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2. Methods and means of tram electromechanics brake automated control.

Pedepar:

1. O6'eKT BOCHiIKEHHS - IPOLIeC BU3HAUEHHS TEXHIYHOTO CTAaHy OCHOBHUX BY3J1iB €JIeKTPOMEXaHIUHOI CUCTEMU
raJibMyBaHHSI TPaMBallHUX BaroHiB; METOI0 POOOTHU € MifBUIIEHHS BipOTiJHOCTI KOHTPOJIIO IapaMeTpiB
€JIEKTPOMEXaHIYHOI CUCTEMY TaJIbMyBaHHA TPAMBAMHUX BarOHIB 3@ PAXYHOK yIOCKOHAJIEHHA CUCTEM KOHTPOJIIO ii
€JIEMEHTIB; BUKOPUCTAaHi YN CeJIbHi METOAM PO3B'I3aHHS 3a7la4, METOAU MaTEMAaTUYHOTO MOJEJIIOBaHHS; TeOopii
KiHLIeBMX aBTOMaTiB; ajire6pa JIoriky; Teopii AIMOBIPHOCTEN Ta HEUITKUX MHOXKWH; T€HETUYHI aJITOPUTMU; aHAJIITUYHI
MOXJIMBOCTi KOMIT'IOT€PHOI a/ireb6py; METOA MaTeMAaTUYHOI CTATUCTUKH; TEOPETUYHI PE3yJIbTaTU - BIEpIIE
3aIIPONIOHOBAHO METOJ BU3HAYEHHSI MEXaHIYHOTO rajlbMiBHOTO MOMEHTY TPaMBasi, B OCHOBY SIKOTO MOKJIALEHO
BUSIBJICHY aHAJIITUYHY 3QJIEXKHICTh MK [TapamMeTpamMu €JIEKTPUYHOTO Ta MEXAHIYHOTO eTarliB raJlbMyBaHHS TPamBas,
SIKUI JO3BOJIUB OLiHUTH €(PEKTUBHICTb POOOTHU €JIEKTPOMEXaHIUHOiI rasbMiBHOI cuctemu. OTpUMaB NOJAJbIINN
PO3BUTOK METOJ, KOHTPOJIIO TEXHIYHOTO CTaHy 6araToCeKIiitHOrO MyCKO-TajlbMiBHOTO PEOCTATa, IJISIXOM

BpaxyBaHHSI BUSIBJIEHOI 3aJI€;KHOCT] [TapaMeTpiB CHUJIOBOTO KOJIa eJIEKTPOIPUBOAY Bif KOMOiHAIil 3aMKHEHUX Ta



