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Abstract - This paper studies a bidirectional D C-D C
converter with high conversion ratio for renewable energy
systems. The coupled-inductor technique is used to achieve a
high conversion ratio with very simple control circuits. In
discharging mode, the converter acts as a two-stage boost
converters, controlling one power switch to achieve high
voltage step-up conversion. In charging mode, the converter
acts as two cascaded buck converters that control two power
switches simultaneously to achieve high voltage step-down
conversion. The operating principles and analysis of the
steady-state characteristics are discussed in great detail.
Finally, a circuit 24/78V is simulated in MATLAB/SIMULINK.
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1.INTRODUCTION
The bidirectional DC-DC converter is widely used in

renewable energy applications. This converter is able to
transfer or balance energy between two different DC
sources, such as fuel cell and battery hybrid supplied power
systems, island photovoltaic generation systems, and wind
power systems [1]-[3]. The bidirectional DC-DC converter
can be applied in uninterruptible power supplies (UPSs) to
transfer the energy between source a n d battery [4]. The
bidirectional DC-DC converter plays an important role in
system back up orin reserving energy for the battery. Figure
1 shows the application of this converter in a hybrid
renewable energy supply s yste m. The battery can balance
the energy between the power source and the load. The
voltage difference between the battery and the DC bus is
large, thus, a bidirectional DC-DC converter with high step-
up/down voltage conversion ratio is required. The
conventional boost/buck bidirectional converter is not
suitable in such applications because the conversion ratio
will be significantly reduced by parasitic elements. the active
components of the single-stage cascaded bidirectional DC-
DC converter will suffer higher current stress and
conduction losses [5]. The bidirectional converter used
coupled-inductor technology to achieve a high voltage
conversion ratio [6]-[8]. However, the energy stored in the

leakage inductor of the coupled inductor causes a high
voltage spike on the power switches [9]-[11].

The bidirectional converter being studied is
constructed of a dual boost/buck converter to achieve a high
voltage conversion ratio by employing a coupled-inductor
technique. Fig. 2 shows the configuration of the bidirectional
converter, which has the following features: 1) the converter
achieves high voltage conversion ratio at step-up or step-
down stage; 2) solitary control with signal in either step-up
or step-down operating condition, an effectively simplified
control circuit; 3) the leakage-Inductance energy of the
coupled inductorisrecycled, thus reducing the voltage
stress on power switches; 4) a low RDS-ON switch can be
selected to improve system efficiency.
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Fig. 1 Renewable energy hybrid supply system.

II.CONFIGURATION OF
CONVERTER

BIDIRECTIONAL

The converter is used for the bidirectional transfer of
energy between the low voltage side VL, which is connected
to a 24 V battery, and the high voltage side VH, which is
connected toa 78 V DC bus. Fig. 2 shows the configuration of
the bidirectional converter.
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Fig. 2 shows the configuration of the bidirectional
converter.
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The following conditions were assumed in analyzing
the steady-state characteristics of the proposed converter:

All the circuit components are ideal. The capacitors
CL, C2, and CH are large enough, and the voltages can be
treated as constant. The magnetizing inductance Lm of the
coupled inductor is large enough, and the converter is
operated in continuous conduct mode (CCM).

The component parameter of coupled inductor turns
ratio Np: Nsis 1:3, Lm/Lk is 8/24.In discharging mode, the
converter acts as a two-stage boost converters, controlling
one power switch to achieve high voltage step-up
conversion. The power switch S1 is the main power switch. ‘
The switches S2 and S3 are off during the entire period. In ! ! ! h
charging mode, the converter acts as two cascaded buck
converters that control two power switches simultaneously
to achieve high voltage step-down conversion. Power
switches S2 and S3 are controlled simultaneously and switch
S1is off.

Fig.4. Output in discharging mode

The following is the simulation circuit in charging

mode.
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III. SIMULATION RESULTS

The specifications and component parameters are as s

e U}

follows: VL =24V, VH=78YV, fs =50 kHz, n =3, Lm = 37uH, w} -
CL =220 uF, and C2 = CH = 300 pF. The circuit is simulated

in MATLAB/SIMULINK. The following is the simulation
circuit in discharging mode. Fig 5. Simulation circuit in charging mode

Fig 3. Simulation circuit in discharging mode
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Fig 6.The output in charging mode

The output in discharging mode is shown in Fig 4. It

shows the output 24V is boosted up to 78V.
The output in charging mode is shown in Fig 6.

IV. CONCLUSIONS

This paper has studied about a bidirectional DC-DC
converter for renewable energy systems. The converter can
achieve high conversion ratio using the coupled-inductor
technique.
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