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Abstract- This article presents a comparison of two 

techniques of control for asynchronous motor MAS: Control by 

a PI controller and the sliding mode control (SMC). A control 

uncoupled from the various exits as well as the stability of the 

system, we will ensure used a linearization input/output.  

Keywords- Regulator PI, linearization input/output, Sliding 

Mode, IM torque control.  

I. INTRODUCTION 

The control of the asynchronous machine proves to 

be difficult. In other words, compared to the machine with 

D.C., qualities of the asynchronous motor, electric actuator 

with high performances, can be exploited only with 

definitely complex or evolved/moved strategies of order. 

Those are dependent on the one hand, with certain variable 

parameters and/or being able to be not accessible and on the 

other hand to the nonlinear multivariable dynamic behavior 

from these machines [ 1 ].  

It during, the traditional and modern theories of order 

makes it possible to order with precision of the no disturbed 

linear processes and with known parameters. Example, the 

proportional-integral controller (PI) is largely answered in 

many applications of order because of its simplicity and 

effectiveness.  

The principal disadvantage of controller pi is the weak 

possibility of treating the uncertainty of system, c-a-d, the 

variations of parameters and the disturbances external [ 2-3 ]. 

The variable-structure and associated sliding mode control 

[4] is the subject of studies detailed during these thirty last 

years. This theory is a robust control with respect to 

uncertainties on the model, of the disturbances and the radial 

forces handled. The sliding mode was largely used to control 

the nonlinear systems [5-6] 

The principal characteristic of SMC is the robustness 

counters variations of parameter and disturbances external 

[7-8]. 

In order to apply the SMC for the nonlinear system, 

one will use the method of linearization input/output. The 

system obtained after this transformation, is a linear system 

uncoupled with m entered [ 9-10 ]. 

The disadvantage associated with the order by sliding mode 

is the appearance of the phenomenon "chattering". 

To avoid chattering different approaches have been 

proposed, PID sliding mode control [11–12]. 

The objective of our work, is to study the behavior of 

the asynchronous machine by a setting in equation of the 

engine [ 13-14 ].This approach, we will bring to prepare the 

machine with the establishment of the law of order by a 

regulator PI and the law of order to variable structure by 

sliding mode to control flow and the electromagnetic couple. 

The results obtained by simulation on Matlab, 

represent a comparative study between the SMC and control 

it by a regulator PI. 

This work was supported by the Electric Vehicle and Power Electronics 

group (VEEP) of the Laboratory of Electronics and Information Technology 

(LETI)  
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II. MODELING OF THE MAS  

Before describing the asynchronous machine general 

equations, some simplifying assumptions most usually 

accepted on the machine, are possible: 

- The air-gap between the rotor surfaces and the stator is 

constant. 
- The magnetic circuits saturation, hysterics, the Foucault 

currents and the magnetic field to the ends of the machine 
dispersion are neglected. 

A. Electric equation   
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The synchronization speed is defined by: 
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d
fw S

S
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(3)      

The sliding angular speed is defined by: 

rSSl www −=  (4)      

SL : Cyclic clean inductance of the stator.  

rL : Cyclic clean inductance of the rotor. 

srm ML = : Cyclic mutual inductance between stator and 

rotor. 

The mechanical equation is defined by:  
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It is the reference orientation mark (dq) with the axis (d) 

related to rotor flow. In this case one can write: 

rdr φφ =   et  0=qrφ  (6)      

Under this orientation action allowing obtaining a significant 

starting torque, certain members of the preceding equations 

are simplified:  
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B. Synthesis Regulators 

The state equations of the induction machine are: 
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C. Control loop of the rotor flux. 

The decoupling carried out by directed flow and the relation 

(3) make it possible to give: 

rd

r

r

Sd

r

rSrrd

L

R
I

L

RM

dt

d
φ

φ
−=  

(13) 

From where the direct stator current is determined by:  
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- 

r

r

r
R

L
T = : rotor time-constant. 

- 

S

S

S
R

L
T = :stator time-constant. 

