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Abbreviations Used 

PMSG – Permanent magnet synchronous generator 

DFIG – Doubly fed Induction generator 

WECS – Wind energy conversion system 

FRT – Fault ride through 

PMU – Phasor measurement unit 

SMIB – Single machine infinite bus 

EKF – Extended kalman filter 

UKF – Unscented kalman filter 

Rsc – Crowbar resistance 

STATCOM – Static synchronous compensator  

FACTS – Flexible AC transmission system. 

LVRT – Low voltage ride through disturbances. 

GC – Grid code 

VC – Voltage control. 
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Abstract   
  

Now a days the world has reached to a point when integration of renewable energy sources like 

the wind energy, solar energy etc. with the electricity grid of the country will have a greater role 

As such when the global warming rate has reached to alarming rate in the world. Also there will 

be problems while implementing the connection of wind turbines or any other renewable energy 

sources with grid. One of the problems related to this is called ‘Fault ride through disturbances’  

  

This thesis studies three different scenarios of fault ride through disturbances in wind energy also 

seeing their effects on two different type of turbines that’s is Doubly-fed Induction Generator 

(DFIG) and permanent magnet synchronous generator (PMSG).  

  

Firstly this study aims at studying of fault ride through disturbances, through simulation on 

Simulink of 5 wind turbine of PMSG turbines each of 2 MW that is study of a 10 MW of PMSG 

wind turbine system supplying electricity to 120 kV grid, and there is a fault occurring at an 

isolated point in the grid. 

  

Secondly this study also aims to study 6 wind turbines of DFIG turbines 1.5MW similar to the 

previous system also has the 10 MW system combined and the grid is also same for this system 

that is 120 kV grid also there is a fault occurring in the transmission line at a given point of time.  
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Sammanfattning  
  

Nu en dag har världen nått en punkt när integrationen av förnybara energikällor som vindenergi, 

solenergi etc. med elnätet i landet kommer att få en större roll som sådan när den globala 

uppvärmningsgraden har nått till alarmerande frekvens i världen. Dessutom kommer det att 

uppstå problem vid genomförandet av anslutningen av vindkraftverk eller andra förnybara 

energikällor anslutna till elnätet. Ett av problemen i samband med detta kallas "Drift under 

feltillstånd"  

  

Denna avhandling studerar tre olika scenarier av feltillstånd. De olika elsystemen som undersöks 

är dubbelmatad asynkronmaskin (DFIG) och permanentmagnetisk synkron generator (PMSG).  

  

För det första syftar denna studie till att studera felkörning genom störningar, genom simulering 

på 5 vindkraftverk av PMSG-turbiner vardera 2 MW som levererar el till 120 kV-nät och fel 

uppstår fel som uppstår i en isolerad punkt i elnätet.  

För det andra syftar denna studie också till att studera 6 vindkraftverk av DFIG-turbiner 1,5 MW 

liknar som liknar tidigare systemet fel som uppstår och nätet är också samma för det här systemet 

som är 120 kV nät och fel uppstår i överföringsledningen.  
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 Purpose  
  

The main objective or purpose of this thesis is to analyze briefly the Fault Ride Through 

scenario of wind energy conversion system (WECS) especially for Permanent Magnet 

Synchronous Generator (PMSG) and Doubly Fed Induction Generator (DFIG), and run a 

MATLAB/SIMULINK simulation of such type of Low Voltage Fault Ride Through Scenario, 

as well as analyzing the results which will provide as the basis for different FRT scenarios 

and problems related to it [3]. How the FRT can be improved?  

  

The Purpose is it to provide a summary on effects of FRT on the grid. And draw a 

conclusion from different studies of the fault ride through (FRT) on WECS like PMSG and 

DFIG and their effects on different type of WECS from different type of topologies run in 

SIMULINK/MATLAB. And present the results of the power, current and voltage in the 

different part of the grid. The questions that can possibly be answered through this thesis 

are as follows:-  

 

• What is fault ride through and different requirements of it?  

• What are the effects of FRT on the grid?  

