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Abstract—Population growth greatly affects the world's
electricity consumption, so there will come a time when
renewable energy is needed to be an alternative to the
generation system from fossil fuels. The generation of energy
derived from renewable energy requires a range of converters
and storage systems. The research methodology used is to use
the DC-DC boost converter topology to regulate the output
voltage of the dc bus connected to a 12W DC lamp load when
the photovoltaic source is unable to meet the load power
demand. This research focuses on the goal of designing a DC-
DC boost converter on a photovoltaic system, being able to use
battery power with a DC-DC boost converter to maintain load
power supply, and adjusting the PWM boost trigger using the
fuzzy logic method. The DC-DC boost converter is designed with
component calculations using the boost converter equation
which worked well in boost mode testing with an average
percent error value of 3.88%. The DC-DC boost converter
system with the fuzzy logic method successfully uses batteries to
maintain the load power during data retrieval, the load voltage
is maintained between 13.89V to 14.06V with a power range of
9.91W to 13.73W. The fuzzy logic method implemented
successfully regulates the work of declaring MOSFET boost so
as to produce a voltage close to the reference voltage of 14V with
a voltage range of 13.89V to 14.06V using an accumulation of
PWM values with a range of values of 53.07 to 56.89.

Keywords—Boost Converter, Fuzzy, Photovoltaicc PWM

I. INTRODUCTION

The need for electrical energy in the world over time is
increasing. There will come a time when humans look for
other sources of energy, besides fossil energy that will one
day run out and cannot be renewed. This alternative energy is
needed by being driven by economic growth and population
growth. This increase in growth leads to an increase in the
consumption or use of electrical energy, thus requiring
renewable energy sources [1].

One of the most important elements in a renewable energy
system is its storage system. A battery is a component that
stores chemical energy so that it can be used as electrical
energy by electrochemical processes [2]. Currently,
renewable energy systems that require energy storage
systems are solar power plants or photovoltaic systems. The
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process of generating energy fluctuations requires a series of
converters. The converter circuit is needed to adjust the
output of the photovoltaic system to be stable so that it can
supply the load well. This converter circuit uses a DC-DC
Boost Converter circuit that is capable of delivering power to
supply the load when PV power is considered unable to meet
the load power

Therefore, the author wants to create a DC-DC Boost
Converter system that is triggered using Arduino-based
PWM or Pulse Width Modulation with the Fuzzy Logic
method. This DC-DC Boost Converter system aims to control
the output voltage of the battery when the photovoltaic
system cannot meet the load power.

II. RESEARCH METHODS

The DC-DC Boost Converter system consists of a PV or
photovoltaic system as a power source along with a step-
down module LM2596 as a PV source voltage level lowering
equipped by a 6A diode to protect the photovoltaic system
from backflow, a DC-DC Boost Converter circuit as a voltage
level regulator on the DC Bus and a DC lamp as a load.

‘ PV L.I Step Down e

Y I DC-DC Buck Batcrai
lt}ﬂ\'v'P| | LM2596

Boost Converter 12V 7Ah

Dioda 6A —pd

-

= Driver
g MOSFET
Beban | —*—
Lampu ﬁ |
Kontrol PWM
{Arduino)

Fig 1. DC-DC Boost Converter System Diagram Block

According to Fig. 1, a PV or photovoltaic source supplies
power to the DC bus via step-down buck LM2596 and diode
6A. Diode 6A is used as backflow protection from DC to PV
buses. The voltage on the DC bus is set at 14V by lowering
the pv source voltage level by the step-down module
LM2596. The power supply from the PV source is used by a
load, namely a DC lamp. A 12V 7Ah battery can act as a
power supply with the help of a DC-DC boost converter. This
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battery system is set up with the performance of a DC-DC
boost converter that works in boost mode. This boost mode is
regulated by the PWM control system of the Arduino Mega
2560 microcontroller using the fuzzy method which then
regulates the work of the MOSFET with the help of the
MOSFET driver.

