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Abstract

In  this  paper accurate  information  of  the  rotor  of  
induction motor  is  determined  for  its  effective  speed  
control.  In  decoupled  control  of  induction  motor,  
sensors  such  as  encoders  are  used  to  get  the  rotor  
information. Use of the sensors results  in more cost,  
complexity and less reliability. In the present work, an 
identification scheme is developed for the simultaneous 
estimation of speed and stator resistance of sensor less  
induction  motor  over  a  wide  range.  This  parallel  
estimation  of  speed  and  stator  resistance  makes  the  
identification  scheme  parameter  insensitive.   The  
developed  method  of  speed  estimation  is  based  on 
Sliding Mode Observer (SMO) by using Popov’s hyper 
stability  theory. The  performance  of  the  developed  
SMO and  its  speed  estimation  accuracy,  with  a  d-q  
model  of  induction motor,  are verified by simulation 
over  a  wide  speed  range  from  zero  to  high  levels  
beyond the base speed.

Key Words:  Sliding  Mode  Observer  (SMO), d-q 
model of induction motor, sensor less induction motor,  
stability.

1. Introduction 

         Induction motors have been the working-
horses in industry for high-performance variable speed 
applications  in  a  wide  power  range  that  covers  from 
fractional  horse power to multi-megawatts.  There  are 
different control techniques of induction motor drives, 
including scalar  control,  vector  control,  direct  torque 
and  flux  control,  adaptive  control,  intelligent  control 
with  expert  systems,  neural  network  and  fuzzy logic 
control  etc control  of induction motor drives  without 
any speed sensors is growing rapidly named as “sensor 

less control of induction motor drives” during the last 
two decades.

In  the  present  work,  speed  estimation 
algorithm  based  on  a  sliding-mode  current  observer 
(SMO),  which  combines  Variable Structure  Control 
(VSS),  Popov’s  hyper  stability  theory  is developed. 
Observers  require  the  exact  knowledge  of  stator 
resistance, while both indirect (observer-less) and direct 
(observer-based) field oriented controls do not achieve 
field  orientation  and  speed  estimation  when  stator 
resistance  is  not  exactly  known,  so  that  performance 
and  power  efficiency  degrade  and  also  a  speed 
estimation algorithm should be insensitive to parameter 
variations,  like  stator  resistance  during  low and  zero 
speed  operations.  So  a  stator  resistance’s  online 
identification  scheme  based  on  the  same  theory  is 
developed and used in parallel with the speed estimator. 
A modified SMO with an online identification scheme 
of magnetizing inductance is presented to operate in the 
field-weakening  region.  Effective  modelling  and 
simulation of such systems require a software tool that 
can  handle  all  these  functions  in  an  integrated 
environment.  So MATLAB/SIMULINK software tool 
is used to simulate and for the study of the proposed 
system. 

  
      This paper addresses that mutual inductance of an 
induction  machine  may  vary  considerably  when  the 
flux  reference  varies.  An  important  and  frequent 
application of a variable flux reference is the operation 
in the field-weakening region. Standard assumption of 
constant  mutual  inductance  is  no  longer  valid  and  it 
becomes  necessary  to  compensate  for  the  mutual 
inductance  variation.  The  paper  proposes  a  novel 
method for online mutual inductance identification in 
vector  controlled  induction  machines.  The  method is 
characterized  with  very  simple  structure,  ease  of 
implementation,  very  low  parameter  sensitivity,  and 
capability to provide an accurate  estimate under both 
transient  and  steady  state  operating  conditions.  Full 
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experimental  verification  of  the  proposed  scheme  is 
provided and a number  of  potential  applications  in  a 
vector controlled induction motor drive are discussed.

2. Problem Formulation

        In  this  paper  only  stator  resistance  and 
magnetizing  inductance  variations  are considered. 
Accurate  knowledge  of  stator  resistance  is  of  utmost 
importance for correct operation of a sensor less drive 
in  the  low  speed  region.  Since  stator  resistance 
inevitably varies with operating conditions, stable and 
accurate  operation  at  near  zero  speed  requires  an 
appropriate online identification algorithm for the stator 
resistance.  In  addition  to  this,  in  high  performance 
applications, the induction motor is controlled through 
field orientation techniques that require knowledge of 
the  rotor  speed.  Since  speed  sensors  decrease  the 
reliability of a drive system (and increase its price), a 
common  trend  in  motor  control  is  to  use  an 
observer/estimator to estimate the speed.

 

Fig.1 Block diagram of sensor less control of induction 
motor

         
         In this paper a speed estimation algorithm is 
developed  where  speed  and  stator  resistance  are 
estimated  in  parallel  by  constructing  a  sliding  mode 
observer  (SMO) with Popov’s  hyper  stability  theory. 
The structure of the observer is modified in such a way 
that the variation of main flux saturation is recognized 
within the speed estimation algorithm. This requires the 
online  identification  algorithm  of  the  magnetizing 
inductance.  To  make  the  proposed  SMO  parameter 
insensitive,  the  magnetizing  inductance  is  also 

estimated  in  parallel  with  stator  resistance  and  rotor 
speed.

