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A swash plate-type axial piston pump, in particular for hydraulic systems, having a cylinder drum (3), which can be driven in rotation
about an axis of rotation (7) in a pump housing (1) and in which pistons (9) are arranged axially movable, the actuating ends of
which are accessible from outside of the cylinder drum (3) and are supported at least indirectly on a swash plate (15), which, in
order to set the stroke of the pistons (9) and thus the fluid system pressure generated by these, can be swiveled to the desired
angle of inclination relative to the axis of rotation (7) by means of an adjustment device (21), which has at least one swiveling lever
(23), which can be deflected and returned in at least one direction by means of an actuator and which has in at least one
hydraulically actuated actuating cylinder (31, 43) one actuating piston (35) each, which acts on one end on an articulation point
(29) of the swivel lever (23), is characterized in that the at least one actuating piston (35, 47) has at its end, facing away from the
articulation point (29), a guide surface (73), which is an integral part of the actuating piston (35, 47) and is in contact with an
assigned guide surface (33, 45) of the actuating cylinder (31, 43) and in that at least one compensation means (75, 70, 59) is
present, which orients the guide surfaces (73; 33, 45) in their respective positions relative to each other.
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Abstract

A swash plate-type axial piston pump, in particular for hydraulic systems, having a cylinder
drum (3), which can be driven in rotation about an axis of rotation (7) in a pump housing (1)
and in which pistons (9) are arranged axially movable, the actuating ends of which are
accessible from outside of the cylinder drum (3) and are supported at least indirectly on a
swash plate (15), which, in order to set the stroke of the pistons (9) and thus the fluid system
pressure generated by these, can be swiveled to the desired angle of inclination relative to the
axis of rotation (7) by means of an adjustment device (21), which has at least one swiveling
lever (23), which can be deflected and returned in at least one direction by means of an
actuator and which has in at least one hydraulically actuated actuating cylinder (31, 43) one
actuating piston (35) each, which acts on one end on an articulation point (29) of the swivel
lever (23), is characterized in that the at least one actuating piston (35, 47) has at its end,
facing away from the articulation point (29), a guide surface (73), which is an integral part of
the actuating piston (35, 47) and is in contact with an assigned guide surface (33, 45) of the
actuating cylinder (31, 43) and in that at least one compensation means (75, 70, 59) is present,

which orients the guide surfaces (73; 33, 45) in their respective positions relative to each other.
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Swash plate-type axial piston pump

The invention relates to a swash plate-type axial piston pump, in particular for
hydraulic systems, having a cylinder drum, which can be driven in rotation about
an axis of rotation in a pump housing and in which pistons are arranged axially
movable, the actuating ends of which are accessible from outside of the cylinder
drum and are supported at least indirectly on a swash plate, which, in order to
set the stroke of the pistons and thus the fluid system pressure generated by
these, can be swiveled to the desired angle of inclination relative to the axis of
rotation by means of an adjustment device, which has at least one swivel lever,
which can be deflected and returned in at least one direction by means of an
actuator and which has in at least one hydraulically actuated actuating cylinder
one actuating piston each, which acts on one end on an articulation point of the

swivel lever.

Swash plate-type axial piston pumps are state of the art. They are widely used for
pressure media supply of loads such as working cylinders, hydraulic motors and
the like. Axial piston pumps of the genus mentioned above, in which the
inclination of a swash plate can be adjusted relative to the axis of rotation, are
characterized by a better energy balance in operation in contrary to also known
axial piston pumps having a fixed swash plate. Whereas pumps having a fixed
swash plate as fixed displacement pumps at a predefined drive speed always
deliver a constant volume flow of fluid, even if no energy is requested from

pressure-medium actuated units and therefore at no-load the flow resistances in



the hydraulic circuit have to be overcome, for which purpose drive energy is
spent, which does not deliver any useful energy, by the adjustability of the
inclination of the swash plate the delivery volume can be set to zero and the
demand for drive energy can be minimized. An axial piston pump of the type
mentioned above is disclosed in the document WO 2014/187512 A1. The production
of the known axial piston pumps of this genus is expensive, because a
considerable constructional effort is required for the adjustment device having
the gearing connection, which converts the linear motion of the respective
actuating piston of the at least one fixed actuating cylinder into a swivel motion

of the swash plate.

