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Abstract

Electricity Derived From Renewable Energy Sources Are Unpredictable And Intermittent In Nature. Continuous Power Supply
Is A Challenging Task, Obtained By Maximum Utilization Of Two Or More Resources Resulting In Hybrid System. This Work
Proposes A Fused Converter Topology For A Hybrid Solar/Wind System Extracting Maximum Power. The Hybrid
Configuration Permits The Sources To Feed The Load Individually Or Simultaneously Based On Its Availability. The Proposed
Converter Is The Integration Of Cuk And Sepic Converter. The Characteristic Feature Of Fused Cuk-Sepic Converter Is That
It Removes The High Frequency Harmonics. Simulation Is Done Using Matlab/Simulink And An Ac Output Of 300v, 10a Is
Obtained. Hardware Implementation Is Done To Validate The Performance Of The Proposed Cuk-Sepic Converter.
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1. Introduction

Electricity Is Very Much Essential For Our Day To Day Activities. Nowadays, Due To Scarcity Of Fossil Fuels, And
Discharge Of Greenhouse Gases, Green Energy Such As The Solar, Wind, Biomass, Geothermal, Etc., Comes In To Play.
Researches Also Has Been Focused On Harvesting Green Energy. Green Energy Reduces The Emission Of Greenhouse Gases,
Global Warming And Is Pollution Free [1-3]. Among Various Green Energies, Solar And Wind Energy Have Experienced A
Prompt Growth In Recent Years. They Have Unpredictable Random Behaviors, But Complementary Profile. Hence There
Comes The Necessity For A Hybrid System For The Extreme Utilization Of Sources [4-6]. Hybrid System Is More Beneficial
And Reliable Than Isolated System Of Power Generation. Hybrid System Is Cost Effective For Rural Electrification [7]. When
There Is Failure In One System, The Other Source Generates Power And Satisfy The Demand. In The Proposed Work, A
Solar/Wind Hybrid Power Generation System Model Is Simulated For Household Application.

Solar And Wind System Along With Fuel Cell Is Proposed For Residential Applications [8]. Solar And Fuel Cell Are
Integrated For Distributed Generation Applications [9]. Power Converters Are Essential For Power Management Between
Sources And Load. The Operation Of Various Dc/Dc Converters Like Sepic, Luo, Fused Sepic And Fused Luo Are Compared
For A Hybrid System [10]. A Boost Converter Is Used In Hybrid System For Continuous Power Supply [11].

Multi Input Fused Converters Reduces The Number Of Components, Dimension And Rate Of The Converter. It Also
Reduces The Complexity Of The System And Supplies Load Either Individually Or Together Depending Up On The
Availability Of Resources [12]. Multi Input Converter Topology Is Proposed For Diversification Of Energy In A Hybrid System
[13-15]. The Performance Of Fused Luo Converter Is Analysed For Household Applications With Reduced Ripples [16].
Modified Luo Converter Topologies Have Been Implemented To Improve The Voltage Gain [17-18]. Cuk-Sepic Converter Is
Used For Producing Continuous Power For A Hybrid System [19-20].
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The Main Objective Of The Proposed Work Is To Obtain Continuous Power, Satisfying The Load Demand
Effectively. An Integrated Positive Output Cuk-Sepic Converter Topology Fed By Solar And Wind Energy System Is Proposed
To Supply Power Continuously To The Load Based On The Availability Of The Resource. It Also Filter Out The High
Frequency Harmonics And Develops The Efficiency Of The System.

The Paper Is Organized As Follows: Section 2 Introduces The Block Diagram Of The Solar/Wind Hybrid System.
Section 3 Explains The Various Operating Modes Of The Proposed Cuk-Sepic Converter. In Section 4 Simulation Analysis Is
Done And Results Are Discussed. Hardware Implementation Is Done In Section 5. Conclusions Are Made In Section 6.

2. Block Diagram Of Solar/Wind Hybrid System

The Intensity Of The Sun Does Not Exist Throughout The Day, Likewise The Wind Speed Will Not Be Heavy For The
Whole Day. Hence, For Uninterrupted Power Supply A Distinct Source Cannot Be An Enhanced Option. The Hybrid
Combination Harvests Power From Both Sun And Wind Are Stores The Excess Energy In The Battery. So That The Battery
Delivers The Load Even In The Absence Of Sun Light Or Wind. Hybrid System Is Employed For Low Cost And Is More
Reliable. The Block Diagram Of Solar/Wind Hybrid System Is Presented In Figure 1. Solar Energy And Wind Energy Are The
Inputs To The Dc/Dc Converter. The Proposed Converter Is The Fusion Of Cuk And Sepic Converters. It Eliminates The Need
For Separate Passive Filter. The Output Of The Converter Is Directed To An Inverter, Which Converts Dc Power To Ac Power,
Thereby It Supplies Ac Loads.
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Fig. 1 Block Diagram Of Solar/Wind Hybrid System

3. Operating Modes Of Cuk-Sepic Converter
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Dc/Dc Converters Act As A Switched Regulators Used To Convert An Irregular Dc Input To A Controlled Dc Output.
Cuk And Sepic Converters Are Types Of Dc/Dc Converter That Helps To Increase Or Decrease The Input Voltage. Both
Converters Can Perform Boost And Buck Operations. Cuk Converter Has Negative Polarity, Whereas Sepic Converter Has
Positive Polarity In The Output.