The relations (7) and (13) make it possible to have: 
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To ensure decoupling between the two axes, the term should 

be compensated for SdcV  
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The transfer function of the system is: 
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Are 1p and 2p  the roots of denominator, such as 
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To compensate for the dominant time-constant 2p . The 

regulator of flow is of type PI. 

p

pT

M

R
KpF

f

Sr

S

f

+
=

1
)(  

The transfer function in closed loop is: 

2

2
_

12
1

1

)(

)(
)(

p
w

p
w

zp

p
pH

nn

réfrd

rd

F

++

==
φ

φ
 

with 

2pT f =  ; 

1p

k
w

f

n =  ; 

12

1

p

k
z

f
=  

To ensure a fast establishment of flow leading to a just 
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2
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The error of flow is rdréfrdPIe φφε −== __2 . 

 

The following figure represents the functional diagram of the 

loop of regulation of flow. 

 

 

Fig. 1.  Control loop of the rotor flux  

D. Control loop of the electromagnetic torque  

That is to say the response of flow is faster than the response 

of the couple then flow reaches its end value 0rdrd φφ = , 

from where the couple is given by the following expression: 
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The equation of the tension SqV becomes: 
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That is to say  
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The component SqcV represents a term of decoupling which 

one must compensate for.  
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The transfer functions of the system: 
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One chooses a regulator PI, his transfer function is given by: 

Regulator Syst. 
réfrd _φ  ε  SdfV  rdφ  

+ 
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Maybe SC TT σ= , the transfer function in closed loop is: 
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The error of torque is emréfemPI CCe −== __1ε . 

The following figure represents the functional diagram of the 

loop of regulation of the torque. 

 

Fig. 2.  Control loop of the electromagnetic torque 

III. LINEARISATION INPUT/OUTPUT  

The technique of input/output linearization is a 

transformation into open loop of a nonlinear dynamic system 

to a linear system uncoupled to m entered (in our case m=2) 

having all its poles in the beginning. The fundamental idea of 

this approach makes it possible to express the system 

variables according to the entry sizes thanks to a nonlinear 

state return. 
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- X is the vector of state of dimension n=4. 

[ ]TqSdSqrdr iiX φφ=  
(27) 

- u is the vector of entry of dimension m=2. 

[ ]TqSdS VVu =  
(28) 

- D(x) is a matrix of dimension nxm whose columns are 

fields of vectors )(xd i
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- The system input/output. 
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Fig. 3.  System obtained after application of the linearization input/output  

The control by sliding mode used consists in bringing the 

system state trajectory towards a slip surface where logic of 

adapted commutation will make it oscillate on both sides of 

this one until convergence towards the balance point located 

on this surface [17]. 

The generation of the vector control 
dV  is carried out by 

using the following law of rallying. 
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The discontinuous component Q.sgn(S) is a term of high 

frequency commutation. The coefficients of the matrix Q are 

null when the trajectory of state evolves/moves in the 

vicinity of the sliding surface.  

When one moves away too much from there, then the term in 

Q.sgn(S) becomes active and brings back with a great 

dynamics the trajectory of state towards the sliding surface. 

Once the operation point reaches the surface, it oscillates 

around it. In theory, the commutation control must be at an 

infinite frequency and null amplitude. 

A. Definition of the hyper surface of commutation  

The general form suggested in [18-19-20] to determine 

the sliding surface is:   
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n : order of system;    

e : error enters the exit and the desired exit;  

α  : coefficient, 0�α . 

The two components of the hyper surface of commutation 

are defined as follows:    
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with: 11 =n  and 12 =n .   

- 
1e  and 

2e  are respectively the errors of torque and flow:   

emréfem CCe −= _1  (36) 

drréfdre φφ −= _2  (37) 

B. Condition of existence of a sliding mode  

Indeed, to bring and maintain the operation point on the 

sliding surface or its vicinity, the S(t) function must check 

the sliding mode existence condition [21-22-23]: 
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C. Equivalent control calculation  

By defining the function SS =)(λ , the relation (14) makes 
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Fig. 4.  General principle diagram of the control by sliding mode  
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Fig. 5.  General diagram of the control by sliding mode of torque and flow. 

