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(57) ABSTRACT

A hydraulic device comprises a housing, a shaft rotatable
about a first axis of rotation and a flange. A plurality of
cylindrical sleeves cooperate with a plurality of pistons on
the flange to form compression chambers, wherein the
cylindrical sleeves are rotatable about a second axis of
rotation which intersects the first axis of rotation by an acute
angle such that upon rotating the shaft the volumes of the
compression chambers change. A barrel plate is rotatable
about the second axis has a first side for supporting the
cylindrical sleeves. An opposite second side is supported by
a supporting surface of a plate-shaped face element which is
fixed to the housing. The supporting surface lies in a first
plane. The face element has a back side that lies in a second
plane, which forms an angle with the first plane that is
smaller than said acute angle.
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A HYDRAULIC DEVICE, A METHOD OF
MANUFACTURING A HYDRAULIC DEVICE
AND A GROUP OF HYDRAULIC DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is a national stage of and
claims priority of International patent application Serial No.
PCT/EP2017/061852, filed May 17, 2017, and published in
English as W0/2017/198719.

BACKGROUND

[0002] The present invention relates to a hydraulic device,
in particular, a hydraulic device having a shaft which is
mounted in a housing and rotatable about a first axis of
rotation. The shaft has a flange extending transversely to the
first axis. A plurality of pistons is fixed to the flange at
equiangular distance about the first axis of rotation. A
plurality of cylindrical sleeves cooperates with the pistons to
form respective compression chambers of variable volume.
The cylindrical sleeves are rotatable about a second axis of
rotation which intersects the first axis of rotation by an acute
angle such that upon rotating the shaft the volumes of the
compression chambers change. A barrel plate is rotatable
about the second axis and has a first side that is directed to
the pistons and supports the cylindrical sleeves. An opposite
second side of the barrel plate is supported by a supporting
surface of a plate-shaped face element which is fixed to the
housing. The supporting surface lies in a first plane and the
face element has a back side, which is located opposite to the
supporting surface and supported by the housing, lies in a
second plane. The first plane is angled with respect to the
second plane.

[0003] In such a hydraulic device, the shaft has a flange
which extends perpendicularly to the first axis and the
pistons are fixed to the flange at equiangular distance about
the first axis of rotation. An equal number of cylindrical
sleeves are supported by a barrel plate and rotate together
with the barrel plate about the second axis of rotation, which
is angled with respect to the first axis of rotation. The
supporting surface of the face element dictates the acute
angle between the second axis and the first axis. During
rotation of the barrel plate the cylindrical sleeve makes a
combined translating and swiveling motion around the pis-
ton. In practice varying displacements or capacities of the
hydraulic device are desired, depending on the field of
application of the hydraulic device.

SUMMARY

[0004] An aspect of the invention is to provide a hydraulic
device which allows the manufacture of a group of similar
hydraulic devices with varying displacements but a minimal
number of different parts in an efficient manner. In an
embodiment, a hydraulic device of the type described above
has an angle between the first plane and the second plane
that is smaller than the acute angle.

[0005] Since the angle between the first plane and the
second plane is smaller than the mentioned acute angle, the
largest part of the acute angle can be created by the orien-
tation of a supporting wall of the housing which supports the
back side of the face element. The supporting wall of the
housing extends non-perpendicularly with respect to the first
axis of rotation. For example, the angle between the sup-
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porting wall of the housing and the first axis of rotation is
97°, whereas the angle between the first plane and the
second plane is 1°. When applying face elements which have
different angles between the respective first and second
plane in two identical housings of hydraulic devices, the
devices have different displacements.

[0006] This design advantageously provides the opportu-
nity to use different face elements which are relatively
compact with respect to the prior art face plate as mentioned
hereinbefore, since the largest part of the mentioned acute
angle is created by the orientation of the supporting wall of
the housing. Particularly, in case of starting with a uniform
intermediate face plate including parallel front and back
surfaces, it is relatively simple to modify two such identical
uniform intermediate face plates into two face elements
having different angles between their first and second planes,
for example an angle of +1° and -1°. This provides the
opportunity of manufacturing hydraulic devices having dif-
ferent capacities, which devices comprise similar compo-
nents, but different face element dimensions. This is relevant
in terms of stock control in series production.

