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SCIENCE AND ENGINEERING

Nérp HOBOCEJIbLIEB
Petr V. NOVOSELTSEV

Experiment with Sliding penu paboT, MOCBALLEHHBIX UCCIIEN0BA-

of Locomotive Wheel Sets HUIO IIPOCKAIB3bIBAHMS KOJIECHBIX ITAP,
(TekcT cTatby Ha aHIJl. 3. —

English text of the article — p. 108) O1Ha M3 Haubonee M3BOCTHBIX IPHHAJl-
nexut H. H. Menmyruny [1]. B Heli onucaHbl

OkcnepuMeHTanbHble NCCeaoBaHNs,  MacIlITaOHbIE SKCTIIEPUMEHTHI, TIPOBEICHHbIE
npeAcTaB/ieHHble B CTaTbe, BbISIBUJIN, g pea IbHBIX YCJIOBUSIX 9KCIUTyaTalli JIOKOMO-

4YTO BO3HUKamoLyas B npoyecce segeHuns
o peJsibcaM >Xesie3HO4OPOXXHOro cocraea THBa B KOHIIC 1950-x TONOB. " Toraa Gbi10

HepaBHOMEPHOCTb ABWXeHUs oTAenbHbix YCTAHOBICHO, YTO OTHOCHUTE/IbHAsI CKOPOCTh
ero yacTeii NPMBOANT K MosiBAIeHnio  TIPOCKaJIb3bIBaHMs, paBHas 1,5—2 %, cooTBeT-
TOJ14KOB, KOTOPbI€ MOr'yT CTaTb IIPUYNHON  cTRYET MAKCUMYMY I10 CLIETUIEHUIO U HE 3aBUCUT

npocKasmb3siBanusi. OCOGEHHOCTLIO OT CKOPOCTH IBUXKEHUSI IOKOMOTHBA. OcoOeH-
npeanaraemoro crnoco6a KOHTPoJIs

CHTYaumm sBnseTcs To, 4To onpegenserca HOCTBIO TEX SKCMEPHMMEHTOB CTAIO TO, YTO

abconoTHOe ABvXeHNe IOKOMOTUBa  CKOPOCTb IIPOCKAIb3bIBAHUS ONPEAEIISIACH Ha

110 OTHOLLIEHMIO K HEMOABUXHOW CUCTEME,  OCHOBE CpaBHEHUS CKOPOCTEN ABMKEHUS IBYX

ycTaHaB/IMBAETCS €ro CKOPOCTh, v necypx rap, OfHA U3 KOTOPBIX ObLIA HATPY-

110 UBMEHEHMIO KOTOPOJ BBIYUCSIETCS . .

npocKanbasiBaHne, NockosbKy Kak paz  KeHa TATOBLIM MOMEHTOM, a Y IPYTOM TATOBbIH
YMeHbLUeHne CKOPOCTHU rnpu ABwkeHun 1BUTATC]Ib ObLT BBIKJIIOUEH.

B pexxume THrn ykasoisaet B uenom psine uccnenoBanuit paccmaTpu-

Ha BO3HUKHOBEHNE OTK/IOHEHUN.  pa1g1cg caMble pa3Hble BOIPOCHl TEOPUU

Kniouessie crosa: xenesras gopora, 1 IPAKTUKH CLETUICHHS M NIPOCKAIb3bIBAHMS

JIOKOMOTUB, KOJIECO, PEJIbC, KacartesibHas [2, 3]. B pabote [4] yrBepKaaeTCs, 4TO CKO-

cuna Tarv, CKopocCTb, YCKOPeHue,  POCThb MPOCKANIb3bIBAaHUS KOJIECHOM Mmaphl

cnna nHepumn, cnna ConpoTUBIIEHNS,  cyiiiecTBEHHO 3aBUCUT OT TEXHUYECKOTO COC-

CKOPOCTb MPOCKasib3biBaHus abCOMOTHasI
P p TOSAHUSA PEJIbCOBOTO ITYTHU, B YaCTHOCTU €TI0
n OTHOCUTEJIbHas.

N | DO/10JTHHO JKECTKOCTH.

® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 104-110 (2017)



https://core.ac.uk/display/230944844?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

B namem ciyyae mpenpiaraetcst crocoo
HCCIIEIOBAHUST IPOCKAJIb3bIBAHUST KOJIECHBIX
map TOKOMOTHUBA, COCTOSIIIINI B CIIEMYIOIIEM:

— 9KCTIEPUMEHTAIIBHO OTpPENnessieTcs 3a-
KOH a0COJIIOTHOTO NBUXEHUS JIOKOMOTHBA
OTHOCHUTEJIbHO HETIOBMKHOM CUCTEMbI KOOP-
JIMHAT:

S =£,
rre S — nepeMelieHue J0KOMOTUBA, M;

— 3aTeM, Ha OCHOBE 3TOI 3aBUCUMOCTH (1),

(pukcupyeTcst CKOPOCTh TOKOMOTHBA (M/C):

V'= ds 2

dr =f,®;
— [asiee OIpeNessIeTCs] YCKOPEHUE JIOKO-
MOTHUBa KaK BE€JIMYMHA UBMEHEHUS CKOPOCTU

e))

(M/c):
a'=%=f3(t) : 3)

— BBISIBJISIIOTCS YYaCTKM, Ha KOTOPBIX
YCKOpEeHUE OTpUILIATeIbHOE (TO €CTh BO3HUKA-
€T MPOCKaJIb3bIBaHUE).

Huxe npuBonuTcs mpuMep UCCaen0BaHUs
MPOCKaIb3bIBAHUSI, BHIMOJHEHHOTO Ha MYTSIX
CTaHIMU YiIaH- Y3 Ha MPSIMOM FOPU30HTab-
HOM yyJacTke 1rpu Temnepatype +8°C B cyxyto
norony. McnbelTaHWIO TTOABEPrajcs rpy30Boit
coctaB Maccoii 4370 TOHH ¢ TOKOMOTUBOM
BJI-80" ripu TporaHuu ¢ MecTa.
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Puc. 1. CHUMKu nonoxxeHns
siokomoTusa Yyepes 0,25 c.

PaboTta BeITTOJIHSTACh B 3aJaHHOU TTOCIe-
JIOBAaTEJILHOCTH:

— Ha KOopITycaxX JOKOMOTHBA M TIEPBOTO
BaroHa OBIIM YKPETUICHBI MEPHBIC JICHTHI
¢ 1ieHoit menaeHus 1 MM (puc. 1);

— IIPOTUB HUX, HAa HETTOABIKHBIX OTIOPaX,
OBUIM YKPEIUICHBI ABE IIU(POBLIC KAMEPHI;

— 10 3BYyKOBOMY CUTHaJTy MaIllMHKUCTA Ha
OTIpaBIIeHNE (D POBBIE KaMEPHI OBLITN BKITIO-
YEHBI U BBITIOJIHEHA IM(MDPOBAsT 3aI1Ch Iepe-
MCIIEHUI JTOKOMOTHBA M IIEPBOTO BaroHa
(Ha puc. 1 mpencTaBIeHBI 1Ba CHUMKA MEPHOI
JICHTBI Yepe3 IpoMexkyToK BpemeHu 0,25 ¢).

Takum obGpa3oM, MyThb, IPOMACHHBIN JI0-
KOMOTHBOM 3a 3TO BpEMEHS:

AS' =147,5—138,2=9,3 mm = 0,0093 m.

CpemHsiss CKOPOCTh JTOKOMOTHBA B 3TOM
IIPOMEXYTKE BPEMCHU:
V- AS' =A_S’= 0,0093

-t At 0,25

I[IpocmaTpuBasi MokKaapoBO BUAEO3a-
MUCh, TPOU3BOJAUM CUUTHIBAHNE OCHOBHBIX
rmapamMeTpoB:

— BpeMs /, JaHHOTO KajIpa,

— COOTBETCTBYIOIIYIO KaJpy KOOPANHATY

=0,0372 m/c.

