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I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYEHOI pagH (Pa30Boi CleliaJi30BaHOI BYE€HOI pagu): [l 64.050.04

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"
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IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180
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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHUX py6puK: 50.01.87, 73.31.41, 81.31.11.13

Tema guceprauii:
1. EneproedeKTUBHUI €JIEKTPOIIPUBiA €J1eKTPOMODIJIS 3 CyIePKOHAEHCATOPHOIO HaTapeero

2. Energy efficient electric vehicle electric drive with supercapacitor battery

Pedepar:

1. PoboTa nos'si3aHa i3 CTBOPEHHSIM J1ab0OPaTOPHOTro 3pa3ka €JIeKTPOMOOis 11711 y460BUX i HAYKOBUX LijIed Ha
Kadenpi «ABTOMaTH30BaHi esnleKTpomexaHiuHi cucremu» B HTY «XI1I» 05 nigroroBky KBanipikoBaHUX KaapiB
3aTHUX BUPILIYBAaTH 337adi AiarHOCTyBaHHS, IpOrpaMyBaHHS, eKcItyaTalii i pemoHTy EIl esekTpomo6iniB, nepexiz,
IO SIKMX 3MEHIIIye BUTPATH BYIJIEBOJHEBUX PECYPCIB i IOKpalllye €KOJIOTiYHy 0OCTaHOBKY B BEJIMKUX MicTax, Ta
KiJIPKICTb SIKUX 3HQUHMMM TEMIIaMU 301/1b1IyeThCS B YKpAiHi. [IpoBeIeHO OrJIsf IO €J1IEKTPOMOOIISIM BEIyUNX
3apybibkaux ¢ipm. ChopmMynboBaHi npuHLUNU po3pooku EIT esekTpomobins, po3pobiieHo GyHKIiOHaNIbHY Ta
npuHuuUIosi cxemu EIN. 3anporoHOBaHO BUKOPUCTAHHS B CKJIAJi IpKepesia eHeprii CyllepKoOHIeHCcaTOpHOi 6aTapei.
3anponoHOBaHi METOOVKU PO3PaxyHKiB KOM-TTOHEHTIB EIl. PO3BUHYTO METO[, €KBiBaJIEeHTyBaHHSI HABAHTAXKEHHS
IIpY1 BUOOPI €JIeKTPOJIBUTYHA BBEJEHHSIM IIMTOMUX 10 Maci CUJI Ta MOTYKHOCTEH Ta MaCOrabapUTHOTO KOePillieHTYy.

Po3pobseHi MmaTeMaTUyHa Ta KOMIT'IOTEpPHA MOJeJIi TITOBOi €JIEKTPOMEXaHIYHOI CUCTeMH, 110 BPaXOBYIOTh!



