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Anomauia—Yy cTaTTi HaBe/leHi pe3yJbTATH AOCTIIKEeHHs POOOTH IIAXTHOIO eJIEKTPOBO3Y 32 YMOBH CTilikoCTi cucTeMHu
«K0Jeco - peiika» 3a 34elJieHHAM. BigdHayeHo, 1o po0oTa MWIAXTHOrO €JIEKTPOBO3HOI0 TPAHCHOPTY 00yMOBJIEHA PSI/IOM
cnenu@iyaux ymoB. 3a3HadeHo, 0 JJs peai3anii eJeKTPOMeXaHiYHHX CHCTeM IIAXTHHX €J1eKTPOBO3iB BHKOPHCTOBY-
I0ThCH CTPYKTYPH 3 TATOBHMH ABHTYHAMH MOCTiliHOr0 Ta 3MiHHOTO cTpyMmy. Ilpu po6oTi IIaXTHOr 0 €/1eKTPOBO3Y BasKJIUBUM
€ NHTAHHA 34eIUICHHs KOJIiC e1eKTPoBo3y 3 peiikamu. Haciigkom BTpaTu cTilikoCTi 34elIeHHs KoJleca 3 peiikol0 € BHHUK-
HeHHS npoueciB OyKCyBaHHS y pPe:KHUMi TATH a00 103y y peskKuMi ralbMyBaHHs, IKi HEraTHBHO BINIMBAIOTh HAa iHIII BY3/IM
TSITOBOTO €JIEKTPONPHBOIY. Y CBOIO Yepry CTIlKicTh CHCTEMH «K0JIeCo - peiikay» 3a/1esKUThb BiJl THIY TATOBOIO0 eJeKTPONpH-
BOJY. 32 YMOBH CTiliKOCTi eJIeKTPONIPHBOY MO 34YeIVICHHIO KJIIOYOBY POJIb Bilirpae kopCTKiCTh XapaKTEPHCTHK TATOBHX
eJIeKTPOABUTYHiB. UMM BHIIA KOPCTKICTh, TUM Ol/IbIIA CTIHKICTH CHCTEMH «KoJIeco — peiika». Binbu sxopceTki xapakTepu-
CTHKH MO’KHA OTPUMATH Y CHCTeMi eJIEKTPONPHBOAY 3 TATOBUM aCHHXPOHHHM BHTYHOM, IO 1A€ MOKJIHUBICTH BUKOPHCTO-
ByBaTH Heil ¢axkT nnsa peanisanii nponopuiiHoOro po3moaily 3ycH/JIb MiK KOJiCHUMH IapaMu ejleKTpoBo3y. Jliast yoro

J0CTATHIM € 00MesKeHHS CTPYMIB TATOBHUX eJ1eKTPOABHUIYHIB Ha 3aJaHOMY PiBHi.

Knrouogi cnosa — waxmnuii enekmpogos; cmiiiKicms 3a 34en1eHHAM; 08UZYH ROCMITIHO20 CIIPYMY; MA20BUI ACUHXDOH-

HUIl 08UZYH; JHCOPCMKICMb; RPOROPYILHUIL PO3NOOIN 3YCUb.

1. BcTvyn

Po6oTa mraxTHOTO €JIEKTPOBO3HOTO TPAHCIIOPTY 00y-
MOBJIICHa psitoM crierdivanx ymos [1], [2].

Takox ¢ 3a3HAYMTH, IO JUIS peaizarlii eleKkTpo-
MEXaHIYHUX CUCTEM IIAXTHHUX CIICKTPOBO31B BUKOPHCTO-
BYIOTBCS CTPYKTYPH 3 TATOBUMH JBUT'YHAMH ITOCTiHHOTO
[3] Ta 3minHOTO [4], [S] cTpyMYy.

