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Analysis Of Grid Connected Dfig With Variation In
Generator Speed And Stator Reactive Power Demand
Using Reference Power Based Improved Field
Oriented Control
D.V.N. Ananth, G. Joga Rao

ABSTRACT: In general electrical generators are designed to
operate at optimal loads and other operating points to have better
efficiency, lesser losses and good voltage regulation. For this the
doubly-fed induction generator is also developed in such a way to
have better real and reactive power flows, lesser losses and higher
productivity. The reactive power supply from the wind power based
generators and its associated converters are helpful in improving
the profile even under normal operation or under grid faults. The
requirement for the reactive power also increases with increase in
penetration of these renewable sources or under severe grid faults.
In this paper, source and grid side disturbances are analysed such
as variable wind speed, rotor speed, and grid reactive power. With
any type of disturbance, the DFIG parameters must be stable and to
follow the reference parameters. To do so, reference power based
improved field oriented control (RPIFOC) scheme is proposed and
in this, the stator and rotor reactive powers are controlled based on
stator real power value using lookup table technique. The inner
control loops also perform faster so as to react with varying
disturbances and to follow the desired reference values. For
analysis, DFIG parameters like rotor power, grid and stator power,
generator speed, stator and rotor currents are considered along
with mechanical parameters. The simulation results are done with
MATLAB/ SIMULINK.
Index Terms: Doubly Fed Induction Generator (DFIG); wind
energy conversion system (WECS); Back-to-back converter;
reactive power control; maximum power extraction; subsynchronous spee
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and
is stator flux during fault and during steady state in
stationary reference frame
is stationary reference frame rotor voltage and
induced rotor voltage in stationary frame of reference
Stator and Rotor real and reactive
power
Stator, Rotor and arbitrary speed
Electromagnetic torque (EMT)
s
slip speed of DFIG
pu
per unit
I.

INTRODUCTION

In general, the DFIG system is a double excited, by
which both the stator winding and the rotor windings will
pump active and reactive power to the grid based on generator
rotor speed [1]. The flow of real and reactive power in the
rotor reverses. During this process the stator real power flow
will not get affected. The rotor delivers real and reactive
power to the grid or receives the reactive power when
generator operates in sub-synchronous speed. During this
process of speed improvement from sub-synchronous to supersynchronous speed, care has to be taken such that no surge
voltage or current is produced, which damages the rotor
windings. The rotor needs to run at super-synchronous speed
to have better efficiency and hence low losses and heat. So,
the study on the effect of change in rotor speed, wind speed
and reactive power on the DFIG performance is very
important. With increase in the wind speed, which improves
the input to the wind turbine increases, hence maximum power
extraction from the generator- turbine set is improved. If the
rotor is made to run at optimal speed with better MPPT
technique, maximum real power extraction is done. MPPT at
sub-synchronous and super-synchronous speed with pitch
angle controller and optimal power coefficient is described in
[2] and with direct and indirect reactive power control
techniques to extract the powers equal to its reference [3].
The DFIG is a doubly fed device, which can deliver both real
and reactive power from both stator and rotor [4-9]. The
power flow direction and its
magnitude from the stator
and
rotor
decide
the
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economic operation of DFIG [4]. The real and reactive power
will be always from stator to the grid, while the rotor side
power flow will be towards the rotor from the grid when the
rotor speed is lesser than the synchronous speed, and power
flow from the rotor towards the grid, when the DFIG operated
above the synchronous speed. So, to have optimal electrical
power flow, rotor speed of rotation plays a major role. For
getting maximum mechanical power from the turbine, rotor
blades adjustment, sweeping angle and speed under
aerodynamics standards are very important [5, 6].
If more wind generators couple to the grid leads to penetration
issues causes many problems to sensitive generators [7]. The
solution to above penetration issue for making healthy system
is effective control of reactive power [8, 9]. A neural network
based adjustable speed drive is analyzed for maximum power
transfer functioning in [10] and a sensor-less based MPPT is
demonstrated in [11]. The performance of DFIG is discussed
under variable rotor speed positions [12], improved efficiency
and performance is illustrated by author Rahimi Mohsen for
DFIG based system recently in [13]. The same author also
proposed a technique for RSC and GSC to have better reactive
support and good voltage regulation [14]. Different techniques
are proposed in [15-17] to improve the performance of DFIG
during variable reactive power and to get maximum power
from the generator-turbine set. Different ways of real and
reactive power flow in DFIG with different techniques like
sliding mode control [18], particle swarm optimization [19]
and different techniques [20-24] are discussed by many
authors. In these papers, exact control of real and reactive
power flow in DFIG as per the reference value and further
without surges and ripples during sharp changes, there is a
considerable deviation.
The main features of the proposed improved field oriented
control in comparison with conventional field oriented control
are:
a)
limiting the stator current ripple
b)
rotor speed is almost constant as per the
given reference value
c)
Electromagnetic
torque
surges
and
oscillations during wind speed changes is very small
and negligible
d)
minimized ripples and fluctuations in the
stator active and reactive power
e)
Compared to conventional FOC, proposed
IFOC is better in improving the dynamic behavior
under natural disturbances like wind speed and
reactive power changes.
f)
Reducing the ripple in electromagnetic
torque and stator reactive power
In this paper reference power based improved field oriented
control (RPIFOC) is proposed and studied under three case
studies. The RSC is designed based on the lookup table
mechanism for effective operation of DFIG and to make the
rotor to run at optimal speed and to extract maximum power
from the generator turbine set. The lookup table is designed
based on the analytics described in the paper in section 3. The
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dc link across the capacitor and control of the reactive power
are major roles of GSC controller. The paper is sorted as
follows: mathematical modeling is dealt in section II; rotor
side controller (RSC) and grid side controller (GSC)
architecture and design is described in section III; Four case
studies like i) random varying wind speed, ii) generator rotor
speed, iii) grid reactive power requirement and iv) increasing
wind speed is analyzed in section IV. Section V concludes the
main contributions, followed by appendix and references.
II.

