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Abstract: 

Now-a-days, the consumption of conventional energy sources has increased, so efforts have been made to generate electricity from 

renewable energy sources such as wind, solar etc., Wind energy has become one of the most important and promising sources of 

renewable energy. This demands additional transmission capacity and better means of maintaining system reliab ility. Today, the wind 

power capacity of the world is approximately 50GW and it is expected to reach 160GW by 2016.By using modern power electronics  

and controllers, conversion to an AC voltage with constant magnitude and frequency is performed. In this mode they can be dir ectly  

connected to the electrical grid to supply residential loads or to return excess power to the grid. Alternatively, they can be directly  

connected to the electrical grid at the end of remote distribution lines to decrease the need of upgrading old 

 

I. Importance of DFIG for wind energy applications  

A DFIG based wind turbine system consists of a wound rotor 

induction machine with slip rings, and power electronic 

converters between the rotor slip-rings and the grid. The stator 

is directly connected to the grid. Both the stator and rotor 

windings are able to supply power to the grid. The d irect ion of 

the power flow in the rotor circuit depends on the variation of 

the wind speed. The power electronic converters control both 

the direction and magnitude of the power flow of the machine. 

In sub-synchronous mode, the converter feeds the rotor 

windings from the grid, whereas  the rotor supplies power to 

the grid in super-synchronous mode of operation. To ensure 

variable speed operation, both converters need to be controlled 

under sub-synchronous and super-synchronous modes of 

operation 

 

II. STEADY S TATE MODEL OF DFIG 

Fig. shows the per-phase steady state equivalent circuit of 

DFIG. Although this figure can be used to determine the 

performance of a doubly-fed induction machine, the 

formulat ion of the resulting equations must be modified to suit 

the fact that the rotor current is the controlled variable rather 

than the stator current. 

 
Fig.1, 2.6 Per-phase equivalent circuit of a doubly fed 

induction generator  

 

 

 

 

When doubly-fed, the per unit power into the rotor circu it 

comes from two sources........ 
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Where (*) denotes the complex conjugate operator. Since the 

machine is a generator, positive „T ‘denotes generator 

operation. 

 

The power lost in the rotor circuit is  
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The power output of the circuit is 
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Conservation of power requires that 
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Cancelling out the (1-s) term 
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This resulting equation represents the basic torque equation 

for a doubly fed induction generator. Solution of eqn. 2.11 in 

terms of the rotor current has been developed . Expanding 

eqn. 2.11, 
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In general, the phase position of the rotor voltage is typically 

defined as its relative phase position with respect to the stator 

terminal voltage V1. Hence, V2,re' and V2,im' can be 

assumed to be known or specified quantities. Assuming that T 

and s are also specified, eqn. 2.12 can be solved for the 

currents by also assuming that their ratio (power factor) is 

specified. 

An alternative approach to solve eqn. 2.12 is to assume that 

the phase position of the rotor current is known rather than the 

rotor voltage. In this case, assuming the real part of the stator 

current as reference, 
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And 
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Which is simply a quadratic in terms of; upon solving eqn. 

2.15? 
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The voltage V2,re ' can also be written as V2' cosФ2 where Ф 

2 represents the phase angle of the rotor terminal voltage V2' 

with respect to the rotor input current I2'. Hence the rotor 

current I2' can be determined as a function of slip for any 

desired torque and specified value of rotor voltage and phase. 

     
   

    

 

In general, the voltage obtained will not be identical to the 

available terminal voltage except for specific combinations of 

rotor voltage and slip. Hence, iterat ion is necessary to 

converge on the correct values which correspond to the 

specified stator terminal voltage. 

To obtain a suitable answer, a search algorithm can be devised 

as follows: 

(i) Specify a desired value of torque T and slip s. 

 

(ii) Loop through eqn. 2.17, 2.8, 2.18 and 2.19 for all 

possible acceptable values of V2' and cosФ and determine the 

desired V1. 

 

(iii) Since the iteration process uses two variables V2' 

and cos Ф, a second constraint can be satisfied such as the 

stator power factor, rotor power factor or efficiency.  

