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AHOTAINISA

Macnii A. C. CTpyKTypHUH Ta  TapaMeTPUYHUM  CHUHTE3  CHUCTEM
aBTOMATUYHOIO KEPYBAHHS JIHIMHUMU €JIEKTPOABUTYHAMH MOHOLINAIBHOTO
cTpitouHoro nepesoay. — Kpamigikaiiiina HaykoBa Ipaiisi Ha MpaBax pyKOIHUCY.

Huceprarniiss Ha 3700yTTS HAYKOBOTO CTYMNEHS KaHAMJATa TEXHIYHUX HAyK
(moxtopa dimocodii) 3a cnemianbHicTiO 05.13.07 «ABTOMaTH3allisl MPOIECIB
KepyBaHHs» —  HaimloHanbHUI  TeXHIYHMH  yHIBepcUTET  «XapKiBChbKUM
nonirexHiyHu# 1HCTUTYT» MOH VYkpainu, Xapkis, 2018.

Jucepraliiss TpUCBAYEHA BHPINICHHIO aKTyaJdbHOI HAayKOBO-IIPAKTUYHOI
3a/layl BIJOCKOHAJIEHHSI MIKPOMPOIIECOPHOI CHUCTEMU ABTOMATHYHOTO KEpyBaHHS
0€3peIyKTOPHUM PEryJIbOBAaHUM  €JIEKTPOIPUBOAOM CTPUIOYHOTO TEPEBOIY
MOHOIITIATBHOTO TUITY Ha 0a31 IIHIHHOTO ABUTYHA JUIsl OTPUMAaHHS 33JIaHOTO 3aKOHY
KepyBaHHS PYXOM IOCTPSKIB Ta 3MEHIIICHHS Yacy MepeBOy CTPLIKH.

B nepmiomy po3aini «AHami3 3aiad 1 NUIAXIB aBTOMAaTHU3aIlli CTPUIOYHUX
MePEeBO/IIB 3aT13HUYHOT0 TPAHCIIOPTY» 3p00JIEHO HACTYITHE:

— MPOBEJCHO OIJIAJl CyYaCHUX CTPUIOYHHMX IEPEBOIB, KWW IOKa3ye, IO
Mopsifl 3 YAOCKOHAJICHHSM ICHYIOUMX THUIIIB MPUBOJIIB IUIIXOM 3aMiHU HEHAIHHUX
€JIEMEHTIB CBITOBUMH KOMIIAHISIMU MPOBOAUTHCS POOOTA HAJ CTBOPEHHSIM HOBUX
pIllIEeHbh 3 METOK MMiJBUIIEHHS HAIIMHOCTI Ta IIBUIKOJII CHUCTEMHU KEpyBaHHS 1
OTPUMAaHHS BUCOKHMX HIBUIKOCTEN PYXy FOCTPSAKIB CTPUIOYHOTO MEPEBOY;

— PO3TJISHYTO ICHYIOUI CHCTEMM KEPYBAaHHS CTPUIOYHHMH TEpeBOJAMHU 3
TOYKH 30py SKOCTI MPOIECY TMEepeBOAY TOCTPAKIB Ta 3arajibHOI KEpOBAaHOCTI
IPOIECOM, SIKHI TOKa3zy€e BIICYTHICTh KOHTPOJIO 32 OCHOBHUMH KOOpPJHMHATAMHU
EJIEKTPONPUBOLY — CTPYMY, HIBUIKOCTI Ta TOJIOKEHHS;

— cdopMysIbOBaHI OCHOBHI 3aJa4l Ta NUISIXM aBTOMATH3allll CTPUIOYHUX
NEPEBO/IIB 3aTI3HULb Y KpaiHU.

