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The use of DFIG-DC systems without stator voltage and current sensors has gained
attention due to reduced costs and simplified control. However, diode rectifiers in these
systems introduce current harmonics, degrading power quality and limiting performance
at higher power levels. This study proposes a new structure for DFIG-DC systems,
replacing the conventional two-level inverter with a T-type converter to address these
issues.The proposed system uses a T-type converter to enhance voltage levels, reducing
current harmonics and improving power quality. It also eliminates stator voltage and
current sensors, simplifying the control system and reducing costs. Performance analysis
through MATLAB/Simulink simulations demonstrated the effectiveness of the proposed
system compared to conventional methods.The proposed DFIG-DC system with a T-type
converter offers a cost-effective and efficient solution for reducing current harmonics and
improving power quality. Its simplified control system and enhanced performance make

Keywords: it a promising approach for high-power applications in wind energy systems and other
DFIG-DC, industrial uses. These findings highlight the system’s potential for improving reliability
FOC, and operational efficiency in renewable energy and industrial applications.

Sensorless control,

T-type inverter.

NOMENCLATURE

DFIG Doubly-Fed Induction Generators MMF magnetomotive force

MRF Multiple Reference Frame THD Total Harmonic Distortion

NMCEC Normalized Maximum Corr-Entropy Criterion SOGI Second Order Generalized Integrator

RSC Rotor Side Converter FLL Frequency Locked Loop

1. Introduction

turbines [3].The output power of a DFIG can be regulated by

The use of DC transmission systems has gained significant
attention in recent years. These systems are widely utilized
as transmission lines interconnecting power networks [1].
Furthermore, DC networks eliminate certain power
electronic converters, simplifying the network structure and
facilitating the integration of renewable energy sources and
storage systems while offering high efficiency and flexibility
in power distribution [2].

One of the key features of doubly-fed induction generator
(DFIQ) is their ability to independently control active and
reactive power, enabling variable-speed AC power
generation using only rotor-side converter control. This
characteristic has made DFIGs widely adopted in wind

controlling the rotor currents. Consequently, the rotor side of
the generator is connected to the DC network through a
controlled converter, while the AC output from the stator is
transferred to the same DC network via a diode bridge this
structure, known as DFIG-DC. This approach reduces costs
and simplifies the system [4, 5] The main goals in this
structures are to control the output power and the stator
frequency, while DC link voltage regulation is managed
through auxiliary control mechanisms [6]. Despite the
numerous advantages of DFIG-DC systems, the presence of
a diode rectifier introduces current harmonics in the stator
windings. This results in distortions in the stator voltage and
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flux waveforms, leading to increased torque ripple and
reduced equipment lifespan [7].

Various studies have been conducted to mitigate these
current harmonics and their adverse effects on DFIG
systems. In reference [8] a new method for power angle
control of DFIG-DC has been proposed. This method
directly controls the output power without relying on current
and voltage models. Additionally, an improved direct
resonant controller is utilized in this study to reduce torque
ripple and current harmonics. Reference [9] highlights that
reducing current harmonics directly lowers torque ripple. It
employs a resonant controller to minimize current
harmonics, thereby reducing system losses. Resonant
controllers have demonstrated excellent tracking capability
for harmonic reference signals at a pre-designed resonant
frequency. However, they are designed to target a specific
harmonic frequency and do not account for frequency
variations [10]. Moreover, resonant controllers have certain
drawbacks, such as dependence on machine parameters,
design complexity, and the requirement for positive and
negative sequence control in unbalanced systems. Therefore,
utilizing methods that not only reduce harmonics but also
minimize computational burden in current and torque ripple
calculations can significantly enhance the control system's
performance [11,12].

Reference [10] proposes a method based on the multiple
reference frame (MRF) approach to reduce torque ripple in
DFIG-DC systems. It compensates for stator flux distortion
caused by the diode rectifier by ensuring the rotor current
tracks a pulsating reference signal. This method employs an
estimator and regulator based on the MRF framework to
accurately compute and track fundamental harmonics. The
MRF-based controller provides a satisfactory dynamic
response under unbalanced load conditions; however, its
ability to eliminate harmonics is weak. Additionally, tuning
this type of controller is challenging, involving complex
mathematical computations and requiring a large amount of
memory [13].

