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Chalmers University of Technology 

 

 

Project Objective: 

First objective of this study is to verify a 200 MW Doubly fed Induction Generator (DFIG) in 

RSCAD against the base model in PSCAD .The RSCAD model is built based on the available 

PSCAD model, and consequently the results in both models should be close enough and 

compatible to each other. This project was defined as the previous RSCAD model results were 

different from the PSCAD model, and they couldn’t be verified against each other. The reason 

for this difference is due to the continuous changing and updating the PSCAD model, which was 

not followed by updating of the  RSCAD model ,and consequently after a while the models 

became quite different and as a result not showing same behavior, and as mentioned one aim of 

this project is to update the RSCAD model and it’s control parameters according to the new 

PSCAD model and make them more compatible in a way they can be verified and this 

verification is highly demanded and is observed  by customers in wind farm projects. 

In practice for modeling wind farms the total power can be around 600 MW or 800 MW or even 

higher, the built model in RSCAD is rated for 200 MW, due to the require total wind farm power 

it is required to increase this power up to for example 800 MW to be able to represent a real wind 

farm, at the moment this is done by making parallel connection of 4 wind farm in Real time 

Digital Simulator (RTDS), which is using more processors and needs more hardware. Another 

way which is more convenient is to implement a scaling transformer in RSCAD for a 200 MW 

DFIG and aggregate the power to the desired level to reduce the number of required processors 

and hardware in projects. It will be shown that the scaled RSCAD model will become totally 

unstable by adding the scaling transformer for reaching to 800 MW, which is not the case for 

PSCAD model. Therefore it is needed to find why this instability is happening in RSCAD. 
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Abstract 

This master thesis deals with Doubly Fed Induction Generator (DFIG) controller in RSCAD 

model. The controller in RSCAD is built and designed according to the available PSCAD model 

and differences between two models are highlighted. Also an investigation is made to increase 

power in RSCAD by using a scaling transformer; finally scaled models in both models are 

verified against each other. 

The work starts with a brief introduction of different wind turbine generators and their 

specifications, and describing the theory of variable wind turbines and their advantages over the 

fixed wind turbines. In this project doubly fed Induction generator (DFIG) wind turbines are 

considered and studied, DFIG and different parts of its controller are discussed, and required 

equations for DFIG are derived. Real Time Digital Simulator (RTDS) hardware and RSCAD 

software, which are used as the simulator tools at this project are introduced for readers and then 

a sample DFIG is modeled in RSCAD. 

For verification purposes in first part of the project a 5 MW DFIG model with complete 

controllers and scaling transformer in PSCAD are used, by sending scaling level to 40 in PSCAD 

the model will represent 200 MW. The base model in RSCAD is a single 200 MW DFIG; both 

models in PSCAD and RSCAD are connected to an infinite 154 kV network with known R, L 

and C values. Different fault cases are applied to both models to compare behavior of models 

during transients and also in normal operation. System studies show that current RSCAD model 

behavior is completely different from the PSCAD model. The controllers in both models in 

RSCAD and PSCAD, with all possible reasons for having different results were investigated and 

it was tried to make the RSCAD model similar to the PSCAD model as much as it was possible. 

The second task of this work is about adding scaling feature to the model in RSCAD, as in most 

cases 800 MW wind farm or even higher power ratings should be implemented in RSCAD for a 

typical wind farm project. As the base model in PSCAD is 5 MW to model an 800 MW DFIG in 

PSCAD scaling factor of 160 should be used, and for RSCAD model scaling should be 4 as the 

RSCAD base model is 200 MW. It was shown that the scaled model in RSCAD would be 

unstable after scaling, and the second task at this project was to study the scaling system concept 

in both RSCAD and PSCAD, and find any possible differences between the two models . 

Index terms: Wind turbine, Doubly Fed Induction Generator (DFIG), Rotor side controller, Grid side controller, 

Phase-locked Loop (PLL), Crowbar logic, Fault sequencer, Speed controller, Scaling transformer, Real Time Digital 

Simulator (RTDS), RSCAD. 
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Chapter 1 

 

 

1 Sustainable Energy 
 

Due to limited fossil fuel resources and considerable environmental problems caused by them, 

renewable energies like wind power are developing quickly in the world, fossil sources of energy 

are running out and the main part of our world energy, which was taken from these sources 

should find a good replace for them, however human will face fuel crises in a close future. Over 

the last two decades by increasing the demand for the energy, environmental and climate 

problems are more considered. Currently more countries around the world started to support and 

develop renewable energies, and politicians support and confirm more budgets about sustainable 

energy projects.  

 

1.1 Wind Power Plants 

 
The production of energy sources like wind, and photovoltaic are becoming more popular around 

the world. During the last decade use of wind energy has raised substantially, and its share in 

total energy production has increased to a great extent (figure 1.1). There are many countries 

around the world that are investing on wind projects from the research to installation .Wind 

energy is a very clean and convenient solution to be one the answers for increasing energy 

demand. According to wind energy prospection wind power can contribute to 12% of total world 

energy demand by 2020, and it is also possible to increase this amount up to 22% by 2030. This 

pattern is agreed in Kyoto protocol, and is backed up by the governments in some countries like 

Germany, Denmark, and Spain. For instance in European Union it is predicted to increase the 

wind power capacity from 2.1% to 21% of overall energy capacity. [5] 



Page 12 of 121 

 

 
Figure 1.1- Wind Power Developments 

For example ABB has delivered more than 30000 wind power generators during the past 30 

years, which can give an idea about available demand in market; this volume of wind generation 

is equal to 30 GW and is still increasing rapidly. [7] 

 

1.2 Different Types of Wind Turbines 

 
There are different methods for wind power conversion, which are introduced during the last 

decades; these methods mainly use asynchronous and synchronous generators. By utilizing the 

multi pole synchronous generators there is no need for gear box, on the other hand the squirrel 

cage asynchronous machines use two gear boxes with different turn ratio. [1] 

 

1.2.1 Fixed Speed 

 
Fixed speed wind turbines are typically using induction generators, which are connected to the 

grid directly. Due to the fixed frequency of grid, speed of the machine should be changed using 

gear box, and also by changing the number of poles in the generator. To enhance the range of 

power production fixed speed wind turbines can be supplied with a pole change generator, which 

enables the generator to operate at two different speeds. Because of the large currents during the 

start sequence, while the rotor speed is lower than a certain level soft starters should be used with 

induction machines to avoid high currents as it is shown in figure 1.2.1. 
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Figure 1.2.1- Fixed Speed Wind Turbine 

 

1.2.2 Variable Speed Wind Turbines 

 
One advantage of using variable wind turbines is reducing mechanical stresses in turbines, and 

also removing gust of wind. Also the torque and power disturbances will be decreased 

incredibly. [2]  

These advantages are increasing the application of variable wind turbines, as they introduce 

lower power fluctuation, and higher power quality compared the fixed speed generators. The 

produced electricity with wind turbines has low power quality characteristic due to the wind 

speed variations, which will lead to disturbances, fluctuations, voltage variations and flicker in 

delivered power to the networks. [2]Using the induction machines in wind turbines will cause 

another problem due to the absorption of high reactive power from network which can be 

variable with generator speed and time. [3] 

Due to all these draw backs of fixed wind turbines, different types of variable speed wind 

generators are introduced in the market. 

1.2.2.1 Limited Variable Speed  

 
As it is shown in figure 1.2.2, wind turbines can have limited speed variation if they have a 

variable rotor resistance, this way the slip of the generator, and consequently the output power 

can be controlled. The range for speed variation normally is within 0 to 10% of the rated speed. 

Induction generators are usually used for this type, and they can be connected to grid directly. 

The amount of speed change depends on the range of resistance variation in rotor. Induction 

machines need reactive power for operation, and this is drawn from the network, therefore this 

type of generator still needs capacitor bank to compensate reactive power, and also a soft starter 

should be used for a smooth connection to the grid. [4] 
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Figure 1.2.2- Limited Variable Speed Wind Turbines 

 

1.2.2.2 Full Scale Frequency Converter Synchronous Generator (FCWT) 

 

This type of variable wind turbine uses synchronous generator (SG). Magnetic field is created by 

poles inside the rotor or it can be produced by regular field windings. By using permanent 

magnet type SG the needed reactive power for the generator will not be provided by the 

converter any longer. 

If an appropriate number of poles are used in rotor then they can be used without gearbox.  

Wind turbines with fully scaled converters have different advantages that make them suitable for 

power applications. First they can decouple the grid and generator completely, which minimizes 

the effect of faults in the grid on the generator side, also having a full scaled converter provides a 

wider range of speed variation compared to the limited variable speed wind turbines. Due to the 

higher rating of converter, which should be designed for 100% of generator power, they also are 

capable of supporting grids with more reactive power which is especially very useful for 

supporting of network voltage especially if the grid is weak. 

Permanent magnet synchronous generators (PMSG) are excellent solutions for FCWT as they are 

self magnetized and they can have high efficiency keeping high power factor in grid. Their 

efficiency is higher than wound rotor synchronous generators, and induction generators as they 

do not need any external source for excitation, and also capacitor banks. But still building 

materials that can be used as permanent magnets are expensive, and the production line is still 

complicated. PMSG reduces excitation losses, and enhances torque density in the generator. By 

removing field windings it is possible to remove slip rings, which normally need regular 

maintenance, and this is not desired in remote offshore wind turbine applications. Using the fully 

scaled power converter it is possible to change the frequency and voltage of the wind power 
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easily and the capability of producing the power at any speed is an advantage. Rotor in PMSG 

may have salient poles or may be cylindrical. Salient poles are more convenient to be used with 

the slow speed applications, and wind applications.  

As it is shown in figure 1.2.3 full converter wind generator may consist of a turbine, generator, 

rectifier and inverter. Using six pulse converters with thyristors will create odd harmonics of 5th, 

7th, 13th, 17th, 19th … and because these are low order harmonics they need a large grid filter to 

remove the harmonics, which is bulky and expensive. On the other hand this filter also can 

produce reactive power, and enhance the power factor of the grid, which is an advantage. If 

instead of thyristor IGBT with pulse width modulation frequency (PWM) is used this method of 

modulation will create high order harmonics around the switching frequency of converter, which 

needs smaller and less expensive filter.  

