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Variable pump or hydraulic motor

The invention concerns a pump or hydraulic motor in
accordance with the preamble of claim 1. Such pumps or
hydraulic motors are known as bent axis pumps or motors.
The plungers of the known pumps or motors are swivable
connected to a flange and are movable in cylinders, which
are at one end of a rotor. At the other end of the rotor
a port plate i1s positioned; this end of the rotor forms
the valve surface. The port plate is located between the
valve surface of the rotor and the housing. In the known
pumps or motors, the port plate positioning drive com-—
prises hydraulic actuators, which move a coupling pin in
a slot in the housing. The coupling pin is positioned in
a hole in the centre of the port plate so coupling the
port plate to the hydraulic actuators.

This known construction has the disadvantage that in
the centre plane at the location of the slot the housing
does not support the port plate sufficiently so that the
port plate can deform under influence of the high pres-
sure between the port plate surface and the valve sur-—
face. Also between the pressure ports, which is in the
area of the centre plane, the pressure between the port
plate surface and the valve surface fluctuates with the
passage of the cylinder channels and thereby causes fluc-
tuations in the deformations. It is not possible to com—
pensate for these fluctuations in the design of the
parts. These fluctuating deformations create gaps, which
cause leakage of oil. If the deformations are limited,
for instance to a maximum of 3 to 5 micro millimetres,
the leakage between the port plate surface and the valve
surface remains acceptable. A higher value reduces the
efficiency of the pump or motor in an undesirable way.

This requirement limits the first radius, as a larger ra-—
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dius reduces the stiffness of the port plate and so in-

creases the deformations.

A further disadvantage of the known construction is
that it is not possible to extend the drive axis through
an opening in the port plate. Such an extension would
make it possible to connect several pumps or motors in-
line. An opening in the port plate with a diameter sui-
table for letting the drive axis pass through would fur-
ther reduce the stiffness of the port plate and would in-

terfere with the hydraulic actuators.

In order to overcome these disadvantages the pump or
hydraulic motor is in accordance with the characterizing
part of claim 1. Supporting the port plate in the centre
plane using the hydraulic actuators reduces the deforma-
tions caused by the fluctuating high-pressure between the
valve surface and the port plate surface, making it pos-—
sible to overcome the disadvantages of the known design

without adding to leakage.

In accordance with an embodiment, the pump or hy-
draulic motor is according to claim 2. In this way the
hydraulic actuators directly support the area with the
fluctuating pressure thereby further reducing the fluctu-

ating deformations.

In accordance with an embodiment, the pump or hy-
draulic motor i1s according to claim 3. By connecting the
second actuator with the high-pressure port, it is neces-
sary that the control unit keeps the first actuator under
pressure as well. In this way it is ensured that both ac-

tuators support the port plate.

In accordance with an embodiment, the pump or hy-
draulic motor is according to claim 4. The first actuator
and the third actuator work together, whereby the third

actuator directly compensates the force that the second
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actuator exerts on the port plate. This leads to lower

forces on the port plate and reduces deformations.

In accordance with an embodiment, the pump or hy-
draulic motor is according to claim 5 or 6. This reduces

the number of separate parts.

In accordance with an embodiment, the pump or hy-
draulic motor is according to claim 7. This way the
torque for positioning or rotating the port plate is more
or less independent of the rotational position of the

port plate, so making positioning the port plate easier.

In accordance with an embodiment, the pump or hy-
draulic motor is according to claim 8. In this way, the
hydraulic actuators have a simple and cost effective de-

sign.

In accordance with an embodiment, the pump or hy-
draulic motor is according to claim 9. This ensures that
the second cylinders do not exert a sideways force on the
port plate and that the design can be more compact by
having canals in the port plate for supplying o0il to the

various cylinders.

In accordance with an embodiment, the pump or hy-
draulic motor is according to claim 10. This ensures that
during starting pressure build-up can take place in the
high-pressure port and in the connected cylinders by pre-
venting leakage through various gaps. After starting, the

high pressure ensures that the gaps remain closed.

In accordance with an embodiment, the wvariable pump
or hydraulic motor is according to claim 11. This reduces
the number of different parts in the device and eases

production or maintenance of the pump or motor.

In accordance with an embodiment, the variable pump

or hydraulic motor is according to claim 12. By providing
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the bearing surfaces with openings connected to the pres-
sure ports, there is a simple and direct connection be-

tween the pressure lines and the chambers.

In accordance with an embodiment, the variable pump
or hydraulic motor is according to claim 13. This further
avoids bending forces on and resulting deformations of

the port plate.

In accordance with an embodiment, the variable pump
or hydraulic motor is according to claim 14. In this way

a compact high capacity pump or motor is made.

