
Copyright © 2015, American-Eurasian Network for Scientific Information publisher 

 

 

JOURNAL OF APPLIED SCIENCES RESEARCH 

 

ISSN: 1819-544X       EISSN: 1816-157X 

 
JOURNAL home page:   http://www.aensiweb.com/JASR                                                                  2015 December; 11(23): pages 192-198.   

Published Online 31 December 2015.                                                                                                            Research Article 

 

Corresponding Author: Rooban. K, PG Scholar), M.E-Power Electronics And Drives, Sri Ramakrishna Engineering   

College, Coimbatore. 

                                      E-mail: k.rooban17@gmail.com 

Implementati on of Cuk-Sepic Fused Converter For Wind-Solar Hybrid System 
 
1Rooban.K and 2Gopu.V 
 

1(PG   Scholar), M.E-Power  Electronics And Drives, Sri   Ramakrishna   Engineering   College, Coimbatore.  
2(Assistant Professor), Department of Electical And Electronics Engineering, Sri Ramakrishna Engineering College, Coimbatore. 
 

Received: 23 October 2015; Accepted: 23  December 2015 
 

© 2015 AENSI PUBLISHER All rights reserved 
 

ABSTRACT 

 

 Renewable energy sources also called non-conventional type of energy are continuously replenished by natural processes. Hybrid 

systems are the right solution for a clean energy production. Hybridizing solar and wind power sources provide a realistic form of 
power generation. This configuration allows the two sources to supply the load separately or simultaneously depending on the 

availability of the energy sources. The inherent nature of this Cuk-SEPIC fused converter, additional input filters are not 

necessary to filter out high frequency harmonics. The fused multi- input rectifier stage also allows Maximum Power Point 
Tracking (MPPT) to be used to extract maximum power from the wind and sun when it is available. An adaptive MPPT 

algorithm will be used for the wind system and a standard perturb and observe method will be used for the PV system. This hybrid 

wind-photo voltaic system is modeled in MATLAB/ SIMULINK environment. Simulation circuit is analyzed and results are presented 

for this hybrid wind and solar energy system. 

 

Keywords: Hybrid system, CUK-SEPIC converter, renewable energy, photovoltaic system, wind power, Maximum power point tracking 
(MPPT). 

 

INTRODUCTION 
 

Wind energy, by itself is capable of supplying 

large amounts of power, but its presence is highly 

unpredictable, as it can be here one moment and 

gone the next. Similarly, solar energy is present 

throughout the day, but the solar irradiation levels 

vary, due to the sun's intensity and unpredictable 

shadows cast by clouds, birds, trees, etc. The 

common inherent drawback of wind and photovoltaic 

system, are their intermittent natures that make them 

unreliable. Hybrids renewable energy system utilizes 

two or more energy sources, usually solar and wind 

power. The major advantage of a solar and wind 

hybrid system is that, when solar and wind power 

production is used together, the reliability of the 

system is enhanced. An additionally, the size of the 

battery storage can be reduced slightly as there is less 

reliance on one method of power production. Often, 

there is no sun, there is plenty of wind. However, by 

combining these two intermittent sources and the 

system's power transfer efficiency and reliability can 

be improved significantly. When a source is 

unavailable or insufficient in meeting the load 

demands, the other energy source can compensate 

the deficit Other than hydro power, wind and 

photovoltaic energy holds the most potential to meet 

our energy demands. Alone, wind energy is capable 

of supplying large amounts of power but its 

presence is highly unpredictable as it can be here 

one moment and gone in another. Similarly, solar 

energy is present throughout the day but the solar 

irradiation levels vary due to sun intensity and 

unpredictable shadows cast by clouds, birds, trees, 

etc. The common inherent drawback of wind and 

photovoltaic systems are their intermittent natures 

that make them unreliable. However, by combining 

these two  intermittent sources and by incorporating 

maximum power point tracking (MPPT) algorithms, 

the system’s power transfer efficiency and reliability 

can be improved significantly. When a source is 

unavailable or insufficient in meeting the load 

demands, the other energy source can compensate for 

the difference. Several hybrid  wind/PV  power  
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systems  with MPPT control have been proposed and 

discussed. A simpler multi- input structure has been 

suggested by combine the sources from the DC-end 

while still achieving MPPT for each renewable 

source. The systems in literature require passive 

input filters to remove the high frequency current 

harmonics injected into wind turbine generators.  The 

harmonic content in the generator current decreases 

its lifespan and increases the power loss due to 

heating. 

The proposed design is a fusion of the Cuk and 

SEPIC converters. The proposed circuit operates in 

4 modes. The circuit operates as CUK converter 

when only PV source is available. It acts as a SEPIC 

converter when only wind source is available. When 

both the sources are available the switches will 

turn ON. When both sources are unavailable the 

switches will turn OFF. The CUK- SEPIC fused 

converters have the capability to eliminate the high 

frequency current harmonics in the wind generator. 

