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This application is a continuation of my application
Serial No. 307,059, filed September 6, 1963, now aban-
doned. _

The present invention relates to means for lubricating
a machine comprising relatively movable parts having sur-
faces in contact with each other in which at least one of
said surfaces is a bearing which includes a porous insert
having a pervious surface for passage of liquid lubricant

- to the contacting surface of the other part but all other
surfaces completely sealed against outflow of said lubricant,
and to parts for use in such machines. More particularly
the invention is applicable without outstanding advantage
in internal combustion engines of the two cycle type.

In general practice today most of the many two cycle
motors are lubricated by the addition of oil to the gasoline
supply. This has many undesirable results. Among
other things it is wasteful of lubricating oil and requires
constant attention to keep a sufficient proportion of oil in
the gasoline supply to provide the lubrication. Moteover
the excess oil not actually used in lubricating contacting
relatively moving surfaces is exhausted to the atmosphere,
or in the case of outboard motors to the water, with the
products of combustion where it contaminates or pollutes
the environment since it is never wholly combusted itself.
Reasons for the widespread use of this system of lubricat-
ing motors despite these disadvantages are the relative
simplicity of the motor as compared with the forced
lubricating systems comimon in four cycle motors, the
absence of over oiling in loose motors and the presence
of oil even during heavy influx of raw gasoline on starting
cold.

The present invention overcomes the disadvantages of
the conventional lubricating systems for many purposes
including both two and four cycle motors through the use
of porous inserts in a new relation or combustion as de-
scribed in detail hereinafter in conjunction with the draw-
ings in which:

FIG. 1 is a vertical section through a cylinder and crank-
case of an internal combustion engine or motor con-
structed in accordance with the invention;

FIG. 2 is a fragmentary sectional view along the line
2—2 of FIG. 1;

FIG. 3 is an isometric view of one embodiment of a
bearing part of the invention;

FIG. 4 is an isometric. view of another embodiment of
a bearing part of the invention;

FIG. 5 is a vertical sectional view of an assembled shaft
(fragmentary) and bearing of the invention;

FIG. 6 is an isometric view of a piston ring of the
invention;

FIG. 7 is a sectional view on the line 77 of FIG. 6;

FIG. 8 is an isometric view of a different embodiment
of a piston ring of the invention;

FIG. 9 is a sectional view of the line 9—9 of FIG. §;

FIG. 10 is a sectional view similar to FIG. 9 of a dif-
ferent embodiment of piston ring of the invention;

FIG. 11 is an isometric view of one of the two wrist
pin bearings which in the invention are located at the ends
of the wrist pin on opposite sides of the connecting rod;

FIG. 12 is a fragmentary vertical section of a cylinder
wall insert and adjacent cylinder wall of a different em-
bodiment from that of FIG. 1;

FIG. 13 is an isometric view of the insert of FIG. 12
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showing how it is sectionalized for insertion into the
groove in the cylinder wall; and

FIG. 14 is a schematic diagram of a lubricating system
of the invention.

Referring now more particularly to FIGS. 1 and 2, a
machine 10 is illustrated which has a number of structures
comprising two relatively moving parts. Thus there is
shown a cylinder block 12 having a cylinder 14 therein
closed at the top by a cylinder head 16 and with a piston
18 reciprocable therein, the piston and cylinder being the
two relatively movable parts with the cylinder wall con-
stituting a bearing which supports and guides the piston
as it reciprocates. The piston is shown with two piston
rings 20 whose outer cylinder surfaces constitute a bear-
ing against the cylinder wall, a wrist pin 22, wrist pin
bearings 24, a connecting rod 26 between the wrist pin 22
and a crankshaft 28 for reciprocating the piston. The
wrist pin and wrist pin bearings, and the connecting rod
and crank arms 30 and crank pin 32 are other instances
of two relatively movable parts of which at least one
serves as a bearing for the other. The crankshaft is
shown with counterweights 34 to reduce vibration during
operation of the machine. A main bearing 36 is provided
at each side of the crank arms and a crank pin bearing 38
is provided for the connecting rod. Crankcase 40 closes
the lower part of the motor or compressor schematically
represented by FIGS. 1 and 2.