[0007] In practice, the angle between the first plane and
the second plane is smaller than 1.5°, preferably smaller than
1.2°. The acute angle will be larger than 5°, for example 7°.
[0008] In a specific embodiment the housing and the face
element are configured such that the face element can be
mounted in the housing at at least two different mutual
positions in which said acute angle is different. Conse-
quently, the displacement of the hydraulic device can be
changed by selecting one of the at least two mutual positions
upon assembly of a device. In this case, uniform face plates
can be kept in stock and depending on the desired displace-
ment of the hydraulic device the corresponding position of
the face element in the housing can be selected.

[0009] The face element may be mountable in the housing
at different rotational positions about an axis having a
component in the same direction as the first axis of rotation.
In this case the back side of the plate-shaped face element
rests against the supporting wall of the housing. Since the
planes in which the supporting surface and the back side of
the face element lie are angled with respect to each other, the
inclination of the supporting surface with respect to the first
axis of rotation is different at two different rotational posi-
tions of the face element about an axis which has a com-
ponent in the same direction as the first axis of rotation.
Consequently, the acute angle is different. An advantage of
this embodiment is that all components of two devices may
be identical, but the orientations of the respective supporting
surfaces are different, resulting in different displacements.
Although both devices have face elements of identical
angles between their first and second planes, they may have
differently dimensioned kidney-shaped ports, which ports
are normally present in a face plate for passing fluid between
the compression chambers and a high-pressure port and a
low-pressure port in the housing.

[0010] In an embodiment the second plane extends per-
pendicularly to a centerline of the face element, wherein the
face element can be mounted in the housing at different
rotational positions about its centerline.

[0011] In a preferred embodiment the pistons, the cylin-
drical sleeves, the acute angle, the barrel plate, the face
element, the first plane and the second plane are front
pistons, front cylindrical sleeves, a front acute angle, a front
barrel plate, a front face element, a front first plane and a
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front second plane, respectively, wherein an opposite side of
the flange is provided with a plurality of rear pistons which
are fixed to the flange at equiangular distance about the first
axis of rotation, and wherein the device also comprises a
plurality of rear cylindrical sleeves cooperating with the rear
pistons to form respective compression chambers of variable
volume, wherein the rear cylindrical sleeves are rotatable
about a third axis of rotation which intersects the first axis
of rotation by a rear acute angle such that upon rotating the
shaft the volume of the compression chambers change, a rear
barrel plate being rotatable about the third axis and having
a first side for supporting the rear cylindrical sleeves,
wherein the first side is directed to the rear pistons, and an
opposite second side which is supported by a supporting
surface of a plate-shaped rear face element which is fixed to
the housing, which supporting surface lies in a rear first
plane and the rear face element has a back side which is
located opposite to its supporting surface and supported by
the housing which back side lies in a rear second plane,
wherein the rear first plane is angled with respect to the rear
second plane.

[0012] In a specific embodiment a line extending perpen-
dicularly to the front second plane intersects the first axis by
a geometrical front acute angle and a line extending per-
pendicularly to the rear second plane intersects the first axis
by a geometrical rear acute angle, wherein said lines are
mirror symmetrical with respect to the flange, and wherein
they lie in a common plane with the second and third axes.
[0013] The embodiments including a front and rear face
element provide the opportunity to make different combi-
nations between the front acute angle and the rear acute
angle.

[0014] In a first variant the front face element and the rear
face element are such that the front acute angle equals the
sum of the geometrical front acute angle and the angle
between the front first plane and the front second plane, and
the rear acute angle equals the sum of the geometrical rear
acute angle and the angle between the rear first plane and the
rear second plane. This means that the front acute angle is
the same as the rear acute angle.

[0015] In a second variant the front acute angle equals the
sum of the geometrical front acute angle and the angle
between the front first plane and the front second plane, and
the rear acute angle equals the difference between the
geometrical rear acute angle and the angle between the rear
first plane and the rear second plane. This means that the
front acute angle is larger than the rear acute angle, resulting
in a smaller overall displacement of the hydraulic device
than in case of the first variant.