The invention is explained below with reference to
an embodiment and with the aid of a drawing, in which:
Figure 1 shows a cross section and the interior of a hy-
draulic device such as a pump,

Figure 2 shows a perspective view of the interior of the
hydraulic device of figure 1,

Figure 3 shows a perspective view 0of the port plates and
the port plate drives of the hydraulic device of figure
1,

Figure 4 shows a side view of a port plate of the hydrau-
lic device of figure 1, and

Figure 5 show a frontal view of the port plate of figure

4.

The hydraulic device shown in figure 1 is described
below as a pump 12. A motor (not shown) drives the pump
12 via a splined shaft end 24. The pump 12 is connected
with pressure lines (not shown) and compresses o0il of
low-pressure to oil of high—-pressure. Using more or less
the same components the hydraulic device can be used as a
hydraulic motor as well. In that case, o0il of high-pres-
sure feeds into the motor and the splined shaft end 24
drives equipment. The document WO 03/058035 describes the

various components used in the embodiment in more detail
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and this description is included herein if required for

further explanation of the invention.

The pump 12 comprises a housing 22 on which a first
cover 10 and a second cover 23 are fastened with bolts
11, the first cover 10 and the second cover 23 have bear-
ings 2 in which a shaft 3 can rotate around a first axis
L. The shaft 3 sealingly extends through the second cover
23 and ends as the splined shaft end 24. The shaft 3 has
a flange 29 in the centre of the housing 22 and pump
plungers 28 extend on both sides of the flange 29, in
this embodiment on both sides twelve pump plungers 28.
Pump cylinders 26 enclose the pump plungers 28 and rest
against a channel plate 25. The pump plungers 28 have a
spherical sealing surface that seals against the inside
surface of the pump cylinder 26, so that the inside of
the pump cylinder 26 forms a pump chamber with the pump
plunger 28. During use, the pump cylinders 26 seal
against the channel plate 25 under influence of the pres-
sure in the pump chamber. In order to prevent that leak-
age occurs in situations where the pressure in the pump
chamber is too low a spring 27 is provided, this spring
27 presses the pump cylinders 26 against the channel
plate 25. In other embodiments in stead or in addition to
the spring 27 locking means hold the pump cylinder 26
against the channel plate 25, thereby maintaining the
possibility of a sliding movement of the pump cylinder 26

over the channel plate 25.

An opening in the bottom of the pump cylinder 26
connects with a channel 31, which ends at a valve surface
6 of the channel plate 25. The valve surface 6 rotates
over a port plate surface 7 of a port plate 8. The chan-
nel plate 25 rotates with the shaft 3 and is coupled with
the shaft 3 by a sphere shaped coupling 4, so that it can

swivel over the coupling 4 and rotate around a second
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axis M, which intersects the first axis L. The port plate
8 determines the tilt angle of the second axis M. The di-
rection of centre lines M’ of the pump cylinders 26 is
parallel to the second axis M, so that the sealing sur-
face between a pump plunger 28 and a pump cylinder 26 is
perpendicular to the second axis M. The first cover 10
and the second cover 23 and the housing 22 have canals
(not shown) that connect the pressure lines with the port

plates 8 and so with the pump chambers.

Due to the angle between the first axis L and the
second axis M in a full rotation of the shaft 3 the vo-
lume of the pump chamber changes a stroke volume between
a maximum volume and a minimum value. The stroke volume
determines the pump capacity. By rotating the port plate
8 around a third axis N (see figures 4 and 5), which is
perpendicular to a centre plane through the first axis L
and second axis M and intersects these axis L and M, the
angle between the first axis L and the second axis M is
changed and with this also the stroke volume and capacity
of the pump 12. A first actuator 33 and a third actuator
19 rotate the port plate 8 in a first direction. The
first actuator 33 comprises a plunger 1 mounted in the
first cover 10. A cylinder 14 is mounted around the
plunger 1. To follow the rotation of the port plate 8 the
underside of the cylinder 14 can slide over a slide sur-—
face 35 which is the bottom of a slot 34 in the port
plate 8. An actuator chamber of the first actuator 33,
formed by the plunger 1 and the cylinder 14, is open at
the bottom and connects with an interconnecting channel
17 in the port plate 8 to a similar actuator chamber of
the third actuator 19. The third actuator 19 has a hollow
plunger 18 mounted in a support 21 attached to the house
22. A canal through this hollow plunger 18 is part of a

control channel 20 that is connected to a control unit
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(not shown). By increasing oil pressure in the control
channel 20, the first actuator 33 and the third actuator
19 rotate the port plate 8 towards a position with a re-

duced stroke volume.

