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ABSTRACT

A method of approach to the operation of high-speed,
high-temperature ball bearings is outlined. The results of
bearing operation to speeds of 50, 000 rpm and temperatures
from room temperature to 1200°F using the methods outlined
is presented.

The most successful bearing operation has been
attained using powdered lubricants suspended in a gaseous-
carrier with titanium carbide and Stellite material bearings.
Research efforts are still in progress, however, evaluations
to date indicate that molybdenum disulfide in a nitrogen
atmosphere and a graphite-cadmium oxide mixture in an air
environment are capable of functioning as a lubricant in ball
bearings of either material over the temperature range from
room temperature to 1200°F. Satisfactory bearing operation
has been obtained with these lubricants over the temperature
range at speeds of 25, 000 rpm for periods of two hours or
more. Wear during these evaluations appeared to be a function
of lubricant flow varying from a build-up condition at flows
above 1 gram/min to a wear condition at flows below 0.2 grams/
min. Longer periods of operaticn have also been attained at
the temperature extremes of room temperature and 1200°F
with both lubricants. Short periods of operation at speeds to
50, 000 rpm at both room temperature and 1200°F have also
been conducted.

INTRODUCTION

The ever-increasing trend toward higher speed aircraft, missiles and space vehicles introduces
a serious demand on the capabilities of secondary power equipment to operate in temperature environ-
ments beyond the limits of common usage rolling-contact bearing materials and lubricants. In recogni-
tion of this problem, a WADD-sponsored program was undertaken by Stratos to investigate and develop
various unconventional lubricants and lubrication techniques as well as bearing materials and designs
in order to attain operation of at 20-mm (bore size) ball bearing at the following conditions:

Bearing Temperature, °F Room to 1200
Bearing Speed, rpm To 50, 000
Operating Time, hr 10 {(minimum)
Bearing lLoad:

Radial, 1b 50

Thrust, 1b 50

It is quite evident that the success of operating over the performance parameters outlined is dependent
upon the ability of meeting the 1200°F bearing temperature condition. At this temperature (which is
above the melting temperature of most aluminum alloys and described as a ¢. 'ry red color for most
steels) it becomes apparent that limitations will be encountered with standard lubricants and bearing
materials.
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halogen-containing vapors which might be capable of reacting with the bearing surfaces, and one
sulfide- containing gas were also selected for screening evaluations in therolling disk machine.

A total of ser 1t 1 dif it ‘ sititt it lubricant iter s we sc l in the
rolling disk machine. Of the powdered materials, those considered worthy of evaluation in a bearing
at 1200°F were lead oxide, bismuth sulfide, metal-free phthalocyanine, graphite and molybdenum
disulfide. (All lubricants were recommended for use in a nitrogen atmosphere.)} Molybdenum disulfide
was also considered capable of operations over the temperature range from room temperature to 1200°F
in a nitrogen atmosphere. Generally, the single-constituent powdered lubricant materials were
effective over limited temperature ranges, but not throughout the entire range. They also require an
inert atmosphere to protect them against lubricant oxidation.

The halogen-containing gases did not require an inert atmosphere because they create their
own environment. Although the halogen gases provided some lubrication, their friction and wear
performance was not as good as molybdenum disulfide and, therefc , wear was anticipated if they
were used in a bearing. The most successful of the gases for the full temperature range was
tetrabromoethylene. The hydrogen-containing gas (hydrogen sulfide) resulted in a rather high
corrosive wear on cobalt alloy disk specimens at 1200°F. Hydrogen sulfide is not suitable for use
with nickel-containing materials such as titanium carbide and Rene '41 because of its chemical
affinity for nickel. If diluted in an inert gas and combined with another potential lubricant, it was
felt that this gas miéht offer some promise when used with the cobalt alloy materials,

The results of the single-constituent lubrication evaluations were also of value in providing a
basis for selecting promising lubricant mixtures. As a result, nine mixtures were evaluated of which
three were considered suitable for bearing operation over the temperature range. The first two
(molybdenum disulfide plus metal-free phthalocyanine, and graphite plus cadmium oxide) were capable
of operation in either an air or a nitrogen atmosphere when used with both titanium carbide and cobalt
alloy materials. The third (a mixture of molybdenum disulfide and hydrogen sulfide) was recommended
for use in a nitrogen atmosphere with cobalt alloy materials only. The mixtures appeared to be
capable of making up for the shortcomings of each single constituent. Figure 3 presents the results
of the friction and wear evidenced during evaluations with these mixtures, as well as the results for
molybdenum disulfide as a single-constituent material.
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NOTE: Length of run - 15 minutes; speed 12, 000 rpm (resulting in a mean surface velocity of 8, 400 fpm with 4% sliding);
temperature 1,200 F; Hertizan contact area widths shown by dashed lines representing 96, 000 psi maximum Hertz
stress for stellite disks and 118, 000 psi maximum Hertz atress for titanium carbide disks if no wear occurs.

FIGURE 3. AVERAGE COEFFICIENT OF FRICTION IN ROLLING DISK EXPERIMENTS
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Evaluations se indicated the importance of approaching the problem of high-temperature
ball bearing operation as a lubricant-bearing system and have shown the feasibility of bearing operation
at both h™ "1 speeds and high temperatures using powdered type lubricants. Investigations are continu-
ing to more fully explore the capabilities of these systems. It is anticipated that in the near future the
program objectives of speed and temperature for periods of at least ten hours will be attained and that
longer periods of ball bearing operation will be possible.
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