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ABSTRACT 

Population growth and industrialization are the main reasons for the exponential increase 

in the electrical power demand. The major sources of the power generation are fossil fuels like 

coal, petroleum and gas which are depleting at a faster rate. The major concerns with these fossil 

fuels are the greenhouse emissions which in turn leads to climate change. Therefore, there is need 

to increase in the power generation from the renewable energy sources like solar, wind and bio 

mass. With latest technological advancements, wind energy is becoming the cheapest among all 

renewable energy sources. Doubly fed induction generators (DFIGs) are typically used as a 

variable speed wind energy conversion systems (WECSs) due to the reduction in the size of the 

power converters and also the converter losses. Therefore, this DFIG based WECS has the share 

about 50% of the total installed WECS all over the world. The DFIG based variable speed grid 

interfaced WECS are used for the power generation.  

Normally, the voltage at the remote locations is not regulated at the desired value. This 

research aims the voltage regulation at the remote locations with the proper control of DFIG 

without adding any extra reactive power compensators. Attempts are made for achieving voltage 

regulation at the grid by the coordinated control of rotor side converter (RSC) and grid side 

converter (GSC) in addition to the conventional DFIG functionalities such as maximum power 

point tracking, decoupled control of active and reactive powers. 

This research work also aims to investigate the solutions for volatile power generation from 

the grid connected WECS and also the power quality problems at the grid. The variation in the 

power generation prevails when the wind energy penetration increases in the total power due to its 

intermittent nature of wind. Therefore battery energy storage systems (BESS) is integrated with 

DFIG based grid connected WECS for smoothening the power and also for regulating the power 
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feeding to the grid irrespective of the wind speed. Attempts are also made for achieving the 

regulated power output by modifying the control algorithm of the GSC and also by the proper 

selection of BESS using the wind data of the proposed system.  

A new topology of grid connected DFIG based WECS is investigated by removing the 

GSC and by integrating BESS in the DC link of RSC. The advantages of single voltage source 

converter (VSC) based DFIG are compared with the conventional double VSC based DFIG. 

Investigations are made on the proposed single VSC based DFIG using vector control and direct 

power control algorithms for the variations in the wind speed. Attempts are made for eliminating 

the rotor position sensor to improve the reliability and to reduce the cost. The stator flux based 

model reference adaptive system control and simple position sensorless algorithms are used for 

estimating rotor position and speed of the DFIG. 

Poor power quality is another major concern for the consumers as well as generating companies. 

Investigations are made for improving power quality in the distribution system with DFIG based 

WECS. Harmonic mitigation of loads connected at PCC has been achieved by modifying the 

control algorithm of GSC of DFIG based WECS. Working of this DFIG as an active filter is 

proposed even at wind turbine stalling condition. A grid connected DFIG with BESS is also 

verified for both power smoothening and active filter capabilities without adding any extra power 

electronics component. 

Detailed performance of all these configurations of grid connected DFIG based WECS for 

the power quality improvement are verified by the developed prototype in the laboratory using 

digital signal processor (DSP-dSPACE DS1103) based controller. The proposed control 

algorithms of DFIG are validated on a developed prototype for the dynamic changes in wind 

speeds.  
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Still there are some areas, where the electricity through the grid connection is not feasible due 

to geo-graphic and economic constraints. In this research work, DFIG is also used for feeding 

standalone consumer loads. DFIG based standalone WECS is investigated under variety of 

consumer loads such as linear, nonlinear and dynamic loads. A mechanical sensorless algorithm 

is used for estimating the rotor position and speed. DFIG based SWECS is investigated with and 

without BESS. A prototype of the DFIG based SWECS is developed to demonstrate the 

performance under different variety of loads at varying wind speeds. The performance of this 

DFIG based SWECS is observed for maximum power point tracking, load leveling, load 

balancing, a neutral current compensation and harmonic elimination while feeding different types 

of loads. 
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Fig. 3.23 Hardware circuit for the opto-coupler. 

Fig. 3.24 Steady state Performance of proposed single VSC based DFIG for grid interfaced 

WECS at sub-synchronous speed (0.867 pu). 

Fig. 3.25 Steady state Performance of proposed single VSC based DFIG for grid interfaced 

WECS at synchronous speed (1 pu). 

Fig. 3.26 Steady state Performance of proposed single VSC based DFIG for grid interfaced 

WECS at super synchronous speed (1.24 pu). 

Fig. 3.27 Dynamic performance of proposed DFIG based WECS at varying wind speeds 

from 8 m/sec to 11.5 m/sec. 

Fig. 3.28 Steady state performance of the proposed WECS at fixed wind speed 8.4 m/sec and 

at a rotor speed of 1380 rpm. (a) vab and isa (b) vab and isb (c) vab and isc (d) Stator 

power (Ps) (e) vdc and idcr (f) harmonic spectra of vab  (g) harmonic spectra of isa (h) 

harmonic spectra of isb (i) harmonic spectra of isc. 

Fig. 3.29 Steady state performance of the proposed WECS at fixed wind speed 9.15 m/sec 

and at a rotor speed of 1500 rpm (a) vab and isa (b) vab and isb (c) vab and isc (d) 
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Stator power (Ps) (e) vdc and idcr (f) harmonic spectra of vab (g) harmonic spectra of 

isa (h) harmonic spectra of isb (i) harmonic spectra of isc. 

Fig. 3.30 Steady state performance of the proposed WECS at fixed wind speed 10.2 m/sec 

and at a rotor speed of 1670 rpm (a) vab and isa (b) vab and isb (c) vab and isc (d) 

Stator power (Ps) (e) vdc and idcr (f) harmonic spectra of vab (g) harmonic spectra of 

isa (h) harmonic spectra of isb (i) harmonic spectra of isc. 

