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ABTOpamu ripeacTaB/ieHa KOHUeNnTyasibHasi
naes o BbICOKOCKOPOCTHOM MarucTpasiu

C MaKcuMaJibHOM CKOPOCTbIO ABWKEHUS
400-450 km/4. Ucnonb3oBaHne
POTaLUNOHHbIX ABUratesneii Tpebyert 60/1bLunx
BHepro3arpar Ha BbICOKUX CKOPOCTSIX,
BO3HUKAaIOT CJIOXKHOCTU C TOKOCbEMOM,
cuerJieHneM KoJsieca c pesibCOM U T. 4.

B 10 e BpeMsi npuMeHeHue JIMHEeNHOro
TAroBOro ABuUratesisi Ha HU3KUX CKOPOCTSX
He onpaBAaHO C 3KOHOMUYECKOW TOYKU
3peHunsi, HO 3¢pPEeKTUBHO Ha BbICOKNX

c no3uuunm aKkcrtyataunn. B cea3u ¢ atum
npepasiaraeTcsi BapuaHT COBMELLYEeHHOro
W rMbpuaHOro TIroBoro ABVXUTENS,

B KOTOPOM COMNpPSIraloTcs MoJsioXnUTeJibHbie
CTOPOHbI NMPEXHUX MOAEJIeN.

Knro4eBbie caoBa: TpaHcnoprT,
BbICOKOCKOPOCTHbIE rnoe3aa,
BbICOKOCKOPOCTHbIE MarncTpasiu, IMHEeHbIN
CUHXPOHHbIV BUraTe b, aCUHXPOHHbI TSroBbIv
BJ/1eKTPOABUraTeslb, CONMPOTUBIEHNE ABVIXXEHWIO,
cuia cuernieHns KoJsieca C pesibCoM, rmbpuaHbIi
ABVXUTESb, KOHLEeNTyaslbHas uaesl.
|

® MWP TPAHCIMOPTA, Tom 14, N2 3, C. 72—79 (2016)

HAYKA 1 TEXHWKA

Tywenxo Muxaua J[mumpueeuu — 0okmop
mexHu1eckux Hayk, npogeccop Mockosckozo
20Cy0apcmeeHH020 yHugepcumema nymeti cooOuleHus
(MHHUT), Mockea, Poccus.

Top Hean O, — acnupanm Kagpeopsl
«Dnexmponoesoa u arokomomuevr> MUHUT, Mocksa,
Poccus.

eTOMHS B MHUPE 3KCIJIyaTUPYETCS

0OJIBIIOE KOJMYECTBO BBHICOKOCKO-

POCTHBIX MarucTpaeii, MaKCUMallb-
HasI CKOPOCTbh IBMDKCHHS Ha KOTOPBIX COCTaB-
qsteT 250—350 km/4 [1]. UT0oOBI HOCTUYD BBI-
COKOM CKOPOCTH ITPU TPAAULIMOHHOM CUCTEME
KOJIECO-PEIIbC ¢ KIIACCHUUECKMM PACITOJIOXKE-
HUEM TSTOBBIX 3JICKTPOABUTATENICH Ha MOMI-
BIZKHOM COCTaBe (OT BaJia IBUTATesIsI Ha OCh
KOJIECHOM TTaphl Yyepe3 3y0JaTylo Iepemavy),
HEOOXOIMMO PEelIUTh HECKOJIBKO 3amad. Ta-
KMX, HallpuMep, KakK IpoodyiemMa CIeIICHUS
KoJIeca ¢ pPeIbCOM, TOKOCHEM, MOIITHOCTH
3JIEKTPOTIOL3IA.

CrenjieHre KOJIECHBIX ITap C PeibCOM
SIBIISIETCS] OMHUM M3 OTPAaHUYCHUN TSITOBBIX
XapaKTePUCTUK TTOABIDKHOTO COCTaBa, MpH-
YeM MCXOs M3 PU3MICCKUX ITPOIIECCOB C YBE-
JIMYEHUEM CKOPOCTH KO3(PPUIIMEHT cLeTIe-
HUSI CHIDKAETCS, @ 3TO IPUBOIUT K YMEHBIIIe-
HUIO CHIIBI TITH. HeTpannimmoHHbIC CUCTEMBI,
MpeXae BCEro IMOABUKHOM COCTaB C JIMHEM-
HBIMUA CUHXpOHHBIMU aBuratesiMu (JICI),
JINIICHBI 3TUX TIPO0OJIEM, TSITOBOE YCUJINE TIe-
pemaeTcs TyT He Yepe3 KOJIeCO-PeTbe, a 3a CUeT
B3aMMOJICCTBUS TIEPBUYHOTO M BTOPUUHBIX
3JIEMEHTOB, YCTPOCHHBIX Ha TTOIBUKHOM CO-
craBe U nyTsax. Hoy Takoit KOHCTpyKIIMU CBOM



HEIOCTAaTOK — HEOOXOAMMOCTh 00YCTPOICTBA
Ha BCEM IIPOTSLKEHUM IIyTU OTHOM M3 YacTen
TSTOBOTO JIMHEITHOTO IBUTATEIIS.

