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Abstract—This project “implementation of bidirectional de-dc converter

for aerospace applications” composed of a bi directional dc to dc
converter which can operate in buck and boost modes. This will be useful
in regenerative applications. This project presents simulation of the
proposed bidirectional dc to dc converter in both operational modes. The
proposed model can be used to predict the converter efficiency at any
desired operating point. The new model can serve as an important
teaching cum-research tool for Dual Active Bridge hardware design
(devices and passive components selection), soft-switching-operating
range estimation, and performance prediction at the design stage. The
operation of the DAB dc-dc converter has been verified through
extensive simulations. A Dual Active Bridge converter prototype was

designed on the basis of the proposed model.

1. INTRODUCTION

The Dual active bridge converter consist of two full
bridge circuits connected through an isolation transformer and
a coupling inductor L, which may be provided partly or
entirely by transformer leakage inductance. The full-bridge on
the left-hand-side is connected to the high voltage (HV) DC
bus and the full-bridge on the right-hand-side is connected to
low voltage (LV) ultra capacitors. Each bridge is controlled to
generate a high-frequency square-wave voltage at its
terminals. By incorporating an appropriate value of coupling
inductance, the two square-waves can be suitably phase-
shifted to control the power flow from one DC source to the
other. An active bridge on either side of the transformer allows
bidirectional power transfer. Power flows from the bridge
generating the leading square-wave. The key operating
waveforms of the converter during the charging mode, that is
when power flows from the HV side to the LV ultra capacitor
side.

In simple full bridge circuit the power flows from
source to the load, but in this circuit the power flows from
source to the load in forward operation this we can call as
buck operation mode and in the next cycle the load can be
operated as source. In this the circuit will operate as a boost
converter which will improve the DC voltage by using

isolation transformer and inductor which can be phase shifted.
This circuit can operate in two types such as buck and boost
operations. In forward operation one full bridge circuit operate
as inverter to convert dc voltage into ac voltage and the other
full bridge circuit operates as rectifier to convert ac voltage
into dc voltage.

The bi-directional dc to dc converter means the input
dc supply is converted into ac and then dc by using two full
bridge circuits. In one operation one full bridge circuit
operate as rectifier in other operation it will operate as
inverter similarly the second full bridge circuit will operate as
rectifier in one operation and in the reverse operation it will
operate as inverter. Both the converters are always in
operating in rectifier mode or inverter mode so we can call as
dual active bridge and also the operation continues in both
forward and reverse mode then we completely call as Bi-
directional dual active bridge (DAB) dc-dc converter.

Bidirectional power flow capability is a key feature

of DAB dc—dc converters, permitting flexible interfacing to
energy storage devices. Although the DAB converter has an
inherent soft-switching attribute, it is limited to a reduced
operating range depending on voltage conversion ratio and
output current. This is a drawback for applications that operate
mainly with variable or low loads as the overall converter
efficiency is reduced. Recently, a model was proposed for the
DAB converter that has been validated under certain operating
conditions for low load, low efficiency, and low-power
operation, but the device average and rms current models and
transformer/inductor RMS current models which could serve
useful for hardware design were not proposed. Moreover, such
current models are not available in the existing literature for
either low-power or high-power converter operation. A
comparative evaluation of single- and three-phase versions of
the DAB converter was performed in from the perspective of
operating performance and losses for bidirectional power
conversion applications. The comparisons pave the way for a
choice to be made between these two alternatives for any
particular application. Inoue and Akagi validated DAB
performance for next-generation power conversion systems
using ultra capacitor-based technologies.

2. Basic Principle of Operation
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Future aircraft are likely to employ
electrically powered actuators for adjusting flight
control surfaces and other high-power transient loads.
To meet the peak power demands of aircraft electric
loads and to absorb regenerated power, an ultra
capacitor based energy storage system is examined in
which a bidirectional DAB dc—dc converter is used.
The DAB converter shown in Fig. 1 consists of two
full-bridge circuits connected through an isolation
transformer and a coupling inductor L, which may be
provided partly or entirely by the transformer leakage
inductance. The full bridge on the left hand side of
Fig. 1 is connected to the HV dc bus and the full
bridge on the right-hand side is connected to the low-
voltage (LV) ultra capacitor. Each bridge is
controlled to generate an HF square-wave voltage at
its terminals. By incorporating an appropriate value
of coupling inductance, the two square-waves can be
suitably phase shifted with respect to each other to
control power flow from one dc source to another.
Thus, bidirectional power flow is enabled through a
small lightweight HF transformer and inductor
combination, and power flows from the bridge
generating the leading square-wave. Although
various modes of operation of the DAB converter
have been presented recently [20], [26], [28] for
highpower operation, the square-wave mode is
supposedly the best operatingmode. This is because
imposing quasi-square-wave on the transformer
primary and secondary voltages results in trapezoidal,
triangular, and sinusoidal waveforms of inductor
current in the DAB converter ac link. These modes
are beneficial for extending the low-power operating
range of the converter [26]. Although these modes
tend to reduce the switching losses, the voltage loss is
significant due to zero voltage periods in the quasi-
square-wave, which reduces the effective power
transfer at high-power levels. Therefore, the
contribution  highlighted in this paper forms
important research on the DAB converter.
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fig. 1 bi-directional dual active bridge circuit diagram

Initially the supply is given to the input terminal Vin,
the supply is dc supply is flows through the MOSFETS, and
an isolation transformer is connected to the other full bridge
converter which is having four MOSFETS and capacitors
connected across each switch, two capacitors are connected
across input supply and output terminal to provide better
ripple free operation. This circuit can operate in two types
such as buck and boost operations. In forward operation one
full bridge circuit operate as inverter to convert dc voltage into
ac voltage and the other full bridge circuit operates as rectifier
to convert ac voltage into dc voltage.

