


 
 

298                                                                             PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 5/2024 

 

 PRZEGLĄD ELEKTROTECHNICZNY  Vol 2024, No 5 
 

 

  
Contents 

 
 

 

 

01 Serafin Bachman, Marek Turzyński, Marek Jasiński1 - Modern control strategy of bidirectional DAB 
converter with consideration of control nonlinearity

  1 

02 Mariusz ZDANOWSKI, Piotr GRZEJSZCZAK - Didactic workstations in the ISEP/ZEP WUT power electronics 
laboratory - development and implementation in the didactic process

  8 

03 Paweł CZOPEK, Jakub BERNAT - The Axisymmetric MRE Actuator in PIR control system 13 
04 Robert SURUS, Tomasz TARCZEWSKI - Finite Control Set Model Predictive Current Control for Reluctance 

Synchronous Motor - Current Ripple Analysis 
 19 

05 Karol NAJDEK, Radosław NALEPA - Energy Management in a Proton Exchange Membrane Fuel  Cell-based 
DC Microgrid Using Feedback Linearization Control and GWO 

 25 

06 Sebastian Bąba, Grzegorz Palesa, Jarosław Wiśniewski, Filip Mańka - Considerations on SiC MOSFET 
TSEP-based junction temperature measurement routines in practical use 

 31 

07 Mateusz WASILEWSKI, Piotr FALKOWSKI - DC-AC converter, with additional, intermediary DC-DC converter  38 
08 Wiktor MALESZA1 - On feedback linearization of input constrained systems  45 
09 Bartłomiej WICHER, Stefan BROCK - Tuning algorithm for ADRC speed control dedicated to two - mass 

system 
49 

10 Rafał Miśkiewicz,  Przemysław Trochimiuk,  Jacek Rąbkowski - Maximizing the efficiency of the AC/DC 
and DC/DC converters by changing the DC-link voltage

 56 

11 Radosław NALEPA, Karol NAJDEK - Estimation of the boost converter inductance current in dynamic 
conditions by means of NARX neural network

63  

12 Wojciech JURCZAK, Dawid STAWIARSKI, Kamil ZYGMUNT – Method of analyzing the current flow in the 
capacitor bank of the intermediate DC circuit of the frequency converter

 68 

13 Adam MUC,  Andrzej KASPROWICZ,  Piotr MYSIAK3`- Passive concentrator for single-phase inverters with 
three-phase output using magnetically coupled reactors

 76 

14 Krzysztof NOWASZEWSKI,  Krzysztof KULIKOWSKI,  Andrzej SIKORSKI,  Mateusz WASILEWSKI,, Adam 
KUŹMA, Krzysztof DMITRUK,  Hubert JAKUBOWSKI - Conducted emission at the input port of the ground 
power supply unit for 28 V DC and 270 V DC aircrafts 

 82 

15 Adam MUC, Jan IWASZKIEWIC - Three-phase Cascade Inverter Controlled by Signals Calculated based on 
the Haar Wavelet 

 86 

16 Albert SAWIŃSKI,  Piotr Chudzik,  Karol Tatar - Synthesis and research of the quadrotor sliding mode control 
algorithms 

 92 

17 Konrad URBANSKI, Stefan BROCK, Dariusz JANISZEWSK -  Control of the system using a controller with 
delayed inputs 

 99 

18 Karol WRÓBEL,  Krzysztof SZABAT,  Bartłomiej WICHER,  Stefan BROCK -- Hybrid sliding Luenberger 
observer for drive system with elastic connection 

104 

19 Marek ZENKER -  Influence of temperature on the dielectric response in the frequency domain of dry cellulose 
and aramid paper impregnated with exploited and regenerated synthetic ester 

108 

20 Juwita MOHD SULTAN, Nurul Najihah KAMARUZAMAN,  Amir Rashid CHAUDHARY,  Azdiana Md 
YUSOP,  Zahariah MANAP, Darmawaty MOHD ALI- Precision Indoor Positioning with Ultra-Wideband (UWB) 
Technology 

 112 

21 Viktor DUBIK, Vitalii KAMISHLOV, Oleg TKACH,  Oleg HORBOVY, Viktor MAZUR, Ihor KUPCHUK, 
Hanna PANTSYREVA,  Olha ALIEKSIEIEV - Analysis and calculation of the dynamic voltage reserve of the 
converter when working under load in systems of subject regulation by electric drives of direct current 

117 

22 Wong Kok LONG,  Mohamad Fani SULAIMA,  Mohamad Naím Mohd NASIR,  Zulhasrizal BOHARI1- 
Investigation of Load Variant Under Power Distribution Network Reconfiguration Using EPSO Algorithm 

1248

23 Lucie SOUSEDIKOVA, Milan ADA - Electrodermal Activity in Polygraph Testing 129 
24 Soumia Benbakreti, Samir Benbakreti, Kadda Benyahia, Abdelkader Khobzaoui - Pretrained models for 

classification of dementia degree and treatment of Alzheimer’s disease
135 

25 Mariem BELKEDARI, El mostafa LITIM , Abdelkader BELAIDI, Abdelwaheb HENNI MANSOUR -  Model 
free sliding mode control for serial robot manipulator: rigid and elastic joint robot

139 

26 Hiroyuki KAGAMI,  Atsushi TERADA, Katsushige NAKASHIMA3- Verification of the effect of hot springs on 
arteriosclerosis based on the mathematical model of arteriosclerosis onset Ⅱ: in case of weak radioactive 
springs 

