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a b s t r a c t

A comparative study between Integral and Classical Backstepping IFOC structures of in-

duction motor is proposed in this work. The Integral one is based mainly on a suitable

combination of a nonlinear integral backstepping approach and an indirect field orienta-

tion control (IFOC). The first part ensures a global system stability using recursive Lya-

pounov design and increases robustness despite disturbances and model uncertainties.

The second part will guarantee flux orientation, decoupling, and current regulation.

The effectiveness of the proposed control structure is validated by simulation as well as

by experiment under critical disturbance conditions. Obtained results show a fast dynamic

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

better tracking performance.

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

Introduction

In industry, especially in developed countries, more than half

of total produced electrical energy is converted into mechan-

ical energy in electric motors. Among several types of electric

motors, induction motors (IM) are the most used. Indeed, at

least 70% of industrial control systems use induction motors,

which have gradually taken the place of DCmotors because of

their good performance: reliability, robustness, low cost and

easy maintenance.

Induction motors control may become very complex

depending on the desired performance. This complexity is

mainly due to the following reasons: induction motor

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

coupled. Moreover, the parameters variation [1] of the model

can contribute to make induction motor control less stable.

The first induction motors control architectures for vari-

able speed drives were based on traditional scalar control that

can guarantee only modest performance. In many applica-

tions, it is necessary to resort to more sophisticated controls,

suitable with the expected performance, but much more

complex.

Advances in power electronics and digital electronics fields

contribute widely to increase the performance of power static

converters [2,3] associated with control systems. For that, it
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becomes possible to design real time implementation of

complex control algorithms whatever their degree of

complexity and execution time.

In 1972, vector control theorywas introduced by Blaschke [4]

andHasse. This control technique has given a radical change in

inductionmotors control, because it has brought a good quality

ofdynamicperformance. Itsprinciple is tobring themodelof the

motor in a rotating reference framewith the rotor flux vector. It

will imply decoupling of torque and flux as in the case of a DC

motor. Twoversions are possible for the oriented vector control:

the first called direct which requires knowledge of the modulus

and phase of the rotor flux. The second called indirect, where

only thepositionof the rotor flux is estimated. The latest version

has been extensively studied over the past decades, because of

its simple implementation and does not require a flux sensor as

in the former version. Unfortunately, this approach has the

disadvantage of being very sensitive to parametric variations,

and therefore lack of robustness, particularlywith respect to the

variation of the rotor resistance. As this resistance is directly

related to the evaluation of the flux orientation angle, a slight

variation of it causes an error in the orientation of the rotating

frame and the consequences affect the decoupling.

Subsequently, several nonlinear control techniques have

been investigated for driving the induction motor. They were

developed to replace the vector control, while ensuring both a

separate flux and torque control with a good robustness

against parametric variations. Among applied techniques to

control induction motor: sliding mode control [5,6],

inputeoutput feedback linearization [7], Direct torque control

[8], and passivity-based control [9].

Since 1990, the non-linear control called “backstepping” has

becomeone of themost popular control for awide range of non

linear-system classes [10]. It is distinguished by its ability to

easily ensure the overall stabilization system, even in the

presence of parametric uncertainties. The design of the control

law is basedmainly on the constructionof associated Lyapunov

functions. The application of the backstepping control for in-

ductionmotor canbedone in twoways:Thefirstuses themodel

of themotorwithoutany transformation. Inthiscase,oneneeds

a deep analysis in order to construct the regressionmatrix. The

method also assumes the linearity of themodel with respect to

parameters, which is not always true in many practical situa-

tions. The resolution of this issue couldbeachieved through the

use of fuzzy logic and neural network techniques [11e13]. The

second method is applied for flux oriented control. This sim-

plifies induction motor model and then the implementation of

backstepping becomes easier. For the second method, several

backstepping versions have been developed [14e19], however

most of themhave not been verified experimentally, since they

do not take into consideration an important aspect of imple-

mentation.There isaneedofan internal current loop inorder to

limit the current in the motor, and in particular in the inverter.

Unfortunately, the classical structure of a backstepping control

is made of a PD controller (Proportional Derivative), which

cannot reject disturbances, and provide a static error. Other

backsteppingversionswith integralactionhavebeendeveloped

to overcome these drawbacks [20e22].

In this paper, a comparative study is conducted in order to

demonstrate the induction motor control performance

improvement when using an integral backstepping associated

with IFOC structure. For that a novel structure of integral

backstepping-IFOC controller is presented. The overall blocs

of the proposed structure are exactly the same as in classical

IFOC ones. Speed and flux regulators are designed from the

integral backstepping approach. Current regulators are PIs,

maintained from the IFOC approach. The introduction of the

integral action will overcome the drawbacks of the classical

backstepping by disturbances rejection and static error

removing. In order to complete our control structure, two

blocs are added: load torque observer and rotor flux estimator.

The contribution of this work compared to the previous ones

cited in literature concerns the association of the integral

backstepping controllers with IFOC structure. This association

makes the overall solution more adaptive for implementation

in real time, and this guarantee current limitation. Moreover,

the control structure has better tracking performance with a

strong robustness despite parameters variation.

This work is organized as follows. Section “Material and

methods” gives the methodology. First, a description of the

nonlinear model of induction motor is given, after that a

classical backstepping control design, applied to induction

motor is presented, followed by the proposed integral back-

stepping, where the main idea is explained. The global IFOC

structure and the two PI current controllers are given. Also in

this section the needed tools for IM control are described:

rotor flux estimator and load torque observer. Finally, stability

analysis of the global system through Barbalat's lemma and

Hurwitz criterion is studied. In Section “Results and discus-

sion”, the application of the developed algorithms is illus-

trated for two tests: the first one concerns speed inversion and

step changing of the load torque, the second test is for pa-

rameters variation. Simulation and experimental results for

Classical and Integral backstepping-IFOC for both tests are

also given. Finally, the most important contributions of this

paper are summarized in Section “Conclusion”.

Material and methods

Induction motor model description

In order to obtain an efficient control for induction machine,

an accurate IM model is needed reflecting its dynamic

Nomenclature

ðisd; isqÞ stator current in (d,q) frame

ðfrd;frqÞ rotor flux linkage in (d,q) frame

ðusd;usqÞ stator voltage input in (d,q) frame

u rotor angular speed

r angle between the rotor flux linkages

np 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

TL applied load torque

(a,b) fixed stator frame

(d,q) rotating stator frame

i n t e r n a t i o n a l j o u r n a l o f h y d r o g e n en e r g y x x x ( 2 0 1 7 ) 1e1 22

Please cite this article in press as: Fateh M, Abdellatif R, Comparative study of integral and classical backstepping controllers in IFOC of
induction motor fed by voltage source inverter, International Journal of Hydrogen Energy (2017), http://dx.doi.org/10.1016/
j.ijhydene.2017.04.292

http://dx.doi.org/10.1016/j.ijhydene.2017.04.292
http://dx.doi.org/10.1016/j.ijhydene.2017.04.292


https://isiarticles.com/article/146146

