
ISSN 1407-7345 

RIGAS TEHNISKAS UNIVERSITATES 
ZINATNISKIE RAKSTI 

SCIENTIFIC PROCEEDINGS 
OF RIGA TECHNICAL UNIVERSITY 

4. SERIJA 

ENERGETIKA 
UN ELEKTROTEHNIKA 

POWER AND ELECTRICAL 
ENGINEERING 

16. SEJUMS 

IZDEVNIECIBA "RTU", RIGA 2006 



DESIGNE OF A SIMPLIFIED ACTIVE STALL FIXED SPEED WIND TURBINE 
SIMULATION MODEL 

FIKSETA ATRUMA VEJA TURBINAS VIENKARSOTA MODE:{.A MODELESANA 

M. Berzins, L. Ribickis 

Keywords: active stallfu:ed speed wind turbine, power controller, drive train, aerodynamic model 

I. Introduction 

With the increasing integration of wind energy into power systems, the behavior of wind 
turbines and the control of wind farms will have significant effects on the power quality of 
both the connected power systems and the wind farms. 
An essential aspect of integrating wind farms into power systems is knowledge of the 
transient behavior of the wind farm subject to grid faults. Grid faults may cause isolation of 
one wind turbine or even isolation of a large part of the wind farm from the grid. This will 
have a great importance in the event that the wind farm is a significant part of the power 
system. Thus losing part of the wind production system due to grid faults can have severe 
consequences on power system stability. Hence in order to design a reliable system, it is 
important to understand the behavior of the wind farm and to have the knowledge of wind 
turbines interaction with one another under grid faults. 

11. Mathematical model of wind turbine 

The fixed speed wind turbine, which is also called conventional wind turbine, can be 
characterized as follows [ 1]: 

• Induction generator with compensation for reactive power (capacitor bank) 
• Fixed rotational speed (squirrel cage induction generator) 
• Power electronic devices (soft-starter) for limiting inrush current during the starting 
• Active stall regulation 

Figure 1 shows the block diagram of basic components of active stall fixed speed wind 
turbine. As depicted in Figure 1 wind energy is converted to mechanical energy through the 
drive strain. Then by means of induction generator mechanical power is converted to 
electrical power. Figure also includes characteristics that were described above, such as 
capacitor bank with controller, soft starter with controller and power controller for blade pitch 
angle control. Induction generator is connected to the HV grid through the two winding 
transformer. 
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Figure 1: Block diagram of active stall fixed speed wind turbine [2] 

A. Mechanical model 

In the mechanical model only parts of dynamic structure of the wind turbine that contribute to 
the interaction with the grid are included. Thus only drive train is considered because this part 
of wind turbine has the most significant influence on the power fluctuations [3]. 
According to [4] in stability analysis, when system response to heavy disturbance is analyzed, 
drive train usually is approximated by two mass model. The drive train model of the wind 
turbine is shown in Figure 2 [5]. 
In Figure 2, small mass is represented by induction generator inertia J gen and large mass 
corresponds to large turbine rotor inertia Jrot, representing the hub and the blades. The 
flexibility of low speed shaft is modeled as stiffness k and damping ratio c, however high 
speed shaft is assumed to be stiff. The drive train in Figure 2 also includes model of ideal gear 
box with the ratio (1 : ngear). 

Gen&ratot 

Figure 2: Two mass model of drive train 

The drive train converts aerodynamic torque of the rotor Trot into the torque on the low speed 
shaft Tshaft. The drive train can be described by following first order equations. 
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B. Aerodynamic model 

Not all the power from the wind can be converted to the mechanical power. The mechanical 
power extracted from the wind is given by following equation. 

(4) 

wherep = 1.225 lkg/m3 j .:air density, R -radius of turbine blades, vw-wind speed. 

As it can be seen from the equation 4 aerodynamic efficiency depends on pitch angle 8 pirch and 

the tip speed ratio A. •. Tip speed is calculated using equation. 

