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57 ABSTRACT

In conventional vehicle cranes it is usually necessary in con-
sideration of current safety regulations to provide at least two
separate steering circuits for all steered axles so that, in the
event of a failure of one circuit, the vehicle crane can continue
to be steered by way of the other. In order to avoid that in
accordance with the invention at least one steered rear axle of
a vehicle crane (1) is provided with a caster (a) so that at least
one axle (11-16), in the event of a steering failure, remains
steerable passively by utilising the caster friction. That prin-
ciple is applied in a similar manner to amodule axle (2) which
can be mounted to the vehicle crane (1) and which can be
required for transporting additional equipment or an addi-
tional counterweight which is possibly required.

12 Claims, 8 Drawing Sheets
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PASSIVELY STEERABLE MODULE AXLE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of PCT International
Application No. PCT/EP2005/007802, filed Jul. 18, 2003,
which application published in English and is hereby incor-
porated by reference in its entirety; said international appli-
cation claims priority from U.S. Provisional Patent Applica-
tion No. 60/590,425, filed Jul. 22, 2004 which is incorporated
by reference in its entirety.

TECHNICAL FIELD

The present invention relates generally to the chassis
arrangement of a mobile crane and in particular to a multi-
axle vehicle crane with at least one actively steered axle
which can also be passively steered. The invention further
concerns a vehicle crane with a chassis, to the rear of which an
actively steerable module axle which is also passively steer-
able can be releasably mounted. That module axle is in par-
ticular an additional axle which can be fitted to the chassis of
a vehicle crane and which during fault-free travel operation of
the vehicle crane is coupled to the steering circuit for the axles
of the chassis and which is still passively steered in the event
of failure ofthe active steering by means of the steering circuit
of the chassis as a consequence of a preset caster property.

BACKGROUND OF THE INVENTION

As vehicle or mobile cranes of the kind set forth in the
opening part of this specification can also travel on public
roads, they must comply with the respective road traffic regu-
lations. That involves in particular complying with the per-
missible axle loads for on-road travel. Thus for example the
permissible axle load in Germany is 12 tonnes. Admittedly
some countries, for example the Netherlands, allow higher
permissible axle loads—thus for example an axle load of 13
tonnes is allowed in the Netherlands—the permissible laden
weight of a vehicle crane is nonetheless however generally
limited by the respectively permissible axle loads.

In order not to exceed the permissible axle loads in spite of
an increase in the total laden weight of a vehicle crane, for
example by virtue of transporting ancillary equipment and by
virtue of the counterweights required for a given use, it is
already known for a so-called additional axle to be releasably
mounted to the rear of the chassis or running gear of the
vehicle crane. The fitment of such an additional axle can
ensure that the total laden weight of the vehicle crane which
is increased as a consequence of ancillary equipment and an
additional counterweight is distributed to a further axle,
whereby the loading per axle overall can be further reduced.
By virtue of mounting such an additional axle it is then
possible for example to travel to a location of use just with the
vehicle crane alone and without further transport vehicles
which are normally required for transporting ancillary equip-
ment and possibly an additional counterweight, as the chassis
which is modified in that way can carry more weight, as a
consequence of the additional axle.

An additional axle of the kind which is already known
should—but does not necessarily have to—be integrated
completely into the braking, springing and steering system of
the chassis of the vehicle crane. Then no downgrading in
terms of steering angle, braking or springing system has to be
accepted by virtue of integration of the additional axle into the
maneuvering system of the vehicle crane itself. Ifhowever the
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additional axle is not coupled to the braking, springing and
steering system of the chassis of the vehicle crane, the effect
of that can be that the braking and/or spring travels of the
vehicle crane are worsened and the turning circle also
increases, as a consequence of the total laden weight of the
vehicle crane which is increased by any ancillary equipment
and additional counterweight.

In DE 101 12 084 A1 a mobile thick matter pump is dis-
closed comprising a hydraulically operated support construc-
tion, a distribution boom and a pneumatic cushioned trailing
axle. To ensure stability during the pump operation, the trail-
ing axle can be lifted by means of a lifting element by bleed-
ing the pneumatic suspension, whereby the bleeding of the
pneumatic suspension and the operation of the lifting element
and a locking element can be controlled according to the
on-condition of the auxiliary drive of the vehicle motor, used
to supply the compressed oil of the drive hydraulics. It is
mentioned that a trailing axle may be constructed to be steer-
able.