Set Point Ervor | ; ; Pulsa |
Tegangan —. Tegangan | PN Tegangan| pe-De Tegangan
- —— Flezy - MOSFET 1 e T
= Boosr Camerier
Delta Error }

Sensor Tegaagan

Tegangan

Fig 2. Converter Work Control Block

Based on the control block in Fig. 2, the system is given
a set point in the form of a reference voltage of 14V which is
a reference, and then a voltage error is generated from the
voltage reduction of the set point with the voltage read by the
voltage sensor, a delta error from the voltage error is also
obtained. Both of these variables are used in fuzzy processes.
It uses fuzzy rules and generates an affirmation in the form of
a PWM signal that regulates the work of the MOSFET. The
MOSFET generates a voltage pulse that regulates the voltage
level on the DC-DC Boost Converter. This converter
produces parameters in the form of a voltage that are read by
the voltage sensor as feedback.

In this study, a Photovoltaic Module or Solar Module was
used as specified in table I.

TABLE L SOLAR MODULE SPECIFICATION
Module Type MSP-100W
Cell Type Monocrystalline Silicon
Rated Max. Power (Pmax) 100W
Current at Pmax (Imp) 5,54A
Voltage at Pmax (Vmp) 18,1V
Short-Circuit Current (Isc) 6,00A
Open-Circuit Voltage (Voc) 22.2V
Dimension (mm) 1020x670x30
Maximum System Voltage 700V
Temperature Range -45°C to +80°C

The calculation of the Minimum Inductor Value is carried
out using the following equation:
= VBGH‘ X Dboo:r
e AlX f,
_ 12 % 0,14286
bmin = 0554 % 20 x 10°
ﬂ = 154,722uH
11080 o
From the calculation of the minimum inductor value
above, the duty cycle value of the boost mode used is also the
minimum duty cycle of the boost mode with a ripple current
of 0.554A and the switching frequency at 20KHz resulting in
a minimum inductor value of 154.722pH.
3) Calculation of Minimum Capacitor Value
The calculation of the Minimum Capacitor Value is
carried out using the following equation:

L

er.l'r! =

I
C,=214X =XD XT
2 AV

0.3

C,=214%x ———— % 0,86 x50 x10°°
: 1% % 14

C, = 197,18571398uF

The minimum capacitance value used in boost mode is
determined to be equal to the minimum capacitance value in
buck mode with a capacitor value of 197.18571398uF.

B. Fuzzy Method Design

This fuzzy method aims only to regulate the work of the
converter in boost mode so that the converter can produce a
voltage of 14V to the dc bus stably. The design of inputs and
outputs of the Mamdani-type fuzzy method uses several
kinds of value ranges and is based on the fuzzy rule that has
been created.

1) Input Error Voltage Membership Function

Input Error Voltage is calculated from the reduction
between the reference voltage which is 14V and the converter
output voltage in boost mode. The membership function on
the input error voltage consists of three subsets:

Mambarship function plots ks m

z

FIS Variatiles.

Ty

A. Converter Design

The design and selection of components when the converter
is in a boost condition, namely the calculation of the duty
cycle boost, the calculation of the minimum inductor value,
and the calculation of the minimum capacitor [3], as follows:
1) Duty Cycle Boost Calculation
The calculation of Duty Cycle Boost is carried out using
the following equation:

- Vin
0= ——
(l - Dboosr)
_ 12 _ 14 12 _ 2
Dboosr =1 _E ,Dboosr max = E _H_ E = 0,14286
. 14-9 5
Dyposr =1 _E ’Dbom min = 1z E =0,35714

From the boost mode duty cycle protection above, the
input voltage comes from a 12V lead acid battery with a
voltage range of 9V to 12V so that two duty cycle limits are
obtained, namely from 14.286% to 35.714%.

2)

Calculation of Minimum Inductor Value

142

pul varsisie “ErrorTogangan®

Fig 3. Voltage error input membership function

* N (Negative)
* Z (Zero)
* P (Positive)

uN E[x] : [-2 -2 0]
pZ E[x]:[-101]
uP E[x] : [02 2]

2) Input Membership Function Delta Error Voltage
Input Delta Error Voltage is obtained from the reduction
between the output voltage of the previous converter (n-1)
and the current output voltage (n). The membership function
on the input delta error voltage consists of three subsets, as
follows:

Fis Wariaties

Mambership function plats

N

B viriatis ‘D€ T an®

Fig 4. Membership functions input delta error voltage
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* N (Negative)
» Z (Zero)
* P (Positive)

uN dE[y] : [-2 -2 0]
uZ dE[y]: [-1 0 1]
uP dE[y] : [0 2 2]

3) PWM Error Output Membership Function
The PWM Error Value is used to change the increase or
decrease in the PWM value given to the MOSFET boost. The
membership function in the PWM error output consists of
three subsets, as follows:

Membership function plots™ " == ™
z

FIS Variables

XX XY

rrofTega nglmort Wikt

N

EroTegangan

outoul vardable “ErrorPWh™

Fig 5. PWM error output membership function

* N (Negative)
» Z (Zero)
* P (Positive)

uN EPWM][z] : [-1 -1 0]
uZ EPWMIz] : [-1 0 1]
WP EPWM[z] : [0 1 1]

4) Fuzzy Model Inference Formation
This fuzzy model inference is formed based on the
membership of each input so as to produce a decision in the
form of output in the inference table.

