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Abstract: Sensorless vector control of an induction motor drive essentially means vector control without any
speed sensors. An incremental shaft mounted speed encoder (usually an optical type) is required for the closed
loop or position control in both vector and scalar controlled drives. A speed signal is also required in indirect
vector control in the whole speed range and n direct vector control for the low speed range, meluding the zero
speed start-up operation. A speed encoder is undesirable in a drive because it adds cost and reliability
problems, besides the need for shaft extension and mounting arrangement. Tt is possible to estimate the speed
signal from machine terminal voltages and current. In order to eliminate the speed sensor, an adaption algorithm
for tuming the rotor speed is proposed in this study. Based on model referencing adaptive system scheme, the
rotor speed is tuned to obtain an indirect stator flux oriented control. The machine parameters are tuned in such
a way to reduce the transient time of the drive. Experimental results obtained for a 1.5 Hp, 3 phase induction
machine are presented m this study, showing the effectiveness of the proposed method in terms of dynamic
response.
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INTRODUCTION

The AC induction motor has been gradually replacing
the DC motor in many applications due to reliability,
ruggedness and relatively low cost. The control and
estimation of AC drives in general are considerably more
complex than those of DC drives and this complexity
increases substantially if high performances are
demanded. However, using power electronic converters
and fast digital signal processors, the implementation of
advanced controllers is becoming practical (Lee and
Blaabjerg, 2006).

For high performance vector controlled induction
motor drives, speed information is necessary. This
information is generally provided by a sensor, such as a
resolver or an encoder. Due to the cost and fragility of
mechanical speed sensors and difficulty of mstalling that
kind of sensor in many applications, speed sensorless
systems, in which rotor speed measurements are not
available, are preferred and find applications in many
areas such as mechanical tool drives, robotics
manipulators etc. The advantages of speed sensorless
induction motor drives are reduced hardware complexity
and lower cost, reduced size of the drive machine,

elimination of the sensor cable, better noise 1mmunity,
increased reliability and less maintenance requirem ents.
The operation in hostile environment requires a motor
without speed sensor.

Several schemes have been proposed for speed
sensorless vector controlled mnduction motor drives,
which mmplies the estimation of mechanical speed from the
only measurements of the stator currents and voltages.
Among the various approaches, the observer based
(Tajima and Guidi, 2002; Cao-Minh and Hori, 2001,
Edward and Thomas, 2008; Lee et al., 1997; Boukas and
Habetler, 2004; Peng and Fukao, 1993) and the Model
Reference Adaptive System (MRAS) based speed
estimators are the most promising ones. In addition to
estimation of the mechanical speed, the MRAS based
scheme provides flux estimate, which can be used mn the
control of the mduction motor drive. MRAS based
estimators are preferred because of their simplicity, ease
of implementation and stability.

This study describes about overcoming the problem
assoclated with zero speed and low speed estumation and
control and also how to attain quick dynamic stability
(Holtz, 2002) duwring the switching of the wvarious
magmnitudes of loads.
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Fig. 1. Block diagram of sensorless control of induction motor

MODELING OF INDUCTION MOTOR

The dynamic model considers the instantaneous
effects of varying voltage/currents, stator frequency and
torque disturbance. The dynamic model of the induction
motor 18 derived by using a two phase motor in direct and
quadratire axes. This approach is desiwrable because of
the conceptual simplicity obtained with 2 sets of
windings, one on the stator and the other on the rotor.
The equivalence between the three phase and 2 phase
machine model is derived from simple observation and
this approachis suitable for extending it to model an
n-phase machine by 2 phase machine. Generally, the
machine model are used to estimate the motor shaft speed
and in high performance drive with field oriented control
to identify the time varying angular position of the flux
vector. In addition, the magnitude of flux vector is
estimated for field control. The stator model 1s used to
estimate the stator flux linkage vector or the rotor flux
linkage vector without requiring a speed signal. Tt is
therefore, a preferred machine model for sensorless speed
applications.

INDUCTION MOTOR SENSORLESS CONTROL

The schematic diagram of control strategy of
induction motor with sensorless control is shown in
Fig. 1. The controlled voltage to the stator windings of an
induction motor is fed through PWM inverter which in
turn driven by vector rotator. The stator flux 1s estimated
by flux estimator. The speed at the motor shaft is
estimated by using the motor terminal voltages and the
currents. The speed estimation is done by model
referencing adaptive system, which is described in
Fig. 2. The flux and speed information is fed to the PID
controllers, which will generate the output according to
the required control strategy. The controller output 1s
given to a De-coupler, which in turn connected to vector
rotator, which converts 2 phase quantities to 3 phase.
These signals are given to PWM controller.
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Fig. 2: Basic block diagram of mras speed estunation

MODEL REFERENCING ADAPTIVE
SYSTEM (MRAS) CONTROL

The speed can be calculated by the MRAS. The basic
block diagram of MRAS speed estimation system 1is
shown in Fig. 2. The MRAS makes use of redundancy of
2 machine model of different structures that estimate the
same state variables. Both models are referred in the
stationary frame. As the name implies, it consists of
2 models namely reference model and the adaptive model.
The output of reference model 1s compared with the
output of an adjustable or adaptive model until the errors
between the 2 models vanish to zero.