InDE 2837 398 Al a multi-axle vehicle crane is disclosed
having at least one active steered axle. The multi-axle vehicle
comprises a trailing or module axle, respectively which can
be fitted to the chassis of the vehicle crane. This known
module axle and trailing module, respectively comprises at
least one steerable axle. The steering gear of this steering axle
is coupled to the steering gear of the chassis of the vehicle
crane.

A trailerable load-transferring assembly as shown in US
2004/0007840 A1 is releasably attachable to the rear portion
of a load-bearing vehicle. The load-transferring assembly
includes a pivot connection, an auxiliary axle, an elongate
abutment member that extends between a free end and an
abutment end, and an actuator assembly disposed between the
free end of the abutment member and the auxiliary axle.
When the load-transferring assembly is connected to the
vehicle by the pivot connection, the actuator assembly is
actuated such that it applies a lifting force on the free end
relative to the auxiliary axle. The auxiliary axle is configured
as a self steering axle. It is mentioned, that in some embodi-
ments, it may be desirable to lock the wheels of the auxiliary
axle in a position suitable for straight movement in reverse.

An additional axle as mentioned above which is not inte-
grated into the braking, springing and steering system of the
chassis is known for example from DE 197 28 822 A1 which
is referred to therein as an attachment trailing chassis arrange-
ment. The attachment trailing chassis arrangement described
therein is specifically calibrated in respect of its weight dis-
tribution, so that, utilising the coupling and locking means
provided thereon, it can be attached to the chassis of a vehicle
crane using the lever assembly thereof, and if necessary can
be released therefrom again. However, as has already been
mentioned above, that attachment trailing chassis arrange-
ment is found to be disadvantageous by virtue of the fact that
it is not integrated into the spring system of the chassis of the
vehicle crane. As therefore the trailing chassis arrangement is
not integrated either into the braking system or into the
springing system of the vehicle crane, that additional axle
cannot be utilised for dynamic axle load compensation. A
further disadvantage of the attachment trailing chassis
arrangement described in DE 197 27 822 Al is also that the
axle thereof cannot be steered actively by way of the steering
circuit of the chassis of the vehicle crane. Rather, that attach-
ment trailing chassis arrangement only has a slight trailing
action with limited lock angles, whereby the axle is itself
passively steered only to a slight degree by steering move-
ments initiated by way of the steering arrangement of the
chassis of the vehicle crane. Active steering which could
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overall positively influence the turning capability of the
vehicle crane is however not provided in the case of that
attachment trailing chassis arrangement.

A further disadvantage of steered axles of multi-axle
vehicle cranes is that the current safety regulations require
that each steered axle, in the event of a failure, still remains
controllable for example by way of an emergency steering
circuit. Thus the chassis arrangement of a vehicle crane usu-
ally includes a main steering circuit which in turn has a first
and a second steering circuit. In that case, the one steering
cylinder of the respective steered axle is controlled by way of
the first steering circuit and the other steering cylinder of the
respective steered axle is controlled by way of the second
steering circuit. In the event that now either the first and/or the
second steering circuit should fail, the axle should still con-
tinue to be controllable by way of the emergency steering
circuit, insofar as for example an emergency steering pump
pumps hydraulic oil into the respectively defective steering
circuit. However the installation of an emergency steering
circuit in a vehicle crane, the implementation of which has
already been effected by Terex-Demag GmbH & Co KG/Ger-
many under the name ‘Fail Operational System’ is very cost-
intensive and complicated and in addition can result in an
unwanted increase in the total laden weight of the vehicle
crane which, as is known, is to be kept low.

If therefore the attempt were made to also steer a separate
additional axle which can be mounted releasably to the chas-
sis in an active mode by way of the steering system of the
chassis of the vehicle crane, it would then be necessary, for
safety reasons, for that additional axle to be steered not only
by way of the main steering circuit of the chassis but, to cover
the event of a failure of the main steering circuit, to provide at
least one emergency steering circuit with which the additional
axle would remain steerable even in a fault situation. Admit-
tedly, the provision of an emergency steering circuit for all
steered axles of a chassis of a vehicle crane, as explained, is
already known, but, so that an additional axle could also be
reliably steered actively together with the running gear of the
chassis, the additional axle would have to be suitably con-
verted so that in the normal situation it also remains reliably
controllable by way of the main steering circuit and in the
event of failure thereof it remains controllable by way of the
emergency steering circuit which then comes into action.
Admittedly such a control configuration for the additional
axle by way of an emergency steering circuit has already been
developed by Terex-Demag GmbH & Co KG/Germany under
the term ‘Fail Operational System’ and has also been imple-
mented, but that system not only affords the desired advan-
tages but also involves the above-described disadvantages
such as for example an increase in total laden weight. In
addition the interface for electro-hydraulic coupling of the
additional axle to the chassis of the vehicle crane, which is
required foractive steering of the additional axle, is a constant
weak point, the disadvantages of which have to be eliminated
as far as possible.

