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Anomauyia—Y cTaTTi HaBeJeHi pe3yJbTATH JOCTIIKEeHHS ABUII NMPU KOPOTKOYACHOMY BilpuBi nanTorpady pyaHuKo-
BOro ejiekTpoBo3y tuny 14KA 3 cucTeMo010 4acTOTHOrO eJeKTPONPHBOAY iHBepTOpP HANPYIH — ACHHXPOHHHII JBHIYH.
Mepeska e1eKTPONOCTAYAHHS BPAXOBYEThbCSl SIK HeKepOBaHMIi BHUNPAMIINY, KW OTPHMY€ KMBJEHHS Bil X:Kepeia
HAIPYTH, 3 TPOJIesIMH, Ki BpaXOBYIOThCS SIK NMOC/IiI0OBHE CIIOJIyYeHHs! iHIyKTHBHOIO Ta aKTHBHOrO onopiB. Peiikn Takox
BPaxoBYHThCH SIK Majiuii akTHBHMIT omip. JocixeHHs] MPOBOIMINCH 32 I0NOMOroK0 imMiTanilinoro moxeaoBanus. Ipu
MO/IeJI0OBaHHI iHBePTOP e1eKTPOBO3Y BiIK/II0OUYaBCs Bi Mepe:xi 1Ba pa3u nociaigoBHo Ha yac 0,05 ¢c. YTBopeHHs Ayru npu
PO3pHBi IHAYKTHBHOr0 CTPYMY IIPH IbOMY He BpaxoByBaJiocs. By/1o BcTraHoB/eHO, 1110, IPH PO3PHBiI BHHUKAIOTH 3HAYHI
BHCOKOYAaCTOTHI KOJIMBAHHA B Mepe:ki BeTn4nHoI0 10 40 kB, a Ipy BiAHOB/ICHHI KOHTAKTY 3 MepesKel0 BAHUKAIOTh 3HA4YHi
CTPYMH BMHKAHHS TA NIKOBI eJIeKTPOMAarHiTHi MOMEHTH, 1110 0araTOKPaTHO NepeBUIYI0Th HOMIHAIBHUI MOMEHT ABUIYHY.
OTtpumaHi pe3y1bTaTH A0CIi7KeHb IPUBOAATH 10 HEOOXIIHOCTI MOAAIBIIOr0 BJOCKOHAJIEHHS YACTOTHOIO IPUBOJY CTOCO-
BHO BHKOPHCTAHHSI HA IIACi PY/THHKOBOI0 eJICKTPOBO3Y, /ISl 3MeHILIeHHs1 HeraTHBHUX SIBUILL TIPH BiApuBY nantorpady Bin
TpoJiero.

Bioa. 10, puc. 5.

Knrwuogi cnosa — waxmuuii enekmpoeos; naHmozpag; mepexrca eneKmponocmaianH.

POBO3y Yepe3 JIOBTY JIHIIO, SKa MOJICITIOETHCS SIK ITOCITi-
JIOBHE 3’€THAHHS AKTHBHOTO Ta IHAYKTHBHOTO OIIODiB
[8], [9]-

Memorwo pobomu € TOCTIIKESHHS Ha MOJENI BIUTUBY
BiZIpUBY maHTorpady Ha IHIII CKJIAJOBI CHUCTEMH, sKa
BKITFOYA€ B ccO€ YaCTOTHUH EJICKTPOIPHUBO Ta CHCTEMY
€JIEKTPOITOCTAYAHHSI, [IPH PI3HUX YMOBaX.

L Bceryn

Bimomo, 1110 JOKH 110 HAWMACOBIIITIM BapiaHTOM eie-
KTPOIPUBOLY LIAXTHHUX EJIEKTPOBO3IB B YMOBAaX ILIAXT
Kpusbacy € peneiiHO-KOHTAaKTOpHa CHCTeMa KEepyBaHHS
JIBUTYHOM TOCTiifHOTO cTpymy [1]-[3]. Ane BoHHM Bxke
¢izuuHO Ta MopanbHO 3actapimi. Tomy Tpeba mepexo-
JIUTH 70 O1NTBII CyYacHOI CHCTEMH aCHHXPOHHOTO €JIeKT-
ponpuBoxy 3 inBepTopoM (cuctema IH-AJT) [4]-[6], min- 1L
KITIOYEHUM Yepe3 €eMHICTB A0 TpoJeiB. B mpaxruili gacto
BiOyBa€eTbCsl BiApMB maHTorpady BiAg TpoJyieiB, IO
CYNPOBOKYETbCSA ICKPIHHAM Ta BHHUKHEHHSIM MyTH.

