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Abstract- The paper deals with an essential approach, Direct Torque Control (DTC) that can control the torque of induction
machine-based wind turbine generating systems. As the penetration of renewable energy sources is increasing abundantly,
various system operators are implementing stringent grid codes globally. Power quality and harmonics are some of the most
important grid codes and the proposed control aims to help in the area by providing a decoupled control of torque and flux. The
main disadvantage of conventional DTC is high torque and flux ripples. The paper contends a DTC control scheme using
fractional order PID controller (FPID) implemented on double-fed induction machine (DFIM) based wind turbine generating
systems. Proposed control logic conjectures rotor flux and electromagnetic torque based on rotor voltage, current, and speed
measurements as inputs. This paper unfurls the results validated using MATLAB Simulink for active and reactive power, DC

link voltage, line current, and electromagnetic torque.

Keywords Active Power Control, DFIG, DTC, FPID, Reactive Power Control

1. Introduction

Wind and solar energy are two of the most common
renewable energy sources on the planet [1-2], not only because
of their clean availability and environmental friendliness, but
also because of their cost-effectiveness. A contemporary wind
parks” (WP) first choice is variable-speed wind turbines
(WTs). The main reasons for achieving this objective are, first
and foremost, maximum wind energy absorption, second,
compliance with grid code requirements, third, reduction of
drive train stresses [3], and many other essentials for grid
integration [4]. Wind parks with doubly fed induction
machines (DFIM) are one of the most sought-after
configurations in recent years [5], because they can provide
decoupled control of both active and reactive power.
Moreover, inverter costs are also decreased, and the system
can operate over a wide variety of wind speeds. Furthermore,
literature dealing with various control techniques and
algorithms applied to doubly-fed induction generators (DFIG)

has been studied [6-22] to build an efficient grid-linked Wind
Energy Conversion System (WECS).

Direct torque control was later developed for DFIG [6-8].
The fundamental block diagram in Figure 1 depicts the
traditional direct torque control (DTC) applied to DFIG. DTC
chooses a suitable voltage vector using an appropriate
switching table to limit the errors of the flux and torque in their
resulting hysteresis band. DTC offers an advantage over stator
flux orientation because it has qualities such as rapid dynamic
reaction, simple construction, and low dependence on
machine factors [9]. As a result, DTC has been a major focus
of study across the world. The author of this paper aimed to
improve the dynamic performance of traditional DTC by
enhancing the line currents, DC link voltage, electromagnetic
torque, active power, and reactive power at the point of
common coupling.
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Fig. 1. Block Diagram — Conventional DTC algorithm applied
to DFIG.

Other suggested DTC systems use various vectors to
eliminate errors from both flux and torque by using zero vector
first and then active vector from traditional DTC. Various
concepts have been utilized, including mean torque
equalization in comparison to the reference torque with each
cycle [10-11], calculating the duty ratio of the zero vectors and
active vectors for reducing torque ripples [12-13], fuzzy logic
implementation [14-16], fault-ride-through (FRT) [17-19],
use of matrix converter [20] and the use of optimization
algorithms and hybrid controllers [21-22]. The author
proposes a method that uses a modified filter to decrease
torque and flux ripples. Furthermore, instead of hysteresis
bands, fractional-order self-tuning PID controllers are used to
regulate the DQ-axis voltages fed to the machine-side
converter.

At the very outset, the author would like to declare the
scheme of the research paper that engages with mathematical
modelling of DFIG wind turbine, conventional flux estimation
topology, conventional control strategy, proposed flux
estimation topology, proposed control strategy, test system,
and simulation results followed by the conclusion.

2. Mathematical Modelling of DFIG Wind Turbine

The power of the wind crossing the blades of the wind
turbine is in the form of kinetic energy and can be represented
as shown in Eg. (1)

1
R =2 PAV,’ 1)

Where, p =Air Density, A = Surface area, V,, = Wind Speed.
Unfortunately, the turbine can recuperate only a part of

this power as explained in Eqg. (2)

1
R= E prR 2Vv:’xc p (2)

Where, R = Radius of the wind turbine; C, = Co-efficient of
Power.