(iv) Select the voltage and phase value satisfying the 

desired constraints. 

 

(v) Modify the target torque and slip and repeat. 

 

In the above analysis, it has been assumed that the 

DFIG works in sub synchronous speed. 

Normal operation of the doubly fed generator takes place 

below synchronous speed. It is important to note that for 

positive slip s (speeds less than synchronous) the second term 

of eqn. 2.11 is always negative since I 2 1 2 is always a 

positive number. 

Conversely when the slip is negative this term is always 

positive. Hence, in order to produce a positive (generator) 

torque below synchronous speed, the first term representing 

the power input onto the shaft from the external supply must 

first cancel the second term before a positive torque can be 

achieved below synchronous speed.  

Above synchronous speed (negative slip) the second term is 

always positive and both terms contribute to positive 

generator torque. From eqn. 2.15 it is evident that in order to 

simply achieve zero torque it is necessary that the rotor 

current reach the value  
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So that the rotor power loss equals to  

        
   

          

   
 ………….. 2.21 

 

This amount of power is wasted as rotor losses before the 

doubly fed machine can even begin to produce generator 

torque below synchronous speed. 

 

III. SIMULATION OF THREE PHAS E LCI 

The line commutated inverter used in the super-synchronous 

mode whose power circuit is shown in Fig. 3.4 has been 

simulated using MATLAB software. The various parameters 

used for this simulation are Ld = 60mH, internal resistance of 

inductor rd = 0.3_ 3-phase grid voltage = 400V (L-L), 50Hz 

Fig. 3.7 shows the simulation model of the line commutated 

inverter used for the proposed scheme. The simulation results 

of this model are g iven in Fig.3.8.  

 

 Simulation model of LCI 

 
Fig.2, Simulation results of three-phase LCIDC link 

voltage (93.17V) and DC link current (5.97A) 
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Fig.3. Simulation model of LCI 

 
Fig.4, 3.9 Sub-system of LCI 

In this chapter, the salient features of power 

electronic converters used in DFIG scheme have been 

presented. Also, the analysis of line commutated inverter has 

been carried out and the simulation model of the power circuit 

along with grid has been developed. The dc link voltage and 

current waveforms obtained at the input of LCI confirm the 

validity of the proposed model.  

 

IV. OPEN LOOP S UPER-S YNCHRONOUS MODE 

The block schemat ic for open loop super-synchronous mode is 

shown in Fig.4.1  Ratings of DFIG used in the proposed 

scheme are: Nominal power (P) = 2.65kW, VL-L = 400V, f = 

50Hz, synchronous speed (Ns) = 1000 rpm, number of poles 

(P) = 6 [7]. In open loop super-synchronous mode firing angle 

(>90 ) of the line commutated inverter is varied manually to 

maintain the stator power constant at 2.65kW for speeds 

varying from 1050 rpm to 1200 rpm. As the speed varies, the 

rotor power delivered to the grid is varied but stator power is 

maintained constant. 

  

The parameters chosen for the simulat ion study are: 

Stator resistance  : 0.8285_ 

Stator leakage inductance : 3.579 mH 

Rotor resistance   : 0.7027_ 

Rotor leakage inductance  : 3.579 mH 

Magnetizing inductance  : 62.64 mH 

 

 
Fig.5, Block diagram of open loop super -synchronous 

mode 

 

 
(a)Nr=1200 rpm 

Fig.6, Variation of active power delivered at the 

stator side 

 
(b) Nr=1100 rpm 

Similarly from Fig. 4.3 we observe that the rotor 

power delivered to the grid is maintained at slip times the 

stator power in both speeds i.e., 1200 rpm and 1100 rpm by 

controlling the firing angle of line commutated inverter.  

 
(a)Nr=1200 rpm 

Fig.7. Variation of active power delivered at the rotor side  
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(b) Nr=1100 rpm 

Fig.8, Variation of active power delivered at the 

rotor side 

4.2 CLOS ED LOOP S UPER-S YNCHRONOUS  MODE 

Fig. 4.4 shows the closed loop super synchronous mode, in 

which the firing angle (>90o) of the line commutated inverter 

is varied automat ically i.e., the actual DC link current, Iact is 

compared with the reference current, Iref and any mis match is 

used to change the firing angle α, of the inverter as follows α 

= (Iref - Iact)*[Kp+KI/s] where Kp and KI are the 

proportional and integral stage gains respectively. The 

optimum values for KP and KI have been arrived at by trial 

and error method [6]. The values have been chosen taking into 

account the range of mechanical torque of the wind turbine. 

