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Abstract—- Wind energy plays an increasingly important role
in the world because it is friendly to the environment and
limitless. During the last decades, the concept of a variable-speed
wind turbine (WT) has been receiving increasing attention due to
the fact that it is more controllable, efficient, and has good power
quality. In order to most effectively utilize the wind energy and
improve the efficiency of wind generation system an optimum
control strategy of doubly-fed induction generators (DFIG) is
proposed. This paper presents a stator flux oriented vector
control strategy for a 2MW/690V doubly fed induction generator
(DFIG)-based wind energy generation system to control the rotor
side converter to control the active and reactive power and grid
side converter control to maintain dc link voltage constant.

Keywords— Doubly fed induction generator (DFIG), Vector
control, active and reactive power control, Wind power.

1. Introduction

Due to the increasing concern about CO2 emissions,
renewable energy systems and especially wind energy
generation have attracted great interests in recent years. Large
wind farms have been installed or planned across the world
and the power ratings of the wind turbines and wind farm are
increasing. Many studies [1-3] are oriented toward this type of
energy production in the aim to make it more efficient. Wind
turbine must be adjusted accordingly to wind speed, hence the
variable speed generator based wind turbines are mostly used
in wind power industry to capture more energy from wind [4].

There are many type of variable speed wind generator like
permanent magnet synchronous generator (PMSG), squirrel
cage induction generator (SCIG) and doubly fed induction
generator (DFIG). Out of these control and performance of
DFIG based wind energy conversion system is analyzed in this
paper.

The DFIG based wind turbine offers several advantages
over to other wind turbines including variable speed operation
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Fig.1 DFIG based wind energy conversion system

(x 30% around the synchronous speed) and four quadrants
active and reactive power capabilities. Such a system also
results in lower converter costs (typically 30% of total system
power) and lower power losses compared to a system based on
a fully fed synchronous generator with full rated converter. It
is also capable of generating active power at constant
frequency and the generated active and reactive power is
controlled independently for better grid integration.

Figure 1 shows the DFIG system. The stator of the DFIG is
directly connected to the grid and rotor is connected to grid
through four quadrant power converters comprises of two back
to back PWM-VSC (rotor side converter and grid side
converter). The rotor side converter (RSC) controlling active
and reactive power and the grid side converter (GSC) maintain
DC-link constant and controlling reactive power to control
power factor. The converters are controlled using vector
control technique. The stator voltage oriented vector control
strategy is used to de-coupled control of active and reactive
power. This paper explains the model of DFIG in the “d-q
reference frame” and stator flux oriented vector control
strategy of DFIG.

n. Modelling of DFIG

The induction machine d-q or dynamic equivalent circuit is
shown in Figure 2. Based on the equivalent circuit, the main
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equations of doubly fed induction generator stator and rotor
voltage can be written as follows in matrix form:

Vegor = Telgnes T Plapes @)
Viase = % igoer T PAaner 2

Applying  synchronously  rotating  reference  frame
transformation [9] to equation (1) and (2), the voltage
equations become

gz = Taigy — cigd gt pAgs 3)
Vq‘s =plg + wedgp + pd gs 4)
Var = % lgr — (00 — C"-"'r:]*lq'r'l'?*ldr (5)
Vor = g + (0w — oy )Ad gy + pl gy (6)

Where i is the rotational speed of the synchronous reference
frame, .- is the rotor speed, and the flux linkages are given by
Age= I'Lsfds"'f'm{fds‘l' fdr:] =Liige + LMy (7)
Aq'.s = Li.sfq'.s + Lm{fq‘s + :-r,'r} = I'.s:-r,'.s + LmIqr’ (8)
Agr=Lpige + L ligy + ig0) = Lpige + Liplz: (9)
‘lq'r = I'Erfr,'r+l'm{fqr+:—qs = erqr"' LmIq‘s (10)
Where Ly =Ly + Ly and Ly =Ly + Ly L. Ly and Ly
are stator and rotor leakage inductance and mutual

inductances, respectively.