3. Speed and Stator Resistance Estimation 
Procedure
  
Construction of SMO

The induction motor can be represented by its 
dynamic  model  expressed  in  the  stationary  reference 
frame  in  terms  of  stator  current  and  rotor  flux  as 
follows:
 

  …(3.1) 

 With reference to the introduced mathematical model 
and  considering  the  stator  currents  as  the  system 
outputs,  the  sliding-mode  current  observer  can  be 
constructed as

s  

                                                                             …(3.2)

+  
                                                                             …(3.3)
Where K is the switching gain.

The error equation which takes into account 
parameter variation can be expressed, by subtracting 
(3.1) from (3.2), as follows:
 

 
…(3.4)
Where 

The sliding surface S is constructed as

S(t)
                                                          …(3.5)

Whereas the switching function of SMO is defined as
 

  

If  rotor  speed  and  stator  resistance  are 
considered as variable parameters,  assuming no other 
parameter  variations,  the  matrix  ΔA  is  expressed  as 
follows:
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Fig2. Block diagram of speed, stator resistance, & 
magnetizing inductance
identification schemes.

An identification system for speed and stator 
resistance is shown in Figure 3.1, which is constructed 
from  a  linear  time-invariant  forward  block  and  a 
nonlinear time-varying feedback block. The system is 
hyper-stable if  the forward  block is  positive real  and 
the input and output of the nonlinear  feedback block 
satisfy  Popov’s  integral  inequality.  Figure  3.2  shows 
the  block  diagram  of  parallel  speed  and  stator 
resistance  estimation  algorithms  based  on  a 
combination  of  SMO  and  Popov’s  hyper  stability 
theory.

4. Simulation Model

The following assumptions are made to derive 
the dynamic model of induction machines.

 Uniform air gap.
 Balanced  stator  and  rotor  windings, 
with sinusoidally distributed emf.
 Inductance  versus  rotor  position  is 
sinusoidal.

Saturation and parameter changes are neglected

The  mathematical  model  of  any  machine  is 
required for their simplicity.  Here,  using a two-phase 
motor  in  direct  and  quadrature  axes  derives  the 
dynamic model of the induction motor. The per phase 
equivalent circuit of the induction motor is only valid 
in  steady  state  condition.  In  order  to  reduce  this 
complexity the transformation of axes from 3-phase to 
2-phase is necessary. In this chapter, induction motor d-

q  modelling  is  discussed  in  detail  and  the 
MATLAB/SIMULINK  models  are  shown  with  their 
relevant equations. 

Fig3. D-Q model of induction motor
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Fig4. Simulink model of parallel speed and Rs 

estimation with online Lm identification

5.Results

     This paper presents the analysis of online estimation 
algorithms  of  stator  resistance,  rotor  speed  and 
magnetizing inductance of sensorless induction motor 
by  using  sliding  mode  observer  (SMO)  over  a  wide 
range from zero to high levels beyond the base speed. 

5.1Simulation results  of  Speed estimation error  at 
high and low speed operation

Speed estimation  error  for  +20% Rs error  in  the 
observer at 150 rad/sec 

Fig 5.1 Time [sec] Vs Rs [p.u.]

Fig5.2 Time [sec] Vs Speed error [rad/sec]

5.2  Simulation  results  of  actual  and  estimated 
speeds, and speed estimation error for initial levels 
of stator resistance during low speed operation 

At a speed command of 2 rad/s 

 

 
Fig5.3 Time [sec] Vs Speed error [rad/sec]

Fig5.4 Time [sec] Vs Speed [rad/sec]

5.3  Simulation  results  of  actual  and  estimated 
speeds, and speed estimation error for step change 
of speed command to 250 rad/s

With constant parameter SMO

Fig 5.6 Time [sec] Vs Speed [rad/sec]

Fig5.7 Time [sec] Vs Speed error [rad/sec]

With modified SMO

 
Fig5.8 Time [sec] Vs Speed [rad/sec]
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Fig5.9 Time [sec] Vs Speed error [rad/sec]

6.Conclusions

In  this  paper,  parallel  speed  and  stator 
resistance  identification  schemes  of  sensor  less 
induction  motor  drives  have  been  developed  to 
overcome  the  problem  of  stator  resistance  variation, 
particularly  in  the  low  speed  region. Estimation 
algorithms have been obtained based on a sliding mode 
current observer (SMO) combined with Popov’s hyper 
stability theory. The supremacy of  a particular  speed 
estimation  method  is  weighted  by  its  successful 
operation and accuracy over a wide speed from zero to 
high values beyond the base speed. For this purpose, a 
modified  SMO  for  speed  estimation  in  the  field-
weakening region has been introduced. With an indirect 
field-oriented  controlled  induction  motor,  the 
superiority  of  the  modified  SMO  over  the  constant 
parameter  one  for  wide-speed-range  estimation,  from 
zero to high values beyond the base speed,  has been 
proved  by  simulation  results  by  using 
MATLAB/SIMULINK.
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