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Abstract - The, high-gain DC-DC converters dragged
much attention among the researchers. But there is a
concern that high-gain converters have less efficiency
and high switching stresses. The converter topology has
two quasi-impedance source network and a voltage
multiplier cell unit to facilitate very high-gain output
voltage. The input variations due to varying irradiation
of photovoltaic are alleviated by employing the perturb
and observe maximum power point tracking mechanism.
The simulation of the work is realized in MATLAB/
Simulink arena, and hardware circuits are validated
using the dsPIC30F2010 controller.

power electronic interfaces mandatorily.>°Also to make most
out of the existing power in PV in a given point of time, along
with the power electronic converters intelligent control
schemes called maximum power point tracking (MPPT) are
required.5® These MPPT controllers work effectively to
deliver the maximum power available in the PV to the load for
varying environmental (irradiation and temperature) changes*2
The category of MPPT scheme can be classified
predominantly according to the complexity of the algorithm,
control parameters involved, interfacing power electronic
topologies, etc.’**6 Amid the well-known MPPT control
techniques, the most coveted ones are perturb and observe
(P&O), and incremental conductance (INC), as these two

Key Words: High-gain DC-DC converter, non-linear  44rithms are complementary in nature and cater the need of
carrier controller, voltage regulation, perturb and  5yhjication in which it is employed. P&O algorithm which
observe maximum power point tracking, solar

photovoltaic

INTRODUCTION

This article relates to the teaching concept of high-gain
DC-DC converter which is a contemporary topic in power
electronics. The whole world is shifting its attention towards
distributed energy resources as the conventional way of
interconnected system finds difficult to accommodate the
power interaction through renewable power sources. This
paper suggests using photovoltaic (PV) power as the source
for the proposed power electronic circuitry. PV sources are
made compatible to the load only through power electronic
interfaces.

The high-gain power electronic interface is a novel one in
this work. innovative topology is then developed. It is evident
that there prevails a glooming power crisis around the globe!
and in recent past much emphasize has been given on utilizing
sustainable sources to alleviate the power deficit problem.
Among the sustainable sources the most coveted is the PV
resource which has peculiar advantages like pedagogy
portable, scalability, etc. compared to its other equivalents. PV
as such, being intermittent in nature, demands the role of

works on iterating the power and voltage values in power—
voltage (P-V) curve to find the exact operating point (Vmpp,
Impp) at which the PV delivers maximum power.

This algorithm is a simple cost effective one compared to
its INC counterpart. On the other hand, INC needs
comparatively an extended competency in executing the
algorithm and in this way P&O is preferred over INC in most
of the PV applications.'” In this work, the simple P&O MPPT
is adopted to regulate the PV power for its respective change
in irradiation and temperature. PV panels, though available in
different power ratings, have voltage levels confined in the
17-40V range. A typical 250 W panel may have a maximum
voltage of 36V, and therefore the DC-DC converter which
interfaces PV panel and inverter loads (AC loads) drags
utmost importance. The various traits of DC-DC converters
like gain, efficiency, topologies (isolated and non-isolated)
have to be chosen vigilantly in PV power system.®, -2° The
step up DC-DC converter say, boost converter is the rational
choice in many applications where the load voltage will be
several times the source voltage. The idea of configuring the
panels in series to make up the voltage to an extent may also
go as a futile idea if there is a mismatch between panels due to
inhomogeneous exposure of sunlight on the PV panels in an
array.
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Therefore, the choice of high-gain DC-DC converters is
apt for PV applications and this high-gain converter can be
isolated or non-isolated one. Non-isolated converters are much
more preferred over its isolated equivalent due to the
disadvantages like increase in size, losses and less efficient,
voltage spike issues, etc.?! To put in nutshell, the total
efficiency of a typical PV —-DC-DC converter- Inverter- /Grid/
Load system is primarily decided at the DC-DC conversion
stage. In this context, exploring the research aspects in high-
gain DC-DC converter with new topologies is highly prudent.
In this research work, an innovative DC-DC circuit with
effective two-loop voltage controlling mechanism has been
developed. The DC-DC converter is fed by a PV system
which has inherent variations in the source side due to its
intermittent nature.

PROPOSED SINGLE SWITCH HYBRID DC/DC
CONVERTER AND ANALYSIS

The proposed DC/DC converter integrates two quasi-
networks (continuous conduction quasi-impedance source
(gZS) and discontinuous conduction qZS) and a single stage
voltage multiplier for PV power generation system as shown
in Fig.1 Three inductors (L1, Lo, and Ls); four capacitors (Cy,
Ca, Cs, and Cy); two diodes (D1, D;) form the Z source
converter, and inductor (L.); capacitors (Cs and Cg); diodes
(D3, Ds, and Ds) form the voltage multiplier circuit. Moreover,
it inherits the additional merits such as common input and
output ground, continuous input current, buck or boost of the
input voltage by varying the duty cycle D.

Snl:rlhray

Fig 1. Proposed DC/DC converter for PV power generation
system.

ANALYSIS OF THE PROPOSED CONVERTER

The proposed converter is analyzed by assuming that the
components employed are ideal, the capacitors are sufficiently
large enough to provide constant voltage and the converter
operates in continuous conduction mode (CCM). The
operating modes of the converter with current flow path are
shown in Figure 2.