A= RaJrot 

Mechanical power of the wind turbine is also a function of a non dimensional power 
coefficient Cp, which however depends on a pitch angle and tip speed ratio. The typical Cp 
curve as a function of pitch angle and tip speed ratio is shown in Figure 3. 
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Figure 3: Wind power Cp curves 

(5) 

The aerodynamic torque developed on the main shaft of the wind turbine can be modeled by 
following equation. 

(6) 
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C. Control strategy for active stall wind turbines 

Active stall wind turbines use stall effect and by varying pitch angle maximum power output 
from the wind turbine can be controlled to a constant value. In active stall wind turbines 
power captured from the wind can be divided into two stages: 
First stage is power optimization where power yield is maximized between cut-in wind speed 
and nominal wind speed. In this stage only few fixed step are used to change pitch angle in 
order to extract as much power from the wind as possible [6]. In order to maximize power 
output for different wind speeds a corresponding values of Cp has to be found from the look 
up table, for a given pitch angle. 
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Figure 4: Power curve for active stall wind turbine 

Second stage is power limitation when wind speed is between nominal speed and cut-out 
speed. In this stage power is limited when wind turbine power exceeds the nominal power, 
rotor blade angles are turned into the wind thus stall effect is increased and power is reduced. 
To get desired stall effect the blades have to be pitched in negative direction. Typical power 
curve of active stall wind turbine is shown in Figure 4. 

D. Pitch angle control system 

Pitch angle control system is exposed in Figure 5. It contains PI controller and a pitch system. 
First a reference power (Pref ) is compared to the measured power (Pmes) and an error is sent 
to the PI controller. PI controller however generates appropriate reference pitch angle ()ref 
which is further sent to the pitch system. 
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Figure 5: A block diagram a pitch actuator system 

Pitch mechanisms accounts for the associate time constant (Tservo [ s]) and limitation of rate 
of change in pitch angle (rate_op [degls]- opening rate, rate_cl [degls]- closing rate). The 
dynamics of the pitch system can be approximated by a first order system. 

d 1 ( ) 
-= - 0 -0 
dt T ref 

.�ervo 

(7) 

The reference pitch angle set by the PI controller is compared with an actual pitch angle and 
the error is corrected by pitch mechanism. As it shown in Figure 5 blade angle for protection 
reasons is also limited byBmax [deg] and Bmin [deg] which denotes for maximum and 

minimum blade angle. 

Ill. Simulation using simple grid model 

2.3 MW wind turbine WT1 is connected to the 0.69 kV 
busbar at station #1 (IG - bus1). The capacitor bank 
(CWTl) used for compensation of reactive power is also 
connected to the same busbar, respectively to IG- busl. 
The LV/MV (0.69/33 kV) transformer (WTl - trafo) is 
connected between IG- busl and a busbar WTl- bus at 
station #2 in order to boost up voltage. Transformer 
WTl - trafo is connected to the busbar Trafo- bus2 at 
station #3 through the 3 km long 33 kV cable (Cable
WTl). The Trafo - bus2 is connected to the grid side 
transformer (Grid- trafo, 33 kV/132 kV) with a 0.25 km 
long cable (Landcable). Further transformer Grid- trafo 
is connected to the external grid at stations #5 132 kV 
bus bar. 

A. Evaluation of a pitch angle controller for variable 
wind speed 

External 
Grid 

Grid-trafo 

Land cable 

Cable-WTl 
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In order to evaluate performance of a proposed pitch angle control system a simple sinusoidal 
wind speed with 20 Hz Gaussian noise on top was modelled in DigSilent. From simulation 
results observed in Figure 6 it is seen that power controller works correctly in both power 
optimization and power limitation modes. When wind speed is above nominal speed (12 m/s) 
blade angles are turned into the negative direction, however when wind speed is bellow 
nominal speed power controller is trying to maximize wind turbines power output. 
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Figure 6: Pitch angle, Wind speed, Total active power 