IV. SIMULATION RESULTS 

To show the theoretical results, we will use the 

Matlab/Simulink software to simulate in real time the applied 

control. represent the sliding mode adjustment performance 

defined by: 

- Stability in steady operation. 

- Speed of the answer. 

- A relatively small static error. 

The engine is started initially in neutral with t=60s is reverse 

the direction of rotation and t=100s is coupled with a load 

Cr=20Nm. the existence of the oscillations (phenomenon of 

"chattering") will be represented by the Fig. 6. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.  Evolution of the electromagnetic torque by sliding mode and PI 

regulator 

The Fig. 6. represents the evolution of the electromagnetic 

torque considered, real and reference of the asynchronous 

motor in the presence of radial force Cr=20N à t=100s.  
It is noted that the electromagnetic torque does not admit 

oscillations and reaches steady operation with a response time 

sTrPI 95.2=  et sTrSMC 96.1= . The machine answers 

successfully the inversion of its direction of rotation. 
 
 
 
 
 
 
 
 
       
 

Fig. 7.  Reponse of rotor flow 

The Fig. 7. shows the influence of controls applied to the 

response of flow along the two axes (d, q): 

- Along the axis (d): control by sliding mode integrated is 

less sensitive to the reversal of direction of rotation or the 

introduction of load that the PI controller. 

- Along the axis (q): the flow is zero regardless of the order. 

changes in the motor flux demonstrates the robustness of the 

control slide, it follows exactly the desired set point without 

overshoot and without static error even when the impact load 

torque or reversal of direction of rotation. 

The evolution of direct rotor flux is not a static error with 

short response time; 

 
 

 

 

 

 

Fig. 8.  Reponse of rotor flow 

The Fig. 8. is a representation of the evolution of the speed 

of asynchronous techniques for both commands. 

The response speed of the MAS shown in figure 9 is similar 

to that of a first order system without overshoot, steady and 

stable with a response time of the order of 4.19 seconds for 
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the speed defined by the PI controller and 3.02 seconds for 

the speed determined by the sliding mode. 

The evolution of the velocity shows the introduction of 

charge (t = 100s) the robustness of the order sliding mode 

with respect to the PI. 

 

 

 

 

 

 

 

Fig. 9.  Characteristic of the error ( 1e  ; PIe _1 ) between the actual torque 

and the torque reference 

 

 

 

 

Fig. 10.  Characteristic of the error ( PIee _22 ; ) between the actual 

torque and the torque reference. 

Fig. 9. and 10. represents the errors of flux and torque. It is 

found that: 

- The look of the error, or shows the stability of the system in 

steady state without overshoot and with a low response time. 

- Control by sliding mode and PI are insensitive to load 

change (from zero torque to 20Nm). 

- The instability of the system at startup. 
 

 

 

 

 

 

Fig. 11.   Changes in the sliding surface S1 as a function of time 

 

 

 

 

 

 

 

 

 

 

Fig. 12.  Changes in the sliding surface S2 function of time 

 

Fig. 11. and 12. show the evolution of the sliding surface 

over time. 

The evolution of the surface S1 is going to zero for each load 

change in a quick time 5.25 (s). 

The evolution of the surface S2 is going to zero in a very fast 

time 0.38 (s). We note that the error e2 is insensitive for the 

load variation. 

 

 

 

 

 

 

 

 

 

 

Fig. 13.  Changes in the voltage Vqs -Vds 

Fig. 13. represent the voltage Vds and Vqs to be applied to 

the machine for controlling the sliding mode and the PI 

controller. 

There is evidence that air of tension reached the steady state 

with a response time: 

- strSMC 13.2=  ; strPI 11.3= ; For voltage Vqs 

- strSMC 15.2=  ; strPI 7.0= ; For voltage Vds 

Note that the PI is more sensitive to start the command mode 

by sliding. 