The mechanical torque can be calculated using Eqg. (3)

Th= — 3)

Where o, = Mechanical Angular Speed
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Fig. 2. Wind Turbine Model -
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Fig. 3. Single-phase steady-state equivalent circuit of DFIG
referred to stator

Figure 2 represents the wind turbine model and Figure 3
reflects the single-phase steady-state equivalent circuit of
DFIG referred to stator. Dynamic mathematical modelling of
DFIM as a generator under a synchronously rotating d-q
reference frame necessitates the voltage equations as shown in
Eq. (4-7).

d

Vas = Rlgs +E\Vds —OsWgs (4)
d

Vqs = Rslqs +E\Vqs —OsWgs (5)
d

Var =Rl +E‘Vdr — (oo *(‘)r)‘l’qr (6)
d

Vqr =R Iqr +a Wor + (05 — o )Wgr ()

Here, Vi, lgs s lgs» Wgs and g are the stator voltages,
current, and flux in d-axis and g-axis respectively, whereas,
Var  lar s lgr » Wgr @and g, the rotor voltage, current, and flux
in d-axis and g-axis respectively. Rqis the stator resistance,
while ogand o, are the stator and rotor angular velocities
respectively.

The expression of stator and rotor fluxes can be expressed
as shown in Eq. (8-11)

Was = Lslgs + L lar (8)
Wos = Lslgs + Linlgr 9)
War = Lelgr + Lilas (10)
Wor = Lelgr + Linlgs (11)

Where, L, L, and L, are the stator inductance, rotor
inductance, and mutual inductance respectively. The
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electromagnetic torque T, is expressed as shown in Eq. (12)
where, 1., , l,5, Wy, and v, are the rotor current and rotor

flux in o and B reference frame respectively and p is the
number of pole pairs.

3
Tem = E p(IrB\Vra - Ira\l’r[}) (12)

The equivalent circuit of d-g model of DFIG as shown in
Figure 4.

. % R L, L, R Jx .
U.J:'-qu w[*Lqul

Vs L, Ve

. % R L, L, R .
w W w'¥,

Vi L v,

Fig. 4. D-Q axis equivalent model of DFIG

3. Conventional Flux Estimation Topology

The expression of rotor flux derived from rotor voltage of
DFIG in af reference frame is as stated in Eq. (13-14) —

dy,q
Vi = Rl + dtr (13)
= Vg :_[(\/ra_errq)dt

dy
Vo =Reloy + = (14)
=V :I(\/rﬁ_err[})dt

Where, V,,, V,; are the rotor voltage and R is the rotor
resistance.

4. Conventional Control Strategy

The block diagram of conventional DTC control scheme,
on the DFIG wind turbine generating system is as shown in
the Figure 5, which contains multiple blocks namely rotor-side
converter (RSC) which is connected to the rotor of DFIG,
grid-side converter (GSC) which is connects the stator of
DFIG to grid.

Various signals like the voltage, current, and speed of the
rotor are received from the machine, which are further used
for computing the rotor flux and electromagnetic torque.
These electromagnetic torque and rotor flux signals are
compared with the reference which results in deviations.
These deviations generated are being consumed by the
hysteresis controllers. The rotor flux hysteresis ON-OFF
controller is a 2-stage comparator whereas the electromagnetic

torque hysteresis ON-OFF controller is a 3-stage comparator
and can be noticed in Figure 6.
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I S rt——{Converter -
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W Signals b
l S

| Converter 1

v v R 2
Voltage || Current Speed
abc toaf | abc to af W 5
L 7 L L 5
Sector — 5
Flux and Torque Estimation | 2
T Selection | ¥ ©
. s (U]
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Ter' ¥ d¥, S 1]
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Fig. 5. Conventional DTC Control Scheme

The output received from the hysteresis controllers are
dy,and dT,,. The value of dy, can be 1 or -1, while the

value of dT,, canbe1,0or-1. Toimprove the accuracy and

to mitigate the ripples in the required torque and flux signals,
the flux hysteresis ON-OFF controller is set to 1.5% of the
rated flux while the torque hysteresis band is set to 5% of the
rated torque.

dT,, dlwl
1 1
HF ‘ro r Y HF _ 'HF‘F 0 ' HF -
74 €T Y | 4 e
-1 -1

Fig. 6. Hysteresis Comparators

Apart from estimating the magnitude of the rotor flux in
the af reference frame, it is also equally important to locate
the position of rotor flux vector i.e. the rotor flux angle. Based
on this information, the sector selection is accomplished as per
look-up table shown in Table 1.

