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Abstract - This paper presents the performance analysis 
of various control strategies developed for the wind energy 
conversion system (WECS) with permanent magnet 
synchronous generator (PMSG) and a diesel engine driven 
generator (DG) set of a standalone hybrid system with a 
battery energy storage system (BESS). At the point of 
common coupling (PCC) the voltage is controlled using the 
synchronous reference frame (SRF) and enhanced phase 
locked loop (EPLL) theory for the switching of voltage 
source converter (VSC) of BESS and the maximum power 
point tracking (MPPT) is achieved for WECS with a 
perturb and observe (P&O) technique for the switching of 
a dc-dc boost converter. Simulation results of developed 
model of proposed standalone hybrid system, which is 
developed in MATLAB demonstrate performance of both 
the controllers and power quality improvement of the 
hybrid system. 

Key Words: WECS, PMSG, DG, BESS, SRF, DSOGI, EPLL, 
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1. INTRODUCTION 

Throughout the long term, in spite of the best 
endeavours of industry architects and electric utilities, 
there have been a considerable level of distantly found 
consumers living without electricity even to illuminate 
their lamps. The public authority organizations and 
public utilities are confronting on several issues because 
of which the circumstance isn't improving. Quite 
possibly the main imperatives being the locally 
accessible expensive fuel assets utilized in supplying of 
power. To challenge this problem, the harnessing of 
wind energy for low cost electric power generation could 
be a prominent and quite promising option, as such, the 
power from the wind is accessible plentifully all over the 
earth’s surface and also the fast advancement of 
innovation in this field has inspired to generate large 
amount of energy from wind to deliver electrical power 
feasibly in these remote regions. 
  

The standalone systems along with the battery 
storage are used when there is excess power generation 
as well as these systems provide balancing of loads 
during low generation or peak load demand. Therefore, 
BESSS design and size calculation are important for 
isolated loading conditions as reported in [1-2]. 
Microgrid applications incorporating optimum charging 
and reliable operation with battery charging control is 
also reported in [3-4]. Hybrid combinations of wind 
energy conversion system and DG set are one of such, 
where the wind power is stored in battery and the excess 

power is utilized to supply the load, while DG set 
provides AC power to the load [5-6]. This configuration 
helps to reduce the fuel consumption and economically 
utilizes the conventional energy resources. 

In this paper diesel engine with synchronous 
generator is reported, which is better due to magnet-less 
rotor, no cogging torque, no rotor copper losses and 
lower noise than other brushless generators [7-8]. DG is 
connected to the PMSG based WECS through VSC with 
BESS at DC bus. Performance of the VSC as a controller 
depends on the method for extracting the reference 
signals to compensate harmonics, regulate the PCC 
voltage and reactive power requirement of the load [9]. 
Already several indirect control techniques have been 
designed for the controller like Power balance theory, PQ 
theory, SRF theory etc. to estimate reference supply 
current through computation of positive sequence 
fundamental current component of load current [10-11]. 
Here comparison of two control techniques viz. SRF and 
EPLL is used in controller to meet out all necessary 
requirement of control. WECS generated AC power is 
converted into DC power using diode bridge rectifier, 
followed by DC-DC boost converter than fed to the BESS. 
BESS provides load leveling during load fluctuations and 
wind variations. Gate pulse for boost converter is given 
through MPPT using P&O method [12]. Fig – 1 shows the 
diagram of the proposed wind-diesel hybrid system. 

2. MODELING OF WIND ENERGY GENERATION 
SYSTEM 

2.1 Modeling the Wind Turbine System 

The actual modeling of the wind turbine based 
on the aerodynamic non-linear power characteristics is 
denoted as Pm 

And is basically written in the equation form [13,14] as: 

Pm= 0.5ρAν3Cp (λ, β) (1) 
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Fig – 1: A diagram of wind-diesel hybrid system 

 where A, represents the swept area (in metres) of rotor 
of the turbine blades and, ρ is defined as the density of 
air (in kg/m2), ν is the wind velocity (in m/sec), Cp 

denotes the coefficient of performance, β denotes the 
angular position of the pitch of the blades and λ is 
described with a ratio between the tip of the rotor blade 
divided by the velocity of the wind, which is typically 
represented as the tip speed ratio (λ) of the turbine, as 
such given by: 

