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Abstract: The Doubly-fed Induction Generator (DFIG) is capable of operation in regions with
varying speeds. The need for DFIG systems that supply energy to isolated loads while being
powered by wind turbines at varied speeds is growing, and more studies are being done on the
without grid mode i.e. Standalone mode. The DFIG's terminal bus in stand-alone mode is linked
to an isolated load, and the control strategy regulates the voltage and frequency of the scaled value.
There haven't been many investigations on tying the DFIG to the DC grid. However, there are
still some issues with it. Large torque oscillations are one of the issues. It is caused by the
nonlinear diodes connected at the stator side of DFIG. To overcome this issue, many control
techniques have been proposed and developed. Among various control techniques, direct torque
control (DTC) is a very popular and effective technique that is widely used. In this article, model
predictive control (MPC) is integrated into a standalone DFIG to evaluate the system's
performance. On the stator side of the DFIG, the MPC control approach is used, and on the rotor
side, the voltage control technique. The proposed MPC-based standalone DFIG has been designed
and verified in the MATLAB/Simulink environment. The results obtained are presented in this
paper which shows the enhancement in the system. The value of the speed is 147 rad/sec and the
electromagnetic torque is of the value of 2N-m the reference value and the obtained value are

tracking each other.

Keywords: direct torque control (DTC); DC generator; model predictive control (MPC);

voltage control (VC)

1. Introduction

There are several problems associated with conventional
energy resources, such as toxic gases, waste dumping
issues, and non-replenishable. Therefore, it is very
necessary to look for alternative sources of power
production, popularly known as renewable sources of
energy.'-3 The sun, wind, hydro, and biogas come under
the category of renewable resources. Different machines
are designed and developed for power generation to extract
quality power and make the system more efficient. DFIG
is one of the machines which is widely used for power
generation from the wind. Standalone and Grid modes are
discussed in ¥ DFIG in standalone mode is designed and
modeled for analyzing its performance.

In Wind energy the grid is connected to the generators and
various types of generators are discussed in 5. Here in
PDFIG is the most recommended varying speed WECS
due to its lower rating of the converter need. Because of its
better utilization of the rotor power than comparable

machines of the same machine rating, the DFIG produces
more power. In ®, a study of the DTC scheme for DFIG is
done. Due to the nonlinearity nature of the diode rectifier,
the torque ripples are studied and three different techniques
are proposed to overcome the issue. The first is field-
oriented control, the second is Direct Torque Current
control, and the third is Direct Torque flux control. In 9,
the fuzzy logic control-based DTC technique is proposed
for battery energy-based DFIG systems. By this method,
unwanted harmonics and unbalanced load currents are
minimized.'” includes a discussion of the main controller
topologies and techniques for grid and generator
converters.!" uses two concurrent loops to keep the stator
voltage frequency and magnitude constant regardless of
load variations or sporadic supply power. The required
feedback is provided to the controller by the voltage sensor
and speed sensorless algorithms. '? A fuzzy logic
controller (FLC) is used and thoroughly researched in
order to accomplish the desired goal. In 13, the inherent
nonlinear behavior of the conventional DFIG is minimized
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by inserting an adaptive MPC structure and auto-
regressive moving average model. In 19, the 2 MW DFIG
is used for analysis purposes. Here, the DTC is adopted for
voltage and frequency control of the wind system. The
Hysteresis controller is connected to the rotor and load side
of DFIG to reduce the current errors by minimizing the
differences between actual and reference values.!>!91t is
found that rotor current output is quite good and harmonic
suppression in stator current and voltage dips reduce. In
1DMPDC is used over conventional vector control in the
DFIG system. The proposed method regulates the rotor
current by optimizing the voltage vector and also rid of the
high-power converter switching losses. The dynamic and
steady-state performance of DFIG under the low switching
frequency operation. In 18, Model predictive control along
with Direct power control is implemented in the DFIG
machine. Here, the conventional MPDPC (model
predictive direct power control) is unified with the multiple
vectors MPDPC, and the overall complexity of a system is
reduced. The current and power distortions are reduced
under balanced and unbalanced networks. In 19, the Fake
Algebraic Riccati equation (FAKE) is introduced in
research for control system stability. It is designed on
Simulink for wvalidation. Here desired control and
prediction horizons are selected based on the steady-state
error and computational costs. In 29 Finite control set MPC
with droop control is proposed for the primary frequency
response of the microgrid. Here, the grid side converter of
DFIG is connected to the finite control set MPC, and
maximum power tracking is done at the rotor side
converter of the DFIG. In 2V standalone DFIG, provided a
better voltage vector control method based on predictive
current control (PCC). In ?? a standalone DFIG is used
along with the DTC control technique. The torque
controller is preferred for the DC voltage regulations.
Additionally, by maintaining a consistent DC voltage to
flux ratio, the stator frequency is kept at its specified
frequency, which lowers the cost and maintains an
accurate position of sensors. In (Misra and Jain 2017),
the system is designed to make it independent from stator
side sensing, and it is done by calculating the output DC
link voltage and the rotor circuit currents. In-depth
mathematical calculations are done, including dominant
harmonics. The DFIG-based system is found to be suitable
for the variable speed DC power generation system.?¥
provides an enhanced direct torque resonant control-based
DC voltage ripple suppression approach for a freestanding
DFIG-DC system. In 2, the standalone DFIG system is
designed with and without transformers between the stator
and rectifier. The control phenomenon is decided by the
variation of reactive rotor current, which is used for
maintaining the DC-link voltage, and the variation of
active stator current is decided by the active rotor current.
In 20 the mathematical modeling for a based system is