• How FRT capabilities of WECS can be improved? 
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CHAPTER: 1   
  
INTRODUCTION  
  

1.1 Background  
  
In the recent past a lot of work has been done on improvement of grid integration of 

renewable energy sources such as wind energy. For example to start with one of the work 

was done in such a way that there was an algorithm provided where the algorithm used 

the measurement of field voltage using the generator and the voltage at the terminals 

also taken into account from the phasor measurement unit (PMU) at the terminal ends 

of the synchronous machine. A single machine infinite bus (SMIB) system as shown in 

figure 1 of the MATLAB was used blocks were made in the software that is Simulink. And 

the performance of the system was tracked. And the results were evaluated with the 

other simulations done using the extended kalman filter (EKF) method. The results clearly 

showed that the addition of the PMU based technology to the dynamic state estimate 

which is based on unscented kalman filter (UKF) method in the case of practical power 

system networks can be accurately used to estimate the results and dynamics of power 

systems, using the voltage and rotor based inputs. However some future work was still to 

be done on predicting the state of the power system for more accurate results [1].    

  

  

 

  
Figure 1 Proposed Block diagram with UKF Model [1]  
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Another work as shown in figure 2 was done on fault ride through disturbances in which static 

synchronous compensator (STATCOM) was used with different configurations to improve fault 

ride through capabilities of WECS. A grid connected DFIG wind energy power system was 

considered and a simulation was done in SIMULINK of MATLAB with different crowbar schemes. 

Following are the cases:-  

  

• Firstly the crowbar was disconnected and fault was cleared while crowbar resistance (Rsc) 

at the enabled state.   

• Secondly Rsc was disabled before the clearance of fault and crow bar was enabled before 

clearing the fault.  

• In the third case, after the fault clearance RSC was re-enabled.  

  

Three different cases were observed under the presence and absence of STATCOM. It was 

observed that STATCOM was mandatory in the first and the second case since in the absence of 

the STATCOM the wind turbine got disconnected from the grid immediately because the voltage 

dipped in the weaker parts of the grid. Although some future work was suggested as there must 

be more work done on the improvement of dynamic performance of DFIG is a necessity [2]. 

  

  

  

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Block Diagram of proposed optimization method [2].  
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1.3 Problem  
  

The problem with the wind is that it is not a constant source of electricity. It keeps on fluctuating 

based on the amount of wind in the region sometimes it is good thus resulting in good and 

adequate amount of energy production were as at times it is less and produces less inadequate 

amount of electricity others at times it is difficult to store. In this thesis the second scenario is 

considered which is a common and growing problem all over the Europe and wind major 

countries. There is a common problem in wind energy which is called as fault ride through which 

results in voltage sag if there is any kind of disturbance or decrease in voltage, in this thesis few 

scenarios of such a problem has been shown and a conclusion on that problem is made.  

 

 
 

1.4 Limitation  
   
The limitation of this thesis is that it is just a simulation of three of the isolated cases of Fault ride 

through disturbances in wind energy on a small scale for a short times period.  

But in reality it occurs for a longer time and the magnitude of the disturbance is much higher than 

it can be seen in the simulation. There are many cases possible with other types of wind turbines 

and even with this turbine, in this thesis only 2 major types of turbines have been used and their 

major three cases have been simulated.  
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Chapter: 2 Wind Power and Wind Energy Conversion Systems (WECS)  
  

2.1 European Wind Scenario   

In Twenty-first century there has been a rapid growth in the need of renewable or 

nonconventional sources of energy like solar energy, wind energy, tidal energy and 

others, the reason for this is the depletion of the conventional sources of energy and fossil 

fuels on the verge of getting exhausted and other environmental issues. Search for 

renewable sources of energy has been done over decades but it rapidly increase in the 

early 1970s due to the global oil crisis. Although there is the boom in the solar energy field 

globally but wind energy has achieved the most growth around the world and the reason 

behind its rapid growth is cost effectiveness in production of electricity and maximized 

potential [4].  