’
S, MonoxeHus JTOKOMOTUBA U KOOPAMUHATY

S T0J10KEHM TIEPBOTO BaroHa;

Hoeocenbuee . B., lopaeeea A. A., Kynuog 0. A. 9KCNEPUMEHT C NPOCKasb3bIBAHNEM KOJIECHBIX Nap
JIOKOMOTUBaA




® MWP TPAHCIMOPTA, Tom 15, N2 3, C. 104-110 (2017)

i{ii Ta6amua 1
‘ Bpewms Ilepemenie- | [Mepemere- | Pasuuina rme- | Ckopocts | CkopocTh | YckopeHue | YcKopeHue
| HUe HUE pCMeLLlCHI/lﬁ JIOKOMO- BaroHa JIOKOMOTHUBA | BaroHa
JIOKOMO- BaroHa JIOKOMOTHBa | TUBa
THUBa U BaroHa
t, (cex) S/, (w) S, (M) S-S5 |V o) |V (/o) | g, (/e 4", (m/c?)
1 2 3 4 5 6 7 8
0 0 0 0 0,004 0 0 0
0,25 0,001 0 0,001 0,008 0,004 0,016 0,016
0,5 0,003 0,001 0,002 0,018 0,004 0,04 0
0,75 0,0075 0,002 0,0055 0,028 0,004 0,04 0
1 0,0145 0,003 0,0115 0,028 0,008 -5,6E-17 0,016
1,25 0,0215 0,005 0,0165 0,016 0,016 -0,048 0,032
1,5 0,0255 0,009 0,0165 0,026 0,024 0,04 0,032
1,75 0,032 0,015 0,017 0,022 0,028 -0,016 0,016
2 0,0375 0,022 0,0155 0,03 0,02 0,032 -0,032
2,25 0,045 0,027 0,018 0,056 0,024 0,104 0,016
2,5 0,059 0,033 0,026 0,08 0,028 0,096 0,016
2,75 0,079 0,04 0,039 0,096 0,032 0,064 0,016
3 0,103 0,048 0,055 0,128 0,068 0,128 0,144
3,25 0,135 0,065 0,07 0,14 0,08 0,048 0,048
3,5 0,17 0,085 0,085 0,132 0,12 -0,032 0,16
3,75 0,203 0,115 0,088 0,12 0,136 -0,048 0,064
4 0,233 0,149 0,084 0,116 0,136 -0,016 2,22E-16
4,25 0,262 0,183 0,079 0,096 0,14 -0,08 0,016
4,5 0,286 0,218 0,068 0,1 0,112 0,016 -0,112
4,75 0,311 0,246 0,065 0,104 0,112 0,016 4,44E-16
5 0,337 0,274 0,063 0,116 0,108 0,048 -0,016
— BpeMms £, CIIEYIOIIETO Kapa, g
— COOTBETCTBYIOILYIO Kajupy KoopauHaty V, " =—12 v el L)
S| ToI0XeH!s JOKOMOTUBA U KOOPAMHATY ) y &)
V.= S =S
S..,” monoxeHus nNepBoro BaroHa. il At
Jlanee BBIYMCISIEM CPESHIO CKOPOCTH Haxonum yckopeHue T0KOMOTHBA U Baro-
JIOKOMOTHMBA U BaroHa B MPOMEXYTKE Bpeme- Ha Ha 9TOM MHTEpBaJie BpeMEHU:
HI/IOTtl,:ELOtH{: p ZVM'_Vi"
V' = SMA_tSi , il At
" "
1 "_ N ) @ ai,irl =% (6)
At
ITpon3BomnM BBIYMCIICHMS B IIPOrpamMme
3aTreM CUMTHIBaEM C BUACO3AIMUCU KOOP- Excel U pe3y/sTaThi CBOTUM B TAGIHILY 1.
JAMHATHLI JoKoMoTuBa S,,,” u BaroHa S,,,"B IIpu cpaBHEHUM MPEOBIIYIIEH U ITOCe-
MOMEHT BPEMCHH 7, . AyloLmx ckopocteit jokomorusa V; u V)
ITocnie aTOro BEIUUCISIEM CPEAHIOI CKO- BO3MOKHBI BADHAHTI.
pOCTb JIOKOMOTMBA U BaroHa B MPOMEXYTKE . ,
BPEMEHU OT £, JIO I, 1-it Bapuant: V">V, /.
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B aToMm ciryyae yckopeHUMe JIOKOMOTHBA
HaIpaBJIeHO B CTOPOHY ABIKCHUS, a CHJIa
WHEePLY IIPOTUBOITOIOXHA eMy. Ha ocHOBa-
HUM mpuHIOuIa Jaramoepa nMmeem:

F—R—F=0, 7)

rae F, — xacarenbHas cuna taru; R — cuna
COIIPOTUBIICHUS; F — Cuja MHEPLIMH.
ITpeo6pasyem ypaBHeHue (7):
F—R=F.
BEBIBOI: JIOKOMOTHB JIBWKETCSI C YCKOpPE-
HUEM B HOPMAaJIbBHOM PEKUME TSTH.

