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V. CONCLUSIONS 

The paper presents the results of the algorithm and carries out an analysis in comparison with the algorithm 
already available in the Topo program. 
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I. INTRODUCTION 

At present, in industry the most widespread are flexible production systems, in which automated electric 
drives are the energy basis. In this case, the most common type of automated electric drive is an controlled 
electric drive (a drive closed in terms of the frequency of rotation of the shaft of the executive motor) – CED. 

A lot of companies in developed countries are engaged in the development of CEDs - INDRAMAT, Siemens 
(Germany); Fanuc (Japan); Artech (Bulgaria), Triol (Russia), etc. 

Due to the fact that the characteristics of technological machines largely depend on the quality indicators of 
electronic components, serious attention is paid to the issues of their improvement and regulation. This is 
how GOST 27803-91 “Adjustable electric drives for metalworking equipment and industrial robots. Technical 
requirements". It indicates the main technical characteristics of the CED and the ways of their determination, 
which should include the following: the speed control range, the coefficient of unevenness of the rotation 
frequency and the frequency bandwidth of the CED. 

To determine the real quality indicators of the developed and produced electronic devices, rather 
complicated and expensive stands are used [1]. Therefore, an urgent and important task is the development 
of a mathematical and software apparatus that allows analyzing the quality indicators of a CED at the stages 
of development, manufacture and operation. 

This work analyzes the quality indicators of a controlled electric drive based on an S-220-60-VD-2 servo 
amplifier and a KM-090-32-02 valve motor, built according to a typical scheme similar to EPS-B1-0D75AA 
(Germany). 

II. MATERIALS AND METHODS 

To carry out circuit simulation, a mathematical model of the CED was developed. The authors found that for 
circuitry modeling of such a CED, the most convenient is the mathematical model of a valve motor (VM), 
described by the equations presented in [2]. 

The developed mathematical model of a controlled electric drive in the form of a structural diagram can be 
represented as in Fig. 1.  

III. RESULTS 

The following designations are adopted: 

Wrs(S), Wrc(S) – transfer functions of the speed controller and currents; Кpsа, Кpsb, Кpsс – transfer ratios of 
phase current sensors; F1 - nonlinearities of the "limiting" type of the signal; F2 – non-linearities of the PWM 
"relay" type; F3 – PWM nonlinearity; F4 – nonlinearity of positive signal extraction; Кrps – transmission 
coefficient of the rotor position sensor; Кss – transmission coefficient of the speed sensor; АPWM, ТPWM – 
PWM amplitude and frequency;  Urs, Uss - signals of speed setting and from the speed sensor; Urca, Urcb, 
Uurc, Ucsa, Ucsb, Ucsc – assignment signals and from phase current sensors; Usr – signal from the speed 
regulator; Urm - torque setting signal; Ucr – signals from current regulators; Uу – control signals; Utvg – 
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signal from the triangular voltage generator; Usa, Usb, Usc, Isa, Isb, Isc – phase voltages and currents; V, P 
– speed and position of the motor shaft. 

 

Figure 1. Mathematical model of a controlled electric drive with three current loops 

The transfer functions of the phase current regulators are selected from the conditions for adjusting the 
circuits to the technical optimum, the transfer function of the speed controller is selected from the conditions 
for adjusting the circuit to the symmetric optimum [3]. 

Mathematical modeling of the CED will be carried out in accordance with the requirements and methodology 
set forth in GOST 27803-91: 

 determination of the tachogram of the CED after the signal Urs (t) = +/- 0.001 V is fed to its input and 
the determination the coefficients of uneven rotation from the obtained tachogram; 

 determination of the tachogram in the CED after the signal is applied to its input Urs(t) = 
0.1×sin(3000×t) and the determination of the frequency bandwidth from the obtained tachogram. 