Fig. 3.31 Dynamic performance of proposed DFIG based WECS under rise in wind speed, 

(a) vw, ωr
*, ωr and Ps, (b) idr

*, idr iqr
*and iqr, (c) vw, idr

*, idr and P, (d) vw, Ps, vdc and 

idcr, (e) vab, isa, ira, P, (f) Nr, ira, irb and irc. 

Fig. 3.32 Dynamic performance of proposed DFIG based WECS under fall in wind speed, (a) 

vw, ωr
*, ωr and Ps, (b) idr

*, idr iqr
*and iqr, (c) vw, idr

*, idr and P, (d) vw, Ps, vdc and idcr, 

(e) vab, isa, ira, P, (f) Nr, ira, irb and irc. 

Fig. 3.33 Steady state performance of a 3.7kW DFIG at a fixed wind speed of 7 m/sec and at 

sub-synchronous speed (0.728 pu). 

Fig. 3.34 Steady state performance of a 3.7kW DFIG at a fixed wind speed of 9.2 m/sec and 

at synchronous speed (1 pu). 

Fig. 3.35 Steady state performance of a 3.7kW DFIG at a fixed wind speed of 12 m/sec and 

at super - synchronous speed (1.3 pu). 

Fig. 3.36 Dynamic performance of a 3.7kW DFIG at a fixed wind speed of 9.2 m/sec and 

sudden change in real and reactive power references (1500 rpm to 1835 rpm). 

Fig. 3.37 Dynamic performance of a 3.7kW DFIG for a change in wind speed from 11 m/sec 

to 8.5 m/sec (1725 to 1390). 

Fig. 3.38 Test results of proposed DPC based DFIG at sub-synchronous speed (0.7 p.u) (a) 

vsa, isa, ira and N (b) Qs, Ps, ωr and ibat (c) vsa, ira, sin(θm)enc and sin(θm)est. 

Fig. 3.39 Test results of proposed DPC based DFIG at synchronous speed (1.0 p.u) (a) vsa, isa, 

ira and N (b) Qs, Ps, ωr and ibat (c) vsa, isa, sin(θm)enc and sin(θm)est. 

Fig. 3.40 Test results of proposed DPC based DFIG at super-synchronous speed (1.1 p.u) (a) 

vsa, isa, ira & N (b) Qs, Ps, ωr & ibat (c) vsa, isa, sin(θm)enc & sin(θm)act. 

Fig. 3.41 Steady state performance of the proposed WECS at fixed wind speed and at a rotor 

speed of 1300 rpm (a) harmonic spectrum of vab (b) harmonic spectrum of iga (c) 

harmonic spectrum of igb (d) harmonic spectrum of igc. 

Fig. 3.42 Steady state performance of the proposed WECS at fixed wind speed and at a rotor 

speed of 1500 rpm (a) harmonic spectrum of vab (b) harmonic spectrum of iga (c) 

harmonic spectrum of igb (d) harmonic spectrum of igc. 

Fig. 3.43 Steady state performance of the proposed WECS at fixed wind speed and at a rotor 

speed of 1700 rpm (a) harmonic spectrum of vab (b) harmonic spectrum of iga (c) 

harmonic spectrum of igb (d) harmonic spectrum of igc. 

Fig. 3.44 Test results of proposed DPC based DFIG for change in active power (Ps*) during 

constant reactive power (Qs*) and constant wind speed operation showing (a) Qs*, 

Qs, Ps* and Ps during sudden change in PS, (b) Qs, Ps, vsa and isa during sudden 

increase in Ps, (c) Qs, Ps, vsa and isa during sudden decrease in Ps and (d) Qs, Ps, N 

and ωr during sudden increase in Ps. 

Fig. 3.45 Test results of proposed DPC based DFIG for change in reactive power (Qs*) 

during constant active power (Ps*) and constant wind speed operation showing (a) 

Qs*, Qs, Ps* and Ps during sudden change in Qs, (b) Qs, Ps, vsa and isa during sudden 

increase in Qs, (c) Qs, Ps, vsa and isa during sudden decrease in Qs. 



xvii 

 

Fig. 3.46 Test results of proposed DPC based DFIG for change in wind speed during constant 

active power (Ps*) and reactive power (Qs*) (a) Qs, Ps, ωr and ira (b) Qs, Ps, ωr(est) 

and ωr(enc). 

Fig. 3.47 Test results demonstrating the sensorless operation of proposed DPC based DFIG 

showing (a) Ps, sin(θr), sin(θs) and sin(θm)est during steady state operation, (b) 

sin(θm)act, sin(θr), sin(θs) and sin(θm)est during steady state operation (c) Qs, Ps, 

sin(θm)est and sin(θm)act during sudden change in Ps. 

Fig. 4.1 System configuration of DFIG based grid interfaced WECS. 

Fig. 4.2 Complete control scheme of grid interfaced DFIG for variable speed WECS in both 

UPF and VR modes. 

Fig. 4.3 MATLAB model of a Single VSC Based Grid Interfaced DFIG for Variable Speed 

WECS with vector control. 

Fig. 4.4 MATLAB model of a vector control algorithm for RSC. 

Fig. 4.5 MATLAB model of a vector control algorithm for GSC. 

Fig. 4.6 Steady state Performance of proposed DFIG based WECS at super-synchronous 

speed at 10.8 m/sec wind speed (1.18 pu). 

Fig. 4.7 Steady state Performance of proposed DFIG based WECS at synchronous speed at 

9.2 m/sec wind speed (1 pu). 

Fig. 4.8 Steady state Performance of proposed DFIG based WECS at sub-synchronous 

speed at 8.4 m/sec wind speed (0.92 pu). 

Fig. 4.9 Waveform and harmonic spectrum of grid current (iga) at (a) super-synchronous 

speed (1.3 pu) and (b) synchronous speed (1 pu). 

