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(57) Abstract: The invention relates to a spring arrangement for supporting a car body on a suspension of a vehicle for regulating
the level thereof, in particular of a railway vehicle, having a spring device (105) and an actuator device (107), wherein the spring
device (105) takes up a first installation space, the actuator device (107) takes up a second installation space, the spring device
(105) and the actuator device (107) being connccted to cach other in an operational dircction in a kincmatically scrial arrange-
ment, and the actuator device (107) being designed for at least partially compensating for a change in length of the spring device
(105) in the operational direction by displacing an actuator component (107 2) in the operational direction, and wherein the first
installation spacc and the second installation space overlap each other in the operational direction in an overlap region. The inven-
tion further relates to a vehicle having such a spring arrangement.
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Veroffentlicht: (88) Verdtfentlichungsdatum des internationalen Recher-
chenberichts:

mit internationalem Rechevchenbericht (Ariikel 21 Absatz 13. Oktober 2011

3)

—  vor Ablauf der fiir Anderungen der Anspriiche gelienden (15) Informationen zur Berichtigung:
Frist; Veroffentlichung wird wiederholt, falls Anderun- Friihere Berichtigung:
gen eingehen (Regel 48 Absatz 2 Buchstabe h) siehe Mitteilung vom 18. August 2011

—  mit Informationen iber die Einbeziehung von fehlenden
Teilen und/oder Bestandteilen durch Verweis (Regel 20
Absatz 6)

Die vorliegende Erfindung betrifft eine Federanordnung 7ur niveauregulierenden Abstiitzung eines Wagenkastens auf einem Fahr-
werk cines Fahrzeugs, insbesondere eines Schienenfahrzeugs, mit ciner Federeinrichtung (105) und ciner Aktuatoreinrichtung
(107), wobei die Federeinrichtung (105) einen ersten Bauranm beansprucht, die Aktiatoreinrichtung (107) einen zweiten Ban-
raum beansprucht, dic Federeinrichtung (105) und die Akwatoreinrichtung (107) in ciner Wirkrichtung in kinematisch serieller
Anordnung miteinander verbunden sind und die Aktuatoreinrichtung (107) dazu ausgebilder ist, eine Léngeninderung der Feder-
cinrichtung (105) in der Wirkrichtung durch cine Verschiebung an ciner Aktuatorkomponente (107 2) in der Wirkrichtung zumin-
dest teilweise auszugleichen und wobei der ersie Bauraum und der zweite Bauraum einander in der Wirkrichtung in einem Uber-
lappungsbereich tiberlappen Sic betritft weiterhin ein Fahrzeug mit ciner solchen Federanordnung,
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Spring Assembly for Level Control in a Vehicle

The present invention relates to a spring assembly for level controlling support of a wagon
body on a running gear of a vehicle, in particular of a railway vehicle, comprising a spring
device and an actuator device. The spring device takes up a first installation space, while
the actuator device takes up a second installation space. The spring device and the
actuator device are connected to each other in a direction of action in a kinematically serial
arrangement, wherein the actuator device is designed for at least partially compensating for
a change in length of the spring device in the direction of action by a displacement at an
actuator component in the direction of action. The present invention also relates to a vehicle
having such a level-controlling spring assembly.

In railway vehicles (but also in other vehicles) the wagon body is usually resiliently mounted
with respect to the wheel units (e.g. single wheels, pairs of wheels or wheelsets) by way of
one or a plurality of spring stages. Differing degrees of deflection of the springs in these
spring stages occur over time depending on the loading of the railway vehicle. With a purely
passive system or without appropriate countermeasures this leads, by way of example, to
the passengers having to negotiate a more or less high step upon boarding or exiting when
the railway vehicle stops at platforms with a certain, constructionally predetermined platform
level above the top edges of the rail (which define the reference level). Boarding and/or
exiting can potentially be made considerably more difficult hereby, especially for passengers
with physical limitations. A further cause, in addition to varying loading, of such an
undesirable step when boarding and/or exiting lies, moreover, in the wear occurring over

time on the wheels of the wheel units.

Different approaches are taken in known vehicles with active systems to counteract this
problem. In conventional vehicles with a secondary suspension comprising pneumatic
springs the level of the wagon body can, by way of example, be easily controlled by way of
appropriate adjustment of the pneumatic pressure in the pneumatic springs. However, such
pneumatic spring systems have the drawback that, owing to the limited operating pressure
(typically at a maximum pressure of about 7 bar), as a rule they take up a relatively large
installation space in order to be able to apply the required supporting forces.

