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ROTARY MECHANISM INCLUDING ABRADABLE
LUBRICATING AND SEALING MEANS

L. Eugene Fzop, Saginaw, Mich., assignor to General

Motors Corporation, Detroit, Mich., a corporation of

Delaware

Filed Oct. 11, 1965, Ser, No. 494,356
8§ Claims. (Cl. 230-—157)

This invention relates to means for sealing a working
chamber of a rotary mechanism such as a pump and for
reducing frictional losses in the rotary mechanism, More
particularly, this invention relates to an abradable com-
position which is advantageously applied between rela-
tively moving parts within an air pump to increase the
mechanical and volumetric efficiency of the pump.

For the past several years, a great deal of emphasis has
been placed on development of an arrangement for re-
ducing the proportion -of unburned constituents, such as
unburned Hhydrocarbons and carbon monoxide, in the
exhaust gases’ emitted from autombotive engines, One: of
the ‘most effective arrangements so far developed is the
air injector reactor system. In this system, an engine driven
pump injects a stream of air into the flow of hot exhaust
gases at a point just downstream of the engine combus-
tion chamber exhaust valve. At this point, the exhaust
gases are extremely hot and ignite to combine with the
injected air providing more complete combustion of the
otherwise unburned hydrocarbons and carbon monoxide.

The requirements. imposed upon the pump used to
supply the air in the air injector reactor system are quite
stringent; for example, the pressure and the rate of the
air flow from the pump must be controlled over a wide
range of engine speeds for optimum reduction of exhaust
emissions. It has been discovered .that a semi-articulated
vane pump is a very efficient and economical type for
such an application.

-Such a pump, however, has many moving parts each
of which provides a source ‘of friction tending to reduce
the efficiency of operation. These frictional losses ¢annot
be overcome by oils and. greases used in conventional
lubricating systems because during operation those lubri-
cants would be gradually vaporized and emitted from the
pump. The pump would then become another source for
unburned hydrocarbons. Furthermore, while the frictional
losses.can be overcome by designing the pump with clear-
ances between surfaces at which there is relative motion,
the rotor and the stripping land, for example; any gain
obtained in this manner is offset by a loss in volumstric
efficiency.

This invention provides a coating material for an artic-
ulated vane air pump. which furnishes lubrication, will
absorb some foreign particles entering the pump to pre-
vent damage to the air pump components, is self-healing
and furnishes a means of fabricating a pump with “0”
clearance between'the rotor and the stripping land. This
invention further provides a coating material which is
strongly adhering to the surface of those pump com-
ponents to which it is applied. .

These and other objects and advantages are accom-
plished by applying a hot mixture comprised of 70 to 90%
by weight molybdenum disulfide, 2 to 30% by weight of
a suitable chlorinated polyether, and 0 to 28% parts by
weight polyethylene to an appropriate pump component
surface which has been preheated to about 300° F. A
layer is deposited having a thickness of at least 0.01”” and
which upon cooling to room: temperature hardens to a
highly serviceable abradable surface coating.

10

15

20

25

30

40

50

55

60

65

Of course, it is known in the art that molybdenum 70

disulfide is a useful lubricating agent. For example, Weiss,

3,072,068 and 3,086,476 teaches the utility of a MoS; im- -
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bregnated grease on a felt-like material as applied between
a stator and rotor portion of a pump. However, I have
found the Weiss type means of lubrication unsuitable for
the air injector application. In such an application, it is
expensive and insufficient in sealing characteristics and
durability. The lack of a suitable prior art lubricant and
seal composition has lead to my invention.

Although this invention is plainly illustrated and de-
scribed with reference to a semi-articulated vane pump,
those skilled in the art will appreciate the utility of such
a lubricating and sealing material in many other types of
rotary mechanisms.

The details as well as other objects and advantages of
this invention appear in the following description and in
the drawings in which:

FIGURE 1 illustrates an internal combustion engine
provided with an air injector reactor system;

FIGURE 2 is a vertical section view through the semi-
articulated vane pump along the line 2—2 of FIGURE 1
illustrating ‘the location of the lubricating - and - sealing
coating; .