2-it Bapuant: V, ' <V, .

i+]

31ech yCKOpeHHe TIOKOMOTHBA,

a =— I/Hl’ - Vl '
At

OyIeT OTpUIIaTeTbHBIM 1 HAIIPaBJIEHO MPOTH-
BOIIOJIOKHO HAIpaBieHUIo aBukeHus. Cuia
WHEPIUMY B 3TOM CJIydae COBMANAET C HATIPaB-
JieHreM nBrkeHus1. OCHOBBIBASICh HA TIPUH-
uune Jdanambepa, moydum:
F—R+F=0, (8)
F—~R=-F. )

3HaunT, KacaTejbHasl CUJIa TSITU MEHbIIIE
CUJTBI COTIPOTUBIICHMS IBUKEHMIO. PaBeHCTBO
(8) MOXXET OBITH YIOBIETBOPEHO, KOT/IA:

— YMEHbBIIIAeTCsl KacaTelbHasl CUia TSTU
F,, TO eCTb MPOMCXOAUT NPOCKAJIb3bIBAHKE,;

— YBEJIMYMBAETCSI CUJIA COTIPOTUBIICHUS
IBYKeHUIO R.

[Mpeanonoxum, 4yro cuna F, He U3MEHHU-
nack. Torma cuyia conmpoTuBIeHUsT OyneT
R = F,_+ F. 910 ManoBepoaTHo. Ocraércsa
TPEANOJIOXKHUTh, YTO YMEHBIINIACH KacaTelb-
Hasl CWJIa TSATU M BO3HUKIIO MPOCKATb3bIBAHUE.

AHanM3upys pe3yIbTaThl TAOIULIBI |, MOX-
HO CIIeJIaTh CJIEAYIONINE BbIBOIBI:

1. Ecnu yckopeHust JOKOMOTHUBA U IEPBO-
T0 BaroHa TOJIOKUTENbHBI (B TabauIle TIpu
t=3,25c), TO OHU ABUXYTCS B HOPMaJTbHOM
pexume Taru. B aTOM ciiyuae kacarenbHast
cuna taru F, = R+F. Cuiia mHepumMu cocraBa
CTAaHOBUTCS YaCThIO CUJIBI R COTTPOTUBIIEHUSI
ero nBukeHuto. [Tpockanb3biBaHMST HET.

2. Ecnu yckopeHue JIOKOMOTHBA OTpUIIa-
TeJIbHO, @ YCKOPEHUE TepBOTro BaroHa IoJio-
KUTETBHO (Hampumep, ripu ¢ = 3,5 ¢), To Ka-
careibHag cuna taru F, = R—F. Ilpn aTOM

CHJIa COITPOTUBJICHUA YBEJIMYNBACTCA 3a CUET
CHJIbI MHEPpIMMU COCTaBa, KacaTrcjbHasd CHJia
TATYN YMCHBINACTCA 3a CUET IIPOCKaJIb3bIBaAHHWA,
a abCcoJTIOTHAS BEJTMYMHA CKOPOCTHU ITPOCKaJIb-
3bIBAHUA ITPEACTAHET KaK

V, =V —Vi;=0,140-0,132=0,012 m/c.

HeobGxomnmMo oTMeTuTS, 9t0 ¥V, eCcTh HEKO-
Topasi yCpeAHEeHHas CKOPOCTh MPOCKaIb3bI-
BaHUsI BCEX KOJIECHBIX Tap JOKOMOTHBA, Be-
JIMYMHA B OTIPeAeIEHHOM CTeNEHU YCIOBHAs,
OJIHAKO BeCchMa 3HauYMMasl Jj1s1 MpaKTUKKU Be-
JIeHUS TToe3/1a.

OTHOCHUTETBHYIO CKOPOCTb MPOCKAIb3bl-
BaHUSI OPUEHTUPOBOYHO MOXKHO MPUHSITH
paBHOIA:

V. 0,012
L =——=—"—"-4100 %=8,57 %.
v’ 0,14
1
W ecTb cMBbICT BCIOMHUTL: B padoTe [1]
YKa3bIBaJIOCh, YTO MPU MaJIbIX CKOPOCTSIX
OTHOCHUTEJIbHAsI CKOPOCTh ITPOCKaIb3bIBAHMS

ooutee 2 %.