Neglecting the power losses associated with the stator

resistance, the ac;cive and reactive stator powers are:
K= ; ':Vr.'sir.'s + vgsigs)

Q.= % {Vr.'s fgs — Vdsqu}

(11)
(12)

m. Design of Control system

The objective of the RSC is to govern both the stator-side
active and reactive powers independently, while the objective
of the GSC is to keep the dc-link voltage constant regardless
of the magnitude and direction of the rotor power. The GSC
control scheme can also be designed to regulate the reactive
power.

mlds Ly L, (g Oy R, ‘lqr

TI
o1
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Fig.2 Equivalent circuit of DFIG in g-d axis
A. Design of RSC controller

The RSC control scheme consists of two cascaded control
loops. The inner current control loops regulate independently
the d-axis and g-axis rotor current components iz and i,
according to synchronously rotating reference frame. The
stator-flux oriented reference frame [10] is the most
commonly used one. The outer control loops regulate both the
stator active power (or the generator rotor speed) and reactive
power independently.

Aligning the g-axis of the reference frame along the stator-
voltage position Ve =V and vy, is zero, since the amplitude of
the supply voltage v, is constant. The active and reactive
power will be proportional to i, and iz respectively.

Hence, the active and reactive power from equation (11)
and (12) are

P = (13)

'?s = 7 vq'sfds (14)

The active and reactive power will be proportional to i,
and iz, respectively.

Since the stator is connected to the grid, and the influence
of the stator resistance is small, the stator magnetizing current
im= can be considered constant. In the stator-flux oriented
reference frame, the d-axis is aligned with the stator flux
linkage vector 4;, namely, 4z; =14;and i .= 0. This gives the
following relationships

gz :'l.'._g

y ||..1" I wa

igs :_‘:fi‘?r (15)
fgz = _f{fms —igr) (16)
Fgs—Trlgs
Where, e = ————— 7
Wyl
Vgr = Higr + Ulrpfdr_swsalrfqr_ (18)
- - - 1lms
Vgr = Hig + ﬂir'rp':qr + s (oly gy + Ly : (19)
g=1-m (20)
. S
So, The active and reactive power are
F= _i Wsz'm‘frr.sfqr."rz's (21)
Qs = f mslm‘:-ms'ifms - :-q'r:]."rls (22)

Equations (21) and (22) indicate that active power is
proportional to the i, and can be regulated using g,
(equation 19), and reactive power is proportional to the iz and
can be controlled using w4, (equation 20). Consequently, the
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reference values of i . and iz can be determined from the
outer power control loops.
The stator flux angle is calculated from

Agz =

— Talgs)

‘133 = J":I:.S's - ?3:-.9‘3]

(Vs

r soloLi, +L%0 /L) FWM =/ GRID

i " o)
nH O ———— P_Qﬂ
: N

i dg —
i abe Irat-c —
I
by
9 B 0 tllm \"-ﬁ \'__.“ cac [e-—
— -
\I“F‘ * — gy
I a— ~abc
ms
i}

8 Uﬁ \sab\

! abc

I
Va dg I

Q . dq sabe

Ve abc

B—
1 '

P Q “ dq Vashe

I abe

Fig. 3 schematic block diagram of RSC control.

Figure 3 shows the schematic block diagram of rotor side
converter control. There are two loops, outer loop is for
controlling the active and reactive power and other is inner
current control loop for controlling the rotor excitation current
igrand i .. The value of reference reactive power is set to be
zero. The reference active and reactive power are compared
with actual active and reactive power and the error is
processed through PI controller, it will generate reference
rotor currents. The i and iz, error are processed through PI
controller to give v, and vg,, respectively. To ensure good
tracking of these currents, compensation terms are added to
v, and vz to obtain the reference voltages vy, and vgy”
according to )

