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Abstract- Power supply modules have become an
important part of modern power electronics. They
provide stable power delivery for a wide variety of
applications. DC-DC power converters are used for
various applications and particularly very useful for
space application to provide a regulated output power.
Among various dc-dc converter topologies the fly-back
and forward converters provide isolation and hence
more frequently used for space applications, wherein
isolation is necessary. The present paper describes the
design and implementation of an 80W dual output
forward converter with input voltage feed-forward
control technique, for a switching frequency of 140kHz.
UC2525 PWM controller has been implemented due to
its fast response, soft start capabilities, Under-Voltage
protection and maximum duty cycle control. The
converter is designed with an isolation transformer
and a mag-amp for secondary output voltage control.
The analysis and hardware implementation of the
prototype converter is developed and tested for
different input voltages and load conditions at
ambient temperature to validate the results.

Key Words: DC-DC Converter, Input Voltage Feed-Forward
Control, Mag-Amp, Power Supply Module, PWM Controller,
Switching Frequency.

1. INTRODUCTION

A power supply module is a device connected intermediate
to power source and electronicload. Its primary function s to
convert the electrical energy in the power supply to a suitable
form for use by the load. DC-DC converters are used ina wide
variety of applications,

such as power supplies for computers, consumer electronic
devices, UPS, telecommunications equipment etc. A regulated
DC power supply is critical for optimal and efficient operation
of an electronic system. While most power supplies are
designed to deliver the necessary features like regulated

power output, electrical isolation, and multi-output
capability, there are some common objectives for power
supply design such as: minimal size, minimal weight and
increased efficiency [1].

The DC-DC converter topology consists of Buck, Boost, Buck-
Boost, Cuk, Sepic, Fly-back, Forward, Half Bridge and Full
Bridge Converters. Among these converters, forward
converter topology is selected for designing power supply
module [1]. It has many advantages over various other
topologies such as, good reliability, compact size, more
efficient and is often chosen for output power under 200W.
For proper load regulation, a magnetic amplifier (mag-amp)
has been implemented in the secondary side of the converter.
A magnetic amplifier or Mag-Amp is an electronic amplifier
that uses magnetic properties to control the flow of electrical
current. The Mag-Amp provides robustness and radiation
tolerance which makes it well suitable for spaceborne power
supply [2]. Implementing a magnetic amplifier (mag-amp)
provides several notable advantages such as:

i) Large currents can be handled by small core. Also, there is
no need forheatsink. This results in smaller mount area, thus
achieving miniaturization.

ii)The power needed for control of mag-amp is smaller,
enabling power to be saved.

iii) As the magnetic amplifier is connected in series with a
diode, the noise from the output of the diode is less.

iv) Since mag-amps are magnetic parts, the cores are not
destroyed by surges in voltage and current.

v) The mag-amp realizes precise output voltage because the
transformer’s secondary is directly controlled [2].
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2. PROPOSED CONVERTER AND
PRINCIPLE

WORKING

2.1 Topology Selection

The converter chosen for this application is a forward
converter with two MOSFETSs connected in parallel and dual
output. It utilizes a transformer to provide electrical
isolation and either to step up or step down the voltage. In
low power applications (typically under 50 W), single
MOSFET is acceptable. However, in medium power
applications (50 to 200 W), two MOSFETSs are connected in
parallel to share the current hence resulting in decreased
thermal losses without using a full-bridge or half-bridge
carrier current.

2.2 Working Principle

The proposed forward converter circuit is shown in Fig 1. It
consists of a fast-switching MOSFET device, a transformer
with its primary winding in series with the switch to the
unregulated input supply and a diode rectifier followed by a
filter which is connected to the secondary side. The load is
connected across the rectified and filtered end of the
secondary [3].
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Fig 1: Proposed Forward Converter

The converter operates in two distinct modes based on the
switching states:

(a) Mode 1 -When the switch is
(b) Mode 2 -When the switch is turned OFF.

turned ON.