A. Simulation results under three phase fault 

A symmetrical self-clearing three phase to ground fault with zero fault impedance is placed 
on the Station2/WT1- bus. The short circuit is activated at t = 5 sec and cleared at t = 5.1 sec. 
The simulation step time has been kept constant to 0.0001 sec. 
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Figure 7: Simulation results under three phase to ground fault 
a) Line-to-line voltages [kV] b) Phase currents [kA] 

Figure 5.5a shows three phase line-to-line voltages in kV. Also three phase currents are 
shown in Figure 5.5b. The measurements are taken on the generator terminals. 
As it is observed from Figure 7b the phase currents are increased approximately to 5 times of 
the nominal currents. In Figure 7a it is seen that the oscillation frequency of generator line-to-

150 



line voltages has significant increased right after the short circuit happens and as well as after 
the short circuit is cleared. 
In Figure 8 powers and torques are observed during three phase to ground fault. From graphic 
8a it is seen that no active power is transferred to the grid anymore. Hence as seen in Figure 
8b no electrical torque is produced. 
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, Figure 8: Simulation results under three phase to ground fault: 
9 .. �a) Total active power [MW] b) Electrical torque of the generator [p.u.] 

c) Total reactive power [Mvar] d) Mechanical torque of the generator [p.u.] 

As seen in Figure 9c due to the change in electrical and mechanical torques the induction 
machine starts to accelerate by reaching speed that is roughly 3 %higher than nominal speed. 
Due to the drop in voltage during short circuit no flux in the generator is produced 
consequently no reactive power will be consumed by the generator and hence capacitor is 
discharged through the short circuit path. This fact can be seen in Figure 8c where the reactive 
power is measured on the bus IG-bus 1. 
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Figure 9: Simulation results under three phase to ground fault 
a) Generator mechanical power [p.u.] b) Torque on the low speed shaft [Nm] 

c) Generator speed [p.u.] d) Angular velocity of the low speed shaft [rad/s] 

The same behavior is observed on the low speed shaft in Figure 9d where the turbine speed 
has increased. As the pitch angle and the wind speed is kept constant the turbine is forced to 
operate at higher tip speed ratio. This corresponds to lower power coefficient as seen in 
Figure 3. Thus turbines power is reduced as seen in Figure 9a. 
After clearing short circuit it is see that generator consumes a lot of reactive power from the 
grid, around -5 Mvar (Figure 8c) that is due to the fact that generator is trying to establish flux 
required to bring back induction generator to steady state operation point. After clearing short 
circuit it takes 4 seconds for the system to return to the nominal operation condition. 

Conclusion 

The main aim of this paper has been to design a model of a wind turbine that is valid for the 
investigation of grid faults. Thus a model of an active stall fixed speed wind turbine was 
designed and simulated. Given paper describes mathematical model of a wind turbine, as well 
as proposes a control strategy for active stall fixed speed wind turbines. Simulation tool used 
for this paper in order to verify power controller as well as to see the performance of the wind 
turbine under three-phase short circuit is fault is DigSilent. 
For simulations idealized model of wind farms was used, with one 2.3MW active stall fixed 
speed wind turbine. Simulation results proved that proposed power controller works correctly. 
However given power controller can be used only for study purpose, because a lot of 
improvement is needed before such power controller can be implemented in real lifr. 
Idealized model was also placed under three-phase short circuit and clearly it was observed 
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that given simulation model works correctly. Thus it is concluded that proposed simulation 
model is valid for investigation of turbines performance under the different grid faults. 
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Bi!ni(ls M., Ribickis L, Fiksi!ta lltruma v�a turbrnas vienkllrsotll mode/a modeli!sana. 
Pedejos gOllos vejfermu pieslegsana elektriskajiem tTkliem ir butiski pieaugusi. Tiipec, pirms integret vejfermu 
elektriskajii sistema ir nepieciesams izveidot dotiis sistemas simuliicijas modeli, lai ziniitu kii daziidi 'fsslegumi 
elektriskajii sistemii ietekmes vejfermu. 
Dotajii darhii tiek apskat'fts veja turblnas matemiitiskais mode/is No daziidiim pieejamiim veja turblnu 
topologijiim . .fr(jii projektii tiek pet'fta fikseta iitrunza veja turblna. 
Lai noverotu vejfermas sniegumu, konkretii sistema ir projekteta un simuleta lietojot DigS/LENT Power Factory 
datora programmu. Simuliicijas tika veiktas izmantojot idealizeto veja turblnas modeli. Dotii jaudas kontroliera 
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darbTba tika verificeta. TrTsfiizu Tsslegumu iespaids uz veja turbTnu tika petits izmantojot idealizeto modeli, kas 
satur tikai vienu veja turblnu. 