TABLE IL Fuzzy MODEL INFERENCE
dE
E N Z P
N N N N
Z N Z P
P P P P
5) Fuzzy Rule Formation

The fuzzy rule is formed based on the inference of the
fuzzy model in table II. The formation of fuzzy rules uses the
and then relationship.

|2. If (ErrorTegangan is N) and (DErrorTegangan is Z) then (ErrorPWM is N) (1)
. If (ErrorTegangan is N) and (DErrorTegangan is P) then (ErrorPWM is N) (1)
. If (ErrorTegangan is Z) and (DErrorTegangan is N) then (ErrorPWM is N) (1)
. If (ErrorTegangan is Z) and (DErrorTegangan is Z) then (ErrorPWM is Z) (1)
. If (ErrorTegangan is Z) and (DErrorTegangan is P) then (ErrorPWM is P) (1)
. If (ErrorTegangan is P) and (DErrorTegangan is N) then (ErrorPWM is P) (1)
. If (ErrorTegangan is P) and (DErrorTegangan is Z) then (ErrorPWM is P) (1)
. If (ErrorTegangan is P) and (DErrorTegangan is P) then (ErrorPWM is P) (1)

w

W o=~ s

Fig 6. Fuzzy rules

C. Flowchart Konverter

Based on Fig. 7 above, the system begins with the
initialization of some of the components used such as the DC
voltage sensor, ACS712 current sensor, fuzzy set or fuzzy
member function, fuzzy rule or rule, PWM buck-boost
variable and PV power variable. Then the readings of the
voltage and current sensors are carried out at the output of the
photovoltaic system (Vpv and Ipv), at the output of the
converter system (Vbeban and Ibeban) and on the battery
(Vbat and Ibat). After that, the parameters that have been read
and initialized are displayed on the 20x4 LCD. Before going
to the decision, the calculation of PV power is first carried
out using the parameters of PV voltage and PV current.
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Inisialisasi Sensor Tegangan, Sensor
Arus ACS712, Himpunan Fuzzy, Rule.
nilai PWM dan Daya PV

)

Pembacaan Sensor
Vpv. Ipv. Vbeban, Ibeban, Vbat dan
Tbat

¥

Menampilkan Vpv. Ipv.
Vbeban, Ibeban, Vbat,
Ibat, PWM, Mode

¥

Menghitung Daya PV

Ya Ya
‘ Mode = Boost ‘ ‘ Mode =Rest ‘
Menghitung Nilai Error
Tegangan dan Delta
Error
Fuzzyfikasi
dengan Rule
Defuzzyfikasi,
Mendapatkan Nilai Error
PWM
v
PWM () =
nilai PWM (t-1) + Error
PWM
I v
PWM (t) ke MOSFET Dutv Cyvele 0% berupa
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Fig 7. flowchart system DC-DC boost converter

There are two decisions that determine the work of the
converter mode, namely boost and rest. The first decision is
the boost mode, if the Ppv value is smaller than 14W, the
mode variable will be given a string value that is "Boost", and
then the fuzzy process starts. This fuzzy process starts by
calculating the voltage error value and the voltage error delta
value, then using the rule that has been made defuzzy to get
the PWM error value. The PWM value of this fuzzy result is
accumulated into the PWM value given to the MOSFET
driver to control the work of the MOSFET boost. While the
MOSFET S2 is signalled PWM 0 or inactive, so the battery
supplies power to the DC lamp load.

The second decision is rest mode, if the Ppv value is
greater than 14W, the mode variable will be given a string
value, namely "Rest". In this mode, the BOOST MOSFET is
signalled PWM 0 or inactive, so the PV only supplies the DC
light load while the battery is on standby.
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D. Data Testing

1) Voltage and Current Sensor Testing
Testing of voltage sensors using DC voltage sensors by
comparing them using a wattmeter as a conventional
measuring tool. Testing the current sensor using the ACS712
current sensor by comparing it using a wattmeter as a
conventional measuring tool.

