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OMMEPILMATA3ALMS KeJIE3HOTOPOXKHBIX
TIePEeBO30K, OOCTYKUBAHUSI U PEMOHTA
OJIBMXKHOTO COCTaBa, CONEPKaHUST MH-

Electro-Chemical Locomotives (bpacTpyKTypbl BbIHYXKIAET M3ICKHBATD CT10CO-

(TekcT cTaTbu Ha aHrn. 53. — English text of the 0Pl 0071€€ 3D bEKTUBHOTO MCTONB30BAHNS BCEX
article — p. 57) MIMEIOILMXCst pecypcoB. OnHOI 13 IpoGiieM siB-

JISIIOTCSL CPABHUTENBHO XYALINE B CPABHEHUNU
B Poccum nocTpoeHs! onbITHbIE ¢ 3JIeKTPUYECKOM TATOM IIOKA3ATEN N IIEPEBO30Y -

JIOKOMOTMBbI HOBbIX TUMOB —  1oji pa0OTHI HA YYaCTKAX C TEIUIOBO3HOM TSTOM
aKKyMynISITOPHbIE U FNOPUAHBIE, PEXUMBI | )] D1 npesre BCEro CPeTHSS CKOPOCTD

paboTbI CUNOBOro 060PyA0BaHUS KOTOPbIX
JBIDKEHMSI, BpEMsl IOCTABKU IPY30B U MacCaXu-

umMeroT psig ocobeHHocTen. B cBa3n
C 3TUM BO3HUKAET BOMPOC 0 BO3MOXHOCTH  POB, TIPOBO3HAS CIIOCOOHOCTS TyTH. M3BecTen
npUMeHeHUs B HUx cepuiiHo P CHOCO6OB, TTO3BOJIAIOIINX ITOBBICUTD ITOKA-
BbIMyCKaeMbIX TAroBbIX ABUratesiefi. 3aTeJIi y4aCTKOB C aBTOHOMHOM TSATOU —BOXIE-
B cTtaTbe nokasaHo, 4TO TaKasl Hye TSKEJIOBECHBIX U JJIMHHOCOCTABHBIX 110€-
BO3MOXHOCTb €CTb, HO MPH BBIMOSIHEHUM 31105 11CII0/B30BAHNE IBOIHON TATH, PUMEHe-
OMPeAENEeHHbIX OrPaHNYEHNA. NS 0 10w G\ OTHBOB C TIOBBIIIIEHHO CEKIIMOHHOI

060CHOBaHMsI CBOEro 3aK/I04YeHUs1 aBTOPbI
MOIITHOCTBIO, a TAKKe ONTUMM3aIns rpacrka

aHanM3npyIoT pasandHbie crnocobbi
peLUeHUs, COMOCTaBASIOT pacyeTHple ABYXKCHNA, COKPALIEHNE MHTEPBAJIOB MEXIY

¥ 3KCNyaTauMOHHbIE€ XapaKTepPUCTUKNA oe3namMmn, COBEPIICHCTBOBAHME CUCTEM aBTO-
cunoBoro o6opynoBaHusi, TAroebix OJOKVMPOBKU.

ABurartesieli TernjioBo30s. ITpoGiemMa 1 B TO e BpeMs IPEUMYILIECTBO

TETLJIOBO30B B ITOCTOAHCTBE X MOITHOCTH. I[.T[H

OOJILIIIMHCTBA JJOKOMOTHBOB BEChMa HEBBITOO-

3/IEMEHTBI, PEXNM PabOoThbl, TArOBbIE HBIM SIBIAETCS TAKOH MPOGUITH, KOTOPBIH contep-

anekTpoasurateny, cuctema oxnaxaerus KT KPYTBIE M SATAKHBIC TOTBEMbI, COCTABIIAIO-
nBuratenesi. M€ CPABHUTENBHO MANYIO OO OT BCETO

I YUACTKA oOpallieHusl. B momoOHbIX CUTyalmsX
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TIPUXOIUTCS TIPHOETaTh K MCITOJTE30BAHMIO IO/~
TaJKUBAOIINX JJOKOMOTHBOB, a €CIIK 3TO 110
KaKMM-JIM0O MPUIMHAM 3aTPYIHUTEIILHO — TO
Ha3HAYaTh MOIIHOCTh U CHJIY TSITM COOTBET-
CTBEHHO 3TUM IOIbEeMaM, BCJICACTBHAE UETo
MOITHOCTh JIOKOMOTHBOB Ha BCEM OCTAJILHOM
TIyTU OKAa3bIBACTCSI CHIIEHO HETOMCIIOIh30BaH-
HOI (1151 2JIEKTPOBO30B — MHOTAA O0Jiee YeM B 2
paza). Henoucnosb3oBaHuEe MOIITHOCTY TETLIO-
BO30B 3HAUUTEJILHO MEHbIIIE O1aroaaps rurep-
Oonueckoii (hopMe UX TATOBO XapaKTepUCTH-
KU — OHU MPEOJ0JIeBAIOT TAKK1E MOIbEMbI 3a CYET
CHIDKEHMSI CKOPOCTH JBUKEHUSI.

OnHako B psizie crydaeB He0MCIT0Ib30BaHKe
MOIITHOCTH OCTaeTCsl 3HAYMTETBHBIM W IS Te-
TJI0BO30B. Hampumep, py orpaHMIeHNH CKO-
pPOCTH IBIDKEHMS Ha TeperoHax, a IJlaBHOE —
BCJICIICTBUE ¢ CHIDKEHMST Ha TIoIbeMe, Koraa
PE3KO BO3pACTacT BpeMsl B IIYTU U ITaaeT Ipo-
BO3Hasl crocoOHOCTh yyacTka. M mpumMeHeHue
TIONTATKUBAIOIINX JIOKOMOTHBOB, ¥ 3HAYNTE b~
HOE HeIOMCIOIb30BaHUE MaruCTPaIbHbIX TETLI0-
BO30B 9KOHOMUYECKU HEBBITOHBI U 3aCTABJISTIOT
VMICKaTh afaNlTallMOHHBIC pe3epBhl. [1omoOHEBIe
npodUIA MyTH BCTPEUAIOTCS CPaBHUTEIIBHO
PEIKO 1 He MOTYT OBITh BBISIBJICHBI TP KJTACCH-
¢ukauu no meronrke BHMMKT, mockosbKy,
COIJIaCHO €i1, 00JIce KPYThIM PaCUCTHBIM ITOIBE-
MaM COOTBETCTBYET U MEHBILIAsT 10JIsI TIJIOLLAIOK.
BocrpernarcTBoBaTh HEraTUBHOM TeHICHIIUN
K TIOTepe KOHKYPEHTHOCITOCOOHOCTH B TaKMX
YCIIOBUSIX MOXKHO, TIPUMEHSIST JIOKOMOTHUBEI CO
CITeIIMATbHBIMU XapaKTePUCTUKAMU, 00ECITCUl-
BaloIIMMU 0oJjiee WM MeHee MPOI0JIKUTETbHOE
TIOBBIIIICHIE MOIIMHOCTU CBEpX HOMUHAJIBHOM
TPU HEU3MEHHOW MaKCUMAJIbHOM CUJIE TSTH.