In Reference [14], a normalized maximum Corr-entropy
criterion (NMCC) is utilized to reduce torque ripple and
network power fluctuations in hybrid wind-solar systems.
This approach eliminates the need for harmonic separation
and compensates for distortions and voltage imbalances,
resulting in distortion-free rotor currents and balanced,
sinusoidal network currents. According to previous studies,
this control method only reduces torque ripple; however,
further research is needed to simultaneously improve stator
current quality during unbalanced grid voltages [15].

One effective method for reducing harmonics is the use of
multilevel converters. These converters help minimize the
size of the output filter and reduce stress on switches, making
them highly valuable in renewable energy systems [16].

Common types of multilevel inverters include T-type,
diode-clamped, H-bridge, and flying capacitor inverters.

Among these, the T-type inverter stands out due to its
reduced circuit components, the requirement for only a
single DC link for all phases, and other advantages. These
features make it a practical choice for medium- and high-
power applications. The unique design of T-type inverters
makes them particularly useful in electric vehicles [17, 18]

Additionally, T-type inverters are widely used in
applications such as uninterruptible power supplies (UPS)
for critical infrastructure like data centers and hospitals.
Despite their benefits, these power sources face challenges
such as high total harmonic distortion (THD) and noise,
which can impact local power quality. Multilevel inverters
can effectively address these issues [19]. T-type inverters
also significantly enhance motor performance by reducing
the harmonic content of the voltage applied to motor
terminals. Furthermore, the high dv/dt generated in power
electronics-based inverters is a known cause of motor
failure. Multilevel inverters mitigate this issue by reducing
dv/dt, thereby preventing motor damage [20].

Therefore, multilevel inverters, particularly the T-type,
offer significant advantages in various industries, renewable
energy systems, electric vehicles, and electric propulsion for
aircraft. They are also widely used in energy storage systems,
energy conversion management in microgrids, and smart
grid applications.

In this study, the focus is on employing a three-level T-
type converter within a DFIG-DC system to address key
challenges in power quality and control. The proposed
approach highlights the advantages of integrating a T-type
inverter, which effectively reduces stator current and voltage
harmonics. This reduction leads to lower torque ripple,
output power ripple, and harmonic losses, thereby enhancing
overall system performance. Unlike conventional methods,
this work emphasizes the novel application of the T-type
converter in a DFIG-DC context, demonstrating its potential
to improve the control system's efficiency and reliability.

The control strategy, based on rotor current vectors,
eliminates the need for stator current and voltage sensors,
simplifying the system structure and reducing costs.
Although sensorless control methods have been explored in
previous studies, the innovative aspect of this research lies
in the synergistic integration of the T-type converter with
advanced control techniques. This integration results in a
more precise, cost-effective, and robust system.

In comparison to existing approaches, reference [21]
highlights the use of a sensorless control method that
involves modeling the system using a transformer between
the stator and rectifier, considering Sth and 7th order voltage
harmonics. The proposed scheme utilizes field-oriented
control to enhance system performance. While the addition
of a transformer improves stator voltage quality, it also
increases costs and can lead to higher impedance in the
circuit, potentially affecting overall system efficiency. This
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increase in impedance needs careful analysis during the
design and implementation phases.

Further, in reference [22] the stator winding voltages are
calculated using the Second Order Generalized Integrator
(SOGI) method, which is then used in a Frequency Locked
Loop (FLL). Although this approach reduces costs, the high
precision required for setting parameters like natural
frequency can lead to issues in voltage estimation, disrupting
the performance of the FLL block. Reference [23] explores
a method based on rotor current vectors, eliminating the need
for stator voltage and current models. This approach reduces
system costs by removing sensors but does not fully address
the effects of harmonics, which can impact the accuracy and
stability of the control system.

To evaluate the effectiveness of the novel T-type inverter
configuration, MATLAB/Simulink simulations  were
conducted, and the results were compared with conventional
methods. The findings show significant improvements in
power quality and control dynamics, emphasizing the
suitability of the T-type inverter for advanced DFIG-DC
systems.