SUMMARY OF THE INVENTION

Taking as the basic starting point the above-described
problems and disadvantages in regard to controlling the steer-
ing of actively steered axles of a vehicle crane and in particu-
lar a module axle which can be releasably mounted to a
chassis of a vehicle crane, the object of the invention is to
provide a vehicle crane having at least two actively steering
axles which are actively steered in fault-free operation by way
of a main steering circuit and which in the event of failure of
the main steering circuit remain controllable so that the
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expensive and complicated installation of an emergency
steering circuit in the vehicle crane is not required.

To achieve the above-indicated object, there is provided a
vehicle crane having a chassis whose steered axles are con-
trolled by way of a main steering circuit; so that the permis-
sible total laden weight is not exceeded in the event of loading
ancillary equipment and/or an additional counterweight on
the vehicle crane, it is possible to releasably mount to the rear
of the chassis an additional module axle which in fault-free
operation of the steering circuit of the chassis is actively
steered by way thereof. So that the additional module axle
remains controllable in the event of failure of the active steer-
ing by means of the main steering circuit of the chassis, the
axle swivel pin of the additional module axle is arranged at a
caster or caster angle o so that, after the module axle has been
separated from the steering circuit of the chassis in the event
of failure of the active steering assembly, the module axle still
continues to steer passively utilising the preset caster proper-
ties. Admittedly, by virtue of that caster friction caused by the
preset caster angle of the module axle, it is not possible to
actively influence the maneuverability of the vehicle crane
but the vehicle crane or the module axle remains passively
maneuverable and does not remain rigidly at the steering
angle which was last selected, as could otherwise be the case
in the event of a software failure of the main steering circuit.

An advantage which can be achieved with the present
invention is thus that the module axle which can be releasably
mounted to the chassis of the vehicle crane does not have to be
coupled to an emergency steering circuit of the chassis of the
vehicle crane in order to ensure maneuverability of the mod-
ule axle in the event of failure of the main steering circuit of
the vehicle crane. By the module axle being constructed with
a preset caster angle, there is thus no need for the module axle
to be controlled by way of an emergency steering circuit, for
example by way of the so-called ‘Fail Operational System’, in
the event of a failure of the main steering circuit. It is thus
possible with the module axle according to the invention to
circumvent the complicated and expensive provision of active
steering by way of an emergency steering circuit for the
module axle, and to avoid unnecessary and unwanted addi-
tional weight which would be entailed in the implementation
ofan emergency steering circuit for the module axle. Thus the
overall weight of the module axle can be minimised, as a
consequence of an emergency steering circuit which would
otherwise usually be required, and at the same time the per-
missible total laden weight of the vehicle crane can be maxi-
mised as a consequence of the releasable mounting of the
module axle to the chassis of the vehicle crane.

So that the module axle can be actively steered in fault-free
operation of the main steering circuit the module axle is
equipped with at least one steering cylinder which is electro-
hydraulically operated by way of the main steering circuit of
the chassis. As in the event of a failure of the active steering
the rear of the chassis of the vehicle crane or the module axle
can tend to perform uncontrollable flapping movements when
travelling at speed on the road, as a result of the passive
steering used, the at least one steering cylinder damps the
steering movements of the module axle, which occur as a
consequence of caster friction.

In accordance with a further aspect of the present invention
the active steering of the module axle is not operated by way
of the hydraulics of the main steering circuit of the chassis of
the vehicle crane, but is equipped with a separate hydraulic
assembly which is only electronically actuated by way of the
steering circuit of the chassis so that the cabling complication
and expenditure which is otherwise usually involved, for the
hydraulics of the steering cylinder, can be eliminated.
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In accordance with still a further aspect of the present
invention the module axle is provided both with its own
springing system and also an independent braking installa-
tion, wherein both the braking installation and also the spring-
ing system is integrated into the springing or braking circuit
of'the chassis. By virtue of the fact that the additional module
axle is equipped with an independent braking installation and
its own springing system, maneuverability of the running
gear of the overall vehicle crane can be further improved. By
the module axle being equipped with an independent braking
and springing system, it is possible in particular to achieve
dynamic axle load compensation, whereby the entire vehicle
remains controllable, in particular in the event of very pow-
erful steering and/or braking processes, insofar as the addi-
tional module axle is incorporated into the braking and/or
springing or damping process. That active integration of the
module axle into the springing or braking system of'the chas-
sis of the vehicle crane is important and advantageous in
particular for the reason that, as has been explained herein-
before, the module axle is used precisely when the vehicle
crane is of an increased total weight, whereby unwanted
vehicle behaviour such as for example rocking or pitching is
encouraged, which however is to be minimised precisely for
safety reasons.