designed to eliminate the fifth and seventh harmonics,
which are very much dominant in nature. In 27, the
mitigation of torque ripples is the prime objective, and it is
done for a DFIG-based system. To reduce the ripples, the
predictive control algorithm and disturbance compensation
parameter are included in the estimation and analysis
system. In 2, the linear matrix inequality- PI controller
and MPC control algorithm are used for proper power
management for DFIG-based wind energy systems. In 29),
the novel frequency control technology is integrated into
the DFIG-based network, and this control scheme has
utilized the combination of Adaptive MPC and Recursive
Polynomial Model Estimator (RPME). In 39 the predictive
control technique is suggested for a DFIG-based system to
regulate real and reactive power capabilities. In 3V the
modified MPC is incorporated into a based wind energy
system. Here the optimal switching state of the converter
is obtained by optimizing the cost value function with
current magnitude errors. In 3? multi-objective model
predictive control (MOMPC) is created for better
performance of DFIG. The suitable switching vector is
determined by the cost function. By doing so, the overall
performance of a system is enhanced. In 33 various control
strategies are discussed for the standalone DFIG-DC
system. A primary control objective system is created, and
load voltage is regulated under steady and dynamic
conditions. '? includes a discussion of the main controller
topologies and techniques for grid and generator
converters. In 39 The battery energy storage system
(BESS) supports the intermediate DC connection to
deliver steady and uninterrupted power to customized
loads despite changing wind speeds. In 3%to supply the
initial power for the excitation, two approaches were
described. One approach involved using a separation diode
to connect energy storage to the DC-link component. The
second technique made use of the magnet circuit's residual
power as well as increased AC stator capacitance. 39, a
unified power control technique that is used for the DFIG-
DC system without determining the interconnection
switch's status or altering the control strategy is suggested
for islanded mode as well as grid mode.

In this work, torque and speed control of the standalone
DFIG-DC System is done through the model predictive
controller block implemented on the stator side, and direct
voltage control is done on the rotor side. The motivation
and the objective behind this approach is to minimise the
cost function and minimise torque and stator side ripple
current, appropriate voltage vectors and model predictive
control are employed. In previous works that are related to
standalone DFIG-DC systems the rotor side of the systems
is controlled through various controllers and an
uncontrolled stator is used but in this work stator side is
controlled with the help of model predictive control to
control the value of the torque and speed and the rotor side
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is also control so the value of voltage can be controlled.
The fuzzy logic is applied in DTC so that the proper
sinusoidal currents are obtained without the ripples and the
novelty is improved in the work.

This paper is divided into five sections. Section I consists
of the introduction and literature review content. Section II
describes the MPC operation principle necessary for
controlling the DFIG-based system. Section III consists of
the Modelling of Standalone DFIG Section IV proved the
validation of the proposed control scheme and for the
validation, Simulink results are presented. Here, the results
of torque and stator side current are shown. In section V,
the conclusion of the paper has been summarized including
the future scope of the proposed method.

2. Model Predictive Control

The concept behind the use of the MPC technique is that it
helps for building the prediction of the model. The system's
overall behavior is determined by taking into account its
actions, future states, and reference values. Moreover, for
the actual prediction of the system behavior, the cost
function and minimum cost functions are necessary to
produce the actual command. It helps to control various

parameters at a time with their constraints. The discrete-
time modeling of the MPC-based system is designed with
the help of the state space model of the same system. The
necessary equations are given below:

x(k + 1) = Ax(k) + Bu(k) (1)
y(k) = Cx(k) + Du(k) 2)

Where, x, u, and y denote the state variables, input
variables, and output variables, respectively. Eq. (3) is the
cost function required for the system's analysis.