Using full scale frequency converter results in smoother grid connection therefore it will not be 

necessary to install soft starter. If the system is designed with the PMSG then gear box is not 

required. This technology is being more preferred to the other systems especially for wind power 

application due to several advantages, and its capability of producing the power with higher 

quality especially during transients in network, which can fulfill more restrictive grid codes 

forcing wind turbine producers to help the network during the fault conditions. With FCSG it 

would be possible to decouple the grid, and generator which will improve performance of wind 

turbine, and can inject reactive power during the faults into network keeping the voltage, and 

also make it possible for the generator to operate in a large speed range without introducing 

power fluctuation into grid. This converter will add to cost although this cost is decreasing using 

new technologies as this technology is matured. The size of converter in FCSG is rated for 100% 

of rated power, which leads to a higher converter size rather than the DFIG converter, which 

usually is rated for 30% of generator rated power, it should be noticed that p.u values of 

switching losses are still the same for DFIG and FCSG. Synchronous generator with or without 

gear box and induction generators with gear box can be used in FCWT. Switches in the converter 

are usually IGBTs with the voltage level of 690 V. 
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Figure 1.2.3- Schematic Diagram of Full Converter Wind Turbine 

 

1.2.2.3  Doubly Fed Induction Generator (DFIG) 

 
Doubly fed induction generator (DFIG) is a choice for many utilities, and introducing an 

efficient solutions in wind turbine applications due its ability to provide reactive power during 

grid faults, which can support power system in low voltage conditions. DFIG is capable of 

extracting optimum wind energy over a wide range of wind speeds, which is not possible with 

fixed speed induction generators, this characteristic will be explained later. DFIG is based on a 

slip-ring wound rotor for working in a partial speed variable mode, which is suitable for wind 

applications with limited speed range [1], and this it is enough to rate converter for a part of 

nominal power, which decreases converter price.  

Characteristics of DFIG is as follows: [3] 

 

1. Operation below, above and through synchronous speed with the speed range restricted 

only by the rotor voltage ratings of the DFIG 

2. Operation at synchronous speed, with DC currents injected into the rotor with the inverter 

working in chopping mode 

3. Low distortion stator, rotor and supply currents independent control of the generator 

torque and rotor excitation 

4. Control of the displacement factor between the voltage and current in supply side 

converter, and controlling system power factor 

Among wind turbine conversion technologies DFIG wind turbine is one of the most attractive 

concepts in market.  
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Table 1.2.1 shows some known DFIG manufacturers. [4] 

 
Wind turbine products with DFIG concept 

Manufacturer/type Power(MW) Rotor(m) (
s

m
) Rpm Gear ratio 

Nodex 

N100/2500kW 
2.5 99.8 12.5 9.6-14.9 1:77.4 

Nodex 

N80/2500kW 
2.5 80 15 10.9-19.1 1:68 

Vestas V80-

2.0,50Hz 
2 80 15 9-20.7 1:92.6 

GE 1.5sle,60Hz 1.5 77 14 12.1-22.2 1:72 

 

DFIG includes different Components as shown in Fig1.2.4. Stator of DFIG is working 

synchronously with network frequency. Rotor converter controls rotor current to adjust 

electromagnetic torque and machine excitation. Power converter size is a percentage of the 

generator rating, usually in the range between 15 to 30 percent. Since power converter operates 

in both current directions DFIG can generate power either in sub-synchronous or in super-

synchronous operation modes, these operation modes are discussed in section 3.1. DFIG is 

capable of providing reactive power, which supports network during voltage collapse and faults. 

When wind speed varies in a limited range DFIG is able to extract optimum wind energy and 

maximize power tracking, which is not possible with the fixed speed induction generators. By 

using DFIG power factor can be adjusted by the stator side converter even if the machine is 

operating in speeds different from synchronous speed. With DFIG there is no need to use shunt 

compensation and soft starters. [4] 

 

 
Figure 1.2.4- DFIG System Overview 
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Chapter 2 

2 Power Converter 
 

The Converter that is used in DFIG is a back to back voltage source converter. Grid side 

converter uses Pulse Width Modulation method (PWM) to create desired voltage in the stator 

side, and rotor side converter is injecting current keeping reference active and reactive current 

variations in a certain band, and for this uses the hysteresis band control method, which will be 

explained in section 4.2.1 and 2.1. DFIG is made up of a back-to-back converter connecting rotor 

circuit and the grid, which is known as Scherbius scheme. These converters usually are made by 

IGBT, which enable them to have two directional current and power flow. Inverter valves make 

use of IGBTs provided with freewheeling diodes (see Fig2.1). Filters are used in both sides to 

minimize the effect of harmonics due to switching frequency. [4] 

 
Figure 2.1- Voltage Source Converter 

2.1 Rotor-Side Converter 
 

In normal mode operation, rotor side converter provides reactive power to the rotor, and this way 

controlling grid power factor, this reactive power should be provided by the stator connected to 

the grid in conventional induction generators, rotor side controller also adjusts the developed 

electric power (Pelec), and as a result controls rotor speed for having optimum power extraction 

from wind. 
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Rotor frequency can be shown by: 

 

rsynslipsynmech fπωωωω 2−=−=  









=

s

rad
 speed rotationalRotor mechω  









=

s

rad
 Speed sSynchronousynω  

Rotor in Frequency  Electrical=rf  

 

Synchronous speed is constant, and by adjusting the electrical frequency in the rotor windings 

rotor speed can be controlled. As it was mentioned before the rotational speed is imposed by the 

real power flow controlled by the rotor side converter that is used to provide a suitable torque 

control loop resulting in forcing rotor frequency to the desired frequency and slip. Rotor side 

converter power is limited by 2 parameters as maximum slip power and maximum reactive 

power control ability. The active power flowing through the rotor circuit to voltage source 

converter is named slip power,which is proportioanl with slip value. slip is a percent of the rated 

speed ,and consequently the converter need to be rated only for a limited speed range,which is 

not the case for the full converter wind turbines, which has equal rating for either SG and the 

converter.This range starts from the lowest wind speed that is called cut-in speed,and if the speed 

is lower then this speed it is not practical to extract power from wind. Generator speed at rated 

wind speed can be adjusted to any point by using the gearbox ,and as the slip increases efficiency 

of the system drops due to higher power losses in the power converter,rotor iron and frictional 

losses. 

Rotor side controller is a current controlled voltage source converter, and rotor current can be 

controlled by different methods. One method is utilizing pulse width modulation method (PWM) 

and the other one is using the hysteresis band control method (see fig.2.2), which also is called 

current regulated modulation using a tolerance band control or either adaptive current control. 

Current controller at this method is using reference current, and hysteresis band and trying to 

keep actual rotor current within the defined band. The controller always tracks phase current to 

be in the hysteresis band limits, when phase current is exceeding the upper limits the lower valve 

of the related phases are turned on, and the upper valves are turned off, and when the current is 

beyond the lower hysteresis band limit the upper valves of the corresponding phase will be 

turned on, and the lower valves are turned off. This method doesn’t use the firing pulse, and this 

way tries to keep the actual current to follow the reference current. The hysteresis band width is 

defined by considering the switching frequency limitations, and switching losses in IGBTs. [4], 

[8] 
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Figure 2.2- Hysteresis Band Control Method 

 

2.2 Grid-Side Converter 

 
Rating of gird side converter is also determined by the maximum slip power.There are different 

voltage levels for grid side converter such as 480 V,690 V. Grid side converter is current 

regulated with the real component used to adjust the DC-link voltage and the quadrature 

component used to regulate injected reactive power to the Grid. During normal operation grid 

side converter is controlling DC-link voltage between the two converters by keeping active 

power in both converter sides in balance ,grid side converter is also capable of reavctive power 

injection to the grid, and this way controlling network voltage,this is considrable advantage 

specially during faults and for network voltage stability.Converter is modeled as a current-

controlled voltage source and uses the PWM  method to produce the desired voltage at the grid 

side. [4] 

 

 

2.3 Fault Ride-Through Procedures 
 

When a fault occurs consequently a voltage dip will happen on wind turbine terminals.This will 

create high transient current in rotor,which can damage rotor or possibly create overvoltage on 

dc link capacitor.Before the regulations allowed wind turbines to be disconnected from grid 

during network faults,but this is not allowed with the new regulations any more, and operators 

want to keep wind turbines connected to grid during grid faults,for this purpose and to prevent 

DClink over-voltages during grid faults, DFIG can be equipped by two types of protection 

circuits DC-chopper (DC-crowbar),and AC-crowbar ,which make it possible for DFIG to stay 
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connected to the network. DC crowbar in DFIG is an optional choice ,which helps by smoothing 

DFIG operation,and reducing DC-link voltage imbalances during heavy faults,but using AC-

crwobar is a must for DFIG operation.[17] 

2.3.1 DC Crowbar (DC-Chopper) 

 
DC link braking resistor is known as DC-link chopper, and can be porposed in the dc link to 

dissipate additional energy in the dc link during grid faults,and this way prevent from over 

voltages in DC-link during grid disturbances.This protection includes a resistor and an electronic 

switch, which is normally IGBT.To increase the amount of enegy dissipation units of dc-link 

braking resistor can be placed in parallel.[4] 

 

2.3.2 AC Crowbar 

 
The AC crowbar can short-circuit the rotor windings ,when excessive currents are created in 

rotor during voltage dips in network. The crowbar that is used here at this project is an active 

crowbar, which uses IGBT switches. The active crowbar can be disconnected very quickly, and 

this way rotor side converter performance can be started again only after 20-60 ms from the start 

of the grid disturbance, consequently it is possible to generate reactive power to the grid during 

the left of the voltage dip ,and this way helping the network to be recovered from the fault. 

Crowbar can be activated either by dc link overvoltage protection or by rotor side converter over 

current protection. Typically crowbar should be activated, when dc link voltage reaches to 12% 

above nominal value. [4] IGBT’s can withstand peak currents twice the nominal current for 1ms; 

as a result the converter over current protection normally is adjusted at 1.8 pu. If the thyristors 

are used it will take tens of ms for crowbar to remove the short circuit from rotor, because 

thyristors cannot be forced to be turned off immediately as they need to wait until the zero 

crossing of the current. This should be considered also that during fault there may be a dc 

component in current ,which will make it more difficult to turn off thyristors,to remove this 

limitation active crowbars are proposed, by this design the rotor current, can be forced to turn off 

and this will propose faster fault current clearing. [4] 
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DFIG with both AC and DC crowbar protections is depicted in figure 2.3  

 

 
Figure 2.3- AC and DC Crowbars in DFIG  
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Chapter 3 

3 Aerodynamic Model and Pitch Controller 
 

The kinetic energy from the wind flow is converted into rotational energy in the form of 

mechanical torque and speed in aerodynamic system. Mechanical torque of a wind turbine is 

expressed as [4] 

),(
2

1 32 βλρπ
ω

pw

bt

t CvR
S

T =  

Equation 3-1 

Where ρ is air density in	
3

m

kg
, and wv is the wind speed in

s

m
, R is blade Length in m, pC is the 

power coefficient, bS is the generator power base value,

 

β  is Pitch angle, and λ is tip-speed ratio 

obtained from following equation: [4] 

w

t

v

Rω
λ =  

Equation 3-2 

When wind speed exceeds rated value electromagnetic torque is not enough to control the rotor 

speed since this will lead to an overload on the generator and converter. To keep the rotor speed 

from becoming too high the absorbed power from the incoming wind should be limited. This 

power limitation can be done by reducing the power coefficient of turbine or the pC  value. 

pC Value also depends to the pitch angle. Rotating the turbine blades by hydraulic or electric 

drives along the axis can change this pitch angle. 

