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(54) RETENTION RING FOR HYDRAULIC APPARATUS

(57)  In summary, there is provided a hydraulic appa-
ratus comprising an eccentric rotatable about an axis, a
plurality of piston feet arranged around a running surface
of the eccentric and wherein each piston foot is config-
ured to reciprocate by rotation of the eccentric. In addition
there is provided a retention ring having an inner surface
which defines therein at least one depression, an outer
surface defined by the outer circumference of the reten-
tion ring; and first and second lateral surfaces each ex-
tending between the inner surface and the outer surface.
The piston feet each have a seat portion and a lateral
flange, and atleasttwo of the piston feethave a protrusion
thatis sized and shaped in relation to the size and shape
ofthe depression, such that the protrusion can move from
the first lateral surface of the retention ring towards the
second lateral surface of the retention ring, via the de-
pression, when the protrusion is in a first position with
respect to the depression, such that the retention ring
then surrounds both the lateral flange and the eccentric.
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Description

Field of the invention

[0001] The presentinvention relates to a retention ring
for hydraulic apparatus, for example a hydraulic vehicle,
to a hydraulic apparatus comprising the same, and to a
method and kit of parts, each for manufacturing the same.

Background to the invention

[0002] In a hydraulic machine, a shaft having an ec-
centric cam surface is rotated. Typically, a plurality of
pistons are in contact with the eccentric cam surface at
aradiallyinnerend and have aradially outer end received
in a piston cylinder. The outer end moves cyclically in-
wards and outwards in the piston cylinder, varying a vol-
ume of a piston working chamber. The inner end slides
over the eccentric cam surface and remains in contact
therewith. One or more retention rings are typically used
to each hold the inner end of each of the plurality of pis-
tons at the eccentric cam surface.

[0003] Itis challenging to manufacture such hydraulic
machines, particularly where a retention ring must be
used to retain multiple pistons.

[0004] Itis in this context that the present disclosure
has been devised.

Summary of the invention

[0005] Accordingtoafirstaspectoftheinvention,there
is provided a hydraulic apparatus comprising:

an eccentric rotatable about an axis;

a plurality of piston feet arranged around a running
surface of the eccentric, each piston foot being con-
figured to reciprocate by rotation of the eccentric; and
a retention ring having: an inner surface, the inner
surface defining therein at least one depression; an
outer surface defined by the outer circumference of
the retention ring; afirstlateral surface; and a second
lateral surface, wherein the first and second lateral
surfaces each extend between the inner surface and
the outer surface,

wherein each piston foot comprises a seat portion and a
lateral flange, and wherein at least two (e.g. each) of the
piston feet comprise a protrusion sized and shaped rel-
ative to the size and shape of the depression such that
the protrusion can move from the first lateral surface of
the retention ring towards the second lateral surface of
the retention ring, via the depression, when the protrusion
is in a first position relative to the depression,

wherein the inner surface surrounds the running surface
of the eccentric and the piston foot whereby the retention
ring is configured to restrict radial movement of the piston
foot away from the running surface of the eccentric, and
wherein the protrusion is configured to restrict movement
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of the retention ring laterally away from the piston foot
when the protrusion is in a second position, different to
the first position, relative to the depression.

[0006] It will be understood that the axis is an axis of
rotation of a shaft (sometimes referred to as a crankshaft
or a camshaft). Accordingly, it will be understood that
where an axial direction is referred to, this direction is
substantially parallel to the axis. Similarly, where a lateral
direction is referred to, this direction is substantially par-
allel to the axis. Where a radial direction is referred to,
this direction is substantially perpendicular to the axis.
Where a circumferential direction is referred to, this di-
rection is around the circumference of the eccentric and
perpendicular to the axial direction.

[0007] It will be understood that a protrusion that is
sized and shaped relative to the size and shape of a
depression is arranged such that the protrusion is small
enough to be passed through the depression. For exam-
ple, the protrusion may extend from the lateral flange by
a distance no greater than the distance that the depres-
sion extends from the inner surface of the retention ring
towards the outer surface of the retention ring. In other
words, the protrusion may be no taller than the protrusion
is deep. The protrusion may have a breadth in a circum-
ferential direction no greater than the distance that the
depression extends around the inner surface of the re-
tention ring. In other words the protrusion may be no wid-
er than the depression is wide.

[0008] The first position is any position of a protrusion
relative to a depression of the retention ring which allows
for the protrusion to move past the first lateral surface of
the retention ring and towards the second lateral surface
of the retention ring, e.g. when the piston foot is engaged
with the eccentric and the inner circumference of the re-
tention ring surrounds the running surface of the eccen-
tric. As such, the first position should be understood as
a first circumferential position on the eccentric. Where a
first position is referred to, it should be understood that
there is also a second position different to the first posi-
tion. The second position is any position of a protrusion
relative to a depression of the retention ring which does
not allow for the protrusion to move past the first lateral
surface of the retention ring and towards the second lat-
eral surface of the retention ring, e.g. when the piston
foot is engaged with the eccentric and the inner circum-
ference of the retention ring surrounds the running sur-
face of the eccentric. As such, the first position should
be understood as a first circumferential position on the
eccentric. Accordingly, the skilled person will appreciate
that there are at least as many first positions as there are
depressions.

[0009] By providing depressions in the retention rings
to accommodate a corresponding protrusion of each pis-
ton foot, which extends from the respective lateral flange,
it is possible to easily slide the piston foot relative to the
retention ring (i.e. to mount the ring onto the piston foot
via the protrusion and lateral flange) during assembly
and then also to use the protrusion to ensure the retention



3 EP 4 124 754 A1 4

ring remains in the required lateral mounted position on
the lateral flange. As a result, no additional components
such as springs or clips are required to maintain the ring
in a mounted position (e.g. during hydraulic machine op-
eration). Manufacturing and/or assembly of such hydrau-
lic machines is thus less complex and less time consum-
ing.

[0010] In addition, by using the protrusions to ensure
the retention ring is laterally retained (in a direction to
restrict movement away from the respective piston foot)
on the lateral flange of the piston foot, no additional com-
ponents need be provided further radially spaced from
the eccentric (higher up the piston foot). As a result, the
overall height of the piston foot (radial extent) can be
reduced, meaning the size of the hydraulic apparatus,
and a hydraulic machine assembled using the described
apparatus, can also be reduced.

[0011] In operation, the retention ring may move later-
ally on the piston foot, between the seat portion and the
protrusion.

[0012] The apparatus may be understood to have an
operative configuration and an assembly configuration.
When the apparatus is in the operative configuration,
each piston foot is typically engaged with the running
surface of the eccentric and the inner surface of the re-
tention ring surrounds the running surface and each pis-
ton foot, and is thus broadly configured to displace fluid
when the shaft is turned. When the apparatus is in the
assembly configuration, the hydraulic machine is typical-
ly being assembled or disassembled, (assembly and dis-
assembly including mounting, or dismounting pistons,
rings, etc.) to allow the machine to reach an assembled
or disassembled condition.

[0013] The protrusion typically extends from the lateral
flange in a direction having a component that is perpen-
dicular to and radially away from the axis. Accordingly,
when the apparatus is the in operative configuration, at
least the first lateral surface of the retention ring is posi-
tioned between the protrusion and the seat portion.
[0014] The lateral flange may be a first lateral flange.
The protrusion may be a first protrusion. The retention
ring may be a first retention ring.

[0015] Each piston foot may be part of a respective
piston. The hydraulic apparatus may be a hydraulic ma-
chine, the hydraulic machine comprising a housing, the
housing defining therein a cavity for each cylinder for
each respective piston, and each cylinder forming awork-
ing chamber with a piston, wherein each working cham-
ber has a volume which varies cyclically with rotation of
the eccentric.

[0016] One or more of the piston feet may comprise a
second lateral flange, the second lateral flange extending
from the piston foot in a direction having a component in
parallel to the axis, and the second lateral flange com-
prising a protrusion, wherein the protrusion is sized and
shaped such that the protrusion can move from the first
lateral surface of the retention ring towards the second
lateral surface of the retention ring, via the depression,
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when the protrusion is in a first position relative to the
depression. Each piston foot may comprise a second lat-
eral flange and at least two (e.g. each) of the piston feet
may comprise a second protrusion, each being sized and
shaped relative to the size and shape of a respective
depression such that the second protrusion can move
from the first lateral surface of the (e.g. first or second)
retention ring towards the second lateral surface of the
(e.g. first or second) retention ring, via the (e.g. any one)
depression, when the second protrusion is in a first po-
sition relative to the said depression. Accordingly, either
protrusion may be moved from a first lateral surface of a
retention ring towards a second lateral surface of the re-
tention ring, via the depression, such that the retention
ring surrounds both the lateral flange and the eccentric.
Therefore, movement of the piston foot away from the
running surface of the eccentric may be restricted by a
retention ring surrounding either the first lateral flange
and the eccentric, or surrounding the second lateral
flange and the eccentric. This provides more flexibility
when assembling a hydraulic apparatus.

[0017] It will be understood that a (e.g. first or second)
lateral flange of a piston foot is a flange which extends
away from the seat portion, in a direction having a com-
ponent in parallel to the axis when the piston foot is en-
gaged around the running surface of the eccentric and
that a second lateral flange extends away from the first
lateral flange and the seat portion in a direction having a
component in parallel to the axis when the piston foot is
engaged around the running surface of the eccentric.
Typically, the second lateral flange extends from the seat
portion, opposite to the first lateral flange. The protrusion
(e.g. the first or second protrusion) will be understood as
a protrusion extending from a respective lateral flange in
a direction having a component that is perpendicular to
the axis when the piston foot is engaged around the pe-
rimeter of the eccentric.

[0018] It will be understood that a protrusion (e.g. a
first or second protrusion) is substantially any extension
from a lateral flange (e.qg. a first or second lateral flange)
which can prevent movement of a retention ring (e.g.
provided between the protrusion and the seat portion of
the piston foot) past the protrusion, when the protrusion
is in a second position different to the first position, rela-
tive to the depression. It will be understood that restriction
of movement of the (e.g. first or second) retention ring
laterally away from the respective piston foot s restriction
of movement away from the piston foot in a direction par-
allel to the axis when the piston foot is engaged around
the running surface of the eccentric. Typically, the (e.g.
firstor second) lateral flange can be considered to extend
in a lateral direction, the lateral direction being substan-
tially the same as the axial direction (in use).

[0019] The running surface of the eccentric is the sur-
face on which the piston feet are engaged. The eccentric
may be a cam, even an eccentric cam.

[0020] Similarly, it will be understood that a depression
is substantially any deviation from a circle otherwise de-
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fined by the inner surface of the retention ring, such that
a protrusion on that circle could pass from the inner sur-
face of the retention ring towards the outer surface of the
retention ring, through the depression. In this way, it can
be appreciated that while the depression may extend all
the way through the retention ring in an axial direction,
aligned with a central axis of the retention ring, this need
not be the case and the depression may extend only par-
tially through the retention ring in an axial direction,
aligned with a central axis of the retention ring. For ex-
ample, the depression may extend in an axial direction,
aligned with the retention ring, from the first lateral sur-
face to an intermediate point between the first lateral sur-
face and the second lateral surface. It may be that from
that intermediate point the depression extends in a cir-
cumferential direction parallel to the inner surface of the
retention ring to a second intermediate point between the
first lateral surface and the second lateral surface and
optionally may then extends towards the (and optionally
intersect with) the second lateral surface.

