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Abstract - Now a days Energy is the basic need of human being, whether in mechanical form, electrical form or in any other 
form as well as its generation and utilization is one of the basic concept which is concerned. Different topologies are used to 
harvest wind energy and convert it into useable form. Electrical energy is generated using wind energy and then fed to a DC 
–DC converter; here a buck-boost converter is used for the conversion of variable DC into constant DC with variable 
frequency as per requirement. This paper consist of review on PMSG based distributed generation system. 
 
Keywords - Wind energy conversion system (WECS), permanent magnet synchronous generators (PMSGs), Buck-Boost 
converter. 

 
I. INTRODUCTION 
 
Now a day with clean and efficient features of 
renewable resources, it is used for the generation of 
electrical energy. Because of the variety of advantages 
we would like to use the different methodology for the 
generation of power and it is very much in demand of 
research work. Taking about the last few decades, we 
have seen wind energy became the most ambitious 
form of non-polluting, clean and renewable energy to 
provide a sustainable supply to the world. 
 
Extracting the highest energy from wind with broadly  
varying speeds is being possible by the use of 
Variable-speed wind generation systems. Today, 
most turbines use variable speed generators combined 
with partial- or full-scale power converter between the 
turbine generator and the collector system, which 
generally have more desirable properties for grid 
interconnection and have a Low voltage ride through-
capabilities. Modern concepts use either doubly fed 
machines with partial-scale converters or synchronous 
generators or squirrel-cage induction generators with 
full scale converters.  
 
II. WIND ENERGY CONVERSION SYSTEM 
 
Wind energy is basically a kinetic energy in a parcel 
of air of massm, flowing at speed u in the x direction 
is 
 U = mu = (ρAx)u 												joules (1) 
 Where cross-sectional area in m is given by A, ρ 
is the air density inkg/m , and x is the thickness of 
the parcel.The power in the wind,Pw, is the time 
derivative of the kinetic energy: 
 Pw = = ρAu 	 = ρAu 							Watt (2) 
Since air density is expressed by following equation 
 ρ = 3.485 														kg/m   (3) 
 In this equation, pressure in kPa is given by р and 
temperature in kelvin is given by T. The power in the 
wind is then  

 Pw = ρAu = . 								Watt (4) 
 Where area in square meters is given by A  and 
wind speed in meters per second is given byu . For air 
at standard conditions, 101.3 kPa and 273 K, this 
reduces to 
 Pw = 0.647Au 										Watt  (5) 
 By a practical wind turbine,the  power extracted 
from the power in the wind is usually given the 
symbolCp, standing for the coefficient of 
performance. By the use of this notation and dropping 
the subscripts of Eq. 4 the actual mechanical power 
output can be written as 
 Pm	 = 	Cp	 ρAu = CpPw					Watt     (6) 
 The power coefficient is not a constant, but varies 
with the wind speed, turbine blade parametersand  
turbinerotational speed . The Power coefficient is 
function of pitch angle (β) and tip speed (λ); pitch 
angle is basically the angle of turbine blades whereas 
tip speed is the ratio of rotational speed and wind 
speed [1]. The power coefficient maximum of (Cp) is 
known as the limit of Betz.Now mechanical power 
output can be written as 
 Pm	 = 	Cp	(λ, β). (ρAu )												Watt (7) 
 Where this tip speed ratio is defined as 
 λ = ω     (8) 
 Where maximum radius of the rotating turbine in 
m is given by R, ω  is the mechanical angular 
velocity of the turbine in rad/s, and u is the 
undisturbed wind speed in m/s. 
 For fixed Rω , the tip speed ratio will be large for 
a low wind speed and get smaller as the wind speed 
increases [2]. As the wind speed increases from a 
small value the output mechanical power raises due to 
both the larger values of Cpandthe greater power in 
the wind. 

 
Fig. 1 Wind energy conversion system 
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III. PERMAMENT MAGNET SYNCHRONOUS 
GENERATOR 
 
The PMSG is used to produce electricity from the 
mechanical energy acquired from the wind Turbine. In 
the PMSG, the rotor magnetic flux is generated by 
permanent magnets which are placed on the rotor 
surface [3].PMSG steady-state-induced voltage and its 
torque equations are given by 

τ = K I    (9) 

E = K ω     (10) 
The mechanical characteristics of the PMSG can 

be described by 
ω = (τ − τ − Fω )  (11) 

Where J is combined inertia of the rotor and load, 
τ is the mechanical torque input from the wind 
turbine, τ  iselectromagnetic torque and the viscous 
friction of the rotor is given by F and load [4].In the 
simulation, an alternate model for the PMSG is 
used.Fig. 2 shows the illustrative characteristics of the 
phase voltage as a function of load current at 
differentspeeds. The variation in the angular velocity 
with load current represents theinternal variation of 
the PMSG which is happen due to the 
windingimpedances of the PMSG.  

