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STUDY OF THE ELECTROMAGNETIC PROCESSES
IN CONVERTER WITH TWENTY FOUR ZONED
REGULATIONS OF THE VOLTAGE

Abstract: The article deals with electromagnetic processes in electric circuits with
semiconductor switches. A mathematical model of a semiconductor converter with twenty
four-zone output voltage control has been created so as to analyse electromagnetic processes
in semiconductor converters with pulse-width control. The graphs showing electromagnetic
processes in electric circuits are given.
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Introduction

Complications arise when it is necessary to model steady processes in branchy circuits
of the variable structure, where in the sections with reactive elements there appear sinusoidal,
impulse and DC voltages. Studies [1-4] point out the importance of using single-modulation
semiconductor converters in the construction of secondary power supply systems for
diagnostic complexes of electromechanical devices with various types of input energy. This
paper considers the usage of semiconductor converters as a high-frequency link in a twenty
four-zone control.

The purpose of this study is to create a mathematical model of a semiconductor
converter with a twenty four-zone control of output voltage.

Analysis of electromagnetic processes

In this article we used the method of multiparameter modulating functions [2] which
provides a preliminary representation of the algorithmic equation of the converter. The
following assumptions were made: the input power grid is symmetric, and its internal
resistance is zero; transistors and diodes of the rectified voltage inverter are ideal switches;
matching transformers in every regulating zone of output voltage have no losses, and the load
of the converter has an equivalent active-inductive character.

The complete structural diagram of the converter is shown in fig. 1, where PMA,
PMB, PMC are power modulators (PM) of phase voltages A, B and C respectively; HR —
high-frequency rectifier, L — load. The set of PMs, connected to the power grid in parallel and
connected at the terminal in series, is the high frequency link of the converter. The PM
consists of rectified voltage invertors and matching transformers (T).
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Fig. 1. Structural diagram of the converter

Thus, each PM includes N (the number) of rectified voltage invertors.

The structure allows implementing a multichannel method for converting the
parameters of electromagnetic power of the grid, in which the PM carries out the branchy
modulation of instantaneous values of pre-rectified phase voltages u, (i,t) , frequency s, and

three-phase power supply with corresponding equivalent modulating effects ¢(«,,t) and

frequency m,. As a result, the modulated voltage is generated at the output of every rectified
voltage invertor:

1
Uy (PLit) = P URLURNICIID (1)

where: i = 1, 2, 3 — numbers of the phases of the power supply grid; k, — transformation
coefficient of the matching transformer; p =1, 2, 3, ~ , N — numbers of zones of output
voltage control; ¢(i,t) — rectangular sine functions coinciding in time with the positions of
the respective phase voltages of the grid; u, (i,t) — instanteneous values of the input voltage of

the grid.
The functions of a rectangular sine are given as
o(i,t) = sign {sin [(Dlt - ( _;)Zn]} : (2)
and instanteneous values of input voltage of the grid are represented by
up (i) =U sin[wlt— (i_;)zn], 3)

U, — the amplitude value of the phase voltage.
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Equivalent modulating effects are given as
v (ap,t) :%Zsign[sin(mztiap(t)—(p)} , 4

where «, (t) — the angles of control whose changes provide the pulse-width regulation of the
output voltage of the converter; ¢ — intial phase of equivalent modulating effects.

The output voltage of the converter u (t) is calculated as follows:

24 3

1
uy (t) = k—Z Du (D)o v (o, V(L) | (5)

T P=1 i=1
wherev(t) — the rectangular sine function which coincides in time with the position of the

output voltage;u, (t) — the links of the high frequency converter.

v(t) = sign(u,(t)) (6)
The load current is calculated as a response of a single-loop RL-circuit to the action of
voltage (7). Here is the differential equation for the output circuit of the converter:
u,(t) R

D(t.y) = == T Vo (7)

where y, is derived from the initial conditions; R i L — active resistance and inductance of the

load respectively.
Solution (7) with respect to the load current is determined numerically by the matrix:
iy (t) = rkfixed (y,0,k,s,D), (8)
where y — vector of initial conditions; 0, k — time interval of the solutions; s — the number of
points in the time interval of the solutions; D —vector function of differential equations.