[0021] The apparatus may comprise a second reten-
tion ring, the second retention ring having: an inner sur-
face, the inner surface defining therein a plurality of de-
pressions; an outer surface defined by the outer circum-
ference of the second retentionring; afirst lateral surface;
and a second lateral surface, wherein the firstand second
lateral surfaces each extend between the inner surface
and the outer surface,

wherein each piston foot comprises a second lateral
flange and at least two (e.g. each) of the piston feet may
comprise a second protrusion sized and shaped relative
to the size and shape of a respective depression such
that any one second protrusion can move from the first
lateral surface of the second retention ring towards the
second lateral surface of the second retention ring via
any one depression of the plurality of depressions (e.g.
any one depression of the second retention ring) when
the second protrusion is in a first position relative to the
said depression.

[0022] Accordingly, the inner surface of the second re-
tention ring may surround the running surface of the ec-
centric and the (e.g. first or second) lateral flange of the
piston foot whereby the second retention ring is config-
ured to restrict movement of the piston foot away from
the running surface of the eccentric, and

wherein the second protrusion is configured to restrict
movement of the second retention ring laterally away
from the piston foot when the second protrusion is in a
second position, different to the first position, relative to
the said depression.

[0023] The apparatus may comprise a plurality of re-
tention rings. The or each retention ring may have an
inner surface, the inner surface defining therein adepres-
sion. The inner surface may define therein a plurality of
depressions. Each retention ring may have an inner sur-
face defining the same number of depressions as the or
each other retention ring, however this is not required.
[0024] The inner surface of the or each retention ring
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may define therein a plurality of depressions. At least the
second retention ring may define therein atleastas many
depressions as there are second protrusions. The inner
surface of the second retention ring may define therein
more depressions than second protrusions. For exam-
ple, the inner surface of the second retention ring may
define (e.g. at least) one more depression than there are
second protrusions.

[0025] A second retention ring with at least as many
depressions as there are second protrusions, makes the
apparatus easier to assemble, as the protrusion of each
piston foot can be located in a first position with respect
to a respective depression and therefore each protrusion
can be moved from a first lateral surface of the second
retention ring towards the second lateral surface of the
second retention ring, via the depressions of the second
retention ring, simultaneously.

[0026] Advantageously, a retention ring wherein the
inner surface defines more depressions than there are
protrusions provided would typically make it difficult if not
impossible to align all of the protrusions with a respective
depression during assembled operation of the hydraulic
apparatus, ensuring that the retention ring is retained on
the lateral flanges and therefore that the apparatus has
good reliability.

[0027] The plurality of depressions may be distributed
(e.g. evenly) around the inner surface of the or each re-
tention ring. The plurality of depressions may be spaced
apart at equal distances around the inner surface of the
or each retention ring.

[0028] In the operative configuration, at least one re-
tention ring typically surrounds both the running surface
and a lateral flange of each piston foot, and each piston
is typically retained in a respective cylinder, with each
cylinder in place in a respective cavity of the machine
body of the housing. Accordingly, the person skilled in
the art will appreciate that in the operative configuration,
the distance between adjacent depressions on the ring,
relative to the time-varying distance (i.e. as the eccentric
rotates during operation), particularly the minimum dis-
tance between protrusions of adjacent pistons, is impor-
tant as a key determinant of alignment of protrusions and
depressions during operation and will be a function of
various aspects of the machine design. As such, the de-
pressions of the inner surface of each retention ring (e.g.
of each retention ring having an inner surface defining
therein more than one depression) may be arranged rel-
ative to the minimum distance between protrusions of
adjacent pistons such that only one protrusion can be in
the first position with respect to any one depression, when
the retention ring surrounds the eccentric and a lateral
flange of each piston foot. The depressions of the inner
surface of the second retention ring may be arranged
such that no more than two protrusions can be in the first
position with respect to any two respective depressions,
when the retention ring surrounds the eccentric and a
lateral flange of each piston foot. Advantageously, where
only one, or no more than two protrusions can be in the
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first position with respect to a depression, this means that
the apparatus is more stable, as the retention ring is more
stably laterally restricted by the protrusions. The depres-
sions of the inner surface of each retention ring (e.g. of
each retention ring having an inner surface defining
therein more than one depression) may be arranged such
that at least one protrusion, possibly two protrusions,
cannot be in the first position with respect to any one of
the respective depressions, when the retention ring sur-
rounds the eccentric and a lateral flange of each piston
foot as in the operative configuration. However, if only
one protrusion is notin the first position, misalignment of
the retention ring becomes more likely.

[0029] A number of piston protrusions may be non-
aligned such that the ring is stably retained in an axial
direction. In the operative configuration, a greater
number of non-alignments for more of the combinations
of eccentric rotational position, and ring rotation posi-
tions, promotes ring stability. At the same time, these
relative absolute distances and distribution of the protru-
sions and depressions, allow assembly to take place by
aligning piston protrusions with a ring depression, and
pushing pistons axially into their correct positions.
[0030] The (e.g. plurality of) depressions of the inner
surface of the second retention ring may be arranged, or
distributed, such that the ring has at least two positions
of rotational symmetry. The depressions of the inner sur-
face of the second retention ring may be arranged such
that said ring has at least four positions of rotational sym-
metry. Said rotational symmetry refers to rotation about
the central axis of the ring.

[0031] The or each depression is typically defined by
one or more depression regions of the inner surface of
the retention ring. A cross-section of the or each depres-
sion region of the inner surface may have an arcuate
shape, however this is not required, and the or each de-
pression region may be substantially any shape in cross-
section. The or each depression region may be shaped
such that it forms a section of a circle or ellipse in cross-
section. The cross-sectional shape of the or each de-
pression is typically constant throughout the thickness of
the retention ring, however this is not required and the
cross-sectional shape of the or each depression may
vary throughout the thickness of the retention ring. The
size of the cross-section of the or each depression may
be substantially constant throughout the thickness of the
retention ring, however this is not required and the size
of the cross-section of the or each depression may vary
throughout the thickness of the retention ring.

[0032] It will be understood that the inner surface of
the retention ring is the surface defined by the inner cir-
cumference of the retention ring and the depressions de-
fined therein. Typically, the retention ring has an outer
surface defined by the outer circumference of the said
retention ring. Thus, the inner surface is radially inward
of the outer surface. Typically, the retention ring has two
lateral surfaces; afirst lateral surface and a second lateral
surface, wherein each lateral surface extends between
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the inner surface and the outer surface. The first lateral
surface may be a seat portion facing surface. For exam-
ple, the first lateral surface may be configured to face the
seat portion when the retention ring surrounds the ec-
centric and the lateral flange. The second lateral surface
may be a protrusion facing surface. For example, the
second lateral surface may be configured to face the pro-
trusion when the retention ring surrounds the eccentric
and the lateral flange. At least one of the two lateral sur-
faces may define a depression chamfer adjacent to and
meeting the or each depression, optionally on each side
of the or each depression. The depression chamfer may
be between the first lateral surface and the inner surface.
The first (e.g. seat portion facing) lateral surface may
define a depression chamfer adjacent to and meeting the
or each depression. The first (e.g. seat portion facing)
lateral surface may define adepression chamferadjacent
to and meeting the or each depression on each side of
the or each depression. The or each depression chamfer
may be angled from the respective (e.qg. first) lateral sur-
face towards the other (e.g. second) lateral surface. The
depression chamfer may border the inner surface.
[0033] Advantageously, the provision of a depression
chamfer (a sort of 'lead in’) reduces stress due to contact
between the retention ring and the protrusion during use,
as where a depression chamfer is provided, the angle
between the (e.g. second, e.g. protrusion facing) lateral
face and the edge of the depression is reduced. Further-
more, because a depression chamfer is provided be-
tween the (e.g. second, e.g. protrusion facing) lateral sur-
face, the depression and the inner surface, the frictional
forces between the protrusion and the retention ring at
the boundary of the depression will be reduced if and
when the protrusion is moved past the depression (e.g.
when the retention ring is rotated around the eccentric),
thereby reducing wear of the retention ring and/or the
protrusion.

[0034] The oreachdepression chamfer may be angled
at at least 4 degrees from a plane defined transverse to
a central axis of the retention ring. The or each depres-
sion chamfer may be angled at at least 15 degrees from
a plane defined transverse to a central axis of the reten-
tion ring. The or each depression chamfer may be angled
at at least 30 degrees from a plane defined transverse
to a central axis of the retention ring. The or each de-
pression chamfer is typically angled by no more than 80
degrees from a plane defined transverse to a central axis
of the retention ring. The or each depression chamfer is
typically angled by no more than 70 degrees from a plane
defined transverse to a central axis of the retention ring.
The or each depression chamfer is typically angled by
no more than 60 degrees from a plane defined transverse
to a central axis of the retention ring.

[0035] Each depression chamfer may be angled from
a plane defined transverse to a central axis of the reten-
tion ring by the same angle as the or each other depres-
sion chamfer, however this is not required, and each de-
pression chamfer may be angled from a plane defined
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transverse to a central axis of the retention ring by a dif-
ferent angle to that of the or each other depression cham-
fer.

[0036] The or each depression may each extend
around at least 2 degrees of the retention ring, in a plane
perpendicular to the central axis of the retention ring. The
or each depression may each extend around at least 5
degrees. The or each depression may each extend
around at least 10 degrees. The or each depression may
each extend around 15 degrees. Preferably the or each
depression extends around no more than 20 degrees.
Preferably the or each depression extends around no
more than 25 degrees. Preferably the or each depression
extends around no more than 30 degrees.

[0037] The or each depression may extend around at
least 5 millimetres of the inner surface of the respective
retention ring. The or each depression may extend
around at least 50 millimetres of the inner surface of the
respective retention ring. The or each depression may
extend around 250 millimetres around the inner surface
of the respective retention ring. The or each depression
may extend by no more than 400 millimetres around the
inner surface of the respective retention ring.

[0038] The or each depression is typically defined in
the inner surface and both the first and second lateral
surfaces of the retention ring. The or each retention ring
may have one or more further chamfers. For example,
the or each retention ring may have one or more inner
peripheral chamfers, the inner peripheral chamfers being
defined at the boundary between the inner surface and
the first lateral surface and/or at the boundary between
the inner surface and the second lateral surface. The or
each retention ring may have an outer peripheral cham-
fer, the outer peripheral chamfer being defined at the
boundary between the outer surface and the first lateral
surface and/or at the boundary between the outer surface
and the second lateral surface. It will be understood that
the inner surface of the retention ring is the surface de-
fined by the inner circumference of the retention ring and
the depressions therein.

