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Abstract 

The main focus of this project is to design and construct a 
DC to DC converter (boost type) which is one of the main 
parts in solar electric system. Besides, to ensure that the 
output voltage will be step up from 12 V to 24 V. The 12 V 
input voltage is from the battery storage equipment and the 
24 V output voltage will be the input of the inverter in solar 
electric system. In designing process, the switching 
frequency,/is set at 20 kHz and the duty cycle, D is 50%. 
The tool that been used for circuits simulation and 
validation are National Instrument Multisim software and 
OrCAD software. Then, all the parameter values that 
obtained from the hardware measurement are compared 
with the calculation estimation and the circuit simulation 
for validation purposes. Output of the project, 24 V 
regulated DC voltage is successfully met the requirement. 

1 Introduction 

This project is generally about a solar electric system for 
electrical appliances. Figure 1 shows the block diagram of 
the solar electric system. The main concern of this project is 
to design and construct a DC to DC converter which is one 
of the main module in the solar electric system that shown 
in Figure 1. The main idea of the DC to DC converter is 
based on boost type. The purpose of the project is to 
develop DC to DC converter (boost type) that converts the 
unregulated DC input to a controlled DC output with 
desired voltage level. The main objectives of this project 
are designing and constructing a DC to DC converter (boost 
type) circuit practically with input voltage, 12 V and the 
output voltage, 24 V. 
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Figure 1: Block diagram of Solar Electric System 

2 Design Concept and Project Development 

The main part of this project is DC to DC converter (boost 
type). This project consists of three main approaches of 
development process and that are design, simulate and 
construct. Figure 2 shows the flow of process in this project. 
Table 1 shows parameters involved in development of DC 
to DC converter (boost type). 

Designing of Simulation of Constructing of 
Boost Boost Boost 

Figure 2: The flow of the development process 

Table 1: Parameters involved in designing the boost 
converter 

Parameter Value Unit 
Input voltage, V s 12 V 
Output voltage, V 0 24 V 
Switching frequency, f 20 k Hertz 
Duty cycle, D 50 % 
The inductor current, I L 2.4 Ampere 
Maximum inductor current, I L m a x 4.28 Ampere 
Minimum inductor current, I L m i n 0.52 Ampere 
Ripple, r 0.025 -
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Figure 3: The boost converter circuit design 

Simulation Results 
The circuit designed is simulated in National Instrument 
Multisim Power Pro Edition version 10 software or OrCAD 
versions 10.3 software. The designed that is simulated is 
the basic DC to DC converter (boos type). The inductor 
voltage and current output waveform for DC to DC 
converter (boost type) based on theory is shows in Figure 4. 

The inductor current output waveform that obtained from 
the simulation is similar with the theoretical waveform. 
The output waveform that obtained is continuous 
conduction mode (CCM) which is the inductor current 
value greater than zero. Figure 6 shows the inductor current 
output waveform from simulation. 

Figure 6: Inductor current output waveform from 
simulation 

Figure 7 is the combination between inductor voltage and 
inductor current waveform. The waveform shows clearly 
the switching process. 

Figure 7: The combination of inductor voltage and 
current output waveform 

Figure 4: The inductor voltage and current waveform 
for boost converter (theory) 

For the simulation results of DC to DC converter (boost 
type) that designed, the inductor voltage output waveform 
from simulation is shown in Figure 5. 

Figure 5: Inductor voltage output waveform from 
simulation 
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Figure 8: The output waveform of boost converter 
circuit from simulation 

Figure 8 shows the output waveform of the boost converter. 
The waveform is constant at 24.350 V. 

Voltage regulator part in the practical circuit 
A voltage regulator is an electrical regulator designed to 
automatically maintain constantly voltage level. The 
maximum voltage from the battery is 13.8 V. The DC to 
DC converter (boost type) is step up from 12 V to 24 V. To 
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3 Resul t a n d Analysis 

Circuit Design 
In designing process, the first thing need to be considered is 
analyzing the characteristic of the critical parameters. 
Figure 3 shows the circuit designed of DC to DC converter 
(boost type). 
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Constructing of Practical Circuit 
In developing and constructing process, the practical circuit 
that shows in Figure 11 is develops and construct. 
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Figure 9: The practical circuit for voltage regulator 
part 

For the simulation, the input voltage is 14 V and the output 
voltage that obtained is 11.960 V nearly to 12 V. Figure 10 
shows the output voltage waveform of the voltage regulator 
from the simulation process. 