In order to calculate the input current of the high-frequency rectifier, it is necessary to
divide (7) by (6). If the conversion function has a zero level, the division for the full period of
existence (8) cannot be performed. This causes the need to find the current at non-zero
intervals forward of the high-frequency rectifier, with subsequent adjustments of the results of
separate calculations. However, representation (6) by the function of the single amplitude
allows us to determine the current i,(t) by multiplying (8) by (6) and, thus, to simplify the
process of calculations by giving the results for the full interval of existence (6) and (8). Thus,
the input current of the high-frequency rectifier is equal to:

i, (1) =1, (t)v(t) . ©)

In order to calculate the input currents of the inverters of i-phases for each p-zone of
control, we accept that i, (t) flows in the general circuit of all PMs, which is formed by the
series-connected secondary windings of the matching transformers, and also take into account
algorithmic equation (9) as well as the fact that (2) and (4) are the functions of a single
amplitude. Thus,
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L(Ow (o, )o(t) (10)

i (n,it)= »

T

The time charts of the load current in the coordinates of the output voltage of the
converter built according to (5)-(8) for twenty four-zone control are shown in Fig. 2.

Fig. 2. Time charts of the load current and voltage and input currents
of inverters in the coordinates of phase voltages of the power grid

To determine the currents of i-phases of the power grid in the whole range of output
voltage control, we add the input currents of the inverters of all control zones in each i-phase.
Using equation (10), the currents of i-phases of the power grid are calculated as:

i, (i, t) =i, (Li,t) +i(2,i,t) +i,(3,i,t) +...+0,(24,i,1) (11)
where i, (1,i,t), i,(2,i,t),i,(3,i,t) and i1(24,i,t)- input currents of inverters of i-phases for the
first, second, third and twenty fourth zones of control.

The time charts of the input currents of i-phases of the power grid in the phase voltage
coordinates built by (11) for twenty four-zone control are shown in Fig. 3.
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Figure 3. Time charts of the input currents of i—phases
of the power grid in the coordinates of phase voltages

A 4
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In order to find the amplitude of the currents through the power transistors of rectified
voltage invertors, it is enough to analyse the currents i, (n,i,t) of the primary windings of the
matching transformers, which are present in the circuits where currents flow through power
transistors.
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Conclusions

In this analysis, we have analysed the electromagnetic processes in electric circuits
with semiconductor switches. By means of the method of multiparameter modulating
functions, the current and voltage of the load and the input currents of the converter have been
calculated. We have improved this method by developing a new mathematical model with
multi-zone control of output voltage and determining modulating functions to analyse
subsystem components of the structure of electrical circuits with semiconductor converters.

REFERENCES

1. C. C. Posickyros, B. B. Muxatinenxo, FO. B. Ilepemamxo “PeryntoBaHHs
TPUBAJIOCTI MEPEeXiJHUX MPOLECIB Yy HaMIBOPOBITHUKOBUX (opMyBadyax OIiMOISPHUX
pO3pAIHUX IMIYIbCHUX CTpyMiB 7, Texniuna enektpoaunamika, Kuis: IEJl HAHY, Ne 4,
2016, C. 41 — 43, doi: https://doi.org/10.15407/techned2016.04.041

2. B. I Cenvro, B. B. Muxaiinenxo, M. M. IOpuenxo, O. M. FOpuenxo, FO. M Yynsax
“AHaini3 eneKTPOMAarHiTHUX MPOIIECiB y KOJaxX 3 HAMiBIPOBIIHUKOBUMHU MEPETBOPIOBAUYaAMU 3
CIMHAISITU30HHUM PETYJIOBAHHAM BUX1JHOI Hanpyru”’, TexHiuHa enekTpoauHamika, Kuis:
IEJHAHY, Ne 5, 2016, C. 23 — 25, doi: https://doi.org/10.15407/techned2016.05.023

3. H.I. Cynpynoscovka, FO. B. Ilepemamxo, C. C. Posickyoos, B. B. Muxaiinenxo,
B. I. Yubenic, B.C. Onitinux “PerymatoBaHHs MapaMeTpiB OIMOISAPHUX IMIYIbCHUX CTPYMIB Y
HABAaHTA)XCHHI HAaIIBIIPOBIIHUKOBUX €JIEKTPOPO3PSIHUX YCTAHOBOK 13 HAKOMWYYyBaJIbHUM
koHeHcaropom”’, TexHiuna enekrpoaunamika, Kuis: IEJI HAHY, Ne 5, 2017, C. 39-46, doi:
https://doi.org/10.15407/techned2017.05.039

4. Muxatinenko B., Maiikosuu I, Hayxayvxka T., Poxuyvkui P. “Amnamnis
€IeKTPOMArHiTHUX IMPOILIECIB y MEPETBOPIOBAYl 3 JIBAIIITU30HHUM PETIONIOBAHHSIM BHUX1IHOI
Haripyru”’, EHepreTuka, ekoHomika, TexHoJorii, exosoris, Kuis: KIII im. Iropst Cikopcekoro,
Ne 1, 2017, C. 77 — 82, doi: https://doi.org/10.20535/1813-5420.1.2017.102827

