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- 57 ABSTRACT 
A pump having pistons that actuate a pumping device 
by suction and compression and having novel means 
for sealing the fluid being pumped from the lubricat 
ing fluid and for ensuring lubrication between the pis 
tons and their cylinders. The reciprocation of the pis 
tons is made to pump the lubricating fluid between 
them and the cylinder and to return the fluid to an in 
ternal lubricant reservoir. A swash plate acts also as a 
circulating pump for sending the lubricating fluid 
through an external cooling reservoir. 

21 Claims, 6 Drawing Figures 
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WITH SELF-LUBRICATING PSTON PUMP 
PSTONS 

BACKGROUND OF THE INVENTION 
This invention relates to an improved pump of the 

piston type having a novel lubrication system and a 
sealing system. . . 

In previous pumps the lubrication between the pis 
tons and their cylinders was typicaally accomplished by 
grease fittings, or by pressure lubrication requiring a 
separate oil pump or splash oiling. In all these cases the 
lubricant seals were in the cylinder, and the lubrication 
was marginal. Foreign particles were liable to get in 
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past the seals and, if they got in, they caused scoring of 15 
the piston or the cylinder, leading to binding and gall 
ing of the mating surfaces. The present invention over 
comes these lubrication and sealing problems. 

In pumps where the lubricant seal between the piston 
and cylinder is in the working area, the clearance be 
tween the cylinder and the piston has to be so small that 
adequate lubrication is very difficult to achieve. More 
over, in high-pressure pumps where the sealing is ef 
fected between the piston and the cylinder, the cylinder 
tends to be stretched by the pressure exerted on it and 
therefore to induce a small bypass of fluid, the amount 
of bypass increasing as the pressure of the pump in 
creases. This mixes the fluid being pumped with the lu 
bricant, to the disadvantage of both. In the present in 
vention, the seals are located outside this working area, 
and the clearance between the piston and cylinder can 
therefore be large enough to insure adequate lubrica 
tion. In the pump of this invention, the sealing is done 
in the valve head, outside the piston-cylinder working 
area. Sealing is much more effective, partly because the 
valve head is much stronger and less likely to permit 
bypassing. . 
The structure of this invention also reduces the head 

space on the end of the piston, and this, in turn, reduces 
the shock wave that tends to produce the water ham 
mer effect found in many high-pressure pumps. 
The same structure of the present invention makes it 

possible for the pump to be more compact, for the cyl 
inder and its sleeve need not accommodate lubricant 
seals and can be utilized solely as bearing areas. 
Another problem with the prior art was the difficulty 

of replacing the lubricant seals, and the present inven 
tion makes seal replacement simple and quick. 
Another feature of the present invention is the use of 

the drive shaft and the swash plate mounted on it as 
substantially a centrifugal pump for circulating the lu 
bricant through the internal reservoir and through an 
external reservoir and cooling system. 

SUMMARY OF THE INVENTION 
The invention provides a pump having a series of pis 

tons that are reciprocated inside respective cylindrical 
sleeves which are themselves supported in parallel rela 
tionship in a body member inside the housing. One end 
of each piston and cylindrical sleeve is open to an oil 
reservoir inside the housing, in which the reciprocating 
drive mechanism for the pistons is also located. Prefer 
ably this is a swash plate mounted on a drive shaft. 
Each cylindrical sleeve fits snugly in the bore of the 
body member and provides the cylindrical bore for the 
piston, and each sleeve also provides at the end remote 
from the oil reservoir an annular chamber. A passage 

2 
leads from this annular chamber to a longitudinally ex 
tending groove on the exterior surface of each sleeve, 
which leads to the lubricant reservoir and affords a 
means for returning the lubricant to the reservoir. 
The piston has a larger diameter portion which recip 

rocates in the cylindrical sleeve and a somewhat 
smaller diameter portion that extends through a cylin 
drical bore in a second body member that is spaced 
away from the first-named body member, with the fit 
there being a typical piston-cylinder fit. The shoulder 
at which the two piston portions meet lies inside the cy 
lindrical bore in all of almost all positions of the piston 
relative to the cylinder. 
The second body member has an annular recess, and 

