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ABSTRACT: Power factor, efficiency, offset
current, core loss, and other performance
measures are examined in depth in this work as
they pertain to forward and fly-back converters.
The pros and downsides of forward and fly-
back topologies are discussed in this work. To
overcome the limitations of converters, experts
use observation and discussion to compare
performance measures. This can be
accomplished by fusing the two topologies and
making use of suitable switching devices, such
as metal-oxide semiconductor field-effect
transistors (MOSFETS), which are notable for
their exceptionally quick switching time.
Forward and flyback converter architectural
integration is also discussed in this study. If
you want the highest possible efficiency and
power factor, a single-stage balanced forward-
flyback converter is your best bet.
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1. INTRODUCTION
Transmission of electrical energy is managed
and controlled by a power converter, which
then supplies the appropriate voltages and
currents to the devices being powered.

fi=nR2

AC controlier
(transformer)

Rectifier

Figurel:Classificationofconverter

The many types of converters are shown in
Figure 1. In low output power applications, the
SMPS circuit most commonly employed is the
flyback converter. In order to generate isolated
DC voltage from an unregulated DC input
source, the forward converter is a common
switched mode power supply (SMPS) circuit.
2. OPERATION PRINCIPLES

Flyback converter theory:  The buck-boost
converter serves as the basis for the flyback
converter's operation. The buck-boost
converter shown in Figure 2(a) uses a MOSFET
and diode as the switch. The inductor winding
shown in Figure 2(b) consists of two wires
coiled with a 1:1 turn ratio. The fundamental
function of the inductor is unaltered, and the
parallel windings are functionally equivalent to
a single winding made from thicker wire. The
links between the two windings are severed in
Figure 2(c). Both windings are used, one when
transistor Q1 is conducting and the other when
diode D1 is conducting. Compared to the
circuit in Figure 2(b), the total current flowing
through the two windings has not changed;
nevertheless, the current is now distributed
differentially across the windings. Both
scenarios result in an identical magnetic field
inside the inductor. The two-winding
magnetic device is represented by the same
symbol as a transformer, although the term
"two winding inductor” is more descriptive of
its function. The term "flyback transformer"
can also be used to describe this device.

The flyback transformer differs from the ideal
transformer in that it does not have
simultaneous current flow in both windings.
The usual layout of a flyback converter is
shown in Figure 2(d). The gate drive circuit is
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simplified by connecting the MOSFET's source
to ground on the primary side. The
transformer's polarity indicators are switched
such that the output voltage is positive.
Increasing the turns ratio from 1 to n improves
converter eff|C|ency

D,

J_,L_|_ 4 J_ -
© g
(a) Abuck boost converter —

D,
J_LL I ) L -
Aﬁ - g T

(b) Inductor L |s wound with two parallel wires

J_+_|__|_H 11 H
. L L] . -

(c)Inductor winding are isolated leading to fly
back converter

< T
Im| D,
L, é c J— Vg

_"_

(d) Withturnsl:nratioandpositiveoutput
Figure2:Configurations of the fly back
converter

Analysis of Fly back Converter

Most transformer-isolated converters can be
adequately represented by a simple equivalent
circuit consisting of an ideal transformer
connected in parallel with the magnetizing
inductance. The inductance used for
magnetization must follow the general rules for
inductors. In particular, keeping the volt-
second balance constant throughout steady-
state operation is of paramount importance.
Therefore, the average voltage supplied to all
transformer windings must be negative.
Change the transformer in Figure 2 to the one
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described in the preceding section's circuit.
After that, we buy the circuit shown in Figure
3(a). While transistor Q1 is conducting
current, inductor L M stores energy from the
direct current source Vg, much like inductor L
did in the first buck-boost converter seen in
Figure 2(a). When diode D1 is conducting, the
inductor's voltage and current are modified
such that the stored energy can be sent to the
load.

(a) Fly back converter transformer equivalent
circuit model
mangformer model 1 D1 Open

(b) WhendiodeD1inOpen state
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Figure3
:(c)WhendiodeD2inconductingstateEquivalent
Fly back converter circuits

Concept of forward converter

The forward converter is a common type of
switched mode power supply (SMPS) circuit
that takes an unregulated direct current (DC)
input and converts it into a regulated and
isolated DC voltage.

The forward converter has better energy
efficiency than the fly-back circuit. It is often
used in situations that call for a more powerful
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output (between 100 and 200 watts). However,
the circuit configuration is more sophisticated
than the fly-back converter, particularly the
output filtering circuit. The forward converter
is shown in its rudimentary form in Figure 4.
The system includes a fast switching device and
control circuitry denoted by the letter "S," a
transformer  with its primary  winding
connected in series with switch "S" to the
power input, and a rectification and filtering
circuit for the secondary winding. The
secondary transformer's rectified output is
linked to the load.
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Figure4:Basic forward converter topology

The forward converter's transformer must be an
ideal transformer, free of losses, leakage flux,
and magnetizing current. Assuming that the
circuits components are perfect, its
fundamental operation can be understood
through its distinct modes of operation. In fact,
a tertiary winding and a little change in the
circuit layout are needed due to the fact that a
genuine transformer has a finite magnetizing
current.