Fig. 4.10 Dynamic performance of grid interfaced DFIG at varying wind speeds from 11.5 

m/sec to 8.5 m/sec. 

Fig. 4.11 Steady state performance of the proposed WECS at fixed wind speed 10.8 m/sec 

and at a rotor speed of 1774 rpm. (a) vab and iga, (b) vab and igb, (c) vab and igc, (d) vab 

and isa, (e) vab and isb, (f) vab and isc, (g) vab and igsca, (h) vab and igscb and (i) vab and 

igscc. 

Fig. 4.12 Steady state performance of the proposed WECS at fixed wind speed 10.8 m/sec 

and at a rotor speed of 1774 rpm (a) grid power (Pg), (b) stator power (Ps), (c) GSC 

power (Pgsc), (d) harmonic spectra of iga, (e) harmonic spectra of igb, (f) harmonic 

spectra of igc, (g) harmonic spectra of isa, (h) harmonic spectra of isb and (i) 

harmonic spectra of isc. 

Fig. 4.13 Steady state performance of the proposed WECS at fixed wind speed 9.2 m/sec and 

at a rotor speed of 1500 rpm. (a) vab and iga, (b) vab and igb, (c) vab and igc, (d) vab and 

isa, (e) vab and isb, (f) vab and isc, (g) vab and igsca, (h) vab and igscb and (i) vab and igscc. 

Fig. 4.14 Steady state performance of the proposed WECS at fixed wind speed 9.2 m/sec and 

at a rotor speed of 1500 rpm (a) grid power (Pg), (b) stator power (Ps), (c) GSC 

power (Pgsc), (d) harmonic spectra of iga, (e) harmonic spectra of igb, (f) harmonic 

spectra of igc, (g) harmonic spectra of isa, (h) harmonic spectra of isb and (i) 

harmonic spectra of isc. 

Fig. 4.15 Dynamic performance of proposed DFIG base WECS under rise in wind speed, (a) 

vw, ωr
*, ωr and  Ps, (b) vw, ωr, idr and iqr, (c) vw, idgsc, iqgsc and vdc, (d) ωr, Ps, Pgsc and 

Pg, (e) vw, ωr, Pg and Qg. 

Fig. 4.16 Dynamic performance of proposed DFIG base WECS under rise in wind speed, (a) 

ωr, isa, igsa and iga, (b) vw, ira, irb and irc. 
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Fig. 4.17 Dynamic performance of proposed DFIG base WECS under fall in wind speed, (a) 

vw, ωr
*, ωr and  P, (b) vw, ωr, idr and iqr, (c) vw, idgsc, iqgsc and vdc, (d) ωr, Ps, Pgsc and 

Pg, (e) vw, ωr, Pg and Qg. 

Fig. 4.18 Dynamic performance of proposed DFIG base WECS under fall in wind speed, (a) 

ωr, isa, igsa and iga, (b) vw, ira, irb and irc. 

Fig. 4.19 Steady state Performance of proposed DFIG based WECS at super-synchronous 

speed at 10.8 m/sec wind speed (1.18 pu). 

Fig. 4.20 Steady state Performance of proposed DFIG based WECS at synchronous speed at 

9.2 m/sec wind speed (1 pu). 

Fig. 4.21 Steady state Performance of proposed DFIG based WECS at sub-synchronous 

speed at 8.4 m/sec wind speed (0.92 pu). 

Fig. 4.22 Waveform and harmonic spectrum of grid current (iga) at (a) synchronous speed and 

(b) super-synchronous speed. 

Fig. 4.23 Dynamic performance of proposed DFIG based WECS at varying wind speeds 

from 11.5 m/sec to 8.5 m/sec. 

Fig. 4.24 Steady state performance of the proposed WECS at fixed wind speed 10.8 m/sec 

and at a rotor speed of 1774 rpm. (a) vab and iga, (b) vab and igb, (c) vab and igc, (d) vab 

and isa, (e) vab and isb, (f) vab and isc, (g) vab and igsca, (h) vab and igscb and (i) vab and 

igscc. 

Fig. 4.25 Steady state performance of the proposed WECS at fixed wind speed 10.8 m/sec 

and at a rotor speed of 1774 rpm (a) grid power (Pg), (b) stator power (Ps), (c) GSC 

power (Pgsc), (d) harmonic spectra of iga, (e) harmonic spectra of igb, (f) harmonic 

spectra of igc, (g) harmonic spectra of isa, (h) harmonic spectra of isb and (i) 

harmonic spectra of isc. 

Fig. 4.26 Steady state performance of the proposed WECS at fixed wind speed 9.2 m/sec and 

at a rotor speed of 1500 rpm. (a) vab and iga, (b) vab and igb, (c) vab and igc, (d) vab and 

isa, (e) vab and isb, (f) vab and isc, (g) vab and igsca, (h) vab and igscb and (i) vab and igscc.  

Fig. 4.27 Steady state performance of the proposed WECS at fixed wind speed 9.2 m/sec and 

at a rotor speed of 1500 rpm (a) grid power (Pg), (b) stator power (Ps), (c) GSC 

power (Pgsc), (d) harmonic spectra of iga, (e) harmonic spectra of igb, (f) harmonic 

spectra of igc, (g) harmonic spectra of isa, (h) harmonic spectra of isb and (i) 

harmonic spectra of isc. 

Fig. 4.28 Dynamic performance of proposed DFIG based WECS for the rise in wind speed, 

(a) vw, ids, iqs and vdc, (b) vw, ωr, Pg and Qg. 

Fig. 4.29 Dynamic performance of proposed DFIG based WECS for the rise in wind speed, 

(a) vw, ids, iqs and vdc, (b) vw, ωr, Pg and Qg. 

Fig. 5.1 System configuration of grid interfaced DFIG with BESS for regulated output 

power. 