ITpobirema TOKOCHEMA BEIXOIUT Ha MIEPEI-
HUU IUTaH TIPU YBEJTMYECHUY CKOPOCTHU ABYKE-
Hus cBbime 200 KM/4, Koraa IMOBHIIIACTCS
BEPOSITHOCTDh MCKPECHMS MEXOY I0J03aMu
¥ TOKOBEIYIIIUM ITPOBOIOM M3-3a BUOpAIIUN
¥ HEeOOJIBIIIOTO OTPBIBA TTOJIO36EB OT ITPOBOJIA,
pacTET a3pOoAMHAMUIECKOE BO3ICHCTBHUE U T. 1.
[2]. DmekTponoe3na ¢ TMHEWHBIM CUHXPOH-
HBIM JBUTATEJIeM HE MMEIOT MPOOJIEeMBI TO-
KOCBhEMa B TIPUHIIUIIC, TIOCKOJBKY 3JICKTPO-
SHEPIHIO IMOABOMISAT K CTATOPY, PACIIONOXKECH-
HOMY HEIIOCPEICTBEHHO Ha ImoJIoTHe. OgHAaKOo
npumMmeHeHue JICJI mpuBOINT K 3HAYUTEJIBHO-
MY YIOPOKaHWIO KOHCTPYKIIUM ITyTH U TIOI-
BIKHOTO COCTaBa.

AJIBTepHATUBOM TIpeaiaraeTcs ABOMHOM
VUTY THOPUTHBIIN TATOBBIN IBVXKUTENb, T.€. Ha
y4JacTKaX C OTHOCUTEILHO HU3KOI CKOPOCTHIO
(mo 300 KM/9) MOXHO MCITOJTb30BaTh Bpallia-
JOIIIECs TSATOBBIC 3JICKTPOABHUTATEIIM, a Ha
yJacTKax co CKOPOCThIO BImre 300 KM/4 ITpu-
MCHSITh TMHCHHBIC TBUTATCIIN.

1. PACYET CWUJ1 CONPOTUBJIEHUS
ABWXEHUWIO

ITpn o6ocHOBaHUM TIpearogaraeMbIX 13-
MEHEHMIT HEOOXOAMMO MTPOBECTU PACUYET CUJT
COIIPOTUBJICHMSI IBVDKEHUIO Y CUJIBI CLETLIE-
HUSI KoJieca ¢ pesibcoM. B kauecTBe npumepa
ObLI B3SIT BOCBbMUBArOHHbIN 3JIEKTPOIIOE3I,
B COCTaBe KOTOPOTO YEThIPe MOTOPHBIX U Ye-
ThIpe MPUILIEINTHBIX BaroHa ¢ Harpyskoi 160
u 150 kH/och Ha Kaxkaom. [ Takoro Bapu-
aHTa ¢ hopMynoit
MT+HT+M+T+T+M+TT+MT
(rme M — MoTtopHbIii BaroH, I1 — mpuiienHoi
BaroH, MI' — MOTOpPHBII1 TOJIOBHOI BaroH)
CUJIY COIIPOTUBJICHUSI IBVXKEHUST MOXHO BbI-
YUCIUTh CACAYIOLIUM 00pa30oM.

ConpoTHUBJICHNUE ABUXKEHHUIO 3aBUCUT OT
KOHCTPYKLIMU Y TEXHUYECKOTO COCTOSIHUS
MOJBUKHOIO COCTaBa, BEPXHEr0 CTPOCHMSI
IyTH, poduIisd U IUIaHa MyTHU, OT CKOPOCTU
JBIDKEHMS T10€3[1a, a TAKXKe CKOPOCTU U Ha-
npaBiieHus1 BeTpa. OHO OOYCIOBICHO HaJIU-
yyeM TPeHMsI B y3JlaX MOJABMKHOIO COCTaBa,
TpeHUEM KOJIEC O PeJIbChl, TedopMalusIMu
MIYTH U 3JEMEHTOB MOABMXHOTO COCTaBa,
COIPOTUBJICHUEM BO3IYIIIHOM CPEJIbl, a TAKXKE
XapaKTepoM CUJIbI TSKECTH Ha ykjIoHaX. Co-
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MPOTUBJICHUE TBUKEHUIO YCIOBHO ACJAT Ha
JIBE TJIaBHBIE COCTABJISIIOIINE.

[lepByto Ha3BIBAIOT OCHOBHBIM CONPOMUG-
nenuem dguxcenutro W, OHO TpeNCTaBIAET
C000Ii COTIPOTUBJIEHUE BWXKEHUIO TTOIBUK-
HOTO COCTaBa JAHHOTO TUTIA Ha TIPSIMOJIMHE -
HOM TOPU30HTaJbHOM OTKPBITOM y4YacTKe
ITyTH TIPU JIIOOO# CKOPOCTH IBVKEHUS (B TOM
yucye u ipu v = (). Brta cocrapigionas 0o-
yCJIOBJIEHAa BHYTPEHHUM TPEHMEM B y3J1ax
IMOJBUKHOTO COCTaBa, COMPOTUBIECHUEM,
BO3HMKAIOIIUM TIPU B3aUMOJEHCTBUU IO -
BWDKHOTO COCTaBa M ITyTH, a TAKXKE COITPOTUB-
JIGHUEM BO3IYIIIHOM Cpenbl (IIPpU OTCYTCTBUM
BeTpa) [3].