B napyromy po3aini «Ilnentudikariis napameTpiB JiHIHHOTO €JIEKTPOABUTYHA

K 00’€KTa KepyBaHHs» 3p00JIEHO HACTYIIHE:
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— OOIPYHTOBAaHO BUKOPHUCTAHHS JIIHIMHOTO €JIEKTPOJIBUTYHA B SIKOCT1 00’ €KTY
KepyBaHHS B  3alpONOHOBAaHIM  KOHCTPYKIII  CTPUIOYHOTO  NEPEBONIY
MOHOUINAIBHOTO THITY;

— CKJIaJICHO 3aBJIaHHSI YMOBHOT ONTUMI3allli mapaMeTpiB JBUTYHIB IPUBOLY,
OCOOJIMBICTIO SIKOI € BUKOPHUCTAHHS B SIKOCTI KPUTEPIIO CEepeIHbOKBAJpaTUUHE
BIJIXWJICHHSI TATOBO1 CUJIW JIIHITHOTO €EeKTPOABUTYHA BiJl CHJIA OMOpPY, a B SIKOCTI
BapiiOBaHUX TapamMeTpiB oOpaHO TeOMETPUYHI PO3MIpU €JIEMEHTIB (CKJIaJ0BUX)
JBUTYHA;

— BHM3HAYEHO palllOHAJTBLHUM MIAXI O BUPIMIEHHS 3a1adi YMOBHOI
ONTHUMI3allii MapaMeTpiB JBUTYHIB;

— BHM3HAYEHO OMNTHUMAJIbHI TITOB1 XapaKTEPUCTUKH JIHIHHOTO JBHUTYyHA
€JIEKTPOMArHiTHOrO THUIY Ta JIHIMHOTO I1HAYKTOPHOTO JABUTYHAa Ha MiICTaBl
pPO3POOJICHUX CTATUYHUX MAaTEMaTUYHUX MOJIEJICH MJii BU3HAYEHHS BEIUYMHU
€JICKTPOMArHiTHOI CHJIH.

B Ttperbomy poznini «Po3pobka Ta MOCHIIKEHHS HEUpOperymsTtopa s
CUCTEMHU aBTOMAaTUYHOIO KEpPYBaHHS CTPUIOYHUM MEpPEeBOJOM Ha 0a3l JIHIMHOTrO
JBUTYHA €JIEKTPOMArHITHOTO TUITY» 3p00JICHO HACTYIIHE:

— po3po0JieHO MaTeMaTH4HI MOJENl MPHUBOMAIB CTPUIOYHOTO NEPEBOIY 3
BUKOpUCTaHHSAM piBHSAHBb Jlarpamxka Il pony nns enekTpoMexaHiuHOI CUCTEMH,
OCOOJIMBICTIO SIKUX € BHU3HAYEHHS MOTOKO3YEIUIEHHS JIHIHHOIO JBHUTYHA
€JIEKTPOMArHiTHOrO TUINYy Ha MIACTaBl KOMIUIEKCY HU(PPOBUX EKCHEPUMEHTIB 3
pPO3paxyHKy MAarHiTHOrO MOTOKY METOJAOM KIHLEBHX €JIEMEHTIB B OKClaIbHO-
CUMETPHUYHIM MOCTAaHOBIII 33J1a4l, Ta MPOBEJICHO aHAJII3 OTPUMAHUX PE3yJIbTaTIB;

— BU3HAUYEHO 3aJIeKHOCTI MOTOKO3YEIUICHHS 1 €JIEKTPOMArHITHOI CHIIH, K1
IEHTU(IKYIOTh JIHIMHUN JBUTYH €JIEKTPOMArHiTHOrO THUIy, Ta MOKa3aHo, IO IIi
3aJIEKHOCT1 € HETEPEPBHUMU 1 JO3BOJISIIOTH OJTHO3HAYHO BU3HAYUTH X MOXIAHI HA
BCii PO3TJISIHYTIN 00JaCTI;

— PpO3pO0OJIEHO IMITalllifiHY MOJENb MNPUBOJY CTPUIOYHOTO TEpPEBOAY B
cepenoBuilli «MATLAB Simulinky», ska iMiTye poOOTy cCHUCTEMU KEpyBaHHS,

