10

Specific Adhesion and Piezocoefficient under Dry and
Boundary Friotion seescsecsccsscsssssassacsosscassssssoses
Yu.N. Vasiliev, DeA. Gorbunov, Ved. Pugol,
V.1, Kostikov

On the Mechanism of Interaction of Transport Means Wheels
With RBuB 0.0.00.0.‘0‘0.‘0IO.B.O.’Q'IC."...‘.'.‘C..v.ﬂ..kl

Yu.M. Iuzhnovy A.Ve. Chichinadze

Bffect of a Rigid Mounting of & Polymer Friction Element .
on Its Compliance during Friction .n-’o.tc.d---oqco‘;}o’o-o.c
NoIe Zharovcev

About Application of Mechatronic Syatems in Tri‘netechnique
A.Ve Sokolov

. \
(]

MECHANISM OF FRICTION AND WEAR -

Friotion and Wear Maehanism of Some Asbestos-Free Prioﬁic«n
Oomposita t.OO“.QOQ.!.lQ'O.'Olli!.."v.ltttotooa-n.bqt...

- KeKe Pogosian, N.G, Ma}.iksetian. Node Lambax-ian

Wear of Polytetrafluorcethylene COntaa.nﬂ.ug the ﬂolid
Hiﬂs-nmemiva F:tller .cit'o-vcc.atnno.--.onoooo-t-qocotc
AdVe ﬁnosranov. YusVs Demidova, O, Mrimova.
Aok Okhlopkova, A.ls Gerasimev =

Priotion and Wear in Groups of the Chatn Drives from

Polymer Composites oo.n'o;icbcvjt--Otnco’clb'cvnomroon-quoo.qoo

0.1s Pﬁipﬁnko

The Influence of Stmctu-ml Components Thin- Btruoture upon
the Destruction Mechenism of Gomposita Materials ssogsecse
I.M. Spiridomova, B.V,. Sukhovaja, Veie Zaborovsky

On the Relationship of Abranive Hear Eestutence of Métals '

to the Parameters of the Hardening Cumves .c.esvecedscosise
VoA, KrOOh-B, V.E, Planide

Y1

II

Gontact Intersction and Wear Bxamination of the Wheel-
Reil cmle ;l.‘ﬂ.‘coqt..\t“c&ol.ttﬂ_ol'l.u'oloo,.t-o.ooo.ol.

V.P. Boasoolov, A.V. Sladkoveky

BURFACE PHYSICS

Infiuence of Reciprocating 81iding on the Running-in of
Lubricated COWtrBted cantﬁcts doeesResobossesessesRscee
Deda sm Palle Vroesolh AoWods de Gas

Mathematical Model of Heat Bxehauge between Friotioning
Prum and Bm W B s PRENiEvEINNiseseeEnsvsssessseeans
AeDs Petrov 'S 44V, Chichinadze

Methode of Detemining Tnitologis Properties of Materials

Based on the In-Process and On-lLine Measuvements of the

Electm Work m@tiou of Eubbﬁ.ng surfmas s4sepevecsasese
Aske Zhavin, B.I. Pinhbem. N.A. Shipitea

Rated mrgy Liﬂtt Q‘g W' I;ubrication Diﬂkﬂ shossnveene
v.sﬂ Revelto, G.MQ Eltd}.idﬂr

Frict!oa M@a’tm Q: waﬂn*earben mp@sitas aevssecsos
V.V, Kulahv, Alﬂ. Kms:eﬂt. I.V. 3chak. Atao Bokker
IV, R”Wm' MaVa mﬁltm' AV Suvorow,

303. Kﬁn. l-ﬂb Sisikove

Plasma Pomtibn of ﬂem) Resistance cermnia and 'I':Ltanium
Ocatiny lc-bc'cooon0uocn‘oq.noaoooo.:-nnliovcl.:on-ountoo

Osde Yakubtsov, V.Ds Paprkliomeniko, I.k. Molchanovslcii

‘e Combined Methods of Frictional Parts and Units

ﬂurtacel Porming ‘QIIQQIOQOIQQOIOOUOODIOQIQQI!IODCOibtl!“
4.V, Borisenko, N¢N. Popok, M.L. Kheifefs

Ways of Incressing Efficienay of Processes Forming
Sur!aoea of hiction onoo-co-.ot-locoooooo-o.oocoo-no.oq.o ’
M.L, Kheifets y




CONTACT INTERACTION AND WEAR EXAMINATION
OF THE WHEEL - BAIL c:'éUPLE:
V.P: Essaoolov, A.V. Sladkovsky
Dniepropetro‘}sk ’

The Dniepropetrovsk Metallurgical Institute

The development of railway transport in the USSR determinqg'

the modernization of railway track and track vehicle interaction,

This relates first of all to the idea of creation of high-s
movement transport means. The successful realization of +thy ‘.
project means the regulation of wheel-rail interaction problem as

well. This problem became acute in recent years.

