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Abstract

The widely used line contact friction pairs work mostly
under lubrication conditions. The pressure, film thickness,
and temperature distributions play important role in the
performance and service life of such friction pairs. Therefore,
crowning design is necessary to increase their load capacity and
improve lubrication condition. In this dissertation, the line
contact EHL of finite length is studied. Crowning designs
based on steady thermal and transient isothermal EHL of
profiled rollers are discussed. The effects of lubricants,
applied load, velocity as well as crowning parameters on
pressure, film thickness and temperature distributions are
investigated. The pressure distribution and oil film structure
of several types of non-steady state motion, including
acceleration/deceleration, stop/start, rapid deceleration and
oscillation are obtained. The main work is as follows:

1. An effective, robust and stable algorithm is established
based on the multi-level multi-integration technique and several
numerical skills: introducing additive items to construct the
temperature matrix, constricting the pressure and temperature
in a reasonable range during the calculation process, and using
the solutions of some similar operating conditions as the initial
values for more severe operating conditions. Numerical trials
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show that convergent solutions could be obtained under severe
working conditions (the contact pressures exceed 2.0 GPa and
the length-width ratio of contact area is over 100). Using this
algorithm, systematic and complete numerical simulations of
the classical interferometry experiments by Wymer’s group
are carried out. The numerical and experimental results agree
quite well with each other. Therefore, the reliability of the
calculation program is verified.

2. The steady thermal EHL behavior for cylindrical rollers
with crown-profiled ends at heavy load is systematically analyzed,
including the following aspects: the effects of crowning ‘
length and crowning radius; the effects of velocity, applied
load and slip-slide ratio; and the effects of the Eyring non-
Newtonian fluids. Moreover, the similarity of the pressure
and temperature distribution is investigated to discover the
influence of the crowning design on the temperature distribution.
It has been concluded that, if the crowning parameters are
suitable, such rollers could establish two times of constriction
in the cylindrical direction, the first is at the location of the
crowning place, while the second is at the exit region on
roller edge. The two cylindrical constrictions as well as the
axial constriction embarrass the outlet flow of the lubricants,
thicken the oil film consequently and constitute the “oil close
effect”. The results show that the lubrication properties could
be optimized that let the contacts adapt to the operating
conditions if the rollers are suitably crowned. From the point
of oil constitution, lubrication failure is corresponding to the
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demolishment of the “oil close effect”. The height of the
edge pressure is mainly decided by the applied load and the
crown radius. The results also show that The Eyring effects
have little influence on the crowning design although it could
increase the load capacity and lubrication conditions of the
finite line contacts, and the similarity of the temperature and
pressure distribution is mainly caused by the compress work,
therefore, by the crowning design, not only the pressure but
also the temperature distribution could be optimized, as a
result, some fatigue phenomenon relevant to the thermal
effect could be amended at the same time.

3. The steady thermal EHL characteristics of the logarithmic
profile rollers at heavy load are systematically investigated. It is
concluded that the ideal profile in elasto-static state, Lundberg
logarithmic profile, is insufficient in crowning value in EHL
state. The pressure and film thickness distributions must be
combinablenably considered in designing suitable crowning,
therefore, the film thickness distribution index and the
pressure distributions index is defined respectively. A linearly
modification coefficient of the Lundberg profile, &, is
defined and the relationships of ¢ with applied load, velocity,
lubricant parameters are investigated. It has discovered that
there is an optimum range of the crowning value expressed by
0 as [ 0,, 0y ] for a particular operating condition. &
significantly increases with the increase of applied load and
with the decrease of velocity and lubricant viscosity; while d
significantly increases with the decrease of velocity and

b e ———




2005 £ g K3
e

lubricant viscosity. J slightly increases with the increase of
applied load, however, the influence of the applied load on
05 is not pronounced, and for a high viscosity-pressure index
oil, satisfactory pressure distribution can not be realized by
linearly modifying the Lundberg profile. The effects of the
surface scratch on the load capacity and lubrication conditions
are also discussed.

4. An algorithm for transient iso-thermal finite line
contact EHL problems is developed. Several types of non-
steady state motion, including acceleration/deceleration,
stop/start, rapid deceleration and oscillation are analyzed
with this algorithm. A qualitative comparison with the point
contact experimental results of EHL is made. The consistency
is good. It is shown that, when the velocity decreases to zero,
the oil film can remain for a short time because of the
transient effects. For the complicated oscillation motion, two
coordination systems are employed during the calculation
process to overcome the difficulties of periodic reversal of the
inlet and outlet domains. A mirror extension technique of the
calculation grid is used to develop the algorithm for the
arbitrary oscillation motions. The EHL behavior of sinusoidal
velocity motion, its pressure and film thickness characteristics,
and the effects of oscillating frequency as well as the roller
profile and crowning value are investigated. It is concluded
that, in the middle of the roller, the film variation lags
considerably behind the velocity variation, whereas at the
roller edge such phenomenon is not significant. With the
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change of velocity, the contact area varies, consequently the
pressure varies under the load balance restriction As a result,
the pressure distribution in the cylindrical direction also
changes and influences the edge effect. The total contact area
varies with the contact width in the entrainment direction,
while inversely varies with the contact length in the
cylindrical direction. The edge pressure and lubrication states
at lower speeds are less satisfactory than that at higher
speeds.

5. Experiments of rollers with a crown-profile end and
logarithmic profile show that the latter is better than the
former, and experiments of logarithmic rollers with different
crowning values show that the crowning values influence the
oscillation fatigue life considerably, and that rollers with
suitable crowning values have much longer oscillation fatigue
life.

The research is useful for understanding the steady
thermal and the transient iso-thermal EHL characteristics of

.. roller friction pairs. The study proyides a good foundation for

the optimum design and performance analysis of such friction
pairs.

Key words tribology, EHL, finite line contact, crowning design,
oscillation, transient characteristics
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