
International Journal of Power Electronics and Drive System (IJPEDS) 
Vol. 10, No. 1, March 2019, pp. 433~443 
ISSN: 2088-8694, DOI: 10.11591/ijpeds.v10.i1.pp433-443      433 

  

Journal homepage: http://iaescore.com/journals/index.php/IJPEDS 

Performance analysis of hybrid photovoltaic/wind energy 
system using KY boost converter 

 
 

M. Pushpavalli1, N. M Jothi Swaroopan2 
1Department of EEE, Sathyabama Institute of Science and Technology, India 

2Department of EEE, RMK Engineering College, India 
 
 

Article Info  ABSTRACT 

Article history: 

Received Jul 3, 2018 
Revised Nov 17, 2018 
Accepted Dec 10, 2018 
 

 Nowadays tremendous increase in renewable energy technologies available 
in abounding nature energy extracted from sun, wind etc. This Proposed 
topology gathered maximum power using multi input ky boost converters for 
hybrid energy. This hybrid topology operates mainly delivered the power 
from renewable energy sources solar/wind to dc bus. In the absence of any 
one source, wind or solar supplies power to the dc bus. Without any 
renewable energy sources battery deliver the power to dc bus.An inverter 
type module convert the power from dc bus to ac grid. In this paper 
effectiveness of hybrid renewable energy is simulated through 
MATLAB/SIMULINK. 
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1. INTRODUCTION  

The mankind faces the important challenges in the 21st century are constructing the power planet, 
reducing the carbon emissions and reducing the cost of energy. The main solutions for the above problems 
are invention of new energy supplies and other one is renewable energy. It can reduce the cost of generation. 
The major renewable energy sources are solar and winds abundantly available in nature so tapping these 
sources are feasible with energy storage unit [1]-[3]. The innovations in hybrid power promise to enhance 
efficiencies across the globe. The integration of solar and wind are confined to new innovation with battery 
backup system [4]. There are three common methods to integrate the renewable energy systems are dc bus 
coupling, ac bus coupling and hybrid coupling [5]. The intelligent control techniques are fuzzy logic control, 
anfis control, genetic algorithm and neural network are trained to extract maximum power from hybrid 
system. The system size, control techniques and optimum power flow are incorporated with different 
approaches. Converter and inverters are mainly play role for selection in hybrid energy system with an 
efficient energy dispatch [6], [7]. This paper mainly focused, a ky boost converter topology for hybriding the 
renewable energy sources using wind and sun have been implemented. The main problem is unpredicted 
nature if any one of the source is available other alternative source can give the uninterrupted output. If both 
the sources are unavailable the storage unit has to meet out the demand. The characteristics of ky boost 
converter have capability to eliminate the harmonics, increased stability, continuous inductor current. It has 
been proved that ky converter has more efficient operation than boost converter [8]. 

The proposed hybrid system have solar and wind as renewable power sources, ky boost converter, 
battery and grid. To balance the power flow among all these sources power flow management system is 
important [9]. Surplus power from the renewable energy used to charging the battery. If power generated is 
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more than a demand bidirectional converter connected to storage system which in turn connected to grid. If 
power demand is greater than renewable energy power generated, then battery absorb the power [10]. Hence 
the power can flow from battery to grid or vice versa so bidirectional converters are used. Without any 
interruption, power should flow to grid. The grid-connected hybrid solar–wind-battery-based system as 
shown in Figure 1. 

 
 

 
 

Figure 1. Hybrid photovoltaic/wind energy system using ky boost converter 
 
 

2. PV SYSTEM 
The equivalent circuit diagram of PV module consisting of an ideal current source with one diode in 

parallel with the consisting of two resistors, series resistor Rs and parallel resistor Rp as shown in Figure 2. A 
simple photovoltaic model extracts the electrical energy from solar energy [11]. The electric power produced 
by PV system is a result a PV output voltage (V) and PV output current (I) by (1) and (2).  
 
