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(57) The mnvention mvolves improvements to an axial piston fluid device of the type having a housing with a central
cavity and a valve plate end, a shaft journaled adjacent its inner end 1n a bushing mounting 1n a bore 1n the valve plate
end, and a cylinder barrel surrounding the shaft and rotatable therewith 1n the cavity and against the valve plate end.
The mvention utilizes a bushing which has a slot intermediate i1ts ends and the valve plate bore has axial extending
recesses leading to and away from the bushing slot. The cylinder barrel and valve end have a series of flud
passageways leading from the cavity to the bore and from the recesses to the space between the cylinder barrel and
shaft and then back to the cavity.
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ABSTRACT

The invention involves improvements to an axial piston fluid
device of the type having a housing with a central cavity and a valve
plate end, a shaft journaled adjacent its inner end in a bushing mounting
in a bore in the valve plate end, and a cylinder barrel surrounding the
shaft and rotatable therewith in the cavity and against the valve plate
end. The invention utilizes a bushing which has a slot intermediate its
ends and the valve plate bore has axial extending recesses leading to and
away from the bushing slot. The cylinder barrel and valve end have a
series of fluid passageways leading from the cavity to the bore and {from

the recesses to the space between the cylinder barrel and shaft and then
back to the cavity.
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BEARING LUBRICATION IN AXIAL
PISTON FLUID DEVICES

This invention relates to axial piston fluid devices,

and more particularly to means for lubricating bearings in such

fluid devices.

Axial piston pumps and motors routinely include a
rotating cylinder barrel connected to a shaft and containing a
plurality of pistons whose ends work against an inclined
surface to draw fluid into the cylinders as the pistons are
10 extended and to force fluid out of the same cylinders as the
pistons are retracted. The cylinder barrels are commonly
journaled in the inner diameter of a large barrel bearing
which is mounted in the cavity of the pump or motor housing.
Presently, such barrel bearings are typically sleeve bearings
with an anti-friction coating on their inner diameter. The
shaft which mounts the cylinder barrel is typically supported
in a ball bearing at one end of the housing and in a sleeve

bearing or bushing at the other end of the housing.

Leakage from the rotating group will result in fluid
20 accumulating in the cavity of the housing. This fluid 1is

typically used to lubricate the moving parts, including the
bearings such as the barrel bearing. However, unless there 1is
a pressure differential across the width of the bearings or

bushings, there is no assurance that the engaging rotating
surfaces will in fact be lubricated.

In our invention, we provide a positive means for
lubricating the shaft bushing and means for assuring lubrication

of the mating surfaces of the barrel bearing and the cylinder

barrel even if there is no pressure differential axially across
30 the width of the barrel bearing.

24080-664
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The invention provides in an axial piston fluid
device including a housing having a central cavity and a valve
plate end, a shaft journaled adjacent an end of said shaft in
a bushing mounted in a bore in the valve plate end, and a
cylinder barrel surrounding the shaft and connected thereto
for rotation with the shaft in said cavity and against said
valve plate end, the improvement wherein: the bushing has a
slot intermediate ends of said bushing; the bore has axially
extending recesses leading to and away from the bushing slot;
and the cylinder barrel and valve plate end have a series of
fluid passageways leading from the cavity to the bore, from
the recesses to a space between the cylinder barrel and shaft,

and then back to the cavity.

The invention also provides in an axial piston fluid
device including a housing having a central cavity and a valve
plate end, a shaft journaled adjacent an inner end of said
shaft in a bushing mounted in a bore in the valve plate end,
and a cylinder barrel surrounding the shaft and connected
thereto for rotation with the shaft in said cavity and against
sald valve plate end, means for lubricating the bushing
comprising: a fluid reservoir in the valve plate end at the
inner end of the shaft; said bushing having an axially extend-
ing slot intermediate ends of said bushing; said bore having a
first axially extending recess leading from the reservoir to
the bushing slot and a second axially extending recess leading
from the bushingslot to a space between the cylinder barrel
and shaft; said cylinder barrel having a radial fluid passage-
way through which fluid can be drawn from said space into the
cavity by the rotation of said cylinder barrel; and said valve
plate end having a fluid passageway leading from the cavity to
the reservoir; whereby the rotation of the cylinder barrel will
draw fluid from the reservoir through the recesses and slot and
into said space, and will pump fluid from said space into the

cavity and back to the reservoir.

