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OCHOBHOIJA LieJIbIo rnpeacTaB/1e HHOM
paboTbI ABNISIeTCs Ucce[o0BaHue
BO3MO>XHOCTU NMPUMEHEeHUs1

Ha >Xes1Ie3HO4OPOXXHOM TPaHCIopTe

(B yacTHocTH, npu paspaborke
nepcrneKTUBHbIX KOHCTPYKLNIA

¥ 3/1eMEeHTOB TAroBOro 3J1eKTpornpmueoaa
JIOKOMOTUBA) HOBbIX TEXHUYECKUNX
peLueHnii assl nepengaTroYHbIX
mMexaHn3moB. lNpeaioxxeHa
KOHCTPYKTOPCKas pa3paboTka

3ybyaTori nepena4yu ¢ BbICOKUMU
rnokasaresiiMu TeXHOJIOrMYHOCTU

puv N3roToBJIGHUN U SKCIis1yaTalnu.
O6ocHOBaHa BO3MOXHOCTb peasin3aumm
Ha 6a3e aTo¥i 3y64yaToii nepegaymn
KOMIMOHOBOYHOW CXeMbI TSIrOBOro rnpueoAa
C napaJsnsnesibHbIMU MOTOKaMU MOLLHOCTH.

KnoueBbie crioBa: xenesHasi 4opora,
JIOKOMOTUB, 3ybyarasi nepeaaqa,

TSroBbIV MPYIBOA, KOMIOHOBOYHasI CXemMa,
riapa’siiesibHble rNoOTOKN MOLLHOCTU,
pes3epBupoBaHue.
|
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Pe3epBupoBaHue
B TArOBOM npuBoge
JIOKOMOTUBA

Muaoeanosa Eeeenus
Anekceeena — KaHOu-

dam mexHu4ecKux Hayx,
doyenm HUpkymckoeo eocy-
dapcmeennoeo yHueepcu-
mema nymeii cooouenus
(UpIYIIC), Upkymck,
Poccus.

Muaoeanoe Aaexceii
Anexceeeuu — kandudam
MexHU4ecKux HayK, 00-
yenm UpI'YIIC, Upkymck,
Poccus.

Muaoeanos Aaexceii
Hzopesuu — kanduoam
MexHU4ecKux HayK, 00-
yenm UpI'YIIC, Upkymck,
Poccus.

Anekceit MUJIOBAHOB
Alexey |I. MILOVANOV

3 TeOpUM dJIeKTponpuBoaa [1] nsse-

CTEH PsiII ITPOrPECCUBHOCTH Peajn3y-

€MBIX CXeM B3aMMOJCHCTBUS 2JIEK-
TPUYECKUX JIBUTaTeNIell ¢ MOTPEeOUTEIIMU
9HEPruy — MCIOJIHUTEIbHBIMU MeXaHU3Ma-
MM: OT TPYIIIIOBOIO 3JI€KTPOIPUBOIA K MHIM -
BUJIyaJIbHOMY OJIHOJBUTaTeIbHOMY; OT MH/IM -
BUJIyaJbHOTO OJHOABUIaTEeIbHOIO K MHIMBU -
JyaJlbHOMY MHOTOJIBUTaTeIbHOMY. B rmocien-
HeM BapHaHTe 00eCIIeuBaeTCsI BO3MOXHOCTD
3 PeKTUBHOrO 3HEpProcoOEepeKeHus 3a CYET
B3aMMHOTI'0 pe3epBUPOBAHMS B IIPOLIECCE ABU -
JKEHUST BJICKTPOJIBUTATENICH, BKIIOUEHHBIX B
MakeT TSIrOBOro MPUBOAA, IyTEM CO3IaHMs
TSTOBOTO YCUJIUSI MapasuleIbHbBIMU ITIOTOKAMU
MOIIHOCTH.

B mpakTuke OTeueCTBEHHOIO IPOM3BOJI-
CTBa >KeJIe3HOAOPOXKHbBIX MOABMKHBIX TPAHC-
MOPTHBIX CPEICTB IPUHSITA CXeMa UHIUBUILY -
aJIbHOTO OIHOJBUTATEIbHOTO 3JIEKTPOIIPUBO-
Jla: OJMH JBUTaTeIb OOCIYKMBAEeT OIHY KO-
JiecHyl1o Tapy [2].

3HauuTenbHbie MOITHOCTH (800—900 K BT),
peanusyeMble Ipy 00eCIeYeHUU IBYXKEHUSI,
JIUKTYIOT HEOOXOIMMOCTh IMPUMEHEHUSI 10-



MOJHUTEJbHBIX TEXHUYECKUX CPEACTB JJIs
CO3[IaHUs] HOPMAJIbHBIX YCIOBUI pabOTHI TSI-
TOBBIX IBUTATEJIEN, IPEXKE BCETO 3TO KacaeT-
CS CUCTEMBI OXJIaXKIEeHUS.

Cy11ecTBEHHBIM KOHCTPYKTUBHBIM HeE-
JIOCTATKOM U3BECTHBIX CXEM SIBJISIIOTCSI CTEC-
HEHHbIe radbapuThl [2] TATOBOro MpUBOAA,
00YCJIOBJIEHHBIE B TOM YMCJIe KOHCTPYKIIUEH
MEXaHUYEeCKOW IMepenayu BpalllaTeJbHOTrO
JIBVDKEHUS OT Bajia IBUTATeJIsI K OCU KOJIECHOM
napbl, BHIMOJIHEHHON B BUE CTYNeHU 3yOua-
TBIX KOJIEC C BHEIIHUM 3alernsenueM. [1pu
5TOM PEMOHTOMPUTOJHOCTb Mepeaayu COOT-
BETCTBYET CAMOMY HU3KOMY YPOBHIO TEXHO-
JIOTUMHOCTH B 3KCILTyaTalluu: TIPU JOCTUXKE-
HUM OTpEJEeJIEHHOMW CTeNneHu M3Hoca 3y0a
IIECTEPHU OHA MTOJIJIEXXUT 3aMEHE Ha LIIeCTep-
HIO MIEPBOI KaTEropuu, TO €CTh MPAKTUYECKU
HepeMoHTonpuroaHa. [ToBblieHue TpedoBa-
HUI K YBEJIMYEHUIO BECa COCTaBa BbI3bIBAET
POCT Harpy3Ku Ha 3y0, TPUBOJIUT K UHTEHCH -
(ukalmy 0TKa30B Mepeaayvu.