Analysis of the forward converter

Mode-1 circuit operation:

In Figure 4, when switch "S" is activated, the
circuit enters its initial operating mode. The
main winding is linked to the E dc supply
voltage. When the switch is turned on, current
immediately begins to flow through both the
primary and secondary windings. A perfect
transformer has primary and secondary
winding currents and voltages that scale
linearly with the NP/NS ratio of turns. Figure
5 (a) shows the path taken by the current as it
travels through the circuit. Mode-1's functional
equivalent circuit is shown in Figure 5(b).
Diode D1 in the secondary circuit is forward
biased when switch "S" is closed, increasing
the scaled input voltage.
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Figure5: Mode-1operationofforwardconverter

The secondary circuit receives an amount of
energy equal to the input voltage multiplied by
the turns ratio of the transformer. Diode D2
remains in a non-conductive reverse biased
state during mode-1.
Mode-2circuit operation:

When the "S" switch is turned off. When the
transformer's primary and secondary currents
cancel out, the transformer is said to be open.
On the other hand, the secondary side filter
inductor keeps the current flowing steadily
across the freewheeling diode "D2." By
keeping diode "D1" off during this phase, the
output is physically isolated from the
transformer and the input.
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(b)Equivalentcircuitsinmode-2
Figure6: Mode-2operationofforwardconverter

The current-carrying section of the circuit is
depicted by the bold line in Figure 6(a). Mode-
2's equivalent circuit is depicted in Figure 6(b).
Points "P" and "N" in the comparable circuit are
linked because diode "D2" conducts. When an
output capacitor and a load are connected in
parallel, the current from the inductor remains
unchanged while flowing through the circuit.
No energy is transferred from the generator to
the consumer in mode 2. On the other hand, a
sizable output capacitor (denoted by "C")
ensures that the load voltage is almost always
stable. The charged capacitor and inductor
maintain a steady current across the load. The
energy stored in the filter's inductor and
capacitor will be progressively dissipated in the
load during mode-2 due to the lack of input
power, leading to a little decrease in the
inductor current and capacitor voltage. To
prevent the load voltage from dropping below
the setpoint, the freewheeling mode is shut off
by activating the converter-switch "S" and
switching to the next powering mode (mode-1).
3. OBSERVATION AND DISCUSSION
Tablel: Observation table of Comparison
between forward and fly back converter

Conventional fly| Conventional
Characteristics back converter | forward converts
Power factor High Low
Power conversion efficiency Low High
Core losses Large Small
Offset current High Low

The first number in the table corresponds to
item 1. Fly back converters have the opposite
pros and cons to forward converters.
Therefore, it seems that any one of them can fix
the issue caused by the others. A single-stage
balanced forward-fly back converter, as shown
in Figure 7, is presented as a means to address
these issues, as it is capable of producing both
high efficiency and power factor. The
suggested converter can function as a forward
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converter or a flyback converter depending on
whether the switch is on or off. Power cannot
be transferred over the entire switching period,
therefore a high power factor cannot be
achieved. Since the proposed converter may
run forward regardless of the input voltage
thanks to the use of the charge-balanced
capacitor Cb, the offset current in the
magnetizing  inductor, core loss, and
transformer size can all be decreased.
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Figure7: Circuit diagram of the proposed
forward fly back converter
4. ANALYSIS OF THE PROPOSED
CONVERTER
The magnetizing inductor offset current of fly
back and forward converter is

< {LM , flyback >= '1_.—? (1)

< i{LM, farward >= (1 +-r-{-c-)-lﬂ— D*2Ts (2)

Np / 2LM

Furthermore, the magnetizing inductor's offset
current in a fly-back converter is dependent on
the load current lo, as shown in equations (1)
and (2), whereas in a forward converter, it is
independent of lo. The flyback converter's
offset current grows in tandem with the load
current, which may increase core loss and
transformer  size. As was previously
mentioned, the forward converter has
advantages over the fly-back converter in terms
of transformer size and the efficiency with
which energy is converted.

Voltage Conversion Ratio
Applying the volt-second balance rule to the
LM and Lo inductances yields the voltage
conversion ratio of the proposed converter.
Vin and n (Vo+Vcb) represent the voltages
across LM fromtl to =DTs and t2 to =(1-D)Ts,
respectively.  This allows us to derive the
following equation.

