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Abstract 

 

This paper represents the modeling and simulation of 2 MW Direct Drive permanent magnet synchronous generator (PMSG) 

Wind energy conversion system (WECS). The modeling of wind turbine and PMSG is carried out in simulink to determine its 

parameter. WECS consists different components namely Wind turbine, Generator, rectifier-inverter, controller system including 

transformer, grid etc. The PMSG and converter model are established in the d-q model.  Renewable energy technologies offers 

clean, abundant energy gathered from self-renewing resources such as the sun, wind etc. As the power demand increases, power 

failure also increases. So, renewable energy sources can be used to provide constant loads. A new converter topology for hybrid 

wind/photovoltaic energy system is proposed. Hybridizing solar and wind power sources provide a realistic form of power 

generation. Simulation is carried out in MATLAB/ SIMULINK software and the results of the Cuk converter, SEPIC converter 

and the hybridized converter are presented. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

HE rising consumption rate of fossil fuels and the pollution problem associated with them has drawn worldwide attention 

towards renewable energy sources. A combination of two or more renewable energy sources is more effective as compared to 

single source system in terms of cost, efficiency and reliability. Properly chosen renewable power sources will considerably 

reduce the need for fossil fuel leading to an increase in the sustainability of the power supply. Standalone Wind/PV hybrid 

generation system offers a feasible solution to distributed power generation for isolated localities where utility grids are not 

available. It is also free from pollution what makes it more attractive. For isolated localities, one practical approach to self-

sufficient power generation involves using a wind turbine and PV system with battery storage to create a stand-alone hybrid 

system [1, 2]. The common types of AC generator in modern wind turbine systems are as follows: Squirrel-Cage rotor Induction 

Generator; Wound-Rotor Induction Generator; Doubly-Fed Induction Generator; Synchronous Generator (With external field 

excitation); and Permanent Magnet Synchronous Generator [3]. However, in this paper the variable-speed directly-driven multi-

pole permanent magnet synchronous generator (PMSG) wind architecture is chosen for this purpose, it offers better performance 

due to higher efficiency and less maintenance because it does not have rotor current. PMSG can be used without a gearbox, 

which implies a reduction of the weight of the nacelle and reduction of costs [1]. A photovoltaic (PV) system is the most simple 

and reliable way to produce electricity from the conversion of solar energy. The basic building device of SPV system is SPV 

cell. The output of SPV system may be directly fed to the loads or may use a power electronic converter to operate it at its 

maximum power point. [5,6]. Characteristics of modeled wind turbine and PV panel have been shown for different conditions. 

This paper includes in details the equations that form the wind turbine and PV panel. The two systems are combined to operate in 

parallel. Each of the two subsystems; namely PV subsystem and wind subsystem is controlled by its own controller. Each 

controller will guide its own system to track the maximum power [4, 5]. The aim of this paper is to provide the reader with all 

necessary information to develop wind turbine models and PV panel that can be used in the simulation for a standalone wind/PV 

generation system and for further study of such systems. 
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II. BLOCK DIAGRAM OF WECS 

 
Fig. 1: Block diagram of wind energy conversion system 

III. MODELING OF WIND TURBINE 

The power captured from the wind turbine is given as by relation [1, 2].ρ is the air density, which is equal to 1.225 kg/m3, Cpis 

the power coefficient Vwis the wind speed in m/s and A is the area swept by the rotor in m2. 

Pw=1/2 Cp ρAVw3 

1) The amount of aerodynamic torque Tw in N-m is given by the ratio between the power extracted from the wind and the 

turbine rotor speed ww in rad/s, as follows                   

Tw = Pw/ ww 

2) Mechanical torque transmitted to the generator is the same as the aerodynamic torque since there is no gearbox. The power 

coefficient Cp reaches maximum value equal to 0.593 which means that the power extracted from the wind is always less 

than 59.3% (Betz’s  limit) because various aerodynamic losses depend on rotor construction [6, 7]. The general function 

defining the power coefficient as a function of the tip speed ratio. 