It 1s admittedly possible for integration of the braking
installation and the spring system of the module axle into the
braking or springing circuit of the chassis to be effected in
such a way that the braking installation or the individual
springing elements of the module axle are operated by way of
the hydraulic system of the chassis of the vehicle crane. As
however, as has already been explained hereinbefore, a sepa-
rate hydraulic assembly is optionally provided on the module
axle, it can also be used in accordance with the invention for
actuation of the braking installation or the springing system
of the module axle so that it is possible to eliminate separate
piping in respect of the braking installation or the springing
system of the module axle by way of the hydraulic circuit of
the chassis of the vehicle crane and only the separate hydrau-
lic assembly provided on the module axle has to be electroni-
cally controlled by way of the springing or braking circuit of
the chassis. On the one hand in turn that has a positive effect
on total weight and also on the susceptibility of the braking
installation or the springing system of the module axle.

In order to match the steering sensitivity of the module axle
to the respective total laden weight the steering damping
effect produced by way of the at least one steering cylinder is
adjustable by way of a throttle. That can guarantee that the
module axle can be adjusted in dependence on the respective
useful load and a desired level of steering sensitivity so that
the vehicle can always be optimally maneuvered.

As has already been explained hereinbefore it is normally
necessary for the running gear ofthe chassis of amobile crane
to be equipped with at least two steering circuits in order in
the event of failure of the main steering circuit to ensure that
the steered axles still remain controllable by way of the emer-
gency steering circuit and in particular can still be steered
actively by way of the emergency steering circuit, in particu-
lar in the event of failure of the main steering circuit. As
however the provision of an emergency steering circuit is very
complicated and cost-intensive and in addition can adversely
influence the total weight of the mobile crane, in accordance
with a further aspect of the present invention there is provided
a vehicle crane in which it is possible to eliminate an emer-
gency steering circuit without the controllability of the
vehicle crane in the event of a failure of the main steering
circuit being lost. That vehicle crane according to the inven-
tion has a chassis with at least two axles which are actively
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steered by way of a single steering circuit and of which at least
one of the steered axles has a preset caster a. In the event of
a failure of the active steering of one of the steered axles of the
chassis the steering of that axle can be separated from the
steering circuit of the chassis so that, after uncoupling from
the steering circuit of the chassis, that axle continues to steer
passively purely utilising the caster property of the caster
angle o set in that way. That makes it possible to prevent one
of the steered axles of the chassis remaining set rigidly at the
steering lock last achieved, in the event of a failure of the main
steering circuit, so that the steering behaviour of the vehicle
crane is adversely influenced or made entirely uncontrollable.

Asinthe case of a failure of the active steering of one ofthe
steered axles the vehicle crane or the chassis thereof tends to
perform uncontrollable flapping movements in on-road travel
atrelatively high speed as a consequence of the passive steer-
ing which occurs, the steering movements which occur as a
consequence of the caster friction, in respect of the axle which
is now passively steered, are damped by way of at least one of
the steering cylinders which are required for active steering in
the case of fault-free operation of the main steering circuit.

So that, as a consequence of passive steering occurring in
respect of one of the steered axles of the chassis, the steering
sensitivity thereof can be matched to the total laden weight of
the vehicle crane, the degree of damping which can be
achieved by way of the steering cylinder or cylinders of the
steered axles can be adjusted by way of a throttle. In that way
it is again possible to ensure that each of the steered axles can
be adjusted in the case of the onset of passive steering in
dependence on the respective useful load and a desired level
of steering sensitivity so that the vehicle crane always remains
optimally maneuverable.

In accordance with still a further aspect of the present
invention there is provided a module axle which is suitable for
releasable mounting to the rear of a chassis of a vehicle crane
and which is equipped with active steering with which it can
be operated by way of a main steering circuit of the chassis of
avehicle crane. So that the steerable module axle still remains
controllable in the case of'a failure of its active steering, it has
a preset caster or trail o, with the utilisation of which it still
remains passively steerable in the event of a failure on the part
of the active steering.

