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ABSTRACT: The photovoltaic standalone system is gaining its high importance mostly for rural application like PV 

water pumping, solar lighting, battery charging etc. Considering environmental effects and scarcity of fossil fuel the 

trend has developed towards the use of more and more renewable energy. In this paper a basic circuit of boost converter 

is designed in MATLAB/Simulink with constant DC source voltage. However, a comparative study has also been done 

for the converter connected with battery system is connected with R load. All aim, tests, data and conclusions have 

been documented within this report. Results of simulation show that the switching converter will boost voltage from 12 

volts to 24 volts with power conversion efficiency of 94.16 percent 
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I. INTRODUCTION  
 

In many technical applications, it is required to convert a set voltage DC source into a variable-voltage DC output. A 

DC-DC switching converter converts voltage directly from DC to DC and is simply known as a DC Converter. A DC 

converter is equivalent to an AC transformer with a continuously variable turns ratio. It can be used to step down or 

step up a DC voltage source, as a transformer. 

 

 DC converters are widely used for traction motor control in electric automobiles, trolley cars, marine hoists, forklifts 

trucks, and mine haulers. They provide high efficiency, good acceleration control and fast dynamic response. They can 

be used in regenerative braking of DC motors to return energy back into the supply. This attribute results in energy 

savings for transportation systems with frequent steps. DC converters are used in DC voltage regulators; and also are 

used, with an inductor in conjunction, to generate a DC current source, specifically for the current source inverter.  

 

Efficiency, size, and cost are the primary advantages of switching power converters when compared to linear 

converters. The switching power converter efficiencies can run between 70- 80%, whereas linear converters are usually 

30% efficient. The DC-DC Switching boost converter is designed to provide an efficient method of taking a given DC 

voltage supply and boosting it to a desired value. 

 

II. CIRCUIT DIAGRAM 
 

 
 

Fig.1 DC-DC converter circuit diagram 

 

It works in two stages; ON and OFF. During the ON state, its Function is to charge the inductor which stores energy in 

a magnetic field. And during the OFF state, this energy is transferred from the inductor through the diode to the output 

capacitor.  
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The output voltage is usually slightly greater than the desired voltage; hence a zener diode is used to regulate the output 

in order to have a constant output. 

 

The circuit operation can be divided into two modes. 

 

 
 

Fig. 1.1 DC-DC converter mode-1 circuit diagram 

 

Mode 1 begins with MOSFET Q1 Switched ON when the Square wave is at its peak Value i.e. at time t=0. The closed 

loop at the input side consisting of inductor gets charged by the current flowing through the loop using this period. This 

current will increase till the Switch is Closed.   

 

 
 

Fig. 1.2 DC-DC converter mode-2 circuit diagram 

 

Mode 2 begins when MOSFET Q1 switch is OFF at time t = t1, i.e. when the square wave is low, there would be a 

closed loop consisting of power source, inductor L1, diode D1 and capacitor C2. The energy stored in inductor during 

ON state is discharge to the capacitor through the diode. Thus inductor current is reducing, thereby charging the 

capacitor. 

 

 
 

                                                                                Fig.2 DC-DC converter waveform 
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    Duty cycle: 

     Vo =  
VS(1−D) 

  Where:  

         ∆IL = Peak to peak ripple current. 

          ∆IL = requirement taken = 0.01A  

 
Inductor (L): 

    ∆IL = 
αVsFl  

 

Capacitor (C) 

   ∆Vc = ∆Vo = 
αIoFl  

Where: 

        ∆Ic = Peak to peak ripple current. 

         ∆Ic = requirement taken = 0.1V 

 

III. DESIGN CALCULATION 
 

Vin = 12V, Vout = 24V, F = 20kHz, R = 10Ω, 
 

Duty cycle: Vo =  
VS(1−D) 

                     (1-D) = 0.5 

                       -α = 0.5-1  

                         α = 0.5 

                         D = 0.5 
 ∆IL = Peak to peak ripple current. 

 ∆IL = requirement taken = 0.01A  

 

Inductor (L): 

 ∆IL = 
αVsFl  

0.01 = 
0.5∗1220∗103∗ 𝐿 

L = 
0.5∗1220∗103∗0.01 

L = 30mH. 
 
Capacitor (C) 

 ∆Vc = ∆Vo = 
αIoFl  

 ∆Vc  = 
0.5∗120∗103∗C = 0.1V 

   

∆Ic = Peak to peak ripple current. 

