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Bopobiiog b.B. JlocniKeHHs] aCHHXPOHHOTO €JIEKTPOIPUBO/IA EIEKTPOMOOLIS
y pexxuMax pekyrepariiii Ta OykcyBaHHs. - KpamidikaliiiiHa HayKoBa mparls Ha IpaBax
PYKOTIHCY.

Hucepramiss Ha 3100yTTss HaykoBoro ctymedss PHD moktopa dimocodii 3a
cnemiaibHicTIO 141 «EnekTpoTexHika, eIeKTPOCHEPreTHKa Ta €JICKTPOMEXaHIKay. —
HamionanpHuil TeXHIYHUI YHIBEpCUTET «XapKIBCbKUI MOMITEXHIYHUN 1HCTUTYTY,
MOH VYkpainu, Xapkis, 2021.

Hucepramiitna  poboTta  OpHUCBAYEHA  JOCIIIPKEHHIO  aCHHXPOHHOTO
€JIEKTPOIIPUBOAY €JIEKTPOMOOUIss Yy PI3HUX peXuMax poOOTH, BHUSIBIEHHIO
OCOOJIMBOCTEH TMOBEIIHKM EJIIEKTPONPHUBOAY 3 YpaxXyBaHHSM OCHOBHHUX THIIIB
HABaHTAXXEHHS Ta MEXaHIYHUX YaCTHH, BHU3HAUYEHHS cCHocoOy iaeHTudiKarii
OykCyBaHHs Ta Woro 3amoOiranHs 3acobamu enektponpuBoay. OO0 ’ekToM
JOCITIJIKEHHS € MPOIIECH MEPETBOPEHHS €HEPrii B aCHHXPOHHOMY €JIEKTPOIIPUBO/IL Y
PI3HHX peXuMax pyxy enekrpomoOursi. IIpenmeroM HOCHIIKEHHS € JOCTIIKEHHS
CJICKTPOIIPUBOIA Yy PEXKMMaX peKyrepaiii Ta OyKCyBaHHS, BH3HAYCHHS O3HAK
nepexoay eJIeKTPOMOOLIs y peXuM OYKCYBaHHSI Ta IIJIBUIEHHS OE3MEKU PyXy
3aco0aMu €JIEKTPONPUBOA.

[IpoBenenuit aHami3 JiTepaTypu CBIIYUTH MPO O€3yMOBHE 301IBIICHHS
CBITOBOTO BUPOOHUIITBA €JIEKTPOMOOLIIB B HAMOMMKUOMY MalOyTHbOMY. YKpaiHa
MOBMHHA CBOE€YACHO BiJpearyBaTyd Ha JlaHy TEHJEHIII0 MiATOTOBKOIO BiAMOBIIHHMX
daxiBiiB, TPOBEICHHSIM HAyYKOBUX JOCIHIKEHb, MATH BJACHI aKTyalbHI
HaIpaloBaHHS 1 JOCIII>KCHHS.

OOpana HaWOUIBII aKTyaJdbHAa CTPYKTYypa E€JIEKTPONPHUBOIY EIECKTPOMOOLIS.
Bun QyHKIIOHaNbHOI CXEMHM BU3HAYAETHCSA XapaKTEPOM MEPETBOPEHHS €Heprii B
nporieci pyxy enekTpoMoOins. Jxepernom eHeprii € Oarapes aKkymyJsITOPIB, IO
3a0e3mnedye Ha BHXOJ1 TMOCTIWHY Hampyry. [lepeTBopeHHs MOCTIHHOI HANpyrd B
3MiHHY, HEOOXIJIHE VISl )KUBJICHHS] ACHHXPOHHOIO JIBUTYHA, 3a0€311eUy€ThCsl CUIIOBUM

eJICKTPOHHUM TEPEeTBOpPIOBaYeM — TpU(a3HUM aBTOHOMHHUM IHBEPTOPOM HANpPYTH.