MATHEMATICAL MODELLING OF DFIG

The mathematical modeling for the internal control
loop of RSC of DFIG, control parameters for rotor speed and
reactive power are discussed in detail in this section.
A.

Mathematical Modelling of DFIG for reference
power based improved field oriented control
(RPIFOC) scheme
The DFIG equivalent circuit in dq-synchronous
reference frame with rotor side reference as in reference [5] is
considered in this paper. The stator voltage as a function of
stator flux ψs is given by (1). The nomenclature of these
machine and grid parameters is described in the nomenclature
at the starting.
(1)
Vs   s s   s ds ;

X r  s Lr ; X s  s Ls ; s 

slip
s

(2)

These basic equations of DFIG are taken from the reference [3
and 6]. The d and q axis stator and rotor voltages are given by
the equations (2a) to (2d)

Here

Vds  Rs ids  s qs   ds

(2a)

Vqs  Rsiqs  s ds   qs

(2b)

Vdr  Rr idr  slip qr   dr

(2c)

Vqr  Rr iqr  slip dr   qr

(2d)

 P represents

d
dt

The stator and rotor two axis d and q flux components defined
as a function of stator and rotor currents is shown below.

 ds  Ls ids  Lm idr

 qs  Ls iqs  Lm iqr
 dr  Lr idr  Lm ids

 qr  Lr iqr  Lm iqs

(3a)
(3b)
(3c)

(3d)
Further, the stator and rotor inductance is shown below, where
leakage and mutual parameters are in series and so additive.