Fig. 5.2 Complete control scheme of DFIG for grid interfaced WECS with BESS for power 

smoothening. 

Fig. 5.3 MATLAB model of a single VSC based grid interfaced DFIG for WECS with 

vector control. 

Fig. 5.4 MATLAB model of a vector control algorithm for RSC. 

Fig. 5.5 MATLAB model of a vector control algorithm for GSC. 

Fig. 5.6 Steady state Performance of proposed DFIG based WECS at super-synchronous 

speed at 10.8 m/sec wind speed (1.18 pu). 
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Fig. 5.7 Steady state Performance of proposed DFIG based WECS at synchronous speed at 

9.2 m/sec wind speed (1 pu). 

Fig. 5.8 Steady state Performance of proposed DFIG based WECS at sub-synchronous 

speed at 8.4 m/sec wind speed (0.92 pu). 

Fig. 5.9 Fig. 5.9 Waveform and harmonic spectrum of grid current (iga) at (a) synchronous 

speed (1 pu) and (b) super-synchronous speed (1.18 pu). 

Fig. 5.10 Dynamic performance of DFIG for grid interfaced WECS at varying wind speeds 

from 11.5 m/sec to 8.5 m/sec. 

Fig. 5.11 Steady state performance of the proposed WECS at fixed wind speed 9.2 m/sec and 

at a rotor speed of 1500 rpm. (a) vab and iga, (b) vab and igb, (c) vab and igc, (d) vab and 

isa, (e) vab and isb, (f) vab and isc, (g) vab and igsca, (h) vab and igscb and (i) vab and igscc. 

Fig. 5.12 Steady state performance of the proposed WECS at fixed wind speed 9.2 m/sec and 

at a rotor speed of 1500 rpm (a) grid power (Pg), (b) stator power (Ps), (c) GSC 

power (Pgsc), (d) harmonic spectra of iga, (e) harmonic spectra of igb, (f) harmonic 

spectra of igc, (g) harmonic spectra of isa, (h) harmonic spectra of isb and (i) 

harmonic spectra of isc. 

Fig. 5.13 Steady state performance of the proposed WECS at fixed wind speed 10.8 m/sec 

and at a rotor speed of 1774 rpm (a) vab and iga, (b) vab and igb, (c) vab and igc, (d) vab 

and isa, (e) vab and isb, (f) vab and isc, (g) vab and igsca, (h) vab and igscb and (i) vab and 

igscc. 

Fig. 5.14 Steady state performance of the proposed WECS at fixed wind 10.8 m/sec and at a 

rotor speed of 1774 rpm (a) grid power (Pg), (b) stator power (Ps), (c) GSC power 

(Pgsc), (d) harmonic spectra of iga, (e) harmonic spectra of igb, (f) harmonic spectra 

of igc, (g) harmonic spectra of isa, (h) harmonic spectra of isb and (i) harmonic 

spectra of isc. 

Fig. 5.15 Dynamic performance of proposed DFIG based WECS under rise in wind speed, 

(a) vw, ωr
*, ωr and  Ps, (b) vw, ωr, idr and iqr, (c) ωr, PG, PS and PGSC, (d) ωr, ib1, ib2 

and Pg,, (e) vab, iga, isa and igsca, (f) ωr, ira, Ps and PG. 

Fig. 5.16 Dynamic performance of proposed DFIG based WECS under fall in wind speed, (a) 

vw, ωr
*, ωr and  P, (b) vw, ωr, idr and iqr, (c) ωr, ib1, ib2 and Pg, (d) ωr, PG, PS and 

PGSC, (e) vab, iga, isa and igsca, (f) ωr, ira, Ps and PG. 

Fig. 6.1 System Configuration of grid interfaced DFIG with integrated active filter 

capabilities. 

Fig. 6.2 Complete control scheme of DFIG for grid interfaced WECS with active filter 

capabilities. 

Fig. 6.3 MATLAB model of a grid interfaced DFIG for WECS with active filter 

capabilities. 

Fig. 6.4 MATLAB model of a vector control algorithm for RSC. 

Fig. 6.5 MATLAB model of a vector control algorithm for GSC. 

Fig. 6.6 Current waveforms of DFIG based WECS at 12 m/sec wind speed (super-

synchronous speed) during steady state. 

Fig. 6.7 Active and reactive powers of DFIG based WECS at 12 m/sec wind speed (super-

synchronous speed) during steady state. 

Fig. 6.8 Current waveforms of DFIG based WECS at 12 m/sec wind speed (super-

synchronous speed) during steady state. 

Fig. 6.9 Active and reactive powers of DFIG based WECS at 9.2 m/sec wind speed 
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(synchronous speed) during steady state. 

Fig. 6.10 Current waveforms of DFIG based WECS at 8.4 m/sec wind speed (sub-

synchronous speed) during steady state. 

Fig. 6.11 Active and reactive powers of DFIG based WECS at 8.4 m/sec wind speed (sub-

synchronous speed) during steady state. 

Fig. 6.12 Waveform and harmonic spectrum of grid current (iga) at (a) super-synchronous 

speed (b) synchronous speed and (c) sub-synchronous speed. 

Fig. 6.13 Current waveforms of grid interfaced DFIG based WECS with active filter 

capabilities for the dynamic changes in wind speeds from 10.5 m/sec to 8.5 m/sec.  

Fig. 6.14 Active and reactive powers of DFIG based grid interfaced WECS with active filter 

capabilities for the dynamic changes in wind speeds from 10.5 m/sec to 8.5 m/sec.  

Fig. 6.15 Steady state performance of the proposed DFIG based WECS at fixed wind speed 

of 10.6 m/sec (rotor speed of 1750 rpm   (a) Pg, (b) Ps, (c) Pl (d) Pgsc. 