HaIIBMOCTOBOTO 1IHBEPTOpPA, JIHIMHOTO €JICKTPOJIBUTYHA Ta MEXaHIYHOT YaCTUHU;
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— po3po0JeHO HEHUPOPEeryasiTop CTPUIOYHOTO MEPEBOAY MOHOMINAIBHOTO
TUITY OCOOJIUBICTIO SIKOTO €: 00paHO IITY4YHY HEHPOHHY Mepexka 31 CTPYKTYpOIO
nepcentpona 3-10-1; po3ryIsTHyTO MOKJIMBI alTOPUTMH HABUAHHS Ta PEKUMH HOTO
poOOTH; BUPILIEHO 3a/auyy KEepyBaHHS IIBUAKICTIO PyXy JIHIHHOTO JBUTyHa Ha
BCbOMY HUISIXY PYXy SKOpS, KOHTPOJIO HOrO MOJIOXKEHHS 1 IUIAaBHOTO JOBOIY
TOCTPSKIB 10 paMHOI pelKH; IMITaliiiHy MareMaThuyHa MOJeidb CTPLIOYHOTO
MepeBoly JOMOBHEHO PETYIATOPOM CTPYyMYy [UJIsl 3aXUCTy €JNEKTPOJBHUTYHA 1
CWJIOBUX €JIEMEHTIB €JeKTPOHHOI'O KOMYTaTOpa.

B uerBepromy po3auti «Po3pobka 1 TOCHIIKEHHS CUCTEMH aBTOMATHYHOTO
KepyBaHHS CTPUIOYHHMM T[E€peBOAOM Ha 0a3i JIHIMHOrO  1HIYKTOPHOIO
EJIEKTPOJBUTYHA» 3p00JIEHO HACTYIIHE:

— po3po0JieH0 MaTeMaTH4HY MOJIeJb MPHUBOJY CTPLIOYHOTO MEPEBOIY,
OCOOJIMBICTIO SIKOi € BHU3HAYEHHSI IMOTOKO3YEIUIEHb Ta EJIEKTPOMArHiTHOI CHIIH
JIHIAHOTO  IHAYKTOPHOrO JBUTYHa Ha TIACTaBl KOMIUIEKCY IUGPOBUX
€KCIIEPUMEHTIB 32 pO3paXyHKOM MarHiTHOr0 OTOKY METOJI0M KIHIIEBHX €JIEMEHTIB;

— MPOBEJEHO aHaji3 OTPUMAHHUX B PE3yJbTaTi HU(POBOTO MOJECITIOBAHHS
JaHUX 3 BUKOPUCTAaHHAM IMoyiHOMa YeOuiieBa Ha MHOXHUHI PIBHOBIIJAAJICHUX
TOYOK, IO JI03BOJMB BU3HAYUTH HEMEPEPBHI 3aJI€KHOCTI €IIEKTPOMArHiTHOI CHIIN
Ta MOTOKO3YETUICHHS JIIHIKHOT IHAYKTOPHOT MallIMHU;

— TPOBEJEHO KOMIUIEKC IMITAl[IHHOTO MOJIENIOBAHHS, SKUW J103BOJIUB
BU3HAUMTHU 3QJI€KHOCTI, III0 OMUCYIOTh BIIMB 3MIHU HAIIPYTH 1 CTPYMY JIBUTYHA Ha
€JIEKTPOMArHITHY CUJTY, IIBUJIKICTH 1 IEPEMILLIEHHS TOCTPSKIB;

— 3 BUKOPHUCTAHHSIM AaHAJIITUYHUX METOIB Z-TIEPETBOPEHHS PO3pOOIEHO
cTpyktypHy cxemy [IIJI-perynsrtopa mBHIKOCTI Ta HOro IMITaIlliHy MOJENb Y
cepenoBuili «MATLAB Simulinky;

— Ha ocHOB1 Meroay UuHa-XpoHca-PecBika oTpuMaHoO JiarpaMu po3MoiTy
koedinientiB [1IJ[-perynsTopa B 3ameKXHOCTI Bl MIBUAKOCTI PyXy SKOps Ta HOTo
MIOJIOXKEHHSI.