6365500_1 (GHMatters) P89996.AU ALANAJ
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An active spring system is also known from DE 103 60 518 B4 in which an actuator of a
hydropneumatic actuator device is arranged between the wagon body and a bogie frame to
be kinematically parallel to a passive spring (by way of example a conventional helical
spring) of the secondary suspension. This actuator can be used to actively adjust the level
of the wagon body by exerting (parallel to the supporting force of the passive spring) an
appropriate actuating force between the wagon body and the bogie frame.

While the desired level control can be achieved when stopping at platforms using such an
active system, there is the problem that level control via the actuator must, as a rule, firstly
be switched off during travel in order to achieve the desired spring effect (otherwise a very
complex, highly dynamic controller would be necessary for the actuator). Secondly, a
malfunction of the actuator, by way of example a blocking, can lead to significant stiffening of
the secondary suspension which is highly undesirable with regard to both the derailment
safety system and travelling comfort.

Finally, a generic active spring system is known from DE 102 36 245 A1 in which an actuator
of an actuator device is arranged between the wagon body and a bogie frame to be above
and in a kinematically serial arrangement with respect to a passive spring (e.g. a
conventional helical spring) of the secondary suspension. The actuator arranged coaxially
to the spring can be used to actively adjust the level of the wagon body in that it
compensates a change in the length of the spring (as results by way of example from a
change in the loading of the vehicle) by its own appropriate change in length (i.e. a
displacement at one of its components).

The desired level control when stopping at platforms as well as during travel can be
achieved using this active system. However, there is the problem that the kinematically
serial arrangement of spring and actuator results in a large construction, in particular in the
height direction of the vehicle, which, with an installation space predetermined for the
secondary suspension (as a rule within comparatively narrow limits), can only be integrated
in the vehicle with considerable effort without a loss in relation to the vehicle safety and
comfort properties (hence with sufficiently low stiffness).

The invention provides a spring assembly for level controlled support of a wagon body on a

running gear of a vehicle, in particular of a railway vehicle, comprising a spring device and
an actuator device, wherein the spring device takes up a first installation space, the actuator

6365500_1 (GHMatters) P89996.AU ALANAJ
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device takes up a second installation space, the spring device and the actuator device are
connected to each other in a direction of action in a kinematically serial arrangement, the
actuator device is designed for at least partially compensating for a change in length of the
spring device in the direction of action by a displacement at an actuator component in the
direction of action, wherein the first installation space and the second installation space
overlap each other in the direction of action in an overlapping region, the actuator device
comprises at least one actuator unit, the actuator unit is connected by at least one coupling
device to the spring device, the coupling device comprises a bridge element, the bridge
element, at a first end, is connected to a first spring unit of the spring device and, at a
second end, is connected to a second spring unit of the spring device, the bridge element
comprises a middle region which bridges an interspace between the first spring unit and the
second spring unit, the actuator unit is connected in the middle region to the bridge element,
the at least one coupling device comprises at least one joint device via which the actuator
unit is connected to the spring device so as to be pivotable about at least one decoupling
axis, and the first spring unit defines a first spring axis, the second spring unit defines a
second spring axis, the first spring axis and the second spring axis define a spring axis
plane, the at least one decoupling axis of the coupling device runs transversely to the spring

axis plane.

The invention also provides a railway vehicle comprising a wagon body, a running gear and
a spring assembly as described above, wherein, for a level controlled support of the wagon
body on the running gear, the spring assembly is arranged between the wagon body and a
running gear frame of the running gear, and/or is arranged between two components of the

running gear.

The present disclosure is based on the technical teaching that the integration of a level
control in a vehicle without significant reductions in the travelling safety and travelling
comfort for the passengers is easily and reliably possible if the spring device and actuator
device disposed kinematically in series with each other are arranged such that the
installation spaces that they take up overlap at least in their direction of action in an
overlapping region. A particularly compact design can be achieved in the direction of action
(as a rule the vehicle height direction in which the wagon body is to be primarily supported
by the spring assembly) by way of this overlapping without (with the predetermined
installation space) the stiffness of the spring assembly being affected to a significant extent
due to an noticeable shortening of the spring(s) of the spring assembly.

6365500_1 (GHMatters) P89996.AU ALANAJ
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Depending on the degree of overlapping it is therefore even possible to fit or retrofit a known
spring assembly with a spring assembly according to the invention, wherein at least virtually
unchanged springs can be used and therefore virtually unchanged spring properties exist.

According to a first embodiment described herein there is a spring assembly for level
controlling support of a wagon body on a running gear of a vehicle, in particular of a railway
vehicle, comprising a spring device and an actuator device, wherein the spring device takes
up a first installation space, the actuator device takes up a second installation space, the
spring device and the actuator device are connected to each other in a direction of action in
a kinematically serial arrangement, and the actuator device is designed for at least partially
compensating for a change in length of the spring device in the direction of action by a
displacement at an actuator component in the direction of action. The first installation space
and the second installation space overlap each other in the direction of action in an
overlapping region.

