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Cucrtema >KUBJICHHS TPOJIEeHOyCy
3 BUCOKOBOJIBTHUM aKyMYJISITOPOM
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HauioHaneHuii TeXHIYHUH yHIBEpCUTET Y KpaiHu

"KuiBcbkuil mosiTexHigHuil iHCTUTYT iMeHi Iropst Cikopcebkoro"
Kuis, Ykpaina

Anomauyia—Y cTaTTi pO3rIsAAAETHCS CHCTEMA eJIeKTPOKMBJICHHS TPAHCIIOPTHOTO 32c00Y 3 BUCOKOBOJbTHHM aKyMY.JIsi-
TopoM. [loka3aHo mepeBarn BMKOPHUCTAHHS TAKOI CHCTEMH eJeKTPOKMBJIEHHS TA JI0CHiIAKeHO pe:kuMHU ii podoTH i nmopis-
HSTHO 3i 3BHYAI{HOIO CXeMOI0 eJIeKTPOKUBJICHHS TpoJeiidyca. Busnayaerbest IIIIM moaynsinist AJ1st ONTHMAJIBLHOTO PEKAMY
podoTu. JIns1 sKUBJIEHHS eJeKTPONpHBOAY y pa3i BincyTHocTi Mepesxki Oyne BukopucToByBaTHCA akymyasitop. Ileperso-
peHHsI eHeprii Bii0yBaeThes 32 J0NOMOI0I0 IEPETBOPIOBAYa 3 IBOCTOPOHHIM NepeaaBaHHsaM eHeprii. Takuii nepersoproBay
NMOTPi0deH A TOro, o0 3apsyKaTH aKYMYJSATOP €HEepri€lo, ska BHAiNA€ThCA NpU rajbMmyBaHHi. Hakonuyena enepris,

IOBTOPHO BUKOPUCTOBY€ETHCH, 1100 3HU3UTH HABAHTAKEHHSI HA Mepexy mix yac IIYCKY ABUI'yHA.

Knrouoei cnosa — nepemeoprosau; enekmponpugio; éexmopna IIIM; 3x ¢paznuii ineepmop.

I. BcTvin

Tponeitbyc — 11e OUH 3 eKOHOMIYHO BHTiTHHUX TPaH-
CIIOPTHUX, a/DKE BiH JICHICBIIMHA B CKCIUTyaTallil HiX
aBTOOYC, a TakoXX BiH He Mae BuKkuAiB CO2, mo oxHOYa-
CHO HOT0 pOoOHTH €KOJIOTIYHMM TPAHCIOPTHHUM 3ac000M
(T3). OgHak BiH Ma€ OJIUH CYTTEBHMA HEMOMIK, TAKHHA K
oOMekeHa MOOIJIBHICTD, 10 OOYMOBIIIOETHCSI TPUB’SI3-
KOO JI0 MEPEXi )KUBIJIEHHS Ta JIiHI1 MO sSKil BOHA MPOKJIa-
nena [1] . A Tomy TponeiOyc He Mae 3MOTH y pasi Kpu-
TH4HOI cutyanii Ha noposi abo HATII 3MinuTH mojocy
pyxy abo k 00’ixaTH 3aBaiy, Sika BUHHKJIA Ha LUIAXY.
ToMy B TakoMy BHMAJKy IOLIILHO BHKOPHUCTOBYBATH
TATOBY CHCTEMY IO SIKOI IiJI’€JHAHUH BHCOKOBOJIBTHHH
aKyMyJsITop. €MHICTE TaKOTO aKyMyJISITOpa € HEBEIH-
KOIO B ITOPIBHSHI 3 €JIEKTPOOYCOM, TOMY BapTiCTh TAKOTO
TPaHCIOPTHOTO 3aco0y € HHU3BKOIO. BHCOKOBOJBTHUI
aKyMYJISITOp MOXKE BUKOPHUCTOBYBATHCSI B aBTOHOMHOMY
PEKMMI KOJIM BIACYTHS Mepexa Ul NMepeMillleHHs Ha
HEe3HaYHi BiIcTaHi a0 TpaIroe mapaise’abHO 3 MEPEKEIO .