SAKJITOYEHUE

[pennaraemplii cmoco6 MO3BOSET C TOC-
TATOYHOM TOUHOCTHIO OMPEACIATh aOCOMIOT-
HYIO ¥ OTHOCUTEJIBbHYIO CKOPOCTHU MPOCKAJIb-
3bIBAHMUSI KOJICCHBIX Tap JIOKOMOTHBA U HA €T0
OCHOBE pa3paboTaTh YCTPOMCTBO [IJIsl aBTOMA-
TUYECKOTO MPEAOTBPallcHNsI GOKCOBaHMSI.
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EXPERIMENT WITH SLIDING OF LOCOMOTIVE WHEEL SETS

Novoseltsev, Petr V., Ulan-Ude Institute of Railway Transport, a branch of Irkutsk State University of

Railway Engineering, Ulan-Ude, Russia.

Gordeeva, Anna A., Ulan-Ude Institute of Railway Transport, a branch of Irkutsk State University of Railway

Engineering, Ulan-Ude, Russia.

Kuptsov, Yuri A., Ulan-Ude Institute of Railway Transport, a branch of Irkutsk State University of Railway

Engineering, Ulan-Ude, Russia.

ABSTRACT

Experimental studies presented in the article
have revealed that the unevenness of movement of
the individual parts of the train during its driving along
the rails leads to appearance of shocks that could
cause sliding. The peculiarity of the proposed

method of controlling the situation is that the absolute
motion of the locomotive with respect to the fixed
system is determined, its speed is set, according to
the change of which sliding is calculated, since just
decrease in speed when driving in traction mode
indicates the occurrence of deviations.

Keywords: railway, locomotive, wheel, rail, tangential traction force, speed, acceleration, inertia force,

drag force, absolute and relative sliding speed.

Background. Among the works devoted to the
study of sliding of wheel sets, one of the most
famous belongs to N. N. Menshutin [1]. It describes
the scale experiments conducted in the real
operating conditions of the locomotive in the late
1950s. And then it was found that the relative
sliding rate, equal to 1,5-2 %, corresponds to the
maximum in adhesion and does not depend on
speed of the locomotive. The peculiarity of those
experiments was that the sliding speed was
determined on the basis of a comparison of speeds
of two wheel sets, one of which was loaded by the
traction moment, while the other had a traction
motor switched off.

In a number of studies, various problems of the
theory and practice of adhesion and sliding are
considered [2, 3]. In work [4] it is asserted that the
speed of sliding of a wheel set depends essentially on
the technical condition of the track, in particular its
longitudinal stiffness.

Objective. The objective of the authors is to
consider sliding of locomotive wheel sets on the
experimental basis.

Methods. The authors use general scientific and
engineering methods, experiment, mathematical
apparatus, comparative analysis.

Results. In our case, we propose a method for
studying the sliding of wheel sets of a locomotive,
consisting of the following:

— the law of the absolute motion of a locomotive
relative to a fixed coordinate system is determined
experimentally:

S'=1(1), (1)
where S' is displacement of a locomotive, m;

—then, based on this dependence( 1), locomotive

speed(m /s) is fixed:
,_ds’ .
4 ” > (2)

— further, acceleration of a locomotive is
determined as a magnitude of change in speed
(m/s?):
v’

dt

— areas are identified on which acceleration is
negative (thatis, sliding occurs).

Below is an example of a study of sliding performed
on Ulan-Ude station tracks in a straight horizontal
section at a temperature of +8°C in dry weather. The
freight train was tested with a mass of 4370 tons with
the locomotive VL-80F while starting.

The work was carried out in the following
sequence:

a

=f:; (3)
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—on the bodies of the locomotive and the first car,
measuring tapes with sensitivity of 1 mm were fixed
(Pic. 1);

— against them, on fixed supports, two digital
cameras were fixed;

— according to the sound signal of the driver for
departure, digital cameras were switched on and
digital recording of movement of the locomotive and
the first car (Pic. 1 shows two photographs of the
measuring tape after a time interval of 0,25 s).

Thus, the distance covered by the locomotive over
this time:

AS' =147,5-138,2=9,3 mm = 0,0093 m.

