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Abstract

Control System for Reactive Power of an Offshore
Wind Farm

Arne Berglund

Until just a few years ago wind farms where excluded from many of the requirements
that can be found in grid codes. But as the numbers of wind farms have grown as well
as the sizes of them, the requirements to connect them to the grid have become
more stringent. In this thesis it has been investigated if it’s possible to design a control
system that controls the reactive power from an offshore wind farm, so that the grid
code requirements regarding reactive power are fulfilled. By controlling the reactive
power the dynamic variations in the voltage are decreased. The regulator should also
be able to help the wind farm to handle the fault conditions that are described in the
grid code.

An offshore wind farm outside the coast of Western Europe is now being planned.
Data from this wind farm has been used in this thesis. The wind farm has a total of 54
wind turbines with more than 300 MW all together. The reactive power is controlled
via the generators and also by disconnecting and connecting four shunt reactors.

A model of the wind farm has been built in Simpow, as well as design of the regulator.
Simpow is a simulation program developed by ABB that enables simulations of power
systems. Different scenarios have been simulated to see if it is possible to control the
wind farm in the desired way. The results show that the wind farm manages to handle
fault conditions as described in the grid, and it is also possible to control the reactive
power in a desirable way.
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Sammanfattning 
 
För att klara de krav på energisystemet som klimatförändringarna ställer på oss, måste 
mer förnyelsebar energi börja användas. Mer vindkraft är bara ett sätt att möta dessa krav. 
I slutet av 2007 hade Europa mer än 56 GW installerad vindkraft, varav största delen var 
landbaserad. På grund av att nästan alla bra områden för vindkraft på land har byggts ut 
är det den havsbaserade vindkraften som förväntas öka mest. För tillfället har 2056 MW 
blivit installerad ute till havs. Under 2010 förväntas ytterligare 1 GW att installeras, och 
det finns för tillfället ytterligare 16 GW som har fått klartecken att byggas. I slutet av 
2020 förväntar the European Wind Energy Agency, EWEA, att Europa kommer ha 
mellan 40 och 55 GW havsbaserad vindkraft installerad, som kommer att producera 
mellan 145 till 198 TWh årligen.   
 
I och med att antalet och storleken på vindkraftsparker ökar, kommer påverkan på elnätet 
från vindkraft att öka. Innan man får koppla upp sig mot elnätet med en produktionsenhet 
måste man uppfylla nätanslutningskraven för just den nätägaren. Även om det finns vissa 
skillnader i nätanslutningskraven mellan olika nätägare, diskuterar alla vikten av att varje 
enhet måste bidra till stabiliteten i elnätet. Fram till för några år sedan var 
vindkraftsparker undantagna från många av punkterna i nätanslutningskraven. Men i och 
med att deras påverkan nu blir större ställs allt hårdare krav för nätanslutning. För större 
parker är det inte ovanligt att man måste kunna reglera den reaktiva effekten. Genom att 
reglera den reaktiva effekten är det möjligt att minska de dynamiska variationerna i 
spänningen.  
 
För tillfället planeras en havsbaserad vindkraftspark, någonstans utanför västra Europa, 
som kommer ha en installerad effekt på drygt 300 MW. Parken kommer i grova drag  att 
bestå av totalt 54 stycken generatorer, en substation där spänningen höjs samt fyra 
shuntreaktorer. Effekten kommer att föras in till land via 2 stycken högspännings AC-
kablar. Ett av målen med det här examensarbetet har varit att undersöka om det är möjligt 
att styra den reaktiva effekten, via ett överordnat kontrollsystem, så att 
nätanslutningskraven uppfylls. Då detta inte har studerats tidigare har det varit oklart om 
styrning av reaktiv effekt från generatorerna är nog snabb. Parken skulle kunna designas 
på ett annat sätt, till exempel med en Static Var Compensator, SVC. Med en SVC skulle 
inte den reaktiva effekten behöva styras från generatorerna. Detta är dock en dyrare 
lösning, varav det skulle vara fördelaktigt om den nuvarande konstruktionen skulle 
fungera. Det andra målet med det här examensarbetet har varit att undersöka om 
vindkraftsparken klarar av att vara ansluten till elnätet under de felfall som finns 
beskrivna i nätanslutningskraven. Det ena felfallet är en kortslutning i den nod som 
vindkraftsparken är ansluten till elnätet. Det andra felfallet är en kraftig spänningsdipp i 
den noden. Under båda av dessa felfall kommer generatorerna att accelerera på grund av 
att den mekaniska effekten överstiger den elektriska effekten. Om generatorerna har 
accelererat för mycket när väl spänningen återvänder kan inte nätet föra tillbaka det till 
ett stabilt tillstånd. I detta fall måste de kopplas bort.  
 
En datamodell över vindkraftsparken har implementerats i Simpow. Simpow är ett 
simuleringsprogram för kraftsystem som ABB har utvecklat. Det överordnade 
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kontrollsystem har också designats i Simpow. För att hålla komplexiteten på modellen på 
en hanterbar nivå har 3 stycken generator simulerats istället för de 54 som vindparken 
kommer att bestå av. Den totala effekten är dock oförändrad. Olika scenarier har 
simulerats för att undersöka om det är möjligt att designa kontrollsystemet på ett önskvärt 
sätt.  
 
Resultaten från simuleringarna visar att vindparken med dess nuvarande utformning 
klarar av felfallen. Det är även möjligt att styra den reaktiva effekten på ett önskvärt sätt. 
Det finns dock lite frågetecken kring resultaten. Den datamodell av generatorerna som 
används i Simpow skiljer sig på två punkter från de verkliga. Den reaktiva effekten från 
generatorn som kommer att användas i parken är beroende på den aktiva effekten. Ju mer 
aktiva effekt som produceras ju mer reaktiv effekt kan antingen produceras eller 
konsumeras. Detta samband finns inte för datamodellen. Vilken effekt det här har på 
resultatet har inte undersökts men det borde ha viss effekt. Den reaktiva effekten 
påverkas också till viss del av spänningen för de verkliga generatorerna. Högre 
spänningen resulterar i lägre förmåga att producera reaktiv effekt. Detta samband saknas 
också för datamodellen. Viken effekt det här har, har heller inte studerats.  
 
