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Abstract: This paper presents a direct flux and torque control of three phase induction motor drive using Pl and Fuzzy
logic controller. The DTC is one of the most excellent direct control strategies of stator flux and torque ripple of IMD.
The conventional method of DTC, it uses Pl for speed regulator where speed reduced under transient and dynamic state
. This drawback was reduced by the proposed system the speed is regulated by Pl and torque is controlled by fuzzy
logic controller. The control system is based on DTC operating principles. The DTC is achieved by reference of stator
flux and is generates from instantaneous actual and reference stator fluxes and the reference of torque is from FLC.

Index terms: Direct Torque Control (DTC), Fuzzy Logic Controller(FLC),Induction Motor Drive(IMD),PI controller

I INTRODUCTION

The electric drives are used for motion control. Now a
days around 70% of electric power consumed by electric
drives. This electric drives are mainly AC and DC drives.
During last four decades AC drives are become more and
more popular, especially induction motor Drives (IMD),
because of robustness, high efficiency, high performance,
and rugged structure ease of maintenance so widely used
in industrial application, such as paper miles, robotics,
steel miles, servos, transportation system, elevators,
machines tools etc. The IMD control methods can be
divided into two methods such as, scalar and vector
control. The general classification of the variable
frequency controls is presented and proposed control
technique was shown in thick line in Fig.1. The scalar
control is operating in steady state and controls the angular
speed of current, voltage, and flux linkage in the space
vectors. Thus, the scalar control does not operating in the
space vector position during transient state. The vector
control, which is based on relations valid for dynamic
states, not only angular speed and magnitude but also
instantaneous position of current, voltage, and flux linkage
of space vector are controlled. In the vector control, one of
the most popular control method for induction motor
drives, known as Field Oriented Control (FOC) is
presented by F.Blaschke (Direct FOC) and Hasse (Indirect
FOC) in early 1970’s, and FOC gives high performance,
and high efficiency for industrial applications [1]. In this
FOC, the motor equations are transformed into a
coordinate system that rotates in synchronism with the

In order to overcome with this problem, the proposed DTC
with P1 and FLC is using. The Pl controller is using for
speed control in the SR loop and the FLC is using for
stator flux and torque ripple reduction in the torque control
loop [9]. The conventional and proposed DTC of IMD
simulation results are presented and compared. Finally the
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rotor flux vector control [2]. The FOC is good in high
dynamic performance, low stator flux and torque ripples,
switching frequency, and maximum fundamental
component of stator current, but FOC method has some
drawbacks, such as requirement of two co-ordinate
transformations, current controllers, and high machine
parameter sensitivity. This drawback was eliminated using
the new strategies for torque and flux ripple control of
IMD using DTC was proposed by Isao Takahashi and
Toshihiko Noguchi, in the mid 1980°s [3]. Comparing
with FOC, DTC has a simple control scheme and also very
less computational requirements, such as current
controller, and co-ordinate transformations are not
required. The main feature of DTC is simple structure and
good dynamic behaviour and high performance and
efficiency [4,5,6]. The new control strategies proposed to
replace motor linearization and decoupling via coordinate
transformation, by torque and flux hysteresis controllers
[7]. This method referred as conventional DTC [8].

In the conventional DTC has some drawbacks, such as,
variable switching frequency, high torque and flux ripples,
problem during starting and low speed operating conditions,
and flux and current distortion caused by stator flux vector
changing with the sector position [8], and the speed of IMD is
changing under transient and dynamic state operating
condition.

effectiveness, validity, and performance of DTC of IMD
using both conventional and proposed controllers are
analyzed, studied, and confirmed by simulation results and
the results shows low stator flux and torque ripples, and
good speed regulator of IMD with the proposed technique
using MATLAB/SIMULINKI[11]-[28]
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Fig 1.Classification of induction motor method

11 DIRECT TORQUE AND FLUX CONTROL OF
IMD

The conventional DTC of IMD is supplied by a three
phase two level voltage source inverter(VSI).The main
aim is to directly control the stator flux linkage or rotor
flux linkage and electromagnetic torque by selection of
proper voltage switching states of inverter.