The per-phase output voltage is given by 
V = K ω − K I    (12) 
Where K1a constant is for the PMSG calculated 

from the experimental characteristics, K2 is the 
equivalent impedance constant, and Imo is the 
amplitude of the sinusoidal current drawn from the 
PMSG. 

The	rms value of the line-line voltage from the 
PMSG is given by 
 V = √

√
(V )   (13) 

 

 
Fig. 2 Characteristics of the phase voltage as a function of 

loadcurrent at different speeds 
IV. POWER CONVERTERS 
 
Electrical energy generated from WECS is now 
converted into desired form using Power converters. 
Initially at generating side AC to DC power 
converters are used and then DC-AC converters are 
used in grid side link [5]. Generally two types of 
power converter topologies are used with the PMSG 
based WECS system, namely stand-alone topology 
and grid connected topology. 

 
Grid connected topology used in PMSG based WECS 
system is further classified into different form on the 
basis of grid side converters used. 

 Thyristorised grid side converter 
 Hard switched grid side converter 
 Matrix converter 
 Multilevel converter 
 Z-source inverter 

 
A. Thyristorised grid side converter 
The generated energy of PMSG is converted into DC 
at the generator side using rectifier and then again 
converted back into AC with the help of thyristorised 
grid side converter. Where the firing angle of inverter 
is continuously controlled, to regulate the turbine 
speed by the DC link voltage [6]. Fig. 3 shows the 
block diagram of thyristorised grid side converter. 
 

Fig.3 Thyristorised grid side converter 
 
This topology leads to less manufacturing cost and 
provides high power rating. Instead of this upside this 
has downside also; this topology needs an active 
compensator for reactive power and reduction in 
harmonic distortion 
 
B. Hard switched grid side converter: 
The MPPT (Maximum Power Point Tracking) 
controlling technique is used to regulate the generated 
power with a reference power, to set the operating DC 
voltage.Fig. 4 shows the block diagram of hard 
switched side converter. 
 

 
Fig.4 Hard switched grid side converter 

 
Following topologies are being use with grid side 
PWM converters: 

1) Back to back PWMVSI:This converter is the 
most conventional type converter. It is 
referred as two levels PWM-VSI converter 
because voltage source inverter (VSI) are 
connected in generator side as well as grid 
side. DC link capacitor is also called 
decoupling capacitor and provide a separate 
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control in the inverter on the generator side 
and grid side 

2) Generator side uncontrolled rectifier with 
boost converter: Here PMSG output is 
rectified using an uncontrolled rectifier and 
MPPT is achieved by a boost converter 

3) Generator Side semi controlled Rectifier:this 
topology provides simple design and no 
possible shoot through fault found. 

4) Generator Side Phase Shifting Transformer 
feeding Series Type 12 Pulse Uncontrolled 
Rectifier: This technique uses the MPPT 
control strategy. Reduce harmonics and 
improve efficiency is achieve by connecting 
a passive filter in the generator terminal. This 
method suppresses distortions present in the 
PMSG voltage and current. 
 

C. Matrix converter: 
It is an AC-AC converter. It provides independent 
control on output voltage magnitude, frequency, and 
power factor and phase angle. [7]. It eliminates DC 
link reactive element, reduce harmonic emission, and 
has high efficiency. This method has some 
disadvantages like low voltage gain, its higher 
conduction loss and due to these demerits it is not 
accepted in industrial applications.  
 Fig. 5 shows the block diagram of matrix 
converter. 

 
Fig. 5 Matrixconverter. 

  
Two different types of matrix converters  

1) Conventional matrix converter:This 
converter is consisting of nine bi-directional 
commanded insulated gates bipolar 
transistors (IGBT) [8]. Proper operation of 
switches in the matrix control is on the 
output of magnitude, frequency, phase angle 
and input displacement angle. Instead of 
these advantages ,it has some disadvantages 
as commutation problem associated with the 
operation of switches 

2) Improved matrix converter:This converter is 
uses  the concept of “Fictitious DC link”. 
This is used to control the matrix converter. 
In between lineside and load side 
converterno energy storage element is used 
[7].This is connected between two filters and  
thePMSG is connected with first order type 

filter andsecond order type filter is connected 
with an electric network [8]. 
 