a plate between the two body members closes both the 
outer end of that recess and the end of the annular . 
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chamber of the sleeve. An O-ring is provided around 
the narrower-diameter portion of the piston, inside the 
annular chamber, and it moves back and forth with the 
reciprocation of the piston to open the lubricant return 
passageway between the cylindrical bore and the 
groove, or to close it, depending upon the direction of 
movement of the piston. A second O-ring is held in the 
annular chamber of the second body member, with a 
back-up ring in contact with the plate between the two 
body members; this second O-ring serves to provide a 
tight seal there for the narrower-diameter portion of 
the piston, enabling suction to develop for actuating 
one of a pair of valves in the pumping chamber so that 
one valve is opened upon suction, while the second one 
is closed, and then the second one is opened by pres 
sure while the first one is closed. 

It will be explained below how the combination of the 
groove, the annular chamber, its O-ring, and a carefully 
developed tolerance in the cylindrical bore enable lu 
brication of the piston. 
The invention also makes it possible to provide for 

superior circulation of lubricant in the reservoir by em 
ploying the drive shaft and its swash plate as a centrifu 
gal pump. therein, and this same structure also circu 
lates the lubricant externally through a cooling reser 
voir and brings it back into the internal reservoir. This 
circulating structure is better than a conventional lubri 
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cant supply pump for it does not increase the internal 
pressure in the pump, with consequent effect on the 
sealing rings. 
Also, the structure makes it much simpler to replace 

parts, assembly and disassembly being very simple, with 
sealing O-rings at strategic places. 
Other objects and advantages of the invention will 

appear from the following description of a preferred 
embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGs 
In the drawings: 
FIG. 1 is a view in elevation and partly in section of 

a pump embodying the principles of the invention. 
FIG. 2 is a fragmentary enlarged view in section of 

one of the pistons and its associated members, the pis 
ton being shown in one extreme position. 
FIG. 3 is a view similar to FIG. 2 with the piston in 

its other extreme position. 
FIG. 4 is a view in side elevation of the pump of FIG. 

1, showing the external lubricant cooling reservoir, all 
on a smaller scale than in FIG. 1. 
FIG. 5 is a view in end elevation of the assembly of 

FIG, 4. 
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FIG. 6 is a view in side elevation and partly in section 

of a cone-valve system which may be substituted for the 
ball valve system shown in FIG. 1. 
DESCRIPTION OF A PREFERRED EMBODIMENT 

. The pump of this invention comprises a housing 10, 
preferably made up of several members in order to 
make disassembly easy. Thus, there may be a first cylin 
drical housing member 11 having a radially extending 
oil outlet passage 12 therethrough to which an oil con 
duit 13 may be connected. One end of the cylindrical 
housing member 11 is closed by an annular end plate 
14 having a bore 15 to accommodate a rotary drive 
shaft 16 which extends through it and also having an oil 
inlet passage 17 connected to an oil conduit 18. Bolts 
19 hold the members 11 and 14 together. 
The other end of the cylindrical housing member 11 

is closed by a first cylindrical body 20, held to a flange. 
9 of the housing member by bolts 29. The members 11, 
14, and 20 enclose an internal oil reservoir. 21, in which 
the drive shaft 16 rotates a swash plate 22, which is pro 
vided with a series of thrust ball bearings 23 and thrust 
face bearings 24. O-ring seals 25 and 26 are provided 
between the cylindrical member 11 and, respectively, 
the end plate 14 and the body 20, so that these mem 
bers can readily be disassembled and are sealed when 
put together. The drive shaft 16 has a bearing 27 in a 
recess 28 in the end plate 14 and continues into a re 
cess 30 where bearings 31 are provided in the body 
member 20. An O-ring seal 32 in the end plate 14 pre 
vents leakage around the shaft 16. 
A second cylindrical housing member 35 is bolted to 

the first body 20 by bolts 33 and sealed to it by an O 
ring 36, and is provided at its lower end with a drain 
opening 37 to drain out any excess lubricant or by 
passed pump fluid. The housing member 35 also has an 
inlet passage 38 for the fluid being pumped, which may 
be water or some other liquid coming from a conduit 
39. Inside the member 35 is mounted a second body or 
valve head 40. The second body or valve head 40 is 
spaced from the first body 20 by an annular spacing 
disk 41 having a series of round openings 42, and O 
rings 43 and 44 are provided to seal between the mem 
bers 35 and 40. The second body 40 provides a series 
of stepped receptacles 45, each receiving fluid from a 
manifold 46 that lies between the members 35 and 40, 
and the second body 40 provides a water-outlet passage 
47 collecting fluid from a series of outlets 48 leading 
from the receptacles 45. 