Uq'r- Sl T S (Olplgy + Lip " lme/Ls) (23)
Vir = Vgr — S0l iy, (24)

B. Design of GSC control.

The objective of the grid-side converter is to keep the DC-
link voltage constant regardless of the magnitude and direction
of the rotor power. A vector-control approach is used, with a
reference frame oriented along the stator (or supply) voltage
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vector position. The PWM converter is current regulated, with
the direct axis current used to regulate the DC-link voltage and
the quadrature axis current component used to regulate the
reactive power. A standard regular asymmetric sampling
PWM scheme [12] is used. Figure 4 shows the schematic of
the supply-side converter. The voltage balance across the
inductors is

The voltage balance across the inductors is

Vg f.: 2 :-|: Vay
Fb)=R fa)-l—f.; fa)‘l‘ vbl)
v L L Vg

H H
A e

(25)

where L and R are the line inductance and resistance,
respectively. Using park’s transformation the above equation
can be written into d-q reference frame (rotating at ;) as
follows:

dig

vg = Rig+ L= —w.Lig +va (26)
dig

Uli' =qu+id—;+ Cdgir.fd-i-l?'ql (27)

The angular position of the supply voltage is calculated as
T

8. = | cwodt=tan"? :
vl:’
Where, v, and 1z are a, P stator-voltage component.
Neglecting the harmonics due to switching in the converter
and the machine losses and converter losses, the active power
balance equation is as follows:

3 = R -y —
Vgelge = Vaig = F: 1 =10

(28)
From the equation 28, the DC link voltage may be controlled

through iz control. The reactive power flow from the source is
given by

3 1o

Qr = Jvaig (29)
Consequently, the reactive power from the power source to
(from) the source-side converter may be controlled through i ..
In general, the reactive power from power source through the
source-side converter is set to zero (i, = 0).

vl.'.=|:|

Vol ——cC Iy,

Fig. 4 schematic of supply side converter.

SEEK

DIGITAL LIBRARY

(t



International Journal of Advancements in Electronics and Electrical Engineering —

Volume 3 : Issue 3

we Lty + 1)

o,

Fig 5. Schematic block diagram of GSC control.

The above vector control principles are illustrated in the
generic scheme shown in Figure 5. The DC link voltage is, in
general, kept constant to take advantage of full voltage for
capacitor energy storage in the DC link.

Where,
va 't = —vg + (wliy +vy) (30)
1:'1.'.1' = —v'q.r —{w.Liz) (31)
vz, " and v, are the reference values for the supply-side
converter, and the terms in brackets constitute voltage-
compensation terms.

iv. Simulation Results

The 2MW/690V DFIG model is analyzed using PSIM
under steady-state condition, the machine parameters are given
in appendix below. Figurel0a-10f shows the output of DFIG
model in super-synchronous mode. The negative sign of active
power means generated active power. It is cleared from fig.
that the machine speed in super-synchronous mode is higher
than the synchronous speed.

The vector control system based on the stator flux oriented
reference frame is simulated in PSIM, and a reference 2MW
stator active power was applied to the outer control loop, and
the reactive power demand is set to zero.

The stator active power was able to track the applied
reference value which confirms the validity of the control
system. The Grid side converter maintain 1000 V DC-link
voltage as shown in figure 6f and unity power factor as shown
in figure 6Ge.
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Fig.6a Machine speed (RPM)
[X-axis: 1 div =1 sec, Y-axis: 1 div =500 rpm]
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Fig.6c Stator Reactive power (pu)
[X-axis: 1 div = 1 sec, Y-axis: 1 div =1 pu]
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Fig.6f DC-link Voltage (Volt)
[X-axis: 1 div = 1 sec, Y-axis: 1 div = 500 volt]

v. Conclusion

The 2 MW/690 V DFIG system has been simulated in
PSIM. A bi-directional IGBT based four quadrant AC-DC-AC
converter with IGBT modules used in DFIG wind power
generation system is presented. The converter can operate at
sub-synchronous and super-synchronous modes. Based on
DFIG model and field oriented control theory, the machine
side converter provides good decoupling between active and
reactive powers, and the grid side converter maintain DC-link
voltage and power factor to be unity, which leads to high
power quality and higher efficiency in harnessing wind energy
effectively.

