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Abstract:- The paper presents the new scheme  of green energy 

systems using solar- and wind-energy systems in order to reduce 

the  pollution in the grid. The opportunity of a large wind and 

solar power production is being explored and also discusses 

different power electronics circuits and control methods to link 

the renewable energy to the national grid. This paper 

recommends some of the modern power electronic converters 

applicable to hybrid power energy systems which have improved 

significantly in solar and wind energy technologies to improve 

the quality of power. A new system configuration of the front-

end rectifier stage for a hybrid wind/photovoltaic energy system 

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. Harmonic content is detrimental for 

the generator lifespan, heating issues, and efficiency. 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 whenever it is available. An adaptive MPPT 

algorithm is used for the wind system and a standard perturb 

and observe method is used for the PV system. Operational 

analysis and the simulation results are given to highlight the 

merits of the proposed circuit. 

 

Keywords: Solar power, Wind energy system. Maximum Power 

Point Tracking. 

 

I.INTRODUCTION 

 

Environmental friendly solutions are becoming more 

prominent than ever as a result of concern regarding the state 

of our deteriorating planet. With increasing concern of global 

warming and the depletion of fossil fuel reserve looks an 

alternate sustainable energy solutions to preserve the earth for 

the future generations. Other than hydro power, wind and 

photovoltaic energy holds the most potential to meet our 

energy demands. The wind energy is capable of supplying 

large amounts of power but its presence is highly 

unpredictable [1]. Similarly, solar energy is present 

throughout the day but the solar irradiation levels vary due to 

sun intensity and unpredictable shadows cast by 

clouds,mansoons etc. 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 compensation is achieved by 

the other energy source. Several hybrid wind/PV power 

systems with MPPT control have been proposed in the 

literature [2]-[3] uses a separate DC/DC boost converter 

connected in parallel in the rectifier stage to perform the 

MPPT control for each the renewable energy power sources. 

A simpler multi input structure has been discussed by the 

combination of the sources from the DC-end while still 

achieving MPPT for each renewable source. The structure 

proposed is a fusion of the buck and buck-boost converter. 

The systems in literature [4] require passive input filters to 

remove the high frequency current harmonics injected into 

wind turbine generators [5]-[6]. In this paper, an alternative 

multi-input rectifier structure is proposed for hybrid 

wind/solar energy systems. The proposed design is a fusion of 

the Cuk and SEPIC converters which is shown in fig: 1. The 

features of the proposed topology are: 1) the inherent nature 

of these two converters eliminates the need for separate input 

filters for PFC; 2) it can support step up/down operations for 

each renewable source      (can support wide ranges of PV and 

wind input);     3) MPPT can be realized for each source;     

4) individual and simultaneous operation is supported 

 

  

Fig 1: Fusion of the Cuk and SEPIC converters 
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Fig: 2 Block diagram of the proposed topology 

A solar cell is used to directly covert solar energy by 

the into electrical energy phenomenon of PV effect [7]. The 

solar modules are formed by solar stacks and the energy 

absorbed from the sun is converted into electrical energy 

which is called solar power. Fig 2 shows the block diagram of 

proposed topology Cells are described as photovoltaic 

cells when the light source is not necessarily sunlight. 

Developed for over a millennium, today's wind turbines are 

manufactured in a range of vertical and horizontal axis types. 

The smallest turbines are used for applications such as battery 

charging or auxiliary power on sailing boats; while large 

grid-connected arrays of turbines are becoming an 

increasingly large source of commercial electric power [10]. 

The cuk converter shown in fig.3 is a type of DC-DC 

converter maintains output voltage which is less or greater 

than the input voltage. The non-isolated cuk converter can 

only have opposite polarity between input and output which  

uses a capacitor as its main energy-storage component, unlike 

most other types of converters which use an inductor [11]-

[12]. 