PA3PABOTKA HOBOU KOHCTPYKLUMN

K o6ocHOBaHM10 BEIOOpA CXeMBbI IEpeIaun
ObLTY MPUBJIEYEHBI CBEAECHUS O CO3MaHUN
POTAIIMOHHBIX MEXaHN3MOB, UCITOJIB3YIOINX
pa3sHOOOpa3HbIe BUABI 3aLIETUICHUS B IiepeIa-
Ye JIJIsT TIOBBIIICHUS €€ Hae)KHOCTH, PEMOH -
TOMPUTOTHOCTH, JAOJTOBEYHOCTH, paclinpe-
HUSI TUaTa3oHa peain3yeMbIX MepeIaTOuHbIX
OTHOLIEHUI. B KauecTBe OCHOBHOTO MPOTO-
THITa BeIOpaHa Tepegada Hewaesa [3, 4] ¢
BHYTPEHHUM 3alIEIIJIEHUEM TOPLIEBBIX 3YObEB.
Takoe KOHCTPYKTUBHOE UCIOJHEHUE MTO3BO-
JISIeT 3HAYUTEJIBHO YBEJIUYUTD NTEPEIATOYHOE
OTHOILIEHUE CTYIEHU 3aleTUIEHUS IPU YMEHb-
IIEHUU €€ TabapuTOB U METALUTOEMKOCTHU 11O
CPaBHEHUIO C OTKPBITOI 3y0UaToli mepeaayeit,
MMeIolEei 9BOJIbBEHTHBIN MTpoduib padoueit
TIOBEPXHOCTH 3y0a. DTOT pe3ysIbTaT B Iiepe/a-
ye HeuaeBa obecriedyeH TeM, UTO BBITYKJIbIA
pabounii mpod b 3yObeB IIeCTEPHU, BBITION -
HEHHBIX B BUJIE BHICTYIIOB Ha TOPLIEBOM TT0-
BEPXHOCTH BEHIIa MAJIOTO (BEIYIIIETO) Kojieca
3alEIUICHUS, OTPAHUYEH MTapaMeTPaMU «YJIUT-
ku [Nackassi», ay 3y0ObeB OTBETHOTO (BEIOMO-
ro) Koseca Iiockue padbouyue MOBEPXHOCTH.
Jlvunug 3auerieHus nepenadyu uMeet Gopmy
yJacTKa BHEITHe! et «yauTku [Tackans»,
YTO JAeT BO3MOXHOCTb MPU OTHOCUTEIBHO
BBICOKUX 3HAUEHUSIX ITEPEIaTOYHOTO OTHOIIIE-
HUS CTYIIEHU 3alleTIEHNS] 00eCTIEeYUTh BHICO-
Koe 3HauYeHne Koa(PdULIMEeHTa TEPEKPBITUSI.
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[Tpu 3TOM CyIIIECTBEHHBIM JJOCTOMHCTBOM
SIBJISIETCS] TO, YTO M3TOTOBJIEHUE TIOCKOTO
rpoduist 3y0ObeB BEIOMOTO KoJjieca Iepeiadun
HeuaeBa He cBsI3aHO ¢ KAKUMU-JIMOO TEXHO-
JIOTUYECKUMHU TPYIHOCTSIMU B CUITY TIPOCTOM
TreoMETPUIECKOii POpMBbI, a 3HAUNT U HECITIOXK -
HOU TEXHOJOTUM MEXaHUYEeCKO 00paboTKU
MoBepxHOCTei. B To ke BpeMst u3roropieHue
MaJIBIX KOJIeC Tiepefavyu Mpu MacIITaOHbIX
repexoax, o0yCJIOBIEHHBIX U3MEHEHUEM
BEJIMYMHBI TepeaBacMoil Harpy3Ku, B Kax-
JIOM HOBOM CJIydyae MpeAcCTaBiisieT co0oil ca-
MOCTOSITEJIBHYIO, TOCTATOYHO CIOXHYIO MH-
SKEHEPHYIO 3a/1a4y. DTO BBI3BAHO OTCYTCTBUEM
B MepeyHe MEXaHUYeCKOW OCHACTKH, Mpe-
Ha3HAYEHHOU IJISI U3TOTOBJIEHUS 3y0UaThIX
KOJIEC Pa3IMYHBIX Pa3MePOB, YHU(DUITUPOBAH-
HBIX CPEICTB, TPUTOMHBIX IS BHITOTHEHUS
paboueil moBepXHOCTU 3yDa, OrpaHUYEHHOM
mapamMeTpamMu «yIuTKu [Tackais».

KpomMme Toro, He obGecriedeHO B MOJHOI
Mepe BBITTOJTHEHNE TPeOOBAaHWI K PEMOHTO-
MPUTOAHOCTHU Mepenadn. BoccTaHOBUTEb-
HBII PEMOHT U3HOIIIEHHBIX Pa00YMX ITOBEPX-
HOCTEe! TOPLEBBIX 3yObeB O0JIBIIOrO (BE10MO-
TO) KoJieca repeauyn He BbI3bIBaeT 3HAUNUTEITb-
HBIX TPYIHOCTEH (OCHOBHAS OTIepalysi B 3TOM
clydae — miMgoBKa), B TO XK€ BpeMsl BocCTa-
HOBJIEHHWE C TIOMOIIIBIO TOW XK€ omepanuu
(mpyrue mpakTUIeCKN HEBO3MOXHbBI) U3HO-
LIEHHOI paboyeil MoBepXHOCTU (TTpoduUIn-
pPOBaHHOI MO TMapameTpaM «yiauTku [lacka-
JIs1») 3yObeB MaJloro KoJjieca 3aTpyaHeHO, Kak
U TIPY M3TOTOBJICHUU, OTCYTCTBHEM YHUDU-
LIMPOBAHHBIX CPENCTB, CITOCOOHBIX ITOMOYb
cobmoneHno pabouero npodwis Npu HUTU-
¢oBKe.

Texnuueckoe pelieHue «Toplesas 3yoya-
Tas Tepenavya ¢ BHYTPEHHUM 3allellJIeHueM»
[5] mo3BosieT 1OOUTHCS CYILIECTBEHHOTO
YIPOIIEHUS K YHU(DUKAITIHY TEXHOJIOTUUECKO-
TO MPOIIecca U3TOTOBJIEHNS pa00UYMX 3BEHbEB
repefayr B IIMPOKOM AMaria3oHe MX TUIO-
pa3MepoB U TiepeaaTOYHbIX OTHOIIeHu . [Tpn
9TOM CO3MAI0TCS U YCJIOBUS TSI TIOBBIIIEHUS
HaJIeXXHOCTH, PEMOHTOTIPUTOTHOCTH, JOJITO-
BEYHOCTH Tepeaayun.

Bce nonoGHbIe 3a1a4M B TOPLIEBOM 3yOUa-
TOW Tlepefaye ¢ BHYTPEHHUM 3alleTuIeHueM
pelramTcsl TeM, 4TO pabodasi MOBEPXHOCTh
3y0ObeB IIeCTepHU (MaJIoro KoJjieca), BbIMOJ-
HEHHBIX B BUJIE BHICTYIIOB Ha TOPLIEBOM T10-
BEPXHOCTHU €€ BeHIla, MPEeICTaBIsieT co00i
OOKOBYIO TTOBEPXHOCTh TeJia BpallleHUs, Ha-
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Puc. 1. Knnemartunyeckas cxema TopLeBoJi 3y64aToli nepegayv ¢ BHyTPEHHUM 3auenieHueM.

