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1. Introduction 
Most optical surveillance complexes use controlled platforms. A bright example is 6-axis motion 

hexapod platforms able to move along a very complicated trajectory. It is essential that these devices be 
supplemented with servo drives having excellent dynamic characteristics. For example, servo drives of 
Physik Instrumente hexapods (Germany, USA) have a bandwidth of 25 Hz for the amplitude of 0.1 deg. 
and 3.3 Hz for the amplitude of 4 deg. The construction of these hexapods includes direct current drives 
with PI controllers. Dimension and weight characteristics of these drives are not very good; and these 
drives are also sensitive to external disturbances and overloads. PI controllers cannot be considered the 
optimal means for obtaining high dynamic characteristics of automatic control systems (ACS).  

It should be noted that the theory of sliding processes in variable-structure systems (SP in VSS) as 
well as the theory of attraction has not found a wide application in the modern control systems. There 
are many reasons for that; in particular, it is difficult to apply methods of the theory of SP in VSS and 
theory of attraction for the systems with non-linear, non-stationary elements, high-order elements, time 
delays etc. [1]. At the same time, the conditions of stability have been developed in practice for the sys-
tems of any complexity the character of which is not always clear. The analysis typically requires only 
experimental data on the object, for example, its frequency characteristics. In this respect, there have 
been many attempts to find the correlation between the conditions of stability and attraction. While  
the conditions of stability associated with the condition of attraction were obtained some time ago [2], it 
has still been impossible to obtain the conditions of attraction associated with the conditions of stability 
and to apply them for SP synthesis in electromechanical systems (EMS), even at the cost of accuracy.  

 
2. Problem statement 
Thus, let the EMS with sliding (the circuit is presented in Fig. 1) be described by the equation: ൜ܶଶݔሷ + ܵ݊݃݅ݏ|ݔ|ܭ = 0;ܵ = ଵܶݔሶ + .ݔ                      (1) 
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Conclusion 
According to preliminary estimates, such drives may be used in high-accuracy optical platforms, for 

example, hexapods. The experiments show that the drive with dynamic correction has a frequency cha-
racteristic close to the one necessary for effective functioning as a component of the servo drive with 
sliding modes, and, consequently, with high dynamic characteristics.  
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Appendix 1 
Let us consider the initial circuit and equivalent. As follows from the stability of the latter, there  

exists Lyapunov function which is of positive terms for the whole state space in virtue of equations 
(structure) of the system, and along with that the time derivative of this function is of negative terms for 
the same space.  

Let us assume that this function is the quadratic form relative to the switch surface S, as S function 
reverses its sign passing over the zero value. To meet the condition of stability, S and Ṡ should have dif-
ferent signs in all the space.  

L ≈ S2 ; L’ = 2S·Ṡ; L > 0, L should be less than zero, which means that S and Ṡ should have different 
signs. 

For the equivalent circuit (Fig. 5) ܵ = ܷ ∙ ௐభ∙ௐమ∙௄ଵା௄ௐభ ; 

U is a relay element output ±Um and reverses its sign when S reverses. 
Having found the time derivative of S function ሶܵ = ௐభௐమ௄௎ଵା௄ௐభ ݌ − ܵሺ0ሻ. 

We will assume that KW >> 1, then: ሶܵ ≈ ଶܹ ∙ ݌ ∙ ܷ − ܵሺ0ሻ. 
As U signal switches at the surface S = 0; S(0) = 0 and Ṡ ≈ W2·p·U. 
At S < 0, U = –Um, Ṡ should be larger than zero according to the condition of stability. Consequently:  ሶܵ ≈ ଶܹ ∙ ݌ ∙ ሺ−ܷ௠ሻ > 0, ܽሺ ଶܹ݌ሻ < 0. 
For the variable structure system (Fig. 4): ܵ = ௐభ∙ௐమ∙௄ଵା௄ௐభ·௦௜௚௡ௌ  

considering the domain around S = 0, the part of the space where S < 0, in this domain the feedback be-
comes positive and ܵ = ௄·ௐభ∙ௐమଵି௄ௐభ   

from the same conditions as for the equivalent circuit, let us assume that KW1 >> 1 and S = –W2, then Ṡ 
in the positive feedback circuit Ṡ = − ଶܹ݌ − ܵሺ0ሻ ≈ − ଶܹ݌ and according to the condition of stability 
of the equivalent circuit, we shall obtain Ṡ > 0. 