 



 

iv  

Abbreviations and clarifications 
 
PCC – Point of Common Connection 
DFIG –Doubly Fed Induction Generator 
AC - Alternating Current 
DC - Direct Current 
IGBT - Insulated Gate Bipolar Transistor  
SVC- Static Var Compensator 
 
In this report, signals in the control system will be written with italic letters. 
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Description of parameters in the block diagrams 
 

• UPPC – voltage at the PCC node. 
• QPCC – reactive power at the PCC node 
• QREF – reactive power reference derived from UPCC 
• Q2C – difference between the QPCC and QREF.  
• UC – Q2C expressed as a voltage equivalent, counted backwards from the slope.  
• UH – voltage equivalent that either equals UC or held constant depending on 

what mode the regulator is set to operate in.  
• Q2H – UH counted back to reactive power.  
• QP3 – output from the proportional part of the regulator. 
• QI3 – output from the integrating part of the regulator.  
• Q3 – the sum of QI3 and QP3 
• REGQ – output signal from the regulator 
• ON – determines if the integrator should be turned off or on 
• ONI – is used to determine if all the frequency converters are connected.  
• AV – is used to make the regulator into a P-regulator.  
• A – is used to send maximum output signal from the regulator in case only some 

frequency converters are reconnected after a disturbance in the voltage.  
• UG – is the voltage at the generators.  
• OFFR – equals 1 during big disturbances, 0 during steady state. Disables the 

reactors to be either connected or disconnected.  
• MVAR – the sum of the reactive power from the generators. 
• QR – is used to determine if the reactors are connected or not. In case they’re 

disconnected QR equals 0.  
• U2 – UPCC delayed with a fraction of a second. 
• deltaU – the absolute difference between U2 and UPCC.  
• Q2 – QPCC delayed with a fraction of a second.  
• deltaQ – the absolute difference between Q2 and QPCC 
• C – is used to disconnect the reactors if the frequency converters hasn’t been 

connected again after a big disturbance and the system has stabilized.  
• TC – used together with C to disconnect the reactors. TC is used so that all the 

reactors aren’t disconnected at the same time.  
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1.  Introduction 

1.1. Background 

During the next decades more and more renewable energy has to replace the fossil based 
energy in order to meet the challenges that are now facing us with regard to the climate 
change. An increase in wind power is just one way to meet these challenges. In the end of 
2007 Europe had more than 56 GW of installed wind power, most of this onshore with 
only around 1 GW offshore. As almost all the good locations for wind farms have been 
developed onshore, the offshore market is the one that’s going to grow the most. Today a 
total of 2056 MW has been installed offshore. During 2010 another 1 GW is expected to 
be installed and there are also 52 wind farms with a total power of 16 GW that have been 
fully consented. By the end of 2020 the European Wind Energy Agency, EWEA, expects 
somewhere between 40 to 55 GW of offshore wind power to be connected to the 
European grid, producing between 145 to 198 TWh per year [5]. 
 
As the number of wind farms as well as the sizes of them has increased, their effect on 
the electrical grid has of course also become larger. In order to connect a production unit 
to the grid, they have to fulfil the grid code for that net owner. Even though several 
differences can be found for different grid codes, all discuss the importance of grid 
support from all generating devices. Wind farms have often been excluded from many of 
these requirements in the grid code, but as the sizes of them grow they can’t expect to 
enjoy this favourable treatment for much longer [6]. 

1.2. System Overview  

A wind farm is being planed right now outside the coast of Western Europe. The wind 
farm as it looks like right will have an installed power of more than 300 MW and will 
consist of: 

• 30 x 5.25 MW and 24 x 6.15 MW wind generators. 

• One substation where the voltage is being transformed into higher voltage. 

• Two 150 kV AC sea cables 

• Two 150/33 kV transformers out on the substation.  

• Four shunt reactors, which will be installed on the 33 kV side of the system at the 
substation.  

• Ten 33 kV array cables that leads from the wind turbines to the substation. 
  

1.3. Purpose 

The purpose of this thesis is to design a regulator that controls the reactive power from an 
offshore wind farm that is now being planned. By controlling the reactive power the 
dynamic variations in the voltage will become less. The reactive power will be controlled 
via the generators and also via four shunt reactors by connecting and disconnecting them. 
Simulations will be made to see if it’s possible to fulfill the grid code requirement on 
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reactive power, as the wind farm looks like right now. The wind farm could be designed 
in a different way, by using i.e. a Static Var Compensator, SVC. With an SVC there will 
be no need to control the reactive power from the generators. The drawback is that it’s a 
more expensive design. It is therefore desirable to fulfill the grid code with just the 
generator and the shunt reactors.  
 
The generators that will be used are double fed induction generators, DFIG. During major 
disturbances the power electronics that enables the control of reactive power are 
disconnected in case the voltage at the generators has dropped below a certain level. This 
means that the regulator can’t regulate the reactive power until the voltage has recovered. 
Simulations will be made to see if the wind farm can stay connected to the grid during a 
short circuit at the PCC node, and also see what effect it has on the farm. 

1.4. Method 

The first step in this thesis was to understand the problem and from that define the main 
objectives. Based on this information a literature study of relevant subjects where 
conducted, among others induction generators, automatic control engineering.  
 
The program Simpow was used to design the regulator and to verify the model. Simpow 
is a program originally developed by ABB that enables simulations of power systems. 
Due to the complexity of the wind farm as well as the desired regulator, it was necessary 
to break down the regulator in different functions and also simplifying the model for the 
wind farm. There are 54 generators in the wind farm. By making few but large equivalent 
generators the complexity of the model could be kept at a reasonable level. The model 
was implemented in Simpow step by step.  All necessary data for the different parts in the 
wind farm, such as the reactance in a cable, where available from earlier studies where 
other aspects of the wind farm had been investigated.  
 
Different simulation scenarios where made to see if the regulator could be designed in a 
way that allowed the wind farm to fulfill the part of the grid code that regulates reactive 
power. Simulations were also made to see if the wind farm could handle a fault ride 
through.  
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2. Theory 

2.1. Doubly Fed Induction Generators 

In this thesis doubly fed induction generators, DFIG, are used in the wind power stations. 
By using a DFIG it’s possible to control the electrical power which is not possible in a 
normal induction generator. In a normal induction generator the rotor consist of a number 
of metallic bars that are axial aligned. The bars are short circuit at the ends, and when the 
rotor rotates with slightly faster speed than the synchronous speed the generator will 
produce electric power. In case the voltage and the frequency are constant the only way 
to control the electrical power is by the mechanical torque.  
 

In a DFIG a wound rotor can be found. The terminals of the rotor windings are connected 
to a frequency converter via slip rings and brushes. The frequency converter is connected 
to the rotor and also to the grid. Below is an equivalent circuit for an induction machine. 
The frequency converter controls the electrical power from the generator by affecting the 
voltage source, see Figure 2-1 below. In the real system the frequency converter changes 
the magnetization of the rotor, hence affecting the electrical power  [1], [8].   