ISSN 1560-8956 115


https://doi.org/10.15407/techned2016.04.041
https://doi.org/10.15407/techned2016.05.023
http://doi.org/10.15407/techned2017.05.039
https://doi.org/10.20535/1813-5420.1.2017.102827

	1_+2023_2 Тарасьонок англ
	2_+Automated healthcare systems’ review
	3_+embedding
	4_+Soft skill in IT students training
	5_+Stenin_Paper_In_Model 17.11.2023_new
	6_+Stenin_Pasko
	7_+Дзівідзінська_Фіногенов_Губський
	8_+Жданова_О_Г_та_ін_Задача_формування_зон
	9_+Застосування_методу_сегментації_на_основі_моделей_нейронних
	10_+Ковальчук_Польшакова_Англ
	11_+Ліневич_Лісовиченко_1
	12_+Михайленко-2024-лютий_Eng-ФІОТ-2
	13_+Статичні_алгоритми_2
	14_+Стаття_Марковський_1
	15_+Стаття_Марковський_2
	16_+СтаттяСмолій_ua2024_1
	17_+Тривимірні_нейроні_мережі_у_завданнях_кластеризації_last
	18_+Формалізація_задачі_формування_200224
	19_+Чимшир Теленик Гавриленко Жаріков - завершено
	20_+Щур_Антон_Стаття
	Зміст
	УДК УКРАЇНА
	UDC АНГЛ
	Про автора


 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 1 to page 232; only odd numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 12.0 point
     Origin: bottom right
     Offset: horizontal 70.87 points, vertical 59.53 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20240328120711
      

        
     1
     1
     
     BR
     
     1
     1
     1
     0
     0
     3
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     64
     195
     0
     1
     R0
     12.0000
            
                
         Odd
         1
         SubDoc
         232
              

       CurrentAVDoc
          

     Default
     [Doc:FileName]
     70.8661
     59.5276
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     0
     232
     230
     68c1fd5b-c4a1-4435-bede-0f0a4df1cf76
     116
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 1 to page 232; only even numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 12.0 point
     Origin: bottom left
     Offset: horizontal 70.87 points, vertical 59.53 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20240328120719
      

        
     1
     1
     
     BL
     
     1
     1
     1
     0
     0
     3
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     64
     195
     0
     1
     R0
     12.0000
            
                
         Even
         1
         SubDoc
         232
              

       CurrentAVDoc
          

     Default
     [Doc:FileName]
     70.8661
     59.5276
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     1
     232
     231
     c917539c-fa7f-43a3-a324-ce76a0ca0486
     116
      

   1
  

    
   HistoryItem_V1
   InsertBlanks
        
     Where: after current page
     Number of pages: 2
     Page size: same as current
      

        
     D:20240329140502
      

        
     Blanks
     Always
     2
     1
            
       D:20180918122136
       841.8898
       a4
       Blank
       595.2756
          

     70
     Tall
     746
     172
     0
     1
     1
            
       CurrentAVDoc
          

     SameAsCur
     AfterCur
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     1
     2
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 230 to page 234; only even numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 12.0 point
     Origin: bottom left
     Offset: horizontal 70.87 points, vertical 59.53 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20240329140718
      

        
     1
     1
     
     BL
     
     1
     1
     1
     0
     0
     230
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     1114
     197
     0
     1
     R0
     12.0000
            
                
         Even
         230
         SubDoc
         234
              

       CurrentAVDoc
          

     Default
     [Doc:FileName]
     70.8661
     59.5276
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     229
     234
     233
     8abeaf51-0f16-47c6-9b00-c07271088113
     3
      

   1
  

    
   HistoryItem_V1
   AddNumbers
        
     Range: From page 230 to page 234; only odd numbered pages
     Font: TimesNewRoman;TimesNewRomanPSMT 12.0 point
     Origin: bottom right
     Offset: horizontal 70.87 points, vertical 59.53 points
     Prefix text: ''
     Suffix text: ''
     Colour: Default (black)
     Add text every 0 pages
      

        
     D:20240329140723
      

        
     1
     1
     
     BR
     
     1
     1
     1
     0
     0
     230
     TimesNewRoman;TimesNewRomanPSMT
     1
     0
     0
     1114
     197
    
     0
     1
     R0
     12.0000
            
                
         Odd
         230
         SubDoc
         234
              

       CurrentAVDoc
          

     Default
     [Doc:FileName]
     70.8661
     59.5276
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0g
     Quite Imposing Plus 4
     1
      

        
     230
     234
     232
     7c39e9d9-41cf-4606-887f-490b36ab2f5b
     2
      

   1
  

 HistoryList_V1
 qi2base