[0039] For example, there may be an outer peripheral
chamfer defined at the boundary between the outer sur-
face and the first (e.g. seat portion facing) lateral surface.
There may be an outer peripheral chamfer defined at the
boundary between the outer surface and a lateral surface
in which no depression chamfers are defined. Advanta-
geously, this will mean that the apparatus (e.g. hydraulic
machine) can be smaller because the overall height (ra-
dial extent) of the retention ring closest to the piston foot
is reduced. Where no outer peripheral chamfer is defined
at the boundary between the outer surface and the sec-
ond (e.g. protrusion facing) lateral surface the retention
ring is relatively rigid and has relatively high strength (e.g.
in comparison to where outer peripheral chamfers are
defined at both the boundary between the outer surface
and the second (e.g. protrusion facing) lateral surface)
and at the boundary between the outer surface and the
first (e.g. seat portion facing) lateral surface).
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[0040] The or each inner peripheral chamfer may ex-
tend around the full inner perimeter of the retention ring
(for example, excluding where such a chamfer is inter-
rupted by the or each depression), however this is not
required and the or each inner peripheral chamfer may
extend around only a part of the full perimeter of the re-
tention ring. The or each outer peripheral chamfer may
extend around the full perimeter of the retention ring,
however this is not required and the or each outer pe-
ripheral chamfer may extend around only a part of the
full perimeter of the retention ring.

[0041] The or each inner peripheral chamfer may be
angled at at least 4 degrees from the respective lateral
surface towards the inner surface. The or each inner pe-
ripheral chamfer may be angled at at least 15 degrees
from the respective lateral surface towards the inner sur-
face. The or each inner peripheral chamfer may be an-
gled at at least 30 degrees from the respective lateral
surface towards the inner surface. The or each inner pe-
ripheral chamfer is typically angled by no more than 80
degrees from the respective lateral surface towards the
inner surface. The or each inner peripheral chamfer is
typically angled by no more than 70 degrees from the
respective lateral surface towards the inner surface. The
or each inner peripheral chamfer is typically angled by
no more than 60 degrees from the respective lateral sur-
face towards the inner surface.

[0042] Each inner peripheral chamfer may be angled
from the respective lateral surface towards the inner sur-
face by the same angle as the or each other inner pe-
ripheral chamfer, however this is not required, and each
inner peripheral chamfer may be angled from the respec-
tive lateral surface towards the inner surface by a different
angle to that of the or each other depression chamfer.
[0043] The or each outer peripheral chamfer may be
angled at at least 5 degrees from the respective lateral
surface towards the outer surface. The or each outer pe-
ripheral chamfer may be angled at at least 15 degrees
from the respective lateral surface towards the outer sur-
face. The or each outer peripheral chamfer may be an-
gled at at least 30 degrees from the respective lateral
surface towards the outer surface. The or each outer pe-
ripheral chamfer is typically angled by no more than 80
degrees from the respective lateral surface towards the
outer surface. The or each outer peripheral chamfer is
typically angled by no more than 70 degrees from the
respective lateral surface towards the outer surface. The
or each outer peripheral chamfer is typically angled by
no more than 60 degrees from the respective lateral sur-
face towards the outer surface.

[0044] The or each outer peripheral chamfer may be
angled such that the shape of the retention ring corre-
sponds to and cooperates with the shape of the cylinder
when the piston reaches top dead centre. For example,
the or each outer peripheral chamfer may be angled at
a first angle from the respective lateral surface towards
the outer surface and the cylinder may have a cylinder
chamfer angled from an interior perimeter of the cylinder



11 EP 4 124 754 A1 12

towards an outer perimeter of the cylinder at the cylinder
opening, where the cylinder chamber is angled at a sec-
ond angle which is the same as the first angle. Advanta-
geously, this prevents the cylinder from making contact
with the retention ring during operation of the apparatus.
[0045] Where the region of the piston foot at the bound-
ary between the seat portion and the lateral flange and/or
the region of the piston foot at the boundary between the
lateralflange and the protrusion, includes a partially filled-
in portion (such as defining a shape having an arcuate
region in a cross-section in a plane intersecting the axis
and the piston foot), it may be that providing the inner
peripheral chamfers at one or both lateral surfaces re-
duces stress on the retention ring. Furthermore, an inner
peripheral chamfer can act as a guide to centralise the
retention ring at the point of contact between the retention
ring and the lateral flange.

[0046] The seat portion of the piston foot may be
spaced apart from the or each protrusion by a separation
distance, the separation distance defined by the respec-
tive lateral flange. This separation distance can provide
a convenient space which a retention ring can occupy.
[0047] The protrusion is typically defined by at least
one surface. The at least one surface may comprise a
first surface portion which faces the seat portion. The at
least one surface may comprise a second surface portion
which faces away from the seat portion. The at least one
surface may comprise a lateral surface portion extending
from the second surface portion towards the seat portion
in a direction having a component that is parallel to the
direction in which the lateral flange extends away from
the seat portion.

[0048] The at least one surface of the protrusion may
define a substantially prismatic shape. For example, the
at least one surface of the protrusion may define an (e.g.
generally) frustrated triangular prism shape (e.g. with the
sloped sides extending in the same direction as the lateral
flange). The at least one surface of the protrusion may
define an (e.g. generally) frustoconical shape. The at
least one surface of the protrusion may define a (e.g.
generally) cubic or cuboidal shape, optionally a frustrated
cubic or cuboidal shape. The at least one surface of the
protrusion may define a (e.g. generally) cylindrical shape,
optionally where the radius of the cylinder is greater than
its length and further optionally where the uppermost sur-
face portion of the protrusion is domed.

[0049] Advantageously, where the atleastone surface
of the protrusion is cylindrical in shape, due to the cur-
vature of the protrusion it is easier to move the protrusion
from the first lateral surface of the retention ring towards
the second lateral surface, via the depression, when the
protrusion is in the first position.

[0050] In one protrusion embodiment, the at least one
surface of the protrusion defines a transected cylinder
with a domed head, where the transection dividing the
cylinder in two parts is in a plane approximately parallel
to the axis of the cylinder. (e.g. parallel to the length di-
mension of the cylinder rather than to the radius or cir-
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cumference dimensions), such that the divided face fac-
es away from the piston.

[0051] In one protrusion embodiment, the at least one
surface of the protrusion defines a conical frustum, but
divided in two along a plane approximately parallel to the
conical frustum centre axis of rotation, such that the di-
vided face faces away from the piston.

[0052] Although the shape of the protrusion may be
prismatic, this is not necessarily the case. For example,
the first and/or second surfaces of the protrusion may be
(e.g. smoothly) curved into each other. Alternatively, one
or more intermediate surfaces may be provided between
the first and second surfaces. The protrusion may be
hemispherical in shape. The protrusion may have an ir-
regular hemisphere shape.

[0053] The protrusion may be integrally formed with
the flange. The protrusion may be a separate component
which is connected to (or connectable to) the flange. The
protrusion may be a pin or dowel configured to cooperate
with and be retained by a pin or dowel receiving recess
in the flange.

[0054] Where the firstand/or second surface of the pro-
trusion comprises a first surface portion which is curved,
it may be curved in such a way that the surface contact
area between the second lateral surface of the retention
ring and the protrusion at the boundaries of the or each
depression is greater than it would be if the first surface
portion were not curved. This reduces stress in use.
[0055] The or each protrusion may have one or more
protrusion chamfers. For example, there may be a pro-
trusion chamfer at any boundary between adjacent sur-
faces on or near the protrusion.

[0056] It is well known that that the use of chamfers
reduces stress which results from sharp corners, verti-
ces, and/or edges, when contacting and moving relative
to another part. As such, the use of chamfers reduces
stress on the protrusion and the boundaries of the de-
pression.

[0057] In some embodiments the inner surface of the
retention ring may define a channel between the firstand
second lateral surfaces of the retention ring, said channel
being sized and shaped relative to the size and shape of
the protrusion, such that the channel may receive and
retain the protrusion. The depression may intersect with
the channel. For example, the channel may extend into
the retention ring from the inner surface of the retention
ring towards the outer surface of the retention ring by a
distance as least as great as the distance the protrusion
extends from the lateral flange. In other words, the chan-
nel may be at least as deep as the protrusion is tall. The
channel may have a breadth extending from the first lat-
eral surface towards the second lateral surface that is at
least as great as the lateral extent of the protrusion. In
other words the channel may be at least as wide as the
protrusion is wide. The channel may extend around the
full inner surface of the retention ring. Alternatively, the
channel may extend only around part (i.e. a number of
non-overlapping sectors) of the inner surface of the re-
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tention ring. The channel may be positioned at an equal
distance between the first and second lateral faces of the
retention ring, or may be positioned closer to one lateral
face than to the other lateral face. The position of the
channel relative to each lateral face may vary along the
length of the channel. Accordingly, it should be under-
stood that in some embodiments the protrusion is con-
tained within the channel of the retention ring, in the op-
erative configuration. Advantageously, where the inner
surface defines such a channel, the faces of the channel
interact with the corresponding faces of the protrusion
and therefore the retention ring cannot travel axially rel-
ative to the protrusion unless the protrusion is in the first
position relative to the depression.

[0058] Although the channel may be defined in the re-
tention ring and the protrusion may extend from the lateral
flange, it will be understood that this could be the other
way around. In other words, there may be one or more
protrusions extending from the inner surface of the re-
tention ring towards the central rotational axis of the re-
tention ring, and there may be a depression and/or a
channel defined in the lateral flange, where the depres-
sion and/or channel are sized and shaped relative to the
size and shape of the protrusion such that the protrusion
ofthe retention ring can be moved axially along the lateral
flange via the depression and/or channel.

[0059] The oreach retention ring may be resiliently de-
formable. For example, part of the or each retention ring
may be resiliently dilatable, such that it may be dilated
to fit over a protrusion.

[0060] The or each retention ring may comprise a rel-
atively resilient ring portion that is resiliently dilatable.
The relatively resilient portion may comprise a resilient
polymer. This makes it easier to pass a protrusion from
the first lateral surface of the retention ring towards the
second lateral surface of the retention ring, via the de-
pression, even when the protrusion is not perfectly
aligned with the said depression (e.g. not precisely in the
first position relative to the said depression). The or each
retention ring may comprise a relatively rigid ring portion
that is relatively less resiliently deformable than the rel-
atively resiliently deformable ring portion. The relatively
rigid ring portion may comprise a metal (e.g. a metal sec-
tion that is less deformable than the resilient polymer
where the relatively resilient ring portion comprises a re-
silient polymer). The relatively rigid ring portion acts to
constrain the relatively resilientring portion, thus prevent-
ing the retention ring from expanding sufficiently that it
is no longer reliably restrained by the protrusions (when
depressions and protrusions are non-aligned).

[0061] For example, the retention ring may be defined
by: a relatively resilient ring portion that extends from the
inner surface towards the outer surface of the retention
ring; and a relatively rigid ring portion that extends from
the outer surface of the retention ring towards the rela-
tively resilient ring portion. Alternately, it may be that
where the inner surface of the retention ring defines a
channel, some surfaces of the channel are defined by
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the relatively resilient ring portion and other surfaces of
the channel are defined by the relatively rigid ring portion.
It may be that the first lateral surface of the retention ring
and the surfaces of the channel closest to the first lateral
surface are defined by the relatively resilient ring portion
and the second lateral surface of the retention ring and
the surfaces of the channel closest to the second lateral
surface are defined by the relatively rigid ring portion.
This makes it easier to move the protrusion from the first
lateral surface towards the second lateral surface and
thus into the channel.