II. Methodology

A. System Structure of DFIG-DC
The overall schematic of the DFIG-DC system is
illustrated in Fig. 1. In this configuration, the rotor side is
connected to the DC network via a rotor side converter
(RSC), while the stator side is connected to the same DC
network through a diode-based rectifier.

A Diode bridge

BC )

DC Link
< VDC
b

a
RSC

N

Fig. 1. Topology of a Conversion for a DFIG-DC System

The operational principle of a DFIG connected to a DC
network involves two key processes: first, the excitation
current is injected into the rotor windings via the RSC. Then,
the power generated in the stator windings is transferred to
the DC network through the stator-side rectifier.

In the DFIG system, the stator frequency is higher than the
rotor frequency, and Fig.1 must be controlled in such a way
that the MMF of the rotor windings is greater than that of the
stator, as the control is performed from the rotor side. By
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adjusting the MMF, the generated torque can be effectively
controlled.

Fig. 2 illustrates the equivalent circuit of the DFIG in the
stator flux-oriented frame. In this figure; I; and I, represent
the rotor and stator currents, respectively. V. and Vs denote
the rotor and stator voltages. Lo , Los and Ly, refer to the
leakage inductance of rotor and stator and mutual
inductance. R; and Ry indicate the rotor and stator
resistances. s and v, correspond to the stator and rotor flux,
respectively. o; represents the angular frequency of the rotor
winding voltages and currents, while s represents the
angular frequency of the stator winding voltages and
currents.

oy -
: 0 P i
i RS s L, L 4 - R, o

Fig. 2. Mathematical model of DFIG-DC

The stator and rotor voltage vector equations in the dq-
axis, represented by Eq. 1 and Eq. 2, are derived from the
equivalent circuit shown in Fig. 2. These equations can be
expressed as follows:

7 _ D d(DS .
V. =R + d +Ja)s¢s (1)
. dg . —
V,=Ri +—+jo,
el L0 @)

The relationship between the flux and current vectors of
the rotor and stator is expressed in Eq. 3 as follow.

. = L+ Ly,

- g - 3

(pr:Lr|r+Lmls ()

The torque equation can be defined using the stator flux
and rotor current variables, as shown in Eq. 4.

Tem=g pilm{ﬁﬁ}= 3oL

3L )
L 2",

((psqird - q’sdirq )

In this equation p represent as pole pair.
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B. T-Type inverter
In the DFIG-DC system, one of the major challenges is the
presence of voltage and current harmonics, which can
disrupt the system's performance. These harmonics are
primarily caused by the use of the diode rectifier, which
introduces significant harmonic distortion.

One solution to reduce voltage and current harmonics is to
use T-type inverters.In this approach, the focus is on rotor-
side inverters. the T-type inverter have ability to produce
multiple voltage levels, which improves harmonic
performance and facilitates the generation of high-quality
output waveforms with a lower total harmonic distortion
(THD).

In the T-type inverter, pulse width modulation effectively
prevents direct switching between the positive (P) and
negative (N) terminals.

The T-type converter structure is shown in Fig. 3. In this
converter, nine switches are used, with three of them being
bidirectional switches. The central point of the three-level
inverter on the left is connected to the node "n" Additionally,
the voltage across the bidirectional switches is half of the
output voltage, which helps to reduce voltage stress and
improve the overall performance of the inverter.

Fig. 3. Three phase three level T-Type inverter

Table 1 presents the switching states of the T-type
converter for phase “A”. To prevent a short circuit in the
converter's DC link, the switches within a single leg must not
be switched on at the same time. In this configuration, if
switch S1 is turned on the phase “A” output voltage is sested
to zero. Activating switch S4 results in a phase “A” output
voltage of V4./2 , while turning on switch S5 sets the output
voltage to -V /2.

TABLE I SWITCHING MODES FOR PHASE A

Table 2 provides an analysis of all voltage vectors and
their corresponding switching states in the inverter. In the
context of the three-phase system, there are 27 unique states,
which are categorized into four main groups: zero states,
small states, medium states, and large states.