MATEPIAJI TA PE3VJIbTATU JIOCTIJPKEHB

CTpyKTypa MOJei A TOCTIIKSHHS BiAPUBY ITaHTO-
rpady 3 4acToTHUM enekrpornpuBonoM IH-AJl HaBenena

Lleii BimpuB iHOI crieliabHO POOIISATh MALIMHICTH €J1eK-
TPOBO3Y, IUIsl CIPOIICHHS (3 TX TOYKH 30py) KepyBaHHS
HIBHUKICTIO €NEKTPOBO3Y. AJie JOCHTh YacTO 1CKPIHHS
naHTorpady BUHHKAE SIK HACTITOK MPHU CTPYCax KOPIYCY
€JICKTPOBO3Y 3 OJHHMM IaHTOrpad)OM Ha CTHUKAaxX peHok
[71.

Meperka €JIeKTpOIOoCTauaHHsl 3aIUIIAETHCS HE3MIH-
HOI, BOHA CKIIaJa€ThCs 3 TPboX(a3HOT cHCTeMH HampyT,
10 BUNPSMIISIETHCS Ta MOJAETHCS HA MaHTOrpad enexT-

Ha puc. 1.

B Mopeni BUKOpUCTaH1 aCHHXPOHHI JABUT'YHU TIOTYX-
HicTio 37 kBT, Hanpyroto 400 B Ta HOMiHATBEHOI IIBUA-
kicTio 1470 06/xB 3 0ibmioTexu enemeHTiB Matnad.
3MiHHA HanpyTa KUBJICHHS BUNpIMILIda ckiagae 300 B.

Binpus nmanrorpady Bij Tposes GopMy€eThCs 3a JOMO-
Mmoroto 0oky Ideal Switch, sikuit oTpuMye curnan kepy-
BaHHs Bij 010Ky Signal Builder [10].
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Puc. 1 Ctpykrypa mozeni

Konpgencarop ¢inbrpa mae emsicts 10000 Mx®d. Yei
IHIII  TmapamMeTpu  eNeKTpooONamHaHHs  (HANPHUKIAI,
Snubber Capacitance Thyristor coverter) mpuiiHsTI 3a
3aMOBYYBaHHSM).

Tponei ¢opmyroTbCs SIK CHONYYSHHS AKTHBHOTO
(0.1 Om) ta ingykruBHOrO (0.001 ') OMIOPIB, 2 pefiku —
sk axtuBHUH (0.001 Om) omip. B mMoneni Bukopucrasi
JIBA IHBEPTOPA, M0 3HAYHO MiIBHITYE HATIHHICTH POOOTH
eNleKTpoMexaHiuHoi cuctemu. CiiJ 3ayBaKHTH, IO Ha
enekTpoBo3i 14KA moxu 1mo He BUKOPUCTOBYBABCS Yac-
TOTHHH TIPHUBIJI, TOMY MOXKJIMBO, 1110 BUKOPHCTAHHS IBOX
IHBEpTOpIB — HEpallioHalbHE pilleHHs, IO MOTpidye
JIOJIATKOBHX JIOCITIIKECHb.

Hwxue HaBeneHi MepexiiHi MpoOLECH BO BKa3aHUN
CHCTEMI IIPU TOCIIJIOBHOMY JBOKPAaTHOMY 3HHKHEHHIO
Harpy3i Ha maHTorpadi. fIBuimma myroyTBopeHHs yepes
CKJIaJHICTh MaTEMaTH4YHOIO OINHUCY HE MOJIEIIOBAIIKCE.
Hwxue HaBeneHi HalOUIBII XapakTepHi pe3yIbTaTH 10C-
nimKkeHns (puc. 2 — puc. 5).

3 rpadiky puc.2 CHOCTEepIraloThCs 3HAYHI CTPYMH
BMuKkaHHs (0inpmi y 100 pa3, HidK HOMiHATBHAN CTPYM)
B JIOBIOi JIiHI{, IO MOSICHIOIOTHCS MPAKTUYHO KOPOTKUM
3aMHUKAHHSIM Ha KOHJCHCATOP IHBEPTOPY, SIKUI 10 MOMe-
HTY BMUKaHHS 3HauHO po3psypkaerscs (puc. 4). lLle
BAMArae MPUHHATTS 3aXOJiB U 3aM00iraHHs CIIPabo-
BYBaHHSI MAaKCHMAJIbHO-CTPYMOBOTO 3aXHCTY.