So that the module axle can be actively steered it is
equipped with at least one steering cylinder which can be
actuated and operated for example electro-hydraulically by
way of a steering circuit of the chassis of the vehicle crane. As,
in the event of failure of that active steering, the steerable
module axle can have a tendency to uncontrollable flapping
and rocking movements in fast on-road travel as a result of the
passive steering which then takes place, that at least one
steering cylinder damps the steering movements of the mod-
ule axle, which occur as a result of caster friction.

In accordance with a further aspect of the present invention
the module axle according to the invention is equipped with a
separate hydraulic assembly so that the active steering of the
module axle does not have to be operated by way of the
hydraulics of a steering circuit of a chassis of a vehicle crane,
but can be effected by way of that separate hydraulic assem-
bly which for example can be only electronically actuated by
way of the steering circuit of the chassis of a vehicle crane so
that the expensive piping expenditure which is otherwise
usually required for the hydraulics of the steering cylinder of
the module axle can be eliminated.

In accordance with still a further aspect of the present
invention the module axle is provided both with its own
springing system and also with an independent braking instal-
lation, wherein both the braking installation and also the
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springing system can be integrated into the springing or brak-
ing circuit of a vehicle crane. Because the module axle is
provided with an independent braking installation and/or its
own springing system the maneuverability of a vehicle crane
in the event of fitment of the module axle according to the
invention can be improved. Insofar as the module axle is
provided with an independent braking and springing system
therefore dynamic axle load compensation can be achieved in
the event of it being mounted to a vehicle crane, whereby,
particularly in the case of powerful steering and/or braking
operations the vehicle crane remains better controllable inso-
far as the mounted module axle is incorporated into the brak-
ing and/or springing or damping process.

In an exemplary embodiment of the invention the caster
may be about 3°-15°. Tests have shown that in particular a
caster between about 6°-10° can be advantageous. In particu-
lar, a caster of about 9° may be advantageous. Road trials have
shown that no problems appeared both at high velocities and
low velocities if the module axle according to the present
invention had a caster of in particular about 9°.

As the module axle according to the invention is to be
suitable for mounting to vehicle cranes of differing types, the
steering damping effect which can be achieved by way of the
at least one steering cylinder of the module axle is adapted to
be adjustable by way of a throttle so that the level of steering
sensitivity of the module axle can be adapted to the total
weight of the respective type of vehicle crane. That can ensure
that the steering sensitivity of the module axle can be adjusted
to the respective type of vehicle crane and a useful load which
is possibly present so that the respective vehicle crane always
remains optimally maneuverable even in the event of mount-
ing the module axle according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

A number of exemplary embodiments of the present inven-
tion will be described in greater detail hereinafter for better
understanding and further description of the invention, with
reference to the accompanying drawings.

FIG. 1a is a side view showing a vehicle crane according to
the invention with a module axle according to the invention
mounted thereto,

FIG. 15 shows a plan view of the vehicle crane according to
the invention as shown in FIG. 1a,

FIG. 2a shows a side view of a module axle according to the
invention,

FIG. 2b shows a front view of the module axle of FIG. 24,

FIGS. 2¢ and 2d show a perspective front and rear view
respectively of the module axle according to the invention as
shown in FIGS. 2q and 25,

FIG. 3 illustrates the functional principle of caster friction
steering,

FIG. 4a shows a view in cross-section through the module
axle according to the invention,

FIG. 4b shows a vertical longitudinal section through the
module axle according to the invention as shown in FIG. 4a,

FIG. 4¢ shows a horizontal longitudinal section through the
module axle according to the invention as shown in FIG. 45,

FIG. 5a shows a simplified hydraulic circuit diagram of the
hydraulic steering of the vehicle crane according to the inven-
tion and the module axle,

FIG. 5b shows a simplified hydraulic circuit diagram of the
hydraulic springing of the vehicle crane according to the
invention and the module axle, and

FIG. 5¢ shows a simplified hydraulic circuit diagram of the
braking installation of the vehicle crane according to the
invention with the module axle mounted thereto.
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In all the Figures the same components are denoted by the
same reference signs.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE PRESENT
INVENTION

The vehicle crane according to the invention as shown in
FIGS. 1a and 15 as a side view and a plan view respectively
includes a chassis 5 whose running gear has five axles 11, 12,
13, 14, 15, where only the first, second, fourth and fifth axles
11, 12, 14 and 15 are steerable whereas the axle 13 is in the
form of a rigid axle. Arranged on the chassis 5 of the vehicle
crane 1 is a rotatable superstructure 4 which in turn has a
telescopic jib 3 which here is in the telescopically retracted
condition. A module axle 2 according to the invention is also
releasably fixed to the rear of the chassis 4, the axle 16 of the
module axle 2 here also being of a steerable nature. By virtue
of the module axle 2 being mounted to the rear of the chassis
5, the unit which is formed from the chassis 5 and the module
axle 2 jointly can also be viewed as a chassis of the vehicle
crane 1—especially as here the axle 16 of the module axle 2
is also adapted to be steerable.

