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Abstract: This paper presents a double ended forward converter designed to charge small arrays of batteries placed in
series and parallel such that high output characteristics of converter is supported. Hybrid charging technique has been
used consisting 2 technique namely constant current and constant voltage respectively. This gives insight on influence
of different charge profiles on batteries and on their indicators, State of Charge (SOC). The main design step for the
Double ended forward converter is presented with the experimental results of the designed converter. The latter used to
ensure that the battery cells will operate within their safe limits.
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I. INTRODUCTION
Power production in developed and developing countries
is majorly through fossil fuels. Depletion of these fuels has
led to use of renewable resources. The main problem is the
storage of generated power. Hence there is a need to
improve battery technology were battery management
system [2] come in handy. Battery management
techniques will improve the performance of the battery
and which makes it a safe, reliable, and cost-efficient
solution. BMS contains accurate algorithms which
measures and estimates the functional status of the battery
and protect the battery from hazardous and inefficient
operating conditions. With improvements in power storage
capability of batteries, there is a huge scope for charge
controlling in battery management system. Instead of
having an independent charger and a source for an
individual battery an array of battery i.e. a series and
parallel combination of batteries with all having the same
characteristic can be charged with a single controller as
well as a single source. In this paper [4], battery
management system of cell monitoring and protection has
been discussed. The design and testing of Lithium Ferro
Phosphate (LFP) cells in a battery is done. The battery
management system monitoring has been able to measure
the battery parameters such as the voltage and current
dynamics.
A Typical high-frequency dc-dc converter for off-line
applications has been discussed in [3]. This article also
provides a comprehensive solution to perform core reset,
turn-off snubber, voltage-clamped and input filter
functions with minimum component count.
Forward converter topology is favoured in isolated DC/DC
power converter for its simplicity, flexibility to
accommodate multiple isolated outputs and the easy
modulation of the duty cycle for the optimized working
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of the circuit. Single MOSFET switch is employed in the
conventional forward converter, which is primary-ground
referenced for conveniently driving the gate. The
drawback to this topology is that the voltage stress on the
switch is the sum of the input voltage, the reflected
transformer voltage, and the turn-off voltage spike caused
by leakage inductance to overcome this limitation double
ended forward converter has been proposed. In this paper
for charge controlling is done through switched mode
power supply circuit, which is a double ended forward
converter. The benefits of the double ended forward
converter [5] operating at high frequency for high-voltage
applications as a power supply. The converter topology is
characterized
by
simplicity,
robustness,
and
controllability.
II. SYSTEM DESCRIPTION
A.
Double ended forward converter
The proposed converter is shown in figure 1. For
convenience purpose rectified output from full bridge
rectifier has been used. The output from the solar panel
with maximum power point tracking can also be used for
tapping renewable resources. In double ended forward
converter two MOSFET switches Sw1 and Sw2 are
connected on either side of the transformer. Gating pulse
to the switches is provided simultaneously. The
transformer used here is a step-down transformer with
diodes Din1 and Din2 shorting the switches with the
opposite legs of the transformer.
When switches are turned off the current flowing in
through the magnetizing inductance will cause the reversal
of the primary voltage until the reverse current is caught
from the dotted end of the transformer by the diode Din2.
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The positive end of the transformer is clamped to Vin by
diode Din1. The maximum voltage across the MOSFET
during the turning off period is Vin. Energy from leakage
inductance is clamped and returned through diodes Din1
and Din2 back to the source. Since there is no need to
dissipate this energy there is no need for the resistive
snubber or higher rating transistor. Since the inductive
energy is now clamped, ringing associated with discharge
of this energy through tertiary winding is eliminated hence
system noise reduces. Since snubber circuit is eliminated
electromagnetic interference is reduced. When switches
Sw1and Sw2 are turned off diodes Din1 and Din2 clamps
and apply the input voltage with reverse polarity at the
primary of transformer. This automatically resets the
transformer hence eliminates the use of tertiary winding.
This reduces the boot print of the circuit.
The converter voltage might be able to range from 12.6V
to 25.2V, ensuring that the converter can perform either
with one or two battery cell in series, making the converter
suitable even in the condition of one cell with low charge
up to the situation where two batteries are fully charged.
The current can assume values from almost zero
(embracing batteries almost completely charged, which
lead current close to zero) to 3 A, that corresponds to a
situation where 4 batteries in parallel are draining a C-rate
slightly greater than 0.1C (which in the case of CP175
batteries corresponds to 0.72 A).