 λ= 
     

 
 (2) 

The coefficient of performance of the wind 
turbine blades reflects the relationship among the tip- 
speed ratio, λ [15] and the power coefficient, Cp of the 
wind turbine system and is depicted in Fig.2.The 
mathematical relation involving Cp is given by: 
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When the value of the pitch blade is β =0º then 
the value of tip speed ratio is simultaneously taken as, λ 
=7.511, then under these conditions Cp has its maximum 
value which occurs at Cpmax = 0.4526 (Fig - 2). So this is 
the value of Cp at which the maximum energy from wind 
is being captured and through this we can easily get the 
optimal point of operation of λopt. 

The aerodynamic or mechanical torque Tm(N-m) 
can therefore be expressed in terms of the ratio of power 
as captured directly from the wind system Pm(in watts) 
with the speed of a rotor of wind turbine, denoted as 
  (rad/s), hence this ratio could be expressed as: 

Tm = 
  

  
 (5) 

 

Fig – 2: Cp vs λ curve 

2.2 Model of Permanent Magnet Synchronous 
Generator  

The model which is mainly used to define the dynamic 
behaviour of the PMSG in reference d-q frame could then 
be demonstrated [16-17,18] considering the equations 
below: 

Vds = - Rsids + 
 

  
 φds - ωφqs (6) 

Vqs = -Rsiqs + 
 

  
 φqs– ωφds (7)  

The equations involving the flux linkage are described 
as: 

φds = -Lds*ids + φf (8)  

φqs = Lqs*iqs (9) 

The equation that derives the synchronous generator 
mechanically can be evaluated as: 

J 
 

  
 (Ω) = Tw – Te – B*Ω (10) 

for the above equation, the electromagnetic torque been 
represented in d-q reference frame as: 

Te = P (φds*iqs - φqs*ids) (11) 
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in which : 

Ω = 
 

  
 θ, ω = 

 

  
 θe= pΩ, θe = pθ (12) 

where Rs denotes the resistance in the stator, Lds and Lqs 

are the direct-axis and quadrature-axis inductances in 
the stator, φds and φqs are the direct-axis and quadrature-
axis fluxes, respectively. φf is the flux in the field circuit, 
Tw is the torque available from the wind and been 
applied to the PMSG rotor shaft, Te is used to represent 
the electromagnetically induced torque, p is used to 
express the no. of poles in pairs, B is the co-efficient of 
damping, J is the inertia constant (kg/m2), ω represents 
the generator angular rotor speed expressed in electrical 
degrees, Ω is the angular speed in mechanical radians, θ 
is the position of mechanical rotor, and θe is the position 
of the electrical rotor. 

3. CONTROL METHODS 

In this system two controllers are used for VSC 
and MPPT controller of boost converter for variable 
speed WECS. 

Both the two PLL based algorithms used in the paper 
extract the fundamental components of the load current 
to evaluate the reference supply currents.  

Terminal voltage Vt is calculated using phase 
voltages as, 

   √ 
 ⁄ (   

     
     

 ) (  ) 

where vsa, vsb and vsc are phase voltages. 

The in-phase unit templates are expressed as, 
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The Quadrature unit templates are estimated as, 
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Fig – 3: The control strategy based on PLL 

Expressions for active and reactive power component of 
the 3-φ load currents are as, 

    
              

 
 (18) 
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The fundamental reference active and reactive power 
components of the 3-φ input currents are calculated as, 
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The 3-φ reference input currents are given as, 

   
      

      
      

      
      

      
      

      
  (  ) 

3-φ reference input currents (   
     

     
 ) and measured 

input currents (isa, isb, isc ) are compared to generate 
current error signal u(t) for every phase. VSC is switched 
using hysteresis control as, 

If u(t) > upper limit of hysteresis band; lower switch on. 

If u(t) < lower limit of hysteresis band; upper switch on. 