 

  
Figure 2. Equivalent circuit diagram of pv model Figure 3. irradiation level 

 
 

I = Ip- Io (e (v + I Rs/nVT)-1) +V/Rp      (1) 
 
V=Vd- I Rs         (2) 

 
The temperature and irradiance level mainly contribute to open circuit voltage (Voc) and short 

circuit current (Isc) by (3) and (4). 
 

Isc = (Isc, n+αI ΔT)* Insolation/Standard Insolation     (3) 
 
Voc= (Voc, n+αV ΔT) )* Insolation/Standard Insolation    (4) 
 
Voc,n and Isc,n are open circuit voltage and the short-circuit current of PV module respectively 

under, Standard temperature =25 C and Standard Insolation = 1 KW/m2. ΔT is the temperature change. αV is 
the temperature coefficient of Voc and αI is the temperature coefficient of Isc. 

Maximum PV panel power generation varies from 4300 watts at irradiance 1000 w/m2 and 3750 
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watts at irradiance 850 w/m2 shown in Figures 3 and 4. By connecting the parallel and series combination of 
PV panel, the I-V and P-V characteristics showed in Figures 5 and 6. By using arrays combination the 
maximum output voltage=270 volt (54 *5).The PV panel maintains the constant DC voltage (270 volt) 
shown in Figure 7. PV module specifications as shown in Table 1. 

 
 

  
Figure 4. PV panel power Figure 5. I-V characteristics of PV array 

  
  

  
Figure 6. P-V characteristics of PV array Figure 7. PV panel output voltage-270 volt 

 
 

Table 1. PV module specifications 
Spesifications Value 
Open circuit Voltage 64.2 V 
Short circuit current 5.96 A 
Voltage at maximum power point 54 V 
Current at maximum power point 5.96 A 
Cells per module 96 
Parallel Strings & Series connected 
modules per string 

3 & 5 

 
 

3. SYSTEM ARCHITECTURE OF PV SYSTEM/WIND SYSTEM WITH MULTI INPUT KY 
BOOST CONVERTER 

The main part of the proposed system is the multi-input ky boost dc–dc converter that be linked two 
renewable energy sources . DC–DC ky boost converter connected between energy sources and the dc bus. 
Multi input ky boost converter system architecture of a solar array system/wind system is shown in Figure 8. 
The maximum power point (MPP) tracking of both the renewable energy sources, accomplished with two 
controllable switches. The integration of a synchronously rectified boost converter, a ky converter and 
coupled inductor, modified ky boost converter is presented here. The coupling inductor improves the  
voltage gain [12]. 
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Figure 8. Circuit diagram of ky boost converter  
 
 
The corresponding voltage gain can be expressed as: 
 

୭୳୲

୧୬
ൌ ଵାሺ୩ିଵሻୈ

ଵିୈ
                                                     (5) 

 
Where K ൌ Ns/Np                                                             (6) 

 
In this paper the design parameters are The inductance and capacitance are chosen as Lin = 

Lo=1mH, C1=C2 = 200 uF and A Co=3300 uF. Vin =270V, Vo=640V, the voltage conversion ratio is set at 
K=300/20=15, frequency 100 kHz. Figure 9 shows the switching pulse applied to M1 and M2, voltage across 
switches and the output voltage of ky boost converter. 

MPPT algorithm is developed here is P&O algorithm. Due to hybrid energy of wind and solar 
incorporates the duty cycle variation also . Sudden change in wind and solar output power the dc bus voltage 
is preset, results in change in output current of the ky boost converter fed to the dc bus. A current sensor 
senses the current through and compares it with the previous value. The duty ratio of ky boost converter 
hence increase or decrease. Sensing wind speed and solar insolation by adjusting the duty ratio of the ky 
boost converter and continuously monitoring the parameters. The Figures 9, 10 and 11 shows the 
corresponding output waveforms of ky converters. In all day shift the maximum power of PV module and 
wind extracted using Maximum Power Point Tracking (MMPT) technique. To gain a maximum power from 
both the renewable energy the perturb and observe method is implemented. 