I[Ipu poOOTI IWMIAXTHOTO EIEKTPOBO3Y BAKIUBUM
€ IMTaHHs 3YETIIICHHsI KOJIiC €JIeKTPOBO3Y 3 peiikamu [6].
Piu y TiM, 110 AJI51 MAKCUMAaJIbHOTO BUKOPUCTAHHS TSTO-
BUX BJIACTUBOCTEH €JIEKTPOBO3IB BUHHMKAE HEOOXiHICTH
po0OTH y 30HaX TATOBUX Ta IajJbMIBHUX XapaKTEPHUCTHK,
SIKi OJTM3BKI JO OOMEIKEHHS 0 3YCTUICHHIO. AJle TIepexif
IIpH peanizamii IUX 3yCHIb Ha YaCTHHY XapaKTePUCTHKH,
o crajae, OyJe CynpoBOKYBaTUCH 30UIBIICHHSM Ha/I-
JIMIIKOBOTO KOB3aHHs 1 Mpu3Bezie 10 OyKCyBaHHS KOJic
Y peXuMi TSTH, a00 1X 103y Y peXXuMi raabMyBaHHs. Po3-
BUTOK TaKHX IPOIIECiB 6arato y YoMy BH3HA4a€ CTIHKICTh
CHUCTEMH «KOJIECO - pEUKay.

Metot0 po0OOTH € BU3HAYCHHSI TOTO, SIKUM YHHOM BijI-
OyBAETHCS PO3IO/ILT TATOBUX Ta FAIbMIBHUX 3yCHJIb BiJI-
HOCHO KOKHOI BICi IIAXTHOTO EIIEKTPOBO3Y, JJIS YOrO
HEOOXiTHO PO3MIITHYTH B3a€MO/IIIO CHJI IIPU PYCI KOJIIC TTO
peiikax Ta yMOBH CTIHKOCTI CHCTEMH «KOJIECO - peiikay 3a

3YEIUICHHSIM, a TaKoX, 3a JOIOMOIOK iMiTariiiHol
MOJIeJNi, TOCIIANTH TIePEXiTHi IPOLECH Y CUCTEMI TPYIIO-
BOTO TATOBOTO CJIEKTPOIPUBO/LY IIAXTHOI'O SIIEKTPOBO3Y
3 PI3HUMH THIAMH EJIEKTPUYHHUX JIBUIYHIB y pexuMax
MyCKY Ta rajbMyBaHHSL.

II. MATEPIAJI TA PE3YJIbTATU JOCJIJI)KEHD

Haii0inpm npocTy KapTHHY YTBOPCHHS CHIIM 34YETi-
JICHHA 1a€ MOJETb 3 MPEACTAaBICHHAM MOMEHTY, III0 00e-
pTae Koieco, sIKe Ji€ Ha peKy 3 CHJIOI0 HOPMalbHOTO
TUCKY Y BUIJIAI APy CHJI, OJHA 3 SKHX [IPHUKIIaIeHA

y TOYIli KOHTAaKTy Kojeca 3 peiikoro (puc. 1) [7].
VY TakoMy BUNAJKy CHJIA 3UETUICHHS € CHUIa TEPTs, 30BHI-
LIHS 110 BiIHOLIEHHIO JI0 KoJieca i Taka 10 Ma€e peaKTHB-
HUIl XapakTep, TOOTO CHpsSMOBaHA NPOTHUIIEKHO. BuHU-
Kalo4H, sIK TIPOTH/Iisl KOB3aHHIO KOJIeca BiTHOCHO PEHKH,
BOHA yTBOPIOE CHILY TSTH, AKY I peajtizye KoJeco.

HacmigkoM BTpaTH CTIHKOCTI 34Y€IUICHHS KoJyeca
3 pelfKkor0 € BHHUKHEHHS NPOLIECiB OYKCYBaHHS Y PEXXKHUMI
TATH a00 103y Y PEXHUMi raJbMyBaHHS, SIKI HETaTHBHO
BIUIMBAIOTh Ha iHIII BY3JIM TATOBOTO E€JIEKTPOIPHUBOLY.
Y CcBOIO 4Yepry CTIHKICTh CHCTEMH «KOJECO - pehka»
3aJIeXKHUTh BiJ] TUITY TATOBOTO €IEKTPOIIPHBOLY.
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EnexTpoHHi cucTeMu Ta cCUTHAIN

Puc. 1 Mopenb yTBOPEHHs! CUIIN 34eTUIeHH: Myp — KDYTHUI MOMEHT,
H-m; N — HOpMaIbHa peakiisi peioK y To4Ili KOHTaKTy 3 KojecoM, H.