V. CONCLUSION 

A comparative study of two commands has been determined 

in this paper: PI control and control via sliding mode. 
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To facilitate the design of the sliding mode control, it was 

determined the technique of linearization input /output which 

has the main advantage of completely decoupled system to 

control. 

The simulation results show the speed response 

( PISMC trtr < ) and the robustness of the method of setting 

the sliding mode vis-à-vis the disruption of the load. The 

main drawback of SMC is the presence of the phenomenon 

of "chattering", which is currently the subject of our research 

in order to eliminate the phenomenon of "chattering." 
 

VI. REFERENCES 

 
[1] Y.Fu, “commandes découplées et adaptatives des machines 

asynchrones triphasées” thèse doctorat montpellier II mars 1991. 

[2] W. D. Chang and J. J. Yan, “Adaptive robust PID controller design 

based on a sliding mode for uncertain chaotic systems,” Chaos 

Solitions & Fractals, vol. 26, 2005, pp. 167-175. 

[3] A. Altinten, S. Erdogan, F. Alioglu, H. Hapoglu, and M. Alpbaz, 

“Application of adaptive PID with genetic algorithm to a 

polymerization reactor,” Chemical Eng. Comm., vol. 191, 2004, 

pp.1158-1172. 

[4] Jean-Jacques E. Slotine et Weipingli Li, “Applied Nonlinear Control”. 

Prentice – Hall. Inc., 1991. 

[5] Bartolini, G., Pisano, A., Punta, E., and Usai, E.: ‘A survey of 
applications of second-order sliding mode control to mechanical 

systems’, Int. J. Control, 2003, 76, pp. 875–892. 

[6] A.J. Koshkouei, K.J. Burnham and A.S.I. Zinober, “Dynamic sliding 

mode control design” IEE Proc.-Control Theory Appl., Vol. 152, No. 

4, July 2005. 

[7] Y. J. Huang and H. K. Wei, “Sliding mode control design for discrete 

multivariable systems with time-delayed input signals,” Intern. J. Syst. 

Sci., vol. 33, 2002, pp. 789-798. 

[8] H. S. Choi, Y. H. Park, Y. S. Cho, and M. Lee, “Global sliding-mode 

control improved design for a brushless DC motor,” IEEE Control 

Systems Magazine, vol. 21, 2001, pp. 27-35. 

[9] Adnan Derdiyok, Mustafa K. Güven, Habib-ur Rehman, Nihat Inanc 

and Longya Xu, “Design and Implementation of a New Sliding-Mode 

Observer for Speed-Sensorless Control of Induction Machine” IEEE 

Transactions On Industrial Electronics, vol. 49, no. 5, October 2002. 

[10] Ji-Chang Lo and Ya-Hui Kuo, “Decoupled Fuzzy Sliding-Mode 

Control” IEEE Transactions On Fuzzy Systems, vol. 6, no. 3, August 

1998. 

[11] W. D. Chang and J. J. Yan, “Adaptive robust PID controller design 

based on a sliding mode for uncertain chaotic systems,” Chaos 

Solitions & Fractals, vol. 26, 2005, pp. 167-175. 

[12] D.M.Prabha, S. P. Kumar and G. G. Devadhas, “Design and 

Robustness Analysis of a PID Based Sliding Mode Controller for a dc-

dc Converter”, Research Journal of Applied Sciences, Engineering and 

Technology, Iss. 2040-7459, Vol 04, Issue 4, 2012. 

[13] Y.Fu, “commandes découplées et adaptatives des machines 

asynchrones triphasées” thèse doctorat montpellier II mars 1991. 

[14] S. Funabiki and  T. Himei, “Estmation of torque pulsation due to the 

behaviour of a convertor and an inverter in a brushless DC-drive 

system”. Proceedings, vol 132. Pt.B,No.4 July 1985. 

[15] Ginoux Jean-Marc & Rossetto Bruno, “Variété Invariante Intégrale de 

Systèmes Dynamiques” rencontre du non-linéaire 2007. 