TABLE 2 VOLTAGE VECTORS, SWITCHING STATES
State On Switches Voltage Vector
Zero vector S,.S,.,S, -
Zero vector S,,S¢:Sg i}
Zero vector S:,S;,S, i}
Small vector S,.S;,S, \71
Small vector S,.S,.S; \Z
Small vector S,.56.5; \72
Small vector S.,S,,S, \72
Small vector S,,S;. S, \73
Small vector 5.,5,.5, \73
Small vector S, S6:Sg \74
Small vector S:.S,.5, \74
Small vector S,,S,.S, \75
Small vector S.,S,,S, \75
Small vector $.:5,.5, A
Small vector S..S,,S, \76
Medium vector $,.S,,S, \77
Medium vector S,,S4.S, \78
Medium vector S.. 5.5, \79
Medium vector S:.S,,S, \TO
Medium vector S.,S;,S, \E
Medium vector S,.5:.S; Vv,
Large vector S..S;,S, V.
Large vector S,.S¢. S \E
Large vector S:, 5. S, \E
Large vector S, 56, Sg \E
Large vector S,.S,,S, v,
Large vector S..S,.S, VA

SWItChIng Phase S1 S 55
state voltage

Case 1 0 On Off Off

Case 2 Ve 12 Off On Off

Case3 -V /2 Off Off On

After excluding repetitive vectors, the T-type inverter
features 21 unique independent vectors and it have 13
voltage vectors more than those in a conventional two-level
inverter. This increase greatly reduces voltage harmonics,
resulting in a corresponding decrease in current harmonics.
The space vector diagram of the T-type inverter, shown in
Fig. 4, is divided into 12 sectors. Each vector, excluding
repetitive and zero vectors, corresponds to a specific
switching state listed in Table 2.
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Fig. 4. T-Type inverter’s voltage vectors’ distribution in
the of3 plane

During diode rectifier conduction, the steady-state
equivalent circuit of the DFIG connected to the diode bridge
is illustrated in Fig. 5. For simplified analysis, the rotor
variables are referenced to the stator side, with the RSC and
rotor modeled as an equivalent current source, I,. In this
representation, I, is the magnetizing current, I, is the stator
current, v, denotes the air-gap voltage, and v, represents the
stator voltage.

Using the equivalent circuit depicted in Fig. 5, the
relationship between the stator and rotor currents can be
mathematically expressed as shown in Egs. 5. This equation
establishes the connection between the two current
components, offering insight into their interdependence
within the system's operational framework.

=1 +1 (5)

Fig. 5. Steady-State Equivalent Circuit of the DFIG-DC
System

Given that the stator resistance is negligible compared to
the stator leakage inductance, the air-gap voltage can be
approximated and expressed as shown in Eq. 6.

Em:ja)slﬂnlm:Us-I_jwstls ©)

Because the diode bridge causes the stator voltage to be
nearly in phase with the stator current, the rotor current can
be derived using Eqgs. 5 and 6. The resulting expression is
presented in Eq. 7.

Y, +£ I
Lo, L, (7

In Eq. 7, L represents the sum of the mutual inductance

Ir :_j

and the stator leakage inductance. Using this equation, the
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relationship between the stator current and the rotor current
can be derived and expressed as shown in Eq. 8.

S L,
I |cos(8) =—=|I,| — [I;| =—"]|l,|cos(s)
eos(@) =L > L] == ©

The angle between the rotor current and the stator current
is mathematically defined by Eq. 9. This equation captures
the phase relationship between the two currents.

_ Y|

5—arctan(wSLs“s‘) )

Using this angle, the stator power can be expressed as
shown in Eq. 10. This equation incorporates the phase
relationship between the rotor and stator currents to
accurately represent the power dynamics in the system.

P, = |1 |1U,|cos(5)

L (10)

From Eq. 10, it is clear that the stator active power can be
effectively controlled using rotor current vector control.
When the stator power is reduced to zero, the stator current
also becomes zero, aligning the stator voltage with the air-
gap voltage. In this condition, the stator voltage is 90 degrees
out of phase with the rotor current. As the power output
increases, the stator current rises, causing a reduction in the
phase angle. This phase angle remains constrained within the
range of 0 to 90 degrees, ensuring stable operation and
predictable power dynamics.