Fused Converters Shrinks The Number Of Components Used In The Circuit, Which In Turn Lessens The Cost Of The
Converter. Moreover, It Filters High Frequency Harmonics Too. In The Proposed Work, Cuk And Sepic Converters Are Fused
Together To Form A Fused Cuk-Sepic Converter. The Diodes Of Each Converters Are Rearranged And The Output Inductor
And Capacitor Are Shared Between The Two Converters. The Equivalent Circuit Of The Fused Cuk-Sepic Converter Is
Exposed In Figure 2. Based On The Availability Of Resource, The Proposed Converter Supplies The Load.
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Fig. 2 Fused Cuk-Sepic Converter

Let V1 And V Be The Dc Output Voltages From The Solar And Wind System Respectively. Mosfet M1 And M, Act As
Switches To Connect Solar And Wind Systems. The Various Operating Modes Of Fused Cuk-Sepic Converter Are Briefed
Below.

3.1 Mode 1: Both Sources Are Active

In This Mode, Both Solar And Wind Systems Are Active For The Generation Of Power. In This Mode, Switches M1 And
Mz Are On And Diodes D; And D, Are In Reverse Biased Condition. The Supply Voltages V1 And V2 Charges The Inductors
L1 And L, Respectively. The Capacitors C; And C, Starts Discharging To Charge Inductor Lo Which In Turn Charges The
Capacitor Co. The Equivalent Circuit When Both Sources Are Active Is Shown In Figure 3.
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Fig. 3 Mode | Equivalent Circuit
3.2 Mode 2: Only Solar Source Is Active

In This Mode, Only Solar System Is Active For Power Generation. Here, Switch M1 Is On And Switch M Is Off. Diode
D; Is In Forward Biased And D; In Reverse Biased Conditions. The Inductor L; Is Charged By The Solar Voltage V1. The
Capacitor C, Discharges Through The Diode D, And Charges The Inductor L,. Meanwhile, Capacitor C; Starts Discharging
And Charges The Inductor Lo, Figure 4 Shows The Equivalent Circuit During The Presence Of Solar Source Alone.
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Fig. 4 Mode li Equivalent Circuit
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In This Mode, Only Wind System Is Active For Power Generation. In This Mode, Switch M Is On While Switch My Is
Off. Diode D; Is In Forward Biased And D, In Reverse Biased Conditions. Here The Inductor L, Is Charged By The Wind
Voltage V.. The Capacitor Ci Discharges Through The Diode D;, Thereby Charges The Inductor L. Meanwhile, The Capacitor
C. Discharges And Charges The Inductor Lo. Figure 5 Shows The Equivalent Circuit During The Presence Of Wind Source

Alone.
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Fig. 5 Mode lii Equivalent Circuit

3.4 Mode 4: Both Sources Are Inactive

In Fourth Mode, Both The Sources Are Not Connected To The System For Power Generation. Here, Switches M1 And M,
Are Off And Diodes D; And D Are In Forward Biased Condition. The Inductor L; Discharges Through The Diode D1 Due To
Which The Capacitor C; Is Charged. Inductor L, Discharges Through The Diode D, Thereby Charging The Capacitor C,. At
The Same Time, Inductor Lo Discharges To Charge The Capacitor Co, Thereby Feeds The Load R. The Equivalent Circuit
During The Absence Of Both Solar And Wind Sources Is Shown In Figure 6.
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Fig. 6 Mode Iv Equivalent Circuit
4. Simulation Analysis

