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Figure 7. Superposition 6,,"" +a,,'” of components of stress tensors caused by normal and tangential tractions
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of components of stress tensors caused by

normal and tangential tractions and bending load

d. According to Fig. 8 (compare with Fig. 7 for ,,"+
o,,'”) effect of stresses caused by bending o,,” on
the change of the state of stress of the ring is that the
signs of effective stresses reverse in certain areas
(the field of compressive stresses transforms to the
field of tensile stresses). In a quantitative sense such
a transformation results in the change of the
magnitude of stresses approximately up to 80 MPa.

Conclusions 1-3 are similar for the other components of
stress tensor.

Thus, formulae (13), (15), (18), (20), (22), (23) give the
procedures of an exhaustive analysis of the stressed state
in the neighborhood of an elliptic non-conforming
contact of active system elements

6 DYNAMIC CONTACT

The obtained solution allows dynamic contact provided
that the change of contact parameters in time is
established to be analyzed.
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If, for instance, we change R,;, R, and F, in time, as it i
shown in Fig. 9, then the change of contact parame
according to formulae (9), is as shown in Fig. 10. Hi
Xup, Yy are the magnitudes of semi-axes of the con
ellipse along the axes x and y respectively.
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Figure 10. Change Xu, Yo, S, po andd in time

The distributions of stresses o.- and o,. in the disc

moments of time in planes z=0.5a (the top pair) y=0 (

bottom pair) where a — the magnitude of the greater se

axis of the contact ellipse at the given moment of ti
are shown in Fig. 11-14. Each group of four figures gi

the exhaustive analysis of the state of stress at the giv
moment of time.

The analysis of Fig.11-14 and Fig. 9-10 shows that
developed model allows to describe correctly the ch

of the shape and magnitude of stresses distribution as
result of time change of bodies geometry in the con
area and the applied load (Fig. 9) through the change
contact area parameters (Fig. 10).




In conditions of calculation the planes to which radii Ry,
and Ry belong are parallel to axes y and x respectively.
Consider Fig. 11 and 13 and corresponding points /=0
and /=4 in Fig. 9 and 10. It is evident that at R,;>R,, (Fig.
9) the greater semi-axis of the contact ellipse is oriented
along y-axis (as well as the distribution of stresses in
Fig. 11) i.e. Y,,>X.. As this takes place the magnitude of
stresses at a point /=0 is greater than at a point /=4
because S(1)<S(4) and py(1)>p(4). The relations inverse
to the described ones take place in the moments of time
=2 and 7=6.

The analysis for other moments of time and components
of stress tensor is carried out similarly.

7 CONCLUSION

The following problems have been set up and solved
when developing the method of investigation of the state
of stress of the simplest model of wheel/rail system
designed as the roller/ring system:
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Figure 11. Distribution of stresses o-."" and .."" in the initial moment of time (t=0)
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Figure 12. Distribution of stresses o and a.."" in the moment of time t=2
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Figure 13. Distribution of stresses o and a.."" in the moment of time t=4
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Figure 14. Distribution of stresses .. and a.." in the moment of time t=6

The system of principles is stated as the basis of
the problem solution regarding the state of stress
of roller/ring system elements. In particular, the
scheme of division of external load Fy into two
components applied to the system is offered. One
component is observed at a point of contact of the
roller and the ring and the other causes bending
of the ring.

When solving the contact problem:

the change of contact parameters due to
bending of the ring is taken into account.
the full pattern of stresses distribution in the
volume zone of contact caused by the effect
of normal and tangential tractions
elliptically distributed over the contact
surface is obtained; simplified formulae
(16) for calculation of stresses on the
contact surface are introduced; integrals
(19) and (21) for determination of all the
components of stress tensor under the
contact surface are recorded,
numerical methods including Simpson
formula, construction and integration of the
cubic spline are used in order to conduct
integration in formulae (19) and (21),
on the basis of the obtained regular grid the
following procedures are developed:
a. Interpolation for calculation of stresses
in the points inside the grid;
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b. Symmetric mapping of array of points
calculated for the quarter of a
considered volume, which allowed data
array to be multiplied by 32 times.
3. The solution of a dynamic contact problem in
terms of Hertz theory assumptions is given.

The solution of the problem of the state of stress of
roller/ring system elements presents a general view in a
sense that the method of the calculation of the stresses
caused by both surface and volume deformation is given.
Naturally there arises the problem of realization of the
similar method for the real wheel/rail system. In our
opinion, it is possible with the account of all the variety
of fields of stresses (including residual) caused by spatial
system of cyclic loads. And though computing
difficulties will undoubtedly arise here, this specific
target now seems quite tractable.

The general conclusion is the following: ignoring
bending stresses while analyzing the state of stress of the
roller/shaft system only with the account of contact
loading can result in the distorted idea about the state of
stress of the system elements and hence in the incorrect
estimation of its serviceability. This concept corresponds
to the main ideas of tribo-fatigue [2] confirmed
experimentally.
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