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Abstract. This paper presents the details of design and implementation of DC-DC Buck converter as solar 
charger. This converter is designed for charging a battery with a capacity of 100 Ah (Ampere Hours) which 
has a charging voltage of 27.4 volts. The constant voltage method is selected on battery charging with the 
specified set point. To ensure the charging voltage is always on the set point, the duty cycle control of buck 
converter is set using Fuzzy Logic Control (FLC). The design implementation has been tested on PV 
(photovoltaic) with 540WP capacity. Based on the test results, this method is quite well implemented on the 
problem charger. 

1 Introduction  
The increasing energy demand and the declining 
availability of fossil energy sources led to the rapid 
development of alternative energy. One of the most 
widely used alternative energy sources is solar energy 
[1]-[3]. The transformation of energy sources from 
fossils into solar energy sources has had a considerable 
impact on the development of power electronics 
products. Batteries are energy storage that is included in 
power electronics products. Batteries are widely used in 
various applications, such as telecom power supplies, 
electric vehicles, UPS (uninterruptible power supplies), 
photovoltaic systems, portable electronic products, and 
others [12]-[13]. The charging process of a battery plays 
an important role because it can affect the durability and 
capacity of the battery that indirectly also affect the 
battery life. Many engineers and researchers look for 
simple, effective, and economical methods to solve this 
problem. Different types of battery charging approach 
show different efficiency values. 
Conventional charging will result in losses due to power 
dissipation in the process of charging the battery. The 
conventional charging process is done by converting 
power from AC source to DC source [4]. The use of this 
method requires the rectifier of the thyristor converter 
which will convert the AC source into DC, with the 
addition of series resistance to control the flow of power 
in the charging process. This battery charging method 
will of course produce a very high ripple current. This 
method has poor efficiency when applied on a large 
scale. Such conditions cause concerns about the quality 
of the battery charger to increase, so it takes a battery 
charging circuit that can reduce the ripple and prolong 
battery life. 
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Fig. 1. The topology of battery charging 
 
This research proposes a battery charging process by 
utilizing solar energy sources. The topology of proposes 
a battery charging show in Figure 1. Generally, the 
energy collected in PV arrays is used as a charger 
source. However, the PV output voltage arrays vary 
according to the existing sunlight. Unstable PV arrays 
output voltage can shift the operating point of the 
charger. Therefore, this study designed a new approach 
with Buck Converter as DC-DC converter which has 
been widely applied to DC motor speed regulator and 
energy backup system will be implemented in battery 
charging system [5]-[11]. In this research, the 
implementation of DC-DC converter is used as battery 
charging system for battery charging using constant 
voltage method where the output voltage is set at the 
desired set point so that the output voltage becomes 
fixed and the current generated follows the input 
power.This means that the output voltage of the buck 
converter that always at setpoint will make the input 
voltage for battery charging stable. Such conditions will 
indirectly affect the battery power and battery life. 
Figure 1 illustrates the topology of a battery charging 
system with a solar energy source. Buck Converter is 
used for battery charging with capacity of 100 Ah and 
charging voltage of 27.4 V with an input power supply 
of 540WP PV. To keep the charging voltage always on 
the setpoint, the duty cycle on the buck converter will be 
set using Fuzzy Logic Control (FLC). Of the various 
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intelligent controllers, the FLC is the simplest and better 
control than conventional controllers in terms of 
insensitivity to parameter variations, time response, and 
resilience [16]-[18]. Furthermore FLC is an adaptive 
control technique that allows to change the duty cycle 
buck converter parameters under unstable PV voltage 
output conditions. The design then implemented so that 
prototype solar charger can be used for charging the 
battery with the stable input voltage. 
 

2 Buck Converter Design for Solar 
Charger 
Buck converter has the characteristic of lowering DC 
voltage by adjusting duty cycle (D) by switching process 
using a semiconductor. The buck converter circuit is 
shown in Figure 2. 

 
Fig. 2. Buck converter circuit. 

 
When the switch is open, the output gets energy from 

the capacitor and from the inductor. The circuit when the 
switch is open is shown in Figure 3 (a). 
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Changes in the inductor current are: 
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The solution for Δ𝑖𝑖L for open switches is: 
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When the switch is closed the diode is in reverse 

biased position. The output is isolated and the input 
supplies energy to the inductor, the circuit shown in 
Figure 3 (b). 