Table 1. Sector Selection Look-Up Table

Rotor Flux Angle Range Selected Sector

0° 30° 1
> 30° 90° 2
>90° 150° 3
>150° 210° 4
> 210° 270° 5
> 270° 330° 6
> 330" 0° 1
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The combination of the sector having rotor flux vector and
the received output of hysteresis controller allow the voltage
selector block to select an appropriate voltage vector for the
pulse generator block as represented in Figure 5. The selected
voltage vectors can be further subdivided into two categories
— Active Vectors and Inactive vectors. Only when the value
of dy, =0 an inactive voltage vector is selected. In the rest of

the cases, an active voltage vector is adopted.

Sector 3 Sector 2
¥, (010) W, (110)
A 33 23
WTery ~ IWIT,,
V(00T v (100 kIJT‘.‘
Vo (01) |l v, v eV, (100) [wIT... [wIT,.,
Sector 4 - Sector 1 | % % '
W, (001) W, (101)
Sector 5 Seclor 6

Fig. 7. Effect of Voltage Vectors on Rotor Flux and
Electromagnetic Torque amplitude

The selected voltage vector corrects the torque and the
flux errors as shown in Figure 7, where n represents the sector
number. Later the pulse generator generates the pulses for the
semiconductor switches of the 2-level converter. Table 2,
pulse generation look-up, defines the determination of a
particular pulse due to the presence of a particular vector in a
pulse generator.

Table 2. Pulse Generator Look-Up Table

Selected Voltage Vector Sa Sy S,
vz 1 1 1
Ve 1 0 1
Vs 0 0 1
v, 0 1 1
Vs 0 1 0
\Z 1 1 0
Vi 1 0 0
Vo 0 0 0

%l /N VAN { -Hr
em/ \\ / \ f HT
em \

INACTIVE VOLTAGE ACTIVE VOLTAGE
VECTORS VECTORS
A
Iwrl* 1 _HF
W | v He

Fig. 8. Voltage Vectors and its Effect on Rotor Flux and
Electromagnetic Torque

Itis to be noted that the selected voltage vector does affect
the electromagnetic torque as well as the rotor flux as shown
in Figure 8. The selected voltage vector plays a vital role in
the correction of deviations in the rotor flux as well as
electromagnetic torque.

5. Proposed Flux Estimation Topology

It has been observed that in the practical application the
pure inductor is manipulated by the error in the initial value
and DC drift. To overcome this issue author suggests using a
modified filter over pure integrator as shown in Figure 9 and
its transfer function is as follows. The modified filter has a cut-
off frequency which is represented by o, while the operating

frequency of DFIG by «. The DFIG is connected to a grid of
60 Hz and a filter is tuned as 10Hz, the angular frequency are

o=2]]*60=2376.99rad /s
o, =2][*10=62.83rad /s

(15)
(16)
Transfer function can be represented as shown in Eq. (17) —

1 s 1

G(s) = = - (17)
S+of S+ S
Thus the generated error is —
of
ngd = 1+—2 (18)
Q)
§ang = —90+atan — (19)
o
Hence, the estimated flux linkages are derived as —
- s
Vi (8) = Wi (8)
' ' (X)f
W (S) =Wy (8) + Wy (S)T
. s
Vg (S) =V (S)
S+
(21)
. T
= Vg (S) =V (S) + Vi (S) T
Vol vV,
ra abc L
Vy— VR TN "
v _ ap ) | lstw /_’ '
' v | J .
v Jaan;
- e
| " 1 A\
» tlabe /—+Lay -R*| | > wEmd W
l,— PR s, )
| - GB .' |r:' '

ang

Fig. 9. Proposed Flux Control Logic
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6. Proposed Control Logic

The facet of proposed torque control method are quick
dynamic response, easy execution in circuit and demands
fewer alterations in the existing design. The author here adopts
dg-reference frame to explain the concept. Since the value of
stator resistance is comparatively very small, the equation of
the modified stator flux can be as mentioned below —

Vsd = Vs (22)
Ysq = 0 (23)
Similarly, the modified stator voltages can be represented as
Vg =0 (24)
Vsq = 05 (25)

The modified stator currents in dq reference frame can also be
represented as —

ly = Weg — Ll (26)
L
Ll
g == (27)

The modified rotor fluxes in dq reference frame are
represented as —

L
Vg = Lol +L_mWsd (28)

.
Vg = Lioly (29)
Here o is the dispersion coefficient and it can be represented
as —
L 2
o (30)
LL,

o=1-

The modified rotor voltages can be represented as —
Vig =R 1y —sosLiol g (31)

Y/ (32)

rq = Relq +50sL 0l +SL:'mVSq

The above two equations explains the relationship between
the rotor voltages and the rotor currents. Hence the modified
and decoupled control of active as well as reactive power of
stator can be achieved by using dq axis components of rotor
current as represented below —

L

P, =15Vl = —1.5L—”‘Vsqlrq (33)
S
\ L
Q, =15Vl =15V, {i__m rd} (34)
LS S LS

In the proposed control strategy, the deviations of
electromagnetic torque and rotor flux are smaller compared to
the deviations of the conventional control method as the
actuating quantities are forced to pass through the modified
filter as shown in Figure 10. These deviations are being
consumed by fractional order proportional, integral and
derivative controller (FPID).

