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@ Rotary hydraulic pump.

@ A rotary hydraulic machine usable as a pump for
marine auto-pilot installations includes a rotor block -
(15) rotatable in a stator (1), the rotor block having a
cylinder (14) within which slides a piston (13) on an
axis perpendicular to the axis of rotation of the rotor
block in the stator. Ports (25, 26) communicate with
the cylinder on opposite sides of the piston. The axis
of rotation of the rotor block in the stator is eccentric
relative to the axis of the drive shaft (6) which drives
the rotor block, a lost motion connection (10,12)
being provided between the drive shaft and the
piston, so that rotation of the rotor block in the stator
is accompanied by reciprocation of the piston in the
cylinder and hydraulic fluid flow in the ports.
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Rotary Hydraulic Machine

This invention relates to rotary hydraulic ma-
chines.

More particularly, but not exclusively, the in-
vention is concerned with a rotary hydraulic pump
suitable for low capacity applications such as, for
example, the provision of hydraulic power for ma-
rine auto-pilot installations. The invention is particu-
larly suited for low pressure applications, in which
the pressure typically does not exceed approxi-
mately 2750kPa or, for continuous running, ap-
proximately 1750kPa.

A known type of hydraulic pump has one or
more pistons slidable radially in a cylinder of cyi-
inders formed in a block, the pistons being spring-
loaded radially outwardly or inwardly inio sliding
engagement with an eccentric cam surface formed
on a rotor or rotor housing. Upon rotation of the
rotor the eccentric cam surface cause the or each
piston fo reciprocate in its cylinder, with conse-
quent hydraulic flow into and out of the cylinder
through suitable wvalving communicating with the
cylinder.

An object of the present invention is to provide
an improved rotary hydraulic machine having a
doubie-acting piston and cylinder arrangement
which is both simpler to manufacture and involves
less wear on mechanical moving parts compared
with machines having one or more single-acting
spring-loaded pistons.

According to the present invention there is
provided a rotary hydraulic machine comprising a
rotor block which is rotatable in a stator and which
is provided with a cylinder the axis of which is
perpendicular to the axis of rotation of the rotor
block in the stator, a piston slidable within the
cylinder, ports communicating with the cylinder on
opposite sides of the piston, and a drive shaft
coupled to the rotor block to impart rotation to the
latter, the axis of rotation of the rotor block in the
stator being eccentric relative to the axis of the
drive shaift, and a lost motion connection between
the drive shaft and the piston, so that rotation of
the rotor block in the stator is accompanied by
reciprocation of the piston in the cylinder and hy-
draulic fluid flow in the ports.

Preferably the lost motion connection between
the drive shaft and the piston comprises a support
pin connected {o or formed in the drive shaft and
engaging a slot in the piston.

In one embodiment, drive is imparted to the -

rotor block through an eccentric crank pin driven
by the drive shaft and engaging with clearance in a
slot in the rotor biock. However, drive may equally
be imparted by engaging a crank pin on the rotor
block with a clearance slot formed eccenirically in
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association with the drive shaft. To reduce wear
between the pin and the siot, the pin may be
located in a slider mechanism which slides within
the slot, thereby increasing bearing surface area, or
the slot bearing surfaces and/or the pin may be
hardened. .

To counter the tendency of tangential drive
forces, arising from a single eccentric crank pin
arrangement, fo twist the rotor block in the stator,
thereby slightly offsetting the axis of rotation of the
rotor block and reducing the drive efficiency, it is
preferred to impart drive to the rotor block through
an Oldham type coupling, comprising two eccentric
crank pins driven by the drive shaft and engaging
clearance siots in an intermediate floating drive
disk. Two further clearance slots in this intermedi-
ate disk engage with two eccentric pins projecting
from the rotor block. )

When the machine is used as a pump, the
rotor block is driven {o cause reciprocation of the
piston in the cylinder by virtue of the eccentricity of
the stator relative to the axis of the drive shaft.

In a preferred embodiment of the invention, the
ports are formed in a cylinder sleeve which sur-
rounds the rotor block and which is fluid-tightly
sealed in a cylindrical bore in the stator, the sleeve
defining with the piston respective chambers in the
cylinder, whereby the volume of hydraulic fluid in
the chambers varies cyclically upon rotation of the
rotor block. In use of the machine as a pump, the
piston is reciprocated in the cylinder and is in
effect double-acting, with hydraulic fluid being de-
livered to and from each of the two chambers at
opposite ends of the cylinder.