[HBepTOp Hampyru BUKOHYE (GYHKIII PEryJNIOBaHHS SK 4YacTOTH, TaK 1 3HAYEHHS
Hampyru 3 BekTopHUM kepyBaHHsM, a came DTC. KepyBanns iHBepTOpOM
3MIMCHIOETHCS MIKPOIIPOIIECOPHUM OJIOKOM, IO 31HCHIOE BBIMKHEHHS 1 BUMKHEHHS
KJIFOYiB aBTOHOMHOTO 1HBepTopa 3a anroputMoM IIIIM. IlepeTBopeHHs €lNeKTpUIHOT
eHeprii B MeXaHIuHy 3A1MCHIOETbCS ACHHXPOHHUM JBHUTYHOM, Ha Baly SKOTO
dbopMy€eThCsl MeXaHIYHMM MoMeHT. I[linBHIIEHHS MOMEHTY Ha Bajlax KoOJiC 3
BIIMOBITHUM 3HWKEHHSIM IIBUIKOCTI JOCATAETHCS 3a JOIIOMOIOI0 MEXaHIYHOI
KOpPOOKH MepeMUKaHHs Tiepeiay.

Buxoasuu 31 cTaHZApTHOrO MICHKOTO IHMKIY pPyXy TpaHCHOPTYy, OyiIu
noOyAoBaH1 JiarpamMu 1 3poOieHuil BUOIp MOTYKHOCTI NBUryHa. byB mpoBeneHuit
aHaJ3 EHEPreTUYHUX XapPaKTEPUCTUK €JIEKTPONPUBOIY 31 BCTAHOBJICHOIO KOPOOKOIO
nepenad Tta 0e3 Hei. 3ICTaBIAOYM OTPUMAaHI CIIBBIIHOILICHHS [Jisi JBUTYHa 0e€3
3aCTOCYBaHHS KOPOOKHM TIEPEeMHUKaHHS Tepeaad BUAHO, IO MOTYKHOCTI B CTAIOMY
pexuMi piBHI, IPOTE B JAUHAMIYHUX PEKUMaX PoOOTH HEOOXiJHA MOTY>KHICTb, IO
npubIM3HO B 1,5 pa3u mepeBulllye MOTYXHICTh ABUTYHa npu BukopuctanHi KIIII.
Otxe, Bukopuctands KIIII BunpaBmano 1 AOLIBHO, TaK SK HEOOXITHA MOTYXHICTh
JIBUTYHA B JWHAMIYHMX PEKHMaxX 3HAYHO HIDKYE, a TaKOXX HEMae HEOOXI1THOCTI B
3HAYHUX  KOHCTPYKLIMHUX 3MIHax 0OpH mnepeobjagHaHHI  aBTOMOOUIL B
CICKTPOMOO1ITb.

[ToOynoBaHo  MaTeMaTU4Hy  MOJENb  CJICKTPOMEXaHIYHOI  CHUCTEMH
enektporpuBoay. [1o Hiit moOyaoBaHa KOMIT'IOTEpHA MOJIeTh B makeTi Matlab, 1 Oyna
CKJIajZieHa Ha efleMeHTax 6i0miorexu SimPowerSystems.

Jlo ckiaay MoJiesni BXOJSATh Taki OCHOBHI €JIEMEHTH:

- CHCTEMa eJIEKTPOKUBIICHHS,

- inBeprop (IGBT-Inverter);

- ACUHXPOHHHUI JABUTYH;

- CHUCTEeMa KepyBaHHS,

- 010K (popMyBaHHSI MOMEHTY HaBaHTAXKEHHS;

- TPAHCMICis;



- OJIOK MOHITOPUHTY BUMIPIOBAHHMX BEJIMYMH;

- 610K 1HIIAI3alli mapaMeTpiB.

[IpoBeneHO KOMM'TOTEpHE MOJIEIIOBAHHS €IEKTPONPUBOLY B PI3HUX pEKUMAX
po6otu. OcobnuBy yBary MNpUIUIEHO pEeXMMaM MPOOYKCOBYBaHHSA, KOJH OJHE 3
KOJIC YacTKOBO a00 TOBHICTIO BTpaya€ 34YCIUICHHA 3 JOPOKHIM MOKPUTTSIM.
OTtpuMani rpadiki MOKa3ylOTh HEY3TO/DKEHICTh HIBUAKOCTEH TBOX KOJNIC, fKa Mae
MicIle TIpH Hai3[l Ha AUIIHKY JOPOKHBOTO MOKPUTTS 31 3HMKEHUM KOEQIII€EHTOM
3UYEIJICHHS, a TaKOXK MEepPexXiJHl MPoLeCH MPHU HAai3/l IBOMa KoJiecaMy Ha JUISHKY 31
3HM)KEHUM KOE(I1€EHTOM 3YETUICHHS.