[0062] The or each retention ring may have an (e.g.
substantially continuous) interior protrusion extending
from the inner surface radially inwards. The interior pro-
trusion may be configured to cooperate with a groove in
the or each lateral flange. Advantageously, this provides
lateral guidance to the retention ring and provides a lat-
eral restraining force to restrict movement towards and/or
away from the piston. The interior protrusion may be (e.g.
generally) square or rectangular in cross section. The
groove may define a (e.g. generally) square or rectan-
gular depression, optionally with lateral faces.

[0063] Typically, the or each retention ring is integrally
formed. However, this is not required and the or each
retention ring may comprise two or more part-rings,
wherein the two or more part-rings are configured to form
a retention ring when combined. The two or more part-
rings may be combined to form a retention ring by joining
the two or more part-rings together, for example using
fasteners, such as screws, or by welding.

[0064] The oreach lateral flange typically extends from
the seat portion in a direction having a component in par-
allel to the axis when the piston foot is engaged around
the running surface of the eccentric, by a protrusion sep-
aration distance. In other words, the protrusion should
be understood to be spaced apart from the seat portion
by a protrusion separation distance that is defined by the
length of the lateral flange.

[0065] The protrusion separation distance is typically
sized such that a retention ring may be retained between
the seat portion and the protrusion, with a clearance of
at least 0.1 millimetres. For example, the clearance may
be atleast 0.2 millimetres. The clearance may be at least
0.45 millimetres. Typically, the clearance is no more than
1 millimetre. The clearance may be no more than 0.8
millimetres. The clearance may be no more than 0.6 mil-
limetres. The clearance may be between 0.4 and 0.6 mil-
limetres, or between 0.45 and 0.55 millimetres, or be-
tween 0.45 and 0.5 millimetres.

[0066] According to a further aspect of the invention,
there is provided a method of manufacturing a hydraulic
apparatus according to any one preceding claim, the
method comprising:

a. providing:

an eccentric rotatable about an axis;
a retention ring having: an inner surface, the in-
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ner surface defining therein at least one depres-
sion; an outer surface defined by the outer cir-
cumference of the retention ring; a first lateral
surface; and a second lateral surface, wherein
the firstand second lateral surfaces each extend
between the inner surface and the outer surface;
and

a plurality of piston feet for engagement around
a running surface of the eccentric, each piston
foot comprising a seat portion, a lateral flange,
and at least two (e.g. each) of the piston feet
comprising a protrusion sized and shaped rela-
tive to the size and shape of the depression such
that the protrusion can move from the first lateral
surface of the retention ring towards the second
lateral surface of the retention ring, via the de-
pression, when the protrusionisin afirst position
relative to the depression;

b. sliding the retention ring over the eccentric, such
that the inner surface of the retention ring surrounds
the running surface of the eccentric;

c. locating a piston foot on the outer surface of the
eccentric at the running surface of the eccentric; and
d. moving the protrusion into the first position relative
to the depression and moving the protrusion from
the first lateral surface of the retention ring towards
the second lateral surface of the retention ring, via
the depression, such that the inner surface of the
retention ring surrounds both the running surface of
the eccentric and the piston foot.

[0067] It will be understood that manufacturing may
comprise assembling.

[0068] The method may comprise repeating steps c
and d with each of the remaining piston feet in turn. The
method may comprise rotating the retention ring relative
to the piston foot, around the running surface of eccentric
such that the protrusion is in a second position, different
to the first position, relative to the depression.

[0069] Advantageously, the method is a convenient
and time-efficient way to manufacture/assemble an ap-
paratus wherein a retention ring restricts movement of
piston feet away from the running surface of an eccentric.
The protrusion ensures that the retention ring remains in
the required lateral position on the lateral flange. As a
result, it may be that fewer or even no additional compo-
nents such as springs or clips are required.

[0070] The method may comprise providing a plurality
of pistons, each piston extending from arespective piston
foot. The method may further comprise providing a hous-
ing, the housing defining therein a cylinder for each pis-
ton. The method may comprise positioning the eccentric,
the piston feet, the pistons, and the retention ring in the
housing. The housing may be in two or more parts. This
leads to a particularly convenient configuration for hy-
draulic apparatuses.

[0071] Each piston foot may comprise a second lateral
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flange. At least two (e.g. each) of the piston feet may
comprise a second protrusion.
The method may further comprise:

providing a second retention ring having: an inner
surface, the inner surface defining therein at least
as many depressions as there are second protru-
sions; an outer surface defined by the outer circum-
ference of the second retention ring; a first lateral
surface; and a second lateral surface, wherein the
first and second lateral surfaces each extend be-
tween the inner surface and the outer surface,
wherein the second protrusions are each sized and
shaped, relative to the size and shape of arespective
depression of the second retention ring, such that
any one second protrusion can move from a first lat-
eral surface of the second retention ring towards the
second lateral surface of the second retention ring,
via any one depression of the second retention ring,
when the said second protrusion is in a first position
relative to the said depression;

sliding the second retention ring over the eccentric
on the opposite side of the piston feet to the first
retention ring, such that the inner surface of the sec-
ond retention ring surrounds the running surface of
the eccentric; and

moving the second protrusion into a first position rel-
ative to a respective depression of the second reten-
tion ring and moving each second protrusion from
the first lateral surface of the second retention ring
towards the second lateral surface of the second re-
tention ring, via the said respective depression, such
that the inner surface of the second retention ring
surrounds both the running surface of the eccentric
and each piston foot.

[0072] The method may comprise providing a piston
foot alignment jig, the piston foot alignment jig being con-
figured to hold each piston foot such that each protrusion
is in a first position relative to a respective depression of
a retention ring (e.g. a second retention ring and/or one
or more further retention rings). The method may com-
prise holding each piston foot such that each protrusion
is in a first position relative to a respective depression of
aretentionring (e.g. a second retentionring), forexample
after the protrusion of each piston foot has been passed
from the first lateral surface of a first retention ring to-
wards the second lateral surface of the first retention ring
via a depression of the first retention ring. The method
may comprise holding each piston foot such that each
protrusion is in the said first position with the piston foot
alignment jig. The use of a piston foot alignment jig to
hold the piston feet such that each protrusion is in the
said first position makes the method easier to carry out
than is the case where no piston foot alignment jig is
used. The piston foot alignment jig may sometimes be
referred to as a piston whip. The piston alignment jig may
sometimes be referred to as a piston whip.
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[0073] The method may comprise rotating the reten-
tion ring (e.g. first or second retention ring) relative to
each piston foot, such that each protrusion (e.g. first or
second protrusion) is in a second position, different to
the first position, relative to the respective depression.
The method may comprise rotating the second retention
ring relative to each piston foot, such that at least one
protrusion is in the second position relative to a depres-
sion of the second retention ring. The method may com-
prise rotating the second retention ring relative to each
piston foot, such that no more than one (e.qg. first or sec-
ond) protrusion is in the first position relative to any one
depression of the second retention ring. By rotating the
retention ring relative to each piston foot such that the
protrusions are in the second position relative to the de-
pressions, the risk of the retention ring slipping off the
lateral flange is reduced or even completely eliminated.
[0074] The method may comprise assembling a hous-
ing around the eccentric, the or each retention ring and
the plurality of piston feet.

[0075] It will be understood that manufacturing in-
cludes assembling.

[0076] It will be appreciated that the steps of the meth-
od may be completed in any order unless inherently in-
compatible. In some examples, one or more of the steps
of the method may be completed simultaneously.
[0077] According to a further aspect of the invention,
there is provided a kit of parts for manufacturing an ap-
paratus, the kit of parts comprising:

an eccentric rotatable about an axis;

a retention ring having: an inner surface, the inner
surface defining therein at least one depression; an
outer surface defined by the outer circumference of
the retention ring; afirstlateral surface; and a second
lateral surface, wherein the first and second lateral
surfaces each extend between the inner surface and
the outer surface;

a plurality of piston feet for engaging around a run-
ning surface of the eccentric, each piston foot com-
prising a seat portion, a lateral flange, and at least
two (e.g. each) of the piston feet comprising a pro-
trusion sized and shaped relative to the size and
shape of the depression such that the protrusion can
move from the first lateral surface of the retention
ring towards the second lateral surface of the reten-
tion ring, via the depression, when the protrusion is
in a first position relative to the depression.

[0078] Advantageously, the kit of parts can be used to
manufacture the hydraulic apparatus described above.
In which case, the retention ring will restrictthe movement
of the piston foot away from the running surface of the
eccentric, without the need for additional components
such as springs or clips.

[0079] The kit of parts may comprise a plurality of pis-
tons, wherein each piston extends from a respective pis-
ton foot. The kit of parts may comprise a housing, the
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housing defining therein a cylinder for each piston, such
that each cylinder can form a working chamber with a
respective piston, wherein each working chamber has a
volume which varies cyclically with rotation of the eccen-
tric.

[0080] The kit may comprise a second retention ring.
One or more (e.g. each) of the piston feet may comprise
a second lateral flange. One or more (e.g. each) of the
piston feet may comprise a second protrusion. Typically,
the second protrusion is sized and shaped relative to the
size and shape of the depression such that the second
protrusion can move from the first lateral surface of the
second retention ring towards the second lateral surface
of the second retention ring, via a respective depression,
when the second protrusion is in a first position relative
to the said depression. Accordingly, either protrusion
may be moved from a first lateral surface of a retention
ring towards a second lateral surface of the retention ring
via a depression of the retention ring, such that the re-
tention ring surrounds the lateral flange, from which the
protrusion extends, and the eccentric. Therefore, move-
ment of the piston foot away from the running surface of
the eccentric may be restricted by a retention ring sur-
rounding either the first lateral flange and the eccentric,
or the second lateral flange and the eccentric. This pro-
vides more flexibility in assembling a hydraulic apparatus
using the kit of parts.

[0081] Furthermore, because the piston foot compris-
es a second protrusion and the apparatus comprises a
second retention ring that surrounds the running surface
of the eccentric and the piston foot to thereby restrict
movement of the piston foot away from the eccentric, this
has the advantage that the movement of the piston foot
away from the eccentricis restricted at atleast two points,
and the piston foot therefore stays in contact with the
running surface of the eccentric more consistently as the
eccentric rotates. Further to this, the resulting machine
is better balanced than is the case where only one reten-
tion ring is provided.

