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Currently, global energy consumption is growing. 
Traditional energy sources are becoming more efficient, but the 
growth of the world's population leads to a general increase in 
energy consumption. Thus, according to the forecasts of the 
International Energy Agency, the forecast for energy 
consumption for 2030 will be 33.4 trillion kW * h, and by 2050 it 
will increase to 41.3 trillion kW * h. In this regard, to ensure the 
growth of global demands, the energy sector needs fundamental 
changes, namely, decentralization of generation, introduction of 
smart  grids  (Smart  Grid),  and  the  use  of  alternative  energy  
sources (solar energy and wind energy). Only in this case will it 
be possible to radically reduce the cost of electricity. However, 
the use of alternative energy sources within the framework of the 
wholesale electricity and capacity market currently operating on 
the territory of the Russian Federation is impossible without the 
use of such short-term day-ahead forecast models. This article 
analyzed the existing methods of short-term forecasting, which 
are used to build forecasts of the generation of electric energy in 
solar power plants. And also, their classification was worked out. 
To date, there is already a fairly large number of prognostic 
models built within the framework of each of the selected 
methods for short-term forecasting, and all of them differ in their 
features. Therefore, to highlight the most promising method for 
short-term forecasting for further use and development, an 
analysis  of  some  of  the  existing  prognostic  models  was  carried  
out. During the study, the accuracy of forecasting for each of the 
short-term forecasting methods was evaluated and a conclusion 
was drawn on the prospects for the use and further development 
of a hybrid statistical-adaptive method. 

Keywords: data mining, forecast, electricity, generation, 
solar power plants, renewable energy sources. 
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THERMAL POWER MODEL OF INDUSTRIAL POWER PLANTS 

Aleksandra V. Varganova 
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The paper presents an approach to the development of a heat 
and power model of industrial power plants. This algorithm is 
based on dynamic programming and modified sequential 

equivalence methods. The combination of the proposed methods is 
distinguished by the possibility of constructing models in a tabular 
form taking into account constraints in the form of equalities and 
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inequalities. In addition, models can have points of discontinuities. 
The main criterion for optimization is the minimum of total costs 
for the primary energy carrier taking into account the costs of in-
house needs and the wages fund. When constructing an equivalent 
model, technical and economic models of boiler units are used as 
initial data, which represent the dependence of the boiler steam 
output on the prime cost of live steam taking into account the fuel 
consumption for the production of 1 ton of live steam and possible 
volumes of energy resources in the fuel mixture of the boiler (for 
example, a mixture of blast furnace and natural gases). The 
equivalent model allows for the required steam capacity (taking 
into account the heating and production withdrawals) of the power 
plant to determine the optimal load of the boilers in terms of 
thermal power and, corresponding to them, the primary fuel 
consumption, as well as the costs of it. When constructing the 
model, the operational characteristics of the boilers are taken into 
account, namely, the temperature of the feed water and the steam 
pressure in the drum. A distinctive feature of the thermal power 
plant model is the consideration of all possible fuel ratios when 
searching for the optimal value of the power plant steam capacity. 
The developed algorithm is implemented in the original KATRAN-
OptHeatPower software product intended for planning and making 
operational decisions in the management of normal, repair and 
post-emergency modes of industrial thermal power plants. 

Keywords: technical and economic model, energy boiler, 
energy resource, turbine generator, local power plant, power 
supply system, industrial plant. 
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Pilot projects of digital substations under current 
development are based on the application of the IEC61850 
standard. Typically, such projects use a separate station and 
process buses. Therefore, instantaneous current and voltage 
measurements are transmitted in the SV protocol with the 
response  time  of  25  ms,  and  the  same  network  is  used  for  
synchronization of measuring devices with PTP protocol. In this 
case the process bus is characterized by high load and, to 
implement it, the capacity of 100 megabit Ethernet commutator 
switch is not high enough, so in some cases, Gigabit Ethernet 
technology must be used, which increases the cost of the project 
significantly. Due to its high load, the process bus can’t be used 
to transfer the control commands, which are transferred by means 
of GOOSE protocol, that is why a separate network referred to as 
the station is used for it. This makes the substation 
communication network very complicated, which is inconvenient 
from the point of view of operation and maintenance. The paper 
is concerned with an alternative variant of transmission of current 
and voltage measurements by means of 37.118 protocol. Unlike 