Bropyto cocTastioniyto Ha3bIBaloOT dono-
HUMeAbHbIM conpomueaenuem dgusicenuro W_,
OHO TIPOM3BOJHOE OT YKJIIOHOB M KPUBBIX.
CuuTaloT, 4TO MOTIOJTHUTEIBHOE COTIPOTUBIIE-
HUE He 3aBUCUT OT CKOPOCTH IBUXECHUS
U OTIPEIEIISIETCSI TOJIBKO TUTAHOM U PO uieM
nyTtu. Jlanee pacuér BeaeTcs 6e3 yuéta BIusI-
HUST TOTTOJTHUTEJIbHBIX CUJI COTTPOTUBIICHMUS.

OCHOBHOE COIPOTUBJICHUE TBUXECHUIO
pacCYMTHIBAETCSI KaK CyMMa IByX KOMITOHEeH-
TOB: W — MeXaHMYeCKOe CONpPOTUBJIEHHUE
IBYOKEHUIO U W — CONPOTUBIIEHUE BO3/IYIL -
HOI cpellbl. YIeJbHOe COTIPOTUBIIEHUE JIBU-
XKEHUIO BCETO T0€3/1a W’ | PACCUMTHIBAETCS KaK
CyMMa yaeJbHbIX cui [3].

>

wo=w_+w ey

X B03’

rae W’o — OCHOBHOC€ YICJIbHOC COITPOTUBJIICHUC

JBU2KECHUIO, K_H 5
b

W ex — MEXaHMYCCKOC YICIBPHOC COIIPO-

Mg

TUBJIEHUE IBVKEHUIO, ——
kH

W,BO3 — YACJIbHOC COIIPOTHUBJICHUE BO3AYIII-

HOWM cpeapl, —.
T kH
VienbHOE MEXaHUYECKOE COMTPOTUBIIEHUE
JIBUXKEHWUIO:

W =045+ 740,12V

9
rae V' — ckopocTh ABMXKEHUS 1oe3na, KM/4;
q,— BEC, IPUXOMSAIIMIACS HA OCb KOJIECHOM
napsl, KH/och.
VienbHOe CONMPOTUBIECHUE BO3AYIIHOM
Cpelbl:
w _ Cx chp-V2
603 2.:3 62 R )
b Q(]cp

; (2

3)



Ta0muua 1
OcHOBHbIE H yI€eJIbHbIE CHIbI COMPOTHBICHUS IBIKEHUIO
v, KM/4 0 50 100 150 200 250 300 350 400
wwex, 0,90 1,29 1,68 2,06 2,45 2,84 3,22 3,61 4,00
H/xH
W'BO3II, 0 0,50 2,01 4,53 8,05 12,58 18,12 24,66 32,21
H/xH
wB/WM, |0 0,39 1,20 2,20 3,29 443 5,62 6,83 8,05
w'o, H/ 0,90 1,79 3,69 6,59 10,50 15,42 21,34 28,27 36,20
kH
Wo, H 4472 8888 18296 32696 52088 76472 105848 140216 179576
Wo,kH |4 9 18 33 52 76 106 140 180
Ta0amua 2
Cuia cueIUieHHs moe3a ¢ YeThIPbMS MOTOPHBIMH U Y€ ThIPbMsI IPUIIENHBIMU BATOHAMH
Vv, KM/4 0 50 100 150 200 250 300 350 400
v 025 0,17 0,13 0,10 0,08 0,07 0,06 0,06 0,05
 H [4000 [2670 2000 1600 1330 1140 1000 890 800
F_.H 640000 |426666 320000 256000 213333 182857 160000 142222 128000
kH 640  [427 320 256 213 183 160 142 128

rae C, — K02(hGULMEHT BO3AYIIHOIO COPO-
TUBJICHUS TI0€3/1a;

Q — pacué€THas TUTOIIaIbh MUJIETIeBA ceue-
Hus, 10,7 Mm%

p — TUIOTHOCTbH Hapy>XHOTO BO3/yXa,

2
0,125 2.

mt

4y, — CPEIHMIA BeC, IPUXOISILINIACS Ha OCh
Kosi€cHoI mapel, KH/och.

KoadhduiimeHT BO3MyIITHOTO CONTPOTUBIIE-
HUS oesna [3]:

C,=C,+C (N-1), 4)
rae C; — Ko3(pGUUMEHT BO3IYIIHOTO COMPO-
TUBJICHUST YCIOBHOTO OJMHOYHOTO BaroHa,
0,55;

C, — K03 GULUMEHT BO3IYLIHOTO COIMPO-
TUBJICHUS BaroHa B cepeAnHe noe3naa, 0,21;

N — 4ucs0 BaroHoB noe3aa.

