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ABSTRACT : This paper presents the rotor flux and speed 
estimation of induction motor using a novel technique. The 
induction motor model in rotor reference frame is considered. 
Controllers used for sensor less control of the drive. The 
estimation technique works well and the sensor less speed control 
scheme can achieve fast transient response as good as that of the 
induction motor with sensors and at the same time maintain a 
wide speed control range. 
 
Keywords: 
Induction motor,rotor reference frame, sensorlesscontrol,flux 
estimation, speed estimation.  
 
1.INTRODUCTION  
Induction motors are used in variable speed drive 
applications with the development of vector control 
technology.  

 Induction motors are increasingly used in variable 
speed drive applications with the development of 
vector control technology1, 2. There are two forms of 
vector or field oriented control: direct field 
orientation, which relies on direct measurement or 
estimation of the rotor flux, and indirect field 
orientation, which utilizes an inherent slip relation. 
Though indirect field orientation essentially uses the 
command (reference) rotor flux, some recent works 
using the actual rotor flux are reported to achieve 
perfect decoupling.  
The implementation of direct field orientation via 
airgap flux measurement has typically been plagued 
by the complexities and lack of mechanical 
robustness associated with intrusive sensors located 
within machine airgap. Furthermore, a correction is 
required for the rotor leakage flux if rotor flux field 
orientation is to be achieved. Estimation rather than 
measurement of the rotor flux is an alternative 
approach for both direct and indirect field orientation 
that has received considerable attention3-8. In many 
popular implementations of field oriented induction 
machine drives, rotor flux is estimated from the 
terminal variables such as stator voltage and current, 
and rotor speed. 
 
 
 
 
 
The task of rotor flux estimation may also be 
expected to arise in other approaches to control and 
monitoring of induction machines.  

In many applications it is neither possible nor 
desirable to install speed sensors from the standpoints 
of cost, size, noise immunity and reliability of the 
induction motor drive. So, the development of shaft 
sensorless adjustable speed drive has become an 

important research topic
9, 10

. There are two major 
concerns in the sensorless  
speed control of induction motor drive. One is the 
control scheme, and other one is the estimation by 
using speed and flux estimator. Both are highly 
dependent on the motor parameters. 
 
2.INDUCTION MOTOR MODEL 
 
 From the voltage equations of the induction motor in 
the arbitrary rotating d-q reference frame, the state 
space model with stator current and rotor flux 
components as state variables is: 

 0             ……(1) 

 
T;  ;

 
 

   ;      

 
;      

   

1 0
0 1

    and 0 1
1 0  
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/      ; /      

/ ;  /  
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The torque developed by the motor is:  

P= number of pole pairs.  

                     ………(2) 
where, torque constant,  

 
3 /2  

The speed dynamics of the motor is given as:  

 
/                        ………….(3) 

Equations (1) and (3) describe the fifth order state 
model of the induction motor. In the motor model 
described by eqns. (1-3), nonlinearities and 
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interaction exist. The conditions required for 
decoupling control of the motor are:  

 
0 ; 0                                         

……………(4) 
 

From (1), decoupling is obtained, when  

 
 ,                                                                 

……………………(5)      

The nonlinearities in the overall system are 
eliminated by using input-output linearizing control 

approach
8
. This approach consists of change of 

coordinates and use of nonlinear inputs to linearize 
the system equations. Developed torque, T

e 
is 

considered as a statevariable, replacing i
qs 

to describe 

the motor dynamics. Nonlinear control inputs u
1 

and 

u
2 

are used to linearize the motor equations
8
. The 

input voltages, v
ds 

and v
qs 

to the motor in terms of u
1 

and u
2 
are:  

  
                                 

                         
…………….(6) 

       
………….(7) 
The induction motor system with these new inputs, is 
decoupled into two linear subsystems: electrical, and 
mechanical. The electrical subsystem is described by 
eqns. (8-9).  
 

 
..(8) 

 
…(9) 

The mechanical subsystem is described by torque and 
speed dynamic eqns. (10-11).  
 

 
…(10) 

 
/ ..(11) 

The state space model of the electrical subsystem is:  

 

 
..(12) 

..(13) 
where,  
 

T      
 

1 0 T 

1 0  
The state space model of the mechanical subsystem 
is:  
 

 
…(14) 

….(15) 
T 

 
1 0 T 

1 0  
0 T 

The rotor flux is estimated by applying the Kalman 
Filter to discrete time form of eqns. (12-13). The 
motor speed drψrω is estimated by applying the same 
algorithm to discrete time form of eqns. (14-15). The 
Kalman’s algorithm for state estimation in linear 
systems is explained in the next section.  
 

 
3.P-I CONTROLLERS FOR SPEED AND   
CURRENT  

One P-I controller is used for the flux, or flux 
component of current as it is adequate for good 
dynamic response. One P-I controller is used for 
the speed control, and another for the torque, or 
torque component of current. The reason for 
using two P-I controllers (one for speed and the 
other for torque) in a nested fashion is the 
significant difference in the time constants of the 
speed and current, or the electromagnetic torque. 
The design procedure for these P-I controllers 
are detailed8. The gains are:  

 Kpd = 151.24, Kid = 43640, Kpw = 0.26, Kiw = 
1.98, Kpq = 100, Kiq = 29877. 
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