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Abstract - At present, electric motor drives are acting like
backbone of modern industry. In industry sector, around 70%
of used motors are three phase induction motors. Induction
motors are so popular in industries because of their
maintenance free operation, robustness and simple
construction. However, DC motor were used before decades
because of complex speed and torque control of induction
motor drives. But after the introduction of DTC (Direct Torque
Control), the method become widely used for its speed control
and torque control of induction motor drives. DTC method
become popular because of its simplicity and good torque
control characteristic but still method is affiliated with huge
torque Ripple, variable switching frequency and high current
total harmonic distortion. Many remedies and improvements
for these problems were suggested in the course of time. the
aim of this paper is to give a wide review on Some of the
improved methods and make comparative analysis between
them.
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NOMENCLATURE

Sa, Sb and Sc : - Switching Stages

Wref :- Reference Flux

Tref :- Reference Torque

Ys :- Stator flux

Te :- Electric Torque

Udc :- DC Bus Voltage

IM :- Induction Motor

€ - Error

YSa :- Alpha Component of Stator Flux
wSB :- Beta Component of Stator Flux

VSa :- Alpha Component of Stator Voltage
VSB :- Beta Component of Stator Voltage
iSa :- Alpha Component Of Stator Current
iSB :- Beta Component Of Stator Current

1.INTRODUCTION

The magnetic effect of an electric current was discovered by
Hans Christian Oersted, A danish chemist and physicist. It
was first time when connection between magnetism and
electricity was found. Which leads the history towards the
electric motor. Further in 1831, Faraday discovered
electromagnetic induction. This Discoveries leads the
invention of AC synchronous machine in 1883 by Nikola
Tesla. Still after more than a century we are using these same
electric motors based on Tesla, Hans Christian Oersted and
faradays principles and theories.

Still after the invention of AC synchronous motor, DC motors
where preferred to use for several decades. DC motors
where preferred due to its simplicity ease of control, low-
cost maintenance [4] and high starting torque [3]. But with
all of this merits there are many demerits also: - the complex
dynamic behavior of machine, nonlinear performance,
strongly coupled and multivariable [1,2]. And thus, for
several year research has been done to find alternatives.

After several decades two researcher Toshihiko Noguchi and
Isao Takahashi has introduced the world with completely
new method for speed control of induction motors. The
method has good robustness and steady dynamic
performance for variation in parameters of machine. This
method is named as direct torque control method [5].

After the introduction of DTC, method become rapidly
famous for the speed control of induction motors drives due
to its

i Simple Control structure
ii. Elimination of current controller
il. The rotor position sensor not required

However, the use of DTC is quite Limited due to its demerits
such as high current THD variable switching frequency and
large torque Ripple [6].

Fortunately, after the introduction of DTC, wide research is
carried out to overcome these problems and find the better
solution. During the research period many methods based on
basic DTC has been proposed such as space Vector
modulation DTC sliding mode control DTC model predictive
DTC and many other.
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2 Classical DTC

In 1980’s Depenbrock and Takahashi proposed DTC method
for IM’s. This method is more insensitive towards the
parametric vibrations of IM’s compered to vector control and
due to absence of PWM of current controllers, its control
algorithm is not complex. For eliminating the saturation
related problems of PI regulators and for improving
dynamics skills, PI regulators loops are avoided. This method
provides fast and accurate torque dynamics and also ensure
high operating efficiency.

Figure 1 shows the control diagram for Classical DTC. As the
control diagram shows, classical DTC has two inputs stator
reference flux and reference torque. Both inputs are
compared with their estimated values at comparators. Then
the output of comparator is given to stator selection table,
where sector is selected from estimated values of stator flux
and torque. By using switching table Sa, Sb and Sc is
generated and supplied to voltage source inverter and
further the output of inverter is supplied to induction motor
[7]- The value of stator voltage and stator current generated
are used for estimate values of torque and stator flux.
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Figure 1: - Control Diagram of Classic DTC
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Table 1 Switching Table

Basic DTC is sensitive for the constant variation of machine
parameters as compared to vector control. As the current

controllers and parks transformation is absent, makes the
control algorithm simple. Even with these advantages there
are some serious issues with the classic DTC. Hysteresis
controller makes high ripples in the electromagnetic torque
and flux generated [7,8]. And the quality of output power is
degraded because of current distortions and variable
switching frequencies. After the classical DTC, A vast
research is done on advance methods of DTC to overcome
problems. All these new methods are based on same basic
principles of DTC.

3.SPACE VECTOR MODULATION (SVM-DT()

In late 1980s, A German scholar group presented space
Vector modulation DTC for first time. Thereafter, a lot of
research on the implementation of SVM technique is done [9-
11]. The method has Many advantages such as:- lower THD,
lower torque Ripple, lower switching losses, better DC Bus
utilization and easy To implement [12].
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Figure 2: - Control Diagram of SVM-DTC

In SVM DTC, stator current and voltage parameters are used
to predict the actual flux and torque values. Then the
reference flux and torque values are compared with
predicted values. After comparing, the error obtain is given
to flux and torque controller [13]. Thereafter, process is
same as basic DTC. The flux error and torque error obtained
from flux controller and torque controller is given to vector
selection table. Where the sector is selected by using lookup
table. Further, output given to inverter and then to induction
motor

