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Enhancement of Reactive Power Capability of DFIG
using Grid Side Converter
1
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Abstract - In the new electricity grid code, reactive power
generation by wind farms, which must operate similarly to
other conventional power plants, is a major concern during
both steady-state and fault conditions. This article presents
the reactive power capability of a doubly-fed induction
generator (DFIG) through the use of performance
capability curves. The real and reactive power capability of
conventional DFIG, the Unified Architecture (UA) is analyzed
for various firing angles and modulation indexes (μ) of the
grid side converters (GSC).The performance of both the
DFIG models are compared and the enhanced reactive power
capability is illustrated. The simulation is carried out in
simulink based MATLAB environment.
Keywords - DFIG, GSC, UA, capability curve, reactive power
capability.

I.

INTRODUCTION

Wind power, which has been proved to be a potential
source for generation of electricity with minimal
environmental impact, is the fastest-growing source for
electric power generation, and it is expected to remain so
in the future. At the end of 2007, the wind- installed
capacity stands at over 94,112 MW worldwide, which is
more than 20 GW from the capacity in 2006 [1]. With the
advancement of aerodynamic designs, wind turbines can
capture several megawatts of power, and this substantial
amount of wind power can supplement the base power
demand when such wind energy conversion systems
(WECS) are integrated into the grid.
Due to large penetration and matured technology, wind
farms must fulfill almost the same requirements as
conventional power plants. According to new grid codes,
wind farms have to supply not only active power, but also to
supply/consume the reactive power to/from the grid. The
requirements are defined with respect to the power factor
as a function of the voltage at the point of common
coupling (PCC) with the main grid. Thus, the reactive
power management becomes an integral issue in the gridconnected wind farms.
The DFIG is commonly used in variable-speed large
wind turbines. The DFIG has the ability to provide precise
speed control and good power factor with a converter that
is rated as low as 25% of the machine power rating. Due
to its many advantages, such as improved power quality,
high energy efficiency and controllability, reduced power
converter rating, etc., the variable-speed wind turbine
using a DFIG is becoming popular for large power
generation from wind.
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In order to determine the technical viability of the
DFIG for a wind generator application, the capabilities
of the DFIG need to be determined. Recently, some
research has given attention to the steady-state P-Q
curve of a DFIG [2–4]. Tapia et al.(2 0 0 3 ) derived PQ c u r v e s by imposing only rotor current limitation for
different operating temperatures. Similarly, [3] presents PQ curves of a DFIG for different terminal voltages by
considering only rotor current limits. Lund et al. [4]
derived P-Q curves of a DFIG by imposing rotor current,
stator current, and rotor voltage limits. But none of these
authors considered the reactive power capability of a gridside converter (GSC). Considering the GSC reactive power
capability will substantially change the operating range and
operation of a DFIG. Peterson [5] proposed a new unified
architecture (UA) of a DFIG using three converters; using
a third converter drastically changed the reactive
capability.
The reactive power capability of a conventional DFIG and
a unified DFIG has been obtained by extending the
analysis of steady-state model of operation of a DFIG
with a power grid through the use of performance
capability curves. First, three steady-state models of
DFIGs are derived in terms of (i) stator and rotor voltage
(VS and VR), (ii) stator voltage and rotor current (VS a n d
IR), and (iii) stator voltage and stator current (VS and IS)
to derive the limitations in reactive power production,
caused by the rotor voltage, the rotor current, and the
stator current, respectively. Second, reactive power
capability from the GSC is derived and included. Finally, a
complete P-Q diagram of a DFIG is developed by
optimization of rotor speed employing the maximum
power point tracking (MPPT) algorithm. The effect of
stator voltage variation on capability curves is also
demonstrated [6].
This paper presents simulation results of a Grid-connected
DFIG. The carrier-based Sinusoidal PWM modulation for
grid-side converters have been proposed in this paper.
Firing angle control has been developed to control the
converters to provide independent control of active and
reactive power and keep the DC-link voltage constant.
To enhance the reactive capability of the DFIG machine
one more grid side converter is added in series with
already existing grid side converter. Hence, named as
series grid side converter (SGSC) and the former named as
parallel grid side converter (PGSC). This newly proposed
architecture is named as unified architecture (UA) of a
DFIG using three converters by Peterson[5].Both the
configurations i.e. conventional DFIG and UA are
simulated, the performance are compared and graphs are
plotted. The effect of variation of the modulation index is
also discussed and the plots are shown.
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In this paper the firing angle control limitation is proposed
to vary the reactive power of the DFIG by varying the
firing angle of the rotor side converter. The rotor side
converter (RSC) is designed such that the output dc voltage
is controlled by changing the firing angle of the converter.
This dc output voltage is fed to the dc link capacitor. This
dc link capacitor is the source of the grid side converter
(inverter). This inverter synchronizes the low frequency ac
voltage to the grid frequency ac voltage. Hence this system
is called the power conditioning system (PCS).
II.

