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ABSTRACT

Solar Energy is the prominent source of renewable energy. But, the practical DC —-DC converter can extract only

partial

amount of energy from the Solar cells by our conventional methods. An interleaved buck boost dc/dc converter is developed that
it requires only a smaller input/output filters, it provides the fast dynamic response and low stress on the devices than
conventional designs, for solar powered applications. Input and output ripples of voltage and current of the converter is very
low. The simulations were carried out using MATLAB/SIMULINK software package and hardware implemented.
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I. INTRODUCTION

As the demand of power is gradually increasing day-
by-day, one of the suitable best alternatives is choosing
non-conventional sources like solar energy as the prim-
ary sources for power generation in power stations.
Solar power which is several times greater than the one,
which we are using at the present. Solar power which is
surplus in nature is the best solution for solving the
grievance of global warming and energy thrust caused
by the increase of power consumption.

To enable the solar cell and to utilize the sunlight
efficiently, DC-DC converters are used for the solar
power generation. But, the constraint is that DC-DC
converters cannot extract 100% energy from the solar
cell. Though, many techniques have been invented and
implemented still, there is a lag and restrictions in the
research of boost converters. Interleaving technique
being an evolving technique, it can be a solution for the
aforementioned problem

Il. SOLAR PANEL DESIGN FOR BUCK AND BOOST

The model of a solar cell shown Figure 1 is designed
with all losses into account. The input current source
(Is) represents the optical power loss of the solar cell.
The recombination losses which is represented by diode
(D) is connected parallel to Is. The ohmic losses are
represented by the shunt resistance (Rsh) and series
resistance (Rs). The sum of all resistance in the current
path that is Rs should be as low as possible.
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Fig. 1. Solar Model

The efficiency of a solar cell depends mainly on Short
circuit current (Isc), open circuit voltage (Voc), Fill
factor (FF). Best value of a good solar cell should be >
0.80.

_I.

Shunt Resistance

FF=[Voc—In (Woc —0.72)] / [Voc + 1];

Voe = [KT/q] * [In (i / o) +1)];
Where, lo — Recombination current in the material due
to the electron-hole pair;
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Ii — Light generated current;

Voc — Maximum voltage obtained when solar cell is
left open;

Isc — Maximum current when the solar cell terminals
are shorted.

A buck converter is one which steps down voltage
from its input to its output. The solar cell with boost
converter, which is designed to produce an output
voltage of 24.78V. In Figure 2, a simple buck converter
is shown where the input of the converter is a solar cell.
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Fig. 2. Solar output for Buck mode

A boost converter is one which gives increased
output than the given input. The solar cell, which is
designed to produce an output voltage of 48.67V. In
Figure 2, a simple buck converter is shown where the
input of the converter is a solar cell.
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Fig. 3. Solar output for Boost model

111 MODES OF OPERATION
The proposed converter has Magnet coupling between
input and output inductors, that can be considered as an
ideal single-turn-ratio transformer along with magneti-
zing and leakage inductors. This converter can operate
both in boost and buck modes.
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Mode 1:(boost)

When switches 3 and 4 (Q3 and Q4) turn on perma-
nently and switches 1 and 2 (Q1 and Q2) operate with
PWM signals boost mode is achieved.

Mode 2:(buck)

In the buck mode, Q1 and Q2 turn off permanently,
and Q3 and Q4 operate in PWM.

The PWM activation signals of Q1 and Q2 are similar
to each other with a phase shift of Ts/2 for catering the
interleaved pattern. The output voltage is regulated
around a desired value by adjusting the duty cycle of
the switches (here 24V and 58V) in both operational
modes. During the transitions between the operating
modes a damping network which connects the capaci-
tor and a series resistor decays the output voltage osci-
llations when the input voltage is near the output volt-
age. The benefit of output voltage oscillation cancella-
tion via the time and the frequency domain analyses. In
addition, through increasing the number of interleaved
phases in boost and buck stages, the proposed converter
can be easily used as a modular converter being suita-
ble for transferring high power density in applications
such as individual storage systems and many others.
Interval 1: In this time interval, Q1,Q3, and Q4 are in
conducting mode, causing the magnetizing inductor 1
to start saving energy and concurrently magnetizing
inductor 2 to transfer its stored energy to the output
load and inductors via D2.
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Fig. 4. During interval 1

Interval 2 and 5: In this time intervals, Q3 and Q4 are
in conducting mode, while Q1 and Q2 turn off.
Therefore, the energy stored in magnetizing inductors
land 2 starts transferring to inductors 1 and 2 via D1
and D2. Similarly, a set of differential equations can be
found which describes the voltage across the capacitors
and current passing through the inductors for other time
intervals. The differential equations which describes
the voltage across the capacitors and current passing
through the inductors in these time intervals can be
obtained as in interval 1.