The Simulation Model Of Fused Cuk-Sepic Converter Based Solar/Wind Hybrid System Is Presented In Figure 7. The
Solar And Wind Sources Are Connected To The Fused Cuk-Sepic Converter. A Battery Is Connected At The Output Of The
Converter To Store Excess Energy. The Converter Provides Continuous Power To The Load Either With The Help Of Solar
Source Or Wind Source Or Battery Based On The Availability. The Values Of Components Used In The Fused Cuk-Sepic
Converter Is Tabulated In Table 1. The Output From The Converter Is Dc And For Ac Applications, An Inverter Circuit Should
Be Connected To The Converter. Thus, Dc Output Is Inverted Into Ac Power To Supply Ac Loads.
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Fig. 7 Simulation Model Of Fused Cuk-Sepic Converter Based Solar/Wind Hybrid System
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Table 1: Components Of Fused Cuk-Sepic Converter
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S. No. Components Values
1 Inductor L 700ph
2 Inductor L, 700uh
3 Inductor Lo 700uh
4 Capacitor C; 3.3ph
5 Capacitor C; 3.3ph
6 Capacitor Co 1000ph
7 Resistor R 470

8 Frequency 15khz

The Solar Module Produces An Output Voltage Of 630v And Current Of 1.8a As Shown In Figure 8. Likewise The
Wind Module Produces An Output Voltage Of 400v And Current Of 11a As Figure 9. The Output From Solar And Wind
Modules Are Fed To The Fused Cuk-Sepic Converter. The Proposed Fused Cuk-Sepic Converter Produces An Output Of 530v
And 2.4a As Figure 10. The Inverter Converts 530v, 2.4a Dc In To 300v, 10a Ac. The Inverter Output Is Shown In Figure 11.
The Proposed System Can Be Used For Household Applications. The Output Obtained From Solar, Wind, Converter And
Inverter Modules Are Summarized In Table 2.
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Fig. 8 Solar VVoltage And Current
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Fig. 9 Wind Voltage And Current
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Fig. 10 Fused Cuk-Sepic Converter Output
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Fig. 11 Inverter Output

Table 2: Output From Solar, Wind, Converter And Inverter Modules

S.No. Parameters Values
1 Solar Voltage 630v

2 Solar Current 1.8a

3 Wind Voltage 400v

4 Wind Current 1lla

5 Converter Voltage 530v

6 Converter Current 2.4a

7 Inverter Voltage 300v

8 Inverter Current 10a

5. Hardware Implementation

The Hardware Prototype Of The Fused Cuk-Sepic Converter Based Solar/Wind Hybrid System Is Displayed
In Figure 12. Here A Solar Panel Of 12v, 5w, A Dc Generator Of 6v, 5w And A Battery Of 12v, 1.3ah Is Connected
To The Proposed Fused Cuk-Sepic Converter. For Hardware Implementation, Dc Generator Is Used Instead Of Wind
Turbine. The Inductor And Capacitor Values Used In Fused Cuk-Sepic Converter Is Taken As 20mh And 470uf
Respectively. The Requirements Of Various Components Used For Implementing The Hardware Prototype Is
Specified In Table 3. A Transformer Of 12v Is Used To Boost The Output VVoltage And A Lamp Is Considered As
The Load. The Lamp Keeps On Glowing Continuously Receiving Power Either From Solar Panel Or Dc Generator
Or Battery. Thus Continuous Power Is Generated By The Proposed Cuk-Sepic Fused Converter.
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Fig. 12 Hardware Prototype

Table 3: Specification Of Components

S.No. Components Specification
1 Solar Panel 12v, 5w

2 Dc Generator 6v, Sw

3 Battery 12v, 1.3ah

4 Mosfet 600v, 1.7Q, N-Channel
5 Diode In4007

6 Inductor 20mh

7 Capacitor 470uf

8 Resistor 100Q

9 Driver Circuit Fan7392n

10 Transformer 12v

6. Conclusion

A Cuk-Sepic Fused Converter Topology Has Been Proposed For Solar/Wind Hybrid Energy System. Two Separate
Dc/Dc Converters Are Integrated Together, So That The Count Of Components, Size And Complexity Of The System Is
Reduced. The Proposed Converter Allows Both The Solar And Wind Sources To Feed The Load Separately Or Combined
Together Based On The Accessibility. It Removes The High Frequency Harmonics Without Any Additional Filters And
Enhances The Effectiveness Of The System. The Battery Supplies The Load In The Absence Of Solar And Wind Sources.
Thus, Uninterrupted Power Is Attained Due To The Proposed Fused Cuk-Sepic Converter Topology. An Ac Output Of 300v,
10a Is Obtained Based On The Simulation Analysis Using Matlab/Simulink. Hardware Implementation Has Been Done To
Verify The Performance Of The Proposed Cuk-Sepic Converter. The Proposed System Finds Its Applications In Domestic

2448



Turkish Journal of Computer and Mathematics Education Vol.12 No.7 (2021), 2439-24350

ResearchArticle

Purposes Like Street Lighting, Traffic Signals, Pump Irrigation Systems And Various Communication And Monitoring
Systems. The Proposed Hybrid System Is Applied For Remote Area Power Generation And Rural Electrification.
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