II. CUK CONVERTER 

 

 
 

Fig 3: Schematic of a non-isolated Cuk converter 

 

In this figure 4, the diode and the switch are either replaced 

by a short circuit when they are on or by an open circuit when 

they are off [13]. It can be seen that when in the Off state, the 

capacitor C is being charged by the input source through the 

inductor L1. When in the On state, the capacitor C transfers 

the energy to the output cap acitor through the inductance  

L2.A non-isolated cuk converter comprises two inductors, 

two capacitor, a switch (usually a transistor), and a diode. Its 

schematic can be seen in figure 4. It is an inverting converter, 

 

 
 

Fig 4: The two operating states of a non-isolated Cuk 

converter 

so the output voltage is negative with respect to the input 

voltage .The capacitor C is used to transfer energy and is 

connected alternately to the input and to the output of the 

converter via the commutation of the transistor and the diode. 

The two inductors L1 and L2 are used to convert respectively 

the input voltage source (Vi) and the output voltage source 

(Co) into current sources. Indeed, at a short time scale an 

inductor can be considered as a current source as it maintains 

a constant current [14]-[15]. This conversion is necessary 

because if the capacitor were connected directly to the voltage 

source, the current would be limited only by (parasitic) 

resistance, resulting in high energy loss. Charging a capacitor 

with a current source (the inductor) prevents resistive current 

limiting and its associated energy loss .As with other 

converters (buck converter, boost converter, buck-boost 

converter) the cuk converter can either operate in continuous 

or discontinuous current mode. However, unlike these 

converters, it can also operate in discontinuous voltage mode 

(i.e., the voltage across the capacitor drops to zero during the 

commutation cycle). 

Continuous mode: In steady state, the energy stored in the 

inductors has to remain the same at the beginning and at the 

end of a commutation cycle. The energy in an inductor is 

given by: 

E = ½ LI²                      (1) 

This implies that the current through the inductors has to be 

the same at the beginning and the end of the commutation 

cycle. As the evolution of the current through an inductor is 

related to the voltage across it: 

VL = L dI/dt                           (2) 

it can be seen that the average value of the inductor voltages 

over a commutation period have to be zero to satisfy the 

steady-state requirements. If we consider that the capacitor C 

and Co are large enough for the voltage ripple across them to 

be negligible, the inductor voltages become: In the off-state, 

inductor L1 is connected in series with Vi. 

Therefore VL1 = Vi − VC. As the diode D is forward biased 

(we consider zero voltage drop), L2 is directly connected to 

the output capacitor. Therefore VL2 = Vo In the on-state, 

inductor L1 is directly connected to the input source. 

Therefore    
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VL1 = Vi.   Inductor L2 is connected in series with C and the 

output capacitor, so VL2 = Vo + VC The converter operates in 

on-state from t=0 to t = D·T and in off state from D·T to T 

(that is, during a period equal to (1-D) T). The average values 

of VL1 and VL2 are therefore: 

VL1 = D. Vi + (1-D). (Vi – Vc) = (Vi-(1-D).Vc)         (3) 

As both average voltage have to be zero to satisfy the steady-

state conditions we can write, using the last equation: 

Vc = - (Vo/D)                     (4) 

So the average voltage across L1 becomes: 

VL1 = {Vi + (1-D). Vo/ D} = 0              (5) 

VL2 = D (Vo + Vc ) + (1-D). Vo = (Vo + D.Vc  )        (6) 

Which can be written as: 

Vo/Vi = - [D/ (1-D)]                  (7) 

It can be seen that this relation is the same as that obtained 

for the Buck-boost converter. 

Discontinuous mode 

Pi=Po                        (8) 

Inductor coupling: Instead of using two discrete inductor 

components, many designers implement a coupled inductor 

Cuk converter, using a single magnetic component that 

includes both inductors on the same core. The transformer 

action between the inductors inside that component gives 

a coupled inductor Cuk converter lower output ripple than a 

Cuk converter using two independent discrete inductor 

components. 