 
 

  
Figure 9. Switching pulse for m1 &m2 Figure 10. Voltage across m1 & m2 
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To obtain a maximum power operating voltage or current of panel is modified. If the voltage to a 
cell increases the power of a cell, decreases. When the power output begins to decrease the corresponding 
operating voltage begins to decrease. Once this situation exists, the voltage is decreased to set back to the 
maximum power value. This procedure persists until the maximum power point is reached. Thus, the power 
value fluctuates around a maximum power value until it settles. 
 The Figure 12 shows the flowchart of perturbation and algorithm method. This algorithm mainly 
focused on operating voltage and corresponding deviation of power is noted. If difference in power is 
positive the future perturbation should be follow the same to obtain MPP. If deviation in power is negative 
the perturbation should be reversed and to move reverse in direction to obtain MPP. This procedure continues 
until it achieves the maximum power. 

 
 

 

  
Figure 11. Output voltage. Figure 12. Flowchart of the P&O method - MPPT 

algorithm 
 

 
4. WIND ENERGY 

A wind system comprises of a wind turbine, mass driven trainer, Permanent Magnet Synchronous 
Generator (PMSG), and AC-DC diode rectifier. Wind turbine extracts the wind’s kinetic energy fed to PMSG 
again converted into electrical output. In this wind system using Permanent Magnet Synchronous Generator 
(PMSG) operates with higher efficiency and accuracy [13]. 

The mechanical output power (P) of the wind turbine can be represented as 
 
P=1/2ρAV3         (7) 

 
where A is the swept area of the turbine, ρ is the density of air. 

 Constant or Variable speed are the two modes of Wind turbines operation. Constant speed turbine, 
where the rotor revolves at constant angular speed apart from the wind deviations. For the constant speed it 
avoids expensive power electronics inverter and converter arrangement. 

 
 

 
 

Figure 13. Connection of wind turbine to PMSG 
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Maximum power at base wind velocity = 0.8 p.u., base rotational speed = 1 p.u. (1500 rpm), ρ = 1.205 
kg/m3, gear ratio = 1:1, Cp (max) =0.48 for β = 0◦ and λ = 8.1, and using these values, wind turbine has been 
obtained using the Wind turbine model tool in simulink. In this paper simulation is designed to work in variable 
speed as well as constant speed but still the output voltage remains same. Figure 13 shows wind turbine coupled 
to a Permanent magnet synchronous generator. The voltage, current waveforms are simulated as shown in 
Figure 14. Wind system specifications as shown in Table 2. 

 
 

Table 2. Wind system specifications 
Spesifications Value 
Rotor inertia J=0.01197 kg-m2 

Stator Phase resistance Rs=0.425Ω 
Armature Inductance 0.000395H 

Rotational speed of the wind turbine ωr=140 rad/sec 
Mechanical output power for Wind Pm=8.5 KW 

Line Voltage 392.68V 

 
 
The mechanical torque Tm produced by the wind turbine can be represented as 

 
Tm = P/ωr          (8) 

 
The corresponding mechanical torque (Tm) and electrical torque (Te) is 70N/m. The torque waveforms 

represented in Figure 13. To establish the successful operation of the proposed ky boost converter and MPPT 
algorithm, simulation has been carried out for the given wind speed and the steady-state performance is given in 
Figure 15. It can be experiential from tracking MPP adjusts the duty ratio of the KY boost converter. 

The wind flow is change in nature. Therefore, a wind energy system is comprised with the grid by 
means of an ac to dc conversion then dc to dc conversion to keep away from voltage sparkle and harmonic 
generation. If the wind speed changes the dc bus capacitor voltage is kept as constant as possible, achieve a 
decoupling between the ky boost converter and the grid side inverter. This inverter generating a Pulse width 
modulation voltage whose component has the same as grid frequency, and also being able to supply the real 
power to the grid [14]. 
  AC power generated from PMSG is converted into DC through three phase bridge rectifier. The three 
phase rectifier has less total harmonic distortion and improvement of poor factor. The output of this diode 
rectifier connected to 270-volt ky boost converter so that this can be integrated with solar power generation 
shown in Figure 16. 

