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Abstract: Times have certainly changed over the past few decades, now it seems that
technology is getting more compact and efficient. The modern outdoor enthusiast such as
hikers, climbers has a problem regarding the lack of power supply to power up electronics
when they go for adventure activities. In order to solve this problem, this paper design and
develop DC/DC buck converter system to drop down the voltage from the solar photovoltaic
(PV) system from 12VDC into 5VDC. This paper is first to start up with design and simulation
circuit using simulation to test outcome of this paper in the range of 5VDC & 1.0A and 5vVDC
& 0.5A. A battery storage is needed to feed electricity independent and battery management of
the battery is needed to improve the performance of battery life. This can be done by adding a
charge controller unit. The outcome of this paper allows the battery to be charged using the
solar panel and at the same time can produce multiple outputs for low voltages used. The
software simulation has been done to shows this system produces two different output and the
hardware will be developed based on the software results. Software and hardware result, both
will be compared and analysed.

1. Introduction

Nowadays the application of power semiconductor devices in electronics and electric power field is
undeniable as most of the electrical converters consist of semiconductor elements. These
semiconductor devices had undergone varies evolutionary and considered as the heart of modern
power electronics [1]. One of the electrical converters is to convert the voltage level from any certain
level of voltage to another level of voltage [2]. As in this project, the DC/DC buck converter is to buck
down the input voltage to the desired output voltage.

This paper is focused on developing the portable multiple output buck converter with the
photovoltaic (PV) as a system input. In Malaysia, solar PV systems are more selected compared to
wind energy as Malaysia wind speed are less than 3 m/s [3]. To harness the small wind, vertical axis
wind turbine is needed as the blade design will trap the small wind speed compared to the horizontal
axis wind turbine [4], [5]. While for PV system, it need the suitable place as the PV panel need a good
radiation at the desired location [6], [7]. The rechargeable battery will be applied as a storage system
in this system. Thus, the power from the PV will charge the battery and at the same time will be
supplied to the buck converter simultaneously. Consider the system running where is no present in
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sunlight as a source of PV panels, the battery will be a source of the system input. In Malaysia, the
duration of harvesting the sunlight energy in the range of 8 hours per day and this country are blessed
with adequate sunlight radiation throughout the year as it is near to the equator [8].

The output of this buck converter will produce two different output. The outcome of this project
allows the battery to be charged using the solar panel and at the same time can produce multiple
outputs for low voltages used. Moreover, this project will be a portable system that can be carried by
the outdoor enthusiast in order to solve their problems where no supply to power up the electronics
devices in the rural area.

2. Proposed Topologies and Operating Principles

2.1. Buck Converter Design

The topology for this buck converter are in the consideration of generating multiple currents flow for
0.5A and 1.0A as in Figure 1. It can be seen from Figure 1 the buck converter connected to two units
of power resistor module. The value of those resistors are decided based on the current flow needed
for each section.

For simulation purposes, the circuit connected to a simple DC supply as to testify the circuit
functionality and testing the performance of the multiple output buck converter. The buck converter is
design for meeting the requirement of 2.5W and 5W for multiple output section. The whole system
lead to the complete connection together from PV System, the buck converter with its controller and
lastly connect to the real load using USB ports.
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Figure 1. Proposed topology multiple output buck converters.

The solar panel will act as system input 12Vpc. This DC input will be connected to the solar
charge controller as to charge the battery and connect to the buck converter. In case the system still
runs in a situation where is no presence of sunlight, the system will use a 12Vpc 7.2Ah Lead-acid
rechargeable battery will act as the storage system and will be connected to buck converter. Thus
PWM microcontroller will be injected into the MOSFET thru gate driver based on buck switching
characteristic.

2.2. Operating Principles and Parameters

The buck converter in this system working on the CCM mode as CCM mode as it does not reach zero
so at the end of every switching cycle and there is some energy left which will be use on the next cycle
to provide enough energy for the output [9]. Since this project is designed specifically for charging,
this criteria is badly needed. The generated power from solar PV will be injected to the solar charge
controller for the purpose of gaining the stable output voltage to charge the battery and connected to
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the buck converter [10].The buck converter will operate in the rating of drop down of voltage from
12Vpc to 5Vpc that suite the USB power plug rating that can charge the mobile devices in the rating of
5Vpc and 1.0A. A good power cable need to be used as to sustain the high current that came from the
solar PV [11].