Fig. 6.16 Steady state performance of the proposed DFIG based WECS at fixed wind speed 

of 10.6 m/sec (rotor speed of 1750 rpm (a) vab, iga, (b) vab, igb, (c) vab, igc, (d) vab, isa, 

(e) vab, isb, (f) vab, isc, (g) vab, ila, (h) vab, ilb, (i) vab, ilc, (j) vab, igsca, (k) vab, igscb, (l) vab, 

igscc. 

Fig. 6.17 Steady state performance of the proposed DFIG based WECS at fixed wind speed 

of 8.8 m/sec (rotor speed of 1400 rpm  (a) iga THD, (b) igb THD, (c) igc THD, (d) isa 

THD, (e) isb THD, (f) isc THD, (g) ila THD, (h) ilb THD, (i) ilc THD. 

Fig. 6.18 Steady state performance of the proposed DFIG based WECS working as a 

Dstatcom at zero wind speed (a) vab, iga, (b) vab, igb, (c) vab, igc, (d) vab, ila, (e) vab, ilb, 

(f) vab, ilc, (g) vab, igsca, (h) vab, igscb, (i) vab, igscc. 

Fig. 6.19 Steady state performance of the proposed DFIG based WECS working as a 

Dstatcom at zero wind speed (a)  Pg, (b) Pl (c) Pgsc. 

Fig. 6.20 Steady state performance of the proposed DFIG based WECS working as a 

Dstatcom at zero wind speed (a) ila THD, (b) ilb THD, (c) ilc THD (d) iga THD, (e) 

igb THD, (f) igc THD. 

Fig. 6.21 Dynamic performance of DFIG for the rise in wind speed, (a) vw,ωr
*

,ωr and idr, (b) 

idr, iqr Ps, and Qs, (c) Ps, Pfe, Pl and Pg (d) ωr
*

,ira, irb and irc. 

Fig. 6.22 Dynamic performance of DFIG based WECS for the fall in wind speed, (a) 

vw,ωr
*

,ωr and idr, (b) idr, iqr Ps, and Qs, (c) Ps, Pfe, Pl and Pg (d) ωr
*

,ira, irb and irc. 

Fig. 6.23 Dynamic performance of DFIG based WECS for the sudden removal of one phase 

of local load (a) ila, ila, ila, and Vdc, (b) ila, igsca, isa, and iga, (c) ila, igsca, igscb, and igscc, 

(d) ila, iga, igb, and igc, (e) ila, isa, isb, and isc. 

Fig. 6.24 Dynamic performance of DFIG based WECS for the sudden injection of one phase 

of local load, (a) ila, ila, ila, and Vdc, (b) ila, igsca, isa, and iga, (c) ila, igsca, igscb, and igscc, 

(d) ila, iga, igb, and igc, (e) ila, isa, isb, and isc. 

Fig. 7.1 System Configuration of grid interfaced DFIG with power smoothening and 

integrated active filter capabilities. 

Fig. 7.2 Complete control scheme of DFIG for grid interfaced WECS with power 

smoothening and integrated active filter capabilities. 

Fig. 7.3 MATLAB model of a DFIG for grid interfaced WECS with power smoothening 

and active filter capabilities. 

Fig. 7.4 MATLAB model of a vector control algorithm for RSC. 

Fig. 7.5 MATLAB model of a vector control algorithm for GSC. 
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Fig. 7.6 Current waveforms of DFIG based WECS with power smoothening and active 

filter capabilities at 12 m/sec wind speed (super-synchronous speed) during steady 

state. 

Fig. 7.7 Active and reactive powers of DFIG based WECS with power smoothening and 

active filter capabilities at 12 m/sec wind speed (super-synchronous speed) during 

steady state. 

Fig. 7.8 Current waveforms of DFIG based WECS with power smoothening and active 

filter capabilities at 9.2 m/sec wind speed (super-synchronous speed) during steady 

state. 

Fig. 7.9 Active and reactive powers of DFIG based WECS with power smoothening and 

active filter capabilities at 9.2 m/sec wind speed (synchronous speed) during steady 

state. 

Fig. 7.10 Current waveforms of DFIG based WECS with power smoothening and active 

filter capabilities at 8 m/sec wind speed (sub-synchronous speed) during steady 

state. 

Fig. 7.11 Active and reactive powers of DFIG based WECS with power smoothening and 

active filter capabilities at 8 m/sec wind speed (sub-synchronous speed) during 

steady state. 

Fig. 7.12 Fig. 7.12 Waveforms and harmonic spectra of grid current (iga) at (a) super-

synchronous speed (b) synchronous speed and (c) sub-synchronous speed. 

Fig. 7.13 Current waveforms of grid interfaced DFIG based WECS with power smoothening 

and active filter capabilities for the dynamic changes in wind speeds from 10.5 

m/sec to 8.5 m/sec.  

Fig. 7.14 Active and reactive powers of DFIG for grid interfaced WECS with power 

smoothening and active filter capabilities for the dynamic changes in wind speeds 

from 10.5 m/sec to 8.5 m/sec.  

Fig. 7.15 Steady state performance of the proposed DFIG based WECS at a fixed wind speed 

of 10.6 m/sec (rotor speed of 1750 rpm (a) vab, iga, (b) vab, igb, (c) vab, igc, (d) vab, isa, 

(e) vab, isb, (f) vab, isc, (g) vab, ila, (h) vab, ilb, (i) vab, ilc, (j) vab, igsca, (k) vab, igscb, (l) vab, 

igscc. 

Fig. 7.16 Steady state performance of the proposed DFIG based WECS at fixed wind speed 

of 10.6 m/sec (rotor speed of 1750 rpm) (a) Pg, (b) Ps, (c) Pl (d) Pgsc. 