Cnupatrouricb Ha OTpUMaHl 3aJeKHOCTI, OyJI0 3alpONOHOBAHO METOJ
pO3MI3HABAaHHS MEPEXOy EIEKTPOMOOUISl Yy pexuM OYKCYyBaHHS 3 BUKOPUCTAHHAM
HEY3rO/P)KEHHOCT! mBUAKOCTeH. IlimiOpano HaiOUIbII BIANOBIAHI KOE(IIEHTH
HEY3rOJKEHOCT1 1 Ha iX OCHOB1 MOOYyJOBaHA CTPYKTypa PEryjsiTopa 3 HEUYITKOIO
JIOT1KOI0. 3ampomnoHOBAaHO (DYHKIIIOHAJIBHY CXEMY MJii BU3HAYEHHS 1 3amoOiraHHs
nepexoay B peKuUM OYKCYBaHHSI.

HaykoBa HOBH3Ha poOOTH MOJISTA€ B HACTYITHOMY.

- YnockoHaneHo Ta mnepeBipeHo MeTtoauky po3poOoku EIl EMB, sika moxe Oytu
BUKOpPUCTAaHA TPU PO3POOIIl HOBUX €JIEKTPOMOOUIIB 1 mepeoOsiaHaHHI CepIHUX

aBTOMOOWIIB B €JIEKTPOMOOLIL;

- Bmnepme po3pobreHo Ta JOCHIKEHO 3arajibHy MaTeMaTU4YHY MOJIEIhb
CJIEKTPOMOOUISI 3 AaCMHXPOHHUM EJIEKTPONpPUBOAOM, IO BKJIOYae 10 cede
PO3TOPHYTY MOJIEIh CUCTEMHU >KUBJICHHS, €JICKTPOMEXaHIYHOT YACTUHU 3 CHCTEMOIO
PSIMOTO KEPyBaHHS MOMEHTOM 3 ypaxyBaHHSAM peKyIeparlii Ta MoJaelb MeXaHIqYHO1

YACTUHU €JIEKTPOMOOLIIS 3 MOKJIMBICTIO MOJIETIOBAHHS PEXUMY OYKCYBaHHS;

- CuHTe30BaHa cCUCTEMA PO3IMi3HABAHHS Ta 3amo0iraHHs OyKCyBaHHS KOJIIC IIJISIXOM 3

BUKOPHCTAHHSAM HEYITKOi JIOTIKM 3aco0amMH €JIEeKTPONPHUBOAY 3 BUKOPHCTAHHSIM



BIIEpIIE  3allPOTMIOHOBAHOTO  CIOCOOy  PaHHBOTO  PO3MI3HABAHHS  NEPEXOAY

€JIEKTPOMOOUISI B pEKUM OyKCYBaHHS.

Knrouosi cnosa: acMHXpOHHUN €EKTPONPUBO/I, €IEKTPOMOOLIb, CUCTEMa KEPyBaHHH,
OyKCyBaHHS, MaTeMaTHYHE MOJCITIOBAHHS, IIEPETBOPIOBAY YAaCTOTH, 1HBEPTOD,

peKyIepaTUBHE raJIbMyBaHHS, CHEPro30epe:KEeHHS.
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ANNOTATION

Vorobiev B.V. The research of an asynchronous electric drive of an electric
vehicle in recuperation and slipping modes. - Qualifying scientific work as a
manuscript.

Dissertation for the PHD degree in specialty 141 "Electrical Engineering,
Power Engineering and Electromechanics”. - National Technical University
"Kharkov Polytechnic Institute”, Ministry of Education and Science of Ukraine,
Kharkov, 2021.

