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1 .
HYDRAULIC PUMPS OR MOTORS

This invention relates to radial piston hydraulic
pumps or motors of the type comprising a cylinder
member or assembly providing a number of angularly
spaced generally radial cylinders, each containing a pis-
ton whose outer end is operatively connected to a bear-
ing member arranged to engage a surrounding annular
cam track.

In accordance with one aspect of the present inven-
tion the bearing members are located axially and the
cylinder block is free to move axially so as to adopt its
axial position automatically in relation to the bearing
members.

The invention is particularly of advantage in arrange-
ments where the bearing members have bearing sur-
faces in the form of sections of a surface of revolution,
e.g., part-cylindrical, and two opposed parallel flat
guide surfaces.

In such arrangements it is desirable that the bearing
members should be prevented from pivotal movements
about the axes of the respective pistons, since other-
wise the external bearing surfaces of the members
would not be properly aligned with the surface of the
cam track. Thus conveniently the bearing members are
located axially between two annular shoulders on op-
posite sides of the cam track.

By so locating the bearing members against pivotal
movement about the axes of the respective pistons, the
bearing members are also located axially. The freedom
of movement of the cylinder block to move axially
therefore allows the block to adopt an axial position
corresponding automatically to the axial positions of
the bearing members and pistons, thus avoiding stresses
and possible wear or damage which would result from
manufacturing tolerances and inaccuracies.

Preferably the cam track is adjustable between the
annular shoulders in a direction transverse to the rotary
axis of the machine, and conveniently the two shoul-
ders are formed respectively on two separate parts of
a casing for the machine.

The invention is particularly applicable to a pump or
motor in which the cylinder block is mounted for rota-
tion on a fixed shaft or pintle.

The bearing members may comprise bearing shppers
or pads, pivotally connected to the respective pistons,

and preferably the bearing face of each bearing mem-

ber is formed with oil distribution and/or throttling
grooves.

It will be appreciated that the invention is of particu-
lar merit in radial piston pumps or motors in which the
bearing members are designed to rotate relative to the
cam track about the main rotary axis so that sliding oc-
curs between these parts at relatively high speed. This
is to be contrasted with arrangements in which the ac-
tual surface of the cam track is itself capable of rotation
about the main rotary axis, so that this relative move-
ment can be eliminated, the latter type of construction
being relatively expensive. In preferred embodiments
of the present invention the bearing members have
part-cylindrical bearing surfaces to engage the cam
track and it is accordingly necéssary to prevent the
bearing members from pivoting or twisting about the
axes of the respective pistons, since otherwise the bear-
ing surfaces will not be properly aligned with the sur-
face of the cam track.
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From another aspect the invention consists in a bear-
ing member for providing an operative connection be-
tween a piston and a surrounding cam track in a radial
piston pump or motor, the bearing member having a
part-cylindrical bearing surface to engage the cam
track, and two opposed parallel flank surfaces to en-
gage corresponding guide surfaces so as to locate the
bearing member.

In a preferred construction the bearing surface is
generally rectangular in development and includes a
generally circular or ring-shaped oil groove, and four
lands of generally triangular shape adjacent the four
corners thereof.

In any case the bearing member is preferably formed
on its reverse side with an integral ball or socket, to
provide a universal connection with a corresponding
part on a piston.

According to a particular preferred feature of the in-
vention the bearing member is formed as an integral
casting, or sintered product. Thus preferably the actual
bearing surface is machined, at least some of the oil
supply and distribution grooves being formed in the
casting or sintering operation.

The invention also consists in a radial piston pump or
motor including a cylinder block formed with a number
of generally radial cylinders, each containing a piston
which is operatively connected to a surrounding cam
track by means of a bearing member as defined above.

The invention may be performed in various ways and
one specific embodiment will now be described by way
of example, with reference to the accompanying draw-
ings, in which:

FIG. 1 is a sectional side élevation through a hydrau-
lic rotary pump according to the invention, taken on
the line I — I in FIG.. 2,

FIG. 2.is a part-sectional end elevation on the line I
— II'in FIG. 1;

FIG. 3 is an end view as seen in a radial mward direc-
tion and on an enlarged scale, of the outer bearing sur-
face of one of the bearing slippers, and

FIG. 4 is a sectional view through the bearing slipper
of FIG. 3, taken on the line IV — V.

In this example the invention is applied to-a small size
radial piston rotary pump having an overall diameter of
approximately 8 inches. This pump is intended to be
coupled hydraulically to a similar hydraulic motor (not
shown), at least one of the units being of adjustable ca--
pacity to provide a variable speed. transmission be-
tween the drive shafts of the pump and: motor. The
complete transmission is designéd to be incorporated in
the drive between the engine and ground wheels of a
low-power self-propelled lawn mower.or tractor.