Fig. 7.17 Steady state performance of the proposed DFIG based WECS at fixed wind speed 

of 10.6 m/sec (rotor speed of 1750 rpm) (a) iga THD, (b) igb THD, (c) igc THD, (d) 

isa THD, (e) isb THD, (f) isc THD. 

Fig. 7.18 Steady state performance of the proposed DFIG based WECS working as a 

Dstatcom at zero wind speed (a)  Pg, (b) Pl (c) Pgsc. 

Fig. 7.19 Steady state performance of the proposed DFIG based WECS working as a 

Dstatcom at zero wind speed (a) vab, iga, (b) vab, igb, (c) vab, igc, (d) vab, ila, (e) vab, ilb, 

(f) vab, ilc, (g) vab, igsca, (h) vab, igscb, (i) vab, igscc,. 

Fig. 7.20 Fig. 7.20 Steady state performance of the proposed DFIG based WECS working as 

a Dstatcom at zero wind speed (a) harmonic spectrum of ila, (b) harmonic spectrum 

of ilb, (c) harmonic spectrum of ilc (d) harmonic spectrum of iga, (e) harmonic 

spectrum of igb and (f) harmonic spectrum of igc. 

Fig. 7.21 Dynamic performance of DFIG for the rise in wind speed, (a) vw,ωr
*

,ωr and idr, (b) 

idr, iqr Ps, and Qs, (c) Ps, Pfe, Pl and Pg (d) ωr
*

,ira, irb and irc. 
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Fig. 7.22 Dynamic performance of DFIG based WECS for the fall in wind speed, (a) 

vw,ωr
*

,ωr and idr, (b) idr, iqr Ps, and Qs, (c) Ps, Pfe, Pl and Pg (d) ωr
*

,ira, irb and irc. 

Fig. 7.23 Dynamic performance of DFIG based WECS for the sudden removal of one phase 

of local load (a) ila, ila, ila, and Vdc,(b) ila, ifea, ifeb, and ifec, (c) ila, ifea, isa, and iga, (d) 

ila, iga, igb, and igc, (e) ila, isa, isb, and isc. 

Fig. 7.24 Dynamic performance of DFIG based WECS for the sudden injection of one phase 

of local load, (a) ila, ila, ila, and Vdc,(b) ila, ifea, ifeb, and ifec, (c) ila, ifea, isa, and iga, (d) 

ila, iga, igb, and igc, (e) ila, isa, isb, and isc. 

Fig. 8.1 System Configuration of standalone DFIG for WECS. 

Fig. 8.2 Complete control scheme of DFIG based SWECS. 

Fig. 8.3 Block diagram of Enhanced Phase Locked Loop (EPLL). 

Fig. 8.4 MATLAB based model of a DFIG for a SWECS. 

Fig. 8.5 MATLAB model of a RSC control algorithm. 

Fig. 8.6 MATLAB model of a LSC control algorithm. 

Fig. 8.7 Simulated performance of DFIG based SWECS under linear loads at fixed wind 

speed 8.5 m/s. 

Fig. 8.8 Simulated performance of for DFIG based SWECS under nonlinear loads at fixed 

wind speed 7.5 m/s. 

Fig. 8.9 Waveform and harmonic spectrum of (a) stator current (isa), (b) phase voltage (va) 

and (c) load current (ila). 

Fig. 8.10 Steady state performance of the proposed DFIG based WECS at a rotor speed of 

1820 rpm (super-synchronous) (a) vab, ila, (b) vab, ilb, (c) vab, ilc, (d) vab, isa, (e) vab, 

isb, (f) vab, isc, (g) vab, ista, (h) vab, istb, (i) vab, istc, (j) Pl, (k) Ps, (l) Pst.. 

Fig. 8.11 Fig. 8.11 Steady state performance of the proposed DFIG based WECS at a rotor 

speed of 1820 rpm (super-synchronous) (a) harmonic spectrum of ila, (b) harmonic 

spectrum of ilb, (c) harmonic spectrum of ilc, (d) harmonic spectrum of isa, (e) 

harmonic spectrum of isb, (f) harmonic spectrum of isc and (g) harmonic spectrum of 

vab. 

Fig. 8.12 Experimental performance of proposed SWECS during load removal in phase “A” 

(a) vab, ila, ilb and ilc, (b) vab, isa, isb and isc, (c) vab, ista, istb and istc, (d) vab with isa, ista 

and ila, (e) ila, vab, vbc and vca and (d) vab, ila, ira and vdc. 

Fig. 8.13 Experimental performance of proposed SWECS during load removal in phase “A” 

(a) vab, ila, ilb and ilc, (b) vab, isa, isb and isc, (c) vab, ista, istb and istc, (d) vab with isa, ista 

and ila, (e) ila, vab, vbc and vca and (d) vab, ila, ira and vdc. 

Fig. 8.14 Steady state performance of the proposed DFIG based WECS at a rotor speed of 

1400 rpm (sub-synchronous) (a) vab, ila, (b) vab, ilb, (c) vab, ilc, (d) vab, isa, (e) vab, isb, 

(f) vab, isc, (g) vab, ista, (h) vab, istb, (i) vab, istc, (j) Pl, (k) Ps, (l) Pst.. 

Fig. 8.15 Fig. 8.15 Steady state performance of the proposed DFIG based WECS at a rotor 

speed of 1400 rpm (sub-synchronous) (a) harmonic spectrum of ila, (b) harmonic 

spectrum of ilb, (c) harmonic spectrum of ilc, (d) harmonic spectrum of isa, (e) 

harmonic spectrum of isb, (f) harmonic spectrum of isc and (g) harmonic spectrum of 

vab. 

Fig. 8.16 Experimental performance of proposed SWECS during load removal in phase “A” 

(a) vab, ila, ilb and ilc, (b) vab, isa, isb and isc, (c) vab, ista, istb and istc, (d) vab with isa, ista 

and ila, (e) ila, vab, vbc and vca and (d) vdc, ila, isa and ira. 