[MapanensHa po6oTa aKyMyJIATOPa 3 MEPEXKEIO T03BO-
JIsi€ 3MCHIIMTH HABAHTAXKEHHS HA MEPEXKy IMij 4ac po3-
TOHY TPAaHCIOPTHOTO 3ac00y Ta PEeKyIepyBaTH CHEPTI0
B aKyMYJISITOP, 1[0 3MEHIIUTh BTPATH eleKTpoeHeprii [2].
Y po0OoTi pO3pOOIAETECA CTPYKTypa Ta MOJCIIOETHCS
TATOBA CHCTEMa 3 BUCOKOBOJIBTHUM aKyMYJISITOPOM.

Ha Puc. 1 300pakeHa CTpyKTypHa CXeMa CHCTEMH
€JIEKTPOKUBIICHHS TPOJIeOyca 3 BUCOKOBOJIBTHUM aKy-
MYJISITOPOM.

l'osloBHa BiMIHHICTH TaKOi CHCTEMH EJIEKTPOXKHB-
JICHHA BiJ 3BMYAaiHOI CHCTEMH >KUBJICHHS TposenOyca
€ Te, 110 BiH SIKYCh YaCTHHY MapIIpyTy MOXE pyXaTHcs
AaBTOHOMHO. Y CTaTTi aHANI3yeThCS PEKUMH poOOTH
TaKoi CHUCTEMHM, BU3HAYAIOThCS MEpEeBard Ta HEJOJIKH,
a TaKOXX MPOMOHYIOTHCS MUIAXM iX BUpimeHHs. Pobora
€JIEKTPONPUBO/Ia O€3 EMHICHOTO HAKOIIMYyBaya.

Eneprist uis >xuBieHHs BigOMpaeThcs Bif JpKepesa
MOCTIHHOT HaNPyTH. BUOpAMIISIY y TAKOMY BHIIAJIKY TTOT-
pibeH ams Toro, o0 He BUHUKAJIO aBapiiHOTO PeXHuMYy
poOOTH KOJM TOJSAPHICTh MIAKIIOYCHHS MOXKe OyTH
neperntyTana. [licns Bunpsimisiga ife JaHka MOCTiHHOTO
CTpyMy — Lie KOHeHcaTop. J10 JaHKH K MiJKI0YaETHCSA
3-x asHumii iHBepTOp, sKUH hopmye 3-X (a3Hy Harpyry
Ha JIBUT'YH.

OCHOBHI HEIOJIKM TaKOl CXEMH, II¢ TO IO IIiJ 4Jac
ITyCKY MOTY>KHICTb, sIKa BiIOWPA€ETHCS Big MEpEXi 3HATHO
OijblIe HIX B yCTAJICHOMY PEXNMi. A TaKO KOJIM BiOy-
BAETHCS TAIbMyBaHHS CHEPris HE MOXE [epelaBaTHCs
Ha3aJ y MEPEKy, Yepe3 Te, 0 BUIPSMIIAY HE JO3BOJISIE
eHeprii moBepHyTHCS Ha3ald. B Takomy BUTIaJKY 3aMiCTh
BUIIPSIMIISTYa MOJKHA BUKOPHUCTOBYBATH aKTHBHUHN BHITPSI-
MJISTY, SIKMHA CKJIamaeThes 3 Tpan3uctopis [3]. Lle mo3Bo-
JIsi€ PeKyIIepyBaTH SHEPTil0 Ha3ad B MEPEKY.

