Sådhanå (2020)45:41
https://doi.org/10.1007/s12046-020-1275-x

Ó Indian Academy of Sciences
Sadhana(0123456789().,-volV)FT3
](0123456789().,-volV)

Position-sensorless direct torque control of grid-connected DFIG
with reduced current sensors
RAJESHKUMAR M PRASAD and MAHMADASRAF A MULLA*
Sardar Vallabhbhai National Institute of Technology, Surat 395009, India
e-mail: mamulla@ieee.org
MS received 3 February 2019; accepted 1 December 2019
Abstract. Direct torque control (DTC) of a grid-connected doubly fed induction generator (DFIG) necessitates at least 2 stator current sensors, 2 rotor current sensors and a rotor position sensor. This letter presents a
position-sensorless DTC scheme of DFIG without rotor current sensors. The elimination of two rotor current
sensors and position sensors improves hardware reliability by reducing the redundancy of physical components
to be used. In the proposed scheme, the rotor flux vector magnitude and torque are estimated using measurable
stator quantities. The effectiveness of proposed position-sensorless DTC scheme is validated using MATLAB/
Simulink for a 2-MW DFIG-based wind energy conversion system (WECS).
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1. Introduction
The doubly fed induction generator (DFIG) is most popular
in wind energy applications due to small power converters
requirement. A sizable volume of literature has been published on different control systems to be used for the
operation of DFIG [1]. Typically, the active and reactive
power of grid-connected DFIG is controlled using fieldoriented control (FOC), direct torque control (DTC) and
direct power control (DPC) [1–4]. Both DTC and DPC
offer simpler implementation than FOC [5]. DTC controls
the electrical torque whereas DPC controls the stator
power. Implementation of maximum power point tracking
(MPPT) algorithm requires regulation of total power,
making it complex for DPC as compared with DTC.
DTC scheme requires at least two stator currents and two
rotor currents in addition to a rotor position (hr ) sensor for
the estimation of rotor flux vector magnitude, torque and
sector [1, 3, 5]. The large number of current sensors
increases complexity and decreases reliability. The generator and power electrical equipment in a wind energy
conversion system (WECS) are separated by considerable
distance, necessitating the need for position-sensorless
control to increase the reliability. Therefore, a positionsensorless control scheme with reduced current sensors,
either by signal processing or estimation, is desirable.
A notable research work on induction motor drive with
reduced current sensor is discussed in [6]. Control of AC–
DC grid side converter with single AC current sensor is
presented in [7]. In [8], stand-alone DFIG-DC system with
*For correspondence

reduced current sensors is presented. FOC of DFIG with
reduced current sensors is presented in [9, 10]. However, a
research work on position-sensorless DTC of grid-connected DFIG based on reduced current sensors appears to
be missing in existing literature. In [4], a DPC
scheme without rotor flux estimation is presented for DFIGbased wind energy generation, which employs two current
sensors and requires an encoder for the measurement of
rotor position. In this letter, a novel position-sensorless
DTC scheme is proposed, which can be implemented
without rotor current sensors. The ~
ir components in d s  qs
frame and subsequently rotor flux vector magnitude and
torque are estimated from measured stator voltages and
stator currents, which are based on coordinate transformation. Different coordinate systems and vectors are presented
in figure 1 [9].
The rest of the letter is organized as follows. Proposed
DTC scheme and its validation are presented in sections 2
and 3, respectively. The letter ends with the conclusion in
section 4.

2. Proposed DTC scheme
In the proposed DTC scheme, the rotor flux vector magnitude and torque are estimated using sensed stator voltage
and current. The DTC control also requires rotor flux vector
position (hwr ), which is estimated further using the
switching states of rotor side converter (RSC). Figure 2
shows a block diagram of the overall DTC scheme and the
required estimation is achieved in the following three steps.
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2.2 Electromagnetic torque (T em ) and rotor flux
~ ) magnitude estimation without rotor
vector (w
r
position sensor
~ are estimated from the ~
is and
The magnitude of T em and w
r
s
~
ir components in d  qs frame as follows:

Figure 1. Phasor diagram of flux vectors in different coordinates.
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2.3 Estimation of rotor flux space vector position
(hwr )
~ components
By neglecting the rotor resistance drop, the w
r
r
r
in the d  q frame are given by
Z
r
wrdq ¼ vrrdq dt þ wrrdq ð0Þ:
ð10Þ

Figure 2. Block diagram of the proposed DTC of DFIG for
WECS [3].

vrrd ¼ V dc

2.1 Rotor current estimation
The rotor current components in ds  qs frame is calculated
as [11]
isrd ¼

vssq  Rs issq  xe Ls issd
xe Lm

ð1Þ

isrq ¼

Rs issd  vssd  xe Ls issq
:
xe Lm

ð2Þ

The unknown term in (1) and (2) is xe , which can be
computed as follows:
vssd
sinhe ¼  qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðvssd Þ2 þ ðvssq Þ2
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vssq
coshe ¼ qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ðvssd Þ2 þ ðvssq Þ2

ð4Þ

xe ¼ cos he

d
d
sin he  sin he cos he :
dt
dt

Instead of the ideal integral in (10), a digital pass band filter
is used to increase the performance of integral action [1].
The unknown term in (10) is vrrdq , which can be estimated
from the switching states and dc voltage of the RSC as
follows:

ð5Þ

ð2Sa  Sb  Sc Þ
3

ð11Þ

ðSb  Sc Þ
pﬃﬃﬃ :
3

ð12Þ

vrrq ¼ V dc

Rotor flux space vector position (hwr ) with respect to dr 
qr frame can be estimated as
hwr ¼ tan1

wrrq
:
wrrd

ð13Þ

Based on this formulation, the contribution of this letter in
the field of DTC of DFIG-based WECS is as follows:
1. In the existing DTC scheme, both the torque and rotor
flux vector magnitude computations require information
of ~
is and ~
ir components in d r  qr frame. However, in the
proposed DTC scheme, torque and rotor flux vector
magnitude estimations require information of ~
is and ~
ir
components in d s  qs frame.
2. There is a need of rotor current sensor and rotor position
sensor in existing DTC scheme as ~
is and ~
ir components
r
r
are required in d  q frame. The proposed DTC
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scheme, in contrast, requires information of ~
is and ~
ir
components in ds  qs frame; ~
ir components are directly
estimated from the v~s and ~
is components in d s  qs
frame, thereby, eliminating the need of rotor current
sensors and rotor position sensor.
3. The existing DTC scheme estimates the hwr from the
~ in dr  qr frame. Due to this, there is
components of w
r
an indirect need of rotor position sensor. In contrast, in
the proposed DTC scheme the information of hwr is
directly derived from the switching states and dc voltage
of the RSC, thereby eliminating the need of rotor
position sensor.
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The simulation validation of proposed algorithm for 2-MW
DFIG-based WECS is presented in the next section.

p
J

3. Simulation validation

hysteresis: 5% of the rated torque, (b) flux hysteresis: 1% of
the rated flux and (c) maximum switching frequency: 5
kHz.
The estimated hwr tracks the actual hwr with negligible
error as shown in figure 3b. The information of sector is
derived from the hwr and as the sector is changed after 60 ,
impact of errors in estimation of hwr is negligible on sector
estimation. The rotor current phase changes with speed
transition from sub-synchronous speed to hyper-synchronous speed and vice-versa as shown in figure 3c. The
rotor flux changes its direction with respect to rotor reference frame during the transition from sub-synchronous
speed to hyper-synchronous speed and that can be observed
in figure 3d with sector number. Figure 3e and f illustrates,
respectively, the torque and flux behaviours under rotor

Simulations for wind speed variations between 8.66 and
11.33 m/s are carried out in MATLAB/Simulink to validate
the proposed control scheme for 2-MW DFIG-based WECS
and results presented in figure 3. Parameters of a 2-MW
DFIG are shown in table 1 [3]. To extract the maximum
power, generator speed is varied between 0.866 and 1.133
p.u. corresponding to wind speed shown in figure 3a. The
torque reference is derived from wind speed using the lookup-table-based MPPT algorithm [9]. The rotor flux reference is set for achieving unity power factor operation at
stator side. Alternatively, rotor flux reference can be
derived from torque and reactive power references [3]. The
control parameters set in the simulation are (a) torque