Fig. 8.17 Experimental performance of proposed SWECS during load removal in phase “A” 
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(a) vab, ila, ilb and ilc, (b) vab, isa, isb and isc, (c) vab, ista, istb and istc, (d) vab with isa, ista 

and ila, (e) ila, vab, vbc and vca and (d) vdc, ila, isa and ira. 

Fig. 8.18 Experimental performance of proposed SWECS for the dynamic load (a) vab, ila, ilb 

and ilc, (b) vab with isa, ista and ila and (c) vt, ila, ira and isa. 

Fig. 8.19 Dynamic performance of proposed SWECS under rise in wind speed, (a) ωr
*

, vab, isa 

and iTa (b) ωr
*

, vab, isa and ista. 

Fig. 9.1 System Configuration of single VSC based DFIG for SWECS. 

Fig. 9. 2 RSC control algorithm of single VSC based DFIG for SWECS. 

Fig. 9.3 MATLAB model of single VSC based DFIG for SWECS. 

Fig. 9.4 RSC control algorithm of single VSC based DFIG for SWCS. 

Fig. 9.5 Simulated performance of single VSC based DFIG for SWECS under linear loads 

at a fixed wind speed of 9 m/sec (sub-synchronous speed). 

Fig. 9.6 Simulated performance of single VSC based DFIG for SWECS under linear loads 

at fixed wind speed of 9 m/s (super-synchronous speed). 

Fig. 9.7 Simulated performance of single VSC based DFIG for SWECS under sudden 

change in linear consumer loads at fixed wind speed of 9 m/s. 

Fig. 9.8 Simulated performance of single VSC based DFIG for SWECS for a dynamic 

change in wind speed under linear consumer loads. 

Fig. 9.9 Waveform and harmonic spectra of (a) phase voltage (va), (b) load current (ila). 

Fig. 9.10 Experimental performance of single VSC based DFIG for SWECS at a rotor speed 

of 1400 rpm (sub-synchronous) (a) vab, ila, (b) vab, ilb, (c) vab, ilc, (d) Pl, (e) vdc, ibr, (f) 

vab THD, (g) ila THD, (h) ilb THD, (i) ilc THD. 

Fig. 9.11 Experimental performance of single VSC based DFIG for SWECS at a rotor speed 

of 1750 rpm (super-synchronous) (a) vab, ila, (b) vab, ilb, (c) vab, ilc, (d) Pl, (e) vdc, ibr, 

(f) vab THD, (g) ila THD, (h) ilb THD, (i) ilc THD. 

Fig. 9.12 Experimental performance of single VSC based DFIG for SWECS under sudden 

increase in linear consumer loads (a) vt
*, vt, vab and ila, (b) vab, isa, ira and ωr, (c) ωr, 

Ps, Qs and ibr.  

Fig. 9.13 Experimental performance of single VSC based DFIG for SWECS under sudden 

decrease in linear consumer loads (a) vt
*, vt, vab and ila, (b) vab, isa, ira and ωr, (c) ωr, 

Ps, Qs and ibr.  

Fig. 9.14 Experimental performance of single VSC based DFIG for SWECS under rise in 

wind speed for a fixed linear consumer loads, (a) ωr, isa, ira and vab, (b) ωr, Ps, Qs and 

ibr. 

Fig. 9.15 Experimental performance of single VSC based DFIG for SWECS under rise in 

wind speed for a fixed linear consumer loads, (a) ωr, isa, ira and vab, (b) ωr, Ps, Qs and 

idcr. 

Fig. 10.1 System Configuration of DFIG based SWECS with BESS. 

Fig. 10.2 Complete control schematic DFIG based SWECS with BESS. 

Fig. 10.3 Block diagram of Model Reference Adaptive System (MRAS) sensorless algorithm 

for the DFIG based SWECS with BESS. 

Fig. 10.4 MATLAB model of an overall power circuit of a DFIG based SWECS with BESS. 

Fig. 10.5 MATLAB model of an RSC control algorithm for a DFIG based SWECS. 

Fig. 10.6 MATLAB model of an LSC control algorithm for a DFIG based SWECS. 

Fig. 10.7 MATLAB model of an MRAS based sensorless algorithm for a DFIG based 

SWECS. 
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Fig. 10.8 Simulated performance of DFIG based SWECS with BESS under linear loads at 

fixed wind speed 8 m/s. 

Fig. 10.9 Simulated performance of DFIG based SWECS with BESS under nonlinear loads 

at fixed wind speed 11 m/s. 

Fig. 10.10 Waveform and harmonic spectrum of (a) stator current (isa), (b) line voltage (va), (c) 

load current (ila). 

Fig. 10.11 Simulated performance of DFIG based SWECS with BESS under nonlinear loads 

for increasing wind speed from 8 m/sec to 11 m/s. 

Fig. 10.12 Steady state performance of the proposed DFIG based WECS under linear load at a 

rotor speed of 1400 rpm (sub-synchronous) (a) vab, ila, (b) vab, ilb, (c) vab, ilc, (d) vab, 

isa, (e) vab, isb, (f) vab, isc, (g) vab, ista, (h) vab, istb, (i) vab, istc, (j) Pl, (k) Ps, (l) Pst.. 

Fig. 10.13 Fig. 10.13 Steady state performance of the proposed DFIG based WECS under 

linear load at a rotor speed of 1400 rpm (sub-synchronous) (a) harmonic spectrum 

of ila, (b) harmonic spectrum of ilb, (c) harmonic spectrum of ilc, (d) harmonic 

spectrum of isa, (e) harmonic spectrum of isb, (f) harmonic spectrum of isc and (g) 

harmonic spectrum of vab. 