Peamizamito TATOBHX W TaJbMIBHHX 3yCHJIb MOXHa
OTIHCATH HEPIBHOCTSAMMU:

® U PeXKUMY TATH:

ne Fr — cuna taru, H; F3y — cuna 3uenienss, H;
e U PSKUMY TaTbMYyBaHHS:
B <Fq,
4 ©))

Jie By — cuia rajgbMyBaHHS eJIeKTpoaBUryHom, H.

3 HepiBHOCTEH BHUXOAWTH, IO peai3amis 3ycuib 3a
3YeTICHHSIM MOXJIMBA TUIBKH B YMOBAX, KOJIM CHJIA TSTH
a0 rajbMyBaHHS, IO TEPENAEThCS HA BiCh KOJICHOT
napy, HE MEepeBHIIye CuiIy 3deruieHHs. OnHak, Taka
YMOBa HE 3aBXXIH BUKOHYETBCS, IO € HACIIKOM Pi3HOI
MIPUPOIM CHII, SIKi B3AEMOMIIOTH, & TAaKOX MPOSIBISETHCS
BIUIMB 30BHIIIHIX ()AKTOPIB Ha IO B3aEMO/IIIO.

3anuimemMo yMOBY CTIHKOCTI €JIeKTPONPHUBOTY 110 34e-
mwieHHwo [8]:

® I PEKUMY TATH:

dFQX . dFy ’
dVy dVg 3)
F, kH
30 A
TAL, ’//—\\\ ;
TAra / \I
> \
20 / \

ge Vi - HIBUIKICTh IPOKOB3YBaHHS KOJIC;

® U PeKUMY TaTbMYyBaHHS:

dF e . dB A'.
dvy ~ dvg

“)

3 BHpa3iB BUIHO, 0 Y IUTAaHHI CTIHKOCTI €JIEKTPOII-
PHBOJY 32 3UCIUICHHSIM KoJieca 3 PEHKOI0, KIIIOYOBY POJIb
BiZlirpa€ KOPCTKICTh XapaKTEPUCTUK TATOBUX €JIEKTPOI-
BUTYHIB. UMM BHINA JKOPCTKICTh, TUM OlIbIIA CTIHKICTH
CHUCTEMH «KOJIECO - peiKay.

Sk BXKe BiI3HAYANOCh, Ha LIAXTHHUX EJEKTPOBO3aX
BUKOPHCTOBYETHCS IEKTPONIPHUBO/I 3 IBUTYHAMH MOCTIH-
HOTO Ta 3MIHHOTO CTPyMy. 3poOHMMO TODIBHSHHS ITHX
cucreM. Ha puc. 2 300pakeHO MeXaHIuHI XapaKTepuc-
TUKH €JIEKTPONPUBOY HIAXTHOTO EJIEKTPOBO3Y 3 JABUIY-
HOM TIOCTIHHOTO CTPyMy IIOCIIJOBHOTO 30y/XKEHHS Ta
3 TATOBUM ACHHXPOHHUM JABHIYHOM Yy DPEXKHMax TSCH
i ranpMyBaHHSI. MOXKHa MOOAYHNTH, IO OLIBII YKOPCTKI
XapaKTEPUCTUKHU y CHCTEMI €JIEKTPONPHUBOAY 3 TATOBUM
ACHHXPOHHUM JIBUTYHOM. Y CYYacHHX CHCTEMax yIpaB-
JIHHS NIAXTHUMH €JIEKTPOBO3aMH 1ieil (hakT BUKOPUCTO-
BYETBCS [UIA peaiizamii MPOMOPLIHHOTO PO3IOALTY
3yCHJIb MK KOJIICHMU TapaMH eJIeKTPOBO3Y.

