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ABSTRACT OF THE DISCLGSURE

Dry lubricant such as molybdenum disulfide is applied
to a solid surface by interposing the lubricant between the
surface and a force generating means such as a peening
particle, preferably by applying the lubricant initially to
the particle, and then fusing the lubricant to the surface by
bringing the force to bear upon the surface, and peened
surfaces having dry lubricant impacted or fused thereon,

The instant invention relates to a methed of applying
dry lubricants to surfaces and to surfaces so treated. More
specifically, this invention relales to a method of applying

a dry lubricant by interposing the lubricant betwesn the !

surface and a peening particle and to surfaces having a
dry lubricant impacted or fused thereon by a peening
Process.

Dry lubricants have been known for some time. How-
ever, until recently, such lubricants were of the type
represented by graphite and useful only in applications in
which low lubricating quality and tenacity were required.
With the relatively recent recognition of the outstanding
Iubrication qualities of molybdenum disulfide type lubri-
cants, the possibility of treating surfaces with a dry
lubricant to obviate the need for running in a liquid Inbri-
cant has been recognized. Unfortunately, this possibility
has not yet been achieved although dry lubrication has
been achieved to a limited extent.

One of the first applications of molybderum disulfide
type dry Iubricants was as a dispersion in ordinary oil
baths, such as an automobile crank case or transmission.
While such machinery has proven to be more resistant io
wear when the oil was drained for dry-bearing testing pur-
poses relative to a similar test with machinery lubricated
only by the oil per se, there has been substantial evi-
dence that the free dispersion of dry hubricant afso tends
to act as an abrasive. This is probably due to the fact
that the pasticles do aot all become “plated” or applied

in a lubricating manner but act as discreet, nonlubricating,

i.e., abrhsive, particles when in a dispersion, Even the dry
lubrication obtained permitted operation only for a some-
what longer time before seizure.

Another more complicated and somewhat successful
process involving dry Iubrication is that in which the drv
Iybricant is admixed with a resin binder and applied to
surfaces to be lubricated. This process requires undersized
parts since the binder and lubricant add a noticeable in-
crease in dimensions fo the part. Also, the binders usnally
used must be baked at relatively high temperatures (o
cure the binder and gain the required strength therefrom.
However, since the binder is normally organic in nature,
operating temperatures of the thus lnbricated surface are
limited by the decomposition temperature of the binder,
which is usually substantially lower than that at which
the Inbricant or surface will fail, Since the binder and
lubricant produce a definite, finite coating, it is nof un-
usual for film particles to loosen during operation. Thesa
particles are of rather substantial size and can cause
jam:ning and extreme wear in bearings, cams, and other
close tolerance-bearing surfaces,
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In general, the binder-secured dry lubricant is a step
in the right direction, but is a complicated treatment with
many shortcomings.

It is an object of the instant invention to provide dry-
lubricated bearing surfaces which are operable aver very
broad temperature ranges.

Another object of the instant invention is to provide
a process by which dry lubricants may be applied in a
superior manmer to standard size, off-the-shelf parts.

Still another object of the instant invention is to pro-
vide a process for applying dry lubricants to surfaces of
viriually all confizurations or geometry.

Yet still another object of the instant invention is to
provide a dry-lubricated surface having a low coefficicnt
cf friction and rate of wear which is not subject to particle
flaking.

Still yet another object of the instant invention is to
provide a dry-lubricated surface having an extremely low
vapor pressure in order that the lubricating qualities may
be maintained in a vacuum.

Yet another object of the instant inventior is to pro-
vide a method by which dry lubricants may be easily and
readily applied with consistent superior resulis.

A further object of the instant invention is to provids a
means of preventing direct metal-to-metal contact between
moving parts.

Another object of the instant invention is to provide a
method by which dry lubricants may be applied to poly-
mers and soft metals which degrade at relatively low tem-
peratures,

Other objects and advantages of the instant invention
will be apparent from the following discussior and draw-
ings.

According to the instant invention, dry lubricants are
applied to surfaces by impacting them thereon to cause
the lubricant to fuse fo the surface. A rather troublesome
and less desirable method of accomplishing this is by
burnishing or robbing a dry lubricant into the surface.
However, this is clearly a tims-consuming and cumber-
some process. Though worthwhile results have been ac-
complished with the burnishing approach, the results are
markedly inferior to those accomplished by the preferrad
embodiment of the instant invention.

Preferably, the dry lubricant is impacted upon the sur-
face by interposing it between the surface and a peening
particle. A pesning particle, of course, travels at high
speeds and impacts with very high localized pressures upon
the surface, This has been found to securely adhere and
fuse the dry lubricant to the surface and produce a most
superior dry-lubricated surface. Peening in itself js a desir-
able and worthwhile process which induces surface com-
pression and hardening thereby minimizing the possthility
of surface cracking. Thus, the peening application of a
dry Tubricant not only adheres the lubricant to the surface
in a superior manner, but also improves the basic quality
of the surface as a bearing surface,

Burnishing and peening are illustrative of the force
generating means which may be used to impact the dry
lubricant upon the surface.

