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A hydraulic device

The present invention relates to a hydraulic device
according to the preamble of claim 1.

Such a hydraulic device is known from WO 2006/083163.
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. Each piston is sealed directly to the
inner wall of the corresponding cylindrical sleeve, i.e.
without using a piston ring. During rotation of the barrel
plate the cylindrical sleeve makes a combined translating and
swivelling motion around the piston. Therefore, the outer side
of the circumferential wall of the piston heads are ball-
shaped. It is noted that the ball-shape creates a sealing line
between the piston and the cylindrical sleeve which extends
perpendicularly to the centre line of the cylindrical sleeve.

Due to internal pressure in the compression chamber
the cylindrical sleeve deforms in radial direction under
operating conditions. The cavity in the piston head forms part
of the compression chamber and serves to deform the piston at
the sealing line such that the piston expansion follows the
piston sleeve expansion. Consequently, leakage flow between
the piston and the cylindrical sleeve at the sealing line is
minimized. In order to allow deformation of the piston head it
has a thin-walled circumferential wall. In the known hydraulic
device the cavity 1s formed between a central cavity filling
portion of the piston and the inner side of the

circumferential wall. Due to the cavity filling portion the
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volume of the cavity at the inner side of the circumferential
wall of the piston head is minimized. This means that the dead
volume of the compression chamber is minimized, which has an
advantageous effect on noise emission and hydraulic efficiency
of the hydraulic device. A disadvantage of the known device is
that manufacturing of the pistons is rather complicated.

An object of the invention is to provide a hydraulic
device which can be manufactured in a simple manner.

This object is accomplished with the hydraulic device
according to the invention, which is characterized in that
each of the pistons is fixed to the flange by means of a
piston pin extending through the piston and having a piston
pin head including a circumferential outer side facing the
inner side of the circumferential wall of the piston head.

An advantage of the invention is that the piston can
be secured to the flange by means of the piston pin in a
relatively easy way. Besides, the application of the piston
pin provides the opportunity to influence the dead volume of
the compression chamber by adjusting the shape and size of the
piston pin head and the inner side of the circumferential wall
to each other. It is noted that the piston and the piston pin
are separate parts and together form a piston function in
assembled condition.

A further benefit is achieved when the piston pin has
a piston pin shank of which an end portion is clamped in the
flange since this is a relatively simple manufacturing step.

In a specific embodiment the piston is locked to the
flange in transverse direction of the piston pin, whereas play
is present between the piston pin and the piston in transverse
direction of the piston pin beyond the flange. This means that
a torque and/or a lateral force onto the piston will be
absorbed by the flange instead of the piston pin. This
provides the possibility of applying piston pins including

relatively narrow piston pin shanks requiring relatively



10

15

20

25

30

WO 2017/198720 PCT/EP2017/061853

narrow holes in the flange. Consequently, the flange can have
a relatively small width compared to a conventional flange in
which each of the pistons is mounted, since a portion of the
piston to be mounted in the flange has a larger diameter than
a piston pin shank which is mounted in the flange.

In practice, the flange may be provided with flange
recesses in which end portions of the respective pistons are
received so as to lock the pistons to the flange in transverse
direction of the piston pins. The diameters of the recesses
are larger than the respective holes in which the piston pins
are received. Preferably, the end portions of the pistons rest
on the bottoms of the respective recesses accurately and are
free from play. In a practical embodiment there is play
between the piston pin shank and the piston in transverse
direction of the piston, which means that the piston pin shank
extends through a through-hole of the piston and has a smaller
diameter than that through-hole.

In an alternative embodiment the piston is locked to
the piston pin in transverse direction of the piston pin at a
locking location close to the flange, whereas play is present
between the piston pin and the piston in transverse direction
of the piston pin beyond the locking location as seen from the
flange. This means that a torgue and/or a lateral force onto
the piston will be transferred to the flange by the piston
pin, but due to the location of the locking location, the
transfer of force from the piston to the piston pin occurs
close to the flange. Therefore, a resulting torque or lateral
force on the piston pin is limited. In this case the piston
pin extends through a through-hole of the piston and has a
smaller diameter than the through-hole outside the locking
location. Preferably, the end portions of the pistons rest on
the flange accurately and are free from play.

In a particular embodiment a slot-shaped cavity is

present between the inner side of the circumferential wall and
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the outer side of the piston pin head. In this case a narrow
slot at the piston head can be created by adjusting the shape
and size of the piston pin head and the inner side of the
circumferential wall to each other. This means that
conventional complicated manufacturing steps onto a massive
workpiece, such as accurately removing material from a
workpiece at the intended slot, in order to create the slot-
shaped cavity in the piston head can be omitted. Since the
hydraulic device comprises a plurality of pistons the entire
manufacturing effort is simplified.