The cylinder has a bi-surfaced cylinder wall comprising
an upper section or portion 42 which may be called the
combustion or compression portion and a pervious portion
44. The dividing line between these portion 42 and 44 is
approximately in the zone from the top of the piston at
the bottom of its stroke and the top of the lowermost pis-
ton ring when the piston is at the bottom of the stroke.
Thus the pervious portion of the cylinder wall preferably
does not come into full or even partial contact with the
gases in the cylinder but is below the cylinder cavity yet
in face to face contact with at least one of the piston rings
at least at the end of the stroke of the piston. The ad-
vantages of this relationship is that the lubricant that
comes to the surface of the pervious portion, in the man-
ner described later, is not exposed to the hot combustion
gases in an internal combustion motor nor to the air in
the cylinder in a compressor. This preserves the lubricat-
ing oil from breakdown from contact with hot or flaming
gases and preserves the air into which the combustion
gases discharge free from contamination by the oil.

In FIG. 1 the cylinder is shown as extending down-
wardly below the combustion or compression portion and
is provided with a rabbet 46 to receive a porous insert 48
having a pervious surface 49 facing the piston which pro-
vides the pervious portion of the cylinder wall. The insert
is held in the rabbet 46 by a retainer ring 50 fastened to
the end of the cylinder by bolts 52. A feed passage 54 is
provided at one side and a return passage 56 at the other
side. . If desired these passages may be joined by an oil
groove 57 either in the rabbet or the outer wall of the in-
sert, or the communication may be through the porous
insert itself. In any event the only surface of the insert
from which lubricant can flow is the pervious surface be-
cause other surfaces are completely sealed against move-
ment of liquids therethrough. Where the insert is tightly
held in a groove the walls of the groove may provide the
seal but it is preferred actually to seal completely all the
surfaces other than the pervious contacting surface, e.g.,
by burnishing them against a dull tool in a lathe, by spray-
ing a sealant on them or by laminating a thin impervious
metal sheet to them.

Referring now to FIGS. 3, 4 and 5 the main bearing
comprises a shell 60 or 60a having a recess 62 or 62a
with a surrounding wall 64 or 64a. An insert 66 or 66
is placed in the respective recess 62 or 62¢. The differ-
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ence in the bearing parts shown in FIGS. 3 and 4 is that
the insert 66 in FIG. 3 is a complete semicircle in cross
section whereas insert 66a in FIG. 4 is only a segment.
The bearing shown in FIG. 5 includes as the upper half
a part like FIG. 3 and as the lower half a part like FIG. 4
in which a feed passage 68 and a return passage 70 are
provided. In this embodiment there is shown also a leaf
spring 72 to bias the insert 664 yieldingly against the shaft
28 to assure proper application of oil to the shaft.

These porous inserts, like insert 48 already described,
have a pervious surface 67 facing the shaft and all other
surfaces completely sealed against passage of liquids
therethrough, either by the surrounding wall 64 or prefer-
ably by a sealed surface directly on the insert.

The structure of the piston rings, as shown in FIGS. 6
to 10, comprises a compression ring made of porous metal
80 which has a seal 82 at the upper sectoral surface to
prevent passage of liquids therethrough. Thus the liquid
lubricant in the porous metal cannot flow out through
the seal and gasoline that flows down in the space between
the cylinder wall and the piston cannot flow into the por-
ous metal through the seal and leach out the oil or waste
it. In two cycle motors where both ends of the piston are
subjected to compression and combustion the upper piston
ring can be as shown in FIGS. 6 and 7 while the lower
ring can have the same structure but have the sealed sec-
toral surface down. Similarly the rings may have both
the top and back surfaces sealed as shown at 82a in FIGS.
8 and 9, or the top, bottom and back surfaces may be
sealed as shown at 82b in FIG. 10. In all cases the outer
cylindrical surface 84 is a pervious surface.

At least one of the piston rings 20 comes in contact
with the insert 48 during part of the stroke to pick up oil
from the insert which has been supplied by oil feed
through inlet passage 54 and transfer it to the cylinder
wall to lubricate the movement of the piston. Another
way of supplying the piston rings is to provide oil passages,
as illustrated in part by the dotted lines of FIG. 2, from
the main bearing feed line 68 through the crankshaft to
the connecting rod, through it to the wrist pin and the pis-
ton ring grooves.

The wrist pin bearings 24, as shown in FIG. 11, are
made of porous metal and the surfaces that contact rela-
tively moving parts are pervious to lubricant while other
surfaces are sealed completely as described for the inserts
48 and 66.

The structure of the cylinder shown in FIG. 12 is dif-
ferent from that of FIG. 1 in that the insert 48z is placed
in a groove 46a instead of a rabbet. One satisfactory ex-
pedient for placing the insert ring in the groove is to make
the ring in segments of about 120 degrees each, tapering
‘the ends as shown so that each segment may be placed in
the groove from within the cylinder and make, when as-
sembled, a complete ring of proper inner diameter to
make contact with the piston rings as they come into sur-
face contact with its pervious surface 49a. An oil chan-
nel 86 is shown in the outer cylindrical wall of the ring
insert 48a which has the three segments marked 88 as seen
in FIG. 13.