 
 

 
 

Figure 14. Torque waveforms and rotor speed 
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Figure 15. Output waveforms of wind system 
 
 

 
 

Figure 16. Rectified DC voltage from wind system 
 
 

5. BATTERY STORAGE SYSTEM  
The battery example demonstrate a 300 V, 6.5 Ah Nickel +hydride battery connected to a dc bus as 

shown in Figure 17. When the State-Of-Charge (SOC) of the battery goes under 0.6 (60 %), recharge the 
battery. When the SOC goes over 60 %, charge the battery. To prevent battery excess charging, beyond depth of 
discharging, reverse current flow and to guard the life of the batteries charge controller is essential [15]-[17]. 
The charge controller is intended according to regulate on the battery voltage level, 320 V and with a current 
level of 6.5 Ah. The operation of charge controller is if the battery voltage reaches more than 320 V, battery 
disconnected from the charging and if the voltage drops lesser than 320 V then it has to be connected to 
renewable energy. If voltage of battery in between 270 and 320V then only connection between sources and 
battery exist. By using hysteresis relay this logic is implemented. 

The charge controller unit receives the soc, battery current and dc link voltage. Depending on this 
parameter it generates three pwm pulses [18]-[20]. Two pulses will fed to the controller switches of the battery 
and another pulse is fed to the switch connected in the dc link path. Figure 18 implements the logic of charge 
controller algorithm. Figure 19 and Figure 20 represents the soc ,battery current and voltage. 
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Figure 17. Simulation model of battery storage system 
 
 

 
 

Figure 18. Simulation model of charge controller 
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Figure 19. Battery parameter waveforms Figure 20. Constant dc bus voltage waveforms 
 
 

Closed loop always necessary for disturbance in DC converters [21-22].Appropriate controller is 
necessary for constant output [23-24].Due to variation in input the entire system implemented in closed loop 
with suitable controller. 
 
 
6. GRID SYSTEM  

This section introduces grid topology and the main parameters of the investigated hybrid system. The 
hybrid combination minimizes the harmonic content of the voltage to some extent .The converter control 
minimizes the grid harmonics and sends the real power in to the grid. Controlling the grid to operate in high 
power factor mode hence, the reactive power is reduced. The transient variation in any solar or wind energy 
between 4 to 5 second it incorporates the variation and settled to further. Universal bridge inverter converts dc 
voltage 640 volt shown in Figure 23 into three phase ac voltage. In Figure 25, the FFT analysis of the voltage is 
given. It is observed that the THD of the three phase voltage is 4.05%, which confirms the strength of the 
proposed control system. Simulation model of hybrid system as shown in Figure 21. In Figure 22, waveforms 
of grid current and dc bus current. Powerfactor of grid system is shown in Figure 24. 
 
 

 
 

Figure 21. Simulation model of hybrid system 
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Figure 22. Waveforms of grid current and  

dc bus current 
Figure 23. voltage and current waveforms  

of grid system 
 
 

 
  

Figure 24. Powerfactor of grid system Figure 25. Fft analysis of grid voltage 
 
 

7. CONCLUSION 
This paper proposed a novel implemented multi input ky boost converter for hybrid system connected 

to the grid. The proposed converter is supplied by a PV array and a wind energy. In the present methods, the 
control parameters are dependent upon the wind, sun, storage and grid conditions and must be retained with the 
dynamic conditions. DC bus voltages used to manage the input for the various working mode control during 
various working conditions. Simulation results for different energy sources have shown the analysis of the 
proposed novel structure of hybrid system with desired quality. 
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