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DETERMINATION OF TEMPERATURE IN RAIL
DURING SLIDING OF WHEEL

1. Statement of the problem. The circular cylinder (the wheel) of radius

R is moving with a constant running speed V over the bounding of the semi-
space (the rail) and is pressed into it by force P. It is known that in wheel-rail
contact the creep caused the sliding within the contact region with the speed
V,. Sliding is accompanied by heat generation in the form of the heat fluxes
which are directed in both the wheel and rail. Because of the temperature
rise the microstructural changes of subsurface layers in rail is possible. Thus
in this paper we consider the problem of the frictional heating of the rail only.
For this purpose we now introduce the rectangular coordinate axes Oxy, rig-
idly connected to the leading edge of the wheel. To expedite calculation, the
following assumptions were made:

the width of the contact area 2a is small with comparison of the wheel ra-
dius R;

the creep due to elastic deformation is- neglected here. For gross sliding
(the creep 0.1% < s < 2%) the sliding speed V; is equal V; = s V;

at the leading edge of the contact zone, only a small temperature differ-
ence between wheel and rail can be observation. Thus, the heat partition-

ing factor becomes A = 0.5; the intensity of the heat flux q on the contact

area 0 < x < a is equal ¢ = AfV; p, where f is the coefficient of friction, p is
the contact pressure;

the convective heat transfer outside of the contact region is neglected;

the fast-moving of the frictional heat sources is considered,;

the steady state in the rail is taking into consideration;' _

the mechanical and thermal properties of the rail material is constant.
Under these assumptions the heat conductivity problem can be written as
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where
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T is the temperature, K is the conductivity, k is the diffusivity.

2. Method of solution. The solution of the heat conductivity problem (1)—
(3) is obtained by applying the Fourier transform in the form [6]
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Since p’(t) is arbitrary, Ling and Yang [6] have proposéd a Fourier series
representation for the contact pressure. In present paper for this purpose we
use the piecewice-linear functions (roof functions) method [2]. We shall intro-

duce a uniform mesh into the integration interval [0, b]: 0 =15 < 1] < ... < T,-
1<t =0b, 1,=151, &1 =b/n, i =0, 1, ..., n. Corresponding with every knot 1;
of the mesh a «roof» functions will be put:
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We shall build approximation of function p°(t) in the form
T
P (M) =2 P ¢:i(1), p;=p(x). (5)
i=0

The uniform error of . this approximation for p*(t) € C*([0,b]) has order O(512)

[2].

Substituting the approximation (5) into the equation (4) we find

0, —0<E<0
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where
MU(E.H n) = TIJO(Tl!gl TI) =5 Jl(‘rl:év Tl)
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The functions L&, n) in the equations (6) were calculated using the for-
mulae (7) at substitution of functions Jy(t;, 1, M), 1 =1,2, .., n; k=0,1 in-
stead of functions Ji(t;, , n), where

Jol3s: 561 = ~21; exp[ ) wr erfc[j'—] .

1

Ji(t;150) = —--"t J_exp( ) [—Tg- + TJJU(T‘-,':‘,,T]), § =L B

3. Contact pressure. The distribution of the contact pressure has the
form [4]
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The values of the parameters B and H for a large range of materials are
given in [4]. Note that the parameter H is remarkably close to unity for most
metals.

At H=0 from the formulae (8) and (9) we obtain the known solution of
the isothermal contact problem [1]. If f=0 or H=B then a=8=1/2 and we
have the solution of the plane Hertz contact problem [1].

4. Numerical example and conclusions. The numerical examples has
been considered for the friction couple wheel-rail at R=05m; f=0.3; v=0.3;
pu=280.8 GPa; K=41 W/(m-K); k=9.1-10" m?/s; o, =103 K™! because of the
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experimental data [5] for three cases of the load. These results are listed in

the following table

Parameters PaSSe‘nger Locumqtive Locumoti‘ve
carstatic load wheelstatic load wheeldynamic load
P (N/m) 10° 2.10° 2.10°
V (m/s) 25 75 75
s % 0,1 9 9
Vs (m/s) 0,025 0,75 15
a (mm) 0,37 0,52 0,74
pg (MPa) 66,7 94,3 133,4
Trnax (K) 1,5 13,8 32,9

It is observed that the maximum contact temperature is reached in the

case at high running speed (V = 75 m/s) with a creep of 2% for the dynamic
locomotive wheel load. The calculated temperatures do not exceed 350°C.
Thus, the thermally induced phase transformation of the rail material, where
the temperature of at least 600°C would be needed [6], cannot be induced.
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Ouercanap €srymenko, Cuassectp Koueunmis, Pokconana Yanosceka
BU3HAYEHHSA TEMIIEPATYPHU ¥ PEfllII I YAC KOB3AHHSA KOJIECA

3anponorosano MAMEMAMUNHY MOTeAd GUSHAYEHHA MEMNEPAMYPHOZO TMoAlL Tid

uac mepms 8HACAII0K KOB3AHHA 3AAI3HUYHOZ0 Koaeca NO peliyi. Buxopucmano eidomudi
pose’'asox Jlinza naockoi xeasicmaylioraproi 3adaui menaonposidnocmi. Ha 6asi memo-
oy nycxoso—mﬂwuoz anpoxcumayi no6ydosano po3paryrKoey cremy ma SUKOHAHO HUC-
208U AHANI3 O BexiabKoXx munis ihmencusnocmi GPuUKYIiHOZ0 MEeNL06020 NOMOKY.
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