Sampled values protocol, this one makes it possible to transmit 
vector measurements calculated on the basis of measurements for 
one basic frequency period. At present, this protocol is used in 
the wide-area measurement system (WAMS) with the update rate 
of vector data every 20 ms. However, the update rate is an 
adjustable parameter and if one can provide transmission of 4 
vectors for one basic frequency period, it is possible to provide 
the required protection response time of the digital substation of 
25 ms. The paper describes the main approaches to testing and 
implementation of a measuring digital substation o the basis of an 
operating WAMS system. 

Keywords: digital substation, protection functions, vector 
measurements. 
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The development of regime management plans cannot be 
expected without forecasts, since they directly influence upon the 
quality of the entire regime management process. Electricity 
consumption and load graphs are the basis for energy balances 
and are therefore the focus of attention. The robustness of the 
forecast balances is very high. For many years, the most common 
way of describing electricity consumption has been the time 
series. To create it, you need to know the parameters (amplitudes, 
frequencies and phases) of the harmonics. The problem of 
simulation of electric consumption and load graphs of EPS with 
specific properties based on the application of artificial 
intelligence methods is considered. The paper considers various 
methods of simulation of load graphs and electric consumption 
(application of Fourier series, gradient optimization, methods 
based on swarm intelligence), which imply the selection of 
necessary coefficients. All this will help to improve the reliability 
of forecasts and will make it possible to increase the use of 
information technologies in the planning of EPS regimes. The 
tool used was the experimental software developed by the 
authors, which has a state registration certificate. In order to 
verify the universality of the methods of coefficient selection 
under consideration, further consideration was given to the 
Siberian interconnection system and the isolated electric power 
system of Gorno-Badakhshan Autonomous Oblast (GBAO). 

Keywords: power consumption forecasting, time series, 
Fourier series, gradient method, particle swarm method, bee 
swarm method. 
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Improvement of the existing facilities is an important topic 
for research. Mechanisms of metallurgical enterprises involved in 
a complex technological cycle often operate under conditions of 
increased vibrations and the presence of polluting components in 
the environment, these factors together negatively affect the 
measuring devices reducing the accuracy of their measurement. 
Switching to sensor-free control systems allows you to reduce the 
size of the device, get rid of measurement errors arising from the 
presence of connecting components between sensors and 
information processing devices. It also increases the system 
performance. All these indicators directly affect the quality of 
products. Parallelization of sensorless control systems is possible 
by introducing speed observers into the system, which use data 
obtained in the frequency converter for other purposes to obtain 
the necessary output parameters. Observers represent a 
mathematical structure that functions according to certain rules or 
algorithms. The paper considers several types of observers 
selected on the basis of a number of criteria, the main one being 
ease of implementation. The object in question uses an 
asynchronous motor with a short-circuited rotor, which is 
controlled by a frequency converter. In the Matlab mathematical 
modeling environment, the following were developed: a coiler 
drive control system, a non-adaptive observer, a Kalman observer 
(filter), an adaptive observer with flow coupling comparison, and 
an  adaptive  observer  with  EMF comparison.  The  system with  a  
non-adaptive observer was taken as the reference model since the 
data of the transient process in speed coincided with the data 
obtained from the speed sensor with a minimum error. 
Comparison of the simulation results was carried out on the basis 
of the analysis of the error of the obtained speed characteristics 
when using different types of speed observers. 