The inductor voltage is: 
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The change in the inductor current is: 
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The solution for Δ𝑖𝑖L for closed switches is: 
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Fig. 3. (a) Buck converter circuit when the switch is open, (b) 
Buck converter circuit when the switch is closed 

 
The method of battery charging proposed in this 

research is constant voltage method. This method is 
chosen to keep the dry battery from over-charged. 
Therefore, definite voltage control and proper charging 
time in the battery charging method is essential to 
maintain expected battery life time. The charging voltage 
for a 100Ah battery is 13.8V-14.7V. Determination of 
the charging voltage is obtained from the battery 
capacity by State of Charge (SoC). The charging voltage 
of 13.7 Volts has reached 90% of the battery voltage in 
full condition. The design of buck converter output 
power is based on charging current and voltage charging 
of the battery. Parameter of buck converter show in table 
1. 

Table 1. Basic Parameter of Buck Converter 

Parameter Unit Value 

Input Voltage(Vs) Volt 55.4 

Output Voltage (Vo) Volt 27.4 

Output Current (Io) Ampere 13.795 

Voltage Ripple % 0.1 

Current Ripple  % 20 

Maximal Input Power WP 361 

Switching Frequency kHz 40 
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2.1 Inductor Design 
The inductor can be modeled like the equivalent circuit 
in Figure4. R is the DC resistance of the coil. Then the 
inductor can produce inductance and resistance R on the 
coil. The inductor is not saturated when using the worst 
case of Imax's peak current. As a note the relationship 
between R. 

 
 

Fig. 4. Inductor model 
 

The resistance of the inductor coil affects the efficiency 
and output voltage of the converter. Thus, the converter 
design requires the construction of an inductor with a 
fairly small coil resistance. 
Iinductor values isdetermined using equation (11): 
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Where: 
L : Inductance value (Henry) 
Vin : Input Voltage (Volt) 
Vo : Output Voltage (Volt) 
Vf : Diode fallingVoltage(Volt) 
△iL :Ripple current (Ampere) 
 

The number of inductor windings is obtained using 
equation (12): 
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Where : 
N  : Number of turn 
Bmax : Magnetic field (Tesla) 
Ac  : core cross-section area (mm2) 

 
The average current and the maximum current of the 

inductor can be calculated using the equations (13) and 
(14): 

R
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Where: 
IL (avg) : Inductor average current (Ampere) 
Io  : Output current (Ampere) 
Vo  : Output Voltage (Volt) 
R  :Resitance (Ohm) 
Imax : Inductor maximum current (Ampere) 
△IL  : Inductor ripple current (Ampere) 
IL  : Inductor current (Ampere) 
 

To calculate the length of the wire of each split, 
equation (16) can be used: 
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Where: 
l  :length of the wire (m/split) 
n : number of split 
k  : Bobbin’s Circumference (mm) 
AWG : standard wire gauge (Ampere) 

 
Cross Sectional Area of wire (qw) and wire 

diameter can be calculated using the following equations 
(17) and (18): 

 

J
I
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Where: 
J : Magnetic Energy (A/mm2) 
Qw : Cross Sectional Area of wire (mm2) 
Dw : Wire diameter (mm) 

 
From the design results obtained parameters of the 

inductor according to Table 2. 

Table 2. Parameter of Inductor 

Parameter Unit Value 

IL (avg) Ampere 13.79 

Vo Volt 27.4 

R Ohm 1.987 

L µH 128.57 

Imax Ampere 15.169 

N Turn 11 

AWG Ampere 1.392 

l m/split 1.155 

qw mm2 0.309 

dw mm 0.65 

 

2.2 Capasitor Design 
In this research, the design of capacitor parameters 

includes the output voltage ripple (ΔVo) and capacitor 
capacitance (Co). Equation (20) shows the relation of the 
output voltage (ΔVo) and the capacitance value of the 
capacitor (Co). 
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Where: 
ΔVo  : output voltage ripple (Volt) 
T   :switching period (Second) 
Co   : output capacitor (Farad) 

From the design results obtained parameters of the 
capacitor according to Table 3. 

