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HIABULHIEHHSA EHEPITOE®EKTUBHOCTI ACUHXPOHHOI'O
EJEKTPOIIPUBOAY 3 IEPETBOPIOBAYEM YACTOTH

INCREASE OF ENERGY EFFICIENCY OF ASYNCHRONOUS ELECTRIC
DRIVE WITH FREQUENCY CONVERTER

K.m.n., B. Il. Hepyoauwvxuii, acnipanm /. A. I'opdienko
Yrpaincvkutl 0epoicasrnuti yHisepcumem 3anizHUYHo20 mpancnopmy (m. Xapkis)

V. P. Nerubatskyi, PhD (Tech.), D. A. Hordiienko, Postgraduate student
Ukrainian State University of Railway Transport (Kharkiv)

Ha cywacHOMy 3aii3HUYHOMY TSTOBOMY pPYXOMOMY CKJIal  IIMPOKO
BUKOPUCTOBYIOTCA ACHHXPOHHI enekTpoaBuryHu (AJl). HaiOuiem dacto ans
peryNoBaHHS IMIBHAKOCTI Ta 00epTambHOTO MOMEHTY A]Jl BHUKOPHCTOBYIOTHCS
MEePEeTBOPIOBAYl YacTOTH, $KI TPAIIOIOTh 3 CHHYCOITaIbHOIO ab0 MPOCTOPOBO-
BEKTOPHOIO MIUPOTHO-IMITyJIbCHOI0 Moysicto (ILIM) [1, 2].

[TinBuimeHHst eHeproe(peKTUBHOCTI ACHHXPOHHOTO E€JIEKTPONPHUBOIY € BAKIMBUM
HAnpSIMKOM PO3BUTKY €JNEKTPOTEXHIKM Ta enekTpoMexaHiku. [liaBumenns KK
ACHUHXPOHHUX eJIEKTPOJBUTYHIB TOB’S3aHO 31 30UTBIIEHHSM IOJOCIB, 3HIKCHHSIM
omopy OoOMOTOK Ta 30umbmieHHAM KoedirienTa notyxHocTi [3, 4]. Kpim Toro, s
3a0e3neuenHs: MakcumanbHOoro KKJ[ acMHXpoHHOTO JBUryHa pallioHAJIBHUM € HOTO
BUKOPHUCTAHHSA 3 IOBHUM (HOMIHAJIbHUM) HAaBaHTaKECHHSIM.

Baxnmueum Ttakox € migBumeHHs KKJ[ meperBoproBaudiB  4acTOTH B
ACHMHXPOHHOMY €JIEKTPONPHUBOIIL [5, 6]. 3HMWKEHHS BTpaT IMOTYXXKHOCTI B CHCTEMI
«TIEePETBOPIOBAY YaCTOTH — ACHHXPOHHHM IBUTYH», KPIM KOHCTPYKTUBHUX METOJIB,
MOKe OyJIM TOCATHEHO 3a PaXyHOK 3aCTOCYBaHHS aJITOPUTMIYHUX METOMIB (CHCTEMH
KepyBaHHA  abo0  pexumMu  poOoTH).  bigpmiicTh  3araJibHOIPOMMCIOBHUX
NEPETBOPIOBAYIB YAaCTOTU MalOThb MOKJIMBICTh KOH(Irypaiii Ta 3aBJaHHS YacTOTH
monynauii. [Ipu 3061IbIIeHH] YacTOTH MOAYJIALIT 30UIbLIYIOTHCSI BTPATH MOTY>KHOCTI
B CHJIOBMX KJIIOYaX aBTOHOMHOro iHBepropa Hampyru (AIH). ¥V Toit ke wac mpu
301IbIICHH] YaCTOTH KOMYTAIlli MOKPAILIY€e€ThCA CUHYCOIJANbHICTh (Ha3HOTO CTPyMY
1HBEpPTOpa, BHACHIIOK YOTO 3HIKYIOTHCS TOJAATKOB1 BTPATH MOTYXKHOCTI B 0OMOTKax
A]l BiJ BUIITUX TapMOHIK.

CroTtBopenHs (pa3HOTO CTpyMy 3 KOC(IIIEHTOM TapMOHIYHHX cHOTBOpeHb S50 %
CpUyuHs€e 30UIBIIEHHS BTPAT MOTYKHOCTI B €JIGKTPUYHIN Mepexi MpHOIM3HO Ha
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25%. Takum YMHOM, OJHHM 13 ULUIAXIB TOKPAIICHHA EHEProeeKTUBHOCTI
ACHHXPOHHOTO €JIEKTPONPHUBO/IY 3 MEPETBOPIOBAYEM YACTOTH € ONTUMI3AIlISl YACTOTH
KOMYTaIlli CUJIOBUX KJTIOYIB.