Table 1. Parameters of 2-MW DFIG.
Symbol

Parameters
Rated power
Stator voltage
Stator frequency
Rated load torque
Stator to rotor turns ratio
Stator resistance
Rotor resistance referred to stator
Mutual inductance
Stator leakage inductance
Rotor leakage inductance referred
to stator
Number of pole pairs
Rotor inertia

Value
2 MW
690 V
50 Hz
12732 N m
0.34
2.6 mX
2.9 mX
2.5 mH
0.087 mH
0.087 mH
2
75 kg m2

Figure 3. Performance of WECS under rotor speed variation between 1300 rpm (0.866 p.u.) and 1700 rpm (1.133 p.u.): (a) rotor speed,
(b) rotor flux space vector position (actual and estimated), (c) three-phase rotor current, (d) sector, (e) torque, (f) rotor flux magnitude,
(g) three-phase stator current and (h) battery SOC.
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speed variation. Increase of stator current with speed is
observed in figure 3g. The variation in battery State-ofCharge (SOC) is observed in figure 3h. Simulation results
are very encouraging and endorse the proposed
scheme with satisfactory performance of WECS.

4. Conclusions
A minimum of four current sensors are required in
existing position-sensorless DTC scheme used for DFIGbased grid-connected WECS. The proposed scheme makes
it feasible using only two current sensors, making it still
reliable and also reducing the system complexity and cost.
The proposed DTC scheme has the potential to open new
avenues in the field of position-sensorless DTC
scheme based on reduced current sensor for DFIG. The
proposed control scheme is tested under steady-state and
dynamic wind speed conditions and results are found to be
promising. In a nutshell, this letter proposes a simple and
innovative DTC scheme with high potential and can be
employed for both DFIG-based WECS and high-powerdrive applications.

References
[1] Cardenas R, Pena R, Alepuz S and Asher G 2013 Overview
of control systems for the operation of DFIGs in wind energy
applications. IEEE Trans. Ind. Electron. 60(7): 2776–2798

Sådhanå (2020)45:41
[2] Naidu N K S and Singh B 2017 Grid-interfaced DFIG-based
variable speed wind energy conversion system with power
smoothening. IEEE Trans. Sustain. Energy 8(1): 51–58
[3] Abad G, Lopez J, Rodriguez M A, Marroyo L and Iwanski G
2011 Doubly fed induction machine: modelling and control
for wind energy generation. Piscataway: Wiley-IEEE Press
[4] Xu L and Cartwright P 2006 Direct active and reactive
power control of DFIG for wind energy generation. IEEE
Trans. Energy Convers. 21(3): 750–758
[5] Tremblay E, Atayde S and Chandra A 2011 Comparative
study of control strategies for the doubly fed induction
generator in wind energy conversion systems: a DSP-based
implementation approach. IEEE Trans. Energy Convers. 2(3): 288–299
[6] Banda J K and Jain A K 2016 Single-current-sensor-based
active front-end-converter-fed four quadrants induction
motor drive. Sadhana 42(8): 1275–1283
[7] Misra H and Jain A K 2017 Control of AC–DC grid side
converter with single AC current sensor. Sadhana 42(12):
2099–2112
[8] Misra H and Jain A K 2017 Analysis of stand-alone DFIGDC system and DC voltage regulation with reduced sensors.
IEEE Trans. Ind. Electron. 64(6): 4402–4412
[9] Prasad R M and Mulla M A 2019 A novel positionsensorless algorithm for field-oriented control of DFIG with
reduced current sensors. IEEE Trans. Sustain. Energy 10(3):
1098–1108
[10] Xiahou K, Lin X, Liu Y and Wu Q H 2018 Robust rotorcurrent sensorless control of doubly fed induction generators.
IEEE Trans. Energy Convers. 33(2): 897–899
[11] Karthikeyan A, Nagamani C and Ilango G S 2012 A versatile
rotor position computation algorithm for the power control of
a grid-connected doubly fed induction generator. IEEE
Trans. Energy Convers. 27(3): 697–706

