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Abstract-This paper presents   modelling and analysis of solar, wind and battery with three input boost converters. This converter 

designed and simulated with a minimum number of switches and also easy control circuit. The system is applicable for DC loads. 

Control strategy has been considered to achieve permanent power supply to the load via the photovoltaic or the wind based on the 

power available from the sun. The three input converter interfaces two unidirectional input power ports and bidirectional port for a 

storage element in a unified structure. This converter is interesting for hybridizing alternative energy sources such as photovoltaic 

(PV) source, wind source and battery. Supplying the output load, charging or discharging the battery can be made by the PV and the 

wind power sources individually or simultaneously.  
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 I. INTRODUCTION 

         In comparison with single-sourced systems, the hybrid power systems have the potential to provide 

high quality, more reliable, and efficient power. In these systems with a storage element, the bidirectional 

power flow capability is a key feature at the storage port. Further, the input power sources should have the 

ability of supplying the load individually and simultaneously [2]. The photovoltaic (PV) energy appears 

quite attractive for electricity generation because of its noiseless, pollution-free, scale flexibility, and little 

maintenance. Because of the PV power generation dependence on sun irradiation level, ambient 

temperature, and Unpredictable shadows, a PV-based power system should be supplemented by other 

alternative energy  

sources to ensure a reliable power supply[4].Wind energy is a domestic, renewable source of energy that 

generates no pollution and has little environmental impact. The motion of the gas molecules in the 

atmosphere is wind. A wind turbine converts the kinetic energy of the wind motion to mechanical energy 

transmitted by the shaft. A generator coupled to the shaft further converts it to electric energy, thereby 

generating electricity. Batteries are usually taken as storage mechanisms for smoothing output power, 

improving start up transitions and dynamic characteristics, and enhancing the peak power capacity. 

Combining such energy sources introduces a PV/wind/battery hybrid power system. The converter used 

for this type of applications is divided into single input converters, two input converters and multiple-input 

converters. Single input converters have many drawbacks. A three input converter can generally have the 

following advantages compare to a combination of several individual converters. They are cost reduction, 

compactness, more expandability and greater manageability.  

  II.MODELING OF PV PANEL 

A cell is comprised of a p-n junction semiconductor material like silicon that produces currents via the 

electrical phenomenon impact. If electrical conductors are connected to the positive and negative sides, 

forming associate electrical device, the electrons will be captured within the kind of an electrical current. 

This electricity will then be wont to power a load. The low voltage is generated during a PV cell (around 

zero.5V), many PV cells are connected nonparallel (for high voltage) and in parallel (for high current) to 

make a PV module for desired output [8]. 

 

A PV cell may be delineated by a current supply connected in parallel with a diode, since it generates 

current once it's well-lighted and acts as a diode once it is not. 
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The equivalent circuit model additionally includes a shunt and series internal resistance. Rs is that the 

intrinsic series resistance. is the equivalent shunt resistance which has a very high value.  

 III. MODELING OF WIND TURBINE 

The turbine is that the 1st and foremost part of wind generation systems. Wind turbines capture the facility 

from the wind by means that of aerodynamically designed blades and convert it to rotating mechanical 

power. This mechanical power is delivered to the rotor of an electrical generator wherever this energy is 

reborn to electricity. Electrical generator used is also associate degree induction generator or synchronous 

generator [2], [6]. 

The mechanical power that is generated by the wind is given by, 

 
Where 

 ρ - Air density  

A - Rotor swept area 

Cp (λ, ) - power coefficient function  

λ - Tip speed ratio  

β - Pitch angle  

 
 

 
Where Ct(λ)is torque co-efficient of turbine 

Torque equation of the variable speed wind turbine 

 
                            T=  

Maximum torque   Tm=   

The turbine model is connected to a permanent magnet synchronous generator. The energy obtained from 

the turbine is fed to the generator that converts it to the electricity [2]. 

 IV. MODELING OF BATTERY 

Storage batteries are indispensable in all standalone solar electric systems (PV power systems). Their 

efficiency and life time affects significantly the overall PV system performance and economics. Batteries 

specified especially for use in PV systems have to be distinguished with standing of a very deep discharge 

rate and high cycling stability. Selecting the optimum conditions of battery to obtain the maximum 

efficiency and maximum ampere hour and watt hour capacities by implemented measurements on a battery 

are presented in this thesis. The internal resistance of the battery is a reliable key for determination of its 

state of charge. The value of this resistance increases almost linearly with increasing of the stored energy.  

           The implemented experimental tests have proved that a regular battery cell will be not more 

rechargeable if it is fully discharged. This issue requires using always a controllable battery charger within 

the PV power systems to protect the storage batteries against deep discharge and extremely over charge. 

Such equipment will extend the life time of the battery and consequently improve the economic feasibility 

and reliability of the PV power systems. The lithium ion battery has been a successful article of commerce 

for over a century. Its production and use continue to grow because of new applications for battery power 

in energy storage. The wide use of battery in many designs, sizes, and system voltages is accounted for by 
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the low price and the ease of manufacture on a local geographic basis of this battery system. The lithium 

ion battery is almost always the least expensive storage battery for any application, while still providing 

good performance.  

Main branch voltage 

                                                                           
= the open-circuit voltage 

Electrolyte temperature in °C 

Soc=state of charge 

Terminal resistance 

 
a resistance in ohms. 

 the value of at (SOC=1) in ohms. 