[0016] In a third variant the front acute angle equals the
difference between the geometrical front acute angle and the
angle between the front first plane and the front second
plane, and the rear acute angle equals the difference between
the geometrical rear acute angle and the angle between the
rear first plane and the rear second plane. The third variant
has a smaller overall displacement than the second variant.
[0017] An aspect of the invention is also related to a
method of manufacturing a hydraulic device as described
hereinbefore, wherein the face element is made by supplying
an intermediate face plate which includes kidney-shaped
ports and a front surface and back surface extending sub-
stantially parallel to each other, and machining the interme-
diate face plate such that its front surface becomes said
supporting surface and its back surface becomes said back
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side of the resulting face element, or wherein the face
element is made by supplying an intermediate face plate
including the supporting surface and back side which are
angled with respect to each other, and machining kidney-
shaped ports in the intermediate face plate. Both methods
may start with uniform face elements which have already
been prepared, such that only a limited modification has to
be performed for manufacturing a final face plate which
corresponds to a certain displacement.

[0018] An aspect of the invention also relates to a group of
at least two hydraulic devices, wherein each of the hydraulic
devices comprises a housing, a shaft which is mounted in the
housing and rotatable about a first axis of rotation, wherein
the shaft has a flange extending transversely to the first axis,
a plurality of pistons which are fixed to the flange at
equiangular distance about the first axis of rotation, a
plurality of cylindrical sleeves cooperating with the pistons
to form respective compression chambers of variable vol-
ume, wherein the cylindrical sleeves are rotatable about a
second axis of rotation which intersects the first axis of
rotation by an acute angle such that upon rotating the shaft
the volumes of the compression chambers change, a barrel
plate being rotatable about the second axis and having a first
side for supporting the cylindrical sleeves, wherein the first
side is directed to the pistons, and an opposite second side
which is supported by a supporting surface of a face element
which is fixed to the housing, wherein the face element has
a back side which is located opposite to the supporting
surface and supported by s supporting wall of the housing,
wherein at least the supporting walls of the housings, the
shafts, the pistons and the cylindrical sleeves of the at least
two devices are identical, but their face elements are posi-
tioned and/or dimensioned differently such that the respec-
tive angles between the supporting surface and the first axis
of rotation are different.

[0019] Ina specific embodiment the face elements are also
substantially identical, but the face elements of the at least
two devices are mounted at different positions with respect
to the respective housings. The face elements may be
plate-shaped and the supporting surface may lie in a first
plane and the back side may lie in a second plane, wherein
the first plane is angled with respect to the second plane.
Furthermore, the face elements may have different rotational
positions about respective axes having a component in the
same direction as the respective first axes of rotation of the
devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Aspects of the invention will hereafter be eluci-
dated with reference to very schematic drawings showing an
embodiment of the invention by way of example.

[0021] FIG. 1 is a cross-sectional view of an embodiment
of a hydraulic device.

[0022] FIG. 2-4 are similar views as FIG. 1, but showing
hydraulic devices having different displacements.

DETAILED DESCRIPTION

[0023] FIG. 1 shows internal parts of a hydraulic device 1,
such as a pump or hydromotor, which are fitted into a
housing 26 in a known manner. The hydraulic device 1 is
provided with a shaft 2 which is supported by bearings 3 at
both sides of the housing 26 and it is rotatable about a first
axis of rotation 4. The housing 26 is provided on the one side
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with an opening with a shaft seal 5 in a known manner, as
a result of which the end of the shaft 2, which is provided
with a toothed shaft end 6, protrudes from the housing 26.
A motor can be coupled to the toothed shaft end 6 if the
hydraulic device 1 is a pump, and a driven tool can be
coupled thereto if the hydraulic device 1 is a motor.
[0024] The hydraulic device 1 comprises a front face plate
7a and a rear face plate 76 which are mounted inside the
housing 26 at a distance from each other. The front and rear
face plates 7a, 7b have fixed positions with respect to the
housing 26 in rotational direction about their centerlines 8a,
8b and rest against the housing 26. The front and rear face
plates 7a, 7b can be locked with respect to the housing 26
by means of locking pins which fit in the housing 26 and the
respective face plates 7a, 7b, for example. The shaft 2
extends through central through-holes in the front and rear
face plates 7a, 7b.