 
Figure 2-1: Equivalent circuit for an induction generator. RS and RR are the resistance in the 

rotor and the stator. XM is the leakage inductance, XS and XR are the reactance in the rotor and 

the stator. VR is a voltage source for the rotor, s is the slip of the generator. [1] 

  

2.2. Governor Design  

With automatic control engineering it’s possible to make a system behave the way you 
want it. The system can be affected in different ways all depending on what system it is. 
By knowing what affect the system and in what way it’s possible to build a control 
system, and automatic control engineering gives models and tools on how to do that.  
The simplest case of control system is a P-regulator. The regulator sends a signal to the 
system; in this study it sends a signal to the frequency converters. The signal is calculated 
by taking an output signal from the system and comparing it with a reference value. If 
there’s a difference between the two, it’s multiplied with a parameter Kp. In case there’s 
a disturbance on the system, a P-regulator can not in principle fully eliminate the 
resulting error [2].  
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A way to solve this is by adding an integrating part. This part of the regulator integrates 
the fault, and the product is multiplied with a parameter Ki. If the signal stabilizes, it’s 
obvious that the fault must have been eliminated. This part must however be turned off in 
the case the system reaches a physical limit that disables it to reach its new state. By 
turning it off the so called wind-up effect is avoided. The wind-up effect means that the 
integrating part keeps on getting larger and larger. So when the disturbance decreases and 
it corresponds to a new level that is within the physical limit of the system, the input 
signal to the system will for period of time still correspond to a level that is outside the 
physical limit [2].  
 

 
Figure 2-1: General PI-regulator, Uref =reference signal, U = output signal, Kp = proportionel 

constant, Ki = Intergrating constant 

 
The larger Ki and Kp are chosen the faster the system will respond and the fault will be 
eliminated quicker. If Kp and Ki are chosen too big will however lead to instability and 
the output signal from the regulator will start to oscillate with increasing amplitude. The 
reason behind it can be understood quite intuitively. There are almost always some time 
delays between the measured parameter and the input signal to the system. This means 
that the output signal from the regulator is based on old information. By choosing large 
values on Kp and Ki one trust too much on old information and the effect is that the 
regulator over compensates the fault, making the system unstable [2].  

2.3. Reactive Power 

Reactive power is part of the apparent power, where the active power is the other part. 
Reactive power is sometimes referred to as the useless power as it does no real work. 
You get reactive power when the current either leads or lags the voltage. In case the 
current leads the voltage reactive power is produced and the opposite when it lags.  
 
It’s important to keep the reactive power in a transmission line at a low level as it limits 
the amount of active power that can be transferred. Despite this it’s important to have a 
small amount of reactive power in the grid as it helps to keep the voltage high.  
 
A transmission line doesn’t just have a resistive component but also inductive as well as 
capacitive components. It is the inductive and capacitive components that cause the 
reactive power. An inductive component will cause the current to lag the voltage hence 
consuming reactive power, the opposite for capacitive components. For transmission 
lines on land where the different phase conductors are physically far from each other the 
inductive part dominates. As the distance between the phase conductors decreases the 
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capacitive part grows and for AC cables the capacitive side dominates making them 
produce a lot of reactive power [4].   

2.4. Frequency Converter 

In the generator model used in simpow there’s a frequency converter for the rotor circuit. 
The picture below shows the circuit for the frequency converter with the DC link. The 
capacitance is to keep the voltage at a constant level. Both sides of the DC link can work 
either as a rectifier or inverter [1].  
 

 
Figure 2-2: The DFIG with the frequency converter with the DC-link. 

 
The AC is created from DC by switching the insulated gate bipolar transistor switches, 
IGBT’s, on and off in specific time intervals in a specific combination. If the IGBT’s are 
switched on one sixth of a cycle apart and if they’re allowed to be kept on for one third of 
a cycle it’s possible to create a voltage profile that resembles a sinusoidal signal. Below 
the voltage profile can be seen. It differs quite a lot from the sinusoidal signal.  The 
difference is caused by the nature of the IGBT’s. The difference can be explained by the 
present of harmonic frequencies. By adding filters some of the harmonics can be reduced 
[3].  
 

 
Figure 2-3: Voltage output from a six-pulse voltage inverter [3]. 
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3. Grid Code 
For large off-shore wind farms as well for other power production plants there are a 
number of requirements that has to be fulfilled before connecting them to the electrical 
grid. Below are the most important parts of the grid code for the net owner that the wind 
farm will be connected to.  
 

1. The production has to be able to operate synchronous with the grid without 
limitations within the shaded area in the diagram below. It also has to be able to 
operate within the outer area line for a period of time. This is decided between the 
grid company and the producer. Delta U is the voltage deviation (in %) regarded 
to the nominal voltage. For the connection point the nominal voltage is 155 kV  
 

 
              Figure 3-1: deltaU and frequency. 

2. The wind farm has to be able to stay connected for voltage steps at the PCC as 
those in the diagrams below. The first is an example of a short-circuit at the PCC 
node. The second is an example where a short-circuit has occurred at a line or a 
node not directly connected to the PCC node. The voltage drop in this case is not 
as severe as in the first case hence the longer period of time that the wind farm 
has to be able to handle without disconnecting from the grid.  
 

 
               Figure 3-2:  Voltage/tension profile for a short-circuit at the PCC node to the left. To 

               the right short-circuit close to the PCC node. 

3. In case of a voltage step by a few percent at the PCC the reactive power is 
changed according to the equation below 
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=                                      ( 1) 

 

     where is a constant. PNom is the total installed power, Unorm,exp is the nominal 
     voltage at the PCC node, Qnet is the change in reactive power, Unet is the change 
     in voltage. This equation will sometimes be referred to as the slope.  

4. Every production unit larger than 25 MW is considered controllable regarding 
reactive power. In the case no wind turbine is in operation the wind farm has to be 
able to operate between -0.0329 PNom reactive power and 0.0329 PNom reactive 
power. Where PNom is the total installed power. When all the turbines are in 
operation the corresponding numbers are -0.1 PNom and 0.45 PNom. PNom is the sum 
of the rated power from all the generation units connected to the same PCC. 

5. The wind farm has to be able to reduce its active power output to a maximum 
level agreed between system operator and wind farm operator, at a minimum rate 
of 10 % of its rated power per minute, and without disconnecting from the grid. In 
case of emergency further demands may be necessary.  

6. If the frequency at the generation units exceeds 52.5 Hz or drops below 47.5 Hz 
the wind farm has to be disconnected from the grid within 200 ms.  

7. If the voltage drops below 80 % of normal operational voltage at the PCC for 
more than 3 seconds, the wind farm has to be disconnected within 5 seconds of a 
steady voltage drop below 80 %.  

 
In this thesis focus has been to study if the wind farm together with the control system 
can fulfill number 2 and 3.  
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4. SIMPOW 
In this study focus has been on dynamic response of a wind farm and the program that 
has been used is SIMPOW. A program initially developed at ABB to be able to simulate 
power systems [7].  