D Vig=a (VgtVa).(1-D) (3)
The ratio of time spent working, denoted by

D, to time spent switching, denoted by Ts. To
the same effect, the voltage across Lo can be
written as Vin/n + VVcb - Vo from t1 to =DTS
and as (1-D) Ts from t2 to ts. This allows us
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to derive the following equation as well.
V=2 4 DVeb

(

Combining equations (3) and (4) gives the voltage V

across the balancing capacitor Cyp as

Vo= D\'O=D—"

4
n(l=-D"2) Vin

(

From equation (3) and (3), the output voltage V, can 1

obtained as
DVin
n(l-D*2)

Voltage stresss of switch and diode
When M1 is disabled, the voltage VDS across
M1 is equal to the sum of the primary side
reflected voltage n (Vo+Vch) and the input
voltage V in. Therefore, M1's voltage strain
can be expressed as

Vps,sgess= Vint n(Vo+Vie)

V=

N0

The Vo terminal is safely connected to the three
output diodes (D1, D2, and D3). Therefore,
the magnitude of Vo characterizes their voltage

tensions.  The voltage applied to D2 while
swittch M1 is closed is shown as
VD2, stress = —lr + Ve (8)

Figure 8 depicts a comparison between
conventional flyback converters and the
proposed forward-flyback converters in terms
of voltage stresses, specifically based on the
ratio of transformer turns. We'll suppose the
input and output voltages are Vin = 90264Vrms
and Vo = 42 V for simplicity's sake. The
voltage stress on the diode is reduced while the
voltage stress on the switch is increased, as
shown in the diagram, and vice versa. The
balanced capacitor voltage Vcb causes the
suggested converter's switch voltage stress to
be slightly higher than that of a standard
converter.  Carefully analyzing the voltage
stress on the switch is essential when building
the turn ratio of a transformer.
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Figure 8: Comparisons of voltage stresses
between conventional fly back and proposed
forward-fly back converters
The flyback converter is widely used in 50-100

(
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W power applications, as well as in TV and
computer monitor high voltage power supply.
The simplicity of its construction is a benefit.
Many results can be achieved with just a few
inputs and a few components.
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Figure 9: Magnetizing offset currents
conventional fly back converter according to
the operating duty ratio

Offset current of magnetizing inductor

The size of a transformer and the quantity of
energy dissipated in its core are both functions
of the current passing through its magnetizing
inductor.  For this reason, less LM offset
current is preferable. Take the sum of the
average primary current Ip and the average
secondary current Isec/n that is reflected to the
primary side of the transformer to get the offset
current ILM in the magnetizing inductor LM.
Therefore, the usual fly-back converter has an
offset current of LM. At this time, an inductor
is being magnetized.

Iin= Io

n(l=D )
Where, I, 1s the average load current.

The average secondary current Isec is virtually
zero due to the series connection of the
balancing capacitor Ch. This results in an Ip =
ILM relationship between the primary current
and the offset current. The proposed forward-
to-reverse converter has an offset current of Lm
as a result.

D
n{1=D?) lo {19)

<Up=<ip>
In Fig. 9, we see how the magnetizing offset
currents described by Equations (9) and (10)
vary with the operational duty ratio of
conventional flyback and proposed forward-
flyback converters.  The input and output
specifications assumed for this comparison are
Vin=90264Vrms, Vo=42V, and 10=0.57A.
As can be seen in Figure 9, by including the
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balancing capacitor Cb, the magnetizing offset
current of the proposed converter is decreased
in comparison to that of the flyback converter.
Therefore, the proposed converter is capable of
achieving lower transformer core loss and
higher efficiency.
5. CONCLUSION
After carefully comparing forward and fly-
back operations, it is clear that the fly-back
converter can operate independently. They are
able to increase the power factor at the expense
of conversion efficiency. A forward converter,
on the other hand, can achieve a higher
conversion efficiency, but at the expense of a
larger magnetizing offset current. In addition,
it's under a lot of voltage stress. The proposed
converter will fix all of these problems. By
using a balancing capacitor Cb, the proposed
converter displays lower magnetizing offset
current than the fly-back converter. To cut
down on inefficient transformer core loss, the
proposed converter eliminates it. Switch
voltage stress of the proposed converter is
slightly higher than that of the conventional
converter, as evidenced by the balanced
capacitor voltage Vcbh.  The efficiency of
individual converters is boosted as a result.
The proposed converter efficiently combines
the forward and fly-back topologies by making
use of MOSFETSs, which have the quickest
switching time among all switching devices.
So, it can be a forward converter when the
switch is on, and a fly-back converter when it's
off. The low switching frequency prevents
power transfer over the whole switching
period, preventin
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