D. Multilevel converter: 
For high power variable WECS application, multilevel 
converters are used[9]. This converter includes a 
muster of power switches and capacitor voltage 
sources, which generate output voltages with stepped 
waveform (see Fig. 6). 

 
Fig. 6 multilevel converter. 

 
This topology has an advantage that PMSG generated 
voltage is converted directly into desired AC output 
voltage without any need intermediate AC to DC 
converter.  

 
E. Z-Source inverter (ZSI): 
A Z-source inverter is a type of power inverter, used 
for power tracking control and delivers power to the 
grid [10]. It actas a buck-boost inverter without 
making use of DC-DC Converter Bridge due to its 
unique circuit topology(see Fig. 7). 

 
Fig. 7 Z-source converter 

 
This topology is less affected by the EMI noise; its 
harmonic distortion is comparatively low with 
reduced no. of switches. 
 
V. POWER MANAGEMENT SYSTEM 
 
For power management of WECS, controlling 
algorithm is design, so as to get optimized and 
effective result. There are three different speed control 
algorithms for variable speed operation are discussed, 
A. Tip speed ratio (TSR)  
For a particular rotor speed optimum tip speed ratio is 
fixed and is independent of wind speed. If in any 
means the TSR is allowed to be at the optimum value 
at all wind speed then energy extraction will be 
maximized [11]. Here, generator speed is regulated 
and compared with the actual value and the error is 
fed back to the controller for optimization (see Fig. 8). 
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Accurate measurement of wind speed is difficult and 
its cost is high.  

 
Fig 8. Tip speed ratio MPPT control strategy 

 
The actual wind speed is calculated using anemometer 
and the tip speed ratio corresponding to the value is 
measured. This TSR value is compared with reference 
TSR value, the difference of which is fed to the MPPT 
controller.  
 
B. Power signal feedback (PSF)  

This control technique requires estimated 
reference power information from turbine mechanical 
power to rotor speed curve. now the error between 
reference and calculated power is fed back to the 
controller which then generates the control signal 
which ultimately makes the output power maximum 
(see Fig. 9). 

Fig-9 Power signal feedback based MPPT control strategy 
 
The optimal power value is calculated from wind 
generator power versus speed characteristics, which is 
compared with observed generator power. The error is 
fed to the MPPT controller.  
 
C. Hill climb search 
It’s a power management algorithm used to 
continuously track the optimum wind power point of 
the power –speed characteristics of wind energy.  In 
this method specific variable is monitored and by 
noticing the changes occurring in the output of the 
designed algorithm it changes the variable until the 
slope becomes zero. This method is superior to other 
two because it does not require the wind energy 
power-speed characteristics which is not accurate and 
keeps changing as the rotor ages. 
 

Also the process is simpler and cheaper as no external 
device is needed for wind speed estimation. In some 
literature the authors have perturbed the converter 
variable such as duty cycle and observed the output 
power, in some other they control the converter output 
voltage and monitor the output power (see Fig. 10). 

 
Fig .10 Hill climb search MPPT control strategy 

 
The parameter X(duty cycle, voltage, current etc.) is 
measured and compared with optimum value of that 
parameterX∗. The error is fed to MPPT controller 
which regulates the power converter to optimise the 
output of WECS. 
 
CONCLUSION 
 
As Renewable energy resources are getting more 
popular for energy generation out of which wind 
energy conversion became the most competitive form 
of clean, non-polluting and renewable energy. 
Different researches are carried out day by day to get 
more energy efficient topologies to convert wind 
energy into electrical energy. In this paper different 
pmgs based generating system topologies has been 
studied and compared, and it is found that 
thyristorised grid side converter topology used in 
pmsg based wecs is cheap, but it generates harmonics 
in the current due to which losses increase and this 
result in reduction of generators life. Back to 
BackPWM VSI is the most popular type of hard 
switched inverter topology but this  Multilevel 
converter reduces the weight but they commonly used 
for offshore wind farms. Matrix converter eliminates 
the DC-link stage and provides a more reliable system 
comparing to other. Due to involute control and cost 
Matrix converter topology is not being used in 
industrial applications. Z-source inverter improves the 
reliability of the system. Out of three power 
management system hill climb search method is 
superior other two because it does not require the 
wind energy power-speed characteristics which is not 
accurate and keeps changing as the rotor ages. 
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