Depending on the installation space available for the spring assembly in the respective
vehicle the overlapping of the installation spaces can be selected so as to be of different
sizes. In preferred variants the overlapping region has a first dimension in the direction of
action, while the spring device, in a nominal operating state, has a second dimension in the
direction of action, wherein the first dimension is then at least 20% of the second dimension.
A good space saving for the spring assembly in the direction of action can already be made
hereby, so integration in the vehicle is simplified. An even greater simplification of
integration of the spring assembly in the vehicle results if the first dimension is at least 40%
of the second dimension, and preferably at least 60% of the second dimension. Particularly
compact designs may be achieved hereby.

It should be mentioned at this point that, within the sense of the present disclosure, the
nominal operating state designates the state of the vehicle with a nominal load or the state
of the spring assembly with a nominal load, for which the spring assembly is nominally
designed.

The overlapping of the installation spaces may be achieved in several ways. Therefore, in
certain variants of the spring assembly, it is provided that the spring device comprises at
least one spring unit and the actuator device comprises at least one actuator unit, wherein

the at least one spring unit and the at least one actuator unit are arranged so as to be
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nested in each other to produce the overlapping region. The nested arrangement can be
achieved, for example, in that an actuator unit is placed in an accordingly designed section
of a spring unit, such that, in other words, this section of the spring unit surrounds the
actuator unit. Itis of course conversely also possible for some of the spring unit to be placed
in an appropriately designed section of the actuator unit. It can of course also be provided,
for such a nested arrangement, that a plurality of spring units surround one or a plurality of

actuator unit(s) in sections (or vice versa).

The spring device preferably comprises at least two spring units while the actuator device
comprises at least one actuator unit. The actuator unit is then arranged in an interspace
between the at least two spring units to produce the overlapping region. This design is
particularly advantageous since it may be employed particularly easily in conjunction with a
range of conventional vehicles in which a plurality of adjacent spring units (e.g. two passive
springs per running gear side for the secondary suspension) are already used. It is possible
here to implement this design with virtually unchanged spring units (compared with the
previous design) and to arrange the actuator unit simply in the interspace between the two

spring units.

The actuator unit can be arranged in the interspace between two or more spring units.
Owing to the particularly simple, comparatively small design, variants with just two spring
units are preferably implemented, however. The actuator unit is preferably connected to the
spring device by at least one coupling device, wherein the coupling device includes a bridge
element. The bridge element is connected at a first end to a first spring unit of the spring
device, while it is connected at a second end to a second spring unit of the spring device.
The bridge element comprises a middle region which bridges an interspace between the first
spring unit and the second spring unit, wherein the actuator unit is connected to the bridge
element in the middle region. A particularly simple design may be achieved hereby.

The connection between the actuator unit and the spring device can basically be designed in
any desired, suitable way. In particular, a substantially rigid connection can be provided
between the actuator unit and the spring device. To avoid excessive loads on the actuator
unit, in particular on the moving parts of the actuator unit transversely to the direction of
action, a decoupling of loads is preferably provided in the region of the actuator unit in these
load directions running transversely to the direction of action.

6365500_1 (GHMatters) P89996.AU ALANAJ
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The decoupling can take place in any desired manner. In preferred variants of the spring
assembly it is provided, for example, that the actuator unit is connected to the spring device
by at least one coupling device, wherein the at least one coupling device comprises at least
one joint device via which the actuator unit is connected to the spring device so as to be
pivotable about at least one decoupling axis. In this case the at least one decoupling axis
runs in a plane transverse, in particular perpendicular, to the direction of action, so the

decoupling of moments about this decoupling axis is ensured.

In particular in railway vehicles with comparatively large distances between the running gear,
significant pitching moments (about a pitch axis running parallel to the vehicle transverse
axis) can act on the secondary suspension during travel over crests or through depressions,
so in these cases a decoupling of moments about an axis running in the transverse direction
of the vehicle is preferably provided. However, it is understood that the decoupling can also
be provided about a plurality of axes running transversely or perpendicularly to each other.
For this case, the joint device can be designed, for example, in the manner of a ball and
socket joint or in the manner of a cardan joint. However, the joint device may also be at
least one resilient element which provides the decoupling about the decoupling axis. It can,
for example, be one or a plurality of resilient sleeves in which the actuator unit is resiliently

mounted.

