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(57) Amethod of (and device for) adjusting a first plane of a work machine, wherein the work machine comprises a first
adjustable stabiliser, a second adjustable stabiliser, a third adjustable stabiliser, a fourth adjustable stabiliser and a
tilt sensor, wherein: the first, second, third and fourth adjustable stabilisers are each extendable between a
minimum extension and a maximum extension, wherein a difference in length between the minimum extension and
the maximum extension is the same for each adjustable stabiliser; the first, second, third and fourth adjustable
stabilisers are configured to support the work machine when a distal end of each adjustable stabiliser is in contact
with a ground surface; a first stabiliser pair comprises the first adjustable stabiliser and the second adjustable
stabiliser; and a second stabiliser pair comprises the second adjustable stabiliser and the third adjustable stabiliser;
the method comprising: extending the first, second, third and fourth adjustable stabilisers to a first configuration,
wherein in the first configuration each adjustable stabiliser is at a calibration extension and the first plane is parallel
to a reference plane defined by points of contact of the distal ends of the first, second, third and fourth adjustable
stabilisers with the ground surface; adjusting the first stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a second configuration, wherein in the second configuration: either the tilt sensor
indicates that the first plane is parallel to a first axis of a target plane; or the first adjustable stabiliser and the
second adjustable stabiliser have reached the maximum extension; adjusting the second stabiliser pair such that
the first, second, third and fourth adjustable stabilisers arrive at a third configuration, wherein in the third
configuration: either the tilt sensor indicates that the first plane is parallel fo a second axis of the target plane; or the
second adjustable stabiliser and the third adjustable stabiliser have reached maximum extension.
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Automatic levelling of work machine

Field of the disclosure

The disclosure relates to the field of work machines.

Background

Work machines such as wheeled excavators or material handlers are known to be
equipped with stabilisers fitted to the undercarriage. These stabilisers may be arranged in

pairs at the front and/or the rear of the undercarriage.

Typically, the stabilisers are used to support the work machine while the machine tools are
in operation (for example excavating or moving material) to provide a wider and more
stable surface than the wheels, and without the damping effects of wheels. In use, an
operator may extend all stabilisers to their maximum length. If the work machine is not
level, the operator may then adjust each stabiliser one after the other to correct for the
slope, requiring the operator to have good skills in adjusting the stabilisers individually and

a good understanding of the ground topography.

Summary of the disclosure

Against this background, there is provided: a method of adjusting a first plane of a work
machine, wherein the work machine comprises a first adjustable stabiliser, a second
adjustable stabiliser, a third adjustable stabiliser, a fourth adjustable stabiliser and a tilt
sensor. The first, second, third and fourth adjustable stabilisers are each extendable
between a minimum extension and a maximum extension, wherein a difference in length
between the minimum extension and the maximum extension is the same for each
adjustable stabiliser. The first, second, third and fourth adjustable stabilisers are configured
to support the work machine when a distal end of each adjustable stabiliser is in contact

with a ground surface. A first stabiliser pair comprises the first adjustable stabiliser and the
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second adjustable stabiliser. A second stabiliser pair comprises the second adjustable
stabiliser and the third adjustable stabiliser. The method comprises:

a. extending the first, second, third and fourth adjustable stabilisers to a first
configuration, wherein in the first configuration each adjustable stabiliser is
at a calibration extension and the first plane is parallel to a reference plane
defined by points of contact of the distal ends of the first, second, third and
fourth adjustable stabilisers with the ground surface;

b. adjusting the first stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a second configuration, wherein in the second
configuration:

either the tilt sensor indicates that the first plane is parallel to a first
axis of a target plane; or

the first adjustable stabiliser and the second adjustable stabiliser
have reached the maximum extension;

c. adjusting the second stabiliser pair such that the first, second, third and
fourth adjustable stabilisers arrive at a third configuration, wherein in the
third configuration:

either the tilt sensor indicates that the first plane is parallel to a
second axis of the target plane; or
the second adjustable stabiliser and the third adjustable stabiliser

have reached maximum extension.

In this way, the first plane of the work machine may be adjusted so that it is close to parallel

to a target plane, even if the supporting ground surface is not parallel to the target plane.