FIGURE 3 is a sectional view along line 3—3 of FIG-
ure 2;

FIGURE 4 is an enlarged fragmented and. somewhat
distorted view of FIGURE 3 more clearly illustrating the
subject coating. -

Referring first to FIGURE 1, an internal combustion
engine E is provided with a carburetor C and an air filter
F. An air pump 10 is secured to engine F by a bracket 12
and is driven by engine E through a belt 14. Air pump
10 has an inlet hose 16 through which clean air is drawn
from air filter F and an outlet hose 18 through which air
is delivered to an air manifold 20. Air manifold 20 has
a series of injection tubes 22 through which air is injected
into the stream of exhaust gases adjacent the combustion
chamber exhaust valves.

Referring now to FIGURES 2 and 3, air pump 10 has
a concave housing 24 closed by a cover plate 26. As
shown in FIGURE 3, the interior wall 28 of housing 24
is of substantially circular cross section. A rotor 30, dis-
posed in housing 24 on an axis eccentric to the axis of the
housing, has an exterior wall 32 of circular cross section
which is tangent the interior wall 28 of housing 24 at its
lower-most point to provide a stripping land 34. The
stripping land has an arcuate surface 35 which is slidingly

-and sealingly engageable by said rotor 30.

The interior wall 28 is recessed on opposite sides of the
stripping land-34 to form an inlet area 36 and outlet area
38. Inlet and outlet areas 36 and 38 extend axially the
entire length of the pump and are provided at one end
with fittings 40 to which the inlet and outlet hoses 16 and
18 are secured.

A particular advantage is achieved by locating the inlet
and outlet areas 36 and 38 at the bottom of the pump
since any moisture tending to condense in the pump will
drain into these areas. Should the pump be mounted in
an inverted position, the moisture would drain to another
portion of the housing and would interfere with pump
operation were it to freeze.

A shaft 42 is secured in cover plate 26 and extends into
the space enclosed by the housing 24 concentrically with
the interior wall 28. Three pairs of bearing supporting

hubs 44 are positioned on shaft 42, each pair supporting

a vane 46 which extends closely adjacent the interior wall
28 of the housing 24.

Rotor 30 surrounds shaft 42 and hubs 44 and is pro-
vided with slots 48 through which the vanes 46 extend.

Rotor 3¢ has a shaft 50 extending through housing 24
to a pulley 52 driven by belt 14. As rotor 3¢ is driven
(clockwise as viewed in FIGURE 3), vanes 46 are swept
through the crescent-shaped working chamber 54 to draw
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air from inlet 36 and direct a pressurized stream of air
through outlet 38. Stripping land 34 prevents leakage of
air between outlet 38 and inlet 3¢ which would otherwise
reduce the efficiency of the pump.

As shown in FIGURE 3, the interior wall 28 of housing
24 is provided with a notch 56 leading from the inlet area
36 to the working chamber 54 and a notch 58 leading
from the working chamber 54 to the outlet area 38.
Notches 56 and 58 prevent a sudden change in pressure
as vanes 46 pass the inlet and outlet areas 36 and 38.

Each vane 46 is sealed in its corresponding slot 48 in
rotor 30 by a pair of sealing strips 68 and 62 positioned
in grooves 64 opening into the slots 48. Referring to FIG-
URE 3, it will be appreciated that as rotor 30 is driven
clockwise by belt 14, sealing strips 60 drive vanes 46.
Sealing strips 62 are backed by conventional leaf springs
66 which bias strips 62 against vanes 46. Sealing strips
66 and 62 thus cooperate to prevent air flow from the
working chamber 54 through slots 48 into the interior
portion of rotor 39.

In this air pump a coating 68 is applied to the arcuate
surface 35 of the stripping land 34. The coating §8 pro-
vides lubrication to reduce friction losses between the
rotor exterior wall 32, the vanes 46 and the stripping land
arcuate surface 35. It also provides sealing means to pre-
vent the flow of air between the outlet area 38 and the
inlet area 36. The composition of the coating 68 is com-
prised by weight of 70 to 90% of molybdenum disulfide,
0 to 28% by weight polyethylene, and 2 to 30% by weight
of the chlorinated polyether formed by polymerizing 3,3-
bis-(chloromethyl) oxetane and having a molecular weight
in the range of about 250,000 to 400,000. This material
and the molybdenum disulfide and polyethylene are well
known commercially available materials.

