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Abstract— The DC-DC converters are widely used in
photovoltaic generating systems as an interface between
the photovoltaic panel and the load. The photovoltaic cells
which give a very low output voltage are used in most of
the applications. The DC-DC boost converter has to be
connected with the renewable energy source in order to
increase the available voltage for various high voltage gain
applications. Here a PV system is proposed which consists
of a DC-DC boost converter with MPPT algorithm. Boost
converter suffers from large input current ripple. In order
to improve the efficiency of the boost converter and reduce
the ripple current, an interleaved boost converter is used.
An interleaved boost converter consists of several boost
converters connected in parallel with switching frequency
and a phase shift of 180 degree. A new interleaved high
step up converter with the circuit of cumulative voltage
unit (CVU) is implemented in this work. This converter is
suitable for the high gain applications. Only two switches
are required to form the boosting path and the interleaved
topology. In this work, perturb and observe (P&O)
method is used to extract maximum possible power from
solar panel. Fractional open circuit voltage method is used
in hardware as it is simple and easy to implement. A high
gain step-up converter which is suitable for grid-connected
renewable energy sources is simulated using
MATLAB/SIMULINK and experimental results are also
verified.

Keywords— Cumulative voltage unit, Boost converter,
Interleaved boost converter, Voltage Stress.

. INTRODUCTION

In recent years, due to the fast environmental change and
energy exhaustion, the application ranges of the renewable
energy is extended more and more. The DC-DC step-up
converter is one of the possible applications. In general, the
voltage generated from the green energy is through the DC-
DC converter to step up the voltage. Then the inverter is used
to convert the dc source to the ac source to be in parallel with
the utility grid to provide the energy to the load. In a
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conventional boost converter, the stray inductance, capacitor,
voltage stress, ESR of the capacitor, and reverse recovery
problem of the diode make it unable to produce the necessary
high voltage in the real applications. The disadvantages of
conventional boost converter have been overcome by using an
interleaved boost converter. A multiphase interleaved boost
converter consists of several boost converters connected in
parallel with switching frequency and a phase shift of 180
degree. As the number of stages increases the efficiency is
also improved correspondingly [1]. To minimize the amount
of ripple, the conventional boost converter has been replaced
by an improved operation of interleaving methodology. In this
work a new interleaved high step-up DC-DC converter with
the circuit of cumulative voltage unit is used for high power
applications. Due to economic causes the solar energy is not
directly interfaced with the utility grid. Thus a power
electronic device is employed to interface the solar system to
the grid. MPPT algorithms are necessary because PV arrays
have a non linear voltage-current characteristic with a unique
point where the power produced is maximum. This point
depends on the temperature of the panels and on the irradiance
conditions. Both conditions change during the day and are also
different depending on the season of the year. It is very
important to track the MPP accurately under all possible
conditions so that the maximum available power is always
obtained.

In the recent years, the high step up DC-DC converters are
playing a vital role in DC-back up energy system for UPS,
grid system, high intensity discharge lamp and automobile
applications also. The conventional boost converter can be
advantageous for step-up applications that do not demand very
high voltage gain, mainly due to the resulting low conduction
loss and design simplicity. The duty cycle of the conventional
boost converter has its limitation to step up the output voltage.
A new interleaved high step-up DC-DC converter with the
circuit of cumulative voltage unit is used for high power
applications. Only two switches are required to form the
double boosting path and the interleaved topology [5]. The
new technique of the cumulative voltage unit forms the post
part of the high step-up converter. Each CVU module can
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share common diodes to reduce the number of the
components, step up the voltage gain and clamp the voltage
effectively [5]. The interleaved structure in the input end can
reduce the power loss in each current-owing component and
the input current ripple. Thus this paper includes the
implementation of MPPT using P & O algorithm in an
interleaved high step-up DC-DC converter using cumulative
voltage unit.