One of the possible ways of solution one can distinguish in

modernization of constructive design of wheel and rail workihg'

surfaces. Said modernization must promote contact strass
decreasing, improvement of train dymamic stability and consecuu v.

wear rate reduction of - coupling items. The Europian UIG

investigated local conditions. and developped a number: of St.andaﬂ.i i

for wheel and rail profiles. The rails in Europe are stated Lo b.

of  curvilinear shape. The wheel profile. with piece-and- 1xnear o

shape is still used in Lhe USSR,
For = many years the Ehieprope’.rovslc Met.allurgxca.l Inqtituto

CDMetID carries out ' researches directed to the . ways qr--

implementation 'of whe_ei ~to-rail effective interaction and : haw

managed to 'develop new designs - for rails. and ‘wheels. Thaus, an
mathematical model for a single wheel pair. run along a ci rc_h‘l_'az'-: i
curve with regard to the actual wheel and rail- profiles Qg&‘]

elaborated. Above model helps to study the conditions of wheél’ {

pairs entering circular curves.
The way of single wheel pair entering the curve having the

outer rail height hr is shown in Fig. 1. The circular gurvaturo

radius for tLhis pair equals to R, and the gauge wheel value 15
as‘. The wheel and rail working surfaces must be describded in the

coordinate system xoy connected with the gauge centre and turned

to the angle a=arcsin(h Ses ) The most complicated appears to bc

the case when said ?urfacus display actual traces of wear. Then'."

they are inscribed in the form of function:

1.
yl=!‘bei). i=14,...m.- c1>
Here, the first relation and index n refer to the outer

y_l=f‘nc x,‘) 5

rail, and the second relation and index b refer to Lhe inner rail.
The full line CFig.. 1.2 presents the initial positio}m of the wheel
pair within the chosen coordinate system. For this

y F‘mc._xj) » yj=F‘1bej). GIL T SRR c2)
where both the f‘irst and the second relation, as well as indexes
n and b, refer to the outer and inner wheels, correspondently.
Relation (13 and (2) must take into account the actual wheel
profiles,  the rail's displacement  because of widening or
constriction of rail gauge, rail depressional elasticity, elastic
bending of the whoel pair, -whgel deformat,ioﬁ .Ctho web of the
wheel, mainly), -as well as rail canting.

When, owing to wobbling or yawing of the track vehicle the
transverse displacomer;t, of the wheel pair. relatively the gauge
takes place for the value.A one must change the oxpresslons for
displaced wheel profiles Cdotted lines in Fig. "1.>
formul as:

using the

yf—szC xj) =F‘“’C x.~AD, 3

: y’,=Fz“C xj) =ch xj+A) . C4d

To define the initial contact point of the

the reil it

wheel  and
becomes necessary to find the minimal distance between

the corrspondent profiles of wheel and rail, as shown in Fig. 1.

For example, for the inner wheel-rail ‘pair for i=t,....m it
becomes necessary to minimise
x K.
h (xd= — L (F_<{x J-F_¢ + F
WX xj.."x; RS ut xj)] ' szCx‘) fb(xk).




where xJ<x <x” » when index J can be measured beginning fro.u 1 up.
to k Cthe interpolation node quantiby for t.he wheel profile) 'ﬂh
desired location of. the wheel pair rolat.ively to the gauge can hg
Tread profiles (dash dot line in. Fig.

found this way.
expressed by mat hematic dependencies
yj—F Cx) F' (x)—h : i C_O),_

mu\

-F‘ (x)-F (x) h (&)

min

Touch-point coordi nates that correspoend h fen

and h define  r

and r
n

and outer wheels correspondently). Thus, absolute value of

relative longitud'inal slippage of wheel along the inner rail is
s

n= —
bl‘b

or along the outer rail 1sr

This absolute value to ‘a great extent determines the . ra,t,,i
value of wheel ‘and rail surface wear.
contact points corresponds the disposition of heavilyv worn areas.

Another significant ‘factor which influences the wear rate of
rail and wheel working surfaces -are. the values of contact - stresses
on the contact areas of working surfaces. Discovered po.lnt.s uf

initial contact allow ‘te simplify subst.anually the search for

contact stresses for actual surfaces. .To elucidate this condu.icn _'
one must apply t.o tho new calculatxon diagram CFig. 2. o where t,h. &
1. ) is 1

wheel-rail coupie Cthe outer one, correspondently to Fig.

displayed. 7The computations would " be m.ade for t.he wheel onxy

because the actual rail geometry is def’ined simllarly Thenrfrou 7

the relat.ian C7> one must turn to the funcL;lonal dependency 1 i
y=rm—f‘(x3, .
profile . in: the

actual ~ wheel

This sort of dependency with v

which ‘displays the

plane xoy CFig. &.2. is the vheei

flange maximum radius ' is ‘taken ‘for conveni ance of usage.‘

Functional dependency e Hop] assumes that a definite xnter pol ating

manner is specified for curvature present.ation according - to . t.

formula €7, Splines may be used. for example. . Then; radius vect
. s

being drawn to the arbitraru..y pc u)t. on Lhe whael surface would

‘discovered as follows:

1.3 are

Cwheel local radii in the 1nit,1al contact point.s for inner.

