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a b s t r a c t

A novel version of nonlinear induction motors (IM) control algorithm based on the back-

stepping approach has been proposed in this work. For that, the conventional mathe-

matical model of IM is replaced by the multiscalar one, which is more suitable for

application of the backstepping design. By using such combination, the system has fast

dynamic response, better load disturbance rejection capability, less parameters sensitivity

and better tracking performance of rotor speed and rotor flux magnitude. The effectiveness

of the proposed control structure is validated by simulation as well by experiment under

critical disturbance conditions.

© 2017 Hydrogen Energy Publications LLC. Published by Elsevier Ltd. All rights reserved.

Introduction

Electric motors are nowadays the most popular electrical

systems in the industry. Their function, to convert electrical

energy into mechanical energy, gives them a big economic

importance. So no installation designer, maker or operator

can ignore them. Among all the types of existing motors, in-

duction motors [1], especially phase squirrel cage motors are

the most used in industrial applications due to their easy

installation, robustness and reliability. Furthermore, their

control is widely needed for many applications.

From an automatic viewpoint, induction motor is a dy-

namic system, which presents certain number of control

constraints because of its characteristics: nonlinear system,

multivariable and strongly coupled, the resistive and induc-

tive parameters vary as well the load. We can notice also that

some variables cannot be measured like flux, which involves

the use of observers to fulfill the control structure.

The development of the semiconductor components

technology [2] has contributed to the development of static

converters. Moreover, this allowed the real-time imple-

mentation of the most complex algorithms dedicated to con-

trol induction motor, whatever their execution time.
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Vector control based flux oriented introduced by Blaschke

in 1972 [3], was an important step for controlling induction

motor with high dynamic performance in industrial applica-

tions. The principle of vector control is to reduce the behavior

of the induction motor to that of a DC motor. This method is

based on the transformation of electrical variables to a frame

that rotates with the rotor flux vector. In this new frame, the

dynamics of the rotor flux are asymptotically linear and

decoupled. In general, we can say that two types of vector

control are possible: firstly, direct vector control, where it is

estimated themagnitude and the position of the rotor flux and

secondly, the indirect vector control, where only the position

of rotor flux is estimated. The principle drawback of vector

control is its sensitivity to parameters variation.

Since the end of 1980's years, adaptive control of nonlinear

systems has boostedwith the first version of the inputeoutput

adaptive linearization [4]. Later, several adaptive state feed-

back control forms have been proposed in order to overcome

drawbacks of vector control and improve IM control perfor-

mance. Among them: sliding mode control [5,6], passivity-

based control [7] and direct torque control [8].

In parallel, another class of algorithms has known great

developments. The concept of these algorithms is based on

emulating certain behaviors in nature and the use of artificial

intelligence. Therefore, these approaches, qualified intelligent

have demonstrated their efficiency in various applications

fields (image processing, computer vision and speech recog-

nition). In recent decades they have also attracted attention in

the field of motor control. Among them, there are fuzzy logic,

genetic algorithms and neural networks [9,10].

In last decades, much progress has been made in the area

of control of nonlinear systems. The backstepping is one of

these newpopular techniques in this area. It was developed by

Peter Kokotovi�c, Ioannis Kanellakopoulos and Miroslav Krstic

in 1991 [11]. It provides a systematic method to perform the

design of a controller for a class of non-triangular systems.

Themain advantage of thismethod is to ensure the stability of

the association (controller-process).

The objective of the application of the Backstepping tech-

nique for induction motor control is to establish a control law

of the IM via a chosen Lyapunov function, in order to guar-

antee stability for the overall system. It has the advantage of

being robust according to parametric variations and ensures

good tracking references. The combination of Backstepping

technique with vector control gives the induction machine

control interesting qualities of robustness [12]. In recent years,

the concept of the backstepping approach has been widely

exploited in literature either in control or in observation of the

IM [13]. Combined with other techniques (such as: fuzzy logic

or sliding mode), the backstepping control overcomes

constraint related to parameter variations [14], and can be

exploited in a sensorless control [15].

As mentioned before, classical mathematical induction

machine model is non-linear, multi-variables and strongly

coupled. An internal coupling appears between mechanical

and electromagnetic variables. This contributes mainly to

make induction motor control very complex.

For that,multiscalar inductionmachinemodel gives a good

alternative to reduce this complexity. Its structure as two

separate linear decoupled subsystems makes it more suitable

for applying backstepping control approach. The non linear

control based on the multiscalar model or MM control was

given for the first time in 1987 [16]. Themultiscalar IMmodel is

obtained by doing a variable change based on the choice of

specific state variables in the conventional one. By applying

this type of control for inductionmotor we can easily obtain in

the same structure a non-linear control and decoupling be-

tween electromagnetic torque and the square of linear com-

bination of a stator current vector and the vector of rotor

linkage flux [17]. This was completely impossible with vector

control using classical induction machine model. When using

a current source inverter to supply IM makes application of

control technique based on the proposed new multi-scalar

variables difficult to implement in real time [18]. However,

when induction motor is fed by voltage source inverter with a

constant rotor flux modulus, non linear control becomes

equivalent to vector control, but the application of the non

linear backstepping control gives more system structure

simplicity and good overall drive response [19].

In this paper, a novel structure of nonlinear backstepping

control is used. Control laws are obtained using the multi-

scalar induction motor model. The use of variables trans-

formation to obtain the multiscalar model makes the control

approach more suitable to perform, because only four state

variables have been obtained with a relatively simple non-

linearity form. The proposed speed and rotor flux magnitude

control structure shows a perfect decoupled control during

transient and steady state. So, an ideal tracking of reference

trajectories can be achieved.

This contribution is organized as follows. Section Material

andmethods gives themethodology. First, a description of the

classical model of induction motor is given, followed by the

multiscalar one, after that backstepping control design,

applied to multiscalar induction motor model is presented.

Finally, stability analysis for global system through Barbalat's
lemma andHurwitz criterion is studied. In Section Results and

discussion, the application of the developed algorithm is

illustrated for two tests: the first concerns speed inversion and

step changing of the load torque, second test is for parameters

variations. Simulations and experimental results are given

with backstepping-multiscalar control for the both tests.

Finally, the most important contributions of this paper are

summarized in Section Conclusion.

Nomenclature

ðus;urÞ stator and rotor voltage vectors

ðis; irÞ stator and rotor current vectors

ðfs;frÞ stator and rotor flux vectors

p number of pole pairs

Lm mutual inductance

ðLs; LrÞ stator and rotor inductances respectively

ðRs;RrÞ stator and rotor resistances respectively

J moment of inertia

um electrical rotor angular speed

ua angular speed of reference frame

us electrical synchronous angular speed

Tl machine load torque
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