The conventional DFIG architecture in which the GSC is
connected in parallel with the grid performs very well at
power processing. Utilizing a series grid-side converter
(SGSC) in addition to the GSC, which shares the same
DC bus as the MSC and is connected in series with the
stator winding of the DFIG, it is possible to inject series
voltage and phase angle into the grid, similar to the unified
power flow controller (UPFC), which has several benefits
and provides necessary compensation during abnormal
conditions.

MODELLING OF DFIG

The DFIG is a wound rotor induction generator having
three-phase windings on the rotor and stator. The stator is
directly connected to the grid, and the rotor power is fed
by variable frequency power electronic converters, as given
in Fig.1. The power electronic converter system consists of
two back-to-back pulse width modulated (PWM) voltagefed current-regulated converters, namely, the rotor or
machine-side converter (MSC) and GSC, which are
controlled independently. The MSC is used to convert the
rotor frequency power to DC power and then feed back to
the AC system using the GSC, which converts DC power
to AC power at the system frequency. The rotor voltage
induced by the MSC in the rotor circuit is a complex
quantity that represents two control variables. Usually, the
field-oriented approach is employed for controlling the
MSC, which allows the control of active and reactive
powers, independently, of the stator side. The fundamental
steady-state equations for the DFIG are given by Eqs. (1)
– (4) [7] at the fundamental frequency. Higher harmonics,
losses in core and windings, and losses in the converter are
neglected for simplification.
Voltage equations:
V s = j S 
(1)
S

V r = RR I R+ j (S— R)  .
R
Flux equations:
S = LS I S + LM I R;
 = LR I R + LM I S;
R

(2)
(3)

Fig. 2: Steady-state per phase equivalent circuit of DFIG.

This configuration is termed Unified Architecture (UA)
and is given in Fig. 3. During normal and abnormal
conditions, the GSC (termed as parallel GSC [PGSC])
facilitates the normal power processing capabilities for
sub-synchronous and super-synchronous modes of
operation of the DFIG. During normal operating
conditions, the SGSC facilitates only reactive power
capability, and during abnormal conditions, the SGSC
injects series voltage and phase angle for necessary
compensation required for secure and stable operation. In
both normal and extreme conditions, the SGSC provides
reactive power injection to the grid [8, 9].The cost of the
converter depends on the rating. Hence, the rating of the
SGSC must be chosen wisely for economical operation.
The rating of the SGSC is taken as 15% of the DFIG
stator rating in this work.

(4)

where LS = Lo S + LM and LR = LoR + LM .
Eliminating flux linkages using Eqs. (3) and (4), we have
V S = j S (LS I S + LM I R);
(5)
V R = RR I R + j s S (LR I R + LM I).
(6)
The equivalent circuit corresponding to Eqs. (5) and (6) is
illustrated in Fig. 2.
III.

NEW SERIES GSC DFIG ARCHITECTURE

Fig. 3: Unified architecture (UA)

Fig. 1: DFIG with back-to-back PWM voltage source converters
(conventional DFIG).