 V. THREE INPUT BOOST CONVERTER 

The system is applicable for DC loads. Control strategy has been considered to achieve permanent power 

supply to the load via the photovoltaic/battery or wind based on the power available from the sun. 

Supplying the output load, charging or discharging the battery can be made by the PV and the wind power 

sources individually or simultaneously. Depending on utilization state of the battery, three different power 

operation modes are defined for the converter either charging or discharging action to be taken place.   

A.Modes of Operation  

 1) First Power Operation Mode 

             In this operation mode, two input power sources  and are responsible for supplying the load, and 

battery charging is not done. This operation mode is considered as the basic operation mode of the 

converter. As clearly seen from the converter structure, there are two options to conduct input power 

sources currents and  without passing through the battery; path 1 , path 2:  In this 

operation mode, the first path is chosen; therefore, switch is turned OFF while switch is turned ON 

entirely in the switching period. Thus, three different switching states of the converter are achieved in one 

switching period. 

Switching state 1 (0 < t < ): At t = 0, switches and are turned ON and inductors  and are charged 

with voltages across  and  respectively.  

Switching state 2 ( < t < ): At t = , switch  is turned OFF, while switch is still ON. Therefore, 

inductor  is discharged with voltage across into the output load and the capacitor through diode , 

while inductor is still charged by voltage across  

Switching state 3 (  < t < T): At t = , switch is also turned OFF and inductor is discharged with 

voltage across as like as inductor  

By applying voltage–second and current–second balance theory to the converter, following equations are 

obtained: signals of the four switches 
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2 Second Power Operation Mode 

In this operation mode, two input power sources  and along with the battery are responsible for 

supplying the load. Therefore, discharging state of the battery should be provided in this operation mode. 

Referring to the converter topology, when switches and are turned ON simultaneously, currents  and 

are conducted through the path of switch .Switch which results in battery discharging. However, 

discharging operations of the battery can only last until switches and are conducting. As a result, the 

maximum discharge power of the battery depends on duty ratios of  and as well as currents and . 

      Therefore, in order to acquire a desired maximum discharging power of the battery, the input power 

sources should be designed in proper current and voltage values. This can be made by changing the state of 

only one of switches and before switches and  are turned OFF. In this paper, duty ratio is 

controlled to regulate the discharging power of the battery. Regarding the facts that when is turned ON, 

it results in passing the currents of input power sources through the battery; hence, the battery discharge 

mode is started, and its turn-OFF state starts conducting through diode and stops discharging the battery. 

Switching state 1 (0 < t < ): At t = 0, switch  and are turned ON, so inductors and  are charged 

with voltages across and , respectively . 
 

Switching state 2(  < t < ): At t =  switch  is turned OFF, while switches and  are still ON. 

Therefore, inductors  and are charged with voltages across  and  respectively. 

 

Switching state 3 (  T< t < T): At t = T, switch  is turned OFF, so inductor  is discharged with 

voltage across while inductor  is still charged with voltages across  

Switching state 4 (  < t < T): At t = , switch is also turned OFF and inductors  and are 

discharged with voltage across  and respectively. 

By applying voltage–second and current–second balance theory to the converter, following equations are 

obtained. 
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3) Third Power Operation Mode 

 In this operation mode, two input power sources  and  are responsible for supplying the load while the 

battery charging performance is accomplished. Therefore, the charging state of the battery should be 

provided in this operation mode. Referring to the converter topology, when switches and are turned 

OFF, by turning ON switches  and currents and are conducted through the path of diode ,the 

battery and diode .Therefore, the condition of battery charging is provided. However, the charging 

operation of the battery can only last until switches  and  are conducting. As a result, the maximum 

charge power of the battery depends on duty ratios  and  in order to acquire a desired maximum 

charge power of the battery, the input power sources should be designed in proper current and voltage 

values. On the other hand, regulating the charging power of the battery below the P max bat.ch can be 

made by changing the state of only one of switches  and  before switches  and  are turned OFF. 

Switching state 1 (0 < t < ): At t = 0, switches and are turned ON, so inductors  and  are 

charged with voltages across and , respectively. 

Switching state 2 ( T < t < T): At t = , switch  is turned OFF while switches and are still ON 

(according to the assumption). Therefore, inductors  and  are charged with voltages across  and 

 , respectively . 

Switching state 3 (d1 T < t < d2 T): At t = , switch is turned OFF, so inductor  is discharged with 

voltage across  , while inductor  is still charged with voltage across  

Switching state 4 ( T< t < T): At t = T, switch  is also turned OFF and inductor  as like as  is 

discharged with voltage across  
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VI.SIMULATION RESULT 

The following figure shows that output waveform of the three input boost converter. Figure (a) shows the 

solar voltage and current. Using this converter the voltage level and current level are boost the input 

voltage levels. To increase the voltage levels the number cells are connected in series also increase. Figure 

(b) shows the wind generator output voltage and current. Figure(c) shows the output voltage of the battery. 

 

 

(a) 

 

                                   

VII. CONCLUSIONS 

         A complete description of the hybrid system has been presented along with its detailed simulation 

results which ascertain its feasibility. The simulation results showed satisfactory performance of the hybrid 

system. The proposed system is a good alternative for the multiple- source hybrid power systems and has 

advantages such as bidirectional power flow at the storage port, simple structure, low power components, 

centralized control, and no need of transformer, low weight and high level of boosting. On addition, the 

structure utilizes from power switches with four different duty ratios. It is also applicable for hybrid power 

system.. Also, the system has to be extended to higher ratings and solve for the synchronization issues. 
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