In each receptacle 45 are inserts providing cages for 
a double valve pump valve mechanism. Ball valves are 
shown in FIG. 1 and cone valves are shown in FIG. 6; 
the basic structure is the use of two check valves, one 
opening on suction, the other opening on pressure. In 
FIG. 1, a first ball 50 is urged by a spring 51 to close 
an inlet opening 52 and opens when suction pulls the 
ball 50 up against the pressure of the spring 51. A sec 
ond ball 53 is urged by a spring 54 against an opening 
55 and opens when the fluid between the balls 50 and 
53 is placed under pressure. The fluid pumped may be 
water, hot or cold, or other liquids, including refriger 
antS. 
The first body 20 is provided with a series of cylindri 

cal bores 57, which may be stepped at a shoulder 58 to 
provide a smaller-diameter bore portion 59, and in 
these bores 57 is inserted a cylindrical sleeve 60, which 
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acts as the cylinder of the device. There are a series of 
sleeves 60 around the device - for instance, there may 
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be eight cylinders (see FIG. 5) or four cylinders. Pref 
erably, all of them are identical, and a description of 
one will be sufficient. 
Each sleeve 60 has a shoulder 61 which abuts the 

shoulder 58 of the bore 57 to position the cylindrical 
sleeve 60 in its proper position, and the body 20 has a 
groove 62 for an O-ring 63 that seals between the body 
20 and the cylindrical sleeve 60. The sleeve 60 has a cy 
lindrical bore 64 extending from a first end 65, lying in 
side the reservoir 21 to a second end 66 where there is 
an annular chamber 67 having a shoulder 68. A passage 
69 leads to an axially extending groove 70 in the exte 
rior wall of the sleeve 60 and extends longitudinally 
from the outer end of the passage 69 to the shoulder 
61, where a short radial groove 71 opposite the shoul 
der 58 leads to an axially extending groove 72 that 
empties into the reservoir 21. In the annular chamber 
67 is a very important O-ring 73 that will be discussed 
later. 
Each cylinder 60 has a corresponding piston 75, and 

each piston 75 has two different diameter portions 
meeting at a shoulder 76: a wider-diameter portion 77 
reciprocates inside the cylindrical bore 64 and a 
narrower-diameter portion 78 reciprocates inside a 
bore 80 in the second body 40. Each piston 75 has a 
first end 81 in the reservoir 21, with a shoulder 79 
thereon, and a second end 82 adjacent the ball valve 
mechanism. The end 81 adjoins a ball 83 for swiveling 
a thrust bearing 84 which faces the face bearings 24 of 
the swash plate 22. A pair of spring retainers 85 and 86 
are provided for a spring 87; one of the retainers 85 is 
mounted against the shoulder 79 of the piston 75, and 
the other retainer 86 is supported around the sleeve 60 
and against the face of the first body 20. The spring 87 
holds the thrust bearing 84 at all times in firm engage 
ment with the swash plate thrust bearings 24. 
While a swash plate construction has been shown, the 

invention is operable with other means for driving the 
pistons, and any number of pistons may be spaced radi 
ally around the actuating shaft for axial movement par 
allel to the axis of the drive shaft. 
The second body 40 has an annular recess 90 in 

which there is a sealing ring 91 which seals between the 
second body member 40 and the smaller-diameter por 
tion 78 of the piston 75, and there is a back-up ring 92 
for the sealing ring 91. The back-up ring 92 abuts an 
annular member 93 and may fit either in a groove 94 
therein or against the face. Each member 93 is sup 
ported by the spacing disk 41 in one of the openings 42, 
in which it fits loosely. The members 93 are thicker 
than the disk 41, to provide pressure and to prevent ex 
trusion of the rings 91, 92 and 73, the members 93 
being held in compression between the members 20 
and 40. A drain passage 95 may be provided as a recess 
in the member 20. The member 93 serves both to close 
the end of the annular recess 90 and to close the end 
of the annular recess 67. 
The clearance between the narrower-diameter piston 