145 

27 Ilies. Rezzag Bara, Wafa Krika, Ahmed Nour El Islam Ayad, Benyekhlef Larouci,  Houari. Boudjella, A. 
Ouddane, O. Kherroubi - Study and measurement of magnetic emission generated by underground 400kV 
power cables 

14 

28 Volodymyr HRABKO, Dmytro PROTSENKO,  Andrii BARTETSKYI,  Iryna GUNKO,  Ludmila SHVETS,
Kateryna CHMYKH,  Olena TRUKHANSKA, Vadym RYABOSHAPKA - System diagnostics of braking circuits 
of frequency-controlled asynchronous electric drives converters using FPGA

153 



 

 PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 5/2024                                                                                     299 

 

         PRZEGLĄD ELEKTROTECHNICZNY  Vol 2024, No 5 
 

 

 

 
Contents 

 
 

 

29 Bouchra Benabdelkrim, Touhami Ghaitaoui, Ali Benatiallah, Khaled Koussa - Artificial Neural Networks 
technique for Parameters Estimation of Amorphous Silicon Solar Module

158 

30 Bakhta Naama, Kaouther Dahmani, Amel Abrouche, Hamid Bouzeboudja -  Solving the economic dispatch 
by new hybrid algorithm 

164 

31 Henryk BANACH -     Minimization of power losses in a separately excited DC motor 170 
32 Tanakorn Inthasuth, Panaupong Maneechay, Pongsatit Chuayniam, Khankrit Meekaew, Chinda 

Samakee -    Integrating Face Detection and Energy Monitoring for Enhanced Energy Suitability in Room 
Environments 

174 

33 Komkris Boonying, Ekasit Nugoolcharoenlap - Analysis and Design of Superstrate for Gain Enhancement 
of Meta-Surface Antenna 

178 

34 Wittawat POONTHONG, Toshifumi YUJI, Toshio BOUNO, Khanchai TUNLASAKUN,  Narong 
MUNGKUNG, Somchai ARUNRUNGRUSMI,  Apidat SONGRUK,   Noritsugu KAMATA, Shinichi HARAD -   
Motivational Effecting on Career Education Choice of Electrical Engineering Course for Community College in 
Thailand by Survey Data Analysis 

184 

35 Vinoth Kumar K,  Kowsalya M,  In-Ho Ra,  Samanvita N,  Amarjeet Singh,  Venkatesh Kumar P -     An 
Analysis of Positive Switching Impulse Voltage and negative streamer growth in point-sphere gap towards 
Valve Hall 

190 

36 Jerzy GOŁĘBIOWSKI,  Marek ZARĘBA - Stationary thermal field in the direct current gas-insulated line 194 
37 Jirapong JITTAKORT, Saichol CHUDJUARJEEN, Charnyut KARNJANAPIBOON,  Suwat 

KITCHAROENWAT - Enhanced Half Bridge Series Resonant Inverter for Induction Cap Sealing with Controlled 
load adaptation 

198 

38 Saheed Lekan GBADAMOSI, Nnamdi I. NWULU - Simulated blockchain-enabled peer-to-peer energy trading 
in marketplace 

205 

39 Amir Nasir, Seyed Vahab AL-Din Makki, Ali Al-Sabbagh - Pandemia Prediction Using Machine Learnin 211 
40 David I. Forsyth, Kanar R. Tariq, and Ahmed Jamal Abdullah Al-Gburi - Fully spectrum-sliced four-wave 

mixing wavelength conversion in a Semiconductor Optical Amplifier
219 

41 Gulschen KERIMZADE - Calculation of parameters of control induction support 219 
42 Suresh.K, Porkumaran.K, SanjeeviGandhi.A, G.Venkatesan, C.Jeeva - Combined Simulated annealing and 

Improved Binary PSO based Optimal Corona Ring Design for High Voltage Transmission Line 
222 

43 Mariusz STĘPIEŃ, Henryka Danuta STRYCZEWSKA - Perspectives of the development of applications of 
superconductivity in electrical and power engineering - the road map

230 

44 Nijat Mammadov, Ilkin Marufov, Saadat Shikhaliyeva, Gulnara Aliyeva, Saida Kerimova- Research of 
methods power control of wind turbines 

236 

45 Olga Pilipczuk - Overview of edge computing applications in energy sector 240 
46 M.A.P.Manimekalai,  Esther Daniel,, T.Mary Neebha,  K.Muthulakshmi, . Ryan Paul Jess.C,   Raguram.S1-

Face Recognition Smart Attendance System using Convolutional Neural Networks 
244 

47 Yashar EMAMI1,  Amangaldi KOOCHAKI, Masoud RADMEHR - Mitigation Sub synchronous Resonance 
and Improvement Low-Voltage Ride-Through Capability of Series Compensated Doubly-Fed Induction 
Machine Based Wind Farms by Using Bridge-Type Solid-State FCL

248 

48 Maha Mokrani,  Zied Hajaiej - Real time object detection with data variation 254 
49 Bogdan DZIADAK,  Piotr GRAFFSTEIN - Capacitive measurement of infusion fluid volume 258 
50 Phuong X. NGUYEN, Linh H. TRAN∗ - A model for processing and identifying engine vibration signal 2631
51 Paweł Szetela, Krzysztof Siwek - Evaluating the forecasting capabilities of probabilistic and point-based 

LSTM models in sequence prediction 
267 

52 Michał BUKOWSKI,  Albina JEGOROWA,  Jarosław KUREK - A Novel Approach using Vision Transformers 
(VIT) for Classification of Holes Drilled in Melamine Faced Chipboard