OcobmmBo Tpeba Big3HAYUTH BHCOKOYACTOTHI ITEpe-
Hanpyru 40 kB npu BigioueHHi nantorpady B JIiHii
enektporoctadadis (puc. 3). 3po3yMiyio, MO BOHU 3a
CHPUSITIMBUX YMOB MOXYTh IIPHUBECTH IO JIyTrOYTBO-
peHHs. Binpnr Toro, me Moxe NMPUBECTH 10 MOPYIICHHS
POOOTH IHIIIOTO EJICKTPUYHOTO OOJIAHAHHS, ITiJKIFOYC-
HOTO 10 Ti€1 3k Mepexi, 1 300iB poOOTH aBTOMATHKH i 3B's-
3Ky B CHCTEMI eJIeKTPOIOCTaYaHHsI.

OcraTto4Ho, Tpeba 3BEpHYTH yBary Ha Te, IO €JeKT-
poMarHiTHUH MoMeHT AJl mpu BiJHOBIEHHI HampyTru
MOXe€ 3Ha4YHO (OUIBII HIXK Y YOTHPH pa3H) epeBHUILYBaTH
HOMiHAJIbHE 3HAUYEHHS €JIeKTPOMArHiTHOTO MOMEHTY A/]
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(puc. 5). OcranHsi 00CTaBUHA MOJKE CIPUSATH BTPATi
KEPOBAHOCTI €JIEKTPOBO3OM 4epe3 BTPATy 3UCIUICHHS
Kojeca 3 pelikamu. lle Moxe npu3BecTH 1O HEBU3HAue-
HOCTI TIpX HEOOX1THOCTI TOYHOTO MTO3UIIOHYBAHHS Baro-
HETOK IPY 3aBaHTAXEHHI a00 pO3BaHTaXCHHI TIOPOAH

1400 A .
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Puc. 2 I'padix ctpymy B JiHIT )KUBICHHS

B
50000 y,

40000
30000
20000 - 1
10000
0
-10000 - 9
-20000
-30000 - q
-40000
-50000

1.7 172 174 176 1.78

Puc. 3 I'padix Hanpy3i B JiHIT )KUBJICHHS

1.7 1.75 1.8 1.85 L9 tc

Puc. 4 I'padix Hanpysi konaeHcaropy IH-AJ]
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BUCHOBKI

1) BcraHOBIEHe, WO THTAaHHS MPAKTHIHOTO
BUKOPHCTaHHS YacTOTHOTO EJIEKTPOIPH-
BOJY Ha IIAXTHOMY €JEKTPOBO3i HE HACTi-
JIBKH OJJTHO3HAYHO ITO3HMTHUBHO, AK IIC BBaXa-
€ThCSI, BPAXOBYIOUM Ha MOXKJIMBI BiIpwBi

naHrorpady.

2) PexoMeHmoBaHE MOAANBINE BJOCKOHAJICHHS
YaCTOTHOTO €JIEKTPONPUBOIY CTOCOBHO BH-
KOPHCTaHHA Ha IIaci pyTHUKOBOTO €IEKTPO-
BO3y, JJIs 3MEHIICHHS HETaTUBHUX SIBUIII,