Ls  Lls  Lm ; Lr  Llr  Lm
Now
using
the
equations (3a) and (3b), the
two axis stator currents is
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represented by the equation (4) as

1
Vs X m 

 I ds  L [ ds  Lm I dr ]or X  X I dr 


s
s
s


I   1 [ L I ]

m qr
 qs

Ls

slip 
(4)
also

Now the rotor voltage equations as a function of
stator and rotor currents by replacing the rotor flux parameters
to extract a relationship with rotor currents and main stator
voltage. Substituting equations (3c) and (3d) in (2c) and (2d),
the equations (2c) and (2d) will become

Vdr  ( Rr  Lr )idr  slip Lr iqr  slip Lmiqs  Lmids

(5a)
Substituting equation (4) for stator currents in the equation
(5a), the rotor d-axis voltage becomes

Vdr  ( Rr  Lr )idr  slipLr iqr  

Lm
 ds
Ls

(5b)

Replacing the stator d-axis flux from equation (5b)
using equation (1), this (5a) will become

Vdr  ( Rr  Lr )idr  slipLr iqr  

Lm
V (5c)
s Ls s

The leakage factor σLr can be stated as 1+

. Similarly,

deriving the equations for q-axis rotor voltage, the equations
are

Vqr  ( Rr  Lr )iqr  slip Lr idr  slip Lmids  Lmiqs
(5d)

Lm
 ds (5e) and
Ls
L
Vqr  ( Rr  Lr )iqr  slipLr idr  slip m Vs
s Ls

Vqr  ( Rr  Lr )iqr  slipLr idr  slip

(5f)
The equations 5c and 5f are rotor d and q axis voltages written
in terms of rotor currents and main stator or grid voltage. The
right side first two terms in these both equations are decoupled
parameters and the last term is the disturbance observer term.
These are controlled effectively in the inner control circuit of
RSC to maintain better voltage of rotor as desired during the
steady state. The tuned PI (proportional and integral)
controller helps the inner control loop of RSC to settle to the
desired state. When stator or the grid voltage falls, both the
rotor d and q axis voltages drop respectively. If, the decoupled
rotor currents are controlled and increased, the voltage drop in
rotor can be mitigated and can be possible with fast acting
control action of RSC and maintenance of dc voltage across
the capacitor by the GSC converter.
The effect of change in rotor speed on rotor parameters can be
expressed using the equations (5c) and (5d) as
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slip 

 Vdr  ( Rr  L s )idr 

Lsiqr
Vqr  ( Rr  L s )iqr
L
Ls idr  m Vs
s Ls

Lm
V
s Ls s

(6a) and

(6b)

It can be observed from equations (6a) and (6b), with change
in rotor speed, the rotor voltages and current will change. If
the stator voltage decreases, the slip angular speed will
increase accordingly. If under normal conditions, the stator
voltage will be at unity per unit (pu) value. The rotor speed
can be controlled either using d or q axis voltages, but the
effective control of rotor speed is observed with d-axis rotor
control. If rotor speed changes from sub-synchronous speed to
super-synchronous speed, mostly the d-axis voltage and
current changes much than q axis. Hence, control of these d
axis voltage and current of rotor makes the DFIG to run at
desired speed without deviation during the faults or rotor
speed changes.
The stator and rotor real, reactive and apparent
powers are given in equation (7) in terms of stator and rotor
voltage and current components. For effective control of DFIG
real and reactive power as per the grid requirement, the
controllable RSC parameters knowledge plays a vital role.
Hence, stator and rotor powers are represented in terms of
rotor voltage and currents are derived.
3
3 Xm


 Ps  2 Vs I qs   2 X Vs I qr

s



X m   3Vs2 3 X mVs 
3
3  Vs

idr   

idr 
Qs  Vs ids  Vs 
2
2  Xs Xs
2X s
  2X s




3
3


*
*
*
S r  Pr  jQr  Vr I r  [real(Vr I r )  j Im ag (Vr I r ) 
2
2


3


 Pr  2 (Vdr I dr  Vqr I qr )



Q  3 (V I  V I )

dr qr
 r 2 qr dr


 (7)



We know the parameters of stator voltage, rotor voltage, real
and reactive powers using the measuring devices. Therefore it
is convenient to represent the rotor real and reactive powers i
terms of these machine parameters are described from 8a to
8c.