2) PWM testing
This PWM test is performed using an oscilloscope to
determine the magnitude of the PWM signal generated by the
PWM control circuit. This PWM control circuit consists of
an Arduino Mega 2560 and a MOSFET driver.

3) Boost Mode Testing
Boost mode testing is carried out by providing an input
voltage from the power supply from the boost side and then
measuring the output voltage of the converter system with the
PWM value of the accumulated fuzzy logic method Mamdani
given to the MOSFET via the MOSFET driver.

E. Data Acquisition

1) Data Acquisition Of Rest-Boost Mode Converter
Data retrieval of the boost mode converter includes
voltage and current on PV, load and battery with converter
mode change from rest mode to boost mode with a
predetermined time that is from 13:49 to 15:31.

2) Rest-Boost Mode Converter Power Calculation
The power calculation is done using the boost mode
converter data parameters that read the voltage and current
from the PV, load and battery which are then calculated into
power parameters.

I1I. DATA ANALYSIS

This chapter discusses the design of the converter, testing
and data retrieval results from the converter design, test plan
and data acquisition plan in the previous chapter. Some of the
main things that have been planned, then an analysis is
carried out related to the method used.

A. System Design Result

1) Converter Circuit Design Result
The converter circuit is designed according to the
component values that have been calculated in the converter
design. This converter range consists of three 2-pin terminals,
two 3—-pin terminals, a 356pH inductor, a 100uF 50V
capacitor, a 220uF 50V capacitor, two N-Channel IRF540N
MOSFETs, and two MUR1560 diodes, see [4].
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Fig. 8. Converter circuit

2) MOSFET Driver Circuit Design Results

The MOSFET driver circuit is designed based on the
working voltage of the IRF540N MOSFET between 10V to
20V. Because of the use of two IRF540N MOSFETs, the
MOSFET drivers made are a pair or two drivers. A DRIVER
MOSFET consists of three 2-pin terminals, a TLP350 IC, a
1kQ resistor, a 22Q resistor, an LED, a 100nF 50V capacitor,
and a MUR1560 diode. The TLP 350 IC works at voltages of
15V to 30V with an output voltage on pin 6 or Vo of about
13.6V when high and about -14.9V when low, so it is used in
the declaration of the IRF540N MOSFET, see [5].

TLP 350 +15V GND
m
] — [1oonF L ,
E_._"K hm
T ] F MUR1560
: AL
ey jwﬂ = l—ﬂzz-;hm-l s S5
- i, E Gate
] [}

Fig. 9. MOSFET driver circuit

3) DC Bus Design Results
The DC bus is designed to make it easy to connect three
important systems, namely the photovoltaic system, the DC-
DC boost converter system and the 12V DC light load. The
DC bus consists of five 2-pin terminals connecting the PV
system, converter, load, ACS712 5A current sensor
measurement and DC voltage sensor measurement.

Fig. 10. DC Bus

4) Overall Circuit Design Results
The overall circuit is a combination of the converter
circuit, MOSFET driver circuit, DC bus, microcontroller
circuit, and other supporting components. Schematically, the
overall circuit can be seen in Fig, 11 below.

Driver MOSFET DC-DC Boost Convertar

Fig. 11. Overall circuit scheme
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From the overall circuit scheme, it has been realized into
a series of DC-DC boost converter systems such as Fig. 12 as
follows.

T —
. - .\/#

Fig 12. The Whole Set of Systems

The overall circuit of this system is designed based on the
overall circuit scheme with supporting components of the
MOSFET driver, namely the XL 4015 Module which is used
to regulate the supply voltage of the TLP350 IC by 15V and
the current by 1A. The MOSFET driver work is turned on
using the MTS202 toggle switch with three pairs of pins for
two MOSFET drivers. Then four heatsinks are also used as
supporting components, two heatsinks are used on the
IRF540N MOSFET and two heatsinks are used on the
MURI1560 diode on the MOSFET driver. In THE MOSFET
driver, the use of the TLP350 IC is paired with an 8-pin IC
socket which is useful in the maintenance of the MOSFET
driver, making it easy to replace the IC in case of damage.
The power jack is also used as the Arduino Mega 2560 supply
replacing the LM2596 connection connected to the "Vin" and
"GND" pins on the Arduino Mega 2560. A 6-pin toggle
switch is also used to set the flame of the Arduino Mega 2560
and the relationship of the converter system to the lead acid
battery.