  

Wind power sector as a result took off rapidly in the late 1970s especially in countries like 

Denmark, several industries were setup in country for production of wind turbines. And 

as the years progressed wind power has been utilized for several purposes such as milling 

grain, irrigation, pumping water and many other useful purposes. In the early Twenty-first 

century small wind mills were being actively used for production and meeting of 

electricity requirements of people. As shown is fig1 as per today’s standards wind turbines 

are much larger in comparison to the early wind turbines let it be in size and output of 

power and thus increasing the capacity of turbines [3].  

  

  
Figure 3 Evolution of Wind Turbine globally over the years [3] 
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Economic infrastructure requires a major component that is energy. Energy is the basic input 

required for sustainable economic growth. Per capita energy consumption and level of economic 

development are directly proportional. In other words more developed a country, higher is the 

per capita consumption of energy and vice-versa. European Union’s per capita consumption of 

energy is only one eighth of global average. This indicates that European Union has low rate of 

per capita consumption of energy as compared to the other countries. Nowadays the world is 

shifting its concentration more towards renewable energy especially in the sector of wind and 

solar energy. Wind energy alone in Europe is one the major source of Electricity around 5.3% of 

Europe’s electricity consumption comes from wind energy. As per the statistics of the year 2017 

in Europe the installed wind power was 1.693 GW. The European Wind Energy Association has 

predicted that the installed wind energy capacity of Europe will be 230 GW by 2020, consisting 

of 40GW off shore and 190 GW on shore. This will result in production of 14-17% of the European 

Union’s electricity, preventing 333 million tons of Carbon dioxide per year and saving Europe €28 

billion a year in fuel costs [4].   

  
  

Figure 4 EU Electricity Production 2017 [4] 
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As shown in Figure 2 the electricity generation in Europe is still vastly dependent on conventional 

sources of energy about 74.5% electricity in Europe is produced by nuclear, coal and other 

conventional sources of energy. Every power system has varying quantity that is frequency, which 

shows the balance between produced and consumed power. If there is no balance between 

production and consumption which would cause a change in frequency [4].    

  

2.2 Wind Power Growth  
  

Wind power capacity in the world has been growing exponentially over the last two decades. 

Figure 3 shows the growth of total world wind capacity between 2000 to 2013. From 17GW in 

2000 to 318 GW in 2013. There is an annual growth of 22% between 2008 to 2013, and as per 

wind power experts it is expected to reach up to 760GW, also with the increase in the capacity 

there is a proportional increase in the size and structure of the wind turbine to reduce the cost 

of generated kilowatt hour [5].  

  

  
Figure 5 Global Wind Power Growth [5]  
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2.3 Classification of Wind Energy Conversion Systems (WECS)  
  

WECS are developed in order to convert Wind Energy to Electricity (AC/DC). WECS can be 

classified into many different types based on its ability of more efficient and performance, 

reliability, and minimal cost. WECS can be generally classified based on speed (and selection of 

which is also affected by many characteristics such as wind rei bull distribution, system cost, 

reliability and matainance factor and its value and profit on electricity generation) into two main 

categories that are Fixed speed wind generators and Variable speed wind generators. Fig4 shows 

the classification of different types of WECS.  

   
Figure 6 Classification of WECS [3] 

 

 

Fixed Speed Wind Generators are nothing but in simple words a coupled squirrel cage Induction 

generator (SCIG) directly connected to the grid which is commonly a fixed speed motor. But in 

this thesis a study is done using Variable Speed Generation machine. Therefore a discussion on 

Variable Speed Generation Machine will be done separately [3].   
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2.3.1 Variable Speed WECS  
As shown in fig4 Variable Speed Wind Generation Machine can be classified into two more 

categories based on the requirement of gear box, that are direct drive wind turbines and In-direct 

drive wind turbines direct drives are not equipped with gears while In-direct drives are equipped 

with gears. Direct drive wind turbine work as an interface between generator and grid and they 

include low speed synchronous with large number of poles which can be classified based on the 

internal configuration into Permanent Magnet Synchronous Generator (PMSG) and Wound Rotor 

Synchronous Generator (WRSG). They are mostly employed where full-scale power converter 

system is needed.   