 

III. SINGLE-ENDED PRIMARY-INDUCTOR (SEPIC) 

CONVERTER 

 

Fig 5: Single-ended primary-inductor converter 

Single-ended primary-inductor converter (SEPIC) as shown 

in fig: 5 is a type of DC-DC converter allowing the electrical 

potential (voltage) at its output to be greater than, less than, 

or equal to that at its input; the output of the SEPIC is 

controlled by the duty cycle of the control transistor. A SEPIC 

is similar to a traditional buck-boost converter, but has 

advantages of having non-inverted output (the output voltage 

is of the same polarity as the input voltage), the isolation 

between its input and output (provided by a capacitor in 

series), and true shutdown mode: when the switch is turned 

off, its output drops to 0 V. SEPICs are useful in applications 

in which a battery voltage can be above and below that of the 

regulator's intended output. As with other SMPS  the SEPIC 

exchanges energy between the capacitor and inductors in 

order to convert from one the capacitor and inductors in order 

to convert from one the capacitor and inductors in order 

to convert from one switched mode power supplies the SEPIC 

exchanges energy between the capacitor and inductors in 

order to convert from one voltage to another. The amount of 

energy exchanged is controlled by switch S1, which is 

typically a transistor such as a MOSFET; MOSFETs offer 

much higher input impedance and lower voltage drop 

than bipolar junction transistors (BJTs), and do not require 

biasing resistors (as MOSFET switching is controlled by 

differences in voltage rather than a current, as with BJTs). 

Continuous mode: A SEPIC is said to be in continuous-

conduction mode ("continuous mode") if the current through 

the inductor L1 never falls to zero. Fig 6 shows with S1 open 

current through L1. 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 across it (IC1) is zero, 

making inductor L2 the only source of 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: 

VIN = VL1 + VC1 + VL2               (9) 

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: 

ID1 = IL1 − IL2                   (10) 

When switch S1 is turned on, current IL1 increases and the 

current IL2 increases in the negative direction. The energy to 

increase the current IL1comes 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 dc state, and 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. Using Kirchoff's Current Law, it 

can be shown that ID1 = IC1 - IL2. It can then be concluded, 

that while S1 is off, power is delivered to the load from both 

L2 and L1. C1, however is being charged by L1 during this 

off cycle, and will in turn recharge L2 during the on cycle. 

Because the potential (voltage) across capacitor C1 may 
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reverse direction every cycle, a capacitor should be used.      

 

Fig 6: With S1 open current through L1 (green) and current 

through L2 (red) produce current through the load 

The voltage across capacitor C1 will not change unless the 

switch is closed long enough for a half cycle of resonance 

with inductor L2, and by this time the current in inductor L1 

could be quite large. The capacitor CIN is required to reduce 

the effects of the parasitic inductance and internal resistance 

of the power supply. 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 generate a voltage (VS1) that is higher than VIN, whose 

magnitude is determined by the duty cycle of the switch S1. 

Since the average voltage across C1 is VIN, the output voltage 

(VO) is VS1 - VIN. If VS1 is less than 2VIN, then the output 

voltage will be less than the input voltage. If VS1 is greater 

than 2VIN, then the output voltage will be greater than the 

input voltage. The evolution of switched-power supplies can 

be seen by coupling the two inductors in a SEPIC converter 

together, which begins to resemble a fly-back converter, the 

most basic of the transformer-isolated SMPS topologies.  

The voltage drop and switching time of diode D1 is 

critical to a SEPIC's reliability and efficiency and the 

converter will operate in discontinuous mode. The diode's 

switching time needs to be extremely fast in order to avoid 

high voltage spikes across the inductors, which could cause 

damage to components. The resistances in the inductors and 

the capacitor can also have large effects on the converter 

efficiency and ripple. Inductors with lower series resistance 

allow less energy to be dissipated as heat, resulting in greater 

efficiency.  

IV. PROPOSED MULTI-INPUT RECTIFIER STAGE 

MULTI-INPUT RECTIFIER STAGE 

 

The fusion of the two converters is achieved by 

reconfiguring the two existing diodes from each converter 

and the shared utilization of the Cuk output inductor by the 

SEPIC converter. This configuration allows each converter to 

operate individually when one source is available. Figure 7 

illustrates the case when only the wind source is available and 

in this case, D1 turns off and D2 turns on; the proposed 

circuit becomes a SEPIC converter and the input to output 

voltage relationship is given by equation (1). On the other 

hand, if only the solar source is available, then D2 turns off 

and D1 will always be on and the circuit becomes a Cuk 

converter as shown in Figure 8 .The input to output voltage 

relationship is given by equation (2). In both cases, the 

converters have step-up/down capability,  which provide more 

design flexibility in the system if duty ratio control is utilized 

to perform MPPT control. 