In view of this problem, the invention addresses the object of providing an axial
piston pump whose adjustment device for setting the position of the swash plate
is characterized by a high degree of operational reliability at a comparatively

simple structure.

According to the invention, there is provided a swash plate-type axial piston pump
for a hydraulic system, having a cylinder drum, which can be driven in rotation about
an axis of rotation in a pump housing and in which pistons are axially movable,
actuating ends of which are accessible from outside of the cylinder drum and are
supported at least indirectly on a swash plate, which, in order to set the stroke of
the pistons and thus fluid system pressure generated by the pistons, is swivelable to
a desired angle of inclination relative to the axis of rotation by means of an
adjustment device, which has at least one swivel lever, which can be deflected and
returned in at least one direction by means of an actuator and which has in at least
one hydraulically actuated actuating cylinder one actuating piston each, which acts
on one end on an articulation point of the swivel lever, wherein the at least one
actuating piston has at its end, facing away from the articulation point, a guide
surface, which is an integral part of the at least one actuating piston and is in
contact with an assigned guide surface of the actuating cylinder, at least one
compensation means is present, which orients the guide surfaces in their respective
position relative to each other, wherein two actuating pistons are provided, both of

which have at least one of the compensation means, wherein the actuating cylinder
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has a joint cylinder axis perpendicular to the axis of rotation and is arranged
opposite from the actuating cylinder, wherein the actuating piston of the actuating
cylinder is hydraulically moveable in contrary to the motion of the actuating piston
of the actuating cylinder, wherein a second compensation means is formed
between the actuating cylinder and its piston rod by a guide zone forming a
spherical guide surface of the actuating piston of the actuating cylinder, and
wherein an end of the piston rod of the actuating cylinder forms a second ball joint

at the swivel lever of the swash plate.

The compensation means can be formed at [east partially by a spherical outer
contour of at least one of the guide surfaces and/or a resiliently flexible sealing
arrangement at the free end of at least one respective actuating piston and/or a

compression spring arrangement and/or a lubricant supply.

With particular advantage, the arrangement can be such that the free end face of
one actuating piston is connected to a system pressure side and the free end face
of the other actuating piston is connected to a control pressure side, which are

part of the actuating device for the adjustment device.

The lubricant supply can have a longitudinal channel through one of the actuating
pistons, which is preferably assigned to the system pressure side, and a further
channelin the articulation point of the swivel lever. Advantageously a throttle on
the free end face of the actuating piston can form the inlet of the longitudinal

channel.

For particularly advantageous embodiments, the respective actuating piston has,
adjacent to its end face, a sealing zone, formed by at least one piston ring, and a
guide zone adjoining thereto, which forms the one spherical guide surface, which,
by resting against the guide surface of the actuating cylinder, forms the
compensation means, wherein a section of reduced diameter, forming the

transition to the piston rod of the actuating piston, adjoins the guide zone.
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In advantageous embodiments, the articulation point is formed by a ball joint
having a ball head formed at the free end of the swivel lever and a ball socket
formed on the respective actuating piston, wherein the spring arrangement

holds the ball head and the respective ball socket in force-fitted contact with

each other. This allows the entire actuator to be formed free of play.

The arrangement can advantageously be made such that the spring
arrangement simultaneously pre-loads the swash plate in the swivel position
corresponding to maximum pump delivery. Due to this double function of the
spring arrangement, the actuating cylinder does not have to be formed as a
double-acting cylinder for the generation of actuating movements in both
directions, but a single-acting actuating cylinder may be provided, which only
causes an actuating motion from the swivel position for maximum pump

delivery to a lower delivery volume, down to zero delivery.