I have found it preferable to apply this coating mate-
rial by a plasma spray process. The powdered material
is thoroughly mixed and subsequently transported by a
carrier gas into the inert hot gas stream of the plasma
torch. When the powder mixture is applied in this way,
it is preferable that the maximum particle size of the
molybdenum disulfide be 300 mesh, of the polyethylene
be 200 mesh, and of the chlorinated polyether be 200
mesh. A suitable carrier gas and inert gas is argon. A
specific coating composition which 1 have found to be
particularly advantageous is comprised by weight of
76.14% Mo0Ss, 19.10% polyethylene, and 4.76% Penton,
a chlorinated polyether formed by polymerizing 3,3-bis-
(chloromethyl) oxetane and having a molecular weight
in the range of about 250,00¢ to 400,000, Prior to the
application of the coating composition, the land 34 or
other suitable surface is preheated to a temperature of
300° F. The surface should preferably be free of all oil.
To this end it may be desirable to blast the surface
with 120 mesh quartz. The coating material is then
sprayed upon the surface with a back and forth motion
which results in a reasonably uniform coating. The sur-
face may be water cooled after spraying. The coating
may be damaged if it contacts any solid object before it
is cooled to 150° F. A minimum thickness of 0.01 inch is
preferred in this embodiment.

The use of my coating composition permits manufac-
ture of pump components to less restrictive tolerances.
The coating is abradable and after a short “run-in” period
will be shaped to form an excellent sealing member. The
molybdenum disulfide in the formulation provides lubri-
cating properties to increase the mechanical efficiency of
the pump and the close seal effected by the abraded coat-
ing prevents the leakage of air between the intake and
exhaust chambers, thus increasing the volumetric effi-
ciency of the pump. The abradable characteristic of the
coating also allows for variation in component tolerances
due to temperature changes. In addition, solid particles
entering the pump tend to imbed in the coating or erode
the coating slightly rather than cause the pump to seize.
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I have found that the coating is somewhat self-healing
after it has been eroded by foreign particles.

One may depart somewhat from the process outlined
above where all the components are mixed before appli-
cation to the hot pump surface. In some circumstances it
may be desirable to vary the coating composition through-
out its thickness. For example, under some circumstances
it may be desirable to increase the plastic composition at
the metal surface to which the coating is bonded and
increase the molybdenum disulfide concentration at the
air surface. In this case two or more layers of different
composition may be applied. While the composition may
vary throughout the cross section, I have found it prefer-
able to keep the over-all composition within the limits
set forth above. Although the need for such a coating
was first realized in the development of this air pump,
it is apparent to anyone skilled in the art that such a use-
ful abradable coating could find application in any of a
vast number of rotary mechanisms.

While this invention has been described in terms of
certain preferred embodiments, it is to be understood that
other applications would be apparent to those skilled in-
the are and are within the scope of the invention as de-
fined by the following claims.

It is claimed:

1. In a rotary mechanism, a hollow outer body having
an internal peripheral wall; an internal body positioned
within said outer body and having an external peripheral
wall, portions of which are radially spaced from said
internal peripheral wall to form a working chamber, said
inner and outer bodies each having a pair of axially spaced
end walls respectively connected by said external and in-
ternal peripheral walls, said end walls cooperating to en-
close each end of said working chamber, said inner and
outer bodies being relatively rotatable and including
means to vary the pressure in said working chamber upon
relative rotation; the axially extending portion of said
internal peripheral wall most closely adjacent said internal
body having an arcuate surface slidingly and sealingly
engageable by said internal body to form a stripping land;
and an abradable coating material strongly adhering to
said stripping land comprised of 70% to 90% by weight
molybdenum disulfide, 0% to 28% polyethylene, and 2%
to 30% of the chlorinated polyether formed by polymer-
izing 3,3-bis-(chloromethyl) oxetane and having a molec-
ular weight in the range of about 250,000 to 400,000.

2. A rotary mechanism as in claim 1 wherein said
abradable coating material is comprised by weight of
76.14% molybdenum disulfide, 19.10% polyethylene, and
4.76% of the chlorinated polyether formed by polymeriz-
ing 3,3-bis-(chloromethyl) oxetane and having a molecu-~
lar weight in the range of about 250,000 to 400,000.