IIpuMep, YCeUeHHOTO KOoHyca (LIMINHIpa,
00YKO00OpPa3HOTO Tejia); B CEUCHMX 3y0a,
MePICHANKYISIPHBIX OCU BpaIIeHUS IIIeCTeP-
HH, 3Ta paboyvast MOBEPXHOCTh OTpaHMYCHA
OKpyXHOCTbhI0. Compsrammascs ¢ 3y0oM
IIeCTepHM padodast TOBEPXHOCTH 3y0a Belo-
MOTO KoJIeca UMeeT ITOCKui mpoduib. [Tpu-
yeM HeOOXOIMMO COOJTIoIeH e TPEOOBAHUS K
3alleTUICHUIO, 3aKTI0YAIONIeTOCsS B TOM, 4TO
00111ast HOpMaJb K COMPSKEHHBIM ITOBEPX-
HOCTSIM JIOJDKHA IIPOXOIUTH Yepe3 ITOJI0C
3aleTUICHUsI, M 3TO 00CCITEeYNBACTCS TEM, UTO
JIMHUS 3alleTUICHUS MMeeT (GOopMy ydacTKa
BHYTPEHHEH TTeT/IN «yIUTKY [Tackans».

Ha puc. 1 mpencraBieHa KWHeMaTnIecKast
cxema IIpeuiaraeMoii Tepenadu, rue 1 — 3y0
mecTepHH, 2 — 3y0 Koseca. PekomeHnoyemoe
MUHHUMAaJIbHOE YHUCI0 3yOheB IIECTCPHU —
IIEeCTh; MPU TIEPEeTaTOYHOM OTHOIICHUH,
paBHOM 3, KO3((OUILIMEHT MePEeKPLITUS TIPU-
HUMaeT 3HayeHue 1,3.

ITocTpoenue mpodwis 3yda Kojieca Ipu
3y0e IIecTepHH, NMeloleM (popMy Tejia Bpa-
IIeHUs, WJUTIOCTpuUpYyeT puc. 2. I1pu mocrpo-
€HUHU KCITOJIb30BaH METOJ OOpaIleHUs TBU-
KEeHUS.

O0o3HavYeHNs Ha puc. 2:

(0] o O,— LIEHTPBI IIECTEPHU U KOJIECA;

W, — HavasbHast OKPYKHOCTD IIECTEPHMU;

W,, W,— BHELIHSISA U BHYTPEHHASA OKPYX-
HOCTH BEHIIA KOJIeca;

P — niontoc 3anenieHusl;

0,0, 0,”, 0 — nocienoBaTe/ibHbIe
ITOJIOKEHUS IICHTPA IIeCTEPHU B OTHOCUTETh-
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HOM JIBIDKEHUU TIPU YCJIOBHO HETIOABIKHOM
KoJece;

Pl1, P2, P3, P4 — obuiyie HOpMaIu K B3au-
MOJCHCTBYIOIINM PabOYNM ITOBEPXHOCTSIM
3y0a IIeCTepHU U KoJIeca IIPU OTHOCUTETbHOM
TIBVKCHUM;

a, b, ¢, P— Touku B3auMOJIeiicTBUS pabo-
YMX TTIOBEPXHOCTEH 3y0a IIecTepHH 1 KoJjeca
TIPY TTOJIOKCHUSIX LIEHTpa 3y0a IIeCTepHU B 1,
2, 3, 4 (abcP 0Opa3yloT y9acTOK BHYTPEHHEH
netnn «yautky [lackans»).

[Mocne moBopora Ha yron o, ay4 O, 1 3a-
HuMaet nojioxenue 0,4, 0, —nonoxenue 0.,
a—nonoxenue a’; nyra 1’4’ pasna nyre 0,0,
Oa=0,a’

[Mocne moBopora Ha yron a., ay4 0,2 3a-
HuMaeT nojgoxenue 0,4; O, — MOJOXEHUE
0,”; b — nonoxenue b’; nyra 2’4’ paBHa jyre
00,”,0b=0,b".

[Mocne moBopora Ha yron o, ay4 0,3 3a-
HuMaeT nojaoxenue 0,4; O, — MOJOXeHHUE
0,””’; ¢ — nonoxenue ¢’; nyra 3'4’ paBHa ayre
00,,0c=0,¢c.

Pa — nipsimast B 10CKOCTU paboyero mpo-
st 3yda Koseca. Touku b’ v ¢’ HaKJTaabIBa-
JOTCSI HA OTPE30K Pa’.

Ecnu 3y0 miectepHu nMeeT (hopMy yceueH-
HOTO KOHYCa WJIN HWIMHAPA, B3aUMOICHCTBIE
€ 3y0OM KoJIeca OCYIIECTBIISICTCS B IMHEHHOM
koHTakTe. [1pr 6oukooOpa3HOM 3y0e IecTep-
HU KOHTAKT ¢ 3yOOM KoJieca — TOYCUHBIIA.

IIpoBepka pe3yabTaTOB T€OMETPUUCCKIX
TIOCTPOCHM OBbIJIa OCYIIIECTBIICHA C TIOMOIIIBIO
MoOJIean 3y0JyaToll rmepenadynd ¢ BHYTPCHHUM
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Puc. 2. Cxema noctpoeHus npogusns 3yba koneca rnpu 3yde wecTtepHu, nmeiowem gopmMy Tesa BpaLLeHUs.

3aleTUIEHUEM U TIepeIaTOYHbBIM OTHOIIIEHUEM
2,95. ®opma nipoduist 3y0beB BeJOMOTO KO-
Jieca TojrydeHa rpayMuecKuM MOCTPOSHUEM.
PesyibraThl MOIETLHBIX UCCIIEAOBAHWIA CBH-
JIETeJILCTBYIOT, UTO B TOPLIEBOI 3y0UaToii Te-
pelnade ¢ BHYTPEHHUM 3allelUICeHUEM, TTPU
TMOCTOSTHHOM TepeaTOYHOM OTHOIIIEHUY JIJIST
3yObeB IIECTEPHU LIUJTMHIPUIECKON (OPMBI,
COMPSIKEHHBIM MTpoduieM 3yda Kojieca npeji-
JlaraeMoi Tiepeiauu CJIYXKUT TJI0CKOCTb.
TexHUYECKUM pe3yJbTaTOM IMpPaKTU-
YeCKOW peanus3alMu TOpLEBOI 3y0uaToit
nepegayu ¢ BHYTPEHHUM 3alierieHueM [5]
SIBJISIETCSI CYIIIECTBEHHOE YIPOIIEHUEe TeX-
HOJIOTMY W CHUXXEHHME CTOMMOCTH ITPOU3-
BOJICTBA BBICOKOHAIE>KHO U PEMOHTOIIPU -
TOTHOM MeXaHWYeCKOW Tepeaavyu, pume-
HeHWEe KOTOPOW BO3MOXHO B IIMPOKOM
Jarna3oHe Harpy3oK W MepeaaTOYHbIX OT-
HoleHu#. B Xxo/e peatbHOro mMpoeKTUpoBa-
HUS OB OCYIIECTBJIEH CPaBHUTEIbHBIN
MPOYHOCTHOM pacyeT ISl CTyleHu 3y0ua-
TOTO 3alleTIJIEHUsT CUIIOBOTO MTPUBOA 3JIeK-
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TpoBo3a BJI-80 u TopiieBoii 3ybuaroii mepe-
JlauyM C BHYTPEHHUM 3alleTlJIEeHUEeM U TeM Xe
repenaTouHbIM OTHOIIEHUEM. PesynbraTsl
pacueTa CBUIETEIbCTBYIOT O CYIIIECTBEHHOM
MpenuMYyIIeCcTBe MpeaIaraeMoii epeaavu 1o
3aracy MpoOYHOCTH TPU COXPAHEHUM CpaB-
HUMBIX KHHEMAaTUYECKUX MTapaMeTPOB CTY-
MeHu 3alerieHus. [lepeyeHb TEXHOIOTH -
YyecKMX OoTlepaluii mpu U3roTOBJIECHUU U
BOCCTaHOBUTEIbHOM PEMOHTE OTpaHUYCH
Haubosiee obecredyeHHbIMU OCHACTKOU U
CTaHOYHBIM 000PYIOBAaHMEM BUIaMU PabOT:
CBepJIeHMEe, ToKapHas 00paboTKa, IiIocKoe
¢pesepoBaHue, LIUGOBKA.