Mode 1 Operation:

This mode is called the power transfer function mode as
shown in Fig 1. The current flows from the input source to
the load through the transformer and filter network.

In this mode, the main switch (S1) is in ON state. Indicating

that the input voltage is applied across the primary of the
transformer. Current flows through the primary of the
transformer as shown in Fig 1. With respect to the
transformer dot convention, a corresponding voltage is
induced on the secondary side which allows energy transfer
from the primary to the secondary.

While switch (S1) is 'ON’, the forward path diodes D1 and
D6 become forward-biased and allow the secondary current
flows through the low-pass filter, which consists of an
inductor (L) and a capacitor (C). This low-pass filter allows
the majority of high frequency ripple components to be
attenuated, allowing the load to be supplied with a steady DC
output. Meanwhile, the freewheeling diodes D4 and D5 stay
OFF because they are reverse-biased. Similarly, the diode D3
on the primary side, remains off due to the opposite dot
position, basically implying reverse biased condition. This
mode is called the power transfer function mode, because
the energy is flowing from the input source to the load
through the transformer and filter network.

Mode 2 Operation:

This mode is called the freewheeling mode as shown in Fig 1.
It commences when the main switch (5S1) is turned OFF and
the current in the transformer primary winding goes to zero.
Thus, the output filter inductor on the secondary side builds
up the current to the load and returns through the
freewheeling diodes D4 and D5. While this occurs, the
forward path diodes D1 and D6 are reverse-biased. On the
primary side, when the dot polarity reverses between the
primary and reset windings, diode D3 is forward biased and
starts to conduct, thus allowing the magnetizing current to
circulate in the reverse direction and begin the core reset.

2.3 Features of Proposed Converter

Mag-Amp Controller

To improve the regulation and eliminate operation under a
minimum load condition in a forward converter, a magnetic
amplifier (mag-amp) is connected at each output. With this
scheme, the master output provides feedback control for
change in duty cycle, while a mag-amp controls regulation
independently for each output. The overall mag-amp control
circuit is shown in Fig 2(a) and mag-amp of 6-L2016-W763
(Nanocrystalline Core) is shown in Fig 2(b).

© 2025,IRJET | ImpactFactor value: 8.315

ISO 9001:2008 Certified Journal | Page82



‘L International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 12 Issue: 08 | Aug 2025

www.irjet.net

p-ISSN: 2395-0072

— -
J}:]’H’ugam gl
= -
¢Nsl A D4 Ap2 ¢ Vuun
=N
PWM I f:e e dbalc k
control ‘ontrol
F m:‘ /:/ =
D5
,'_IVW = SNV
- » Magamp | /P
INs2  ADT r VIR anz

Feedback
Control

Fig 2(a): Mag-Amp control circuit.

Fig 2(b): 6-L2016-W763 (Nanocrystalline Core).

This architecture removes the need for feedback from the
output to the input side, resulting in a faster dynamic
response. Furthermore, it allows each output to regulate
independently from no-load condition, eliminating the
minimum load constraint.

Voltage Feed-Forward Control:

The input voltage variation may automatically change the
duty cycle hence degrading the performance of the
converter. This requires a closed loop to correct the output
duty cycle. In feed-forward technique, the PWM duty ratio
changes with change in input voltage and hence maintaining
constant output voltage. An RC network generates a ramp or
sawtooth waveform which is dependent on the input voltage
as shown in Fig 3(a) [4]. The generation of the ramp is
dependent on the input voltage, for example if the input
voltage doubles, the ramp waveform slope also increases
proportionally and the duty cycle will tend to decrease as
shown in Fig 3(b) [4].
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N
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Fig 3(a): RC network [4]
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Fig3(b): Variation of duty cycle with input voltage [4]

This technique (Voltage feedforward) provides preemptive
correction of the output duty cycle as it eliminates the delay
when compared to a feedback control loop. In feedback
control loop, the correction is made from an error amplifier
only after it responds to changes that are detected at the
output. Hence in voltage feed-forward method, the response
time and voltage control are much faster and with greater
accuracy.