The hydraulic pump illustrated in FIGS. 1 and 2 com-
prises a main casing 10 formed with a separate cover
11, the cover having a central aperture carrying a bear-
ing 12, in which is mounted a drive shaft 13 attached
to an external pulley 14. The inner end of the drive
shaft is provided with a flange 15 formed with a trans-
verse slot 16 forming part of a tongue-and-groove con-
nection with a flexible coupling member 17. The cou-
pling member is in the form of a circular disc having a
diametral rib 18 on both opposite faces, the ribs being
perpendicular to one another with one rib designed to
make a sliding fit in the slot 16 of the flange on the
drive shaft, while the other rib is designed to make a
similar sliding fit in two aligned radial slots in the annu-
lar end face of a rotary cylinder member 20.
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The main casing 10 is provided with a central aper-
turc in the end wall opposite from the cover 11 and in
this aperture is fixedly mounted a stationary pintle 25
whose inner end projects into the chamber within the
casing and whose outer end has a flange 26 arranged to
abut and seal against the external surface of this end
wall. The part of the pintle which extends into the cas-

ing provides a bearing mounting for the rotary cylinder
member 20 and the pintle is also formed with two inter-

nal hydraulic fluid flow passages 27,28 extending paral-
lel to the length of the pintle and each passage having
a port at one end to cooperate with one of two hydrau-
lic inlet/outlet flow passages 28,30 in the end wall of
the casing, and a further port 31,32 at the other end de-
signed to cooperate with ports in the rotary cylinder
member 20 to act as timing control ports.

The rotary cylinder member 20 has five angularly
spaced projecting bosses 35 each formed with a cylin-
der 36 extending inwardly from the outer end thereof,
and a central bearing aperture 37 designed to fit over
the projecting inner end of the pintle 25. Radial pas-
sages 38 extend from the inner ends of each of the cyl-
inders into the central bearing aperture and cooperate
with the timing ports 31,32 on the pintle to control the
supply and discharge of hydraulic fluid to and from the
individual cylinders. Each cylinder contains a piston 40
formed with a hollow skirt 41 extending radially in-
wardly and a compression spring 42 is seated within the
skirt and bears against the inner end of each cylinder
to urge each piston radially outwards. The outer end of
each piston is formed with a part-spherical ball element
44 designed to fit in a corresponding part-spherical
socket in a bearing slipper 45 so as to act as a universal
joint.

The external surfaces of the slippers 45 all engage a
cylindrical annular cam track 46 formed on a cam ring
47 surrounding the rotary cylinder member 20 and ad-
justably located in the casing on a pivot pin 48 at one
side of the cam ring. The other side of the cam ring is
provided with a projecting pin 50 engaging a slot in an
adjusting rod 51 which is slidable transversely to the
main rotary axis in a locating bore 52 in the casing, the
external projecting end 53 of this rod being attached to
a control element (not shown) for varying the speed
ratio of the transmission. In order to limit the pivotal
adjusting movements of the cam ring the adjusting pin
50 is extended at 54 parallel to the rotary axis on the
other end of the ring and engages in an arcuate slot §5
formed in an adjacent part of the casing wall, the length
of the slot 55 determining the limits of movement of the
cam ring. It will be understood that by tilting the cam
ring about its pivot pin 48 the eccentricity of the ring
in relation to the fixed pintle 25 and the rotary cylinder
member 20 can be varied, thus varying the effective
volumetric capacity of the pump.

The external bearing surface of each bearing slipper
is of part-cylindrical form, as best seen in FIGS. 3 and
4, to cooperate with the internal cylindrical cam sur-
face 46 of the cam ring 45. To ensure adequate lubrica-
tion this bearing surface of each slipper is provided
with oil distribution and throttling passages associated
with a central oil supply passage 60 which opens into
the part-spherical socket at the inner face of the slipper
and cooperates with a corresponding supply passage 61
formed in the outer ball end 44 of each piston, and
opening into the external surface of the ball element
thereof. From the central supply passage 60 in the slip-
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per two radial throttling grooves 62 of relatively small
section extend outwards to an inner circular oil distri-
bution groove 63 of approximately 0.60 inch diameter.
Each throttling groove 62 is of generally V-section and
has a width at its upper part of approximately 0.010
inch and a depth of approximately 0.018 inch. Around
the inner circular oil distribution groove 63 is provided
an annular land 64 having an external diameter of ap-
proximately 0.94 inch. Around this land extends a fur-

