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Abstract— This paper includes the generator used in Wind 

Energy Conversion Systems (WECS). The state of art on 

wind turbine technology is established by comparison of each 

type. Doubly Fed Induction Generators (DFIG), Squirrel 

Cage Induction generators (SCIG) are the two types of 

induction generators commonly used for geared operation in 

WECS in variable speeds and fixed speeds, while the 

Permanent Magnet Synchronous generators (PMSG) can 

operate gearless. Due to higher demand of power from wind 

energy, off shore installations are becoming more popular and 

new wind turbine designs are being expected in the near 

future, with the development of the improved generators and 

converter designs. In this paper, the MATLAB simulations of 

a Wind Energy Conversion System with PMSG. 
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I. INTRODUCTION 

It is important to find an alternative form of energy before the 

world’s fossil fuels are depleted. It is predicted that oil and 

gas reserves will be depleted by 2032. Due to the combustion 

of fossil fuels, carbon dioxide is released into the atmosphere 

causing the atmosphere to trap solar radiation that then leads 

to global warming or the “green house effect”. Wind power 

has played an important role in the history of human 

civilization. Wind mills (or wind turbines) have been used for 

at least 3000 years, mainly for grinding grain or pumping 

water. The wind has been an essential source of power for 

even longer. From as early as the 13th century, horizontal-

axis wind turbines were an integral part of the rural economy 

and only fell into disuse with the advent of cheap fossil-

fuelled engines and then the spread of rural electrification. 

Since the end of the 19th century the wind power used to 

generate electricity. In 1888, Charles F. Brush built the first 

automatically operating wind turbine of 12 KW with a rotor 

diameter of 17 meter and 144 rotor blades made of cedar 

wood for electricity generation. The Danish Poul la Cour 

(1846-1908), another pioneer of electricity generating wind 

turbines, discovered fast rotating wind turbines with few rotor 

blades in 1897 in Askov (Denmark). It was more efficient for 

electricity production than the slow moving ones[2].It may 

face some problems like low frequency oscillation that later 

can be damped by FACTS controller. 

Presently, most of the grid necessities address under 

voltage ride-through and grid support competencies of the 

wind turbines. The direct-drive PMSG based variable-speed 

WECSs are pretty popular for higher power ratings large 

wind turbines compared to other types of WECSs, because of 

their superiority owning to their advantages of higher power 

density, higher efficiency, lower maintenance costs, greater 

controllability, low losses, better fault-ride through and grid 

support capability from the recent research that has also been 

carried out on synchronous generators (SG) application in 

wind power generation [3]. 

The paper is divided in to the following Sections. 

Section II shows the general configuration of a wind turbine. 

In Section III will include the details of PMSG. Section IV 

will include the modeling of PMSG. Section V will include 

the MATLAB simulation studies. 

II. WIND TURBINE CONFIGURATION 

In the history of WT, there were two types of WTs in use; the 

fixed speed and the variable speed WT. Until the end of the 

90’s the fixed speed WT was more in use but developed many 

Short comings. They were less that 1kw and were mainly of 

SCIG type. Nowadays, a newer technology is in use which is 

called the variable speed WT. This type is known to achieve 

maximum aerodynamic efficiency over a wide range of wind 

speeds as those of the wind. Typically, large scale WTs are of 

horizontal axis configuration (HAWT), or three rotor blades, 

with the mechanical parts and the generator mounted in a 

nacelle. This nacelle is positioned high up on a mast or tower. 

The blades of some large scale WTs can reach up to 140 m in 

diameter with a rotational speed between 5 and 25 rpm[2]. 

 
Fig. 1: Wind energy conversion system 

III. THEORY OF PMSG 

To couple the slow spinning turbine rotor blade to generators 

like the DFIG and the SCIG, high speed multiple stage 

gearboxes (1:100), medium-speed single-stage gearboxes 

(1:10) are necessary. Direct-driven generators are system that 

do not need the gearbox altogether and these systems are 

based on the PSMG. Today’s WTs high-speed multiple stage 

gearboxes have proven to be less reliable than expected by 

manufacturers thus requiring replacement at 5 to 7 years from 

beginning of operation, and that is a much earlier than their 

expected design life of 20 years [3]. 

  
Fig. 2: PMSG model 
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Some authors have made comparisons concerning 

variable speed and fixed speed generator systems. Some 

compared the fixed speed SCIG with the direct drive PMSG. 

While others compared two types of direct drive SG with the 

DFIG. With rapid development of WT technologies, it is 

highly probable that future trends in the industry will be 

focused on the continuously improving already existing and 

established technologies such as PSMG, SCIG and DFIG. 