Average speed of the locomotive in this time
interval:

y AS" AS" 0,0093
t,—-t, At 0,25

Looking through the frame-by-frame video
recording, we make reading of the main parameters:
- time t, of this frame;

=0,0372m/s.

- the corresponding coordinate S; ofthe position

of the locomotive and the coordinate S of the

position of the first car;
- time t,,, of the next frame;

- the corresponding coordinate S, of the

position of the locomotive and the coordinate S,,," of

the position of the first car.

Next, we calculate average speed of the
locomotive and the car in the time interval from t, to
t

i+1"

V " Si’+l _Si’
! At
v _qn (4)
V_n:Sm_Si .
! At

Then we read from the video recording the
coordinates of the locomotive S,.,) and the car S,.,"

attimet,,

After that we calculate average speed of the
locomotive and the car in the time interval from t_, to
t,

i+2"

' ’
V.= SHZ _Si+l
i+l T At ’

8. =5,

i+l

(5)
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Pic. 1. Photographs
of locomotive
position in 0,25 s.

We find acceleration of the locomotive and the
car in this time interval:

A
i+1 At >
I el A
afy =~ (6)

We perform calculations in Excel and summarize
the results in Table 1.
When comparing the previous and subsequent

speeds of the locomotive V; and V., the following

options are possible.
1¢toption: V' >V, .

Inthis case, acceleration of the locomotive is directed
towards movement, and inertia force is opposite to it.
Based on the d’Alembert principle, we have:
F~-R-F=0 (7)

where F, is tangential traction force; Ris resistance
force; Fis inertia force.

We transform the equation (7):

F~-R=F.

Conclusion: the locomotive moves with
acceleration in the normal traction mode.

o2rd option: V' <V, .

Here acceleration of the locomotive,

! V;+1, - Vl '
o =—2it Vi
At
will be negative and directed opposite to the direction
of motion. The inertia force in this case coincides with
the direction of motion. Based on the principle of
d’Alembert, we get:
F—~R+F=0; (8)
IFlHEC (9)

Hence, tangential traction force is less than resistance

to motion. The equation (8) can be satisfied when:

;
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- tangential traction force decreases F, i.e.
sliding occurs;

- resistance to motion R increases.

Suppose that the force F, has not changed. Then
the resistance force will be R = F,_+ F. This is unlikely,
therefore it remains to assume that the tangential
traction force has decreased and sliding has
occurred.

Analyzing the results of Table 1, we can draw the
following conclusions:

1. If acceleration of the locomotive and the first
car are positive (in the table att = 3,25 s), then they
move in normal traction mode. In this case, the
tangential traction force F, = R+F. The inertia force of
the train becomes part of the force R of resistance to
its motion. There is no sliding.

2. If acceleration of the locomotive is negative,
and acceleration of the first car is positive (for
example, att=3,5s), then the tangential traction force
F.=R-F. In this case, the resistance force increases
due to the inertia force of the train, tangential traction
force decreases due to sliding, and the absolute value
of sliding speed appears as

V. =V —V!=0,140-0,132=0,012 m /s .

It should be noted that V_is some average speed
of sliding of all locomotive wheel sets, a value to some
extent conditional, but very significant for the practice
of conducting the train.

The relative speed of sliding can roughly be taken
as:

v

—_c

0,012
yr 0,14

i

-100%=8,57% .

c

And it makes sense to recall: in [1] it was pointed
out that at low speeds the relative sliding speed is
more than 2 %.

Conclusion. The proposed method makes it
possible to determine with absolute accuracy the
absolute and relative rates of sliding of wheel sets of