  

In-direct drive need gear box to make the synchronization between the low turbine speed and 

the high generator speed.  WRSG, SCIG, PMSG, DFIG and Wound Rotor Induction Generator 

(WRIG) are completely installed with full-capacity power converter [8].  

  

   

2.3.2 Doubly-Fed Induction Generator Wind Turbine  
  

Variable Speed DFIG wind energy system is one of most prominent configuration among all the  

WECS in the modern wind power industry. As shown in fig5 the stator of the machine is connect  

   
Figure 7 Detailed Model of DFIG WECS [5]  
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with the grid using interfaces such as reduced-capacity power converters (RCPC). Reactive power 

and torque is controlled by the converter on the rotor side (RSC) while the converter connected 

on the grid side (GSC) controls dc link voltage as well as reactive power of the ac side of the 

machine.   

Since this type of machine has auto capability to control reactive power there is no need of any 

external reactive power compensation. In the roto circuit the power flows bi-directionally. For a 

DFIG the speed should range around +33% or -33% around the synchronous speed and also the bi-

directional converter should supply around 30% of the rated power. The advantages of DFIG over 

fixed speed machines are that due to its configuration wind power extraction is maximum and it 

also helps in easy and swift grid connection. Moreover, they have reduced cost, size and weight 

[5].  

2.3.3 Permanent Magnet Synchronous Generator Wind Turbine WECS  
  

A power electronic device system is needed for operation of variable speed WT for synchronizing 

voltage of the electrical grid with the generator frequency. PMSG WECS includes PMSG wind 

turbine is connected with full scale power converter along with connection to the electrical 

power grid. The power generated power from wind turbine can be controlled with good grid 

backup feature and speed control technique. Fig 2 shows the block diagram of PMSG based 

WECS. In this type of wind energy conversion system a PMSG machine is coupled with the wind 

turbine and stator terminals of the PMSG is connected to the electrical grid through a two-step 

power conversion system (AC-DC-AC), grid coupling filter and step-up transformer [3].  

  

  

  

  
 

 

  
  
  
  
  

Figure 8 Detailed model PMSG [3] 
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Chapter: 3 Grid Integration and Fault Ride Through (FRT)  
  

3.1 Issues related to wind generator and grid integration  
Although wind energy is the one of the fastest growing industry in the world but the fact cannot 

be denied that its output is totally dependent on wind speed any kind of fluctuations in the wind 

speed affects the output of the wind turbine. Therefore integration of wind turbine with the grid 

is challenging task, as a result several maintenance and operation issues as well as design issues 

have to be taken care of. In order to tackle such problems the grid operators issues some specific 

grid codes and to maintain the stability of the grid the wind power plants have to abide by the 

codes, hence it assures that the power production by the renewable energy power plants and 

conventional power plants whose performance differ in nature are merged easily in the grid. In 

order to make sure that electricity is safely distributed to the end users safely through grid, 

different countries specify their own technical requirements for the grid codes and the energy 

production and distribution parties in the open market has to follow the technical requirements 

set by the respective countries [9].  

  

3.2 Fault Ride Through  
  

Figure 2 shows RoCoF that is the frequency below which there could be a possible black out in 

the grid it also gives information on that failure in supply to meet the requirements of supply, the 

problem area is malfunction of conventional sources of energy like nuclear power plant in 

Sweden. The malfunctioning or shut down of a large power plant leads to an immediate dip in 

frequency and grid control require at least a few seconds to fix the problem. The size of the dip 

depend on the amount of inertia in the grid. In the future, with a large expansion of wind and 

solar power, the inertia might be much lower. A too large dip in frequency could result in total 

blackout of the grid. The solution to this problem could be designing a wind turbine control 

system such that when the frequency decreases, power is automatically taken from the moving 

part of wind turbine and provide stability. The effect of different control strategies will be 

examined, regarding the exact rate at which power is first drawn from the moving parts, then 

slowly decreased when the frequency is stabilized [10].   
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Figure 9 Effect of FRT on frequency [10] 

 