In DFIG-DC systems, control of the system relies entirely
on the RSC because the diode rectifier on the stator side is
uncontrollable. The RSC plays a dual role: it manages the
power transferred from the rotor and ensures that the
generator operates at its nominal frequency, thereby
maintaining optimal performance. This makes the RSC a
critical component in the system's overall functionality.

Sensorless controllers offer a promising solution to
simplify the system by eliminating the need for stator voltage
and current sensors. By reducing computational complexity,
these controllers enhance system performance and enable
more precise control over the stator side. In sensorless
control, the system is managed using the rotor current vector,
which effectively governs the dynamics of the generator
without direct stator-side measurements.

The control scheme for the T-type converter, designed to
regulate stator power and frequency, is depicted in Fig. 6. In
this configuration, the DC voltage V4 and DC current I4c on
the stator side are sampled along with the rotor currents and
rotor position to manage the rotor-side converter.

This control scheme has two primary components: stator
active power control and stator frequency control, both
implemented through rotor current vector control. The stator
frequency control block generates a slip angle, which is
utilized for Park and Clarke transformations to transition
between reference frames. Meanwhile, the active power
control block ensures proper regulation of stator active
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power by adjusting the rotor current vector, facilitating
precise and stable operation of the DFIG-DC system.

In steady state, the stator frequency matches the rotational
speed of the rotor current vector in the dq reference frame,
which is directly determined by the rotor speed. By using the
rotor angle and the synchronous dq frame angle, the slip
angle can be calculated as shown in Eq. 11.

Oy, = %ws -6,

slip —

)

The stator power can be represented in terms of the DC
voltage V4. and DC current I measured on the stator side,
as expressed in Eq. 12.

ps :Vdcldc (12)

[(0 l ® Oy |

Frequency Control |

abe,/ > 1 i~
Irabc dq_’ Irq :
Hllp -
|_ - - _|* e —U"_I RSC
p
[ -t
- q
| oo ™
|I_'q_:_0> B U, | abc

| | Current Control T P
1 slip

Fig. 6. Overall Control Scheme
The stator power is directly influenced by the rotor

current, allowing it to be regulated through the magnitude of
the rotor current. For maximum output power, the q-axis
component of the rotor current should be controlled to zero,
ensuring efficient power transfer. This relationship iss
formalized in Eq. 13, which outlines the method for
controlling the stator active power via the rotor current.

. k,s+k, .

Vo= (PR (3)

When the g-axis current is set to zero, the rotor current
simplifies to equal the d-axis current. In this control
framework, K, represents the proportional gain, and K;
denotes the integral gain of the feedback controller.

The proportional and integral gains of the inner current
control loop are selected based on the system’s bandwidth
requirements. The bandwidth of the outer power control loop
is designed to be one-tenth of the inner loop’s bandwidth.
These choices ensure proper dynamic response and stability
in both control loops.

Variations in controller parameters, such as K, and K, can
significantly impact the system’s response, particularly in
terms of harmonic content and overall system stability. The
tuning of these parameters directly affects system damping
and the magnitude of its response to external disturbances.
Therefore, precise adjustment of these parameters is crucial

to achieving the desired power quality and control stability.
For instance, in the rotor current control loop, the selection
of K, and K; is made to achieve an appropriate open-loop
bandwidth for rotor current, which is essential for
maintaining system performance under varying operating
conditions.

The controller design strategy aims to balance fast
dynamic response and system stability. Specifically, the rotor
current control loop is designed to respond faster than the
power control loop, and its controller parameters are tuned
to ensure that the open-loop transfer function achieves
crossover at the desired frequency with an appropriate phase
margin.

Using K, =5.3 and K; =500, the system’s pole map has
been plotted in fig.7. According to the transfer function of
power loop shown in Eq.14 the results indicate that as the
power varies from zero to one per-unit, the power control
loop remains stable at all times [24].

