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REGULARITIES OF SHAPING OF A WHEEL PROFILE AS A RES ULT
OF DETERIORATION OF THE ROLLING SURFACE IN
EXPLOITATION

Summary. In the middle of the 90s the deterioration of elselanges and lateral rail
surfaces on roads in the countries of CIS fromnahfarocess of wear process of surfaces
has turned to the sharp problem which has recetivedstatus of a «rail plague». On
separate roads the lateral deterioration of radls teached 1 mm times ®1fons, by
exceeding a level of normative deterioration in sdimes. Thus the run of wheel pairs
betweenregrindingon flange undercuts was reduced in by 3-5 timéslfiSthe article
some ways of elimination of deterioration of wheeisd rails are considered. The
technique of process modeling of parameters chaofgésterioration is offered.

3AKOHOMEPHOCTHU ®OPMOOBPA30OBAHUA ITPOOUIIA KOJIECA B
I[TPOLECCE U3HOCA ITOBEPXHOCTHU KATAHNA B SKCITIYATALIA

Pesrome. B cepenune 90x romoB m3HOC TpeOHel Komec M OOKOBBIX MOBEPXHOCTEH
penbcoB Ha poporax crpan CHIT 3 ectecTBeHHOrO mporiecca M3HAIIUBAHUS TPYLIIUXCS
MOBEPXHOCTEH MPEBPATHIICS B OCTPYIO MPOOJIEMy, MOIYUMBIIYIO CTATYC <PEIbCOBON
gyymb». Ha oTnenpHBIX noporax OokoBoil m3HOC penbcoB goctur 1 mm Ha 106 T,
HPEBBICHB YPOBEHb HOPMATHBHOTO M3HOCA B HECKOJIBKO pa3. [Ipu 3ToM mpoder KoJaecHbIX
map Mexmy oOTOYKaMH IO Tojape3y rpeOHs cokparmincs B 3-5 pas [5]. B crartee
paccMOTpeHbl HEKOTOPBIE CIIOCOOBI YCTpaHEeHHUs] U3HOCa KoJlec U peibcoB. [Ipennaraercs
METOAMKA MOJECITUPOBAHUS MpoLiecca H3MEHEHHS TapaMeTPOB U3HOCA.

1. STATEMENT OF A PROBLEM

The numerous researches of the reasons of increedoration of flanges have allowed to
define its reasons and to develop some ways ofetsiction. In the 70s in USSR the American
concept of increase of productivity of railway tsgortation at the expense of substantial growth of
axial loadings in a combination was developed terigive technologies of process of transportations.
Large distribution was received by cargo traingnofeased weight. There were usual structures of
weight 5 and more than thousands tons, and ovelmveigfreight cars up to 25,75 tons on one axis.
The joint operation of ways by cargo and passetrgéars has resulted to inconsistent and even to the
mutually exclusive requirements in parameters afay. For example, for maintenance of a safe
movement of passenger trains with speeds up tkdsb it was required to increase an eminence of
an outside rail in an abrupt curve up to 150 mmthvéi movement on the same ways of cargo trains
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the character negotiation varies, the angles atlatof wheels by outside rails were increasedhén t
70-90s it used to be the basic reason of increfdntensity of lateral deterioration of rails and
undercut of flanges of wheels. Besides, for loackd the intensity of lateral deterioration in agto
on 10 tons is more than for the empty ones.

By results of gauging lateral deterioration of safht the end the 90s) on several sites was
established, that on empty courses the intensityatefal deterioration in account on®l@ns 2-2,2
times is higher, than on the loaded ones [1]. Hetlee reason of increase of lateral deterioratibn o
rails and undercuts of flanges is not the levdatdral forces, but the dynamic factors. Theseofact
are determined by a condition of running partshef iolling-stock, on which, in particular, the aegl
of attack of wheels on rails depend.

For reduction of lateral pressure by a rail:

- The eminence of an external rail in a curve eated;
- In a design of carriages use elements faciligatiegotiation in curves;
- Radius of curves is reduced.
For reduction of speeds of relative sliding of wiges and rails:
- A structure of a wheel is carried out cone-shaped
- Special polishing of rails for increase of a éifnce of circles of driving wheels in a curve is
made.

Hardening of a wheel surface with application afett by hardness up to 3B is rather
effective. The most effective way to increase thevise life of wheel flanges and rails considers
application of a flange.