 

3.1 Operation Modes 
 

DFIG can operate in two operation modes with different power directions in the converter, 

super-synchronous and sub-synchronous operation. If the speed of the rotor is lower than 

synchronous speed DFIG is operating in sub-synchronous mode and if the rotor speed is higher 

than synchronous speed, then generator is operating in super-synchronous mode. Figure 3.1.1 

indicates direction of power flow in sub-synchronous operation mode.In this situation rotor 

speed is lower than synchronous speed , which leads to a positive slip.In order to enable DFIG to 

operate as a generator even during sub-synchronous mode this positive slip power should be 

trasmitted and injected from grid to rotor through the power converter.In super synchronous 

mode,which is shwon in figure 3.1.2 the slip power flow is in the opposite direciton,and 
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mechanical power from shaft is splitted into two parts, the largest part of the power goes to the 

stator ,and a fraction of the power ,which is slip power passes through the rotor causing a 

negative slip.  

 
Figure 3.1.1 Sub-Synchronous Operation 

 

Figure 3.1.2 Super-Synchronous Operation  
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In the studied model pn ,was not given in the model ,but according to figure 8.8 ,and following 

calculations, it could be cncluded that rotor speed is higher than synchronous speed for this 

generator ,which means the generator is in super synchronous operation mode,and slip power is 

injected from rotor to network. 
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Figure 3.1.3-Stator and Rotor Current frequencies 
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3.2   Operating Regions 
 

Depending on the available wind speed DFIG will operate in different operating regions, which 

are illustrated in figure 3.2. 

 

 

 

Figure 3.2 Operating Regions 

 

3.2.1 Minimum Speed Operation Region  

 

There is a lowest amount of wind speed that the generator can operate ,and produce power, at 

this operating point generator speed is kept at its lowest possible speed , is typically around 30% 

below of synchronous speed. 

 

3.2.2 Optimum Speed Operation Region 

 
In optimum speed operation region speed of turbine is incresed with wind speed ,and rotor speed 

is adjusted by rotor side contorller to provide a maximum output power from generator,and 

keeping the efficiency at its maximum level.This is the most efficient operation mode of DFIG 

until generator reaches its rated speed.  
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3.2.3 Maximum Speed Operation Region 

 

By increasing wind velocity , generator speed reaches to its rated speed ,and it is not allowed to 

increase generator speed any more ,as a result the generator will not operate at the optimum 

operation mode. At this point the rotor side controller task is to maintain the maximum generator 

speed and prevent the generator from exceeding the rated speed value. Normally this maximum 

speed will be about 15-20 percent above the synchronous speed. 

 

3.2.4 Power Limitation Operation Region 

 
If wind speed exceeds even more, the produced power increases untill it reaches to the rated 

power and limiting controllers try to decrease the mechanical input torque,and consequently 

produced power by using pitch controller,which  changes  blade angle. 

 

3.3 Optimum Power Tracking of a Variable-Speed Wind Turbine  
 

By using DFIG in wind turbine applications controller will be capable of controlling rotor speed, 

and forcing the machine to produce optimum power similar to figure 3.3. The extracted 

mechanical power form wind can be expresses as [4]: 

3

2

1
νρAcP p=  

Equation 3-3 

=P Wind power (W) 

=ρ Density of air [
3m

kg
]  

A=swept rotor area [
2

m ] 

ν =wind speed [
s

m
] 

=),( βλpc Power coefficient, which is a function of λ  tip speed ratio and β  pitch angle. Tip 

speed ratio is an important parameter that is considered, when the wind turbine is designed and 

determine how quickly the blades of the wind turbine can rotate in comparison with wind speed. 

windwind

blade

v

r

v

v ω
λ ==  

Equation 3-4 

λ =Tip speed ratio              bladev = speed of the blades
s

m

           
=windv Wind speed

s

m

     

r = Radius of the rotor [m]   ω  = angular velocity 
s

rad
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Figure 3.3 Optimal Power Tracking 

As it is shown in figure 3.3 by tracking optimal power coefficient, and controlling speed of wind 

turbine it is possible to track maximum power production in power characteristic curve .For each 

wind speed there is a rotor speed that gives highest amount of produced power. This curve can be 

called optP curve. The purpose of the controller in variable speed wind turbine is to keep 

operating point on this curve. If wind velocity is more than rated value power produced should 

be limited to be equal to rated power by applying pitch control. There are two common methods 

to achieve this control concept: 

3.3.1 Current-Mode Control 

 

In this method which is standard tracking mode shaft speed is measured and considering the 

value of optK  certain electrical torque is applied to generator, required electrical torque will be 

adjusted by controlling dri  in rotor side controller. As a result this is a current control that creates 

optimal power tracking proportional to shaft speed. Assuming equation 3-3 following relations 

are derived:  
3

roptopt KP ω=
                                    

2

roptKT ω=
                    rropte KT βωω −=

∗ 2
 

Equation 3-5 

msm

e

dr
ipL

T
i

3

2
∗

∗ −
=  

Equation 3-6 

rβω  =fraction loss              rω  = shaft speed 
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Rotating reference in the rotor side model used in simulations is aligned with the stator 

voltage, as a result in the studied model Q will be determined with by qri  and P will be 

controlled by dri  in the controller. 

 

3.3.2 Speed-Mode Control 

 

Using a torque observer and measuring mT  turbine will follow optimized reference speed derived 

from equation 3-9.  

opt

m

r
K

T
=

∗
ω  

Equation 3-7 

rω = reference speed for speed controller.  

 

Studying optimal power tracking feature of DFIG was not this project objective, and the 

behavior of the models in PSCAD and RSCAD are investigated considering a constant speed for 

wind, which means above controllers for optimizing are not deployed here in this work.  

3.3.3 Stall regulation: 

 

If speed control mode is used the toque can be observed and stall regulation can directly be 

implemented to the system, which is a type of over speed protection. The controller takes into 

account instantaneous power  rmm TP ω=  , and consequently determines the speed demand 

according to following equations: 

opt

m

rm
K

T
PP

)

=〈 ω then  if max  

Equation 3-8 

 

m

m
T

P
PP )max

rmax  then  if =≥ ω  

Equation 3-9 

 Power limitation reduces energy capture, and DFIG will track stall curve. Stall protection has 

simpler blade mechanism rather than pitch control method, which uses adjustable pitch blade 

angle and has more complicated construction; on the other hand stall regulation needs accurate 

torque observer. 
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Chapter 4 

4 Modeling of DFIG 
 

4.1 Control of Supply-Side PWM Converter 

 
Grid side converter objective is to adjust the dc link by controlling input and output active power 

in balance, and also the terminal voltage by controlling reactive power injection to the grid 

during network fault in either sub synchronous or super synchronous mode independent of 

magnitude and direction of the rotor power. By aligning the reference frame with the stator (grid) 

voltage vector position it possible to control active and reactive power flow between stator and 

grid side converter independently. The method which is used for controlling supply side 

converter at this study is current regulated PWM method, enabling the control of dc link voltage 

by direct axis current and controlling reactive power flow to grid by quadrature axis current 

component. Modeling of DFIG follows the same principal either in PSCAD and RSCAD. 

Simulation in RSCAD is based on small time step (approximately 2-3 µ seconds ) ,which in 

PSCAD is in large time step .Using equations 4-1 and 4-2 it can be shown that Dc-link voltage is 

a funciotn of net power flow into the capacitor.The amount of energy stored in the dc-link 

capacitor can be written as:[16] 

dcc CvPdtE 2

2

1
∫ ==  

Equation 4-1 

where C is capacitsance of the dc-link capacitor ,P is net power into the capacitor, and value of 

dcv  is capacitor voltage. P is equal to cr PP −  , where rP  is the rotor power inflow and cP  is the 

grid power outflow: 

Cv

PP

Cv

P

dt

dv

dc

cr

dc

dc

00

−
==  

Equation 4-2 

0dcv = Initial value for dc-link voltage 
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4.1.1 D and Q Axis Current Regulator 

 

The voltage over the series inductors can be obtained from the single line diagram in figure 4.1: 
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Equation 4-3 

 

  

Figure 4.1- Network and supply side converter  
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Equation 4-4 

 

  vector voltageConverter =cU  

  vector voltageGrid=gU  

inductance and resistance Grid& =gg LR  
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steady state equation of grid voltage vector in reference frame rotating at eω :  

tj

g

tjjtj

g
eeuue eUeUeeUU

ωωϕϕω === + )(
 

tjg
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eeee e

dt

di
LeiReUeU

ωωωω ++=  
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e
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gg
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c

tj

g iLej
dt

id
eLeiReUeU eeeee ωωωωω ω+++=  

By removing 
tj ee

ω
 from two sides of equation: [10] 

gge

g

gggcg iLj
dt

id
LiRUU ω+++=  

Equation 4-5 

 

To implement the controller in the grid side voltage source converter (VSC) it is very helpful to 

express the equations in d and q axis. Different reference frames can be selected for designing 

the controller and making different selections doesn’t influence the accuracy of the controller, 

but, it is more convenient to use the stator voltage reference frame since the quantity can be 

directly defined. In this thesis, therefore, the reference frame is aligned to the stator voltage 

according to figure 4.2 [10], [4]. 

 

Figure 4.2- Reference Selection for Grid Side Converter 
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gqge

gd

ggdgcdgd iL
dt

id
LiRUU ω+++=  

Equation 4-6 

gdge

gq

ggqgcqgq iL
dt

id
LiRUU ω−++=  

Equation 4-7

 

 
Figure 4.3- Grid Side Converter-Network Connection 

 

constant=gdU    0=gqU  

resistance and inductance LineL and g =gR  

  and gqgd ii   = Grid current vectors in dq axis 

axis dqin  expressed  voltageGrid  U and gq =gdU    

axis dqin  voltageConverter   U and cq =cdU   

frequency Grid =eω   

 

There are cross coupling temrs in d and q components between  
gdU  and 

gqU  equations, which 

means any change in 
gdU

  
 to change 

gdi   will lead to a transient in 
gqi   and all changes in 

gqU

influence 
gdi which is not desired in controller performance, consequently modifications should 

be made to decouple the response .These terms should be removed for controlling d and q 

components  independent from each other and better performance of controller. [10],[11] 

If   =gdU   dv     and =gqU qv =0       
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If instead, define new quantities Lx1 and Lx2 to control the currents, the resulting equations are 

decoupled: [10] 

gqge

gd

ggdgcdgd iL
dt

id
LiRUU ω−++=  

Equation 4-8
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dt

id
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Equation 4-9

 

[10],[11]: 




























−

−

=








−

−
+



























−−

−

=








2

1

0

0
1

x

x

L

R

L

R

U

UU

Li

i

L

R

L

R

i

i

dt

d

g

g

g

g

cq

cdgd

gq

gd

g

g

e

e

g

g

gq

gd

ω

ω

 

gde

g

cdgd
i

L

UU
x ω+

−
=1  

gqe

g

cq
i

L

U
x ω−

−
=2  

gqgegdgcd iLUxLU ω++−= 1
                                            gdgegcq iLxLU ω−−= 2

 

Current control loops for deriving  dv′  and qv′  is given by: 
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)(
*

dqedcd vLivU ++′−= ω  

Equation 4-10 

)(
*

deqcq LivU ω−′−=  

Equation 4-11 

Where starred values are calculated references ,and primed values are output of PI controller, the 

terms in bracket are the voltage compensation or decoupling terms . Compensation terms which 

would exist without internal VSC voltage are eliminated from control loop when calculating 

voltage references. Control scheme of dc-link voltage and grid power factor by means of grid-

side converter is illistrated in figure 4.4.[10] 

 

Figure 4.4 -Typical Grid Side Controller in DFIG 

Active and reactive power flow calculation in power invariant scaling (K=
2

3
) can be written as 

: [10] 

)()(
2

3
2 sdsdsqsqsdsds iviviv

K
P =+=

rrrr
 

Equation 4-12 
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 as 0=qv  

qi demand reactive power on supply side of inductors; 

)()(
2

3
2 sqsdsdsqsqsds iviviv

K
Q =+=

rrrr
 

Equation 4-13 

 Neglecting switching losses and losses in inductor and resistor, 
∗
di demand in figure 4.4 can be 

calculated from dc link voltage error,as a result  using figure 4.5 it is shwon that dc link voltage 

can be adjusted by controlling di . 