[0025] The shaft 2 is provided with a flange 9 which
extends perpendicularly to the first axis of rotation 4. A
plurality of front pistons 10a are fixed at one side of the
flange 9 at equiangular distance about the first axis of
rotation 4, in this case fourteen front pistons 10a. Similarly,
a plurality of rear pistons 105 are fixed at an opposite side
of the flange 9 at equiangular distance about the first axis of
rotation 4, in this case fourteen rear pistons 105. The front
and rear pistons 10a, 1056 have centerlines which extend
parallel to the first axis of rotation 4. The front and rear face
plates 7a, 7b are angled with respect to each other and with
respect to the plane of the flange 9.

[0026] Each of the front pistons 10a cooperates with a
front cylindrical sleeve 11a to form a compression chamber
12 of variable volume. Similarly, each of the rear pistons 105
cooperates with a rear cylindrical sleeve 115 to form a
compression chamber of variable volume. The hydraulic
device 1 as shown in FIG. 1 has 28 compression chambers
12. Each of the front and rear cylindrical sleeves 11a, 115
comprises a sleeve bottom 13 and a sleeve jacket 14. Each
front and rear piston 10a, 105 is sealed directly to the inner
wall of the sleeve jacket 14 through a ball-shaped piston
head.

[0027] The sleeve bottoms 13 of the respective front and
rear cylindrical sleeves 11qa, 115 are supported by respective
front and rear barrel plates 15a, 155 which are fitted around
the shaft 2 by means of respective ball hinges 16 and are
coupled to the shaft 2 by means of keys 17. Consequently,
the front and rear barrel plates 154, 155 rotate together with
the shaft 2 under operating conditions. The front barrel plate
15a rotates about a second axis 18 and the rear barrel plate
156 rotates about a third axis 19. The second axis 18
intersects the first axis 4 and is angled by a front acute angle
with respect thereto, whereas the third axis 19 also intersects
the first axis 4 and is angled by a rear acute angle with
respect thereto. This means that the front and rear cylindrical
sleeves 11a, 115 rotate about the respective second axis 18
and third axis 19, as well. As a consequence, upon rotating
the shaft 2 the volumes of the compression chambers 12
change.

[0028] During rotation of the front and rear barrel plates
15a, 15b each of the front and rear cylindrical sleeves 11a,
115 makes a combined translating and swivelling motion
around the cooperating front and rear piston 10a, 105.
Therefore, the outer side of each piston head is ball-shaped.
The ball-shape creates sealing lines between the front and
rear pistons 10a, 105 and the cooperating respective front
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and rear cylindrical sleeves 11a, 115, which sealing line
extends perpendicularly to the centerlines of the cooperating
front and rear cylindrical sleeves 114, 115. The front and rear
pistons 10a, 105 are conical and their diameters decrease
towards the flange 9 in order to allow the relative motion of
the cooperating front and rear cylindrical sleeves 11a, 115
about the respective front and rear pistons 10a, 105.
[0029] The sides of the respective front and rear barrel
plates 15a, 156 which are directed away from the flange 9
are supported by respective supporting surfaces 20 of the
front and rear face plates 7a, 7h. Due to the inclined
orientation of the supporting surfaces 20 with respect to the
flange 9 the front and rear barrel plates 15a, 155 pivot about
the ball hinges 16 during rotation with the shaft 2. In the
embodiment as shown in FIG. 1 the angles between the first
axis of rotation 4 and the centerline 8a of the front face plate
7a forming a geometrical front acute angle, on the one hand,
and between the first axis of rotation 4 and the centerline 85
of the rear face plate 75 forming a geometrical rear acute
angle, on the other hand, are the same, but may be different
in an alternative embodiment. Furthermore, the centerlines
8a, 8b of the front and rear face plates 7a, 7b are mirror
symmetrical with respect to the flange 9 and they lie in a
common plane with the second and third axes 18, 19.
[0030] The supporting surfaces 20 of the front and rear
face plates 7a, 7b dictate the orientations of the second axis
18 and the third axis 19, respectively. The supporting surface
20 of the front face plate 7a lies in a front first plane 21a
which is angled with respect to a front second plane 224 that
extends perpendicularly to the centerline 8a of the front face
plate 7a. The front and rear face plates 7a, 7b have respec-
tive back sides 23 which are located opposite to their
supporting surfaces 20 and extend perpendicularly to their
respective centerlines 8a, 85, i.e. the back side 23 of the
front face plate 7a lies in a plane which extends parallel to
the front second plane 22qa. In FIG. 1 the angle between the
plane in which the back side 23 lies and the plane extending
perpendicularly to the first axis of rotation 4 is indicated by
a, whereas the angle between the front second plane 22a and
the front first plane 21a is indicated by . In fact the angle
[ represents the inclination of the supporting surface 20 with
respect to the back side 23 of the front face plate 7a. The
angle o corresponds to the geometrical front acute angle and
forms an angle between the first axis of rotation 4 and a
supporting wall 27 of the housing 26 which supports the
front face plate 7a.

