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1. INTRODUCTION

Photovoltaic (PV) system requires DC-DC converter to adjust PV module output become suitable
for load specifications [1,2]. Some DC-DC converter development is oriented towards IC fabrication [3,4]. A
kind of DC-DC converter is buck converter. Development of the buck converter is also popular among
researchers. For example, high conversion ratio quasi square wave buck converter is designed and presented
in reference [5]. Synchronous buck converter for specific application (LED) is also evaluated by simulation
[6]. Switch-inductor semi-quadratic buck converter is proposed and analyzed in reference [7]. Buck converter
controlled by fuzzy logic is realized and reported in reference [8]. The buck converter is also very important
part of battery charger. Battery charger based on PV system needs high efficiency. The more efficient the PV
system, the shorter charging time required.

PV system efficiency is mainly affected by three factors, i.e. inverter efficiency (95-98%) [9], PV
panel efficiency which is between 8-15% (commercial PV panels) [10], and efficiency of Maximum Power
Point Tracking (MPPT) algorithm which is over 98% [11]. Improving the efficiency of the inverter and
the PV panel is not easy since it depends on availability of technology. Furthermore, it may require better
components and can increase drastically the installation cost. Instead, improving the tracking of
the Maximum Power Point (MPP) with new or simple control algorithms is easier and cheaper. It can be
done even in plants which are already used by updating their control algorithms. It would also lead to an
immediate increase in PV system power generation and consequently price reduction. Since PV panels have a
non-linear voltage-current characteristic with power produced is maximum in a unique point, MPPT
algorithms are necessary to be implemented [12]. This point depends on irradiance conditions and on
temperature of the PV panels. Both conditions are different depend on the season and change during the day.
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Moreover, solar radiation can change quickly because of changing of atmospheric conditions such as clouds
and rain. Therefore, track the MPP accurately under all possible conditions is very important. As the result,
maximum power is always available to be obtained [13].

In recent years, several MPPT algorithms have been published [14]. They differ in many aspects
such as sensors required, complexity, cost or even efficiency. However, more expensive or more complicated
algorithm is useless if with a simpler and cheaper one can obtain similar results. This is the reason why some
of the proposed techniques are not implemented. Perturb and Observe (P&O) algorithm is one of MPPT
algorithms which is simple, widely used, and recently developed by many researchers [15-24]. In this paper,
P&O algorithm implementation on buck converter of PV system for reducing battery charging time is
evaluated experimentally.

2. EXPERIMENTAL METHOD

This section describes method of the experiment which consists of two preparations, i.e. hardware
and software preparations. The hardware is designed by using commercial components which is easy to buy.
The software is focused on the implementation of P&O algorithm.

2.1. Hardware preparation

Hardware requirement is based on block diagram shown in Figure 1. Generally the system needs
some devices such as PV module, buck converter, current sensor and voltage divider circuit, MOSFET
driver, microcontroller arduino nano and battery. Operational principle of the system is firstly the PV module
receives solar radiation and converts to electricity. In order to supply load resistor or charge battery, voltage
and current generated by the PV module is inputted to the buck converter which is set with a certain value of
duty cycle switching. On the other side, the voltage and current generated by PV module are also sensed by
current sensor and voltage divider circuit. The sensing result becomes input which is processed by arduino
nano using P&O algorithm for controlling switch duty cycle of the buck converter. The P&O algorithm is
used to find MPP of the PV module. The circuit realization of the system is presented in Figure 2.
Performance of the buck converter will be compared with the a monolithic integrated circuit
buck converter LM2596.

The buck converter is used to decrease the PV module output voltage. It was desinged for charging
LiMn battery 7.4 V. In this experiment, the buck converter mentioned in Figures 1 and 2 is realized using
circuit shown in Figure 3 [8, 25-27]. Switch is realized using MOSFET and controlled by duty cycle
produced by the microcontroller arduino nano. The MOSFET used in this circuit is IRFZ44N with
specification of Vpgs =55 V dan Ip = 49 A, so it can be used for the circuit. The buck converter used in this
experiment has some parameters, such as Vj, = 13, V,,, = 8.6 V, frequency (f) = 50 kHz, and I,n= 1.2 A. In
buck converter design, ripple current (L) is set in 30% of maximum current. So that, the ZLippe
is calculated as

Leippre = 0.3 X 1.2 = 0.364 1)
Duty cycle is calculated by comparing V., and V;, as expected. Then, the duty cycle is

D= =22= 066 @)
m

Inductor value can be determined using equation as follows.