The spring units and the actuator unit can basically be arranged with respect to each other in
any desired suitable way. An arrangement is preferably selected in which the longitudinal
axis of the spring units and the actuator unit are arranged so as to be substantially coplanar
since this is advantageous with respect to a balanced distribution of the forces and moments
within the spring assembly. In this case, decoupling preferably takes place about an axis
running transversely to this plane. In preferred variants of the spring assembly the first
spring unit defines a first spring axis while the second spring unit defines a second spring
axis and the first spring axis and the second spring axis define a spring axis plane. The at
least one decoupling axis of the coupling device runs transversely, in particular
perpendicularly, to the spring axis plane.

Independently of the number and/or arrangement of the spring units of the spring device, in
preferred variants of the spring assembly, at least one decoupling region with a decoupling
device is provided in the region of the actuator device, wherein the decoupling device

provides at least one moment decoupling about at least one moment axis running

6365500_1 (GHMatters) P89996.AU ALANAJ
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transversely to the direction of action. The decoupling can be provided in the region of the
connection of the actuator device to the spring device (i.e. in the coupling region between
the spring device and the actuator device), as has already been described above using the
example of specific design variants.

In addition or as an alternative, undesired forces and moments can, however, be decoupled
at an other point (than the coupling region between the spring device and the actuator
device). In certain variants of the spring assembly, the spring device and the actuator
device are connected to each other in a coupling region, wherein the decoupling region is
arranged at a distance from the coupling region in a force flow direction to provide the
decoupling (optionally also) at a point other than the coupling region. The decoupling region
is preferably arranged at a distance from the coupling region. This can take place at any
desired point in the region of the actuator device. The decoupling region is preferably
arranged in an end region of the actuator device that faces away from the coupling region in
the force flow direction since decoupling may be achieved comparatively easily in such a

connecting region to adjacent components.

The respective decoupling device can basically be implemented by any desired, suitable
units. Therefore, one or a plurality of simple swivel or pivot joints may be used. A moment
decoupling may be achieved within a particularly compact space if the decoupling device

comprises at least one resilient element, in particular a rubber element, for this purpose.

The spring device can basically also be implemented by any desired, suitable elements.
Therefore passive pneumatic springs, by way of example, may be used. Owing to the
particularly simple and robust design the spring device preferably comprises at least one
mechanical spring unit, wherein the spring unit preferably comprises at least one rubber
element and/or at least one metal spring.

The actuator device can also be implemented in basically any desired, suitable way using
any desired, suitable operating principles (individually or in any desired combination).
Therefore, electromechanical actuators (for example conventional spindle drives, etc.) can
be used, for example. Owing to the particularly robust and, in the region of the actuator,
compact design, the actuator device preferably comprises at least one actuator unit working
according to a fluidic operating principle, wherein the actuator device preferably comprises
at least one hydraulic actuator unit and/or at least one hydropneumatic actuator unit.

6365500_1 (GHMatters) P89996.AU ALANAJ
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Also described herein is a vehicle, in particular a railway vehicle, having a wagon body, a
running gear and a spring assembly as described above, wherein, for level controlled
support of the wagon body on the running gear, the spring assembly is arranged between
the wagon body and a component of the running gear, in particular a running gear frame of
the running gear. In addition or as an alternative, the spring assembly can be arranged
between two components of the running gear. It is therefore possible to provide the spring
assembly in the region of the secondary suspension and in the region of the primary
suspension of the vehicle.

To implement automatic level control a controller connected to the actuator device, and a
sensor device connected to the controller, is preferably provided, wherein the sensor device
is designed for detecting a current value of a detection variable which is representative of a
level of the wagon body in the height direction above a reference value of a track that is
currently being travelled. The controller is then designed for level-controlling actuation of the
actuator device as a function of the current value of the detection variable.

The sensor device can be any desired, suitable device which works according to any desired

operating principle. In particular, contactlessly operating sensors may be provided.

An advantage of the invention is that some embodiments may provide a spring assembly or
a vehicle of the type mentioned in the introduction which does not exhibit the drawbacks, or
at least to a lesser extent, and in particular easily and reliably allows integration of level
control in a vehicle without significant reductions in the travelling safety and travelling
comfort for the passengers.

Further preferred embodiments of the invention become apparent from the dependent

claims and the following description of preferred embodiments which refer to the

accompanying drawings. It is shown in:

Figure 1 a schematic side view of a preferred embodiment of the vehicle according to the
invention with a preferred embodiment of the spring assembly according to the
invention,

Figure 2 a schematic perspective view of the spring assembly from Figure 1,

Figure 3 a schematic side view of the spring assembly from Figure 2,

6365500_1 (GHMatters) P89996.AU ALANAJ
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Figure 4 a schematic section of a further preferred embodiment of the spring assembly
according to the invention,

Figure 5 a schematic section of a further preferred embodiment of the spring assembly
according to the invention.

