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1
PRESSURE MEDIUM-ACTUATED UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention pertains to a pressure medium-actuated unit
including a cylinder with closed ends and an inside surface
with a pair of diametrically opposed axially extending ribs,
and a motor shaft with a pair of diametrically opposed axially
extending vanes, wherein the vanes and the ribs bound first
and second pairs of diametrically opposed working chambers
between the motor shaft and the cylinder.

2. Description of the Related Art

Pressure medium-actuated units are generally used to sup-
port the operating movement of a component. The component
can be subjected to an external load. In the case of a unit
designed as a swivel motor, e.g., in the chassis of a vehicle, a
stabilizer arrangement can execute a swiveling movement,
but, during a spring deflection of the wheels of an axle, it is
also subjected to a load of much higher frequency than the
rolling movement of a vehicle body and thus to pressure
changes in the supply of pressure medium.

This problem of the pulsation of the pressure medium is
explained in DE 10 2004 051 444 A1, and as a solution, a
foam body is proposed, which is placed in at least one work-
ing chamber of the unit. This foam body is associated at least
with the disadvantage that the operating distance of the unit is
limited. In addition, care must be taken to ensure that, over the
service life of the unit, no decomposition phenomena occur
which lead to the release of particles from the foam body,
because these particles could cause clogging in the unit or in
the pressure supply system.

DE 10 2004 039 767 Al, which represents the prior art,
discloses a swivel motor including a cylinder with closed
ends and an inside surface with a pair of diametrically
opposed axially extending ribs, and a motor shaft with a pair
of diametrically opposed axially extending vanes, wherein
the vanes and the ribs bound first and second pairs of dia-
metrically opposed working chambers between the motor
shaft and the cylinder. First and second pressure medium
ports are connected to respective first and second pairs of
working chambers, each pair being connected by an intercon-
nection system. The first working chambers alternate with the
second working chambers, and at least one working chamber
is connected to a pressure compensation element.

The pressure compensation element is formed by a pres-
sure-limiting valve, which opens in the direction toward the
working chamber with the lower working pressure, so that
pressure medium can flow from at least one working chamber
of a first group into a working chamber of the second group.

The pressure-limiting valve opens as a function of the
pressure difference between two working chambers of differ-
ent groups. The elastic deflection of a wheel can cause the
load in a first working chamber to decrease, while the adja-
cent working chamber can be compressed. As soon as the
pressure difference falls below a certain value, the pressure-
limiting valve opens, even though the working pressure in the
compressed working chamber has still not reached a critical
value. With respect to its opening behavior, the pressure-
limiting valve cannot distinguish between an allowable peak
pressure in the compressed working chamber and a momen-
tary pressure difference between two adjacent working cham-
bers.

Another solution is proposed in DE 101 40 460 C1, accord-
ing to which the pressure medium-actuated unit is connected
to an external air cushion, which is intended to prevent cavi-
tation in a working chamber.
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2
SUMMARY OF THE INVENTION

An object of the present invention is to provide a way to
deal with the negative effect of the pressure pulsation in a
pressure medium-actuated unit.

According to the invention, the pressure compensation ele-
ment is formed by a compensating space, which is divided by
amovable separating element, where each compensating sub-
space is connected to at least one working chamber of a
pressure-medium port.

The great advantage of the invention is that, even though
the two groups of working chambers are separated from each
other, a lack or an excess of volume within the unit can still be
compensated without the need for additional pressure
medium to be moved from the outside.

The compensating space is advantageously connected to
the interconnection system of two groups of working cham-
bers. A lack of damping medium in one group of working
chambers can be compensated by resupplying medium to the
other group of working chambers, for which purpose only a
single common pressure compensation means is required.

To obtain a unit with compact overall dimensions, the
compensating space is located inside the motor shaft.

The separating element is preferably formed by a rigid
disk.

To obtain a defined pressure behavior in the working cham-
bers, the separating element is held in a starting position by
oppositely-acting springs.