Parallel Switching Devices:

In a dual-output forward converter, two MOSFETSs can be
wired in parallel on the primary side as shown in Fig 4.

4
\
\

Fig 4: Forward Converter with two MOSFETs in Parallel

This will support high current and improved efficiency. The
aim for paralleling is to share the current between the two
devices thus lowering the stress on each individual switch,
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so as to minimize the conduction loss. Since the power losses
are shared between the two devices, the total loss is split
between the two devices which results in lower heat
dissipation. Hence the efficiency of the converter also
increases. Thus, paralleling of two MOSFETs ensures better
performance for the overall system. The two parallel devices
have reduced thermal limitations, more symmetrical thermal
distribution and runs more reliably when operating under
maximum load.

3. METHODOLOGY AND BLOCK DIAGRAM
3.1 Methodology

The brief structure of methodology for the proposed work s
shown in Fig 5.

Design Analsis ”
' ‘ | Tesin
o Block Diagram ) St ) % = &E
Paning & | Comporents Hardware .
Schematic Design e — Verifcation
Fig 5: Methodology
Planning:

e A suitable converter topology was selected based on the
given specifications.

e The topology selected for this application is Forward
Converter.

Block Diagram and Schematic Design:

¢ Both block diagram and circuit schematic were created
from the stated requirements.

« Software utilized was LT Spice, OrCAD, and Mathcad.

* A BOM was created after the completion of the schematic.

Selection of Components:

» Components were selected based on the previous design
calculations.

¢ Considerations when selecting components includes:
power ratings, tolerances and thermal ability.

Design Analysis and Hardware Implementation:

o After the design and BOM were finished, multiple analyses
were conducted such as, Derating analysis, Power
dissipation calculation and Feasibility analysis.

o After the analysis phase, hardware was built based on the
schematic.

Testing and Verification:

e The built converter underwent multiple tests including,
Impedance tests and Thermal tests.

« Finally, the design performance was compared against
expected outcomes.

3.2 Block Diagram

The block diagram of proposed forward converter is shown
in Fig 6.
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Fig 6: Block Diagram of Proposed Forward Converter

The developed power module is designed to deliver dual
outputs of 5V/ 8A each, providing a combined output power
of 80W. The input to the DC-DC converter is a variable
voltage of 32V-42V DC and gives two regulated outputs at
5V/8A each.

The block diagram of proposed forward converter has the
following blocks:

i) Input Protection and Filtering ii) Startup Circuit iii)
Voltage Protection Circuit iv) PWM Controller and Gate
Driver v) Magnetic Amplifier (Mag Amp) vi) Optocoupler.

i) Input Protection and Filtering:

In order to protect the converter from instances of
overvoltage and overcurrent, relays are utilized on the input
side. The relays provide a level of safety for the operation of
the entire power system. An EMI (Electromagnetic
Interference) filter is also placed on the input stage to
eliminate the unwanted effects of current, harmonics, and
electrical noise. The EMI filter enhances the converter’s
efficiency and reliability by supplying noise-free DC power to
the transformer's primary.

ii)Startup Circuit:

It converts the reference circuitry from a zero-current state
to normal condition. Once the reference circuit is energized
and stable, the startup circuit is no longer required or
needed, and becomes inactive.
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iii)Voltage Protection Circuit:

The circuit includes an overvoltage protection circuit (OVP)
which allows the output to be halted before the voltage can
exceed a level of safety. In this design, the OVP threshold
occurs at 44V, while the undervoltage protection (UVP) is
tripped when the input voltage falls below a value of 30V.

iv)PWM Controller and Gate Driver:

The PWM controller is a modified version which is used in
various high frequency switched mode power supply (SMPS)
applications to control output voltage based on change in
input voltage. Additionally, a gate driver circuit is
implemented that drives the power switches while
maintaining electrical isolation from the power stage. Gate
driver circuits provide high noise immunity and good
reliability when transferring a signal to the gates of the
power switches.

v)Magnetic Amplifier (Mag Amp):

A magnetic amplifier (Mag-Amp) has been implemented on
the transformer secondary side to regulate the output
voltage. The operation of a magnetic amplifier relies on the
principles of core saturation with transformer. In a magnetic
amplifier, the magnetic properties are used to control the
flow of electrical current.

vi)Optocoupler:

Atthe output side, an optocoupler is included to control and
communicate various signals between isolation areas in the
circuit. The optocoupler consists of an internal infrared LED
and a photosensitive detector to provide galvanic isolation.
The isolated part of the circuit provides signal
communications without electrical connection between
circuits.

4. SPECIFICATION AND DESIGN OF PROPOSED
CONVERTER SYSTEM

4.1 Specification

The design specifications of the proposed forward converter
are summarized in Table 1.

Table 1: Proposed Forward Converter Specification

Parameter Specification
Input Voltage Range 32V-42VDC
Selected Topology Isolated Forward
Converter
Output Voltage 5V
(for each outputs)
Output Current 8A
(for each outputs)
Switching Frequency 140 kHz
Output Power 80W
Efficiency >65%
Line Regulation <1%
Load Regulation <2%

4.2 Design Calculation

This section highlights the design aspects of key
components, including: a) Transformer design. b) Selection
of switching device. ¢) Design of output filter. d) Selection of
secondary diode.

4.2.1 Transformer Design:

The transformer design parameters, Area of the conductor
and number of turns are shown below [5].

Vin min =32 VDC
Vin max =42V DC
Kw = 0.35

Bm =0.12 Tesla

] =6 Amp/mm2
Fsw =140 KHz
Pout = 80 Watts

A, A XA, (1)
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—— 1
vOmax X Pyyrx(1+—-=)

4, = ELE (2)

B Kw XJX10~ XxBmxX Fsw

N = (VinminxDmax) (3)

P Bm xAc x10 SxFsw

Tratio — Vout+(Vp %Dméx] (4_)
Dmax xVinmin
Tratio = — (5)
Np
Ns = Tratio X Np (6)

Selected core: O0R43019UG, material, Ur:5010, AL:
6680mH/1000T.

Where,

Kw = Window Factor

] = Current Density A/mm?
Fsw = Switching Frequency Hz
Dmax = Maximum Duty Cycle
Bm = Maximum Flux Density T
Vd = Diode Drop

Selection of Mag-Amp Core:

Based on the area of the conductor, the mag-amp is
selected as per the following design [5].

Ax xVwithstand
Bm xKy,x107°

(7)

ApMA =

Where,

Ap ma = Area product of Mag-Amp
Ax = Wire area of conductor
Vwithstand = Withstanding voltage
Bm = Maximum Flux Density T

Vd = Diode Drop

Selected Mag-Amp Core:
P/N: 6-L2016-W763 (Nanocrystalline Mag-Amp Core)

4.2.2 Selection of switching device:

Switching devices in power converters undergo extremely
high electrical stress levels because there is rapid change in
voltage and current. Thus, it is very important to select a
proper switching device when designing switching
converters. Commonly used devices include diodes, bipolar
junction transistors (BJTs), metal-oxide-semiconductor field-
effect transistors (MOSFETs) and insulated gate bipolar
transistors (IGBTSs) [5].

MOSFETs are preferred in:
* High frequency applications (>200 kHz).
* Wide range of line variations or load

variations.

* Device of choice for blocking voltages less
than 500V.

* A majority-carrier device: fast switching
speed.