First embodiment

A first preferred embodiment of the vehicle according to the invention in the form of a railway
vehicle 101 will be described below with reference to Figures 1 to 3.

The vehicle 101 comprises a wagon body 102 which is supported in the region of its two
ends on a running gear, respectively, in the form of a bogie 103. However, it is understood
that the present invention can also be used in conjunction with other configurations in which

the wagon body is supported on only one running gear.

For a better understanding of the following description a vehicle coordinate system x,y,z,
(predefined by the wheel contact plane of the bogie 103) is provided in the figures, in which
the x coordinate denotes the longitudinal direction of the railway vehicle 101, the y
coordinate the transverse direction of the railway vehicle 101 and the z coordinate the height

direction of the railway vehicle 101.

The bogie 103 comprises two wheel units in the form of wheelsets 103.1, 103.2 on which a
bogie frame 103.4 is supported by a primary suspension 103.3 in each case. The wagon
body 102 is in turn supported on the bogie frame 103.4 by a secondary suspension 103.5.
The primary suspension 103.3 and the secondary suspension 103.5 are shown simplified in
Figure 1 as helical springs. However, it is understood that the primary suspension 103.3
and the secondary suspension 103.5 can be any desired, suitable spring device, as will be
described in detail below in connection with the secondary suspension 103.5.

Figures 2 and 3 show a perspective view and a side view, respectively, of a preferred
embodiment of the spring assembly 104 according to the invention which forms a
component of the secondary suspension 103.5. The spring assembly 104 forms one half of
the secondary suspension 103.5 via which the wagon body 102 is supported on the bogie
frame 103.4 in an direction of action of the spring assembly 104 running parallel to the
vehicle height direction (z direction). The spring assembly 104 is arranged in a sufficiently

6365500_1 (GHMatters) P89996.AU ALANAJ
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known manner in the region of one of the two lateral sides of the wagon body 102. A further
spring assembly 104, which forms the other half of the secondary suspension 103.5, is
located on the other lateral side of the wagon body spaced apart in the transverse direction
of the vehicle (y direction).

As may be seen from Figures 2 and 3, the spring assembly 104 comprises a spring device
105 having a first spring unit 105.1 and a second spring unit 105.2 which are arranged to be
spaced apart from each other in the vehicle longitudinal direction (x direction) and are
secured with their bottom side to the bogie frame 103.4. The longitudinal axes 105.3 and
105.4 of the two spring units 105.1 and 105.2 run substantially parallel to the vehicle height
direction in each case in the illustrated neutral position of the vehicle 101 (standing on

straight, level track).

In the present example, the spring units 105.1, 105.2 are formed in a sufficiently known
manner as what are known as rubber-metal springs. However, it is understood that any
other desired spring units may also be used in other variants of the invention. Therefore, a
spring unit may also be made, for example, of one or more helical springs. Passive
pneumatic springs may optionally also be used. |t is also understood that any desired
combinations of such springs may of course also be used.

The two spring units 105.1 and 105.2 are connected at their wagon body-side ends by a
bridge element 106 which extends in the vehicle longitudinal direction. In the middle of the
interspace between the two spring units 105.1 and 105.2 the bridge element 106 carries an
actuator unit in the form of a hydraulic cylinder 107.1 which is a component of an actuator
device 107 of the spring assembly 104. The free end of the piston rod 107.2 of the hydraulic
cylinder 107.1 is connected to a console 107.3 on which the wagon body 102 or a
sufficiently known cradle sits, which in turn supports the wagon body.

Consequently, the spring device 105 and the actuator device 107, in the design according to
the invention, are connected in a coupling region by a coupling device in the form of a bridge
element 106, such that they act in a kinematically serial arrangement between the bogie
frame 103.4 (as a component of the bogie 103) and the wagon body 102.

The longitudinal axes 105.3 and 105.4 of the two spring units 105.1 and 105.2 and the
longitudinal axis 107.4 of the hydraulic cylinder 107.1 are arranged so as to be substantially

6365500_1 (GHMatters) P89996.AU ALANAJ
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coplanar, such that, in the illustrated neutral position of the vehicle 101, no moments are
introduced into the spring assembly 104.

The piston rod 107.3 of the hydraulic cylinder 107.1 can be moved along the longitudinal
axis 107.4 of the hydraulic cylinder 107.1, whereby the wagon body 102 can be raised or
lowered in the vehicle height direction (i.e. in the primary direction of action of the spring
assembly 104) to adjust its height level N (i.e. its spacing in the vehicle height direction) to a
setpoint value Neipoint @00OVe the reference level defined by the top edges of the rail SOK.
Substantially step-free access to a platform level, or (with constant loading) to different
platform levels, can always be achieved hereby independently of the loading of the vehicle,

for example.

