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B ocHoBe 3as1BJIeHHOW TeMbl —
ﬂOTpe6HOCTb B OCTOBEPHbIX TAroBbIX
pacderax, KOTopbie npeanonaaralT
y4yeT cusl TPeHUs Mexxay Konécamm n
pesibcamu, CLEernHol Bec JIOKOMOTUBA.
Ana anpobaunn nogxo[0B K peLUeHUIo
9710V 3aga4v npeanaralTcs
yHUBepcanbHasa ¢popmyna gns
onpepgeseHns kKoagppuuneHta
cueriieHusi, cpaBHeHUe pac4eTHbix ero
3Ha4YeHuii Co 3Ha4eHUSIMU N3BECTHbIX
3MNUPUYECKNUX 3aBUCUMOCTEN AN
penbcoBoro aBTobyca PA-1.

KnroyeBsie cnoBa: xene3Hasi 4opora,
PeJibChi, KOJIECO, JIOKOMOTUB,

KO3 GULUMEHT cuerieHus, AeViCTBYoLMne
CWJIbl, YCKOPEHWE ABVIXXEHWS, PEJIbCOBLIN
aBTobycC, BbIOOP BApMaHTOB, MEXaHWKA.
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BOTPOCHI TEGP

3aBMCUMOCTDb AJ19 pacyeTa
Ko PuuneHTa TpeHusa
cuensieHns

1esvee FOpuii Jleonudosux — 00KmMop mexHu4ecKux
Hayk, npogheccop kagedpui «Ilymo u nymegoe
xo3sticmeo» Mockoeckoeo 2ocyoapcmeenoeo
YHusepcumema nymeii coooujenuss (MUHUT), Mockaea,
Poccus.

Tumapenko Eeeenuii Anexceeeun — cmyoenm

4-e0 kypca MUHUT, Mockea, Poccus.

pU TITOBBIX pacdyeTax HeoOXOIUMO
3HaTh KOO(PPUINUEHT CHETJIeHUS,
KOTOPBII 331aeTCsl SMITUPUIECKUMU
opmynamu, TOTy4eHHBIMU B X0J1e 00padboT-
KU pe3ybTaToB u3MepeHuii. [1pu aTom ncko-
MBIl KO3 dumneHT, cornacHo [1], Moxer
n3MeHThCs B Tipenenax 0,2-1,0.
Hawubonee uacto st pacuera koadhduim-
€HTa UCTTOIb3YIOTCS:
dopmyna Kypruyca—Kuudbdrepa
Y., =0161+ 7,3 , (1)
44+V
e ‘I’m — KO3 PULMEHT cLieTuieHns, V' — cKo-
pOCTh moe3aa, KM/,
u hpopmyia

W —03+—23__0,0006 V. )
50+6V

Kak caenyer u3z dopmya (1) u (2), 3Haue-
Hue W 3aBUCUT TOJBKO OT CKOPOCTH, YTO
IIPOTUBOPEYUT OIPEIEICHUIO TOIO XKe KO-

¢duumeHTa, IpuBeAecHHOMY B padoTe [1]:
v, =p(1£|N2 P, (3)

rae ¢ — KoabOUIUEHT TPeHUS MEXAY KoJie-
camMu ¥ peibcaMu; Nj — pasHOCTb MeXIY
JNEeVCTBUTEIbHBIM JUHAMUYECKUM HOPMAaJlb-
HBIM M CTATUYECKUM JaBlieHneM: P — cler-



Ta0imuna 1

Pacuet Ko3(ppunreHToB Crienienus i peibcoBoro aBrooyca PA-1

Paccrosinue | Bpemsit,(c) | Ckopocts V, | Ckopocts | Yekopenue |Cunatsaru | [lpusenen- | Koadbdumu-

S, (m) (M/c) V,(km/49) a, (M/c?) Fr,(H) HbII BeC €HT TPEHUsI
Koseca P, CKOJIBKEHUS
(H) K

