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2. Increasing of efficiency traction asynchronous drive with autonomous energy sources

Pedepar:

1. lnceprauist pUCBA4Y€HA BUPIIIEHHIO HAYKOBO-IIPAKTUYHOI 3a71a4i 10 MifBUIIEHHIO €()EKTUBHOCTI TATOBOTO
acuHxpoHHoro ejsiekTpornpusony (TAEIT) 3 aBBTOHOMHUM JpKEPeJIOM KUBJIEHHS 32 KpUTepieM MaKcUMizaliii
CHiBBigHOLIEHHS MOMeHT-CcTpyM (MTPA) 3a paxyHOK onTuMi3alii cucTeMu KepyBaHHS TATOBUM aCUHXPOHHUM
neuryHoMm (TA]l) 3 ypaxyBaHHSIM 3MiHM NiJiBeI€HOI IOTY>KHOCTI. PO3rJIHyTO icHYIOY igxony 0o onTuMisauii 3 Ta
0e3 ypaxyBaHHS BIUIMBY XapaKT€PUCTHUKYU HaMmarHiuyBaHHs TAJl. BcTaHOBJIEHO, 110 iCHYIOUI HiIXOO¥ 10 ONTUMI3alLii
3a kpurepiem MTPA cTBOpOBanivCh 32 yMOBU [IOBHOI'O BUKOPUCTAHHS aBTOHOMHOTIO iHBEPTOpA 3a HAIIPYToOlo Ta He
BPaxOBYIOTb PEXXUMIB POOOTH B yMOBax 00Me>XXeHHs NOTY>KHOCTI TA]l. Po3riisiHyTO 0CO6IMBOCTI TPOBEIEHHS
nociigxeHHs po6otu TAEII (Ha 6a3i MozeoBaHHS), IO JO3BOJIAJIO BUSHAYUTU CTPYKTYPY iMmiTauiliHoi mozesi Ta ii

HeOoOXiJIHI CKJ1anoBi. 1715 IpoBefeHHs JOCiKeHb 0yB 00paHM PyXOMUI CKJIaT, 3 aBTOHOMHUM [IKEPEJIOM



SKUBJIEHHS — ausenb-110i37 JEJI-02, sk 6a30Buii 3pa3oK. Po3pobJieHi imiTaniliHi Mofesti CK1aioBUX Ta 3arajibHa
mogzens TAEIN, mo agantToBaHa [iJisi MPOBEeIeHHS AOCTiIKeHb 32 06paHuMuU 3afa4amu. IMiTaliiHa Moziesb IKepesa
>KABJIEHHS IIPEJCTABJIEHA CIIPOIIEHOI0, OCKIJIbKY MEePEXifHI IPOLECU IN3€Jb-TeHEPATOPHOI YCTAHOBKU MAIOTh
3HAYHO OisIbly iHEPLiMHICTb, HIX IPOLECU PO3BUTKY aBapilHUX T4 HEMITATHUX PEKMMIB Y €JIEKTPUYHIN Ta
MmexaHivyHii yactuHax TAEIL [1pu iMmiTaniiHOMy MOJEJIIOBAaHHI CUCTEMU aBTOHOMHUI iHBepTOp — TA]l nposBeneHa
nepesipKa peasisalii HeJIiHiMHOCTI MarHiTHOro KoJsa imitauifiHoi mogesi TAJ] sxoM MOZEIOBaHHS OOCTiny
XOJIOCTOTO X0y 1711 BOCbMU 3Ha4€Hb JIiHINHOI Hanpyru TAl. B SKOCTI OLIiHKM, OTPMMaHa XapaKTepUCTHKA
XOJIOCTOTO XOZYy NOPiBHIOBAJIACA 3 pe3yJIbTaTaMU CTEHI0BUX BUIIPOOYBaHb BocbMU cepiitHux TAIl Tuny A71906, mo
IO3BOJIMJIO BioOPa3UTH CTaTUCTUYHE BiIXUJIEHHS NTapaMeTpiB Aitounx 3paskiB TA]l Bify po3paxyHKOBUX, 110 He
nepeBUIYyOTh 5%. 17151 ninTBepAKeHHS afleKBaTHOCTI 3aranbHoi Mmozesi TAEIT 6yB npoBeneHnil MOPiBHAIbHUN
aHaJli3 pe3yJbTaTiB iMiTalliIHOrO MOZEIOBAHHS Ta PE3YyJIbTATIB [10I3HUX BUNPOOYBaHb 6a30BOr0 3pa3ka NpH pyci 3i
MIBUJIKICTIO 5 KM /T Ta IIpY PO3TOHi 10 mBUAKOCTI 50 KM /T 110 piBHIN AiNSHI MJIAKy. BcTaHOBIEHO, O BiTXUIeHHS
Pe3yJbTaTiB iMiTalliliHOro MOZeJII0BAaHHS Bif] pe3yJIbTaTiB eKcliepuMeHTY 3a F-kpurtepiem Qimepa He nepeBULIyIOTh
5%. Ilpu BupilleHHI 3a7a4i CUHTe3y cucTemu KepyBaHHs TA]l, ontumizoBaHoi 3a Kpurepiem MTPA, 3aripononoBasi
aHaJIiTUYHI BUpa3yu 06YMCIIeHHS KyTa [10JI0’KeHHS BeKTopa cTpyMmy TA]l, 3HaYeHHSI MOZyJis BEeKTOpa
[IOTOKO34erieHHs1 potopa TA]l, 0 BpaxoBye 3MiHYy BeJIMUMHMU MifiBeIeHOi IOTY>KHOCTI. OGIpyHTOBaHMI1 BUOip
CIIoco0y anpoKcUMmallii XxapaKTepUCTUKU NT0TOKo34erieHHs: potopa TAJl B peskxumi nocabsieHHsI 110151, OTPUMaHUMA
B XOZi IPOBEAEHHS AOCIIIKEHHS MTEPEXITHNX MPOLECIB Y CUCTEMI aBTOHOMHUM iHBepTOp Hanpyru — TAIl B pexkumi
nocnabsnenHs nosus. g TAEIT 3anpornoHOBaHM MaTeMaTUYHUE ONKC 6JI0Ky KOPeKLii Ta po3IoAiny 3aBHaHb
ctpymy TAJL B 3a71€KHOCTI Bif, IOTOYHUX 4acTOT o6epTaHHs poTopiB TA]l, 110 103BOJINIIO OOMEXKUTU ITPHUCKOPEHHS
4acTOT 0O€pPTaHH4, /11 KOHTPOJIIO JUHAMIKY PyXy ab0 CTBOPEHHS €(PEKTUBHOIO 3aXUCTY Bifl HAIMIPHOTrO
IIPOKOB3yBaHHS KOJIiICHUX Nap (DOKCYBaHHS, 103y). Po3pobsieHo iMiTaniiiny mogens ontumizoBaHoro TAEIT ta
BCTAHOBJIEHO, 1II0 BUKOPUCTAaHHA ONTUMi3anii 3a kputepiem MTPA 3 ypaxyBaHHSIM BeJIMYMHU NigBeneHoi 1o TAJ
IIOTY>KHOCTI 103BOJISIOTH 3611bIIUTU €J1IeKTpOoMarHiTHui MomeHT TAJ] Ha 53% B pexxumi 1ycky, a koedilieHT