3
2 X s Qs VdrVs 2Vqr X s
Pr  (Vdr


Ps )
2
3 X m Vm
Xm
3 X mVs
Or
(8a)
Further the rotor real power equation (8a) is rearranged to get,
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Pr 

X s Vdr
3 VdrVs X sVqr
Qs 

Ps
X m Vm
2 Xm
X mVs

parameters of the DFIG. From equation (10b), the real power
(8b)

X Vqr
3 VqrVs X sVdr
Qr  s
Qs 

Ps
X m Vs
2 Xm
X mVs

(8c)
If the stator voltage changes due to any reason like
grid voltage change due to faults or sudden large power load
fluctuations, the rotor power are varied accordingly. If d and q
axis rotor voltages are controlled, the rotor real and reactive
powers can be controlled effectively. Therefore, effective
control of rotor voltages using rotor side converter (RSC)
controller, rotor powers and currents are controlled which
helps in improving the stator voltage profile and can
compensate the grid real and reactive power requirement with
the aid of stator powers by changing the power flow direction
in the rotor. It is also observed that, stator real and reactive
power can be controlled independently without affecting the
power flow.
The rotor current in d and q reference frame are in general
defined as

idr2  iqr2  ir2

(9a)
The rotor two axis currents is rewritten in terms of stator real
and reactive powers parameters in equation (8a0 and 8b0) as

iqr*  

(9b)
From 9b, it is understood that the stator real power is
controlled using q-axis current, while stator reactive power is
controlled with d-axis rotor current. For maximizing the stator
real power, maximizing the rotor q-axis current is a better
solution. When the stator voltage equal to X midr , the stator
reactive power becomes zero, that is at unity power factor.
The same can be extracted from the equation number (7).
Substituting the parameters of equation (9b) in (9a) for
generalized rotor current in the form of stator powers as,

2

8
X midr  ( X midr ) 2  X s
3
Vs 
2
at Qs=-1.

(11c)

Hence, stator voltage is directly linked to stator reactive
power. Hence, effective control of rotor d-axis current makes
the control of Qs possible and promising. To have exact
control, the rotor d and axis voltage can be rewritten in
equations (12a) and (12b) as

Vdr  PI (idr*  idr )  sslipLr iqr 

Lm
(Vds  r qs )
Ls
(12a)

Lm
(Vqs  r ds )
Ls

(12b)
Here, the tuning of PI controller plays a vital role in
exact control of rotor voltages and the PWM pulse generation
action. Furthermore, the reference real and reactive rotor
current determinations also are an important factor. Hence
based on these equations RSC control scheme is designed,
which play a very important role in DFIG operation and
behaviour. While the above (12a) and (12b) equations in open
loop are

Vdr  ( Rr  Lr  )idr  slip Lr iqr 

Lm
iqs (Vds  r qs )
Ls
(13a)

Vdr  ( Rr  Lr  )iqr  slip Lr iqr 

2

(10b)

2
2
2
It is of the form ( x  h)  ( y  k )  r , with

voltage Vs, reactance’s Xm and Xs are constants. This is true
under steady state conditions. Under abnormal conditions, the
stator voltage Vs decreases, hence there will be change in the
symmetry of the waveform. From this equation (10b), the
stator real and reactive terms are quadratic in nature and have
a waveform of a circle or (semi circle under constrained form)
with the radius as square of rotor current. The limits of the
circle are described by stator voltage and inductance
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(11a)

8
X midr  ( X midr ) 2  X s
3
Vs 
at Qs=1 and (11b)
2

(10a)