Fig. 10.14 Experimental performance of proposed SWECS under linear load during load 

removal in phase “A” (a) vab, ila, ilb and ilc, (b) vab, isa, isb and isc, (c) vab, ista, istb and 

istc, (d) vab, vbc, vca and ila, (e) vab, ila, isa and ista  and (f) vab, ila, ibr and ibs. 

Fig. 10.15 Experimental performance of proposed SWECS under linear load during sudden 

addition of load in phase “A” (a) vab, ila, ilb and ilc, (b) vab, isa, isb and isc, (c) vab, ista, 

istb and istc, (d) vab, vbc, vca and ila, (e) vab, ila, isa and ista  and (f) vab, ila, ibr and ibs. 

Fig. 10.16 Steady state performance of the proposed DFIG based WECS at a rotor speed of 

1400 rpm (sub-synchronous) (a) vab, ila, (b) vab, ilb, (c) vab, ilc, (d) vab, isa, (e) vab, isb, 

(f) vab, isc, (g) vab, ista, (h) vab, istb, (i) vab, istc, (j) Pl, (k) Ps, (l) Pst.. 

Fig. 10.17 Steady state performance of the proposed DFIG based WECS at a rotor speed of 

1400 rpm (sub-synchronous) (a) ila THD, (b) ilb THD, (c) ilc THD, (d) isa THD, (e) 

isb THD, (f) isc THD and (g) vab THD. 

Fig. 10.18 Experimental performance of proposed SWECS during load removal in phase “A” 

(a) vab, ila, ilb and ilc, (b) vab, ista, istb and istc (c) vab with isa, ista and ila, (d) vdc, ila, isa 

and ira.. 

Fig. 10.19 Experimental performance of proposed SWECS during load removal in phase “A” 

(a) vab, ila, ilb and ilc, (b) vab with isa, ista and ila, (c) vab, ista, istb and istc and (d) vdc, ila, 

ira and isa. 

Fig. 10.20 Experimental performance of proposed SWECS for the dynamic load (a) vab, ila, isa 

and ista, and (b) vab with ila, isa and ibs. 

Fig. 10.21 Dynamic performance of proposed SWECS under rise in wind speed, (a) vω, ωr
*

, 

ωr, Ps, (b) vω, Ps, ibs and ibr, (c) vab, Ps, isa and ira (d) vab, ila, isa and ira. 

Fig. 10.22 Dynamic performance of proposed SWECS under fall in wind speed, (a) vω, ωr
*

, ωr, 

Ps, (b) vω, Ps, ibs and ibr, (c) vab, Ps, isa and ira (d) vab, ila, isa and ira. 
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LIST OF ABBREVIATIONS 

AC Alternating Current 

BESS Battery Energy Storage System 

DC Direct Current 

DFIG Doubly Fed Induction Generator 

DPF Displacement Power Factor 

DSP Digital Signal Processor 

DTC Direct Torque Control 

GSC Grid Side Converter 

LSC Load Side Converter 

MPPT Maximum Power Point Tracking 

MRAS Model Reference Adaptive System  

PCC Point of Common Coupling 

PF Power Factor 

PI Proportional and Integral 

PMSM Permanent Magnet Synchronous Machine  

PWM Pulse Width Modulation 

RSC Rotor Side Converter 

SWECS Standalone Wind Energy Conversion System 

STATCOM Static Compensator 

THD  Total Harmonic Distortion 

UPF Unity Power factor 

VC Vector Control 

VSC Voltage Source Converter 

WECS Wind Energy Conversion System 

WRIM Wound Rotor Induction Machine 
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LIST OF SYMBOLS 

isa, isb, isc Three phase stator currents (isabc) 

ira, irb, irc Three phase rotor currents(irabc) 

iga, igb, igc Three phase grid currents (igabc) 

ila, ilb, ilc Three phase load currents (ilabc) 

ista, istb, istc LSC currents in standalone WECS 

igsca, igscb, igscc Three phase grid side converter currents (igscabc) 

irα, irβ Components of rotor currents in rotor co-ordinates 

irsα, irsβ Components of rotor currents in stator co-ordinates 

ims Magnetizing current 

imsα, imsβ Components of ims in stator co-ordinates 

isα, isβ Components of Stator currents in stator co-ordinates 

idr
* Direct axis rotor reference current 

iqr
* Quadrature axis rotor reference current 

idr Direct axis rotor current 

iqr Quadrature axis rotor current 

vgab, vgbc, vgca Three phase grid line voltages(vgabc) 

vab, vbc, vca Three phase stator line voltages (vabc) 

vr Rotor Voltage 

vdr* Direct axis reference rotor voltages 

vqr* Quadrature axis reference rotor voltages 

Prmax Maximum rotor active power 

Pg Grid Active Power 

Pl Load Active Power 

Ps Stator Active Power 

Pgsc GSC Active Power 

Pst LSC Active Power in standalone WECS 

Qg Grid Reactive Power 

Ql Load Reactive Power 
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Qs Stator Reactive Power 

Qgsc GSC Reactive Power 

Qst LSC Active Power in standalone WECS 

(ωr)act Actual speed in rad/sec 

(ωr)est Estimated speed in rad/sec 

Nr Actual Speed in rpm 

Nr
* Reference Speed in rpm 

Vdc DC Link voltage or BESS voltage 

vω Wind Speed in m/sec 

θr Angle of rotor current vector wrt rotor axis 

θm Rotor position (angle of rotor axis wrt stator axis) 

θe Angle of stator flux vector wrt stator axis 

θ Angle of stator voltage vector wrt stator axis 

λ Tip Speed Ratio 

β Pitch Angle 

S Slip 

Lm Magnetizing inductance 

rθ�  estimated rotor position 

SP active power switching states 

SQ Reactive power switching states 

Ψsα , Ψsβ  stationary frame stator flux linkages 

Cp Power Coefficient 

η Gear box ratio 
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