Ha ceronnst HameTHIIMCh IBa ClIOCc00a pelie-
HUS 3a1a41: TIPUMEHEeHe HaKOMuUTeel SHeprun
B CWJIOBOH LIETTH JIOKOMOTHBA ¥ TTOOKITFOUCHIE
JIJOKOMOTHBHBIX SHEPTeTHUYECKUX YCTAHOBOK,
00J1a1al01IUX TIEPErPy30UHOI CITIOCOOHOCTHIO.
TlepBbIil BapraHT pa3BUBACTCS TIABHBIM 00pa-
30M 34 CYET JIEKTPUUECKUX U DJIEKTPOXUMUUE-
CKUX HAKOMUTEJIei — KOHIEHCATOPOB U aKKyMYy-
JISITOPOB, OJHAKO pa3padaThbIBalOTCS U Ipyrue
TUITBI HAKOTTUTEJIEH, 113 KOTOPBIX CIICAYeT BhIIe-
JIUTb MAaXOBUKOBbIE, HAaN00J1ee MOAXOASIIIIE 1151
ABTOHOMHBIX TPAHCIIOPTHBIX CPENICTB C MEXaHW -
4yecKom nepefaveii. SHepreTMueckre yCTaHOBKH,
TOCTPOEHHBIE Ha COUYETAHUU ITEPBUYHOIO UCTOU -
HUKA SHEPTUH W HAKOITATEJIST, TTOJTYJIN Ha3Ba-
HuUe TMOpUIHBIX (B POcCuM U3BECTHBI OIBITHBIE
ruopuaHble TermioBo3bl TOM9h, TOM35,
JII'M-1).
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TTprHIMTIMAIEHO WHBIM TTOIXOIOM K IIPO-
OreMe SIRTISIeTCS TPUMEHEHME TIePBUYHBIX UCTOY-
HMKOB 9HEPTUH, NUMEIOIINX BBICOKYIO TTeperpy-
30YHYIO CITOCOOHOCTb, TO €CTh TOTOBHOCTb TIPH
HEOOXOMMMOCTH 0oJiee WM MeHee KpaTKOBpe-
MEHHO OTIaBaTh MOITHOCTh CBEPX HOMUHAIIb-
HOI, BO3MOXHO, C YXYIIIIEHMEeM KaKWUX-T100
napameTpoB (Harpumep, KIT/1 v pecypca).

TernmoBO3HBIN AU3Eb C Ta30TYPOUHHBIM
HaJTyBOM MMEET TIeperpy30uHyIO CITOCOOHOCTD
0KO0J10 3%, MOXKHO CKa3aTh, TPAKTHYECKU €10 He
obnamaer. OMTHUM U3 MEPCHEKTUBHBIX TUIIOB
TTEPBUYHBIX ICTOUHUKOB SHEPTUH IS ABTOHOM-
HBIX JJOKOMOTUBOB CUMTAIOTCSI TOTUIMBHBIE 2J1e-
MEHTHI [ 3], SIBJISIOIIMECS OMHOM U3 pa3HOBUIHO-
CTelt XMMUYECKMX MICTOYHMKOB ToKa. O1IeHKa MX
MePErpy304HOi CIIOCOOHOCTH — 0KOJI0 50% [4],
TIPUYEM ITePerpy30YHBIM CUMTAETCST PEKUM, TIPU
KOTOPOM TOK Harpy3Ku OOJIbIIIe, YeM TOK, COOT-
BeTCTBYIOIIMI MakcuMaabHoMy KIT/I.

B03MOXHOCTHIO SKOHOMUYHO paboTaTh
B IMAIIa30HEe MOIITHOCTEH 00J1a1aeT TpeXBaTbHAs
ra3oTypOMHHAas YCTaHOBKa [5], CyliecTBYIOT
TaKKe KOHCTPYKITMM Ta30BbIX U MapOra30BbIX
TypOUH C (DOPCAKHBIM PEXUMOM, OHAKO 1K~
PPOKOMY MX TIPUMEHEHUIO Ha XKeJIe3HOIOPOXKHOM
TPAHCTIOPTE TIPETISITCTBYET PSiIl HEOCTATKOB —
WHTEHCUBHBII a3pOIMHAMUYECKUI IITyM, CITOXK-
HOCTb CUCTEMBI 3aITycKa, ObICTPOXOIHOCTb M, KaK
CJIENCTBUE, TPYTHOCTh COIJIACOBAHUSI C TIOTPEOM-
TeJieM SHEPIruY U TMPOCKOITUMYECKUiA a(hdekT, He
CTOJTb JIyYIIIVE TTO CPABHEHMIO C JM3eJIeM CTOM-
MOCTb 1 TOTITMBHASI 5KOHOMUYIHOCTb.

Eltie omHUM UCTOYHUKOM 9HEPI1H, TIEPCIIeK-
TUBHBIM IJISI HEKOTOPBIX THUITOB JIOKOMOTHBOB
(TIpeskzme BCeTo, TIPOMBIIIUIEHHBIX TIPY MaJTbIX
CpenHecyTOYHbIX mpoberax — MeHee 100 kM),
SIBIISIETCS] aKKYMYJISITOpHasi 6arapest. 1o HacTo-
SIIIIETO BPEMEHU HU3KHWE MaccorabapuTHBIC
U pecypCHBIE TTOKA3aTesIN TATOBbIX OaTapeil He
TTO3BOJISUTM CO3/IaBaTh SKOHOMMYECKH ex-
TUBHBIE aKKyMYJISITOPHBIE IOKOMOTHBBI (OITHIT-
Hbiii JIAM-01 B 2003 rogy ObuT OCTpOeH [6]
U yepe3 AecsThb JeT crvcaH). [Tpobiema peru-
JIaCh C TOSIBJICHUEM JIMTUI-TIOJTMMEPHBIX BApU-
aHTOB (B YaCTHOCTH, IUTUII-Kes1e30-ochaTHoi
3JIEKTPOXUMUYECKOI cuctemoii). Tleperpy3ou-
Hasl CMOCOOHOCTh aKKYMYJISITOPHOI GaTapen
JIMMHATUPYETCSI MAaKCUMAaIbHBIM Pa3psIHBIM
TOKOM, BEIPaKEHHBIM B €IMHULIAX EMKOCTH; JIJIST
XOPOLLMX OaTapeii 3TOT MoKa3aTeb MOXET ObITh
nopsiaka 1,5—2,5, T. €. JOBOJIbHO BeJIMK.

HeiHe n3BeCTHBI METOIBI IPOSKTUPOBAHMS
TIroBbIX aJiekTpoaBurateneit (TO/1) Ha onpe-

Kanyrun C. M., Bensee A. C. TAroeble 3NeKTPOABUTraTENM AJi9 TMOPUAHBIX U 3JIEKTPOXUMUYECKUX
JIOKOMOTUBOB



Ta0amua 1

Tun T, P, kBr UU’, B IU, A n, n_ Knepjaﬂgmax
00/MUH

DA118A 305 463/700 720/476 91,5 585 1,51

DA121A 413 542/750 830/600 91,8 704 1,38

DAVY133 414 505/780 890/577 92,1 600 1,54

D127 586 715/980 890/650 92,1 950 1,37

JleJIeHHOEe HampsikKeHue (3JIEKTPOBO3HbBIE
TOM) v Ha oTIpeaeIeHHYI0 MOIITHOCTb (TETUIO-
BoszHbie TO/I). Ecnu B akcrmyaTanmy BO3HU-
KaeT HeOOXOANMOCTb MEePErpy3Ku TATOBOTO
JIBUTATEJSI TIO CUJIe TOKa, TO B 3TOM cliydae
BeleTcsl pacyer Ha HarpeBaHue [7]. Pacuer
TS/ mpu meperpy3kax Mo MOIITHOCTU HE
TPETYCMOTPEH, MMOCKOJIbKY Ha OOBIYHBIX Te-
TJI0OBO3aX TAKOW PEXUM B MPUHIIUTIE HEOCY-
IIECTBUM. MeTObl TPOEKTUPOBAHUS IBUTA-
TeJiell Ha OTIpeNe/IEHHYI0 IHEeProoTaady Ha
CEeTOMHSIIHUN JeHb HEU3BECTHBI, B CBSI3U
¢ 9eM cTouT Borpoc Beioopa T/ aiis rubpu-
HBIX, aKKyMYJIITOPHBIX, 2 TAKXKE BOTOPOIHBIX
(c cuI0BOIi YCTAaHOBKO# Ha 0a3e TOTUIMBHBIX
9JIEMEHTOB) aBTOHOMHBIX JTOKOMOTHBOB.
B wactHOCTH, HE UCKITIOUAETCSI IPUMEHEHUE
Ha TEePBOM 3Talle CEPUITHO BBIMTYCKAEMBbIX
TO/. MakcumanbHblil KO3 DUIIUEHT mepe-
TPY3KH 11O MOIITHOCTH TETUIOBO3HBIX TSITOBBIX
JNIBUTATEJIEN, paBHbIA OTHOLIECHUIO MAKCHU-
MaJIbHOTO HAMPSIKEHUS K IJTUTEIbHOMY, TIPU
CXOJIe C TUTIePOOJIMYECKOI TSITOBOI XapaKTe-
puctuku coctasisier 30—50% (tabnuua 1).
JuTenbHbIN TOK (M ITUTENIbHAS CUJia TSITH)
TIPY TAKOM BUJIE TIEPETPY3KU HE U3MEHSIOTCSI.