24080-664
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The invention further provides in an axial piston
fluid device having a housing, a barrel bearing mounted in
the housing and a cylinder barrel journaled in the barrel
bearing, the improvement wherein: the cylinder barrel includes
a projecting sleeve whose outer diameter is received in the
barrel bearing) the sleeve is provided with an annular groove
along an inner diameter of said sleeve to collect fluid¢® and
a plurality of radial fluid passageways in the sleeve lead
from the groove to the outer diameter of the sleeve to
lubricate the engaging surfaces of the sleeve and barrel

bearing.

In the preferred embodiment, one of the passageways
1s a radial passage from the space between the cylinder barrel
and shaft to the cavity. The rotation of the cylinder barrel
will cause fluid to be pumped by centrifugal force from that
space outwardly to the cavity through the passage in the
cylinder barrel. The slight pressure head thereby created,
by a pressure head due to the depth of fluid in the cavity or
a pressure drop in the cavity drain line, is employved to feed
fluid through passages in the valve plate end which lead to a
reservolr surrounding the inner end of the shaft. The reservoir
1s connected to the bore and to the recesses in the bore. The
rotation of the cylinder barrel creates a centrifugal pumping
which tends to evacuate the space between the shaft and
cylinder barrel, thus generating a low pressure region in such
space. The fluid from the cavity at a higher pressure then
tends to flow through the shaft bushing into this low pressure
region. In this manner fluid is circulated under pressure to
the inner diameter of the bushing to lubricate the contacting

surfaces of the bushing and shaft.

Also in accordance with the invention, in an axial
piston fluid device of the type which has the cylinder barrel

journaled inside a barrel bearing mounted in the housing, the

24080-664
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cylinder barrel is formed with a projecting sleeve received in
the barrel bearing and the sleeve is provided with an annular

groove along its inner diameter to collect fluid. There are a
plurality of radial fluid passageways in the sleeve that lead

from the groove to the outer diameter of the sleeve to

lubricate the engaging surfaces of the sleeve and of the barrel
bearing.

It 1s a principal object of this invention to provide
improved lubrication of sleeve-type bearings in axial piston
10 pumps and motors.

It 1s also an object of this invention to provide a
mechanism for lubricating the shaft bushing of an axial piston
fluid device by utilizing the centrifugal force generated by
the rotating group to evacuate the space
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between the cylinder barrel and shaft creating a low pressure region into
which cavity drain fluid will tend to flow. The cavity drain fluid is then
channeled to flow through the shaft bushing.

It 1s another object of the invention to provide a mechanism for
lubricating the barrel bearing of an axial piston pump even without a
pressure differential across the axial width of the bearing.

The foregoing and other objects and advantages of the inven-
tion will appear in the following detailed description. In the description

reference is made to the drawings which illustrate a preferred embodi-
ment of the invention.

Fig. 1 is a view in vertical cross-section through a variable
displacement axial piston pump incorporating the present invention;

Fig. 2 is an enlarged view in section taken in the plane of the

line 2-2 of Fig. 1;

Fig. 3 is a fragmentary exploded view of cooperating portions of
the shaft bushing and bore for the shaft bushing; and

Fig. 4 1s an enlarged fragmentary view of the sleeve portion of
the cylinder barrel.