In a particularly advantageous manner, the spring arrangement may have a
compression spring, which preloads the piston rod of the second actuating piston
for the motion, corresponding to the extension of the actuating piston of the
second actuating cylinder and the retraction of the actuating piston of the first
actuating cylinder and thus to the swiveling of the swiveling lever from the direction

parallel to the axis towards the position of maximum pump delivery.

With regard to the actuation of the adjustment device, the arrangement may be
advantageously such that the first actuating cylinder is pressurized with a
control pressure for adjusting the pump delivery and the second actuating
cylinder is pressurized with the existing system pressure. In this way the
adjustment device is set to maximum delivery by the force of the compression
spring, when there is no system pressure, i.e. when the pump is at a standstill.
When operating the pump with the resulting system pressure, the setting to
maximum delivery is maintained until the actuating force, generated by the
control pressure in the first actuating cylinder, exceeds the piston force,
generated by the system pressure in the second actuating cylinder plus the

spring force, after which, depending on the control pressure, the swash plate is
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swiveled back to a lower delivery rate.

For an operation at a control pressure of limited pressure level, preferably the
piston surface, which can be pressurized by the control pressure, of the piston of
the first actuating cylinder is selected to be larger than the piston surface, which
can be pressurized by the system pressure, of the piston of the second actuating

cylinder.

The invention is explained in detail below, with reference to an embodiment

shown in the drawing. In the Figures:

Fig.1  shows alongitudinal section of a swash-plate type axial piston pump

according to the state of the art;

Fig.2  shows alongitudinal section of the axial piston pump, rotated by 90° in

relation to Fig. 1, in accordance with the state of the art;

Fig. 3  shows aside view of the embodiment of the axial piston pump according
to the invention, wherein the adjustment device is shown in sectional

view;
Fig. 4 shows arepresentation corresponding to Fig. 3, wherein the adjustment

device is shown in the operating state corresponding to maximum pump

delivery;
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Fig.5 shows a cut off representation enlarged in relation to Figs. 3 and 4,
wherein the adjustment device is shown in the operating state

corresponding to zero delivery;

Fig. 6 shows a separate representation of the actuating piston, left-sided in Fig. 5,

of the embodiment according to the invention;

Fig.7  shows a longitudinal section of the representation of Fig. 6;

Fig. 8 shows the area marked X in Fig. 7 in a representation enlarged about 50

times compared to Fig. 7;

Fig.9 shows a side view of a piston ring of the embodiment, having a

separation point; and

Fig.10 shows the area, designated by Y in Fig. 9, of the separation pointina

representation enlarged about 50 times compared to Fig. 9.

In the figures, of which Figs. 1and 2 show an axial piston pump in accordance with
the state of the art and Figs. 3 to 10 show an embodiment of the invention, a pump
housing is designated by 1, in which a cylinder drum 3 can be rotated about an axis of
rotation 7 by means of a drive shaft 5. As can best be seen in Figs. 1 and 2, which show
a state-of-the-art axial piston pump, axially movable pistons 9, located in the cylinder
drum 3, are supported on the sliding surface 13 of a swash plate 15 by sliding shoes 11
located at the upper ends of the pistons 9. At the end, facing away from the sliding
surface 13, the swash plate 15 is movably guided on the pump housing 1 via an circular
arc-shaped swash-plate bearing 17 such that the swash plate 15 can be swiveled about
a swivel axis, which, running perpendicular to the axis of rotation 7, runs in the plane
of the sliding surface 13 of the swash plate 15 and thus perpendicular to the drawing
plane of Figs. 1, 3 and 4. By means of an adjustment device designated as a whole by

21, the swash plate 15 can be swiveled about this swivel axis between the swivel
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settings shown in Figs. 1 and 4, which correspond to the maximum delivery rate of
the pump, and the settings shown in Figs. 2, 3 and 5 on zero delivery, wherein in this
process the plane of the sliding surface 13, in relation to the vertical course of the axis
of rotation 7, is in the horizontal, such that no stroke of the pistons 9 occurs during

the rotation of the cylinder drum 3.