B m’satomy po3auni «ExkcnepuMeHTanbH1 JOCIIKEHHS 00’€KTa 1 CUCTEMH

KCPYBAHHI» 3pO6JICHO HaCTYyIIHC!:
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— PO3p00JIEHO Ta BUTOTOBIEHO (I3MUHY MOJENb JIHIHHOTO IBUTYHa B
macmTabi 1:2 (rabaputhi po3mipu: goxuHa — 310 Mm; miamerp — 75 mm; maca —
5 kr);

— CTBOPEHO MaTeMaTU4YHy MOJIEIb €JIEKTPONPUBOAY CTPLUIOYHOIO MEPEBOIY
Ha OCHOB1 JIOCIIAHOTO 3pa3ka JIHIMHOTO JBUTryHa 3 11eHTU(IKOBAHUMU
napamMeTpaMu HelpoperynsTopa Ta 3alpONOHOBAHO KOHCTPYKLIIO CHUCTEMU
aBTOMAaTUYHOI0 KepyBaHHA Ha 0a3i MmikpokoHTposepa dsPIC30F3011;

— JUIs TMIATBEPIKEHHS aJeKBATHOCTI PO3pO0JIeHOI MaTeMaTU4YHOI MOJeni
JIHIAHOTO JBUTYHA Ta MiATBEPHKCHHS Mpale3AaTHOCTI CUCTEMH aBTOMATHYHOTO
KepyBaHHS PO3POOJIEHO CTEH/I, HA IKOMY OTPUMAaHO OCIUJIOTPAMU €JIEKTPUUYHUX Ta
MEXaHIYHHUX XapaKTePUCTUK poOOTH 00’ €KTa KEPyBaHHS;

— OTpUMaH1 pe3ylbTaTH TOKa3ylOThb BHUCOKUM pIBEHb CIIBHAJaHHS
PO3PAaXyHKOBUX JiarpaM 3 OCHMWJIOTpaMaMH pPEalbHUX MEPEXITHUX MPOIECIB B
CUCTEM1 KEpyBaHHS Ta €JIEKTPOMEXAaHIYHI CHUCTEeM1 CTPUIOYHOrO TMEpPEeBOMY.

P0301XHICTS TTO OCHOBHUX KOOpJAMHATAaX CKiaaae Bif 2 1o 7%.
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ABSTRACT

Maslii A. S. Structural and parametric synthesis of automatic control systems
for linear motors of a sleeper-type turnout. — Manuscript.

Dissertation for candidate of technical sciences (Ph.D.) degree by specialty
05.13.07 — automation of control processes. , National Technical University
«Kharkiv Polytechnic Institute», Kharkiv, 2018.

The thesis is devoted to solving the problem of multipurpose synthesis of
automatic control systems of a sleeper-type point machine based on two types of
linear electric motors using various optimization methods and genetic control
algorithms.

In the first section "Analysis of tasks and ways of automation of turnouts of
railway transport" the following is done:

— the overview of modern turnouts has been carried out, which shows that,
along with the improvement of existing types of motors by replacing unreliable
elements global companies is under way to create new solutions in order to increase
the reliability and speed of the control system and obtain high velocity of the
movement of the tongues of the turnouts;

— the existing systems of control of turnouts from the point of view of the
quality of the translation process of the tongues and the overall controllability of the
process, which shows the lack of control over the main coordinates of the electric
motor — current, speed and position, are considered,

— the main tasks and ways of automation of turnouts of Ukrainian railways are
formulated.