Conduction loss: Conduction losses are the power losses
occurring in MOSFET while conducting, relies mainly on the
RMS current flowing in the switch and ON state resistance
drop from drain to source. By selecting the lower resistance
value, the conduction losses can be minimized [6].

Switching loss: Switching losses are associated with the
transition of switches from ON to OFF state and vice-versa.
The losses are related to the Gate charge (Qg), switching
frequency, and switching voltage needed for Gate to turn ON
the MOSFET switch. Therefore, the mosfet is selected in an
optimal way so that losses are minimized [6].

The peak voltage of the mosfet is calculated by using
below equation,

Np

) (8)

Veeak mosreT = Vin max X (1 + Nmag

Selected MOSFET: IRHM57260, 200V, 0.049 Ohm, 32@
100 Deg

4.2.3 Design of Output Filter:

The output voltage of transformer secondary is processed
through rectification and filtering to obtain the required
output. In the proposed converter, an LC filter is employed
and selecting appropriate component values is essential.
Proper filter design helps to minimize noise, reduce size and
lower costs, which are key considerations for spaceborne
applications.

The design formulae for output inductor and output
capacitor are mentioned in the below equations.

_ Voutl.(1—Dminl)-Ts

L= 2.KI1 - Toutl (%)
c1 . KI-Toutl (10)
8- Fsw-DeltaVl
1o Vout2-(1—Dmin2)-Ts (11)
2-K1-Iout2
K1 -Tout2
C2i=— (12)

8- Fsw-DeltaV2
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4.2.4 Selection of Secondary Diode:

When selecting the output diode for a given application it is
determined by the voltage and current levels of the
secondary side. Schottky diodes are the preferred choice,
because they have a low forward voltage drop (approx. 0.6
V) and can handle substantial current (approx. 35 A).

One advantage of a Schottky diode over conventional p-n
junction diodes is that they have negligible reverse recovery
time (Trr). While a p-n diode will have a reverse recovery
time of several hundred nano seconds changing from a
conduction state to a blocking state, Schottky diodes have
virtually no time delay.

This makes Schottky diodes well-suited for high-frequency
applications where low forward voltage drop, high current
handling and very low reverse recovery time are required

[5].

Selected Diode is 35CGQ150, Package: TO-254AA having
Vg=150V,1z=35A,VFD=0.6 V

5. HARDWARE IMPLEMENTATION

Fig 7 illustrates the hardware experimental setup of the
forward converter. The key components of this circuit setup
include the following:

* Power supply

* Cathode Ray Oscilloscope (CRO)
* Forward dc-dc converter

*  Electronic load

CRO

ks
Power Supply| ¢

Forward DC-DC

Electronic Load

Converter

Fig 7: Experimental Setup

The top view and bottom view of the proposed forward
converter are depicted in Fig 8 and Fig 9 respectively. The
primary key components used in the hardware setup of the
proposed forward converter are as follows:

o EMIfilter (CMI & DMI filters)

Transformer

Input and output connectors
Parallel MOSFETs

Bias inductor

Secondary diodes and Mag-Amps
Output capacitors and inductors
Snubber circuit

PWM IC & Driver IC

Secondary Diodes
DMifilter |,

.

»| Mag-amp

Parallel MOSFET

-+ Transformer

CMi filter |«
Output

< b & < Connector

—| Inductor

Input connector | «

Output

Connector

Fig 9: Bottom view of the converter
6. EXPERIMENTAL RESULTS

6.1 Gate and Drain Voltage:

The gate and drain waveform for different input voltage
condition (32V, 36V and 42V) is shown in Fig 10(a), 10(b)
and 10(c) which consists of maximum and peak-peak gate
voltage and drain voltage.
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Fig 10(a): Gate & Drain waveform for input voltage of 32V
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Fig 10(c): Gate & Drain waveform for input voltage of 42V

Drain Voltage: The peak drain voltage occurs at maximum
input voltage and maximum load. The energy regenerative
snubber circuit used and the reduction of transformer
leakage inductance mitigates the ringing present in the drain
voltage. This reduction in voltage ringing across the MOSFET
leads to a reduction in switching losses and therefore
improves converter efficiency.

