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ABSTRACT: The dynamic behavior of a DFIG grid connected, wind energy conversion system (WECS) is simulated
using MATLAB. This paper presents the different fault conditions like line to ground faults, double line to ground
faults and three phase faults. A fuzzy controller is integrated into the doubly fed Induction Generator (DFIG) Wind
Energy Conversion System. The dynamic behavior for a DFIG Wind Energy Conversion system with fuzzy controller
is simulated for different fault conditions and the results are compared to that of the system with Pl Controllers. The
comparison shows that the integrated fuzzy controller results in an improvement in the dynamic behavior of the system
under transient conditions
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I.INTRODUCTION

The usage of conventional sources led to depletion of fossil fuel as well as carbon-di-oxide emissions ,great efforts
have been done to produce electricity from renewable sources, especially wind power generation have found more
attention .It is expected that wind energy will provide about 10% of the world’s electrical energy in 2020.Nowadays
most of the wind forms are widely used doubly-fed induction generator (DFIG) technology with rotor and grid side
converters rated at 20%-30% of the generator rating. Compared to the fixed speed induction generators, the Doubly-
Fed Induction generator have the following advantages:1) it allows extracting maximum power from the wind, 2) four-
quadrant converter topology is possible which allows the fast active and reactive power control and it improves the
stability and power quality of wind turbine,3) mechanical stresses are limited, 4) capacitor banks are not needed to
compensate the reactive power consumed by the fixed speed induction generators, 5)low converter power ratings, and
6) ability to supply power at constant voltage and frequency while the rotor speed varies. In this paper, a detailed
model for representation of DFIG based wind farm in power system dynamics simulation is presented,
ATLAB/SIMULINK software program is used for this study. This paper presents dynamic response analysis of
DFIG based wind farm under various fault conditions using the Fuzzy Logic Controller. The objective of the work is
to improve the dynamic response of DFIG.

II.MODELLING OF DFIG

The stator voltage and rotor voltage of the doubly excited DFIG are supplied by the grid and the power converters
respectively. Simulation of the realistic response of the DFIG system requires the modeling of the controllers in addition to
the main electrical and mechanical components. The components considered include. (i) Turbine, (ii) drive train, (iii)
generator and (iv) converter system.

A. Turbine

The turbine in DFIG system is the combination of hub and blades. Function of the turbine is to convert the kinetic
energy of the wind to mechanical energy, which is given to the generator. Generally the detailed models of the turbine
are used for the purpose of design and mechanical testing only. Inputs to the wind turbines are the wind speed, pitch
angle and the rotor speed and the output from the wind turbine is the mechanical turbine.
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B. Drive train
In stability studies, when the response of the system subjected to any disturbance is analysed, the drive train system
should be modeled as a series of rigid disks connected via mass less shafts. Here the two mass drive train model is used

for the stability studies of DFIG system and the dynamics can be expressed by the differential equations below
dw¢

ZHt ? = Tm - Tsh (1)
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Where, H, and Hy(s) are the turbine and generator inertia, o;and o, (p.u) are the turbine and DFIG rotor speed, and T,
is the shaft torque, T, is the mechanical torque and T, is the electrical torque. 0y, (rad) is the shaft twist angle,
K(p.u/rad) the shaft stiffness, and D(p.u.s /rad) the damping coefficient.

C. Generator

The most common way of representing DFIG for the purpose of simulation and control is in terms of direct
and quadrature axes (dq axes) quantities, which form a reference frame that rotate synchronously with the stator flux
vector

dE,’ L 1
a _ ' m ' )i
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The equations can be expressed as
Ps = _Ed idS - Eq iqs (7)
Qs = Egligs — E, g (8)
Ed = —T:qids + Xsiqs + Vs (9)
Eq' = —qu — Xsids + qu (10)

Where s is the rotor slip; Ps is the output active power of the stator of the DFIG; L is the stator self-inductance; L, is
the rotor self- inductance; L, is the mutual inductance; s is the synchronous angle speed; X is the stator reactance; X is
the stator leakage reactance; X, is the rotor leakage reactance; X, is the stator transient reactance; Eqand Egare the d and
q axis voltage behind the transient reactance, respectively;Ty is the rotor circuit time constant; iz and iqs are the d and g
axis stator currents, respectively; Vg, and Vs are the d and g axis stator terminal voltages, respectively; Vg and V, are
the d and g axis rotor voltages, respectively; Qs is the reactive power of the stator of the DFIG. The voltage equations
and the flux linkage equations of the DFIG are based on the motor convention.

