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IHHOBAIIIT B CYJTHOBYJTYBAHHI TA OKEAHOTEXHIILII XIII MixxHapoHa HayKOBO-TeXHIYHA KOH(EPEHITis

BaxnnBoro 4YacTUHOIO BeO-I0JATKy € KOPEKTHE BEACHHS TEXHIYHOTO OONIKY MOAii.
TexHiuHUi 00K 3MIMCHIOETHCS 3a TOTIOMOTOI0 KOHTPOJIEPIB CTOPIHOK 1 MOJENi MpU Pi3HUX HisX
KOpUCTyBaya. Y KOHTpoJiepi (OpPMYyeTbCs IMOBIAOMIIEHHS OOJNIKY, K€ IEpeJaeTbcss MOJeNi Ta
3amucyeThesl 10 Tabmumi “system log” 6a3um maHux. Y cHCTeMi s KOHTPOJIO HAJl pOOOUYHMH
CTaHI[ISIMH BUKOPUCTOBYIOTHCS JIBI MPOTpaMH BiIJaleHOTO aaMiHicTpyBaHHs: Microsoft RDP Tta
TeamViewer [5].

BucHoBkH. 3 ypaxyBaHHSIM aHaJli3y BUMOT, 10 OYyJI0 BUCYHYTO /10 KOMIT IOTEPHOI CUCTEMH,
OyJ10 po3po0JIEHO aBTOMATU30BaHY CHCTEMY JJIsl IIPOBEJICHHS €KCIIEPUMEHTAILHUX JTOCIIHKCHD Y
IMCTaHLIHHOMY (opMarTi, sika JO3BOJIIE OTPUMATH 3aXMIICHUH BiJAICHUH JOCTYI 10 POOOYMX
CTaHLIN Ut TPOBEICHHS Ja00paTOPHUX JOCHTIKEHb, Ta CKIAIA€THCS 3 BeO-I0JaTKy, KOMIT'TOTepa
KOpHCTyBaya, poOouoi CTaHIii Ta Mporpam BiJaJeHOro aaMiHICTpyBaHHS.
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Automated Computer System for Experimental Research in Remote Format

Haidai H.Yu., Hrieshnov A.Yu.,

Admiral Makarov National University of Shipbuilding

Abstract. In the article the automated computer system for conducting experimental research in a
remote format was developed, which allows you to implement an algorithm for conducting many
laboratory tests remotely in quarantine, in martial law and outside it under the full control of the
teacher. A comparative analysis of existing systems for remote experimental research was performed.
Structural diagrams of the web application, database and automated system in general are presented.
The software in the form of a web application that controls an automated system was developed. The
settings of remote administration programs on workstations are given.
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Abstract. The paper considers the principles of mathematical description of the semiconductor power
converters elements to perform the analysis of the logical-dynamic processes of information
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arguments transformation in the interaction of all subsystems. The rules for describing the functional
structures of a transformer, rectifier, passive filter, inverter, induction motor are defined. The
possibility of describing the elements of semiconductor power converters at different levels of
decomposition is an advantage of the approach considered in the research.

Key words: functional structure, rectifier, semiconductor power convertor, analytical model

The main requirement in the study of an object as a system is the possibility of considering
and describing not only its energy side, but also the study of its informational aspects. [1, 2]. A
characteristic feature of the initial stage of designing the semiconductor power converters (SPC) is
the limited information about the properties of the future system, which forces, first of all, to refer to
the structure of the system and the information contained in it. The depth of description, the level of
detail is determined by the purpose of the system and is used to build models of systems. Therefore,
the task of creating and using such a mathematical apparatus is relevant, which would allow to
combine control processes that have different physical, organizational and target nature. The modern
SPC and their control systems are characterized by a large number of elements, many connections
and a significant amount of processed information. The variants of a formalized representation of
logical-dynamic processes of signal conversion include a description in the form of structural and
principal schemes and differential equations [3-5]. The first level of understanding of the converting
energy and information voltage arguments processes in SPC is implemented for the developer of
various functional structures in the form of structural and circuit diagrams. The second level of
understanding is intended for the functional structure of the microcontroller computing core and is
implemented in the form of computational mathematical models with some input and converted
arguments.

The aim of the work is to develop a technology for representing the main elements of
semiconductor power converters by means of functional structures for the analysis of logical-dynamic
processes of voltage conversion.

The input argument x in the function structure is subject to transformation or action, which
can be described in the form of an expression:

x = f(Action™) > y. (1)

Taking into account the analytical form of representing the functional structure (1), the

schematic implementation of the transformer «Transformer» — «Trans» can be written in the form of
an analytical expression, as shown in Fig. 1.

