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Study on the Formation Mechanism of Rail Corrugations
Liu Xue-yi' _
(Railway and Road Enmgineering Department
"~ of South West Jizotong University, Chengdu 610031) .

Abstract 'f5

In the beginning of this dissertation, comprehensive summary,
classification and discussion are made on the existing theories
about the formation mechanism of rail corrugations. Some defects
are found out and the approach to improve is envisaged.

Thé characteristics. and regularities im the formation and
development . of wear corrugations are summed up according to the
detailed field investigation, and measurement, - with _ the
classification of corrugations‘_adjusted and & new type of
corrugations added in. o

A non—linéar, space—coupling,‘ and time—dependenf vibration
‘model of wheel/rail system is built up, in which .the vertical and
lateral vibrations of the whole ‘system as. well as the bend and
torsion vibrations of wheelsets are all taken into account. In this
model, various space-coupling' relationships and many nonlinear
factors are successfully treated. The finite element and infinite
element method are sxmultaneously appl1ed in the track to make the
boundary effect disappeared. And the scopes of - app11cat1on are
rationally marked out for the related vibration models This spacc—
coupling model has been verified to have adequaie validity. not only
in causing the corrugations but also in all the cases where the
,space—coupl1ng vibrations are to be considered.

By studying the space-coupling vibrations of wheel/rail system
and combining the existing theories of vertical system vibration,
wheelset bend vibration, wheelset torsion vibration and the theory
- of wear work, a new theory for the formation mechanism of
corrugations is proposed, which is described as ‘wheelset slip-
stick vibrations ~ wear work oscillations ~ wear corrugations’. The
new theory coVetes‘most of ‘the existing dynamic theories and can -

i
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explain much more corrugation phenomena, which indicates a great
step forward in the research of formation mechanism of rail
corrugations, : )

The manifold vibration states are systematically studied when
the parameters in the wheel/rdil system vary over wide rages. Three
criteria for wheelset slip-stick vibrations are developed based on
the general frictional vibration. Under some conditions, the three
forms of vibrations, that is, system vertical vibration, wheelset
bend vibration and wheelset torsion vibration, may  form a
circulative self-induced vibration system in view -of the CTOSS
excitation. It is discovered for the first time that the slip-stick
vibrations may appear in more than one kind of states, for one or
another of the three vibrations is exc1ted more severely And one
kind of slip-stick vibration is assoorated with one group of .
corrugation characteristics. Four ‘kinds of slip-stick vibrations are .
described in detail. Some typical parameter groups are enumerated
under which the wheelset slip-stick vibrations happen. .

It is considered that the formation mechanism of long pitch wear
-corrugations is the duplication and acchmulation of uneven wear of
" rail tread during the course of wheelset slip-stick vibrations. Four
necessary conditions are given, in which the track irregularitiea
predominance of some train speed and predominance of some train type
‘are regarded as the main causes that” excite, strengthen and
normalize the slip-stick vibration and make the uneven wear into
corrugations. Various processes are described for the formation and
development of corrugations. _ : _ :

There exists a critical curve radius for the long pi?Ch wear
corrugations. If the curve radii are larger than the critical value,
the corrugations are supposed not to occur. On sharp cur#es,-the
corrugations are mainly caused by the freight trains of lower speeds.
And on the flat curves, the effects of locomotives increase. There
are no conditions for the long pitch wear corrugations forming and

developrng in the straight track. _ 7
’ ' The . influences of eighteen factors to corrugations are
emphatically analyzed such as track irregularities, train braking,
axle stiffness. of wheelsets, suspension damping, elasticity and
damping of- track. Three kinds of precautionary measures are

iv
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suggested, for example,'by-modifying ‘the characteristic of creep
force to eliminate slip~stick vibration, by dispersing train speeds
to avoid the accumulation of uneven wear. Eleven kinds of measures

for retarding corrugations are recommended, such as reducing track

irregularities, adjusting and increasing track elasticity, setting
up minimum superelevation, controlling oil lubrication, replacing
corrugated rails from curves to.straight track, increasing rail
wearability and practising rail grinding. _

Data from the field experiments show that most of the retarding
measures are practicable and rather effective. The theory for the
formation mechanism of corrugations has primarily been testified.

[Xeywords] rail corrugatiom, wheel/rail system dynamics, slip—stick
vibration, wear work, formation mechanism, precautionary and
retarding measures
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