J = (o), u(k),........ L u(k + N)) 3)
u(k) =[10....... 0] argmin] 4

Where J implies the cost function.

It is an optimization-based approach to problem-solving
where the equation is solved using the most recent data at
each sampling point, and the sequence continues until time
k and the predicted time is time k+N. Table 1 shows the
advantages of the MPC controller as compared to the linear
controller on various parameters.

Table 1: Comparison table between linear and MPC controller’”

Parameters Linear controller

MPC Controller

Controller design
and integral gain

Adjusting the values of proportional

Define the value of the cost function

Strategies of modulation PWM or SVM

MPC does not require Modulation stages

How to implement

Either analog or digitally controlled

Implemented digitally

Frequency of switching Fixed

Variable

Flexibility of operation presence of a constraint

Direct and simple restrictions included

In Figurel, the MPC-based current controller is fed to the
input of the inverter. This current controller comprises
prediction and cost function blocks. From the load model,
the prediction of the i(k+1) term is estimated by drawing.
The two main parts of the controller are the estimation
block and the cost function block. The ‘g’ stands for the
cost function.

The is from the load is fed to the prediction model and iy is
the reference value of the stator current. The i and i are
used in cost function for minimizing the cost function. The
output of the minimum cost function is used to decide the
necessary switching states, and accordingly, the switching
signal is fed to the inverter. In this way, the error is
minimized.
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Fig. 1: A Finite control set MPC block diagram for current control

3. Proposed Control

3.1. MPC Implemented for standalone DFIG
system on the stator side

The emphasis is shifting from AC power generation to DC
power generation as a result of the growth in DC power
applications, including the use of DC in electronic devices
and other power electronic applications. Additionally,
employing a partially rated converter in the SRIM
management lowers the cost of generating DC power from
variable speed prime. In this study, the MPC's current
values are forecasted and used to assess the cost function's
values. For improved outcomes, the MATLAB Simulink
environment uses the MPC controller block.

3.2. Modelling of the Standalone DFIG system

For modeling a standalone DFIG system, the mathematical
equations are used which are given below.

Vs = Rgis + 0 \0t + jogihg (5)

U = Rply + 0, \0t + j(Ws — pwi)Pr (6)
Ys = Lgis + Ll (7)
Yr = Lyly + Linis (8
T, = (3/2)pl4m(irdisq - irqisd) )

T, = (3/2)pLm/Ls (l/)sq lrg — lpsdirq) (10)
Cqc(0vgc/0t) = _isq +1i (11)

Where, Y/ stator flux, y, rotor flux, T

e

electromagnetic torque, p-pole pairs, Lm magnetizing
inductance, Lr rotor inductance, LS stator inductance,
o=1-L7°/LL,, C,. dc bus capacity, 1, load
current, V.,V are the rotor and stator voltage, V. dc

voltage, Rr R RS are the rotor and stator resistance.

3.3. Proposed Controllers Implemented on the
Machines

In Figure2, the basic modeling of DFIG is presented. Here,
the stator-side converter of DFIG is connected to the load
via the MPC current controller and DC bus. This MPC
current controller is the deciding factor here. This
controller estimates the values based on past and present
values, and based on it, the switching vectors are fed to the
stator-side converter.

The power is fed to the rotor side converter through the
power converter connected to the DC bus.
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Fig. 2: Model of standalone DFIG -DC system implemented with different control strategies

For reducing the torque ripples, the direct torque control
strategy is preferred and incorporated into DFIG. For this,
the transfer function for rotor current is derived along with
disturbances and decoupling terms. The eq. (5), (6), and
(7) are substituted in eq. (6) and dq- components of rotor
voltage are shown in eq. (12) and (17).

Urq = =2L\3¥sqpLin (R T, + 0L (3/90)T,) + wrprg  (12)
The transfer function that follows can be wused to
characterize it:

Te(s)/vrq(s) = A/sol; + Ry
A= =3YsqpLm/2Ls

(13)
(14)

A DC voltage regulator gives the torque reference. The
torque equation assumes the following no-load
circumstances and reference frame orientation with stator
flow vector:

dvgc/dt = —2T, /3Y5q0Cac (15)
Vac(s)/Te(s) = 1/sB (16)
B =—-3/2)YsapCac (17)