A schematic illustration of one type of system for feed-
ing the lubricating oil is shown in FIG. 14 in which 90
represents a reservoir for lubricating oil and which may
be the crankcase or other source. A suction line 92 con-
nects the supply or reservoir to a pump 94 which causes
the oil to flow through feed passage 68 into the porous
body. Excess oil may be returned to the reservoir 96
through return passage 70. In cases where price and
weight must be kept to a minimum a simple gravity feed
from a reservoir at some elevation above the machine is
satisfactory.

For motors that operate for a short time, e.g., model
airplane motors, it is sufficient to charge the porous inserts
with lubricating oil before a run from a igravity or pres-
sure source. Similarly internal combustion motors and
compressors can work with dry crankcases by providing
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constant or intermittent feed of oil to the porous inserts
from another reservoir.

In any case the 0il pressure used in the machines of
the present invention is much lower than the pressure in
oil feed lines used conventionally in four cycle motors.
The pressure is not critical as long as it suffices to main-
tain the pervious surfaces wet with lubricant and does not
force the oil laterally between the contacting surfaces
in an appreciable amount. The return lines, if used, easily
control pressure. ‘Where feed and return lines are pro-
vided the surfaces of the porous insert is left unsealed
adjacent thereto t0 permit the flow and the word “com-
pletely” as used herein is to be construed to include all sur-
faces of the inserts except that adjacent to a feed or return
line.

The structure of the invention lends itself also to utiliza-
tion of the best combinations of metals to minimize fric-
tion and seizing. Thus the inserts can be made by pow-
der metallurgy by well known methods of various metals
and alloys which do not tend to bind the metal moving
over them and where pervious surfaces of one insert -
contacts the pervious surface of another insert, they can
be made of different metals or alloys to minimize friction
and seizing, Although these porous metal parts may have
a low ratio or metal to volume, ie., a large proportion
of the volume is space for lubricant, they are essentially
rigid bodies that have compressive strength to withstand
stresses to which they are subjected in use.

While the invention has been described and jllustrated
with reference to certain preferred embodiments and ap-
plications of the principle of the invention, those skilled in
this art will readily understand the almost limitless applic-
ability of the principal of the invention to machines wher-
ever there are two relatively movable parts which require
Iubrication. It is intended that the following claims be
given broad interpretation to cover the generic and specific
aspects of the invention defined.

Having thus described and illustrated the inrvention,
what is claimed is:

1. A machine comprising at least two relatively mov-
able parts, one of said parts being a bearing including
a porous metal element having a liquid lubricant per-
vious surface contacting and supporting the other of said
relatively movable parts, liquid Iubricant filling said por-
ous metal element, said porous metal element having
all its surfaces other than the one contacting said other
relatively movable part completely sealed against outflow
of liquid lubricant through said other surfaces from said
element and thereby supplying lubricant between the rela-
tively movable parts.

2. A machine as set forth in claim 1 which includes
means to supply liquid lubricant to said porous metal ele-
ment under sufficient pressure to keep lubricant at said
pervious surface and thereby supply lubricant between
the relatively movable parts.

3. A machine as set forth in claim 1 which is an internal
combustion motor in which said two relatively mowvable
parts comprise a cylinder and a piston, said cylinder hav-
ing a combustion portion and a pervious portion provided
by said porous metal element.

4. A machine as set forth in claim 3 in which said
piston includes a porous metal element that contacts said.
?ervious portion during each stroke to pick up oil there-

Tom. .

5. A machine as set forth in claim 1 which is an in-
ternal combustion motor in which said other relatively
movable part is a crankshaft, :

6. A machine as set forth in claim 1 which is an in-
ternal combustion motor and said two relatively movable
parts comprise a crankshaft and a connecting rod and
said bearing is a crank pin bearing.

7. A machine comprising a plurality of two relatively
movable parts including (1) a cylinder having a cylinder
head and a piston, (2) a crankshaft and bearings therefor-
and (3) a connecting rod for the piston and crankshaft,
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said connecting rod being adapted to move the piston
oon rotation of the crankshaft from an inmer position
near the cylinder head to an outer position nearer the
crankshaft, said cylinder having a portion extending out-
wardly toward said crankshaft beyond the top of the pis-
ton in said out position, a porous metal insert in the
extending portion of the cylinder surrounding the piston
having a cylindrical surface pervious to lubricating oil
facing said piston and all other surfaces completely sealed
against outflow of lubricating oil.