 
Since this function depends on the wind turbine rotor type, the coefficient c1-c6 and x can be different for various turbines. The 

coefficients are equal to: c1=0.5,c2=116,c3=0.4,c4=0,c5=5,c6=21 (x is not used because c4=0). Additionally the parameter is 

also defined as 

 
Where is the pitch angle and the tip speed ratio λ is defined as 

 
Where ww is the angular velocity of rotor [rad/s], R is the rotor radius [m] and Vw is wind speed [m/s] [1, 2, 8]. turbine [4,6]. 

 
Fig. 2: mask of wind turbine 
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IV. PMSG WIND ENERGY GENERATION SYSTEM 

The direct driven wind turbine concept with multi-pole permanent magnet synchronous generator (PMSG) and full-scale 

frequency converter is an auspicious but not yet very popular wind turbine concept for modern wind turbines [8]. 

  
Fig. 3: Cp vs. Lambda characteristics for various blade pitch angle 

 
Fig. 4: Power vs. speed curves for different wind speeds 

 
Fig. 5: Torque vs. speed curves for different wind speeds. 

Since a gearbox causes higher weight, losses, costs and demands maintenance, a gearless construction represents an efficient 

and robust solution, which could be very beneficial especially for offshore applications. Moreover, due to the permanent magnet 
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excitation of the generator the DC excitation system can be eliminated reducing again weight, losses, costs and maintenance 

requirements. The efficiency of a PMSG wind turbine is thus assessed to be higher than for other concepts. However, the 

disadvantages of the permanent magnet excitation are the still high costs for permanent magnet materials and a fixed excitation, 

which cannot be changed according to the operational point. As multi-pole permanent magnet generators are low speed 

applications and generally connected to the grid through a frequency converter system, the generator has no damper winding in 

the rotor core. Moreover, due to the permanent excitation a PMSG has no field windings, in which transient currents could be 

induced or damped respectively. Hence, in case of load changes the field windings would not contribute to damping either. As 

neither a damper nor field winding exists in a PMSG, no transient or sub-transient reactance, as known for wound rotor SGs, can 

be defined for the PMSG.          

i.e. Xd= Xd' = Xd'' 

Xq= Xq' = Xq'' 

XdandXq -synchronous reactance Xd' and Xq' -transient reactance Xd'' and Xq'' -sub-transient reactance However, as the 

multi-pole PMSG is a low speed application with slow dynamics, a damper winding is less important. However, a damping of 

the system must then be applied by means of the converter control [7, 8]. DC-DC converter is used to buck the rectified voltage. 

In the converter circuit the gate receives the pulse from PWM generator. The corresponding Simulink model is shown in Figure 

7. A 480W, 34 pole, 300 rpm rated speed, permanent-magnet synchronous generator(PMSG), a diode rectifier and a (DC/DC) 

buck converter for the tracking of the maximum power point is used in this model. Lead acid battery used here has a nominal 

voltage rating of 48V [4, 5]. 

V. MODELING OF PHOTOVOLTAIC CELL  

Figure 6 shows Single-diode model of the theoretical photovoltaic cell and Fig.7 shows the I-V curve for a solar cell for different 

load. If the load R is small, the cell operates in the region M-N of Fig.7, where the cell behaves as a constant current source, 

almost equal to the short circuit current. On the other hand, if the load R is large, the cell operates on the regions P-S of the 

curve, the cell behaves more as a constant voltage source, almost equal to the open-circuit voltage [11, 12] and describes the 

single-diode model presented in Fig.6. Iph is the saturation current of the array. Vt = NskT/q is the thermal voltage of the array 

with Ns cells connected in series. Rs are the equivalent series resistance of the array and Rp is the equivalent parallel resistance. 

 
Fig. 6: Single-diode model of the theoretical photovoltaic cell. 

 
Fig. 7: A Typical, current-voltage i=v curve for a solar cell for different load 

Table – 1 

Parameters used in PV module for the different characteristics 
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Fig. 8: i- v characteristics of solar array at variable solar insolation 250 C 

 
Fig. 9: p- v characteristics at variable temperature, 1000W/m2 

VI. WIND-PV HYBRID GENERATION SYSTEM  

Figure 10 shows the proposed system which consists of a wind turbine, a variable speed direct-drive wind generator, a wind side 

ac/dc converter, a solar array, dc/dc converters and a common dc load in parallel with a battery.  