0 5 3 0 0,9 17000 39200 0,4

100 20 5 18 0,9 17000 39200 0,34

400 48 8,3 30 0,6 13000 39200 0,26

600 60 10 36 0,6 12700 39200 0,26

800 75 10,6 38,4 0,5 11500 39200 0,24

1000 90 11,1 40 0,4 10100 39200 0,21

1200 100 12 43,2 0,4 9800 39200 0,20

1400 115 12,1 43,8 0,3 9600 39200 0,20

1600 125 12,8 46 0,3 8000 39200 0,16

1800 140 12,8 46,2 0,3 7800 39200 0,16

2000 150 13,3 48 0,3 7200 39200 0,15

2200 155 14,1 51 0,3 6000 39200 0,11

HOI1 Bec JJokoMmoTuBa. [Ipuuem KoahduurieHT
¢ ompenessieTcs COOTHOIIEHUEM IBYX CHUIL:

¢ =F/N, @)
rne F — cwia TpeHUs, BbI3bIBaeMasi CUJION
cueruieHus; N, — cyMapHas HOpMalbHas
cuJia JaBJIEHUS KOJIEC Ha PEJIBCHI.

TToaToMy mipeacTaBisieTcsl HEOOXOIUMBIM
BBIBECTU 3aBUCUMOCTD JIJIST OTIPEAESIEHUS KO-
spdunmenta ¥ ucxons U3 IEHCTBYIOIIMX
Ha KoJjieco JiokomoTuBa cuji. CpaBHeHue
3HayeHui W, TONyYeHHBIX C MOMOILIBIO Ta-
KO 3aBUCUMOCTH, C PACCYMTAHHBIMU I10 (hOp-
myJiaM (1) 1 (2) MO3BOJIUT TOBOPUTH O TOCTO-
BEPHOCTHU TEOPETUYECKON 3aBUCUMOCTH.

PaCCMOTpI/IM KOJIECO BECOM Q , KOTOpO€
JNIBUXKETCS CO CKOJIXKEHUEM TOJ1 IEICTBUEM

MOCTOAHHOMW cuibl F, | NIpUIOXEHHON
K €ro LeHTPY TSKeCcTu. B HavalabHBIN MO-
MEHT BPEeMEHM KO0JIeCO HaXOAMJIOCh B MO-
Koe. Penbc pacmosoxkeH Ha TOpU30HTAIb-
Hoii rmockocTu. Ock OX HampaBjieHa BAOJIb

IBUXeHUsI, och OY — meplieHAUKYJISIpHA
IBIDKCHUIO, Touka O — KoopanHaTa [eHTpa
Macc.

K xosnecy mpuiokeHbI CIeayone CUIbL:

F

mp

Q — BE€C KoOJieca, — CuJjia TpE€HUS CKOJIb-

JKEeHUsI, HarlpaBjieHHasi B CTOPOHY, MTPOTUBO-
MOJIOXHYIO F, R — HopManbHas peakuus

penbca; F,

6

— CHWJia TATH.

CornacHo TEOPEME O IBMXKCHUU LIECHTpaA
MaccC 3aruruieM:

mx, = F,~F,; my,=R—P.

m,

(&)

3 YCJI0BMA 3aja4ur KOOpAWHATa LHEHTpa
Macc 1o ocu OY He MEeHsIeT CBOero moJyioxe-

HUS, T.€. ;2():0 uR=P

ITpu mBMKeHMU KoJjieca ¢ TIPOCKaIb3bIBa-
HHUEM CHJIa TPEHUS MaKCUMaJIbHA, YTO IpU-
BOIIUT K PaBeHCTBY F, = kR, tne k — koabdu-
LIMEHT TPEHUST CKONIbXEHUS Wi F . kP.