273 

53 Daniela Gombarska, Zuzana Psenakova, Milan Smetana, Frantisek Golas*, Simona Boleckova - 
Modelling and simulation of radiofrequency electromagnetic field interaction with a human urogenital system

277 

54 Marcin JURCZAK, Marcin KOŁODZIEJ,  Andrzej MAJKOWSKI - Comparison of Independent Component 
Analysis, Linear Regression and Adaptive Filtering for Artifact Removal in SSVEP Registration 

282 

55 Maciej JUREWICZ, Bartosz Świderski,  Jarosław KUREK1 - Application of Mask R-CNN Algorithm for Apple 
Detection and Semantic Segmentation 

286 

56 Andrzej MAJKOWSKI,  Marcin KOŁODZIEJ,  Remigiusz Jan RAK - Analysis of Event-Related Potentials for 
Emotion Recognition 

290 

57 Agata PRZYBYŚ-MAŁACZEK,  Karol SZYMANOWSKI,  Jarosław KUREK1- Impact of Signal Features on 
Machine Learning-Based Tool Condition Classification in the Milling Chipboard Process 

294 

   
   
   



PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 5/2024                                                                                               117  

1. Viktor DUBIK1, 2. Vitalii KAMISHLOV1, 3. Oleg TKACH1, 4. Oleg HORBOVY1, 5. Viktor MAZUR2,  
                   6. Ihor KUPCHUK2, 7. Hanna PANTSYREVA2, 8. Olha ALIEKSIEIEVA2 

Podillia State University (1), Vinnytsia National Agrarian University (2) 
ORCID: 1. 0000-0002-9743-1565; 2. 0000-0003-2532-969X; 3. 0000-0002-1368-673X; 4. 0000-0002-0762-8410;  

                                5. 0000-0002-9365-8682; 6. 0000-0002-2973-6914; 7. 0000-0002-0539-5211; 8. 0000-0003-4430-624X. 
 

doi:10.15199/48.2024.05.21 
 

Analysis and calculation of the dynamic voltage reserve of the 
converter when working under load in systems of subject 

regulation by electric drives of direct current  
 
 
Abstract. The article presents the calculation of the voltage reserve of the converter, which feeds the DC electric motor, in static and astatic systems 
of subordinate regulation under various forms of disturbing influence. The results of the calculations, based on the analytical method, make it 
possible to understand more deeply the nature of the dependence of the instantaneous and maximum values of the curves describing the voltage of 
the converter on the time constants of the systems, to determine their extreme values and to indicate ways of reducing the voltage reserve. The 
given examples show a significant dependence of the amount of the voltage reserve of the converter on the form of the disturbing influence. 
 
Streszczenie. W artykule przedstawiono obliczenia rezerwy napięciowej przetwornicy zasilającej silnik elektryczny prądu stałego, w statycznych i 
astatycznych układach regulacji podrzędnej pod wpływem różnych form wpływów zakłócających. Wyniki obliczeń, opartych na metodzie 
analitycznej, pozwalają głębiej zrozumieć naturę zależności wartości chwilowych i maksymalnych krzywych opisujących napięcie przetwornicy od 
stałych czasowych układów, wyznaczyć ich wartości skrajnych oraz wskazanie sposobów zmniejszenia rezerwy napięciowej. Podane przykłady 
pokazują znaczną zależność wielkości rezerwy napięciowej przekształtnika od postaci oddziaływania zakłócającego. (Analiza i obliczenie 
dynamicznej rezerwy napięciowej przekształtnika podczas pracy pod obciążeniem w układach przedmiotowej regulacji za pomocą 
napędów elektrycznych prądu stałego) 
 
Key words: static and astatic systems, dynamic voltage reserve, transfer and transition functions, extremum. 
Słowa kluczowe: static and astatic systems, dynamic voltage reserve, transfer and transition functions, extremum. 
 
Formulation of the problem  

A large number of works [1-5] are devoted to the study 
of transient processes in systems of subordinate speed 
control of a direct current motor. Basically, these studies 
are related to the formation of technically optimal transient 
curves of armature current and speed. However, in order to 
form them, it is necessary to ensure the necessary power 
of the converter, that is, to choose a converter taking into 
account the necessary voltage reserve [2, 6-11]. In-depth 
research in this direction is insufficient. The main task of 
this work is to try to eliminate methodological problems 
related to the selection of the voltage of the converter. 
 

Research tasks 
I. Static regulation system. 
a) single disturbing influence: 
- make the transfer function of the voltage of the 

converter; 
- calculate the transient function of the voltage of the 

converter; 
- plot the curves of transient processes of the converter 

voltage at different values of the time constants of the 
electric drive system and analyze the dependence of the 
converter voltage reserve on them. 

b.) linearly increasing with a limit disturbing influence: 
- make the transfer function of the voltage of the 

converter; 
- calculate the transient function of the voltage of the 

converter; 
- plot the curves of transient processes of the converter 

voltage at different values of the time constants of the 
electric drive system and analyze the dependence of the 
converter voltage reserve on them. 

II. Astatic control system. 
a) single disturbing influence: 
- make the transfer function of the voltage of the 

converter; 
- calculate the transient function of the voltage of the 

converter; 

- plot the curves of transient processes of the converter 
voltage at different values of the time constants of the 
electric drive system and analyze the dependence of the 
converter voltage reserve on them. 

b) linearly increasing with a limit disturbing influence: 
- make the transfer function of the voltage of the 

converter; 
- calculate the transient function of the voltage of the 

converter; 
- plot the curves of transient processes of the converter 

voltage at different values of the time constants of the 
electric drive system and analyze the dependence of the 
converter voltage reserve on them. 

