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Abstract: 

Nowadays electrical industry is facing challenge of meeting 

the ever increasing demand of electric power with minimum 

green house gas emissions. Amicable solution to this 

challenge is producing electric power using renewable 

sources. Over the years production of electric power by wind 

farms increased considerably because of its emission free 

characteristics. Wind farms employing back to back 

converters in the rotor circuit of doubly-fed induction 

generators (DFIG) have many advantages over other schemes. 

These converters carry nearly one fifth of the total power 

handled by the generators. This allows for economical 

operation with improved control in variable speed operations. 

But this converter operation is severely affected by short 

circuit faults that normally occur in power system networks. It 

is therefore essential to conduct short circuit fault studies on 

wind farms employing DFIG using back to back converters. A 

three phase fault occurring on the transmission line 

connecting wind farm to grid severely affects the operation of 

DFIG. The selection and set up of phase relays in power 

system networks are based on three phase fault analysis. In 

this paper simulation studies are carried out to identify the 

effect of three phase faults on the operation of wind farm 

employing DFIG.  

Keywords: Wind farm, Doubly-fed induction generator, 

Wind turbine, Pitch angle. 

 

INTRODUCTION 

Increase in demand for electric power and global warming 

caused by emissions from various industries are two major 

problems faced by world today. To save the earth from 

catastrophic effects of global warming there is a requirement 

for continuous power capacity addition without affecting the 

environment. In developing countries, the majority of the 

electric power has been generated by conventional power 

generating stations. Hence priority is given to generating 

electrical power with renewable energy resources by 

innovative methods, making sure that these innovations are 

not destructive to the environment [1]. In the last two decades, 

the prominence of power generated by wind energy 

conversion systems (WECS) in power sector has increased 

because of emission free power generation [2]. 

For variable speed WECS, back to back pulse width 

modulated (PWM) converters are used as shown in Fig.1, 

where the control system of the converter in the generator side 

regulates the machine torque and consequently the rotor 

speed, thereby keeping the frequency within defined limits. 

On the other hand, the converter in the grid side controls the 

reactive power at the coupling point [3]. In this case, the 

doubly-fed induction generators (DFIG) are widely used.  

 

Figure 1. Schematic diagram of DFIG 

 

Indeed, amongst many variable speed concepts, WECS using 

DFIG have many advantages over others [4]. The power 

converter in such wind turbines only deals with rotor power, 

therefore the converter rating can be kept fairly low, 

approximately 20% of the total machine power [5]. This 

configuration allows for variable speed operation while 

remaining more economical than a series configuration with a 

fully rated converter. Other features such as the controllability 

of reactive power help doubly-fed induction generators play a 

similar role to that of synchronous generators [6]. This system 

allows a variable-speed operation over a large, but restricted 

range. The converter compensates the difference between the 

mechanical and electrical frequency by injecting a rotor 

current with a variable frequency. Both during normal 

operation and faults the behavior of the generator is thus 

governed by the power converter and its controllers [7]. 

Depending on the operating condition of the drive, power is 

fed in to or out of the rotor. In an over-synchronous situation, 
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it flows from the rotor via the converter to the grid, where as it 

flows in the opposite direction in a sub-synchronous situation. 

In both situations that is over and sub synchronous, the stator 

feeds energy in to the grid [8]. Fault studies form an important 

part of power system analysis. It is essential to conduct fault 

studies in a power system consisting of distributed generation 

(DG), in particular if DG consists of WECS. A feeder 

connects WECS to grid [9]. A fault occurring on the feeder 

severely effects the operation of back to back PWM 

converters and DFIG. Faults on power systems are divided 

into three-phase balanced faults and unbalanced faults. The 

information gained from fault studies are used for proper relay 

setting and coordination. The three-phase balanced fault 

information is used to select and set phase relays, while the 

line-to-ground fault is used for ground relays. The magnitude 

of the fault depends on the internal impedance of the 

generators plus the impedance of the intervening circuit. 

 

MATHEMATICAL MODELING: 

The construction of a DFIG is similar to a wound rotor 

induction machine and comprises a three phase stator winding 

and a three phase rotor winding. The three phase rotor 

winding is fed through slip rings. The voltage and torque 

equations of the DFIG in a stationary reference frame are  

𝑣𝑠𝑗 = 𝑟𝑠  . 𝑖𝑠𝑗 +
𝜕𝜓𝑠𝑗

𝜕𝑡
                    (1) 

𝑣𝑅𝑗
′ = 𝑟𝑅

′ . 𝑖𝑅𝑗
′ +

𝜕𝜓𝑅𝑗
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𝑝
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𝜕𝜗

3
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 In these equations, all quantities are referred to the stator. 