Vdc/Vw   = d2/ (1-d2)                   (11) 

Vdc/Vpv = d1/ (1-d1)                   (12) 

 

Modes of operation: State I, II, IV. Similarly, the switching 

states will be state I, III, IV if the switch conduction periods 

are vice versa. To provide a better explanation, the inductor 

current waveforms of each switching state are given as 

follows assuming that d2 > d1; hence only states I, III, IV are 

discussed in fig 8. In the following, Ii,PV is the average input 

current from the PV source; Ii,W is the RMS input current 

after the rectifier (wind case); and Idc is the average system 

output current. The key waveforms that illustrate the 

switching states are shown in Figure 10. The mathematical 

expression that relates the total output voltage and the two 

input sources are illustrated. 

 

State I (M1 on, M2 on): 

IL1 = I i,pv +[ Vpv/L1]t          0<t< d1Ts (13) 

IL2 = I dc + [(vc1 + vc2)/L2] t        0<t<d1Ts  (14) 

IL3 = I I,w +[ (Vw)/L2]t          0<t<d1Ts  (15) 

 

State III (M1 off, M2 on): 

IL1 = I I, pv + [(Vpv + vc1)/L1] t       d2Ts <t<Ts (16) 

IL2 = I dc + [(Vc2)/L2] t          d2Ts <t<Ts (17) 

IL3 = I I,w +[ (Vw)/L3]t          d2Ts <t<Ts (18) 

 

State IV (M1 off, M2 off): 

IL1 = I I, pv + [(Vpv - vc1)/L1] t       d2Ts <t<Ts (19) 

IL2 = I dc - [(Vdc)/L2] t          d2Ts <t<Ts (20) 

IL3 = I I, w + [(Vw –vc2-Vdc)/L3] t     d1Ts <t<d2Ts (21) 

 

 

 
Fig: 7: only wind source is operational (SEPIC) 

 
 

Fig 8: Only PV source is operation (Cuk) 

http://en.wikipedia.org/wiki/Boost_converter


 

 

 

 

 
State I (M1 on, M2 on)  

 
M1 On, M2 off 

 

 
M1 OFF, M2 ON 

 

 
M1 off, M2 off 

Fig 9: Modes of operation 

 

Fig 10: switching states within a switching cycle 

 

 V. VOLTAGE O/P OF CUK & SEPIC CONVERTERS 

The expression for the output DC bus voltage, Vdc, 

the volt-balance of the output inductor, L2, is examined with 

d2 > d1. Since the net change in the voltage of L2 is zero, 

applying volt-balance to L2 results in. The expression that 

relates the average output DC voltage (Vdc) to the capacitor 

voltages (vc1 and vc2) is then obtained as shown in , where 

vc1 and vc2 can then be obtained by applying volt-balance to 

L1 and L3. The final expression that relates the average 

output voltage and the two input sources (VW and VPV) is 

then given by (5). It is observed that Vdc is simply the sum of 

the two output voltages of the Cuk and SEPIC converter. This 

further implies that Vdc can be controlled by d1 and d2 

individually or simultaneously. 

(vc1 + vc2) d1T1 + (vc2) (d2 – d1) T2 + (1-d2) (-Vdc) T2 = 0   (22) 

Vdc = [d1/ (1-d2)] vc1 + [d2 (1-d2)] vc2            (23) 

Vdc = [d1/ (1-d1)] Vpv + [d2 (1-d2)] Vpv          (24) 

 The switches voltage and current characteristics are 

also provided in this section. The voltage stress is given by 

(6) and (7) respectively. As for the current stress, it is 

observed from Figure 6 that the peak current always occurs at 

the end of the on-time of the MOSFET. Both the Cuk and 

SEPIC MOSFET current consists of both the input current 

and the capacitor (C1 or C2) current. The peak current stress 

of M1 and M2 are given by (8) and (10) respectively. Leq1 

and Leq2, given by (9) and (11), represent the equivalent 

inductance of Cuk and SEPIC converter respectively. The PV 

output current, which is also equal to the average input 

current of the Cuk converter, is given in (12). It can be 

observed that the average inductor current is a function of its 

respective duty cycle (d1). Therefore by adjusting the 

respective duty cycles for each energy source, maximum 

power point tracking can be achieved. 