This range will represent the variation in wind speed with 

which the system has to operate. In the proposed scheme, the 

P and I controller gains (KP = 0.5 and KI = 100) have been 

chosen for operating the system with rotor speed varying from 

1050 rpm to 1200 rpm, to maintain the stator power constant 

at 2.65kW. 

 
 

 
Fig. 9,Sub system of closed loop control  

 

 
(a)Nr=1200 rpm 

Fig.10,Variation of active power delivered at the 

stator side 

 
(b) Nr=1100 rpm 

Fig.11, Variation of active power delivered at the 

stator side 

 

Fig. 4.7 shows the variation of active power of the stator for 

varying rotor speedsof 1200 rpm and 1100 rpm. It can be seen 

that the stator power is delivered to the gridand is maintained 

at around 2.65kW for both speeds by controlling the firing 

angle ofline commutated inverter.  

 
(a)Nr=1200 rpm 

Fig.12, Variation of active power delivered at the 

rotor side 

 
(b) Nr=1100 rpm 

Fig.13, Variation of active power delivered at the 

rotor side 

 

Similarly from Fig. 4.8 we observe that the rotor power 

delivered to the grid is maintained at slip times the stator 

power for both speeds i.e., 1200 rpm and 1100 rpm by 

controlling the firing angle of line commutated inverter.  
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(a)DC link voltage 

Fig.14, Variation of DC link voltage and DC link current 

for Nr=1200rpm 

 
(b) DC link current 

Fig.16,Variation of DC link voltage and DC link current 

for Nr=1200rpm 

Fig. shows that the DC link voltage (Vdc=93.17V) and DC 

link current (Iact=5.997) corresponding to rotor speed of 1200 

rpm. It can be noticed from Table 4.2, that the firing angle 

required for maintaining the stator power constant at 2.65kW 

is 99.870 at 1200 rpm. It is to be noted that in the closed loop 

scheme, Iref is calculated as follows: Power output from the 

rotor is sPs; the rotor voltage,V2 =s V1=s*400V and the 

corresponding DC link voltage is calculated by usingVdc

6 Π)V2 ph. Now that assuming the losses in the uncontrolled 

bridge are neglig ible, DC link current which is Iref  is 

estimated by using Iref = Pr/Vdc =s*Ps/Vdc ,In open loop 

system, the firing angle corresponding Vdc can be calculated 

by Using  

     
  
 

         
               

 

 
         

 
Fig.17, 4.10 LCI output current without (THD=34.73% ) 

&with filter (THD=7.63% ) 

Fig.4.10 shows the line commutated inverter output current 

with and without filter delivered to grid. Grid current contains 

harmonics and the THD is 34.08%. In order to suppress these 

harmonics, a three-phase bank of capacitor filter (Δ 

connected) is introduced at the grid each having a value of 

150μF.  

 

4.3 OPEN LOOP S UB-S YNCHRONOUS MODE 

In open loop sub-synchronous mode, modulation index of the 

sinusoidal pulse width modulation inverter is varied manually 

to maintain the stator power constant at 2.65kW for speeds 

varying from 800 rpm to 950 rpm. As the speed varies, the 

rotor power absorbed from the grid is varied but stator power 

is maintained constant. 

 
(a)Nr=800 rpm 

Fig.18, Variation of active power delivered at the 

stator side 

 
(b) Nr=900 rpm 

Fig.19, Variation of active power delivered at the 

stator side 

Fig. 4.12 shows the variation of active power of the stator for 

varying rotor speeds of 800 rpm and 900 rpm. It can be seen 

that the stator power delivered to the grid is maintained at 

2.65kW for both speeds by controlling the modulation index 

of the sinusoidal PWM inverter.  