F,H
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I[Ipeobpa3yeM mepBOe COOTHOIICHUE
U3 paBeHCTB (5):

P o
=xo=F,, —kP ©6)
g
M HaiieM 3aBUCUMOCTb 11 K:
k= i _f_ (7)
P g

W3 ypaBuenus (7) caemyert, 9T0 K03 du-
IUEHT TPEHUS CKOJILXCHUS OMpPEeACIsIcTCs
M3 COOTHOIICHUS TUHAMMYECKNX 1 KNHEMAa-
TUYECKMX XapaKTepUCTUK IBWXKCHUS 1 Beca
KoJIec.

JI1g mpakTMYECKOTO MCIOJIb30BaHUs (Dop-
MyItel (7) HaIo pelInThb BOIIPOC O TOM, KAKUM
o0pa3oM IepeiiTu oT pacueTa Koadduimenra
TPeHUS CKOJIbKEHUS IS OTAEIBbHO B3SITOTO
KoJieca K pacyeTy 3Toro KoadduimeHTa aist
BaroHHOro coctaBa. B crartbe [2] m1g pacuera
Koa(pduieHTa TpeHUs UCIIOJIb3YeTCs 3aBU-
CHMOCTb
K= Emm/Pcocr’ (8)
e F_ — cuna taru, H; P _— Bec cocraBa
BMECTE C TIOKOMOTHBOM.

VYpaBHeHMe (7) TTOTYIeHO M1 ONMMCAHMS
IBUXEeHUs Kojeca. [ToaTomy BMecTO Pcoc‘r
BBeJleM IIpUBEICHHBIN BeC KoJeca, T.e. BeC
BaroHa (JIOKOMOTHBA), IIPUXOASIINAICS Ha OJI-
HO KOJIEeCO.
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Ecu MbI BOCTIOJTB3YeMCsI ITOIXOI0M, TIPEI-
JIOKEHHBIM B paboTe [2], TO MOJy4YuM BBIBOJ
0 TOM, YTO KO3(DUIIMEHT TPEHUS OTJINIACTCS
0T K03hDUIIMEeHTa TPEHMS CLICTTICHUST Ha CJla-
raemMoe a/g. 9To COOTBETCTBYET OOIIUM Ipe.-
CTaBJICHUSIM O XapaKTepe JIBMKEHUS Toe3/1a
Ha yJacTKaX ¢ HEpaBHOMEPHBIM JIBIKEHUEM,
KOTJIa yCKOPEeHWe a MEHsIeT 3HaKu. JleiicTBu-
TEeJIHO, IIPU PABHOMEPHOM JIBMKEHUU COCTa-
Ba (a = 0) popmyasl (8) u (7) coBnagaior.
Ho Ha 3TOM yyacTKe ImyTH OTCYTCTBYET ITPO-
cKab3bIlBaHME KOJIEC Ha pefibcax. CremoBa-
TEJIHO, IPOCKAJTb3bIBAHKE KOJIEC IMOO YMEHb-
maet KoapduuneHT TpeHus K (npu a>0),
JIn60, HA00OPOT, YBEIMYMBAET €T0 IPY TOPMO-
xeHuu (a<0).

W3 ckazaHHOTrO cieayeT, YTo KO3 UIIMEHT
TPEHUSI CKOJbXEHUS MOSIBISIETCS TOJbKO
Ha y4acTKax HepaBHOMEPHOTO JIBVIKEHUSI IT0-
e31a 1 OTJIMYaeTcs OT Koa(hUuIlMeHTa TpeHUsT
Ha cjaraeMoe a/g.

s TIpOBEPKM AOCTOBEPHOCTH HAIIUX
BBIBOJIOB 00paTUMCS K JaHHBIM paboThI [3],
OIMMCBIBAIOIIEH TITOBBIE XapaKTePUCTUKU
penbcoBoro aBrodyca PA-1 (cm. puc. 1 u 2).