Jlanka
Mepexa —» Bunpsmista nocTiiiHoro
CTpyMy
— 3x (pasHuit
IleperBoproBau 3 IHBEPTOP
TBOXCTOPOHHIM l
TepeaBaHHIM
e“efm Enexrponpusoj
BucokoBonbTHHI
aKyMyJIATOp Cuetena
KepyBaHHS

Puc. 1 Cucrema enekTpoXXUBJICHHS Tposeiidyca 3 BHUCOKOBOJBTHUM
AKyMYJISITOPOM
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Contiruous

Puc. 2 Mogens enexTponpuBoga

ITepeBakHO TpOJICHOYCHI Mepexi He mepemdadeHi
JUTS peKyTIepallii eHeprii 1 K MpaBUIO B TAaKUX CXEMax
BCTAQHOBJIIOIOTh TAJIbMIBHHM PE3WCTOP, KUK ITiIKIIIOUa-
€ThCS JIO JIAHKU IMOCTIHHOTO CTPyMy IIiJ{ 4ac TalbMy-
BaHHJ.

[IpoanamnizyeMo pexxuMu poOOTH TaKOi CHCTEMH eJie-
KTPOXKMBIIEHHSI 3a JIOTIOMOTOI0 MOJETi MATLAB®
300pakeHoi Ha Puc. 2.

Ha mopemi 300pakeHo cxeMy eJIeKTPOKUBIEHHS TPO-
neiibyca. JKusneHHs BinOyBaeThes 3a paXyHOK 3-X a3-
HOTO JDKepena HAaNpyrd ICHisA SKOTO BCTaHOBJIGHHH
BHIIPSAMIISIY, JIAHKA TIOCTIHHOTO CTpyMy (KOHIECHCATOD),
rajJbMiBHUH pe3ucTop, 3-X (aszHuil iHBEepTOp Bif SIKOTO
KHUBUTHCS IBUTYH.

«Knacnuna» 1IIM — e HalimpocTimmid METO MOJTY-
TSI, aje Mpu BUKOPHUCTAaHHI IOTO METOJa MOMYJIAIT
aMILIiTy/1a IepIIoi rapMOHIKH € JJOBOJI HU3BKOIO [4].

3aBHaHHS MiABUIICHHS OCHOBHOI FapMOHIKM BXiJHOT
Harpyrd iHBEpTOpa A0 HANpyrd JDKEpena >KUBICHHS
€ TOCUTPH aKTyalnbHO. ToMy iCHYIOTH JBa iHIIUX CIIOCOOH,
SIKi TO3BOJISIOTH BUPIIIUTH ITI0 TIPOOIEeMy.

[Mepmmuii — e LM 3 mepeMoayJIsIliero TpeThoi rap-
Mmouiku [5]. Tlpu peamizamnii manoro pizHoBuny LIIM
CUTHaN KOXXHOi (ha3u, SKHH HOJAaeThCS HAa BXOAU 3-X
¢asznoro UIIM-moxynsTopa, IO HBOTO JOJAETHCS
HYJIbOBA IOCJIJIOBHICTb, 1[0 MICTHTh TPETIO I'APMOHIKY
OCHOBHOI YacTOTH B 3a3HaUCHIH HIDKYE MPOTIOPIIT:

Uy = % {sin(@) +[1— cos(%)] -sin(30)};
cos(g)

uyp = % (sin(0 2?”) +[1-cos()]-sin(G0)}:
cos(g)

uyp = % {sin(6— 47”) +[1-cos()]-sin(G0)}:
cos(g)
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Puc. 3 Ctpym da3su (a), Hanpyra JaHKU IOCTIHHOTO CTpyMy (0), CTpyM
Mepexi(B)

Jpyrwuii crioci6 — ne Bekropua IIM [6]. Peanizauis
BekTopHOI [IIIM 31ificHIOETHCS 32 TOTTOMOTOI0 8 6a30BHX
BEKTOPiB B TpHu(azHiii cuctemi koopauHat. Koxen 6a3o-
BUH BEKTOp XapaKTepH3Y€ThCs IIEBHHM CTaHOM KIIIOYiB
iHBEpTOpA.