.A Trans (PHa

Ugrasin(ot) 4T (Trans™C, ) > “Ugssin(ot)

Fig. 1. Description of the transformer in the form of an analytical expression

where *1Uq13sin(wt) — three-phase (¢1-3) argument of alternating (+) voltage *tU with an increased
level (*1); fi(Trans*!Y13) — the functional structure of the transformer (Trans), which forms the
alternating voltage argument (“!Y1.3) with a reduced level “'Ug1-3sin(wt).

The schematic implementation of the integrating device «Integrator» (passive low-pass filter),
the module of the three-phase rectifier RectifierV1-3, can be written in the form of an analytical
expression, as shown in Fig. 2.
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Fig. 2. Analytical representation of a filter and a rectifier

After combining the functional structures, the mathematical model of the converting voltage
arguments process “1 Uop1-3sin(wt)—*Uconst can be written in the form of an analytical expression:

7$U —
g ssin(ot) — fi(Trans™Y, 5) — fiReetifery, ssin(mt)) fi(Lemesrator )y 5 2o (2)
Pl —

PWM

The schematic implementation of the PWM inverter «Inverter' " *» can be written in the form

of an analytical expression (3):

l:LTCOHSI - _> (:Pulses[Tm_})T
fis(n-p-n'"T) - (3)
l(TPOHcorePulses{PH) = _’ (:Uah)T

where fi-s(*n-p-n'“BT) — the functional structure of the PWM-inverter «Inverter™™y with IGBT
transistors n-p-n; “Uconst— constant voltage input argument; (—) — functional analog connection; (=)
— functional logical connection; (TPort®*™pyjses?!3) —
the port of the microcontroller computing core, at the output of which a sequence of pulses (Pulses®!”
3) of control for three phases (¢1-3) is formed.

When moving to the level of the principle diagram of the voltage arguments formation, which
lead to the appearance of the rotation moment (“MomR°) in the functional structure of the induction
motor «Motor!"duetion,, “the analytical expression (2) has the form shown in Fig. 3.

*Uconst — e G V)
T (in_p_nIGBT)

l(TPOﬁODEPulsesfpl’j) = . i (anb)T
FilterV
1 Ugrssin(ot) Inverter® M
Rectifier¥y; 5 i 14 - .
Y | Uons

1y + D, D, D,
ol K KE
L% = viE. WV, B Vs

f‘j”% i

Uconst |Da 5 Ds
- ' Motor]nducnon
o).+ fl(REc“ﬁHlerism(mt))"; (L Filter 1) HfbUf:anSt O
lu— — L
’ iAtUPulses L=
:tAtUPulsestp2 o fl (Momrmduchon) = (wM omRotm)
:I:AtUPulseslpj .

Fig. 3. Description of the semiconductor power converter at the component level
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The abstract model of the induction motor «Motor™duetion, js written in the form of an
analytical expression (4):
iAtUPulses(p1 s

ﬂ:ﬂ.‘r[JPulses(p2 s fl(MOtorhlduction) = (mMomRotor) ( 4)
iA‘rUPulses[PB .

where fi(Motor™@<tion) _ the functional structure of an induction motor with three-phase voltage
input control pulses (FATUPYS,13); (“MomR*") — transformed energy argument of the moment
(Mom) of the rotor rotation () of an induction motor fi(Motor™ction) External high voltage
argument “1Uy13sin(ot) of three phases (¢1-3) using the functional structure of the transformer
fi(Trans*!Y13) converts to a low voltage energy argument (“'Ue1-3), which after passing the
functional structure of the rectifier f1(RUfrUy,_3sin(wt)) forms voltage arguments of two polarities
«""U » and « U ». So that the voltage arguments do not have a variable component, they are applied
to the functional structure of the filter fi(LC™€™ry), at the output of which voltage arguments of
constant levels ("Uconst) and ("Uconst) are formed. These arguments proceed to the functional structure
fi.6(*n-p-n'°8T) PWM inverter «Inverter’ My, at the output of which using input control arguments
Lcore™UPYIses 1 3 voltage arguments are formed in the form of pulses *AtUPUses, Mot which passed
the functional structure of the induction motor fi(Motor™®'L3). The arguments of impulse voltage
=AtyPulses 13 at the input of the induction motor functional structure fi(Motor™) on the one hand
create an energy argument “MomR°" engine rotor torque, and on the other hand form an
informational argument of voltage *Uw®'=Ls.

The considered technology for the synthesis of logical-dynamic processes of control in the
field of power electronics for the formation of mathematical models of SPC, characterized by
increased information content, allows us to analyze the system at as many levels of decomposition as
they are required to create an understaiding of its main properties.
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