D. Converter model

The converter model in DFIG system comprises of two pulse width modulation invertors connected back to
back via a dc link. The rotor side converter (RSC) is a controlled voltage source as since it injects an AC voltage at slip
frequency to the rotor. The grid side converter (GSC) acts as a controlled voltage source and maintains the dc link
voltage constant. The converter power balance equation is:

B = Rgc + Py 1
The active power at RSC, GSC and DC link can be expressed as follows,
Pr = Vgr idr + vqr iqr (12)
ch = vdgc idgc + vqgc iqgc (13)
. dvc
Pdc =Vaclgc = _Cvdc < (14)
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[1.CONTROLLERS FOR DFIG (P AND FUZZY CONTROLLER)

Fig.1. shows a wind turbine connected to a DFIG. The AC-DC-AC converter is divided into two components: the rotor-
side converter (Crotor) and the grid-side converter (Cgrid). Crotor and Cgrid are Voltage-Sourced Converters that use
forced-commutated power electronic devices (IGBTSs) to synthesize an AC voltage from a DC voltage source. A
capacitor connected to the DC side can act as the DC voltage source. A coupling inductor (L) is accustomed to connect
Grid side converter to the grid. Here the three phase rotor winding is connected to Rotor side converter (Crotor) by slip
rings, brushes and the three phase stator winding is directly connected with the grid. The power capture by the wind turbine
is converted into electrical power by the induction generator and it is transmitted to the grid by the stator and the rotor
windings. The control system generates pitch angle command and the voltage command signals Vgc for Crotor and
Cgrid respectively so as to control the power of the wind turbine, the DC bus voltage , reactive power otherwise voltage
on grid terminal.
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Fig.1. DFIG system

The generic power control loop is illustrated in the fig.2. Called Rotor-Side Converter Control System. The actual
electrical output power, precise at the grid terminals of the wind turbine, is added to the total power losses (mechanical
and electrical) and is compared with the reference power obtained from the tracking characteristic. A Proportional
Integral (PI) regulator is used to decrease the power error to zero. The output of the regulator is the reference rotor
current (Igr_ref) that must be injected in the rotor by rotor side converter (Crotor). This reference rotor current (Igr_ref)
that produces the electromagnetic torque (Tem). The actual Iqr component of positive-sequence current is compared to
Igr_ref and the error is reduced to zero by a current regulator (PI). The output of this current controller is the voltage Vqr
generated by Crotor. The current regulator is assisted by providing the forward terms which forecast Vqr. The
converter Cgrid is used to regulate the voltage of the DC bus capacitor. In addition, this model allows using Grid side
converter (Cgrid) to generate or absorb reactive power. The control system, illustrated in the figure .3. Called Grid-Side
Converter Control System consists of:

Measurement systems measuring the d and g components of AC positive-sequence currents to be controlled as
well as the DC voltage Vdc. An outer regulation loop consists of a DC voltage regulator. The DC voltage regulator
output is the reference current Idgc_ref for the current regulator. An inner current parameter loop consists of a current
regulator. The current regulator used to controls the magnitude and phase angle of the voltage generated by converter C
grid (Vgc) from the Idgc_ref produced by the DC voltage regulator and specified Ig_ref reference. The current
regulator is assisted by providing the forward terms which predict the grid side converter output voltage.

The magnitude of the reference grid side converter current Igc_ref is equal to

\/Izdg_ref + Izqr_ref

The maximum value of this current is limited to a value defined by the converter maximum power at nominal voltage.
When ldgc_ref and Iq_ref are such that the magnitude is higher than this maximum value the Iq_ref component is
reduced in order to bring back the magnitude to its maximum value.
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For a good performance of DFIG based wind farm, four fuzzy logic controllers FLC1, FLC2, FLC3, and FLC4 are
used. The PI controller in the dc bus voltage regulator is re-placed by the FLC1. The PI controller in the reactive power
regulator is replaced by the FLC2. The PI controllers in current regulators of rotor side converter controller and grid
side converter controller are re-placed by the FLC3 and FLCA4respectively.the fuzzy sets have been defined as
;Negative Big NB, Negative Small NS, Zero Z, Positive Big PB, Positive Small PS. the fuzzy rules are shown in table