Figure 11: The practical circuit for DC to DC converter 
(boost type) 

The photograph of the hardware experimental setup is 
shown on Figure 12. 
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Figure 10: The voltage regulator output waveform from 
simulation 

Table 2 shows the comparison parameter values between 
the calculation value and the simulation value. 

Table 2: Comparison between calculation values with 
the simulation values 

No Parameter Calculation 
value 

Simulation 
value 

1 3.75 A 3.8558 A 
2 -3.75 A -3.8558 A 
3 Output voltage, V 0 24 V 24.350 V 
4 Inductor current, I L 2.4 A 3.4151 A 

5 Max. inductor 
current, I L m a x 

4.28 A 4.4361 A 

6 Min. inductor 
current, I L m i n 

0.52 A 0.562 A 

7 Min. inductor, L r a i n 75 uH 80 uH 
8 Ripple, r 0.03 

Figure 12: Hardware experimental setup Practical DC 
to DC Converter Testing and Calculation 

Input and Output Voltage 
Figure 13 shows the input voltage waveform from the DC 
to DC converter (boost type) by the DL1620 digital 
oscilloscope and Figure 14 shows the output voltage 
waveform. 

: K mi 

AMD 
zi.y it 

Figure 13: The input voltage waveform from the 
oscillation process 
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ensure that the input voltage for the converter is always at 
12 V the voltage regulator is added. Figure 9 shows the 
practical circuit for the voltage regulator part. 
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Figure 14: The output voltage waveform from the 
oscillation process 

* ru.il K.JWKW rm«ir G.S 

BNSCCLI ft •*.TJ*' 

Figure 16: The PWM from pin 10 and pin 8 

Table 3 shows the comparison parameter values between 
the calculations, simulation and practical output values. 

Table 4 shows the comparison parameter values between 
the calculations, simulation and practical output values. 

Table 3: Comparison between calculations, simulation 
and practical output values (using DL1620 digital 

oscilloscope) 

No Parameter Calculation 
value 

Simulation 
value 

Hardware 
value 

1 Input 
voltage, V s 

12 V 12 V 12.9167 V 

2 Output 
voltage, V 0 

24 V 24.350 V 24.5833 V 

Pulse Width Modulation (PWM) 
Figure 15 shows the diagram of integrated circuit (IC1 
TDA2004). 

+ Vs Bootstrap 1 

Positive Input 1 1 

Negative Input 1 2 

Negative Input2 4 

Positive Input 2 5 

10 Output 1 

8 Output 2 

Ground Bootstrap 2 

Figure 15: IC1 TDA 2004 diagram 

Based on Figure 15, pin 10 is output 1 and pin 8 is output 2. 
The output of pin 8 and pin 10 are a pulse width signals. 
Figure 16 shows the PWM from pin 10 and pin 8 obtained 
using DL1620 digital oscilloscopes. 

Table 4: Comparison between calculations, simulation 
and practical output values (using DL1620 digital 

oscilloscope) 

No Parameter Calculation 
value 

Simulation 
value 

Hardware 
value 

1 Duty 
Cycle, D 5 0 % 5 0 % 33.33 % 

Voltage Regulator Part 

Voltage regulator is used in this practical circuit to maintain 
the voltage at 12 V from the charged battery that gives 
maximum output voltage 13.8 V. Figure 17 shows the 
output waveform form the voltage regulator. Table 5 shows 
the comparison between simulation and hardware values. 
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Figure 17: The voltage regulator output waveform 
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Table 5: Comparison between simulation and hardware 
values 

No Parameter Simulation 
value 

Hardware 
value 

1 Regulator Output 
Voltage, V 0 . r e B U , a t o r 

11.960 V 12.292 V 
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The Operation of the Hardware 

DC to DC converter (boost type) 
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4 Conclusions 

DC to DC converter (boost type) is successfully developed 
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comparison between hardware, simulation and calculation 
estimation for several parameters. 
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2 Output 
voltage, V 0 

24 V 24.350 V 24.5833 V 

3 Duty 
Cycle, D 5 0 % 5 0 % 33.33 % 
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