.15,Iss. 3, pp. 104-110 (2017)
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igg Table 1
1 : Time Locomotive | Car Difference in | Locomotive | Car speed Locomotive | Car
! movement | movement movements of | speed acceleration | acceleration
locomotive and
car
t, (sec) | S, (m) S/, (m) S-S, m) |V mfs) | V", (mys) | g, (m/s?) a,", (m/s?)
1 2 3 4 5 6 7 8
0 0 0 0 0,004 0 0 0
0,25 0,001 0 0,001 0,008 0,004 0,016 0,016
0,5 0,003 0,001 0,002 0,018 0,004 0,04 0
0,75 0,0075 0,002 0,0055 0,028 0,004 0,04 0
1 0,0145 0,003 0,0115 0,028 0,008 -5,6E-17 0,016
1,25 0,0215 0,005 0,0165 0,016 0,016 -0,048 0,032
1,5 0,0255 0,009 0,0165 0,026 0,024 0,04 0,032
1,75 0,032 0,015 0,017 0,022 0,028 -0,016 0,016
2 0,0375 0,022 0,0155 0,03 0,02 0,032 -0,032
2,25 0,045 0,027 0,018 0,056 0,024 0,104 0,016
2,5 0,059 0,033 0,026 0,08 0,028 0,096 0,016
2,75 0,079 0,04 0,039 0,096 0,032 0,064 0,016
3 0,103 0,048 0,055 0,128 0,068 0,128 0,144
3,25 0,135 0,065 0,07 0,14 0,08 0,048 0,048
3,5 0,17 0,085 0,085 0,132 0,12 -0,032 0,16
3,75 0,203 0,115 0,088 0,12 0,136 -0,048 0,064
4 0,233 0,149 0,084 0,116 0,136 -0,016 2,22E-16
4,25 0,262 0,183 0,079 0,096 0,14 -0,08 0,016
4,5 0,286 0,218 0,068 0,1 0,112 0,016 -0,112
4,75 0,311 0,246 0,065 0,104 0,112 0,016 4,44E-16
5 0,337 0,274 0,063 0,116 0,108 0,048 -0,016

the locomotive and on its basis to develop a device
for automatic prevention of sliding.

3. Kazarinov, A. V. Measurement of the operational
level of displacement of wheels with rails in braking modes
on freight-stressed sections of Siberia and Zabaikalie
[Izmerenie ekspluatacionnogo urovnja smeshhenija koles s

REFERENCES

1. Menshutin, N. N. Research of sliding of a wheel set
of an electric locomotive for realization of traction force
under operating conditions [/ssledovanie skol’zhenija
kolesnoj pary elektrovoza dlja realizacii sily tiagi v
ekspluatacionnyh uslovijah). Trudy VNIIZhT, 1960,
Iss. 188, pp. 113—130.

2. Minov, D. K. Theory of process of realization of
adhesion forces in electric traction, and ways to increase
their use. Problems of increasing the efficiency of transport
[ Teorija processa realizacii sil sceplenija pri elektricheskoj
tiage i sposoby povyshenija ih ispol’zovanija. Problemy
povyshenija effektivnosti raboty transportal. Iss. 1. Moscow,
Academy of Sciences of the USSR, 1953, p. 7—129.

rel’sami v tormoznyh rezhimah na gruzonaprjazhennyh
uchastkah Sibirii Zabajkal’ja). Vestnik NI1ZhT, 2010, Iss. 3,
pp. 14-20.

4. Novoseltsev, V. P., Novoseltsey, P. V., Gordeeva, A. A.
Impact of longitudinal stiffness of rail track on the sliding
of locomotive wheel pair. World of Transport and
Transportation, Vol. 11, 2013, Iss. 4, pp. 34—38.

5. Kuptsov, Yu. A., Novoseltsev, P. V. Research of
interaction of freight train and locomotive on the basis of
full-scale experiments [/Issledovanie vzaimodejstvija
gruzovogo zheleznodorozhnogo sostava i lokomotiva na osnove
naturnyh eksperimentov|. Sovremennye tehnologii. Sistemnyj
analiz. Modelirovanie, 2009, Iss. 2, pp. 77—81. ®

Information about the authors:

Article received 06.12.2016, accepted 22.03.2017.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 3, pp. 104—110 (2017)

Novoseltsev, Petr V.- Ph.D. (Eng), associate professor of Ulan-Ude Institute of Railway Transport, a
branch of Irkutsk State University of Railway Engineering, Ulan-Ude, Russia, nov-pv@mail.ru.
Gordeeva, Anna A.- Ph.D. student of Ulan-Ude Institute of Railway Transport, a branch of Irkutsk State
University of Railway Engineering, Ulan-Ude, Russia, uuf.vpo@mail.ru.

Kuptsov, Yuri A.- senior lecturer of Ulan-Ude Institute of Railway Transport, a branch of Irkutsk State
University of Railway Engineering, Ulan-Ude, Russia, yourakupcov@mail.ru.

Novoseltsev, Petr V., Gordeeva, Anna A., Kuptsov, Yuri A. Experiment with Sliding of Locomotive

Wheel Sets