 

I. Control system with a proportional speed controller 
Sufficient dynamic reserve voltage of the converter is 

one of the conditions for realizing the specified speed in 
the system of subordinate motor speed control [3, 12-15]. 
This article provides a method for calculating the dynamic 
margin of the converter voltage for a two-loop regulation 
system (Fig. 1) when adjusting the regulation loops 
according to the modular optimum. Compensation for the 
effect of the motor EMF on the current circuit is assumed 
[4, 16]. 

The analysis will be carried out under the following 
assumptions: 

- the current of the armature circuit is continuous and 
the external characteristic of the converter does not have 
breaks at low currents; 

- the armature reaction flux is not taken into account; 
- the effect of filters in feedback circuits for current and 

motor speed is not taken into account. 
Below we consider issues related to the study of the 

behavior of the increase in the voltage of the converter 
when a disturbing influence is applied, which has the form 
of either a single jump, or - linearly variable with a limit [6, 
17-19]. 

 

 



118                                                                                              PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 5/2024 

 
 
Fig.1. Static system of subordinate regulation by a direct current electric motor: Тм, Тa, Тn – time constants, respectively, 

electromechanical, electromagnetic armature circuit and small uncompensated current circuit; Rо – armature resistance; coefficients km, kt, 
kn – respectively, feedback on the speed, on the armature current, the gain of the converter; k=1/(Се∙Ф); Се – coefficient of the machine;         
Ф – excitation magnetic flux 

 
a) Single disturbing influence 
The transfer function connecting the armature current 

i(t) with the static current Ic has the following form [3, 20]: 

(1) 
𝑖𝑅
𝐼 𝑅

𝑞
1

1
8 ⋅ 𝑞

1
2 ⋅ 𝑞 𝑞 1

1
𝑁 𝑞

 

where 𝑞 4𝑇п𝑝 – normalized parameter. 
 

The corresponding transfer function (1) transition 
function for the armature current will be equal to [21]: 

(2) 
𝑖𝑅
𝐼 𝑅

𝜏 1 𝑒
2

√3
𝑒 𝑠𝑖𝑛 √3 𝜏 

where 𝜏
П
 relative time, t – absolute time. 

Increasing the voltage of the converter ΔUпр can be 
determined by such a dependence: 

(3) 
𝛥𝑈пр
𝐼 𝑅

𝑞
𝛥𝑈
𝐼 𝑅

𝑞
𝛥е
𝐼 𝑅

𝑞  

where ΔUa., Δеm – increase in armature voltage and 
electric driving force of the motor. 

Transfer function conversion (3): 

(4) 
𝛥𝑈пр
𝐼 𝑅

𝑞
1

𝑁 𝑞
𝑇

4𝑇
⋅

𝑞
𝑁 𝑞

4𝑇
𝑇м

⋅
𝑁 𝑞
𝑁 𝑞

 

where 𝑞 ; . 

Given that the transfer function  corresponds to the 

transfer function [9] 2 𝑒 𝑒
√

𝑠𝑖𝑛 √3 𝜏 𝑐𝑜𝑠 √3 𝜏 , and 

the transfer function  corresponds to the transition 

function [7] 1 𝑒 𝑒 𝑐𝑜𝑠 √3 𝜏
√

𝑠𝑖𝑛 √3 𝜏 , the 

transient function of the voltage increase of the converter 
can be replaced by the following form: 

(5) 

𝛥𝑈пр
𝐼 𝑅

𝜏 1 𝐴 2𝐵
1
2

𝐴 1 𝑒  

1
2

𝐴 2𝐵 𝑐𝑜𝑠 √3 𝜏
1

√3
2𝐵

1
2

𝐴 2 𝑠𝑖𝑛 √3 𝜏 𝑒  

where 𝐴  ; 𝐵 . 

Fig. 2 shows the curves of instantaneous values (solid 
lines) for A=0.9; B=0...3 constructed according to 
equation (5). The presence of a negative section of the 
voltage increase of the converter (V=0...2) characterizes 
the degree of influence of positive feedback on the EMF of 
the motor at a given speed of the current circuit. As this 
influence decreases, the negative section of the voltage 
increase of the converter disappears (B>3; A=0.9). The 
point "a" of the intersection of the curves of instantaneous 

values Пр

с о
𝜏  determines the time when the armature 

current reaches its maximum value 𝜏 2,42 , which 

depends only on the speed of the control system [22, 23]. 
At this point, the instantaneous value does not depend on 
the time constant Tya and approximately determines the 
static state of the system. The same figure shows a family 
of curves (dashed lines) for the case B=1.5; A=0.45; 0.9; 
1.35, constructed according to equation (5). The fact that 
the curves do not intersect shows that the time of the 
maximum dynamic drop in speed changes as a function of 
the parameter A with an unchanged value of B.  

To determine the dynamic reserve voltage of the 
converter, it is necessary to take the derivative of (5) and 
equate it to zero. 