PivEi gddos == 3  

Equation 4-14 

E
m

vd
22

1=            
oros ii

dt

dE
C −=            

dgos imi 1
22

3
=    

    

 
 

Figure 4.5 Control of DC Link Voltage 

 

4.2 Control of Rotor Side Converter  

 
For rotor-control derivation, the direct-axis of rotating reference frame is aligned with stator 

voltage. The principal of rotor VSC is very similar to the Grid VSC .By using the stator voltage 

as reference frame it would be possible to relate active power and reactive power to rdi   and rqi  

respectively. Rotor currents are transformed to dq components and are regulated using regular PI 

current controllers. In this way decoupled control between active and reactive power is obtained. 
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As a result active power can be adjusted by changing rdi   and reactive power can be controlled 

by rqi . Rotor controller is providing excitation for rotor. Stator magnetizing current can be 

assumed constant as stator resistance is small and stator terminal is directly connected to the grid. 

Stator voltage vector can be expressed as: 

constant=gdU   

0=gqU  

ssq
s

sd
s

Ψ=Ψ

=Ψ
r
0

 

These vectors correspond to stator frame. Magnetizing current  msi  is aligned with the stator flux 

vector, and is expressed as: 

msms iL
rr

=Ψ  

4-15 

rmsss iLiL
rrr

+=Ψ  

4-16 

Combining equations 4-15 and 4-16: 
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Knowing 0=Ψ sd
s

  related d component of  msi  is zero and msqmsq iL
rr

=Ψ  therefore: 
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4-19 

Above equations can be written as; 
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msqmsq
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4-20 
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Equation 4-21 
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Equation 4-22 

The stator voltage vector can be expressed as: 
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4-23 

It can be assumed that the influence of stator resistance sR  is very small, and the stator flux is 

relatively constant, i.e. the stator flux rate of change is close to zero as a result the equation can 

be written as: 
s

msqmes iLv ω−=
r

 

4-24 

Equation 4-24 indicates that stator voltage vector is perpendicular to the stator flux vector. 

Considering that 1=eω  p.u and ovsq = , equation can be written as 

s

msqmsd iLv −=
r

 

4-25 

Stator active and reactive power for power invariant scaling (K=
2

3
) can be written as; 
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Equation 4-26 
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Equation 4-27 
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Substitution of 4-21 and 4-21 into equations 4-26 and 4-27 produces the following expressions 
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Equation 4-28 
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Equation 4-29 

Electrical torque can be expressed: 
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Equation 4-30 
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Equation 4-31 
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Equation 4-32 

 

It is shown that the reactive power and active power are controlled by 
s

rqi and 
s

rdi respectively. If 

value of
s

rqi   is set to zero all the required reactive power for the machine will be supplied by the 

stator and the grid which is not desirable. The reference values of active and reactive powers will 

create references for 
s

rqi and 
s

rdi by using the relevant PI controllers. 

4.2.1 Current Reference Pulse Width Modulation: 

 

At this study produced 
s

rqi  and 
s

rdi   are transformed to three phase, the produced three phase 

current produced is considered as the reference value and should be regulated by means of 

hysteresis band control and the current regulator keeps the difference between the actual current 

and the reference current in the desired hysteresis band by switching on and off the IGBTs in the 

rotor side controller. This method also is called current reference pulse width modulation. This 

method which is used in this study can generate any desired current wave form in R-L circuit. As 

shown in figure 4.6 the upper and lower tolerance band is defined around the chosen reference 

value. If the error of actual current is lower than the threshold the upper switch is turned applying 
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a positive voltage (E/2) to the load and the current start to increase. When this error is higher 

than the defined hysteresis band the upper switch is turned off and the lower switch is turned on 

to decrease the current applying a negative voltage (E/2) to the load and the current start to 

drops. Thus the difference between the desired and actual currents is kept to within the tolerance 

band. By creating a smaller hysteresis band the degree of the accuracy can be higher but with the 

expense of higher switching expenses. With using the method any type of current can be made 

and injected to the rotor of the machine. The problem with this technique is that the switching 

frequency is not fixed and can vary [11]. 

 

Figure 4.6- Hysteresis control Method 

There are also some papers that use pulse width modulation(PWM) method for rotor side 

controller exactly same as grid side controller .In that method 
s

rqi and 
s

rdi are changed to 

voltages using another PI controller and pulse width modulation is implemented with the help of 

triangular wave and firing pulses. [10] 
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Chapter 5 

5 Real Time Digital Simulator (RTDS)  
 

RTDS simulation uses Electromagnetic transient solution (EMTP simulation type) .This method 

is based on Dommel algorithm and Trapezoidal rule of integration which produces new solution 

in each time step. If physical control and protection equipment are used in simulation studies 

then continuous hard real time response must be provided and sustained. Special high speed 

processing and signal communication is needed to reach real time execution. 

Applying Kirchhoff’s current and voltage rules for solving the circuit in figure 5.1 would lead to 

differential equations which can be complicated to solve. It would be greatly desired to have a 

more straight forward approach which can be solved without much difficulty. [15] 

 

Figure 5.1 RL Circuits 

Fig.5.2 shows a simple inductor circuit  

 
Figure 5.2- Inductor Voltage - Current 

The voltage equation cab be expressed  

dt

tdi
Ltv L

L
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Equation 5-1 
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Integration of two sides of equation results;  
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Equation 5-2 

Applying n of trapezoidal integration leads to; 
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Equation 5-3

 
Above equation can be expressed as the circuit shown in fig5.3: 

 
Figure 5.3-Inductor representation in RTDS 

Same approach can be used for capacitor circuits in figure 5.4: 

 
Figure 5.4- Simple RC Circuit 
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By changing voltage sources to their equivalent Norton circuit in figure 5.5; 

 
Figure 5.5-Norton Equivalent Circuit 

The passive elements in the circuit also can be expresses to their equivalent elements. This is 

shown in figure 5.6: 

 

 

Figure 5.6- Network Equivalent Circuit in RTDS 

Writing node equations: 
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Equation 5-4 

 

IGV .1−=  

Equation 5-5 
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By these matrixes it is possible to calculate voltage at nodes N1 and N2 at any time provided the 

input voltage V (t) and the history terms 1HLI and 1HCI are known. Using the node voltages and 

history terms then it is easy to find branch currents. The simulation of the circuit’s responses will 

take one time step at a time.  

 
Figure 5.7-Network with Different Components 

All complicated components can be modeled using a current source in parallel with a 

conductance (see figure 5.7 and 5.8). Difficult part is to find accurate representation that can 

exactly model the behaviour of real component. System components such as travelling wave, 

transmission lines, transformers, synchronous generators etc can be modeled using this approach. 

 

 
Figure 5.8-Network and Components in equivalent circuit in RTDS 

This algorithm can be admitted for  modeling of breakers and faults.For example in figure 5.9, 

swtich can be reperesented by conductance 3g which has a small values ,when the switch S1 is 

open ,and accordingly has a large value ,when switch is closed.(see figure 5.10) 
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Figure 5.9-Modeling a Breaker or a Fault in a Circuit 

 
Figure 5.10-Modeling a Breaker operation or Fault in RTDS 

Writing nodal equations for this circuit the in figure 5.10 will give: 
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Equation 5-6 

This models switching by modifying 3g and re inverting the conductance matrix every time a 

switching event occurs. 
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Figure 5.11- Time Steps in RTDS 

Whatever number of nodes increases consequently the size of conductance matrix increases. For 

simulating fault and breakers in our model it is required to decompose and invert G matrix at 

each time step. But there are always limited numbers of calculations that can be performed 

during one time step (50µs). Consider a system in figure 5.12 with one hundred nodes if 

calculation timeτ becomes bigger than one time step then it is needed to split the larger network 

into some smaller sub networks, which in RTDS should be separated by long t lines in model. 

This way sub systems don’t influence the other sub systems calculations during a single time 

step, and therefore can be solved independently as it is shown in figure5.13. 
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Equation 5-7 

 

N*N matrix 

N=Number of nodes in network 
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Figure 5.12- Illustration for a large Network 

 

 

 

 

 

 

 

  

 

 

Figure 5.13- Conductance matrix for two subsystems  

 

5.1 Small Time Step Approach  
 

Normally Electro-magnetic Transient Program (EMTP) simulation type uses a typical time step 

of 50 µs. Such simulation type is permitting to have simulation of events occurring in the range 

of 0 to ~3 kHz. There is a need for an approach with smaller time steps to model modern high 

frequency switching circuits because the phenomena of interest take place at higher frequencies.  

That is used in today’s power electronic industries. RTDS perform simulations for these 

purposes using high speed processors and special calculation method to reduce the time step to 

lower values between 1 and 3 µs, which should be reached for high frequency applications. This 

field of simulation is the biggest application for the RTDS simulator. This small time step 

simulations are available on both GPC and PB5 processors and RTDS is continuously increasing 

the new components in the related library ,which now includes: Induction Machine, Permanent 

Magnet Synchronous Machine, Two Level Converter Bridges, Three Level Converter Legs, 

Discrete switching elements, Transformers, Transmission lines Modular Multi-Level Converters, 

and etc. [15]. 
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5.1.1 Fundamentals of Small Time-Step Simulation 

 

As it was discussed Dommel algorithm and Trapezoidal integration are used to perform a new 

solution in each time-step to solve the following equation: 

IGV
1−=  

In order to keep the real time simulation performance the conductance matrix inversion should 

be executed in every time step because the controller is changing the switching states of the 

network at any time leading to changes in G matrix. According to figure 5.14 as the network size 

increases sustaining real time situation becomes more problematic because the processors need 

more time for G matrix inversion, and this increases the calculation time. 
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Equation 5-8 

 

N*N matrix 

N=Number of nodes in the network 

  

 

 
Figure 5.14-Calculation Time in RTDS 
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5.1.2 The Challenge 

 

Even by using the most advanced processors, it will take about 50 µsec to invert and decompose 

a 72×72 conductance matrix. In the other hand using the previous defined modeling of switches 

if the purpose is to perform real time simulation for high frequency equipment then all these 

calculations for the same 72×72 matrix should be finished within 1 µsec ,which consequently 

will require a processor with 50 times more powerful. Due to these limitations in high 

frequencies another approach for modeling the switches should be proposed. 