Benins M., Ribickis L, Design of a simplified active stall fu:ed speed wind turbine simulation modeL 
In recent years integration of wind farms into power systems has been rapidly developed. Thus before such 
integration takes place, it is necessary to create a simulation model of given wind farm in order to see how 
system will perform under different grid faults. 
In this paper mathematical model of a wind turbine is explored. From the various wind turbine topologies 
available, this paper focuses on the performance of the active stall fixed speed wind turbine topology. 
To observe the performance of a wind turbine, the wind turbine is designed and simulated using DigS/LENT 
Power Factory simulation software. The simulations are carried out on idealized model. The performance of a 
proposed power controller is verified. An idealized model of one wind turbine is used to see the effect of a three
phase fault on wind turbine dynamic performance. 

IiepJUHl>UI M., Pu6uqKuc JI., Mooe.nupoBauue puKcupoBauuou cKopocmu B ynpoU(euuou MOOeJIU BempoBou 
. myp6UHbl. 

3a noCJleiJHue zoiJbl uHmezpa'l/UR 6empo6blX f/JepM 6 3ReKmpocemu 3Ha'lumenbHO 603pocna. B c6R3u c 3mUM 
noR6unacb Heo6xoiJUMocmb 6 coJiJaHuu 3KcnepUMeHmanbHoii MoiJenu 6empo6oii fjJepMbl, c noMOUJbiO Komopoii, 
603MO;HCHo omcne;HCU6amb u U3)''1Umb BJ/URHue KopomKux ceme6blX 3aMblKaHuii Ha 6empoey10 f/JepM)'. 
B iJaHuoii pa6ome paccMompeHa MameMamu'leCKCIJI MoiJenb 6empoeoii myp6UHbl. flpu HaRU'IUU pa3RU'IHblX u 

. �i 
iJocmynHblX mononozuii 6empo6oii myp6uHbl, 6 npoeKme oco6oe 6HUMaHue yoeneno fjJuKcupo6aHHoii cKopocmu 
aempoaoii myp6uHbl. 
lfmo6bt Ha6ntOoamb 3a pa6omoii 6empoaoii myp6uHbl, 6 onpeoeneHHoii cucmeMe 6blRa cnpoeKmupo6aHa u 
npoMooenupo6aHa c noMOUJbiO npozpaMMHozo o6ecne'leHUR DigS/LENT Power Factory 6empo6CIJI myp6uHa. 
3KcnepUMeHmbl npou36oiJunucb, ucnonb3)'R MoiJenb uoeanU3upo6aHHoii 6empo6oii myp6uHbl. flpu 3moM 6blna 
onpeiJeneHa pa6oma coom6emcmeytOUJezo KOHmponepa MOUJHocmu. BnURHue KopomKozo mpexfjJaJHozo 
3aMbiKaHUR Ha 6empo6yl0 myp6uHy 6blno uJy'leHo nocpeiJcm6oM uiJeanu3upo6aHHoii Mooenu, coiJep;HCaUJeii 
monbKO oiJHy 6empoey10 myp6uHy. 
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