Referring to Fig. 1, the invention is shown incorporated in a
variable displacement axial piston pump. The pump has a cast housing 9
with a hollow interior to define a cavity 10. The housing 9 includes a
crowned portion 11 which accommodates a control piston which will be
described more fully hereafter. The open end of the housing 9 is closed by
a valve plate 12 which is bolted to the housing. A drive shaft 13 is
mounted in a roller bearing 14 supported in the housing at the shaft end
of the pump. The inner end of the shaft 13 is journaled in a sleeve bear-
ing or bushing 15 mounted in a bore 16 in the valve plate 12. The drive
shaft 13 has splines 17 which engage with mating splines 18 on the inte-
rior of a cylinder barrel 19. The cylinder barrel 19 has a plurality of cylin-
der bores 20 each of which mounts a piston 21 whose end is formed as a
ball 22. Piston shoes 23 are pressed about the balls 22 and operate against a
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tlat face 24 of a movable swashblock 25. The series of piston shoes 23 are
mounted in a shoe retainer plate 28 which has a spherical central opening
that mates with a spherical fulcrum 29. The sphérical fulcrum 29 is urged
axially towards the swashblock 25 by a plurality of springs 30 mounted in
the shaft end of the cylinder barrel 19. The effect of the springs 30 is to
urge the spherical fulcrum 29 and the shoe retainer plate 28 axially to-
wards the swashblock 25 to maintain the shoes 23 against the flat face 24
of the swashblock 25. The springs 30 also urge the valve face end of the
cylinder barrel 19 against the valve plate 12 to operatively connect the

bottoms of the cylinder bores 20 with inlet and outlet ports in the valve
plate 12.

The rear of the swashblock 25 has circular cylindrical bearing
surfaces 31 that are seated in bearing liners 32 that are, in turn, held
against curved bearing surfaces of a saddle 33. The opposite side of the
saddle 33 is mounted in a counterbore 34 in an end wall of the housing 9
and the saddle 33 is restrained against radial or rotary movement by a pin

35.

The cylinder barrel 19 has a projecting sleeve portion 37 that is
journaled in a cylinder barrel bearing 38 which is mounted in the hous-
Ing 9 and located between a shoulder 39 and a snap ring 40. The barrel
bearing 38 is of known construction with a steel ring having its inner di-
ameter coated with a low friction material such as polytetraflouride.

The position of the swashblock 25 in the saddle 33 can be varied
to adjust the inclination of the face 24 of the swashblock from a position
where it is perpendicular to the axis of the shaft 13 to a position where it
i inclined to the shaft axis. In a known manner, the degree of inclina-
tion will determine the length of the strokes of the piston 21 as the cylin-
der barrel 19 is rotated by the shaft 13 and to thereby vary the volume of
fluid pumped.

The control for varying the position of the swashblock is
mounted within the housing 9 in the crown 11. Specifically, a control
piston 45 is disposed in a sleeve 46 which in turn is sealed to a piston cap
47. One end of the control piston 45 is connected by a pin 48 to a link 49
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which in turn is connected by a pin 50 to an arm 51 projecting from one
side of the swashblock 25. A bias spring 54 is seated in the hollow interior
of the control piston 45 and bears against an end wall of the piston cap 47.
The spring 54 normally urges the control piston 45 to the right as viewed

in Fig. 1 so that the swashblock 25 assumes a position of maximum stroke
as illustrated in Fig. 1.

The control piston 45 can be moved to the left as viewed in Fig.
1 to move the swashblock 25 towards a neutral position by introducing
hydraulic fluid through an inlet 55 into a control pressure volume 56

where an enlarged diameter of the control piston 45 and an enlarged di-
ameter in the sleeve 46 cooperate to cause the control piston 45 to move
against the urgings of the spring 54. In refurning the piston 45 to a posi-
tion where the swashblock face 24 is inclined, the spring 54 is assisted by
the pressure of hydraulic fluid introduced through another inlet 57 into a
pressure volume 58 which acts on the piston 45 by reason of a slightly re-
duced diameter of the piston 45. The space between the end of the piston

45 and the end of the piston cap 47 is connected to drain so that no pres-

sure is built up in that space.