The dissertation work is devoted to the study of an asynchronous electric drive
of an electric vehicle in various operating modes, identifying the features of the
behavior of an electric drive, taking into account the main types of loads and
mechanical parts, determining a method for identifying slipping and preventing it by
means of an electric drive. The object of the research is the processes of energy
conversion in an asynchronous electric drive in various modes of electric vehicle
movement. The subject of the research is the study of an electric drive in the
recuperation and slipping modes, determining the signs of the transition of an electric
vehicle to the slipping mode and increasing the safety of movement by means of an
electric drive.

The analysis of the literature indicates an unconditional increase in the global
production of electric vehicles in the near future. Ukraine should promptly respond to
this trend by training relevant specialists, conducting scientific research, and have its
own topical developments and research.

The most relevant structure of the electric drive of the electric vehicle has been
selected. The type of functional diagram is determined by the nature of energy
conversion during the movement of an electric vehicle. The source of energy is a
battery of accumulators, which provides a constant voltage at the output. Conversion
of direct voltage to alternating voltage required to power an asynchronous motor is
provided by a power electronic converter - a three-phase autonomous voltage

inverter. The voltage inverter has the function of regulating both the frequency and
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the voltage value with vector control, namely the DTC. The inverter is controlled by
a microprocessor unit, turns on and off the keys of the autonomous inverter according
to the PWM algorithm. The conversion of electrical energy into mechanical energy is
carried out by an asynchronous motor, on the shaft of which a mechanical moment is
formed. The increase in torque on the wheel shafts with a corresponding decrease in
speed is achieved using a mechanical gearbox. Based on the standard urban traffic
cycle, diagrams were built and the choice of engine power was made. An analysis
was made of the energy characteristics of the electric drive with and without an
installed gearbox. Comparing the obtained ratios for the engine without the use of a
gearbox, it can be seen that the power in the steady state is the level, however, in
dynamic modes of operation, the power is required about 1.5 times the engine power
when using the gearbox. Thus, the use of a gearbox is justified and advisable, since
the required engine power in dynamic modes is much lower, and there is no need for
significant struct

ural changes when converting a car into an electric vehicle.

A mathematical model of the electromechanical system of the electric drive has
been built. Based on it, a computer model was built in the Matlab package, and was
compiled on the elements of the SimPowerSystems library.

The model includes the following main elements:

- power supply system;

- inverter (IGBT-Inverter)

- asynchronous motor;

- control system;

- block of the formation of the load torque;

- transmission;

- unit for monitoring measured values;

- block of initialization of parameters.

Computer simulation of the electric drive in various operating modes has been



carried out. Particular attention is paid to slip modes, when one of the wheels
partially or completely loses grip on the road surface. The resulting graphs show the
inconsistency of the speeds of the two wheels, which occurs when hitting a section of
the road surface with a reduced coefficient of adhesion, as well as transient processes
when two wheels hit a section with a reduced coefficient of adhesion.

Based on the obtained dependencies, a method was proposed for recognizing
the transition of an electric vehicle to skidding mode using the ineffectiveness of
speeds. The most appropriate inconsistency coefficients are selected and on their
basis the structure of the controller with fuzzy logic is constructed. A functional
diagram is proposed for determining and preventing the transition to the slip mode.

The scientific novelty of the work is as follows.

- Improved and tested the methodology for the development of EMC EMC,
which can be used in the development of new electric vehicles and conversion of
serial cars into electric vehicles;

- For the first time, a general mathematical model of an electric vehicle with an
asynchronous electric drive was developed and investigated, it includes a detailed
model of the power supply system, an electromechanical part with a direct torque
control system taking into account recuperation and a model of the mechanical part of
an electric vehicle with the ability to simulate the slip mode;

- A synthesized system for recognizing and preventing wheel slip by using
fuzzy logic by means of an electric drive using the first proposed method for early

recognition of the transition of an electric vehicle to slip mode.

Key words: asynchronous electric drive, electric vehicle, keruvannya system,
skidding, mathematical model, frequency conversion, inverter, recuperative

galmuvannya, energy saving.
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