Solving the above equation (14a), we get,


3V   3 X V i 
Ps2  Vs  Qs  s    m s r 
2X s   2X s 


3Vs
.
2X s

The reactive power will have the values
Vs  X midr at Qs=0,

Vqr  PI (iqr*  iqr )  sslipLr idr 

2 Xs *
V
2 Xs *
Ps
idr*  s 
Qs
X m 3 Xm
3 X mVs and

4 X s2 Ps*2 4 X s2Qs*2 4 X sQs* 2


 ir
9 X m2Vs 9 X m2Vs
3 X m2

Qs 

flow from the stator is maximum when

Lm
iqs (Vds  r qs )
Ls

(13b)
From 12a, 12b or 13a and 13b, we can write

idr iqr
PI
 * 
*
idr iqr Rr  sLr  PI
When idr and

(14)

idr* is nearly equal, the influence of PI controller

is zero. If there is any large mismatch in the reference and
actual d or q axis currents, the PI controller parameters are
solved to tune to get the
difference between currents
equal to zero.
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The block diagram of PI controller for inner loop of d-axis
control for the DFIG grid side controller is shown in Fig 1a.

G1
*
dc

V

PI1

1
D

i

Vpwm

*
sc

G1

PI2

1
sCdc

-D

Vpwm

idc

isc

Fig.1a block diagram of PI controller design for a dc control for GSC control of DFIG

1
PI1 (Vdc*  Vdc ) PI 2
D
(15a)
GG
1
Vdc  ( PI1 )( PI 2 )( 1 2 )( D)
1  G1G2
sCdc (15b)

V pwm 

Vdc PI1PI 2 G1G2

(
)
Vdc*
sCdc 1  G1G2

(15c)

Based on the above equations, the PI1 and PI2 are tuned such
that actual and reference dc link voltages will become nearly
same.

III.

DFIG RSC AND GSC CONTROLLER DESIGN
AND MODELING

The RSC control scheme is shown in Fig. 1b and GSC is
shown in Fig. 1c. The RSC here is for extracting maximum
power and controlling the reactive power from rotor side.
Based on the wind speed, the optimal power that can be
extracted can be estimated using lookup table. Using a well
tuned PI controller, this optimal reference power is compared

with stator output power. The output from voltage based PI
controller current and vice-versa. This 2nd PI controller output
is compared with decoupled and disturbance parameter and
finally rotor d-axis voltage is obtained. Similarly, from stator
and grid reference real and reactive power, the RSC injecting
reactive power can be estimated in the outer control loop of qaxis based RSC. The output divided and manipulated with
voltage, we will get reference q-axis current. This reference
current is measured with actual q-axis rotor current and the
error is compared with PI controller to get reference q-axis
rotor voltage. This voltage similarly added vectorial with
decoupled and disturbing parameters as in d-axis control of
RSC, we will get final RSC controlled q-axis voltage. These
final obtained two axis reference rotor voltages are given to
the PWM controller to get pulses for RSC. The lookup table
relation between Ps and Qs can be built up using equation
(10b). Here the stator voltage is considered unity without any
grid disturbances. However, considering the Vs in the lookup
table program is easy. The control of final two axis rotor
voltage with PI control is done using the equations (12a) and
(12b).

Fig. 1b RSC modelling for better power flow control (left) and its d-q axis voltage
reference extraction
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Fig. 1c GSC modelling for DFIG with better power flow control from GSC to the grid
The GSC based q-axis voltage is explained briefly here. The
grid voltage or stator voltage is generally required to maintain
constant without fluctuations. This grid side voltage is
maintained constant using rms based stator/ grid side voltage.
The reference value is

V  1 in steady-state and is to be
*
s

maintained or compensated. As explained earlier, the error
obtained from the reference to the actual voltages is given to
the tuned PI controller to get the reference d-axis current. Now
this reference current and the q-axis voltage reference are
multiplied to get the reference power. The actual stator grid
power values are obtained by direct measurement from the
voltages and currents or using a wattmeter. The difference in
the reference and actual grid power is another error and is
divided with measured GSC q-axis voltage. Here we will get
the reference current which is delivered by the GSC to the
grid. The error produced because of the q-axis reference and
actual q-axis currents are controlled with tuned PI and the
output is q-axis GSC voltage. When this voltage is
manipulated like in d-axis voltage, we get reference q-axis
GSC voltage which is another input to inverse parks
transformation to produce abc GSC reference voltage. This
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reference voltage is given to the GSC based PWM for the
pulse generation and to the GSC converter.
IV.