A complete model of disturbances and decoupling terms is
introduced in order to develop the transfer function for
control of the rotor current vector d component. It is
produced by adding the stator voltage equation (5) to the
rotor voltage equation (6), along with the flow equations
(6) and (7). Consequently, the whole control plant model,
stator voltage disturbance, and control path couplings are
provided by

Vrg = Rplya + 0Ly (0ira/0t) + (Lin/Ls)
(Vsa — Rsisa) + wsl/)sq — (w5 — pwm)‘/)rq (18)

Assuming Vs close to zero, the obtained equation

Vrg = Rplrq + 0Ly (9irq/0t)
—(ws — pwm)l/)rq (19)

ira\Vra(s) = 1\solL, + R, (20)

The rotor current of DFIG is changed into dq- components.
The calculated or measured dq-components are compared
with their reference values and the differences between
them are passed through the PI controller to minimize the
error. The measured value of V. and its reference value
are used to calculate the g-component of the rotor current.
The output from PI controllers of the d and q components
of the rotor current is transformed into an abc component.
The switching vectors are decided by the combination of
rotor currents which is obtained after the dq- abc
transformation and rotor angle which is obtained from the
generator speed. Fig 3 shows the voltage control scheme
that is implemented on the rotor side of the converter. In
this, the rotor currents and the DC voltage are taken as the
reference and fed into the proportional-integral controller
and after that rotor current D and q components are fed to
the PI so that switching voltage vectors for PWM are
obtained.
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Fig. 3: Voltage control scheme implemented on the Rotor side

An additional control technique is implemented by

replacing the PI with the

fuzzy logic in direct torque and

current control for a standalone DFIG system and the rotor
side control is provided the value of DC voltage is 300V in

this system and the reference is ®. Here this method will
improve the currents and it will get purely sinusoidal. In
Table 2, a comparison of the proposed and traditional

standalone DFIG is done.

Ird*

calculation

Torgque

Wdc
Vdc*
—3
= abc
irh
D irq
irc
— = dy —
A
i=d

Table 2:

Fig .4: Direct torque and current control with fuzzy logic

Comparing the suggested DFIG-DC system with the conventional DFIG-DC system?®®)

Property

Standard standalone DFIG

Standard standalone DFIG-DC
system

Proposed standalone
DFIG system

Power generation type

AC generation

DC generation

AC generation

Control

The rotor is controlled

The rotor is controlled

Both the Rotor and Stator
sides are controlled

Number of VSCs used

Two

One

Two

Number of diode rectifiers
used

NIL

One (rating equal to stator KVA)

NIL

Equation for modeling

Reference is stator flux

Stator flux is a reference

Reference is Rotor flux

Voltage and frequency on
the stator side

fixed

Fixed but oscillatory sometimes due
to diode rectifier

Fixed

Voltage and frequency on
the rotor side

Changes when slip change

Changes when slip change

Changes with slip

Ripples in torque

Smooth

Ripples

Torque has ripples

Level of voltage

Higher

Lower

Higher

Utilization of kVA ratings
of traditional SRIM

KVA ratings on the stator and rotor
sides are not used effectively.

KVA ratings on the stator and rotor
sides are not used effectively.

Better utilization of both
sides.

Harmonics

Switching order

Alternating and using low-order

Alternating and using low-
order
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MATLAB/Simulink, as shown in Figure 2. The rating of
4. Results and discussion the system is given in Table 3. The following results are

The Standalone DFIG is designed and performed in obtained from the proposed controllers implemented in the
system in the MATLAB/Simulink environment.

Table 3: Doubly fed induction generator specifications

Type SRIM
P 1500 W
Vims 380V
F 50 Hz
Vrotor/Vstator l
23Q
Rr
|_S 4 mH
3.1Q
Rr
2 mH
I-r

Load Torque

(]
=]
g
Q
'_
2 4
-4
| | |
0 05 1 15 2 25 3 35 4 45
Time (sec)
Fig. 5: Waveform of electromagnetic torque for MPC-based DFIG
In Figure 5, the electromagnetic torque is shown for the torque ripples and provide the dual side control of the
MPC-based standalone DFIG system. Introduction to the system. The electromagnetic torque is tracking the load
Model predictive current controller in the stator side and torque with some ripples.

rotor side voltage control will significantly reduce the

<n 1=

Torque(N/m)
=
T

'
wn
I

e}
=
T
|

| | | \ i |
2 25 3 35 4 45
Time(SEC)

=4
=
wn
n

Fig. 6: Waveform of varying electromagnetic torque for MPC-based DFIG

Figure 6 shows electromagnetic torque for the MPC-based torque tracks the load torque with some ripples.
standalone DFIG system. The varying electromagnetic
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Fig. 7: Waveform of Rotor angle for MPC-based DFIG system
In Fig 7 the Rotor angle is shown and it is found that its value of the rotor angle is used for the implementation of
value is increasing with time and is getting constant at 1 voltage control and is multiplied by the pole and taken as
sec. The magnitude of the rotor angle is around 0.9. This a reference for the angle.