SR
s p $

R ) 1) o -
"n‘ﬁ[“ g) -+ S

The location of initial

€103

coordinate

SELg. By

x x
s
ro=dyl = Ir -0 Jcos— .
z

€11d

m

fr ~£C30)sina—

wm r

m

Jiere. s is the arc length of the current point. This point is
counted off along the maximum radius circle beginning from the
plane XOYs as it is 2. Thus,

shown in Fig. the expression C11)

wurns to be the parémet.ric representation of a wheel tread. Then,

according to the statements of differential

solve the following characteristic equation in order to calculate

geometry one must

the curvatures ki

K*CBG-F® + kCZMF-BN-LG) + LN - M = O, ciad

where functions B, F, G6; M, L, N are defined as scalar and
mixed products of vectLors F . F ., T rosF
o

o As an exanple

€14>

Other . functions are calculiated similarly. Thus, ‘the main

wheel and rail curvatures ia the initial contact point and their

sum $k ‘being computed one can find Cusing the Hertz theory) the




values a and b of the contact ellipse

- n v/ 3105P : R
:
a3/ 3C1-LOP
M e et 1¢
where n n

s i table that depénd upon  the may,
curvatures, P is Lhe vertical load value affecting the wheel, gh
the modulus of elasticity of wheel and rail metal, and » 151'&‘

semi ~axi ..

Cig

are ratioces

Poisson’s ratio. Apparently, the contact stresses spread ac"""ﬂln‘

Thilr

maximum value depends upon the vertical load affecting the "‘hﬁﬁl

to the Hertz theory are operating inside the contact area.

This kind of approach becomnes true, {f the contact area is locat,,d

within the wheel ‘tread circle. Still, the double area contact 3

quite possible in case of wheel pair wobbling for the Wheel-r;gl

coupling.

Letl us assume Lhat one can (.ompute two local minima hc%)
and h Cxl) which would correspond the possible double-area “‘h
realization. This assumption may occur in the course of distar
discrete series analysis hbch) according to the formular ,c’r
Apparently, for the actual wheel and rail profiles these M}&
would be disposed in the f‘ollcwinq manner.  One point, would_ﬁ.
placed in the flanue curve area ‘and ‘another one would be dlspﬁu
on the tread that ' the wvertical force P<Pm
operating within the first area, the vertical l‘mﬁ‘i

P\"P-P_.would manifest itself in the second area. It must be r;dm
thaL I‘or formulas C18), €16) and further according to the i

area, Assume,

therefor e,

theory it is necessary to substitute for the summary force ot %
normal pressure equal to
. .  Saz

Qn i Pn * dx ] ¢
parallel with assumption that contact surfaces of the firs!.'.‘nndi‘
are smooth.
second area:. Therefore, it becomes possible to find out the normi
convergence of the wheel and rail surfaces in the first con&w
area. The calculation are held using the Hertz theory

Yty e A [m—»*m]

The table ratio Caccording t.©o the formular Ci8> “6) depends Hﬁ‘

292

The force Q can be similarily calculated for the

the main curvatures. Said curvatures are defined in the coordinate
point x".
comput.ed

vert.ical

Normal for the second area may be

the
Ltheir

convergence 6L
similarly. Thus, it becomnes
surface  convergences in  the
Jistances to the interaction point being taken into considerationd
That is

é

- + hC(xd =
X daz # / fax )
n
b 4 i ]
the relation €16 turns to be decisive for Lha organization of the

and PL’ said

equally decisive for all other parameters that

neceﬁsary to make

contact areas

equal -

+ h Cxl),

jterative search of the forces P" It means that
relation €18) is
and size of each contact

allow to evaluate the presence, localion,

syrea as well as to compute the contact siress value. ;
The above mentioned mathematic model of contact interaction

of the wheel ‘pair and rail gauge was realised in the softwear

The

with

package for the personal computer of the IBM PC AT type.
the
any admissible displacement and all wheel contact areas obtained.

computer checks wheel -rail interconnection

grafics
The dynamic contact interaction for the wheel passing the rail
J;)Lnb was also examined.

A number of new designs for rails and wheels with the reduced
degree of contact stresses were developped as a result of these
researches.’ For ‘example, the octoaxle tank cars which rotate
vithin the railway network CEastern testing ground of the USSR)
provida«:j with wheels turned according to the DMetI profile design
showed 1.8 fold reduction of the flange wear rate. The usage of
vheels with said tread profile being mounted to the industrial
type of  track. vehicle and supplied with the new web form showed
the 2.5-3 fold reduction of the flaihge wear rate. The locomotive
vheels are subiected to amplified propulsion mode,’ still the usage
of tyres machined conformly the new design of; profiles demonstrate
30-40% The
that the laleral force acting between a wheel flange and a lateral

reduction of the wear Tate. investigation discovered
face of a rail during the wheel pair wobbling grew with the higher

dearee of - smoothness.  This prenomenon causes the reduction of

dynamic contact stresses.
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