5.1.3 Solution 

In this approach instead of using a large conductance an inductor is used to represent a short 

circuit using and rather than a small conductance for open circuit a series RC circuit will be 

utilized .Both inductor and capacitor can be replaced by their equivalent circuits as before in 

figures 5.15 and 5.16: 

 

 
Figure 5.15-Short Circuit Representation in RTDS 

 
Figure 5.16-Open Circuit Representation in RTDS 
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It is shown in figures 5.17 and 5.18 that changing switching states involves changing scg  to ocg

and scIH to ocIH or vice-versa. 

5.1.4 Open Circuit 
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Equation 5-9 

Figure 5.17-Open Circuit Conductance Matrix in RTDS 

5.1.5 Short Circuit 
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Equation 5-10 

Figure 5.18-Open Circuit Conductance Matrix in RTDS 

If the values of  scg  to ocg are chosen in a way that they become equal then it is not required to 

change the G-matrix each time a switching happens, therefore the conductance matrix inversion 

can be completed once before the simulation starts to run ,which will result in considerable time 

saving, and all the changes in switching states can be represented by a varying the history 

currents. [14] 
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5.1.6 Small Time Constraints: 

It should be considered that selecting scg  to ocg in this method will impose some constraint on 

selection of R, L, and C as it is depicted in figure 5.19. 

t
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t
Rrrgg ocscocsc
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2

2
 

Equation 5-11 

 
Figure 5.19 R and L selection in Small Time Step 

 

5.1.7 Modeling Approach Issues 

 

Using this method it should be noticed that the modeled impedance of open and short circuit 

using this approach should be large and small enough over the complete bandwidth of 

simulation. There is a small amount of energy that can be stored in the capacitance and 

inductance in each switching state, and when the switching event happens each time simply the 

model is changed from one state to another one and this energy is lost. This loss is not real and 

can increase by switching frequency. Consequently here is a limitation for the maximum 

switching frequency of about 3 kHz. When modeling switched by capacitors and inductors there 

is a possibility that the model transient response is not well damped. Proper selection of R, L and 

C can keep the transient response well damped.  

The ratio between the off impedance and on impedance can be defined at frequency of f, this 

ratio is greater than
2)2(

1

tff∆π
.According to this relation by decreasing the time step this ratio 

becomes larger which is desirable and similarly by having larger time steps the open circuit and 

short circuit impedances become closer which should be prevented. In RTDS simulation the 

minimum limit for small time step size is 1.4 µsec. usually but not always it is suggested to keep 

the small time step lower than 2.5 µsec. If there are different VSC subsystems in the model each 

sub system in small time step should be linked to the other small time sub systems via a cable or 

transmission line. 
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5.2 Simulation Software 

 
RSCAD is a Java based GUI program for RTDS, which runs under Windows and Linux. This 

software creates the circuits that can be simulated using RTDS simulator. As shown in figure 

5.20 file manager in RSCAD helps to organize the projects, launch modules and access manual. 

 

 
Figure 5.20-File Manager View 

 
First of all a draft icon on the task bar shown in figure 5.21 should be clicked to create page.  

 
 

Figure 5.21-RSCAD Toolbar 
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Draft page is depicted in figure 5.22 and has a drawing space on the left and the library on the 

right side. In Draft the layout of circuit, entering the data, 3phase or single phase view and load 

flow tolls are places.  

 
 

Figure 5.22-Drawing Page in DRAFT 

All components can be copied form library and dragged to the draft window, after drawing the 

desired circuit and entering the parameters draft is ready for compiling, because each model need 

to be compiled in RTDS before running to create an executable code which is used by RTDS for 

running the simulation. Rack numbers on RTDS should be also selected before compiling as it is 

illustrated in figure 5.23.  

 
Figure 5.23-DRAFT Toolbar 
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RTDS simulations can be started from Runtime icon shown in figure 5.24. 

 
Figure 5.24-Simulation Page in RTDS 

 
Figure 5.24 shows run time window, where signals can be monitored, different plot tools are 

available, and events can be triggered.  
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Chapter 6 

6 Overview of System in RSCAD 
 

The implemented model in DRAFT is shown in figure 6.1: 

 

 

Figure 6.1-DFIG Controller Overview in RSCAD 

The case is representing an infinite voltage source connected to two small time step BRIDGE_ 

BOX labeled GIS and ABBDFIG1 and four brown hierarchy boxes containing the grid side and 

rotor side controllers, crowbar logic, phase locked loop (PLL). There is also a block which 

controls fault sequences. Except of GIS and ABBDFIG1 all the control components in this figure 

6.1 are solved in large time step. The main network is solved with normal time step size of about 

53 µsec whereas the VSC circuit is solved with a time step of about 3.117647µsec. 
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6.1 Small Time Step Box 

 

 

Figure 6.2-Small Time Step Setting Window 

The small time steps parameters can be changed by right click on each small time step box and 

selecting Edit −> Parameters. These parameters in small time steps will not appear by double 

clicking on the components as is the case for almost all the components in RSCAD. The name 

and description of the bridge name can be edited here. Digital input and analogue outputs are not 

used in our model and the assignment. On each GPC card there are two processors that can be 
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used for solving the simulation which are called A, and B and the latter option is possible if more 

than one processor in GPC card is used. This selection can be made automatically or manually, 

but automatic option is suitable if I/O cards are not used otherwise it is recommended to use the 

manual selection. In our case GIS block is solved in card one processor one, and as it is shown in 

MAP file in figure 6.3, DFIG block is using processors A and B on card 2.on processor A the 

voltage source converter, firing pulse generator and triangle blocks are located and on processor 

B, DFIG, transformer and the t-line are placed. All the controls required for VSC box like PLL, 

rotor side controller, stator side controller, crowbar logic, fault and speed controllers are solved 

by card 3 processor B. It is possible to assign the control components to the desired processor 

manually and also automatically. It is recommended to minimize the number of node voltages 

that should be solved on one processor to reduce the computational time and communication 

time. Each processor calculated the node voltages that are required for its model, consequently 

grouping the models that use same voltages nodes save the calculation time. Also the load on the 

processors should be balanced on each processor, and this will affect time step. This can be 

checked by looking into MAP file after compiling the case. If the load on each processor is too 

high this will increase the small time step which is not desirable. 

 

 

Figure 6.3-Small Time Step Processor Usage 

In this project a 200 MW DFIG model is going to be implemented in RSCAD, the purpose is to 

have a model in RSCD that represents the equivalent model in PSCAD . 
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6.2 Scherbius Drive 
 

 

Figure 6.4-VSC in RSCAD 

Figure 6.4 is illustrating the voltage source converter which is called scherbuis drive. The rating 

of VSC is chosen 30% of the machine rating to minimize the losses. The rated DFIG speed in 

this study is selected 1.05p.u which is above synchronous speed to extract power from both 

stator and rotor of DFIG.  
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6.3 Three Winding 3 Phase Transformer 

Parameters of transformer in RSCAD can be adjusted by changing values in figure 6.3.1and 

6.3.2: 

 
Figure 6.3.1-Three Winding 3 Phase Transformer Configuration 

 
Figure 6.3.2-Three Winding 3 Phase Transformer Parameters 
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6.4 Doubly Fed Induction Generator (DFIG) 

 

 

Figure 6.4.1-DFIG Parameters Setting Window 

Parameters of DFIG in figure 6.4.1 are taken from p.u values for 5MW DFIG in PSCAD model.  
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6.5 Three Phase-Two Level Converters 
 

 

Figure 6.5.1-VSC Configuration Window 

 

Figure 6.5.2-VSC General Parameters Window 

Input and output of this model are calculated within one time step (around 3µsec). 
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6.6 Grids Side VSC Control 

 
Design and function of a typical grid side controller in DFIG is discussed earlier and RSCAD 

model is also following the same principles. The models that are shown in figures 6.6.1, to 6.6.4 

are taken from a sample model in RSCAD, which is similar to our studied model and follows 

same principal that is applied at this work. All the parameters for the controls are in p.u to create 

the possibility of using this controller for different ratings of DFIG models. 

Figure 6.6.1 is showing the outer loop of grid side controller which produces drefI  (G1IDGPU0). 

 
Figure 6.6.1-Capacitor voltage regulator outer loop 

In figure 6.6.2 inner part of the controller is shown. Error values of derrI   and qerrI are calculated 

from reference and measured values of dI and qI and later applied to input of PI contollers to 

ceate reference dq values for voltages drefV  and qrefV .Compensation terms are calculated and 

added to the PI controller to decouple d and q components by removing cross coupling terms.  

( de Liω =0.2 and qe Liω  =0.2 ) 
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Figure 6.6.3-PI controllers in Grid side controller 

The output in figure 6.6.3 is a voltage vector that is needed to create the required currents. As it 

is depicted in figure 6.6.4 this signal should first be transformed to its magnitude and angle and 

then to the stationary ac reference frame. The output of figure 6.6.4 are reference voltages used 

in modulation in the controller. 
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Figure 6.6.4-PWM Modulation  

It is needed to perform transformation from 3 phases to dq in the controller, and for this purpose 

the angle from Phase Locked Loop (PLL) is used at these transformations. In RSCAD model the 

stator voltage and grid side converter currents in DQ axis which are needed in grid side 

controller are calculated in PLL block .Measured voltage and current therefore are too noisy and 

should be passes through low pass filters to remove the noises form it. [14] 

 

6.7 Phase Compensation Calculation 

 
In steady state low pass filters effects can be represented by, 

φ

τω
ω jMe

j
jG =

+
=

)1(

1
)(

0

0  

Equation 6-1 

Where M andφ  are the magnitude and the phase shift caused by low pass filter. Consequently 

phase compensation should be considered in 3 phase to dq blocks. This value can be calculated 

and is different for different models. In figure 6.7 filter time constant is 0.002 which after 

inversion gives φsinM value of 0.628 at 50 Hz. 
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Figure 6.7-Phase Compensation for ABC-DQ Block 

6.8 Phase Locked Loop (PLL)  
 

Typical method to make a PLL bock is shown in figure 6.8.1.AC voltages )( sysV  from the DFIG 

stator are transformed from ABC reference to DQ rotating reference frame, and is used as input 

for this PLL, the PI controller then tries to keep the Q component of the voltage, which is 

regarded as an error e (t) to zero using a PI controller, and by this align D axis with the voltage 

vector. The output of PLL )( PLLθ will be a ramp function, which increases from 0 to 2π 

representing the AC system phase, by using )( PLLθ  which is locked with the voltage vector the 

error e (t) becomes zero. )( PLLθ will be used in ABC to DQ transformation blocks for producing 

d and q axis currents, and also for creating the modulation signals using DQ to 3phase blocks. 