Keywords: electric drive, control system, speed monitors, 
coiler, Simulink simulation, Matlab, asynchronous motor. 

REFERENCES 
1. Kapuntsov Yu. D., Eliseev V.A., Ilyashenko L.A. El-

ektrooborudovanie i elektroprivod promyshlennykh ustano-
vok [Electrical equipment and electric drive of industrial in-
stallations]. Moscow: High school, 1979, 359 p. (In Russian) 

2. Fotiev M.M. Elektrooborudovanie predpriyatiy chernoy 
matallurgii [Electrical equipment of ferrous metallurgy en-
terprises]. Moscow: Metallurgy, 1980. 312 p. (In Russian) 

3. Bychkov V.P. Elektroprivod i avtomatizatsiya metallur-
gicheskogo proizvodstva [Electric drive and automation of 
metallurgical production]. Moscow: High school, 1977, 
391 p. (In Russian) 

4. Sinyukov A.V., Sinyukova T.V. Optimization of the tension 
control system in the intercellular spaces of the cold rolling 
mill. XVI Vserossiiskaya naucho-prakticheskaya konfer-
entsiya studentov i aspirantov [XVI all-Russian scientific 
and practical conference of students and postgraduate stu-
dents], Stary Oskol, 2019, pp. 445-447. (In Russian) 

5. Sinyukova T.V., Sinyukov A.V. Non-adaptive observers in 
electric drive control systems. Upravlenie bolshimi sistema-
mi: sbornik trudov XV Vserossiyskoy shkoly-konferentsii mo-
lodykh uchyenykh [Management of large systems: proceed-
ings of the XV all-Russian school-conference of young sci-
entists]: in 2 volumes, vol. 2. Voronezh state technical Uni-

versity, September 10-13, 2018. Voronezh: VSTU Publish-
ing house, 2018, pp. 103-109. (In Russian) 

6. Sinyukova T.V., Sinyukov A.V., Sinyukova A.A. Applica-
tion of adaptive observers in the control  system of the elec-
tric drive of the movement mechanism. Upravlenie bolshimi 
sistemami: sbornik trudov XV Vserossiyskoy shkoly-
konferentsii molodykh uchyenykh [Management of large sys-
tems: proceedings of the XV all-Russian school-conference 
of young scientists]: in 2 volumes, vol. 2. Voronezh state 
technical University, September 10-13, 2018. Voronezh: 
VSTU Publishing house, 2018, pp. 110-115. (In Russian) 

7. Sinyukova T.V., Sentsov E.V., Sinyukov A.V. Neural net-
work speed observers // 2019 1st International Conference 
on Control Systems, Mathematical modeling, Automation 
and Energy Efficiency (SUMMA), Lipetsk State Technical 
University, 2019. 

8. KalachevYu.N. Nablyudateli sostoyaniya v vektornom el-
ektroprivode [State observers in a vector electric drive]. 
Moscow, 2015. 60 p. (In Russian) 

9. Domanov V.I., Domanov A.V., Bilalova A.I. Synthesis of 
sensorless induction motor control system. Promyshlennye 
ASU i kontrollery [Industrial ACS and controllers]. 2018, 
no. 7, pp. 3-9. (In Russian) 

10. Dadenkov D. A., Belonogov A.V., Varzanosov P.V. Non-
static vector control with adaptive speed observation and di-
rect correction of the electric angle. Fundamentalnye issledo-
vaniya [Fundamental research], 2016, no. 11-3, pp. 505-509. 
(In Russian) 

11. Meshcheryakov V.N., Pikalov V.V., Boikov A.I. Investiga-
tion of a full-order observer for a sensorless electric drive 
system. Vesti vysshikh uchebnykh zavedeniy Chernizemya 
[Proceedings of higher educational institutions of the Cher-
nozem region], 2018, no. 4 (54), pp. 39-49. (In Russian) 