OnHaKO MOMUMO HAMPSDKEHUST UMEIOTCS
U IpyTrve JUMUTHPYIOILINE TIeperpy3Ky (ak-
Topel. B [4] moka3aHo, 9To mipu 10—15-mpo-
LIEHTHBIX TIeperpy3kax Mo MOUIHOCTU, OCY-
LIECTBJISIEMBIX ITOBBIIIIEHNEM YaCTOTHI Bpale-
HUSI TIPU TOKE MPOIOKUTETHHOTO peXuma,
KOMMYTAIIUsI OCTAeTCsI BITOJIHE YIOBIETBOPU-
TenbHOM. YTO Xe KacaeTcsl TeMIepaTypHOTO
pexuma THO]I, TO poCT YacTOTH BpallleHUs
C COOTBETCTBYIOIIMM TOBBIIIEHUEM Pacxo/a
OXJIAXAIOIIETO BO3/AyXa, MO PsIy OLIEHOK,
MPUBENET K MHTEHCU(UKAIIUY TETJI00TBONA
B OOJbIIEH CTETIEHUW, YeM K POCTY TOTEPb.
JlaHHBII TE31C MOXHO MOATBEPAUTH pacyeTa-
Mu. [Ipu MOBBIIIEHUN YACTOTHI BpaIlEHUS
C COXpaHEHMEM CUJIbI TOKA BO3PACTYT /Ba
BUJIA MOTEPHh B POTOpPE: B CTAJIM POTOpA U HA
TpeHUe MIETOK 0 KOJIeKTop. Heckonbko BO3-
pacTyT TakXe MOTepU HA KOMMYTAIIUIO
u B nommmmmnHukax. [lotepu B Mmenu u anek-
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TPUYECKUE TIOTEPU B IIEPEXOTHOM COTTPOTUB-
JIEHUU MIETOYHO-KOJJIEKTOPHOTO y3Jia He
usmensres. CornacHo [8], morepu B cranu
BBIYUCIISIIOTCS TIO (hopMyJie:

1,3
pczk.[ij .BZ.(L] M, D
M 10/50 50

e k — morpaBoYHbI KOA(POUITMEHT, YIUTHIBA-
IO HAJIMYKME 3ayCEHLIEB, 3aMbIKAHUI MEXXITY
JIcTamu, 1eeKToB COOPKHU U T. 11.; AJIT MallluH
TIOCTOSTHHOTO TOKA €ro 3HaueHHe HaXOAMTCS
B TIpenenax 3,5—4,0;

P
(_j — YACJIbHBIC ITIOTEPU B CTAJIM HaA
M 10/50

€AVHULLY Macchl Mpy uHAyKuu 1 T u yacrote
50 Tix, Br/kT;

B — cpenHee 3HaueHue uHayKUIMA, Tit;

f — yacrora nmepemMarHMIMBaHMsI CTaH, [11;

M — macca cepaeyHuKa, KL

Yacrora nepeMarHi4MBaHUs CTali poTopa
T3O/1 moCTOSTHHOTO TOKA paBHA YacTOTE Bpallle-
HUSI, YMHOXEHHOM Ha YMCJIO Tap TOJIIOCOB,
Mpoyue napameTpbl B BipakeHuu (1) octatotest
TOCTOSTHHBIMU, TIO3TOMY MOXHO 3aIlicaTh CJie-

OyIo1Iee COOTHOIICHME!
13 13

Pc_nl _ fl. _ n
AR 6)
c_n2 fé n,
rie P, — notepu B cTanu poTopa NpH yactote
BpaLIEH!s N ;
P, ,—To ke, Npy YacTOTe BpaLlIEHNs 1,

IloTepu Ha TpeHHUE IIETOK O KOJUIEKTOP BbI-
YUCSIoTCs 1Mo hopmysie [8]:
Pmp,m: kmp'pm' Sm' Wear (3)
e K| — KOO(OULMEHT TPeHHsI LIETOK O KOJI-
JICKTOD;

p,, — KOHTAaKTHOE JiaBieHue ek, [Ta;

S, — IUIOLIa/Ib KOHTAKTa ILETOK € KOJLIEKTO-
POM, KB.M;

W, — OKpYXHasl CKOPOCTb KOJUIEKTOPA, M/C.

TTonb3ysich U3BECTHBIM U3 (hOpMYyJIsipa pac-
MpeaeaeHreM IoTeph B POTOPE TEIJIOBO3HOTO
BD/1-118 npu TPOAOIKUTEILHOM peXXruMe pado-
ThI, HAXOIMM POCT TEIUIOBBIICICHMS TIPU TIepe-

T'PY3KE IO MOLITHOCTH.

KanyruH C. ., Bensiee A. C. TAroesie 3neKTpoABUraTeny ans rmuGpuaHbIX U 351EKTPOXUMUNYECKUX
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Tabumua 2

TTapameTpsl 3HaueHue [IpumeyaHue

1. Macca sikopst, KT 270 (akTuB. CT.) | 363 (0OIIMii BEC)

2. [Inomanb KOHTaKTa MIETOK, KB. CM 120 00eMX MoNISIPHOCTE

3. lnameTp sIKOpsi, MM 493

4. lnameTp KaHaJIOB B IKOPE, MM 27

5. Yuco KaHasoB B IKOpe 32

6. Yucio map mosocoB 2

7. Haxatwue Ha 1ietku, KI1a (st metok tuna DI'-61) 22 PEKOMEHI.: Jist TAroBbiXx — 40—50,
HEeTSITOBBIX — 18—25

8. KoadbduumeHT TpeHus meTok (1o bopuceHko) 0,25

9. InuHa siKopsi, MM 420

10. InameTp KOIIEKTOpa, MM 400 (HOBOTO)

11. Bo3ay1iHblii 3a30p MoOJ LIGHTPOM IJIaBHOTO Tojoca, | 7

MM

12. Bozay1iHblii 3a30p MO KpaeM IJIaBHOTO Tojitoca, MM | 18

13. Cratnueckoe gaBjieHHe oXJIaXaaroliero Bo3ayxa, [la | 1570

14. TeperpeB poTopa B IPOAOKUATEIBHOM pexkume, °C | 108 conporusieHue oomotku 0,0177 Om
(macri. 3Hay.)

15. Mapka cranu potopa 91300 (2212) yaeabHbIe ToTepu = 2,64

16. Conporusiierrie 06MOTKH sikopst Tipu 20 rpax, Om 0,013 nipu 140 rpazn. 0,020 Om — 3Hay.
BBIILIE MACII.

17. TemniepatypHblit KO3(OGULMEHT COMPOTUBIECHUS 0,0040

Meau

18. OMuueckue otepu npu 720A, Bt 9160 COBII. C MACIIL. TIPX COMIPOTUBJIEHUN
0,020 Om

19. [NoBepxHOCTB SIKOPSI, KB. M 0,392 CM. IIPUHSATBIE TOMYLEHUS

20. CpenHee 3HaueHUE 3a30pa MOJ MOJTIOCOM, MM 9

21. Mupykuums B 3youax, Tin 2,17 MJIC 2120 AB

22. Unpykuus B sskope, T 1,44 MJIC 264 AB

23. Yuco ma3oB KOst 54

24. TomocHOE TepeKphITHe a=0,65

TeriooOMeH B poTope NPy U3MEHEHUHN Ya-
CTOTBI BpAIlleHUsT TTOMYMHSIETCS CIICAYIONTUM
3aBUCUMOCTSIM. B KaHayax poTopa, OTCTOSIIIMX
OT OCH BpallleHUsI, OH OIMCHIBACTCSI KPUTEPH-
JTbHbIM YpaBHEHUEM [9]:

Nu:0.018-Re°‘8-[1+0.6-%)-5,, 4)
rne Re — yncno PeitHonbaca (xapakTepHblid
pasMmep — AMaMeTp KaHaa);

U — OKPY:KHasi CKOPOCTh pOTOpPa Ha paiuyce
pa3MeLLICHMsI KaHAJIOB, M/C;

V — CKOPOCTb JIBKEHHST BO3IyXa B KaHale,
orpeiesisieMast [0 PACXOJIy BO3IyXa U3 ypaBHEHUSI
HEepa3pbIBHOCTH;

&,— NOIpaBKa Ha JuIMHy KaHaa ([9], puc. 1),
3aBUCSIIAsT OT OTHOLLICHUS JUIMHBI KaHajIa K €ro
mvamerpy; I/d = 420/27=15,6,¢,= 1,2.