PO3iMKHEHVX KOHTAKTiB, 10 Ha BiMiHY Bifi BiloMMX 103BOJISIE 6iblI ajeKBATHO BUBHAYUTU MOTO TEXHIUHUIM CTaH.
CTBOpPEHO MAaTEMAaTUYHY MOJEJb PYXy TATOBOTO €JIEKTPOIPUBOIA TPAMBAHOTO BaroHa, 110 J03BOJISIE
YAOCKOHAJIUTU METOJ, OLIIHIOBAHHS 1032 KOJIICHUX I1ap, KM Ha BiIMiHY BiJ BilOMUX BPaXOBYy€ peajibHe rajbMiBHE
3yCHUJIJISI HA CTUKY PEIKa-KOJIeCO, BU3HAY€HE 332 3MiHHMMU CTaHy CHUJIOBOTrO KoJjia. [IpakTUYHi pe3yJbTaTu -
PO3pO6JIEHO AITOPUTM HAJIAIITYBaHHS PIBHOMiIPHOTO rajibMiBHOTO 3yCHJLIIS 110 OCSIX KOJIICHUX Tap, peasizalis
SIKOTO JJ03BOJIsIE€ 326€31€YUTU OGHAKOBY iX MIBUAKICTh 0O€epTaHHsI IpY rajibMyBaHHi BaroHa. Ha ocHOBi po3po6sieHnx
METO/IiB 3a[IPOIIOHOBAHO ITPUCTPill BUBHAYEHHS Ta KOHTPOJIIO BEJIMYMHU MEXAHIYHOTO IajlbMiBHOTO MOMEHTY
€JIEKTPOMEXaHIYHOr O TajibMa, Mo J03BOJISIE OTPMMYBATH iH(POPMALLil0 TPO TEXHIYHMI CTaH OCTAaHHBOTO. CTBOPEHO
KOMIT'IOTEPHY MOJI€JIb CUCTeMU BU3HAYEHHSI BEJIMUNHY MEXaHI{YHOrO TaJIbMiBHOTO MOMEHTY y cepenoBuili Matlab
Simulink, sika 703BOJIsIE LIBUAKO IPOBECTU HaJAroJpKEHHS HAa POOOTY Pi3HUMU BUXiIIHUMU NTapaMeTpaMu Ta
IOCIIAATA MOTro poOOTY B Pi3HUX peXUMax. PO3po6JI€HO CTPYKTYPHY CXE€MY Ta aJlTOPUTM POOOTH CUCTEM
BM3HAYEHHS Ta KOHTPOJIIO MEXAHIYHOTO TaJIbMiBHOT'O MOMEHTY €JIEKTPOMEXaHIYHOIO rajibMa TPaMBasi B
MIKpOIIPOLIECOPHOMY BUKOHAHHI, 1110 103BOJIsIE€ MiABUIIUTH QYHKIIOHAIBbHICTb Ta 'HYYKICTh HaJIarOJKEHHS
3aIPONIOHOBAHUX cUCTEM. CTYIiHb BIPOBAI)KEHHS - PE3YJIbTaTU POOOTH BIIPOBAI’)KEHO B KOMYHAJIBHOMY
nianpueMcTBi "BiHHMIIBKE TPaMBaHO-TPOJIENOYCHE YIIPAaBJIiHHSA" Ta B HABYaJIbHUI IpoLec BiHHUIBKOTO
Hal[iOHAJILHOTO TeXHIYHOTro yHiBepcuteTy. Cdepa (rasysb) BAKOPUCTAHHS - HiJIIPUEMCTBA, SIKi eKCIIyaTyIOTh

€JIEKTPOPYXOMUIA CKJIAf,

2. Object of the research - the process of the technical state determining of trams electromechanical braking
systems basic units; the purpose of thesis is to increase the probability of trams electromechanical braking system
parameters control by improving control systems of its elements; used methods numerical methods; mathematical
modeling methods; theory of finite automata; algebra of logic; probability theory and fuzzy sets; genetic
algorithms; analytical capabilities of computer algebra systems; methods of mathematical statistics; theoretical
results, which is based on the detected analytical dependence between the parameters of tram electrical and
mechanical braking phases, which allowed us to estimate the efficiency of the electromechanical brake system;
The method of condition monitoring multisection rheostat received further development, by taking into account
the identified parameters depending on the electric power circles and combination of closed and open-loop
contacts, unlike the known can more adequately determine its technical condition. A mathematical model of trams
electric traction motion, allowing improved tram slip evaluation method, which unlike the known into account the
actual braking force at the junction of rail-wheel defined by the variables of the power circle. Practical results - the
algorithm setting uniform braking force along the axes wheelsets, the implementation of which allows them to
provide the same speed when braking the tram. Based on the developed methods proposed device detection and
control the value of the mechanical torque electromechanical brake that will provide information about its
condition. A computer model of the mechanical braking torque determination in an environment Matlab Simulink,
which allows you to quickly debug to work with various input parameters and to investigate its performance in
different modes. A block diagram of the algorithm and system identification and control of tram electromechanical
brake mechanical braking torque in microprocessor performance that can improve functionality and flexibility of
the proposed adjustment. Degree of introducing - the results of work in communal introdused the enterprise
"Vinnitsa tram and trolleybus management" and in the academy process Vinnytsia National Technical University.
Scope (area) uses of - enterprise, using electrical train.
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