Copyright to IJAREEIE

Table | Fuzzy rules

S. FUZZY RULES

NO

1 If (error is NB) and (CE is NB) then (output is NB) 1
2 If (error is NB) and (CE is NS) then (output is NB) 1
3 If (error is NB) and (CE is ZE) then (output is NS) 1
4 If (error is NB) and (CE is PS) then (output is NS) 1
5 If (error is NB) and (CE is PB) then (output is ZE) 1
6 If (error is NS) and (CE is NB) then (output is NB) 1
7 If (error is NS) and (CE is NS) then (output is NS) 1
8 If (error is NS) and (CE is ZE) then (output is NS) 1
9 If (error is NS) and (CE is PS) then (output is ZE) 1
10 If (error is NS) and (CE is PB) then (output is PS) 1
11 If (error is ZE) and (CE is NB) then (output is NS) 1
12 If (error is ZE) and (CE is NS) then (output is NS) 1
13 If (error is ZE) and (CE is ZE) then (output is ZE) 1
14 If (error is ZE) and (CE is PS) then (output is PS) 1
15 If (error is ZE) and (CE is PB) then (output is PS) 1
16 If (error is PS) and (CE is NB) then (output is NS) 1
17 If (error is PS) and (CE is NS) then (output is ZE) 1
18 If (error is PS) and (CE is ZE) then (output is PS) 1
19 If (error is PS) and (CE is PS) then (output is PS) 1
20 If (error is PS) and (CE is PB) then (output is PB) 1
21 If (error is PB) and (CE is NB) then (output is ZE) 1
22 If (error is PB) and (CE is NS) then (output is PS) 1
23 If (error is PB) and (CE is ZE) then (output is PS) 1
24 If (error is PB) and (CE is PS) then (output is PB) 1
25 If (error is PB) and (CE is PB) then (output is PB) 1
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IV.SIMULATION DIAGRAM

A 6*1.5 MW wind farm is connected to a 25 kV distribution system, which exports power to a 120 kV grid via a 30
km, 25 kV feeder. Wind farm uses a doubly-fed induction generator (DFIG) and an AC-DC-AC IGBT-based PWM
converter. The stator winding of DFIG is directly connected to the 60 Hz grid while the rotor is fed at variable
frequency through the AC-DC-AC converter. The doubly fed induction generator technology allows extracting
maximum power from the wind for low wind speeds by optimizing the turbine speed. In this project the wind speed is

maintain stable at 15 meter per second. The torque controller in control system is used to maintain the speed at 1.2 per
unit.
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' Fig.4. Simulation setup

Wind turbines using a doubly-fed induction generator consist of a wound rotor induction generator and an AC-DC-AC
IGBT- based PWM converter. The switching frequency is chosen to be 1620 Hz. The stator winding is connected
directly to the 60 Hz grid while the rotor is fed at variable frequency through the AC-DC-AC converter. The DFIG
technology allows extracting more energy from the wind for low wind speeds by optimizing the turbine speed, while
reducing mechanical stresses on the turbine during gusts of wind. The optimum turbine speed producing more
mechanical energy for a given wind speed is proportional to the wind speed.

V. RESULT AND DISCUSSION

The Dynamic behavior of above system for different faults such as single line to ground fault, lint to line fault and

symmetrical fault are studied and the graphs for generated real power and reactive power are presented in the following
figures
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Fig.5. Real and Reactive power with PI controller
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Fig.6. Real and Reactive power with Fuzzy controller
From the above two figures the real and reactive power for single line to ground fault as shown (Fault period: 0.02
seconds to 0.1 seconds). It shows that during the single line to ground fault period the dynamic behavior of doubly fed
induction generator with Fuzzy controller is improved as compared with PI controller
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Fig.7. Real and Reactive power with PI controller
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Fig.8. Real and Reactive power with Fuzzy controller
From the above two figures the real and reactive power for double line to ground fault as shown (Fault period: 0.02
seconds to 0.1 seconds). It shows that during the double line to ground fault period the dynamic behavior of doubly fed

induction generator with Fuzzy con

troller is improved as compared with P1 controller.
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Fig.9. Real and Reactive power with PI controller
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Fig.10. Real and Reactive power with Fuzzy controller
From the above two figures the real and reactive power for three phase fault is shown (Fault period: 0.02 seconds to 0.1
seconds). It shows that during the three phase fault period the dynamic behavior of doubly fed induction generator with
Fuzzy controller is improved as compared with Pl controller.
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VI.CONCLUSION

The dynamic behavior of a Doubly Fed Induction Generator grid connected Wind Energy Conversion system is
simulated using MATLAB. The response of the system under fault condition has been compared graphically with PI
controller and FUZZY logic controller. A comparison of the simulation results reveals that there is in improvement in
the dynamic behaviour of the system with fuzzy logic controller. From the graphs it can be seen that fluctuations in the
real and reactive power during the fault recovery are considerably reduced for the system with fuzzy logic controller.