Macca, mpuxopsinascst Ha 0Cbh MOTOPHBIX
¥ TIPULIETTHBIX BarOHOB, pa3nyHa, TO3TOMY
IS PACYETOB UCIIOJB3YIOT CPeTHEE 3HAYCHUE
chp:
qOM .NBM + qu.Nan

NG’M + Nan

TI€ g, , 4, — BEC, IPUXOISAIIMIACS Ha OCh KO-
JIECHOI IMapbl MOTOPHOTO M MPUIIEITHOTO Ba-
TOHa COOTBETCTBEHHO, KH/OCB;
N_ ., N,  — KOJIMYECTBO MOTOPHBIX U TIPH-
LIEITHBIX BATOHOB.

CpenHuii Bec, IPUXOASIIMICS Ha OCh Ba-
roHa JUisl JaHHOW KOMITOHOBKMU, paBHa 155
kH/ock.

> (3)

chp =
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Bce pacuétsl cBeneHbI B Ta0auUILy 1.

W3 pacy€ToB ciemyeT, YTo Npu HEOOBIINX
CKOPOCTSIX IBVDKEHUST TPe00IaaaeT MexaHuae-
CKOE COTIPOTUBIIEHNE IBUKEHUIO, a TIPU CKOPO-
crax Boiie 100 kM/4 Gobiliee 3HaUEHUE UMEIOT
CUJTBI COTIPOTUBJICHUST BO3AYIITHON CPE/IbI.

2. OFPAHU4EHME NO CLENMJIEHUIO

ODHUM M3 OCHOBHBIX KPUTCPUEB IBIKE-
HUS TToe3/1a SIBJIICTCSI OTPaHUYCHUE CHIIBI 110
CLICIUICHUIO KOJIeCa C pEIbCOM FC " Buemneit
110 OTHOIICHUIO K KOJIECY SIBJISICTCSI Ta CHIIA,
Gnarogapst KOTOpPOI BpalllalOIINIACST MOMEHT
TSITOBOTO IBUTATEIISI PeaTu3yeTCs B BUIE CHITBI
TSITH, COOOIIAFOIICH ITOCTYaTeIbHOE TBIKE-
HIE KOJIECY, a BMECTE C HUM M BCEMY TTOC3IY.
Wcxonst U3 3TOro ciaemyeT, 4TO IIPU TPaTULIM -
OHHOM KOHCTPYKIIUM TTOIBUKHOTO COCTaBa
C POTAalIMOHHBIMU TSITOBBIMU IBUTATCISIMU
cujia COTIPOTUBJICHUS NBUKCHMIO TOJKHA
OBITh MEHBIIIE TT0 BSIMIMHE, YEM CHJIA CLICTI-
JICHUs KoJIeca C PeJIbCOM.

B peanpHOCTH KOA3(DDUIIMEHT CLIETIICHUS
paccunMTaTh TPYIHO, TTO3TOMY hopMmysa st
KaXIOTO TUIIA TTIOABIKHOTO COCTaBa OIpeie-
JISICTCST AKCICPUMEHTAIBHO, HAaIIpUMep, IS
BBIOPAHHOTO MOJBMKHOTO cocTaBa Koo u-
IUEHT HaXomuTcs o popmyde [4].

25 6
100+7 ©)
IIe v — CKOPOCTh IBIDKCHUS TToe3aa, KM/d.

Cuna CHCIUICHUSA, IIPUXOAA1IasaCda Ha OOHY
MOTOPHYIO OChb:

l//xcu =
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Puc. 1. 3aBsucumoctu Feu(V) n Wo(V).

Fcuocx: = \chu * qOM’ (7)
rae F, . — cuna cuernsienust, H.
Cuna cueruieHus BCero noesaa:
F=F N, (8)
c coch oM

rae N — 4uCiIo OCel ¢ TATOBBIM JIBUTATEIEM
BO BCEM MOe3Ie.

PacuéTbl cuiibl clienieHus Kojeca ¢ peib-
COM B 3aBUCHUMOCTH OT CKOPOCTHU TPEACTaB-
JieHsl B Tabnuue 2. [To nanHbiM Tabaui 1 u 2
MOCTPOEHHBIE Ha puc. 1 3aBucumoctu F, (V)
u Wo(V) npuBeaeHsl 1151 y1io0CTBa B pa3Mep-
HocTax [KH].

TTpu npuHATOI! KOHMUTYPALIUU DTEKTPO-
noe3aa orpaHUYEHME MO CLEIJICHUIO He
MO3BOJIUT ABUTATHCS CO CKOPOCTHIO BbIIIE
350 km/49. Jlyist €€ yBeIM4eHUsI CIIEAYyeT WIn
YMEHBIIUTh CUJIy COMPOTUBJICHUS ABUXE-
HUI0, YTO MPEACTABSETCS TOBOJbHO CJIOX-
HbIM U TpeOyeT BHECEHUS CYIIECTBEHHBIX
U3MEHEHUN B KOHCTPYKIIMIO Moe3na, Wiu
YBEJUYUTH CUy cueniaeHus. [1pu Tpaguiu-
OHHOI cUCTEME KOJIeCO-pebC KO hUIIUEHT
CLEeMJeHUs KoJjieca ¢ PeJbCOM yBEJIUYUTh
HEBO3MOXHO; CUJIbI CLIETJIEHUSI MOXHO Ha-
PACTUTh C MOMOIIbIO MPOCTOTO MeXaHUYe-
CKOTO YBEJIMYEHUS YUCa MOTOPHBIX OCel
(YMHOXEHUS] MOLIHOCTH), OMHAKO 3TO MpHU-
BeIeT K YBEJUYEHUIO MacChl MOABUXKHOTO

1

coCTaBa, 4YTO B CBOIO 0Yepe/Ib OTPULIATETLHO
CKaXkeTcs Ha TUMHAMWYECKOM BO3ICHCTBUM
Ha TyTh OT BBICOKOCKOPOCTHOTO 3JIEKTPOTIO-
e3na [5].