—{ GRID
|
[ . 15 =
]
[ p L
| N | Rotor Network
| (DFIGH—T-1 Side - Side |
[l L. L1 | Converter Converter
|| Machine 5
Signals b
S\
v
Voltage Current Speed |
abctoap | |abctoaf (08 ‘ l
v v Sector 8
Flux and Torque Estimation Selection | i g
' o 8 5
g | Vector |O
17
@
v ey a¥ 2
v eT_ dT, = 5

Fig. 10. Control Strategy Diagram of the Proposed Topoloal

The differential equation used to reduce the deviation of
the rotor flux using FPID controller is given by —

dy (1) =kpey  (t)+kiD; ey (t) +kyDf'eyw, ) (35)

Similarly, the differential equation used to reduce the
deviation of the rotor flux using FPID controlled is given by

T e (8) = Kp€ T (6)+Ki D €T (1) + kg D€ T (1) (36)

The parameters FPID controller are tuned with the help of
FPID Optimization tool in MATLAB. The objective function
is considered by adding the time weightage to the integral
absolute error (IAE) and becomes integral time absolute error
(ITAE).

t
ITAE = [t(|AT,p | +[Aw, |+ A1) (37)
0

Value of k,, k; and kg can be tuned initially, keeping the

values of A and p as 1. Thereafter, a proper range for the gains
and their exponentials are decided within which FPID will try
to provide the most optimized results. Table 3 provides the
information on the initial values utilized with parameter
constrain range.

Table 3. Controller parameter values and its range

Parameter — \_/a}lues -
Initial Minimum Maximum
Kp 19.20 0 100
Ki 3.9 0 50
Kq 2.97 0 50
1 0.001 1
1 0.001 1

The optimization function provides heavy penalizing of
late occurring deviations whereas deviations in the initial
stages get a minimal weightage. The performance of the FPID
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block is optimized by using the following flow chart shown in

Fig. 11.

|Tuning PID gains (Assume A=p=1 )l
¥

Find the boundary constrains of
tuning parameters

Run Optimization Algorithm

Fix A and p
vary Kp, Ki and Kd

ptimizec
output
No

Fix Kp, Ki and Kd
wary A and p

Yes
-
output
Fig. 11. FPID Optimization Flow Chart

To get the best outcomes, the optimization method seeks
to fix the value of A and p, while changing the values of k,

ki and ky. The procedure is discontinued after the optimal

outcomes have been attained. If, on the other hand, the optimal
outcomes are not obtained, the gains k,, k; and k,; are

maintained fixed while the values of A and p are changed. This
method is repeated until an optimal outcome is obtained.

The voltage selector block receives these optimized
outputs together with information about the sector in which
the vector is presently situated. This would aid in the selection
of the most optimal voltage vectors to supply to the pulse
generators, allowing the pulses to be sent to the DFIG machine
side converter. One can observe how the system's performance
has improved in the discussion part of the simulation results.

7. Test System

Figure 12 represents the test system consisting of six
DFIG-WT of 1.5MW each comprising of a 9MW wind farm
operating at unity power factor. The WTs are connected to a
25KV distribution system which transfers power to a 120KV
grid. A 30-kilometer feeder of 25KV can be seen between
PCC and bus B1, which connects to the grid.

S P P
-0 e b

AN AT TN
o b oy @

Fig. 12. Test System

8. Results and Discussion

This section contains a comparison of the traditional and
suggested control strategies, with the proposed scheme
showing a substantially superior and improved dynamic

behavioural response of DFIG. The system experiences a
failure in which the voltage variation drops to 50% of its
original value at 1.5 seconds and then restored to its original
value at 2.0 seconds. The standard control method and the
suggested control technique's positive and negative peaks are
compared, and the peak magnitudes are reduced as a result.