The comparator in RSCAD controls a switch which creates this ramp function. Compensation for 

the phase lag in the synchronous reference dq-frame controller improves the controller 

performance [12], [13]. 

 

 
Figure 6.8.1-Typical PLL Block 
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6.9 Rotor Side VSC  

 
The way that rotor controller is designed in RSCAD in figure 6.9.1 is following almost the same 

principal mentioned before and used in this project, the main difference is that the modulation 

technique, which is used in this sample is PWM, which is hysteresis band in our studied model. 

All the parameters for the controls are in p.u to create the possibility of using this controller for 

other DFIG models with different ratings. 

 
 

Figure 6.9.1-Rotor Side Converter PI Controllers  

 

6.10 Crowbar Logic 

 
As explained before in section 2.3 the crowbar is a shunt resistor which is in series with a switch. 

When due to the faults in network capacitor voltage exceeds a certain amount ,the crowbar 

switch will be closed and consequently will reduce capacitor voltage. At this sample model in 

figure 6.15 the voltage is compared with 2 pu, and if capacitor voltage is higher than 2 p.u then 

latches the flip flop and activate the crowbar ,and if the voltage goes lower than 1.7p.u then the 

flip flop will be reset and the crowbar switch will be off. 
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Figure 6.15-Sample Crowbar Model 

 

6.11 Fault Control 

 
Figure 6.11.1-Fault Control 

The fault can be initiated by pushing a bottom the in run time. Using a fault sequence block It is 

possible to create following different fault cases in RSCAD in figure 6.11.1. 

The percent of the remaining fault voltage can be adjusted by R, L values in fault branch. 

F1=No fault      

F2=10% A-GND (10% remaining voltage 3-phase to ground) 

F3=10% AB-GND (10% remaining voltage 2-phase to ground)    

F4=10% ABC-GND (10% remaining voltage 3-phase to ground)      

F5=78% A-GND (78% remaining voltage 1-phase to ground)       

F6=78% AB-GND (78% remaining voltage 2-phase to ground)       

F7=78% ABC-GND (78% remaining voltage 3-phase to ground) 

Delayf1 in this block is determining duration of fault. 

 

Fault cases I and II in RSCAD are compared with equivalent PSCAD results: 

 

CASEI: 10% remaining voltage 3ph to Ground- Fault duration 1000 msec 

CASEII: 78% remaining voltage 3ph to Ground- Fault duration 1000 msec 
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Chapter 7 

 

 

 

 

 

 

 

 

7 PART I-Verification of DFIG model in RSCAD against PSCAD 

(Before modification) 
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At this section models in PSCAD and RSCAD are being compared before doing any 

modification on the available RSCAD model. The plots will be studied during a disturbance with 

duration of 1 sec and 10% remaining voltage, and differences between two models are shown 

and discussed. 

7.1 CASE I: 10% Remaining Voltage 3ph – G 

 

 

                    Figure 7.1-Network Voltages 

As it is shown in figure 7.1 fault duration is 1 second and network voltage is reduced by 90% in 

a 3 phase to ground fault. (Voltage values are in RMS) fault is removed after 1 second. It is 

shown that after the fault is removed the RSCAD show different behavior for voltage plots. 
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Figure 7.2-Network Currents 

Figure 7.2 shows network currents are considerably increased because the voltage is reduced in 

network terminals to 10 % of nominal voltage, there is a difference of about 2 KA between fault 

current in PSCAD and RSCAD model it is also shown that network responses in PSCAD and 

RSCAD model are not similar. 
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Figure 7.3-Torque, Active and Reactive power 

As it is shown in figure 7.3, when a short circuit happens in the network consequently generator active 

power of eP and electrical torque eT will become almost zero. After clearing the fault both of them come 

back to the references value defined in the rotor side controller. Injected reactive power from rotor side 

controller to rotor is defined to be zero and controller tries to keep this value during the instability. 

Figure 7.3 shows that the current RSCAD and PSCAD models are not consistent after the fault is 

recovered. 
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Figure 7.4-frequency and speed 

In figure 7.4 it is seen that frequency variations is RSCAD is much higher than the PSCAD model which 

almost is almost 50 Hz. Both models are working at fixed speed mode, and as the frequency is produced 

in PLL block, consequently a PLL investigation in RSCAD is needed in RSCAD. 
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                 Figure 7.5-Stator voltage 

Same as network voltage in figure 7.5 it is depicted that stator voltage is also reduced during the fault 

and again it is shown that after voltage recovery the behavior of models are different. 
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                 Figure 7.6-Stator current 

In figure 7.6 it is depicted that stator current response is also different during fault and once the fault is 

removed. Stator current should increase during the fault as the voltage is decreased due to a short 

circuit in grid. 
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                 Figure 7.7-Rotor current 

According to figure 7.7 rotor current plots are showing different behavior during fault. 
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                 Figure 7.8-Grid side converter current 

Grid side converter is loaded more with the increase of DC link voltage, which happens during the fault, 

and tries to keep the dc link voltage constant and around the rated value. Figure 7.8 should be 

compatible with figure 7.10, where DC link voltage variations are shown. In other words Grid side 

converter current should increase when DC link voltage in increasing or decreasing. It seems Grid side 

converter response in RSCAD is not compatible with the PSCAD model, and it doesn’t respond to the 

first peak of dc link voltage, and also is not helping to reduce dc link voltage after 1.5 sec. 
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                   Figure 7.9-Rotor side converter current 

Rotor side current has a frequency which is dependant to the slip; in synchronous speed rotor current 

will be a DC current. It is seen in figure 7.9 that when crowbar is activated rotor side converter current is 

bypassed by a short circuit in crowbar, but rotor current for example in phases B and C reaches to high 

value which is not desirable, and not consistent with PSCAD plot. 
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              Figure 7.10-Dc- link voltage 

As already mentioned during the fault there is an unbalance between the input and output active power 

in controller, and as at the output electrical power is almost zero due to the fault, dc-link voltage will 

increase quickly just after fault. As is shown in figure7.10, it is depicted that the reference value of dc 

link voltage is 1.1 KV, and capacitor voltage exceeds this value in both RSCAD and PSCAD models for the 

first right after short circuit happens, but PSCAD grid side controller is able to control the dc link voltage 

during the fault but it seems the RSCAD grid side controller is not doing the task for reducing the voltage 

and that’s why the crowbar is activated for RSCAD model twice.  It is very clear that RSCAD model is 

behaving completely different comparing the dc link voltages, as it goes down to zero, meaning output 

power is more than input power in this case ,which is not the case for PSCAD  model ,where voltage is 
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PSCAD model, which will activate crowbar twice, while PSCAD model only activate the crowbar only 

once according to figure7.11 and 7.12.But still a small increase in voltage is expected even with crowbar 

activation which is related to the first peaks in rotor current. 

 

                 Figure 7.11-Crowbar current 

It is shown in figure 7.11 that when the voltage in dc link exceeds the amount which is defined in 

crowbar the excessive rotor inrush current is passed through the crowbar instead of being injected to 

the controller, which is the purpose of using crowbar.  
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                  Figure 7.12-Crowbar Activation Signals 

In figure 7.12 it is shown that crowbar is activated two times in RSCAD, and one time in PSCAD model. 
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7.2 200 MW DFIG, RSCAD Model Verification against PSCAD:  
For modifying process, differences between RSCAD and PSCAD plots during normal and 

transient operation are studied. To show the effect of modification in this project as an example 

frequency plots for PLL are compared in section 7.2.1. 

7.2.1 Modifying PLL in RSCAD 

It was seen that before modification Grid frequency in RSCAD  is changing from 49, 8 to almost 

50, 2 Hz during the transient of  fault, which in PSCAD model increases up to 50, 0006 Hz. As 

frequency is produced in PLL block the PLL block in RSCAD model is entirely investigated to 

find the problem and apply required corrections, and modifications. Figure 7.2.1 and 7.2.2 are 

showing frequency responses before and after modification in PLL, and as it is illustrated the 

frequency response is much less than before. 

 

Figure7.2.1-Grid frequency Dynamic Performance in PLL in RSCAD model-Before PLL Modification 
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Figure7.2.2- Grid frequency Dynamic Performance in PLL in RSCAD model-After PLL Modification 

The investigation was continued by working on Grid Side and Rotor Converter and crowbar 

block in RSCAD, the controller parameters are changed according to PSCAD , the controllers 

itself was updated, after all these modification the final plots are compared with PSCAD model 

in the next section 8. 
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8 Output from TS plot (AFTER MODIFICATION): 

At this section models in PSCAD and RSCAD are verified against each other after modifying the 

RSCAD model according to the PSCAD model. The plots are investigated during a 3 phase to 

ground fault case with duration of 1 sec, and with 10% remaining voltage. 

 

 Figure8.1-Network voltages 

The network disturbance is applied at time 1 s, and stator voltages in phases A, B and C are 

reduced to 10% remaining voltage. The fault is cleared at the time instant 2 s, as it is depicted in 

Fig8.1, after modification RSCAD plots are improved and more similar to PSCAD model. 
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                 Figure8.2-Network Currents 
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Network current also increses due to the 3 phase fault as it is shown in figure8.2,and RSCAD plotts after 

clearing the fault are more consistent with PSCAD plotts,nevertheles still there is a difference between 

the fault current between two models.  

 
Figure8.3-Torque, Active and Reactive power 

As it is shown in figure 8.3 when 3 phase short circuit fault happens generator eT and eP  decreases 

which is expected. After the fault is removed in 2 sec it can be s seen that the plots in PSCAD and RSCAD 

are very similar and more compatible. Consumed reactive power in PSCAD model is higher than RSCAD 

because the numbers of transformers in PSCAD and RSCAD model are basically different in the studied 

models. Although reactive power plot is not quite similar in two models  but the results are more 

compatible rather than before. 
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                 Figure8.4-Frequency and Speed 

 

Frequency variation are improved to much extent as according to figure 8.4 the variations are limited 

within  50.01 Hz and 49.96 Hz, and PSCAD and RSCAD results are much closer now. 
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Figure 8.5-Stator Voltage 

 

Figure 8.5 shows that stator voltage after fault is reduced to about 10% which is expected according the 

fault type, comparing plot 7.5 and 8.5 it is seen that the stator voltages are more compatible after 

modification. 
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                 Figure8.6-Stator Current 

According to fig.8.6 stator current increases for a very short time after the moment fault has happened 

and then drops quickly during the fault duration. 
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                 Figure8.7-Rotor Current 

In figure 8.7 Similar to fig 8.6 rotor current grows once the fault has applied and reduces during the grid 

disturbance. 
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                 Figure 8.9-Grid side converter current 

In figure 8.9 it is seen that both PSCAD and RSCAD models have oscillations in grid side controller current 

at the moment that fault has applied which can be related to the first peak of dc link voltage in figure 

8.11 in RSCAD result when dc link voltage starts to decreases after about 1.6 sec grid side converter is 

raised again to compensate to dc link voltage drop. In PSCAD grid side controller tries to compensate dc 

link voltage reduction after around 1.3 sec. 
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                 Figure 8.10-Rotor side converter current 

It is seen that when crowbars are activated rotor side converter is protected from excessive rotor 

current. 