IOTY>KHOCTI Ha 17.6%, 110 NifTBepKye €(PEKTUBHICTh 3alIPONIOHOBAHMX PilllEHb.

2. The dissertation is devoted to solving the scientific and practical problem of increasing the efficiency of traction
asynchronous electric drive (TAED) with autonomous power supply by the criterion of maximizing the ratio of
moment to current (MTPA) by optimizing the control system of asynchronous motor (AM). Existing approaches to
optimization with and without the influence of AM magnetization characteristics are considered. It is established
that the existing approaches to optimization by the criterion of MTPA were created under the condition of full use
of the standalone inverter by voltage and do not take into account the modes of operation under conditions of
power limitation of AM. Component simulation models and a general TAED model have been developed, adapted
for conducting research on selected tasks. The simulation model of the power source is simplified, since the
transients of the diesel generator set have much greater inertia than the processes of the growth of emergency
and abnormal modes in the electrical and mechanical parts of the TAED. In the simulation of the system, the
standalone inverter-AM is tested for the implementation of the nonlinearity of the magnetization curve of the AM
simulation model by simulating the idling test for eight values of the linear AM voltage. As an estimate, the
obtained idling characteristic was compared with the results of bench tests of eight serial AMs of AD906 type
(manufactured by SE "ELEKTROVAZhMASH"), which allowed to reflect the statistical deviation of the parameters of
the existing AM samples from the calculated, not exceeding 5%. In order to confirm the adequacy of the general
model of TAED, a comparative analysis of the simulation results and the results of train tests of the basic sample
was carried out when driving at a speed of 5 km / h and at acceleration to a speed of 50 km / h in a flat section of
the road. It is established that the deviations of the simulation results from the results of the Fisher F-test do not
exceed 5%. In solving the problem of synthesis of the control system AM, optimized by the criterion of MTPA,
analytical expressions of calculating the angle of position of the vector of AM current are proposed, the value of
the module of the vector of coupling of the rotor AM, taking into account the change of the magnitude of the input
power. The rational for choosing of the method for constructing a characteristic flux linkage of the AM rotor in the
field attenuation mode, obtained during the study of transients in the system autonomous voltage inverter-AM in



the field attenuation mode. For TAED, a mathematical description of the block of correction and distribution of
tasks current AM was proposed, depending on the current rotational speed of the AM rotors, which allowed to
limit the acceleration of rotation frequencies, to control the dynamics of movement or to create effective
protection against excessive slippage of wheel pairs (boxing, yuz). An optimized TAED simulation model was
developed and it was found that using the MTPA criterion optimization, taking into account the magnitude of the
AM power, allows to increase the AM electromagnetic moment by 53% in the start mode, and the power factor by
17.6%, which confirms the efficiency of the proposed solutions.
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