This eliminates the need of passive input filters in 

the system. This design produces power at all times 

by efficiently using freely available renewable 

resources. They can also support individual and 

simultaneous operations by providing constant 

output at the load. The features of the proposed 

topology are the  inherent nature of these two 

converters eliminates the need for separate input 

filters for PFC and it can support step up/down 

operations for each renewable source (can support 

wide ranges of PV and wind input) and also 

MPPT can be realized for each source,  individual 

and simultaneous operation is supported. The circuit 

operating principles will be discussed in this paper. 

Simulation results are provided to verify with the 

feasibility of the proposed system. 

 

 
Fig. 1: Block diagram of Modified converter topology for hybrid wind and solar energy system 

 

During a SEPIC's steady-state operation, the 

average voltage across capacitor C1 (VC1) is equal to 

the input voltage (Vin). Because capacitor C1 blocks 

direct current (DC), the average current through it 

(IC1) is zero, making inductor L2 the only source of 

DC load current. Therefore, the average current 

through inductor L2 (IL2) is the same as the average 

load current and hence independent of the input 

voltage. 

Looking at average voltages, the following can 

be written: 

 
Because the average voltage of VC1 is equal to 

VIN, VL1 = −VL2. For this reason, the two inductors 

can be wound on the same core. Since the voltages 

are the same in magnitude, their effects of the mutual 

inductance will be zero, assuming the polarity of the 

windings is correct. Also, since the voltages are the 

same in magnitude, the ripple currents from the two 

inductors will be equal in magnitude. The average 

currents can be summed as follows (average 

capacitor currents must be zero): 

 

When switch S1 is turned on, current IL1 

increases and the current IL2 goes more negative. The 

energy to increase the current IL1 comes from the 

input source. Since S1 is a short while closed, and 

the instantaneous voltage VC1 is approximately VIN, 

the voltage VL2 is approximately −VIN. Therefore, the 

capacitor C1 supplies the energy to increase the 

magnitude of the current in IL2 and thus increase the 

energy stored in L2. The easiest way to visualize this 

is to consider the bias voltages of the circuit in a d.c. 

state, then close S1.When switch S1 is turned off, the 

current IC1 becomes the same as the current IL1, since 

inductors do not allow instantaneous changes in 

current. The current IL2 will continue in the negative 

direction, in fact it never reverses direction. It can be 

seen from the diagram that a negative IL2 will add to 

the current IL1 to increase the current delivered to the 

load. The boost/buck capabilities of the SEPIC are 

possible because of capacitor C1 and inductor L2. 

Inductor L1 and switch S1 create a standard boost 

converter, which generates a voltage (VS1) that is 

higher than VIN, whose magnitude is determined by 

the duty cycle of the switch S1. Since the average 

https://en.wikipedia.org/wiki/Steady-state
https://en.wikipedia.org/wiki/Boost_converter
https://en.wikipedia.org/wiki/Boost_converter
https://en.wikipedia.org/wiki/Boost_converter
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voltage across C1 is VIN, the output voltage (VO) is 

VS1 - VIN. If VS1 is less than double VIN, then the 

output voltage will be less than the input voltage. If 

VS1 is greater than double VIN, then the output voltage 

will be greater than the input voltage. 

 
Fig. 2: Circuit diagram of Modified converter topology for hybrid wind and solar energy system 

 

II.  Pv Panel And Wind Turbine Characteristics: 

2.1 Perturb and Observe (P&O): 

In this algorithm a slight perturbation is introduce 

system . This perturbation causes the power of the 

solar module changes. If the power increases due to 

the perturbation then the perturbation is continued in 

that direction. After the peak power is reached the 

power at the  next instant decreases and hence after 

that the perturbation reverses. When the steady state is 

reached the algorithm. oscillates around the peak 

point. In order to keep the power variation small the 

perturbation size is kept very small. The algorithm is 

developed in such a manner that it sets a reference 

voltage of the module corresponding to the peak 

voltage of the module. A PI controller then acts 

moving the operating point of the module to that 

particular voltage level. It is observed that there some 

power loss due to this perturbation also the fails to 

track the power under fast varying atmospheric 

conditions. But still this algorithm is very popular and 

simple. In MPPT control, PV voltage and current are 

measured and inputted to the MPPT block. The choice 

of parameters are chosen with direct duty ratio 

perturbation and reference voltage perturbation as 

shown in the Figure.3 and Figure.4 below. 

A common inherent drawback of wind and 

PV systems is the intermittent nature of their 

energy sources. Wind energy is capable of 

supplying large amounts of power but its presence 

is highly unpredictable as it can be here one 

moment and gone in another. Solar energy is 

present throughout the day, but the solar 

irradiation levels vary due to sun intensity and 

unpredictable shadows cast by clouds, birds, 

trees, etc. These drawbacks tend to make these 

renewable systems inefficient. However, by 

incorporating maximum power point tracking 

(MPPT) algorithms, the systems’ power transfer 

efficiency can be improved significantly. 
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Fig. 3: Choice of the parameters of the P&O algorithm with direct duty ratio perturbation 

 
Fig. 4: Choice of the parameters of the P&O algorithm with reference voltage perturbation 

 

2.2 Power Characteristics of Wind Turbine: 

There are two aspects of wind resource 

assessment they are determination of the general 

wind power potential and determination of wind 

power potential and predicted energy production for 

wind farms. 