1 1.5 2 2.5 3 3.5 4 4.5 5
-3

-2

-1

0

1

2

3

4

 I
2

A
[k

A
]-

P
h

a
s
e

 A
 I

2
A

[k
A

]-
P

h
a

s
e

 A

10% Remaining Voltage-3 Phase to Ground
I2=Rotor side Converter Current,PSCAD=Blue/RSCAD=Green

1 1.5 2 2.5 3 3.5 4 4.5 5
-3

-2

-1

0

1

2

3

 I
2

B
[k

A
]-

P
h

a
s
e

 B
 I

2
B

[k
A

]-
P

h
a

s
e

 B

1 1.5 2 2.5 3 3.5 4 4.5 5
-3

-2

-1

0

1

2

3

Time [s]

 I
2

C
[k

A
]-

P
h

a
s
e

 C
 I

2
C

[k
A

]-
P

h
a

s
e

 C



Page 92 of 121 

 

 
                 Figure 8.11-DC-link Voltage 

In is shown in Figure 8.11 that dc-link voltage raises in both PSCAD and RSCAD models at the time 

instant 1 s and exceeds the crowbar activating limit value. The reason for the dc-link voltage increase in 

the beginning of the disturbance is the converters are not able to deal with the high inrush current 

coming from the rotor at a very short time. After modification RSCAD results for DC-link are more 

compatible to PSCAD results. It seems that still stator side converter in PSCAD has a better performance 

as DC-link voltage in RSCAD has more variations.  
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                 Figure 8.12-Crowbar currents 

Looking at crowbar currents and crowbar activating signals in Figure 8.12 and 8.13 in both models it is 

obvious that crowbars are activated only once after disturbance which shows RSCAD model is more 

similar to PSCAD after modification. 
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                Figure 8.13-Crowbar Activating signal 
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8.1 CASE II: 80% Remaining Voltage 3ph – G 
 

 

Figure 8.1-Network Voltages 

At this case as in figure 8.1 is depicted fault is reducing the voltage by 20% this time, fault duration is still 

1 sec. 
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                Figure 8.2-Network Currents 

In figure 8.2 network current in both models increases same as the previous fault cases, but again there 

is a difference in current magnitude during the fault. 

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.8

1

1.2

1.4

1.6

1.8

2

 I
n

e
t[

k
A

]-
P

h
a

s
e

 A
 I

n
e

t[
k
A

]-
P

h
a

s
e

 A

78% Remianing Voltage-3 Phase to Ground
Inet=Network Current,RSCAD=Green/PSCAD=Blue

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.8

1

1.2

1.4

1.6

1.8

2

 I
n

e
t[

k
A

]-
P

h
a

s
e

 B
 I

n
e

t[
k
A

-P
h

a
s
e

 B

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0.8

1

1.2

1.4

1.6

1.8

2

Time [s]

 I
n

e
t[

k
A

]-
P

h
a

s
e

 C
 I

n
e

t[
k
A

]-
P

h
a

s
e

 C



Page 97 of 121 

 

 

Figure 8.3-Torque, Active and Reactive power 

Torque and active power comeback to the reference value in both PSCAD and RSCAD models. Reactive 

power in RSCAD is about zero during steady state and PSCAD model consume an amount of reactive 

power regarding that number of transformer in PSCAD model is more. Both models are adjusted to not 

have reactive power injection from rotor controller. 
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                Figure 8.4-Frequency and speed 

Frequency variations in both PSCAD and RSCAD models are shown in figure 8.4 and speed is defined 

fixed for DFIG. 
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                              Figure 8.5-Stator Voltage 

Stator voltage also decreases by about 20% in figure 8.5 
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Figure 8.6-Stator Current 

Unlike the previous fault cases which crowbar was activated, in 80% remaining voltage fault case 

crowbar is not triggered and in figure 8.6 it is seen that stator current also in both models has increases 

after the fault has applied which is quite different from the 90% remaining voltage fault case. 

 

0.5 1 1.5 2 2.5 3 3.5 4
0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 I
S

T
A

T
[k

A
]-

P
h

a
s
e

 A
-R

M
S

 I
S

T
A

T
[k

A
]-

P
h

a
s
e

 A
-R

M
S

78% Remaining Voltage-3 Phase to Ground
ISTAT=Stator Current,RSCAD=Green/PSCAD=Blue

0.5 1 1.5 2 2.5 3 3.5 4
0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

 I
S

T
A

T
[k

A
]-

P
h

a
s
e

 B
-R

M
S

 I
S

T
A

T
[k

A
]-

P
h

a
s
e

 B
-R

M
S

0.5 1 1.5 2 2.5 3 3.5 4
0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Time [s]

 I
S

T
A

T
[k

A
]-

P
h

a
s
e

 C
-R

M
S

 I
S

T
A

T
[k

A
]-

P
h

a
s
e

 C
-R

M
S



Page 101 of 121 

 

 

                Figure 8.7-Rotor Current 

It is very clear that also rotor current has increases after the fault, unlike the 90% remaining voltage fault 

case. 
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                 Figure 8.8-Grid side converter current 

Grid side converter current  in both models now has increase according to figure 8.8  from the beginning 

of fault event which is expected due to power imbalance between two sides, and these currents are 

different during fault. 
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Figure 8.9-Dc-link voltage 

According to figure 8.9 both voltages are less than the crowbar activation level, resulting that crowbar 

shouldn’t be activated which is shown is confirmed by figures 8.10 

 

 

0.5 1 1.5 2 2.5 3 3.5 4
1

1.02

1.04

1.06

1.08

1.1

1.12

1.14

1.16

1.18

Time [s]

 V
c
a

p
-P

S
C

A
D

-R
M

S
 V

c
a

p
-R

S
C

A
D

-R
M

S

78% Remaining Voltage-3 Phase to Ground
Vcap=Capacitor Voltage



Page 104 of 121 

 

 

                 Figure 8.10-Crowbar current 
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Chapter 8 

9 PART II- Scaling of DFIG in RSCAD and modifying the model 

against PSCAD  
 

9.1 PART A: Investigations in Scaling transformer settings, Small time step 

blocks, and Infinite voltage source model 

 
The purpose is to scale the DFIG model up to 800 MW to reduce the amount of the processors in 

RTDS, when a wind farm is going to be modeled. There is a component inside RSCAD which is 

scaling transformer. The problem is that by increasing the scaling level to about 600 MW in 

RSCAD the model becomes unstable. In spite of that the scaling method used in both PSCAD 

and RSCAD model is based on the same principle, this component in RSCAD model is 

investigated and tested to focus on any possible difference in PSCAD and RSCAD. The 

investigations about scaling feature are divided into part A and B. 

 

Figure 9.1.1-Setting of Scaling Transformer  
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A three single phase transformer shown in figure 9.1.1 is used to for scaling. There are some 

parameters that can be adjusted in the component. The effect of having RC damper in secondary 

of scaling transformer is going to be investigated. It should be mentioned in PSCAD there is not 

a built in scaling transformer component like RSCAD. 

1. RC dampers: RC dampers are activated or disabled in secondary of the scaling 

transformer.  

• RC damper application is to decrease the oscillations in stiff networks. The purpose is to 

see if this RC branch can help to remove the instability while the scaling level increases. 

This is something that does not exist in PSCAD model  therefore the following cases are 

studied: 

- With RC branch set to default values 

- Without RC branch 

 

It is noticed that there are some other differences between PSCAD and RSCAD model, that 

should be studied; 

DFIG model in RSCAD is divided into two separate small time step blocks, which are connected 

via a fictitious transmission line, and this issue also should be studied. 

2. (GIS)Imaginary transmission line: The effect of Transmission line between DFIG and 

voltage source block (GIS) need to be studied. 

• As it was discussed in RTDS simulation to it is desired to reduce the time step for more 

accuracy in small time step, consequently the scaling transformer and network model 

with fault branches are placed in another small time step block to reduce the small time 

step value. As it was mentioned before If there are different VSC subsystems in the 

model each sub system in small time step should be linked to the other small time sub 

systems via a cable or transmission line to keep the time step lower than 4 µsec for entire 

system. This limitation does not exist in PSCAD model, and consequently there is not 

any imaginary transmission line in PSCAD model as a result the effect of having GIS or 

not having GIS on the scaling level should be studied.  

 

Regarding that the used infinite voltage source in RSCAD is a signal generator, and this is 

different from PSCAD model, this part of model also should be investigated.  

3. -Voltage source modeling 

• Voltage source model in PSCAD is a 3- phase voltage source model, but in RSCAD a 

fixed frequency ramp generator and a 3-phase wave generator is used. To study this 

difference between used components two case are investigated: 

- With Ramp function 

- With voltage source model 
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Results of these investigations are compared in different cases, and the cases will be simulated to 

highlight any link between the instability in RSCAD and these issues. 

In following plots: 

PG=200 MW DFIG active power (MW) 

SL1=scaling level 

P1 and Q1=scaled power (MW, MVAR) 

dE =stator voltage magnitude (p.u) 

9.2 Model with GIS and Ramp Function -Without RC Values 

 

Figure 9.2.1- Scaled Power 

It is seen in figure 9.2.1 that the slider value (SL1) can increases up to 3.3, and after that model 

becomes unstable. The amount of the oscillations in P1 is also noticeable in 600 MW, and the 

power at the DFIG terminal (PG) also has a drop. Also the voltage at the stator (Ed) is also 

decreasing according to figure 9.2.2. 

 

Figure 9.2.2- Stator Voltage magnitude in p.u 
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9.3 Model with GIS and Ramp Function-With RC Values 
RC damper is activated now in the second case to see the difference. Default values are 

(R=100 Ω, C=1 µF) 

 

Figure 9.3.2- Stator Voltage magnitude in p.u 

One influence of the RC damper in this case is reducing the oscillations of the power. It is 

shown that the power at the stator is slightly higher compared to case 9.2. The stator voltage 

is also slightly higher according to figure 9.3.2.It is observed that the slider value can be sent 

to 4.2 in figure 9.3.3, and system will not become unstable. 

 

Figure 9.3.3 -Maximum Possible Scaling Level 

9.4 No GIS-Ramp Function-No RC Values 

 
In this case the GIS is removed to eliminate the tline from RSCAD and RC values are not 

considered and the scaling transformer is placed inside the DFIG model and make the model 

more similar to the PSCAD model, This increases the time steps, which may influence the 

results.  
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At this case scaling can be increased up to 3.7, which is shown in figure 9.4.1. 