Stator Currents (A)
T

Stator Currents (A)

I | |
0 1 2 3 4 45
Time (sec)

Fig. 8: Waveform of Stator current for MPC-based DFIG system

The waveform of the stator current for the proposed system time. Here the result of the current obtained is good and
is shown in Figure8. The nature of the current is sinusoidal satisfactory. The wvalues of the stator currents are
in nature and it is sinusoidal throughout the entire running approximately 10A.
Rotor Current (A)
40 '
30!

= MMW il o |
£ T 1” r,
J o1 il I
%10 } it m“(l i I _.‘[lw 'l I ‘ll Ifh Mﬂ
g kameu W
-30 =
“% 05 1‘ 15 2 25 3 35 4 45
Time (sec)
Fig. 9: Waveform of rotor current for MPC-based DFIG system
The Figure9, the waveform of the rotor current for the is 0.3 sec to reach the steady state. The nature of current is
proposed control system is shown. The value of the rotor sinusoidal which is a good and sufficient condition for the
current is 20 A for the prescribed system. The time taken system.
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Fig. 10: Waveform of rotor flux in terms of dq- components

The waveform of rotor flux for the MPC-based DFIG
system is shown in Figurel0O. The rotor flux reached to
steady state at time, t= 0.5sec. The nature rotor flux is
sinusoidal in nature with an amplitude of around 1 which

Stator flux

is a necessary and sufficient condition for a reliable system.
For estimating the cost function of the MPC controller
block the rotor flux plays a significant role.

Stator flux
T T

T— "
b Wl ‘».,Ag_‘u”ji“"l HIfAH

25
Time(sec)

N

3.5

Fig. 11: Waveform of stator flux in terms of dq- components

The waveform of stator flux for the MPC-based DFIG
system is shown in Figure 11. The stator flux reached to

sinusoidal in nature which is a necessary and sufficient
condition for a reliable system.

steady state at time, t= 0.5sec. The nature rotor flux is

Speed(rad/sec)

= Speed
=== Reference speed

|
25
Time(sec)

Figure 12 shows the DFIG speed waveform. The base or
rated speed is 147 rad/sec, and the speed obtained for an
MPC-based system is approximately 147 rad/sec, which is

Fig. 12: Speed waveform of DFIG.

very close to the reference speed for load torque of 2 N-m.
It took about 1.5 seconds to reach the steady state for a
given set of parameters.
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Fig. 13: Rotor voltages of the Standalone DFIG machines
In Figure 13, the rotor voltages obtained are purely without any grid connection and in standalone mode. The
sinusoidal and the value of voltage is about 500 V MPC controller will provide ripple free waveform
T T T T T T T T T
300
~ 200
z
£ 100
k]
s 0
,’g-loo
= 200
-300
1 1 | 1 | 1 1 1 [l
0 0.2 0.4 0.6 0.8 1 12 14 1.6 1.8 2
Time(Sec)

Fig. 14: Rotor voltages of the Standalone DFIG machines

In Figure 14, the rotor voltages obtained are of rectangular In Figure 15, the rotor currents obtained and are purely
pulses with direct current and torque control implemented sinusoidal with very less ripples and amplitude of 20
in the rotor side of DFIG with fuzzy logic and when the amperes. Fig 16 shows the stator current with 40 amperes
stator is not controlled and the value of voltage is 300 V and purely sinusoidal.

and the time duration is 2 seconds.

10 '
220 N\

T T

Fig. 15: Rotor currents with direct torque and current control with fuzzy logic in Standalone DFIG machines

R

Fig. 16: Rotor currents with direct torque and current control with fuzzy logic in Standalone DFIG machines
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5. Conclusion

Standalone DFIGs with a DC system have a number of
benefits as compared to other generators. For instance, the
DC system can offer standby electricity in the event of grid
outages, which is crucial for remote locations, islands, and
ships. By minimizing losses during the AC-DC-AC
conversion process and allowing the integration of various
renewable energy sources, the DC system can also increase
the stability and efficiency of the entire system. Separate
DFIGs with a DC system do, however, face some
difficulties. To ensure that it can offer adequate energy
storage and withstand cycling and charging/discharging
operations, for instance, the DC battery bank must be
correctly sized and maintained. The power converters must
also be meticulously planned and managed to reduce losses
and guarantee the stability of the entire system. To
overcome these difficulties and improve the performance
of standalone DFIGs with a DC system, model predictive
and Direct voltage control is proposed. It is found that the
output torque is been followed by the given input torque
which is a constant value of 2 and if the input torque is
varied and not constant then the output torque is varied in
the same way and following it with some ripples. The
output speed is approaching the reference speed in the
standalone mode which is of 147rad/sec and when the
direct torque and current control are applied with the fuzzy
logic the currents are becoming purely sinusoidal. To
verify the aforementioned objectives, the system is
performed in MATLAB/Simulink environment.