 

 VI. MPPT CONTROL OF PROPOSED CIRCUIT 

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. To describe a wind turbine’s power 

characteristic, equation describes the mechanical power that is 

generated by the wind.  The Mechanical Power Produced by 

Wind is given by 

 

Pm = 0.5ρ ACp(λ,β)vw
3                  (25) 

Where  

ρ = air density, 

A = rotor swept area, 

Cp(λ,β) = power coefficient function, 

λ = tip speed ratio, 

β = pitch angle, 

vw = wind speed 

The power coefficient (Cp) is a nonlinear function 

that represents the efficiency of the wind turbine to convert 

wind energy into mechanical energy. It is dependent on two 

variables, the tip speed ratio (TSR) and the pitch angle. The 

TSR, λ, refers to a ratio of the turbine angular speed over the 

wind speed. The mathematical representation of the TSR [10] 

is given by equation (14). The pitch angle, β, refers to the 

angle in which the turbine blades are aligned with respect to 

its longitudinal axis. 

λ = R ωb / vw                  (26) 

where R= turbine radius, 

ωb = angular rotational speed 

Figure 11 and 12 are illustrations of a power 

coefficient curve and power curve for a typical fixed pitch (β 

=0) horizontal axis wind turbine. From the power curves for 

each wind speed has a shape similar to that of the power 

coefficient curve. Because the TSR is a ratio between the 

turbine rotational speed and the wind speed, it follows that 

each wind speed would have a different corresponding 

optimal rotational speed that gives the optimal TSR. For each 

turbine there is an optimal TSR value that corresponds to a 

maximum value of the power coefficient (Cp,max) with 

maximum power. Therefore by controlling rotational speed, 

maximum power can be obtained for different wind speeds. 

 

 

Fig 11: Power Coefficient Curve for a typical wind turbine 

 

Fig 12: Power Curves for a typical wind turbine. 

PV arrays produce currents via the photovoltaic effect. PV 

arrays are constructed by placing numerous solar cells 

connected in series and in parallel [5]. The current-voltage 

characteristic of a solar cell is derived as follows: 

I = Iph – ID 

I = Iph – Io {exp [q (V+RsI)/AkBT]-1} – (V+RsI)/ Rsh 

Where Iph = photocurrent, 

ID = diode current, 

I0 = saturation current, 

A = ideality factor, 

q = electronic charge 1.6x10-9, 

kB = Boltzmann’s gas constant (1.38x10-23), 

T = cell temperature, 

Rs = series resistance, 

Rsh = shunt resistance, 

I = cell current, 

V = cell voltage 

 

 VII. PROPOSED MODULATION TECHNIQUE 

Due to the similarities of the shape of the wind and PV 

array power curves, a similar maximum power point tracking 

scheme known as the hill climb search strategy is often 

applied to these energy sources to extract maximum power. 

The HCS strategy perturbs the operating point of the system 

observes the output. If the direction of the perturbation  

results in a positive change in the output power, then the 

control algorithm will continue in the direction of the 

previous perturbation. Conversely, if a negative change in the 

output power is observed, then the control algorithm will 

reverse the direction of the pervious perturbation step. In the 

case that the change in power is  close to zero (within a 

specified range) then the algorithm will invoke no changes to 

the system operating point since it corresponds to the 

maximum power point (the peak of the  power curves) 

 

 
Fig 13: typical output power characteristics of a PV array 
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Figure 14: PV cell power characteristics 

The MPPT scheme implemented in this paper is 

explained by the flow chart shown in Figure 15. In the 

proposed inverter circuit the multi carrier modulation 

technique is employed, which will invoke no changes to the 

system operating point since it corresponds to the maximum 

power point. These are the classical and most widely used 

methods of pulse width modulation. They have as common 

characteristic sub cycles of constant time duration, a sub cycle 

being defined as the total duration Ts during which an active 

inverter leg assumes two consecutive switching states of 

opposite voltage polarity.  