Figure 13 represents the per unit line current at bus B1 at
the commencement of the fault. The positive peak appeared
1.503 seconds, whereas the negative peak appeared 1.506
seconds after the commencement of the fault. The magnitudes
of the positive and negative peaks in the traditional system are
1.595 and -1.51, respectively, however they are 1.426 and -
1.348 in the proposed system. The diminution in the positive
as well as negative peaks are 10.59 and 10.72 percent,
respectively.

Conventignal Cgrrent at Bys B1

1 By
8 (1) X 1.506
E = -Y-1.51
1.49 1.5 1.51 1.52 1.53
Proposed Currlent at Bus B1
é 1
o O
0
© -1
1.49 1.5 1.51 1.52 1.53
Time (s)

Fig. 13. Comparison of line currents at bus Bl at the
commencement of the fault

Conventional Current at Bus B1

X2.013

= 1 Y1.715
e
o0 /
o
o -1 X 2.01
¥ -1.821
1.99 2 2.01 2.02 2.03 2.04
Proposed Current at Bus B1
] X 2013
Y 1.522
Vi
Xz.01
Y -1.607
1.99 2 2.01 2.02 2.03 2.04
Time (s)

Fig. 14. Comparison of line currents at bus B1 on clearing of
the fault

The per unit line current at bus B1 at the end of the fault is
shown in the Figure 14. When the fault has been fixed the
positive peak occurred at 2.013 seconds, whereas the negative
peak appeared at 2.01 seconds. In the existing scheme, the
positive and negative peaks have magnitudes of 1.715 and -
1.821, respectively, whereas in the proposed system, they
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possess magnitudes of 1.522 and -1.607. The positive and
negative peaks have shrunk by 11.25 percent and 11.75
percent, respectively.

Conventional Current at PCC

1 .; 1.504
_ r Y 1.64 b
= ? /
o]
© X 1.502
—-1F Y -1.375 1
1.49 1.5 1.51 1.52 1.53
Proposed Current at PCC
‘ ‘>X 1.504
Y 1.469 7
X 1.502
Y -1.251
1.49 1.5 1.51 1.52 1.53
Time (s)

Fig. 15. Comparison of line currents at PCC at the
commencement of the fault

The per unit line current at PCC at the commencement of
the fault is depicted in the Figure 15. In the traditional system,
the value of positive peak at instance 1.504 second is 1.64 pu,
but in the suggested method, the peak reached is 1.469 pu,
yielding an overall reduction of 10.42 percent. Furthermore,
the traditional system detects a negative peak of -1.375 pu at
1.502 seconds, but the suggested system detects a negative
peak of -1.251 pu at the same time, decreasing the magnitude
by 9.018 percent.

Figure 16 represents the per unit line current at the
completion of the fault at PCC. The positive peaks are
measured at 2.008 seconds whereas the negative peaks are
measured at 2.011 seconds. The positive peak has a value of
1.694, whereas the negative peak has a value of -1.835 using
the conventional topology. The proposed topology, on the
other hand, has values of 1.508 during the positive peak and -
1.613 at the negative peak. As a result, there is a noticeable
drop in both the positive peak of 10.98 percent and the
negative peak of 12.09 percent in the proposed topology.

anventional Currel\nt at PCC

x 2.008

’g 1 Y 1.694
5 0 \
< 1 X 2.011
Y -1.835
1.99 2 2.01 2.02 2.03 2.04
Proposed Current at PCC
£ s \
o 0
% -1 xXz011
- ‘ .»Y -1.613 ‘
1.99 2 2.01 2.02 2.03 2.04
Time (s)

Fig. 16. Comparison of line currents at PCC on clearance of
the fault

Electromagnetic Torque at Fault Beﬂin ning
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= | \ | A, ..*"F“ .\,,ﬁ"" g
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ﬁ A F v o are -1.05
w 4

4.2 x50 1501 1503
. L Y1427 i i i i i i
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Time (s)
Fig. 17. Electromagnetic torque at the commencement of the
fault

Electrnm'qgnetic Torque at Fault Beginning

7
—— Conventienal Electromagnetic Terque
Proposed Electromagnetic Torque §

15015 1.502 1.5025 1.503 1.5035 1.504
Time (s)

Fig. 18. Magnified deviation in electromagnetic torque after

the commencement of fault

1.5005 1.501

Figure 17 illustrates the comparisons of the first peak at
1.501 seconds after the fault commencement. The peak values
for the conventional and suggested systems are -1.127 p.u. and
-1.075 p.u., respectively, indicating a 4.66 percent reduction
in the peak value. Figure 18 represents the deviation in the
peak generated by the conventional topology and proposed
topology, right after the commencement of the fault.