Nomenclature
74 stator flux
s
W, Rotor flux
T Electromagnetic torque
e
Pole pairs

Magnetizing inductance

Rotor inductance

L Stator inductance
S
o Leakage coefticient
Dc bus capacity
Cdc
i Load current
L
Rotor and Stator voltage
V. v,
DC voltage
Vdc
Rotor and Stator resistance
Rr Rs
is Reference of stator current
P,Q Active and Reactive Power
Cl1 Capacitor

Ura, Urb, Urc rotor phase a,b,c voltages
References
1) N.A.Pambudi, V.S. Pramudita, M.K. Biddinika, and

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

S. Jalilinasrabady, “So close yet so far - how people
in the vicinity of potential sites respond to geothermal
energy power generation: an evidence from
indonesia,”  Evergreen, 9 (I) 1-9 (2022).
doi:10.5109/4774210.

H.A. Jaffar, A.A. Ismaeel, and A.L. Shuraiji,
“Review of hybrid photovoltaic- air updraft solar
application: present and proposed state models,”
Evergreen, 9 “ 1181-1202 (2022).
doi:10.5109/6625729.

T. Fujisaki, “Evaluation of green paradox: case study
of japan,” Evergreen, 5 (4) 26-31 (2018).
doi:10.5109/2174855.

S.S. Mendu, P. Appikonda, A.K. Emadabathuni, and
N. Koritala, “Techno-economic comparative analysis
between grid-connected and stand-alone integrated
energy systems for institute,”
Evergreen, 7 (&) (2020).
doi:10.5109/4068616.

H. Polinder, S. Member, J. Abraham Ferreira, B.
Bech Jensen, A.B. Abrahamsen, K. Atallah, and R.A.
McMahon, “Trends in wind turbine generator
systems,” IEEE J Emerg Sel Top Power Electron, 1
(3) (2013). doi:10.1109/JESTPE.2013.2280428.
Prakash Mahela, and A.G. Shaik, “Comprehensive
overview of grid interfaced wind energy generation
systems,” (2016). doi:10.1016/j.rser.2015.12.048.
“IET digital library: overview of different wind
generator systems and their comparisons,” (n.d.).
https://digital-
library.theiet.org/content/journals/10.1049/iet-
rpg_20070044 (accessed July 24, 2023).

P. Maciejewski, and G. Iwanski, “Study on direct
torque control methods of a doubly fed induction
machine working as a stand-alone dc voltage
generator,” [EEE  Transactions on  Energy
Conversion, 36 2 853-862 (2021).
doi:10.1109/TEC.2020.3012589.

S. Puchalapalli, and B. Singh, “A single input
variable flc for dfig-based wpgs in standalone mode,”
IEEE Trans Sustain Energy, 11 (2) 595-607 (2020).
doi:10.1109/TSTE.2019.2898115.

M. Abdelateef Mostafa, E.A. El-Hay, and M.M.
ELkholy, “Recent trends in wind energy conversion
system with grid integration based on soft computing
methods: comprehensive review, comparisons and
insights,” Archives of Computational Methods in

an educational
382-395

Engineering, 30 (3) 1439-1478  (2023).
doi:10.1007/s11831-022-09842-4.
K. Muthusamy, and M. Muthusamy,

Cite: P. verma, K. jaladi, "Model Predictive and Direct Voltage Control for
Standalone DFIG System". Evergreen, 12 (02) 648-660 (2025). https://doi.org/10.5109/7363466.

- 658 -



12)

13)

14)

15)

16)

17)

18)

19)

20)

EVERGREEN - Joint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 12, Issue 02, pp. 648-660, June, 2025

“Implementation and analysis of mono inverter-
battery configuration for wind driven doubly fed
induction generator,” Energy Sources, Part A:
Recovery, Utilization and Environmental Effects, 45
2 4593-4615 (2023).
doi:10.1080/15567036.2023.2205824.