SIMULATION RESULTS AND ITS ANALYSIS

The proposed reference power based improved field oriented
control (RPIFOC) scheme effectiveness is tested for DFIG
based wind energy conversion system. The simulation analysis
is to test how fast and accurate the DFIG system when source
side issues like change in wind speed occur. Here 24
generator- turbine sets are connected to the grid using a
common bus-bar. An equivalent of these 24 generators is
represented as a single DFIG WECS unit for easy analysis.
The parameters are taken at PCC and at generator and
converter terminals. The dynamic and transient behavior of
DFIG system is observed in this section. The DFIG
performance with conventional and proposed technique is
compared in this section. The proposed reference power
improved field oriented control (RPIFOC) scheme is tested for
DFIG based WECS for a small 20KW machine is tested using
MATLAB/ SIMULINK.
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Fig. 2a DFIG parameters using (A) conventional [23] and proposed methods at randomly varying wind speed, Fig. 2a (B)
zoom representation of the same figure as in (A)
The simulation analysis is to test how fast and accurate the
DFIG system when source side issues like change in wind
speed occur. The turbine rotor blades are set to run the
generator at 2500rpm with flexibility in blade adjustment. The
results are presented in Fig. 9a and 9b are comparison using
conventional [23] and proposed RPIFOC technique. Here
generator- turbine set is connected to the grid using a common
bus-bar. In this case, the wind speed is fluctuating in nature
with a mean of 3m/s with 14m/s as base speed. In Fig.2a(A),
from top to bottom, the rotor speed in RPM, electromagnetic
torque, stator real and reactive powers, which compares the
conventional method (blue) described in [23] and to the one
The real and reactive powers with conventional and proposed
are also shown in the figure. The powers with proposed has
more instantaneous surge than with conventional system, but
settles earlier than conventional with lesser ripples. Here the
lesser ripples indicate smoother output power delivered from
the DFIG system to the grid. The output power has wave
shape like the wind speed waveform for both comparative
systems, but smooth power delivery without ripples and surges
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proposed RPIFOC (red) in this paper. The same results in Fig.
2a(B), shows the zoom values of the same waveforms as in
3a(A).
It is seen that the rotor speed reached steady state earlier with
proposed method than with conventional method. However in
the zoom value of the speed which is having few distortions in
the speed waveform with conventional (blue) than with
proposed. Similarly, the torque settling with conventional for
reference value of mechanical torque is earlier with proposed
than with conventional. The zoom picture of same torque with
conventional system has more ripples and surges than with
proposed system.
in the proposed RPIFOC technique. The change in reactive
power with rotor speed is better with proposed technique.
The stator and rotor d and q axis currents and its
zoom pictures are as in Fig. 3b (A) and (B). The current
settlings, ripple less flow are better with proposed system than
with conventional system. The d and q axis currents for both
methods are nearly same, but smooth waveform is observed in
RPIFOC technique.

1421

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Rotor q axis
current

Rotor q axis
current

Rotor d axis
current

Rotor d axis
current

Stator q axis
current

Stator q axis
current

Stator d axis
current

Stator d axis
current

Analysis Of Grid Connected Dfig With Variation In Generator Speed And Stator Reactive Power Demand Using
Reference Power Based Improved Field Oriented Control

Time in seconds

Time in seconds

Fig. 3a DFIG currents using (A) using (A) conventional [23] and proposed methods at randomly varying wind speed, Fig.
3a (B) zoom representation of the same figure as in (A)
With the change in wind speed, the rotor speed is also
changing in both conventional and proposed methods. It is
observed that, the q-axis and d-axis stator and rotor currents
are nearly constant, whereas the d-axis and q-axis stator and
rotor currents are varying when wind speed is changing using
conventional method [24, 25 and 26]. However, all the stator
and rotor d and q axis currents are changing with change in
wind speed or rotor speed given by the equations (stator
currents 6a, 6b, 19a, 19b and rotor currents by 11, 17 and 18).
It is based on the proposed control technique adopted with
faster and accurate internal control scheme. In this method
proposed, the stator and rotor flux interactions are made faster
with the dynamics of generator and turbine operation. The
external and internal control loops are sophisticated with quick
control action described in section 2.1. The mechanical power
output from turbine is almost same with both methods. Hence
proposed method is faster and accurate with very less ripples
in rotor speed, electromagnetic torque and DFIG currents.