Hcxons u3 puc. 2, onpeaeanM YCKopeHre
PeJIbCOBOTO aBTOOYCA, a paCYeTHHIC 3HAYCHUS
noMecTuM B Tabauuy 1. Jlajgee ¢ mMOMOILbIO
puc. 1 HaiiieM CUJTy TATH M TTOCTaBUM 3TH
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3HaueHus1 B hopmyiy (7). [laHHBIE TIpeICTaBUM
B rpacduueckom Bune (puc. 3 u 4), Ha ITOT XKe
rpacduK HaHECeM 3aBUCUMOCTH KO3 pUIneH-
TOB OT CKOPOCTHU, B3sThbie U3 paboThl [1]
(puc. 5). Kak cremyet u3 cpaBHeHUS TpadrKOB,
pacueTsl 1o (popmyiie (7) OJIM3KU K pacueTam
K02 dUIMeHTOB crerieHus 1o opmynam (1)
" (2). OTMeTHM, 9TO pacueThl 1o hopMyIam
(1) 1 (2) mpoBeneHsb 1ist TokoMoTuBa BJI-85,
TSTOBBIE XapaKTEPUCTUKU KOTOPOTO OTJIMYa-
FOTCSI OT TSITOBBIX XapaKTePUCTUK PETbCOBOTO
aBTro0Oyca PA-1. CXomuMoOCTh pe3yJIbTaToB Ha-
OmonmaeTcs A8 nuMama3oHa CKOpocTel
0-30 xM/4, misg ckopocTeit 6omee 30 Km/a
pacueTHble 3HaYeHUs o (opmynam (4), (1)
1 (2) 3HAYUTETLHO PACXOMSTCS, UTO OOBSICHSI -
€TCsl, ECTECTBEHHO, Pa3HBIM TUTIOM CpaBHUBA-
€MBbIX JOKOMOTHBOB, OTHAKO OJIN30CTh 3HAYE-
HUI KO3 PUIIMEHTOB CLETUICHUS U XapaKTepa
WX U3MEHEHWI B 3aBUCUMOCTU OT CKOPOCTHU
yKa3bIBaeT Ha JOCTOBEPHOCTh Pean3yeMoro
B CTaThe MOAXO0/A /151 onpeaeseHust Koadhdu-
IIMEHTOB CLIETIICHUSI.

SAKJTIOMEHUE

TMonyyeHHast B cTaThe (hopMyJIa IS pacyeTa
KO3 dUIMEHTA CLIETUIEHUS OTJIMYAETCS OT M-
MUPUYECKUX 3aBUCUMOCTEIl TeM, UTO B HEWl
co0JTI0/IeHa Pa3MEPHOCTD U OTCYTCTBYIOT SMITH-
prdeckre Ko3a(GUIMEHTH. DTo JaeT OCHOBA-
HME T10CJIE IIPOBEPKU IIPUTOJHOCTH ISl PA3HBIX

Puc. 4. 3aBucumocTts
KoagppuumeHTa cuenneHns
OT cunbl TIrM aBTobyca
PA-1.

Puc. 5. CoBmeLyeHHbie
rpaguku nameHeHus
KoagppuumeHTa
cuyenyeHuns,
paccyuTaHHble
no ¢popmyne (7) ans
PA-1 n onpeneneHHbie
no ¢popmyne
Kyptuyca-Kunppnepa
AJ151 3/71IeKTPOBO3a
BJ1-85.

TUTIOB JIOKOMOTHBOB CUMTATh €¢ YHUBEPCATh-
HOM, TTO3BOJISIIOLIEH HAXOMUTh COOTHOILIEHUE
MEKITy BECOM JIOKOMOTHBA 1 CHJIOM TSITH C yIe-
TOM Pa3JIMUHbBIX 3HaUeHUI yckopeHus. Heo0-
XOIIMMO ITPY 3TOM MMETh B BUILY, YTO (hopmMyJia
CITpaBeUTBA TOJIBKO UISI CITy9aeB ABVKCHUS
JIOKOMOTHBA TI0 TOPU3OHTAJILHOMY ITyTH.
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ABSTRACT

The studied topic is determined by a need to have
reliable traction calculations that consider friction
forces in between wheels and rails as well as traction
weight of a locomotive.

choice of options, mechanics.