(6) 

𝛥𝑈пр
𝐼 𝑅

′

𝜏 2 1 2𝐵
1
2

𝐴 𝑒  

4𝐵 2 𝑐𝑜𝑠 √3 𝜏
1

√3
8𝐵 11𝐴 2 𝑠𝑖𝑛 √3 𝜏

𝑒 0 

Determination of the maximum value of the function 

(5) 
Пр.  carried out on a computer at the moment of 

time τ=τмаx, obtained with (6) and substitution τмаx in 
equation (5). The results of the calculations are shown in 
(Fig. 3). The dynamic reserve voltage of the converter for 
B>1 lines increases when A=const. In the V<0.8 zone, the 
dynamic reserve voltage of the converter is a non-linear 
function. Based on the curves of Fig. 3 the function 

approximation equation is obtained  
Пр. 𝑓 𝐴, 𝐵  on 

a linear section in the range of values 0.8<В<5 and in the 
range of values 0<А<4.95, which has the form: 

(7) 
𝛥𝑈Пр.м

𝐼 𝑅
0,5 0,89А 0,81В.

From the analysis of the curves (Fig. 3) it follows that 
with an unchanged value of the time constant  Т 0,04 𝑠 

with decreasing time constant ТМ the voltage margin 

increases linearly. Selection of minimum stock 
Пр.

𝑓 𝐴, 𝐵  you can at Т 0,04 𝑠. Area of minimum values 
Пр. 𝑓 𝐴, 𝐵  bounded by the dashed curve. 

The zone of values of coefficient A limits the area of 

positive values of the function Пр. 𝑓 𝐴, 𝐵  So, for 

example, V = 5 at all values 0 < A < 4.95, a dynamic 
margin of voltage of the converter is required. 

b) Perturbation in the form of a linear signal with a limit. 
During rolling, as shown in a number of works [24, 25] 

and in particular in the laboratory studies of the authors, 
the static moment is not applied to the motor shaft in jumps 
but has the form of a linear signal with a limit. The rise time 
of the rolling moment depends on the gripping condition 
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and, without taking into account slippage, is about 0.3 sec., 
for the rolling condition of the blooming type [24]. The 
nature of the static moment change is determined by the 
rigidity of the cage and spindle. Below, the behavior of the 
change in the voltage of the converter when the static 
moment changes is considered according to the linear law 
with a limit, and the stiffness of the cage and spindles is not 
taken into account. Knowing the rate of growth of the static 
load, it is possible to reduce the dynamic voltage reserve of 
the converter in comparison with the case of a single 
application of the load. 

 
Fig. 2. Curves of instantaneous values of the function Пр

с о
𝜏  at 

different values of coefficients A and B in a static engine speed 
control system and a single disturbing influence, m=2. 

 

 
 

Fig. 3. Curves of maximum function values Пр с 𝑓 𝐴, 𝐵  at 

different values of coefficients A and in a static engine speed 
control system and a single disturbance, m=2. 

 

Suppose that the load grows linearly up to the time limit 
τu, then the behavior of the armature current in this area 
can be determined by integrating the transient function of 
the armature current (2) under a single disturbance.  

In this case, the transient function of the armature 
current in the time section τ⩽τu will look like this: 

(8) 
𝜄𝑅

𝐼 𝑅
𝜏

1
𝜏

𝜏 1
1
2

𝑒
1
2

𝑒 𝑐𝑜𝑠 √3 𝜏
1

√3
𝑠𝑖𝑛 √3 𝜏

where 𝜏  - relative load growth time; tu – absolute 

load rise time. 
Similarly to the previous explanations, we obtain the 

transient function of the voltage increase of the converter in 
the time section τ⩽τu: 

(9) 
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4
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⎦
⎥
⎥
⎤

𝑒

⎭
⎪
⎬

⎪
⎫

 

 
Fig. 4. Curves of maximum function values Пр.  at different 

values of coefficients A and B in the static engine speed control 
system and linearly increasing perturbed at  τu=0.625 and m=2. 

 

Transient function for the voltage gain of the converter 
after the cut-off in the time section τ ⩾ τu: 

(10) 
𝛥𝑈пр.

𝐼 𝑅
𝜏 1 𝐴 𝐹 𝜏 𝐹 𝜏 𝜏

where  

𝐹 𝜏

⎩
⎪
⎨

⎪
⎧ 1 2𝐵 𝐴 𝑒

𝐴 𝑐𝑜𝑠 √3 𝜏

√
2𝐵 𝐴 𝑠𝑖𝑛 √3 𝜏

𝑒
⎭
⎪
⎬

⎪
⎫

; 

F(τ‐τu) – similar function F(τ), but shifted in time to τu. 
To determine the dynamic reserve voltage of the 

converter Пр.  differentiate (9) і (10), and we equate the 

result to zero. For a period of time τ ⩽ τu: 

(11) 

𝛥𝑈пр
′

𝐼 𝑅
𝜏  

1
𝜏

⎩
⎪
⎨

⎪
⎧1 𝐴 1 2𝐵

1
2

𝐴 𝑒

⎣
⎢
⎢
⎡ 2𝐵

1
2

𝐴 𝑐𝑜𝑠 √3 𝜏

1

√3
2 2𝐵

3
2

𝐴 𝑠𝑖𝑛 √3 𝜏
⎦
⎥
⎥
⎤

𝑒

⎭
⎪
⎬

⎪
⎫

0 

For a period of time τ⩾τu: 

(12) 
𝛥𝑈пр.