[0031] Similar to the front first plane 21a and the front
second plane 22a at the front face plate 7a, a rear first plane
215 and a rear second plane 226 and angles o and [} are
indicated at the rear face plate 7. The extent of the angles
a are the same at the front and rear face plates 7a, 75 in the
embodiment as shown in FIG. 1. The inclinations repre-
sented by the angles f§ are also the same, but their directions
relative to the respective front and rear first plane 21a, 215
may vary as a consequence of alternative rotational positions
of'the front and rear face plates 7a, 75 about their centerlines
8a, 8b, respectively.

[0032] In the configuration of the hydraulic device 1 as
shown in FIG. 1 the front face plate 7a has a rotational
position about its centerline 8a such that the front acute
angle between the second axis of rotation 18 and the first
axis of rotation 4 is o+, i.e. the effective angle between the
second axis of rotation 18 and the first axis of rotation 4 is
larger than the geometrical front acute angle o between the
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centerline 8a of the front face plate 7a and the first axis of
rotation 4. This means that the displacement of the front
pistons 10a within the front cylindrical sleeves 1la is
relatively large. The orientation of the supporting surface 20
of the rear face plate 75 is mirror symmetrical to the
supporting surface 20 of the front face plate 7a with respect
to the flange 9 such that the overall displacement of the
hydraulic device 1 in this configuration is relatively large.
[0033] If the configuration as shown in FIG. 1 is changed
into a configuration where both the front and rear face plates
Ta, 7b are turned 180° about their centerlines 8a, 85, the
angle between the second axis of rotation 18 and the first
axis of rotation 4 will be a-f3, whereas the similar effect will
be seen at the rear face plate 75. This means that the overall
displacement of the hydraulic device 1 is relatively small.
This configuration is illustrated in FIG. 2, where a=7° and
[=1°, such that the front acute angle between the second axis
18 and the first axis of rotation 4 is 6° and the rear acute
angle between the third axis 19 and the first axis of rotation
4 is also 6°.

[0034] FIG. 3 shows another configuration in which also
a=7° and p=1°, but the front face plate 7a is mounted such
that a+f=8° whereas the rear face plate 76 is mounted such
that a-f=6°. On average, the virtual angles between the
second axis 18 and the first axis 4, on the one hand, and the
third axis 19 and the first axis 4, on the other hand, are 7°.
In this case the hydraulic device 1 is similar to an embodi-
ment which has face plates including parallel supporting
surfaces and back sides, respectively, whereas a=7° and
p=0.

[0035] FIG. 4 shows the same configuration as FIG. 1 in
which a=7° and =1°, but the front face plate 7a is mounted
such that a+=8° and the rear face plate 75 is mounted such
that o+p=8°. Hence, both the front and rear acute angle are
8°.