4.1. OPTPOW 

For this study the wind farm have had to be modeled in two steps. The first step is to 
calculate the power flow in the system during static conditions. This is done in a part of 
Simpow called Optpow. In this step all the main components are described, such as lines, 
generators, transformers etc. All parameters to describe the different components are 
being given in p.u. This means that it’s easy to change for example the rated power of a 
generator. In Simpow there are number of different data groups that describes different 
components in a power system. Lines are one data group just as transformers are another. 
This means that one only have to know certain parameters for, for example a generator in 
order to simulate one. The model is being built by typing codes instead of using a 
graphical interface.  
 
In Simpow a positive sign for the power means that it’s flowing towards the 
corresponding node. For a machine a positive power means that it acts like a generator.  

4.2. DYNPOW 

The next step is to make a dynamic simulation over time. This is done in the Dynpow 
part of Simpow. Here additional parameters can be given to components in the power 
system that hasn’t been necessary to give in the static simulation. An example of this is 
what reactance a line has relative ground. In optpow short circuits can’t be simulated and 
therefore it’s not necessary to determine the reactance a line has towards the ground. It’s 
also possible to add other data groups that weren’t necessary in Optpow.  
 
In Dynpow different scenarios can be simulated, short circuit of different kinds at a node 
or just voltage variations at a node is just a few examples of things that can be simulated.  
 
For both the Optpow as well as the Dynpow part, the input is the voltage at one node and 
also the load and production in different nodes. From this the power flow in the system is 
calculated. 

4.3. DSL 

DSL stands for Dynamic Simulation Language and is used if there is a need to use 
nonstandard components. The goal for this study was to design a regulator that could 
control the reactive power from a whole wind farm. This is an example of a nonstandard 
component. By writing dsl files it was possible to design the desired regulator. In this 
thesis more than 10 different DSL files were written for the control system.  
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4.4. DFIG 

In the wind farm that has been studied, DFIG’s are going to be used. In Simpow a model 
of the generator together with the turbine and all regulators already exist.  

 
Figure 4-1: Model of the DIFG used in Simpow. 

 
In figure 4-1, the different parts of the DFIG can be seen. The turbine and the generator 
are connect with each other via a shaft. In a doubly-fed induction machine an AC-DC-AC 
link is used to control the electrical power from the generator. By doing this the electrical 
power can be controlled which can’t be done for simpler induction machines. In the 
above system this AC-DC-AC link is not shown. It is the AC-voltage control that by 
giving the generator a Qord that both the reactive power as well as the voltage at the 
connecting node is controlled. See signal between AC-voltage control and Asynchronous 
machine in Figure 4-1. The voltage depends partially on the reactive power from the 
generator. The speed controller measures the wind and also calculates what the wind 
should be by looking at the active power. The output signals goes into both the generator 
and the pitch control that controls the blades of the turbine [7]. This is for the model in 
Simpow. The regulator that is going to be used for the wind farm replaces the signal 
Qord.  
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5. System description 

5.1. The Wind Farm 

The wind farm that has been studied is one that is now being planned outside the coast of 
Western Europe. The farm is being built in three steps and will in the end have a total 
rated power of 305.1 MW. When the whole wind farm is built it will consist of: 

• 30 x 5.25 MW and 24 x 6.15 MW wind generators. 

• One substation where the voltage is being transformed into higher voltage. 

• Two 150 kV AC sea cables 

• Two 150/33 kV transformers out on the substation.  

• Four shunt reactors, which will be installed on the 33 kV side of the system at the 
substation.  

• Ten 33 kV array cables that leads from the wind turbines to the substation. 

 

 
Figure 5-1: Electrical scheme of the wind farm. The PCC node is at the bottom where the wind 

farm is connected to the grid.. 

 

The wind farm is divided into two sub areas, named A and B. Sub area A will have all the 
6.15 MW wind turbines connected via five array cables. The total installed power in A 
amounts to 147.6 MW. Sub area B will have 30 x 5.25 wind turbines and the power will 
be collected via five array cables. The total power installed in B amounts to 157.5 MW. 
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The shunt reactors are used to compensate for the highly reactive sea cables, and the 
transformers on load tap changers at the substation are used to increase the voltage and 
thereby counteract the voltage drop in the cables.  

5.2. Control System 

The control system has the following requirement to meet. 
• Fulfill equation 1 in the grid code. The equation gives the relationship between 

voltage and reactive power. In this thesis full reactive power is wanted when the 
voltage deviates 4 % from the nominal level. Full reactive power for the farm is 
considered to be one third of the installed active power [8].  

• During steady state the regulator has 5 seconds to fulfill the requirement above if 
the reference value for the reactive power for some reason changes slightly [8].  

• Handle fault ride through.  
• If possible decrease the oscillations in the voltage after a short circuit at the PCC 

node [8], [6].  
• Be able to run in two different modes during steady state. The first mode is where 

the output signal is allowed to change continuously. In the second mode the 
output signal is kept constant until the reactive power deviates too much from the 
reference value [8].  

 
The control system is situated at the PCC node and measures the voltage and the reactive 
power at the PCC node. Based on the voltage and the reactive power it sends a signal to 
the frequency converters in the generators. The time it takes the signal to go from the 
control system to the generator is around 0.1 seconds [8]. This time delay will have a 
destabilizing affect on the system as described previous in the report. Depending on the 
reactive power from the generators the control system will either disconnect or connect a 
shunt reactor.  
 

 
Figure 5-2: Schematic view of the wind farm and the control system. The two DFIG's represents 

the two sub areas A and B. The dashed lines represent the different signals. 
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6. Simulation scenarios  
The following scenarios will be simulated to verify that the regulator for the whole 
system fulfill the requirements the grid code has in reactive power and fault conditions.  

• A short-circuit at the PCC that last for 200 ms, see chapter 3. One of the crucial 
things that can occur is that the rotor in the generator accelerate too much. In this 
case the slip of the generator may have exceeded its maximum value when the 
voltage recovers and can no longer be brought back to a stable value by the grid. 
If this happens the wind farm will have to be disconnected from the grid until the 
generators have reached a stable operating position.  
 

 
            Figure 6-1: Short-circuit at the PCC node. 

 

• Voltage step as the one described in the grid code, see chapter 3. The generator 
has to be able to stay connected.  
 

 
             Figure 6-2: Short-circuit at a line close to the PCC node that causes a voltage dip as 

             described in the grid code. 

 

• Short circuit where the dynamic of the system together with the grid is studied. In 
case of a short circuit the voltage will start to oscillate. It’s crucial that the 
regulator isn’t increasing the oscillations. If possible it’s desirable that it dampens 
the oscillations.  

• Small voltage dips at the PCC node. Within 5 seconds the reactive power should 
equal the new reference value.  
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7. Modeling  

7.1. The Wind Farm 

Due to the complexity of the whole system, it has been necessary to build the model step 
by step. By doing so it’s easier to early on find possible mistakes that have been made. 
It’s also a good way of learning Simpow.  
 