Jnst  TpudasHOro CHMETPUYHOI CHCTEMH, SKOIO
MOJXKHA BB@XaTH IBUTYH, (Da3HI HaBaHTAXXCHHS DiBHI,
OTXe, aMIUNTy/a BCiX HEHYJbOBHX 0a30BHX BEKTOpPIB
cranoButh 2U,; /3. O6uisa HyinsoBux Bekropa V7 (0 +)

i V8 (0-), He3BaxkarouM Ha pi3HUM CTaH KIOYiB, 3a0e31e-
YYIOTh OJHOYACHE MPUKIAJCHHS HYJIBOBUX HAIPYT IO
00MOTOK CcTaTopa.

[Ipu MozenrOBaHHI TaHOT CHCTEMH (3 BUKOPUCTAHHSIM
BektopHOi IIIIM) miarpamm poGoTH 0e3 TaabMiBHOTO
pe3ucTopa Ta HaKOMUYyBada 300paxkeHo Ha Puc. 3.

[Tig gac mepexigHUX MpPOIECIB € MEePEBHIICHHS II0
CTyMy, 1Ieé BHACIiJIOK TOTO, III0 4acToTa poOOTH iHBEp-
TOpa BiJjpa3y BiAMOBiga€c HOMIHAILHUM O0OpPOTaM JIBH-
ryna. [Ipu mnaBHi# 3MiHI 00epTiB TaKMX BEIMKHX Iepe-
XimHuX mporeciB He Oyae (muB. Puc. 4).
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Puc. 4 Ctpym dasu (a), Hanpyra JaHKH IOCTIHHOTO CTpyMy (0)

B po06oTi, 1m0 ToOKIIana MmoYaToK 4acCTOTHOMY Kepy-
BaHHI0, akagieMik M. I1. KocTeHKO BCTaHOBUB HACTYITHHIA
3aKOH YaCTOTHOTO YIIPABIIIHHSA, SKAW MOXKHA 3allACaTH
piBHSHHSIM [7]:

U _f,

U h

ae M, ' ta M, — cTaTM4Hi MOMEHTH OMODY, AKi BiJ-

HOBi/1al0Th MIBUKOCTI ABUTYHA IIPH 4acToTax f; ~Ta f
; U, Ta U; — BIANOBiJHI YacTOTaM f| " Ta f, HalpyrH.

3anponoHOBaHUN 3aKOH KEepyBaHHS Ja€ 3MOry ILla-
BHO 301JIBIITyBaTH YaCTOTY HAMIPYTH, [0 3MEHIITYE MyCKO-
BUI CTPYM JIBUTYHA.

Jlist Toro, 1mo0 YCYHYTH CIUICCK HAINPYTH IPHU Tajlb-
MyBaHHI Y MOJICJIb HEOOXiTHO JOAATH TATbMIBHUAN TpaH-
3HUCTOP, KUK 0OMEKYE TIePCHAIIPYTY.

Jiarpamu, oTpuMaHi, 3 BUKOPUCTaHHS MOJEINI EJICKT-
ponpuBoaa 6€3 EMHICHOTO HAKONIMYYyBada 3 TaJbMiBHUM
pe3uctopom 300paxeHi Ha Puc. 5.

3a paxyHOK TOTO, 10 B MOJIEJI 3’ IBUJTHCS TaTbMiBHUH
PE3UCTOp 3 TPAH3UCTOPOM, TaKMM YMHOM Oyna yCyHyTa
mpobiema 30iIbIIEHHS CTPYMy, aje B TAKOMY BHIAAKY
BCSI KOPHCHA €HEepris, sika O MOria BUKOPHCTOBYBATHCS

PO3Cit0€ThCS Ha pe3ucTopi. | B TakoMy BUTIAAKY JOIITHHO
BHUKOPHCTOBYBATH JIOJTATKOBUH MEPETBOPIOBAY, SIKHI CaM
3abepe ITf0 eHepriio 1 MOoTiM 11 MOXHA OyZe BUKOPHUCTATH
IIPH IMYCKY IBUTYHA.