[16] José Matas, Luis García de Vicuña, Jaume Miret, Josep M. and Miguel 

Castilla “Feedback Linearization of a Single-Phase Active Power 

Filter via Sliding Mode Control” IEEE Transactions On Power 

Electronics, vol. 23,  nO. 1, January 2008. 

[17] Hu YM. “Variable structure control theory and its applications. 

Beijing” Science Press; 2003. 

[18] JJ sotine, “sliding controller design for nonlinear systems” Int. J. 

Control; vol.40, n°2, 1984 pp 421-434. 

[19] JJ sotine “Adaptie sliding controller synthesis for no-linear systems” 

IJC; vol.n°43, 1986 pp 1631-1651. 

[20] C:H. Fang, C.-M. Huang and S.-K. Lin, “Adaptive sliding mode 

torque control of a PM synchronous motor” /LE Proc-Eccin t'mo Apld 

I'd 149. Ab 3, d4, 2002 

[21] Vadim I. Utkin, “Sliding Mode Control Design Principles and 

Applications to Electric Drives” IEEE Transactions On Industrial 

Electronics, vol. 40, no. 1, February 1993. 

[22] W.-S.Lin and C.-S.Chen, “Robust adaptive sliding mode control using 

fuzzy modelling for a class of uncertain MIMO nonlinear systems” 

LEE Proc.-Control Theory Appl., vol. 149, no. 3, May 2002. 

[23] Vadim I. Utkin “Variable Structure Systems with Sliding Modes” 

IEEE Transactions On Automatic Control vol AC.22, N°2 , April 

1977.  

 

 
Arafet LTIFI was born in Gabes, Tunisia, in 

1977. He received his Engineering Diploma and 

the Master in electric engineering from the Ecole 

Nationale d’Ingénieurs de Sfax - Tunisia at 2004 

and 2007 respectively. He is a member of 

Laboratory of Electronic and Information 

Technology Sfax (LETI). He is currently reading 

for a Ph D degree in the induction machine order 

and performance improvement of electric vehicle. 

arafet.ltifi@yahoo.fr 

 

 

Moez GHARIANI was born in Sfax, Tunisia, 

in 1971. He received the B.Sc. degree in 

electrical engineering from the National School 

of Engineers of Sfax, in 1996, the M.Sc. degree 

in electrical engineering from the National 

School of Engineers of Sfax, in 1997, and the 

Ph.D. degree in electrical engineering from 

National School of Engineers of Sfax, in 2003. 

After receiving the Ph.D. degree, he joined the 

Department of Electrical Engineering in 

International School of Electronic and 

Communication of Sfax (ISECS), University of 

Sfax, , Tunisia, where he is an Associate 

Professor. He joined the Laboratory of 

Electronics and Information Technology 

(LETI), Electric Vehicle and Power Electronics 

Group (VEEP). His main research interests 

include analysis, design, and control of electric 



International Conference on Control, Engineering & Information Technology (CEIT’14) 
Proceedings - Copyright IPCO-2014, pp.253-261 
ISSN 2356-5608 

 
machines for EV applications 

moez.ghariani@isecs.rnu.tn 

 

 
Rafik NEJI was born in Sfax (Tunisia) in 1958. 

He received his Maîtrise and the Diplôme 

d’Etudes Aprofondies in electrical engineering 

from the Ecole Normale Supérieure de 

l’Enseignement Technique de Tunis-Tunisia in 

1983 and 1985 respectively, the Doctorat and 

the Habilitation Universitaire in electrical 

engineering from the Ecole Nationale 

d’Ingénieurs de Sfax-Tunisia in 1994 and 2006 

respectively. He is currently a Professor in the 

Department of Electrical Engineering of 

National School of Engineers of Sfax-Tunisia. 

He is a member of Laboratory of Electronic and 

Information Technology (LETI-Sfax). His 

current research interests include field of 

electrical machines and power system design, 

identification, and optimisation. He is author 

and coauthor of more than 20 papers in 

international journals and of more than 50 

papers published in national and international 

conferences. In addition, he is also a reviewer 

for many renomed journals in the already 

mentioned field. Rafik.neji@enis.rnu.tn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