Electromagnetic Torque at Fault Completion

04
X 2001
Y44 045
i

=
T

—— Conventional Electromagnetic Torque 1
= Proposed Electremagnetic Torque

i
o]
on

T
>
-
=
=
™~

=
=
ra
=
[

W

—_—
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Fig. 19. Electromagnetic torque at the clearance of the fault
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Electromagnetic Torque at Fault Completion

— Conventional Electromagnetic Torque
—Proposed Electromagnetic Torque

20005  2.001 20015 2002 20025  2.003
Time (s)

Fig. 20. Magnified deviation in electromagnetic torque on
clearance of fault

Figure 19 shows the comparative findings of the first peak
generated by both the systems, at time 2.001 seconds, after
fault clearing. The conventional system generates the peak of
magnitude -0.4 p.u. while that of the suggested system
generates the peak of -0.4133 p.u. In comparison to the
traditional method, the suggested approach shows a peak
reduction of roughly 2.22 percent. Figure 20 reflects the
deviation in the peak generated by the conventional topology
and proposed topology, right after the clearance of the fault.

ACTIVE POWER
I I 1 | 1 | 1 I
X200 yappq 13
M Y121y 1) 12 1
L ' 1 |
212 |r 2R 2B 20
T T | W ]
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o af 52 ’ J
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4(:} 4 4138 :”ff? — Conventional Aciive Power| =
Y514 Y528 ~— Pronosed Aciive Power
2- 1 | | 1 ] 1 1 ] 1 | |
15 16 17 18 19 2 2 22 23 U
Time {s)

Fig. 21. Active power during the fault.
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Fig. 22. Deviation in active power
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Fig. 23. Deviation in active power peak after the clearance of

fault

The Figure 21 represents the active power comparison of
the conventional and the proposed control topologies. The
suggested control topology outperforms standard control
topologies in terms of dynamic behaviour. Figure 22 reflects
the first peak formed after the occurrence of the fault at 1.523
seconds indicates the active power of 5.144 MW in the
conventional topology whereas in proposed topology it is
5.236 MW. This indicates the reduction of 1.76 percent in
peaks generated by the proposed scheme in comparison to that
of the conventional scheme. An overshoot in the active power
is also observed after the clearance of the fault, as shown in
Figure 23, creating the peak at 2.024 seconds. The magnitude
of the active power in the conventional system is 12.74 MW
while that of the proposed system is 12.49 MW which displays
yet another reduction of 1.96 percent.
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Figure 24 depicts the comparison of the reactive power
during the entire fault duration. Before the commencement of
the fault, there is an overlap of the reactive power generated
by the both the control schemes. The under voltage failure
occurs after 1.5 second, resulting in a significant reactive
power demand. Both topologies generate a positive peak at
1.512 seconds, although the peak generated by the traditional
system is of the magnitude 4.394 MVAR and that of the
proposed system is 4.349 MVVAR. The magnified image of this
deviation in the peaks is shown in the Figure 25, which
displays the reduction in the peak by almost 1.02 percent. On
the other hand, the fault is cleared at 2.0 seconds and a
negative peak is formed by both the systems at 2.017 seconds.
The magnitude generated by the conventional system is -3.187
MVAR while that of the proposed system is -2.346 MVAR.
The magnified image of the same can be seen in Figure 26.
Computation based on this data leads to a massive reduction
in the lower peak by 26.39 percent generated by the proposed
system.

The DC link voltages produced by the traditional topology
and the suggested control method are compared in Figure 27.
When the suggested technique is implemented, the fluctuation
in DC link voltages is significantly minimized.
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Fig. 27. DC link voltage during the voltage imbalance

9. Conclusion

This research reveals how the behaviour of a direct torque
control method applied to DFIG may be improved during and
after a fault occurs in terms of overshoot of line current,
electromagnetic torque, active power, reactive power, and DC
link voltage. This technique employs a modified filter and
fractional order PID controllers to properly compute rotor flux
and torque, which aids in the selection of the most appropriate
voltage vectors and, ultimately, the firing of the DFIG's rotor
side converter.

The positive peaks of the current at bus B1 and PCC have
been reduced by at least 10.5 percent, while the negative peak
has been reduced by at least 11.75 percent. 4.66 percent and
1.76 percent, respectively, are the minimal reductions in
electromagnetic torque and active power. On the fault
clearance, there is a substantial drop in reactive power peak of
26.39 percent. The findings were achieved with MATLAB
Simulink, and they were determined to be superior to the
traditional method.
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