As the actuating part assigned to the swash plate 15, the adjustment device 21has a
swivel lever 23, which is attached to the swash plate 15 and extends laterally of the
swash plate 15 and the cylinder drum 3. A swivel pin 19 (see Fig. 2) is used to swivel
mount the swivel lever 23 on the housing 1. The swivel lever 23 has an articulation point
29 at its lower free end, at which the actuators of the adjustment device 21 actin order
to move the swivel lever 23 in the drawing plane of Figs. 1and 3 to 5 and thus swivel

the swash plate 15 about its swivel axis.

As shown in Figs. 3 to 5, the adjustment device 21 has a first actuating cylinder 31
having a cylinder liner 33 defining a cylinder axis 32, wherein in said cylinder liner 33
an actuating piston 35 is guided. The piston 35 is formed by a turned part, integral
with its piston rod 37, and has a ball socket 39 at its free end, which forms a ball joint
by contacting the ball head 29, forming the articulation point, of the swivel lever 23.
Opposite from the first actuating cylinder 31 and located on the same cylinder axis 32
therewith, the adjustment device 21 has a second actuating cylinder 43 having a
cylinder liner 45. A second actuating piston 47 is guided therein, which, like the first
actuating piston 35, together with its piston rod 49 is formed by a one-piece turned
part . Like the first actuating piston 35, the second actuating piston 47 has a ball
socket 51 at the free end of its piston rod 49, wherein said ball socket 51 forms a
second ball joint by contacting the ball head 29 of the swivel lever 23. The pressurized
piston area 53 of the first piston 35 is larger than the pressurized piston area 55 of
the second actuating piston 47. A compression spring 59 is clamped between the
cylinder liner 45 of the second actuating cylinder 43 and a spring plate 57, which is
formed by a radially projecting collar of the piston rod 49 of the second actuating
piston 47, wherein said compression spring 59 pretensions the adjustment device 21
to the setting shown in Fig. 4, corresponding to the maximum pump delivery, and

also keeps the ball joints formed at the ball head 29 of the swivel lever 23 free of play.
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To keep the actuating pistons 35 and 37 free from constraining forces during the
adjustment movements, in which the ball head 29 of the swivel lever 23 moves
slightly away from the cylinder axis 32 at a vertical motion component, the
invention provides a compensation means, which replaces the additional ball joint
provided for this purpose in the state of the art and arranged in the respective
actuating piston. In the present embodiment of the invention, the compensation
means is formed by guide surfaces on the respective actuating piston 35, 47,
which is integrally formed with its piston rod 37 or 49, and formed by a guide
surface on the associated actuating cylinder 31, 43, more precisely, by its cylinder
liner 33 or 45. In the embodiment shown, a special outer contour of the respective
actuating piston 35, 47 is provided as a guide surface forming part of the
compensation means. The corresponding design is explained with reference to
Figs. 6 to 8, which contain separate representations of the second actuating
piston 47 that is integral with its piston rod 49. The circumferential profile shown
in these figures, and in particular in Fig. 8, for the smaller actuating piston 47

corresponds fully to the circumferential profile of the larger actuating piston 35.

Figs. 6 and 7 show the actuating piston 47 having the pressure spring 59
premounted thereon, which rests on one side on the fixed spring plate 57 of the
piston rod 49 and rests at the other end on a spring plate, which can be moved on
the circular cylindrical outer surface 61 of the piston rod 49, which is a spring plate
composed of two ring halves 63 and 65. In the relaxed state of the compression
spring 59, shown in Figs. 6 and 7, the split spring plate 63, 65 is in contact with a
step 67 of the piston rod 49. The design of the outer contour of the actuating
pistons 35 and 47, which as part of the compensation means permits a limited
deflection motion of the axis of the piston rods 37, 49 from the cylinder axis 32, is
only shown in more detail for the smaller piston 47 in Fig. 8 by way of example. As
shown, near the front piston surface 55, a sealing zone 69 is formed by a piston ring
pack 70, which consists of three equally formed piston rings 71, one of which is
shown in Figs. 9 and 10 in more detail. On the end facing away from the piston
surface 55 a guide zone 73 adjoins to the piston rings 71 (see Fig. 8). The guide zone
73 is formed by a circumferential section 75, which forms the respective piston-sided