The first step was to create one branch of the wind farm, but with only one array of wind 
turbines. This array of turbines was made into one equivalent turbine. All the necessary 
data, such as reactance, for the components in the wind farm were available from earlier 
studies. By making equivalent turbines, the complexity of the model is kept at a 
manageable level. It’s also easier to make changes when designing the regulator. At the 
same time it’s possible to study some of the dynamic of the rest of the wind farm. An 
example is to see how a transformer behaves during a voltage step. During this first step a 
normal induction generator where used. In the end the wind farm consisted of three wind 
turbines, two big and one with a rated power of 6.15 MW. A three winding transformer 
was used instead of the two transformers that where specified in the system description. 
The behavior of the farm doesn’t change with that. The three wind turbines where 
divided into the two sub areas. See appendix 2 for a picture of the final model of the wind 
farm.   
 
The next step was to study the DFIG model and to determine the properties of the model. 
The model consists of a number of components all with its own dsl code. How that code 
looks like wasn’t possible to get access to. The things that were studied were if it was 
possible to control the reactive power. How the generator behaved during voltages both 
below and above nominal voltage with regard to reactive power as well as relationships 
between active and reactive power was also studied. By replacing the models AC-voltage 
control that sends a Qord to the generator, was it possible to control the reactive power.  
 
As long as the frequency converter is connected the generator can produce or consume 
full reactive power regardless of the scenario. From other studies it has been noticed that 
generators has had problems to produce reactive power if the voltage has been above the 
nominal value. The model also differ from the generator that is used in the actual wind 
farm, in the sense that there’s no limitations in reactive power regardless of how much 
active power that is produced. The two diagrams below shows the relationship between 
reactive power and active power. The one to the left is of the actual generator, and the 
one to the right is of the DFIG model that Simpow uses. This means that the simulations 
are closest to reality when the voltage is close to nominal voltage and the generator 
produces nominal active power. When the DFIG had been studied it could replace the 
normal induction generator. The DFIG was also made to represent the turbines sub area 
A. 
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Figure 7-1: P and Q diagram for a generator. The one to the left is for the real generator that is 

going to be used in the wind farm. The one to the right is of the DFIG that Simpow uses. 

 

7.2. Dynamic of the Grid 

In simpow the voltage for one node has to be given, see chapter 4.2. This node can be set 
as an infinite bus or with a source impedance. With an infinite bus means that the voltage 
and phase angel is constant. The voltage can also be allowed to vary according to an 
arbitrary function of time [7]. By choosing a node where the voltage changes with an 
arbitrary function of time, it’s possible to simulate the voltage profile that can be found in 
the chapter for the grid codes. It’s however not possible to simulate the variations the 
voltage has after a short-circuit this way. By adding a large synchronous generator to the 
PCC node, that has a nominal power that equals the short-circuit power of the grid, the 
voltage variations of the grid could be simulated. An extra node where the voltage is 
given had to be added together with a line that connects it with the PCC node.  

7.3. Control System for the Generators 

The regulator that controls the reactive power from the generators had to be built step by 
step. First a very simple P-regulator was implemented followed by a PI-regulator. The 
next thing was to implement functions that could handle fault ride through and also 
functions that enabled the regulator to operate in the two different modes, as described in 
system description, during steady state. In figure 7-2 is a block diagram of the final 
regulator.  
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Figure 7-2: Block diagram of the final regulator for the generators. 

 

A more detailed description of the system will follow. The basic functions of the control 
system are to measure the reactive power and the voltage at the PCC node, UPCC and 
QPCC represent the value of those in the control system. The transfer functions G1 and 
G3 calculates the corresponding reactive power from the voltage signals UPCC and UH. 
The transfer function G2 calculates the corresponding voltage from the reactive power 
signal Q2C. The first logic box determines which mode that should be used, see chapter 
5.2 for the different modes. It’s the value of deltaU that determines if it’s steady state or a 
major disturbance. During fault conditions the signal UH is kept constant until the 
variations in the filtered signal UF is below a certain level. When the variations are below 
that level UH is given the value of UF at that moment and than kept constant again until 
the variations are even lower. The second logic box turns off the integrating part when 
the output from the control system reaches either of its limits. It’s also turned off while 
UH is kept constant.   
 

7.3.1. The Transfer Functions G1, G2 and G3 

In this thesis the wind farm should go from 0 to full reactive power when the voltage 
deviates 4 % from the nominal value [8]. This means that equation 1 in the grid code can 
be drawn as the slope in figure 7-3. 
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Figure 7-3: The diagram shows the relationship between reactive power and voltage. 

 
The relationship between reactive power and voltage can be given by the equation 2. 
 

0.96U =Q k +1U k =
0.96U 1U

Q
= 0.04

U

Q
                                      (2) 

 
This means that the reactive power reference in the control system QREF for different 
voltages can be given by the following equation. 
 
QREF = 25(1 UPCC)                        (3) 

 

It is this equation that the transfer function in the figure below uses. The transfer function 
G2 makes a voltage equivalent UC from Q2C by replacing QREF with Q2C and breaking 
out the corresponding voltage. Q2C is the difference between the reference for reactive 
power QREF and the measured QPCC. The difference in reactive power is often 
expressed a voltage deviation [8]. 
 

UC =1
Q2C

25
                    (4) 

 
The transfer function G3 uses the same equation as G1 but with UH instead of UPCC.  
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Figure 7-4: The transfer functions G1 and G3 make a reactive power signal from the UPCC and 

UH. Transfer function G2 makes a voltage equivalent from Q2C. 

 
UC is used to determine if equation 1 in the grid code is fulfilled. The deviation in 
reactive power is often expressed as a voltage equivalent. When the regulator is set to 
operate in the second mode, during steady state, UH is kept constant until the difference 
between UC and UH is more than 0.25 % of the nominal voltage. If a shunt reactor is 
disconnected or connected or there’s a small voltage dip at the PCC node, the regulator 
has 5 seconds to reach the slope. The slope is considered to be fulfilled when the 
difference between UC and UPCC is less than 0.25 % of the nominal voltage [8].  
 

7.3.2. The Different Modes 

 

 
Figure 7-5: Part of the regulator that handles fault ride through and which mode the regulator 

should operate in. UC is a voltage equivalent based on the difference between QREF and QPCC. 

UF is a UC filtered; deltaU measures the variations in UPCC. UH is the output from the part of 

the control system. UH is either kept constant or equals the value of UC during steady state or 

during fault conditions UF. 

