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SUBSTANTIATION  OF THE STRUCTURE OF THE OBSERVER, 
INVARIANT TO THE VARIATIONS OF ROTOR RESISTANCE 

Problem of the synthesis and substantiation of the structure of the observer, invariant to the variations of 
the resistance of the observer rotor circle of rotor magnetic-flux linkage vector, that  provides local 
exponential stability at limited variations of parametric perturbation, is considered. 
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Introduction 
Efficiency of field-oriented vector control systems of asynchronous motor (АM) greatly depends 

on the accuracy of the information, regarding the resistance of the rotor, which in AM with short-
circuited rotor is not measured and can change 1.5 – 2 times during operation in loaded state. 
Variations of rotor resistance violate the conditions of field-orientation, that leads to worsening of 
the quality of mechanical coordinates regulation and increase of active losses in electric machine 
[1]. 

Compensation of the impact of rotor resistance variations can be performed on the basis of one 
of  two approaches: adaptation or robustification.  Rodustified algorithms, as a rule, provide simpler 
solutions than the adaptive ones, but they do not solve the problem of the accurate control of rotor 
magnetic-flux linkage vector by the module at variations or rotor circle resistance in the range of 
minor velocities [2], [3]. In [4] the method of synthesis of the algorithms of AM direct vector 
control is  suggested, this method enables to provide invariance to variations of rotor circle 
resistance. Invariance of vector control algorithms is achieved as a result of invariant observer of 
the vector of rotor magnetic-flux linkage. Also, serviceability of the given method was 
experimentally proved in [4]. Proceeding from the results, obtained in [4], it is expedient to perform 
substantiation of the generalized structure of invariant observer, providing corresponding 
commentaries, regarding the choice of the type of its correcting signals. The solution of this 
problem is the aim of the given paper. 

Observation problem set-up 
Mathematical model of AM electric part, presented in the system of coordinate (d-q), that rotates 

with angular velocity 0 , is set by the equations [1] 
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where T
qd ii ) ,(  – vector of stator current, T

qd uu ) ,(  – vector of stator control voltage, T
qd ) ,(   – 

vector of rotor magnetic-flux linkage,   – angular velocity of the rotor, 0  – angular position of 
coordinate system (d-q) relatively stationary coordinate system (a-b). Positive constants in (1), (2),  
connected with electric parameters of AM, are determined in the following way: 
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where mL  – inductance of magnetized loop, 11  , LR  – resistance and inductance of the stator, 2L  – 
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rotor inductance, 22 , RR n   – nominal value and deviation of rotor resistance, so that 
0222  RRR n . Without loss of generality in (1), (2) one pair of poles is taken. 

For vector of state T
qdqd ii ) , , ,( x  vector of evaluated variables equals T

qd ii )0 ,ˆ ,ˆ ,ˆ(ˆ 2x , 

2ˆˆ  d , 0ˆ q , and vector of evaluation errors – T
qdqd ii )~ ,~,~ ,~(ˆ~  xxx , где 

2ˆ~   dd , qq  ~ . Let us assume that: 
А.1. Voltages of the stator, currents of the stator and angular velocity are limited  known 

functions, stator currents and angular velocity having limited derivatives of the first order.  
А.2. All the parameters in (1), (2) are known and stable, except deviation 2R , which is 

unknown, stable and limited.  
In conditions of assumptions А. 1 and А. 2 it is necessary to synthesize the observer of the 

module and position of magnetic-flux linkage which provides: 
О. 1. Asymptomatic evaluation of real module and the position of the vector of rotor magnetic-

flux linkage, so that 0)~ ,~(lim 
 qdt

 . 

О. 2. Invariance to variations of rotor resistance. 

Synthesis of invariant observer 

We will define the family of  observers of the vector of AM rotor magnetic-flux linkage in the 
following form: 
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where qdqd vvvv 2211 ,,,  – correcting signals, to be formed further. 
It should be noted that general form of the observer (3), (4) corresponds to generalized Vergeze 

observer [5], represented in coordinate system (d-q). 
Equation of the dynamic of evaluation errors from (1), (2) and (3), (4) will be written: 
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For further analysis of the system (5), (6) we will consider the properties of disturbance 
).( dmd iL  We will take into account the properties, that emerge in the system of direct field-

oriented control [5]. As a result of usage of proportional-integral (PI) regulator of  evaluated flux 
2̂ , it will move to the set * . In its turn, after completion of magnetization process, that is at 

const* , the set flux will be **
dmiL , and at sufficiently great values of PI current regulators 

coefficients by axis d, real current di  will be equal the set current *
di . Then, we will obtain 

 .~~ˆ~ **
2 ddmddmddmd iLiLiL    (7) 

Taking into account (7), after transformations, the system (5), (6) will be written 
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General form (8), (9) allows to make the following conclusions, regarding the choice of 
correcting signals of the observer. First, in the system (8), (9), unlike the system (5), (6) disturbance 
is present only in equations of errors dynamics qi

~  and q~ . In such case, the expediency of 
correction signal introduction in the first equation of the subsystem (9) no longer arises, that is, we 
assume 02 dv . Secondly, it is easy to note, that the signal )~~( qmdq iL   is a part of the 

equation of errors dynamics qi
~  and q~ . This enables to perform its compensation in the equation of 

error dynamics q~ , as the value of this signal can be obtained , from the equation of error dynamics 

qi
~ , if we form qv1  in such a way the condition 0~~  dtidi qq  be fulfilled in quasi-steady state 

mode. In simpler case, this can be achieved at the expense of sliding mode [6] at )~(1 qq isignv  , 
where 0  – is a parameter, value of which is responsible  for sliding mode providing . Sliding 
mode in the equation of error dynamics qi

~  emerges at |}~~max{| qmdq iL  . The 

condition 0~~  dtidi qq  will be fulfilled in sliding mode during  finite time. This condition reduces 
the order of the system and gives the possibility to obtain the equivalent control [6]: 
 ].~~[.1 qmdqeqq iLv    (10) 

Having chosen the correcting signal  qq vvv 12   and using instead of the signal qv1  its 
equivalent value (10), we obtain: 
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In [4] it is shown that under condition of execution of the conditions of persisting excitation and 
choice of correcting signals of the type diddv i~k 11  , 01 idk  and  )(~

10  div , 
0)k( 111  nidR   the system (11) will be globally exponentially stable at 02 R  and at 

variations 02 R  it will be locally exponentially stable and invariant to these variations. 
Remark 1. Analysis, based on physical properties of AM, shows that conditions of persisting 

excitation are fulfilled in all operation modes of AM, except direct current excitation, that is, at 
00  .  

Remark 2. Unlike the existing observers with sliding mode [2], which have breaking right parts 
in two equations of stator current vector components evaluation in the suggested observer, break 
control is used only in one equation of current evaluation by the axis q. 

Conclusions 
The structure of the observer of rotor magnetic-flux linkage vector with the properties of 

invariance to the variations of rotor circle resistance and local exponential stability is theoretically 
substantiated. Local exponential stability of the observer at limited variations of rotor resistance 
remains in all operation modes of AM, except direct current excitation, that is, in case of stationary 
field of the rotor. Serviceability of the synthesized observer is proved by the results of mathematical 
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modeling  (not presented in the paper), which with sufficient degree of accuracy coincide with 
corresponding results of experimental research, presented in [4]. 
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