(1]
[2
(3]
(4]
[5]
(6]
(7]
(8]
(9]
[10]

[11]

[12]
[13]

[14]

REFERENCES

Hasanien H. M, Muyeen S. M, “Design Optimization of Controller Parameters used in Variable Speed Wind Energy Conversion System by
Genetic Algorithms,”IEEE Transactions on Sustainable Energy, vol.3, no. 2 pp.200208,April 2012.

Hasanien H. M, Muyeen S. M, “Speed Control of Grid Connected Switched Reluctance Generator Driven by Variable Speed Wind
Turbine using Adaptive Neural Network Controller,” Electric Power Systems Research 84 no.1, pp.206-213, March 2012, Elsevier.

Lei Shang , Jiabing Hu, “Sliding Mode Based Direct Power Control of Grid Connected Wind Turbine Driven Doubly Fed Induction
Generators Under Unbalanced Grid Voltage Conditions,” IEEE Transactions on Energy Conversion, vol. 27,n0.2,pp.362-373, June 2012.
Heng Nian, Yipeng Song, Peng Zhou, Yikang He, “Improved Direct Power Control of a Wind Turbine Driven Doubly Fed Induction
Generator During Transient Grid Voltage Unbalance,” IEEE Transactions on Energy Conversion, vol. 26,n0.3,pp.976-986,Sep.2011.

Li Wang, Chia-Tien Hsiung , “Dynamic Stability Improvement of an Integrated Grid-Connected Offshore Wind Farm and Marine-Current
Farm Using a STATCOM,” IEEE Transactions on Power systems, vol. 26, no.2,pp.690-698, May 2011.

Stephan Engelhardt, Istvan Erlich, Christian Feltes, J'org Kretschmann, and Fekadu Shewarega, “Reactive Power Capability of Wind
Turbines Based on Doubly Fed Induction Generator,” IEEE Trans. on Energy Conversion, vol. 26, no. 1, pp. 364-372, March 2011.

Hyong Sik Kim and Dylan Dah-Chuan Lu, “Wind Energy Conversion System from Electrical Perspective - A Survey,” Smart Grid and
Renewable Energy, vol. 1, no. 3, pp.119-131, Nov. 2010.

Nicholas P. W. Strachan, Dragan Jovcic, “Stability of a Variable-Speed Permanent Magnet Wind Generator With Weak AC Grids,” IEEE
Transactions on Power Delivery, vol. 25, no. 4,pp.2779-2788, October 2010.

Jianzhong Zhang, Ming Cheng, Zhe Chen and Xiaofan Fu, “Pitch Angle Control for Variable Speed Wind Turbines,” Electric Utility
Deregulation and Restructuring and Power Technologies, pp. 2691-2696, 6-9 April 2008.

Mustafa Kayikci, Jovica V. Milanovic, “Reactive Power Control Strategies for DFIG-Based Plants,” IEEE Transactions on Energy
Conversion, vol. 22,n0.2,pp.389-396,June 2007.

Francoise Mei, “Small Signal Modeling and Analysis of Doubly Fed Induction Generator in Wind Power Applications,” Ph.D.
dissertation, Control and Power Group Dept of Electrical and Electronic Engineering Imperial College London University of London, vol 20,
no 6, pp. 1911, Dec. 2006.

Daniel J. Trudnowski, Andrew Gentile, Jawad M. Khan, Eric M. Petritz, “Fixed-Speed Wind-Generator and Wind-Park Modeling for
Transient Stability Studies,” IEEE Transactions on Power systems, vol. 19, no. 4,pp.1911-1917, Nov.2004.

Q. Wang and L. Chang, “An intelligent maximum power extraction algorithm for inverter-based variable speed wind turbine systems,” IEEE
Trans. Power Electronics, vol. 19, no. 5, pp. 1242-1249, Sept. 2004.

S. Muller, M. Deicke and RikW. De Doncker, “Doubly fed induction generator systems for wind turbines,” IEEE, Industry Applications
Magazine, vol. 8, iss. 3, pp.26-33, May/June 2002.

Copyright to IJAREEIE WwWw.ijareeie.com 6496


http://www.ijareeie.com/