guide surface and has a slight spherical curvature, which is selected such that the
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piston 47, even for a slight axial deviation, is guided in the respective cylinder liner
33, 45, which form the cylinder-sided guide surface. Section 77, having a reduced
outer circumference, in turn adjoins the section 75 (Fig. 8), wherein said section 77
forms the transition to the circumferential sections, having a further reduced outer

diameter, of the piston rod 49.

Figs. 9 and 10 show the construction of the piston rings 71. In Fig. 10 the open area,
marked Y in Fig. 9, of the respective piston ring 71 is shown in more detail. As shown,
this area is toothed in such a way that the piston ring 71is elastically flexible, because
there are free spaces 79 at the transition area of its ring ends 80, within the free
spaces 79 the two ring ends 80 can move against each other, as indicated by
direction arrows 81, while sliding against each other at a separation point 83, which
forms a sealing surface. For the lubricant supply of the ball joints formed from the
ball head 29 and the ball sockets 39 and 51, a drilled hole 85 for lubricants is formed
in the piston 47, which can be subjected to the system pressure, and continuous in
the piston rod 49, wherein said drilled hole 85, starting from a throttle point 87
located on the piston surface 55, leads to the ball socket 51 and from there continues

via a drilled hole 89 in the ball head 29 to the ball socket 39 of the larger piston 35.

As mentioned, the pressure chamber 91 of the actuating cylinder 31 (Fig. 3 and 5)
can be pressurized with the control pressure actuating the adjustment device 21,
while the pressure chamber g3 of the actuating cylinder 43 (Fig. 4) can be
pressurized with the system pressure. Fig. 4 shows the setting to maximum
delivery rate and no control pressure in pressure chamber 91 of the larger actuating
piston 35. Due to the system pressure acting in the pressure chamber 93 of the
smaller actuating piston 47 and the force of the compression spring 59, which rests
on the cylinder liner 45 via the split spring plate 63, 65, the pistons 35 and 47 are
shifted to the right in the drawing and the swivel lever 23 is swiveled out into the
position shown in Fig. 4. To set the adjustment device 21 to a lower delivery rate, an
appropriate control pressure is supplied to the pressure chamber 91 of the
actuating cylinder 31. As soon as this exceeds the combined force resulting from
the system pressure in the pressure chamber 93 of the smaller piston 47 and from

the force of the compression spring 59, the pistons 35, 47 move to the left in the
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drawing, wherein the delivery rate can be reduced to zero delivery, as shown in
Figs. 3 and 5, wherein the split spring plate 63, 65 has shifted on the cylindrical
section 61 of the piston rod 49 and moved away from the step 67, wherein the
compression spring 59 is compressed. Due to the action of the compression spring
59 the adjustment device is set to the maximum delivery rate, shown in Fig. 4, even

when the pump is at a standstill and thus there is no system pressure.
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What is claimed is:

1. A swash plate-type axial piston pump for a hydraulic system, having a cylinder
drum, which canbe driven in rotation about an axis of rotation in a pump housing
and in which pistons are axially movable, actuating ends of which are accessible
from outside of the cylinder drum and are supported at least indirectly on a
swash plate, which, in order to set the stroke of the pistons and thus fluid system
pressure generated by the pistons, is swivelable to a desired angle of inclination
relative to the axis of rotation by means of an adjustment device, which has at
least one swivel lever, which can be deflected and returned in at least one
direction by means of an actuator and which has in at least one hydraulically
actuated actuating cylinder one actuating piston each, which acts on one end on
an articulation point of the swivel lever, wherein the at least one actuating piston
has at its end, facing away from the articulation point, a guide surface, which is
an integral part of the at least one actuating piston and is in contact with an
assigned guide surface of the actuating cylinder, at least one compensation
means is present, which orients the guide surfaces in their respective position
relative to each other, wherein two actuating pistons are provided, both of
which have at least one of the compensation means, wherein the actuating
cylinder has a joint cylinder axis perpendicular to the axis of rotation and is
arranged opposite from the actuating cylinder, wherein the actuating piston of
the actuating cylinder is hydraulically moveable in contrary to the motion of the
actuating piston of the actuating cylinder, wherein a second compensation
means is formed between the actuating cylinder and its piston rod by a guide
zone forming a spherical guide surface of the actuating piston of the actuating
cylinder, and wherein an end of the piston rod of the actuating cylinder forms a