[0036] The configurations as shown in FIGS. 2, 3 and 4
have increasing displacements, although the mutual orien-
tations of the back sides 23 of the respective front and rear
face plates 7a, 7b are the same: in this case the angle
between the back sides is 20=14°. This means that in series
production the same components can be used for assembling
hydraulic devices of different displacements. If desired, the
locations of kidney-shaped fluid ports through the first and
rear face plates 7a, 7b may be different for different dis-
placements. In practice, the housing 26 and the front and rear
face plates 7a, 76 may be adapted such that each face plate
can be mounted in the housing 26 at two different rotational
positions about its centerline 8a, 8.

[0037] The front and rear barrel plates 15a, 156 are
pressed against the respective front and rear face plates 7a,
7b by means of springs 24 which are mounted in holes in the
shaft 2. The compression chambers 12 communicate via a
central through-hole in the respective sleeve bottoms 13
with cooperating passages 25 in the front and rear barrel
plates 15a, 155. The passages 25 in the front and rear barrel
plates 15a, 156 communicate via kidney-shaped ports in the
front and rear face plates 7a, 7b with a high-pressure port
and a low-pressure port in the housing 26 (not shown).
[0038] It is not necessary that the front and rear face plate
7a, 7b can be mounted at different rotational positions about
their centerlines 8a, 86. More specifically, it is possible to
manufacture face plates for assembling similar devices 1
with different acute angles, wherein each face plate fits in the
housing in only a single position. This means that before
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assembling, the face plates must be provided with different
angles between the supporting surface and the back side. For
example, one may start with a uniform intermediate face
plate which already includes kidney-shaped ports and a front
surface and back surface extending substantially parallel to
each other. Subsequently, the uniform intermediate face
plate is machined such that its front surface becomes the
supporting surface 20 and its back surface becomes the back
side 23 of the resulting face element 7a, 7b. The angle
between the supporting surface 20 and the back side 23 may
be +1° and -1°, for example, but deviating angles are
conceivable. Alternatively, one may start with a uniform
intermediate face plate which is already provided with the
supporting surface 20 and back side 23 that are angled with
respect to each other. In this case, the uniform intermediate
face plates may all have the same angle, for example 1°,
whereas different displacements of the device can be
achieved by positioning them in the respective housings
differently. Before assembling the device 1, kidney-shaped
ports can be machined in the intermediate face plate,
depending on the intended position and orientation of the
face plate in the housing. In both manners of manufacturing,
the prepared uniform intermediate face plates minimizes the
number of different manufacturing steps before assembly of
hydraulic devices having different displacements.

[0039] The invention is not limited to the embodiment
shown in the drawings and described hereinbefore, which
may be varied in different manners within the scope of the
claims and their technical equivalents. For example, it is also
conceivable to combine a front face plate having an angle §
which is nonzero and a rear face plate having an angle
which is zero or the other way around. Furthermore, the face
plate may have a supporting surface which extends perpen-
dicularly to its centerline, whereas its back side is inclined
with respect to a plane extending perpendicularly to its
centerline.

1. A hydraulic device comprising a housing, a shaft which
is mounted in the housing and rotatable about a first axis of
rotation, wherein the shaft has a flange extending trans-
versely to the first axis, a plurality of pistons which are fixed
to the flange at equiangular distance about the first axis of
rotation, a plurality of cylindrical sleeves cooperating with
the pistons to form respective compression chambers of
variable volume, wherein the cylindrical sleeves are rotat-
able about a second axis of rotation which intersects the first
axis of rotation by an acute angle (a+f3) such that upon
rotating the shaft the volumes of the compression chambers
change, a barrel plate being rotatable about the second axis
and having a first side for supporting the cylindrical sleeves,
wherein the first side is directed to the pistons, and an
opposite second side which is supported by a supporting
surface of a plate-shaped face element which is fixed to the
housing, wherein the supporting surface lies in a first plane
and the face element has a back side which is located
opposite to the supporting surface and supported by the
housing, which back side lies in a second plane, wherein the
first plane is angled with respect to the second plane,
wherein an angle between the first plane and the second
plane is smaller than said acute angle.

2. The hydraulic device according to claim 1, wherein the
angle between the first plane and the second plane is smaller
than 1.5°.

