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Abstract- The energy produced by solar modules is influenced by environmental conditions such as temperature and radiation
intensity. Therefore, the generated voltage range is variable. The energy produced by solar modules has the maximum value at
a certain point. Techniques for Maximum Power Point Tracking (MPPT) applied to step down - step up DC/DC converters can
be used to increase the efficiency of solar modules. In this paper, a hew step down-step up DC/DC converter is proposed which
has lower ripple at output voltage and input current compared to the conventional converters. Moreover, the proposed
converter has fewer number of keys and thus less dissipation and greater efficiency compared to the conventional devices.
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1. Introduction

Today, due to the indiscriminate use of electrical power by
the people and industries and on the other hand, considering
reduction of energy sources and fossil fuels such as oil, gas,
and coal, there is a particular interest to new and renewable
energies such as wind, solar power, and hydroelectric power.
Moreover, severe pollution caused by the consumption of
fossil fuels and also endangering human health and natural
life are other reasons causing people to prefer new and
renewable energies. However, the energy produced by these
Modules is low. Therefore, solar modules are connected in
series and form photovoltaic modules which are able to
generate a lot of electrical power [1]. The effect of
temperature change and radiation intensity on the voltage-
power curves (V-P) of solar modules is shown in Fig.1. It
can be observed from the curve V-P in Fig. 1 that an increase
in temperature can decrease the power generated by PV
module at maximum power point. On the other hand, an
increase in radiation intensity can cause an increase in the
power generated in the maximum power point of PV module
and the other functional points. Therefore, maximizing the
power generated by PV makes its application cost-effective
[1-3]. Therefore, to find the maximum point of the power
generated by PV and transfer it to load, a DC/DC converter
should be applied which is an interface between load and PV
module and track the maximum power point operation
(MPPT). To perform MPPT, Duty rate in DC/DC converter
is changed, and the load impedance seen from the two ends

of PV module changes, accordingly. This will continue until
we reach the maximum power point of PV. There are several
methods to track the maximum power point in PV, each of
which has its advantages and disadvantages. Some of the
methods of maximum power point tracking are Perturbation
and Observation (P&O), hill climbing, and incremental
conductance [4-5]. These methods do not require the
information of the PV characteristic curve but they have
some oscillations around the maximum power point, which is
a disadvantage. We introduce a new P&O algorithm in this
paper which reduces these perturbations. After selecting the
desired MPPT method for maximum power point of solar
panel, the next step is to select and design a new converter
with high efficiency by which the desired method can be
implemented.

2. Solar Modules

In recent decades, a common model for mathematical
expression of current and output voltage of solar modules
have been presented which is also used to perform MPPT. A
PV array is composed of a group of series and parallel solar
modules to generate the required voltage and current. The
equivalent circuit for PV array which is formed by arranging
N, parallel and Ns series Modules is shown in Fig. 2 [6].

The equation of voltage and current of two ends of PV array
is obtained from relation (1) [2]:
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Fig. 1. V-P curves of PV module for different temperatures (left) and various radiations (right)
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In relation (1) Iy, is photon current, I is cell saturation
current, g is electron charge, K is the Boltzmann constant, T¢
is the working temperature of the cell, A is an ideal
parameter, Ry, is parallel resistance, and R; is solar modules
series resistance.

3. Maximum Power Point Tracking Algorithm (MPPT)

MPPT algorithm of the proposed system is based on the
direct adjustment of the duty cycle of DC/DC converter
which is resulted from the sequential comparison of the

output power of solar modules as well as the difference of
output powers in two consecutive moments. Therefore, the
problem of the maximized output power can be solved
effectively using the duty cycle of DC/DC converter as a
control variable with Perturbation and Observation (P&O) or
the following control law [6-9]:

N, N,R/R,,
’Y_V‘i ;
Nylon(T) 'y I SNRIR, V
Yy ¥ :

Fig. 2. solar array model which is composed of N, parallel
and N, series modules.
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Dy and Dy are duty cycle values in k and k-1 intervals,
respectively. AP, /AD,_, are the power tilt of PV in step
ki, and ¢, is the step change. The proposed Maximum Power
Point Tracking based control algorithm is shown in Fig. 3. In
Fig. 3 Vin, lin, Pin and V, are input voltage, input current,
input power and output voltage respectively. The
characteristic of the new proposed system is that PV output
power is calculated and compared with the output power in
the previous moment. The result of the comparison can help
to decide whether the change sign of duty cycle AD should
be changed or remain unchanged.

4. The Proposed Step down-Step up DC/DC Converter

In the proposed convertor which is shown in Fig. 4, both
voltages, higher and lower than the input voltage, can be
achieved in the input. In other words, the proposed convertor
is a step down-step up DC/DC converter with conversion
ratio of (1-D/D). As seen in Fig. 4, this convertor has three
keys (s, Sz, and s3), a diode (D;), and two inductors (L, and
L,) in the input and output and an energy-pumping capacitor
(Cy) and a capacitor in the output (C,) in order to stabilize
output voltage and reduce the output voltage ripple.

This converter compared to the step down-step up Cuk
converter, with conversion ratio of (D/1-D) and voltage with
negative polarity at output, has voltage with positive polarity
at output.

However, it has more power key than this convertor. Also
the proposed convertor has a better conversion ratio than the
two step down-step up DC/DC converters and type KY and
hybrid type, because these two convertors has the conversion
ratio of 2D. In other words, using this conversion ratio, more
than twice the input voltage cannot be produced at output
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Fig. 3. the proposed Maximum Power Point Tracking
Algorithm

Fig. 4. the electrical circuit of the proposed step down-step
up converter

voltage [10, 11]. However, the proposed converter presents
a voltage ranging from zero to infinity in the output.