TermooTBoOA OT JTOOOBBIX YacTeit OOMOTKH
poropa (IKOpHOI OOMOTKHM) CYUTAETCS HEU3-
MEHHBIM, TTIOCKOJIBKY B COOTBETCTBHMM C ITPU-
HSTBIM YCJIOBUEM TEILIOBOE COCTOSIHHE OOMO-
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TOK TPU TIeperpy3Ke Mo MOIIHOCTU HEe U3Me-
HsIETCSI.

TertooOMeH B 3a30pe MEXK/ITY POTOPOM M CTa-
TOPOM MOKHO HAWMTH 1O (hopMyJie

-0,4
1+ A% E ]
Re,
0.4

s 0,8 R 2\
+1,1.£_] . A2+(—e] .6)
4 Re,

e Rem — «BpallaTebHOe» uncio PeiiHonbaca;

Nu= Nu,-

Nep——T
—H]
-Re=14-10°
95-10° D
s PP
10°- 3410
7,8:10° sl
- [ 7y @
___Re:lo A ﬁ%gb
1 I [w
- 10% J/ |
70* 10° 10° Reg,

Puc. 1. lpajuk ans onpeneneHns renaootaaqyn
uynnnHapa.

Kanyrud C. ., Bensies A. C. TAroeble 3neKTpoABUraTeny ans ruGpuaHbIX v 351EKTPOXUMUYECKNX
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Tab6anuya 3

TTapameTpbl

®Dopmyiia, 3HaUCHUE

TTpumeuanue

Tlnowane cedyeHust OHOro KaHajla

3,14+ D"2/4=5,72 kB. cM

ITnomuranb Bcex KaHAIOB

183 kB.CM.

Iomans 3a30pa MEXIy sIKOPeM
U MOJTIOCaMK

3,14+D « d=154,8 kB. cM

CpeHsIs BeJIMYMHA 3a30pa MPUHSTA
paBHoii 10 MM

CyMMa KaHaJIoB U 3a30pa 338 KkB.CM

Pacxon Bozyxa uepes KaHaJlbl Q=0,33 ky6. M/c (0,38) B JaJIbHEILIEM
YTOYHSIETCSI

CKOpOCTb BO31Iyxa v =18 m/c (20,7)

BsizkocTb Bo3myxa 17,4 cct npu 40 °C

Yucno PeitHonbaca 27930 (32121)

Koad. ruap. rpeHus

1= 10,0245 (0,0236)

no ¢-ye biasuyca

HOTCpI/I JIaBJICHUA B KaHAJIC

0,0245+(42/2,7) 1,1+ 18°2/2 =
68 Ta (86,5)

OKpyXHast CKOpPOCTb Ha paiuyce
KaHaJIOB

u=61,2 +0,14=8,57m/c

k=u/v=0,476 B IpOIOIXKHUT.
pexurmMe

TonpaBka Ha BpallieH1e

1-0,037 < k"2.77 = 0,995

Bcero 67,7 Ia

TTorepu Ha Bxone

0,5

BHeszanHoe CYy2XKE€HUE

nOTepI/I Ha BBIXOI€

1,00

BHeszanHoe paciunpeHue

TTonpaBka Ha BpaleHue

(1+0,3 < k-0.004k"2)"2 = 1,3
(o bopuceHko)

Bcero (0,5+1)+ 1,3 1,1+
*18"2/2 = 347,5 1a (460)

ComnpoTuBJIeHHE POTOPa

415 Ta (546)

CKOpOCTb BO3/lyXa B BO3IYXOBO/IE

1,33/0,0625 = 21,3 m/c

CeueHue BO3AyxoBoja 25x25 cM

ToTtepu B Kamepax Kopiryca

(0,5+1+1) » 1,1 »
*21,3%2/2 = 623,8 Ta

OIHO CyXeHMe U J1Ba PACIIMPEHUST

ABpOIVH. CONPOTHUBJIEHUE TTO
pacuety

415+623,8 =1038,8 IMa (1169,8
Ia)

HetouHblii pacxos, 6e3 yueTra moBo-
POTOB U TIp.

ABpPOAMH. COMPOTUBJIEHUE TTO

1570 IMa

TlorpemHocts 34% (25%)

Macropry

8 — 3a30p MEXIIy CTATOPOM U POTOPOM, M;
I, — pazuyc poTopa, M;

5 0,3 0,18
A=0,65-(—] ;NH0=0,015'R60’8~[£j .

i i

TeriooOMeH Ha UMIMHAPUYECKOW MOBEPX-
HOCTH aKCHaJIbHO 00JyBaeMOro LMJIUHApA
MOXXHO HAiTH 10 TpahrKy, TAKKe B3aToMY 13 [9]:

CornacHo [10], B mepBoM NpuOIDKEHUN
ToJavyy OXJIXKIAIONIETO BO3MyXa B AJIEKTpUYe-
CKYIO MallIMHY PEKOMEHIYeTCs] UBMEHSITh MPO-
TOPIIMOHATBHO ee MolTHOCTH. OITHAKO B pacyeT-
HBIX CITy4asiX TOTEPH CYIIECTBEHHO U3MEHSTIOTCSI
Y TIPY TTOCTOSIHHOM MOIITHOCTH (B 3aBUCMOCTHU
OT CHJTbI TOKA WJTK YacTOThI BpalteHust). [Toato-
My OyleM BeCTHM pacueT JAJisl IBYyX 3HaYeHU
pacxoa Bo3myxa: HOMMHAJIBHOTO U yBEJIMUYEH-
HOTO B JIBYX BapMaHTax — MPOMOPIIMOHATBLHO
YacTOTe BpaIEHUs] U TIPOTIOPLIMOHATTLHO TOTe-
PSIM.

HcxonHble qaHHbIe JJ1s1 pacyeTa Mo npuBe-
JICHHBIM (hOpMYJTIaM CBEJICHBI B TA0HILY 2.

Pacnipenenenue motokos Bozayxa B T/
Tuma DJ1-118 B 3aBUCMMOCTH OT YaCTOTHI Bpallle-
HUS STKOPsT ObLTIO MCCIIEIOBAHO aBTOPaMU HACTO-
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Kanyrua C. M., benseB A. C.
JIOKOMOTUBOB

sIIIel crtatbu 9KcrnepuMenTanbHo B 2011 romy
B TEIDIOBO3HOI1 JTabopatopuyt Kadempsl «JIoko-
MOTUBBI U JIOKOMOTHBHOE X031 CTBO». I[J'ISI
3TOT0 MUKPOMaHOMETPOM U TSITOHATTOPOMEPOM
M3MEPSUTUCH TIOJTHOE M CTAaTUUYECKOE JIABJICHUST
BO3Iyxa B Kamepax Koprmyca TOJl co CTOPOHBI
KOJIIEKTOpA U C TIPOTUBOTIONIOKHOM CTOPOHBI.
Pacxon Bo3myxa B BO3MyxoBo/Ie ObLT HAl/IEH TI0
€ro CKOpOCTU. A3POIMHAMUYECKOE COTTPOTUB-
JIeHVe KaHAJIOB SIKOPsI BBIYUCIISIIOCh. CoBraze-
HHUE TEOPETUIECKOTO TIepernaa MaBiIeHui 1Mo
KaHaJIaM STKOPsI C UBMEPEHHBIM JIOCTUTAIOCH TTPY
COOTHOIIIEHUY Pacxofia BO3Myxa Yepe3 KaHaJIbl
u yepe3 Apyrue myt 27:73 COOTBETCTBEHHO (Ta-
omita 3).