[0082] The kit of parts may comprise a piston foot align-
ment jig. The kit of parts may comprise a piston alignment
jig. The piston foot alignment jig may be a piston align-
ment jig. The piston foot alignment jig may be configured
to hold each piston foot such that each protrusion is in a
first position relative to a respective depression of a re-
tention ring or a second retention ring. The piston foot
alignment jig may be configured to hold each piston such
that each protrusion is in a first position relative to a re-
spective depression of a retention ring or a second re-
tention ring. The provision of a piston foot alignment jig
configured to hold the piston feet such that each protru-
sion is in the said first position makes it easier to manu-
facture a hydraulic apparatus using the kit of parts than
is the case where no piston foot alignment jig is provided.
[0083] The piston footalignmentjig typically comprises
at least one piston foot holding segment, wherein each
piston foot holding segment is configured to releasably
hold at least one piston foot. Typically, the piston foot
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alignment jig comprises two end segments. It may be
that the two end segments can be reversibly brought into
contact with each other. Each piston foot holding seg-
ment is typically connected to an adjacent piston foot
holding segment and/or to an end segment via a hinge
joint. Accordingly, each piston foot holding segment may
be pivotably rotatable with respect to at least one (e.g.
two) adjacent piston foot holding segment(s) and/or at
least one end segment via the respective hinge joint. Be-
cause of the hinged connections of the piston foot holding
segments and the end segments, the piston foot align-
ment jig can be positioned such that it surrounds an ec-
centric at a distance which corresponds to the length of
each respective piston foot. The or each piston foot can
therefore be arranged on the running surface of the ec-
centric, whilst held in position by the piston foot alignment
jig.

[0084] The two end segments may be configured to be
brought into contact and/or connected with each other
(in which case they may be thought of as connecting
segments). This provides one way in which the piston
foot alignment jig can hold each piston foot in position
around the running surface of the eccentric without the
respective piston feet moving (e.g. radially) away from
the running surface of the eccentric, however the skilled
person will appreciate that this could be achieved in other
ways.

[0085] The or each piston foot holding segment may
be connected to at least one adjacent piston foot holding
segment and/or to at least one connecting segment via
a hinge joint, wherein the hinge joint defines a slot and
a shaft which passes through the slot, whereby the shaft
may travel along the length of the slot and may rotate
around an axis that is perpendicular to the length of the
slot and parallel to the length of the shaft. Accordingly, it
may be that the or each piston foot holding segment is
connected to at least one adjacent piston foot holding
segment and/or to at least one connecting segment via
a hinge joint, such that each piston foot holding segment
may be rotated relative to at least one adjacent piston
foot holding segment and/or relative to at least one con-
necting segmentand/or may travel with respectto atleast
one adjacent piston foot holding segment and/or relative
to at least one connecting segment, via the hinge joint.
[0086] The or each piston foot holding segment may
be a piston holding segment.

[0087] In an alternative aspect there is provided a hy-
draulic apparatus comprising:

an eccentric cam rotatable about an axis;

a plurality of piston feet arranged around a running
surface of the eccentric cam, each piston foot being
configured to reciprocate by rotation of the eccentric
cam; and

a retention ring having: an inner surface defined by
the inner circumference of the retention ring with at
least one protrusion extending therefrom towards a
central rotational axis of the retention ring; an outer
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surface defined by the outer circumference of the
retention ring; a first lateral surface; and a second
lateral surface, wherein the first and second lateral
surfaces each extend between the inner surface and
the outer surface,

wherein each piston foot comprises a seat portion, and
a lateral flange, and wherein the lateral flange defines
therein a depression sized and shaped relative to the
size and shape of the protrusion such that the depression
can receive and retain the protrusion,

whereby the retention ring is configured to restrict radial
movement of the piston foot away from the running sur-
face of the eccentric cam, and

wherein the protrusion is configured to restrict movement
of the retention ring laterally away from the piston foot
when the protrusion is retained by the depression.
[0088] Although the first and second lateral surfaces
are typically substantially planar surfaces, this need not
be the case. For example, the first lateral surface may
be a planar lateral surface while the second lateral sur-
face may vary sinusoidally in its axial distance from the
first lateral surface around the circumference of the re-
tention ring. In other words, the second lateral surface
may have a waved profile. Where the second lateral sur-
face has waved profile, the or each depression may be
defined in a wave trough, i.e. at a location corresponding
to a point where the second lateral surface is closest to
the first lateral surface. Alternatively, both the first and
second lateral surfaces may have correspondingly
waved profiles in the axial direction. In which case, the
distance between the first and second lateral surfaces is
equal around the circumference of the retention ring, but
each lateral surface varies in distance from a lateral plane
arranged perpendicularly to the central rotational axis of
the retention ring, around the circumference of the reten-
tion ring.

[0089] This provides the advantage that, where the re-
tention ring surrounds both the eccentric and more than
one lateral flange, and where at least one first protrusion
is not in the first position relative to any one depression,
even if any other protrusion is in the first position relative
to any one depression, the said other protrusion cannot
move towards the first lateral surface of the retention ring
via the depression. This is because the first protrusion
will be in contact with a peak of the wave of the second
lateral surface, and thus the other said protrusion will be
spaced apart from the second lateral surface of the re-
tention ring by a distance defined by the difference in
spacing between the peaks and troughs of the second
lateral surface.

[0090] The retention ring itself is believed to be novel
and so, in a further aspect of the invention, there is pro-
vided a retention ring for a hydraulic apparatus, the hy-
draulic apparatus comprising:

an eccentric rotatable about an axis; and
a plurality of piston feet arranged around a running
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surface of the eccentric, each piston foot being con-
figured to reciprocate by rotation of the eccentric,
and comprising a seat portion, a lateral flange, and
wherein two (e.g. each) piston foot comprises a pro-
trusion,

the retention ring having an inner surface configured
to surround the running surface of the eccentric and
the piston foot, and to restrict movement of the piston
foot away from the running surface of the eccentric,
and defining therein at least one depression, ar-
ranged such that the retention ring can move past
the protrusion and onto the lateral flange via the de-
pression when the depression is in a first position
relative to the protrusion. The protrusion may be con-
figured to restrict movement of the retention ring lat-
erally away from the piston foot when the protrusion
is in a second position, different to the first position,
relative to the protrusion.

[0091] The retention ring may have an outer surface
defined by the outer circumference of the retention ring.
The retention ring may have first and second lateral sur-
faces each extending between the inner surface and the
outer surface, wherein the second lateral surface defines
a depression chamfer adjacent to and meeting the or
each depression on each side of the or each depression,
each depression chamfer being angled from the second
lateral surface towards the first lateral surface. Such a
retention ring provides a particularly convenient way of
restricting movement of piston feetaway from the running
surface of an eccentric.

[0092] Although the features described above are de-
scribed in relation to a first and/or second retention ring
and a group of piston feet which are arranged around the
running surface of an eccentric, the skilled person will
appreciate that this may be extended to more than one
first retention ring, more than one second retention ring,
and one or more further groups of piston feet arranged
around the running surface of the (e.g. same) eccentric.
For example, a first group of piston feet may be associ-
ated with a first and second retention ring, and a second
group of piston feet may be associated with a third and
fourth retention ring, e.g. where more than one bank of
pistons is arranged on the eccentric. Additionally or al-
ternatively, one or more banks of pistons may be posi-
tioned around an eccentric without said first and/or sec-
ond retention rings according to the invention.

[0093] Itwillbe understood that any features described
above in relation to the retention ring according to any
other aspect of the invention are optional features of the
retention ring.

Description of the Drawings

[0094] An example embodiment of the present inven-
tion will now be illustrated with reference to the following
Figures in which:
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Figure 1 is a schematic diagram of a hydraulic ma-
chine;

Figure 2A is a front elevation diagram of a retention
ring according to an aspect of the invention; Figure
2B is a back elevation diagram of the retention ring
of Figure 2A; Figure 2C is a perspective view diagram
of the retention ring of Figures 2A and 2B;

Figure 3A is a perspective view diagram of a piston
according to an aspect of the invention and Figure
3B a further perspective view diagram of the piston
of Figures 3A;

Figure 4 is a perspective view diagram of an example
of a protrusion according to an aspect of the inven-
tion;

Figure 5is a perspective view diagram of an example
of a protrusion according to an aspect of the inven-
tion;

Figure 6 is a perspective view diagram of a retention
ring retaining several pistons on an eccentric, ac-
cording to an aspect of the invention;

Figure 7A is adiagram of a piston alignment jig when
holding pistons before the pistons are arranged
around the running surface of an eccentric, accord-
ing to an aspect of the invention; Figure 7B is a per-
spective view diagram of the piston alignment jig of
Figure 7A, when holding pistons in position around
the running surface of an eccentric; Figure 7C is a
detail view of the piston alignment jig of Figures 7A
and 7B;

Figure 8 is a flow chart indicating steps in a method
according to an aspect of the invention; and

Figure 9 is a flow chart indicating further optional
steps in the method of Figure 7.

Detailed Description of an Example Embodiment

[0095] It will be understood by those skilled in the art
that any dimensions and relative orientations such as
lower and higher, above and below, and directions such
as vertical, horizontal, upper, lower, longitudinal, axial,
radial, lateral, circumferential, etc. referred to in this de-
scription refer to, and are within expected structural tol-
erances and limits for, the technical field (here including
hydraulic apparatuses and retention rings for hydraulic
apparatuses) and the hydraulic apparatus and methods
described, and these should be interpreted with this in
mind.

[0096] Figure 1 is a schematic diagram of part a hy-
draulic apparatus in the form of a hydraulic machine 10
and shows a single group of working chambers currently
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connected to one or more actuators through a high-pres-
sure manifold 20. The hydraulic machine 10 has a plu-
rality of working chambers (eight are shown) having cyl-
inders 24 which have working volumes 26 defined by the
interior surfaces of the cylinders 24 and pistons 28 which
are driven from a rotatable shaft 30 by an eccentric 32
and which reciprocate within the cylinders 24 to cyclically
vary the working volume of 24 the cylinders. The rotatable
shaft 30 is firmly connected to and rotates with a drive
shaft.

[0097] In the example of a hydraulic machine 10 de-
picted in Figure 1, a shaft position and speed sensor 34
determines the instantaneous angular position and
speed of rotation of the shaft, and through a signal line
36 informs a machine controller 50, which enables ma-
chine controller 50 to determine the instantaneous phase
ofthe cycles of each cylinder. The working chambers are
each associated with Low-Pressure Valves (LPVs)in the
form of electronically actuated face-sealing poppet
valves 52, which each have an associated working cham-
ber and are operable to selectively seal off a channel
extending from the working chamber to a low-pressure
hydraulic fluid manifold 22, which may connect one or
several working chambers (or indeed all as is shown in
the example depicted in Figure 1) to the low-pressure
hydraulic fluid manifold of the hydraulic machine. The
LPVs 52 are normally-open solenoid-actuated valves
which open passively when the pressure within the work-
ing chamber is less than or equal to the pressure within
the low-pressure hydraulic fluid manifold (i.e. during an
intake stroke) to bring the working chamber into fluid com-
munication with the low-pressure hydraulic fluid mani-
fold, but are selectively closable under the active control
of the machine controller 50 via LPV control lines 56 to
bring the working chamber out of fluid communication
with the low-pressure hydraulic fluid manifold. The valves
52 may alternatively be normally closed valves.

