary of the Flyback transformer —
Simulation.

(b) Voltage across the primary of the Flyback transformer-
Experimental. 100V/div.
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Fig. 10 - (a) Voltage across the primary of the Forward transformer
— Simulation.

(b) Voltage across the primary of the Forward transformer —
experimental 100V/div.

In figure 13(b) it is possible to see the efficiency of the
nominal load, 86%. Being a high efficiency even when semi-
dissipative voltage clamping circuits were used, this is
because a part of the energy stored in the leakage and
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magnetization inductance of Forward transformer is
redirected towards the load through Flyback transformer.

It is evident that with the use of regenerative circuits the
efficiency should be even better, since the totality of the
energy of magnetization and leakage inductances of both
transformers would not be lost.
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Fig. 11 - (a) Voltage across S; switch — simulation
(b) Voltage across S, switch — experimental 100V/div.

5. CONCLUSIONS

The analyzed converter in this paper is part of the family
of the isolated converters with two ways of processing
energy, in this case generated from Tapped-Inductor Boost
Converters. The advantage of integrating two ways of
processing energy is that the energy transferred to the load is
divided in two magnetic cores, increasing the efficiency.
These converters have the Forward and Flyback converters
characteristics.

It was possible to demonstrate the good performance of
the Flyback-Isolated Boost circuit, showing the main
experimental waveforms and also by digital simulation (with
real parameters). With this it was possible to verify that the
converter was well designed.

Also were found the efficiency curves and the output
characteristic of the new converter. Where is possible to see
from figure 13(a) to the converter behave as a voltage source
for different levels of load. From Figurel3 (b) is observed
that the efficiency obtained at full load was 86%, even when
semi-dissipative snubbers for the switches were used. Thisis
due to stage where the energy is directed to primary windings
of the Flyback transformer and through of thisto the load.

On the other hand, an important drawback of the
continuous conduction mode is the presence of a zero in the
right half plane (RHP) in the control-output transfer function,
which is consistent with the accumulation converters. It not
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possible a parameter combination of the circuit in order to
eliminated this zero.

Also, it was observed that this converter istoo sensitive to
leakage inductances of the magnetic elements (Flyback and
Forward transformers), because they have a serial connection
between them, adding theirs parasites inductances.
Therefore, a careful analysis of the clamping circuits is
necessary in order to optimize the total efficiency of the
circuit. .
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Fig. 12 - (@) Voltage acrossthe S, — simulation.
(b) Voltage acrossthe S, — experimental 100V /div.
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Fig. 14.- Built prototype diagram:; (&) Flyback-Isolated Boost Power circuit (b) Control Circuit
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