3. The hydraulic device according to claim 1, wherein the
housing and the face element are configured such that the
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face element is mounted in the housing at at least two
different mutual positions in which said acute angle (axf3) is
different.

4. The hydraulic device according to claim 3, wherein the
face element is configured to be mounted in the housing at
different rotational positions about an axis having a compo-
nent in the same direction as the first axis of rotation.

5. The hydraulic device according to claim 4, wherein the
second plane extends perpendicularly to a centerline of the
face element, wherein the face element is configured to be
mounted in the housing at different rotational positions
about its centerline.

6. The hydraulic device according to claim 4, wherein the
pistons, the cylindrical sleeves, the acute angle, the barrel
plate, the face element, the first plane and the second plane
are front pistons, front cylindrical sleeves, a front acute
angle (axf), a front barrel plate, a front face element, a front
first plane and a front second plane, respectively, wherein an
opposite side of the flange is provided with a plurality of rear
pistons which are fixed to the flange at equiangular distance
about the first axis of rotation, and wherein the hydraulic
device also comprises a plurality of rear cylindrical sleeves
cooperating with the rear pistons to form respective com-
pression chambers of variable volume, wherein the rear
cylindrical sleeves are rotatable about a third axis of rotation
which intersects the first axis of rotation by a rear acute
angle (a£f) such that upon rotating the shaft the volume of
the compression chambers change, a rear barrel plate being
rotatable about the third axis and having a first side for
supporting the rear cylindrical sleeves, wherein the first side
is directed to the rear pistons, and an opposite second side
which is supported by a supporting surface of a plate-shaped
rear face element which is fixed to the housing, which
supporting surface lies in a rear first plane and the rear face
element has a back side which is located opposite to its
supporting surface and supported by the housing which back
side lies in a rear second plane, wherein the rear first plane
is angled with respect to the rear second plane.

7. The hydraulic device according to claim 6, wherein a
line extending perpendicularly to the front second plane
intersects the first axis by a geometrical front acute angle (o)
and a line extending perpendicularly to the rear second plane
intersects the first axis by a geometrical rear acute angle (ct),
wherein said lines are mirror symmetrical with respect to the
flange, and wherein they lie in a common plane with the
second and third axes.

8. The hydraulic device according to claim 7, wherein the
front acute angle equals a sum of the geometrical front acute
angle (o) and an angle () between the front first plane and
the front second plane, and the rear acute angle equals a sum
of the geometrical rear acute angle (o) and the angle ()
between the rear first plane and the rear second plane.

9. The hydraulic device according to claim 7, wherein the
front acute angle equals a sum of the geometrical front acute
angle (o) and an angle () between the front first plane and
the front second plane and the rear acute angle equals a
difference between the geometrical rear acute angle (o) and
the angle () between the rear first plane and the rear second
plane.

10. The hydraulic device according to claim 7, wherein
the front acute angle equals a difference between the geo-
metrical front acute angle (ct) and an angle () between the
front first plane and the front second plane, and the rear acute
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angle equals a difference between the geometrical rear acute
angle (o) and the angle () between the rear first plane and
the rear second plane.

11. A method of manufacturing a hydraulic device com-
prising a housing, a shaft which is mounted in the housing
and rotatable about a first axis of rotation, wherein the shaft
has a flange extending transversely to the first axis, a
plurality of pistons which are fixed to the flange at equian-
gular distance about the first axis of rotation, a plurality of
cylindrical sleeves cooperating with the pistons to form
respective compression chambers of variable volume,
wherein the cylindrical sleeves are rotatable about a second
axis of rotation which intersects the first axis of rotation by
an acute angle such that upon rotating the shaft the volumes
of the compression chambers change, a barrel plane being
rotatable about the second axis and having a first side for
supporting the cylindrical sleeves, wherein the first side is
directed to the pistons, and an opposite second side which is
supported by a supporting surface of a plate-shaped face
element which is fixed to the housing, wherein the support-
ing surface lies in a first plane and the face element has a
back side which is located opposite to the supporting surface
and supported by the housing, which back side lies in a
second plane, wherein the first plane is angled with respect
to the second plane, wherein an angle between the first plane
and the second plane is smaller than said acute angle,