[0098] The working chambers are each further asso-
ciated with a respective High-Pressure valve (HPV) 64,
each HPV 64 in the form of a pressure-actuated delivery
valve. The HPVs 64 open outwards from their respective
working chambers and are each operable to seal off a
respective channel extending from the working chamber
to a high-pressure hydraulic fluid manifold 20, which may
connect one or several working chambers (or indeed all
as is shown in the example depicted in Figure 1). The
HPVs 64 function as normally-closed pressure-opening
check valves which open passively when the pressure
within the working chamber exceeds the pressure within
the high-pressure hydraulic fluid manifold 20. The HPVs
64 also function as normally-closed solenoid actuated
check valves which the machine controller 50 may se-
lectively hold open via HPV control lines 62 once a re-
spective HPV 64 is opened by pressure within the asso-
ciated working chamber. Typically, the HPVs 64 are not
openable by the machine controller 50 against pressure
in the high-pressure hydraulic fluid manifold 20. The
HPVs 64 may additionally be openable under the control
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of the machine controller 50 when there is pressure in
the high-pressure hydraulic fluid manifold 20, but not in
the working chamber.

[0099] In a pumping mode, the machine controller 50
selects the netrate of displacement of hydraulic fluid from
the working chamber to the high-pressure hydraulic fluid
manifold 20 by a hydraulic motor by actively closing one
or more of the LPVs 52 near the point of maximum volume
inthe associated working chamber’s cycle, i.e. onacycle-
by-cycle basis, closing the path to the low-pressure hy-
draulic fluid manifold 22 and thereby directing hydraulic
fluid out through the associated HPV 64 on the subse-
quent contraction stroke (but does not actively hold open
the HPV 64). The machine controller 50 selects the
number and sequence of LPV 52 closures and HPV 64
openings to produce a flow or create a shaft torque or
power to satisfy a selected net rate of displacement.
[0100] In a motoring mode of operation, the machine
controller 50 selects the net rate of displacement of hy-
draulic fluid, displaced by the hydraulic machine 10, via
the high-pressure hydraulic fluid manifold 20, actively
closing one or more of the LPVs 52 shortly before the
point of minimum volume in the associated working
chamber’s cycle, closing the path to the low-pressure
hydraulic fluid manifold 22 which causes the hydraulic
fluid in the working chamber to be compressed by the
remainder of the contraction stroke. The associated HPV
64 opens when the pressure across it equalises and a
small amount of hydraulic fluid is directed out through
the said associated HPV 64, which is held open by the
machine controller 50. The machine controller 50 then
actively holds open the said associated HPV 64, typically
until near the maximum volume in the associated working
chamber’s cycle, admitting hydraulic fluid from the high-
pressure hydraulic fluid manifold 20 to the working cham-
ber and applying a torque to the rotatable shaft.

[0101] As well as determining whether or not to close
or hold open the LPVs 52 on a cycle-by-cycle basis, the
machine controller 50 is operable to vary the precise
phasing of the closure of the HPVs 64 with respect to the
varying working chamber volume and thereby to select
the net rate of displacement of hydraulic fluid from the
high-pressure hydraulic fluid manifold 20 to the low-pres-
sure hydraulic fluid manifold 22 or vice versa.

[0102] Arrows on the low-pressure fluid manifold con-
nection, and the high-pressure fluid manifold connection
indicate the direction of flow of hydraulic fluid in the mo-
toring mode. In the pumping mode the flow is reversed.
[0103] A pressure relief valve 66 may protect the hy-
draulic machine 10 from damage.

[0104] In normal operation, the hydraulic machine 10
intersperses active and inactive cycles of working cham-
ber volume to meet the demand indicated by a received
demand signal.

[0105] Figure 2A is a front elevation diagram of a re-
tention ring 100 according to an aspect of the invention.
Figures 2B and 2C are a back elevation diagram and a
perspective view diagram of the same retention ring.
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[0106] Theretentionring 100 has aninner surface 102,
an outer surface 106 defined by the outer circumference
of the retention ring, a first lateral surface 110 and a sec-
ond lateral surface 108. The retention ring 100 has six
depressions 104a, 104b, 104c, 104d, 104e, 104f defined
in the inner surface 102. The inner surface 102 should
thus be understood to be defined by the combination of
the inner circumference of the retention ring 100 and the
six depressions. The cross-section of each depression
region of the inner surface 102 is generally of an arcuate
shape.

[0107] The depressions are equally spaced around the
inner surface 102 of the retention ring 100. Each depres-
sion extends around 4 percent of the total perimeter of
the inner surface 102 of the retention ring 100.

[0108] The retention ring 100 has two depression
chamfers 112a, 112b, adjacent to and on either side of
each of the six depressions. Each depression chamfer
112a, 112b is defined in the first lateral surface 110 and
is angled towards the respective depression and towards
the second lateral surface 108 of the retention ring 100.
Each depression chamfer 112a, 112b defines an angle
between the first lateral surface 110 towards the second
lateral surface 108 of 45 degrees.

[0109] The retentionring 100 also has first and second
inner peripheral chamfers 114, 116 and an outer periph-
eral chamfer 117. The first inner peripheral chamfer 114
is at the boundary between the inner surface 102 and
the first lateral surface 110 and the second inner periph-
eral chamfer 116 is at the boundary between the inner
surface 102 and the second lateral surface 108. The outer
peripheral chamfer 117 is at the boundary between the
inner surface 106 and the second lateral surface 108.
The first inner peripheral chamfer 114 defines an angle
of 45 degrees between the inner surface 102 towards
the first lateral surface 110. The second inner peripheral
chamfer 116 defines an angle of 45 degrees between
the inner surface 102 towards the second lateral surface
108. The outer peripheral chamfer 117 defines an angle
of 60 degrees between the outer surface 106 towards
the second lateral surface 108.

[0110] Figure 3A is a perspective view diagram of a
piston 150 according to an aspect of the invention. Figure
3D is a further perspective view diagram of the piston
150 of Figure 3A.

[0111] The piston 150 has a piston head 152 and a
piston foot 154. The piston foot 154 has a seat portion
164, an eccentric engaging surface 156, two lateral sur-
faces 158a, 158b, two side walls 160a, 160b, and a first
and second protrusions 166a, 166b. The eccentric en-
gaging surface 156 is concave and has a radius of cur-
vature such thatis it generally conformal with the running
surface of the eccentric 32. The piston foot 154 further
has first and second lateral flanges 162a, 162b each ex-
tending from a respective lateral surface 158a, 158b in
opposite directions away from the seat portion 164. The
first and second protrusions 166a, 166b extend from the
first and second lateral flanges 162a, 162b respectively,
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in a direction that is substantially perpendicular to the
direction in which the flanges 162a, 162b extend from
the lateral surfaces 158a, 158b. Each protrusion 166a,
166b is sized and shaped relative to the size and shape
of the depressions, such that a protrusion 166a, 166b
can be passed through the retention ring 100 by moving
the protrusion 166a, 166b from the first lateral surface
110 of the retention ring 100 towards the second lateral
surface 108 of the retention ring 100 via any one of the
depressions 104a, 104b, 104c, 104d, 104e, 104f when
the protrusion 166a, 166b is in a first position relative to
a said depression. The protrusion 166a, 166b cannot be
passed through a retention ring 100 when the piston foot
154 is located on the running surface of the eccentric 32
if the protrusion 166a, 166b is not in the first position
relative to a depression.

[0112] Figure 4 is a detail perspective cut-away view
diagram showing a protrusion 166a extending from a lat-
eral flange 162a. Each protrusion 166a, 166b of a single
flange is spaced apart from the piston head 152 and the
seat portion 164 of the piston foot 154 by a distance de-
fined by the dimensions of the lateral flange 162a, 162b.
[0113] The protrusion 166a of Figure 4 (also shown in
Figures 3A to 3D) has: a seat portion facing surface 168
which faces towards the seat portion 164 and the piston
head 152; an opposite surface 170 which faces away
from the seat portion 164 and the piston head 152; first
and second side surfaces 172a, 172b which extend in
the same direction as the respective lateral flange 162a,
162b, away from the seat portion 164 and the piston head
152; and an uppermost top surface 174. The top surface
174 extends between the seat portion facing surface 168,
the opposite surface 170 (not shown in Figure 4), and
also between the first and second side surfaces 172a,
172b. The top surface 174 is generally parallel to a sur-
face of the seat portion 164.

[0114] The seat portion facing surface 168 is convexly
curved, such that the areas of the seat portion facing
surface that are closest to the respective first and second
side surfaces 172a, 172b are further from the seat portion
164 than the areas of the seat portion facing surface that
are furthest from the respective first and second side sur-
faces 172a, 172b. The opposite surface is a flat surface
extending generally upwards in a direction that is sub-
stantially perpendicular to the direction of extension of
the lateral flange 162a, 162b. The first and second side
surfaces 172a, 172b are flat surfaces and are angled
towards each other. The top surface 174 is a flat surface.
[0115] First and second protrusion chamfers 176a,
176b are provided at the boundaries between the first
and second side surfaces 172a, 172b and the seat por-
tion facing surface 168. The first and second inner pro-
trusion chamfers 176a, 176b each define an angle of 45
degrees between the seat portion facing surface 168 and
the respective side surfaces 172a, 172b.

[0116] Figure 5is a perspective view diagram of a fur-
ther example of a protrusion 167 according to an aspect
ofthe invention. The protrusion 167 extends from alateral
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flange 162, which in turn extends from the seat portion
164 of a piston foot 154, and a piston 150 extends from
the piston foot 164. The protrusion 167 has a curved outer
surface 169 defining its perimeter and a flat upper surface
171 arranged perpendicular to the curved outer surface
169. The protrusion 167 is substantially cylindrical in
shape having a radius that is greater than its height. The
protrusion 167 is sized and shaped such that the protru-
sion 167 can be passed through a retention ring 100 by
moving the protrusion from the first lateral surface 110
of the retention ring 100 towards the second lateral sur-
face 108 of the retention ring 100 when the protrusion
167 is in afirst position relative to a depression, such that
the retention ring 100 is passed onto the lateral flange
162.

[0117] Figure 6isadiagram of aretention ring retaining
several pistons 150 on an eccentric 32, according to an
aspect of the invention. In this example, there are four
pistons 150a, 150b, 150c, 150d, provided. Each piston
is held in place with a first retention ring 100a at a first
side of the 150a, 150b, 150c, 150d and a second reten-
tion ring (not shown) at the opposite side of the pistons.
Only one eccentric is shown populated with pistons, for
clarity of viewing various components.

[0118] As the eccentric 32 rotates around the axis (A),
each piston, reciprocates in a respective cylinder (not
shown). During such rotation, each piston is kept in con-
tact with the running surface of the eccentric 32 by the
retention rings 100 which are sized and shaped such that
the pistons stay on or close to the eccentric surface. Each
retention ring 100 is prevented from travelling away from
the respective pistons (e.g. by travelling in parallel to the
axis A) by the protrusions 166 of the lateral flanges 162.
[0119] The inner peripheral chamfers 114, 116 of the
retention ring reduce stress between the lateral flange
162 and the retention ring 100. The outer peripheral
chamfer 117 is angled to cooperate with a chamfer in the
surfaces defining the opening of the cylinder when the
piston 150 is at top dead centre.