The work conditions of the rolling-stock of ironags of Ukraine nowadays considerably differ
from conditions in the 80s. The heavy long traiasdme history. But the problem of intensive flanges
undercut of wheels has remained and is the redssigroficant material losses.

The most widespread method of an estimation ofridettion of surfaces of the wheels driving -
relative method under the factor of deterioration:

=N D/, 1)

where: N — regular loading in the contact, f —tfdn factor, \/,.— slippage speed.

In (1) the factor of deterioration has the dimensad capacity and is equal to work spent on
galling of surfaces in a contact zone in unit ohdi Such technique, however, does not allow to
estimate two major characteristics of deteriorataiysolute size of deterioration and its distribaton
a surface of a flange.

The absolute size of deterioration can be submétedeight of the galling metal of a rim (mass
deterioration), or as thickness of a galling laykire or undercut). Obviously, the quantitative
characteristic of deterioration is connected withagability or wearing capacity of galling matesial
The modern line of increase of hardness of a natefiwheels is based on ability of firmer steels t
transform work of friction to a thermal energy,teed of spending it for removal of a layer of metal

Concerning the proportionality of deterioration fofces of friction, the formula allowing to
calculate size of volumetric deterioration, similarthe formula offered by Masliev [2], could loak
follows:

V=¢INILV_ 0, 2)
whereg - deterioration factor, that has dimension [61%] with the dimension ofVv [m3J;

t — time of deterioration process.
However, because of the difficulties of determioatof deterioration factof we should content

ourselves with the comparing analysis of deterionain the regular contact on the surface of the ri
rolling in the flange contact.
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2. METHODS OF THE MODELING PROCESS OF THE CHANGES IN THE
DETERIORATION CHARACTERISTICS

The deterioration of a surface of driving tiree@&imated in three parameters: by hire, thickness
of a flange and parameter of a steepness of adlptig

The technique of modeling of process of changeachearameter of deterioratiasa a model of
a structure of a surface of driving of a wheel dgroperation.

The value of speeds of slippaye,, u V_, within the limits of the first and the second spot
contacts, factor of coupling f and factor of gallig are accepted by constant sizes. The distributions
of volumetric deterioration within the limits ofeas of the first and second contacts will submtheo

following laws:
dv, =¢lf [V_, (D) [n,(X,,y,, ) [dx, [dy, [dt

. 3)
dv, =¢qlf IV, (t) Ih, (x, .y, 1) Ldx, Cdy, Ldt,

where: n, (X,,Y,,t), n,(X,,Y,,t) — functions of distribution of specific pressune areas of the

first and second contacts.
According to the theory of Herz, with an assumptédiout elasticity of deformations within the
limits of a stain of contact, the functiam(x,y) looks like this:

n(x,y) = no\/l—@z —[%j | 2

where:a, b — half-axes of a contact ellipsg, nthe maximal specific pressure at centre of e sih
contactx, y — coordinates of a point within the limits of aistof contact.

Half-axesa u b, 8 according to the theory of Herz equal:

-v2 1-v? -v2 1-v?
a=nasg ! Ve 4 . ﬁ; b=nb32 ! Ve 4 . ﬁ (5)
3l E.  E, )k 3l E.  E, Jk

K S K p s

where:wv, v,, E, E, — factors of Puasson and modules of elasticityaferials of a wheel and rail.
Withv,=v,=V nE,=E,=E:

1-v? 1-v?
azng 0 N panfaTV N, ©)
3 E Kk 3 E k,

where: n,,n, - factors dependent on the geometrical form ofases of contacting ph. The form of
surfaces is characterized in factérandB [3].
FactorsA andB:
1 1
Azz[ks‘K]Q Bzz[ks““K] : (7
where:K - relative curvature of contacting surfaces ofreegl and rail:

K=k, =k, J+k, -k, F+2lk,, -k, )dk, -k, ); (®)

where: K, — the given curvature of contacting surfaces whael and rail:
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kS = ka +kKy +kpx +kpy’ (9)

where: k kky, kpx, kpy - curvature of contacting surfaces, accordinglyjie®l both rail in

longitudinal and cross planes of symmetry, retysprapriate radiuses of curvature in main sections
A-A, B-B, B-B, I-T', /I-/] (fig. 1):

KX !

_ 1. _ _ 1.
xxl — Rf( ' kyl __?/’ pyl _R_)’;I'
10
ol 1,1 4o
kxll Rﬁ, Kyll Rﬁ, pyll Ry .

pll
Curvature of a rail in sections/"u b-5 on fig. 1: k,, =0 and k,, =0, as R, =« and

R

pxll =00.