As is here diagrammatically indicated in each case by the
angle a., the steerable axles 12, 14 and 15 and the axle 16 of
the adaptable module axle 2 are provided with a caster, which
means that the associated steering swivel pins are arranged at
a certain angle, namely @, in the longitudinal direction of the
running gear. Admittedly, in this case all casters are identified
by the same angle ., but this does not mean that all the casters
must be of equal size. Rather, the caster angles of the indi-
vidual axes can be of differing magnitudes, depending on the
respectively required level of steering sensitivity. So that the
running gear remains actively steerable in the event of a
failure of the main steering circuit, at least one axle is con-
trollable by way of an emergency steering circuit and does not
have a caster o, like the axle 11 in this case. It will be
appreciated however that equally for example one of the other
axles could be designed without caster, but in return it would
remain actuable by way of an emergency steering circuitin a
fault situation.

As will be described in the further course of the specific
description and in particular in regard to the description of
FIGS. 5ato 5¢, it is found to be desirable for at least one ofthe
steerable axles to be provided with a caster c, as in that way
it is no longer necessary to provide an emergency steering
circuit for the steerable axles, to cover the event that the main
steering circuit should fail. More specifically, because the
steerable axles 12, 15, 16 are constructed with a caster o, the
axle affected by the failure still continues to steer, as a result
of the passive steering which occurs due to caster friction.

FIG. 2a shows the module axle 2 according to the invention
in a condition of being dismounted from the chassis 5 of the
vehicle crane 1. As is diagrammatically shown here once
again, the module axle 2 also has a caster angle o so that the
module axle 2 remains passively steerable in the event of
failure of its active steering (not shown here), as a conse-
quence of the caster friction which then occurs.

FIG. 25 shows a front view of the adaptable module axle 2
of FIG. 2a, here diagrammatically showing a hydraulic
assembly 6 with which the steering of the module axle 2 can
be separately operated. The separate hydraulic assembly 6
can be coupled to a main steering circuit of a chassis of a
vehicle crane and controlled thereby. It will be appreciated
that it is also possible for the springing cylinders 7 and the
brake cylinders (not shown here) of the module axle 2 to be
supplied with compressed air and controlled, with the sepa-
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rate hydraulic assembly 6. If however that should not be
wanted, then the springing cylinders 7, the brake cylinders
(not shown here) and the steering of the module axle 2 can
also be supplied with compressed air or with hydraulic pres-
sure and controlled by way of the corresponding systems of a
chassis of a vehicle crane.

As can be seen from the perspective views of the module
axle 2 in FIGS. 2¢ and 24, disposed at the top side of the
module axle is a storage surface which is in the form of a grid
and which is suitable for receiving and storing additional
weights which can be transported with the module axle 2. As
the module axle 2 is suitable by way of the coupling 17 for
releasable fixing to different types of vehicle crane and must
therefore also be capable of transporting counterweights of
different sizes, the grid structure is provided with a plurality
of displaceable centering posts 18 which, by virtue of their
displaceability, are suitable for being adapted to the respec-
tive shape and position of the respective counterweights.

To explain the operating principle of the caster friction
steering, reference is now made to FIG. 3 which is a simpli-
fied view showing a wheel suspension arrangement provided
with a caster. The wheel 19 is here suspended by way of a fork
20 on a chassis arrangement 21, the fork 20 being rotatable
about the axis of rotation A. When now the chassis arrange-
ment 20 is moved in the direction of travel, then the wheel 19,
by way of the fork 20, will always be set in the direction which
is predetermined by the chassis arrangement 20 and will thus
contribute passively to steering of the chassis arrangement 20.
The result of this is that the chassis arrangement 20 is better
maneuverable, in contrast to a rigid wheel mounting struc-
ture.