second ball joint at the swivel lever of the swash plate.

2. The axial piston pump according to claim 1, wherein the compensation means

is formed at least partly by at least one of:

— a resiliently flexible sealing arrangement at a free end of at least one
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respective actuating piston,
— a compression spring arrangement, and

— alubricant supply.

3. The axial piston pump according to claim 2, wherein a free end face of one
actuating piston is connected to a system pressure side and a free endface
of the other actuating piston is connected to a control pressure side, which

are part of the actuating device for the adjustment device.

4. The axial piston pump according to claim 3, wherein the lubricant supply

has a longitudinal channel through one of the actuating pistons.

5. The swivel piston pump according to claim 4, wherein the longitudinal
channel is assigned to the system pressure side, and a further channel in

the articulation point of the swivel lever.

6. The axial piston pump according to any one of claims 3 to 5, wherein the
respective actuating piston has, adjacent to its respective free end face, a
sealing zone, formed by at least one piston ring, and the guide zone
adjoining thereto, which forms the spherical guide surface, which, by
resting against the guide surface of the actuating cylinder, forms the
compensation means, and in that a section of reduced diameter, forming
the transition to the piston rod of the actuating piston, adjoins the guide

zone.
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7. The axial piston pump according to any one of claims 2 to 5, wherein the
articulation point is formed by a ball joint having a ball head, formed at
the free end of the swivel lever, and a ball socket formed on the
respective actuating piston, and in that the spring arrangement holds the
ball head and the respective ball socket in force-fitted contact with each

other.

8. The axial piston pump according to any one of claims 2 to 5 or 7, wherein
the spring arrangement pre-loads the swash plate in the swivel position

corresponding to maximum pump delivery.

9. The axial piston pump according to any one of claims 1 to 6, wherein the
swivel lever extends laterally of the swash plate and of the cylinder drumin
parallel to the axis of rotation when set to zero pump delivery and has a

ball joint at its free end.

10. The axial piston pump according to any one of claims 2 to 5,7, or 8, wherein
the spring arrangement has a compression spring, which preloads the
piston rod of the second actuating piston for the motion, corresponding
to extension of the actuating piston of the second actuating cylinder and
retraction of the actuating piston of the first actuating cylinder and thus to
swiveling of the swivel lever from a direction parallel to the axis towards

the position of maximum pump delivery.

11. The axial piston pump according to any one of claims 3 to 5, wherein the
free face surface, which is pressurizable by the control pressure, of the
piston of the first actuating cylinder is selected to be larger than a piston
area, which can be pressurized by the system pressure, of the piston of

the second actuating cylinder.

12. The axial piston pump according to any one of claims 3 to 5, wherein the
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respective actuating piston, adjacent to its end face, has a sealing zone,
formed by at least one pistonring, and wherein said sealing zone is formed

by a piston ring pack consisting of at least two equally formed piston rings.

13. The axial piston pump according to claim 12, wherein the piston ring rack

consists of three, equally formed piston rings.

14. The axial piston pump according to any one of claims 3 to 5, wherein the
respective actuating piston, adjacent to its end faces, has a sealing zone,
formed by at least one piston ring, which is formed elastically flexible due
to free spaces, formed at the transition area of its ring ends, and wherein

within the free spaces, the two ring ends can move relative to one another.
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