portion 78 and the bearing member 93 is minimal to 
prevent any extrusion of the back-up ring 92. The 
back-up ring 92 is made of material that is not subject 
to cold flow and can provide a zero clearance, so that 
the sealing ring 91 can make a substantially perfect seal 
with the reciprocating shaft portion 78. This back-up 
ring 92 is preferably made of a combination of fiber 
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glass, bronze, and Teflon (tetrafluoroethylene). For ex 
ample, one suitable ring 92 is made up of 17 percent 
fiberglass, 40 percent bronze, and 43 percent Teflon. 
Composition may vary, depending on the material 
being pumped and on the temperature, but the back-up 
ring 92 should have good resistance to wear and to the 
lubricant and to the fluid being pumped. The sealing 
ring 91 is preferably a high-pressure seal quad ring, but 
it may be an O-ring or packing depending upon the 
type needed for the fluid and pressure being pumped. 
The portion of the sealing ring 91 that is exposed to 
pressure is kept minimal, and this helps to reduce the 
gripping pressure or squeeze, so that the life of the seal 
ing ring 91 is extended. The features just described are 
adaptable to other types of pumps or motors, including 
various configurations and are not limited to axial pis 
ton pumps. The sealing ring seal 91 isolates the high 
pressure area from the atmosphere and from the drive 
end and the sealing rings 63,73, and 91 cooperate to 
seal the lubrication area from the pumping area. 
The piston portion 78 is preferably about 0.010 inch 

smaller in diameter than the piston portion 77. The dif 
ference can be somewhat greater or somewhat smaller 
if desired, but this is a preferable figure. The pistonpor 
tion 77 fits in the bore 64 with a clearance of about 
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0.0015 inch to 0.0025 inch, so that lubricant can read 
ily flow in between them. 
The O-ring 73 has minimal squeeze in the annular 

chamber 67 of the sleeve 60, but fits in a normal way 
on the piston portion 78, so that the O-ring 73 can 
move in the annular chamber 67 and function as a 
valve, opening and closing the port of the passage 69. 
On the outward portion of the cycle, that is, as the pis 

30 

ton 75 moves to the right in FIGS. 1-3 (in other words, 
when the piston is moving away from the valve pump 
ing mechanism and toward the swash plate 22) the pis 
ton 75 draws the O-ring 73 against the shoulder 68 and 
thereby closes the passageway 69, so that there is no 
movement of oil through the cylindrical bore 64 or 
through the groove 70 during this time. This movement 
also means that the smaller-diameter portion 78 of the 
piston 75 enters deeper within the cylindrical bore 64, 
and as a result increases the total volume of the space 
between the cylindrical bore 64 and the piston 75. 
Thus, this space is much larger in FIG. 3 than in FIG. 
2, and with the increase in capacity, the pressure is re 
duced and oil is drawn in along the piston portion 77, 
moving oppositely to the direction in which the piston 
75 is moving, and passes into the clearance between the 
larger-diameter piston portion 77 and the bore 64 and 
there flows to the clearance between the smaller diam 
eter piston portion 78 and the bore 64. 
When the piston 75 moves in the opposite direction 

(to the left in FIGS. 1-3, in other words, towards the 
ball valves and away from the reservoir 21) the total 
clearance volume between the piston 75 and the bore 
64 is, of course, reduced in size, and therefore pressure 
builds up. This pressure, together with the movement 
of the piston 75, moves the O-ring 73 away from the 
shoulder 68, exposing the passage orport 69 so that oil 
then is urged by this buildup of pressure to flow from 
the annular chamber 67 and from the cylindrical bore 
64 into the groove 70. It moves then through the 
grooves 70, 71, and 72 to the reservoir 21, completing 
the cycle of oil movement in the circulating pattern. 
Thus there is an intermittent but regular flow of oil be 
tween the piston 75 and the cylinderbore 64, moving 
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6 
in one direction inwardly and then moving by the 
groove 70 back to the reservoir 21, so that lubrication 
is always assured. The reservoir 21 is of course flood 
lubricated and is always kept full of oil. 