Background. In traction calculations it is neces-
sary to know adhesion coefficient, which is defined by
empirical formulas derived by processing of mea-
sured data. Thus the desired coefficient according to
[1], may vary within 0,2-1,0.

Most commonly the coefficient is calculated with
the help of a Curtius-Kniffer formula

7,5
¥ o=0,161+—2",
“ 4+V (1

where V¥, is adhesion coefficient, V is train speed,
kmy/h, and another formula

43
¥ —03+—"3__0,0006 V.
« T Sover 2

As follows from formulas (1) and(2), the value ¥ _,
depends only on speed, which contradicts the defini-
tion of the same coefficient given in [1]:

v, =g(1£ N3P, , (3)
where VY is coefficient of friction between wheels and
rails; N§ is difference between actual dynamic normal

and static pressure: P,is adjusted weight of the
locomotive. Moreover, the coefficient ¢ is determined
by relation of two forces:
o=F/N, (4)
where F is friction force, caused by adhesion force;
N, is total normal pressure force of wheels on rails.
Therefore, itis necessary to find the dependence
to determine the coefficient ¥, based on forces act-
ing on locomotive’s wheel. Comparison of values of
Y, obtained by such a dependence with calculated
by formulas (1) and(2), allows to talk about reliability
of the theoretical dependence.

F,N
30000

DEPENDENCE TO CALCULATE ADHESION FRICTION COEFFICIENT

Scheviev, Yuri L., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Titarenko, Evgeny A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

To test proposed approaches to the solution of the
problem the authors put forward a universal formula to
determine adhesion coefficient and a technique to
compare calculated values of the coefficient with the
values of known empiric dependences for rail bus RA-1.

Keywords: railway, rails, wheel, locomotive, adhesion coefficient, acting forces, rail bus acceleration,

Objective. The objective of the authors is to study
dependence to calculate adhesion friction coefficient.

Methods. The authors use general scientific
methods, comparative analysis, modeling, graph
construction.

Results. Let’s consider a wheel with weight 0 5
which moves with sliding under the action of constant
force F,,, , appliedto its center of gravity. Initially, the

wheel is at rest. The rail is located on a horizontal
plane. Axis OX is directed along the motion, axis OY
is perpendicular to the motion, point O is coordinate
of the center of mass.

To the wheel the following forces are applied: 0
is weight of the wheel; i’; is sliding friction force,

directed in the direction opposite to F_; R isanor-
mal reaction of the rail; m is traction force.

According to the theorem of the motion of the
mass center, we write:

mx,=F, —F; my,=R-P. (5)

mov fr>
From the condition of the task coordinate of the
center of mass of OY axis does not change its position,

ie. ¥,=0 andR=P.

When wheel moves with sliding frictional force is
maximum that leads to the equation F, = kR, where k
is sliding friction coefficient or F = kP.

We transform the first equation from (5):

P =Fp kP, (6)
g

25000
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Pic. 1. The traction characteristics of a rail bus for the 7" position of the main controller [3].
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Table 1

Calculation of adhesion coefficients for the rail bus RA-1

Distance Time t,(s) Speed V, | Speed V, (km/h) | Acceleration | Traction Adjusted Sliding
S,(m) (m/s) a, (m/s"2) |force Ft,(N) | weight ofa | friction
wheel P,(N) | coefficient
K

0 5 3 0 0,9 17000 39200 0,4

100 20 5 18 0,9 17000 39200 0,34
400 48 8,3 30 0,6 13000 39200 0,26
600 60 10 36 0,6 12700 39200 0,26
800 75 10,6 38,4 0,5 11500 39200 0,24
1000 90 11,1 40 0,4 10100 39200 0,21
1200 100 12 43,2 0,4 9800 39200 0,20
1400 115 12,1 43,8 0,3 9600 39200 0,20
1600 125 12,8 46 0,3 8000 39200 0,16
1800 140 12,8 46,2 0,3 7800 39200 0,16
2000 150 13,3 48 0,3 7200 39200 0,15
2200 155 14,1 51 0,3 6000 39200 0,11

and find a dependence for k:

— Fmov _i

- (7)

From equation (7) it follows that sliding friction
coefficient is determined from the ratio of dynamic
and kinematic characteristics of movement and
weight of wheels.