HEJIHIMHICTB CUJI OTIOPY BHACIIIOK a€POJMHAMIYHOI CKJIaIOBOi, HEJIHINHICTD CUJI 34EIJIEHHS KOJIIiC 3 JOPOXKHIM
MTOKPUTTSIM, HEJIIHINHICTh XapaKTePUCTHUKN HaMarHidyBaHHS, LIMPOTHO-iMIYJIbCHY MOAYJISLIiIO, IUCKPETHICTh
CHACTEMMU KepyBaHHS. 3[ilICHEHO KOMIT'IOTEPHE MOJIEJIIOBAHHS €JIEKTPOMEXAHIYHMX, €JIEKTPOMArHiTHUX IIPOLIECIB B
IVHAMIYHUX i CTATUYHUX PEXUMAaX IJ1s PI3HUX YMOB PYXY i BCTAHOBJIEHO BifIIOBigHICTh XapaKTepPy 4YaCOBUX Jiarpam
¢isnyHil cymHocTi npouecis. CTBOPEHO 1a60PaTOPHUI CTEH], /17151 €KCIIEPUMEHTAJIbHOTO JOCTiIKEHHSI pO60TU
CKB B pekynepaTUBHUX PeXXUMax i 00rpyHTOBaHa JOLi/IbHICTG ii BUKOpucTaHHs. [IpoBesieHe KOMII'IOTepHE
MOJI€JIIOBAHHS], aHaJIi3 Pe3yJIbTaTiB SIKOTO [103BOJIUB 3alIPOIIOHYBATH HOBi IPUHLIMUIN [100YI0BU 6araTopasHoro
IIMPOTHOIMITYJIbCHOTO MEPETBOPIOBAYA, SIKUH 3a6e3Mevye palioHaIbHUN po3nogin ctpyMiB mik Ab Ta CKB.
BukoHaHa o1jiHKa eHeproedeKTUBHOCTI 3aIIPOIIOHOBAHNX CXEM Y Pi3HUX CTaHAAPTHUX LUKIIAX PYXY i3 ypaxyBaHHIM
BTpar B KoMIloHeHTax EIl. [Toka3aHo, 110 EKOHOMIS €JIEKTPOEHEPTil B 3aJI€JKHOCTI Bifl yMOB PyXy ckiazgae 13...24%.
JocnipxeHi aHoMasbHI pexkumu po6otu EIT esexTpomo6iss npy 6yKCYBaHHI KOJIiC i TOKAa3aHO, IO JIETKO
BMMipIOBAaHUMU BEJIMYMHAMM BCTAaHOBJIEHHS (DAKTy BUHMKHEHHS OYKCYBaHHSI [IpY HAsSIBHOCTI iMITyJIbCHOTO JIaTYMKa
IIBUJIKOCTI Ha KOJlecaxX MOXYTb OYTH TOXiJIHa CTPYMY SIKOpsI, IPUCKOPEHHSI KoJjleca Ta Horo noxigHa. Po3pobseHo i
CTBOPEHO Ha 6a3i aBTOMO06is «JIaHOC» nepiiil B YkpaiHi estlekrpoMo6inb 3 CKB. ITinTBepakeHo po60TO30aTHICTD

pospobinenoro EIT.

2. The work is related to the creation of a laboratory model of an electric vehicle for educational and scientific
purposes at the Department “Automated Electromechanical Systems” at NTU “KhPI". This is necessary for the
training of qualified personnel capable for solving problems of diagnosing, programming, operation and repair of
electric vehicles. The transition to them reduces the cost of hydrocarbon resources and improves the
environmental situation in large cities. Also, their number is growing rapidly in Ukraine. A survey of electric
vehicles of leading foreign companies was conducted. The principles of electric vehicles electric drive
development are formulated; the functional and basic schemes of electric drive are designed. The use of a
supercapacitor battery as a power source is proposed. Methods of electric drive components calculation are
offered. The method of load equivalence at the choice of the electric motor by introduction of specific on weight of
forces and capacities and mass-dimensional factor is developed. Mathematical and computer models of traction
electromechanical system are developed, taking into account: nonlinearity of resistance forces due to aerodynamic
component, nonlinearity of wheels coupling forces with a road surface, nonlinearity of magnetization
characteristics, pulse width modulation, discreteness of control system. Computer modeling of electromechanical
and electromagnetic processes in dynamic and static modes for different conditions of movement is carried out
and correspondence of time diagrams character to physical essence of processes is established. The laboratory
stand for experimental research of supercapacitors in regenerative modes is designed and expediency of its use is
proved. Computer simulation was carried out, the analysis of the results allowed to propose new principles of
multiphase pulse-width converter design, which provides a rational distribution of currents between the
accumulator battery and supercapacitors. The estimation of energy efficiency of the proposed schemes in various
standard cycles of movement taking into account losses in electric drive components is executed. It is shown that
the electricity saving is 13...24 % depending on traffic conditions. The anomalous modes of the electric vehicle
electric drive operation during wheel slipping are investigated and it is shown that easily measured values of
slipping occurrence establishing at the presence of a pulse speed sensor on wheels can be derived armature
current, wheel acceleration and its derivative. The first in Ukraine electric vehicle with supercapacitors was
developed and created on the basis of “Lanos” car. The operability of the developed electric drive is confirmed.
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