— Vin _Vout <D
fXIripple
_ (13-8.6)
50000x13

=161.3uH = 160uH o)

x0.66

After determining the inductor value, the capacitance can be calculated as follows.
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Figure 1. Block diagram of the experimental setup
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Figure 2. Circuit realization of PV system based battery charger
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Figure 3. Buck converter circuit

2.2. Software preparation (P&O algorithm)
As mentioned in previous sub section, arduino nano is used to implement the P&O algorithm. The
principle of the P&O algorithm is illustrated in Figure 4 [15, 18, 22, 24]. After generated and processed (see
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Figure 1), the voltage (V%) and current (/) are calculated to get output power (Pk). Then, the P is compared
to previous output power (Py.;) to get deviation (Px - Pr;) The deviation of the Py and Py, is used as condition
to determine the duty cycle must be increased or decreased. If the deviation is zero, it means there is no
difference between P and Py ;, then the Pk must be saved for next calculation. However, in the case of the
deviation is not zero, further process and condition selection are necessary. It leads to 4 conditions, i.e.
—  IfPy- Py <0and Vi - Vis <0, then the duty cycle must be increased and V7 increase
—  IfPy-Prs <0and V- Vi; >0, then the duty cycle must be decreased and ¥y decrease.
—  IfPi- Pr; >0and Vi - Vi >0, then the duty cycle must be increased and V increase.
—  IfPi-Pry >0and Vi - Vi <O, then the duty cycle must be decreased and V; decrease.

So that the output of the P&O algorithm is duty cycle for switching of buck converter. It changes
based on the output power deviation.

Increase Reduce Reduce Increase
duty cycle duty cycle duty cycle duty cycle
Lo [/ v /' e/ 1
increase decrease decrease increase
1 | 1

Pk =Pk

Figure 4. Flowchart of P&O algorithm

3. EXPERIMENTAL RESULT

The P&O algorithm was implemented to the PV system. In this section, the experimental results are
presented to confirm effectiveness of the P&O algorithm. The experimental results are presented based on
output power of the PV system and battery charging performance.

3.1. Output power of the PV system

In this sub section, experiment based on output power is discussed in detail. The experiment block
diagram is shown in Figure 5. The experiment compares the output power of the designed buck converter
with P&O algorithm and buck converter LM2596 without P&O algorithm. The experimental results are
shown in Figure 6. Load resistance was varied from 10Q until 45Q. The highest output power of the one with
P&O algorithm is 7.64 watt when the load resistance is 10 Q (V =9.56V and I = 0.799A). The one without
P&O algorithm reaches the highest ouput power of 7.22 watt. The output power decreases along with bigger
load resistance. The one with P&O algorithm has higher output power in every load resistances. It means the
P&O algorithm works well even it looks unstable in maintaining the output power. The output power can not
be stable because voltage source used by the MOSFET driver was taken from PV module. So, when the
output power decreases, so does the voltage in gate of the MOSFET. This condition affects to the P&O
algorithm during finding the maximum power point.
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3.2. Battery charging performance

In this sub section, certain time intervals are decided to confirm charging time performance. The
experiment block diagram is shown in Figure 7. Charging were done in outdoor by 15 minutes and 45
minutes for both the buck converter with P&O algorithm and the LM2596 without P&O algorithm. The more
power saved in battery the shorter charging time required. Batteries used in this experiment are with voltage
of 7.8 V. Experiment were done for 6 times during 8 AM — 1 PM. Experiment result is shown in Tables 1 and
2. The 15 minutes experiment results show the highest charging result of the one without P&O algorithm and
with P&O algorithm are are 0.04 V and 0.29, respectively. Moreover, the 45 minutes experiment results
show the highest charging result of the one without P&O algorithm and with P&O algorithm are 0.13 V and
0.66 V, respectively. Both experiment results prove that the P&O algorithm can optimize the work of buck
converter and support shorter charging time.

9
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Figure 5. Block diagram of output power based Figure 6. Experimental result of output power
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Table 1. Experimental results for 15 minutes charging
Without P&O With P&O
Exp. no 1 2 3 4 5 6 1 2 3 4 5 6
Vtare (V) 7.8 7.83 783 779 7.82 782 7.78 781 781 7.73 7.78 1.79
Viiop (V) 7.8 783 786 78 7.86 7.83 797 786 796 8.02 797 8.06

Charging result(V) 0 0 003 0.01 0.04 001 019 0.05 0.15 029 0.19 0.27

Table 2. Experimental results for 45 minutes charging

Without P&O With P&O
Exp. no 1 2 3 4 5 6 1 2 3 4 5 6
Vstart (V) 7.8 783 7.83 7.79 782 782 7.78 781 781 773 7.78 179
Vistop (V) 783 796 789 783 7.89 7.85 832 812 827 839 8.1 8.4

Charging result(V)  0.03 0.13 0.06 0.04 0.07 0.03 054 031 046 0.66 032 0.61
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4. CONCLUSION

In this paper, the P&O algorithm applied for buck converter of PV system based battery charger has
been presented. The P&O algorithm can control duty cycle for switching of buck converter. According
output power and charging time, the buck converter with P&O algorithm has higher output power and shorter
charging time than the one without P&O algorithm. It proves that the buck converter can be optimized by
using P&O algorithm. Since output power is not stable, in the future, advanced algorithm that can produce
more stable output power will be developed. In order to confirm performance of the designed buck converter,
future research will also be conducted with two identical PV modules and precisely same setup for the
designed buck converter and the fabricated one.
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