The interconnection system is formed by channels, which
terminate in a lateral surface of the compensating space and
which cooperate with the movable separating element to form
a slider valve. The slider valve has the job of throttling the
flow of pressure medium displaced by the separating element
from the compensating subspace, so that the volumes of the
compensating subspaces and thus also the volumes of the
working chambers are not subject to abrupt changes.

In another advantageous embodiment, the separating ele-
ment has a sleeve section, which slides on the lateral surface.
This sleeve section cooperates with the end opening of the
channels. The size of the volume which can be compensated
can be adjusted by varying the length of the sleeve section.

The separating element can travel almost completely over
the end opening of the connecting channel and thus close it
off. To facilitate the restoring movement of the separating
element back to the starting position, at least one after-flow
opening is provided in the sleeve section. This opening lines
up with the end opening at least when the separating element
is in the maximally closed position.

A simple after-flow opening has an effect on the throttling
effect of the slider valve. To minimize this effect, at least one
check valve opening in the direction toward the compensating
subspace is installed between at least one interconnection
system and the compensating subspace connected to it.

The check valve is designed as part of the separating ele-
ment and is formed by the after-flow opening, so little in the
way of fabrication effort is required.

The after-flow opening is closed in a directionally depen-
dent manner by a sealing ring, which is pretensioned from the
inside against the sleeve section. This ring completes the
check valve.

Other objects and features of the present invention will
become apparent from the following detailed description
considered in conjunction with the accompanying drawings.
It is to be understood, however, that the drawings are designed
solely for purposes of illustration and not as a definition of the
limits of the invention, for which reference should be made to
the appended claims. It should be further understood that the
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drawings are not necessarily drawn to scale and that, unless
otherwise indicated, they are merely intended to conceptually
illustrate the structures and procedures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a longitudinal cross section through the unit
in the area of the working chambers;

FIG. 2 shows a longitudinal cross section through the unit
in the area of the seals between the working chambers;

FIG. 3 shows a cross section through the unit in the area of
the pressure compensation element; and

FIG. 4 shows part of the pressure compensation element.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

FIG. 1, in conjunction with FIGS. 2 and 3, shows a swivel
motor 1 in longitudinal cross section, the basic design of
which s also assumed in the case of the following figures. The
swivel motor 1 includes a cylinder 3, on the inside diameter of
which axially oriented ribs 5 are provided. Inside the cylinder
3, amotor shaft 7 is supported with freedom of rotation. Vanes
9 are provided on the motor shaft; the vanes are parallel to the
ribs 5. Each end of the cylinder 3 is sealed off by a cover 11,
13. The motor shaft with its vanes and the cylinder with its
ribs in cooperation with the covers form working chambers
15,17, which are separated from each other by seals 19 in the
vanes and ribs. Shaft seals 25, 27, furthermore, which prevent
the escape of pressure medium from the working chambers
15,17, are installed in annular spaces 21, 23 in the covers 11,
13. The working chambers 15 are connected by a channel 29
in the motor shaft 7, and the working chambers 17 are con-
nected by a channel 31 in the motor shaft 7. A first pressure
medium port 33 supplies the working chambers 15 via the
channel 29, and a second pressure medium port 35 fulfills the
same function for the working chambers 17 via the channel
31. The same pressure level prevails in the working chambers
which are connected to each other. By in inflow or outflow of
pressure medium via the pressure medium ports 33, 35, the
swivel motor generates a torque, which is used, for example,
to shift the position of a split stabilizer inside the chassis of'a
vehicle.

To deal with the abrupt changes in pressure which occur in
the working chambers 15, 17 under high-frequency external
loads, a pressure compensation element 37 is provided, which
is formed by a compensating space 39, which is divided by a
movable separating element 41 into two compensating sub-
spaces 39a, 395. The compensating subspace 39a is con-
nected to the group of working chambers 15 of the pressure
medium port 33, and the compensating subspace 395 is con-
nected to the group of working chambers 17 of the pressure
medium port 35.