There is also provided: a device for adjusting a first plane of a work machine, wherein the
device comprises a first adjustable stabiliser, a second adjustable stabiliser, a third
adjustable stabiliser and a fourth adjustable stabiliser. The first, second, third and fourth
adjustable stabilisers are each extendable between a minimum extension and a maximum
extension, wherein a difference in length between the minimum extension and the
maximum extension is the same for each adjustable stabiliser. The first, second, third and
fourth adjustable stabilisers are configured to support the work machine when a distal end
of each adjustable stabiliser is in contact with a ground surface. A first stabiliser pair

comprises the first adjustable stabiliser and the second adjustable stabiliser. A second
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stabiliser pair comprises the second adjustable stabiliser and the third adjustable stabiliser.

The device further comprises a tilt sensor and a controller configured to:

a.

extend the first, second, third and fourth adjustable stabilisers to a first
configuration, wherein in the first configuration each adjustable stabiliser is
at a calibration extension and the first plane is parallel to a reference plane
defined by points of contact of the distal ends of the first, second, third and
fourth adjustable stabilisers with the ground surface;
adjust the first stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a second configuration, wherein in the second
configuration:

either the tilt sensor indicates that the first plane is parallel to a first
axis of a target plane; or

the first adjustable stabiliser and the second adjustable stabiliser
have reached the maximum extension;
adjust the second stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a third configuration, wherein in the third
configuration:

either the tilt sensor indicates that the first plane is parallel to a
second axis of the target plane; or

the second adjustable stabiliser and the third adjustable stabiliser

have reached maximum extension.

Brief description of the drawings

A specific embodiment of the disclosure will now be described, by way of example only,

with reference to the accompanying drawings in which:

Figure 1 shows a schematic diagram of a perspective view of a work machine comprising a

device for adjusting a first plane of the work machine, according to an embodiment of the

present disclosure.
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Figure 2 shows a schematic diagram of a top view of a work machine comprising a device
for adjusting a first plane of the work machine, according to an embodiment of the present

disclosure.

Figure 3 shows a flow diagram illustrating a method of adjusting a first plane of a work

machine, according to an embodiment of the present disclosure.

Figure 4 shows a flow diagram illustrating a method of adjusting a first plane of a work

machine, according to an embodiment of the present disclosure.

Figure 5 shows a flow diagram illustrating a method of adjusting a first plane of a work
machine, according to an embodiment of the present disclosure. Figure 5A shows a
method wherein steps are repeated in an event that the first plane is not parallel to a target
plane after step 330. Figure 5B shows a method wherein further steps are carried out in an

event that the first plane is not parallel to a target plane after step 330.

Figure 6 shows a schematic diagram of a top view of a work machine comprising a device
for adjusting a first plane of the work machine according to an embodiment of the present

disclosure, with a first axis and a second axis illustrated by arrows.

Figure 7 shows a schematic diagram of a top view of a work machine comprising a device
for adjusting a first plane of the work machine according to an embodiment of the present

disclosure, with a first axis and a second axis illustrated by arrows.

Figure 8 shows a schematic diagram of a first adjustable stabiliser and a second adjustable
stabiliser of the device for adjusting a first plane of the work machine according to an

embodiment of the present disclosure.

Figure 6 shows a schematic diagram of a top view of a work machine comprising a device
for adjusting a first plane of the work machine according to an embodiment of the present
disclosure, wherein the upper carriage of the work machine is rotated with respect to the

under carriage of the work machine.

Figures 10 to 16 illustrate a method of adjusting a first plane of a work machine, according

to an embodiment of the present disclosure. Figures 10 to 16 show schematic diagrams of
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a top view of the work machine, with arrows indicating which of the adjustable stabilisers
are being adjusted. An arrow pointing away from the work machine indicates that the
stabiliser may be extended; an arrow pointing towards the work machine indicates that the
stabiliser may be retracted, and a double-ended arrow indicates that the stabiliser may be

extended or retracted.

Figure 10 shows the first, second, third and fourth adjustable stabilisers being extended.

Figure 11 shows the first, second, third and fourth adjustable stabilisers being retracted.

Figure 12 shows the first stabiliser pair being extended.

Figure 13 shows the second stabiliser pair being extended.

Figure 14 shows the first stabiliser pair being adjusted by either extension or retraction.

Figure 15 shows the second stabiliser pair being adjusted by either extension or retraction.

Figure 16 shows the first, second, third and fourth adjustable stabilisers being extended.

