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Abstract: In these days, developments in the area of Induction
Motor control is increasing significantly. Considerable
advancements have been taken place in the area of Direct Torque
Control (DTC), which is capable of providing quick dynamic
response with respect to torque and flux. This paper presents a
detailed survey on various latest techniques of DTC control of
Induction Motor such as DTC-SVM with hysteresis band, DTC-
SVM with Model Predictive Control, DTC with sliding mode
control, DTC with Model reference adaptive system (MRAS) et
cetera. The simulation results are discussed for DTC-SVPWM
topology and results obtained proves that this method has reduced
torque ripple
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I. INTRODUCTION

I nduction Motors are playing a consequential role as
Industrial motor due to its rugged construction, easy
maintenance and less cost. Hence it is essential to develop an
efficient speed control strategy especially for variable speed
applications. There are various speed control methods are
already been developed and proposed by many authors such
as V/f control, Field oriented control, DTC, etc. With DTC
control it is possible to achieve direct control of torque and
flux is possible [1]. In case of DTC control coordinate
transformation is not necessary. And also it gives minimal
block response time compared to wvector control, Basic
principle of DTC and its various control strategies proposed
by various authors in the recent years are discussed in the
following sections.

Il. PRINCIPLEOFDTC

Fig. 1 gives the the basic hysteresis based DTC[1] that
consists of two independent loops of torque and stator
flux.The actual values of the stator flux and torque are
compared with the reference values and the errors are fed to
the respective hysteresis controllers. The outputs of
hysteresis controllers along with the position of stator flux is
fed to the look up table to enable the corresponding switching
action. The output voltage of the inverter is varied according
to the switching action to correct the errors. DTC allows the
inverter switches to operate at variable switching
frequencies.

Along with the advantages this type of DTC strategy suffers
certain drawbacks, such as i. Sluggish response during
starting and changing the load; ii. No discrimination
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between small and large errors in flux and torque during start
up, step changes and steady state; iii. High switching losses.
To overcome these drawbacks, there can be various solutions
[5] such as use of non intelligence tables, predictive
algorithms, fuzzy logic based systems [10].
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Fig. 1. Block diagram of DTC control

I1l. DTCSTRATEGIES

A. DTC with Flux optimization algorithm

A new algorithm is proposed [2] to minimize the losses in the
Induction Motor by calculating the optimized d-axis current
given by

l
dsoptimum = 4\/%(%) "2

Fig. 2 gives the schematics of DTC control incorporated with
flux optimization algorithm. In this method the calculated
value of the flux is compared with the optimized value of the
flux (determined by the optimized current from Equation (1)
instead of reference value [1] and errors are processed to
generate the switching pulses.
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Fig. 2. DTC with flux optimization
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With this scheme, the torque ripple can also be reduced along
with loss minimization. The MATLAB/SIMULINK results
of 15HP Induction Motor presented in [2] shows that an
efficiency of 87% can be achieved.

B. DTC with Instantaneoous Voltage Control

Since the magnitude of torque ripple and inverter switching
frequency are inversely proportional, in order to decrease the
torque ripple it is essential to increase switching frequency,
which leads to high switching losses. This can be overcome
with DTC —SVM strategy along with instantaneous voltage
control which is also known as Kim-Sul algorithm [6]. In this
method rotor position information is not necessary and hence
it is easy to implement.

In [7] a new DTC method is proposed for a 5-Phase
Induction motor. The simulation results of various responses
such as torque, speed, FFT analysis are presented. The FFT
analysis of hysteresis band based DTC method shows that as
the speed increases, the presence of distributed harmonics
shifts towards fundamental component. Whereas in this
proposed scheme, the ripple distribution is independent of
variation in speed as switching frequency remains constant.
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Fig. 3. DTC-SVM based on instantaneous voltage control
With the proposed algorithm a THD of 5.16% is achieved [7]
with fundamental frequency of 25Hz.

C. DTC with MRAS and Luenberger Algorithm

In [13], a sensor less AC drive operation is discussed
using MRAS(Model Reference Adaptive System) [12] and
Luenberger algorithms. The challenges behind the usage of
sensor for precise reading and estimation of Motor speed can
be avoided by making the drive system as sensor less. Open
loop estimation of speed can be carried out by different
methods such as MRAS, Luenberger algorithm, Kalman
filter, signal injection et cetra. A comparative study of MRAS
and  Luenberger  observer is  presented  using
MATLAB/SIMULINK and also dSPASE ds 1103 platforms.

In case of MRAS, the flux calculation is done using two
parallel models and the outputs of these two are compared
and based on the difference value the estimated parameter is
adjusted. Where as in Luenberger algorithm, the angular
speed of the rotor is calculated by duplicating the real system
to correct its states based on the real system output negative
feedback. Fig. 4 presents the proposed system in which both
MRAS and Luenberger observers work independently.
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Fig. 4. MRAS and Luenberger observer based DTC
control.
The tests are performed on a 4-pole , 5.5kW Induction motor
and is observed that MRAS is giving accurate results for
speeds greater than 100rpm and Luenberger Observer is
giving accurate results above 35rpm. Hence there is a limit
on the minimum operating speed.