The separating element 41 is formed by a slider with a
disk-shaped base body and is held in a starting position by
oppositely-acting springs 43, 45. The compensating space 39
is located inside the motor shaft 7, at the interconnection
system, i.e., between channels 29, 31, of the two groups 15,17
of working chambers. A terminal, sealed cover 47 closes off
the blind bore in the motor shaft 7 forming the compensating
space 39. The spring 43 is supported against the cover 47, and
the spring 45 is supported against the base of the blind bore.

The channels 29, 31 terminate in a lateral surface of the
compensating space, and their end openings cooperate with
the movable separating element 41 to form slider valves 49,
51, which execute oppositely directed opening and closing
movements. That is, the element 41 is a slider which opens
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4

valve 49 when closing valve 51 and vice versa. Circumferen-
tial grooves 53, 55 are machined into the lateral surface of the
bore in the motor shaft; even when the slider valve is closed,
therefore, one of these grooves will still allow a connection
between the working chambers of one of the groups 15, 17.

The separating element 41 has sleeve sections 57, 59,
which slide on the lateral surface of the compensating space
39; these sleeve sections cooperate with the end openings of
the channels 29, 31. A certain axial distance away from the
end surface of the sleeve sections 57, 59, there is at least one
after-flow opening 61, 63 (see FIG. 2), which, when the
separating element is in the maximally closed position, is
lined up with the end opening of the associated channel 29,
31.

At least one check valve, which opens in the direction
toward the associated compensating subspace, is installed
between the interconnection system, i.e., channels 29, 31, and
the compensating subspace 39a, 396 connected to them. This
check valve is formed by the minimum of one after-flow
opening 61, 63 in the sleeve section 57, 59 of the separating
element 41. The after-flow opening 61, 63 is sealed off from
the inside against the sleeve section 57, 59 by a pretensioned
sealing ring 65 (FIG. 4).

FIGS. 1 and 2 show the separating element 41 in an inter-
mediate position, when the inflow of pressure medium into
the one group of working chambers is active in spite of the
outflow of pressure medium at a corresponding backpressure
in the other group of working chambers. Especially when
there is a sudden pressure drop in one of the groups of work-
ing chambers, the separating element 41 shifts axially against
the force of, for example, the spring 45 toward the base of the
blind bore. Thus a volume of pressure medium corresponding
to the cross section of the inside diameter of the compensating
space 395 multiplied by the distance traveled by the separat-
ing element is displaced through the annular groove 55 into
the channel 31 and thus into the working chambers 17, so that
a negative pressure cannot develop. A reduced volume in one
group of working chambers is compensated by the movement
of the separating element in conjunction with an increase in
the volume of the other group of working chambers in the area
of the compensating subspace.

The sleeve section 59 can travel over the annular groove 55
and reduce the transfer cross section between the compensat-
ing space 395 and the annular groove 55. In the end position,
the end surface 67 of the sleeve section 59 rests on a shoulder
69 of the compensating space 395. If present, the after-flow
opening 63 is then lined up with the annular groove 55. The
after-flow opening can be omitted, if, for example, a suffi-
ciently large gap is present between the sleeve sections and
the lateral surface of the compensating space.

After the sudden pressure difference has been compen-
sated, the separating element 41 can be moved back into the
starting position by the still-present difference between the
forces ofthe two springs; this continues until the spring forces
are in equilibrium. The continuous pressure supply to all the
working chambers and the throttled movement of the sepa-
rating element ensure that the pressure medium flows quietly
inside the unit.

Thus, while there have shown and described and pointed
out fundamental novel features of the invention as applied to
a preferred embodiment thereof, it will be understood that
various omissions and substitutions and changes in the form
and details of the devices illustrated, and in their operation,
may be made by those skilled in the art without departing
from the spirit of the invention. For example, it is expressly
intended that all combinations of those elements and/or
method steps which perform substantially the same function
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in substantially the same way to achieve the same results are
within the scope of the invention. Moreover, it should be
recognized that structures and/or elements and/or method
steps shown and/or described in connection with any dis-
closed form or embodiment of the invention may be incorpo-
rated in any other disclosed or described or suggested form or
embodiment as a general matter of design choice. It is the
intention, therefore, to be limited only as indicated by the
scope of the claims appended hereto.