Detailed description

A device according to an embodiment of the present disclosure for adjusting a first plane of
a work machine comprises a first adjustable stabiliser, a second adjustable stabiliser, a
third adjustable stabiliser, a fourth adjustable stabiliser and a tilt sensor. The work machine

may comprise the device for adjusting the first plane of a work machine.

With reference to Figures 1 and 2, a work machine 100 is shown comprising a device for
adjusting a first plane of the work machine according to an embodiment of the present
disclosure. Figure 1 shows a perspective view of the work machine 100, and Figure 2
shows a top view of the work machine 100. The work machine 100 comprises a first
adjustable stabiliser 110, a second adjustable stabiliser 120, a third adjustable stabiliser
130 and a fourth adjustable stabiliser 140 (the fourth adjustable stabiliser is not visible in

Figure 1, but is shown in Figure 2). The first, second, third and fourth adjustable stabilisers
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110, 120, 130 and 140 are configured to support the work machine 100 when a distal end
of each adjustable stabiliser is in contact with a ground surface. In the example shown in
Figure 1, the distal end of each of the first, second, third and fourth adjustable stabilisers
110, 120, 130 and 140 comprises a first, second, third and fourth plate 111, 121, 131 and
141 respectively. The distal end of each of the first, second, third and fourth adjustable

stabilisers 110, 120, 130 and 140 may comprise other geometries.

The first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140 are each
extendable between a minimum extension and a maximum extension, wherein a difference
in length between the minimum extension and the maximum extension is the same for

each adjustable stabiliser.

A first stabiliser pair may comprise any two of the first, second, third and fourth adjustable
stabilisers 110, 120, 130 and 140. A second stabiliser pair may comprise any two of the
first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140, wherein one
(but not both) of the stabilisers of the second stabiliser pair is the same as one of the
stabilisers of the first stabiliser pair. In an embodiment the first stabiliser pair may comprise
the first adjustable stabiliser 110 and the second adjustable stabiliser 120, and the second
stabiliser pair may comprise the second adjustable stabiliser 120 and the third adjustable
stabiliser 130.

With reference to Figure 3, a method of adjusting a first plane of a work machine 100
according to an embodiment of the present disclosure is illustrated. The device for
adjusting the first plane of the work machine 100 may be configured to carry out any of the

methods described herein.

At step 310, the first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140
are extended to a first configuration. In the first configuration each adjustable stabiliser is at
a calibration extension and the first plane is parallel to a reference plane defined by points
of contact of the distal ends of the first, second, third and fourth adjustable stabilisers with
the ground surface. In an embodiment, the calibration extension may comprise between 80
and 95 % of the maximum extension, or more preferably between 85 and 90 % of the
maximum extension. The calibration extension may comprise other percentages of the

maximum extension.
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At step 320 the first stabiliser pair is adjusted such that the first, second, third and fourth
adjustable stabilisers arrive at a second configuration. In the second configuration either
the tilt sensor indicates that the first plane is parallel to a first axis of a target plane; or the
first adjustable stabiliser and second adjustable stabiliser have reached the maximum
extension. The first and second adjustable stabilisers may be extended from the calibration
extension until either the first plane is parallel to the first axis, or until the first and second
stabilisers have reached their maximum extension. The first and second stabilisers may be

extended simultaneously and at the same rate.

At step 330 the second stabiliser pair is adjusted such that the first, second, third and fourth
adjustable stabilisers arrive at a third configuration. In the third configuration either the tilt
sensor indicates that the first plane is parallel to a second axis of the target plane; or the
second adjustable stabiliser and the third adjustable stabiliser have reached maximum
extension. The second and third adjustable stabilisers may be extended from the
calibration extension until either the first plane is parallel to the second axis, or until the
second and third stabilisers have reached their maximum extension. The second and third

stabilisers may be extended simultaneously and at the same rate.

The work machine 100 may further comprise a first wheel assembly 151, a second wheel
assembly 152, a third wheel assembly 153 and a fourth wheel assembly 154. The first,
second, third and fourth wheel assemblies 151, 152, 153 and 154 may be configured to
support the work machine 100. In an embodiment, the first, second, third and fourth wheel
assemblies 151, 152, 153 and 154 may be configured to support the work machine 100
when the first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140 are not
in use or are extended to an extension below a threshold extension. The calibration
extension of the first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140
may comprise an extension at which the work machine 100 is supported by the first,
second, third and fourth adjustable stabilisers 110, 120, 130 and 140 and not by any of the
first, second, third and fourth wheel assemblies 151, 152, 153 and 154.