II.  POBOTA HEPETBOPIOBAYA 3 JBOCTOPOHHIM
MEPEJIABAHHSM EHEPTIT

Takwii mepeTBOpIOBaY MOTPIOEH ISt TOTO, 1100 3aps-
JOKaTH aKyMYJIATOpP CHEPri€lo, sSKa BHIUIIETHCS TPHU
TIBMYBaHHI. A TICJIA TOTO, SIK €HEPTis HAKOTTHYHIIACS
BOHA TIOBTOPHO BUKOPHCTOBYETHCS, OO 3HU3UTH HABaH-
TQXEHHS Ha MEPEXy ITiJl 4ac MMyCKy IBUTYHA.

KepyBaHHSI €neKTPONPUBOAOM 1 IEpPETBOPIOBAYEM
€ y3ropkeHUM. Konu enekTpompuBoj rambMmye, TO L€
3yMOBIIIOE MiIBUIIEHHS HAINPyTH B JIaHIl MOCTIHHOTO
CTpyMy 1 Lieil HaATNIIOK eHeprii, IKUi 3yMOBHB 1€ 3pOC-
TaHHS, HOBUHEH MITH B aKyMyJSTOp JUIS HAKONMYCHHS
eHeprii [8].

JIis KUBIICHHS €JICKTPOIIPUBOY y pa3i BiACYTHOCTI
Mepexi Oyae BUKOpPHCTOByBaTHCS akymyisatop. Ilepert-
BOPCHHS €Heprii BiOyBaeThCs 3a TOMOMOTOI0 TIEPETBO-
pIoBaya 3 IBOCTOPOHHIM IEpeaBaHHAM €HEeprii.

Ha Puc. 6 300paxeHo miarpaMa CHCTEMH €IICKTPOKH-
BJICHHS 3 €MHICHMM HakoIHM4YyBaueM. Taka cucrema Jae
MOXJIMBICTh 3aITlyCKaTH JBUTYH 3 MEHIIMM HaBaHTa)KeH-
HSIM Ha MEpexy.
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Puc. 5 Hanpyra naHku nocTifHOro ctpymy
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E1——

Puc. 7 IlepeTBopioBay 3 ABOCTOPOHHIM II€pEIaBaHHIM CHEPTii

Jlnst nepeiaBaHHsl HEPTii BiJ] aKyMYJISITOpa 10 JTAHKH
MIOCTIHOTO CTPYMY B iHBEpTOpa | 3aMHKAIOTHCS TPaH3HU-
cropu VT1 ta VT4, nioan sixi BOyJ0OBaHi B TPaH3UCTOPU
VTS5 ta VTS inBepTopa 2 OyayTh BUKOHYBATH (YHKITIO
Bunpsmisiaa (quB. Puc. 7) [9] [10]

JI1s1 HakOTIMYIEeHHSI €HepTii B aKyMyJIsITopi, sika Oyne
HaJIXOJIUTH BiJT JIAHKH MOCTIHHOTO CTpyMy B iHBepTOpa 2
3aMUKaloThCs Tparsuctopu VTS Ta VT8, miogm ki BOy-
noBani B Tpanzuctopu VT1 ta VT4 inBeptopa | OyayTs
BHKOHYBAaTH (DYHKIIIO BHIIPSIMIITYA.

B iHmomy pexxumi 115 iepeiaBaHHs eHeprii Big aKy-
MYJISITOpa JI0 JIaHKH TOCTifHOro cTpyMy B iHBepTopa 1
3aMuKaroThCs Tparsucropu VT3 ta VT2, niogu ki BOy-
noBaHi B Tpansuctopu VI6 ta VI7 iHBepTOpa 2 OyayTh
BUKOHYBaTH (DYHKI[IIO BULIPSMIISYA.

