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ABSTRACT

The fretting wear between strands inside hoisting rope and
between wires inside strands will decrease the fatigue intensity of
the hoisting rope and accelerate the fatigue fracture of the hoisting
rope. So investigations on fretting wear of steel wires and fatigue
fracture caused by fretting damage are of great importance in
prolonging the hoisting rope’s life and improving the reliability of
hoisting rope.

This paper, taking the 6 X 19 point contact hoisting rope as the
study object, analyzed the loading condition of steel wires inside the
hoisting rope when the winder was running and developed fretting
wear model to simulate the steel wire’s condition in lab. And the
fretting wear rig of steel wires was set up according to the decided
fretting wear parameters. Using the fretting wear rig, research on
fretting wear of steel wire specimens was performed, which focused
on variation rules of friction coefficient and fretting wear depth
when parameters, such as fretting amplitude, contact load and
fretting time, were changed. The results showed that friction
coefficient was closely related to fretting amplitude as well as
directly to contact load, contact conditions and wear debris, etc.

Fretting wear depth increased with the increasing of the
fretting amplitude, contact load and fretting time. However, the
increasing trends of wear depth varied at different conditions due to
wear debris and the simultaneous variations of contact area and
contact stress in the process of fretting wear. The developed finite
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element model of contact condition between wire specimens, is used
to analyze the value, distribution and grads of contact stress in
different insert depth and under different load, which in view of
mechanics validated the variation law of contact area and contact
stress as wear depth varies. From the SEM morphologies of the
size, shape and distribution of wear debris and fretting wear trace,
the changing rules of wear mechanism were analyzed.

In order to depict fretting wear more thoroughly, integrated
parameter pv value and puvt value, were introduced to replace the
parameters such as contact load, fretting time and fretting
amplitude to find the effect of the former parameters on amount ofo
fretting wear. Based on the fitted linear relation between integratéd
parameter put value and wear depth, the theoretic model of fretting
wear between wires was developed. The results of theoretic
calculation fitted that of experiment mostly.

After the process of fretting wear, the steel wire specimens
were then performed on fatigue experiment using hydraulic servo
fatigue test rig. The effect of fretting wear depth on fatigue life of
steel wires under different stress ratio and different stress amplitude
was investigated too. The result showed that the wear depth, stress
ratio and stress amplitude were the most important factors to effect
the fatigue life.

It can be drawn from SEM morphologies of fracture section
that fatigue fracture were divided into crack initiation, crack
propagation and crack break corresponding to different fatigue
phases. The fretting worn noteh was the crack initiation source
because of stress concentration.

Keyword: Steel wire, fretting wear, wear depth, integrated
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parameter, stress concentration, fatigue life, morphology

ABSTRACT
(Detail Abstract)

Winder is a very important equipment to carry coal, people and
material in coalmines. Hoisting rope is the indispensable part of
winder and its strength and life play a critical role not only on the
reliability of winder, but also on the operation of winder and even
on the production of coalmine. When hoisting rope is bent or drawn
axially, there will exist fretting wear with little amplitude between
strands inside rope and between wires inside strands, which will
lead to micro damage to the hoisting rope and thus accelerate the
fatigue fracture of the rope. So investigations on fretting wear of
steel wires and fatigue fracture caused by fretting damage are of
great importance in prolonging the hoisting rope’s life and
improving the reliability of hoisting rope.

This paper, taking the 6X19 point contact hoisting rope as the
study object, analyzed the loading condition of steel wires inside the
hoisting rope when the winder was running and developed fretting
wear model to simulate the steel wire’s condition in lab. And the
fretting wear rig of steel wires was set up according to the decided
fretting wear parameters. Using the fretting wear rig, research on
fretting wear of steel wire specimens was performed, which focused
on variation rules of friction coefficient and fretting wear depth
when parameters, such as fretting amplitude, reciprocating
frequency, contact load and fretting time, were changed. The
results showed that friction coefficient was closely related to fretting
amplitude as well as directly to contact load, contact conditions and
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wear debris, etc. The steady friction coefficient was larger at large
fretting amplitude and lower at little amplitude.

