
Original Method for Stability Analysis of Mechatronic 
Systems with Asynchronous Machines 

 
SORIN ENACHE, AUREL CAMPEANU, ION VLAD, MONICA ADELA ENACHE 

Electromechanical Faculty 
University of Craiova 

Decebal Street, Craiova, 200440 
ROMANIA 

senache@em.ucv.ro    http://www.em.ucv.ro 
 

Abstract: - This paper details an original method for the stability analysis of mechatronic systems driven by 
asynchronous machines. The mathematical basis of the method and a few characteristics obtained with an 
adequate Matlab program are presented. The windows of the program for monitoring of the experimental tests 
are also depicted. Finally a series of experimental tests and the conclusions confirming the validity of the 
proposed method are presented. 
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1 Introduction 
Nowadays, the utilization on an ever larger scale of 
the asynchronous machine as an execution element 
in mechatronic systems, has imposed an ever ampler 
approach, in speciality papers, of problems 
concerning the dynamic regime of it and, implicitly, 
of stability problems.  

The speciality literature [1], [12], [13], [16], [17] 
etc. presents a series of methods for the stability 
analysis of such systems.  

Unfortunately, these methods either are very 
difficult to be implemented numerically or they have 
the drawback that they do not allow to study the 
inertia moment influence on stability, a very 
important thing especially in the case of the low 
power machines. 

In order to eliminate these drawbacks, a new 
method for the stability study has been conceived, 
with the help of the equations with representative 
phasors written in per unit. 

2 The mathematical model 
The equations system that is used has the following 
form [8]: 
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These equations are linearized further on. 
In order to do this thing, it is considered that the 

pulsation modifies in saltus with a very low value. 
This variation will lead implicitly to a voltage 

modification, in saltus too, with the same value, so 
that the two quantities ratio to remain constant. 

In this hypothesis the system (1) will modify as 
follows. 
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The following relation is obtained by applying 
Laplace transformation to the first two equations of 
the systems (1) and (2), by subtracting member by 
member and by neglecting the products of the form 

∆⋅∆ :
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(3)      
where s is the operational variable. 

It must also be noticed that for simplifying the 
writing and for not producing confusions, both in the 
previous relation and in the following ones, it has 
been given up both to indicate the quantities 
depending on s ( )(* ssω∆ , )(* sω∆ etc.) and to note 
them with capitals. 

If it is considered that *ω∆ is not less than 0,1 in 
the previous relations, the following approximations 
may be made: 

1* =Ψ sj and kj r =Ψ /* . (4) 

This way, the first two relations from (3) become: 
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The analysis of these relations can be simplified if it 
is considered that 0≅sR . But this simplifying 
hypothesis leads to satisfactory results only inside 
the interval )15,0(* ÷∈sω .

So it is imposed to analyze the situation 
when 0≠sR , but considering that the studied 
phenomenon is linearized.   

In this purpose, it is considered that the motor 
operated without load before modifying the 
frequency. In this situation, owing to the low 
frequency of the rotor current, its active component 
may be neglected. 

Thus, one can write: 
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The following relation is obtained by computations, 
by solving the system (5) relatively to *

s∆Ψ  and 
/*
r∆Ψ , by replacing these relations in (6): 
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where the following notation has been used: 
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When  1,0* ≥sω it results that it can be considered 
(with approximation): 

( ) 1
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In these conditions, the following relation is 
obtained y applying Laplace transformation to the 
relation (9): 
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3 Simulations. Quantitative Results 
Further on, for the study of the induction motor 
stability, the relations (7) and (12) established before 
are used. The first relation can be written in the form 
[8]: 
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The second relation is processed analogously: 
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The following configuration can be drawn by using 
(13) and (15). 
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Fig.1. Machine block scheme in the mentioned 
situation. 
 
Further on it is possible to pass to the stability study 
in our concrete case by using all these introductive 
notions. This analysis will be made with the help of 
a Matlab program conceived on the basis of the 
scheme depicted in figure 1 and of the relations (13), 
(14), (15) and (16). 

The following graphics have been obtained by 
running this program. 

 

a) 

b) 
Fig.2. Transfer locus (a) and amplitude-phase 
characteristics (b) obtained in the case of the 
inductances modification: 529,0=sL H (1) and 

549,0=sL H (2). 

a) 

b) 
Fig.3. Transfer locus (a) and amplitude-phase 
characteristics (b) obtained in the case of the 
inductances modification: 528,0/ =rL H (1) and 

548,0/ =rL H (2). 
 

a) 

b) 
Fig.4. Transfer locus (a) and amplitude-phase 
characteristics (b) obtained in the case of the 
inductances modification: 498,0=shL H (1) and 

558,0=shL H (2). 
 