KoHcTpyKius nmepegaun co3naet ycIoBUs
IS PABHOMEPHOTO M3HOCA paboUYrX MOBEPX-
HOCTEl 3JIeMEHTOB 3atieruieHust. JIist 3yobeB
IIECTEPHU 3TO JIOCTUTAETCS, HAI[pUMep, ca-
MBIM TPOCTBIM MIPUEMOM: CITOCOO MOHTaxa
3y0a IecTepHM Ha ee BeHIIe TIPU PerjaMeHT-
HOM O0CJTy>KMBaHWHU, COTJIACOBAHHOM C MH-
TEHCUBHOCTBIO M3HOCA paboueil MOBEpX-
HOCTH, MEHSIET €ro IMOJIOKEHUE TTOBOPOTOM

MunoeaHoea E.A., MunoeaHoe A.A., MunoeaHoe A. U. Pe3epBuUpOBaHNE B TATOBOM NPUBOAE JIOKOMOTUBA
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Puc. 3. MocTpoeHune cxembl nepefaToyHOro MexaHu3ma.
O6o3Hayenus: 1 — Begyuee LeHTpaslbHOe KOJIeco; 2 — BoAUO; 3 — UCMOJIHUTEIbHOE LIeHTPasibHOE KOJIECO;
4 — carennut (Ha puc. 3a), wectepHs (Ha puc. 36); 5 — ocb konécHoi napsbi; 6 — konécHas napa.

OTHOCHUTEJIPHO COOCTBEHHOM OCH TeJIa Bpallle-
Hus 3y0a.

Ob6ecrieueHre BO3MOXKXHOCTH PaBHOMEPHO-
TO pacrpeneeHUs] U3HOCa paboYnX ITOBEpX-
HOCTEH B HEIIPEPBIBHOM IIpOIlecce PabOTHI
nepenadn (0e3 OCTAHOBOK Ha perjiaMeHTHOE
00CyXXMBaHWE) JOCTUTACTCS TEM, YTO KOH-
CTPYKIIMOHHAS TTOCaaKa JUIST pa3MelleHUs
HOXXKM 3y0a IIIeCTepHU B THE3/IC €€ BeHIIa Jie-
JIAeTCST TaKOi, YTOOBI MOMEHT TPEHUSI CKOJIb-
JKeHUST B KWHEMaTUIECKOM Tape «3y0 ImecTep-
HU — 3y0 KoJieca» JIUIIb HE3HAYUTEIbHO
(Ha 5—10% ) MpeBOCXOIWIT TIPOTUBOITOJIOKHBIT
€My MOMEHT TPEHMSI TTOKOST B KWHEMATHUIeCKOM
rape «HOXKa 3y0a IIeCTepHM — THE3I0 B ee
BeHLIe». B aTOM cityuae ripu paboTe nepenayu
obecrieueHO KaueHe 0€3 CKOJIBKEHUSI B OTHO-
CUTETLHOM JIBYDKCHUU 3y0a IIIECTepHU U 3y0a
KoJIeca, TIpY KOTOPOM BBITIOJTHSICTCST YCIIOBHE
PaBHOMEPHOTO pacipenc/ieHIsI THTCHCUBHO-
CTH M3HOCA KX pabOUYMX ITIOBEpXHOCTEN [6]; 3y0
IIECTePHU TIPY 3TOM (PaKTUUECKU CTAHOBUTCS
«TPETHUM TEJIOM» — IIPOMEXYTOYHBIM 3BEHOM
MEXKITy BEHIIOM IIIECTEPHU 1 KOJICCOM.
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Hns cHmkeHnsT Koo hUIIneHTa TpeHUs B
KMHEMaTUYeCKOM Mmape «HOXKKa 3y0a 1mecrep-
HU — THE3[I0 B €€ BEHIEe» MeXIy OOKOBOM
(paboucit) TTOBepXHOCTHIO HOXKH 3y0a U 1O~
BEpPXHOCTBHIO THE3[Ia MOXKET pa3MeIaTbCs
TMPOMEXYTOYHBINA CIIOU MeTajljla, HAlIPpUMEDP
CBHUHIIA, COOCTBEHHAs TUIACTUYHOCTH KOTOPO-
ro TIPEeBOCXOMUT IUIACTUIHOCTh MaTepuraia
3y0a 1ecTepHU U ee BeHa. Co3gaHue 3TOTO
CJ1051, BBITIOJTHSIIOIIETO POJIb TBEPAOil «CMa3-
KI», Ha OOKOBOM MOBEPXHOCTH HOXKHM 3y0a
obecIIeynBacTCsT OOBIYHO ITyTeM IIa3MEHHO-
TO HAITbUICHUSI YUIM TaJTbBAHITOKPBITHEM.