A.Voltage source inverter(VSI)

The three phase and two level VSI is shown in fig 2,it has
eight possible voltage space vectors, in those six voltage
vectors(u;-us) and the two zero vector (u,ug),according to
the combination of the switching modes are s,,Sp,5.. When
the upper part of the switches is ON ,then the switching
value is’1” and the lower part of the switches is ON ,then
the switching value is ‘0.

vde —

Fig 2 schematic diagram of voltage source inverter
The eight possible voltage vector switching configuration
is shown in fig 3
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Fig 3 Eight possible configuration of the voltage source inverter
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B.Direct Flux Control

The implementation of the DTC scheme requires the
torque, flux linkage computation and generation of vector
switching states through a feedback control of the flux and
torque directly without inner current loops.

C.Direct Torque Control

If Uo or U7 is selected ,the rotation of flux is stopped and
the torque decreases whereas the amplitude of flux remains
unchanged with this type of torque and flux hysteresis
comparator ,we can control and maintain the end of the
voltage vector flux within a circular zigzag path in a ring
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Fig 4 voltage space vector control of torque and flux in six space vectors

111 FUZZY LOGIC CONTROLLER

The fuzzy logic control is one of the controller in the
artificial intelligence techniques .In this paper ,mamdani
type FLC is used and speed is regulated by PI controller. It
uses precise mathematical model of the system and
appropriate gain values of Pl controller to achieve high
performance drive. Therefore unexpected change in load
conditions would produce overshoot ,oscillation of the
IMD speed ,long settling time, high torque ripple. To
overcome this problem, a fuzzy logic control is used with
look up table which is designed from the performance of
the torque .According to the torque error ,the proportional
gain values are adjusted.

The fuzzy controller is characterized as follows
1.Seven fuzzy sets for each input and output variables
2.Fuzzification using continuous universe of discourse
3.Implication using mamdani’s min operator
4.De-fuzzification using the ‘centroid’method.

Fuzzification
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The control process of converting a numerical variable convert to a linguistic variable is called fuzzification.
De-fuzzification

The rules of the FLC generate required output variable in a linguistic variable, according to the real world
requirements, linguistic variable have to be transformed to crisp output.

72 AT, (K)o 7 B

Fig 5.Membership function of input variables a) torque error b) change in torque error c) output variable
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Fig 6 Flowchart of fuzzy logic controller

A FLC converts a linguistic control strategy into an automatic control strategy and the fuzzy rules are constructed by
expect knowledge or experience database. Firstly ,the input torque and the change in torque error have been placed as
the input to the FLC.Then the output variable of the FLC is presented by the control of change in torque

Table 1: Fuzzy logic controllers

Y3 R R R
AT(™ | NL | NM | Ns | ZE |Ps |PM | PL

NL NL |[NL [NL |NL | NM | N§ | ZE
NM NL |NL |NL |NM NS |ZE |PS
PS NL |NL |NM|NS |ZE |PS |PM
ZE NL |NM |[NS |ZE |BS |PM |PL
PS NM |NS |ZE|PS |BM |PL |PL

PM NS |ZE |PS |PM |PL |PL |PL
PL ZE |PS |PM|PL |PL |PL |EL
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IV.SIMULATION RESULTS
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Fig 7 Simulation diagram
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V.CONCLUSION

In this paper ,the effective control technique is presented
for direct flux and torque control of three phase induction
motor drive.In this proposed control technique the pi
controller is regulating the speed of IMD and the fuzzy
logic controller is reducing the stator flux and the
electromagnetic torque ripples .1t is proposed a decoupled
vector control between the stator flux and the
electromagnetic torque hysteresis controller for generating
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the pulses for VSI.The two independent torque and flux
hysteresis band controllers are used in order to control the
limits of the torque and flux.The simulation result shows
the low stator flux linkage,torque ripple and good speed
regulator with the proposed technique than the
conventional DTC technique
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