Crix 3a3HaYUTH, IO CHCTEMH 31 3BOPOTHIM 3B’SI3KOM
3a MIBHUKICTIO IO3BOJISIIOTH 3/I1iICHIOBATH PO3MOALI TSr0-
BUX ¥ TaNbMIBHHX 3YCHIIb, SKi IPUKIAICHI O KONICHUX
map eJIeKTPOBO3Y, V BIAMOBIIHOCTI IO PO3MOALTY HaBaH-
Ta)KCHHS BiJl X KOJNICHUX Iap HA PEHKH, TUTBKHU IiCIIS
3puBY y OykcyBaHHs a0o 103. J{ns BupimenHs wmiei npo-
OIeMu TOCTaTHIM € OOMEKEHHS CTPYMiB TATOBUX €JICKT-
POJIBUTYHIB Ha 33J]aHOMY PiBHI. Y 3B’S3KY 3 UM 3’SIBJIsI-
€ThCS MOJXKJIMBICTD PO3MOAITY TATOBHX W TalbMiBHUX
3YCHIIb Y Oy/Ib-sIKHHl MOMECHT 4acy.

Jns BupimieHHS 3a7adi pamioHaJBHOTO PO3IIONLTY
3yCHJIb €JIEKTPOBO3Y, IIPOAaHAII3yeEMO PO3IIO/IiT HABaHTa-
JKeHb MK HOTO KOJICHUMH napamu y QyHKIii cymapHOi
CHWJIU TSATH Ha 34ini (puc. 3).

TALQ

. ../ ransMmyBaHHA

anc
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Puc. 2 MexaHi4Hi XapaKTePHCTUKH €IEKTPOIPUBOLY MIAXTHOTO €IEKTPOBO3Y 3 IBUIYHOM IocTiliHOro cTpyMy (JI1C) nocmigoBHOro 30y IKEHHS Ta
3 TATOBUM acHHXPOHHUM ABUrYHOM (TAJl) y pexxuMax TArH i ranbMyBaHHS
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Puc. 3 Po3noin HaBaHTa)XEHb MK KOJIICHHMH NTapaMH IAaXTHOrO eekTpoBo3y: P3U — 3uinHa Bara enektpoBosy, H; N1, N2 — HopmaibHa peakiiis
peiiok y Toukax 1 Ta 2 koHTaKTy 3 Konecamu, H; F1, F2 — tanrenmianpHa peakiis peifok y Toukax 1 ta 2 KOHTaKTy 3 Konecamu, H; V — mBuakicts
pyxy, M/c; B — xopcTkicTs 6a3u, M; L — nosxuHa enektpoBo3dy, M; Fi — cua inepuii, H; W — omip pyxy, H; hI] — Bucora uentpy Barm, m; h1 —

BHCOTA 34iIIKH, M; X, Y — BiCI IIPOEKIIii.

JIst BU3HAaYeHHS HaBaHTaKEHb Ha BiCi €JIEKTPOBO3Y
CKOPHUCTAEMOCH PIBHSIHHSIMH MPOEKITii CHIT Ha BICh Y:

N1+N2—PC>< :0. (6)
HpI/I nboOMYy piBHHHHf{ piBHOBaFI/I CUJI 3a YMOBHU, IO

cyMa MOMEHTIB yCiX CHJI BiIHOCHO TOYKH A IOPiBHIOE
HYJTI0, OyJIc MaTH BUTJIST;

D> M, =0;

(7
Ni-B_N,-B
2

(®)

2
Bupimryroun cymicHo piBHsHHA (5 — 8) 3Haiinemo
BHpa3H JUIsl HABAaHTAKEHb Ha BiCi €JIEKTPOBO3Y, 3 ypaxy-

BaHHSAM 3MIHH HAIIPSMKY HOTO pyXy H pexuMy podoTH
TATOBHX €JIEKTPOJIBUTYHIB!