′

𝐼 𝑅
𝜏 𝐹′ 𝜏 𝐹′ 𝜏 𝜏 0

where  

𝐹′ 𝜏
1
𝜏

⎩
⎪
⎨

⎪
⎧ 1 2𝐵

1
2

𝐴 𝑒

⎣
⎢
⎢
⎡ 2

1
2

𝐴 𝑐𝑜𝑠 √3 𝜏

1

√3
2 2𝐵

3
2

𝐴 𝑠𝑖𝑛 √3 𝜏
⎦
⎥
⎥
⎤

𝑒

⎭
⎪
⎬

⎪
⎫

 

F΄(τ⩾τu) – similar function F΄(τ), but shifted in time to τu. 
The determination of the maximum value of functions (9) 

and (10) was carried out on a value calculator τ=  τмаx, 
obtained from (11) and (12) and substitution τмаx, 
respectively, in equations (9) and (10). As can be seen 

from the calculation results, the function Пр. 𝑓 𝐴, 𝐵  

at τu=const and at В>0,5 straight line. On the basis of these 
calculations, the approximation equations of the function 

were obtained Пр. 𝑓 𝐴, 𝐵  for 0.5<В<10. 

These equations are presented in Table 1. 
 
 



120                                                                                              PRZEGLĄD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 100 NR 5/2024 

Table 1. The approximation equation of the function Пр.

𝑓 𝐴, 𝐵  in a static system with a linearly growing disturbance 
№ Value τu Zone of values A Equation 

1 5/4 0<A<6,60 0,60-1,11A+0,67B 
2 10/4 0<A<6,31 0,68-0,80A+0,424B 
3 15/4 0<A<3,80 0,82-0,89A+0,258B 
4 20/4 0<A<2,85 0,86-0,98A+0,196B 
5 25/ 0<A<2,50 0,88-0,98A+0,158B 

 

Based on the curves fig. 4 and table 1 can be 
determined dynamic margin of voltage of the converter. 
Given the value of τu, it is possible to determine at which 
values of A and B the dynamic reserve of the converter is 
required. For example, when τu =5/4; B=5 

𝛥𝑈Пр.

𝐼 𝑅
0,6 1,11А 0,67 ∙ 5 0,6 1,11А 3,95  

1,11А 3,55 0. 
Then, for all values 0<A<3.2, a dynamic voltage reserve 

of the converter is required. A comparison with the case of 
a single disturbance (7) shows a significant narrowing of 
the definition area of the minimum dynamic margin of the 
converter voltage and, therefore, a reduction in the pre-
regulation of the armature current, which allows better use 
of the motor from an overload in the case of a linear one 
with a limitation of the disturbance signal. 

 
 

 

 
 

Fig. 5. Astatic system of subordinate regulation of a direct current electric motor 
 

 
II. Control system with proportional-integral speed 

controller 
Let's consider the method of calculating the dynamic 

margin of the converter voltage for a two-loop control 
system (Fig. 5) with a symmetrical setting of the speed 
controller when applying a disturbing in-fluence that has 
the form of either a single jump or linearly increasing with a 
limit [3, 4, 26]. 

a) Single disturbing influence 
The transfer function connecting the armature current 

i(t) with the static current Ic has the following form [2]: 

(13) 
𝑖𝑅
𝐼 𝑅

𝑞
𝑞 1

𝑞
64

𝑞
8

𝑞
2 𝑞 1

where 𝑞 8𝑇п𝑝 - normalized parameter; 
 

The corresponding transition function of the transfer 
function (13) for the armature current will be equal to [6]: 

(14) 
𝑖𝑅
𝐼 𝑅

𝜏 1 𝑒 1 6𝜏 𝑐𝑜𝑠 2 𝜏 2 𝜏 1 𝑠𝑖𝑛 2 𝜏

where 𝜏
П
 relative time, t –  is absolute time.  

Voltage gain of the converter ΔUпр can be determined 
by such a dependence: 

(15) 
𝛥𝑈пр
𝐼 𝑅

𝑞
𝛥𝑈
𝐼 𝑅

𝑞
𝛥е
𝐼 𝑅

𝑞  

where ΔUa., Δеm – accordingly, the increase in armature 
voltage and E.M.P. engine. 

After converting which we will get the function: 

(16) 
𝛥𝑈пр
𝐼 𝑅

𝑞
𝑞 1
𝑁 𝑞

𝑇
8𝑇

⋅
𝑞 𝑞 1

𝑁 𝑞
4𝑇
𝑇м

𝑞 ⋅
𝑁 𝑞
𝑁 𝑞

where   𝑞 ;   . 

Since the transfer function  corresponds to the 

transition function: 𝑒 4𝜏 𝑐𝑜𝑠 2 𝜏 2 4𝜏 1 𝑠𝑖𝑛 2 𝜏 , and the 
transfer function  corresponds to the transition function 

2𝜏 𝑐𝑜𝑠 2 𝜏 𝜏 𝑠𝑖𝑛 2 𝜏 𝑒 , then the transient function 

of the voltage increase of the converter can be written in 
the following form: 

(17) 

𝛥𝑈пр
𝐼 𝑅

𝜏

1 𝑒
1 2𝜏 3 4𝐵 𝐴 𝑐𝑜𝑠 2 𝜏
2 4𝐵 1,5𝐴 2𝜏 1 8𝐵 0,5𝐴 𝑠𝑖𝑛 2 𝜏

,

where 𝐴 П ; 𝐵
П
 . 

 
Figure 6 shows the curves of instantaneous values of 

the function Пр

с о
𝜏  for a separate case (solid lines) 

A1=2.0; B1=0...0.75, constructed according to equation 
(17). Let's analyze these curves. The presence of a 
negative part of the increase of the converter (B1=0...0.5) 
characterizes the degree of influence of positive feedback 
on the EMF of the motor at a given speed of the current 
circuit. As the degree of EMF influence decreases, the 
negative part of the converter voltage increase disappears 
(B1>0.75; A1=2.0). 