  ∆Ic = requirement taken = 0.1V 

 C = 
0.5∗10.1∗20∗103  

 C = 2.5mF  
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IV. SIMULATION OF DC-DC CONVERTER 
 

 
                                                                                               

Fig: 3 

 

Using Parameter: 

  Inductor 𝐿 = 30μH 

 Capacitor 𝐶 = 25μF 

 Diode = U1560 

 Resistance R = 10Ω 

 MOSFET Switch 

 
4.1 Output Voltage(V) & Current(I) vs Time(sec) Graph 
 

The output voltage is nearly equals to 230V at the time of steady state where as output current is 0.75A. To analyse 

output waveforms, we have defined two different states those are Transient State and Steady State. In order to get fast 

response (Damping Factor(ζ) is nearly equals to 1) all, the closed loop poles are real in nature for that reason Time 
Constant (Critically)decreases hence Settling Time for the system (Ts) also decreases. 

 

 
 

Fig 4 Output Current and Output Voltage Waveform 

 
4.2 Input & Output Power vs Time Graph 
The power quality injected into the grid and the performance of the converter system depend on the quality of the input 

power control. The output power for the PV panel has the undershoot and there are multiple maxima which makes the 

closed loop system unstable by the addition of unexpected Imaginary Poles in the system and the system becomes 

Undamped. In order to overcome such dubious situation, we have integrated MPPT technique and as a result the input 
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power for the buck-boost converter has a smooth characteristic at the time of both steady state as well as Transient 

State. 

 

 
 

Fig: 5. Power Input & Output Characteristics 

 
4.3 Capacitor Voltages(V) vs Time(sec) Graph 
Capacitor voltage characteristics are depicted at the time of Steady State. The output voltage is nearly equals to 230V at 

the time of steady state whereas input voltage for the 27 buck-boost converter is 48V. A voltmeter is connected across 

the load side (Capacitor) in order to get output voltage from the system. 

 

 

  

                                                    

Fig:6 Capacitor Voltage Characteristics at the Time of Steady State 
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V. CONCLUSION 
 

In this paper, a High Gain Step-Up DC-DC converter with Controller is proposed. The first stage of the converter is 

integrated with PV Array. The second stage is a high step-up converter with voltage multiplier cells. The output of the 

first stage and the input source together are the input of the second stage Thus, a low on-resistance (RDS-on) switch 

could be used which decreases conduction loss. The steady-state analysis of the proposed converter is presented in the 

paper. Finally, the buck boost converter is designed and simulated using MATLAB/SIMULINK. 

 

 The future scope for this project can be the design of circuit in micro grid system and use of step up boost converter in 

electric vehicle charging stations. 
 

REFERENCES 
 

1. Abu-Zaher, M. (2018) ‘Grid-Tie Three-Phase Photovoltaic System with Active and Reactive Power Control, MSc 

Thesis, Faculty of Industrial Education, Sohag University.  

2. Agarwal, R.K., Hussain, I. et al. (2017) ‘Three-phase single-stage grid tied solar PV ECS using PLL-less fast CTF 

control technique.’ IET Power Electron., February, Vol.10, No. 2, pp.178–188.  

3. Ahmed, J. and Salam, Z. (2018) ‘An enhanced adaptive P&O MPPT for fast and efficient tracking under varying 

environmental conditions’, IEEE Transactions on Sustainable Energy, Vol. 9, No. 3, pp.1487–1496.  

4. Ahmed, M., Orabi, M. and Rahim, O.A. (2013) ‘Two-stage micro-grid inverter with high-voltage gain for 

photovoltaic applications’, IET Power Electron., Vol. 6, No. 9, pp.1812–1821.  

5. Alajmi, B.N., Ahmed, K.H., Adam, G.P. et al. (2013) ‘Single-phase single-stage transformer less grid-connected 

PV system’, IEEE Trans. on Power Electron., June, Vol.28, No. 6, pp.2664–2676.  

6. Alajmi, B.N., Ahmed, K.H., Finney, S.J. and Williams, B.W. (2011) ‘Fuzzy-logic-control approach of a modified 

hill-climbing method for maximum power point in micro grid standalone photovoltaic system’, IEEE Transactions 

on Power Electronics, Vol. 26, No. 4, pp.1022–1030.  

7. Alsayed, M., Cacciato, M., Scarcella, G. and Scelba. G. (2013) ‘Multicriteria optimal sizing of photovoltaic-wind 

turbine grid connected systems’, IEEE Transactions Energy Conversion, June, Vol. 28, No. 2, pp.370–379.  