It should be noted that the close fitting surfaces 78 
and 93 are short in length, and sufficient oil is carried 
on the piston surface 78 to keep this mating surface lu 
bricated, the seal here being provided by the sealing 
ring 91 and its back-up ring 92. 
The O-rings 25, 26, 36, 43, and 44 provide a sealing 

structure enabling one to take the pump apart and reas 
semble it readily, when the bolts 19, 29 and 33 are re 
moved. Thus, once the bolts 33 are removed, the valve 
head or body 40 and the member 35 can be removed 
from the body 20 and the disk 41 then removed; when 
the bolts 19 are removed, the end plate 14 comes off 
readily; and when the bolts 29 are removed, then the 
cylindrical portion 11 can be removed from the first 
body 20. When the first body 20 and the second annu 
lar housing member 35 along with the valve head 40, 
are detached from each other, this gives adequate ac 
cess for replacing the piston seals 73 and 91, for exam 
ple, without disassembling the piston sleeves 60 from 
their body 20, and this can be done without separating 
the body 20 from the member 11, letting the piston 
swash plate assembly remain in place. 

In this pump, the oil reservoir 21 should be kept on 
about the same level as the drive case. By feeding the 
oil to the case via the inlet 17 at about the center of the 
housing 10 and by draining or discharging it via the out 
let 12 on the outer periphery of the housing 10, the ro 
tation of the drive shaft 16 helps to circulate the lubri 
cant, acting substantially as a centrifugal pump. An air 
bleed valve 96 frees the lubricant from air. 
The oil circulation system is best understood with ref 

erence to FIGS. 4 and 5 as well as FIG. 1. An external 
oil reservoir 100 is connected to the housing 10 by the 
conduits 13 and 18. The reservoir 100 has fins 101 for 
cooling. The oil from the reservoir 100 flows via the 
conduit 13 to the inlet conduit 17 where it approaches 
the center of the housing 10, near the drive shaft 16. It 
flows through the bearings 27, lubricating them, into 
the reservoir 21. There, the rotation of the shaft 16 and 
the rotation of the eccentric swash plate 22 move the 
oil radially outwardly toward the pistons 75, which, as 
already described in detail use it for self-lubrication. 
The outlet 12 conducts the oil to the conduit 13 and 
thence to the cooler-reservoir 100, the circulation 
being achieved by the shaft 16 and swash plate 22 with 
out any external pump. This is far preferable, because 
an external pump creates internal pressures that tend 
to hold the O-ring 73 in its open position at all times. 

The clearances provided by this invention make it 
possible, in connection with the cooler-reservoir 100, 
to pump fluid over a wide variety of temperatures, de 
pending on the mechanical strength and corrosion 
resistance of the pump elements and to do this without 
the complicated temperature controls necessitated by 
other high-pressure pumps. The cooler 100 prevents 
the lubricant from becoming overheated and thereby 
the lubricant keeps the piston temperatures in the de 
sired range. 

It has been stated that the suction-pressure actuation 
need not rely on ball valves, as shown in FIG. 1. One 
alternative structure for the suction-pressure check 
valve assembly is shown in FIG. 6. Here a tubular valve 



3,81 1,798 
7 

housing 110 has an inlet 111 at its lower end and has 
O-rings 112 and 113 for sealing the housing 110 in a 
drilled passage 45 in the body or valve head 40. The 
upper end has a spider 114 providing outlets 115. 
The inlet 111 leads to a conical seat 116 and an en 

larged passage 117. A spider 118 with passages 119 
supports a valve member 120. The valve member 120 
has a conical head 121 and a stem 122. A tubular 
sleeve 123 integral with the spider 118 guides the 
sleeve 122, and a spring 124 seated at one end against 
the spider 118 bears against the flat upper end 125 of 
the valve member 120 to urge the head 121 towards its 
seat 116. An opening 126 provides communication be 
tween the passage 117 and the base 80 in the member 
40, for alternate application of suction and pressure to 
the fluid being pumped. 
The passage 117 leads to a narrower passage 127 and 

thence to a seat 128 for a second valve 130 like the 
valve 120. Both valves 120 and 130 may have an O-ring 
131 in their conical heads for better seating. It is appar 
ent that the valve 120 is seated by pressure and opened 
by suction, according to the direction of movement of 
the piston 75. Similarly, the valve 130 is closed by suc 
tion and seated by pressure. This operation is as previ 
ously described. 
To those skilled in the art to which this invention re 

lates, many changes in construction and widely differ 
ing embodiments and applications of the invention will 
suggest themselves without departing from the spirit 
and scope of the invention. The disclosures and the de 
scription herein are purely illustrative and are not in 
tended to be in any sense limiting. 