What is claimed is:

1. A pressure-medium actuated swivel motor comprising:

acylinder with closed ends and an inside surface with a pair
of diametrically opposed axially extending ribs;

a motor shaft with a pair of diametrically opposed axially
extending vanes, said vanes and said ribs bounding first
and second pairs of diametrically opposed working
chambers between said motor shaft and said cylinder;

a first pressure medium port connected to said first pair of
working chambers, said first pair of working chambers
being connected by a first interconnection channel
through said shaft;

a second pressure medium port connected to said second
pair of working chambers, said second pair of working
chambers being connected by a second interconnection
channel through said shaft; and

a pressure compensation element formed by a movable
separating element which divides a compensating space
into a first compensating subspace and a second com-
pensating subspace, wherein said first compensating
subspace is connected to said first pair of working cham-
bers, and said second compensating subspace is con-
nected to said second pair of working chambers,

wherein the compensating space is connected to the inter-
connection channels.

2. The swivel motor of claim 1 wherein the compensating
space is inside the motor shaft, the first and second intercon-
nection channels intersecting said compensating space.

3. The swivel motor of claim 2 wherein the separating
element cooperates with said first and second interconnection
channels to form a slider valve.

4. The swivel motor of claim 3 wherein the separating
element comprises a sleeve section which slides in said com-
pensating space.

5. The swivel motor of claim 4 wherein said sleeve section
has at least one after-flow opening which connects a respec-
tive at least one said compensating subspace with a respective
at least one said interconnection channel when the slider
valve in a respective at least one maximally closed position.

6. The swivel motor of claim 5 wherein said after-flow
opening forms a check valve which opens toward the respec-
tive compensating subspace.

7. The swivel motor of claim 6 further comprising a flexible
sealing ring inside said compensating subspace and loaded
against said after-flow opening.

8. The swivel motor of claim 1 further comprising at least
one check valve between a respective at least one said inter-
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connection channel and a respective at least one said com-
pensating subspace, said check valve opening toward the
compensating subspace.

9. The swivel motor of claim 8 wherein the check valve is

in the separating element.

10. A pressure-medium actuated swivel motor comprising:

acylinder with closed ends and an inside surface with a pair
of diametrically opposed axially extending ribs;

a motor shaft with a pair of diametrically opposed axially
extending vanes, said vanes and said ribs bounding first
and second pairs of diametrically opposed working
chambers between said motor shaft and said cylinder;

a first pressure medium port connected to said first pair of
working chambers, said first pair of working chambers
being connected by a first interconnection channel
through said shaft;

a second pressure medium port connected to said second
pair of working chambers, said second pair of working
chambers being connected by a second interconnection
channel through said shaft; and

a pressure compensation element formed by a movable
separating element which divides a compensating space
into a first compensating subspace and a second com-
pensating subspace, wherein said first compensating
subspace is connected to said first pair of working cham-
bers, and said second compensating subspace is con-
nected to said second pair of working chambers,

wherein the separating element comprises a rigid disk.

11. A pressure-medium actuated swivel motor comprising:

acylinder with closed ends and an inside surface with a pair
of diametrically opposed axially extending ribs;

a motor shaft with a pair of diametrically opposed axially
extending vanes, said vanes and said ribs bounding first
and second pairs of diametrically opposed working
chambers between said motor shaft and said cylinder;

a first pressure medium port connected to said first pair of
working chambers, said first pair of working chambers
being connected by a first interconnection channel
through said shaft;

a second pressure medium port connected to said second
pair of working chambers, said second pair of working
chambers being connected by a second interconnection
channel through said shaft; and

a pressure compensation element formed by a movable
separating element which divides a compensating space
into a first compensating subspace and a second com-
pensating subspace, wherein said first compensating
subspace is connected to said first pair of working cham-
bers, and said second compensating subspace is con-
nected to said second pair of working chambers,

wherein said compensating element further comprises a
pair of oppositely acting springs which center said sepa-
rating element.