In this section, only static performance, such as
injection/absorption of reactive power to/from grid during
abnormal/normal conditions, is discussed. For reactive
power support, the injection of series voltage must be in
phase quadrant with the stator (or line) current. Hence, the
injection of series voltage will not change the stator
terminal voltage substantially. Stator terminal voltage will
always be the addition of grid voltage and series injected
voltage. The capability curve for UA, as given in Fig. 3,
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can be obtained by adding the reactive power from the
SGSC.
IV.

SINUSOIDAL PWM TECHNIQUE USED IN THE GSC

The sinusoidal reference wave Vref is created, a modulation
method to commutate the switches is required. There are
many methods to modulate the reference wave, with the
most well known the so-called sinusoidal pulse width
modulation (SPWM), which uses a triangular carrier to
generate the PWM as illustrated in Fig. 4.
In this method, there are two important parameters to
define: the amplitude modulation ratio, or modulation index
μ, and the frequency modulation ratio p. Definitions are
given by
μ = Vref max / Vtri max
(7)
p = fT / fS
(8)

where Vref max and Vtri max are the amplitudes of the Vref
and Vtri respectively. On the other hand, fS is the frequency
of the main supply and fT the frequency of the triangular
carrier. The modulation method described in Fig. 4. has a
harmonic content that changes with p and μ. Furthermore,
to avoid sub harmonics, it is also desired that p be an
integer. If p is an odd number, even harmonics will be
eliminated. If p is a multiple of three, then the PWM
modulation of the three phases will be identical. When μ
increases, the amplitude of the fundamental voltage
increases proportionally, but some harmonics decreases.
This method is used in this paper for the grid side
converters (GSCs) [10].
V.

SIMULINK DIAGRAM

For the analysis of real and reactive power capability of the
DFIG model, simulation is carried out in SIMULINK block
set of MATLAB. The performance of the DFIG models are
analyzed for various firing angles and modulation indexes
of the grid side converters (GSCs). The DFIG model
connected to grid system and P-Q load is given in Fig. 5.
The conventional DFIG with the parallel grid side
converter (PGSC) is given in Fig. 6. This consists of an
asynchronous machine from which rotor winding are
tapped and connected to low frequency converter called
rotor side converter (RSC). This delivers dc voltage to the
DC link capacitor, the capacitor acts as the source to the
inverter called the grid side converter (GSC) which
synchronize the voltage from the rotor to the grid. DFIG
with both parallel grid side converter (PGSC) and series
grid side converter (SGCS) is given in is given in Fig. 7.

Fig. 4: Sinusoidal PWM technique.

The only modification is the “addition of one more
inverter” in series with converter-inverter circuit. This also
takes the input from the DC link capacitor.

Fig. 5: Simulink model of DFIG
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Fig. 6: DFIG with PGSC (conventional DFIG)

Fig. 7: DFIG with PGSC and SGSC (Unified Architecture)

VI.

SIMULATION RESULTS

The DFIG was modeled in simulink to analyze the
power system parameters such as real power and
reactive power. The firing angle of the rotor side
converter (RSC) is controlled to vary the real and
reactive power of the DFIG models. The case study for
the reactive power capability of DFIG models is
illustrated.
Case 1: The DFIG with parallel grid side converter
(conventional DFIG).
Case 2: The DFIG with parallel and series grid side
converter (UA).For various modulation index (μ) of the
both PGSC and SGSC. The comparison of both the
DFIG models is illustrated.