wherein the face element is made by supplying an inter-
mediate face plate which includes kidney-shaped ports
and a front surface and back surface extending sub-
stantially parallel to each other, and machining the
intermediate face plate such that its front surface
becomes said supporting surface and its back surface
becomes said back side of the resulting face element.
12. A group of at least two hydraulic devices, wherein
each of the hydraulic devices comprises a housing, a
shaft which is mounted in the housing and rotatable
about a first axis of rotation, wherein the shaft has a
flange extending transversely to the first axis, a plural-
ity of pistons which are fixed to the flange at equian-
gular distance about the first axis of rotation, a plurality
of cylindrical sleeves cooperating with the pistons to
form respective compression chambers of variable vol-
ume, wherein the cylindrical sleeves are rotatable about
a second axis of rotation which intersects the first axis
of rotation by an acute angle (a+f8) such that upon
rotating the shaft the volumes of the compression
chambers change, a barrel plate being rotatable about
the second axis and having a first side for supporting
the cylindrical sleeves, wherein the first side is directed
to the pistons, and an opposite second side which is
supported by a supporting surface of a face element
which is fixed to the housing, wherein the face element
has a back side which is located opposite to the
supporting surface and supported by a supporting wall
of the housing, wherein at least the supporting walls of
the housings, the shafts, the pistons and the cylindrical
sleeves of the at least two hydraulic devices are iden-
tical, but their face elements are positioned and/or
dimensioned differently such that the respective angles
between the supporting surface and the first axis of
rotation are different.

13. The group of at least two hydraulic devices according
to claim 12, wherein the face elements are also substantially
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identical, but the face elements of the at least two hydraulic
devices are mounted at different positions with respect to the
respective housings.

14. The group of at least two hydraulic devices according
to claim 12, wherein the face elements are plate-shaped and
the supporting surface lies in a first plane and the back side
lies in a second plane, wherein the first plane is angled with
respect to the second plane.

15. The group of at least two hydraulic devices according
to claim 13, wherein the face elements have different rota-
tional positions about respective axes having a component in
the same direction as the respective first axes of rotation of
the hydraulic devices.

16. The group of at least two hydraulic devices according
to claim 14, wherein the face elements have different rota-
tional positions about respective axes having a component in
the same direction as the respective first axes of rotation of
the hydraulic devices.

17. The group of at least two hydraulic devices according
to claim 13, wherein the face elements are plate-shaped and
the supporting surface lies in a first plane and the back side
lies in a second plane, wherein the first plane is angled with
respect to the second plane.

18. The hydraulic device according to claim 2, wherein
the housing and the face element are configured such that the
face element is mounted in the housing at at least two
different mutual positions in which said acute angle (axf3) is
different.

19. The hydraulic device according to claim 1, wherein
the angle between the first plane and the second plane is
smaller than 1.2°.
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20. A method of manufacturing a hydraulic device com-
prising a housing, a shaft which is mounted in the housing
and rotatable about a first axis of rotation, wherein the shaft
has a flange extending transversely to the first axis, a
plurality of pistons which are fixed to the flange at equian-
gular distance about the first axis of rotation, a plurality of
cylindrical sleeves cooperating with the pistons to form
respective compression chambers of variable volume,
wherein the cylindrical sleeves are rotatable about a second
axis of rotation which intersects the first axis of rotation by
an acute angle such that upon rotating the shaft the volumes
of the compression chambers change, a barrel plate being
rotatable about the second axis and having a first side for
supporting the cylindrical sleeves, wherein the first side is
directed to the pistons, and an opposite second side which is
supported by a supporting surface of a plate-shaped face
element which is fixed to the housing, wherein the support-
ing surface lies in a first plane and the face element has a
back side which is located opposite to the supporting surface
and supported by the housing, which back side lies in a
second plane, wherein the first plane is angled with respect
to the second plane, wherein an angle between the first plane
and the second plane is smaller than said acute angle,

wherein the face element is made by supplying an inter-
mediate face plate including the supporting surface and
back side which are angled with respect to each other,
and machining kidney-shaped ports in the intermediate
face plate.