| claim: 
1. In a pumping mechanism having a housing, an in 

ternal oil reservoir therein filled with lubricant, at least 
one reciprocating piston in a stationary cylindrical 
bore, and means in said reservoir for reciprocating said 
piston, the combination comprising: 
said cylindrical bore having a first end in said reser 

voir, a first portion extending to an annular cham 
ber meeting said cylindrical bore at a shoulder, 
with a longitudinally extending passage extending 
outside said bore adjacent to said shoulder to said 
first end, and a second smaller-diameter portion 
beyond said annular chamber terminating at a sec 
ond end, 

said piston having a first end in said reservoir and a 
first portion having a diameter just enough smaller 
than said first portion of said cylindrical bore to en 
able passage of oil therebetween during reciproca 
tion, said piston having a second end beyond said 
annular chamber and within said second bore por 
tion at all times and a second portion smaller in di 
ameter than said first piston portion extending 
from said second piston end and meeting said first 
piston portion at a rim always lying within said first 
portion of said cylindrical bore, 

an O-ring in said annular chamber and movable 
against and away from said shoulder and in sealing 
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8 
of said second portion of said piston in said second 
bore portion, 

said sealing means sealing off the fluid being pumped 
from said lubricant, while said O-ring acts as a 
valve opening and closing the passage between said 
groove and said cylindrical bore as the piston recip 
rocates, thereby lubricating said cylindrical bore 
and said piston. 

2. The combination of claim 1 wherein said second 
piston portion is about 0.010 inch smaller in diameter 
than said first piston portion. 

3. The combination of claim 2 wherein said diameter 
of said first piston portion is about 0.0015 to 0.0025 
inch less than that of said cylindrical bore. 

4. The combination of claim 1 wherein there is an en 
larged annular recess in said second bore portion and 
said sealing means comprises 
an elastomeric sealing ring in said annular recess and 
a back-up ring in said annular recess between said 

sealing ring and said bearing member. 
5. In a pumping mechanism having a housing, an oil 

reservoir therein filled with lubricant, at least one re 
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relation with said second portion of said piston, 
thereby having a position closing said passage and 
a position opening said passage, 

sealing means sealing between said second bore por 
tion and said second portion of said piston, and, 

pumping mechanism in said housing beyond said sec 
ond end of said piston and actuated by the suction 

65 

ciprocating piston in a stationary cylindrical bore, 
means in said reservoir for reciprocating said piston, 
the combination comprising: 
an enlarged annular recess in said bore, 
an elastomeric sealing ring of circular cross-section 

in said annular recess sealing between said bore 
and said piston and having a cross-sectional diame 
ter slightly larger than the radial width of said re 
CeSS, 

a non-elastomeric back-up ring in said annular recess 
next to said sealing ring having substantially the 
same crosssection radial width as said recess, said 
recess being longer in its axial extent than the com 
bined axial extent of said backup ring and said 
cross-sectional diameter of said sealing ring, said 
two rings being the only members in said recess, 
said back-up ring being a combination of glass fi 
bers, bronze, and tetrafluoroethylene, each ingre 
dient being present in an amount of at least 15 per 
cent of the total, and 

pumping mechanism in said housing beyond said pis 
ton and communicating with said bore and actu 
ated by the alternating suction and pressure pro 
vided by reciprocation of said piston, 

said sealing ring sealing off the fluid being pumped 
from said lubricant. 