Along with the expansion in the wind power sector the connection of wind turbine with the grid 

becomes more important. Moreover there is a significant percentage of discontinuity in the 

generation capacity that can have an immense impact or effect on the stability of the grid. During 

a voltage sag wind power are required to be connected with grid and in working state also supply 

reactive power rather than being disconnected with grid this is called Fault Ride through (FRT) or 

Low voltage-ride through (LVRT). Whenever there is a shortage or sag in the voltage due to fault 

or an unbalanced or large load there is a need of LVRT. The behavior of LVRT is defined by Grid 

Codes (GCs) and these GCs are set of codes given or stated by the grid operators. Primarily the 

use of GCs were for the synchronous generators operated in the conventional power plants 

usually [8].  

  



20 | P a g e  

 ` 

 
  

Figure 10 International FRT characteristics [8] 

  

The above shown figure 6 gives a brief idea about international FRT in which Vf is the 15% of 

nominal voltage of the system. While Vpf is the lowest voltage stated in the wind grid code which   

 

Figure 11 German LVFRT characteristics [8] 

is internationally accepted. The German GC as shown in Figure 4 main FRT when the voltage drop 

to zero for the maximum duration of 150 ms, followed by the voltage recovery to 90% of the 

rated voltage in 1.5s.   
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Chapter: 4 Low voltage ride through enhancement techniques   
  

4.1 LVRT enhancement techniques for DFIG based WECS  
  

As mentioned above the wind turbines get disconnected during the fault in the grid and in order 

to avoid such circumstances many methods have been advised as an enhancement for low 

voltage ride through (LVRT). A brief idea of different enhancement techniques that can done in 

the case of DFIG based WECSs is depicted in fig 12 [5].  

 

4.1.1 Hardware Solution  
  

Enhancement technique of LVRT capability is depicted for several kinds of WECSs depending on 

the protection schemes of different types of faults. Hardware solution is based on two parts. First 

is protection systems dependent on the type of LVRT scheme. Protection based LVRT is of two 

types they are crowbar circuit with DC link chopper along with switching characteristics while the 

second scheme has only a crowbar circuit and they are without the DC link chopper circuit. The 

performance of DFIG wind turbines during the fault conditions can be improved by creating a 

protection scheme for transient rotor scheme.   

  

The second category of division of Hardware solution is based on Flexible alternating current 

transmission system (FACTS). FACTS LVRT scheme include proposed devices like static 

synchronous compensator (STATCOM) for enhancement of the LVRT capability of WECS based 

DFIG. STATCOM is a device when connected with the WECS it can reduce the effect of grid faults 

on the system.  

  

Another proposed device used in the FACTs scheme is Dynamic Voltage Restorer (DVR). DVR is 

nothing but a connection of FACTs devices in series with the grid. They are helpful in reducing the 

voltage drop effect in the grid during fault [11].   
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4.1.2 Software Solutions  
Software Solutions are divided into four different techniques that are   

1. Hysteresis Control techniques:   

it is a technique of excitation and electromagnetic control of the DFIG wind turbine. 

Moreover, a vector based hysteresis current controller is used with DFIG based wind 

turbine in the case of fault in the grid     

2. Modified VC technique:   

A modified Voltage Control (VC) is connected with the DFIG based converter when the 

grid is under fault for better improved performance.  

3. Advanced Control Technique:   

ACT is implemented into two brief methods for the enhanced performance of the turbine 

they are fuzzy logic control technique and sliding mode control technique.  

4. Dual Sequence decomposition control techniques:  

This software based technique is used to mitigate the oscillations and better the DFIG 

based WECS LVRT capability while the grid is unbalanced [11].  

Figure 12 Types of Hardware Solutions [11] 
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Chapter: 5 Matlab Simulation and Results  
  

MATLAB simulation has been done in three different cases they are :- 
 

1.) 5X2 MW PMSG WECS system without STATCOM:- 
 

The simulated model system consists of 5X2 MW PMSG WECS model consist of a 120 kV grid 
connected to it. The power is fed from the WECS system to the grid. Which consists of three 

different buses they are named as B575 at 575kV, B25 at 25kV, B120 at 120kV which are named 

after the indication of the voltage levels these buses are at. The wind turbine system is assumed to 

be at a wind speed of 15m/s. 