In a practical embodiment the outer side of the
piston pin head and the inner side of the circumferential wall
of the piston head are parallel.

The piston pin head may partly project from the end
of the piston head in order to minimize the dead volume.

The invention will hereafter be elucidated with
reference to very schematic drawings showing embodiments of
the invention by way of example.

Fig. 1 is a cross-sectional view of an embodiment of
a hydraulic device according to the invention.

Fig. 2 is a cross-sectional view of a part of the
embodiment of Fig. 1 on a larger scale.

Fig. 3 is a perspective view of the shaft of the
embodiment with pistons in non-assembled condition of Fig. 1.

Fig. 4 is a similar view as Fig. 2, but showing an
alternative embodiment.

Fig. 1 shows internal parts of a hydraulic device 1,
such as a pump or hydromotor, which are fitted into a housing
27 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 27 and it is rotatable about a first axis of
rotation 4. The housing 27 is provided on the one side 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
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shaft end 6, protrudes from the housing 27. 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.

The hydraulic device 1 comprises face plates 7 which
are mounted inside the housing 27 at a distance from each
other. The face plates 7 have a fixed position with respect to
the housing 27 in rotational direction thereof. The shaft 2
extends through central through-holes in the face plates 7.

The shaft 2 is provided with a flange 8 which extends
perpendicularly to the first axis of rotation 4. A plurality
of pistons 9 are fixed at both sides of the flange 8 at
equiangular distance about the first axis of rotation 4, in
this case fourteen pistons 9 on either side. The pistons 9
have centre lines which extend parallel to the first axis of
rotation 4. The planes of the face plates 7 are angled with
respect to each other and with respect to the plane of the
flange 8.

Fach of the pistons 9 cooperates with a cylindrical
sleeve 10 to form a compression chamber 11 of variable volume.
The hydraulic device 1 as shown in Fig. 1 has 28 compression
chambers 11. The cylindrical sleeve 10 comprises a sleeve
bottom 12 and a sleeve jacket 13. Each piston 9 is sealed
directly to the inner wall of the sleeve jacket 13 through a
ball-shaped piston head 14. Fig. 2 shows the piston 9
including the piston head 14 on a larger scale.

The sleeve bottoms 12 of the respective cylindrical
sleeves 10 are supported by respective barrel plates 15 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 barrel plates 15 rotate together with the
shaft 2 under operating conditions. The barrel plates 15
rotate about respective second axes which are angled with

respect to the first axis of rotation 4. This means that the
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cylindrical sleeves 10 also rotate about the respective second
axes of rotation. As a consequence, upon rotating the shaft 2
the volumes of the compression chambers 11 change. During
rotation of the barrel plates 15 each cylindrical sleeve 10
makes a combined translating and swivelling motion around the
cooperating piston 9. Therefore, the outer side of each piston
head 14 is ball-shaped. The ball-shape creates a sealing line
between the piston 9 and the cylindrical sleeve 10 which
extends perpendicularly to the centre line of the cooperating
cylindrical sleeve 10. The pistons 9 are conical and their
outer diameters outside the respective piston heads 14
decrease towards the flange 8 in order to allow the relative
motion of the cooperating cylindrical sleeves 10 about the
pistons 9.

The sides of the respective barrel plates 15 which
are directed away from the flange 8 are supported by
regspective supporting surfaces of the face plates 7. Due to
the inclined orientation of the face plates 7 with respect to
the flange 8 the barrel plates 15 pivot about the ball hinges
16 during rotation with the shaft 2. The angle between the
first axis of rotation and the respective second axes of
rotation is approximately nine degrees in practice, but may be
smaller or larger.

The barrel plates 15 are pressed against the
regspective face plates 7 by means of springs 18 which are
mounted in holes in the shaft 2. The compression chambers 11
communicate via a central through-hole in the respective
sleeve bottoms 12 with cooperating passages 19 in the barrel
plates 15. The passages 19 in the barrel plates 15 communicate
via passages in the face plates 7 with a high-pressure port
and a low-pressure port in the housing 27.

Fig. 1 shows that each piston 9 is fixed to the
flange 8 by means of a piston pin 20 which is pressed into a

flange hole 21. Fig. 2 shows the press fitting for one piston
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9. Fig. 3 shows the shaft 2 including the flange 8 and non-
assembled pistons 9, which illustrates that the flange 8 is
provided with 28 flange holes 21. The reason for this is that
the embodiment as shown in Fig. 1 is designed such that the
pistons 9 on either side of the flange 8 alternately move into
the top dead centre and bottom dead centre, which refers to
the position where the volume of the compression chambers 11
is at its minimum and maximum, respectively. Consequently, in
circumferential direction of the flange 8 adjacent flange
holes 21 receive pistons 9 on either side of the flange 8.