From the converter design that has been done, the DC-DC
boost converter system is designed with the following
specifications.

TABLE IIL DC-DC BOOST CONVERTER SPECIFICATION
Component Specification

MOSFET IRF540N 100V 33A

Inductor 356uH

Capacitor S2 100puF / 50V

Capacitor Boost 220uF / 50V

Dioda MUR1560 15A 600V

Switching Frequency 20KHz

MOSFET Driver IC TLP350 15V

B. Data Testing Results

1) Voltage and Current Sensor Testing
The sensor test consists of a voltage sensor and an
ACS712 current sensor, which is carried out simultaneously,
comparing the voltage sensor and the ACS712 current sensor
with the conventional measuring instrument that is the
Wattmeter.
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TABLE IV. VOLTAGE SENSOR TESTING

Wattmeter DC Voltage Error

No. ) Sensor Percent
™ (%)
1. 12.50 12.49 0.08
2. 12.50 12.51 0.08
3. 12.50 12.46 0.32
4. 12.50 12.54 0.32
5. 12.50 12.51 0.08
6. 12.50 12.49 0.08
7. 12.50 12.51 0.08
8. 14.00 14.05 0.36
9. 14.00 14.02 0.14
10. 14.00 13.95 0.36
11. 14.00 13.99 0.07
12. 14.00 14.02 0.14
13. 14.00 14.00 0.00
14. 14.00 13.98 0.14
15. 14.00 14.02 0.14
Average 0.16

After testing the voltage sensor, data from the voltage
sensor test results in table IV used two voltage variations,
namely 12.5V and 14V, which were adjusted to conventional
Wattmeter tools. From fifteen test data, an average percent
error value of 0.16% was obtained.

TABLE V. ACS712 CURRENT SENSOR TESTING

ACS712 Error
No. Watt;neter Current Sensor Percent

@ (A) (%)
1. 0.72 0.73 1.39
2. 0.73 0.73 0.00
3. 0.72 0.73 1.39
4. 0.71 0.73 2.82
5. 0.77 0.78 1.30
6. 0.78 0.77 1.28
7. 0.78 0.76 2.56
8. 0.77 0.78 1.30
9. 0.78 0.78 0.00
10. 0.79 0.78 1.27
11. 0.79 0.80 1.27
12. 0.76 0.78 2.63
13. 0.76 0.73 3.95
14. 0.77 0.78 1.30
15. 0.77 0.78 1.30
Average 1.58

After testing the ACS712 current sensor, the data from the
voltage sensor test results were obtained in table V. From
fifteen test data, the highest percent error value was 3.95%
and the average percent error value was 1.58%.

2) PWM testing

PWM testing is performed using an oscilloscope by
connecting the hook probe (positive) to the Vo or G (Gate)
output of the MOSFET driver and connecting the crocodile
probe (negative) to the GND or S terminal (Source). PWM
testing was carried out eleven times using eleven data from
duty-cycle 0% to 90% with an increase of 10% and the
eleventh data of 96.78%.

From the PWM tests that have been carried out, the
average test percent error value was 1.481% with the highest
percent error value of 4.76% at 10% duty-cycle.
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TABLE VL PWM TESTING
Duty PWM Oscilloscope Error
No. Cycle Value %) Percent
(%) ()
1. 0 0 0% 0
2. 10 25.5 9,524% 4,76
3. 20 51.0 19,355% 3,225
4. 30 76.5 30,158% 0,527
S. 40 102.0 41,269% 3,173
6. 50 127.5 50,793% 1,586
7. 60 153.0 60,317% 0,528
8. 70 178.5 69,841% 0,227
9. 80 204.0 80,0% 0
10. 90 229.5 92,0% 2,222
11. 96,78 246.8 96,825% 0,046
Rata - Rata 1,481

3) Boost Mode Test Results
Boost mode testing is carried out by providing input
voltages derived from the power supply with voltage
variations, namely 9V, 10V, 11V, 12V and 13V, then the
output voltage of the boost mode system is obtained which is
taken when the system output voltage is stabilized by the
given PWM value.