4. MPPT ALGORITHM 
 
Duty cycle is calculated directly according to the MPPT 
value and used to regulate the output of boost converter 
to keep the DC link voltage 700V. The flowchart for P&O 
method is shown in fig 3. Duty cycle is reduced if the 
functional point is towards left hand side and it is 
increased for right hand side of Maximum power point. 
With the variation in duty cycle the boost converter 
keeps the output voltage constant across the DC bus. 
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Fig – 4: Flowchart of P&O MPPT 

 
5. Selection of BESS and Boost Converter 

 
The selection of battery system voltage depends on 
synchronous generator line to line voltage of the DG. The 
DC bus voltage is computed as, 

    
 √ 

√ 
   (  ) 

The Vdc from this equation is obtained as 700 V. 
Therefore, the battery bank is selected 760V. Thevenin’s 
model is used to describe BESS, where (Cb) capacitance 
and resistance (Rb) connected parallel along with series 
connected internal resistance (Rs) and an ideal voltage 
source of voltage 700 V. Equivalent capacitance Cb is 
calculated as [19] as, 

   
(              )

   (       
         

 )
 (24) 

where Vocmin and Vocmax are the open circuit voltages with 
minimum and maximum values under fully discharged 
and fully charged states of battery system. 

The output voltage of boost converter is calculated as, 

    
 

(   )
 (  ) 

To limit the peak to peak current ripple (ΔIL) an inductor 
(L) with given switching frequency is calculated as, 

  
   

(        )
 (26) 

6. SIMULATION RESULTS 
 

In Fig.7, the performance of MPPT controller under 
increase in wind speed from 8 m/s to 12 m/s at 2.5 kW, 
3-phase linear load is depicted. Till 0.2s, the wind speed 

is 8 m/s and there is a rated power generation through 
PMSG. At 0.2s, there is an increment in wind speed and 
also in WECS power generation. WECS PMSG shaft speed 
increases with increase in wind speed to achieve MPPT. 
It is noticed that wind power is increased as the wind 
speed accelerates to 12 m/s. Regulated PCC voltage and 
sinusoidal supply current at DG terminals (vsa and isa) 
justify satisfactory working of VFC. 

 

Fig – 5: Simulation model of wind system 

At 0.2s, increase in wind speed is 12 m/s therefore WECS 
power generation also increases according to maximum 
power capture scheme of boost converter using P&O and 
terminal voltage, supply voltage and supply currents are 
made balanced and constant by VFC. 

 

Fig – 6: Simulation model of P&O MPPT 
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Fig – 7: Wind speed variation 

 

Fig – 8: Line voltage, line current, rms voltage and 
current, power and rotor speed 

 

Fig – 9: Source voltage and current of Diesel generator 

 

Fig – 10: MPPT voltage, current and power 
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Fig – 11: Load current, source current and source 
voltage using SRF theory 

 

Fig – 12: Sine-Cos waveform generation 

 

Fig – 13: Reference current generated by controller 

 

Fig – 14: Phase matching of the source and reference 
currents 

 

Fig – 15: FFT analysis of source current with SRF 
technique 
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Fig – 16: FFT analysis of source voltage with SRF 
technique 

Fig – 17: FFT analysis of source voltage with EPLL 
technique 

 

Fig – 18: FFT analysis of source current with EPLL 
technique 

The total harmonic distortion (THD) of source voltage 
and current is less than 3% (fig – 17, 18) with the EPLL 
technique whereas the THD with SRF technique is 
greater than 5% (fig – 15, 16). 

7. CONCLUSION 
 

An isolated wind-diesel hybrid system has been 
implemented in MATLAB Simulink. A mechanical sensor 
less approach has been used for achieving MPPT through 
perturb and observe technique. The PMSG configuration 
provided for the wind energy system is simple and 
robust and the ac power is converted to the dc using the 
boost converter. VFC provided the load balancing, 
reactive power compensation, and harmonics 
elimination and voltage regulation at PCC under 
nonlinear loads operation using both SRF and EPLL 
techniques. The comparative analysis shows that the 
EPLL technique is better in compensating the harmonics 
as compared to the SRF method. 
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