3. TMBPUAHbIA OBUXWUTEJb

J17151 IBUKEHMST BBICOKOCKOPOCTHOTO 2J1eK-
TPOIIOE3/1a Ha CKOPOCTSIX, TPU KOTOPBIX CHJIa
CIIETIJIEHUST KOJIECA C PETBCOM OYAeT HUXe
CWJIbI COMTPOTUBJIEHUS ABMKEHUIO U HE MOXET
OBITh peaqn30BaHa CUJa TICU C TTOMOIUIBIO
COOCTBEHHBIX BpalllaloUIUXCS TITOBBIX
3JIEKTPOJBUTATENEN, TPEATIONATaeTCs] UCTIOINb-
3oBatb JIC/. To ecTb mpuaaTh MOABKHOMY
COCTaBY IBOMHOW VMU TMOPYAHBIA ABUXKUTEb:
TaroBble 3ekTponsurarenu u JICI,.

IlepBUYHBIN 2€MEHT JIMHEIHOTO IBUTa-
TeJIs1, KAKUM MOTYT ObITh IOCTOSTHHBIE MarHU-
ThI, PACITOJIOXXEH Ha MOJABUXHOM COCTaBe,
a 00OMOTKa JBUTraTess WIM BTOPUYHBIN BJie-
MEHT pacriojlaraeTcsl Ha MyTu, HAIpUMep,
MEXIy pesibcaMu. JIBUKeHMe MO BBICOKOCKO-
poctHO# uHuu npu Hamuuuu JICI Oynet
MPOUCXOIUTH C TOMOIIIBIO YITPABJICHUS YaCTO-
TOI OOMOTOK HE3aBUCHMO OT MOe3/1a, LIEHT-
panuzoBaHHo. CuJjia cLeTIeHUs KOJIEC C pelib-
COM B JAHHOM CJly4yae He MTpaeT OOJbIION
pOJIM, TIOTOMY YTO PEJIbChl UCTIOJIb3YIOTCS

[IITTTTTTTITITLITT]
2

“

Puc. 2. PacrionoxeHne nepen4yHoOro u BTOPN4YHoro ssiemeHToB JIC[ Ha BbICOKOCKOPOCTHOM
anekTponoesae: 1 — nepsnyHas yacte JICA, yctaHoB/NeHHas Ha NOABUXHOM COCTaBe;
2 — BTopmyHas Yyactb JIC[], ycTaHOB/IeHHasi Ha MOJIOTHE MyTH.
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Puc. 3. Mpumep cxemMbl BbICOKOCKOPOCTHOM
maructpanu: 1 — y4acTku pa3roHa ¥ TOPMOXEHUs
anekTpornoe3aa oT Ha4ana ABUXEHUS [0 CKOPOCTH
200 km/4; 2 — y4acTKu ABUKEHUNS 3JIEKTPOINOE340B
C MaKCUMaJsibHOV CKOPOCTbIO ABVXXEHUS [0
300-350 km/4; 3 — yyacTok maructTpanu,
ob6opyanoBaHHowi JICA, cO CKOPOCTbIO ABMKEHUNS
400-450 km/4.

TOJIPKO KaK HampaBJISIONIUe 1JIsl IBUKCHUS.
OTcyTcTBYET U mpobjieMa TOKOChEMaA, MO-
CKOJIbKY Ha 3JICKTPOIIOe3/Ie YCTAHOBJICH TIep-
BUYHBIN sneMeHT JICJl, He TpeOylomuii
sJieKTponuTanus. IIpumep pacroaoxeHust
IePBUYHOM M BTOPUYHOM OOMOTOK TaKOIO
JIBUTaTeJIsI IT0Ka3aH Ha puc. 2.

Yro KacaeTcsl mopsiaKa anpodaiuu I'-
OPMIHOIO IBMXXUTENSI, TO MOXHO B3Th BbI-
COKOCKOPOCTHYIO MarucTpajib U pa3ouTh e€
Ha HECKOJIBKO yJacTKoB (puc. 3). HauanbHbIi
U KOHEUHbIN yyacTku (Ne 1) nuHuuM ciayxat
JUTSI Pa3rOHa U TOPMOXKEHMS BHICOKOCKOPOCT-
HOTO 3JIeKTporoe3aa 10 ckopoct 200 Km/4,
Ha caenyrouux yyactkax (Ne 2) moesn pasro-
Hsietcs 1o ckopoctu 300—350 km/4, Ha cerof-
HSIITHUI ICHb 3TO MpeeIbHasi KOMMepYecKast
CKOPOCTb 3KCILTyaTallluU ITOA00HBIX MOE310B
B MHUpe [6] C UCTIOJIb30BaHUEM TPATUIIMOHHOM
CHCTEMBI KOJIECO-PEJIbC U TSITOBBIX Bpalllaro-
LIMXCSI DJICKTPOIBUTATEIICH.