This level-controlling raising or lowering of the wagon body 102 takes place controlled by a
controller 108 connected to the actuator device 107. The controller 108 receives the current
values of a detection variable from a plurality of sensor devices 108.1 for this purpose, the
values being representative of the current height level N of the wagon body at this location.
These may be any desired detection variables which allow a conclusion about the current
height level N with sufficient accuracy.

In the present example, the sensor devices are contactlessly operating sensors 108.1 (for
example ultrasonic sensors) from the measuring signals of which the spacing between the
wagon body 102 and the bogie frame 103.4 can be determined. However, it is understood
that in other variants of the invention other distance meters, for example mechanical

distance meters or the like, may also be used.

The controller 108 controls the supply of hydraulic oil to the hydraulic cylinders 107.1 as a
function of the measuring signals from sensors 108.1 to adjust a certain predeterminable
height level Neiooint generally or in the case of specific operating states of the vehicle 101 (for
example when stopping at a platform or the like).

It is understood that, when controlling the height level N, other variables may also be taken
into account. Thus, for example, the wear on the wheels of the wheelsets 103.1, 103.2
(estimated using the operating time or measured) can be taken into account alongside the
current state of the primary suspension. The height level N can of course also be measured
directly in other variants of the invention.
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The kinematically serial arrangement of the hydraulic cylinder 107.1 with respect to the
spring units 105.1, 105.2 has the advantage already mentioned in the introduction that the
suspension and damping properties of the spring units 105.1, 105.2 are independent of the
state of the hydraulic cylinder 107.1. In particular, a malfunction (for example a blockage or
a failure) of the hydraulic cylinder 107.1 does not lead to a change in these properties, so
the properties of the vehicle crucially affected hereby remain (at least almost) unchanged
with regard to travelling safety and passenger comfort.

These properties of the spring assembly 104 (in particular its stiffness in the three spatial
directions and primarily the stiffness in the vehicle height direction and the transverse
direction of the vehicle) can also be simply adjusted by suitable choice of the parameters of
the spring units 105.1, 105.2 and independently of the design of the actuator device 106.

As may be seen from Figures 2 and 3, the spring device 105 and the actuator device 106
are arranged in such a way that the installation spaces which they take up overlap in the
direction of action of the spring assembly 104 (z direction) in an overlapping region, the
region having a first dimension H1 in the direction of action. Despite the kinematically serial
arrangement of the hydraulic cylinder 107.1 with respect to the spring units 105.1, 105.2 in
the direction of action, a particularly compact design is achieved due to this overlapping of
the installation spaces (hence, due to the nested arrangement of the spring device 105 and
the actuator device 106).

In the present example, the spring device 105, in the nominal operating state shown in
Figure 3 (vehicle 101 on a straight, level track with nominal load), has a second dimension
H2 in the direction of action. In the present example, the first dimension H1 is 78% of the
second dimension H2, so high overlapping and therewith an extremely compact

arrangement are achieved.

As may be seen from Figures 2 and 3, the hydraulic cylinder 107.1 is secured in a
decoupling region by a decoupling device in the form of a pivot joint 106.1 to the bridge
element 106. The pivot joint 106.1 defines a decoupling axis in the form of a pivot axis
106.2 which, in the illustrated example (in the nominal operating state), runs perpendicular to
the spring axis plane defined by the two spring axes 105.3, 105.4 and, therewith, parallel to
the transverse direction of the vehicle (y direction).
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A decoupling of moments about an axis running in the transverse direction of the vehicle is
achieved hereby which, owing to the comparatively large distance between the bogies 103,
is advantageous during travel over crests or through depressions because, without this
decoupling, significant pitching moments (about a pitch axis running parallel to the
transverse axis of the vehicle) would otherwise act on the spring suspension 104 which
could result in problems in relation to excessive loading of the piston rod 107.2 and its guide.

In the present example, the pivot joint 106.1 is implemented by two lateral shaft stubs on the
housing of the hydraulic cylinder 107.1 which are pivotably located in the bridge element in
corresponding bearing shells. However, it is understood that, in other variants of the
invention, any other desired design may be implemented for a mechanical pivot joint.

A further decoupling about an axis parallel to the vehicle longitudinal direction is not
provided in the present example since the moments that occur about this axis are
significantly lower than the pitching moments and can therefore be readily absorbed by the
hydraulic cylinder 107.1. However, it is understood that in other variants of the invention a
further decoupling of this kind may be provided. By way of example, a cardan link of the
hydraulic cylinder to the bridge element may be provided.