 

Operation at sub cycles of constant duration is reflected 

in the harmonic spectrum by two salient sidebands, centered 

around the carrier frequency, and additional frequency bands 

around integral multiples of the carrier. The multi carrier 

modulation technique is very suitable for a multilevel inverter 

circuit. By employing this technique along with the multilevel 

topology, the low THD output waveform without any filter 

circuit is possible. Switching devices, in addition, turn on and 

off only one time per cycle which can overcome the switching 

loss problem, as well as EMI problem. These are the classical 

and most widely used methods of pulse width modulation. 

They have common characteristic sub cycles of constant time 

duration, a sub cycle being defined as the total duration Ts 

during which an active inverter leg assumes two consecutive 

switching states of opposite voltage polarity. Operation at sub 

cycles of constant duration is reflected in the harmonic 

spectrum by two salient sidebands, centered around the 

carrier frequency, and additional frequency bands around 

integral multiples of the carrier. for a multilevel inverter 

circuit. By this technique along with the multilevel topology, 

the low THD output waveform without any filter circuit is 

possible. Switching devices, in addition, turn on and off only 

one time per cycle which can overcome the switching loss 

problem, as well as EMI problem. 

 

VIII. SIMULATION RESULTS 

In this section, simulation results from PSIM 8.0.7 is 

given to verify that proposed multi-input rectifier stage can 

support individual as well as simultaneous operation. The 

specifications for the design example are given in TABLE I. 

Figure 14 illustrates the system under the condition where the 

wind source has failed and only the PV source (Cuk converter 

mode) is supplying power to the load. Figure 15 illustrates the 

system where only the wind turbine generates power to the 

load (SEPIC converter mode). Finally, Figure 16 illustrates 

the simultaneous operation (Cuk-SEPIC fusion mode) of the 

two sources where M2 has a longer conduction cycle 

 

 

TABLE I. Design Specifications 

 

Output Power(W) 3 Kw 

Output Voltage 500 V 

Switching Frequency 20kHz 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 15: General MPPT Flow Chart for wind and PV 
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Fig 16: Individual operation with only PV source (Cuk 

operation) Top: Output power, Bottom: Switch currents (M1 

and M2) 

 

Fig 17: Individual operation with only wind source (SEPIC 

operation) (I) The injected three phase generator current; (II) 

Top: Output power, Bottom: Switch currents (M1 and M2) 

 

 

 

 

Fig 18: Simultaneous operation with both wind and PV 

source (Fusion mode with Cuk and SEPIC) (I) The injected 

three phase generator current; (II) Top: Output power, 

Bottom: Switch currents (M1 and M2) 

 

Fig 19: Solar MPPT – PV output current and reference 

current signal (Cuk operation) 

 
Fig 20: Wind MPPT – Generator speed and reference speed 

signal (SEPIC operation) 

 

IX. CONCLUSION 

 

A novel hybrid rectifier composed by the parallel 

combination of Cuk-SEPIC converters in fusion mode was 

simulated, designed and verified on proposed considerations. 

In the proposed system when one source is supplying power 

to the load, the simultaneous operation of Cuk-SEPIC fusion 

mode of the two sources is achieved. The inherent nature of 

this Cuk-SEPIC fused converter is that additional input filters 

are not necessary to filter out high frequency harmonics. The 

simulation results   are given to verify that proposed multi-

input rectifier stage can support individual as well as 

simultaneous operation. The adopted control strategy allows 

the regulation of the output voltage and the control of the 

input currents. The features of the proposed topology are  the 

inherent nature of these two converters eliminates the need 

for separate input filters for PFC, it can support step up/down 

operations for each renewable source ,can support wide 



 

 

 

ranges of PV and wind input, MPPT can be realized for each 

source,  individual and simultaneous operation is supported.  
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