[Tpu peanm3anmy TEXHIIECKOTO PEIIICHMS
«[IectepHs WwIs TOPIIEBOI 3y0UaTOi ITepeaa-
Yl ¢ BHYTPEHHUM 3alleIUIeHueM» [6] mosiBiisi-
eTCsl BO3MOXKHOCTB MCTIOJIb30BaHUSI TIOJTHOTO
KPYToBOTO TIpouiIst 3y0a IMecTepHU B Kaue-
CTBe pabodeit TTOBEPXHOCTH, YTO TOBBIIIACT
JIOJITOBEYHOCTh U pabOTOCIIOCOOHOCTh Mepe-
naun. KpoMme Toro, MoBBIIICHUEM POJIM Tpe-
HUS CHETIJICHMS B TIape «3y0 IIeCTepHN — 3y0
KoJIeca» CHUMAaeTCsl HeOOXOIMMOCTh HalleXK-
HOTO 00ecIIeYeHUS 30HBI X B3aMMOICHCTBIS
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Puc. 4. KomnoHoBo4YHasi cxema TSIrOBOro nNpuBoAa C OMopHO-0CeBbIM NoABeLunBaHnemM
nakera TSroBbix ABUraresiei.
0O603HavyeHus Ha cxemax puc. 4 n puc.5: 1 — ocb KOSIECHOM Napbl; 2 — CTynuua nakeTa TAroBbiX ABUraTeseii;
3 — TaroBblii ABUraTesns; 4 — WecTepHs 3y64aToro 3auenneHus; 5 — 3yé64yaroe Kosieco; 6 — noaLWnnHNKN
CKOJIb)XeHus; 7 — ONOpPHasi pama Tenexku; 8 — 6ykca; 9 — MexaHn3mM CUHXPOHU3aLNU rnepemMeLyeHnii TAroBbIxX
ABuraresei B paauaabHOM Harpas/IeHUN OTHOCUTEJIbHO OCU KOJIeCHOM napabl.

cMmaskoil. Het comMmHeHMit, 4TO peanu3anus
TaKUX TEXHUYECKUX PELIEHUI A OTHOCUTCS K
00JIaCTM HAaHOTEXHOJIOTHII, HaIIpUMep, TIPU
HAHECEHUM TMOKPBITUII HAa paboyne MOBEepX-
HOCTU 3yObeB.

KOMMOHOBO4YHASA CXEMA
TArosoro nNPUBOOA
C NAPAJUIEJIbHBIMU MOTOKAMMU
MOLLUHOCTU

B texHuyeckom peieHuun «KomroHo-
BOYHAasl cCXeMa TSTOBOTO MPUBOJIA XKEJIE3HO-
JIOPOXHOTO MOABUKHOTO TPAaHCIOPTHOIO
CpelcTBa C MapauleJIbHBIMU MOTOKaMu
MOULIHOCTU» [7] 3amaya co3maHUs TaKUX
MMOTOKOB 00Jier4yaeTcsl TeM, 4YTO MEXaHM-
yeckasi mepeada BpalaTeIbHOro ABUKEHMS
OT BaJla IBUTATE/Isd K OCU KOJIECHOM Taphbl
BBITIOJTHSIETCS B BU/IE MTapalJieJIbHbIX CTYyIIe-
Hell TOpLIEBOM 3y0UaToil mepenadyu ¢ BHYT-
PEHHMM 3alleIJIEHUEM MPU 001IEeM BEIOMOM
3ybuaToM Kosiece. OCU POTOPOB TATOBBIX
JIBUTaTeJIell pacoIOKEeHbI Ha Tyre OKPYK-
HOCTHU, KOHLEHTPUYHON OCU KOJECHOM
raphbl; TPy 3TOM KOJUYECTBO TATOBBIX IBU -
raTejieil paBHO YMCIly CTyNEHEel mepenayu,
a CyMMapHasi UX MOIIHOCTb COOTBETCTBYET
MOIIHOCTH, TTIOTPEOHOI JIJIsT OCYILLIECTBACHUS
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IBIDKCHUSI TPAHCIIOPTHOTO CPEACTBa C 3a-
MaHHBIMU ITapaMeTpaMu.

[TpakTrueckass peaqm3ains 3TOM CXeMBI
o0ecIeynBaeTCsI TEM, YTO MEXaHU3M (CM.
puc. 36) TTOCTpoeH Ha OCHOBE ITpeodpa3oBa-
HUS NPOCTEUIIEH MJIaHETAapHOW mepenayu
(cm. puc. 3a) [8—11].

B xomne mpeobpazoBaHus cxeMbl Ha puc. 3a:

— yIajJieHO Bemylllee IIeHTpaJIbHOe KOJe-
co l;

— BOOWJIO 2 3aKpEIICHO HEIOABUKHO
OTHOCHTEJIBHO OCH 5 KOJIECHOH TTaphlI 6;

— UCITOJTHUTEJIBHOE IIEHTPaJIbHOE KOJIECO
3 3KECTKO CBSI3aHO C OChIO J;

— OCH BpalllcHHS 3BEHbEB 4 HETIONBUKHBI
BMECTE C BOIWIOM 2, IIPY 3TOM, YTPaTUB POJIb
caTeJJINTOB Ha cXeMe puc. 3a, 3BeHbs 4 cTaaun
IIeCTePHSIMM B IIpe0Opa30BaHHON CXeMe Tie-
penaToyHOro MexaHn3Ma Ha puc. 30.

B KOMITOHOBKE TSTOBOTO MPUBOIA MO~
BIXKHOTO TPAHCIIOPTHOTO CPEICTBA C ITapai-
JISTbHBIMU ITOTOKAMU MOIITHOCTH ITaKeT TSATO-
BBIX 3JICKTPOJIBUTATEICH BBITTOTHSICT B CXeME
Ha puc. 36 poib Boguia 2, HEMOABUKHOTO
OTHOCHTEJIBHO OCH 5 KOJIECHOI Tapsl 6.

[Ipenmaraemass KOMIIOHOBOYHAs cXeMa
MOKET OBITh BBITIOJTHEHA B IBYX BapHaHTaX: C
OMOPHO-0CEBBIM (CM. pHC. 4) U OMOPHO-
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paMHBIM (CM. pUC. 5) TOBEIIMBAHNEM TTaKeTa
TATOBBIX NBUTaTeNeil. BRIOOp cxembl 1St pea-
JIM3alliU OTpenessieTcs] TpeOOBaHUSIMHU,
TPENBSIBISIEMBIMY K HA3HAUYEHUIO TPAHCTIOPT-
HOTO cpencTBa. B ciyuae mpumMeHeH st CXeMbl
C OIMOPHO-OCEBBIM IMOJBEIIMBAHUEM OTac-
HOCTb Pa3pyIIeHUS IBUTATENISI M OCU KOJIECHOU
Tapbl 3HAYNUTEJIEHO YMEHBIIIAETCS 10 CpaBHE-
HUIO C U3BECTHBIMU MPOMBIIIUIEHHBIMU aHa-
Jioramu [2] 3a cyeT ypaBHOBEIITMBAHMSI B TIEpe-
JTATOYHBIX CTYMEHSX U 0e3 TOro Majibix (00-
YCJIOBJIEHHBIX OCOOEHHOCTSIMU KOHCTPYKIIUM
rnepenadyn) pagruaibHbIX COCTABIISIONINX YCHU-
JIUI TaBieHUs B mape «3y0 MiecTepHu—3yo
KoJecar.