 

2.) 6X1.5 MW DFIG WECS system without STATCOM:- 
 

The simulated model system consists of 6X1.5 MW DFIG WECS model consist of a 120 kV grid 
connected to it. The power is fed from the WECS system to the grid. Which consists of three 

different buses they are named as B575 at 575kV, B25 at 25kV, B120 at 120kV which are named 

after the indication of the voltage levels these buses are at. The wind turbine system is assumed to 

be at a wind speed of 15m/s. 

 

3.) 6X1.5 MW DFIG WECS system with STATCOM:- 
 

The simulated model system consists of 6X1.5 MW DFIG WECS connected with STATCOM model 

consist of a 120 kV grid connected to it. The power is fed from the WECS system to the grid. Which 

consists of a bus which is named as B25 at 25kV which is named after the indication of the voltage 

levels these buses are at. The wind turbine system is assumed to be at a wind speed of 15m/s. 
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5.1 Simulation of a grid connected 10MW PMSG WECS.   

  

Figure 13 Simulation model of a grid connected 10MW PMSG WECS 
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The above show figure is the output of the fault that occurs 20th to 40th of a minute. And as it is 

visible in the output that the wind turbine gets disconnected from the grid immediately and there 

is a shut down in the grid immediately the voltage supply, current, active power and the reactive 

power becomes zero before the fault is solved and the process is further resumed. There is an 

abnormal flow of current which also shows the occurrence of fault in the grid. 

Figure 14 Output of a grid connected 10MW PMSG WECS 
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5.2 Simulation of a grid connected 9MW DFIG WECS.  

  

  

  

  

Figure 15 Simulation of a grid connected 9 MW DFIG WECS 
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The above figure shows similar response as the DFIG wind energy system and the output of the fault 

that occurs at the 10th of a minute and as it is visible in the output that the wind turbine gets 

disconnected from the grid immediately and there is a shut down in the grid immediately the 

voltage supply, current, active power and the reactive power becomes zero before the fault is 

solved and the process is further resumed. There is an abnormal flow of current which also shows 

the occurrence of fault in the grid. 

Figure 16 Output of a grid connected 9MW DFIG WECS 
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5.3 Simulation of a grid connected 10MW PMSG WECS with STATCOM.  
  

  

  

  

Figure 17 Simulation of a grid connected 9MW PMSG WECS with STATCOM 
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The above show figure is the output of the fault that occurs 30th to 70th of a minute. And as it is 

visible in the output that the effect of STATCOM connected to wind turbine system shows its effect 

and the wind turbine gets disconnected from the grid not immediately but there is a slow decrease 

in voltage going to zero and there is a shut down in the grid gradually with the voltage supply, 

current, active power and the reactive power becomes zero before the fault is solved and the 

process is further resumed. There is an abnormal flow of current which also shows the occurrence 

of fault in the grid but that is gradual as well. 

 

Figure 18 Simulation of a grid connected 10MW PMSG WECS with STATCOM 
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Chapter: 6   
  
Conclusion and Discussion  
  

This thesis was done to analyze the effects of fault ride through disturbances in wind energy on 

two different wind turbines that is PMSG and DFIG in the presence and absence of STATCOM. 

After the simulating few scenarios on SIMULINK of MATLAB, I have made the following 

observations:-  

• In the cases where the fault occurs in the grid and there is a absence of STATCOM there 

is a immediate sag in the voltage and the wind turbine systems gets detached or turns off 

from the grid immediately.  

  

• While in the cases where fault occurs in the and grid and there is a presence of STATCOM 

there is a gradual dip in the the voltage and after some time it falls to zero immediately 

as the fault time increases while the wind turbine too gradually turns off or gets detached 

from the grid immediately.  

  

• After making the above observations there is an agreement with the observed results with 

the earlier works done by different people in their thesis which is mentioned in the thesis. 
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