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Abstract: 
Nowadays, the interest in use of renewable resources has rapidly increased. It is because of the steady rise of electricity demand 

globally. Among all alternative energy sources, wind energy is a non-polluting and freely available source. Though it is a 

feasible source, it produces a lot of non-linearities due to various environmental factors. To overcome this non-linearity, a Dc-
Dc converter named Negative Output Super Lift Luo Converter (NOSLC) is integrated with the wind energy model.  NOSLC is 

a super lift converter which produces a negative output voltage that increases in geometric progression. In this a Permanent 

magnet synchronous generator (PMSG) based wind turbine is modelled. The proposed system has been modelled and simulated 

using Matlab/ Simulink. 
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I. INTRODUCTION 

Over the past few years, interest in the use of renewable 

energy sources (RESs), such as wind, photovoltaic, and 

hydropower plants, for the generation of electricity has been 
rapidly increased [1]. In wind energy application, variable 

speed wind turbines (VSWT) are mostly preferred rather than 

fixed speed wind turbines. This is mainly because of improved 

efficiency and capability of the VSWT to capture more power 

from the wind using control techniques. Usually doubly fed 

induction generators (DFIG) or permanent magnet 

synchronous generator (PMSG) are used in VSWT. In DFIG, 

gearbox mechanism is needed to match the speed of wind 

turbine with the rotor speed. The gearbox, many times suffer 

from faults and requires periodic maintenance which makes 

system unreliable [2]. To overcome these drawbacks in DFIG, 
PMSG are mostly used. PMSG are simple in structure with 

high efficiency and hold the property of self-excitation which 

increased its use in electricity generation [3, 4]. A Dc-Dc 

converter named negative output super lift luo converter 

(NOSLC) is integrated with the PMSG based wind energy 

model. NOSLC is a super-lift converter in which the negative 

output voltage increases in geometric progression. As shown 

in Fig 1 the overall schematic is designed. In section 2 

NOSLC is explained in brief. The modelling of wind turbine 

is discussed under section 3 followed by the integration of 

wind energy with NOSLC as discussed in section followed by 

the conclusion in section 5. 
                    

 
 

Fig.1 Scheme of wind model. 

 

 

II. NEGATIVE OUTPUT SUPER LIFT LUO CONVERTER 

Voltage lift technique is used as the base to develop the 

luo converters which differ from other DC-DC converters. 

These luo converters are used to increase the output voltage in 
arithmetic progression and achieve high output voltage with 

small ripples [5]. Negative output super-lift technique is 

introduced in this paper which increases the output voltage in 

geometric progression. High voltage transfer gain can be 

achieved using this super-lift technique. A capacitor is placed 

additionally in parallel with the load which helps to boost the 

output voltage [5, 6]. The Eq.1 shows the relationship between 

input and output of the luo converter. The circuit diagram of 

the Negative Output Super-Lift Luo Converter is given in 

Fig.2.  The circuit consists of a Mosfet switch S, Inductor L1, 

Diodes D1, D2, Capacitors C1, C2 and load resistance R. 
 

Vo = [{(2-k)/ (1-k)} n – 1]Vin          (1)      

 

MODE 1: Switch S ON. In this mode the switch S is turned 

ON during the period 0 to ΔT. When the switch is closed, the 

source voltage causes the current to flow through the inductor 

L1 and capacitor C1. Since capacitor C1 has zero impedance 

to current the capacitor C1 charges faster than inductor thus 

forward biasing the diode D1. Thus charge gets stored in 

inductor L1 and Capacitor C1. 

 
Figure 2. Circuit diagram of NOSLC 
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Thus equation is given as follows. 

 

Vin=L1 

  

  
+ Vc1                (2) 

Vc1=Vin                                         (3)  

  

           Also during this period the load current is maintained 

constant by the discharging capacitor C2. Thus the energy 

stored in the capacitor C2 during the previous cycle is 

transferred to the load. Thus the output voltage is also given 

by the following 
 

Vc2 =Vo                                                             (4)                

Ic2on =Io = 
    

  
                                   (5)     

 

MODE 2: Switch S OFF. In this mode the switch S is turned 

off during the period ΔT to T. In this mode when the switch is 
open the energy that is stored in the inductor L1 and the 

capacitor C1 discharges across the nodal points of the 

capacitor C2 thus boosting the output voltage.            