The second actuator 13 comprises a plunger 1 mounted
in the first cover 10 and a cylinder 14 slidable over the
slide surface 35. The actuator chamber is connected
through the opening in the bottom of the cylinder 14 with
a high pressure channel 16 in the port plate 8 that con-
nects the actuator chamber with a high-pressure port 39
(see figures 4 and 5). The high-pressure port 39 is con-
nected to the pressure line with o0il of high pressure and
the second actuator 13 counter acts the torque that is
acted by the first actuator 33 and the third actuator 19
on the port plate 8 and the second actuator 13 moves the
port plate 8 to a position with an increased stroke vo-

lume.

When starting the pump 12 a spring 30 presses the
port plates 8 in a tilted position, a spring support 32
positions the spring 30 on the port plate 8. In the
tilted position, the stroke volume is maximal during
starting. In order to prevent leakage between the cy-
linders 14 and the port plate 8 the cylinders are pressed
by a spring (not shown) against the port plate 8. In an-
other embodiment, there are (additional to or instead of
the spring) locking means that hold the cylinders 14
slidingly against the port plate 8. After the pump 12 has
started the pressure in the actuator chamber presses the

cylinders 14 against the port plate 8.

The figures 2, 3, 4 and 5 show the interior of the
pump 12 and the port plates 8. Each port plate 8 has in
the port plate surface 7 a high-pressure port 39 and a

low—pressure port 40, between these ports there is a
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crossover area 41. The other side of the port plate 8 has
a cylindrical bearing surface 37 that rests in a cylin-
drical support surface (not shown) of the first cover 10
or the second cover 23. The port plate 8 can rotate in
this cylindrical support surface around the third axis N.
The cylindrical bearing surface 37 that lies opposite the
high-pressure port 39 has a high-pressure canal 38 that
connects in the port plate 8 with the high-pressure port
39. In the first cover 10 or the second cover 23 the
high-pressure canal 38 continues to the high-pressure
pressure line. In the same way, the cylindrical bearing
surface 37 that lies opposite the low-pressure port 40
has a low-pressure canal 36 that connects to the low-
pressure pressure line in the first cover 10 or the se-

cond cover 23.

During operation the high-pressure port 39 produces
a high o0il pressure between the port plate surface 7 and
the valve surface 6 at the location of the high-pressure
port 39 and a diminishing pressure in the surrounding
seal land, that is the surrounding area of the high-pres-
sure port 39 that works as a seal between the high pres-
sure and the pressure-less inside of the pump 12. The
high oil-pressure causes a force on the port plate 8 that
is more or less completely counteracted by force in the
direction of the port plate surface 7 caused by the high
pressure in the high-pressure canal 38 in the cylindrical
bearing surface 37 and the surrounding seal land. This
requirement determines the area of the high-pressure ca-

nal 38 in the cylindrical bearing surface 37.

The rotating pump cylinders 26 and the rotating
channels 31 cause a fluctuating pressure in the crossover
area 41 as the pressure changes when a channel 31 changes
from the connection with the high-pressure port 39 to the

low-pressure port 40 or vice versa. This fluctuating
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pressure causes a fluctuating force on the port plate 8
and causes fluctuating gaps between the port plate sur-
face 7 and the wvalve surface 6, which leads to oil lea-
kage that must be as little as possible as it reduces the
efficiency of the pump 12. In order to reduce these gaps
the first actuator 33 and the second actuator 13 on work
the port plate 8 in the direction of the port plate sur-
face 7 and have a direction perpendicular on this sur-—
face. In this way, the forces of the actuators help to
close the possible gaps and reduce the deformations of
the port plate 8. The actuators work at a distance from
the third axis on the port plate 8, which is equal or
larger than the radius of crossover area 41, which also
reduces deformations of the port plate 8. Preferably, the
positions of the actuators are such that the stroke of
the plungers 1 and 18 in the cylinders 14 is equal or
less than the stroke of the pump plungers 28 in the pump
cylinders 26, so that the same parts can be used. This
means that the distance of the actuators to the first
axis L can maximal be twice the radius of the pump plun-

gers 28 around the first axis L.

Placing the actuators at a distance from the third
axis N that is greater than the radius of the pressure
ports 39 and 40 has the additional advantage that the
shaft 3 can extend through a hole in the port plate 8. It
is then possible to place several pumps in line with each

other whereby the shafts 3 are connected.