B ciryyae mpuMeHeHUsT CXeMBbI C OTIOPHO-
PaMHBIM MOABEIINBAHUEM UCIIOIb3YEeTCS
CITOCOOHOCTH KOHCTPYKIIVY TIEPEIavuu IOTTyC-
KaTh paguaiabHble epeMelleH s IeCTePHU
OTHOCHUTEJILHO KOJIeca B IMpoliecce paboThHI.
Jnsg maxkeTa TATOBBIX ABUTaTenell OepyTcs
u3BecTHbIE [12] mpreMbl CHHXPOHU3AIUY B
MEXaHUYECKUX KOJeOaTeIbHBIX CUCTEMAaX
TyTeM BKJTIOUEHUST B KOHCTPYKIINIO MEXaHU3-
Ma CUHXPOHU3AIMU MIepeMellleHU TBUTaTe -
Jieil B paguagbHOM HAIpaBJIeHUU OTHOCH-
TEJTbHO OCU KOJIECHOU Mapbl. 3JHAYCHUS KU-
HEMaTUYeCKUX XapaKTepUCTUK TepeMelre-
HUI OTIPEAEISIOTCS XXKECTKOCTBIO CUCTEMBI
TMOBEIINBAHUSI.
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Puc. 5. KomnoHoBo4Hasi cxema TSIroBOro npuBoAa ¢ ornopHoO-pPamMHbIM
noaBeLunBaHNEeM NakeTa TAroBbix ABurareseri (0603Ha4YeHus noka3aHbl Ha pyuc. 4).

ACUHXPOHHBIE
SJIEKTPOOBUINATEJIN
NMEPEMEHHOIO TOKA

JlornyeckuM pa3BuUTUEM KOMIOHOBOY-
HOU cXeMbl TSTOBOTO MPUBOJA SIBJISIOTCS
pa3paboTKa Mep 1O MOBHIIIEHUIO 3 deK-
TUBHOCTU KCMOJIb30BAHUS MEPEMEHHOTO
TOKa B KAUECTBE IHEPTOHOCUTEJIS, IPUME-
HEHUE KOPOTKO3aMKHYTBIX aCUHXPOHHBIX
nBUTaTesieil — HauboJiee BHITOJHBIX U YHU-
BEpCaJbHbBIX MPU IKCIUTyaTaAllUU IJTEKTPO-
npuBoa [13]. Kak monbITKa BBITTOJHEHUS
9TUX HAMEPEHU I TEXHUUYECKUM pelIeHUueM
«TAroBBIN MPUBOA JTOKOMOTHBA C ACUH-
XPOHHBIMU IBUTATEIIMU» [14] mpeaycmo-
TPEHBI JOMOJHUTEIbHbIE 3JIEMEHTHI B CX€-
Max puc. 4 u 5:

— Ha OCSIX BpallleHUsI IecTepeH 4, MeXIy
HUMU U 2JIEKTPOIBUTATENISIMU 3 TTOCTEeI0Ba-
TEeJbHO PACMOJOXEHbl CAMOAECVCTBYIOLINE
(camoympaBnsonuecst) MyhTbl — IEHTPO-
OexHast U mpegoxpaHuTeabHas [15], wiu
KOMOMHUpPOBaHHas MydTa, coyeTarouas B
ce0e 1X CBOICTBA;

— B COCTaB 3JIEKTPONPUBOIA BKJIIOUEHbI
YCTpOIiCTBa 0OecTeueHus 3aIycKa IBUuraTesei
¢ O0JIETYEHHBIMU YCJIIOBUSIMU TTycKa (pOTOp-
HBIii, aBToTpancdopmaropHblii) [13]; neiict-
BUs My®dT cOrjlacoBaHbl ¢ pabOTON 3TUX
YCTPOMCTB.
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3amyck 2JIeKTpoABUTaTe el OCcylecTB-
JIseTcs MpPU pa30MKHYTOM LIeNU «IBUra-
TeJIb — MepelaTOYHbI MeXaHU3M», 3aMKHY -
TOCTbh KOTOPOW B Mpollecce OABUXEHUS
obecrneunBaeT MocjiefoBaTeIbHOE BKIIIOYE-
HUE LIEHTPOOEXXHOU U MPeaOXPaHUTEIbHON
my®dT. B mpoiiecce nBUXEeHUS TPEeIOXpaHU-
TeabHble MYDTHl MJIAaBHO PETYJUPYIOT
noTpedseHue MOUTHOCTH /151 TOAAePXKaAHUS
NOTPEOHOTO CKOPOCTHOTO pexXuMa JBUXKE-
HUS TPAHCIIOPTHOTO CPEACTBA; LIEHTPOOEXK-
HbIe MY(ThI TOMOTAIOT COIIACOBATh YaCTOThI
BpalleHUs KOJECHOM Maphbl U POTOPOB 3JIEK-
TPOIBUTATEJIEN.

Bo3MOXHOCTh NpUMEHEHUST COCOO0B U
CPEICTB aBTOMATUYECKOTO YIIPABJIEHUS arpe-
ratTaMu 2JeKTPOTNPUBOAA B MpeajiaraemMoi
CXeMe TOBBIIIAET PeCypC IHEProcoepeKeHUs
MpU OCYLIECTBAEHUN MEPEBO30K B XKEJE3HO-
JIOPOXKHOW TPAHCTTIOPTHOU CUCTEME.

SAKJTOMEHUE

OXXnmaeMbIil pe3yabTaT peaau3alii Io-
CJIeoBaTEIbHOCTU TEXHUUECKUX PEILLICHUI,
pa3paboTaHHBIX HA TEOPETUYECKOI 6a3e 00-
IIETEXHUYECKUX TUCUMILIMH, HAXOAUT UTO-
TrOBOE BOIUIOIIEHUE B CO3IAHUN CXEMBbI TSTO-
BOTO TMPUBOJA C MapaJlJIebHBIMU TTOTOKAMU
MOIIHOCTHU, OMHOBPEMEHHO MTOMOTasl:

— pereHuIo mpobeMbl CTECHEHHbIX rada-
PUTOB 3JIEKTPONPUBO/IA;

— TMOBBILIEHUIO YPOBHS TEXHOJIOTUYHOCTHU
TPY U3TOTOBJIEHUY U OOCTY>KMBAHUM 2JIEMEH-
TOB M€XaHMU3Ma TSITOBOIO MPUBOJA;

— TIOBBILLIEHUIO HAAEXHOCTU CUCTEMBI
TSITU 3a CYET PE3EPBUPOBAHUSI PU MapaLieb-
HOW paboTe 27EKTPOIBUTATENEN;

— pacIIMPEeHUIO BO3MOXHOCTEN UCTIONb-
30BaHUsI ACUHXPOHHBIX 3JEKTPOABUTaTENEH
JUTSL CO3JAHUSI TATOBOTO YCWIINS, O0ecrieurBa-
FOILIETO IBMXKEHUE XKEIE3HOIOPOKHOIO TPAHC-
TMOPTHOTO CPEACTBA.
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ABSTRACT

The main purpose of the presented work is to
study the possibility of using for rail transport (in par-
ticular, for development of promising structures and
components of locomotive traction electric drive) of
new technical solutions for transmission gears.

Background. From the theory of electric drive
[1] a number of progressiveness of implemented
schemes of interaction between electric motors and
energy consumers — actuators is known: from group
to individual electric single-engine; from individual
single-engine to individual multi-engine. The latter
option provides an opportunity of efficient energy-
saving due to mutual redundancy in motion of electric
motors included in the traction drive package, by
creating traction via parallel power flows.