ImiTariliny Mozellb aBTOHOMHOTO 1HBEPTOPA HAMPYTH 3 ACUHXPOHHHUM JBUTYHOM,
po3poOJieHy y mporpamMmHoMy cepemoBuini Matlab, nHaBemeno Ha pwuc. 1.
MopnemoBanuss pobotu cuctemu AIH-AJ[ BUKOHaHO mTpUu HOMIHATHHOMY
HABAaHTAKCHHI JIBUTYHA (HOMIHAJIBHOMY TOCTITHOMY MOMEHTI OTIOpY 1 HOMIHAIBHIN
IIBUJIKOCTI).
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Puc. 1. Imitamiiina moaens cucremu AIH—AJ]

B mpomeci MozaentoBaHHsS 3MiHIOBaJach Jmiie uactora moxymnsamii M i1,
BIJIMIOBIIHO, YAaCTOTH KOMYTAllll CUJIOBUX KJIIOYIB. 3a pe3yJbTaTaMU MOJEIIOBaHHS
BENTMYMHA TEPIIOi TapMOHIKM BUXIJHOI HAMpPYrd Ta BUXIJHOTO CTPYMY Bijl 3MIHU
YaCTOTH MOJYJALIT MPAKTUUYHO HE 3MIHIOETHCS, MPOTE BMICT BUIIUX TapMOHIK 3
poctoM  uyactrotu  IIIM  3HWXKYyeTbCA,  BHACHIAOK YOO  3HMXKYETHCH
CEepPEeHbOKBAJPATUYHE 3HAYEHHS (PA3HOro CTPyMy 1, BIAMOBINHO, 3HWXKYIOThCS
BTPATH MOTYHOCTI B aKTUBHOMY OIIOp1 0OMOTOK JBUTYHA.

Buxonsuu 3 mposenenux pociimkedb AIH Ha cuiaoBUX TpaH3UCTOpax THUILY
PS21A79 ta A/l notyxHictio 3,7 kBT ontumaiasHO0 4acToToro Moayssiii B LM e
yactoTta 1200 I'u. IIpu oMy BapTO 3a3Ha4uMTH, IO B JAiana3oHi yacTtot Bia 1 kI’ go
2 x['1 cymapHi BTpaTu MOTY>KHOCTI pOCTYTh HECYTT€BO. B niama3oHax 4acToT HUXUE
1 k' Ta Buie 2 kIl BTpaTy NOTYKHOCTI 3pOCTAIOTh.
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FEATURES OF THE USE RECUPERATION BRAKING ON ELECTRIC
ROLLING STOCK OF DC RAILWAYS

V.P. Nerubatskyi, PhD (Tech.), D.A. Hordiienko, Postgraduate student
Ukrainian State University of Railway Transport (Kharkiv)

Recuperation braking in railway transport is the process of converting the kinetic
energy of train movement into electrical energy by traction electric motors operating
in generator mode. The generated electrical energy is transmitted to the contact
network, unlike rheostat braking, in which the generated electrical energy is
extinguished on the braking resistors, that is, it is converted into heat and dissipated
by the cooling system [1, 2].

Recuperation braking is used to slow down electric rolling stock in cases where it
1s going down a relatively gentle slope and the use of an air brake is irrational. That
is, recuperation braking is used to maintain a set speed when the electric rolling stock
moves downhill. This type of braking provides significant energy savings, as the
generated electrical energy is transferred to the catenary network and can be used by
other electric rolling stock on this section of the catenary network [3, 4].

One of the disadvantages of DC substations is that they cannot return recovery
energy from the DC network to the AC network unless the substation has
recuperation inverters. Recuperation electric brakes can only work when the braking
electric rolling stock is simultaneously accelerated by another electric rolling stock.
Since the protection control of the on-board converter depends on the voltage of the
catenary network on the pantograph, the functioning of the recuperation braking
under such conditions cannot be guaranteed. When the recuperation braking force is
insufficient, mechanical pneumatic braking is additionally used to compensate for the
braking force. The energy absorbed by the mechanical brake is lost due to heating
and wear of the brake disk, which requires periodic maintenance of the rolling stock.
The concept of pure electric braking creates a strategy for making the most efficient
use of recuperation electric braking [5, 6].

In railway traction, there are two challenges to making full use of recuperation
electric braking:

— determining the speed of movement at slow speeds is difficult, therefore
electrical braking is replaced by mechanical braking at very low speed;
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