Point a1 of intersection of the curves of instantaneous 

values  Пр

с о
𝜏  determines the time for the armature 

current to reach its maximum value, which depends only on 
the speed of the regulation system. At this point, at a 
specific value of V, the voltage increase is minimal, and at 
the maximum voltage increase, it coincides in phase with 
the maximum value of the armature current. The same 

figure shows a family of curves  Пр

с о
𝜏  (dashed lines) for 

the case B1=0.3125 and A1=2.4...7.2, built according to 
the equation (17). 

Point a2 of intersection of the curves of instantaneous 

values  Пр

с о
𝜏  determines the time of the maximum 

dynamic drop in engine speed. At this point, the 
instantaneous value of the voltage increase of the 
converter does not depend on the electromechanical time 
constant of the drive. The analysis of the curves in Fig. 6 
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shows that up to a certain value of B1 at a given A1, the 
function (16) has a minimum (for example, at B1⩾0.5). To 
determine the maximum value of function (17), i.e., the 
dynamic margin of the converter voltage, we take its 
derivative and, having set it equal to zero, we obtain:  

(18) 
𝛥𝑈пр′

𝐼 𝑅
𝜏

𝐴 4𝜏 2 4𝐵 1,5𝐴 𝑐𝑜𝑠 2 𝜏

2
2 12𝐵 𝐴

2𝜏 4 12𝐵 0,5𝐴
𝑠𝑖𝑛 2 𝜏

𝑒

0 

 
Fig. 6. Curves of instantaneous values of the function Пр 𝜏  in 

an astatic system of subordinate engine speed regulation at 
different values of coefficients A1 and B1 and a unit disturbance. 

 

The determination of the maximum value of function 
(17) was carried out according to the method described in 
[18] with the value τ=τmax obtained from (18) and 
substituting τmax into equation (17). The results of the 
calculations are shown in (Fig. 7), on which two 
characteristic regions, separated by a dashed line, can be 
distinguished for small values of B1, where with the 

decrease of A1, the value  Пр

с о
 first falls, and then the 

region of relatively large values of B1 increases, where with 

the decrease of A1 the value  Пр.

с о
 continuously 

growing. At the border of the regions there are points of 
minimum voltage reserve of the converter. At a given 
speed of the optimal structure of the engine speed control 
system, the minimum dynamic margin of the converter 
voltage can be obtained in two ways: either by changing 
the engine design, or by changing the converter circuit, that 
is, the problem arises of obtaining such anchor and 
electromechanical time constants that would correspond to 
the minimum dynamic voltage margin of the converter. 
Based on the curves (Fig. 7), the function approximation 

equation was obtained  Пр

с о
𝑓 𝐴, 𝐵  on a linear section 

(table 2). 
 

Table 2. The approximation equation of the function Пр.

𝑓 𝐴, 𝐵  in a static system with a single perturbation 

Zone of values  А1 Zone of values В1 

Analytical 
expression 

𝑈Пр.

𝐼с𝑅о
𝑓 𝐴, 𝐵  

0<А1<6,0 0,75<В1<1,25 0,95+1,96В-0,475А 
 
Based on the data of fig. 7 starting with curves А 2,4

3,6 on some segments of the value of the function Пр.

с о

𝑓 𝐴, 𝐵 1 will illustrate a straight parallel parameter В1. 
b) Perturbation in the form of a linear signal with a limit. 
As mentioned above, accounting for this type of 

disturbance allows to reduce the dynamic voltage reserve. 
Consider this provision for an astatic control system. 

Suppose that the load grows linearly up to the limit for a 
certain time τu, then the behavior of the armature current in 
this section can be determined by integrating the transient 
function of the armature current under a single disturbance, 
which has the following form in the section τ<τu:  

(19) 
𝜄𝑅

𝐼 𝑅
𝜏

1
𝜏

𝜏 𝑒
3
2

𝜏 𝑠𝑖𝑛 2 𝜏 2 𝑐𝑜𝑠 2 𝜏 .

 
Fig. 7. Curves of maximum function values  Пр.  in an astatic 

engine speed control system at different values of coefficients A1 
and B1 and single disturbance, m=2. 

 

Analogously to the previous explanations, we obtain the 
transient function of the voltage increase of the converter in 
the time section τ⩽τu: 

(20) 

𝛥𝑈пр
𝐼 𝑅

𝜏  

1
𝜏

⎩
⎪
⎨

⎪
⎧

𝐵
𝐴
2

𝜏

⎩
⎪
⎨

⎪
⎧

5
8

𝐴 2𝐵
3
2

𝜏
3
4

𝐴 𝐵 1

𝑠𝑖𝑛 2 𝜏
𝐵

𝐴
2

𝜏
𝐴
4

6𝐵 2
𝑐𝑜𝑠 2 𝜏

⎭
⎪
⎬

⎪
⎫

𝑒

⎭
⎪
⎬

⎪
⎫

Transient function of the voltage increase of the 
converter after cut-off in the time section  τ⩾τu: 

(21) 
𝛥𝑈пр.

𝐼 𝑅
𝜏 1 𝐹 𝜏 𝐹 𝜏 𝜏

where 

𝐹 𝜏
𝐴 2𝐵 𝜏 𝐴 𝐵 1

𝑠𝑖𝑛 2 𝜏 𝐵 𝜏 6𝐵 2 𝑐𝑜𝑠 2 𝜏
𝑒 , 

where F(τ-τu) similar to the function F(τ), but shifted in time 
by τu. 

To determine the dynamic voltage margin Пр.

с о
 we 

differentiate the converter (20) and (21) and the result is 
set to zero. On the time section 𝜏 𝜏 . 