12. Ostrovlyanchik V.Yu., Popolzin I.Yu. Model of asynchro-
nous motor for sensorless information and control systems of 
automated electric drive. Vestnik Kuzbasskogo gosudar-
stvennogo tekhnicheskogo universiteta [Bulletin of Kuzbass 
State Technical University], 2016, no. 1 (113), pp. 111-120. 
(In Russian) 

13. Dadenkov D.A., Solodkiy E.M., Shachkov A.M. Modeling of 
a vector control system for an asynchronous motor in the 
Matlab/Simulink package. Vestnik Permskogo natsionalnogo 
issledovatelskogo politekhnicheskogo universiteta. El-
ektrotekhnika, informatsionnye tekhnologii, sistemy upravleni-
ya [Bulletin of Perm National Research Polytechnic Universi-
ty. Electrical engineering, information technologies, manage-
ment systems], 2018, no. 11, Pp. 117-128. (In Russian) 

14. Nguyen K.T. Sensorless vector control system for torque and 
speed of induction motor. Elektrotechnika [Electrical engi-
neering], 2012, no. 2, pp. 11-15. (In Russian) 

15. Sokolovsky G.G. Elektroprivody peremennogo toka s 
chastotnym regulirovaniem [AC-Drives with frequency 
regulation]. Moscow: Academy, 2006. 265 p. (In Russian) 

16. Braslavsky I.Ya., Ishmatov Z.Sh., Polyakov V.N. Energos-
beregayushchiy asinkhronnyi elektroprivod [Energy-saving 
asynchronous electric drive]. Moscow: Academy, 2004. 
256 p. (In Russian) 

 

., ., . -
 

 // -
. 2020.  3(48). 

. 28-32. https://doi.org/10.18503/2311-8318-2020-
3(48)-28-32 

 Meshcheryakov V.N., Sinyukova T.V., Sinyukov A.V.
Investigation of the Coiler Drive Control System with 
Different Types of Speed Observers. Elektrotekhnicheskie 
sistemy i kompleksy [Electrotechnical Systems and Com-
plexes], 2020, no. 3(48), pp. 28-32. (In Russian). 
https://doi.org/10.18503/2311-8318-2020-3(48)-28-32 

  



 ,
 

. 3(48). 2020 33 
 

 621.314.26 https://doi.org/10.18503/2311-8318-2020-3(48)-33-40 

., ., ., . 

. .  

  
  

 

-
 ( )  ( ) -

.  
, . -

 ( )  
, . -

, -
.  

, .  
.  –  1750 

 «MMK Metalurji».  Matlab Simulink -
. -

 
. -

. , -
. -

-
. -

.  

: , , , , 
, , ,  

. 
1 

 
-

,  
. -

 
 ( ) -
.  

-
 

 ( ),  
-

, -
.  

-
-

 – IGBT-  IGCT-
 [1].  

 ( ). 
,  

,  
 [2-4]. -

-
 10% -

                                                
© ., ., .,  

., 2020 

 [2]. 
 

 ( ) -
, , ,  

.  
: -

, , . 
 [5, 6]  

 
.  

.  
-

, -
-
 

-
.  

 
 

: 1) -
-

 [7]; 2) -
 [8, 9]; 3) -

 
, -
 [2]. 

 
 ( )  



 ,
 

34 . 3(48). 2020 
 

 
-

,  
.   

 
-

, -
-

, -
 

 [5, 10]. 
:  

 
. -

,  
. -

 
 

. -
-

,  
, -

.  
 

-
.  

 

-
 1750 

 «MMK Metalurji».  .  1 -
.  

.  -
-
 

.  
-

 380/34,5 .  
-

 34,5 , -
. -

 380 , , 
 

 34,5 .  
-

 (  9,5 ).  
 
 
 

 0  +30° . -
-

.  
-

 5-  7- -
-

. . 
-
-

 IGCT-  [11].  