Consider the voltage model’s stator side equation,

a L -L .
— (P )= 2o L (R_+oL $i’
dt( ) L, * Lm(s S,
d L -L

— (¥ y=—"tv® (R +cL.)i’
dt( 2 L, Lm( : S,

which are defined as a reference model in Fig. 2. The
model receives the machine stator voltage and current
signals and calculates the rotor flux vector signals. The
current model flux equation,
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are defined as an adaptive model in Fig. 2. This model
calculates fluxes from the input stator currents only if the
speed signal w, 15 known.

With correct speed signal, ideally, the fluxes
calculated from the reference model and those caleulated
from the adaptive model will match. An adaptation
algorithm with P-T control can be used to tune the speed
w, so that the error { = 0.

MRAS BASED SENSORLESS VECTOR
CONTROL-SIMULATION

The sensorless control of mduction motor using
MRAS is simulated on matlab/simulink platform to study
the various aspects of the controller.

The actual system can be modelled with a high

degree of accuracy in this package. Figure 3 shows the

WwT
1df

root block simulink diagram for simulation. Main
subsystems are the 3-2 phase transformation, induction
motor model, MRAS and optimal switching logic and
1nverter.

Three to 2 phase transformation subsystem 1s used
to convert 3 phase stator voltages and cwrents into 2
phase direct and qudrature axis voltages and currents,
respectively.

Optimal design of an induction motor with the
below given parameters is selected to reduce the transient
tume.

Simulation parameters: The parameters for 1.5 Hp, 4-
pole, 50 Hz induction motor are given below:

»  Stator circuit resistance -4.495 Q

»  Rotor circuit resistance -5.365 Q

s Inductance of stator circuit -0.165 H
*  Inductance of rotor circuit -0.162 H
+  Mutual inductance -0.149H

SIMULATION RESULTS

The results for different cases are given.
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Fig. 3: Simulink root block diagram of sensorless control of induction motor using MRAS
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Case 1:

e No. load condition

»  Reference speed -100 rad sec™

Comments: Figure 4 shows that the actual speed of
induction motor and the estimated speed using MRAS are
same.

Figure 5 shows direct and quadrature axis currents
(I, and I,). From Fig. 5, it is observed that both the
currents are displaced by 90°. Hence, the coupling effect
can be eliminated.

Figure 6 shows direct and quadrature axis voltages
(V4 and V). From Fig. 6, it is observed that both the
currents are displaced by 90°. Hence, the coupling effect
can be eliminated.
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Fig. 4: Actual speed and estimated speed using MRAS in
rad sec™
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Fig. 5: Direct and quadrature axis currents (I, and 1)
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Fig. 7: a) Line currents in Amps, b) Speed in RPS and ¢) Torque in N-M on step change in load
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Fig. &: &) Line currents in amps, b) 3peed in RP3 and ) Torque in N-W on no load, speed reversal

From the simulation results it is clear that the actual
gpeed iy same as the estimated speed and the time
transient time ix 0.2 sec, which iz a sign of fast dynamic
convergence The quadrature and direct axis voltages and
curents are displaces exactly by 90°, which indicated that
they are de-coupled. Hence, the noize level is less.

Casel:

Step change in load

Reference speed -100 rad gec™’

Load torgque of 15 N-m is applied at t = 0.25 sec

Comments Figure 7 shows the line currents, speed and
torgue waveforms under load condition. First the motor iy
started under no load and att=0.25 sec, aload of 153 W-m
ig applied. It can be geen that at 0.25 sec, the walues of
curtents and torgue will increase to meet the load demand
and at the zame tirne speed of the motor sli ghily falls,

Case3:

Speed reversal command

Reference speed -100 rad zec™’

Speed reversd command is applied att=10.5 sec

The motor i3 started under no load and the speed
reversal command i% applied & t = 0.5 zec as shown
in Fig # At 05 sec the motor speed decays from
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100 rad s=ec™' and wwithin 0.1 sec, it reached ite final
steady state in the opposite direction At 0.5 sec torgue
will increase in the negative reverse direction and reaches
a steady position, which cotresponds to the steady
state value.
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