In the practice of domestic production of railway
rolling stock the scheme of individual single-engine
electric drive is adopted: one engine serves one wheel
set[2].

Significant capacity (800-900 kW) realized in
ensuring movement dictates the need for additional
technical means to create normal working conditions
for traction motors, first of all it concerns the cooling
system.

A significant design defect of the known schemes
are constrained dimensions of [2] traction drive, due
to design of mechanical transmission of rotary motion
from a motor shaft to a wheel set, designed as a stage
of gear wheels with external gearing. The
maintainability of transmission corresponds to the
lowest level of adaptability in operation: after
achieving a certain degree of gear teeth wear, it must
be replaced with the first category gear, it is virtually
non-repairable. Increasing requirements for
increasing train weight causes growth in the load on
the tooth, leads to an intensification of transmission
failures.

Objective. The objective of the authors is to study
issues of redundancy in locomotive traction drive and
to suggest own engineering and design solutions.

Methods. The authors use general scientific and
engineering methods, modeling, simulation,
comparative analysis, graph construction.
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A design development of gear drive is offered
with high processability indices for manufactur-
ing and operation. The possibility of implementa-
tion of layout diagram of traction drive with
parallel power flows the basis of this gear drive
is shown.

Keywords: railway, locomotive, gear drive, traction drive, layout scheme, parallel power flows, redundancy.

Results.

Development of a new design

In the process of justifying selection of a
transmission scheme information is involved about
creating rotational mechanisms using various types
of gearing in the transmission to improve its reliability,
maintainability, durability, extend the range of
implemented transmission ratios. As a basic prototype
Nechaev gear [3, 4] was selected, with internal
gearing of end teeth. Such design allows to increase
the gear ratio of gearing stage while reducing its size
and metal content compared to open gear having an
involute profile of the working surface of tooth. This
result in Nechaeev gear is provided by the fact that
the convex profile of the working gear teeth, made in
the form of protrusions on the face of a crown of small
(leading) wheel of gearing, limited to the parameters
of «Pascal snail», and the teeth of complementary
(driven) wheels have flat work surfaces. Line of
transmission gearing has a form of the section of
«Pascal snail» outer loop, allowing for relatively high
values of the transmission ratio of gearing stage to
provide high value of overlapping coefficient.

The essential advantage is that the production of a
flat profile of driven wheel teeth of Nechaeev gear is not
associated with any technical difficulties due to a simple
geometric shape, and hence the simple technology of
surface machining. At the same time production of small
transmission wheels in the large-scale transitions due
to the change in the value of transmitted load, in each
new case is an independent, fairly complex engineering
task. This is caused by the absence in the list of
mechanical outfit, designed for manufacturing of gear
wheels of different sizes, of standardized tools that are
suitable for implementation of the tooth’s working
surface, limited to parameters of «Pascal snail».

Moreover, maintainability requirements for
transmission are not fully provided. Refurbishment of

Pic. 1. Kinematic
scheme of end
gear with internal
gearing.
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worn working surfaces of end teeth of a large (driven)
transmission wheel does not cause major difficulties
(basic operation in this case is grinding), while,
restoration using the same operation (the other is
almost impossible) of worn working surface (profiled
in the parameters of «Pascal snail») of small wheel
teeth is as difficult, as its manufacturing, due to the
lack of standardized tools that can assist to respect
the working profile when grinding.

Technical solution «<End gear with internal
gearing» [5] allows for significant simplification and
harmonization of manufacturing working chains of
transmission over a wide range of their sizes and gear
ratios. This creates the conditions to improve
reliability, maintainability, durability of transmission.

All of those tasks in end gear with internal gearing
is solved in the way that the working surface of gear
teeth (small wheel) formed as protuberances on the
end surface of its crown is a side surface of a body of
revolution, for example, a truncated cone (cylinder,
barrelled body); in sections of the tooth perpendicular
to the axis of rotation of the gear, this working surface
is bounded by a circle. Matched with a gear tooth
working surface of driven wheel tooth has a flat profile.
And compliance with the requirements for gearing is
necessary, which lies in the fact that the common
normal to mating surfaces must pass through the
gearing pole, and this is provided by the fact that
gearing line has a shape of the section of the inner
loop of «Pascal snail».

Pic. 1 shows a kinematic diagram of the proposed
transmission, where 1- gear tooth, 2 — wheel tooth.
Recommended minimum number of gear teeth is six;
when the gear ratio is 3, overlapping coefficientis 1,3.

Construction of wheel tooth profile with the gear
tooth wheel having a shape of a body of revolution, is
illustrated in Pic. 2. In the construction motion
conversion method is used.

Designations in Pic. 2:

O, O,are centers of gears and wheels;

W, is initial circumference of the gears;

W,, W, are inner and outer circumferences of the
wheel crown;

P is gearing pole;

Pic. 2. Construction
diagram of wheel tooth
profile with gear tooth

having a shape of a body
of revolution.

0,0,”,0,”, 0, are successive positions of the
gear center in relative motion with conditional fixed
wheel;

P1, P2, P3, P4 are common normals to interacting
working surfaces of gear tooth and wheel in relative
movement;

a, b, ¢, P are points of interaction between the
working surfaces of gear tooth and wheel when the
positions of gear tooth centerat 1, 2, 3, 4 (abcP form
a section of «Pascal snail» inner loop).

After turning by the angle o, the beam O,1
occupies the position 0,4; O, - position O, a —
position a’; arc 1’ 4’ is equal to the arc 0,0,’, O,a =
O/ a’.

' After turning by the angle o, the beam 0,2
occupies the position 0,4; O, - position O,”; b -
position b’; arc 2’4’ is equal to the arc 0,0,”,
0,b=0,"b".

After turning by the angle o, the beam 0,3
occupies the position O,4; O, — position O,””, ¢ -
position ¢’; arc 3’4’ is equal to the arc 0,0,””, O,c =
0,/ c.

' Pais a line in the plane of the wheel tooth working
profile. Points b’ and ¢’ are superimposed on the
segment Pa’'.

If the gear tooth has a shape of a truncated cone
or a cylinder, interaction with the wheel tooth is carried
outin line contact. In case of barreled gear wheel, the
contact with wheel tooth is a pinpoint.

Checking results of geometric constructions was
performed using the model of gear with internal
gearing and a gear ratio of 2,95. The form of driven
wheel teeth profile was obtained by graphical
construction. Results of modeling studies prove that
in the end gear with internal gearing, with constant
gear ratio for gear teeth of the cylindrical form, a plane
serves as a matched profile of wheel tooth of the
proposed transmission.

The technical result of the practical implementation
of the end gear with internal gearing [5] is a significant
simplification of technology and reduction of the cost
of production of highly reliable and maintainable
mechanical transmission which may be used in a wide
range of loadings and gear ratios. During the actual
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Pic.3. Construction of gear mechanism scheme.

design a comparative strength calculation was
performed regarding gearing stage of actuator of
electric locomotive VL-80 and the end gear with internal
gearing and the same gear ratio. The calculation results
indicate a significant advantage of the proposed
transmission by safety margin, while maintaining
comparable kinematic parameters of the gearing
stage. The list of process operations for manufacturing
and regenerative repairing is restricted by types of work
provided mostly by outfit and machinery equipment:
drilling, turning, face milling, grinding.