TABLE VIL BOOST MODE TESTING RESULT
Voltage (V) Error
No. ;?;;; Boost Calculation ! Pe(f;)t;nt

1 13.00 14.04 14.49 26.16 3.08
2 13.00 14.01 14.48 26.02 3.23
3 13.00 13.99 14.48 25.99 3.35
4 12.00 14.06 14.51 44.05 3.07
5 12.00 14.01 14.50 43.94 3.37
6 12.00 14.04 14.50 44.01 3.19
7 11.00 14.14 14.77 65.06 4.25
8 11.00 14.11 14.76 64.91 438
9 11.00 14.04 14.74 64.73 4.76
10 10.00 13.99 14.58 80.06 4.02
11 10.00 14.01 14.58 80.14 3.93
12 10.00 14.04 14.58 80.06 3.68
13 9.00 14.01 14.71 98.98 4.76
14 9.00 14.09 14.72 99.06 4.26
15 9.00 13.99 14.71 99.02 4.92
Average 3.88

From the boost mode tests that have been carried out, a
comparison graph can be made between the power supply
voltage and the boost output voltage to the PWM value as
follows.

Pengujian Mode Boost
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Fig. 13. Boost mode testing graphics
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It can be seen that the input voltage coming from the
power supply varies from 13V, 12V, 11V, 10V and 9V with
3 pieces of test data each. This test data is taken when the
boost output voltage has stabilized with the given PWM boost
value. It can be seen that the boost output voltage on the entire
power supply voltage variation is stable between 13.99V to
14.14V. The calculation in theory is also carried out by
calculating the power supply voltage with the measured
PWM boost value using the boost converter equation. There
was a percent error between the boost voltage and the theory
calculation with an average of 3.88%.

C. Data Acquisition Results
1) Data of Rest-Boost Converter Mode

Perubahan Tegangan Beban dan Baterai Terhadap Waktu

Beban

Baterai

Waktu [menit]

Fig. 14. Voltage against time graph

At 13:49 to 14:52, the rated load voltage is stable with a
voltage rated range between 12.50V to 13.43V when the
converter is in rest mode. Under these conditions, the
photovoltaic system supplies the load of the DC lamp. While
at the same hour, the battery voltage is rated in the range of
12.48V to 13.21V.

At 14.53 to 15.31, there was a voltage increase in the load
from 11.94V to 14.06V, while there was a voltage drop in the
battery with a range of 12.43V to 11.01V. This condition is
caused by changing the rest mode to boost mode so that the
photovoltaic system no longer supplies the dc light load, but
the battery becomes a power source for the load. When the
converter is in boost mode, there is a time when the converter
returns in rest mode at 14:56. In boost mode, fuzzy works to
generate a PWM signal which is used to turn on the
declaration of the IRF5S40N MOSFET to produce an output
voltage of 14V.

Arus PV, Beban dan Baterai Terhadap Waktu

Baterai

2 menit

Fig 15. Graph of current against time
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The load current rated during data retrieval of the rest-
boost mode converter is measured with a current range from
0.50A to 0.77A from 13.49 to 14.52, then undergoing a
change from 14.53 to 15.31. The rated load current value
increases with a current range of 0.37A to 0.98A when
boosting mode.

The battery current reads 0A from 13.49 to 14.52, this
state indicates that the battery is in standby condition when
the converter is in rest mode and the PV is still capable of
supplying load power. Then the second part is seen a decrease
in the current value of the battery with a current range of 0A
to -0.95A, this decrease to a minus or negative value is read,
due to the current coming out of the lead acid battery,
indicating that the converter is in boost mode so that the DC
lamp load is supplied by the battery.

Nilai PWM Boost Terhadap Waktu

¥

PWM
Boost

= LA

menit

Fig. 16. Change graph of PWM value against time

During data retrieval, the PWM boost value is set by the
accumulated PWM error value generated from the fuzzy
method. The increase or decrease in the value of the PWM
boost every 0.5 seconds is a maximum of 1. The change in
the PWM boost value starts at 14:53 with the initial PWM
boost value of 0.67. At 14:54 to 14:59, the PWM boost value
looks up and down, this state is caused that within five
minutes of data retrieval, the converter mode undergoes an
unstable change from rest to boost and boost to rest caused
by PV still able to meet the load power. Then starting at
15.00, the PWM boost value experienced a steady increase
with an insignificant decrease, this state indicates the
accumulated PWM boost value carried out by Arduino is
working well, the system is able to set the PWM boost value
with a voltage reference of 14V.