Fig. 2 shows that the piston pin 20 has a piston pin
head 22 and a piston pin shank 23. The diameter of the piston
pin head 22 is larger than that of the piston pin shank 23.
The piston pin shank 23 extends through a through-hole along
the centre line of the piston 9 and an end portion thereof is
clamped in the flange hole 21. The piston pin head 22 rests on
a bottom of a piston recess inside the piston head 14. The
piston head 14 of each piston 9 has a circumferential wall of
which the inner side surrounds the piston recess. In assembled
condition as shown in Fig. 2 a circumferential outer side of
the piston pin head 22 faces the inner side of the
circumferential wall of the piston head 14. The
circumferential outer side of the piston pin head 22 and the
inner side of the circumferential wall of the piston head 14
are parallel and form a slot-shaped cavity 25 between the
inner side of the circumferential wall and the outer side of
the piston pin head 22. This means that under operating
conditions hydraulic fluid can enter the cavity 25 and exert a
force onto the circumferential wall of the piston head 14 in
order to deform the piston head 14.

Furthermore, Fig. 2 shows that an end portion of the
piston 9 remote from the piston head 14 is received in a
flange recess 26 such that the piston 9 is locked in lateral

direction with respect to the flange 8. There is play between
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the piston pin shank 23 and the piston 9 in transverse
direction of the piston pin 20 beyond the flange 8. Fig. 2
also shows that the piston pin head 22 partly extends beyond
the end of the piston head 14 as seen from the flange 8.

Fig. 4 shows an alternative embodiment in which the
piston 9 rests on the flange 8 and is locked to the piston pin
shank 23 in transverse direction of the piston pin 20 at a
locking location 28. The locking location 28 is close to the
flange 8 so as to minimize torque on the piston pin shank 23.
There i1s play between the piston pin 20 and the piston 9 in
transverse direction of the piston pin 20 beyond the locking
location 28 as seen from the flange 8.

Fixing the pistons 9 to the flange 8 by means of the
piston pins 20 as described hereinbefore is a relatively
simple way of manufacturing, whereas the desired slot-shaped
cavity 25 is easily created by selecting the dimensions of the
piston pin head 22 and the piston recess.

The invention is not limited to the embodiments shown
in the drawings and described hereinbefore, which may be
varied in different manners within the scope of the claims and

their technical equivalents.
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CLAIMS

1. A hydraulic device (1) comprising a housing
(27), a shaft (2) which is mounted in the housing (27) and
rotatable about a first axis of rotation (4), wherein the
shaft (2) has a flange (8) extending perpendicularly to the
first axis (4), a plurality of pistons (9) which are fixed to
the flange (8) at equiangular distance about the first axis of
rotation (4), a plurality of cylindrical sleeves (10)
cooperating with the pistons (92) to form respective
compression chambers (11) of variable volume, wherein the
cylindrical sleeves (10) are rotatable about a second axis of
rotation which intersects the first axis of rotation (4) by an
acute angle such that upon rotating the shaft (2) the volumes
of the compression chambers (11) change, wherein each piston
(9) has a piston head (14) including a circumferential wall of
which the outer side is ball-shaped and the inner side
surrounds a cavity (25), characterized in that each of the
pistons (9) is fixed to the flange (8) by means of a piston
pin (20) extending through the piston (9) and having a piston
pin head (22) including a circumferential outer side facing
the inner side of the circumferential wall of the piston head
(14).

2. A hydraulic device according to claim 1, wherein
the piston pin (20) has a piston pin shank (23) of which an
end portion is clamped in the flange (8).

3. A hydraulic device according to claim 1 or 2,
wherein the piston (9) 1is locked to the flange (8) in
transverse direction of the piston pin (20), whereas play is
present between the piston pin (20) and the piston (9) in
transverse direction of the piston pin (20) beyond the flange
(8).

4., A hydraulic device according to claim 3, wherein

the flange (8) is provided with flange recesses (26) in which
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end portions of the respective pistons (9) are received so as
to lock the pistons (9) to the flange (8) in transverse
direction of the piston pins (20).

5. A hydraulic device according to claim 1 or 2,
wherein the piston (9) 1is locked to the piston pin (20) in
transverse direction of the piston pin (20) at a locking
location (28) close to the flange (8), whereas play i1s present
between the piston pin (20) and the piston (9) in transverse
direction of the piston pin (20) beyond the locking location
(28) as seen from the flange (8).

6. A hydraulic device according to one of the
preceding claims, wherein a slot-shaped cavity (25) is present
between the inner side of the circumferential wall and the
outer side of the piston pin head (22).

7. A hydraulic device according to claim 6, wherein
the outer side of the piston pin head (22) and the inner side
of the circumferential wall of the piston head (14) are
parallel.

8. A hydraulic device according to one of the
preceding claims, wherein the piston pin head (22) partly

projects from the end of the piston head (14).
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