M.S. Chabani, M.T. Benchouia, A. Golea, A.
Benmouna, M. Igbal, M. Becherif, and N. Golea,
“Takagi—sugeno fuzzy logic controller for dfig
operating in the stand-alone mode: simulations and
experimental investigation,” Arab J Sci Eng, (2023).
doi:10.1007/s13369-023-07704-0.

Z. Rafiee, R. Heydari, M. Rafiee, M.R.
Aghamohammadi, J. Rodriguez, and F. Blaabjerg,
“Adaptive Model Predictive Control of DFIG-based
Wind Farm: A Model-Free Control Approach,” in:
2020 IEEE 21st Workshop on Control and Modeling
for Power Electronics, COMPEL 2020, Institute of
Electrical and Electronics Engineers Inc., 2020.
doi:10.1109/COMPEL49091.2020.9265865.
“2019 10th International Renewable
Congress (IREC).,” IEEE, n.d.

K.K. Jaladi, K.S. Sandhu, and P. Bommala, ‘“Real-
time simulator of dtc—foc-based dfig during voltage
dip and lvrt,” Journal of Control, Automation and
Electrical Systems, 31 (2) 402411 (2020).
doi:10.1007/s40313-019-00557-9.

K.K. Jaladi, and K.S. Sandhu, “DC-link transient
improvement of smc-based hybrid control of dfig-
wes under asymmetrical grid faults,” International
Transactions on Electrical Energy Systems, 28 (12)
(2018). doi:10.1002/etep.2633.

Y. Wang, X. Zhang, Z. Xie, and H. Yang, “Model
predictive direct current control of DFIG at low
switching frequency,” in: 2016 IEEE 8th
International Power Electronics and Motion Control
Conference, IPEMC-ECCE Asia 2016, Institute of
Electrical and Electronics Engineers Inc., 2016: pp.
1432-1435. doi:10.1109/IPEMC.2016.7512501.

Y. Zhang, J. Jiao, D. Xu, D. Jiang, Z. Wang, and C.
Tong, “Model predictive direct power control of
doubly fed induction generators under balanced and
unbalanced network conditions,” in: IEEE Trans Ind
Appl, Institute of FElectrical and Electronics
Engineers Inc., 2020: pp- 771-786.
doi:10.1109/T1A.2019.2947396.

L.L. Rodrigues, O.A.C. Vilcanqui, A.L.L.F. Murari,
and A.J.S. Filho, “Predictive power control for dfig:
a fare-based weighting matrices approach,” IEEE J

Energy

Emerg Sel Top Power Electron, 7 (2) 967-975 (2019).

doi:10.1109/JESTPE.2019.2898924.

L.A.G. Gomez, L.F.N. Lourengo, A.P. Grilo, M.B.C.
Salles, L. Meegahapola, and A.J. Sguarezi Filho,
“Primary frequency response of microgrid using
doubly fed induction generator with finite control set

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

model predictive control plus droop control and
storage system,” [EEE Access, 8 189298-189312
(2020). doi:10.1109/ACCESS.2020.3031544.

C. Zhu, Z. Zeng, Q. Yuan, H. Yang, and R. Zhao,
“Improved Voltage Vector Control for a Stand-alone
DFIG System Based on Predictive Current
Regulation Algorithm,” 2014.

Gundavarapu, H. Misra, and A.K. Jain, “Direct
torque control scheme for dc voltage regulation of the
standalone dfig-dc system,” IEEE Transactions on
Industrial Electronics, 64 (5) 3502-3512 (2017).
doi:10.1109/TIE.2016.2644623.

H. Misra, and A.K. Jain, “Analysis of stand-alone
dfig-dc system and dc voltage regulation with
reduced sensors,” IEEE Transactions on Industrial
Electronics, 64 (6) 4402-4412  (2017).
doi:10.1109/TIE.2017.2669889.

C. Wu, D. Zhou, and F. Blaabjerg, “An Improved DC
Voltage Control Method for Standalone DFIG-DC
System Based on Direct Torque Resonant Control,”
in: 2020 IEEE 9th International Power Electronics
and Motion Control Conference, IPEMC 2020 ECCE
Asia, Institute of Electrical and Electronics Engineers
Inc., 2020: pp. 869-872. doi:10.1109/IPEMC-
ECCEAsia48364.2020.9367993.

H. Misra, A. Gundavarapu, and A.K. Jain, “Control
scheme for dc voltage regulation of stand-alone dfig-
dc system,” [EEE Transactions on Industrial
Electronics, 64 (4) 2700-2708  (2017).
doi:10.1109/TIE.2016.2632066.