 
. 1.  1750 

 «MMK Metalurji» 

   

 
 

Matlab-Simulink.  34,5  
 

-
. 12-  

,  
 30° . 

-
.  

-
 

 4840/2 . -
-

 [12] -
 . 2.  

 – 
-

 dq,  – -
.  

-
 [7]. 

 
. 2. ,  

 Matlab 

  



 ,
 

. 3(48). 2020 35 
 

   
 30%  

 200  
 

 . 3, -
 200 ; -

 
30%  UDC -

 . 3, .  

 
. 3.  

 30%  200 :  
 –  34,5 ;  –   

;  –   
;  –  
;  –  

 

 
,  

, -
-

 . 3,  3, .  
 ( . 3, ). 

 
 1750. -

 4510 . 
-
-

 5280 . -
 

. -
, -

. 
, , -

 
 

-
,  

, -
 [13]. 

-
 

 MATLAB  
Simulink [14]. -

 
-
-

. -
 

.  .  4 -
-

.  
 

.  
-

. -
 

 Usq ,  
, . 

-
 Iq =  -600  A,   

.  
. 

 
. 4.  

 (abc/dq0 – ; 
RMS – ; 
UqRMS  – ; 
Iq . –  

; Iq .  –  
; PLL –  

) 



 ,
 

36 . 3(48). 2020 
 

 .  5 : )  
 34, 5 , )  

,  -600 , )  
,  )  )  .  

, -
 
 

. 

  
. 5.  

 30%  200 :  
a –  34,5 ;  –  

;  –   
;  –  
;  –  

  

 
 

. ,  
, -

, -
.  

 
,  

. 

   
   

 

 
-
-
-

,  
. [5, 15]. -

-
 

 ( ). -
,  30% -

. -
-

 ( . 6) [17]. . 6 ,  
 
 

 [16].  
,  

-
. 
 

, -
, -

-
.  -

-
 

. -
, -

-
 ( . 7).  

 . 8  
-
-

.  
, -

.  -
 
 

»  
-
 

.  
 
 

. -
.  

,  
 

, . 

4500

5000

5500
Udc, 

t = 200 

Umax = 5023 B

U  min = 4600 B

U = 4840 

-1500

1500

3000 Ia(t) Ib(t) Ic(t)

Ic, A

0

-3000 t = 200 

t = 200 

0

-500

500

Iq, A

t = 200 

1000

500

1,8 t, 1,71,61,51,41,3

1500

Irms, A
I = 1495 A

I = 1500 A

Umin = 4661 B

U  max = 5100 B

t = 200 

-20

-40

0

20

40
Ua(t) Ub(t) Uc(t)

Uabc, 

Iq = - 600 A



 ,
 

. 3(48). 2020 37 
 

 
. 6. , :  

,  – ; ,  –  

 

 
. 7.  

 (Uabc.  –  
; Uabc.  –  

; _Iq –  
; Id. , Iq.  –  

; m – ; 
 – ; Pulses –  

) 

  
. 8.  

 
, ,   

  
 

  

 

UDC,

 
 

,  
 

Iabc. = 750 A

UDC.min = 4820 B

 

 2-  

4800

4600

5200

0 5

5000
UDC. = 4860 B

10 15

  
 

3-  

 
 

4-  

t, 

UDC.max = 4905 B

UDC,

UDC.min = 4601 B

 

 2-  

4800

5200

0 5

5000

10 15

  
 

3-  

 
 

4-  

t, 

Iabc, A
 

 2-  

600

200

1400

0 5

1000

10 15

  
 

3-  

 
 

4-  

t, 

 

 2-  

600

200

1400

0 5

1000

10 15

  
 

3-  

 
 

4-  

t, 

Iabc, A

4600

4400

UDC. = 4860 
B

UDC.max = 5178 B

,  
 

Iabc. = 750 AIabc.max = 995 A

Iabc.max = 1393 A

5400



 ,
 

38 . 3(48). 2020 
 

 

1. -
-

. -
 MATLAB  Simulink -

 
1750  «MMK Metalurji»  

-
-

. 
2. -

 
-

 30%  200 .  
,  

,  
.  