In the following circuit equations and in the shape of the
circuit in two performance modes are studied. In the first
mode, S; key is on and the S, and S; keys are off and the bias
diode is direct. In this case, the energy pumping capacitor

(Cy) is charged through the inductor L,, and inductor L,,
which was magnetized in the previous mode, is
demagnetized through the output. The proposed converter in
this mode is shown in Fig.5 . Circuit equations in this mode
are as follows:

Vi =Vin =Ver @)
Vi, =V, (4)
. Y

Ic2 =2 _FO (®)

In the second mode, S; key is off and S, and S; keys are on;
bias diode (D) is reverse. In this mode, L,is magnetized
through the input voltage, and L, is charged and magnetized
by energy pumping capacitor (C;), which was mentioned in
the previous mode. The proposed converter in this mode of
operation is shown in Fig. 6. Converter state equations in this
mode are as follows:

Vi = Vi ®)
V2 =Ve1 —Vo Y
. Y

Ic2 =2 _Eo ®)

On the other hand, given that the average inductor voltage L,
in a switching period is zero, we have:

;
j v, dt=0 ©)

0
DT * (Vi ~Veu )+ {L-DJT *(v;,) =0 (10)
DVin - DVC]. +Vin - DVm = 0 (11)
Vi, = D*Vg, (12)

Similarly for inductor L,, we have:

.
Iszdt =0 (13)
0

DT *(=V )+ (L= DJT *(Ve; -V, )= 0 (14)
—DV, — DV +Vg; + DC -V, =0 (15)
V, =(1-D)*Vg, (16)
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Substituting relation (16) into relation (12), we have:

V:

V, =(1-D)*-n (17)
D

Vo = 1-b (18)
Vin D

L, L,

—rrn— —h .
Vi Vi,
+ >

V= C,=—=V, C,=—— R32V,

Fig. 5. the electrical circuit of the proposed step down-step
up converter when S; key is on.
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Fig. 6. the electrical circuit of the proposed step down-step
up converter when S, and Sz key is on.

5.  Simulation Results

The overall system model used in the simulations is shown in
Fig. 7. As the figure shows, the system consists of three
different parts, the first part includes PV model used in
simulations, the second part consists of a step down-step up
DC/DC converter, due to its benefits mentioned in the
introduction, and the third part includes maximizing the
generated power by PV using MPPT algorithm [10-12].
Parameters for both converters are listed in table.1.

lin
vin DC/DC
l Converter Vo Load
A
Photovoltaic lin | Vin
Y YV Pulses
MPPT
Controller

Fig. 7. the overall system model.

In this section, the simulation results for step down-step up
KY converter and for the proposed converter and Maximum
Power Point Tracking algorithm are compared and drew. KY
step down-step up converter has 2D conversion ratio for
voltage. In other words, more than twice the input voltage
cannot be achieved in the output of the converter. However,
the proposed converter has the conversion ratio of 1-D/D and
is able to present output voltages ranging from zero to
infinity. In addition to conversion ratio, step down-step up
converter ripple is an important measure to evaluate the
usefulness of the converter. In this section, the ripple of
current, voltage, and power of the different parts of the
converter are studied.

Table 1. Parameters of converters.

Parameter size
Input inductor 5 mH
Output inductor 5mH
Input capacitance 100 pF
Load resistance 10 Q
ferequency 20 kHz

Fig. 8 is related to waveform and output current ripple of PV
for KY step down-step up converter and Fig. 9 is related to
waveform and output current ripple of PV for the proposed
converter. These two figures showed that the proposed
converter has a lower ripple value.

Fig. 10 and 11 are related to waveform, voltage, and output
voltage ripple of PV for KY step down-step up converter and
the proposed step down-step up converter, respectively.
These figures indicated that the proposed converter has a
lower ripple value. According to the figure, the proposed
converter has a ripple about 0.0005. However, KY step
down-step up converter has a ripple about 0.04. One of the
important parameters affecting the performance review of
DC/DC converters is input current ripple of the converter.
Waveform and input current ripple of KY step down-step up
converter and the proposed converter are shown in Fig. 12
and 13, respectively. As the figures show, input current
ripple of the proposed converter is significantly less than
input current ripple of the hybrid converter.
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Fig. 8. Waveform and output current ripple of PV for KY step down-step up converter.
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Fig. 9. Waveform and output current ripple of PV for the proposed step down-step up converter.
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Fig. 10. waveform, voltage, and output voltage ripple of PV for KY step down-step up converter.
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Fig. 11. waveform, voltage, and output voltage ripple of PV for the proposed step down-step up converter.
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Fig. 12. Waveform and input current ripple of KY step down-step up converter.
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Fig. 13. Waveform and input current ripple of the proposed step down-step up converter.

6. Conclusion

In this paper, Maximum Power Point Tracking (MPPT)
applied to step down-step up DC/DC converters was used to
increase the efficiency of solar modules. Fluctuations around
the maximum power point, which are the main disadvantage
of this method, were somewhat resolved using the proposed
P&O method. A new step down-step up DC/DC converter
was proposed with low ripple at output voltage and input
current, compared to the conventional converters. Moreover,
the proposed converter compared to the conventional
converters has fewer number of keys and thus less
dissipation and greater efficiency.
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