P=0pu

sk +k;
Mﬁcoggo
AP, S s
T sk +k)L.u
AP 1—(sinzgo—wcosgo)
SLS (14)
(skp+ki)%/cos‘sD
B Sk T K)L.u
s+7( P ')LmS/cosg0
L,
"J: T T T T T T T T
i s

Imaginary Axis (second”-1)
L -

&
T
i

1 L i 1 P L i L
944 -04.2 04 938 936 934 932 o3 -92.8

Real Axis (second”-1)

Fig. 7. Pole map of power control loop

III. TEST RESULTS

To assess the effectiveness of the proposed control
strategy, simulations were conducted using the
MATLAB/Simulink environment. The simulations were
conducted on a system with an Intel Core i7 processor, 16
GB RAM, and MATLAB/Simulink R2021b. The average
simulation time varied depending on the complexity of the
model, with the proposed method requiring approximately
2% more computation time than conventional approaches
due to the increased number of switching states and control
calculations. However, the computational load remains
manageable for real-time implementation with appropriate
hardware.

The system's rotational speed is driven by a squirrel-cage
induction motor mechanically coupled to the induction
generator. The DC grid is modeled as a constant voltage
source connected to a resistive load, simulating a realistic
DC network. The specifications of the power supply and
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squirrel cage induction motor match the specifications of the
DFIG given in Table 3.
TABLE II Parameters of the DFIG

Parameters Symbols Value
Rated power I 1000 W
Rated frequency fa 50 Hz
Rated voltage Vi 110V
Rotor resistance R, 0.88 Q
Stator resistance Rs 1.01 Q
Mutual inductance Lm 8.87 mH
DC voltage Ve 140V
Stator leakage Lo 5.6 mH
inductance
Rotor leakage Lis 5.6 mH
inductance

This setup provides a robust framework for analyzing the
performance improvements achieved by the proposed
control strategy.

Fig. 8 illustrates the system's behavior in two stages. In the
first stage, from t=0 s to t=1.5 s, a reference power of 200 is
set, and the active power of the stator closely follows this
reference value in both methods.

At t=1.5t s, the reference power is increased to 500.
During this second stage, the active power of the stator
reaches the desired value within 250 milliseconds without
any steady-state error, as shown in Fig. 8(a). The proposed
method achieves this with minimal fluctuations, and,
compared to the conventional method shown in Fig. 8(b), the
power ripple is significantly reduced.

Fig.9 shows the phase-to-phase rotor voltage. As can be
seen, the output voltage of the T-type inverter has 5 levels,
while the output voltage of the two-level inverter has 3
levels. The voltage range is the same for both methods. If the
voltage levels are increased, the voltage harmonics are
reduced because the waveform becomes closer to a
sinusoidal shape due to the larger number of smaller voltage
steps. Since the rotor voltage is positively correlated with the
rotor current, the rotor current is also closer to an ideal
sinusoid and the harmonics are reduced, and according to
equation 8, the stator current is also improved, thereby
reducing the harmonics of the entire system.

Reducing the harmonics of the rotor current directly
affects the electromagnetic torque and reduces it, resulting in
an overall improvement in the system. In addition, increasing
the number of voltage levels increases the regulation of the
MMF in the rotor, which is very important for maintaining
optimal performance and controlling the power flow in the
stator and rotor windings. Therefore, higher voltage levels
contribute to a more stable system with less harmonic
distortion.

Sensorless Control of DFIG-DC with T-Type Inverter /Hadi Afsharirad, et al
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Fig. 8. The waveform of the stator active power and
reference power. (a) Proposed Method (b) Conventional
Method.
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Fig. 9. Rotor Voltage Waveform (a) Proposed Method (b)
Conventional Method

Fig. 10 shows the phase-to-phase stator voltage of the
DFIG. As seen, the voltage amplitude is the same in both
methods, but the voltage waveform in the proposed method
is not only more desirable but also significantly has fewer
harmonics compared to the conventional method. This
reduction in harmonics contributes to improved power
quality and optimized system performance.