 

Figure 7-5 shows the part of the block diagram that handles fault ride through and also in 
which mode the regulator should operate in. There are three different logics that are used 
in the logic box. Only one can be used at the same time. Two of them are used for steady 
state, where the first corresponds to the first mode where UH equals UC the whole time. 
The other logic is used for the second mode. In this case UH is kept constant until the 
difference between UH and UC is more than 0.25 % of the nominal voltage at the PCC 
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node. When the deviation is more than that UH equals UC until the reactive power equals 
the reference value once more.  
 
In case of a fault condition in the voltage, the function that handles these events is turned 
on. It’s the value of deltaU that determines if there’s a big disturbance. e Ds delays UPCC 

a fraction of a second, and the difference between UD and UPCC gives the variations in 
the voltage, deltaU. A big disturbance means a short circuit at the PCC node or a fault on 
a line close to the PCC node. In these events the voltage drops very fast. At the same time 
as this function is turned on the function that are set to handle steady state is turned off. 
This function keeps UH constant until the variations within the last 1.5 seconds in the 
filtered signal UF is below a certain level that is set by the user. The variations in UF are 
calculated every half second. When the variations are below the determined value, UH is 
set to equal UF and then kept constant once more until the variations in UF is even less. 
UH may be changed three times before this function is turned off and the function that 
handles steady state is turned on. In this thesis the UH is changed when the variations are 
below 2 %, 1.5%, 1 % and when the variations are below 0.25 % the function is turned 
off.    
 
The idea of filtering UC is to get a better picture at what the new output signal should be. 
In case of a short circuit the voltage and the reactive power will start to oscillate making 
UC to oscillate. The filtered signal will hopefully follow the curve that UC is oscillating 
around. Below is a graph of UH, UC and the filtered signal UF. 
 

 
Figure 7-6: The filtered signal UF is chosen the first time when the variation in UF during the 

last 1.5 seconds is below 2 percent. The next time the variations are 1.5 % and system is 

considered to be back to steady state when the variations are below 0.25% 
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Figure 7-7: The integrating part is turned off when the output signal is kept constant, which is 

determined by the parameter ON. The regulator is made into a P-regulator during fault ride 

through. The parameter AV is used to let QI3 equals zero, and it’s also used to choose a different 

proportional constant.  
 

While UH is kept constant the integrating part is turned off. The parameter ON is used for 
this, when it equals -1 the integrating part is turned off. During the time the function that 
handles fault ride through is turned on, ON equals -1 the whole time. When UH has been 
changed the first time, QI3 is set to equal 0 making the regulator into a P-regulator. It’s 
also possible to choose a different Kp that gives a better performance in these events. The 
parameter AV is used for this.  
 
 

7.4. Regulator for the Reactors 

The reactors are used in the wind farm to compensate for the sea cable. They’re also used 
to increase the reactive power range for the wind farm. If the voltage is 0.96 p.u. full 
reactive power is wanted. In this case none of the reactors can be connected. But if the 
voltage is above the nominal voltage at the PCC node at least some of the reactors have 
to be connected. How many depends on what the active power is, as it affects the amount 
that the transformers consume. The more active power that is produced the more reactive 
power is consumed by the transformers. This means that there’s a need to control the 
breakers for the shunt reactors.   
 

 
Figure 7-8: Block diagram for the regulator for the reactors. 
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Figure 7-9: The output from the step function equals either 1 or 0 depending on the input signals. 

For it to equal 1, the criterion for all the input signals has to be fulfilled. 

 

 
Figure 7-10: The output from the time function equals 1, when the input signal has equaled 1 for 

at least t seconds. Other wise it the output equals 0. 

. 

In Figure 7-8 is a block diagram for the part of the regulator that controls the reactors. 
This part looks on the stability of the system. The parameters deltaU and deltaQ has to be 
below a certain value for the first step function to change from 0 to 1. deltaU and deltaQ 
measures the variations in the voltage and the reactive power at the PCC node.   
 
The upper step function equals 1 when all of the following criteria is fulfilled: 

• The first step function equals 1. 
• The sum of the reactive power from the generators equals one reactor. 
• The signal OFFR equals 0 

 
The lower step function equals 1 when all of the following criteria is fulfilled: 

• The first step function equals 1. 
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• The sum of the reactive power from the generators corresponds to maximum 
production or maximum consumption.  

• The signal OFFR equals 0 
 
When the output signal from the step functions equals 1 the time functions are turned on. 
The upper time function equals one after 5 seconds and the lower equals 1 after 0.5 
seconds.  
The last box keeps tracks on what reactors that are connected or disconnected. It also 
keeps track on whether the generators are producing or consuming reactive power. When 
one of the time functions equals 1 the last box determines if a shunt reactor should be 
disconnected or connected depending on the state of the breakers for the reactors and the 
sum of reactive power from the generators, MVAR. The parameters QR1, QR2, QR3 and 
QR4 give the reactive power for the reactors. When one is disconnected the 
corresponding signal for that reactor equals 0. The parameter OFFR tells if it has been a 
big disturbance. For OFFR equals one means that there has been a big disturbance and 
the system hasn’t yet stabilized. The reactors shouldn’t be disconnected or connected 
while the system is unstable as it can have a big affect on the voltage.  
 
The box can also disconnect the reactors based on the value of the parameters TC and C 

see figure. These parameters are used after a big disturbance. If the frequency converters 
have been disconnected and the voltage hasn’t risen high enough for them to be 
connected again TC and C are used to disconnect the reactors one by one. By 
disconnecting the reactors the voltage at the generators increases, hopefully enough for 
the frequency to be reconnected.      

7.5. Design of the Proportional and the Integrating Constants 

The choice of Kp and Ki is a compromise between accuracy, speed and stability. The 
larger both of them are, the faster the responds will be. It will also make the regulator to 
faster reach the new value. The drawback with choosing large values for Kp and Ki is 
that it can lead to an instable system, see chapter 2.2 for further information.  

7.5.1. Choice of Kp2 

There are two different proportional parameters, see chapter 7.3.2. The first one is used 
during steady state and the second one is used during big disturbances. The idea to 
change the signal after a big disturbance before the system really has stabilized is to help 
the voltage in the grid.  During fault conditions the control system is made into a P-
regulator instead of a PI-regulator. By having the same proportional constant it’s not safe 
that the response from the control system is satisfying during both steady state and fault 
conditions. Kp2  has been chosen so that Q2 would get smaller. In Simpow a short circuit 
at the PCC node was simulated and the synchronous generator was used to give the 
dynamic variations in the voltage in the grid. Different values for Kp2  was chosen, in the 
figures below the response of some can be seen. In figure 8-11 one can see the difference 
in reactive power increases when the control system sends a new signal to the generators. 
It’s the same in figure 8-12 where a larger value has been chosen. In figure 8-13 Kp 
equals 0.5 and one can see that the difference is first increased and then decreased.  From 
this Kp=0.5 was chosen.   
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Figure 7-11: Output signal from the regulator (red) and the difference in reactive power (black). 