The buck converter working on the operating parameters as in Table 1. There are two power wire
wound resistors used in this buck converter as wire wound usually came with a good heat sink to stand
up the heat generated due to the high current produce from the buck converter. The value of power
resistors are 5Q and 10Q specifically for generating 1.0A and 0.5A respectively.

Table 1. Specification of Buck converter

Parameters Value

Input voltage, Vin 12Vpe

Load resistance 5Q 10Q
Output current, Vo 1.0A 0.5A
Output voltage, Vou 5Vpbe

Switching frequency, fy, 100kHz
Conduction CCM

3. Hardware Implementation

The equivalent series resistance (ESR) may have a significant effect on the output voltage ripple, often
producing a ripple voltage greater than that of the ideal capacitance [12]. The inductance in the
capacitor is usually not a significant factor at typical switching frequencies [2]. In order to reduce the

output voltage ripple, AVo IV the capacitor value must calculate specifically. The value of the
capacitor is first assumed to be 470uF. The value of this parameter will be tested using PSIM software
simulation. Thus, the output of the waveform will observe and the behavior of the output voltage also
was analyzed. To calculate the desired value of capacitor need by this buck converter, the average
value of the maximum and minimum voltage waveform must be determined. Figure 2. below shows
the output voltage on a small scale.

Vmax = 4.94348

[

Vmin = 4.94346

Figure 2. Output voltage ripples
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From the figure above the value of output voltage ripple can be calculated using a mathematical
formula [2],

AV V,.(1-D)

out — 1
Vout SXCXLX fsw2 ( )
AVou _ 3.7u
out
Thus, the actual value of the capacitor can be computed from the equation,
V. (1-D
C — out ( ) (2)

SXMXALX fSW2

out

C =24.49uF

4. Results
4.1, Laboratory test

The result is obtained from the experiment in which the PWM duty cycle was changed from
30% to 42% ON. Thus, The PWM was injected into the microcontroller and both outputs of the
buck converter were manually measured using a digital multimeter. In this experiment, the
laboratory power supply was used. Figure 3. (a). shows the circuit of this system were set up and
the output of the buck converter was measured with a digital multimeter. It can be seen that the
developed converter was able to conduct both system for 2.5W and 5W system.

In this experiment, the coding of the duty cycle of 30% to 42% will be injected into the
microcontroller. Thus, both output of the buck converter will be connected to charge the smartphone.
The charging time will be recorded in every increase 5% of the smartphone battery percentages. Noted
that the model of smartphone that has been used in this experiment are Lenovo A390. The
experimental data has been recorded and analyzed for the performance of the charging speed analysis
purposes. Figure 3 (b) shows the circuit of this system were set up and the output of this system is
connected to the smartphone using the USB port.

&

ﬂ‘v, i

Figure 3. (a) Output results for both 2.5W and 5W buck converter system (b) Circuit configuration to
the real mobile load
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Table 2. The duty cycle and the recorded charging time of both output buck converter.

Duty Cycle (%) Charging Times of Output  Charging times of Output

USB 1 (min) USB 2 (min)
ON OFF 0-5% 0-10% 0-5% 0-10%
30 70 8.3 16 10.3 20.8
32 68 6.5 15 11.1 22.4
34 66 5.5 14 12.07 24.2
36 64 9.4 24.2 13.2 26.4
38 62 17.4 33.2 13.53 27.01
40 60 22.2 40.3 26.24 52.5
42 58 25.5 57.23 31.20 72.42

From Table 2, the data recorded shows that when the percentage of the switching ON of the
duty cycle decreases the charging times of the output USB will be faster in every 5% of the battery
percentage. The duty cycle 42% ON recorded the longest charging times which is it takes 57.23
minutes for USB 1 and 72.42 minutes for USB 2 in order to complete 10% of charging percentages of
the battery. The ideal duty cycle to ensure better-charging performance is 34% ON and 66% OFF of
the PWM. Furthermore, 34% of the duty cycle of PWM were chosen for the hardware implementation
of the system. This is to ensure the user of this project experience the better charging performance
when they do the outdoor activities in which there is no power supply around. Figure 4. shows that the
graph of duty cycle against charging speed between output USB.