In an embodiment, with reference to Figure 4, step 310 of adjusting the first, second, third

and fourth adjustable stabilisers 110, 120, 130 and 140 are extended to a first configuration
may comprise a first stage 410 and a second stage 420. The first stage 410 may comprise
extending the first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140 to

a primary configuration. In the primary configuration each adjustable stabiliser is at the
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maximum extension and the first plane is parallel to a reference plane defined by points of
contact of the distal ends of the first, second, third and fourth adjustable stabilisers 110,
120, 130 and 140 with the ground surface. The second stage 420 may comprise retracting
the first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140 to the first
configuration. As described earlier, in the first configuration each adjustable stabiliser is at
a calibration extension and the first plane is parallel to a reference plane defined by points
of contact of the distal ends of the first, second, third and fourth adjustable stabilisers with
the ground surface. The second stage 420 may comprise retracting the stabilisers by a
percentage of a stroke or of the maximum extension, for example a percentage between 5
and 20 % of a stroke or of the maximum extension, or more preferably between 10 and 15
% of a stroke or of the maximum extension. The second stage 420 may comprise
retracting the stabilisers for a pre-determined amount of time, for example for a pre-

determined time that is between 0.5 to 2 seconds.

With reference to Figure 5, the methods illustrated in either Figure 3 or Figure 4 may further
comprise a step 510 of using the tilt sensor to determine whether the first plane is parallel
to the target plane. In an event that the tilt sensor indicates that the first plane is parallel to
the target plane, the method ends. In an event that the tilt sensor indicates that the first
plane is not parallel to the target plane, the method may comprise further adjusting the first
stabiliser pair and the second stabiliser pair. In an embodiment, with reference to Figure
5A, in an event that the tilt sensor indicates that the first plane is not parallel to the target
plane, the method may repeat steps 320 and 330. The method may then proceed (for
example the method may end), or step 510 of using the tilt sensor to determine whether the
first plane is parallel to the target plane may be carried out again, and in an event that the
tilt sensor indicates that the first plane is not parallel to the target plane the method may
repeat steps 320 and 330 again. In an embodiment, with reference to Figure 5B, in an
event that the tilt sensor indicates that the first plane is not parallel to the target plane, the
method may further comprise steps 520 and 530. Step 520 may comprise adjusting the first
stabiliser pair such that the first, second, third and fourth adjustable stabilisers 110, 120,
130 and 140 arrive at a fourth configuration. In the fourth configuration either the tilt sensor
may indicate that the first plane is parallel to the first axis; or the first adjustable stabiliser
and the second adjustable stabiliser may have reached the calibration or maximum
extension. In the fourth configuration, the first and second adjustable stabilisers 110, 120
may be between the calibration extension and the maximum extension or may be at the

calibration extension or at the maximum extension. Step 530 may comprise adjusting the
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second stabiliser pair such that the first, second, third and fourth adjustable stabilisers 110,
120, 130 and 140 arrive at a fifth configuration. In the fifth configuration either the tilt sensor
may indicate that the first plane is parallel to the second axis; or the second adjustable
stabiliser and the third adjustable stabiliser may have reached the minimum calibration or
maximum extension. In the fifth configuration the second and third adjustable stabilisers
may be between the calibration extension and the maximum extension or may be at the
calibration extension or at the maximum extension. Steps 520 and 530 may comprise
adjusting the first, second, third and fourth adjustable stabilisers by extending the first,
second, third and fourth adjustable stabilisers and/or retracting the first, second, third and

fourth adjustable stabilisers.

The methods described above may further comprise a step after the last step (e.g. after
step 330 of Figures 3 or 4, or after step 510 of Figure 5A or after step 530 of Figure 5B) of
using the tilt sensor to determine whether the first plane is parallel to the first axis and the
second axis. In an event that the first tilt sensor indicates that the first plane is parallel to
the first and second axes, the method may end. In an event that the first tilt sensor
indicates that the first plane is not parallel to the first and second axes, the method may
further comprise extending the first stabiliser pair and the second stabiliser pair to the

maximum extension.

In the methods described above, determining whether the first plane is parallel to the first
axis or the second axis may comprise comparing a tilt angle to a threshold angle. In an
embodiment, the threshold angle may comprise a pre-determined threshold angle. In
another embodiment, the threshold angle may comprise a tolerance of the tilt sensor. In an
embodiment, the threshold angle may comprise £0.01°, £0.05°,£0.1°, £0.5°, £1° or another

angle.