6. In a pumping mechanism having a housing, an in 
ternal oil reservoir therein filled with lubricant, a plu 
rality of reciprocating pistons each in a stationary cylin 
drical bore, and means in said reservoir for reciprocat 
ing said piston, the combination comprising: 
a first body in said housing with one end forming a 
wall of said reservoir and having a bore for each 
cylinder, 

a sleeve member fitting snugly in each said bore and 
providing said cylindrical bore, said sleeve having 
a first end in said reservoir and a second end distant 
therefrom having an annular chamber meeting said 
cylindrical bore at a shoulder, said sleeve having an 
exterior longitudinally extending groove extending 
from near said shoulder to said first end and having 
a bored passage connecting said groove to said an 
nular chamber adjacent said shoulder, 



9 
each said piston having a first end in said reservoir 
and a first portion having a diameter just enough 
smaller than said cylindrical bore to enable passage 
of oil therebetween during reciprocation, said pis 
ton having a second end beyond said second end of 5 
said sleeve member at all times and a second por 
tion smaller in diameter than said first portion ex 
tending from said second end and meeting said first 
portion at a rim always lying within said cylindrical 
bore, 

a second body spaced from said first body having a 
bore in which said second piston portion recipro 
cates, 

an annular bearing member between said first and 
second bodies and closing said annular chamber, 

an O-ring in said annular chamber and movable be-, 
tween said shoulder and said bearing member and 
sealing between said second portion of said piston 
‘and said sleeve and having a position closing the 
passage between said chamber and said groove and 
a position opening that passage, 

sealing means sealing between said second body and 
said second portion of said piston, and, 

pumping mechanism in said second body and actu 
ated by the alternate suction and pressure provided 
by said second portion of said piston in said second 
body, 

said sealing means sealing off the fluid being pumped 
from said lubricant, while said O-ring acts as a 
valve opening and closing the passage between said 
groove and said cylindrical bore as the piston recip 
rocates, thereby lubricating said cylindrical bore 
and said piston. 

7. The combination of claim 6 wherein said second 
piston portion is about 0.010 inch smaller in diameter 
than said first piston portion. - 

8. The combination of claim 7 wherein said diameter 
of said first piston portion is about 0.0015 to 0.0025. 
inch less than that of said cylindrical bore. 

9. The combination of claim 6 wherein said second 40 
body has an enlarged annular recess facing said annular 
bearing member and said sealing means comprises 
an elastomeric sealing ring in said annular recess and 

O 

15 

20 

25 

30 

a back-up ring in said annular recess between said 45 
sealing ring and said bearing member. 

10. The combination of claim 9 wherein said annular 
recess extends into a recessed portion of said bearing 
member. 

11. The combination of claim 6 having an annular 
disk between said first and second body members 
slightly thinner than said bearing member and having 
a through opening for loosely receiving said bearing 
member. 

12. The combination of claim 6 wherein 
said pumping mechanism comprises a drive shaft 
having a swash plate theron in said internal reser 
voir engaging said pistons for reciprocation 
thereof, 

an external oil-cooling reservoir, 
inlet means for said oil into said internal reservoir 
near the axial center thereof adjacent to said drive 
shaft and connected to said external reservoir by an 
inlet conduit, and 

outlet means for said oil from said reservoir adjacent 
the periphery thereof and connected to said exter 
nal reservoir by an outlet conduit, 
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the rotation of said drive shaft and its swash plate in 
said internal reservoir circulating oil from said inlet 
means to said outlet means and through said exter 
nal reservoir to said inlet means. 

13. The combination of claim 6 wherein said housing 
comprises a cylindrical reservoir-containing portion 
closed at one end and bolted at its other end to said first 
body for ready disassembly and reassembly. 

14. The combination of claim 13 wherein said closed 
end of said reservoir portion is bolted thereon for easy 
removal. 

15. The combination of claim 13 wherein said first 
and second body members are bolted together for easy 
disassembly and reassembly. 

16. In a pumping mechanism having a housing, an oil 
reservoir therein filled with lubricant, a plurality of re 
ciprocating pistons each in a stationary cylindrical 
bore, means in said reservoir for reciprocating said pis 
ton, the combination comprising: 
a first body in said housing with one end forming a 

wall of said reservoir and having a first bore for 
each cylinder, each said first bore having a first end 
facing said reservoir and a second end distant 
therefrom, 

each said piston having a first end in said reservoir 
and a first portion having a diameter just enough 
smaller than said cylindrical bore to enable passage 
of oil therebetween during reciprocation, said pis 
ton having a second end beyond said second end of 
said first bore at all times and a second portion. 
smaller in diameter than said first portion extend 
ing from said second end and meeting said first por 
tion at a rim always lying within said cylindrical 
bore, - 