The maximum and minimum stroke of the control piston 45
are set by adjustable stops. For the minimum stroke, a stop pin 60 is
manually located by a threaded stem 61 to have its end engage the cor-
responding end of the piston 45. For maximum stroke, a similar stop pin
62 can be positioned by a threaded stem 63 to have its end engage the side
of a dowel pin 64 that extends laterally from the piston 45.

What has been described thus far are elements and features that
are common to known variable displacement axial piston pumps. In
such known pumps, the leakage of hydraulic fluid being pumped from
around the pistons 20 creates a supply of fluid in the cavity 10 that is used
to lubricate the rotating and sliding surfaces. However, there are a num-
ber of surfaces that may receive inadequate lubrication from the hydraulic
fluid that normally leaks into the cavity. Specific problems can occur

with respect to sleeve bearings such as the shaft bushing 15 and the barrel
bearing 38.
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With respect to lubrication of the shaft bushing 15, our iIn-
vention utilizes the centrifugal force imparted to fluid within the hous-
ing as the rotating group is rotated by the shaft, together with a unique
form for the shaft bushing 15 and its bore 16 in the valve plate to insure
proper distribution of lubricant over the surfaces of the bushing. Refer-
ring to Figs. 2 and 3, the valve plate 12 has a pocket 70 into which the end
of the shaft 13 projects. This pocket is closed by a cover plate 71. The
pocket 70 functions as a reservoir for fluid to lubricate the bushing 15.
Fluid is supplied to the reservoir 70 under a slight pressure head from the
cavity 10 surrounding the cylinder barrel 19. As shown in Fig. 2, the cav-
ity 10 is connected to the reservoir 70 by means of an axial passageway 73
and a radial passageway 74 both formed in the valve plate 12. The cavity
10 is in turn connected by a radial passageway 75 in the cylinder barrel 19
to the space 76 between the inner diameter 77 of the cylinder barrel 19 and
the outer diameter of the shaft 13.

The bushing 15 is provided with a pair of elongated di-

ametrically opposite slots 80 which extend along the axis of the bushing.

The surface of the bushing bore 16 in the valve plate 12 is provided with
diametrically opposed, axially extending recesses 82 and 83 which lead
respectively from the reservoir 70 to the bushing slot 80 and from the

bushing slot 80 to the space 76 between the cylinder barrel 19 and the shaft
13.

When the cylinder barrel 19 is being rotated by the shaft 13,
centrifugal force will cause hydraulic fluid within the space 76 between
the shaft and cylinder barrel to be pumped out the radial passageway 75 In
the cylinder barrel and into the cavity 10 thus creating a low pressure re-
gion in the space 76. The cavity 10 will be at a slight pressure head, such
as 1 to 2 psi with respect to the space 76. The slight pressure head will
cause fluid to be moved through the passageways 73 and 74 in the valve
plate 12 to the reservoir 70. Fluid in the reservoir 70 will be drawn into
the space 76 between the cylinder barrel 19 and shaft 13 due to the slight
pressure differential between the reservoir 70 and space 76. As that fluid
is drawn from the reservoir 70 into the space 76, it will pass through the
recesses 82, the bushing slots 80 and the recesses 83. This will provide a
source of lubrication for the inside diameter of the bushing 15 as the shaft
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13 rotates within the bushing. Fluid is provided not only to one end of
the bushing but also to an area adjacent its longitudinal center so that a
film of lubricant will be developed within the entire inner diameter of

the bushing 15. The fluid will continue to be circulated as shown by the
arrows in Fig. 2 while the pump is in operation.

Two slots 80 are required to accommodate both clockwise and
counterclockwise shaft rotation, or for two direction operation. The rea-
son is because the shaft 13 is deflected during operation by stroking forces
so that there will be clearance between one side of the shaft and the bush-
Ing, and a slot 80 should always be located opposite the clearance.