8. A machine as set forth in claim 7 having means to
supply lubricating oil to said porous bearing under sufﬁ-
cient pressure to lubricate said piston.

9. A machine as set forth in claim 7 in which the piston
has piston ring grooves, piston rings in said grooves, said
piston rings including a porous metal ring having an
outer surface pervious to lubricating 0il and other sur-
faces impervious to lubricating oil.

10. A machine as set forth in claim 7 in which the ex-
tending portion of said cylinder includes a rabbet re-
ceiving said bearing and a ring removably secured to said
cylinder to retain said bearing in said rabbet.

11. A machine as set forth in claim 7 in which the ex-
tending portion of said cylinder includes a igroove and said
bearing is segmented to permit insertion thereof into the
groove from within the cylinder.

12. A machine as set forth in claim 7 in which said
piston includes wrist pin gearing made of porous metal
having surfaces pervious to lubricating oil facing -parts
slidable thereover and other surfaces impervious thereto.

13. A machine as set forth in claim 7 'which is an
internal combustion motor.

14. A machine as set forth in claim 8 which is a two
cycle internal combustion motor.

15. In an internal combustion engine having a cylinder
with a closed head and an open bottom, a rotatable crank-

shaft, a connecting rod and a piston having a piston ring’

movable in said cylinder, a bi-surfaced cylinder wall com-
prising a porous but essentially rigid section extending
from the bottom of the cylinder fo the top of the piston
ring at the lowest position of its stroke, said ring including
porous material having a pervious suiface slidable against
said cylinder wall and receiving lubricant from said porous
section, further porous inserts at other bearing surfaces
for said crankshaft and connecting rod to provide lubri-
cation to parts sliding thereagainst and properly fitted and
sealed to exclude contaminants.

16. In a motor of the two stroke or two cycle type
having a cylinder, piston, wrist pin, connecting rod, crank-
" shaft and main bearing, the improvement which comprises
oiling means for lubricating relatively moving parts with-
out fuel gas mixture lubrication comprising a cylinder
wall with a porous insert having a pervious inner cy-
lindrical surface extending downwardly from just below
the explosion and compression portion of the cylinder,
a ring of porous material having a pervious outer cy-
lindrical surface carried by the piston, said ring being in
position to face said porous metal insert during part of
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each stroke to pick up lubricant therefrom, porous bearing
inserts having pervious surfaces facing relatively moving
parts at least partially surrounding said wrist pin and
crankshaft and forming at least part of the connecting rod
and main bearings, conduits for supplying said porous
inserts with Iubricant to pass through said pervious sur-
faces to contacting surfaces and for draining lubricant
from said inserts, other surfaces of said porous inserts
and rings being sealed against passage of contaminants and
lubricant.

17. In an internal combustion engine having a cylinder,
a crankshaft, a connecting rod, a piston with a plurality
of rings reciprocally mounted in said cylinder by means
of said crankshaft and connecting rod, said cylinder hav-
ing a bisurfaced cylinder wall comprising an impervious
upper section extending approximately to the position of
the top of the uppermost piston ring at the bottom of the
stroke of the piston and of a pervious portion extending
downwardly below this position, said pervious portion
comprising a porous insert ring in the downwardly extend-
ing portion of the cylinder wall, said porous insert ring
having a sufficient width to distribute oil on the surface of
the piston as it passes in contact therewith, porous inserts
in at least some of the bearing surfaces, said inserts hav-
ing their surfaces which contact moving ports pervious
to flow of oil and having other surfaces sealed to reduce
escape of oil and to prevent contaminants from entering,
and means to feed oil to and drain oil from said porous
inserts.

18. In combination a rotary shaft and a bearing hav-
ing an arcuate surface engaging and supporting said shaft,
said bearing comprising an impervious metal part having
a recess surrounded by walls, including arcuate end walls
forming part of said arcuate surface, a porous metal insert
in said recess having an arcuate pervious surface align-
able at its ends with the adjacent arcuate end walls and
forming part of said arcuate surface, the end walls of said
porous metal insert being completely sealed against flow
of  lubricant therethrough, and a passageway to supply
lubricant to said insert.

19. In an internal combustion engine having a piston
with a piston ring groove, a lubricant containing porous
metal piston ring in said groove, said ring having its pe-
ripheral cylindrical surface pervious to said lubricant and
at least the sectoral surface which is exposed to fuel sealed
to be impervious to fluids to inhibit the washing out of
lubricant by fuel.
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