The disclosed embodiment shows two sets of pump
plungers 28 each working with a port plate 8. This design
has the advantage that a small angle between the first
axis L and the second axis M obtains a pump of high ca-
pacity. It will be clear that the various measures taken
to obtain a simple and efficient design are independent

from this advantage. In addition, the design of the port
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plate 8 and the actuators is for instance also suitable
for bent axis pumps that have a rotor with cylindrical

holes whereby a port plate supports this rotor directly.
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Claims:

1. Pump or hydraulic motor comprising a shaft (3) with a

first axis of rotation (L) rotatable mounted in a
housing (10,22,23), first plungers (28) connected to
the shaft and rotatable around the first axis of rota-
tion, a port plate (8) mounted in the housing and pro-
vided with a port plate surface (7) with at a first
radius a high-pressure port (39) and a low—-pressure
port (40) each connected to a respective pressure
line, first cylinders (26) rotatable around a second
axis of rotation (M), which intersects the first axis
in a centre plane, and sealingly fitted around the
first plungers for forming with the first plungers
chambers with a volume that in a full rotation changes
a stroke volume, cylinder channels (31) each rotatable
with and connected to a chamber and ending in a wvalve
surface (6) which is rotatable along the port plate
surface (7) for connecting the chamber with the high-
pressure port or the low pressure port, whereby by ro-
tating the port plate around a third axis (N) which is
perpendicular to the centre plane and intersects the
first axis and the second axis, the stroke volume can
be changed using a port plate positioning drive
(13,19,33) located in the centre plane exerting a

force on the port plate characterised in that that the

port plate positioning drive comprises two counter-
acting hydraulic actuators (13,33) acting on the port
plate (8) 1in the direction of the first cylinders
(26) .

. Pump or hydraulic motor in accordance with claim 1

whereby the hydraulic actuators (13,19,33) act on the
port plate (8) at a radius equal or larger than the

first radius.
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10.

. Pump or hydraulic motor in accordance with claim 1 or

2 whereby the first hydraulic actuator (33) is con-—
nected to a control unit and the second hydraulic ac-—

tuator (13) to the high-pressure port (39).

. Pump or hydraulic motor in accordance with claim 3

whereby the port plate positioning drive comprises a
third hydraulic actuator (19) which is connected to
the first hydraulic actuator (33) and which is placed

opposite and counteracting the second actuator (13).

. Pump or hydraulic motor in accordance with claim 4

whereby the port plate (8) comprises a first canal
(17) that connects the first actuator (33) and the
third actuator (19).

. Pump or hydraulic motor in accordance with claim 3, 4

or 5 whereby the port plate comprises a second canal
(16) that connects the second actuator (13) with the

high-pressure port (39).

. Pump or hydraulic motor in accordance with one of the

previous claims whereby the forces exerted by the hy-
draulic actuators (13,19,33) on the port plate (8) are

parallel to the second axis (M).

. Pump or hydraulic motor in accordance with claim 7

whereby the hydraulic actuators (13,19,33) each com-
prise a second plunger (1;18) mounted in the housing
(10,22) and a cup shaped second cylinder (14) fitted
around the second plunger sealing in a plane perpen-—

dicular to the second axis (M).

. Pump or hydraulic motor in accordance with claim 7 or

8 whereby the second cylinders (14) are slidable
and/or sealingly supported on the port plate (8).

Pump or hydraulic motor in accordance with claim 7,

8 or 9 whereby the second cylinder (14) and/or the
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11.

12.

13.

14.

port plate (8) has spring and/or locking means for
preventing a large gap between the second cylinder and

the port plate.

Pump or hydraulic motor in accordance with claim 7,
8, 9 or 10 whereby the first plungers (28) and the
first cylinders (26) are identical with respectively
the second plungers (1;18) and the second cylinders

(14) .

Pump or hydraulic motor in accordance with one of
the previous claims whereby the port plate (8) com—
prises opposite the port plate surface two cylindrical
bearing surfaces (37) for supporting the port plate in
the housing (10,23), the cylindrical bearing surfaces
having the third rotation axis (N) as the centre line
and each surface is provided with an opening (36, 38)
connected to the high-pressure port (39) or the low-
pressure port (40) located on the opposite side of the

port plate.

Pump or hydraulic motor in accordance with claim 12
whereby the cylindrical bearing surface (37) opposite
the high-pressure port (39) is designed such that the
projection on the port plate surface (7) of the area
having a high pressure between the housing (10,23) and
the cylindrical bearing surface is more or less equal
to the area having a high pressure between the valve

surface (6) and the port plate surface.

Pump or hydraulic motor in accordance with one of
the previous claims whereby the shaft (3) comprises a
flange (29) with two sets of first plungers (28) these
sets extending in opposite directions and on both
sides of the flange a ring shaped port plate (8)

through which the drive axis extends.
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