Tegangan Beban dan Baterai Terhadap Nilai PWM Boost mulai
14:58 hingga 15:31

— e — »Beban

— e —

Baterai

Fig 17. Comparison graph of load voltage and battery against PWM boost
value

The boost mode optimally starts at 14:58, in this time
range the PWM boost value increases due to the
accumulation of PWM values from the fuzzy logic output of
Mamdani. The increase in the load voltage is caused by the
work of the boost mode converter which increases the output
voltage according to the PWM boost value given to the
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IRF540N boost MOSFET. The rated load voltage reached a
reference voltage of 14V at 15.08 of 14.01V with a battery
voltage of 11.49V, a PWM boost value of 53.11 or a duty-
cycle of 20.827%. After reaching the reference voltage, the
average load voltage during the boost mode is calculated at
13.99V with a voltage range from 13.89V to 14.06V.

2) Rest-Boost Mode Converter Power Data

The power data of the rest-boost mode converter is
obtained from the calculation of the voltage and current that
has been obtained in the rest-boost mode converter data
collection table. This converter power data consists of
photovoltaic system power, DC lamp load power, and lead
acid battery power as well as converter mode from 13.49 to
15.31. Converter power data is needed to determine the
response of changes in the DC-DC boost converter mode to
changes in the power generated by the photovoltaic system.

Daya PV, Beban dan Baterai Terhadap Waktu
b

————* Patas
M Boost

Py AN

Beban

Baterai

/!

= ;:enit

Waktu (menit)

Fig. 18. Comparison graph of PV power, load and battery against time
Battery power in the time range from 13:49 to 14:51, the
battery power is calculated to be worth OW which indicates
the battery is on standby. Then at 14:53, the battery power
begins to be negative, this state indicates that the battery is in
use. In this condition, the PV power seen on the chart is below
the blue limit or boost mode limit with PV power calculated
at 13.18W. Then when the PV power is calculated at 14.45W
at 14.56, the battery power is calculated at OW, in this
condition the converter is in rest mode, and the PV system
only supplies the DC light load while the battery is on
standby. Then from 14:57 to 15:31, pv power continues to
decrease with a decreased range from 11.85W to OW causing
the converter to be in boost mode, in this time range the
battery power that comes out continues to increase, or in the
graph continues to decrease because the negative value
indicates that the battery supplies the load of the DC lamp.

As can be seen from Fig. 18, the calculated load power
changes over time. This change is divided into two parts,
namely at 13:49 to 14:51 or when the converter is in rest
mode, and at 14:52 to 15:31 or when the converter is in boost
mode. In the first section, it looks like the load power is
calculated with a power range from 6.25W to 10.26W.
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Then in the second part, the load power decreased with
the lowest power of 4.44W at 14.56, then experienced an
increase with a load power range of 5.01W to 13.73W. From
the load power seen in the 4.43 chart, the converter system
manages to keep the load supplied when the PV power is
calculated below the boost mode set point of 14W.

IVv.

From the research that has been carried out, several
conclusions can be obtained from the problems formulated,
as follows.

1) DC-DC boost converter was successfully designed
by calculating the selection of components, namely using
100pF s2 capacitors, 220uF boost capacitors, 356uH
inductors, MUR1560 15A 600V diodes, and using IRF540N
33A 100V MOSFETs. This converter system works well in
boost mode with an average percent error of boost mode
testing of 3.88%.

2) The DC-DC boost converter system successfully
uses the battery to keep the power to the load supplied. This
is evidenced by the converter working well in boost mode, it
can be seen in the data table of the rest-boost mode converter
from 15.07 to 15.31 which shows a decrease in the battery
voltage, but the output voltage of the converter is stable in the
voltage range of 13.89V to 14.06V from the reference voltage
which is 14V. At the same time, the load power is maintained
in the power range of 9.91W to 13.73W.

CONCLUSION
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3) The fuzzy logic used successfully provides output in
the form of PWM error values which are accumulated into
PWM boost values. This accumulated PWM value is given to
the MOSFET through the MOSFET driver. The DC-DC
boost converter system successfully raises the battery voltage
from 11.94V to 13.79V with an increase in the PWM boost
value from 3.73 to 49.86 for 8 minutes and maintains the
stability of the boost output voltage in the voltage range of
13.89V to 14.06V using a PWM value range of 53.07 to 56.89
with a reference voltage of 14V.
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