Retrieval Number: F4012048619/19©BEIESP

V.

CONCLUSION

The proposed reference power based improved field oriented
control (RPIFOC) scheme is applicable for both low and high
wind speed variations. It is also designed and developed for
the extraction of maximum real power from the DFIG even
near the cut-in wind speed of the turbine. During the light load
conditions also, the maximum power extraction is possible
with the proposed technique. The mechanical optimal power
extraction is achieved using the tip-speed ratio method. In this
method, the DFIG electromagnetic torque is controlled
effectively at cut-in and nominal wind speed. The rotor speed
is adjusted to an optimal value with the help of look-up table
proposed in the RSC control scheme based on the generated
torque and the rotor winding current. This rotor speed
adjustment helps in effective control of reactive power in the
rotor windings, maximum electromagnetic torque operation
and also helps in mitigating
the power fluctuations from
the stator under variable wind
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speed input to the turbine. Therefore the maximum real power
flow from the stator and rotor is extracted from the turbinegenerator set and near the unity power factor operation under
the steady-state is possible. When the wind speed high, the
mechanical power input to the turbine will be higher. The
speed between 15 to 27m/s is said to be a good wind speed,
where the output power from the turbine is almost constant.
But, fluctuations in this speed to the above or below speeds
make the power from the DFIG to fluctuate.
With the proposed scheme, the maximum output power can be
extracted if rotor is made to drive at an optimal speed so that
efficient pitch angle control and quicker operation is possible.
Using the lookup table based technique, based on reactive
power flow and turbine disturbances, the rotor speed and the
reference powers are adjusted automatically under varying
wind speed, the power fluctuations in the DFIG can be
compensated. Hence, with all the above discussions, there is
an improvement in the reactive power flow in the DFIG
WECS so that the reference and actual powers are matching
each other very smoothly. There are no surges or spikes in the
waveforms of generator or turbine as smooth control of power
flow and speeds are possible. In the same way, the rotor
generator speed change for sub- synchronous or supersynchronous mode of speed is smooth, very quick and stable
and also observed that there are no rotor or grid current surges
during the dynamics. The comparison with wind speed
variation case with previous works, the proposed system is
better. Hence, with the proposed control scheme all source and
grid side issues can be addressed easily without any change in
the control strategy. The proposed IFOC technique ensures the
wind turbine will follow maximum power operation point
effectively than with a conventional MPPT-curve method.
Also, the power fluctuations are minimized and surge currents
are reduced using the proposed technique.
Compared to the conventional FOC, the proposed FOC is
having lesser ripples and surges under steady ate and also
when there is rapid change in the wind speed. The current, real
and reactive power ripples are reduced, torque oscillations are
lowered. The change in reference reactive power is met
effectively with the proposed control scheme. The changes in
the rotor speed with wind speed are smooth. The future scope
for the present work is application for fault analysis and other
types of grid disturbances.
Appendix
The parameters of each DFIG used in simulation are,
Rated stator Voltage = 690V, base power=20KW, Rated
Power = 10units equivalents of 2KW=(10*2KW), Rs =
0.0049pu, Lls = 0.093pu, Lm = 3.39 pu, Rrӏ = 0.0049pu, Llr1
= 0.1pu, Inertia constant = 4.54pu, DC link Voltage = 1215V,
DC link capacitance = 2000µF, Number of poles = 4, Grid
voltage and frequency = 25KV and 60 Hz, Rotor side filter:
Rfr and Lfr = = 0.3mΩ and 0.6nH, Grid side Filter: Rfg =
0.3Ω, Lfg = 0.6nH, nominal wind speed = 12 m/sec.
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