Pcx _W-h+F-hs

J_r(Fi-hO +W-h)+

le + )
2 B 9)
W-h+F -hg
NZZPCX i ! O.
2 B (10)

3 (9) Ta (10) BUXOAMTH, O MEPEPO3IIONIT HABAHTA-
JKEHb Ha BiCi €JIEKTPOBO3Y MPSIMO MPOTIOPIIHHMIA 10 HOTO
CyMapHOI CHJIH TSTH Ta BUCOTH 3YIIIKU i 0OEpHEHO TIPO-
MOPHIHHUK IO JKOpCcTKocTi Oasm. Sk Hacmimgok, mis
JIOTPUMaHHS TATOBUX Ta raJIbMiBHUX 3YCHIIb Ha BICI elle-
KTPOBO3Y Yy BIJNOBIHOCTI 3 HABAaHTAXXCHHSM KOJIICHUX
nap Ha peiku, HeoOXiHO MATPUMYBATH OJJHAKOBE CIIiB-
BiIHOIIICHHSI HABaHTa)KEHb W 3yCHWJIb HA BICi €JEKTPO-
BO3Yy.

[IpoBeneMo MoIeIOBaHHS TIEPEXiIHI MPOLIECH Y CHC-
TEMi TPYHOBOTO TSATOBOTO EIICKTPOIPUBOIY IIAXTHOTO
€JICKTPOBO3Y Y PeXKHUMI MyCKY Ta ralbMyBaHHs. Moiemno-
BaHHA BHKOHaHO y mporpami MATLAB® [9], [10].

MoentoBaHHS BUKOHAHO JIsS JBUTYHA TMOCTIHHOTO
CTPYMY IIOCIIJIOBHOTO 30yKeHHs (OTYXHICTh 45 KBT,
HOMiHAJIbHA HANpyra, CTPyM Ta YacToTa OOepTaHHSI —
250 B, 204 A Ta 1320 00/XB BIIMOBIIHO) Ta TATOBOTO
ACHHXPOHHOTO JBUTYHa (HOTYyXHICTh 45 kBT, HOMiHA-
JIbHA HAIpyra, cTpyM Ta koB3aHHA — 250 B, 180 A 1a 0,12
BignosigHo) [11]. Ha puc. 4 Ta 5 HaBeneno rpacdiku
MepeXiIHUX TIPOLECIB Y CHUCTEMi TI'PYIOBOTO TSTOBOTO
€JIEKTPONPHUBO/Y IIAXTHOTO €JEKTPOBO3Y Yy PEXHUMI
ICKY Ta TaJbMyBaHHS.

Ha puc. 4 ta 5 4epBOHUM KOJIHOPOM 300paXKeHO Tpa-
(GikM TepexiTHUX MPOIECIB TATOBOTO EJICKTPOIPHBOLY
OiBII 3aBaHTAXKEHOI BiCl MIAXTHOTO E€JIEKTPOBO3Y, YOP-
HUM KOJIbOPOM 300paskeHO rpadiku mepexiTHuX Mpore-
CIB TSATOBOIO €IEKTPOIIPUBOILY MEHII 3aBAaHTAXXEHOT BiCi,
a CHHIM KOJBOPOM 300pakeHO Tpadiku MepexiTHuX Ipo-
[[ECIB MPHU PIBHOMIPHOMY PO3MO/IiJIi HABAHTAKEHb CHUC-
TEMH IPYTIOBOTO TATOBOTO €IEKTPOIPHBOY, IIPOMOPIIiii-
HOMY JI0 3yCHJIb, IKi HEOOX1JHO NMPHKJIaJaTH Ha Bici eJe-
KTPOBO3Yy Y BIAMOBIIHOCTI 3 HABAHTAXCHHSIM KOJICHUX
nap Ha peuku.