It has been found most advantageous and economical
to initially adhere a dry lubricant to a peening particle.
This is doae by merely admixing the peening particles,
which are often quite small in size, with the dry Jubricant.
The coated peening particles are then propelled at the
surface at a very high velocity. Upon impacling with the
surface, the dry lubricant is forced onto the surface and
fused thereto.

Dry lubricants are, as is well known in the arf, solid
materials which facilitate movement between contacting
surfaces by providing lubrication.

Typical of the dry lubricants useful in the instant inven-
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tion, are molybdenum disulfide, tungsten disulfide, tita-
nium disulfide, molybdenum diselenids, tungsten diselen-
ide, niobium diselenide, and molybdenum ditelluride. As
will be recognized by those skilled in the art, the method
of the instant inventicn is applicable to a number of dry
lubricants. The results obtlainable with the preferred em-
bodiments of molybdenum disulfide and tungsten disul-
fide, have been superior.,

The operating conditions of the instant invention are
not critical and, other than the step of interposing the dry
{ubricant betwzen the peening particle und the surface,
are essentially the same as the weall known and conven-
tionel requirements for ordinary pecning of a surface.
That is, temperature is aot & critical factor and the aper-
ation is merely continued until the entire surface has been
thoroughly peened. Peening apparatus utilizing micro-
spheres is preferred in order that the suiface roughness
of the bearing surface is not objectionable. The micro-
spheres, or halls, make orly a very small impression upon

the surface and do not materially roughen it. Apparatus 2

which propels the balls with air has been found useful.
Cutting apparatus using this propulsion mechanism is
operable with microspheres substiluted for the conven-
tional abrasive. The minor depressions which do result
are often advantageous in that they serve as reservoirs for
lubricant. Lubricant is believed to be available for the
“contact” portion of the bearing as it is “run in.”

Numerous surfaces may be treated accerding to the
instant invention. Typical of those which have been suc-
cessfully treated are types 304, 416, 421, 440C, and
A286 steel compositions. Also, coin silver, brasses, teryl-
Hum-copper alloys, titanium, aluminums, magnesiuni, and
other metals have besn successfully dry-lubricated. Ce-
ramics have also bean successfully dry-lubricated. A par-
ticularly unique aspect of the invention is the ability to
dry-lubricate plastics. Since the peening can be accom-
plished at room temperature, plastics commozly used as
gears or cams, such as nylen. have been sugcessfully
treated. the wear qualities of the plastic are improved
severalfold by the dry lubrication,

The invention will be more readily understood with
reference to the drawings in which:

FIG. 1is a simplified representaticn of the Initial por-
tion of the process of the instant invention;

FIG. 2 is a simplified illustration of the peening portion
of the process of the instant invention; and.,

FIG. 3 is a simplified illustration of a surface lubricated
in part according to the instant invention,

With reference to FIG. 1, a peening ball i0 is coated
with a layer of dry !ubricant 11. The ball 10 with ifs

coating of lubricant 11 is propelled at a substantial velocity

towards surface 12. When, as shown in FIG. 2, ball 10
with lobricant ceating 11 impacts upon surface i2, an
indentation 14 is produced. For purposes of illustration,

indentation 14 is greatly exaggerarad in the drawing. Ball |
10 then rebounds from surface 12 as shown in FIG. 3. °

However, a portion 16 of the dry lubricant is transferred
from ball 10 to surface 12 and tused within impact de-
pression 14

OF course the drawing is greatly exaggerated and over-

simplified in that, for instance, the entire surface 12
would be covered with fused dry lubricant 16. However,
the additional surface coaiing 1s repetitive and the drawing
thus illustrates the principle of the inventiomn.

An even more complete understanding of the invention
and the advantages accruing therefrom wiil be gained
from consideration of the following examples.

EXAMPLE I

Two 440C steel surfaces, surface A and surface B,
were treated with molybdenum disulfide. Surface A was
treated by sprinkling molybdenum disulfide onto the sur-
face and then rubbing it into the surface using a high
speed burnishing wheel. Surface B was treated by sprink-
ling molybdenum disullide onto the surface and then peen-
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ing the surface using microspheres propelled by a high
velocity air blast. The two treated surfaces were formed
into discs and tested in a vacuum by rotating the dises
with pins of equal area and loading bearing thereupon. It
was found that surface B, treated by the peening process,
displayed a resistance o wear six times that displayed by
surface A which was treated by the burnishing process.

EXAMPLE II

Two 303 stainless steel surfaces were trezted in man-
ners identical to that of Example I, It was found that the
peened surface displayed wear properties superior to the
burrished surface by a factor of 60 when tested in a
vacuum.

Turther, it was noted in both of the examples that
the wear properties of the peened surfaces improved dur-
ing testing while the burnished surfaces degraded. This is
attributed ‘o the galling of the burnished surfaces because
of insufficient lubrication while the peened surfaces merely
polished because of proper lubrication.