Transformed rotor quantities use superscript notation. 

Transformation of these equations from three phase to two 

phase components done in synchronous reference frame (dq) 

according to following equations 
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2
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In (8) 𝜔𝑅 = 𝜔𝑆 − 𝜔𝑚𝑒𝑐ℎ , the rotor slip frequency. The 

synchronous reference frame can be linked to the stator or 

rotor flux of the machine. However, a reference frame linked 

to the stator voltage space vector 𝑣�̅� is a convenient alternative 

because the DFIG operates as a generator maintaining or 

being fed with constant stator voltage [10]. Hence, stator 

voltage and stator current are either given (line operation) or 

controlled (island operation) variables. Two interpretations of 

the DFIG dynamic equations are possible, depending on the 

state variables selected in the model. Asynchronous machine 

model is obtained when selecting the flux linked to the rotor 

currents (or back electromotive force (EMF) voltage) as a 

state variable. Selecting the air-gap flux (or magnetizing 

current) as a state variable invariably leads to an induction 

machine type model. Both models give valuable insights on 

how the DFIG works and can be controlled [11]. In steady 

state and neglecting stator resistance, the stator voltage (7) 

reduces to  

𝑉�̅� =  𝑗. 𝜔𝑠 . 𝐿𝑠𝐼�̅� +  �̅�𝑏                  (12) 

�̅�𝑏 =  𝑗. 𝜔𝑠. 𝐿𝑚𝐼�̅�
′                             (13) 

In (13), voltage vector �̅�𝑏  represents the back EMF voltage 

induced in the stator by rotor current 𝐼�̅�. This rotor current can 

be considered as the field current of the  DFIG. The associated 

DFIG steady state equivalent circuit and phasor diagram are 

shown in Fig.2 and Fig.3 respectively.  

 

Figure 2.  DFIG equivalent circuit 

In this equivalent circuit, a slip s can be introduced, according 

to  

𝑠 =  
𝜔𝑠 − 𝜔𝑚𝑒𝑐ℎ

𝜔𝑠

 =
𝜔𝑅

𝜔𝑠

              (14) 

 

Figure 3. DFIG phasor diagram 
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Neglecting rotor resistance and rotor leakage inductance, the 

rotor voltage amplitude equals 

𝑉𝑅 ≈ 𝑠 ∗ 𝑎𝑆𝑅 ∗ 𝑉𝑠                          (15) 

With 𝑎𝑆𝑅, the voltage transformation ratio between stator and 

rotor. This ratio is selected such that the voltage rating of the 

four quadrant converter matches the stator voltage at 

maximum speed to avoid transformers in the rotor circuit. The 

active power delivered to the rotor by the four quadrant 

converter and the mechanical power delivered to the shaft of 

the generator can be calculated according to the induction 

machine equations 

𝑃𝑅 = 𝑠 ∗ 𝑃𝑠                                  (16) 

𝑃𝑚𝑒𝑐ℎ = (1 − 𝑠) ∗  𝑃𝑠                (17) 

Both (16) and (17) clearly describe the power flow in the 

DFIG for over-synchronous and under-synchronous operation. 

Above synchronous speed, the four-quadrant converter 

operates as generator of active power delivering power to the 

grid parallel to the DFIG. Below synchronous speed, the four 

quadrant converter circulates (by-passes) active power from 

the grid into the rotor circuit. A model based feed forward 

controller is developed using the dynamic model equations 

mentioned above, to guarantee stable operation and enable 

independent control of active and reactive power of the DFIG.  

 

SIMULATION 

A physical model of the WECS with space vector controlled 

DFIG connected to grid by a transmission line is created in 

simulink. The stator windings of DFIG are directly connected 

to the 50 Hz grid while the rotor windings are fed at variable 

frequency through the back to back PWM converters through 

slip rings. WECS consists of six 1.5 MW, 50 Hz wind 

turbines connected to 120kV grid by a 30 km length 25kV 

transmission line. A combined 2 MVA induction motor load 

and 200 kW resistance load are connected at the middle of 

transmission line connecting wind farm with grid as shown in 

Fig.4. The presented model is simulated and analyzed using 

simulink under gradual variation of wind speed from 8 m/s to 

16 m/s at a rate of 1m/s2 from t=0 sec, and occurrence of three 

phase to ground fault on transmission line section at location 

shown in Fig.2 at 20 sec. It is assumed that the initial wind 

speed is 8 m/s, pitch angle (θ) of blades is 0o and 

corresponding angular speed of wind turbine (ω) is 0.8 pu and 

wind farm generates an active power of 1.87 MW and 

consumes a reactive power of 0.093 Mvar. 