BUCHOBKU

3a yMOBH CTIMKOCTI €JIEKTPOIPHBOJLY IO 3UCTUICHHIO
KITIOYOBY POJIb BiZIrpae KOPCTKICTh XapaKTEPUCTHK Ts-
TOBHX €JIEKTPOJBUTYHIB. UMM BHINA KOPCTKICTB, TUM Oi-
JIbIA CTIMKICTh CUCTEMH «KOJIECO - peiika». binbI sxop-
CTKI XapaKTepUCTHKH MOXXHA OTPUMATH Y CHUCTEMI eJIeK-
TPONPHBOJLY 3 TATOBUM aCHHXPOHHHM JIBUT'YHOM, IIIO JIa€
MOJJIMBICTh ~ BUKOPHUCTOBYBaTH ILed  ¢dakT i
peasizanii MponopILifHOro Po3MOIUTy 3yCHIIb MiX KOJIiC-
HUMH TTapaMHu eJIeKTPoBo3y. JlJIs 90T0 JoCTaTHIM € 00Me-
KEHHsI CTPYMIB TATOBHX €JICKTPOABHUIYHIB Ha 3alaHOMY
piBHI.

ImiTamifine MoJemOBaHHSA MOKA3alo BiJACYTHICTh
IpoleciB OYKCyBaHHS Ta 03y MPHU 3aCTOCYBaHHI 3aIpo-
MIOHOBAHOTO MPUHINIY KEPYBaHHS.
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Puc. 4 I'padpiku 3MiHH y Yaci 4aCTOTH 0OEPTaHHS TATOBHUX €IEKTPOABHUIYHIB y PEKHMAX MyCKy Ta FalbMyBaHHS

M, Hu

02 04 06

08 1 12 4 Le

Puc. 5 I'padixu 3MiHM y yaci MOMEHTY TATOBUX €JICKTPOJIBUTYHIB y PEXKUMAX MYCKY Ta FaJlbMyBaHHS

(1]

(4]
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Abstract—In the article the results of research of work of mine electric locomotive are driven on condition of stability of
the system " A wheel is a rail" on coupling of wheels of electric locomotive with rails. It is marked that work of mine electric
locomotive transport is conditioned by the row of specific terms. It is indicated that for realization of the electromechanics
systems of mine electric locomotives structures are used with the hauling electric engines of direct and variable current.

During working as of mine electric locomotive an important question there is coupling of wheels of electric locomotive
with rails. Investigation of worsening of coupling of wheel with a rail is an origin of processes of skidding in the mode of
creation of tractive or 103a force in the mode braking of electric locomotive, that influence negatively for other knots of
hauling electromechanic. In turn stability of the system "A wheel is a rail" depends on the type of hauling electromechanic.
At consideration condition of stability of electromechanic on coupling of wheels of electric locomotive with rails important
is inflexibility of descriptions of hauling electric motors. What more inflexibility, the higher stability of the system " A wheel
is a rail". More hard descriptions can be got in the system of electromechanic with hauling asynchronous engines that give
an opportunity to use this fact for realization of proportional distribution of efforts between the wheelpairs of electric loco-
motive.

The systems ticker-coil on speed allow to carry out distribution of hauling and brake efforts that is attached to
the wheelpairs of electric locomotive, in accordance with distribution of efforts from these wheelpairs on rails, only after
the beginning of processes of skidding or skidding. For the decision of this problem a sufficient condition there is a limit of
currents of hauling electric motors on the set level. In this connection possibility of distribution of hauling and brake efforts
appears at any moment to time.

For the decision of task of rational distribution of efforts of electric locomotive, distribution of forces was analysed
between his wheelpairs in the function of total force that pulls an electric locomotive on his coupling. On the basis of analysis
an idea was got about the redistribution of loading on the axes of electric locomotive. This distribution is in direct ratio to
his total tractive force and coupling height, and in inverse ratio to inflexibility of corps. As a result, in order that propelling
and brake forces on the axes of electric locomotive corresponded to distribution of weight on rails on wheelpairs, it is nec-
essary to support identical correlation of weight and efforts on the axes of electric locomotive.

The design of transients was conducted in the system of group electric hauling drive of mine electric locomotive in
the mode of starting and braking. A design is executed for the engine of direct-current with successive connection of poles
and hauling asynchronous engine. The charts of transients in the system of group electric hauling drive of mine electric
locomotive in the mode of starting and braking showed absence of processes of skidding and slipping at application of
the offered principle for the control system.

Keywords — mine electric locomotive; coupling stability; engine of direct-current; hauling asynchronous engine; inflexi-

bility; proportional distribution of efforts.
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