3. , -
 
 

.  
4.  -

-
 

, : 1) -
 

,  
; 2) -

, 
-

,  
-
, 
 

; 
3) -

; 4) -
.  

-
 

 [18, 19]. 
5. ,  

 
,  

-
. 

6.  -
-

.  
 
 

,  
.  

 
 

 FZRU-2020-0011). 
 

1.  
 / . , 

. , . , . , 

.  //  
. 2013. 1. . 80-83. 

2. ., ., . -
-

 // -
: . 2011.  4. . 35-41. 

3. . ., . . -
 

-
 // . 

. 2004.  6. . 18-22. 
4. ., .  

 //  
. 2015.  2-4 (7). . 6-7. 

5.  
-
 

-
 /  .  ,  .  ,  .  ,  

. , .  // :  
. 2014. 1. . 1-11. 

6.  
 “Metalurji”  

 / 
. , . , . , 
.  //  

. 2015. 3(28). .8-14. 
7. ., ., . -

-
-

 // . 2017. . 3. . 59-69 
8. ., ., . -

-
-

 // -
. 2017.  1 (34). . 4-9. 

9. ., .  
 

 // -
: . 2015. . 2. 

 1. . 30-37. 
10. ., ., . -

-
-

// -
-

. 2019. 5. . 48-58. 
11. O’Brien  K.,  Teichmann  R.,  Bernet  S.  Active  rectifier  for  

medium voltage drive systems // Applied Power Electronics 
Conference and Exposition (APEC), 2001. 
DOI: 10.1109/APEC.2001.911701. 

12. .  
 

5000 // :  
. 2014. 3. . 16-25. 

13. ., ., . -
-

 // : -
. 2014. 2. . 3-9. 

14. -
 / . , . -

,  .  ,  .   //  -
:  

, , . 
2016.  . 100-106. 

15. ., ., .  
 
 

// :  
. 2015. .2. 4. .72-76. 

16. ., ., . -
 



 ,
 

. 3(48). 2020 39 
 

-
 // -

.  « ». 2018. . 18. 4. . 89-100. 
17.  32144-2013. . -

.  
-

. .: , 
2014. 20 . 

18. Azeddine Draon, Senior Mieee A space vector modulation 
based three-level PWM Rectifier under Simple Sliding Mode 
Control Strategy // Energy and power Engineering, 2013. 
No 5. P. 28-35. 

19. Farhan Beg Space Vector Pulse Width Modulation Tech-
nique Based Design and Simulation of a Three-Phase Volt-
age Source Converter System // World Academy of Science, 
Engineering and Technology. 2014. No 9. P. 1304-1307. 

 17  2020 . 

INFORMATION IN ENGLISH 
 

IMPROVING THE STABILITY OF OPERATION OF ELECTRIC DRIVES ON THE BASIS OF FREQUENCY  
CONVERTERS WITH ACTIVE RECTIFIERS DURING THE EXTERNAL VOLTAGE DROPS AND PARALLEL  
OPERATION WITH ELECTRIC ARC FURNACE 

Alexander A. Nikolaev 

Ph.D. (Engineering), Associate Professor, Head of Department of Automated Electric Drive and Mechatronics, Nosov 
Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: aa.nikolaev@magtu.ru. ORCID: 
https://orcid.org/0000-0001-5014-4852. 

Alexander S. Denisevich 

Graduate student, Department of Automated Electric Drive and Mechatronics, Nosov Magnitogorsk State University,  
Magnitogorsk, Russia. E-mail: denisevich993@mail.ru. 

Igor A. Lozhkin 

Graduate student, Department of Automated Electric Drive and Mechatronics, Nosov Magnitogorsk State University,  
Magnitogorsk, Russia. E-mail: i.lozhkin@magtu.ru. 