 

RESULTS AND DISCUSSION 

Table 1 and Figure 5 show the variation of ω, θ, Vwf and Iwf 

with gradual wind speed change from 8 m/s to 16 m/s at a rate 

of 1 m/s2 and occurrence of a three phase to ground fault on 

transmission line connecting wind farm to grid at 20 sec. 

During pre-fault period (t < 20 sec) it is observed that angular 

speed of turbine (ω) increased to 1.227 pu in 13.685 sec from 

an initial value of 0.8 pu. From 11.91 sec onwards pitch angle 

of blades (θ) increased to control ω. θ reached to a peak value 

of 6.774o at 15.276 sec and settled at a value of 3.119o nearly 

at 20 sec, by that time turbine speed remained constant at 

1.216 pu. This is an expected behavior of the pitch angle 

controller to maintain turbine speed constant corresponding to 

the increase in mechanical power, and to reduce stress on the 

mechanical structure of wind turbine.  

Three phase to ground fault on feeder at 20 sec caused a 

voltage dip in wind farm from 1.002 pu at 20 sec to 0.277 pu 

at 20.017 sec. This dip further reduced to 0 pu at 20.18 sec. 

This voltage dip is sustained for duration of 0.1 sec, which is 

the setting of under voltage relay. Wind farm protection 

system is tripped at 20.18 sec making wind farm current to 0 

pu. It is evident from table 1 and figure 6 that three phase to 

ground fault severely changed angular velocity of turbine 

because of isolation of wind farm from grid at 20.18 sec. ω 

increased from 1.216 pu at 20 sec to a peak value of 1.568 pu 

at 30 sec. This increase is because of the fact that wind farm is 

not generating any electrical power and hence the mechanical 

input corresponding to 16 m/s wind speed increased ω. But 

pitch angle controller controlled ω to within safe limits by 

adjusting pitch angle of blades (θ). θ increased from 3.119o at 

20 sec to 33.09o at 35 sec and settled at a value of 26.21o at 

nearly 40 sec. By that time ω decreased from peak value to a 

value of 1.148 pu. This large variation of θ is expected as 

wind farm is tripped and not generating any electric power. 

 

Figure 4. Simulation diagram 
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Table 1: Variation of turbine speed and pitch angle with 

gradual change in wind speed from 8 m/s to 16 m/s at a  

rate of 1 m/s2 from 0 sec. Three phase fault at 20 sec. 

t 

(sec) 

ω 

(pu) 

θ 

(deg) 

Vwf 

(pu) 

Iwf 

(pu) 

0 0.8 0 1 0.187 

5 0.892 0 1 0.261 

10 1.119 0 1.001 0.520 

11.91 1.211 0.056 1.001 0.885 

13.685 1.227 3.606 1.002 0.881 

15 1.225 6.236 1.002 0.881 

15.276 1.224 6.774 1.002 0.881 

20 1.216 3.119 1.002 0.881 

20.017 1.217 3.120 0.277 1.194 

20.044 1.219 3.174 0.210 0.955 

20.048 1.219 3.182 0.204 0.948 

20.110 1.223 3.306 0.173 0.735 

20.180 1.228 3.446 0 0 

21.091 1.293 5.268 1.006 0 

25 1.519 13.090 1.006 0 

30 1.568 23.090 1.006 0 

35 1.337 33.090 1.006 0 

40 1.148 26.21 1.006 0 

 

 

Fig. 5: Variation of turbine speed and pitch angle with gradual 

change in wind speed from 8 m/s to 16 m/s at a rate of 1 m/s2 

from 0 sec. Three phase fault at 20 sec. 

 

Table 2 and figure 6 show the variation of Pwf, Qwf, Pfr and Qfr 

with gradual wind speed change from 8 m/s to 16 m/s at a rate 

of 1 m/s2 and occurrence of a three phase to ground fault on 

transmission line connecting wind farm to grid at 20 sec. 