Transmission structure creates conditions for
uniform wear of the working surfaces of gearing
elements. For the gear teeth it is achieved, for
example, by the simplest method: the method of
installation of the gear teeth on its crown during
routine maintenance, consistent with the intensity of
wear of the working surface, changes its position by
rotating about its own axis of the rotation body of the
tooth.

Enabling to evenly distribute wear of the working
surfaces in a continuous operation process of
transmission (non-stop for routine maintenance) is
achieved in that the structural seat for placing root in
the socket of its crown is made in such a way that the
moment of friction in the kinematic pair «gear tooth —
wheel tooth» is slightly (5-10%) superior to an
opposite point of static friction in the kinematic pair
«root — socket in its crown». In this case in the
transmission operation rolling is provided without
sliding in relative movement of gear tooth and wheel
tooth, wherein condition of even wear intensity
distribution of their working surfaces [6]; gear tooth
virtually becomes a «third body» as an intermediary
link between gear crown and wheel.

To reduce friction coefficient in the kinematic pair
«root — socket in its crown» between side (working)
surface of the root and the surface of the socket an
intermediate layer of metal can be placed, such as
lead, own plasticity of which exceeds plasticity of the
material of the gear tooth and its crown. Creation of
this layer, performing a role of the firm «lubrication»
on the side surface of the root is usually provided by
plasma spraying or electroplating.
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In implementation of technical solutions «Gear
for end gear with internal gearing» [6] it becomes
possible to use the full circular gear teeth profile
as a working surface, which improves durability
and transmission efficiency. In addition, the
increase in the role of friction in the pair «gear
tooth — wheel tooth» removes the need for reliable
supply of the zones of their interaction with
lubrication. No doubt, the implementation of such
technical solutions relates to the field of
nanotechnology, for example, regarding coating
of teeth working surfaces.

Layout scheme of traction drive with parallel
power flows

In the technical solution «Layout scheme of
traction drive of railway rolling vehicle with parallel
power flows» [7] the task of creating such flows is
facilitated, because mechanical transmission of
rotational motion from a motor shaft to a wheel set
axis is formed as parallel stages of end gear with
internal gearing with common driven gear wheel. Axes
of traction motors’ rotors are arranged on a circular
arc concentric with wheel set axis; while the number
of traction motors is equal to the number of stages
and their total power corresponds to the power,
required for motion of the vehicle with specified
parameters.

Practical implementation of this scheme is
provided by the fact that the mechanism (see Pic. 3b)
is based on a conversion of simple planetary gear (see
Pic. 3a) [8-11].

The designations in the schemes in Pic. 3:

1 — driven central wheel;

2 — planet holder;

3 - actuating central wheel;

4 — satellite (Pic. 3a), gear (Pic. 3b);

5 — axis of the wheel set;

6 — wheel set.

During the conversion of the scheme in Pic. 3a:

— driven central wheel 1 is removed;

— planet holder 2 is fixed relative to the axis 5 of
the wheel set 6;

—actuating central wheel 3 is rigidly connected to
the axis 5;
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— rotation axes of segments 4 are immovable
together with the planet holder 2, thus, losing the role
of satellites in the scheme of Pic. 3a, segments 4
became gears in converted scheme of gear
mechanism in Pic. 3b.

In the layout of traction drive of rolling vehicle with
parallel power flows package of traction motors in the
scheme in Pic. 3b plays a role of the planet holder 2,
stationary relative to the axis 5 of the wheel set 6.

The proposed layout scheme can be carried out
in two versions: with supporting-axial (see Pic. 4) and
supporting-frame (see Pic. 5) suspension of traction
motors package. The choice of the scheme for
implementation is determined by requirements for
vehicle appointment. In scheme with supporting-axial
suspension destruction risk of the motor and the axle
of the wheel set is significantly reduced compared to
known commercial counterparts [2] by equilibration
in transmission stages already small (due to the
design features of transmission) of radial components
of the pressure in the pair « gear tooth — wheel tooth».

In scheme with supporting-frame suspension
capacity of the transmission structure is used to
prevent radial movement of the gear relative to the
wheel in the process of operation. For traction motors
package, known [12] synchronization techniques of
mechanical oscillatory systems are used by
incorporating into the design of a synchronization
mechanism of a movement of motors in a radial
direction relative to the axis of the wheel set. The
values of kinematic characteristics of movements are
determined by suspension system rigidity.

As an illustration in Pic. 4 is presented a layout
scheme of traction drive with a supporting-axial, in
Pic. 5 a layout with supporting-frame suspension of
the package of traction motors is shown.

The designations in both schemes of Pic. 4and Pic. 5:

1 — wheel set axis;

2 - spider center of the package of traction
motors;

3 - traction motor;

4 — gear of toothed gearing;

5 — gear wheel;

6 — slider bearings;

7 — supporting frame of the bogie;

8 — journal-box;

9 - synchronization mechanism of movement of
traction motors radially relative to the axis of the wheel
set.

Asynchronous AC motors

The logical development of traction drive layout
scheme is the development of measures to improve

Pic. 4. The layout scheme
of traction drive with
supporting-axial suspension
of the package of traction
motors.

efficiency of alternating current as of an energy
source, the use of short-circuited asynchronous
motors — the drives, which are the most profitable
and universal in use [13]. As an attempt to perform
these aims technical solution «Traction drive of
locomotive with asynchronous motors» [14] provides
for additional elements in the scheme of Pic. 4 and
Pic. 5:

— On the axes of rotation of the gear 4, between
them and the motor 3, self-acting (self-controlling)
clutches are sequentially mounted (both centrifugal
one, and protective one) [15], or a combined clutch,
combining their properties;

— Electric drive includes devices to provide
engine starting with easier conditions for start-up
(rotary, autotransformer) [13]; action of clutches are
aligned with the performance of these devices.

Starting the motor is carried out at an open circuit
«engine — gear mechanism», closure of which in the
process of motion provides consistent inclusion of
centrifugal and protective clutches. During the
movement, protective clutches infinitely requlate power
consumption for maintaining required speed mode of
the vehicle; centrifugal clutches help match frequencies
of rotation of wheel set and rotors of electric motors.

Ability to apply methods and means of automatic
control of electric drive units in the proposed scheme
increases the lifetime of energy saving during
transportation via the railway transport system.

Conclusion. The expected result of the
implementation of sequence of technical solutions
developed on the theoretical basis of general
technical disciplines, finds final expression in the
creation of scheme of traction drive with parallel
power flows, while helping to:

— Solve the problem of restrained dimensions of
electric drive;

— Improve the workability in manufacturing and
maintaining of elements of traction drive mechanism;

— Improve the reliability of traction system due to
redundancy of parallel operation of electric motors;

— Expand the possibilities of using asynchronous
motors for traction, providing movement of a railway
vehicle.
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