Veronika A. Laptova 

Bachelor degree student, Department of Automated Electric Drive and Mechatronics, Nosov Magnitogorsk State University, 
Magnitogorsk, Russia. E-mail: nikalaptova@gmail.com. 

The article is devoted to the comparative analysis of the 
effectiveness of the method of generating reactive current during 
the external voltage drops from the point of view of ensuring the 
stability of the main electric drives of rolling mills on the basis of 
three-level frequency converters with active rectifiers. Moreover, 
the article contains the result of the simulation of parallel 
operation of the frequency converter with active rectifiers and 
electric steelmaking complex at overvoltages caused by switching 
of filter-compensating circuits of the stationary thyristor 
compensator. These methods are proposed for increasing the 
stability of the operation of the inverter with active rectifiers 
when operating in parallel with an electric arc steel-making 
furnace (EAF) with additional voltage distortions caused by 
transient processes during switching of the stationary thyristor 
compensator and filter-compensating circuits. Modern electric 
drives of rolling mills are usually performed based on powerful 
synchronous motors and frequency converters consisting of 
active rectifiers and inverters. Unbalanced voltage drops that 
occur in the external power supply often lead to break-downs of 
the main electric drives, which lead to economic losses and 
defective products. Ensuring stable operation of rolling mills in 
such modes is an important task. The objects of study are hot 
rolling mill 1750 of the CJSC "MMK Metalurji". Mathematical 
models of frequency converters have been developed using by the 
Matlab-Simulink software for the PWM algorithm with the 
removal of the selected harmonics and an advanced system for 
diagnosing of voltage dips. The mathematical models have been 
used to study the operation of the active rectifier for normal 
operation mode and during voltage drops. Also on the basis of the 
mathematical model, the analysis of active rectifier input currents 
and DC-link voltage has been made. Studies have shown that 
active rectifier faults can occur by operation of input overcurrent 
protection or DC-link minimum voltage protection. The 

comparative analysis results of working of FC-AR with the 
method of generating reactive current during the external voltage 
drops has been presented. In addition, the conclusions about 
influence of regulators parameters in AR control system on 
stability of working of FC-ARs for voltage drops situations have 
been made. 

Keywords: active rectifier, frequency converter, pulse-width 
modulation, algorithms of the PWM, mathematical model, 
Matlab Simulink, voltage drops, electric drive stability, control 
system, rolling mill, static var compensator, filter compensating 
circuit, electric arc furnace. 
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The  analysis  of  common  methods  and  systems  of  thermal  
protection of electric motors is carried out. It is shown that the 
most promising of them are the methods based on monitoring the 
active  resistance  of  the  stator  winding  of  an  electric  motor,  the  
value of which is uniquely determined by its temperature. 
However, such methods require either the input of a constant 
measuring current, or the selection of the indicated parameters by 
an algorithmic way from the operating variables. A new method 
of thermal protection of AC electric motors is proposed. The 
method is based on the fact that a change in the active and / or 
reactive components of the impedance of the winding due to a 
change in its temperature causes a corresponding change in the 
angle between the vectors of phase voltages and currents. This 
provides thermal protection by controlling the change in the 
specified angle. The corresponding version of the structural block 
diagram of the device that implements the proposed method of 
thermal protection has been developed. Experimental studies 
have been carried out, the results of which have confirmed the 
efficiency and effectiveness of the proposed technical solution. 