IJAEEE
[ISSN 2319-7498]
Publication Date : 30 September,2014

References

Rajib Datta and V. T. Ranganathan, Senior Member, IEEE ,
“Variable-Speed Wind Power Generation Using Doubly Fed
Wound Rotor Induction Machine—A Comparison With
Alternative  Schemes”, IEEE Transactions on energy
conversions, Vol. 17(3),. pp. 414-421, September 2002.

R. Hoffinann, P. Mutschler, Member, TEEE, “Comparison of

Wind Turbines Regarding their Energy Generation”, power

electronics Specialists conference, Vol. 1, pp. 6-11, 2002.

Donald S. Zinger, Senior Member, IEEE, and Eduard Muljadi,

Senior Member, IEEE, “Annualized Wind Energy Improvement

Using Variable Speeds”, IEEE Transection on industry

Applications, Vol. 33(6), November/December 1997.

Che Yanbo, Wang Yu, Wang Chengshan, Ai Lin,“Research on

Grid-Connected Power Control for Double-Fed Generator”,

Power and Energy Engineering Conference, pp. 1-4, 2009.

S. Muller, M. Deicke, R.W.De Doncker, “ Doubly fed Induction

Generator systems for wind turbines”, IEEE transection on

Industrial Applications, VVol. 8(3), pp. 16-33, May/June-2002.

Bimal K. Bose, “Modern Power Electronics And AC Drives”,

USA, Prentice Hall PTR , Inc.2002.

Paul C.Krause, “Analysis of Electric Machinery.” McGraw-Hill,

Inc.1986.

J. Marques, H. Pinheiro, et al., “A Survey On Variable-Speed

Wind Turbine System”, Federal University of Santa Maria.

Janaka B. Ekanayake, Lee Holdsworth, XueGuang Wu, and

Nicholas Jenkins, “Dynamic Modelling of Doubly Fed Induction

Generator for Wind Turbines”, |IEEE transactions on power

system, Vol. 18, No. 2, May 2003.

[10] Y. Tang and L. Xu, “A Flexible active and reactive power
control strategy for a variable speed constant frequency
generating system”, IEEE Transection on Power Electronics,
vol. 10, no. 4, pp. 472-478, July 1995.

[11] Arantxa Tapia, Gerardo Tapia, J. Xabier Ostolaza, and Jose
Ramon Saenz, “Modeling and Control of Wind Turbine Driven
Doubly Fed Induction Generator”, IEEE Transactions on
Energy Conversion, Vol. 18(2), June 2003.

[12] Yougui Guo, Ping Zeng, and Blaabjerg F, “Modelling and

Simulation of Generator Side Converter of Doubly Fed

Induction Generator-Based Wind Power Generation System”,

ICEEE International Conference, Wuhan, China, November

(1]

(2]

(3]

(4]

(5]

(6]
(7]
(8]
(9]

2010.
[13] Lie Xu, Cartwright P, “Direct Active and Reactive Power
Control of DFIG for Wind Energy Generation”, IEEE

Transactions on Energy Conversion, Vol. 21(3), September

2006.
TABLEI MACHINE PARAMETERS

Rated Power 2 MW . . . .

e Vol 50V Chirag Vadaliya has received his B.E. degree
ated voltage in Electrical Engineering from Sarvajanik
Frequency 50 Hz college of engineering and technology, Surat,

Stator resistance 2.6 mQ India in 2012. He is currently persuing M.Tech
Rotor resistance 70mO de_gree in power electronics machines _and
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Rotor leakage inductance 87 uH this work in AMTECH Electronics (I) Ltd.,
Magnetizing inductance 25mH Gandhinagar, India.
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