Ha yuactke Ne 3 moe3n IBUKETCS ¢ TTOMO-
mbio JICJI, cKOpoCTh MOKET IHOCTUTATh
400—450 xM/4 U BbIlIIE, YIIpaBIeHNE, CUTHA-
JIM3alus, HeHTpaIu3auus U 0JIOKUpOoBKa
MPOMCXOIAT LIEHTPAIIM30BAaHHO B AUCIIETYEP-
CKOM LIeHTpe 0e3 yyacTtusi MamuHucta. Ha
5TOM y4acTKe U3HAYaJIbHO Ha 0e30a/U1acTHOM
ITyTH PEITOJIaraeTCsl yCTAaHOBUTh BTOPUYHBIA
snemeHT JIC. Tak Kak mTUTaHue MePBUYHOTO
aJIeMEHTa He TpeOyeTcs (IOIKIIOUYEHBI BJie-
MEHTBI Ha MOJIOTHE), TO Ha CTOJIb BHICOKHUX
CKOPOCTSIX OTCYTCTBYET ITPO0JieMa TOKOChEMa,
CIIEIUICHUS KoJjieca ¢ PeIbCOM M CHCTeMa
snekrpupuxkannu u CLb.

PacnonoxeHue nepBUYHOTO 3JIEMEHTa Ha
MOJBUXXKHOM COCTaBe He TpeOyeT CIOXKHBIX
M3MEHEHUI B KOHCTPYKIIMIO, 3TO 3JIEMEHTHI
C IMOCTOSIHHBIMM MarHUTaMu, KOTOPbIE HAI0
YCTAHOBUTB IO/ JHOM BarOHOB Ha OIPEIe/ICH -

HOM BbICOTE (JIMHEUHbIV CHHXPOHHbIN 1BUTA-
TeJIb MO3BOJISIET UMETh 3HAYUTEJIbHbBINA BO3-
IYIIHBIA 3a30p MEXAy NEPBUYHBIMUA U BTO-
PUYHBIMU DJIEMEHTaAMU).

IIpumeHeHUe TUOPUIHOTO IBUXKUTEIS
OyIeT crnocoOCTBOBATh YBEIMUYEHUIO CKOPOCTU
Ha XeJIe3HOAOPOXKHOU JUHUU, B TOM YUCTIe
Ha BBICOKOCKOPOCTHBIX MarucTpaisiX, KOTO-
pble OTKPBIBAIOTCSI UJIA TOTOBITCS K DKCILTY-
araluu, HampuMep, BBICOKOCKOPOCTHAS Ma-
ructpaib VDES B ®PI, Manpun — paiion
Tanucug B Mcnanuu, BTopast ouepeab TUHUNA
TGV Est |7, 8]. Y HOBOTO MOABUKHOTO COCTa-
Ba, momnyctum, noesga ICx, MakcumasbHas
CKOPOCTB IBIKEeHMS cocTaBisieT 250 km/4 [9],
C MMPUMEHEHUEM TUOPUIHOTO JABUXKUTES
(ycranoBka nepBuuHoii yactu JICJI Ha moe-
3]le) peaJbHbIM CTAHOBUTCS yBEeJIUYEHUE
CKOpOCTH 0e3 BHECEeHUs U3MEHEHUI BO Bpa-
IIaloNIAecs TATOBbIE IBUTATENU. YCIOBHO
JNBUXEHUE HAa HOBBIX BBICOKOCKOPOCTHBIX
MaruCTpayIsiX MOXXHO OPraHU30BaTh [0 CXEME,
corjacHo puc. 3.
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HYBRID PROPULSION UNIT

Glushchenko, Mikhail D., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
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ABSTRACT

The authors presented a conceptual idea of a
high-speed mainline with a maximum speed of
400-450 km/h. The use of rotary engines requires
more energy at high speeds, there are difficulties with
current collection, wheel-rail adhesion, etc. At the

same time, the use of a linear traction motor at low
speedsis not justified from an economic point of view,
but efficient at high speed in terms of operation. In
this regard, an option of a combined or hybrid traction
propulsion unit is offered, in which the positive
aspects of previous models interfit.

Keywords: transport, high-speed trains, high-speed lines, linear synchronous motor, asynchronous traction
electric motor, resistance to motion, wheel-rail adhesion force, hybrid propulsion unit, conceptual idea.

Background. Today, in the world a large number
of high-speed mainlines is in operation, the maximum
speed at which is 250-350 km/h [1]. To achieve high
speed with conventional wheel-rail system with a
classical arrangement of traction motors on the rolling
stock (from a motor shaft on a wheel set axle via a
gear) itis necessary to solve several problems. Such
as for example the problem of wheel-rail adhesion,
current collection, electric train power.