Keywords: AC motor, thermal model, soft start device, 
active resistance of the stator winding, synchronous detector, in-
phase and quadrature components of the supply voltage, phase 
difference between voltage and current vectors. 
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Now in connection with a steady trend of application of 
asynchronous motors practically in all industries, there is 
frequently a necessity for calculation of parameters of the motor, 
which are not present in the reference data. Knowledge of the 
following asynchronous motor parameters in various operating 
modes is required: idling mode, nominal mode, arbitrary load 
mode, starting mode. Their calculation is based on substitution 
schemes, the accuracy of which depends largely on the accuracy 
of the calculation of current and no-load losses.  In this article, a 
number of well-known theoretical and practical methods for 
calculating current and no-load losses of idling speed are 
considered. The substantiation of a possibility of no-load current 
calculation is carried out on the basis of reactive power balance 
of an asynchronous motor for nominal mode according to motor 
passport data. The rational expression for no-load current 
calculation is obtained.  The considered methods of no-load 
current calculation and the data given in the reference literature 
are investigated with reference to two types of boosters from the 
power group up to 100 kW and power 1000 kW. Within the 
framework of the research, idle current calculations were carried 

out on the basis of passport data of the considered motors and the 
evaluation of the obtained results was given. It is established that 
the expression for no-load current calculation obtained from the 
condition of reactive power balance in the nominal mode gives 
the closest values to the results of calculation using the basic 
method based on the data for the nominal mode and their values 
at partial loads on the engines. 

Keywords: asynchronous motor, parameters, energy diagram, 
nominal mode, partial load, idle current, calculation methods, 
calculation graphs, energy curves, tabular data, reactive power 
balance, comparison of results. 
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The article considers three options for the using of non-raw 
material workpieces during design preparation of the production, 
in which the workpiece can be a purchased component, a part or 
an assembly unit. The authors carried out the analysis of the 
reasons for using such workpieces during design preparation. The 
main reason for using a purchased component or a standard unit 
as workpieces is simplifying the production process or decreasing 
price of the production. The main reason of using of an assembly 
unit  as  a  non-raw  material  workpiece  is  decreasing  the  time  of  
making specification document during design preparation. Also, 
the article describes the rules for the composition formation in the 
enterprise information systems for each of these three options. 

The main risk of using such workpieces is a gap in the 
mechanism of notification changes. Changes in the workpiece 
must be transmitted somehow to the elements generated from it. 
This risk can be mitigated with the help of a PDM information 
system that monitors all changes by organizing an associative 
relationship between the element and its workpiece. The 
described mechanism used in PDM is named “Product 
composition 2.0” at Novator Design Bureau, Yekaterinburg. 

Keywords: components having workpieces, production 
preparation, PDM, composition of product, USDD, electronic 
structure. 
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In the process of designing various electric power facilities, 
the design engineer processes a large amount of information. It 
includes technical parameters of equipment (types, capacities, 
ratings, dimensions, classes of protection and fire safety, etc.), 
normative and technical documentation (State Standards, 
Construction Standards and Regulations, etc.), which in one way 
or another directly influence the final result of the project. In 
addition to searching for and processing this information, the 
designer uses it to select and calculate various options. The 
engineer is heavily overloaded with information, which often 
leads to errors and inaccuracies in the development of the project. 
All this together makes it necessary to develop CAD to facilitate 
the work of the designer. In the construction of CAD, one of the 
main and integral stages is the development of a database, which 
is a set of data stored in a computer that meets the information 
needs of computer-aided design with minimal redundancy and 
maximum possible speed, thereby relieving the designer of 
lengthy searches for information. However, creating a database 
does not mean just collecting a large amount of information in 
one  place.  In  order  to  work  together  with  CAD,  a  schema  is  
formed, which is represented by a logical structure for creating 
and  maintaining  a  database.  A  schema  is  a  set  of  rules,  which  
organize information, create logical and functional relationships 
and implement relationships between database objects. This paper 
discusses the process of developing a database for CAD "closed 
switchgear CAD". The basis for the database is a widespread and 
easy-to-learn Microsoft SQL Server platform. The basic 
principles of building links in this database with examples are 
considered.  

Keywords: SQL, database, designing, electrical engineering, 
CAD, algorithm, software, development, substation, automation. 
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