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ABSTRACT

The basic processes of lubrication at the rolling-
contact regions between the elements and races in bearings
are discussed. Lubricant film-thickness and contact-deforma-
tion data with various lubricants in a precision rclling-disk
machine, using a special X-ray method, are presented. These
data show that lubricant films significantly thicker than molec-
ular dimensions exist at bearing contacts under many practical
conditions, and that significant deviations from Hertzian
stresses can occur by the action of lubricant pressures, partic-
ularly at the edges of the bearing contact regions. Here the
lubricant must withstand high shear stresses under rapidly
changing pressures to effectively separate bearing surfaces.
Even if appreciable breakdown of the lubricant film occurs in
the near-contact region, the high-pressure shear behavior of
the lubricant at the edges of the contact may still affect bear-
ing contact stresses significantly.

Rolling-element bearings are used in many missile and aircraft applications where operating
conditions are so severe that lubrication and reliability are serious problems. In many cases, new
synthetic lubricants drastically reduce the life of rolling bearings. Bearing failure by pitting fatigue
is known to be affected by the viscosity and type of lubricant as well as by bearing operating condi-
tions. The action of the lubricant in the near-contact regions between the rolling elements and races
in rolling bearings is not well understood. Consequently, environmental factors such as stability
and fluidity over a wide temperature range, instead of those basic properties that affect rolling-
bearing lubrication and performance, have been emphasized in the development of synthetic lubricant
materials.

The purpose of a research program in progress at Battelle is to study the important funda-
mental properties of lubricants in rolling-contact lubrication, so as to guide the development of
improved rolling-bearing lubricants. Since the performance of the lubricant at the rolling contacts
in bearings is basic to the effect of the lubricant on bearing behavior, this research has been concen-
trated on the study of the lubrication in these contact regions.

REVIEW OF ROLLING-CONTACT LUBRICATION PHENOMENA

The early work of Hertz and others on contact stresses between elastic solids showed that
contacting curved surfaces, such as between the elements and races in rolling bearings, deflect
under load to form finite areas of contact. However, early lubrication theory for gears and rolling
bearings(l), based on the same assumptions as those used in hydrodynamic journal-bearing theory
(sometimes including the increase in viscosity of the lubricant under pressure), neglected this
contact deformation. The al rdly 11l lubricant fi thicki :ses predicted by such theory,
together with the formidable mathematics involved in allowing for deformation under lubricant
pressures, seemed to discourage research on mechanical rolling-lubrication phenomena. There
existed the widespread notion that at the contacts in rolling bearings and gears the stresses and
deflections are entirely Hertzian in nature and, at best, the surfaces are separated by adsorbed
lubricant films of only molecular dimensions. However, recent measurements by Cameron and
others{?) have indicated a lack of electrical continuity across the contacts in gears and rolling
bearings over a wide range of p :tical operating conditions. Figure 1 illustrates the existence of
a significant dielectric breakdown potential across the rings of a 60-mm ball bearing for all operating
speeds above about 2000 rpm with mineral oil, diester, and silicone lubricants{3). Crook{4) has
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FIGURE 3. PRECISION ROLLING-DISK MACHINE AND X-RAY SYSTEM
FOR ROLLING-CONTACT-LUBRICATION EXPERIMENTS
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DISCUSSION

The experimental results show that the. e are certain anomalies in the lubrication at rolling
contacts, such as between the elements and races in rolling bearings or between gear teeth, during
overation with very thin films, namely, the increasing prevalence of electrical breakdown and the

:crease in minimum film thickness below the theoretical. This behavior is consistent with the
idea that there are two distinct regimes which exist in varying degrees of importance. These are

e relatively thick film elasto-hydrodynamic regime, in which the load is supported by hydrodynamic
pressures in the lubricant film balanced against the elastic contact stresses on the bearing surfaces,
and the very thin adsorbed molecular film regime, in which local areas in the contact region are
pressed so close together that only absorbed lubricant films remain to carry that part of the load.

At least some local plastic deformation of the bearing surfaces usually occurs in the thin adsorbed-
film regime.

Separation of the lubrication mechanisms into these two regimes does not imply that the
operation of any particular machine element is in either one or the other regime; in the majority of
practical cases lubrication of both types exists in varying relative degrees. In fact, the elasto-
hydrodynamic film may be squeezed so thin in the regions of closest approach between the surfaces
that most of the load in those regions is carried on adsorbed surface films but that an appreciable
portion of the total load is still supported elasto-hydrodynamically in the regions around the edges
of the contact where the lubricant film is still quite thick. Such edge support can have important
effects on the contact stresses, particularly the reversing shear stresses in the metal surface

which are thought to be important in rolling-contact fatigue and which occur near the edges of the
contact region.

The ” t ri it pror 't in elasto-hydrodynamic lubrication are the higch-pressure
viscosity or rheology of the lubricant material. These properties determine when the It i it film
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