Case 1: Conventional DFIG
The real power variation is almost constant for the firing
angle (alpha) between10º to 80º and the real power

increases as alpha is varied from 90º to 180º(operating
region). The variation of the real power with firing angle
(alpha) is plotted in Fig. 8a.The reactive power is almost
constant for the firing angle between10º to 80º and starts
increasing in negative direction from 90º to 180º. The
variation of reactive power with alpha is given in Fig. 8b.
The reactive power varies as the load to the system is
varied. According to the load added the reactive power
supply to grid is varied. The variation of reactive power
with load is traced in Fig. 8c.The reactive power does
not drastically vary with wind velocity. It is almost
constant throughout the operating region. So we can take
it as fixed speed operating system. The variation of
reactive power with wind velocity is as in the Fig .8d.
the plot between the real and reactive power for variation
of alpha is known as the capability curve (P-Q curve) of
the DFIG machine. The capability curve of the DFIG is
shown in Fig. 8e. The 3D view of the variation of real
and reactive power of the DFIG machine with firing
angle alpha is presented in Fig. 8f.
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Fig. 8f: 3D view of real and reactive power Vs. Alpha
Fig. 8 a: Alpha Vs. real power

Fig.8 b: Alpha Vs. Reactive power

Fig. 8c: Reactive power Vs. load

Fig. 8d: Reactive power Vs. wind velocity

Fig. 8e: P-Q curve
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Case 2: Unified Architecture (UA)
The real power variation is almost similar to that of the
conventional DFIG. The variation of the real power with
firing angle (alpha) is plotted in Fig. 9a.The reactive
power production trace as shown in Fig. 9b, is similar to
as the convention al DFIG, but the reactive power
production is higher then compared to the conventional
DFIG. The reactive power varies as the load to the system
is varied. As shown in Fig. 9c, when the load is added to
the system the reactive power supply to grid is varied. The
reactive power does not vary too much with wind velocity
in the operating region as in the Fig. 9d. The capability
curve of the DFIG is shown in Fig. 9e. The 3D view of the
variation of real and reactive power of the DFIG machine
with firing angle alpha is dissipated in Fig. 9f.

Fig. 9a: Alpha Vs. real power,

Fig. 9b: Alpha Vs. Reactive power

Fig. 9c: Reactive power Vs. load
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There is no considerable increase in the reactive power
capability of the UA, when the modulation index (μ) of
SGSC is varied from 0.7 to 0.9. So it is enough that the
modulation index (μ) of the PGSC is varied, the reactive
power capability of the UA is varied.

Fig. 9d: Reactive power Vs. wind velocity

Fig. 9e: P-Q curve

When we compare the performance of the DFIG models,
the real power delivery of both the machines are the same
in the operating region. The reactive power delivery of the
UA is more than conventional DFIG in the operating
region. The capability curve (P-Q curve) is extended for
UA than conventional DFIG. The plots are shown in Fig.
11a, Fig. 11b, and Fig. 11c.

Fig. 11a: Alpha Vs Real Power

Fig. 9f: 3D view of real and reactive power Vs. Alpha

A. Enhancement of reactive power capability
In this case study the variation of reactive power
capability of UA is demonstrated with variable modulation
index (μ). The reactive power capability of UA is
observed by keeping the modulation index (μ) of SGSC at
constant value (for a value of 0.8) and the modulation
index (μ) of PGSC is varied from 0.7 to 0.9, the graph is
illustrated in Fig. 10. The reactive power capability of the
DFIG increases as the modulation index (μ) of the PGSC
increases.

Fig. 11b: Alpha Vs Reactive Power

Fig. 11c: P-Q curve

VII. CONCLUSION

Fig. 10: Reactive Power Vs Alpha for Various μ of PGSC

The real and reactive power capability of the DFIG model
is analyzed for various firing angles and modulation
indexes of the grid side converters (GSCs). The reactive
power production is improved as the modulation index is
increased. The simulation demonstrates the enhanced
reactive power capability of the UA.
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VIII. APPENDIX
Parameters of simulated DFIG
Rated power
Stator Voltage
Rs (stator resistance)
Rr (rotor resistance)
Ls (stator inductace)
Lr (rotor inductance)
Lm(magnetizing inductance)
Number of pole pairs
Inertia constant

1.5 MW
575 V
0.0071 p.u
0.005 p.u
(referred to stator)
0.171 p.u
0.156.p.u.
(referred to stator)
2.9 p.u.
3
5.04
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