B pacueTax npuHSITHI CeayrolIre A0ITyIe-
HYSL:

1) Tpy UI3MEHEHWU YaCTOTHI BpAIlIEHUST pac-
TpenesieHre MOTOKOB BO3/Myxa (Uepe3 KaHaJbl
poTopa 1 MMO KaHAJIOB) HE M3MEHSIETCS,

2) TIOTOK BO3MyXa, He MY yepe3 KaHaJIbI
poTopa, NENUTCS MEXIY 3a30pOM U IPYTUMU
TTyTSIMU TIOPOBHY;

3) MOBEPXHOCTH POTOPA, TOCTYITHAS IJIsI
TETUTIOOTBO/IA OT CTAJIN, paBHA TIOBEPXHOCTHU



Tab6suna 4

IMapameTpsi 3HauYeHusI MPU YKa3aHHOM KO3(hdUIIMEHTE TIeperpy3Ku 1Mo MOIITHOCTH
Knen T2
1,0 (HomuH.) | 1,1 1,2 1,35 1,5
1. TMorepu B sikope, BT 14870 15390 15921 16736 17572
2. Tlotepu B IKOPHBIX 0OMOTKax, BT 9160 9160 9160 9160 9160
3. Yacrora BpaieHusi, 00./MUH 585 644 702 790 878
4. YacroTta rnepeMarHUIuBaHUsI 19,5 21,45 23,4 26,33 29,25
cranu, [
5. [lorepu B cTanu potopa, Bt 2920 3305 3701 4313 4947
6. [Totepu B cTaimu potopa,% ot motepb | 19,6 21,5 23,2 25,8 28,3
B poTope
7. OKpy>KHast CKOPOCTb KOJUIeKTOopa, M/c | 12,25 13,48 14,70 16,54 18,36
8. [Notepu Ha TpeHue 1eTOK, BT 1350 1485 1620 1823 2025
9. [Notepu Ha TpeHue LIETOK,% OT 1o- 9,10 9,65 10,2 10,9 11,5
Tepb B POTOPE
10. [MoTepn Ha KOMMYTAIIVIO 1440 1440 1440 1440 1440
Ta6mamma 5
TTapameTpbl 3HavyeHus MpU yKa3aHHOM K03(hGULIMEHTe TIeperpy3Ku 1o
MOIIIHOCTH K“ .
1,0 (momun.) | 1,1 1,2 1,35 1,5
11. Pacxon Bo3myxa, Ky6.Mm/c 1,33 1,46 1,60 1,80 2,00
12. Pacxon B KaHaJlax poTopa 0,36 0,394 0,43 0,486 0,54
13. Pacxon B 3a30pe 0,485 0,533 0,584 0,656 0,73
14. CkopocTh B KaHaJIaX 19,60 21,56 23,52 26,46 29,40
15. Yucno PeitHonbca B KaHajlaX pacXoaHOe 30414 33456 36497 41059 45621
16. OKpy>KHast CKOPOCTb Ha pajinyce KaHajios, m/c | 8,14 8,96 9,77 10,99 12,22
17. Yucio PeitHosbaca B KaHaiax BpainaresbHoe | 12637 13900 15164 17059 18955
18. Yucno Hyccenbra B kaHamax 104,1 112,4 120,5 132,4 144,0
19. KoadunmeHT Ternnooraaun B kKaHamax, 106,4 114,9 123,2 135,3 147,2
Br/kB.M* K
20. TerutooTBOI Yepe3 KaHaJIbl poTopa, KBT 12,45 13,44 14,41 15,83 17,22
21. TerutooTBOA Yepe3 KaHalbl potopa, % oT 83,7 87,3 90,5 94,6 98,0
MOTePb B POTOPE
22. Yucno Hyccenbra B 3a30pe 64,45 69,56 74,57 81,94 89,15
23. Teru100TB. uepes 3a30p, KBT 2,59 2,80 3,00 3,30 3,59
24. TerutooTBO Yepe3 3a30p, % OT motepb B potope | 17,4 18,2 18,8 19,7 20,4
25. Ocratok TeriooTBozaa, % -1,1 -5,5 -9,3 -14,3 -18,4
26. CymMa TeriooTBona, KBt 15,04 16,23 17,40 19,12 20,81
27. PocT TeruioBblIeIeHUS 1,000 1,035 1,071 1,125 1,182
28. PocT TeruiooTBoa 1,000 1,079 1,157 1,271 1,383
29. PocT MOILITHOCTH BEHTUJISITOpA 1,00 1,331 1,728 2,460 3,375

LIMJIMHAPA 32 BBIYETOM ITIOBEPXHOCTHU 11a30B,
IMOCKOJIBKY OHM 3aKPbIThl MAJIOTEILIONPO-
BOJHBIMU KJIUHbBSIMU;

4) eperpeB NPUHST PaBHBIM U3MEPECHHOMY
10 CONPOTUBJICHUIO 0OMOTKHM POTOpa (I10 TeM-
rnepaType Mein), Ho (pakTMIecKasi TemriepaTtypa
CTaJIi pOTOpa HIKE, IIOCKOJIBKY TEIIOTa UIET OT
0OMOTOK K CTaJIM.

Pe3sysbratel pacyeTa oTepb CBEICHbI B Ta0-
iy 4.

B tabnunax 5 u 6 nmpuBeaeHbl pacyeThl
TEIUIOOTBOJA [0 BapyMaHTaM — B II€PBOU
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IIpY YBEJIUYECHUU MPOU3BOIUTEIBHOCTHU
BeHTUAsITOpa oxaaxaeHus TOJl mpomop-
LIMOHAJIbHO YacToTe BpalleHus sskopst TO/I,
a BO BTOPOil — IIPpM YBEJIMYECHUU ITPOU3BO-
JUTEIbHOCTU BEHTUJISATOPA MPOIMOPILIAO-
HaJIbHO MOTepsIM B sikope. B mocienHei
CTPOKE MIET OTHOCUTEIIbHOE YBEJIUYCHUE
MOIITHOCTH BEHTUJISITOpPA, MIPUHSATOE IPO-
IMOPIMOHAIBHO KyOy ero nNpou3BOAUTEIIb-
HOCTH.