As in our reasoning we do not limit transfer functions W1, W2, K, we can consider the condition 
to be true for all the elements for which transformation is true, i.e. for almost all EMS elements. 
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Appendix 2 
To obtain the frequency characteristic for alternating current drive, particularly asynchronous  

frequency-controlled drive, let us consider this drive to be the equivalent circuit with modulation ele-
ments – Fig. A2.1. 

 

 

Fig. A2.1 

 
Frequency f is a frequency of stator voltage, and, considering rotor lag, the rotor speed. For the “fro-

zen” frequency the transfer function is the following: ଵܹ௘௤௨௜௩ = ଷଶ ܴܹ݁ሺ݌ + ݆݂ሻ, where f1 = f in synchronous motors; ଶܹ௘௤௨௜௩ = ଷଶ ܴܹ݁ሺ݌ + ݆݂ሻ ∙ ∆ܹሺ݌ + ݆∆ܵሻ, where f1 = f – ΔS in induction motors. 

The obtained transfer function is non-linear and depends on f, i.e. the dynamics of synchronous and 
asynchronous drives differs for different speed (Fig. A2.2, A2.3). Now such drives are usually provided 
with vector control and reverse torque control. Non-linear in thee circuits are compensated with other, 
non-linear, reverse operations. Such operation is in a large error, especially for servo drives with a com-
plex spectrum of errors and moment disturbances – for example, for drives of optical complexes. Along 
with that, the inevitable deviations of model of compensating non-linearity and real non-linearity  
the circuit “falls apart”. The suggested correction using positive feedback is more effective and suitable 
for servo drives, according to the experimental data presented in the paper.  

 

ω 

 
Fig. A2.2 

 
Frequency response of the synchronous drive  

at ܹ = ଵଵା்௣  and ݂ = ଵ݂ = ቐ ଴݂ଵ଴݂ଶ଴݂ଷ . 
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Fig. A2.3 

 
Multidimensional family of frequency response of induction drive 

at ܹ = ଵଵା்௣  and ݂ = ଵ݂ − ∆ܵ =
ەۖۖۖ
۔ۖ
ۓۖۖ ଴݂ଵ − ൝∆ ଵܵ∆ܵଶ∆ܵଷ

଴݂ଶ − ൝∆ ଵܵ∆ܵଶ∆ܵଷ
଴݂ଷ − ൝∆ ଵܵ∆ܵଶ∆ܵଷ

 . 
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МЕТОДЫ ОПТИМИЗАЦИИ БЫСТРОДЕЙСТВИЯ И ТОЧНОСТИ 
СИСТЕМ НАВЕДЕНИЯ ОПТИЧЕСКИХ КОМПЛЕКСОВ НА ОСНОВЕ 
УСЛОВИЯ ЭКВИВАЛЕНТНОСТИ ОБЛАСТИ ПРИТЯЖЕНИЯ САР  
И АБСОЛЮТНОЙ УСТОЙЧИВОСТИ ИХ СХЕМ ЗАМЕЩЕНИЯ 
 
В.Л. Кодкин, А.А. Балденков 
Южно-Уральский государственный университет, г. Челябинск 
 

Приводятся результаты теоретического анализа условий существования скользящих про-
цессов в следящих электромеханических системах оптических комплексов по коэффициентам 
дифференциальных уравнений, описывающих системы. Показано, что эти условия могут быть 
сформулированы по частотным характеристикам динамических звеньев электромеханических 
комплексов. Получены условия скольжения по частотным характеристикам электроприводов 
и показано, что эти условия эквивалентны условиям абсолютной устойчивости схем замеще-
ния электроприводов с релейными элементами. С помощью предложенной методики разрабо-
таны предложения по синтезу скользящих процессов, близких к идеальным, в электромехани-
ческих комплексах, описываемых дифференциальными уравнениями высокого порядка. Вы-
сказано предположение, что скользящие процессы могут быть реализованы и в электромеха-
нических системах с асинхронными электроприводами, приводятся данные экспериментов, 
подтверждающих эти предположения. 

Ключевые слова: электромеханические системы, системы с переменной структурой, 
скользящие процессы, абсолютная устойчивость, частотные характеристики. 
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