Kp2=0.1 has been used in this graph. The output from the control system is changed when the 

variations in the filtered signal UF is below a certain level. 

 

 
Figure 7-12: Output signal from the regulator (red) and the difference in reactive power (black). 

Kp2=1 has been used in this graph. The output from the control system is changed when the 

variations in the filtered signal UF is below a certain level. The output is allowed to change 

continuously when the variations in UF is low enough.  
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Figure 7-13: Output signal from the regulator (red) and the difference in reactive power (black). 

Kp2=0.5 has been used in this graph. The output from the control system is changed when the 

variations in the filtered signal UF is below a certain level The output may be changed three 

times before the grid is considered to be back to steady state.  
 

7.5.2. Choice of Kp1 

During steady state the proportional constant Kp1 was chosen before the integrating 
constant Ki. The same simulations where made when choosing Kp1 as when choosing 
Kp2. Ki was given a low value so that it would have a small effect on the output signal. 
Different values for Kp1 were tried. In the figures 8-14 to 8-16 one can see that a large 
value corresponds to a less stable system compared to a low. Too low however doesn’t 
help to reduce the oscillations. Kp1 was chosen based on the reduction in the oscillations 
in the voltage once the system was considered to back to steady state after a major 
disturbance. Kp1 = 0.3 turned out to be a good choice.   
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Figure 7-14: Kp=0.1. The voltage at the PCC node (red), output signal from the regulator 

(black). The output signal is changed two times during fault conditions. When the system is 

considered to be back to steady state, one can see that Kp1=0.1 doesn’t help to reduce the 

oscillations in the voltage. 

 

 
Figure 7-15: Kp=0.45. The voltage at the PCC node (black), output signal from the regulator 

(red). The output signal is changed three times during fault conditions. When the system is back 

to steady state, the control with Kp1=0.45 increase the oscillations in the voltage.   
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Figure 7-16: Kp =0.3. The voltage at the PCC node (black), the output signal from the regulator 

(red). The output signal is changed three times during fault conditions. Kp1=0.3 helps to reduce 

the oscillations in the voltage, when the system is considered to back to steady state.  
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7.5.3. Choice of Ki 

For Ki the same simulation with the synchronous machines was made as well without it 
where an infinite bus was used and only a small voltage dip was made. It’s more 
important that the regulator fulfills the slope during steady conditions. But it’s also 
important that the regulator doesn’t increase the oscillations after a big disturbance. 
Because of this Ki=2 has been chosen. It gives a slightly faster response compared to 1.5, 
see figure 8-17 and 8-18, which actually decreases the oscillations after a big disturbance 
more, see figure 8-20 and 8-21. The figures 8-18 and 8-19 also show that Ki=2.5 doesn’t 
fulfill the slope faster. 
 

 
Figure 7-17: The responds in reactive power for a voltage dip of 1 %.  Ki=1.5 has been used in 

this graph. 
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Figure 7-18: The response in reactive power for a voltage dip of 1 %.  Ki=2.5 has been used in 

this graph. 
 

 
Figure 7-19: The response in reactive power for a voltage dip of 1 %.  Ki=2 has been used in this 

graph. 
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Figure 7-20: Output signal from the regulator (red), voltage at the PCC node (black). Ki=1.5 has 

been used in this graph. The output from the control system is changed two times during fault 

conditions before the system is considered to be back to steady state.  
 

 
Figure 7-21: Output signal from the regulator (red), voltage at the PCC node (black). Ki=2 has 

been used in this graph. The output from the control system is changed two times during fault 

conditions before the system is considered to be back to steady state. 
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8. Results 

8.1. Short-Circuit 

One of the scenarios is a short-circuit in the PCC node. In this scenario the voltage 
follows the one in figure 8-1. The wind farm doesn’t have any problems staying 
connected to the grid.  
 

 
Figure 8-1: Voltage profile during short-circuit at the PCC node. 

 
The short circuit has however a big effect on the wind farm. When the short-circuit 
occurs the voltage in the whole wind farm drops to zero. This causes the frequency 
converter to be disconnected and the crowbar is connected instead. When the voltage 
starts to recover but before the frequency converter is reconnected neither the reactive nor 
the active power can be controlled. The generator acts as a normal induction generator 
that consumes a lot of reactive power. Partially because of this the voltage out at the 
generators doesn’t recover as fast as it does at the PCC. In order for the frequency 
converts to be reconnected the voltage has to rise above 0.8 p.u. In the case the reactors 
where connected before the short circuit, they have to be disconnected in order for the 
voltage to rise high enough. When the frequency converters are connected once more it’s 
desirable to produce maximum reactive power from the generators due to the low voltage 
at the PCC.  
 
The short-circuit doesn’t just have an effect on the electrical part of the system. It also 
has a significant effect on the rotational speed of the wind turbines. When the voltage 
drops the active power from the generator drops as well which causes the generator to 
accelerate. Before the frequency converter is connected the only way to control the speed 
is by changing the blade angel. So when the voltage drops to zero the generator starts to 
accelerate and the blades has to be turned so that they slow down the generator. Figure 8-
2 shows how the rotational speed and the blade angel changes after a short-circuit.  
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Figure 8-2: Rotational speed (black), blade angel (red). The blade has to turn when the short-

circuit occurs in order to reduce the acceleration of the generator. 

 
From the moment the frequency converters are connected once more it’s possible to 
control both the active and reactive power. By controlling the active power it’s possible 
to control the speed of the turbine. The diagram below shows how the active power is 
lowered once the frequency converters are connected. It also shows how the speed varies 
with that. The amount of active power from the generator that is needed while the 
rotational speed varies may limit the amount of reactive power from the generator. This is 
because some of the active power is taken from the rotor via the frequency converter.  
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Figure 8-3: Rotational speed of the turbine (red), active power (black). The active power drops 

just in the beginning of the diagram. Maximum rotational speed, around 1.32 p.u. 

8.2. Severe Voltage Dip 

In case of a fault at a line close to the PCC node will cause a sever voltage dip at the PCC 
node. The voltage profile looks as the one in figure 8-4, see chapter 3.   
 

 
Figure 8-4: Voltage profile for a fault close to the PCC node that the wind has to be able to 

survive. 

 
The simulations show that the wind farm has no problems staying connected to the grid 
during this event. The fault will however cause the same kind of disturbances in the wind 
farm as the short circuit does. The rotational speed of the turbines will vary a lot because 
of that the frequency converters are disconnected. The diagram below shows how the 
rotational speed varies together with the blade angel. In this case the blade angel is 
changed at the time of the voltage dip as well as when the frequency converters are 
connected once more, despite almost the same rotational speed in the two cases. The 
result is that the generator doesn’t accelerate as much when just the active power is used 
to control the rotational speed.  
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Figure 8-5: Rotational speed (black), angel of the blades (red). Maximum rotational speed 

around 1.3 p.u. 
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8.3. Stability of Voltage in the Event of a Short Circuit 

In the case of a voltage drop the voltage will oscillate as it recovers. The regulator is 
designed so that the system and the grid are considered stable when the oscillations in 
both the reactive power as well as the voltage is below a certain level. The idea with the 
slope is to help stabilizing the voltage. Figure 8-6 shows how the amplitude of the 
oscillations in the voltage is lowered. One can also see that the regulator helps to bring 
the voltage closer to nominal voltage.  
 