4. SLIDING MODE CONTROL DTC (SMC-DTC)

Figure 3 shows the control diagram for SMC DTC. The
cascaded command is used for control of speed and
electromagnetic torque. The Adjustment of torque, flux and
speed is control by using sliding control algorithms. The
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stator flux estimator block is used only for the measurement
of stator currents and voltages in the reference. The sliding
mode control DTC is known for its robustness towards the
variation machine parameters [68-71].
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Figure 3: - Control Diagram of SMC-DTC

5. MODEL PREDICTIVE DTC

The model predictive DTC technique works on the
principle of calculating the future values of the system, in
order to be able to use this value for optimization of the
values of adjustment parameters [18] and also for reduce the
error. The model predictive DTC gives the better results in
the terms of accuracy and speed [19]. This technique also
helps to minimize the switching frequency.
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Figure 4: - Control Diagram of MPC-DTC

The implementation of model predictive DTC algorithm can
be done Three stages

1. Non measurable values estimation

2. System future behavior prediction

3. According to function (F), optimize the control output

For getting new iteration at its sampling time Stage complete
procedure is repeated.

6. FPGA BASED DTC

In recent year the development of VLSI Technology and
created an opportunity for evolution of compact and
complex performance controllers. For well-organized
control of induction motor. Which has Complex system
required components of different nature: - control system
and power controller built containing linear and nonlinear
elements, and electrical machines [20]. thus, for productive
simulation and modelling required software tool which can
hold all the functions in integrated environment.

Now a days, due to some advantages DSP is replaced by
FPGA. Control system requires for fast algorithm which can
be achieved in FPGA, as it executes multiple operation in
parallel.

In simulation figure. 6 to run the algorithm FPGA, Xilinx
system generator software, and MATLAB simulation Toolbox
is used. The use of high-end programming tool become easy
due to achievement of Xilinx generator.

SYSTEM REQUIREMENTS

|

| POWER CIRCUIT DESIGN |

.

| XILINX SYSTEM DESIGN |

l

| COMPLETE VHD SIMULATION |

|

NO PERFORMANCE

OK

GENERATE AND
IMPLEMENTATION OF VHDL

|

CODE READY TO DOWNLOAD
IN FPGA

Figure 5 Flow chart for FPGA Controller design

The detail step for implementation is shown in the flowchart
diagram.

Step 1: - the parameters of power electronics section are
determined and used to design a model. And also, the
prototype board's hardware Section can be simulated with
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mathematical model. In this way the exact replica of real
system can be done by simulating control algorithm.

Figure 6: - Simulation Diagram for FPGA based DTC

Step 2: - only Xilinx system generator is used to build control
algorithm.

Step 3: - complete system simulation is done in Simulink and
Xilinx system generator block is used to generate VHDL code.
The complete process is self-executing excluding the choice
of FPGA model. The VHDL code produced only once.

Step 4: - implementation and synthesis the VHDL code,
which is done by using Xilinx software. A configuration file is
acquired permitting programming FPGA. If some update in
system required, only few steps needed to be done again.
And the process will be much faster.

8. ANN BASED DTC

The ANN broadly used in numerous technical fields
applications. The ANN is also used for difficult case problems
which cannot be solved by using mathematical approach
[21]. The field of application is quite wide for ANN: - Speech
processing, image processing, estimation, classification
[22,23] and also for electrical system. many researchers have
published research papers on integrating ANN system [24].
Many case studies have been simulated to judge the
contribution of ANN. and the results of study ensure that

there is an improvement in performance and robustness of
induction machines.

Many research papers have proposed techniques to select
this state of VSI switches by using ANN in DTC control
induction machines [24-30]. The is to replace conventional
switching table by the artificial neural selector which is
capable to work in same way. The block diagram for direct

torque neural control is in figure no. 7. Hear the both
comparators and selection table are replaced by multi-layer
ANN.

As compared to conventional technique the application of
ANN to DTC makes sure of good flux and torque dynamic
response which fixed switching frequency. This leads to
significant reduction in harmonics and torque ripples [24].
In addition to this system become more robust against
various uncertainties. Although it has a disadvantage of
complex internal structure.

VOLTAGE
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VOLTAGE
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Figure 7 Control diagram for ANN based DTC
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Parameters Classic DTC SVM-DTC SMC-DTC MPC-DTC FPGA BASED | ANN BASESD
DTC DTC

Torque and Flux | High Low Medium Low Low Very low

Ripple

Torque dynamic | Fast Fast Fast Fast Very Fast Very Fast

response

Switching Variable Constant Nearly Constant Constant Constant

Frequency constant

Switching Loss High Low Medium Low Low Very low

Algorithm Simple Simple Complex Simple more more complex

Complexity complex

Computation Low Medium High Medium low High

Time

Speed Dynamics | Poor Good Good Good Very good Very good

© 2021, IRJET

Impact Factor value: 7.529 |

Table 2 Comparative Analysis

IS0 9001:2008 Certified Journal

| Page 4092




’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 08 Issue: 05 | May 2021

www.irjet.net

p-ISSN: 2395-0072

9. Comparative analysis

The comparative analysis of these improvement methods is
done on the basis of Current THD, Switching Frequency,
switching losses, Torque and Flux Ripple, torque dynamic
response, algorithm complexity and computation time in
table 2

10. Conclusion

Some improved methods for DTC are viewed in this paper.

As we can see switching losses and the minimization of
ripples are the main objectives for improved methods. A
comparative analysis of these methods is done in this paper.
We can conclude that the basic DTC is the simplest technique
on the basis of complexity. But it is very hard to conclude
with the best method for torque and speed control of
induction motor. The control method choice is depends on
the other characteristics also such as hardware availability
reliability and system requirements.
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