Second embodiment

Figure 4 shows a further advantageous embodiment of the spring assembly 204 according
to the invention, which can be used in the vehicle 101 from Figure 1 instead of the spring
assembly 104. In its basic design and mode of operation the spring assembly 204
corresponds to the spring assembly 104 from Figures 2 and 3, so only the differences shall
be discussed here. In particular, identical components are provided with identical reference
numerals while similar components are provided with reference numerals increased by the
value 100. Unless stated otherwise in the following, reference is made to the above
statements in connection with the first embodiment in relation to the features, functions and

advantages of these components.

The difference to the embodiment in Figures 2 and 3 lies in the design of the coupling device
206. While this is also implemented as a bridge element 206 between the two springs 105.1
and 105.2, in contrast to the spring assembly 104, in the spring assembly 204 the joint
device 206.1 is implemented by a plurality of resilient elements in the form of rubber
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elements, namely an elastic sleeve 206.3 and a resilient support 206.4 by which the
hydraulic cylinder 107.1 is resiliently secured in a coupling region in a bowl-like recess 206.5
of the bridge element 206. This resilient securing brings about a more or less strong
decoupling of moments about both the transverse axis of the vehicle and the longitudinal
axis of the vehicle depending on the stiffness of the rubber elements.

For the case where this decoupling is not sufficient a further decoupling device may be
provided by way of example in the region of the connection of the hydraulic cylinder 107.1 to
the wagon body (in a region spaced apart from the coupling region in the force flow direction
therefore), as is indicated in Figure 4 by the broken-line contour 209. This additional
decoupling device 209 can also provide a decoupling about one or a plurality of decoupling
axes. In particular it may be designed in the manner of a ball and socket joint or a cardan
joint. In this case, a substantially rigid connection can then be chosen between the bridge

element and the hydraulic cylinder in certain variants of the invention.

Third embodiment

Figure 5 shows a further advantageous embodiment of the spring assembly 304 according
to the invention which can be used in the vehicle 101 from Figure 1 instead of the spring
assembly 104. In its basic design and mode of operation the spring assembly 304
corresponds to the spring assembly 104 from Figures 2 and 3 and the spring assembly 204
from figure 4, so only the differences shall be discussed here. In particular, identical
components are provided with identical reference numerals while similar components are
provided with reference numerals increased by the value 100 or 200. Unless stated
otherwise reference is made to the above statements in connection with the first and second
embodiments in relation to the features, functions and advantages of these components.

The difference from the embodiment in Figure 4 lies in the design of the spring device 305
and the coupling device 306. So, the spring device 305 comprises just a single spring unit in
the form of a rubber-metal spring 305.1 in the interior of which the hydraulic cylinder 107.1 is
arranged so as to be nested. The hydraulic cylinder 107.1 sits in a bowl-like recess 306.5 of
the coupling element 306 which is connected to the wagon body-side end of the spring
305.1.
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As in the spring assembly 204, the joint device 306.1 in the spring assembly 304 is
implemented by a plurality of resilient elements in the form of rubber elements, namely a
resilient sleeve 306.3 and a resilient support 306.4 by which the hydraulic cylinder 107.1 is
resiliently secured in the recess 306.5 of the coupling element 306.

The present invention has been described above solely with reference to examples in which
the spring device (located at one end of the spring assembly) sits on a component of the
running gear, while the actuator device (located at the other end of the spring assembly) is
connected to the wagon body. However, it is understood that in other variants of the
invention a reverse arrangement may also be provided in which the actuator device sits on a

component of the running gear while the spring device is connected to the wagon body.

The present invention has been described above solely with reference to examples for
railway vehicles. It is also understood that the invention may also be used in connection
with any other desired vehicles.

It is to be understood that, if any prior art publication is referred to herein, such reference
does not constitute an admission that the publication forms a part of the common general
knowledge in the art, in Australia or any other country.

In the claims which follow and in the preceding description of the invention, except where the
context requires otherwise due to express language or necessary implication, the word
“comprise” or variations such as “comprises” or “comprising” is used in an inclusive sense,
i.e. to specify the presence of the stated features but not to preclude the presence or

addition of further features in various embodiments of the invention.