JIs HaKOTIMYEHHS CHEPTii B aKyMyJIsATOpi, ska Oyxae
HAJXOJUTHU BiJl JAHKH [TOCTIHHOTO CTPYMY B iHBEpTOpa 2
3aMuKaroThCs Tparsucropu VI6 ta VI7, nioau ski BOy-
noBadi B Tpansuctopu VI3 ta VT2 imBeptopa 1 OyayTh
BHKOHYBATH (DYHKIIFO BHIIPSIMIITYA.

BUCHOBKU

VY cTaTTi 3aNpONOHOBAHO CUCTEMY €JICKTPOKHBICHHS
TpoJerdyca 3 BHCOKOBOJBTHUM aKyMynsaTopoMm. Otpu-
MaHi XapaKTePUCTUKHU IS PI3HUX PEKUMIB poOOTH ele-
KTPOIPUBOIY BKa3yIOTh HA TE, IO 3a JUIA MiABUIICHHS

e(eKTUBHOCTI POOOTH CHCTEMH Ta 3MEHIIEHHS BTpaT
HEOoOXiTHO BHKOPHCTOBYBATH IEPETBOPIOBAaY 3 JABOCTO-
POHHIM IIepeaBaHHAM €Heprii. A TaKoX 3a paXyHOK M-
KJIFOYCHHS TaIbMIBHOTO TPAaH3UCTOpA BJAAIOCS YCYHYTH
30UTBIICHHS CTPYMY B JaHi MOJEI.
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A Trolleybus Power System
with High-Voltage Battery

I. A. Martiukhin, ORCID 0000-0003-3004-0487

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”
Kyiv, Ukraine

Abstract—A trolleybus is the most economically advantageous transport because it is cheaper to operate than a bus, and
it has no CO2 emissions, which makes it an eco-friendly vehicle. However, it does have one major drawback, such as the
limited mobility that is caused by the connection to the power grid and the line along which it is laid. Therefore, in this case,
it is advisable to use a traction system to which a high-voltage battery is connected. The capacity of such a battery is not
large compared to the electric bus, so the cost of such a vehicle is low. The structure and modeling of the traction system
with a high-voltage battery is developed. The main difference between this scheme and the usual trolleybus is that it can
move part of the route autonomously. The energy to power the actuator is taken from a constant voltage source. In this case,
the rectifier is required to prevent the emergency mode from occurring when the polarity of the connection can be confused.
After the rectifier goes the DC link is a capacitor. The link is connected to a 3-phase inverter, which generates a 3-phase
voltage on the motor. The main disadvantages of this scheme is that during start-up power, which is drawn from the network
much more than in the steady state. Also, when braking occurs, the energy cannot be transmitted back to the network,
because the rectifier does not allow the energy to go back. In this case, an active rectifier consisting of transistors can be
used instead of a rectifier. This allows the energy to be recovered back into the grid. For the most part, trolleybus networks
are not designed for energy recovery and, as a rule, such circuits install a brake resistor that connects to the DC link during
braking. increase in current, but in this case all the useful energy that could be used is dissipated on the resistor. In this case,
it is advisable to use an additional converter, which itself will consume this energy and then it can be used when starting the
engine. Such a converter is required to charge the battery with the energy released during braking. And after the energy
has been accumulated, it is reused to reduce grid load during engine start-up. The control of the actuator and the converter
is consistent. When the actuator is braking, it causes an increase in the voltage in the DC link and this excess energy, which
caused this increase, must go into the accumulator for energy storage.

Keywords —converter; electric drive; PWM vector; 3-phase inverter.

O)
@J Copyright (c¢) 2020 Maptioxis 1. A.

L¥C00T 1°€°020T $960-L197/5€S0T01 10A


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.20535/2617-0965.2020.3.1.200247
http://orcid.org/0000-0003-3004-0487

	Система живлення тролейбусу  з високовольтним акумулятором
	I. Вступ
	II. Робота перетворювача з двостороннім  передаванням енергії
	Висновки

	Перелік посилань

	A Trolleybus Power System  with High-Voltage Battery