The bi-directional dc to dc converter means the input
dc supply is converted into ac and then dc by using two full
bridge circuits. In one operation one full bridge circuit operate
as rectifier in other operation it will operate as inverter
similarly the second full bridge circuit will operate as rectifier
in one operation and in the reverse operation it will operate as
inverter. Both the converters are always in operating in
rectifier mode or inverter mode so we can call as dual active
bridge and also the operation continues in both forward and
reverse mode then we completely call as Bi-directional dual
active bridge (DAB) dc-dc converter.

2.1 SOFTSWICHING TECHNIQUE
A.ZVS LIMITS:

During transistor turn-OFF, resonance will naturally
occur between device output capacitance and coupling
inductance. The energy stored in the coupling inductance is
sufficient to ensure charge/discharge of device output
capacitances at the switching instants. The converter operating
conditions to achieve virtually

Loss-less ZVS conditions are:
e At turn-ON of any device, its anti parallel
diode is conducting
e At turn-OFF of any device, the minimum
current flow through the device is positive.

In practice, the ZVS limits will be slightly different
due to the requirement for inductor current to be sufficient
to ensure charge/discharge of the device output
capacitances at the switching instants.

2.2 .SIMULATION OF PROPOSED CIRCUIT
A.BUCK MODE-FORWARD MODE
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fig. 2 simulation of proposed circuit buck mode operation

The above figure shows the simulation circuit of
proposed circuit in buck mode of operation. In this proposed
circuit using MOSFETS, capacitors, an isolation transformer,
inductor and resistive load are available. The snubber inductor
is connected in series with the isolation transformer. The
gating pulses are given to these MOSFETS to turn-on. The dc
voltage applied at input flows through the circuit as explained
earlier. However the voltage applied at the input terminal the
circuit bucks the input voltage to lower level. The input and
output voltage waveforms are shown below.

INPUT WAVEFORM

voltage(volts)

time(sec) —

fig.3 input voltage waveform of proposed circuit
The above figure shows the input voltage applied to
the proposed circuit in buck mode of operation. The input dc
voltage is 12v. The dc voltage waveform can be attained by
using scope.
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fig.4 input current waveform of proposed circuit

OUTPUT WAVEFORMS
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fig.5 output voltage waveform of proposed circuit
The above figure shows the output voltage waveform
of the proposed circuit in buck mode of operation. By
applying 9v dc as input voltage the output voltage can be
attained across capacitors is 2.147 dc.

B.BOOST MODE-REVERSE MODE

fig. 6 simulation of proposed circuit reverses operation

The above figure shows the simulation circuit of
proposed circuit in boost mode of operation. In this proposed
circuit using MOSFETS, capacitors, an isolation transformer,
inductor and resistive load are available. The snubber inductor
is connected in series with the isolation transformer. The load
in forward direction or in buck operation acts as an input
source. The gating pulses are given to these MOSFETs to
turn-on. The dc voltage applied at input flows through the
circuit as explained earlier. However the voltage applied at the
input terminal the circuit bucks the input voltage to lower
level. The input and output voltage waveforms are shown
below.
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voltage(volts) =

time(sec) —

INPUT WAVEFORMS
fig.7 input voltage waveform
The above figure shows the input voltage applied to the
proposed circuit in boost mode of operation. The input dc
voltage is 6.5v. The dc voltage waveform can be attained by
using scope.

fig.8 input current waveform in boost mode

3. HARDWARE:
fig 10hardware prototype

currentiamps)—>

time(ms) — -

OUTPUT WAVEFORMS

A. hardware results in buck mode

time(sec) —

fig 9 output voltage waveform

The above figure shows the output voltage waveform
of the proposed circuit in boost mode of operation. By
applying 6.5v dc as input voltage the output voltage can be
attained across capacitors is 12.54vdc.

fig 11 input voltage in buck mode
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4.CONCLUSION

This paper has presented a new steady-state model for the
(\B converter. The square-wave operating mode of DAB is
e best mode for high-power transfer. The operation of the
A\B dc—dc converter has been verified through extensive
ulations which in turn, confirm the accuracy of the model.
e experimental results confirm that provision of snubber
bacitors across the IGBTs reduces switching losses and
ice stresses and improves the converter performance. The
ulation and experimental results are in good agreement
onstrating the effectiveness of the steady-state model.
erefore, the proposed model can serve as an important
iching-cum-research tool for DAB hardware design, soft-

switching-operating range estimation, and performance
fig 12 output voltage in buck mode prediction at the design stage.

B. hardware results in buck mode
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