OTKJIOHEHHUE BBIYMCICHHOTO TEIIOOT-
BoJaa B sikope TOJI oT macrmopTHOTO 3HaYe-

Kanyrud C. ., Bensies A. C. TAroeble 3neKTpoABUraTeny ans ruGpuaHbIX v 351EKTPOXUMUYECKNX

JIOKOMOTUBOB




Ta0anna 6

IMapamerpsi 3HaueHus TIPU YKa3aHHOM Ko3(hduiineHTe rneperpy3ku mo

mowHoctn Ko

1,0 (Homun.) | 1,1 1,2 1,35 1,5
11. Pacxon Bo3myxa, Ky6.Mm/c 1,33 1,377 1,424 1,496 1,572
12. Pacxon B KaHaJiax poTopa 0,36 0,372 0,385 0,404 0,424
13. Pacxoz B 3a30pe 0,485 0,502 0,520 0,546 0,574
14. CkopocCTb B KaHaJIax 19,60 20,29 20,99 22,05 23,17
15. Yucno PeitHonbaca B KaHajlaX pacXoaHOe 30414 31479 32574 34216 35949
16. Okpy>kHast CKOPOCTb Ha paauyce KaHasioB, m/c | 8,14 8,96 9,77 10,99 12,22
17. Yucno PeiiHonbaca B KaHalax BpamaTeibHoe | 12637 13900 15164 17059 18955
18. Yucno Hyccenbra B KaHanax 104,3 108,4 112,6 119,0 125,4
19. KoadhduimeHT TeruiooTaauy B KaHaax, 106,4 110,8 115,2 121,6 128,2
Br/xB.M*K
20. Terut00TBOJ Yepe3 KaHallbl poTopa, KBT 12,45 12,96 13,47 14,23 15,00
21. TerutooTBO Yepe3 KaHaJbl potopa,% ot 83,7 84,2 84,6 85,0 85,4
MoTepb B pOTOpE
22. Yucno Hyccenbra B 3a30pe 64,45 65,85 67,28 69,39 71,64
23. Teru100TB. uepes 3a30p, KBT 2,59 2,65 2,71 2,79 2,88
24. TerutooTBO Yepe3 3a30p,% OT motepb B poTope | 17,4 17,2 17,0 16,7 16,4
25. OcraToK TerooTBoaa, % -1,1 -1,4 -1,6 -1,7 -1,8
26. Cymma Termioorsona, KBr 15,04 15,61 16,17 17,02 17,88
27. PocT TeTu1oBbBIIEIEHUS 1,000 1,035 1,071 1,125 1,182
28. Poct TetutooTBOIA 1,000 1,037 1,075 1,131 1,188
29. PocT MOILIIHOCTH BEHTUJISITOPA 1,00 1,109 1,228 1,424 1,651

HEHUs TEIJIOBO3HOM TATU. — 2-€ U3/1., Iiepepad. v 101, —
M.: Tpaucnopr, 1980. — 272 c.

3. MccnenoBaHusi 0O CO31aHUIO 9HEPrOYCTAHOBKH
Ha TOTUIMBHBIX 2JIEMEHTAX sl IEPCIIEKTUBHOTO JIO-

HUS TOTePb B iKope cocTaBseT 1,1%, uto
CBUAETEIBbCTBYET O JOCTATOUHOM COBITa/e-
HUM pacuYeTHBIX 3HAYCHUI C (DaKTUIECKM -

MU. komoruBa / 1. H. Ipuroposuu u np. // BecTHuk
BHUUMXT. —2006. — Ne 2. — C. 28—-30.
BbIBOAbI 4. Benses A. C., Kanyrun C. I1. Ucnionb3oBaHue

Meperpy304Hoil CmoCOOHOCTU TOTJIMBHBIX 2JIEMEHTOB
B aBTOHOMHBIX JJIokoMoTuBax // Becthuk BHUMXKT.
—2011. — Ne 2. — C. 42-47.

5. baprom E. T. lazoBast TypOuHa Ha XeJie3HO-

BoinosiHeHHbIE pacyeThl MOKa3bIBAIOT,
YTO TCIIJIOBO3HLIC TATOBLIC ABUTAaTC/IN I1O-

3BOJISIIOT peajin30BbIBATh IEPErpy30UHbIE
PEXUMBI IIPU YCIOBUM COXPAHEHUS Beca
noesaa. Takum o6pa3oM, CylIeCTBYeT BO3-
MOXHOCTb CO3JaHUs ONBITHBIX 00pa3LOB
ABTOHOMHBIX JJOKOMOTUBOB C 3JIEKTPOXU-
MHUYECKUMU U TUOPUIHBIMU DHEPreTUYE-
CKMMM YCTaHOBKAMM Ha 0a3e CEepUITHBIX
TEMIOBO30B.
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TRACTION ELECTRIC MOTORS FOR HYBRID AND ELECTRO-CHEMICAL

LOCOMOTIVES

Kalugin, Sergey P., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Belyaev, Alexey S., JSC «Chislovaya mechanika» [Numerical mechanics], Moscow, Russia.

ABSTRACT

In Russia prototype locomotives of new battery
and hybrid types have been built, operation modes
of power equipment of which have a number of
features. In this connection there is a possibility of
applying in them commercially available traction

motors. The article shows that it is possible, but
subject to certain limitations. In order to justify their
conclusion, the authors analyze different ways of
solution; compare design and performance of
power equipment, locomotive traction motors.

Keywords: hybrid locomotives, storage-battery locomotives, fuel cells, operation mode, traction electric

motors, engine cooling system.

Background. Commercialization of railway trans-
portation, maintenance and repair of rolling stock, in-
frastructure maintenance needs force to find ways to
make better use of all available resources. One problem
is relatively worse, compared with electric traction,
performance of transportation work in areas with diesel
traction [1, 2]. This is primarily average speed, time of
delivery of goods and passengers, carrying capacity
of track. There is a number of ways to enhance perfor-
mance of sites with autonomous traction — driving of
heavy and long trains, the use of double traction, the
use of locomotives with increased sectional capacity,
as well as optimization of timetable, reducing intervals
between trains, improvement of automatic block sys-
tems.

The problem at the same time is advantage of
locomotives in the constancy of their power. For majo-
rity of locomotives such a profile is very disadvanta-
geous that contains steep and protracted ascends
that make up a relatively small fraction of total area of
circulation. In such situations, one has to resort to the
use of pusher locomotives, and if for any reason it is
difficult — than to assign power and traction, respec-
tively, to these ascends, so that the power of locomo-
tives on the rest of the track is greatly underutilized
(for electric locomotives — sometimes more than 2
times). Underutilization of capacity of diesel locomo-
tives is much less due to hyperbolic shape of their
traction characteristics — they overcome these up-
grades by reducing speed.

However, in some cases, under-utilization of
capacity remains significant for diesel locomotives.
For example, if speed is limited on hauls, and most
importantly — due to its reduction on the rise as
travel time increases sharply and carrying capacity
of the site decreases. And the use of pusher locomo-
tives, and a significant under-utilization of diesel
locomotives is economically unprofitable and forces
to seek adaptation reserves. Similar track profiles
are relatively rare and cannot be identified with clas-
sification procedure of VNIIZhT because, according
to it, a steeper calculated ascent coincides with
smaller proportion of sites. To prevent the negative
trend in the loss of competitiveness in these condi-
tions, is possible, using locomotives with special
characteristics, providing more or less continuous
increase in reserve power exceeding nominal at
constant maximum traction force.

Objective. The objective of the authors is to study
possibilities of commercial use of traction electric mo-
tors in Hybrid and electro — chemical locomotives.

Methods. The authors use general scientific and
engineering methods, comparative analysis, graph
construction, simulation.

Results. At present, there are two ways of solving
the problem: the use of energy storage in power circuit
of locomotive and connection of locomotive power
plants having overload capacity. The first version de-
velops mainly by electrical and electrochemical sto-
rage — capacitors and batteries, but other types of
drives are being developed and, flywheel should be
allocated as best suited for autonomous vehicles with
manual transmission. Power plants built on a combina-
tion of primary sources of energy and storage, are
called hybrid (known in Russia are known prototype
hybrid locomotives TEMSh, TEM35, LGM-1).

A fundamentally different approach to the problem
is the use of primary energy sources having high over-
load capacity, i. e. readiness if necessary, more or less
to put out power above nominal over a short time,
perhaps with deterioration of some parameters(e. g.,
efficiency or resource).

Turbocharged diesel engine has overload capac-
ity of about 3%, we can say it practically does not have
it. One of the most promising types of primary energy
sources for autonomous locomotives are fuel cells [3],
a form of chemical sources of current. Evaluation of
their overload capacity is about 50% [4], the overload
is considered as a mode in which the load current is
greater than the current corresponding to maximum
efficiency.

Three-shaft gas turbine plant [5] can operate ef-
ficiently in a power range, there are also construction
of gas and steam turbines with afterburner, but their
wide application in railway transport is prevented by a
number of shortcomings — intensive aerodynamic
noise, complexity of the startup system, rapidity and,
as a consequence, difficulty in coordination with the
energy consumer and gyroscopic effect, not the best,
in comparison with diesel, cost and fuel economy.