H. Misra, and A.K. Jain, “Mathematical modeling
and control of standalone dfig-dc system in rotor flux
reference frame,” IEEE Transactions on Industrial
Electronics, 65 (5) 3708-3719  (2018).
doi:10.1109/TIE.2017.2762644.

G.D. Marques, and M.F. lacchetti, “Minimization of
torque ripple in the dfig-dc system via predictive
delay compensation,” [EEE Transactions on
Industrial Electronics, 65 (1) 103-113 (2018).
doi:10.1109/TIE.2017.2716860.

P.P. Pradhan, B. Subudhi, and A. Ghosh, “A new
optimal model predictive control scheme for a wind
energy conversion system,” International Journal of
Numerical Modelling: Electronic Networks, Devices
and Fields, 35 (3) (2022). doi:10.1002/jnm.2976.
M.A. Mohamed, A.A.Z. Diab, H. Rezk, and T. Jin,
“A novel adaptive model predictive controller for
load frequency control of power systems integrated
with dfig wind turbines,” Neural Comput Appl, 32
(11) 7171-7181 (2020). doi:10.1007/s00521-019-
04205-w.

M. Bouderbala, B. Bossoufi, O. Deblecker, H.A.
Aroussi, M. Taoussi, A. Lagrioui, S. Mtahhir, M.
Masud, and F.A. Alraddady, “Experimental
validation of predictive current control for dfig: fpga

Cite: P. verma, K. jaladi, "Model Predictive and Direct Voltage Control for
Standalone DFIG System". Evergreen, 12 (02) 648-660 (2025). https://doi.org/10.5109/7363466.

- 659 -



Model Predictive and Direct Voltage Control for Standalone DFIG System

implementation,” Electronics (Switzerland), 10 (21)
(2021). doi:10.3390/electronics10212670.

31) H. El Alami, B. Bossoufi, M. El Mahfoud, M.
Bouderbala, B. Majout, P. Skruch, and S. Mobayen,
“Robust finite control-set model predictive control
for power quality enhancement of a wind system
based on the dfig generator,” Energies (Basel), 16 (3)
(2023). doi:10.3390/en16031422.

32) J. Hu, Y. Li, and J. Zhu, “Multi-objective model
predictive control of doubly-fed induction generators
for wind energy conversion,” [ET Generation,
Transmission and Distribution, 13 (1) 21-29 (2019).
doi:10.1049/iet-gtd.2018.5172.

33) A.A. Al-Manfi, W.A. Mohamed, and E.F. Elsalhin,
“Voltage Control of Stand-Alone Single Phase Self
Excited Induction Generator for Variable Speed
Wind Turbine Using Bang Bang-PWM Controller,”
in: 2022 IEEE 2nd International Maghreb Meeting of
the Conference on Sciences and Techniques of
Automatic Control and Computer Engineering, MI-
STA 2022 - Proceeding, Institute of Electrical and
Electronics Engineers Inc., 2022: pp. 749-754.
doi:10.1109/MI-STA54861.2022.9837503.

34) “Repetitive_control of the stator-side four-
leg_converter_in_stand-alone dfig-
based wind_energy conversion_system,”

35) R.D. Shukla, and R.K. Tripathi, “A novel voltage and
frequency controller for standalone dfig based wind
energy conversion system,” Renewable and
Sustainable Energy Reviews, 37 69-89 (2014).
doi:10.1016/j.rser.2014.04.069.

36) C.Wu,P. Cheng, Y. Ye, and F. Blaabjerg, “A unified
power control method for standalone and grid-
connected dfig-dc system,” [EEE Trans Power
Electron, 35 (12) 12663-12667  (2020).
doi:10.1109/TPEL.2020.2996267.

37) W.R. Sultana, S.K. Sahoo, S. Sukchai, S. Yamuna,
and D. Venkatesh, “A review on state of art
development of model predictive control for
renewable energy applications,” Renewable and
Sustainable Energy Reviews, 76 391-406 (2017).
doi:10.1016/j.rser.2017.03.058.

38) H. Misra, and A.K. Jain, “Mathematical modeling
and control of standalone dfig-dc system in rotor flux
reference frame,” IEEE Transactions on Industrial
Electronics, 65  (5) 3708-3719  (2018).
doi:10.1109/TIE.2017.2762644.

Cite: P. verma, K. jaladi, "Model Predictive and Direct Voltage Control for
Standalone DFIG System". Evergreen, 12 (02) 648-660 (2025). https://doi.org/10.5109/7363466.

- 660 -