Fretting wear depth increased with the increasing of the
fretting amplitude, contact load and fretting time. However, the
increasing trends of wear depth varied at different conditions due to
wear debris and the simultaneous variations of contact area and
contact stress in the process of fretting wear. The wear depth
increased sharply at initial phase of fretting wear and changed
slowly after reaching a certain value of fretting time, and the
increasing rate of wear depth was larger with the changing
amplitude in little fretting amplitude. The wear depth increased in
linear relation to the contact loads and fretting time.

The SEM morphologies of wear debris and fretting wear trace
showed that the size, shape and distribution of wear debris,
morphologies of wear trace, were affected directly by fretting
amplitude, contact load and fretting time. The fine wear debris
accumulated equably and its amount were large at the condition of
light contact load or short fretting time. And much fibre shape or
bar shape debris was produced at little amplitude. However, much
big grain debris or flake shape debris or crisp shape debris was
broken off from contact surfaces,which caused by contact fatigue at
large contact load or longer fretting time. The adhesive of material
and smear of debris mechanism gave priority to the morphologies of
wear trace at light load or short fretting time. With the increasing
of fretting time, the amount of debris increased. So the abrasive
mechanism of ploughing trace and gouge trace was the main wear
mechanism because of the intervention of debris. But at larger load

or longer fretting time, the wear traces appeared the morphologies -
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of debris broken off or rimple shape because the probability of
contact fatigue between surface increased.

The nominal contact area and average contact stress between
wire specimens were of close correlation to contact load and fretting
time. The decreasing trend of contact stress and the increasing
trend of contact area were the same because the wear depth
increased with the increasing fretting time at a certain contact load.
But the contact stress and contact area was the same increasing
trend with the increasing load at the same fretting time. The
developed finite element model of contact condition between wire
specimens, was used to analyze the value, distribution and grads of
contact stress in different insert depth and under different load,
which in view of mechanics validated the variation law of contact
area and contact stress as wear depth varies. The maximum stress
increased as the contact load increased and decreased as insert depth
deepened. The varying grad of stress was large at small insert depth
and decreased when the insert depth was up to a certain value. The
stress increased quickly with contact load at small insert depth and
increased slowly with contact load at large insert depth.

In order to depict fretting wear more thoroughly, integreted
parameter puv value and put value, were introduced to replace the
parameters such as contact load, fretting time and fretting
amplitude to find the effect of the former parameters on amount of
fretting wear. The wear depth increased quickly at light contact
load and then increased linearly and slowly at large load with the
increasing pv value when the fretting time was certain. When the
contact load was certain, the wear depth decreased with the
increasing pv value. And the wear depth increased in linear relation
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to the ingreted parameter pvt value. Based on the fitted linear
relation between ingreted parameter puvt value and wear depth, the
theoretic model of fretting wear between wires was developed. The
results of theoretic calculation fitted that of experiment mostly.

After the process of fretting wear, the steel wire specimens
were then performed on fatigue experiment using hydraulic servo
fatigue test rig. The effect of fretting wear depth on fatigue life of
steel wires under different stress ratio and different stress amplitude
was investigated too. The results showed that the bigger stress
ratio, the greater tensile fatigue strength, while with the same
maximum load, the bigger stress ratio, the longer tensile fatigue
life. With the stable maximum load, the smaller stress ratio, the
shorter tensile fatigue life of wires, the more possibility of damage.

Moreover, it can be drawn from SEM morphologies of fracture
section that fatigue fracture were divided into crack initiation, crack
propagation and crack break corresponding to different fatigue
phases. The fretting worn notch was the source of crack initiation
because of stress concentration. The crack propagated slowly and
fracture section appeared much fine disorder secondary crack at
initial fatigue. Then the crack propagated quickly and the crack and
secondary crack became widely. When the crack propagation caused
the overstress in wire specimen, the wire specimen broke suddenly
at the center zone. The fracture crack inclined to the edge of wire
specimens at a certain angle.

Keyword: Steel wire, fretting wear, wear depth, integrated

parameter, stress concentration, fatigue life, morphology
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