Table 2: Gate & Drain voltage at different input voltages.

6.2 Output Voltage:

The Table 3 and Table 4 shows the output-I and output-II
voltages at different input voitage (32V, 36V and 42V) and for
different load conditions i.e., 10%, 50% and 100%.

Output Voltage
™
Vin (V)
Minimum Nominal Maximum
Load Load Load
(10%) (50%) (100%)
32 4.99 4.98 4.97
36 4.99 4.96 4.99
42 5.0 497 4.98
Table 3: Output Voltages-Output-I
Output Voltage
V)
Vin Minimum Nominal Maximum
V) Load Load Load
(10%) (50%) (100%)
32 4.99 4.98 4.97
36 4.99 4.96 4.99
42 5.0 4.97 4.98

Table 4: Output Voltages-Output-II
6.3 Output Ripple Voltage:

Ripple voltage refers to the AC component superimposed on a
DC output. It is a key parameter in evaluating the quality of
the DC voltage. Measurements of ripple voltage were
conducted under varying load conditions and input voltage
levels. The measured values are presented in Table 5.

Table 5: Ripple voltages for output-I (5V/8A).

Ripple (mV)
Minimum Nominal Maximum
Vin (V) Load Load Load
(10%) (50%) (100%)
32 324 27.9 44
36 26.5 28.8 44.8
42 25.2 28 48.8

The measured output voltage ripple for output-II is as same
as output-I (Table 5).

Input | Maximum | Maximum (Peak to Peak| Peak to Peak 6.4 Line and Load Regulation:
voltage Gate Drain |Gate Voltage| Drain Voltage . Lo .
Vin (V) |[Voltage (V)|Voltage (V) ) ) Line Regulation is defined by,
32 12 118V 123 14 v — .
36 124 127V 1321 148 %Line Regulation = —— @4l x 100 (13)
2 12 140V 148 14 outmem
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The line regulation for different input voltage is shown in
Table 6.

Table 6: Line Regulation

Vin (V) Output %Line
Voltage (V) Regulation
32 497
36 499 0.20
42 4.98

Load Regulation is defined by,

Vout min load-V,

out max load % 100
Vout nom load (14)

%Load Regulation =

The load regulation for different input voltage is shown
in Table 7.

Table 7: Load Regulation

Load Vout (V) Vout (V) Vout (V)
Condition Vin=32V Vin=36V Vin=42V
10% 4.99 4.99 5.0
50% 4.98 4.96 4.97
100% 497 4.98 4.98
% Load 0.40 0.20 0.40
Regulation

6.5 Efficiency:

Efficiency under various operating conditions is determined
by measuring the input and output power. The calculated
efficiency values are shown in Table 8.

Oufput Power

YWEfficiency = x 100 (15)

Input Powaer

Table 8: Efficiency obtained at various load conditions
with different input voltage conditions.

% Efficiency
Vin Minimum Load | Nominal Load | Maximum Load
Y (10%) (50%) (100%)
32 72.5 739 74.7
36 68.2 69.6 70.4
42 65.6 66.95 67.17

7. CONCLUSION

Design and Implementation of 80W Dual Output Forward
Converter for Spaceborne Power Supply Applications is
carried out. As per the results obtained, the converter
efficiency is above 65% thus meeting the design

specifications. The use of magnetic amplifier (mag-amp)
provides improved load regulation (<2%) by controlling
each output. Additionally, the voltage feed-forward control
technique ensures effective line regulation (<1%) by offering
a fast-dynamic response. The output voltage ripple is
maintained within the acceptable limits, with a peak-to-peak
ripple of less than 50 mV, ensuring stable and noise-free
power delivery. Hence the proposed converter is found to be
suitable for spaceborne power supply applications.
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