8. Arafa, O.M., Mansour, A.A., Sakkoury, K.S., Atia, Y.A. and Salem, M.M. (2017) ‘Realization of single-phase 

single-stage grid-connected PV system’, Journal of Electrical Systems and Information Technology, Vol. 4, No. 1, 

pp.1–9. 

9. Atia, Y. (2000) Enhanced Efficiency Pumping System Operating with a Photovoltaic Source, PhD Thesis, Cairo 

University, November.  

10. Bahari, M.I., Tarassodi, P., Naeini, Y.M., Khalilabad, A.K. and Shirazi, P. (2016) ‘Modelling and simulation of 

hill climbing MPPT algorithm for photovoltaic application’, 2016 International Symposium on Power Electronics, 

Electrical Drives, Automation and Motion (SPEEDAM), pp.1041–1044.  

11. Barth, C. and Pilawa-Podgurski, R.C.N. (2015) ‘Dithering digital ripple correlation control for photovoltaic 

maximum power point tracking’, IEEE Transactions on Power Electronics, Vol. 30, No. 8, pp.4548–4559.  

12. Bazzi, A.M. and Krein, P.T. (2014) ‘Ripple correlation control: an extremum seeking control perspective for real-

time optimization’, IEEE Transactions on Power Electronics, Vol. 29, No. 2, pp.988–995. 

13. Brekken, T., Bhiwapurkar, N. and Rathi, M. et al. (2011) ‘Utility-connected power converter for maximizing 

power transfer from a photovoltaic source while drawing ripple-free current’, in Proc. IEEE 33rd Annu. Power 

Electronics Specialists Conf. (PESC), pp.1518–1522.  

14. Casadei, D., Grandi, G. and Rossi, C. (2006) ‘Single-phase single-stage photovoltaic generation system based on a 

ripple correlation control maximum power point tracking’, IEEE Trans. on Energy Conv., June, Vol. 21, No. 2, 

pp.562–568. 

15.  Du, Y., Lu, D.D-C., Chu, G.M.L. and Xiao, W. (2015) ‘Closed-form solution of time-varying model and its 

applications for output current harmonics in two-stage PV inverter’, IEEE Transactions on Sustainable Energy, 

Vol. 6, No. 1, pp.142–150.  

16. Enjeti, P.N. and Shireen, W. (1992) ‘A new technique to reject dc-link voltage ripple for inverters operating on 

programmed PWM waveforms’, IEEE Trans. Power Electron., Vol. 7, No. 1, pp.171–180. 

17. Hart, D.W. (2011) Power Electronics, McGraw-Hill, New York.  

18. Hsieh, G.C., Hsieh, H.I., Tsai, C.Y. and Wang, C.H. (2013) ‘Photovoltaic power-increment-aided incremental-

conductance MPPT with two-phased tracking’, IEEE Transactions on Power Electronics, Vol. 28, No. 6, pp.2895–
2911.  

http://www.ijareeie.com/


International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJAREEIE)  

                           | e-ISSN: 2278 – 8875, p-ISSN: 2320 – 3765| www.ijareeie.com | Impact Factor: 8.514 | A Monthly Peer Reviewed & Refereed Journal | 

 || Volume 13, Issue 9, September 2024 ||  

| DOI:10.15662/IJAREEIE.2024.1309006 | 

IJAREEIE © 2024                                                   |    An ISO 9001:2008 Certified Journal |                                                     2307 

 

 

19. Kivimäki, J., Kolesnik, S., Sitbon, M., Suntio, T. and Kuperman, A. (2017) ‘Revisited perturbation frequency 

design guideline for direct fixed-step maximum power point tracking algorithms’, IEEE Transactions on Industrial 

Electronics, Vol. 64, No. 6, pp.4601–4609.  

20. Kjaer, S.B., Pedersen, J.K. and Blaabjerg, F. (2005) ‘A review of single-phase grid-connected inverters for 

photovoltaic modules’, IEEE Transactions on Industry Applications, September/October, Vol. 41, No. 5, pp.1292–
1306. 

21.  Kroeger, K.P., Choi, S., Bazzi, A.M., Johnson, B.B. and Krein, P.T. (2010) ‘A digital implementation of 

continuous-time ripple correlation control for photovoltaic applications’, 2010 Power and Energy Conference at 

Illinois (PECI), pp7–11.  

22. Kumar, N., Hussain, I., Singh, B. and Panigrahi, B.K. (2018) ‘Framework of maximum power extraction from 

solar PV panel using self-predictive perturb and observe algorithm’, IEEE Transactions on Sustainable Energy, 

Vol. 9, No. 2, pp.895–903. 

http://www.ijareeie.com/


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 

 

  