D. Sliding Mode DTC (SMDTC)

Sliding Mode approach [4] to DTC control guarantees
good dynamic response , robustness and stability for a
specified range of variations in the controlled quantities [10].
In general, sliding mode approach for DTC consists of
observer for determination of stator or rotor flux, torque and
rotor speed.

In [4], an Integrated Sliding Mode DTC (ISMDTC) is
proposed, which consists of two regulators for speed and flux

(Fig. 5).
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Fig. 5. Schematic of ISMDTC

The SMO block estimates stator-flux and torque by taking
dc bus voltage and two line currents. This calculation is
independent of rotor speed . The authors [4] presented the
design of the ISMDTC controller in detail aloong with the
comparative study of classical DTC and ISMDTC. The
results were obtained for 400V, 50Hz, 0.75kW Induction
motor which is fed by a VSI with SVPWM. The proposed
model guarentees the better performance by showing the less
errors in case of estimated electromagnetic torque and stator
flux.

E. DTC with dither signal injection

Classical DTC of Induction motor experiences stator flux
demagnetization at low speeds.
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To neutralize this demagnetization effect of stator flux, a
sinusoidal dither signal of minute magnitude is injected in the
hysteresis controllers (error blocks) [8]. This injection is done
for both flux and torque bands. In [8], the authors discussed
the advantages of dither signal injection. A detailed study of
current and flux ripple with and without dither signals is
presented for 3-level VSI fed Induction Motor. The main
drawback of this method is, by the injection of dither, the
switching frequency of the inverter increases , there by the
increase in switching losses.

F. DTC with Model Predictive Solution

In case of predictive control, the status of control variable
is computed and appropriate controller action is executed
with out any time delay (Fig. 5). This model makes use of
model predicitive solution [3], (which involves prediction of
troque and stator flux) for compensating the flux and torque
errorsin DTC method. The proposed method consiists of two
additional stages after calculating the torque and flux values
and error calculations of the same.

In the first stage, proper voltage vector is chosen based on
switching table to compensate flux and torque errors. If the
estimated torque is equal to reference torque, the active
voltage vector is chosen instead of zero vector in contrast to
the classical DTC. In the second stage, the selected active
voltage vector, “Vn” is sub divided into number of sub
divisions like “m”, (k/m). Vn. Wherek =1, 2, ....m. Several
vectors with same direction and different duty cycles are
obtained from voltage vector. Then, stator flux and torque
will be predicted for the new voltage vectors as well as the
zero voltage vector for the next sampling period k + 1.

Since the selected vector and its subdivisions have definite
direction, to compensate flux error, a simple cost function
with single variable (torque) could satisfy the control strategy
requirements and the flux variable is included as a constraint
in the cost function. This method involves complex
implemetation even though it achieves good dynamic
response.
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Fig. 6. DTC with Model Predictive Solution

G.DTC- SVPWM

The drawbacks with hysteresis comparator such as dynamic
resonant excitement in the load due to variable switching
frequencies, current and flux distortions due to sector change
can be overcome by DTC-SVM strategy[12]. It is also
possible to avoid the look up table in selecting the vectors.
Fig 7 shows the block diagram of DTC- SVPWM .
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Fig. 7. Block diagram of DTC-SVM

Two PI controllers are used for both flux and torque
respectively to produce reference voltage vector. Based on
these two reference voltages and flux angle, the gating
signals are generated for VSI. When compared to the
traditional DTC, in case of the proposed DTC based on SVM
the torque and flux ripples were reduced as given in the Table
-

TABLE-I COMPARISON OF RIPPLE FACTOR DTC & SVM-DTC

[4]

Scheme Flux Ripple Torque Ripple
DTC 10.015% 19.027%
DTC-SVM 4.889% 8.539%

The above results were achieved under constant flux and
variable load conditions. Remote control operation can be
achieved by implementing the Internet of Things based
Control.

The schematics of DTC with space vector pulse width
modulation and the sub system of DTC are presented in Fig. 8
and Fig. 9 respectively.

Fig. 9. Simulink Model of DTC
The simulation is performed with a reference torque of 5

N-m and speed of 500rpm.
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The torque reached the reference value at less than 3 sec
and a speed of 470 rpm is achieved as shown in Fig.10. Fig
.11 shows that minimum and maximum values of torque
distortions are between 5.04 N-m and 4.93 N-m and a ripple
percentage of 2.2% is achieved which proves that the results
produced in this paper are better than existing models [12].
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Fig. 11. Speed in rad/sec

IV. CONCLUSION

This paper discussed various strategies and algorithms for
DTC control of Induction Motor drives in recent years. The
basic principles of various techniques are presented along
with its efficacies and limitations. This paper focused more
on torque ripple reduction. The simulation results obtained
with DTC-SVPWM shows that better speed and torque
responses with reduced torque ripples can be achieved. The
DTC can be made less parameter dependent with online
parameter estimation using loT. Still there is a lot of scope for
the development of intelligent DTC strategies.
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