During pre-fault period (t<20 sec) it is observed that generated 

power of wind farm increased from 1.870 MW to a peak value 

of 8.812 MW at 11.91 sec and settled at a value of 8.782 MW 

at 20 sec. Consequently the reactive power consumption also 

increased to a peak value of 0.965 Mvar (-ve sign in table2 

indicates that wind farm is consuming reactive power) at 

11.91 sec and settled at a value of 0.944 Mvar. The active 

power taken by transmission line from grid gradually 

decreased to 0 MW at 4.351 sec and settled at a value of -

6.051 MW but reactive power taken from grid increased from 

0.003 Mvar (+ve sign in the table 2 indicates that the reactive 

power flow is from grid to wind farm) to 1.999 Mvar. This is 

an expected behavior since active power generation from 

wind farm increased to 8.782 MW with increased reactive 

power consumption up to 0.944 Mvar.  Occurrence of three 

phase fault on the transmission line section lead to the tripping 

of the wind farm from grid because of operation of under 

voltage relay as the voltage dip is sustained for duration of 0.1 

sec which is the setting of the under voltage relay. Inevitably 

the active power injected by the wind form to grid decreased 

to 0 MW from pre fault value of 8.782 MW. Consequently the 

reactive power consumption also decreased to 0 Mvar from 

pre fault value of 0.944 Mvar. Post fault  active power flow in 

transmission line connecting grid to wind farm changed to + 

0.602 MW (+ sign indicates that this flow is from grid side to 

wind farm) from pre fault value of -6.051 MW. Consequently 

the reactive power flow also changed from pre fault value of + 

1.999 Mvar to  -0.884 Mvar.    

 

Table 2: Variation of wind farm power and feeder power with 

gradual change in wind speed from 8 m/s to 16 m/s at a rate  

of 1m/s2 from 0 sec. Three phase fault at 20 sec. 

t 

(sec) 

Pwf 

(MW) 

Qwf 

(Mvar) 

Pfr 

(MW) 

Qfr 

(Mvar) 

0 1.870 -0.093 0.551 0.003 

4.351 2.426 -0.202 0 0.133 

5 2.605 -0.236 -0.177 0.176 

10 5.169 -0.638 -2.667 0.854 

11.910 8.812 -0.965 -6.082 2.026 

15 8.780 -0.944 -6.050 1.999 

15.276 8.781 -0.944 -6.050 1.999 

20 8.782 -0.944 -6.051 1.999 

20.110 0.472 1.473 0.109 0 

20.180 0 0 0.110 0 

21.091 0 0 0.602 -0.884 

25 0 0 0.602 -0.884 

30 0 0 0.602 -0.884 
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Fig. 6:  Variation of wind farm power and feeder power with 

gradual change in wind speed from 8 m/s to 16 m/s at a rate of 

1m/s2 from 0 sec.  Three phase fault at 20 sec. 

 

CONCLUSIONS 

A model has been formulated to simulate the performance of 

wind farm employing space vector controlled doubly-fed 

induction generators. The effect of gradual variation of wind 

speed and occurrence of three-phase ground fault on a 

transmission line connecting wind farm with grid have been 

presented and analyzed. A three phase to ground fault at 20 

sec on transmission line connecting wind farm with grid 

caused a voltage dip in wind farm from 1.002 pu to 0 pu at 

20.18 sec. Wind farm protection system tripped at 20.18 sec 

making wind farm current to 0 pu. Angular speed of turbine 

(ω) increased from pre fault value of 1.216 pu to a peak value 

of 1.568 pu at 30 sec. Pitch angle controller controlled ω to 

within safe limits by adjusting pitch angle of blades (θ). θ 

increased from 3.119o at 20 sec to maximum value of 33.09o at 

35 sec and settled at a value of 26.21o at nearly 40 sec. The 

results show that the pitch angle controller effectively 

controlling the turbine speeds with increase in mechanical 

power due to gradual increase in wind speeds. A three phase 

to ground fault on transmission line affected angular velocity 

of turbine because of isolation of wind farm from grid. But 

pitch angle controller effectively controlled angular speed to 

within safe limits by adjusting pitch angle of blades. Space 

vector controlled doubly-fed induction generator in 

conjunction with turbine pitch angle controller showed 

excellent response irrespective of wind speed variations and 

three phase fault on the transmission line.  