The outer diameter of the direct-drive PMSG is nearly twice 

of the conventional geared-drive SCIG; however, the total 

length is three times shorter including the length of high-

speed shaft. Also, the direct-drive PMSG system has its 

average efficiency 1.6% higher than the fixed speed SCIG 

system at the 3 MW rated power. Additionally, due to the 

variable speed operation, the direct-drive PMSG system can 

produce more energy 10–15% than the fixed single-speed 

concept. 

A. Advantages of PMSG 

 Lower maintenance cost due to absence of gearbox, 

 Improved reliability and longevity comes with the 

elimination of the gears and bearings which are by 

themselves the main cause of faults in the 

generators, 

 Lower weight, 

 High efficiency and energy yield. 

B. Disadvantages of PMSG 

 High cost, 

 the outer diameter of the direct drive PMSG I almost 

twice the size of that of the conventional geared-

drive SCIG, 

 Low maturity as it being a new technology, 

 Increased mass and weight that can reach to critical 

proportions especially for WT above3 MW [1]. 

IV. MODELING OF PMSG 

A. Aero Dynamics Modeling 

An aerodynamic model of the wind turbines is a basic part of 

the dynamic models of the electricity-producing wind 

turbines. The captured aerodynamic power for a wind turbine 

is given by: 
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Where ρ is the air density, V i s the wind speed, A is 

the swept area of the blade, CP is the power coefficient which 

is function of (λ,β), λ is the ratio between blade tip speed and 

wind speed at hub height, β is the pitch angle, P is the 

captured power from wind.[2] 
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B. Drive train Modelling 

The shaft system of wind turbine generator (WTG) can by 

presented either by a single lumped mass system or by a two 

mass system. The wind turbine generator shaft system should 

be represented by a two mass model due to grid disturbances 

which can cause shaft oscillations in WTG. In two mass 

models, separate masses are used to represent the low speed 

turbine, damper, high speed generator and spring. The model 

of a drive train is shown in Fig. 
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Where JG and JT  are inertia constant of generator 

rotor and turbine, K is the shaft stiffness Ds 
is damping 

constant of shaft, •TG is electrical twist angle, 0 is base value 

of angular speed, T and G are angular speed of turbine and 

generator shaft TG and TT are electrical and mechanical a 

torques, B is absorption of shaft.[2] 

 
Fig. 3: Model of drive train 

C. Generator Modelling 

The PMSG (permanent magnet synchronous generator) is 

proposed as a wind turbine generator due to its property of 

self-excitation (or by permanent magnet) which eliminates 

the excitation loss i.e. excitation losses are not increases as 

number of poles doubled. Two phase synchronous reference 

rotating frame (SRRF) is used to derive the dynamic model 

of PMSG in which the q-axis is 900 ahead of the d-axis with 

respect to the direction of rotation. Fig. shows the equivalent 

circuit of the PMSG on the d-q rotating reference frame. 

 
Fig. 4: PMSG Equivalent Circuit on q-axis 

 
Fig. 5: PMSG Equivalent Circuit on d-axis 

The electrical model of permanent magnet 

synchronous generator in synchronous reference rotating 

frame is represented by: 
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Where Ra is resistance of stator winding, e and g are 

electrical and mechanical rotating speed, 0 is flux produced 

by the permanent magnets, P is no. of pole pairs, ud and uq are 

d and q axis voltages, Ld and Lq are dand q axis inductances, 

Te is electromagnetic torque and eq is q-axis counter electrical 

potential. [2] 

V. SIMULATION STUDIES 

 
Fig. 6: Simulation circuit 

 
Fig. 7: PWM voltage 

 
Fig. 8: DC voltage 

 
Fig. 9: Rotor speed 

 
Fig. 10: Sinusoidal voltage 

VI. CONCLUSION 

The WECS, with wind turbine driven Permanent Magnet 

synchronous Generator (PMSG) is simulated using 

MATLAB. For various input wind velocities this system is 

analyzed. As the wind velocity changes the rotor speed and 

output voltage of permanent magnet synchronous generator 

also varies. 

AC output voltage of PMSG is changed into DC 

voltage. DC output voltage from the rectifier is than inverted 

by a Pulse Width Modulation (PWM) Inverter to obtain an 

AC Voltage output. This output voltage is increased or 

decreased with wind speed. Cost of gear box and its 

maintenance is eliminated because it is not necessary to use 

in direct drive permanent magnet synchronous generator 

based wind energy conversion system. 
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Rated power 3.0 MW 

Rated apparent power 3.6373 MVA 

Rated line to line voltage 3000 v (RMS) 

Number of pole pairs 8 

Rated flux linkage of rotor 4.3043 Wb (RMS) 

Resistance of stator winding 19.28 m Ω 

d-axis synchronous inductance 4.1753 mH 

q-axis synchronous inductance 4.1753 mH 

Table 1: Specification of PMSG [3] 

Value of inductor 100mH 

Value of capacitors 4.7µF 

Table 2: Specification of filters 
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