The ports in the sleeve preferably commu-
nicate with respective circumferentially exiending
grooves, sealed from each other, in the external
surface of the sleeve, the surface area of the
sleeve beiween the grooves being such that in
operation of the machine the radially inwardly di-
rected force on the sleeve due to the pressure in
the groove substantially counterbalances the radi-
ally outwardly directed force on the sleeve due to
the pressure in the chamber with which the said
groove communicates. This pressure-balanced em-
bodiment results in considerably reduced wear of
the rotor in the stator block.

For a machine of the present invention having
a low fluid throughput, for example in a low capac-
ity pump, it is a simple matter fo arrange for the
eccentricity of the stator relative to the axis of the
drive shaft to be adjustable, to enable the stroke of
the piston, and therefore the fluid displacement of
the machine, to be adjusted. For example, the
stator may be angularly adjustiable about a pivot
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pin or axis which is eccentric relative to the axis of
the drive shaft, means being provided for clamping
the stator in any position of angular adjustment.
Preferably the drive shaft is journalled in upper and
lower bearings respectively on either side of the
rotor block and the stator is adjustably located
between the upper and lower bearings and con-
tained within a housing that locates one of the said
bearings, such that adjustment of the stator to alter
the direction of flow or the stroke of the piston may
be effected without either leakage of hydraulic fluid
or ingress of air or foreign matter. Furthermore, the
use of upper and lower bearings increases the
resistance of the drive shaft to lateral flexing, thus
increasing the accuracy and precision of the ma-
chine.

Embodiments of the invention are described,
by way of example only, with reference to the
accompanying drawings, in which:

Figure 1 is a diagrammatic axial section of a
rotary hydraulic pump in accordance with one em-
bodiment of the invention;

Figure 2 is a diagrammatic transverse cross
section through the pump of Figure 1, taken on line
IIl-It in Figure 1;

Figure 3 is a diagrammatic 90° axial section
of a rotary hydraulic pump in accordance with
another embodiment of the invention; and

Figure 4 is an exploded perspective view of
an Oldham type coupling for use in the pump
depicted in Figures 1 o 3.

The rotary hydraulic pump illustrated in the
drawings is a low capacity hydraulic oil pump de-
signed for use with a marine auto-pilot.

Referring firstly to Figure 1, the pump has a
stator block 1 and cover plate 2. A cylindrical axial
bore 3 is formed in the block 1. A rotor 4 is located
within the bore 3 and is supported from the cover
plate 2 by a roller or needle bearing 5. The rotor 4
is driven by a drive shaft 6 of an electric motor 7

supporied from the cover plate 2 by tie rods 8 and-

an end bearing plate 9. Thus the motor shaft 6 has
an axial extension in the form of a support pin 10
coaxial with the drive shaft 6, the rotor 4 being
keyed to the support pin 10 by means of a socket
grub screw 11 or by other means such as a splined
coupling.

For a marine auto-pilot application the motor 7
would typically be a 10 volt 30 watt motor having a
rotational speed of 2600 rpm.

The support pin 10 projects into the cylindrical
bore 3 coaxially with the axis of the drive shaft 6
and engages in an elongate slot 12 in a piston 13.
The pin 10 and slot 12 constitute a lost motion
connection between the drive shaft 6 and the pis-
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ton 13. The piston 13 is slidable in a cylinder 14
formed in a rotor block 15, the axis of the cylinder
14 being perpendicular to the common axis of the
drive shaft 6 and the cylindrical bore 3.

The rotor block 15 is essentially cylindrical -
(Figure 2) and is mounted within a cylindrical
sleeve 16 which surrounds the rotor block 15 and
is formed with piston ring or composite seals 17,
18 which make sealing contact with the cylindrical
bore 3. The sieeve 16, together with the piston 13,
defines respective chambers 19, 20 within the cyl-
inder 14. The sleeve 16 is formed with diamet-
rically opposed apertures 21, 22 through which the
chambers 19, 20 are placed in communication with
respective circumferentially extending grooves 23,
24 in the outer surface of the sieeve 16.

Respective inlet and outlet ports 25, 26 are
arranged diametrally opposite each other in the
stator block 1 and communicate with the bore 3 of
the stator biock 1.

The rotor block 15 and the siesve 16 are fixed
to each other and are rotatable freely within the
cylindrical bore 3 of the stator block 1. The rotor
block 15 is coupled to the rotor 4 for rotation
therewith by a crank pin 27 projecting from the
rotor 4 and engaging with play in a slot 28 in the
rotor block 15.