 

ACKNOWLEDGEMENTS 

The authors are thankful correspondent Dr.Vijaya Nirmala 

Muttamsetty and Secretary Ln. Krishna Rao Muttamsetty of 

NOVA College of Engineering and Technology, Vegavaram 

for their encouragement and support to publish this work. 

REFERENCES 

[1]  Amirat, Y., Benbouzid, M., Bensaker, B., and 

Wamkeue, R., 2007, “Generators for Wind Energy 

Conversion Systems: State of the Art and Coming 

Attractions, Journal of Electrical Systems, vol.3, no 1, 

pp. 26-38. 

[2] Koutroulis, E., and Kalaitzakis, K., 2006, “Design of a 

maximum power tracking system for Wind energy 

conversion applications,” IEEE Trans. industrial 

Electronics, vol.53, no.2, pp. 486-494. 

[3] Carlin, P., Laxson, A., and Muljadi, E., 2001 “The 

History and state of the art of variable-speed wind 

turbine technology,” NREL Technical Report, TP-500-

28607.  

[4] Datta, R., and Ranganathan, V., 2002, “Variable-speed 

wind power generation using doubly fed wound rotor 

induction machine – A comparison with alternative 

schemes,” IEEE Trans. Energy Conversion, vol. 17, no 

3, pp. 414-421. 

[5] Holdsworth, L., Wu, X.,  Ekanayake, J., and Jenkins, 

N., 2003, “Comparison of fixed  speed and 

doubly-fed induction wind turbines during power 

system disturbances,” IEE Proc. Generation, 

Transmission and Distribution, vol. 150, no 3, pp. 343-

352.  

[6] Grabic, S., and Katic, V., 2004, “A  comparison and 

trade-offs between induction generator control options  

for variable speed wind turbine applications,” 

Proceedings of IEEE International Conference on 

Industrial Technology (ICIT), vol. 1, Hammamet 

(Tunisia), pp. 564-568. 

[7] Jahns, T., and DeDoncker, R., 1996, “Control of 

generators,” The Control Handbook, Boca Raton, FL: 

CRC. 

[8] Pena, R., Clare, J., and Asher, G., 1996, “Doubly fed 

induction generator using back-to-Back PWM 

converters and its application to variable-speed wind-

energy generation,” IEE Proc.- Electr. Power Appl., 

Vol. 143, No. 3, pp. 231-241. 

[9] Vladislav, A., 2002, “Variable-Speed Wind Turbines 

with Doubly-Fed Induction Generators, Part I: 

Modelling in Dynamic Simulation Tools,” Wind 

Engineering Volume 26,  No. 2, pp. 85-108. 

[10] Muller, S., Deicke, M., and DeDoncker, R., 2002, 

“Doubly fed induction generator systems for wind 

turbines,” IEEE Industry Applications Magazine, vol. 

8, no 3, pp. 26-33. 

[11]  Nicholas, W., Sanchez-Gasca, J., William, P., and 

Robert, D., 2003, “Dynamic modeling of GE 1.5 and 

3.6 MW wind turbine-generators for stability 

simulations,” GE Power Systems Energy Consulting, 

IEEE WTG Modeling Panel, pp. 1977- 1983. 

 

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 24 (2018) pp. 16913-16918 

© Research India Publications.  http://www.ripublication.com 

16918 

BIOGRAPHY 

Dr.RaghavendraRao Maarisetti received the B.Tech. from V.R.Siddhartha Engineering College, of the 

Nagarjuna University, the M.Tech from the JNTUniversity College of Engineering, Hyderabad, and the Ph.D 

from the JNTUniversity Kakinada, all in Electrical and Electronics Engineering. Currently he is Professor of 

Electrical and Electronics Engineering Department and Dean of Incubation centre in NOVA group of colleges, 

Vegavaram, India. His primary areas of interest include power system design, modeling and alternative energy 

resources. Dr.Maarisetti is a Fellow of Institute of Engineers (India) and a chartered engineer, a life member of 

Indian Society for Technical Education and a member of IEEE. 

 

Baby Eeduri  received the B. Tech. in Electrical and Electronics Engineering from Akula Sri Ramulu  Institute of 

Engineering and Technology of the JNT University  Kakinada in 2017. She is now pursuing the M. Tech in 

Electrical and Electronics Engineering from the NOVA College of Engineering and Technology, Vegavaram, 

India. Her areas of interest include electrical drives, power system design, modeling and renewable energy.  

 