For practical use of the formula(7) itis necessary
to resolve the question of how to move from the cal-
culation of sliding friction coefficient for a single wheel
to the calculation of this coefficient for a train set. In
article [2] for the calculation of friction coefficient the
following dependence is used

(8)

K .
is weight of train

- tracfion/ train’
where F . is traction force, N; P, ..
with locomotive.

The equation (7) is obtained to describe the mo-
tion of the wheel. So, instead of P, we introduce
adjusted weight of a wheel, i.e. weight of a car (loco-
motive), attributable to a single wheel.

If we use the approach proposed in [2], we get
the conclusion that the friction coefficient differs
from adhesion coefficient by a term a/g. This cor-
responds to the general idea of the nature of the train

motion in areas with uneven movement when ac-

celeration a changes signs. Indeed, during uniform
motion of the train (a = 0) formulas (8) and (7) coin-
cide. Butin this area there is no wheel sliding on rails.
Hence, wheel sliding either reduces friction coeffi-
cient K (for a>0), or, on the contrary, increases it
during braking (a<0).

It follows that sliding friction coefficient occurs
only in areas of non-uniform motion of the train, and
is different from the coefficient of friction by the term
a/g.

To validate our findings turn to the data of [3],
which describes traction characteristics of the rail bus
RA-1(see Pic. 1and 2).

Based on Pic. 2, we determine the acceleration
of the rail bus and put estimated values in Table 1.
Then, using Pic. 1, we find traction force and put these
values into the formula (7). We represent data in the
graphic form (Pic. 3and 4), on the same graph we put
dependences of coefficients on speed, taken from
[1] (Pic. 5).

As follows from comparison of graphs, calcula-
tions by the formula (7) are close to calculations of
adhesion coefficients by the formulas (1) and (2).
Note that the calculations using formulas (1) and (2)
were conducted for VL-85 locomotive, traction char-
acteristics of which differ from traction characteristics

5 A""————'
4 4""”7

3 A”””'

2 4"””

1 4””"

0 n———-=r“"”7"7 ; ; ; ; ;

150

200 250 300 350 Us

Pic. 2. Dependence of the distance traveled on the time at maximum acceleration of the

rail bus (acceleration up to 90 km/h) [3].
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Pic. 3. The dependence of adhesion coefficient on
speed of the bus RA-1.
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Pic. 4. The dependence of adhesion coefficient of
traction force of the bus RA-1.

adhesion friction coefficient according to formula (7)

coefficient values, determined by the formula Curtius-Kniffler
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Pic. 5. Combined graphs of changes of adhesion coefficient, calculated by formula (7) for RA-1 and determined
by the formula Curtius-Kniffler for electric locomotive VL-85.

of the rail bus RA-1. The convergence of results is
observed for the speed range of 0-30 km/h for speeds
above 30 km/h estimated values according to formu-
las (4), (1) and (2) significantly differ, due to different
types of locomotives compared, but the proximity of
adhesion coefficient values and the nature of their
changes depending on speed indicates accuracy of
approach, assumed in the article, for determining
adhesion coefficients.

Conclusions. The formula for calculating ad-
hesion coefficient described in the article differs
from empiric dependences as it is developed with
respect to dimension, while empiric coefficients
are absent. It gives reason to consider it, after
verification of its applicability for different types of
locomotives, as universal and allowing to find re-
lationship between locomotive’s weight and trac-
tion force with respect to different acceleration
values, with exception for cases other than moving
of alocomotive along a horizontal track. The solu-
tion of the problem for gradient track is yet to be
proposed.
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