Fig. 5. During interval 2 and 5
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Interval 3: In this time interval, Q3 is in conducting
mode, while Q1, Q2, and Q4 are off. The energy
transfer in this interval is completely similar to the
previous interval except that the energy stored in both
input magnetizing inductors is transferred to inductor 1
only.
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Fig. 6. During interval 3

Interval 4: In this time interval, Q2, Q3, andQ4 are in
conducting mode, whileQ1 is off. The energy transfer
in this interval is also similar to that of interval 1 except
that the functions of magnetizing inductors 1 and 2
replace each other.

Fig. 7. During interval 4

Interval 6: In this time interval, Q4 is in conducting
mode, while Q1, Q2, and Q3 are off. Therefore, the
energy stored in magnetizing inductors 1 and 2 is
transferred to the output capacitor and inductor 2.

vg i

Fig. 8. During interval 6

IV.SELECTION OF BUCK-BOOST POWER STAGE
Selection of the inductors, the input and output
capacitors, the power switches and the output diodes
are involved in the interleaved converter design. Both
channels of an interleaved design have the identical
inductor and diodes. To select these components, it is
necessary to know the duty cycle range and peak
currents. The output power has been channeled through
two power paths, it requires a good starting point to
design the power path components using half the output
power.

The following parameters are required to calculate the
power stage component.
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Voltage across the capacitor —-Vc1, Ve
Change in inductor current -Aj 10r »

Input voltage - Vg

Change in magnetizing current- Ai m; Or 2
Magnetizing inductance -Lmi, Lm2

Time period - Ts

Input voltage - Vg4

Output voltage - Vou

V. EXPRESSION FOR INDUCTANCE AND
CAPACITANCE

The nominal current for power inductor is referred
commonly to self heating with DC current at the
temperature of +40°C. DC Resistance.

A power inductor is selected with the minimum possi-
ble DC resistance which is important after the calcu-
lated values for inductance L and inductor currents.
The DC resistance value is useful in finding wire
heating losses for minimizing the power loss of the
inductor. Choosing higher inductance value leads to
increase the value of DC resistance and lower induc-
tance value leads to decrease the value of DC resis-
tance. Preferably, use of shielded inductor with same
inductance value leads to decrease the value of DC
resistance. It is advisable to keep Electro Magnetic
Compatibility (EMC) for critical applications, the shiel-
ding of power inductor avoids uncontrolled magnetic
coupling due to air gap exists in the windings with
adjacent conductor tracks or components. It is highly
preferable for selecting power inductor of small size,
high energy storage density and low DC resistance.
Magnetizing inductance Lm1 and Lm2

Boost mode:

VD12 Ty

&iLml orm2 boost
Buck mode:

m’rclbuckTs
16&‘3:-{*??11 or 2 buck

Inductance L1 and Lz:
Boost mode:

VD12 T

AtLmi or 2 boost

[Vg_vﬂut)DSaLTs

ill—1‘-*’:*[*?’41*,1 or 2 buck

To use low Equivalent Series Resistance (ESR)
capacitors to minimize the ripple on the output voltage
is the best practice. Ceramic capacitors are a good
option if the dielectric material is X5R or better.
Capacitance Ci:

Boost mode:

Vour D1z (1-2Dy5) I
R [1_512} AVciboost 2

Buck mode:
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Buck mode:
Vﬂut [534_1]‘ [2 ng.— 1) T_s
R E‘]"rq: 1buck 2
Capacitance Ca:
Boost mode:

1 .
ETsﬂlelﬂrzboast
E‘chbﬂﬂst

Buck mode:
1 .
ETS&LL 1orzbuck
‘ﬁvczbuck

VI SIMULATION RESULT
The schematic diagram and output for the boost mode is
shown in figure 9 and figure 10.
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Fig. 9. Simulation diagram for boost mode

Fig. 10. Simulation output for boost mode

The schematic diagram and output for the buck mode is
shown in figure 11 and figure 12.
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Fig. 11. Simulation diagram for buck mode
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Fig. 12. Simulation Output for buck mode

The switching pattern Q1, Q2, Q3 and Q4 for buck and
boost mode operation is shown in figure 13, 14, 15, 16.
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Fig. 14. switching pattern for Q2
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Fig. 15. Switching pattern for Q3

Fig. 16. Switching pattern for Q4
SOLAR OUTPUT

The output of the solar with boost and buckmode with
its transient is shown in figure 17 and figure 18.
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Fig. 17. output for boost mode
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Fig. 18. Output for boost mode

VIl CONCLUSION
Thus, the given interleaved technique based buck and
boost dc-dc converter has very low 1/O current ripples
with a very high efficiency. This simulation technique
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can utilized to select appropriate components for the
converter. The circuit are simulated using MATLAB/
Simulink. Finally, the results indicate that the effici-
ency of the proposed solution is higher than the
conventional solution under the same condition.
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