Observation 1 
In order to establish the characteristics depicted in 
the previous figures it has been considered that the 
induction motor has the following parameters [6]: 

*
sr =0,0989;    /*

rr =0,0725; *
sx =2,1907; /*

rx =2,1865;
 *

1mx =2,0623; *
stx =0,2456;  *

rtx =0,2451; sks=0,4026;
 skr=0,2958;     k=0,9414;     h=32,4;       ε =0,0458. 

Observation 2 
With the help of a specially conceived Matlab 
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program and of the characteristics corresponding to 
the cases when a parameter from the ones depicted 
in the second column of the table 1 is successively 
modified (over the initial case), the margins of phase 
depicted in the third column of the same table are 
obtained. 

Table 1 

Par. 

Abs. 
value 

[Ω ], [H], 
[kgm2]

Per unit 
par. 

Per unit 
value 

Phase 
margin 

[degree] 

7,5 0,0988 75,54 Rs 2,5 
*
sr 0,0330 74,20 

5,5 0,0725 75,54 /
rR 4,5 

/*
rr 0,0593 53,71 

0,529 2,1907 75,54 Ls 0,549 
*
sx 2,2735 69,13 

0,528 2,1865 75,54 /
rL 0,548 

/*
rx 2,2694 67,31 

0,498 2,0623 75,54 Lsh 0,438 
*
1mx 1,8138 75,76 

0,004 32,4 75,54 J 0,003 h 24,3 47,65 

The following conclusions can be emphasized, by 
analyzing the previous results: 

- the decrease of the stator winding resistance 
leads to the stability decrease; 

- the rotor resistance decrease has also as an 
effect, the decrease of the machine stability and 
conversely; 

- the increase of the stator winding inductivity 
leads to the stability decrease; 

- at the same time with the rotor inductivity 
increase, the system stability decreases; 

- the main inductivity increase has a non-
stabilizing effect; 

- the inertia moment increase contributes to the 
stability increase. 
In order to catch quantitatively these 
interdependences, the following table can be filled. 
 
Table 2 

Parameter 
Per cent 

variation of 
the parameter 

Per cent variation 
of the phase 

margin 
Rs 66,6 2,04 

/
rR 18,2 28,89 

Ls 3,64 8,48 
/
rL 3,93 10,89 

Lsh 12,04 0,29 
J 25 36,92

4 Program of experimental verification 
In order to verify the conclusions emphasized 
before, the experimental circuit detailed in [10] has 
been carried out. 
An original program has been conceived in Visual 
Basic for acquiring and processing the obtained 
data.  
This program can be run by a double click applied 
on the pictogram placed on the desktop (figure 5). 

Fig.5. Desktop. 
 

When running the program, the presentation cover 
of the program appears on the display, figure 6 (the 
texts corresponding to the following windows are 
written in the Romanian language). 
 

Fig.6. Window „Coperta”. 
 

The main windows of the program are detailed in 
figures 7-15. 

 

Fig.7. Window „Meniu”. 
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Fig.8. Details of  menu „Fisiere”. 
 

Fig.9. Details of  menu „Editare”. 
 

Fig.10. Details of menu Monitorizare”. 
 

Fig.11. Window „Configurare”. 
 

Fig.12. Window „Achizitie”. 
 

Fig.13. Window „Semnal”. 
 

Fig.14. Window „Editare”. 
 

Fig.15. Window „Ajutor”. 
 

This program has many facilities: 
- allows the configuration of the data acquisition 

board; 
- ensures the work aided by a help window. 
- ensures the acquisition corresponding to the 

dynamic signal we want; 
- allows the visualization in different forms (line, 

bars, pie) for the acquired signal; 
- allows to edit the files ASCII of the obtained 

data; 
- allows to save and to type data; 
- ensures the access to a series of accessories 

useful during work (pocket computer, clock); 
- allows the configuration corresponding to the 

work interface (background and text colour, text 
dimensions, icons on the desktop). 
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5 Experimental results 
A series of graphic results have been obtained with 
the help of the acquisition program detailed before; 
the following figures are presented further on. 
 

Fig.16. Graphics dependences corresponding to the 
cases Ls=0,529 H (1) and Ls=0,549 H (2). 

Fig.17. Graphics dependences corresponding to the 

cases /L =0,528 H (1) and /L =0,548 H (2). 

Fig.18. Graphics dependences corresponding to the 
cases Lsh=0,498 H (1) and Lsh=0,438 H (2). 

6 Conclusion 
These graphics lead to the following conclusions:

- when the value of the stator inductance 
increases  the transient process duration increases 
(the stability decrease); 

- the increase of the rotor inductance also 
involves the increase of the transient process 
duration  (the stability decreases); 

- the decrease of the main inductance value 
determines a faster stabilization of the process 
(stability increase); 
 
These conclusions confirm the theoretical analysis 
performed before. 
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