The maximal pressure at centre of a stain of cordgacording to the theory of Herz-Belyaev
depends on a normal loading in contact and sizesrdfct:

n =§gL (12)

~

Fig. 1. The circuit of contacting of a tire surfagigh a surface of a rail
Puc. 1.Cxema KOHTAKTHPOBAaHU ITOBEPXHOCTU 6aH;[a>Ka C MMOBCPXHOCTHIO pEiibCa
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The volumetric deterioration of a tire surface ioomtact zone can be defined by integration:
V =¢l E”'[ch(t) Ch(x,y, t) Ctlx Cely Ceit =
t S

b ((92(y) (12)

=c qVCK(t) Dj[ jn(x,y,t) mx} [y Ceit
t b\ 92(y)

where: S — area of an ellipse of contacting ofaade with a rail (area of integratiord); (X), ¢,(x)

- functions, describing borders of a stain of conta

0.(y) =§a/b2 —y? o by(y) =—%‘E{/bz v (13)

Distribution of volume of a material worn in unif time, on a surface of a flange in radial section
A-A (fig. 1) is defined by integration:

d2(y)
V(y) =¢0 DVEE [nexy) mx} (14)

b2(y)

o1(y) \/ )2 y 2
V(y)=¢O OV, j n, 1—[-) —[—j [l || (15)
92(x) a b
$1(y) 2 2 do(y) 2 2
[ In, E{/l—(lj —(lj o |=n, O | \/1—(% —(Xj el . (16)
02(%) a b 61(y) a b

Let's calculate uncertain integral, previously bygifying its kind:

= o) (2] e p an

or, counting on (4):

a
where: A= 1—(Xj2 ; B =i (18)
' b)’ a’’
Then:
R
|=j A—BB;Zij=x/KEI = . (19)
A

Changing, /% X =y, we get:

=%[J'w/1—y2 Cely . (20)



52 S. Sapronova, V. Tkache¥dramar, A. Voron’ko

After changingy =sint; dy=cost[dt, we get:
A — A
= —— []+1-sin’t [tost [dt = —— [| cos’ t [dlt =
A =4

1+ cosZt

(1+ cos2t) @t = (21)

\/—Ef 2E1L/_EI

t+=[3in2t
2 B/_ [ﬁ j
Counting that

t = arcsiny = arcsi{\/g D(j; sin2t = % x B/A -B[X?, (22)

we get:
A . \/E VB
| =———T[Jarcsin ,|— x | +— kX B/A -B[X? |. 23
Definite integral
92(y) 2 2
T
61(v) a b
92(y)
-2 farcsi \/ED( +YB haa-Boe |, (24)
26/B A A d1(y)

Inserting into (24) limits of integration (13) andunting the changes (18), we get the equation:

=8 1/b? —y? [(ﬂ+b§,57Eb /b’ —yz). (25)

Based on the equation (12), we can write downuhetfon of distribution of undercut of a flange
along an axis Y of the contact area (fig. 1):

My) = v, m, B0 Y E(Mb]f?[b “bz_yz)ﬂ, (26)

or, counting (11):

2 _\,2 2 _\,2
= 2yt T Ay g

To get the distribution of deterioration of a flangyiven in radical distance r (fig. 2) we need to
be sure that:

=z, -y l—_ﬂ;inyn )

_Z I

where: - .
siny,,

(28)
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Zikm

Fig. 2. Distribution of deterioration of a flangepknding on Y axis of the contact area
Puc. 2.PacnpenencHue u3Hoca rpeOHs B 3aBHCHMOCTH OT KOOpAMHATH Y KOHTAKTHOM 30HBI

The received function of distribution of horizontsterioration (undercut) of a flange on a wheel
structure, allows to simulate the shaping procdswiweel structures on the determined dynamic
models of a movement of vehicle.

3. CONCLUSIONS

1. The method of geometrical shaping modeling efwornout structures of wheels and rails is
based on an assumption that the deterioration oparating wheels and rails is proportional to a
degree of mutual penetration of contours of reseatstructures and factor of relative deterioratibn
a wheel and rail.

2. Modeling of relative intensity of the undercdtflanges, is based on a power method of an
estimation of mass deterioration. The method alléevseceive a ratio of hire and undercut in the
modeling process of a structure on the determiyadmic models of a movement of vehicle.
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