Another source of energy, promising for certain
types of locomotives (primarily industrial at small aver-
age daily mileage — less than 100 km), is battery. So
far, low weight and size and resource performance of
traction batteries did not allow to create cost-effective
storage engines (prototype LAM-01 in 20083, was built
[6], and ten years later was written off). The problem
was solved with emergence of lithium polymer variants
(in particular, lithium-iron-phosphate electrochemical
system). The overload capacity of battery is limited by
the maximum discharge current, expressed in terms
of capacity; for good batteries, this figure could be in
the order of 1,5-2,5, i. e., quite large.

Now methods are known for design of traction
electric motors (hereinafter — TEM) at a certain voltage
(for electric TEM), and a certain power (diesel TEM). If
in course of operation there is a need to overload trac-
tion motor due to current intensity, then the calculation
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i Table 1

Pic. 1. The graph to determine the heat removal of the
cylinder [9].

is carried out on heating [7]. Calculation of TEM in case
of overload due to power is not provided, because this
mode on conventional locomotives is impossible in
principle. Methods of designing engines on certain
energy-conversion efficiency to date are unknown, and
therefore there is a matter of TEM choice for hybrid,
battery and hydrogen (with power plant based on fuel

1“ !’ TEM type Pd’ kw Ud %7 W Id = A nd % nd 0 rpm Kov] TEM_ max
| ON118A 305 463/700 720/476 91,5 585 1,51
DO121A 413 542/750 830/600 91,8 704 1,38
DYI133 414 505/780 890/577 92,1 600 1,54
D127 586 715/980 890/650 92,1 950 1,37
it : produced TEM. The maximum load factor of locomotive
% i ! { traction motor power, equal to the ratio of the maximum
L Re _':1 4“105. voltage to a long, straying off hyperbolic traction char-
b acteristics is 30-50% (Table 1). Continuous current
- -'9,5l ‘10 i . ~a (and long traction force) for this kind of overload do not
10°L 34105 1 change.
— — = However, in addition to voltage there are other
1810 T @ factors limiting overload. In [4] it is shown that at
] 10-15-percent overload due to capacity, ongoing by
|| Re=0 |_,4 1 o increase in rotation speed with the current of continu-
10 ,j/ l l | l ous operation, switching is quite satisfactory. As for
10‘1- 105 08 Ree temperature mode of TEM, the growth of rotation

speed with corresponding increase in cooling air flow,
by some estimates, will lead to intensification of the
heatremoval to a greater extent than increased losses.
This thesis can be confirmed by calculations. With in-
creasing rotation speed while maintaining the current
intensity rise two types of losses in the rotor: in steel of
the rotor and for friction on brushes on the collector.
Switching losses and losses in bearings will also in-
crease. Losses in copper and electrical losses in
transition resistance of brush-collector unit will not
change. According to [8], steel loss is calculated by
the formula:

cells) autonomous chorpotives. In' particular, it does P L f 13
not exclude the application of the first stage of mass- P, = k-(ﬁlm -B (5} M, (1)
Table 2

Parameters Value Note

1. Weight of armature, kg 270 (active state) 363 (total weight)

2. Contact area of brushes, cm? 120 of both polarities

3. Armature diameter, mm 493

4. Diameter of channels in armature, mm 27

5. Number of channels in armature 32

6. Number of pole pairs 2

7. Pressing on brushes, kPa (for brush type EG-61) 22 recom.: for traction— 40—50, for
nontraction— 18—25

8. Coefficient of friction of brushes (according to Borisenko) 0,25

9. Length of armature, mm 420

10. Collector diameter, mm 400 (new)

11. Air gap beneath the center of the main pole, mm 7

12. The air gap beneath the edge of the main pole, mm 18

13. Static pressure of cooling air, Pa 1570

14. Overheating of the rotor in continuous mode, °C 108 resistance of winding 0,0177 Ohm
(certified value)

15. Brand of steel of rotor E1300 (2212) specific losses = 2,64

16. Resistance of the armature winding at 20 degrees, Ohm 0,013 at 140 degrees 0,020 Ohm — value
above certified

17. Temperature coefficient of resistance of copper 0,0040

18. Ohmic losses at 720A, W 9160 coincides with certified at
resistance 0,020 Ohm

19. Surface of the armature, sq.m 0,392 see taken assumptions

20. Average value of the gap beneath the pole, mm 9

21. Induction in tooth groups, T 2,17 MDS2120 AV

22. Induction in armature, T 1,44 MDS264 AV

23. Number of slots of the armature 54

24. Pole overlapping a=0,65
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Table 3

Parameters

Formula, valeu

Note

Cross-sectional area of one channel

3,14+ D"2/4=5,72 sq.cm

Area of all channels

183 sq.cm

Area of the gap between armature and poles

3,14+D « A=154,8 sq.cm

average size of the gap is is taken
equal to 10 mm

Amount of channels and the gap 338 sq.cm

Air flow through the channels Q=0,33 cu.m/s (0,38) further
refined

Air speed v=18 m/s (20,7)

Air viscosity 17,4 cS at 40 °C

Reynolds number

27930 (32121)

Coeff.of hydr. friction

A =0,0245 (0,0236)

by Blasius formula

Pressure losses in the channel

0,0245+ (42/2,7)+ 1,1+ 18"2/2 =
68 Pa (86,5)

Circumferential speed at a radius of channels

u=61,2-0,14=38,57m/s

k=u/v= 10,476 in continuous
mode

Allowance for rotation

1-0,037 < k*2.77 = 0,995

total 67,7 Pa

Losses at input 0,5

Sudden narrowing

Losses at output 1,00

Sudden expansion

Allowance for rotation

(140,3 - k-0.004k"2)"2 = 1,3
(according to Borisenko)

Total (0,5+1)* 1,3 1,1+
+18"2/2 = 347,5 Pa a (460)

Resistance of rotor

415 Pa (546)

Air speed in air circuit

1,33/0,0625 = 21,3 m/s

Cross section of air circuit 25x25
cm

Losses in chambers of housing

(0,5+1+1) = 1,1 »
+21,3°2/2=623,8 Pa

One narrowing and two expansions

Aerodynamic. drag according to calculation

415+623,8 = 1038,8 Pa (1169,8 Pa)

Inaccurate flow, without turns etc.

Aerodynamic. drag according to certificate 1570 Pa

Error 34% (25%)

where k is correction coefficient, which takes into
accountthe presence of rough edges, circuits between
sheets, assembly defects, etc.; for DC machines its
value is in the range 3,5-4,0;

P
(—j is specific iron loss per unit mass in the
M 10/50

induction of 1 Tesla and a frequency of 50 Hz, W/ kg;

B is average value of induction, T;

fis magnetic reversal frequency of steel, Hz;

M is mass of core, kg.

Frequency of magnetic reversal of steel of rotor of
DC TEM is equal to the frequency of rotation multiplied
by the pole pair number, and other parameters in the
expression (1) remain constant, so we can write the
following relationship:

13 13
}27n1 :(Lj :(ﬂ] (2)
PcfnZ f2 n,
where P_  are losses in steel of the rotor at rotation
speedn,;

P_ . is the same as at rotation speed n,,.
Losses on friction of brushes on collector are cal-
culated according to the formula [8]:
P b ky: Py S, Weor L (3)
where k,_is coefficient of friction of brushes on collector;
p, is contact pressure of brush, Pa;
S, is area of contact of brushes with collector,
sq.m.;
w,_, is circumferential speed of collector, m/s.
Using the well-known from form of the distribution
of losses in the rotor of diesel ED- 118 during continu-
ous operation, we find the growth of heat dissipation
during overload on power.
Heat transfer in the rotor when rotation speed
changes is subject to the following dependencies.
In channels of the rotor spaced from the axis of

rotation, itis described by dimensionless equation
[91:
Nu=0.018~Re°'8~[1+0.6-%j~g,, (4)
where Re is Reynolds number (characteristic size is
the diameter of the channel);

u is circumferential speed of the rotor at the radius
of channel arrangements, m/s;

v is speed of air in the channel, defined by the air
flow from the equation of continuity;

g is amendment to the length of the channel ([9],
Pic. 1), depending on the ratio of the channel length to
its diameter; I/d = 420/27 = 15,6, ¢,= 1,2.