 
Figure 8-6: The voltage at the PCC node, output signal to the generators (red). The two thick 

black lines are the trend line before and after the output signal changes continuously. 
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8.4. The Slope 

During steady state the regulator has 5 seconds to get the reactive power back on the 
slope. When the deviation expressed as a voltage equivalent, DUE, is less then 0.25 % of 
the nominal voltage the slope is considered to be fulfilled. Figure 8-7 shows the response 
for a voltage dip with 1 % and also the responds when a shunt reactor is either connected 
or disconnected.  
 

 
Figure 8-7: Voltage dip of 1 %. Deviation from the slope expressed as a voltage deviation. The 

slope is considered fulfilled within 1.6 seconds. 

 

 
Figure 8-8: A shunt reactor is disconnected. The slope is considered fulfilled within 1.6 seconds. 
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8.5. Effects of the Time Delay 

It takes around 0.1 seconds for the signal to reach the generators from the control system. 
This time delay causes instability as discussed in the automatic control engineering 
chapter. Due to this the parameters Kp1 and Ki have to be chosen smaller with the time 
delay. Figure 8-9 shows the response for a voltage dip of 1 %. The same Kp1 and Ki is 
used in this diagram.  
 

 
Figure 8-9: Qref (red) and reactive power at the PCC node (black) with no time delay between 

the regulator and the generators. 
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Figure 8-10: Qref (red) and reactive power at the PCC node (black) with 0.1 seconds time delay 

between the regulator and the generators. The time scales are different due to different 

simulations. The only differences between the simulations are in the time delay, and at what time 

the voltage dip occurred.   
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9. Discussion 

9.1. Short Circuit and Severe Voltage Dip 

It’s important for the wind farm to stay connected during a short circuit as it helps to 
stabilize the voltage once it starts to recover. Once the voltage drops to zero the generator 
starts to accelerate as it can’t deliver any power to the grid. If the generator has 
accelerated too much the slip of the generator may have exceeded its limit and the rotor 
can no longer be brought back by the grid to a stable rotational speed. The simulations 
that have been made shows that the wind farm manages to stay connected both for a short 
circuit as well as a severe voltage dip. See grid connection for more details about the 
voltage dip and the short circuit.  

9.2. Stability of the Wind Farm 

In the event of a short circuit at the PCC node the voltage will start to oscillate. It’s 
desirable to decrease the oscillations by controlling the reactive power up and down. It’s 
crucial that the regulator doesn’t increase the amplitude of the oscillations. This means 
that the regulator has to be stable and also fast enough. If the responds is slower than the 
frequency of the oscillations it’s possible that it makes the situation worse. The 
simulations together with the synchronous generator, that helps to add the dynamic 
variations of the voltage in the grid, shows that it’s possible control the reactive power 
from the wind farm bt means of the generators so that the amplitude of the oscillations is 
reduced.  
The question is how reliable these simulations are. As mentioned earlier in the report, the 
DFIG model differs somewhat in its properties from the DFIG that’s going to be used in 
the real wind farm. The relationship between active and reactive power differs 
significantly, as can be seen in figure 9-1. 
 

  
Figure 9-1: P/Q-diagram for the DFIG used in Simpow (left) and for the real DFIG that is going 

to be used (right). 

 
The amount of reactive power the DFIG should be capable to produce or consume is also 
depended on the voltage. This is not the case for the DFIG model used in Simpow. What 
effect this has on the ability to stabilize the voltage requires further investigations. It 
should however have some effect.  
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9.3. Fault Conditions 

The regulator has been designed to keep the output signal constant until the variations in 
Q2 is below a certain level set by the user. Q2 is the difference between the reference 
value for the reactive power and the measured reactive power at the PCC node. It then 
changes the output signal so that it helps to stabilize the voltage back to nominal voltage. 
During this event the regulator is changed from a PI regulator to a P-regulator, and the 
proportional constant may be changed as well. In simpow it has been hard to simulate a 
short circuit that resembles the reality. The use of the synchronous machine has made it 
possible to simulate the dynamic of the voltage in the grid. It is however unlikely that the 
voltage would look like that after a real short circuit as it rises above nominal level within 
a few seconds. Due to this it’s hard to tell if the regulator has been designed right for big 
disturbances.  
 

9.4. Mode 1 and 2 

The result that has been presented shows the behavior of the regulator when it’s set to 
operate in the first mode, where the output signal is allowed to be changed continuously 
during steady state conditions. The same kind of simulations has been made where the 
regulator has been set to run in the second mode as well. The difference in the results is 
very minor, hence only the result from simulations where the regulator has been set to run 
in the first mode is represented in the chapter for the results.  

9.5. Improvements in the Model 

There are a number of improvements that could be made in the model. The first is to 
increase the numbers of generator. In this study only three generators has been used to 
represent the whole wind farm, in purpose to keep the complexity of the model at a 
manageable level. It has still been possible to study the dynamic and the stability of the 
system. Some effects can however not be studied with just three generators. As the model 
looks like right now, each array cable is just connected to one generator. In the real wind 
farm one array cable would transfer the power from 6 wind turbines. The voltage for each 
generator would differ some, which has an effect on the generators as discussed earlier.   
 
Due to the difference in the relationship for the active and reactive power between the 
DFIG model in Simpow and the DFIG that’s going to be used in the real wind farm, the 
simulations are most valid when the generators are producing full active power. By 
basing the output signal on the active power from the generators together with the 
reactive power and the voltage at the PCC node, this problem could perhaps be solved. It 
would hopefully give a more valid model.  
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10. Conclusion 
In this thesis it has been shown that it’s possible to control the reactive power from a 
whole farm in a way that fulfills the requirements the grid code has regarded reactive 
power. The main idea to control the reactive power is to stabilize the dynamic variations 
in the voltage. Figure 8-6 clearly shows that the oscillations in the voltage become less 
after a big disturbance once the regulator is allowed to regulate the reactive power.  
 
The simulations that have been made also shows that the wind farm manages to stay 
connected during the fault conditions that are described in the grid code. However both 
fault conditions has a big impact on the wind farm and the amount of reactive power can 
be limited during a period of time before the variations in the speed of the turbine has 
stabilized.  
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Appendix 1 
 
The wind farm as seen in Simpow 
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