 
(a)Nr=800 rpm 

Fig. 20,Variation of active power absorbed from 

the grid at the rotor side  
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(b) Nr=900 rpm 

Fig. Variation of active power absorbed from the grid at 

the rotor side  

Similarly from Fig. 4.13 we observe that the rotor power 

absorbed from the grid is maintained at slip times the stator 

power for both speeds i.e., 800 rpm and 900 rpm by 

controlling the modulation index of the sinusoidal PWM 

inverter. Fig.14 shows sinusoidal PWM inverter output 

voltage with and without filter. The filter used is of LC type 

with L=2mH and C=150μF.  

 
Fig.21, Variation of rotor vol tage with filter and without 

filter for Nr=800 rpm 

 

4.4 CLOS ED LOOP S UB-S YNCHRONOUS  MODE 

Fig 4.15 shows the block diagram of closed loop sub-

synchronous mode of DFIG in which the modulation index of 

the sinusoidal pulse width modulation inverter is varied 

automatically i.e., the actual rotor voltage, V2 is compared 

with the reference voltage, V2 ref = s*V1 and any mis match is 

used to change the modulation index m, of the inverter as 

follows. m = (V2 – V2 ref)*[Kp+KI/S]. The optimum values 

for Kp and KI have been arrived at by trial and error method. 

The values have been chosen taking into account the range of 

mechanical torque of the wind turbine. This range will 

represent the variation in wind speed with which the system 

has to operate. In the proposed scheme, the P and I controller 

gains (KP = 0.05 and KI = 2.38) have been chosen for 

operating the system with rotor speed varying from 800 rpm 

to 900 rpm, to maintain the stator power constant at 2.65kW, 

though the rotor power absorbed from the grid is varied. As 

mentioned in section 2.2.1 tradit ional DFIG will work as a 

motor in sub-synchronous mode. However, if a voltage in 

excess of s*V1 is injected into the rotor, then machine will act 

as a generator, the slip being still positive. Hence in this mode 

of operation, precaution has to be taken to ensure that V2ref is 

slightly more than V2, say by 5V. If this precaution is not 

taken, then there will be a possibility that „m‟ will become 

zero which will correspond to the machine acting as motor. 

For the simulat ion study, same parameters are selected for 

both modes of operation. The simulation model for Fig. 4.15 

is developed and is shown in Fig. 4.16.  

The simulation results obtained are given in Table 4.4.  

 
Fig.22, Block diagram for closed loop super-

synchronous mode  

 
(a)Delivered to the grid 

 
(b) Abs orbed from the grid 

Fig.23, 4.19 Variation of active power for Nr = 800    rpm 

 
Fig. (a) Shows the variation of active power of the stator for 

speed of 800 rpm. It can be seen that the stator power is 

delivered to the grid and is maintained at 2.65kW by 

controlling the modulation index of the sinusoidal PWM 

inverter. Similarly from Fig (b), we observe that the rotor 

power absorbed from the grid is maintained at slip times the 

stator power. In this chapter the simulation models of DFIG 

with power electronic converters have been built, for both 

sub-and super-synchronous modes and the results have been 

presented. The active power fed to the grid, rotor power, DC 
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link voltage, DC link current, rotor voltage, rotor frequency, 

rotor speed, modulation index, firing angle delay are 

tabulated. The requirements for maintaining the stator power 

constant in both modes have been discussed. 

 

V.  CONCLUS ION 

In this paper, an improved control strategy of limiting the dc-

link voltage fluctuation is proposed for the grid-side converter 

based on the instantaneous power feedback scheme. 

Furthermore, a single inner current control loop is also pro- 

posed for the control during a grid voltage dip. An 

experimental rig is set up to validate the improved control 

strategy when the grid voltage is constant, and a 2 MW DFIG 

wind power generation system is simulated to demonstrate the 

proposed control strategy during the grid fault. The proposed 

control strategy has been validated. Both the experimental and 

simulation results have shown that the fluctuation of the dc-

link voltage can be effect ively controlled by using the 

proposed control strategy. Therefore, it may be helpful to 

improve the stability of the doubly fed induction wind power 

generation system during the grid faults  
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