The general wind power potential was 

determined from the wind speed data available, and 

then wind maps were developed. In general, the wind 

speed data that were available were at heights of 6 

to 20 m; however, some anemometers were on top 

of buildings or control towers at airports, which 

influences the accuracy of the data. In many parts of 

the world the amount of wind speed data was 

limited to daily or even monthly averages. 

Wind is a sustainable energy source since it is 

renewable, widely distributed, and plentiful. In 

addition, it contributes to reducing the greenhouse 

gas emissions since it can be used as an alternative to 

fossil-fuel-based power generation. Wind turbines 

capture the kinetic energy of wind and convert it into 

a usable form of energy. The kinetic energy of winds 

rotates the blades of a wind turbine. The blades are 

connected to a shaft. The shaft is coupled to an 

electric generator. The generator is used to convert 

the mechanical energy into electrical energy. 
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Fig. 5: Typical wind turbine power output with steady wind speed. 

 

III. Cuk-Sepic Fused Converter For Hybrid Energy 

System: 

A hybrid wind-solar energy system is shown in 

Figure.6 where one of the inputs is connected to 

the output of the PV array and the other input 

connected to the output of a wind generator. The 

fusion of the two converters is achieved by 

reconfiguring the two existing diode from each 

converter and the shared utilization of the Cuk 

output inductor by the SEPIC converter. If the turn 

on duration of M1 is longer than M2, then the 

switching states will be state I, II, IV. Similarly, the 

switching states will be state I, III, IV if the switch 

conduction periods are vice versa. In the following, 

IPV is the average input current from the PV 

source; Iw, is the  RMS input current after the 

rectifier (wind case) and Idc  is the average 

system output current. 

 

 
Fig. 6: Circuit diagram of Sepic converter. 

 

V dc = (d1 / (1-d1) V pv + (d2/ I – d2) V w  (1) 

 

State I (M1 on, M2 on): 

I L1 = IPV + VPV / L1 t o < d1 Ts                (2) 

I L2 = Idc + (Vct + Vc2 ) / t o < t <d1 Ts      (3) 

I L3 = Iw + Vw / L3 t o < t < d1 Ts              (4) 

 

                                            
Fig. 7: Proposed circuit inductor waveforms 
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State II (M1 on, M2 off): 

If only the PV source is available, then D1 turns 

off and D2 will always be on and the circuit becomes 

a Cuk converter as shown in the input to output 

voltage relationship is given by equation (3). In both 

cases, both converters have step-up/down capability. 

 

State III (M1 off, M2 on): 

This configuration allows each converter to 

operate normally individually in the event that one 

source is unavailable the case when only the wind 

source is available. In this case, D2 turns off and D1 

turns on; the proposed circuit becomes a SEPIC 

converter and the input to output voltage relationship 

is given by equation. 

 

ILI = IPV + ((VPV - VCI )/ L1 ) t d1 Ts <t<d2Ts (4) 

I L2 = Idc + (Vct / L2 ) t d1 Ts < t <d2 Ts          (5)  

I L3 = Iw + (Vw / L3 ) t d1 Ts < t < d2 Ts          (6) 

 

State IV (M1 off, M2 off): 

The converter configuration in the event 

when no source is available. 

ILI = IPV + ((VPV - VCI )/ L1) t d2 Ts <t<Ts    (7)  

I L2 = Idc + (Vc2 / L2 ) t d2 Ts < t < Ts               (8) 

I L3 = Iw + (Vw-VC2-Vdc)/L3) t d2 Ts < t < T   (9) 

 

IV.  Simulation Results: 

By simulating the circuit using MATLAB/ 

SIMULINK as shown in the Figure.7, at Input 

voltage of 46Volts (Nominal Voltage of 

panel,),output of 128Volts with switching frequency 

of 20Khz. 

  
Fig. 8: Design parameters of Sepic converter 

Symbol Parameter Design value 

Vin Given input voltage 46 

Vout Desired average output voltage 128 

Fs Minimum switching frequency 20KHz 

L1 Inductor value 5.371mH 

L2 Inductor value 7.1433mH 

C1 Capacitor value 3.265µF 

C2 Capacitor value 1µF 

 

 
Fig. 9: simulink model of hybrid solar and wind systems 

 
Fig. 10: output waveform of solar and wind system 
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Conclusion: 

This topology allows the two sources to supply the 

load separately or simultaneously depending on the 

availability of the energy sources. In this paper a new 

multi-input Cuk-SEPIC rectifier stage for hybrid 

wind/solar energy systems has been presented. 

The features of this circuit are additional input 

filters are not necessary to filter out high frequency 

harmonics and both renewable sources can be 

stepped up/down (supports wide ranges of PV and 

wind input) and also the MPPT can be realized for 

each source, then individual and simultaneous 

operation is supported. Simulation results have 

been presented to verify the features of the proposed 

topology. MPPT control is done for PV so that 

maximum power is tracked and system work more 

reliably and efficiently.  
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