Fig. 11 shows the torque behavior in both transient and
steady-state conditions for both methods. A transient state
occurs when the reference power changes from 200 to 500 at
t=1.5 s. The figure clearly demonstrates that the proposed
method leads to reduced torque ripple in the steady-state,
with the torque value reaching 1 N.m. In contrast, the
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conventional method results in a steady-state torque value of
10 N-m.
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(a)
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Fig. 10. Stator Voltage Waveform (a) Proposed Method (b)
Conventional Method
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Fig. 11. Torque Waveform. (a) Proposed Method (b)
Conventional Method

Fig. 12 and 13 illustrate the flux waveforms of the stator
and rotor in the dq reference frame. The results from t = 2.4
s to t =2.5 s indicate that the proposed method significantly
reduces harmonics, leading to flux components in this
reference frame exhibiting fewer variations and approaching
nearly constant values. This demonstrates the optimal
performance of the proposed control method in improving
flux quality, highlighting its capability to reduce fluctuations
and enhance system stability.
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The response to the step change in reference power for the
stator and rotor currents for both control methods is shown
in Fig. 14 and 15, respectively. By comparing the steady-
state changes in Fig. 14 from t=2.45 s to t=2.49 s, it is
observed that the proposed method significantly reduces the
harmonics of the stator currents, and the waveform is much
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closer to an ideal sine wave. Similarly, this comparison in the
steady-state for the rotor current waveforms is clearly
evident in Fig. 15. The results indicate that by using the T-
type inverter, three-phase currents for both the rotor and
stator can be achieved with better quality.
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Fig. 14. Stator Current Waveform (a) Proposed Method
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Fig. 15. Rotor Current Waveform (a) Proposed Method
(b) Conventional Method

These results demonstrate the effectiveness of the
proposed method in improving power quality and reducing
harmonics. Fig. 16 shows the FFT analysis of rotor current
harmonics in the steady-state, where the harmonic content
for the conventional method is 52.26%, and for the proposed
method, it is 13.09%. Additionally, Fig. 17 illustrates the
FFT analysis of stator current harmonics in the steady-state,
which is 51.76% for the conventional method and 14.43%
for the proposed method.

Reducing harmonics can significantly enhance system
performance, and the T-type inverter plays a crucial role in
achieving this by offering advantages such as reduced
distortion and improved sinusoidal voltage generation with
fewer components. However, despite these benefits, the T-
type inverter also introduces certain challenges. Compared
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to a conventional two-level inverter, it requires a more
complex circuit topology due to the increased number of
switches, making the switching process more challenging.
Nonetheless, its ability to minimize harmonics and improve
overall efficiency makes it a valuable choice in power
electronics applications.
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IV. Conclusion

In this study, a novel approach for controlling a DFIG-DC
system has been introduced through the integration of a
three-level T-type inverter, leading to significant
improvements in power quality and control performance.

Unlike conventional methods, which primarily focus on

mitigating characteristic harmonics of the form 6n+1, the
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proposed approach has been designed to effectively reduce
lower-order harmonics such as the 5th and 7th without
requiring additional complex control strategies. This
improvement has been achieved while maintaining a
relatively simple control structure, minimizing mathematical
complexity, and ensuring practical feasibility.

A key advantage of the proposed method is the elimination
of stator voltage and current sensors, which has simplified
the control system, reduced costs, and enhanced system
reliability. Instead, a current-oriented control strategy has
been employed to regulate stator frequency and DFIG-DC
power. Although a slight increase in complexity on the power
system side has been observed, a substantial reduction in
current harmonics, torque ripple, and power ripple has been
demonstrated, resulting in superior output performance.

Compared to the closest existing methods, which often
rely on resonant or advanced controllers for harmonic
suppression, better harmonic reduction has been achieved by
utilizing the advanced capabilities of the T-type inverter
while maintaining a more straightforward control
framework. The effectiveness of this method has been
validated through MATLAB/Simulink simulations, where
improved dynamic response and harmonic suppression have
been observed in comparison to traditional two-level
inverters.

These findings provide new insights into improving power
quality in DFIG-DC systems, and it is expected that the
proposed method will serve as a viable and implementable
solution for wind energy applications. By setting a new
benchmark in renewable energy systems, this work is
anticipated to contribute to future research on optimizing
multi-level inverter-based control strategies for grid-
connected and stand-alone wind power systems.
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