The stator block 1 is adjustable angularly rela-
tive to the cover plate 2 about the.axis of the motor
shaft 8 so that the position of the axis of the bore 2
in the block 1 can be adjusted laterally relative to )
the axis of the shaft 6 and the support pin 10. In
the illustrated embodiment, such adjustment is ef-
fected by anguiar displacement of the block 1
relative to the cover plate 2 about a pivot axis 29
spaced from the axis of the block 1. Clamping
screws 30 attached to the cover plate 2 and engag-
ing in respective slots 31 in the stator block 1 limit
the range of angular adjustment of the block 1
relative t0 the cover plate 2. The slots 31 are such
that the stator block 1 has a central position of
coaxial alignment between the axis of the bore 3
and the axis of the support pin 10 and a range of
eccentric positions between two extreme positions
in which the axis of the bore 3 is displaceable from
the axis of the support pin 10 on opposite sides
thereof.

The pump is operated by the drive imparted to
the rotor block 15 from the motor 7 through the
motor shaft 6, the rotor 4 and the crank pin 27. The
axis of rotation of the rotor block 15 will be spaced
from the axis of rotation of the drive shaft 6 by an
amount equal to the eccentricity of the stator block
1 relative to the cover plate 2, such eccentricity
being accommodated by movement of the support
pin 10 in the slot 12 and by the play between the
crank pin 27 and the slot 28. By virtue of this
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eccentricity, the rotation of the rotor block 15 will
be accompanied by displacement of the piston 13
within the cylinder 14, with a stroke determined by
the ecceniricity of the stator block 1.

In one complete rotation of the rotor block 15
about the axis of the support pin 10, the piston 13
will perform one complete cycle of reciprocation
within thg cylinder 14. Thus the volume of hydrau-
lic fluid in the chamber 19 will increase and de-
crease cyclically in exact antiphase to the change
of volume of the hydraulic fluid in chamber 20, so
that the piston 13 is double-acting.

The arrangement of the circumferential grooves
23 and 24 communicating with the two chambers
19 and 20 is such that, for a clockwise direction of
rotation of the rotor (as seen in Figure 2) that port
25 is always in communication with that chamber
which at any given time is decreasing in volume,
so that the port 25 acts as a fluid outlet port, while
the opposite port 26 is always in' communication
with tha chamber which at any given time is in-
creasing in volume, so that the port 26 acfs as an
inlet port of the pump.

In order fo vary the delivery of fluid displace-
ment of the pump, the eccentricity of the stator
block 1 is adjusted relative to the axis of the
support pin 10, using the adjustable clamping
screws 20 as previously described. in the ceniral
position in which the eccentricity is zero, the bore 3
of the stator block 1 is coaxial with the axis of the
support pin 10 and the piston 13 is not displaced in
the cylinder 14. This is a neutral or zero delivery
setting of the pump. The flow direction of the pump
delivery will, ef course, depend upon the sense in
which the axis of the stator block 1 is displaced
relative to the axis of the support pin 10.

Since the pump is reversible, the stator biock 1
also includes two spring-loaded non-return ball
valves 32, 33 communicating with a central oil
return duct 34 in the stator block 1. The valves 32,
33 aliow any oil which leaks from the pressurised
side of the pump to be returned to the non-pres-
surised port.

A shaft seal 34 is provided around the lower
end of the rotor 4 io contain any leakage.

The rotor block 15 can be effectively pressure-
balanced by arranging that the surface area be-
tween the grooves 23, 24 in the outer surface of
the sleeve 16 is equal to the surface area of the
sleeve in each respective chamber 19, 20 upon
which a radially outward pressure acts. This in turn
reduces the friction wear between the rotor block
15 and the stator block 1 in which it rotates.

Referring to Figure 3 a modified form of the
pump illustrated in Figures 1 and 2 is illusirated by
way of a 90° axial section. The modified pump
includes a motor 35 which drives a drive shaft 36
which is journalled betwen upper and lower bear-
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ings 37 and 38 respectively. The lower bearings 38
are located in the cover plate 39 and the upper
bearings 37 are Iocated in a housing 40 which is
clamped to cover plate 39 by bolts 41. Keyed 1o
the drive shaft 36 is rotor 42 which imparts drive to
the rotor block 43 via a crank pin/slot arrangement
{not shown), similar to that illustrated at 27 and 28
in Figure 1. The rotor block rotates in stator block
44 which is angularly adjustable relative to the
cover plate/ousing 39/40 combination on siacken-
ing of the bolts 41, the extent of angular adjustment
being regulated by pins 45 in the cover piate and
which engage in respective slois in the stator
block. Inlet and outlet ports 46 are arranged dia-
metrally opposite each other in the stator block and
communicate at one end with the bore in the stator
block and at the other in sealing engagement with
slotted ducts 47 in the housing, the slois being
adapted to accommodate angular adjustment of the
stator block while remaining in communication with
the ports. The slotted ducts terminate in tapped
recesses 48 via valves 49 for returning any leaked
oil from the pressurised to the non-pressurised side
of the pump.