Mode | (DTs). Figure 2(a) demonstrates the equivalent
circuit of the proposed converter in first operating mode.
During this mode, the boost switch S is ON, whereas the
diodes D;—Dsand Dsare in OFF state. The time interval of this
mode is assumed as DTs. The panel output voltage Vpy and the
capacitor C; discharges the energy to the inductor L. On the
(a)
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other hand, the capacitors Co— Cs charge the inductors L, Ls,
and L. Voltage drop across of the C; appears across the load.

Figure 2. Equivalent circuit of the proposed converter with
various current flow paths: (a) Mode I and (b) Mode I1.

By applying Kirchhoff’s Voltage Law (KVL), the potential
drop across inductors Li—L 3 can be stated as

VL1=Vpv +VC1, VI2=V(C2 +Ve4, V3= Vez2+Ve3, V4 =Vee-Ves

On account of the symmetric nature of L, and L3, Cs and Ca,
voltage across these components are given by

VL4=VL3, Vc3=Ves

Mode 11 ((1-D)Ts). Figure 2(b) demonstrates the equivalent
circuit of the proposed converter in second operating mode.
During this mode, the boost switch S is OFF, whereas the
diodes D1—Ds and Ds are in ON state. The time interval of this
mode is assumed as (1-D)Ts. The panel output voltage Vpv
charges the inductor L; and the energy stored in the inductors
Lo, Ls, and L4 discharges via the capacitors C1—Cg to the load
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R. By applying the circuit, the potential drop across various
components can be stated as

VL1=VPV -VC2,VL3=-VC1-VL2,VC1l= VC2+ VC4,
VO =VC1+VC2+ VC5
Voltage multiplier is used to boost the static gain of the
converter by (Xpl), where X is the number of multiplier cells
connected.»; Here, a single cell voltage multiplier (C=1) is
connected in series with the DC/DC converter to boost the

output voltage. Thus, the output voltage is given by

_X+1
0 (l—D)Z PV

INDUCTOR DESIGN

The expression for the inductor can be derived by assuming
the current ripple (DI) to an allowable limit. During CCM
operation, the following expressions can be deduced

—Vidar _VipD
diy, Al fs

CAPACITOR DESIGN

The expression for the capacitor can be derived by assuming
the voltage ripple (DV.) to an allowable limit. During CCM
operation, the following expressions can be derived

C = ledte _ _icD
ave  AVcfs

Control strategy

It consists of essentially control loop, one at the source side.
P&O algorithm known for its simple execution and reliable
operation is employed in this work to enhance the power
delivery capability of the PV structure when it is exposed to
varying environmental conditions. The load side regulation is
achieved through a dynamic carrier voltage regulation which
alleviates the load intermittencies.

P&O algorithm

Since its inception, P&O algorithm remains to be very
compatible for many applications. In this algorithm, small
change in the control signal of the power converter is
occasionally introduced in the array voltage or current with
respect to the output power of the previous cycle. If the rate of
change of output power with respect to panel voltage
increases positively (dPpv/dVey> 0), then the path for
attaining the operating point moves in one direction and vice

versa. If the perturbation rate is selected vigilantly, the
oscillations in the power output are so meek.

Fig 3 Waveform for V-l & P-V characteristic

PROPOSED CONVERTER WITH P&0O MPPT

Array type: A2Peak Power POWER ON P220-6x10;
3 series modules; 1 parallel strings
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ALGORITHM

When solar panel feeds the proposed converter, the high-gain
converter amplifies the output voltage waveform corresponds
to the irradiations. Typically for 0.95 SUNS irradiations,
17.8V is amplified to 210V which is shown in Figure 4)
demonstrates the corresponding current and power
waveforms, respectively.

Table 1. Parameters.

Description Value
L1, L2, L3 470 mH
Lg 60 mH
C1,C3,C4,C5 330 mF
C, 450 mF
Cs 100 mF
Cy 150 mF
fs 15 kHz

Simulation voltage and current waveforms of each element
in the circuit for a duty cycle D=0.45 is shown in Figure 5.
demonstrates that output voltage. Also, it can be inferred from
the figure that ripple in the inductors are very low as it is
connected between the capacitors. The voltage across the
diode D4 is shown in Figure 5(c). Similarly, the voltage across
the diodes D,, Dy, Dz are shown in Figure 6. From the figures,
it can be concluded that diodes D,, D,, D3 are in complement
state of operation with D4. The current flowing through the
capacitor C7 is shown in Figure 5(d). Hardware results of the
simulated waveform is shown in Figure 6. The extracted
hardware results are in line with the simulated one.
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RESULTS AND DISCUSSION

The performance of the proposed high-gain DC/DC converter
with P&O MPPT algorithm and NLCC technique is simulated
using the Matlab/Simulink and experimentally realized with
the dsPIC30F4011 controller.

SOLAR VOLTAGE

SOLAR GURRENT

Fig 4. Input current and Voltage

CUTRUT WOLTAGE =
|

Fig 5. Output voltage

OUTPUT CURRENT
I

Fig 6. Output Power

The values for inductance and capacitance are determined by
having the criteria of 5% output ripple as per the IEEE
standards. The converter is tested with the various uncertain
conditions like varying irradiation and varying load scenario.
The following subsection gives the detail about it.

Fig 7. Hardware setup for High gain DC-DC converter

Fig 8. Pulse with modulation waveform
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Fig 9. Output voltage waveform

The hard ware results have been tested with the D = 45% and
the voltage we have given as 3v the obtained voltage is 8V.
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