 
Figure 3. MODE I Operation 

 
Figure 4. MODE II Operation  

 

The load current is supplied by the inductor. Thus the 
relationship of the input and the output voltage is given in 

Eq.1. 

 
Fig. 5 : Input voltage to the NOSLC 

 

 
Fig. 6: Output voltage of the NOSLC 

 
Fig. 7: Output current of the NOSLC 

 

Fig 5,6,7 represents the simulation results of the negative 

output super lift Luo converter. 

 

III WIND MODELLING 

The designed turbine model is based on the steady state 

characteristics of a vertical axis wind turbine, that are 

discussed as follows, the power output (Pm) of the wind 

turbine is given by, 

 

Pm= Cp (λ, β) 
  

 
 V3

wind                           (6) 

 

 Where, Cp is the power coefficient of the turbine, λ is the 

tip speed ratio, β is the pitch angle of the blade in (degree), 

" ” is the density of air which is 1.225 in (kg/m3), and A is 

the turbine swept area in (m2), V is the speed of wind in 

(m/s). The power coefficient Cp is a               nonlinear function 

of the blade pitch angle β and the tip-speed ratio λ given by, 

 

λ= 
   

 
                                   (7)           

Where, R is the blade radius of the wind turbine in (meters), 

   is the mechanical angular velocity of the turbine rotor in 

rad/s. 

   λ ,β  =   (
  

λ 
   β   )  

   
λ    λ                          (8) 

 
With, 

 
 

λ 
 = 

 

λ     β
  

     

β   
                                (9)                     

 

The wind turbine modelled using the wind modelling 

equation is depicted in Fig. 8. The negative output torque from 

the turbine is given as input to the PMSG. 

 

 
Figure 8. Modelling of wind turbine 

 

When the modelled wind turbine is simulated with the 

constant radius of 10m, rotor speed of 150 rps, and wind 

velocity of 12 m/s by varying the pitch angle it is found that 



International Journal of Engineering Science and Computing, March 2016                 3136                                                      http://ijesc.org/ 

the maximum power from the turbine is obtained when the 

pitch angle is minimum.  

 
Figure 9. Cp Vs λ Characteristics with respect to pitch angle 

 

In Fig 9 the simulation graph is plotted for Cp Vs λ by 

varying the pitch angle. It is seen that the maximum power 

from the turbine is achieved with minimum pitch angle.  

 

 
 

Figure 10: Power Vs Speed graph of turbine for variable wind 

speed 

 

The variation of power of the turbine with respect to speed of 

the turbine for variable wind velocity is shown in figure 10.  

 
IV WIND SYSTEM WITH NOSLC 

 

Using the modelling equation of NOSLC discussed under 

section 2, the converter is modelled. NOSLC is a DC- DC 

converter which takes a DC voltage as input. The wind turbine 

modelled in section 3 which produces a negative torque is 

connected to the Permanent magnet synchronous machine 

(PMSM). Negative torque is given to make the PMSM act as 

generator. The generated AC voltage from the PMSG is fed to 

NOSLC through diode rectifier converting it as DC voltage. 

 

 
Figure 11. Integrating wind system with NOSLC 

 

Fig 11 shows the open loop connections of integrating 

wind system with NOSLC. The wind subsystem takes the 

radius, generator speed, Wind velocity, pitch angle and air 

density as input to give negative torque output.  

 

V  SIMULATION RESULTS OF WIND SYSTEM WITH 

NOLSC 

 

The input voltage and current to the Negative output suer-

lift Luo converter is shown in fig.12. 

 

 
 

Fig 12:  Input voltage and current to the NOSLC 

 

 
 

Fig 13: Output voltage and current from the NOSLC 
 

Figure 13 shows the output voltage and output current 

obtained from the Negative Output Super-Lift Luo converter. 

 

   

Figure 14: Output power from NOSLC 

 

Figure 14 shows the output power generated from the NOSLC 

when coupled with the wind model. 

 

VI   CONCLUSION 

This project work has shown the implementation of 

NOSLC for PMSG based wind energy model. The 

modelling of wind energy system is carried out using 

PMSG and integrated with NOSLC. The simulation results 
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of open loop system are verified with the theoretical 

calculations.  
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