to 0.1C of durability purpose. Once the battery reaches the
rated voltage, the charging current reduces to zero slowly
until the battery is fully charged. Therefore, the voltage
regulation is an important aspect of the constant voltage
charge.
III. MATHEMATICAL ANALYSES
Output voltage is given by (1)
 N1 
Vo  Vs  D

 N 2  (1)

Duty cycle D is taken to be 50%
Inductor value is given by (2)
1  D R
L min 
2f

(2)

Where Lmin is the minimum inductance required for
continuous current. In practice, a value of inductance
greater than Lmin is desirable to ensure continuous current
and f is the operating frequency, here the operating
frequency is 100 kHz so that the noise interference can be
reduced.
The inductor Lo is given by (3);
Lo  1.25  L min (3)
The output voltage ripple is given by (4);
Vo1  D 
Vo 
8LCF 2
(4)
Vois the peak-to-peak ripple voltage at the output,
Capacitance in terms of specified voltage ripple is given
by (5);
1 D
C
 VO  2
8L
f
 VO 
(5)

Fig 2.Proposed circuit
TABLE I CONVERTER DESIGN PARAMETER
B.
Battery charging
The sole purpose of using a battery is its capability of
storing energy with minimum losses. Here lead-acid
battery of 12V and 7.5 Ah has been used for simulation.
For charging a lead-acid battery, a well-matched charger
should be used because the capacity or life of the battery is
influenced by temperature, charge, voltage, and other
parameters. One of the methods most commonly used, due
to its ease of implementation, is the hybrid method CC/CV
(constant voltage and constant current) shown in Figure 1.
This method comprises two charge stages. First, the
charger provides constant current charging to the battery
until the voltage at its terminals reaches a set value,
usually
stated
as
ﬂoat
voltage
value
(approximately2.1V/cell). The charging current is limited
Copyright to IJIREEICE

Sl.
No.
1
2
3
4
5

Designed parameters
Description
Value
Input voltage
V RMS =230V
Output voltage
VO=25.2V
Frequency
fs=100kHz
Output capacitor
CO=2*470μF
Inductor
LO=42.5μH
IV. SIMULATION RESULTS

Before implementing any hardware model, the
development of a software model is necessary as it reduces
the time of trial and error and helps to get the exact values
of the components for implementing in practical. Hence
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MATLAB/SIMULINK software is used to design the C.
prototype of specified parameter for the double ended
forward converter. The parameters used to design double
ended forward converter.
A.
Open loop simulation model
A MATLAB Simulink model of open loop double ended
forward converter is shown in figure 4.1. All the
component blocks are readily available in Simulink
library. In primary side an ideal 230V 50Hz AC supply.
Both the MOSFETs are operated simultaneously. The
gating pulse given to these MOSFETs are given through
simple PWM technique. The duty cycle of 80% is given
here. The working frequency is of 100kHz.
The transformer used here is two winding linear
transformer with a nominal voltage of 500W and
frequency of 100kHz.

open loop simulation results

Fig.4.Open loop output voltage

Fig.5.Open loop inductor current

Fig.2.Open loop MATLAB Simulink model.
B.
Closed loop simulation model
A closed loop double ended forward converter is shown in
figure 4.2. The modelling of closed loop converter is same
as that of open loop as it is done for the same parameter.
Here the duty cycle is controlled in closed loop. It is done
by program.

Fig.6. Open loop duty cycle

Fig.7. Rectified output voltage
Fig. 3.Closed loop Simulink model
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D.
closed loop simulation results
Output characteristics when battery is charged up to 60%
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Fig.8. Closed loop output voltage while battery SOC is at
60%

Fig.12. Inductor current while battery SOC is at 99%

Fig.13. Duty cycle while battery is charged up to 99%
Fig.9. Closed loop inductor current while SOC is 60%

Output characteristics when battery is charged up to 100%

Fig.14. output voltage while battery SOC is at 100%
Fig.10. Duty cycle while SOC is 60%
Output characteristics when battery is charged up to 99%

Fig.15. Inductor current while battery SOC is at 100%
V. CONCLUSION

Fig.11. Output voltage while battery SOC is at 99%
Copyright to IJIREEICE

This paper shows the steps to build a double ended
forward converter used for battery charging purpose. This
converter can achieve the proposed objective. The
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simulation results of the converter operating in maximum
power show that it complies to the operating requirements.
From the closed loop simulation results, it is clear that this
converter is suitable for battery charging. Thus, simulation
results obtained, the double ended forward converter
presents itself as a good solution for charging array of lead
acid battery, or even a single battery.
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