The simulation results are shown in Fig. 2. 

a)  b)  
Figure 2. Tachograms at Urs (t) = +/- 0.001 V – a), at Urs (t) = 0.1 × sin (3000 × t) – b) 

IV. CONCLUSIONS 

Analysis of the obtained tachograms allows us to draw the following conclusions: 

 the range of speed control of the considered electric drive is 10,000; 

 the coefficient of unevenness of the rotational speed does not exceed 25%; 

 the bandwidth of the frequencies is 480 Hz. 

It should be noted that experimental studies of the prototype of the CED under consideration confirmed the 
correctness of the calculations – the range of the electric drive rotation frequency control was 10,000, but the 
frequency bandwidth was 450 Hz. 
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I. INTRODUCTION 

Modern trends in digitalization and the introduction of decision support information systems in various areas 
determine the need for the development of mathematical modeling methods applicable to data analysis. 
Machine learning methods are of particular relevance for solving applied problems, which allow, using the 
available data, to establish the mutual influence of the characteristics of the objects under study. 
Mathematical methods and their implementation in the form of machine learning algorithms allow the 
decision maker to rely on the results of solving problems using various algorithms to determine the optimal 
control strategy, comparing them by assessing the accuracy. 

Strategic development and competitiveness in the market of a company, corporation - any organization of 
small, medium and large business requires the availability of market analysis tools, the creation and 
assessment of unique, innovative solutions (technologies) and their further implementation, which 
guarantees companies of any level of prosperity in the digital economy. Mathematical modeling and machine 
learning algorithms are gaining popularity in the field of analysis of heterogeneous data for decision-making 
due to the possibility of exploring alternatives using simulation of situations, varying parameters and 
evaluating them. The article presents an example of the applicability of the scoring model to the assessment 
of innovative projects. 

II. MATERIALS AND METHODS 

The company's competitiveness in the market is ensured by the availability of innovative projects, start-ups, 
the selection and assessment of the characteristics of which is often a difficult task to formalize. Generators 
of startups and innovation projects are not always employees of the companies themselves. Often, 
campaigns looking through scientific project competitions, hackathons, and large companies organize their 
own competitions for the selection of promising projects. Any invention, innovative project, startup needs 
financial investment for development, and the creators of ideas are interested in finding companies that can 
evaluate the project and provide financial support. For example, various business angels and funds can act 
as an investor. A business angel is usually a private investor who is able to support a project, but finding an 
investor is a difficult task for a startup. In Russia, there are Funds aimed at financing innovative projects, 
Science Cities are being created, for example, Skolkovo, Innopolis, which are focused on finding and helping 
in the implementation of startups. Many young enterprises resort to the help of the Foundations, which 
organizes a competitive environment and allows the foundations to choose the most attractive projects in 
their opinion. For investors, the issue of evaluating innovative projects is relevant - this issue has acquired 
particular importance in connection with the current situation of necessary self-isolation in the context of a 
global pandemic and the need to support the transition to the digital economy to ensure competitiveness in 
the market. The paper presents the results of simulation modeling for evaluating innovative projects, we 
developed a mathematical model for evaluating innovative projects based on scoring modeling for evaluating 
the characteristics of projects. Scoring is well established in the banking industry and is widely used to 
assess customer creditworthiness. 

Assessment of the borrower is carried out everywhere by banks and credit institutions when issuing funds for 
various needs. Banks have an information system based on a scoring model that takes into account various 
assessed characteristics of a person, which allows them to evaluate a client to form a final score in order to 
make a decision on the allocation of funds. In many banks forms of online interaction with a client for 
obtaining a loan have been developed, through a questionnaire presented on the bank's website. In Russia, 
there is a United Credit Bureau, which, based on a scoring model, provides clients with highly effective 
services for risk assessment, loan portfolio management and anti-fraud [1]. For innovative projects assessed 
by Foundations and companies, it is possible to use scoring to assess the prospects and competitiveness of 
the project in the first approximation. The digitalization of the economy and the transition to a online format 
for analyzing applications for financing innovative projects and use of mathematical methods have a number 