* k * k %
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1. Spring assembly for level controlled support of a wagon body on a running gear

of a vehicle, in particular of a railway vehicle, comprising

a spring device and

an actuator device, wherein

the spring device takes up a first installation space,

the actuator device takes up a second installation space,

the spring device and the actuator device are connected to each otherin a

direction of action in a kinematically serial arrangement,

the actuator device is designed for at least partially compensating for a
change in length of the spring device in the direction of action by a
displacement at an actuator component in the direction of action,

the first installation space and the second installation space overlap each
other in the direction of action in an overlapping region,

the actuator device comprises at least one actuator unit,

the actuator unit is connected by at least one coupling device to the spring
device,

the coupling device comprises a bridge element,

the bridge element, at a first end, is connected to a first spring unit of the
spring device and, at a second end, is connected to a second spring unit of
the spring device,

the bridge element comprises a middle region which bridges an interspace
between the first spring unit and the second spring unit,

the actuator unit is connected in the middle region to the bridge element,

the at least one coupling device comprises at least one joint device via
which the actuator unit is connected to the spring device so as to be
pivotable about at least one decoupling axis, and

the first spring unit defines a first spring axis,
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- the second spring unit defines a second spring axis,
- the first spring axis and the second spring axis define a spring axis plane,

- the at least one decoupling axis of the coupling device runs transversely to
the spring axis plane.

5 2. Spring assembly according to claim 1, wherein
- the overlapping region has a first dimension in the direction of action and

- the spring device, in a nominal operating state, has a second dimension in
the direction of action, wherein

the first dimension is at least 20% of the second dimension.

10 3. Spring assembly according to claim 2, wherein

- the first dimension is at least 40% of the second dimension.

4. Spring assembly according to claim 3, wherein

- the first dimension is at least 60% of the second dimension.

5. Spring assembly according to any one of the preceding claims, wherein
15 - the spring device comprises at least one spring unit and
- the actuator device comprises at least one actuator unit, wherein

- the at least one spring unit and the at least one actuator unit are arranged
so as to be nested in each other to produce the overlapping region.

6. Spring assembly according to any one of the preceding claims, wherein

20 - the at least one decoupling axis is arranged in a plane running

perpendicularly to the direction of action.

7. Spring assembly according to claim 6, wherein

- the at least one decoupling axis of the coupling device runs perpendicularly
to the spring axis plane.
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12.

13.

14.
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Spring assembly according to any one of the preceding claims, wherein

- at least one decoupling region with a decoupling device is provided in the

region of the actuator device, wherein

- the decoupling device provides at least one moment decoupling about at

least one moment axis running transversely to the direction of action.

Spring assembly according to claim 8, wherein

- for moment decoupling the decoupling device comprises at least one

resilient element

Spring assembly according to any one of claims 8 or 9, wherein

- the spring device and the actuator device are connected to each otherin a
coupling region and the at least one decoupling region is arranged in a
force flow direction so as to be spaced apart from the coupling region.

Spring assembly according to claim 10, wherein

- the at least one decoupling region is remote from the coupling region.

Spring assembly according to claim 11, wherein

- the at least one decoupling region is in an end region of the actuator device
facing away from the coupling region in the force flow direction.

Spring assembly according to any one of the preceding claims, wherein
- the spring device comprises at least one mechanical spring unit , wherein

- the spring unit comprises at least one rubber element and/or at least one
metal spring.

Spring assembly according to any one of the preceding claims, wherein

- the actuator device comprises at least one actuator unit working in

accordance with a fluidic operating principle, wherein
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the actuator device, comprises at least one hydraulic actuator unit and/or at
least one hydropneumatic actuator unit.

15. Vehicle, comprising

a wagon body,
a running gear and
a spring assembly according to any one of the preceding claims, wherein,

for a level controlled support of the wagon body on the running gear, the
spring assembly is arranged between the wagon body and a component of

the running gear.

10 16. Vehicle according to claim 15, wherein

the spring assembly is arranged between two components of the running
gear.

17. Vehicle, comprising

15 -

a wagon body,
a running gear and
a spring assembly according to any one of claims 1 to 14, wherein,

for a level controlled support of the wagon body on the running gear, the
spring assembly is arranged between two components of the running gear.

18. Vehicle according to claim any one of claims 15 to 17, wherein

20 -

the wagon body defines a vehicle longitudinal direction, a vehicle
transverse direction and a vehicle height direction and,

in at least one decoupling region, the spring assembly comprises a
decoupling device which provides a moment decoupling about at least one

moment axis running in the transverse direction of the vehicle.
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19. Vehicle according to any one of claims 15 or 18, wherein

- a controller connected to the actuator device, and a sensor device
connected to the controller, is provided, wherein

- the sensor device is designed for detecting a current value of a detection
variable which is representative of a level of the wagon body in the height
direction above a reference value of a track that is currently being travelled,
and

- the controller is designed for level-controlling actuation of the actuator
device as a function of the current value of the detection variable.

20. Vehicle according to any one of claims 15 to 19, wherein the spring assembly
is a component of a secondary spring device of the vehicle.

21. A spring assembly or a vehicle substantially as herein described with reference
to the accompanying drawings

* k * k %
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