[0120] Figure 7Ais a diagram of a piston alignment jig
180 when holding pistons 150, before the pistons 150
are arranged around the running surface of an eccentric
32, according to an aspect of the invention. In this in-
stance, five pistons 150a, 150b, 150c, 150d, 150e are
provided. The piston alignment jig 180 has several piston
holding segments 182, each of which can hold a respec-
tive piston 150. The piston alignment jig 180 also has two
end segments in the form of connecting segments 186.
The piston holding segments 182 are joined by hinges
184 to adjacent piston holding segments 182, or to an
adjacent connecting segment 186. Accordingly, each
piston holding segment 182 can move pivotably with re-
spect to its respective adjacent piston holding segments
182 or with respect to an adjacent connecting segment
186.

[0121] Figure 7B is a perspective view diagram of the
piston alignment jig 180 of Figure 7A, when holding pis-
tons 150 in position around the running surface of an
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eccentric 32. Here it can be seen that because each pis-
ton-holding segment 182 can move pivotably with re-
spect to its adjacent piston-holding segments 182, and
because the connecting segments 186 can move pivot-
ably with respect to their respective adjacent piston-hold-
ing segments 182, the piston alignment jig 180 can be
configured to surround an eccentric in a circular fashion,
with the two connecting segments 186 in contact with
each other or simply pulled towards one another. Each
piston-holding segment 182 is then spaced apart from
the eccentric 32 by a distance defined by the length of
the respective piston 150 and the engaging surface of
each respective piston 150 is in contact with the running
surface of the eccentric 32. It will be understood that while
a piston jig 180 is a convenient tool with which to assem-
ble an apparatus according to the invention, specifically
to hold the piston against a respective eccentric, such
that the ring can be slid onto the respective lateral flange
of a set of pistons, the use of such a piston jig 180 is not
required. When the connecting segments 186 are
brought into contact with each other, or are simply pulled
towards each other so as to apply an inwards force
around the jig, they can be secured together, such that
the pistons 150 cannot leave the running surface of the
eccentric 32 (e.g. until, in the event of disassembly of the
apparatus, the connecting segments 186 are later sep-
arated).

[0122] When the piston alignment jig 180 holds the pis-
tons 150 and is arranged around the eccentric 32 in this
way, a retention ring 100 can be conveniently passed
over each protrusion 166 of each lateral flange 162 si-
multaneously, via a respective depression 104. The re-
tention ring 100 will then surround both the eccentric 32
and each lateral flange 162 and will thereby restrict move-
ment of the piston away from the running surface of the
eccentric 32. The piston holding segments 182 can then
be disconnected from the respective pistons 150 and the
piston alignment jig 180 can be removed, leaving the
pistons 150 and the retention ring 100 in position around
the eccentric 32. An alternate method of manually holding
the pistons against the cam surface not using such a jig,
whilst sliding the ring over the protrusions, and rotating
the pistons around the cam to align with the depressions,
is a difficult operation.

[0123] Figure 7Cis adetail view of the piston alignment
jig 180 of Figures 7A and 7B. The piston holding seg-
ments 182 can both be rotated pivotably with respect to
an adjacent piston holding segment 182 and/or with re-
spect to an adjacent connecting segment 186 via the
hinges 184. However, each hinge 184 also defines a slot
190 in which the hinge pin may travel, such that each
piston holding segment 182 can travel relative to an ad-
jacent piston holding segment 182 and/or with respect
to an adjacent connecting segment 186, in the direction
shown by arrow 188. The slot assists insertion of the jig
into the pistons, as well as allowing for the piston align-
mentjig 180 to be used with pistons 150 and/or eccentrics
32 having a range of dimensions.



29 EP 4 124 754 A1 30

[0124] In use, each retention ring 100 surrounds both
the eccentric 32 and a lateral flange 162a, 162b of each
piston 150. Because the retention ring 100 surrounds
both the eccentric 32 and the lateral flange 162a, 162b,
the piston foot 154 cannot leave (or cannot move far from)
the running surface of the eccentric 32. Accordingly, the
eccentric engaging surface 156 each piston foot 154
stays substantially in contact with the running surface the
eccentric 32 during machine operation.

[0125] The protrusions 166a, 166b are sized and
shaped relative to the size and shape of the depressions,
such that a protrusion 166a, 166b and part of the respec-
tive lateral flange 162a, 162b can be passed through a
retention ring 100 via any one of the depressions 104a,
104b, 104c, 104d, 104e, 104f, and such that the protru-
sion 166a, 166b and the lateral flange 162a, 162b cannot
be passed through a retention ring 100 when the piston
foot 154 is located on the running surface of the eccentric
32 if the protrusion 166a, 166b is in a second position,
different to the first position, with respect to a depression
104a, 104b, 104c, 104d, 104e, 104f. As a result, the pro-
trusions 166a, 166b restrict the movement of the reten-
tion ring 100 away from the piston 100 in a direction par-
allel to the axis of rotation of the eccentric 32.

[0126] Figure 8 is a flow chart indicating steps in a
method 200 of manufacturing a hydraulic apparatus ac-
cording to an aspect of the invention. The steps of the
method 200 are as follows:

providing 202 an eccentric 32 rotatable about an ax-
is, at least one retention ring 100a, 100b having six
depressions 104, and six pistons 150, each piston
150 having a piston foot 154, first and second lateral
flanges 162a, 162b, each lateral flange 162a, 162b
having a protrusion 166a, 166b;

sliding 204 the retention ring 100a over the eccentric
32 so that the retention ring surrounds the eccentric
32;

locating 206 the piston foot 154 of a first piston 150
on the running surface of the eccentric 32;

moving 208 a protrusion 166a of a lateral flange 162a
of the piston foot of the first piston 150 into a first
position with respect to a depression 104 of the re-
tention ring 100a; and

passing 210 the said protrusion 166a through the
retention ring 100a via the said depression 104 such
that the retention ring 100a surrounds both the ec-
centric 32 and the piston foot 154 of the piston 150.

The locating 206, moving 208 and passing 210 steps of
the above-described method 200 are then repeated with
each of the remaining pistons 150 in turn, until all of the
pistons 150 are located on the running surface of the
eccentric 32 and the retention ring surrounds the eccen-
tric 32 and each piston foot 154.

[0127] Although described as passing the protrusion
through the ring, this is merely a relative motion to en-
compass moving the piston whilst the ring is static, or
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moving the ring whilst the piston is static.

[0128] Figure9isaflow chartindicating further optional
steps in the method 200. The further optional steps of
the method 200 are as follows:

sliding 212 a second retention ring 100b over the
eccentric 32, on the opposite side of the piston feet
154 to that of the first retention ring 100a, so that the
second retention ring 100b surrounds the eccentric
32;

moving 214 each protrusion 166b of the other lateral
flange 162a of each respective piston foot 1540f
each piston 150 into a first position with respect to a
respective depression 104 of the second retention
ring 100b; and

passing 216 each said protrusion 166b through the
second retention ring 100b via each said depression
104 such that the second retention ring 100b sur-
rounds both the running surface of the eccentric 32
and each piston foot 154 of each piston 150.

[0129] It will be understood that the retention ring and
the piston may be formed in a number of different ways
and the skilled person is able to select a suitable manu-
facturing process to provide the required component
properties.

[0130] The retention rings 100, 100a, 100b restrict the
movement of the piston feet 154 of the pistons 150 away
from the running surface of the eccentric 32. Advanta-
geously, the piston feet 154 therefore tend to stay in con-
tact with the running surface of the eccentric 32 more
reliably than would be the case without the retention rings
100, 100a, 100b and without the need to provide addi-
tional components such as springs or clips.

[0131] Furthermore, because the protrusions 166a,
166b restrict the movement of the two retention rings
100, 100a, 100b laterally away from the piston feet 154,
the retention rings cannot move completely away from
the pistons 150 (by moving at least in part in a direction
in parallel to the axis) and the retention rings 100, 100a,
100b therefore stay in position surrounding the lateral
flanges 162 and the eccentric 32 and are less likely to
fall off the lateral flanges 162 of the piston feet 154 than
would be the case if the piston feet 154 did not have
protrusions 166a, 166b.

[0132] Because chamfers 112a, 112b are provided on
either side of each depression 104a, 104b, 104c, 104d,
104e, 104f there is an improved deflection action when
the depression chamfer contacts the protrusion 166 dur-
ing operation, deflecting the ring away from the protrusion
lateral surface 168. For example, where there is misalign-
ment of the protrusion 168 and a respective depression
the protrusion may contact a surface of the retention ring
100 (e.g. a chamfer 112a, 112b, the edge of a chamfer,
or the first lateral surface 110) rather than being directly
passed through the depression 104a, 104b, 104c, 104d,
104e, 104f. With the provision of the chamfers, the pro-
trusion 168 is better deflected from such a surface to
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more smoothly guide the protrusion relative to the de-
pression, helping to reduce the chance of the protrusion
accidentally passing through the depression.

[0133] Although in the above-described examples, the
retention rings 100 have six depressions 104, this need
not be the case. In some examples a first retention ring
100 has one depression 104 and the second retention
ring 100 has a plurality of depressions 104. The second
retention ring 100 is then provided with at least as many
depressions 104 as there are pistons 150, for example,
the second retention ring 100 may be provided with one
more depression 104 than there are pistons 150. Where
the second retention ring 100 defines therein at least as
many depressions 104 as there are pistons 150, this
makes the hydraulic apparatus 10 easier to manufacture,
as each protrusion 166a, 166b can be moved from the
first lateral surface of the retention ring towards the sec-
ond lateral surface of the retention ring, via a respective
depression 104, and thereby passed through the reten-
tion ring 100, simultaneously. In addition, where a reten-
tion ring 100 has more depressions 104 than there are
pistons 150 provided, itis not possible for one depression
104 positioned with respect to a protrusion 166a, 166b
of one piston 150 such that the said protrusion could
move from the second lateral surface of the retention ring
towards the first lateral surface of the retention ring, at
the same time as each other depression 104 is so posi-
tioned with the protrusion 166a, 166b of each other piston
150.

[0134] In summary, there is provided a hydraulic ap-
paratus comprising an eccentric (32) rotatable about an
axis, a plurality of piston feet (154) arranged around a
running surface of the eccentric (32), each piston foot
(154) being configured to reciprocate by rotation of the
eccentric (32). In addition there is provided a retention
ring (100) having an inner surface (102) which defines
therein at least one depression (104); an outer surface
defined by the outer circumference of the retention ring;
a first lateral surface; and a second lateral surface,
wherein the first and second lateral surfaces each extend
between the inner surface and the outer surface. The
piston feet (154) each have a seat portion (164) and a
lateral flange (162) and at least two of the piston feet
have a protrusion (166) that is sized and shaped in rela-
tion to the size and shape of the depression (104), such
that the protrusion(166) can move from the first lateral
surface of the retention ring (100) towards the second
lateral surface of the retention ring, via the depression
(104), when the protrusion (166) in a first position with
respect to the depression (104), such that the retention
ring (100) then surrounds both the lateral flange (162)
and the eccentric (32).