Table 3. Parameter of capacitor 

Parameter Unit Value 

ΔVo Volt 27.4 

Co µF 47 

 

3 Fuzzy Logic Control for Buck 
Converter 

In this research, input from FLC used is input voltage 
which consist of input error and Δerror. Figure 5 shows 
the membership function of Δerror. The rules base is 
following the general behavior of the system written in 
the linguistiq label membership function pattern. The 
system output of the planned rule consists of 25 rules 
shown in the table 4. 

 

 
Fig. 5. Membership function Δerror 

Table 4. Rule Base FLC For Buck Converter 

RULE BASE FUZZY LOGIC 

Delta 
Error 

 
NBE 

 
NSE 

 
ZE 

 
PSE 

 
PBE 

NBD NXO NXO NBO NSO ZO 

NSD NXO NBO NSO ZO PSO 

ZD NBO NSO ZO PSO PBO 

PSD NSO ZO PSO PBO PXO 

PBD ZO PSO PBO PXO PXO 
 
If the error condition is NBE and Δerror NBD, then 

the output voltage is now greater than the requested 
output voltage. Therefore the voltage must be lowered 
larger. So for the first rule is: if error is NBE and Derr is 
NBD then PWM is NXO. 

 
Fig. 6.  Surface of rule base 

 
From the results of the rule base obtained then we can 

see linearization of rules that we make that seen in 
Figure 6. 

4  Experimental Result 

Testing is intended to get an evaluation of the circuit, 
in order to obtain better performance. Better 
performance is achieved by making improvements to the 
composition of the circuit that experienced a known 
error during the test. The test method is done into two 
stages, they are partial testing and integration testing. 
Partial testing is intended to test the suitability of each 
part of the design. Partial testing includes solar panel 
testing and buck converter testing. Further testing is 
done by integrating PV, buck converter, and battery. 

4.1 PV Testing 
Testing of PV in this study using 4 pieces of 135 WP 
solar panels that are connected parallel between the two 
solar panels. The purpose of this parallel relationship is 
to obtain the maximum current value between the two 
PV modules. From the PV testing is found that the value 
of the voltage on average bright conditions is 55.4-35.9 
volts. 

4.2 Buck Converter Testing 
The buck converter circuit testing aims to determine the 
performance of the buck circuit that has been designed 
and made. Figure 7 is a trigger waveform after being 
inserted on the Gate-Source MOSFET pin with a 30% 
duty cycle. There is a voltage ripple that can reduce the 
efficiency of a device. In Figure 7 it can also be seen that 
the buck converter circuit has worked. Where the 
characteristics of the buck converter work are the 
occurrence of the oscillation waveform before the drain-
Source wave touches the zero value. 
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Fig. 7. Drain-Source MOSFET Buck Converter (D=30%) 
Volt/div : 2 V, Time/div:5us 

 
After the trigger waveform can be generated, the test 

buck converter circuit will use an input voltage supply of 
55.4V with a resistive load of 100W and use the digital 
PWM of the microcontroller as the switching trigger of 
the buck converter circuit. 

Table 5. buck converter circuit testing result 

D 

(%) 

Vin 

(V) 

Iin 

(A) 

Pin 

(W) 

Vo 

(V) 

Io 

(A) 

Po 

(W) 
ῆ (%) 

30 55,4 0,18 10,24 15,84 0,57 9,02 88,09 

40 55,4 0,35 19,72 27,55 0,69 19,00 96,38 

41,4 55,4 0,37 20,77 28,76 0,70 20,13 96,90 

50 55,4 0,48 26,59 34,46 0,74 25,67 96,54 

60 55,4 0,55 30,52 38,06 0,77 29,49 96,63 

70 55,4 0,65 36,28 43,70 0,81 35,39 97,54 

80 55,4 0,88 49,25 55,00 0,89 48,95 99,39 

 
Based on Table 5, the efficiency generated in the 

buck converter circuit is greater when the dutycycle used 
is greater. This is because the value of DC resistance of 
the inductor has a large enough value so that in the small 
dutycycle has big losses, thus affecting the efficiency of 
the buck converter. However, based on the partial 
experimental data that has been done, the buck converter 
circuit works well. 

4.3 Integrated Test Buck Converter for Solar 
Charger 

 
Integrated testing is done by connecting the PV as 

the input source of the Buck converter, then the output 
voltage of the buck converter will serve as the voltage 
for charging the battery. The initial battery voltage is 
24.28 Volts and the rated charging voltage is set at 27.4 
Volts, with duty cycle control to adjust the output 
voltage of the buck converter. Table 6 and 7 shows the 
results of battery charging using 4 pieces of PV with 
each 135WP PV capacity.  