Adhesion of wheel sets with rail is one of the
limitations of traction characteristics of the rolling
stock, and on the basis of physical processes with
increasing speed adhesion coefficient reduces, and
this reduces traction. Unconventional systems,
especially on the rolling stock with linear synchronous
motors(hereinafter — LSM), deprived of these issues,
traction force is transmitted here not through the
wheel-rail, but due to interaction of primary and
secondary elements, arranged on the rolling stock
and tracks. But such a design has a flaw — the need
for resettlement throughout the track of one of the
parts of the linear traction motor.

Current collection problem comes to the fore with
increasing speed over 200 km/h, where we can speak
about probability of arcing between the runner and
the current wires due to vibration and a small
detachment of the runners from the wire, increasing
aerodynamic effects, etc. [2]. Electric trains with
linear synchronous motor do not have current
collection problems in principle, since electric power
is supplied to the stator, located directly on the railway
bed. However, the use of LSM results in a significant
increase in the cost of track structure and rolling
stock.

An alternative is offered: a double or hybrid
traction propulsion unit, i.e. in areas with relatively low
speed (up to 300 km/h) rotating traction motors may
be used, and in areas with a speed higher than
300 kmy/h linear motors may be used.

Objective. The objective of the authors is to
consider a hybrid propulsion unit, which can be used
on electric trains.

Methods. The authors use general scientific and
engineering methods, simulation, comparative
analysis, mathematical calculations.

Results.

1. Calculation of motion resistance force

When substantiating the alleged change it is
necessary to calculate motion resistance forces and
rail adhesion forces. As an example, eight-car train
was taken, which included four motor and four trailing
cars with a load of 160 and 150 kN / axis on each. For
this version with the formula MH+T+M+T+T+M +
T + MH (where M — motor car, T — trailing car, MH —
motor head car) motion resistance force can be
calculated as follows.

The resistance to motion is dependent on the
design and the technical condition of the rolling stock,
track superstructure, profile and plan of the track, on
the train speed, as well as wind speed and direction.
It is due to the presence of friction in nodes of rolling
stock, wheel friction on the rails, deformation of track
and rolling stock elements, air resistance, as well as
the nature of gravity on slopes. The resistance to
motion is conventionally divided into two main
components.

The first is called main resistance to motion W_,
it is resistance to motion of rolling stock of this type
on a straight horizontal open section of the track at
any speed (including when v = 0). This component is
caused by internal friction in nodes of the rolling stock,
resistance arising in interaction of the rolling stock
and tracks, as well as air resistance (when there is no
wind). [3]

The second component is called additional
resistance to motion W,, it is derived from slopes and
curves. It is believed that additional resistance is
independent on speed and is determined only by the
plan and profile of the track. Next, the calculation is
carried out without taking into account the effect of
additional resistance forces.

The main resistance to motion is calculated as the
sum of two components: W __ . - mechanical
resistance to motion and W,, - resistance of air
ambient. Specific resistance to motion of the entire
train w’_ is calculated as the sum of specific forces
[3].

(1)

;=
w, =w

; +w

,
mech air’

where w’  is main specific resistance to motion, W
is mechanical specific resistance to motion,

;
mech

w
KN’
, . . . N
w’__is specific air resistance, —— .
air kN
Specific mechanical resistance to motion:
740,12V
B (2)
qy

where Vs train speed, km/h;
q, is weight per axis of a wheel set, kN/axis.
Specific air resistance:

_CoQepel?
23,60y,
where C, is coefficient of air resistance of a train;
Q s calculated mid-section area, 10,7 m?;
m* ’

W oo = 0,45+

(3)

p is density of ambient air, 0,125

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 14, Iss. 3, pp. 72—79 (2016)

Glushchenko, Mikhail D., Goryunov, lvan O. Hybrid Propulsion Unit




where C, is coefficient of air resistance of a conditional
single car, 0,55;

C, is coefficient of air resistance of a car in the
middle of the train, 0,21;

N is a number of cars in the train.

Weight per axis of motor and trailing cars is
different, so the calculations use the average value
quv"

N, +N, ®
where q,,, q,, is weight per axis of a wheel set of a
motor and trailing car respectively, kN/axis;

N_., N is anumber of motor and trailing cars.

Average weight per axle of a car for this
arrangement is 155 kN / axis.

All calculations are summarized in Table 1.

Calculations show that at low speeds mechanical
resistance to motion prevails, and at speeds above
100 km / h air resistance forces are more significant.

2. Limitation of adhesion

One of the main criteria of train movement is a
restriction on wheel-rail adhesion forces F, . External
to the wheel is a force, thanks to which the torque of
the traction motor is realized in the form of traction,
transmitting the forward movement of the wheel, and
with it the entire train. From this it follows that for
conventional design of the rolling stock with rotary
traction motors motion resistance force should be
smaller in magnitude than wheel-rail adhesion force.

In reality it is difficult to calculate the coefficient
of adhesion, therefore the formula for each type of
rolling stock is determined experimentally, for
example, for the selected rolling stock the coefficient
is determined by [4].