[0135] Throughout the description and claims of this
specification, the words "comprise" and "contain" and
variations of them mean "including but not limited to",
and they are not intended to and do not exclude other
components, integers, or steps. Throughout the descrip-
tion and claims of this specification, the singular encom-
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passes the plural unless the context otherwise requires.
In particular, where the indefinite article is used, the spec-
ification is to be understood as contemplating plurality as
well as singularity, unless the context requires otherwise.
[0136] Features, integers, characteristics, or groups
described in conjunction with a particular aspect, embod-
iment, or example of the invention are to be understood
to be applicable to any other aspect, embodiment or ex-
ample described herein unless incompatible therewith.
All of the features disclosed in this specification (including
any accompanying claims, abstract and drawings),
and/or all of the steps of any method or process so dis-
closed, may be combined in any combination, except
combinations where at least some of such features
and/or steps are mutually exclusive. The invention is not
restricted to the details of any foregoing embodiments.
The invention extends to any novel one, or any novel
combination, of the features disclosed in this specifica-
tion (including any accompanying claims, abstract and
drawings), or to any novel one, or any novel combination,
of the steps of any method or process so disclosed.

Claims
1. A hydraulic apparatus comprising:

an eccentric rotatable about an axis;

a plurality of piston feet arranged around a run-
ning surface of the eccentric, each piston foot
being configured to reciprocate by rotation of the
eccentric; and

a retention ring having: an inner surface, the in-
ner surface defining therein at least one depres-
sion; an outer surface defined by the outer cir-
cumference of the retention ring; a first lateral
surface; and a second lateral surface, wherein
the firstand second lateral surfaces each extend
between the inner surface and the outer surface,

wherein each piston foot comprises a seat
portion and a lateral flange, and wherein at
least two of the piston feet comprise a pro-
trusion sized and shaped relative to the size
and shape of the depression such that the
protrusion can move from the first lateral
surface of the retention ring towards the
second lateral surface of the retention ring,
via the depression, when the protrusion is
in a first position relative to the depression,
wherein the inner surface surrounds the
running surface of the eccentric and the pis-
ton foot whereby the retention ring is con-
figured to restrict radial movement of the
piston foot away from the running surface
of the eccentric, and

wherein the protrusion is configured to re-
strict movement of the retention ring later-
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ally away from the piston foot when the pro-
trusion is in a second position, different to
the first position, relative to the depression.

2. A hydraulic apparatus according to claim 1,

wherein the lateral flange is a first lateral flange
and the protrusion is a first protrusion, and
wherein each piston foot comprises a second
lateral flange and at least two of the piston feet
comprise a second protrusion and wherein the
retention ring is a first retention ring and the ap-
paratus comprises a second retention ring, the
second retention ring having: an inner surface,
the inner surface defining therein at least as
many depressions as there are second protru-
sions; an outer surface defined by the outer cir-
cumference of the second retention ring; a first
lateral surface; and a second lateral surface,
wherein the first and second lateral surfaces
each extend between the inner surface and the
outer surface,

the second protrusions each being sized and
shaped relative to the size and shape of a re-
spective depression such that any one second
protrusion can move from the firstlateral surface
of the second retention ring towards the second
lateral surface of the second retention ring, via
any one depression of the second retention ring
when the said second protrusion is in a first po-
sition relative to the said depression,

wherein the inner surface of the second reten-
tion ring surrounds the running surface of the
eccentric and the lateral flange of the piston foot
whereby the second retention ring is configured
to restrict movement of the piston footaway from
the running surface of eccentric, and

wherein the second protrusion is configured to
restrict movement of the second retention ring
laterally away from the piston foot when the sec-
ond protrusion is in a second position, different
to the first position, relative to the said depres-
sion.

A hydraulic apparatus according to claim 2, wherein
the inner surface of the second retention ring defines
therein more depressions than there are second pro-
trusions.

A hydraulic apparatus according to claim 2 or claim
3, wherein the depressions of the inner surface of
the second retention ring are arranged such that the
second retention ring has at least two positions of
rotational symmetry.

Ahydraulic apparatus according to any one of claims
2 to 4, wherein the depressions of the inner surface
of the second retention ring are arranged such that
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only one protrusion can be in the first position with
respect to any one depression, when the retention
ring surrounds the eccentric and a lateral flange of
each piston foot.

A hydraulic apparatus according to any one preced-
ing claim, wherein:

the inner surface of the retention ring is the sur-
face defined by the inner circumference of the
said retention ring and the depressions defined
therein,

and the first lateral surface defines a depression
chamfer adjacent to and meeting the or each
depression, wherein the depression chamfer is
between the first lateral surface and the inner
surface and is angled from the first lateral sur-
face towards the second lateral surface.

A hydraulic apparatus according to any one preced-
ing claim, wherein there is an outer peripheral cham-
fer defined at the boundary between the outer sur-
face and the first lateral surface.

A hydraulic apparatus according to any one preced-
ing claim, wherein the protrusion extends substan-
tially normal to the lateral flange.

A hydraulic apparatus according to any one preced-
ing claim, wherein the or each lateral flange extends
from the seat portion in a direction having a compo-
nent in parallel to the axis when the piston foot is
engaged around the running surface of the eccentric
by a protrusion separation distance, wherein the pro-
trusion separation distance is sized such that a re-
tentionring may be retained between the seat portion
and the protrusion with a clearance of no more than
1 millimetre.

A method of manufacturing a hydraulic apparatus
according to any one preceding claim, the method
comprising:

a. providing:

an eccentric rotatable about an axis;
aretention ring having: an inner surface, the
inner surface defining therein at least one
depression; an outer surface defined by the
outer circumference of the retention ring; a
firstlateral surface;and a second lateral sur-
face, wherein the first and second lateral
surfaces each extend between the inner
surface and the outer surface; and

a plurality of piston feet for engagement
around a running surface of the eccentric,
each piston foot comprising a seat portion,
alateralflange, and at least two of the piston
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feet comprising a protrusion sized and
shaped relative to the size and shape of the
depression such that the protrusion can
move from the first lateral surface of the re-
tention ring towards the second lateral sur-
face of the retentionring, via the depression,
when the protrusion is in a first position rel-
ative to the depression;

b. sliding the retention ring over the eccentric,
such that the inner surface of the retention ring
surrounds the running surface of the eccentric;
c. locating a piston foot on the outer surface of
the eccentric at the running surface of the ec-
centric; and

d. moving the protrusion into the first position
relative to the depression and moving the pro-
trusion from the first lateral surface of the reten-
tion ring towards the second lateral surface of
the retention ring, via the depression, such that
the inner surface of the retention ring surrounds
both the running surface of the eccentric and the
piston foot;

repeating steps ¢ and d with each of the remaining
piston feet in turn.

A method according to claim 10, wherein the lateral
flange is a first lateral flange, the protrusion is a first
protrusion, and the retention ring is a first retention
ring, and wherein each piston foot comprises a sec-
ond lateral flange and at least two of the piston feet
comprise a second protrusion, the method further
comprising:

providing a second retention ring having: an in-
ner surface, the inner surface defining therein
at least as many depressions as there are sec-
ond protrusions; an outer surface defined by the
outer circumference of the second retention
ring; a first lateral surface; and a second lateral
surface, wherein the first and second lateral sur-
faces each extend between the inner surface
and the outer surface, wherein the second pro-
trusions are each sized and shaped, relative to
the size and shape of a respective depression
of the second retention ring, such that any one
second protrusion can move from a first lateral
surface of the second retention ring towards the
second lateral surface of the second retention
ring, via any one depression of the second re-
tention ring, when the said second protrusion is
in a first position relative to the said depression;
sliding the second retention ring over the eccen-
tric on the opposite side of the piston feet to the
first retention ring, such that the inner surface of
the second retention ring surrounds the running
surface of the eccentric; and
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moving the second protrusion into a first position
relative to arespective depression of the second
retention ring and moving each second protru-
sion from the first lateral surface of the second
retention ring towards the second lateral surface
of the second retention ring, via the said respec-
tive depression, such that the inner surface of
the second retention ring surrounds both the
running surface of the eccentric and each piston
foot.

12. A method according to claim 10 or claim 11, wherein

the method further comprises:

rotating the retention ring relative to each piston foot,
such that each protrusion is in a second position,
different to the first position, relative to the respective
depression.

13. Akit of parts for manufacturing an apparatus accord-

ing to any one of claims 1 to 9, the kit of parts com-
prising:

an eccentric rotatable about an axis;

a retention ring having: an inner surface, the in-
ner surface defining therein at least one depres-
sion; an outer surface defined by the outer cir-
cumference of the retention ring; a first lateral
surface; and a second lateral surface, wherein
the firstand second lateral surfaces each extend
between the inner surface and the outer surface;
a plurality of piston feet for engagement around
a running surface of the eccentric, each piston
foot comprising a seat portion, a lateral flange,
and at least two of the piston feet comprising a
protrusion sized and shaped relative to the size
and shape of the depression such that the pro-
trusion can move from the first lateral surface of
the retention ring towards the second lateral sur-
face of the retention ring, via the depression,
when the protrusion is in a first position relative
to the depression.

14. A kit of parts according to claim 13, wherein the kit

of parts further comprises a piston foot alignment jig,
the piston foot alignment jig being configured to hold
each piston foot such that each protrusion is in the
first position;

or amethod according to any one of claims 10 to 12,
wherein the method further comprises:

providing a piston foot alignment jig, the piston
foot alignment jig being configured to hold each
piston foot such that each protrusion is in the
first position; and

holding each piston foot such that each protru-
sion is in the first position with the piston foot
alignment jig.
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15. A retention ring for a hydraulic apparatus, the hy-
draulic apparatus comprising:

an eccentric rotatable about an axis; and

a plurality of piston feet arranged around a run-
ning surface of the eccentric, each piston foot
being configured to reciprocate by rotation of the
eccentric, and comprising a seat portion, a lat-
eral flange, and at least two of the piston feet
comprising a protrusion,

the retention ring having an inner surface
configured to surround the running surface
of the eccentric and the piston foot, and to
restrict movement of the piston foot away
from the running surface of the eccentric,
and defining therein at least one depres-
sion, arranged such that the retention ring
can move past the protrusion and onto the
lateral flange via the depression when the
depression is in a first position relative to
the protrusion,

and wherein the retention ring has an outer
surface defined by the outer circumference
of the retention ring and first and second
lateral surfaces each extending between
the inner surface and the outer surface,
wherein the second lateral surface defines
adepression chamfer adjacentto and meet-
ing the or each depression on each side of
the or each depression, each depression
chamfer being angled from the second lat-
eral surface towards the first lateral surface.
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204: sliding retention ring over cam

206: locating engaging members of
piston on cam

208: moving protrusion into first
position with respect to depression

210: passing protrusion through
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204: sliding retention ring over cam

206: locating engaging members of
piston on cam

208: moving a protrusion into a first
position with respect to a depression
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210: passing protrusion through
retention ring

212: sliding a second retention ring
over cam

214: moving each protrusion into a
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