 

Figure 9.4.1- Scaled Power 

 

9.5 No GIS-Ramp Function- RC Values 
 

In this case the slider can be increased up to 4.3 in figure 9.5.1; 

 

Figure 9.5.1- Scaled Power 
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9.6 No GIS –No Ramp Function - No RC Values 

 

Figure 9.6.1- Scaled Power 

Power at the stator of DFIG is higher than the model with ramp function according to 

figure 9.6.1. 

 

Figure 9.6.2-Stator Voltage magnitude in p.u  

The slider value can be sent to 3.8 at the maximum possible point. 

9.7 No GIS-No Ramp Function - RC Values 

 

 

Figure 9. 7.2-Stator Voltage magnitude in p.u  

The slider value can be sent to SL=3.5 at the maximum and generator can produce 

700MW according to figure 9. 7.3. 
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Figure 9. 7.3- Scaled Power 

Conclusion: 

It is seen that removing both GIS and Ramp function does not solve the scaling 

transformer problem. But removing the GIS and ramp function and using the large time 

step infinite voltage source is giving the most accurate results compared to the other 

cases. Changing the RC damper is helping to reduce the oscillations, and might not be a 

useful method for improving the scaling transformer performance from the stability point 

of view. In the best case which is the last case turbine can produce 700 MW, and if the 

slider is sent to the higher values the system starts to become unstable. According to 

above investigations it was seen that neither RC damper settings nor number of small 

time step blocks and infinite voltage source model are not affecting stability of the model. 

 

9.8 PART B: Investigations in interfacing of Scaling Transformer 

 
There is a limitation in the maximum amount of scaling in interface transformer in small time 

step which is 120 and power can’t be regulated up to 800 MW, which is our purpose for this 

project, and consequently using a 5MW DFIG same as PSCAD model can’t create 800 MW even 

by using scaling transformer. Also it is shown that 5MW model in both large and a small time 

step network has oscillation problems, which make it impractical for creating 800 MW DFIG 

model. Using 5MW model is creating oscillations in P1 and Q1 in this case; in figure 9.8.1 it is 

shown that making the network stronger and also changing the RC damper values can’t reduce 

these noises.  

3.517.4But  05.595.4 〈〈〈〈 PPG  
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This oscillation increases linearly from 6%, and when we increase the scaling value for example 

to 120 to create 600 MW the amount of oscillation will be about 100MW peak to peak. So using 

the 5W case will not be a good idea as the produced P1 and Q1 will be much noisy and not 

appealing. 

 
Figure 9.8.1-Power Oscillations in 5 MW DFIG  

If instead of using 5MW a 200 MW model is used theses oscillations will be much less and about 

1% as it is shown in figure 9.8.2: 

 

 
Figure 9.8.2-Power Oscillations in 200 MW DFIG  

As a result it is preferred to use 200 MW model for this study .As a result I only have put the 

following cases including 5 MW connected to large dt, that can be regulated up to 800 MW. 

Case 1:   200 MW DFIG connected to large dt 

Case 2:    200 MW DFIG connected to small dt 

Case 3:    5 MW DFIG connected to large dt. (Similar to PSCAD) 

For case 3, DFIG parameters and 3 winding transformer voltage levels are same as PSCAD. 

After running the models with the given network parameters it was seen that none of these cases 

can be scaled up to 800 MW even the case that is same as PSCAD model and they become 

unstable when the scaling level increases. 

After that studies were continued by using 230 kV network for all of the cases (to represent a 

stronger network). It was verified that all of the cases could successfully be scaled up to 800MW 

using a network with higher voltage level. Also if the network inductance value is decreased by 

30% or more then, all again all the models will have no problem with scaling function and can 

produce 800 MW.  
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Case 4: This case is investigating a sample RTDS model that has its own controller and 

parameters and quite different form this project. This model has 1.6 MW DFIG in large dt, and 

finally only scaling transformer is added to this model and then connected to the network similar 

to cases 1, 2 and 3.It was shown that this model also can’t produce more than 400 MW with 154 

kV network, on the other hand it could be scaled up to 500 and create more than 800 MW if this 

model is connected to a stronger network. These results can confirm that this instability problem 

in scaling can’t be related to the studied model and its controllers and parameters, but may the 

focus should be on the network and interface point instead. 

 

9.9 Possible Causes for Instability 

 

9.9.1 Stiffness of Network 

According to small time step document main system parameters affect the stability of 

interfacing. Basically scaling transformer is a current injection to the secondary side of 

scaling transformer, and then system bus should be able to accept this current injection 

without creating an excessive change in voltage. When an injection occurs and the bus is too 

stiff, the voltage on the main system can become noisy .one possibility is that the subjected 

network at the project is too stiff for interfacing or is current stiff.  If the high frequency 

impedance of the main system side is too high then the bus may be too stiff and the 

interface may be unstable. This point can show the importance of having stronger networks 

for interfacing purposes. It seems that network parameters like impedance and voltage have 

direct impact on the interface instability, and our network seems  is much stiff for interfacing 

in RSCAD, this also should be considered that this model is working with the same network 

and controllers in PSCAD! .[18] 

9.9.2 Time Delays in Interfacing Loop 

 Another problem, which might create the instability, is the introduced time delay in 

interfacing loop, and this is explained in interfacing to analogue simulator document 

section2.2.3, in RTDS documents and proposes a voltage divider to explain the effect of this 

time delay in figure 9.9.2.1. [18] 
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Figure 9.9.2.1-Interface between Scaling Component and Network 
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Equation 9-1 

2R =The equivalent impendence of DFIG side 

1R =The equivalent impendence of the network side  

And this expression is stable only if 21 RR 〈   
When the scaling factor increases the injected current from secondary side (DFIG side) 

increases, which means the value of 2R
 is reducing slowly, and reducing stability margin of 

interface. Consequently it is expected that adding parallel impedance in the network side or 

adding series impedance on the DFIG side should increase the stability margin due to this issue. 

This equation also tells that if there is a weak network, which means 1R  is too high then it means 

the risk of instability is more, which can make 21 RR 〉 . Different configuration for parallel 

impedance were tried in DFIG side, and in the most of the cases the system was still unstable for 

powers up to 800 MW, and finally it was seen that there was only one configuration with certain 

values of R and C, that could make the model stable for 800 MW. The R and C values in the 

branch, which could make the model stable, were quite a few.  
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 Comparing Impedances 1Z and 2Z : 

In the following figures the impedance of DFIG side 2Z   in both 200 MW DFIG and RTDS 

model are compared with the network impedance 1Z  before and after adding the RC damper 

branch; 

 

Before adding RC damper branch: 

 

Figure 9.9.2.2-Netwrok Impedance 1Z  

 

Figure 9.9.2.3-DFIG Impedance 2Z for 200MW Model 

200 MW case: As it is shown, when the scaling is set to 3.1 (620MW) in 50 Hz, Ω= 26.191Z  

where Ω= 43.212Z  and this is quite close to instability limit mentioned earlier in time delay 

instability condition. 
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Figure 9.9.2.4-DFIG Impedance 2Z  for 1.6 MW Model 

WTG50R3 1.6 MW case: similarly, when the scaling is set to 395 (632MW) in 50 Hz,

Ω= 26.191Z  where Ω= 08.212Z   and this is again quite close to instability limit mentioned 

earlier in time delay instability condition. 

After adding RC damper branch: 

 

Figure 9.9.2.4-Netwrok Impedance 1Z  

 

Figure 9.9.2.5-DFIG Impedance 2Z for 200MW Model 
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200 MW case: According to the shown plots now when the scaling is set to 4 (800MW),

Ω= 95.131Z  in 50 Hz where Ω= 49.312Z  and this is giving more stability margins during 

scaling.  

 

Figure 9.9.2.6-DFIG Impedance 2Z  for 1.6 MW Model 

WTG50R3 1.6 MW case: similarly when the scaling is set to 500 (800MW) in 50 Hz,

Ω= 26.191Z  where Ω= 13.382Z  and using RC damper is providing more stability margin for 

scaling.  

It should be mentioned that in weak network connections if the scale factor is higher than 3 the 

stator side voltage starts to decrease, which can also affect the value of impedance 2Z , and make 

it even smaller, This is not the case, when we put the external RC branch with certain values, and 

it seems it is making the network stronger, and keeping the voltage at stator, which resulting to 

higher DFIG side impedance. 

To evaluate how network parameters are affecting the stability in RSCAD following cases are 

investigated, 

• pL (Parallel inductance): By changing pL value from 0.06128 H to 0.04128 H in figure 

9.9.2.7 the model can be scaled up to 800 MW. By having higher inductance value the 

stator voltage is kept constant during the scaling, which was not the case when the 

original values that were used. It is also seen that the resistance values is not affecting the 

instability. 

• Voltage level: By increasing the network voltage level from 154 Kv to 230 Kv also all 

the models can produce up to 800 MW properly and the plots are good. 

• RC branch: Adding external RC branch in parallel to network with certain values for R 

and C also can make the mode stable for scaling. 
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Figure 9.9.2.7-Network Parameters 

 

9.10 Plots for 800 MW DFIG Verified against PSCAD 

 
Verification of 800 MW DFIG against PSCAD model is same as 200 MW discussed in section 8, due to 

this similarity only produced power after scaling and in figures 9.10.1.1 and 9.10.1.2 are shown in figure. 

It is seen that by using the built RC branch the model becomes stable. 

9.10.1 Normal Operation 

 

 

Figure 9.10.1.1-Normal Operation Active and Reactive Power (MW) 
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9.10.2 CASE I: 10% Remaining Voltage 3ph-G  

 

 

Figure 9.10.1.2-Normal Operation Active and Reactive Power (MW) 
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Chapter 9 

10 Conclusion and future work 
 

10.1 Conclusion 

 
For first part of the project dealt with verification of 200 MW DFIG model in RSCAD against the 

PSCAD model, after modifying the controller in RSCAD the behavior of the model is improved, and 

most of the results are more compatible to PSCAD model, but still there are some differences between 

models specially for frequency, network and grid side converter currents during the fault. DC voltage 

response is improved compared to before but still DC voltage change in RSCAD is not completely same. 

Except these differences other plots were showing a high degree of similarity between models. RSCAD is 

an online simulation tool with its own limitations and with a different calculation method and it seems 

having exactly same results is not something practical. 

For part two of the project, which was about studies on scaled model in RSCAD there are some possible 

reasons for instability in RSCAD model, which mainly are related to network impedance and inherent 

interface time delays in RSCAD. 

10.2 Future Work 

 
This work could remark the problems in RSCAD model to much extent, and it seems that by having 

further investigations it is possible to improve RSCAD model behavior for verification purposes. This is 

not still so clear why a RC branch with only certain values for R and C can solve the mode instability, and 

this issue needs more thinking.   

At this work wind speed for both models were considered as a fix value, but this also would be very 

interesting to analyze the RSCAD model behavior against the PSCAD model for variable wind speed 

operation. 

For part two the results with proposed explanations are sent to RTDS Company and this work can 

continue after having more information from the manufacturer and designer of the simulator. It is also an 

interesting subject to find out why only one RC branch with certain values can make the model stable for 

scaling. 
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