 
Fig. 10: Standalone wind/PV hybrid system 

Mechanical energy from the wind turbine drives the wind generator to generate ac. electric power, which is converted into dc. 

Power to form the common dc link. PV array generates dc power [4, 5]. Each of the two subsystems; namely PV subsystem and 

wind subsystem is controlled by its own controller. Each controller will guide its own system to track the maximum power [4, 5, 

16].The system power output depends on the climatic conditions (wind, sun), and on the battery state of charge. It can be tested 

for different system operations. The control strategy used here controls the battery state of charge by keeping the DC bus voltage 

around the rated battery voltage (i.e.48V).The wind subsystem is a 480 W wind generator equipped of a direct driven permanent-

magnet synchronous generator (PMSG), a diode rectifier and a (DC/DC) buck converter for the tracking of the maximum power 

point. A 420 W photovoltaic panel is used, whose variable DC output voltage is controlled by another (DC/DC) buck used for 

the MPPT. The common DC bus collects the total energy from the wind and photovoltaic subsystems and uses it partly to charge 

the battery and partly to the DC load. Figure 11 shows the block diagram of simulated standalone hybrid PV-Wind system.  
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Fig. 11: Block diagram of standalone hybrid system 

VII. SIMULATION RESULTS 

In figures 12 and 13 at time t1 the power output of PV system reaches its maximum steady state value of 421.5watts at 

1000w/m2. At t3 the insolation starts decreasing linearly till t7 and reaches 500w/m2, so the power output of PV system also 

decreases linearly and reaches a value of 202.7watts. At t2 the power output of wind system reaches its maximum value of 

479.8watts at 16m/s. As the wind speed changes to 14m/s at t5, the power output of wind system changes to 321.5 watts. Figure 

13 shows the variation of output current and voltage of the hybrid system. The power output of hybrid system shown by red line 

in figure 14 is almost equal to the sum of power outputs of both wind and PV system at any instant of time. At t2 power output of 

hybrid system is almost equal to 900watts which is equal to the sum of power output of wind (479watts) and PV (421watts) 

system at t2. Figures 14, 15 and 16 show and explain different characteristics of the Hybrid system for step change in wind speed 

from 16 to 14m/s and for linear change in insulation from 1000 to 500w/m2 and back to 1000w/m2. Similarly figures 17, 18 and 

19 show and explain different characteristics of the Hybrid system for step change in wind speed from 16 to 14m/s and for a step 

change in temperature from 25 to 40oC. With change in insulation, temperature and wind speed the output power of the 

standalone hybrid system changes and power sharing between PV and wind system is shown in table II. 
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Fig. 12: Different characteristics of the Hybrid system for step change in wind speed from 16 to 14m/s and for a linear change in insulation 

from 1000 to 500w/m2. 

 
Fig.13: Output voltage and current of Hybrid system for step change in wind speed from 16 to 14m/s and for a linear change in insolation from 

 
Fig. 14: Power output of different systems for step change in wind speed from 16 to 14m/s and for a linear change in insulation 



Mathematical Modeling of Hybrid Wind and Photovoltaic Energy System using Matlab/Simulink  
(IJIRST/ Volume 3 / Issue 03/ 016) 

 

 
All rights reserved by www.ijirst.org 92 

 
Fig.15: Power output of different systems for step change in wind speed from 16 to 14m/s and for linear change in insulation from 1000 to 

500w/m2 and back to 1000w/m2. 

 
Fig. 16: Power output of different systems for step change in wind speed from 16 to 14m/s and for a step change in temperature from 25 to 40o 

C. 

VIII. CONCLUSION 

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. Here, a hybrid wind and solar energy system with a converter topology is proposed which makes use 

of Cuk and SEPIC converters in the design. This converter design overcomes the drawbacks of the earlier proposed converters. 

This topology allows the two sources to supply the load separately or simultaneously depending on the availability of the energy 

sources. The output voltage obtained from the hybrid system is the sum of the inputs of the Cuk and SEPIC converters. This 

system has lower operating cost and finds applications in remote area power generation, constant speed and variable speed 

energy conversion systems and rural electrification. MATLAB/ SIMULINK software is used to model the PV panel, wind 

turbine, DC-DC converters and the proposed hybrid system. 
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