The heat removal on the end windings of the rotor
(armature winding) is considered the same as in ac-
cordance with the conditions thermal state of the
windings in case of overload in the power does not
change.

Heat transfer in the gap between the rotor and

stator can be found by the formula
-04

2
1442 Re +
Re,,
~04

é‘ 08 R 2 J
LI 2| | a2 2 ,
i Re,

where Re_ is «rotation» Reynolds number;
Ais a gap between a stator and a rotor, m;
r, is rotor radius, m;

6 03 0,18
A=0,65~(—] : Nu, =0,015~Re°'8~[r—zj .
" h

Nu= Nu, -
(5)

Heat transfer on a cylindrical surface of axially
blown cylinder can be found on the graph, are also
taken from [9]:
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Table 4

Parameters The values for the given overload coefficient by

pOWCI' I(ovl TEM

} 1,1 1,2 1,35 1,5

(nominal)
1. Losses in armature, W 14870 15390 15921 16736 17572
2. Losses in armature winding, W 9160 9160 9160 9160 9160
3. Rotation speed, rpm 585 644 702 790 878
4. Frequency of magnetic reversal of steel, Hz 19,5 21,45 23,4 26,33 29,25
5. Losses in steel of rotor, W 2920 3305 3701 4313 4947
6. Losses in steel of rotor, % of losses in rotor 19,6 21,5 23,2 25,8 28,3
7. Circumferential speed of the collector, m /s 12,25 13,48 14,70 16,54 18,36
8. Losses on friction of brushes, W 1350 1485 1620 1823 2025
9. Losses on friction of brushes, % of losses in rotor 9,10 9,65 10,2 10,9 11,5
10. Losses on switching 1440 1440 1440 1440 1440

Table 5

Parameters The values for the given overload coefficient by

power K oy

1,0 1,1 1,2 1,35 1,5

(nominal)
11. Airflow, m* / s 1,33 1,46 1,60 1,80 2,00
12. Flow in channels of the rotor 0,36 0,394 0,43 0,486 0,54
13. Flow in the gap 0,485 0,533 0,584 0,656 0,73
14. Speed in channels 19,60 21,56 23,52 26,46 29,40
15. Reynolds number in the channels expendable 30414 33456 36497 41059 45621
16. Circumferential speed at a radius of channel, m /s 8,14 8,96 9,77 10,99 12,22
17. Reynolds number in channels rotary 12637 13900 15164 17059 18955
18. Nusselt number in channels 104,1 112,4 120,5 132,4 144,0
19. Coefficient of heat transfer in the channels, W /sq.m « K 106,4 114,9 123,2 135,3 147,2
20. Heat removal through the channels of the rotor, kW 12,45 13,44 14,41 15,83 17,22
21. Heat removal through channels of the rotor, % of losses in 83,7 87,3 90,5 94,6 98,0
the rotor
22. Nusselt number in the gap 64,45 69,56 74,57 81,94 89,15
23. Heat removal through the gap, kW 2,59 2,80 3,00 3,30 3,59
24. Heat removal through the gap, % of losses in the rotor 17,4 18,2 18,8 19,7 20,4
25. Residue of heat removal, % -1,1 -5,5 -9,3 -14,3 -18,4
26. Amount of heat removal, kW 15,04 16,23 17,40 19,12 20,81
27. Growth of heat generation 1,000 1,035 1,071 1,125 1,182
28. Growth of heat removal 1,000 1,079 1,157 1,271 1,383
29. Growth of fan power 1,00 1,331 1,728 2,460 3,375

According to [10], in a first approximation, the
supply of cooling air into electric car is recommended
to change in proportion to its capacity. However, in
design cases the loss changes substantially and at
constant power (depending on the current intensity or
rotation speed). Therefore, we will conduct calculation
for two values of air flow: nominal and increased in two
versions — in proportion to rotation speed, and in pro-
portion to losses.

Initial data for calculation of the above formulas are
shown in the Table 2.

Air distribution in TEM of ED-118, depending on
rotation speed of the armature was studied experi-
mentally by the authors of this article in 2011 in the
diesel locomotive laboratory of the Department
«Locomotives and locomotive economy». For this
micromanometer and draft and head gauges mea-
sured total and static air pressure in the chambers
of the housing of TEM from the collecting channel
and from the opposite side. Airflow in air circuit was
found by its speed. Aerodynamic drag of channels
of armature was calculated. The coincidence of

theoretical pressure drop through the channels of
the armature with the measured was achieved with
ratio of air flow through the channels and through
other ways 27:73 respectively (Table 3).

In the calculations the following assumptions are
taken:

1) changing the rotation speed distribution of air
flows (through rotor channels and past the channels)
does not change;

2) flow of air, which does not go through the chan-
nels of the rotor, is divided between the gap and the
other paths equally;

3) the rotor surface, available for heat removal from
steel, is equal to the surface of a cylinder minus surface
of slots because they are closed with low-heat-con-
ductive wedges;

4) overheating is assumed to be equal to measured
by resistance of rotor winding (copper temperature),
but the actual temperature of steel of the rotor is lower
because heat comes from the windings to steel.

Loss calculation results are summarized in
Table 4.
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Table 6

Parameters The values for the given overload coefficient by

pOWef I(ov] TEM

1,0 (nominal) 1,1 1,2 1,35 1,5
11. Airflow, m /s 1,33 1,377 1,424 1,496 1,572
12. Flow in channels of the rotor 0,36 0,372 0,385 0,404 0,424
13. Flow in the gap 0,485 0,502 0,520 0,546 0,574
14. Speed in channels 19,60 20,29 20,99 22,05 23,17
15. Reynolds number in the channels expendable 30414 31479 32574 34216 35949
16. Circumferential speed at a radius of channel, m /s 8,14 8,96 9,77 10,99 12,22
17. Reynolds number in channels rotary 12637 13900 15164 17059 18955
18. Nusselt number in channels 104,3 108,4 112,6 119,0 125,4
19. Coefficient of heat transfer in the channels, 106,4 110,8 115,2 121,6 128,2
W/sq.m *« K
20. Heat removal through the channels of the rotor, kW 12,45 12,96 13,47 14,23 15,00
21. Heat removal through channels of the rotor, % of losses | 83,7 84,2 84,6 85,0 85,4
in the rotor
22. Nusselt number in the gap 64,45 65,85 67,28 69,39 71,64
23. Heat removal through the gap, kW 2,59 2,65 2,71 2,79 2,88
24. Heat removal through the gap, % of losses in the rotor 17,4 17,2 17,0 16,7 16,4
25. Residue of heat removal, % -1,1 -1,4 -1,6 -1,7 -1,8
26. Amount of heat removal, kW 15,04 15,61 16,17 17,02 17,88
27. Growth of heat generation 1,000 1,035 1,071 1,125 1,182
28. Growth of heat removal 1,000 1,037 1,075 1,131 1,188
29. Growth of fan power 1,00 1,109 1,228 1,424 1,651

Tables 5 and 6 show calculation of heat removal
on options — the first increase in performance of the
cooling fan of TEM is proportional to rotation speed of
TEM armature, and the second — by increasing fan
performance in proportion to the losses in armature.
The last line is a relative increase in fan capacity taken
proportional to the cube of its performance.

The deviation of the calculated heat removal in
armature of TEM from certified loss values in the ar-
matureis 1, 1%, which indicates adequate coincidence
between the calculated values with actual.

Conclusions. The calculations show that locomo-
tive traction motors allow to realize reloading modes
while maintaining train weight. Thus, it is possible to
create prototypes of autonomous locomotives with
electrochemical and hybrid power plants based on
serial diesel locomotives.
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