In the second section "Identification of the parameters of a linear electric
motor as a control object" the following is done:

— the use of a linear electric motor as a control object in the proposed
construction of the sleeper-type turnout is grounded;

— the task of conditional optimization of the parameters of the drive motors is

drawn, the feature of which is the use as a criterion of the mean-square deviation of
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the traction force of a linear electric motor and the resistance strength, and the
geometric dimensions of the elements of the engine are selected as variables;

— a rational approach to the problem of conditional optimization of engine
parameters is determined;

— the optimal traction characteristics of the linear motor of an electromagnetic
type and a linear induction motor are determined on the basis of developed static
mathematical models for determining the magnitude of the electromagnetic force.

In the third section "Development and research of the neuro-regulator for the
system of automatic control of a turnout based on a linear engine of electromagnetic
type", the following is done:

— the mathematical models of a turnout using the Lagrange II equations for
the electromechanical system are developed, the feature of which is to determine the
connection of a linear motor of an electromagnetic type based on a complex of digital
experiments and the calculation of magnetic flux using the method of finite elements
in the oxy-symmetric formulation of the problem, and an analysis of the obtained
results;

— dependences of the flow-coupling and the electromagnetic force that
identify the linear electromagnetic-type motor are determined, and it is shown that
these dependences are continuous and allow us to uniquely identify their derivatives
in the entire area under consideration;

—the simulation model of the drive is developed using the MATLAB Simulink
environment simulating the operation of the control system, the half-bridge of the
inverter, the linear electric motor and the mechanical part;

— a neural network controller for the sleeper-type turnout is developed, the
feature of which is: the artificial neural network with the structure of the perceptron
3-10-1; possible training algorithms and modes of its work are considered; the task
of controlling the speed of the linear motor along the entire path of the anchor, the
control of its position and the smooth argument of the wanders to the frame rails is

solved; simulation mathematical model of switching is supplemented by a current
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regulator for the protection of the electric motor and the power elements of the
turnout.

In the fourth section "Development and research of the system of automatic
control of the turnout based on linear inductive electric motor" the following is done:

— the mathematical model of the motor of the turnout is developed, the
peculiarity of which is to determine the flow connections and the electromagnetic
force of the linear induction motor using a complex of digital experiments based on
the calculation of magnetic flux by the method of finite elements;

— an analysis of the data obtained from the digital modeling using the
Chebyshev polynomial in a set of equidistant points was carried out, which allowed
to determine the continuous dependences of the electromagnetic force and the
current coupling of the linear induction machine;

— a complex of imitative modeling has been carried out, which allowed to
determine the dependencies describing the effect of changes in voltage and current
of the engine on the electromagnetic force, speed and the tongues;

— using the analytical methods of z-transformation a structural scheme of the
speed controller and its simulation model in the MATLAB Simulink environment
have been developed;

— using the Chin-Chrones-Resvick method, the diagrams of distribution of
coefficients of the controller are obtained, depending on the speed of the anchor and
its position.

In the fifth section "Experimental Investigations of the Object and Control
System" the following is done:

— physical model of the linear motor was developed and manufactured on
scale 1: 2 (overall dimensions: length - 310 mm, diameter - 75 mm, weight - 5 kg);

— the mathematical model of the electric motor was created based on the
experimental model of the linear motor with the identified parameters of the neuro-
regulator and the design of the automatic control system based on the

microcontroller dsPIC30F3011 was proposed;
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— to confirm the adequacy of the developed mathematical model of the linear
engine and to confirm the efficiency of the automatic control system, a stand was
developed on which the oscillograms of the electrical and mechanical characteristics
of the control object were obtained;

— the obtained results show a high level of coincidence of the calculated
diagrams with the oscillograms of real transient processes in the control system and
the electromechanical system of the turnout. The difference in the main coordinates
is from 2 to 7%.

Keywords: automatic control system, turnout, linear electric motor,

conditional optimization, genetic algorithms, neuro-regulator.
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