ther generally circular oil relief groove 65 having an ex-
ternal diameter of approximately 1.10 inch. The devel-
oped surface of the slipper is rectangular, as seen in
FIG. 3, and has a dimensjon measured in the direction
of the circumference of the cam ring of approximately
1.25 inch and a transverse dimension of approximately
1.0 inch. The outer oil relief groove 65 thus breaks into
the two longer sides 66,67 of the bearing surface of the
slipper and this groove is connected to the two shorter
sides 68,69 of the slipper by short radial grooves 70 po-
sitioned centrally in these two ends. At the four corners
of the bearing surface of the slipper four generally tri-
angular bearing lands 71 are thus formed. Lubricating
oil supplied through the central oil passage 60 is throt-
tled as it passes radially outwards through the two
throttling grooves 62 into the first circular oil distribu-
tion groove 63, the pressure of the oil being thus re-
duced to the desired value so that an oil film at suitable
pressure is maintained over the central circular land
areas surrounding the oil supply passage 60 and over
the annular land 64 between the inner and outer oil
ring grooves 63,65.

Each bearing slipper must be restrained against piv-
otal movement about the axis of the respective piston,
since otherwise its part-cylindrical bearing surface will
move out of alignment with the cylindrical annular cam
surface 46. This is attained by positioning the annular
cam ring 47 between two facing annular shoulders
75,76 provided respectively on the main casing 10 and
on the cover 11, the cam ring being capable of pivotal
movement about its hinge pin 48 between these facing
shoulders. The corresponding axial dimension of each
slipper is such that its longer side surfaces 66,67 engage
the two facing shoulders 75,76 so as to maintain each
slipper in the appropriate attitude.

Since each slipper is thus located axially in relation
to the casing, and by means of the respective ball and
socket joints provides corresponding axial positioning
of the individual pistons 40, the rotary cylinder mem-
ber 20 is arranged to have freedom of axial movement
within limits on the stationary pintle 25, the rotary cyl-
inder member being in effect axially located by way of
the pistons 40 and the slippers 45.

Each piston 40 is preferably formed by sintering a
ferrous alloy and machining can be reduced to centre-
less grinding of the external cylindrical surface, the ball
surface being left in the as-cast condition. Each slipper
45 is formed by sintering phosphor bronze, the external
bearing surface and the internal part-spherical socket
being formed in the casting process. Machining is then
reduced to little more than grinding or otherwise sur-
facing the main part-cylindrical external surface, most
of the oil distribution and throttling grooves and pas-
sages being formed in the sintering operation. The in-

.ternal socket surface is left in the as-cast condition.

This method of manufacture thus eliminates many
highly complex machining operations and greatly re-
duces the cost of each slipper. Moreover the inherent
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porosity of the sintered slipper further contributes to
efficient lubrication.

I claim:

1. A radial piston pump or motor having a central
fixed cylindrical pintle, a cylinder member or assembly
mounted for rotation on said pintle and providing a
number of angularly spaced generally radial cylinders,
cach containing a piston whose outer end is operatively
connected to a bearing member, a surrounding annular

cam track engaged by said bearing members, said cam

track having a pair of spaced shoulders or guide sur-
faces at opposite axial sides thereof, and in which said
cylinder member is free to move axially on said pintle,
and each bearing member has a bearing surface of part-
cylindrical shape coaxial with and engaging said cam
track and two opposed parallel flank surfaces engaged
between said pair of guide surfaces on opposite axial
sides of said annular cam track, whereby each bearing
member is axially located by said guide surfaces in rela-
tion to said cam track, and said cylinder member is
thereby axially located from said bearing members by
means of said pistons.

2. A pump or motor as claimed in claim 1, in which
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the cam track is adjustable in a direction transverse to
the rotary axis of the machine to vary the volumetric
capacity of the machine, but is prevented from move-
ment in an axial direction.

3. A pump or motor as claimed in claim 1, in which
the two shoulders are formed respectively on two sepa-
rate parts of a casing for the machine.

4. A pump or motor as claimed in claim 1, in which
each bearing member comprises a bearing slipper piv-
otally connected by a universal joint to the respective
piston, the joint being capable of transmitting axial
forces for location purposes.

5. A pump or motor according to claim 1, in which
each bearing member is a sintered product, and is
formed on its reverse side with an integral ball or
socket, to provide a universal connection with a corre-
sponding part on a piston, and the bearing surface is
generally rectangular in development and includes a
generally circular or ring-shaped oil groove, and four
lands of generally triangular shape adjacent the four

corners thereof.
* * * * *