3. A rotary pump comprising a housing having axially
spaced end walls connected by a cylindrical internal pe-
ripheral wall forming a cavity; a rotor positioned within
said cavity and having axial extensions supporting each
end of said rotor in said housing for rotations relative
thereto, said rotor having an axis parallel to and spaced
from the axis of said cavity and having a cylindrical ex-
ternal peripheral wall, portions of which are radially
spaced from said internal wall to form a working cham-
ber, the axially extending portion of said internal wall
most closely adjacent said rotor having an arcuate sur-
face slidingly and sealingly engageable by said rotor to
form a stripping land; and an abradable coating strongly
adhering to said stripping land comprised of 70% to 90%
by weight molybdenum disulfide, 0% to 28% by weight
polyethylene, and 2% to 30% by weight of the chlo-
rinated polyether formed by polymerizing 3,3-bis-(chloro-
methyl) oxetane and having a molecular weight in the
range of about 250,000 to 400,000.

4. A rotary pump as in claim 3 wherein said abradable
coating material is comprised by weight of 76.14%
molybdenum disulfide, 19.10% polyethylene and 4.76%
of the chlorinated polyether formed by polymerizing 3,3-
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bis(chloromethyl) ' oxetane ~ and having a molecular
weight in the range of about 250,000 to 400,000.

5. An air pump adapted for use in a system for supply-
ing air to the stream of hot exhaust gases emitted from
an internal combustion engine, said air pump comprising
a housing having axially spaced end walls connected by a
horizontally extending cylindrical internal peripheral wall
forming a cavity, a hollow rotor positioned within said
cavity and having a horizontal axis parallel to and spaced
from the axis of said cavity, said rotor having end
walls adjacent the housing end walls and having a drive
shaft concentric with said rotor extending axially from
one end wall of said rotor through one end wall of said
housing, said drive shaft being adapted to support and
rotate said rotor within said housing, said rotor having
cylindrical external peripheral wall portions of which are
radially spaced from said internal wall to form a crescent-
shaped working chamber, said housing internal wall hav-
ing an axially extending portion tangent the lowermost
portion of said rotor and forming a stripping land, said
internal wall having a pair of recesses adjacent and on
opposite sides of said stripping land forming an inlet and
an outlet for said working chamber, a mounting shaft se-
oured in the other end wall of said housing and extending
concentrically into said cavity, said rotor surrounding
said mounting shaft, three radially extending vanes
mounted for rotation upon said mounting shaft, said rotor
having sealed slots through which said vanes extend into
said working chamber, said rotor and vanes being adapt-
ed upon rotation to direct an air stream through said
working chamber from said inlet to said outlet and to
increase the pressure in said air stream, said internal wall
having notches leading from the recess forming the inlet
and leading into the recess forming the outlet to achieve
a gradual increase in the air stream pressure, and an
abradable coating material strongly adhering to said strip-
ping land comprised of 70% to 90% by weight molyb-
denum disulfide, 0% to 28% polyethylene, and 2% to
30% of the chlorinated polyether formed by polymerizing
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3,3-bis-(chloromethyl) oxetane and having a molecular
weight in the range of about 250,000 to 400,000.

6. An air pump as in claim 5 wherein said abradable
coating material is comprised by weight of 76.14%
molybdenum disulfide, 19.10% polyethylene, and 4.76%
of the chlorinated polyether formed by polymerizing 3,3-
bis-(chloromethyl) oxetane and having a molecular
weight in the range of about 250,000 to 400,000.

7. An abradable surface coating operable as a sealing
and lubricating means between a stator portion and a
rotor portion of a rotary machine, said coating compris-
ing by weight 70% to 90% molybdenum disulfide, 2% to
30% of the chlorinated polyether formed by polymerizing
3,3-bis(chloromethyl). oxetane and having a molecular
weight in the range of about 250,000 to 400,000 and 0%
to 28% polyethylene.

8. An abradable surface coating operable as a sealing
and lubricating means between a stator portion and a rotor
portion of a rotary air pump, said coating comprising by
weight 76.14% molybdenum disulfide, 19.10% polyethyl-
ene and 4.76% of the chlorinated polyether formed by
polymerizing 3,3-bis-(chloromethyl) oxetane and having
a molecular weight in the range of about 250,000 to
400,000,
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