sIKi OyJT HaBeZICHI BUIIIE.
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Annamoyua—B cTaThbe NpUBeJeHbI Pe3yIbTATHI HCCIe0BAHNUSA SBJIEHUI IPH KPATKOBPEMEHHOM OTKJIIOUEeHUH MAHTO-
rpacga pyIHHYHOro 3J1eKTpoBo3a Tuna 14KA ¢ cucteMoii 4aCTOTHOI0 3J1eKTPONPHBOIAa HHBEPTOP HANIPSI’KEHUS - ACHHXPOH-
HbIil ABUraTe/b. CeTh 3JIEKTPOCHA(KEHHS] YYUTBIBACTCH KaK HeylpaB/isgeMblii BLIIPAMHUTE/Ib, KOTOPBIi M0Iy4aeT MUTAa-
HHe OT HCTOYHUKA HANIPSI’KEHH s, C TPOJLJIESMHU, KOTOPbIe YYHTHIBAIOTCH KAK I0C/1e10BaTeIbHOE COeJUHECHHE HHIYKTHBHOTO
M aKTHBHOI0 CONIPOTHBJIeHMIi. Pesibehbl Takike YYUTBIBAIOTCSH KAK MaJloe aKTHBHOe conpoTuBJjieHue. MceenoBanus nposo-
JUJIHCH ¢ TOMOIbI0 MMHTALMOHHOT0 MoJenpoBanus. Ilpu Moge1MpoBaHNY HHBEPTOP 3JeKTPOB03a OTK/IIYAJICS OT CeTH
ABa pa3a moJpsj Ha npomexxyTku Bpemenn 0,05 c. IIpu 3ToM BO3HNKHOBEeHHe IYI'M NPH pa3pbiBe HHAYKTHBHOIO TOKA He
NPUHUMAJIOCH BO BHHMAaHMe. BbLI0 ycTaHOBJIeHO, YTO MPH OTKJIIOYEHHUH MAHTOrpad)a B ceTH BO3HUKAKT 3HAYHTEJbHbIE
BBICOKOYACTOTHBIE KoJleGaHusl BeanunHoi 10 40 kB. IIpu BoccTaHOB/IEHHH KOHTAKTA C CeThI0 BOSHHKAIOT 3HAYMTE/bHbIE
TOKH BKJIIOYEHHS M MUKOBBIE 31eKTPOMATHUTHbIe MOMEHTbI, KOTOPble MHOTOKPATHO MPEBLIMIAI0T HOMUHAJIbHbII MOMEHT
asuraress. [loaydenHble pe3yabTaTbl MCCJIEA0BAHUIN NPHBOAAT K HEO00XOAMMOCTH JaJbHEHIIEro COBepIICHCTBOBAHUS
YACTOTHOI0 IPUBO/A B C/Iy4ae HCNO/JIb30BAHHUSA HA PYJHUYHOM JJIEKTPOBO3€, /sl YMEHbIICHUS HETATUBHBIX SIBJICHUIl NPH
OTKJIIOYECHHH NMaHTOrpada oT TpoJuies.

buba. 10, puc. 5.

Knrwouesvie cnosa — waxmmuotii 2J1eKmMpPoe6o3; mmmozpad); cemb 3JleKmp00Hll6.7f(‘eHu}l.
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Abstract—The article presents the results of the study of phenomena in the short-term shutdown of the pantograph of
a mine electric locomotive with a frequency electric drive of a voltage inverter system - an asynchronous motor, from a DC
network.

The relay contactor control system of a DC electric motor of a 14KA mine electric locomotive under the conditions of
mines in Krivbass is by far the most common variant of electric drive. But it is already physically and morally obsolete, so
a transition to modern drive systems is necessary. One option is to transition to a voltage inverter drive system - an asyn-
chronous motor. At the same time, the power supply network remains unchanged - an outlying DC source. This raises
the problem of a comprehensive study of the processes that can occur in the specified electromechanical complex, under
various conditions. In particular, in practice, the pantograph is sometimes disconnected from the trolley for a short time,
which is accompanied by sparking and arcing. This phenomenon most often occurs when the body of a locomotive with
a single pantograph shakes at the rail junctions.

Researches of the processes when the pantograph was turned off were carried out by the simulation method using
the Matlab software package. The power supply system was taken into account as an unmanaged rectifier, which receives
power from a voltage source with trolls, which are considered to be a series connection of inductive and active resistances.
Rails are also counted as low active resistance. When modeling, the inverter of an electric locomotive in the model (together
with the filter input capacitor) was disconnected from the trolley two times in a row at random intervals of 0.05 s. At
the same time, a detailed and realistic sparking process for breaking an inductive current was not taken into account due
to the complexity of its modeling. It was found that at the first moment in time when the pantograph is turned off, significant
high-frequency voltages up to 40 kV occur in the network. Obviously, such high voltage values under favorable conditions
can lead to the formation of an arc. Moreover, it can lead to malfunction of other electrical equipment connected to the same
line, as well as disruptions in the operation of automation and communication in the power supply system. The simulation
also found that when contact to the network is restored, significant switching currents (which are more than 100 times
the rated current) and peak electromagnetic moments, which are more than 4 times the nominal motor torque, occur.
The latter circumstance may contribute to the loss of controllability of an electric locomotive due to the loss of grip of
the wheel with the rails. The obtained research results lead to the need for further improvement of the frequency drive in
the case of its use in a mine electric locomotive in order to minimize negative phenomena in the event of an accidental short-
term disconnection of the pantograph.

Bibl. 10, pic. 5.

Keywords — mine electric locomotive; pantograph; power supply network.
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