Because of the existence of the crown 11 in the housing 10 to
mount the control for the swashblock 25, there is no pressure differential
between the valve plate side and the shaft end side of the barrel bearing
38. As a result, there is nothing to force fluid axially between the surface
of the barrel bearing 38 and the mating surface of the cylinder sleeve por-
tion 37. To provide lubricant to those mating surfaces, an annular groove
90 is formed on the interior of the sleeve portion 37 of the cylinder barrel
(see Fig. 4). The annular groove 90 accumulates fluid that leaks past the
pistons 21. Fluid collected in the groove 90 will be moved radially by
centrifugal force through a plurality of radial passageways 92 which lead
through the sleeve portion 37 and to the outside diameter of the sleeve
portion 37 and the mating interior diameter of the barrel bearing 38. The
interior diameter of the barrel bearing 38 is provided with axial reliefs, in
a known manner. By this arrangement, fluid is continuously supplied to
the mating surfaces of the barrel bearing and cylinder barrel and includ-
ing being supplied to the axial reliefs.

Although the invention has been described in relation to a
variable displacement pump, it could as well be used with a variable dis-
placement motor or with a fixed pump or motor.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. In an axial piston fluid device including a housing
having a central cavity and a valve plate end, a shaft
Jjournaled adjacent an end of said shaft in a bushing mounted
1n a bore in the valve plate end, and a cylinder barrel
surrounding the shaft and connected thereto for rotation with
the shaft in said cavity and against said valve plate end, the
improvement wherein:

the bushing has a slot intermediate ends of said
bushing;

the bore has axially extending recesses leading to
and away from the bushing slot; and

the cylinder barrel and valve plate end have a series
of fluid passageways leading from the cavity to the bore, from
the recesses to a space between the cylinder barrel and shaft,

and then back to the cavity.

2. A fluid device in accordance with claim 1 wherein the
cylinder barrel has a sleeve at an end opposite the valve plate
end, said sleeve being journaled at an outer diameter of the
sleeve in a barrel bearing mounted in the housing, said sleeve
having an annular groove along an inner diameter of the sleeve
that i1s adapted to collect fluid and a plurality of spaced
radial fluid passageways that lead from the groove to the outer

diameter of the sleeve.

3. In an axial piston fluid device including a housing
having a central cavity and a valve plate end, a shaft
journaled adjacent an inner end of said shaft in a bushing
mounted in a bore in the valve plate end, and a cylinder barrel
surrounding the shaft and connected thereto for rotation with
the shaft in said cavity and against said valve plate end,

means for lubricating the bushing comprising:

24080-664
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a fluid reservoir in the valve plate end at the inner
end of the shaft:

said bushing having an axially extending slot inter-
mediate ends of said bushing;

salid bore having a first axially extending recess
leading from the reservoir to the bushing slot and a second
axially extending recess leading from the bushing slot to a
space between the cylinder barrel and shaft;

said cylinder barrel having a radial fluid passageway
through which fluid can be drawn from said space into the
cavity by the rotation of said cylinder barrel; and

said valve plate end having a fluid passageway lead-
ing from the cavity to the reservoir;

whereby the rotation of the cylinder barrel will draw
fluid from the reservoir through the recesses and slot and into
sald space, and will pump fluid from said space into the cavity

and back to the reservoir.

4. A fluid device in accordance with claim 3 wherein
there are two diametrically opposed slots in said bushing and

two diametrically opposed sets of first and second recesses

each associated with one slot.

5. In an axial piston fluid device havinga housing, a
barrel bearing mounted in the housing and a cylinder barrel
journaled in the barrel bearing, the improvement wherein:

the cylinder barrel includes a projecting sleeve
whose outer diameter is received in the barrel bearing;

the sleeve is provided with an annular groove along
an inner diameter of said sleeve to collect fluid: and

a plurality of radial fluid passageways in the sleeve
lead from the groove to the outer diameter of the sleeve to

lubricate the engaging surfaces of the sleeve and barrel

bearing.

Fetherstonhaugh & Co.,
Ottawa, Canada
Patent Agents
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