. IMPLEMENTATION OF MPPT IN A HIGH STEP-
UP INTERLEAVED CONVERTER

Fig. 1 shows the proposed system . The DC-DC converter is
suitable for high gain applications. Only two switches are
required to form the double boosting path and the interleaved
topology. The new technique of the cumulative voltage unit
forms the post part of the high step-up converter. Each CVU
module can share common diodes to reduce the number of the
components, step up the voltage gain and clamp the voltage
effectively. The interleaved structure in the input end can
reduce the power loss in each current-owing component and
the input current ripple. The CVU modules can be arranged
with different manners to extend the circuit topology. The
duty cycle of DC-DC converter is controlled by using MPPT
algorithm for maximum power point tracking using P & O
algorithm and is used for grid connected applications.

INTERLEAVED y
PV ARRAY BOOST DC/AC JeRriD|
CONVERTER INVERTER
Ipy r I
. b \
v de v
PV ] I
MPPT ~»| controL|"
Fig. 1. Proposed System

A. An Interleaved High Step-Up Dc-Dc Converter
with Cumulative Voltage Unit-

The high gain interleaved boost converter is suitable to the
application of requiring high ratio of the output voltage to
input voltage. Only two switches are required to form the
double boosting path and the interleaved topology. The new
technique of the cumulative voltage unit forms the post part of
the high step-up converter. Each CVU module can share
common diodes to reduce the number of the components, step
up the voltage gain and clamp the voltage effectively. The
interleaved structure in the input end can reduce the power
loss in each current-owing component and the input current
ripple. The CVU modules can be arranged with different
manners to extend the circuit topology. Fig. 2 shows the
circuit diagram of Interleaved Boost Converter with Voltage
Cumulative Unit.
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Fig. 2. Circuit Diagram of High gain Interleaved Boost Converter

Here S; and S, are power switches. C;, C, C3 C, are
capacitances. L; and L, are the input inductance and each
cumulative voltage unit is specified in the fig. 2. Conventional
and interleaved boost converters have some common
drawbacks. The duty cycle of these boost converters has its
limitation to step up the output voltage. For high power
applications it require large value of duty cycle. Extreme value
of duty cycle is affected by the design of circuit. The voltage
stress across the switch is almost equal to output voltage in
both cases. Therefore it is necessary to provide high output
voltage without using extreme value of duty cycle. It helps to
provide low ratings of components and thus helps to reduce
the size of the circuit. So we use interleaved boost converter
with cumulative voltage unit. Here high gain converter
provide an output voltage which is 14.5 times greater than
input voltage.

B. Perturb & Observe MPPT algorithm-—

The basic idea of the algorithm is to periodically perturb the
duty cycle of the converter and measure the module current
and voltage to determine the power. Based on the difference of
the present & past values of voltage, the direction of
perturbation is decided. Fig. 3 shows the P-V characteristics of
PV panel. The basic algorithm uses a fixed step to increase or
decrease voltage. The size of the step determines the size of
the deviation while oscillating about the MPP. Having a
smaller step will help reduce the oscillation, but will slow
down tracking, while having a bigger step will help reach
MPP faster, but will increase power loss when it oscillates. To
be able to implement P & O MPPT, the application needs to
measure the panel voltage and current. So for implementation

it needs two sensors.

Fig. 3. P-V Characteristics of PV Panel
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C. Fractional Open Circuit MPPT algorithm—

The maximum power point voltage has a linear dependency on
the open circuit voltage Voc under different irradiance and
temperature conditions. Computing the MPP (Maximum
Power Point) comes down to: Vyee=Ky Voc.The constant k
depends on the type and configuration of the photovoltaic
panel. The open circuit voltage must be measured and the
MPP determined for different ambient conditions. Usually, the
system disconnects the load periodically to measure VOC and
calculate the operating voltage. Fig. 4 shows the block
diagram of FOC voltage method. Although this method is
quite simple and robust. The controller is programmed to
operate the PV at maximum power point. A Pl controller is
implemented with their respective gains to obtain the
converter operation at maximum power point of PV source.