EXAMPLE I

Spur gears of 303 stainless steel having ¥4 inch face
were dry-lubricated by coating molybdenum disulfide on-
io glass microspheres of between 50 and 100 microns
diameter and impacting the spheres onto the spur gears to
transfer the dry lubricant thereto. These gears have been
operated in a vacuum at speeds varying from 30 to 3,000
r.p.m. and have accumulated over 400,000,000 revolutions
with no apparent wear or increase in torque required to
wurn the gears.

EXAMPLE 1V

Gears were run using steel bearings of 52100 steel.
These bsarings were supplied with lubricant by the manu-

 facturer, but seized afier 1,800 hours, After seizure, simi-

lar bearings were dry-lubricated in the manner set forth
in Example IT1. Bearings lubricated according fo the in-
stant invention continue to run after 4,000 hours with no
sign of failure,

While glass microspheres have been used, other sphere
materials are useful. Glass spheres are discardesd alter use
to provide high quality. However, metal spheres, particu-
larly stainless steel, can be recycled and reused, thereby
salvaging the lubricant remaining on the spheres. This
¢an be very important in production situations.

From the above discussion and examples, it is apparent
that the instant invention provides superior dry lubrica-
tion. While the advantages orf dry lubrication for conven-
rjonal purposes is readily apparent, it must also be recog-
nized that such Inbrication is of particular impertance
for space use. Under high vacuum conditions, metals coni-
monly weld to one another upon contact. Conventional
liquid tubricants are not satisfactory for high vacuum use
because of vaporization of the lubricant. With regard to
space use, vaporization results not only in failure of lu-
brication, but also contaminates equipment surrounding
the Jubricant. Thus it will be recognized that the above
examples ulilizing high vacuum conditions represent a
use much more demanding than normally encountered
because of the cold welding propensity, and one in which
conventional oil bath lubricants would be entirely inei-
fective i not detrimental,

It will be apparent from the above description and
drawings that various modifications of the method and
surface may be made within the scope of the lavention,
Therefore, the invention is not intended to be limited to
the particular examples or illustrations employed except
as may be regquired by the followinz claims.

What is claimed is:

1. A method of dry lubricating a surface comprising,
adhering a dry lubricant to a nonabrasive peening particle,
and peening the surface to fuse the dry lubricant thereon
by impacting the particle upon the surface at a velocity
sufficient to permanently depress and locally compress
said surface at the point of impact,
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2. A method of dry lubricating a surface comprising,
coating a dry lubricant onto a nonabrasive peening parti-
cle, propelling the peening particke at the surface to be
lubricated, impacting the particle with the surface and
fusing a portion of the dry lubricant on the particle to
the surface By means of the impact energy and producing
a local depression and surface compression at the point
of impact.

3. A method as set forth in claim 2, in which the dry
lubricant is selected from the group consisting of, molyb-
denum disulfide, tungsten disulfide, titanium disoifide,
molybdenum diselenide, tunegsten diselenide, miobium di-
selenide, and molybdenum ditelluride.

4. A method as set forth in claim 2 in which the surface
to be lubricated is a metal.

5. A method as set forth in claim 2 in which the surface
to be lubricated is a polymer.

6. A method as set forth in claim 2 in which the dry
lubricant is molybdenum disulfide,

7. A method as set forth in claim 2 in which the dry
lubricant is tungsten disulfide.

8. A method for dry lubricating a metal surface com-
prising, adhering a coating of molybdenum disulfide to
a nenabrasive peening ball, and impacting the peening
ball on a metal surface to transfer and fuse a portion of
the molybdenum disulfide to the surface while producing
a depression and [ocal surface compression in the surface
at the point of impact, whereby a tenacious, lubricating
layer of molybdenum disuifide is provided on the non-
abraded surface.

8. A dry-lubricated article comprising, a surface covered
with depressions, tocal surface compression at the depres-
sions, and a laver of dry lubricant fused to said surface in
the area of said depressions.

10. An article as set forth in claim 9 in whick the dry
lubricant is selected from the group consisting of, molyb-
denum disulfide, tungsten disulfide, titanium disulfide,
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molybdenum diselenide, tungsten diselenide, niobium dj-
setenide, and molybdenum ditelluride.

11. An article as set forth in claim 9 in which the dry
lubricant is molybdenum disulfide.

12. An article as set forth in claim 9 in which the sur-
face is a metal.

13. An article as set forth int claim 9 in which the sur-
face is a polwmer,

14. A dry-lubricated metal article comprising a metal
surface having depressions therein, said depressions being
defined by a portion of the metal surface under compres-
sion, and a dry lubricant fused to said metal 2t the por-
tion thereof defining said depressions.

15. An article as set forth in claim 14 in which said
dry lubricant is molybdenum disulfide.

16. An article as set forth in claim 14 in which said
dry lubricant is wungsten disulfide.
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