The module axle according to the invention will now be
described in greater detail with reference to FIGS. 4atodc. As
can best be seen from consideration of those Figures jointly,
the axle body 22 which carries the brake drums 23, the steer-
ing arms 24, the steering cylinders 9, the steering swivel pins
8 and the brake cylinders 10 is arranged resiliently by way of
the springing cylinders 7 on the chassis structure 21 of the
module axle 2 according to the invention. As canbe seen from
FIG. 4a the swivel pins 8 are inclined at a caster angle o so
that the wheel 19 can be steered passively, utilising the caster
property of the module axle. In order to be able to actively
steer the module axle 2 in the case of its being mounted to a
chassis of a vehicle crane, the module axle 2 has a hydraulic
assembly 6 (only diagrammatically shown here) which can be
steered by way of the main steering circuit of the vehicle
crane. For that purpose the hydraulic assembly 6 is connected
to the electrical branch of the usually electro-hydraulic steer-
ing of the vehicle crane in order in that way to receive the
electrical control signals of the main steering circuit of the
vehicle crane and to be controlled.

By virtue of the hydraulic assembly 6 being coupled to the
main steering circuit of a vehicle crane it can thus actuate the
two steering cylinders 9 which, by way of the steering arms 24
and the track rod 25, implement steering deflection of the
wheels 19 about the inclined axis of the steering swivel pins
8. Thus active steering of the module axle 2 can be effected by
way of the main steering circuit of the vehicle crane, by
electrical actuation of the hydraulic assembly 6. Instead of
providing for steering of the module axle 2 by way of elec-
trical actuation of the hydraulic assembly 6, it will be appre-
ciated that it is also possible for the steering cylinders 9 to be
coupled directly to the hydraulic circuit of the main steering
circuit of a vehicle crane so that the hydraulic assembly 6
could be omitted. If now for example failure of the hydraulic
assembly 6 or damage to the hydraulic pipes or hoses or to the
electrical actuation of the hydraulic assembly 6 should occur,
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the result of this is that the axle 16 of the module axle 2 does
not remain set rigidly for example at the steering lock angle
which was last applied, but continues to steer passively, util-
ising the passive steering effect, as a consequence of the
caster friction caused by the caster angle «., and thus remains
controllable. As will be described in fuller detail hereinafter it
will be appreciated that it is also possible for the brake cyl-
inders 10 and the spring cylinders 7 also to be operated with
compressed air or with hydraulic pressure by way of the
hydraulic assembly 6.

Reference will now be made to FIGS. 5a to 5S¢ to describe
the operating principle of the invention. FIG. 5a shows a
hydraulic circuit diagram relating to actuation of the axles 11,
12; 14, 15, which are steerable here, of a chassis 5 (only
diagrammatically illustrated here) of a vehicle crane, to
which a module axle 16 which is also steerable is releasably
mounted at the rear end thereof. As can be seen from the
illustration, the axles 11, 12 are actuated by way of a first
hydraulic assembly 6a, the axles 14, 15 by way of a second
hydraulic assembly 65 and the module axle 16 by way of a
third separate hydraulic assembly 6c. In this case the hydrau-
lic assembly 6b actuates the left-hand steering cylinders of the
axles 11, 12, 14 and 15 by way of the first steering circuit 30
and the hydraulic assembly 6b actuates the right-hand steer-
ing cylinders of the axles 11, 12, 14 and 15 by way of the
second steering circuit 31. In this case, the first steering circuit
30 as well as the second steering circuit 31 belong to the main
steering circuit 29 of the vehicle crane and likewise the steer-
ing control 26 which actuates the hydraulic assemblies 6a and
6b by means of electrical signals. So that the first axle 11
remains controllable in the event of a failure of the main
steering circuit an emergency steering pump 32 in the fault
situation delivers hydraulic oil into the main steering circuit
29. In addition the separate hydraulic assembly 6¢ arranged
onthe module axle 16 is also connected to the steering control
26 and can thus be controlled by way of the main steering
circuit 29 of the vehicle crane 1. It will be appreciated how-
ever that it is also possible not to provide a separate hydraulic
assembly for the module axle 2, but for the active steering of
the module axle 16 to be operated by way of the second
hydraulic assembly 65, as is indicated by the broken line. For
that purpose the hydraulic circuit of the module axle 2 could
be coupled to the main steering circuit 29 of the chassis for
example by way of a quick-action coupling 27 with two
non-return valves 28. In fault-free operation of the electro-
hydraulic steering illustrated here of the vehicle crane with
the module axle 2 mounted thereto therefore, all steerable
axles 11, 12, 14, 15, 16 are steered actively by way of the
hydraulic assemblies 6a, 65 or also 6¢ which in turn are
controlled by way of the steering control 26.