From the test data shown by table 6, the test uses 
manual duty cycle arrangement. Adjustment of duty 
cycle with the desired output voltage resulted in less 
good value of efficiency. 

 

Fig. 8. Efficiency of the buck converter without FLC and using 
FLC 

Table 6. open loop testing result Of Buck Converter 
(without FLC) 

Vin 
(V) 

Vo 
(V) 

Iin 
(A) 

Io 
(A) 

Pin 
(W) 

Pout 
(W) 

ῆ 
(%) lux D 

47.5 27.40 4.0 6.10 190.0 167.1 87.97 892 68 

48.5 27.35 3.8 5.75 184.3 157.2 85.33 897 65 

48.4 27.38 3.6 5.46 174.2 149.4 86.79 902 64 

49.1 27.32 3.4 5.25 169.4 143.4 84.67 892 64 

49.7 27.38 3.1 4.85 154.0 132.7 86.19 872 63 

49.8 27.42 2.9 4.48 144.4 122.8 85.06 841 63 

49.9 27.41 2.7 4.15 134.7 113.7 84.43 824 62 

50.9 27.42 2.5 3.92 127.2 107.4 84.46 795 61 

50.5 27.38 2.4 3.73 121.2 102.1 84.26 813 60 

51.3 27.38 2.1 3.31 107.7 90.63 84.12 875 59 

51.1 27.40 2.0 3.04 102.2 83.30 81.50 798 58 

50.7 27.42 1.7 2.57 86.19 70.47 81.76 756 59 

51.1 27.42 1.6 2.46 81.76 67.45 82.50 747 57 

51.0 27.38 1.6 2.40 81.60 65.71 80.53 751 57 

50.1 27.40 1.5 2.34 75.15 64.12 85.32 536 59 

50.0 27.41 1.5 2.29 75.00 62.77 83.69 612 56 

51.0 27.39 1.4 2.18 73.95 59.71 80.74 721 56 

Controlled close loop system testing is done to 
charge the battery. Table 7 shows the results of 
controlled charging. From these results show fuzzy 
control is running to make the output voltage constant. 
From the results of the tests performed, the comparison 
of efficiency values on a controlled system (using FLC) 
and without controls looks different. The highest 
efficiency value when using a controlled system. Figure 
8 below is a graph of efficiency value comparison of 
testing using FLC and without FLC. 

 

Table 7. testing result Of Buck Converter Using FLC 
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Vin 
(V) 

Vo 
(V) 

Iin 
(A) 

Io 
(A) 

Pin 
(W) 

Pout 
(W) 

ῆ 
(%) 

lux D 

42.3 27.39 6.75 8.42 285.53 230.62 80.77 736 84 

43.7 27.24 5.64 7.65 246.47 208.39 84.55 840 76 

46.1 27.23 4.73 6.73 218.05 183.26 84.04 790 70 

48.4 27.32 4.13 6.03 199.89 164.74 82.41 837 68 

50.0 27.26 3.65 5.60 182.50 152.66 83.65 875 65 

51.2 27.21 3.10 4.80 158.72 130.61 82.30 846 61 

51.8 27.39 2.50 4.10 129.50 112.30 86.72 823 59 

52.1 27.19 2.13 3.40 110.97 92.45 83.31 942 58 

52.4 27.24 1.98 3.12 103.75 84.99 81.91 921 56 

52.3 27.32 1.53 2.64 80.01 72.12 90.14 863 56 

52.8 27.23 1.34 2.14 70.75 58.27 82.40 738 55 

From the tests performed, the efficiency value 
increases when using a controlled system. The fuzzy 
controls used are effective enough to increase the 
efficiency of the system. 

4 Conclusion 
Buck converter is very suitable to be implemented as a 
solar charger for batteries. The results of this research 
prove that buck converter can provide a stable output 
voltage. The output voltage generated by the buck 
converter can be used as a battery charging voltage by 
constant voltage method. Thus, such conditions can 
affect the durability and capacity of the battery that 
indirectly also affect the battery life. The addition of 
FLC causes the efficiency of the buck converter to 
increase from 84% to 91%. This shows FLC is quite 
effective to improve the efficiency of solar charger. 
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