The rotor block 43 includes a cylinder in which
is slidable a piston having a slot in which the drive
shaft 36 rotates to constitute a lost motion connec-
tion, as in Figures 1 and 2. Furthermore, the rotor
block 43 is rotatable with a cylindrical sleeve which
is formed with seals, the sieeve and piston defining
chambers within the cylinder which are in commu-
nication with circumferentially extending grooves in
the outer surface of the sleeve, again as in Figures
1 and 2, the chambers alternately communicating -
with respective ports 46 on rotation of the rotor
block about the drive shaft.

The housing 40 is formed with a skirt 49 which
is sealingly engaged via "O" ring seal 50 the cover
plate 39. On slackening the bolis 41 to effect
anguiar adjustment of the stator block, the seals
prevent leakage of oil or ingress of air or foreign
matter. Furthermore, since the housing 40 remains
in fixed position relative to the remainder of the
exterior of the pump, irrespective of the extent of
angular adjustment of the stator block, hydraulic
lines connected to the recesses 48 do not suffer
any movement or other disturbance on effecting
adjustment of the stator block.

Referring to Figure 4, an Oldham type coupling
is shown for use in place of the crank pin/slot 27-
28 arrangement of Figure 1 or the corresponding
arrangement described with reference to Figure 3.
The coupling consists of (with particular reference
to the pump described with reference to Figure 3)
a floating intermediate drive disk 51 containing four
radial slots 52 located at 90° fo one another. The
rotor block 43 carries eccentric crank pins 53 lo-
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cated at 180° to one another and which engage in
an opposed pair of slots 52. The rotor 42 carries
eccentric crank pins 54 which engage in the other
pair of slots 52.

Claims

1. A rotary hydraulic machine comprising a
rotor block which is rotatable in a stator and which
is provided with a cylinder the axis of which is
perpendicular to the axis of rotation of the rotor
block in the stator, a piston slidable within the
cylinder, ports communicating with the cylinder on
opposite sides of the piston, and a drive shaft
coupled to the rotor block to impart rotation to the
latter, the axis of rotation of the rotor block in the
stator being ecceniric relative to the axis of the
drive shaft, and a lost motion connection between
the drive shaft and the piston, so that rotation of
the rotor block in the stator is accompanied by
reciprocation of the piston in the cyiinder and hy-
draulic fluid flow in the ports.

2. A machine according to Claim 1, in which
the lost motion connection between the drive shaft
and the piston comprises a support pin connected
to or formed with the drive shaft and engaging in a
slot in the piston.

3. A machine according to Claim 1 or Claim 2,
in which drive is imparted from the drive shaft to
the rotor block via the combination of an eccentric
crank pin on either the drive shaft or the rotor
block, which engages with a clearance slot formed
in the other of the drive shaft or rotor block.

4. A machine according to Claim 3, in which
drive is imparted fo the rotor block via an inter-
mediate floating disk containing four radial slots
placed at 90° to one another, two of said slots
engaging with pins mounted in the rotor block, and
the other two engaging with pins driven by the
drive shaft.

5. A machine according to Claim 3 or Claim 4,
in which the pin locates within a slider mechanism
which slides within the slot.

6. A machine according to any one of Claims 1
to 5, in which the ports are formed in a cylindrical
sleeve which surrounds the rotor block and which
is fluid-tightly sealed in a cylindrical bore in the
stator, the sleeve defining with the piston respec-
tive chambers in the cylinder, whereby the volume
of hydraulic fluid in the chambers varies cyclically
upon rotation of the rotor block.

7. A machine according to Claim 6, in which
the ports in the sleeve communicate with respec-
tive circumferentially extending grooves, sealed
from each other, in the external surface of the
sleeve, the surface area of the sleeve between the
grooves being such that in operation of the ma-
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chine the radially inwardly directed force on the
sleeve due to the pressure in the groove substan-
tially counterbalances the radially outwardly direct-
ed force on the sleeve due to the pressure in the
chamber with which the said groove communi-
cates.

8. A machine according to any one of the
preceding claims, in which the eccentricity of the
stator relative {o the axis of the drive shaft is
adjustable.

9. A machine according to Claim 8, in which
the drive shaft is journalled between upper and
lower bearings respectively on either side of the
rotor block, the stator being adjustably located be-
tween the said upper and lower bearings.

10. A machine according to Claim 8, in which
one of the said bearings is located within a housing’
which resists leakage of hydraulic fluid or ingress
of air or foreign matier on angular adjustment of
the stator.
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