(22) 

𝛥𝑈пр
′

𝐼 𝑅
𝜏  

1
𝜏

1
3
2

𝐴 3𝐵 2 𝜏 𝐴 14𝐵 2

𝑠𝑖𝑛 2 𝜏 1 2𝜏 𝐴 5𝐵 3 𝑐𝑜𝑠 2 𝜏
𝑒 0

For a period of time τ⩾τu 

(23) 
𝛥𝑈пр.

′

𝐼 𝑅
𝜏 𝐹′ 𝜏 𝐹′ 𝜏 𝜏 0

where 

𝐹′ 𝜏
𝐴 3𝐵 2 𝜏 𝐴 14𝐵 2

𝑠𝑖𝑛 2 𝜏 1 2𝜏 𝐴 5𝐵 3 𝑐𝑜𝑠 2 𝜏
𝑒 ; 

where F΄(τ-τu) - similar to the function F΄(τ), but shifted in 
time by τu. 

Determination of the maximum values of the functions 
for the values τ=τmax obtained from (22) and (23) and 
substituting τmax into equations (19) and (20). The 
calculation was carried out at τu=0.625; 1.25; 1,875; 2.5; 
3,125. The corresponding values are summarized in 
Table 3. The analysis of the obtained curves shows that as 

τu increases, the Пр.

с о
 is falling. Compared to a single 

disturbance, this circumstance allows to reduce the 
necessary dynamic margin of voltage of the converter and 
to better use the motor on overload due to the reduction of 
the over-regulation of the armature current with a real 
disturbance signal. 
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As an example (Fig. 8), the approximated curves of the 
maximum values of the function are shown 𝑓 𝐴 , 𝐵

Пр.

о
 at τ=0,625. As in the case of a single disturbing 

effect of the curve in Fig. 8 divided by the function graph 
𝑓 𝐴 , 𝐵  into two regions. At the border of the regions 
there are points of minimum voltage reserve of the 
converter. For each value of τu, it is possible to determine 
the area with certain changes in the B1 parameter, where 
the function Пр.

с о
1, that is, this dependence will be 

illustrated by a line parallel to the axis of parameter B1. For 
example, τu=0.625; B1=0.325. Then, at all values of A1, a 
voltage margin of more than one is required, except for 
A1=2.4, where this margin is minimal. It is possible to 
determine with the values of τu at which values of A1 and 
B1 the necessary reserve voltage of the converter is 
required. 

 
Fig. 8. Curves of maximum function values Пр.  in the astatic 

engine speed control system at different values of coefficients A1 
and B1, τu=0.625 and m=2 with a linear limited excitation signal 

Table 3. The approximation equation of the function Пр.

𝑓 𝐴, 𝐵  in an astatic system in a linear system with a perturbed 
constraint 

Values  
τu 

Zone of 
values  A1 

Zone of values  
В1 

Analytical 
expression 

𝛥𝑈Пр.

𝐼 𝑅
𝑓 𝐴 , 𝐵  

0,625 0<A1<4,4 0,81<В1<1,25 
0,85+1,825В1-

0,325А1 

1,250 0<A1<3,2 0,81<В1<1,25 
0,95+1,185В1-

0,375А1 

1,875 0<A1<2,4 0,81<В1<1,25 
1,05+1,415В1-

0,275А1 

2,5 0<A1<2,0 0,625<В1<1,25 
1,08+1,15В1-

0,175А1 

3,125 0<A1<2, 0 0,56<В1<1,25 
1,06+1,09В1-

0,175А1 

 
Conclusions 

1. Analytical methods for calculating the converter 
voltage in compensated static and astatic engine speed 
control systems with variable ratios of equivalent time 
constants of control circuits have been developed, on the 
basis of which the dynamic margin of the converter voltage 
is selected. 

2. It is shown that the dynamic voltage reserve of the 
converter depends on the form of the disturbing influence, 
which is determined by the technological process. 

3. As the time τu increases, the maximum voltage 
reserve of the converter decreases. 

4. The proposed formulas and tables for calculating the 
transformer's external reserve will allow for a rational 
choice of a power transformer. 

5. Under other conditions, the voltage reserve of the 
converter for astatic systems is greater than in static 
systems. 

6. The correct selection of the voltage supply of the 
converter helps to increase the efficiency of work, save 
electricity, electrical materials, non-ferrous and ferrous 
metals. The presented measures contribute to increasing 
the service life of the voltage converter, power transformer 
and electric motor. 

7. The voltage converter, as an element of the 
subordinate regulation system, according to static and 
dynamic parameters, must be consistent with both the 
input parameter - the current regulator and the output 
parameter - the armature current of the main circuit motor. 

8. Greater attention should be paid to the rational 
selection of the voltage reserve of the converter. With an 
overestimated voltage reserve of the converter, there is a 
need to increase the power of the power transformer, 
which leads to a deterioration of the power factor of the 
electrical installation. 

9. An overestimated supply voltage of the converter 
negatively affects the insulation of the windings of the 
electric motor, increases the level of pulsations of the 
rectified voltage and current. 

10. As the rate of change of the motor armature current 
increases, the voltage reserve of the converter should be 
greater. If the voltage reserve is selected too high, then the 
rate of change of the armature current of the electric motor 
must be limited (not to exceed the switching capacity of the 
motor). 

11. With an undervoltage reserve of the converter, a 
failure may occur in the operation of the control system due 
to limited linearity of the converter characteristic and an 
uncontrolled decrease in speed, which occurs when the 
voltage of the electric motor is close to the nominal and full 
load.  
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