25

100+v’

where v is train speed, km/h.
Adhesion force per one motor axis:

Vewr = (6)
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Table 1
Main and specific motion resistance forces
v, km/h 0 50 100 150 200 250 300 350 400
w'mech, |0,90 1,29 1,68 2,06 2,45 2,84 3,22 3,61 4,00
N/KN
w'air, N/ [0 0,50 2,01 4,53 8,05 12,58 18,12 24,66 32,21
kN
w'a/w'm, |0 0,39 1,20 2,20 3,29 4,43 5,62 6,83 8,05
w'm, N/ [0,90 1,79 3,69 6,59 10,50 15,42 21,34 28,27 36,20
kN
Wm, N 4472 8888 18296 32696 52088 76472 105848 140216 179576
Wm, kN (4 9 18 33 52 76 106 140 180
Table 2
Adhesion force of the train with four motor and four trailing cars
v, km/h |0 50 100 150 200 250 300 350 400
» 025 |0,17 0,13 0,10 0,08 0,07 0,06 0,06 0,05
F ..o N [4000 2670 2000 1600 1330 1140 1000 890 800
F,N 640000 | 426666 320000 256000 213333 182857 160000 142222 128000
F_ . kN |640 427 320 256 213 183 160 142 128
q,., is average weight per axis of a wheel set, kN/  F, . . =vy_.*q,. (7)
axis. where F,, . is adhesion force, N.
The coefficient of air resistance of the train [3]. Adhesion force of the entire train:
C,=C,+C,+(N-1), (4) T (8)

where Na: is a number of axes with traction motors in
the entire train.

Calculations of wheel-rail adhesion force
depending on speed are shown in Table 2. According
to tables 1 and 2 built in Pic. 1 dependences F_ (V)
and Wm(V) are shown for convenience in dimensions
[kN].

With the adopted configuration of the electric train
adhesion restriction does not allow moving at speeds
above 350 km/h. To increase it, it is necessary either
to decrease motion resistance force, which seems
quite difficult and requires significant changes in the
design of the train, or to increase adhesion force. In
the traditional system of wheel-rail wheel-rail
adhesion coefficient cannot be enlarged; adhesion
forces can be extended by a simple mechanical
increase in the number of motor axes (capacity
multiplication), but this would increase the weight of
rolling stock, which in turn will adversely affect the
dynamic action on the track from the high-speed
electric train [5].

3.Hybrid propulsion unit

For the movement of high-speed electric trains
at speeds at which wheel-rail adhesion force be lower
than motion resistance force and traction force cannot
be implemented with the help of its own rotating
traction motors, LSM will be used. That s, to give the
rolling stock double or hybrid propulsion unit: traction
motors and LSM.

The primary element of the linear motor, what kind
of some permanent magnets can be, is located on the
rolling stock, and the motor winding or the secondary
element is arranged on the track, for example,
between the rails. Movement on high-speed lines in
the presence of LSM will be with the use of control of
windings’ frequency regardless of the train, centrally.
Wheel-rail adhesion force in this case does not play
a big role, because the rails are used only as a guide
for movement. There is also no problem of current
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Pic. 1. Dependencies F_ (V) and Wm(V).

collection, since on the electric train a primary
element of LSM is set, which does not require power
supply. Example of location of primary and secondary
windings of such a motor is shown in Pic. 2.

As for the order of testing of the hybrid propulsion
unit, it is possible to take a high-speed mainline and
divide it into several sections (Pic. 3). Start and end
sections (N2 1) of the line are used for acceleration
and deceleration of high-speed electric trains to a
speed of 200 km/h, in the following areas (N° 2) the
train accelerates to a speed of 300-350 km/h, to date,
it is the marginal commercial rate of exploitation of
such trains in the world [6] using the traditional wheel-
rail system and rotating traction motors.

On a site N2 3 the train moves with the help of LSM,
speed can reach 400-450 km/h and above, control,
signaling, centralization and blocking occur centrally
in the control center without a driver. On this site
natively on ballastless track secondary element of
LSM will be installed. Since supply of primary element
is not required (connected elements on the railway
bed), then at such high speeds there is no problem
of current collection, wheel-rail adhesion and the
system of electrification and signaling.

Location of the primary element on the rolling
stock does not require complex modifications, these
are elements with permanent magnets that must be
installed under the car bottom at a certain height
(linear synchronous motor allows to have a significant
air gap between the primary and secondary elements).

Conclusion. The use of a hybrid propulsion unit
will increase speed on the railway line, including
high-speed mainlines that are in operation or are
being prepared for operation, for example, a high-
speed mainline VDE8 in Germany, Madrid — region
of Galicia in Spain, the second phase of the line TGV
Est [7, 8]. The new rolling stock, for example, trains
ICx, have a maximum speed of 250 km/h [9], with
the use of a hybrid propulsion unit (installation of the
primary section of LSM on the train) increase in
speed without any change in rotating traction motors
becomes real. Relatively traffic on new high-speed
mainlines can be arranged according to the scheme,
as shown in Pic. 3.

Pic. 2. Location of primary and secondary elements of
LSM on the high-speed electric train: 1 — primary part
of LSM mounted on the rolling stock; 2 — secondary
part of LSM, mounted on the railway bed.

Pic. 3. Example of a high-speed mainline: 1 — areas
of acceleration and deceleration of the electric train
from beginning of movement to a speed of 200 km/h;

2 — areas of movement of electric trains with a
maximum speed of up to 300-350 km/h; 3 — area
of the mainline equipped with LSM, with speed of

400-450 km/h.
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