a second body spaced from said first body having a 
second bore in which said second piston portion 
reciprocates and having an enlarged annular re 
CeSS, 

an annular bearing member between said first and 
second bodies and closing said annular recess, 

a sealing ring of circular cross-section in said annular 
recess sealing between said second body and said 
second portion of said piston, and having a cross 
sectional diameter slightly larger than the radial 
width of said recess, 

a back-up ring in said annular recess between said 
sealing ring and said bearing member, said back-up 
ring having substantially the same cross-sectional 
radial width as said recess, said recess being longer 
in its axial extent than the combined axial extent of 
said back-up ring and said crosssectional diameter 
of said sealing ring, said two rings being the only 
members in said recess, and 

pumping mechanism in said second body and actu 
ated by the suction of said second portion of said 
piston in said second body, 

said sealing ring sealing off the fluid being pumped 
from said lubricant. 

17. The combination of claim 16 wherein said sealing 
ring is elastomeric and said back-up ring is non 
elastomeric. 

18. The combination of claim 17 wherein said back 
up ring is a combination of glass fibers, bronze, and tet 
rafluoroethylene. 

19. The combination of claim 16 having an annular 
disk thinner than said bearing means between said first 
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and second body members and having openings therein 
for holding each said bearing means loosely. 
20. The combination of claim 16 having a plurality of 

sleeve members each fitting snugly in one said first bore 
and providing a said cylindrical bore, said sleeve having 5 
a first end in said reservoir and a second end distant 
therefrom having an annular chamber meeting said cy 
lindrical bore at a shoulder, said sleeve having an exte 
rior longitudinally extending groove extending from 
near said shoulder to said first end and having a bored 10 
passage connecting said groove to said annular cham 
ber adjacent said shoulder, and means for closing said 
bored passage when said piston moves in one direction 
and opening it when said piston moves in the opposite 
direction. 15 

21. In a pumping mechanism having a housing, an oil 
reservoir therein filled with lubricant, a plurality of re 
ciprocating pistons each in a stationary cylindrical 
bore, means in said reservoir for reciprocating said pis 
ton, the combination comprising: 20 
a first body in said housing with one end forming a 
wall of said reservoir and having a first bore for 
each cylinder, each said first bore having a first end 
facing said reservoir and a second end distant 
therefrom, 25 

each said piston having a first end in said reservoir 
and a first portion having a diameter just enough 
smaller than said cylindrical bore to enable passage 
of oil therebetween during reciprocation, said pis 
ton having a second end beyond said second end of 30 
said first bore at all times and a second portion 
smaller in diameter than said first portion extend 
ing from said second end and meeting said first por 
tion at a rim always lying within said cylindrical 
bore, 35 

a second body spaced from said first body having a . 
second bore in which said second piston portion 
reciprocates and having an enlarged annular re 
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12 
CeSS, 

an annular bearing member between said first and 
second bodies and closing said annular recess, 

a sealing ring in said annular recess sealing between 
said second body and said second portion of said 
piston, 

a back-up ring in said annular recess between said 
sealing ring and said bearing member, 

pumping mechanism in said second body and actu 
ated by the suction of said second portion of said 
piston in said second body, 

said sealing ring sealing off the fluid being pumped 
from said lubricant, 

a plurality of sleeve members each fitting snugly in 
one said first bore providing a said cylindrical bore, 
said sleeve having a first end in said reservoir and 
a second end distant therefrom having an annular 
chamber meeting said cylindrical bore at a shoul 
der, said sleeve having an exterior longitudinally 
extending groove extending from near said shoul 
der to said first end and having a bored passage 
connecting said groove to said annular chamber 
adjacent said shoulder, 

means for closing said bored passage when said pis 
ton moves in one direction and opening it when 
said piston moves in the opposite direction, 

an O-ring in said annular chamber movable between 
said shoulder and said spacing member and sealing 
between said second portion of said piston and said 
sleeve and having a position closing the passage be 
tween said chamber and said groove and a position 
opening that passage, 

said O-ring acting as a valve opening and closing the 
passage between said groove and said cylindrical 
bore as the piston reciprocates, thereby lubricating 
said cylindrical bore and said piston. 
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