Percentage of duty cycle (%)

Duty Cycle (%) VS Charging Times (min) Charging times (min)
100!

30

70 68 66 e

B

1 2 3 4 5 6 7

= Duty cycle (ON) uty cycle (OFF) e Chiarging Time USB 1 e harging Time USB 2

Figure 4. The graph of duty cycle against charging speed between output USB.

4.2. Solar PV test

In this experiment, the same step has been taken from previous assessment. The result is obtained from
this experiment in which the coding of the PWM duty cycle was changed from 30% to 42% ON. Thus,
The coding was injected into the microcontroller and both outputs of the buck converter were
manually measured using a digital multimeter. In this experiment, the full system of the photovoltaic
was used. The results as in Table 3.
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Table 3. The duty cycle and the recorded charging time of both output buck converter using Solar PV.

Duty Cycle (%) Charging Times of Output Charging times of Output

USB 1 (min) USB 2 (min)
ON OFF 0-5% 0-10% 0-5% 12.15
30 70 5.48 11.34 6.25 12.17
32 68 5.12 10.09 5.49 15.51
34 66 7.13 14.21 7.37 14.45
36 64 9.37 21.56 7.45 22.33
38 62 9.53 20.33 11.1 27.20
40 60 10.4 21.14 13.2 32.53
42 58 12.5 27.35 14.2 12.15

From Table 3., the data recorded shows that when the percentage of the switching ON of the
duty cycle decreases the charging times of the output USB will be faster in every 5% of the battery
percentage. This pattern shown is the same as analysis in Table 2. The duty cycle 32% ON of the
PWM is the fastest time taken to complete 5% of charging state. By this analysis, the ideal duty cycle
to ensure better-charging performance is 32% ON and 34% percent OFF of the PWM. So this coding
of ideal PWM duty cycle was chosen for the hardware implementation of the complete system. This
analysis also to ensure the user of this project experience the better charging performance in the real-
time implementation.
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Figure 5. The graph of duty cycle against charging speed between output USB.
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By considering that the PV performance test was conducted and it is shown that the real I-V and P-V
characteristic of this solar panel as in Figure 6 (a) and Figure 6 (b).

Current (1)

Curent (1) vs Voltage (V)

15
Voltage (V)

Power (W)
45
4

3.5

Power (W) Vs Voltage (V)

10 15
Voltage (V)

20

25

(@)

(b)

Figure 6. (a) I-V Curve of the PV Module (b) Generated Power versus Voltage.

The Figure 6. (a) shows the graph of the current-voltage (I-V) and Figure 6. (b) shows the graph of the
power-voltage (P-V) characteristic of the PV module that has been used in this project. The power
delivered by the solar cell is the product of the current and voltage from the 10W PV module. All the
voltages from short-circuit to open-circuit conditions, the power curve above is obtained for a given
radiation level. The combination of current and voltages for which the power reaches its maximum
values. This solar |-V characteristic curves also can show us the different values of voltages and
current for different levels of isolation and temperature and can shows the ability of this solar modules
to convert sunlight into electricity. The Photovoltaic 1-V characteristic curve also can provide the
information needed for user to configure a solar power array so that it can operate as close as possible
to its maximum peak power point.

5. Conclusion

The focus of this project is to develop a buck converter with a single input and produce multiple
outputs in term of the power. The input voltage of this system initially was supplied using the
laboratory power supply and will compare to the Real-time implementation of the PV system supply.
Both results come out with the desired output as designed. Moreover, it also can be concluded that
different duty cycle will affect the output of the buck converter and efficiency of the system. This
analysis also has been shown in this chapter. Thus for the PV system to ensure the ability of the PV
modules itself produce enough electricity to supply the system and to charge the battery storage.
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