If now one of the hydraulic branches should fail or be
damaged, or if there should be a disturbance in the electrical
actuation of the hydraulic assemblies 6a, 65, 6c, as is indi-
cated here by the flash symbols, the result of this is that
admittedly the respectively affected active steering by way of
the corresponding hydraulic assembly fails, but the affected
axle 12, 14, 15 and 16 is still further steered passively by
utilising the caster property of the respective axle.

As can finally also be seen from FIGS. 556 and 3¢, the
module axle according to the invention is coupled to the
braking installation 33 (see FIG. 5¢) and to the springing
circuit 34 (see FIG. 5b) of the chassis of the vehicle crane by
way of a quick-action coupling 27 with two non-return valves
28 and can thus be involved in dynamic axle load compensa-
tion of the overall system comprising the chassis 5 and the
module axle 2. Accordingly the travel characteristics of the
vehicle crane can be positively influenced by mounting the
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module axle 2 to the chassis 5. Admittedly here the module
axle 2 is shown as being connected to the braking installation
33 and to the springing system 34 respectively of the vehicle
crane but, as has already been explained hereinbefore, it is
equally possible for the compressed air supply for the spring-
ing arrangement or the braking installation of the module axle
to be afforded by way of a separate hydraulic assembly 6c¢
arranged on the module axle 2, as is indicated here by the
broken lines.

LIST OF REFERENCES

1 vehicle crane

2 module axle

3 telescopic jib

4 superstructure

5 chassis

6 hydraulic assembly

7 springing cylinder

8 steering swivel pin

9 steering cylinder

10 brake cylinder

11 first axle

12 second axle

13 third axle

14 fourth axle

15 fifth axle

16 sixth axle

17 coupling

18 centering post

19 wheel

20 fork

21 chassis arrangement
22 axle body

23 brake drum

24 steering arm

25 track rod

26 steering control

27 quick-action coupling
28 non-return valve

29 main steering circuit
30 first steering circuit
31 second steering circuit
32 emergency steering pump
33 braking circuit

34 springing circuit

A axis of rotation

The invention claimed is:

1. A vehicle crane comprising:

achassis having a front and a rear, said chassis comprising
a springing circuit, at least one steered axle and a main
steering circuit for said at least one steered axle; and,

a module axle releasably mounted to said rear of said
chassis, said module axle comprising a preset caster
angle and a springing system, wherein said springing
system is integrated into said springing circuit and said
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module axle is steered actively by way of said steering
circuit of said chassis, and wherein during a failure event
of said module axle active steering, said module axle is
steered passively by way of said preset caster angle.

2. The vehicle crane of claim 1, wherein said module axle
further comprises at least one steering cylinder which is oper-
ated by way of said main steering circuit of said chassis.

3. The vehicle crane of claim 2, wherein said at least one
steering cylinder is operatively arranged to damp steering
movements of said module axle during said failure event of
said module axle active steering.

4. The vehicle crane of claim 3, wherein said at least one
steering cylinder is adapted to be throttlable.

5. The vehicle crane of claim 2, wherein said module axle
further comprises a separate hydraulic assembly which is
controllable by way of said main steering circuit of said
chassis and with which said at least one steering cylinder is
operated.

6. The vehicle crane of claim 1, wherein said module axle
further comprises a braking installation, said chassis further
comprises a braking circuit and wherein braking installation
is integrated into said braking circuit.

7. A module axle operatively arranged for releasably
mounting to arear of a chassis of a vehicle crane, said chassis
further comprising a front, a springing circuit, at least one
steered axle and a main steering circuit for said at least one
steered axle of said chassis, said module axle comprising:

an active steering means

a preset caster angle; and,

a springing system,

wherein said main steering circuit of said chassis is opera-

tively arranged to operate said active steering means and
said module axle is steered actively by way of said main
steering circuit of said chassis, said springing system is
integrated into said springing circuit of said chassis, and
wherein during a failure event of said active steering
means, said module axle remains passively steerable by
way of said preset caster angle.

8. The module axle of claim 7, wherein said active steering
means of said module axle comprises at least one steering
cylinder operated by way of said main steering circuit of said
chassis.

9. The module axle of claim 8, wherein said at least one
steering cylinder damps steering movements of said module
axle during said failure event of said active steering means.

10. The module axle of claim 9 wherein said at least one
steering cylinder is adapted to be throttlable.

11. The module axle of claim 8, wherein said module axle
comprises a separate hydraulic assembly controllable by way
of said main steering circuit of the chassis and arranged to
operate said at least one steering cylinder.

12. The module axle of claim 7, wherein said chassis fur-
ther comprises a braking circuit, said module axle further
comprises a braking installation integrated into said braking
circuit of the chassis.