Ipv
> INTERLEAVED
PV ARRAY BOOST LOAD
v CONVERTER
PV 'y

Duty cycle

PV @ >
PI Controller
Vrer f

Fig. 4. Block Diagram of FOC Voltage Method

v

1. SIMULATION RESULTS

The converter as well as the MPPT algorithms are simulated in
MATLAB/ SIMULINK.. High gain interleaved boost
converter without MPPT is designed for 24 V input, 350 V
output with switching frequency of 60 kHz and duty cycle
72%. Output power is assumed as 150 W. Fig. 5 shows the
simulink model of high gain interleaved boost converter with
cumulative voltage unit and without MPPT algorithm. The
simulated waveform of switching waveform, input current,
voltage stress across the switch, output voltage and current are
shown in simulation results. The input current contains a ripple
of 0.8A and the voltage stress is 4 times reduced as that of
output voltage. 180° interleaved overlapped pulses are used.
The control signals with duty ratio 0.72 are shown in fig. 6.
The simulation parameters are shown in table -1.

Fig .5. Simulink model of high gain converter without MPPT
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Table -1 Simulation parameters.

PARAMETERS VALUES
Inpur voluage ' 24V
Ouzput voliage ;:t\
Switching frequency . e0kHz
Duty evele T2%
Boost ioductors (L, & L, 218l
Boost capacitors (T, €, C) . 220pnF
Output capacitor (C,)

220uF

Fig. 7 shows the source current and inductor currents for
interleaved boost converter with CVU. The voltage impressed
across the inductor during the on period of switch is Vj,.
During this period current rises linearly from a minimum level
Imin to @ maximum level l.«. The voltage impressed across the
inductor during OFF period is Vou-Vin and current drops
linearly from the maximum level |, to minimum level ..
The sum of inductor current will be the source current.

INPUT CURRENT WAVEFORM

14999 045999 08 0" 0%

Trre {sccrud

Fig .7. Input current waveform

It is evident from the simulation result that voltage across
switch 1 is zero when the switch S; is ON for a time period of
72% and voltage across switch S; is 4times less than output
voltage when S; is OFF. Waveform for voltage across switch
S, is similar to that of S; but is 180 degree phase shifted. Fig.
8 shows the voltage waveform across MOSFET.
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Fig .8. Voltage Stress across the Switch

Fig. 9 shows the output voltage and current of the interleaved
boost converter with CVU. It is clear from the simulation
result that output voltage greater than its input voltage. Steady
state output voltage is obtained as 332 V and output current is
0.47 V.
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Fig. 9. Output voltage waveform

The BP SOLAR SX 3190 is selected as the PV module
from the MATLAB tool box to verify the MPPT algorithms.
The characteristics of the module is given in fig. 10.

Array type: BP Solar SX3190

i T T

o)

Fower

Volage (V)

Fig .10. Characteristics of BP Solar SX3190.

I-V and P-V characteristics of the PV array under varying
irradiance with fixed ambient temperature are shown in fig.
10. From the characteristics of PV array, it can be seen that,
PV panel has its MPP at different point for different irradiance
level.

Fig. 11 and fig. 13 shows the simulink model of FOCV
method and P & O method. Fig. 12 shows the simulation
results of FOCV method. To operate the PV panel at the MPP,
the actual PV array voltage V,, is compared with the reference
voltage Ve which corresponds to the V. The error signal is
then processed to make V= Vi In order to verify MPPT
operation, the condition of changing irradiance from 500W/m?
to 1000W/m?, at 25°C is set using signal builder and a R load.
From the P-V characteristics (fig. 10), it can be seen that, at
1000W/m?, maximum power is 190W and for 500W/m?,
maximum power is 95W. The variation in PV power, voltage
and current with the change in irradiance is shown in fig. 11.
At simulation time 1.5s, there is an increase in solar insolation
from 500W/m? to 1000W/m? and thus power increases from
95W to 190W, i.e. corresponding MPP. Duty cycle is adjusted
by the MPPT algorithm to track maximum power point.

Fig. 11. Simulink model of FOCV MPPT algorithm
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Fig. 12. Simulation results FOCV MPPT algorithm

Voltage and current from the PV module is sensed and fed to
the MPPT algorithm block to track the maximum power point
frequency. P & O MPPT algorithm is implemented in
MATLAB function block. Program is in embedded c¢
language. Similar to FOC voltage method an irradiance
change from 500 W/m? to 1000 W/m? is given to test the MPP
tracking. Maximum power point tracking is evident from the
simulation graph shown in fig. 14.
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Fig. 13. Simulink model of P&0O MPPT algorithm

Al

Fig. 14. Simulation results P&O MPPT algorithm

(AVA EXPERIMENTAL RESULTS

Hardware setup is done in a Printed Circuit Board (PCB).
Control circuit and power circuit are implemented in one PCB.
Here dsPIC30F2010 is used for generating a pulse of constant
duty cycle and switching frequency.. The components list for

the hardware is given in Table 2.

Table -2 Component List.

PARAMETERS VALUES
Input voltage 24V

Output voltage SOV
Sm-l-;‘l-nmvl i'rcq--.:c.ncy ﬂl’;kl;!r

Diode UF5400

MOSFET [RF540

Boost inductors (L, & L) 220pH
‘ Iéooa‘f cnpnc;mmc-(} ‘I-(A'-A I‘ . J’pf 7
Output capacitor (C,) 4TpF

Controller dsPIC30F2010
Driver IC TIP250

Fractional open circuit voltage method is implemented and
indoor testing of the circuit has been performed. This is the
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simplest and cost effective method of all the MPPT methods.
P & O method requires high accuracy current sensor to sense
the PV current which increases the cost. Instead of using a PV
source, MPP tracking can be verified using an indoor
arrangement. Experimental setup is shown in 14

CONTREMLER (N T

Fig. 15. Experimental set up

The output voltage obtained for an input of 24V is shown in
fig. 15. The multimeter shows the output voltage of 328V .
The practical voltage gain is slightly less than the theoretical
one because of the on state resistance of power semiconductor
devices.

Fig. 16(a) Pulse from dsPIC30F2010 (b) Output of TLP250

As seen from fig. 15, input voltage source settles at reference
set point (here 24V), because of the control loop provided for
FOC voltage operation.180 degree phase shifted pulse output
from the controller is shown in fig. 16(a). Output pulse from
driver IC which is of 12V is shown in fig. 16(b).Voltage stress
across the switches will be 4 times less than output voltage.
Both volt age across switch and pulse of respective switch are
shown in fig. 17(a) and fig 17(b).

Fig. 17: (a) Voltage Stress across S;

(b) Voltage stress across S;
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V. CONCLUSION

In this project, a high gain interleaved boost converter that
makes use of solar energy with a proper MPPT control to
work with maximum efficiency is presented. The modified
circuit based on interleaved technique and voltage cumulative
unit helps in current sharing capability can reduce the
conduction loss of the components and helps to use the
smaller inductors. It helps to provide output voltage as that of
conventional converters without using extreme values of duty
cycle. The input current ripple is reduced by 60% compared to
conventional boost converter. The CVU circuit is used to
make up the high step-up DC-DC converter. The CVVU circuits
can share the common diodes effectively to reduce the number
of the diodes and can also increase the voltage gain. The
voltage stress across the switches is reduced by 74%.
Therefore, the components with smaller rating and lower
conduction resistance can be chosen to increase the efficiency
of the circuit. In hardware setup, fractional open circuit
voltage method is as it is simple and easy to implement. And
voltage gain is improved by 14 times and also MPPT is
verified assuming a Vpp 0f 24V. Thus it will helps to provide
maximum power point voltage at which the complete system
operate efficiently.
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