In an embodiment, a user may select a levelling mode from a pre-determined list of
levelling modes, wherein each levelling mode is configured to carry out the method for
adjusting the first plane. Each levelling mode may comprise a threshold angle. For
example, the user may choose between a “quick levelling mode” and a “fine levelling
mode”, wherein the threshold angle is smaller for the “fine levelling mode” than the “quick
levelling mode”. The method for adjusting the first plane may be completed in a shorter
time for the quick levelling mode than the fine levelling mode. The method for adjusting the

first plane may adjust the first plane to be closer to parallel to the target plane for the fine
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levelling mode than the quick levelling mode. The user may therefore choose whether they
require the first plane to be adjusted more quickly, or more accurately. In an event that the
user selects the fine levelling mode, and levelling is not achieved (i.e. at the end of the
method the first plane is not parallel to the target plane to within the threshold angle, so the
adjustable stabilisers are extended to maximum extension), it would be possible for the
user to then select the quick levelling mode. In this way, the first plane may be brought
closer to parallel to the target plane than if all adjustable stabilisers are adjusted to their
maximum extension to bring the first plane parallel to the reference plane. Alternatively, in
an embodiment this may be carried out automatically: the method may be carried out a first
time with a first threshold angle, and in an event that after the last step the first plane is not
parallel to the target plane (to within the first threshold angle), the method may be carried
out a second time with a second threshold angle. The second threshold angle may be

larger than the first threshold angle.

Examples of the first axis and second axis are shown in Figures 6 and 7 for the work
machine of Figures 1 and 2. Figure 6 shows the first axis, indicated by arrow 610, parallel
to the length of the work machine 100 (i.e. the first axis comprises a front-back axis). The
second axis is indicated by arrow 620 and is perpendicular to the first axis 610 (i.e. the
second axis comprises a side-side axis). In an embodiment, the first stabiliser pair may
comprise the first adjustable stabiliser 110 and the second adjustable stabiliser 120, and
the second stabiliser pair may comprise the second adjustable stabiliser 120 and the third
adjustable stabiliser 130. The first axis may be illustrated by the arrow 610, and the second
axis may be illustrated by the arrow 620. Step 320 may comprise adjusting the first
stabiliser pair such that the first, second, third and fourth adjustable stabilisers arrive at a
second configuration. In the second configuration either the tilt sensor indicates that the
first plane is parallel to the first axis 610 of a target plane; or the first adjustable stabiliser
110 and the second adjustable stabiliser 120 have reached the maximum extension. Step
330 may comprise adjusting the second stabiliser pair such that the first, second, third and
fourth adjustable stabilisers arrive at a third configuration. In the third configuration either
the tilt sensor indicates that the first plane is parallel to the second axis 620 of a target
plane; or the second adjustable stabiliser 120 and the third adjustable stabiliser 130 have
reached the maximum extension. In this way the stabilisers are adjusted first to level the
front of the work machine 100 with respect to the back of the work machine 100 by
adjusting the front stabilisers (the first adjustable stabiliser 110 and the second adjustable

stabiliser 120). The stabilisers are adjusted second to level a side of the work machine 100
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with respect to the other side by adjusting the stabilisers on one side of the work machine
100 (the second adjustable stabiliser 120 and the third adjustable stabiliser 130).

Figure 7 shows the first axis, indicated by arrow 710, perpendicular to the length of the
work machine 100 (i.e. the first axis comprises a side-side axis). The second axis is
indicated by arrow 720 and is parallel to the length of the work machine (i.e. the second
axis comprises a front-back axis). In an embodiment the first stabiliser pair may comprise
the second adjustable stabiliser 120 and the third adjustable stabiliser 130, and the second
stabiliser pair may comprise the first adjustable stabiliser 110 and the second adjustable
stabiliser 120. The first axis may be illustrated by the arrow 710, and the second axis may
be illustrated by the arrow 720. Step 320 may comprise adjusting the first stabiliser pair
such that the first, second, third and fourth adjustable stabilisers arrive at a second
configuration. In the second configuration either the tilt sensor indicates that the first plane
is parallel to the first axis 710 of a target plane; or the second adjustable stabiliser 120 and
the third adjustable stabiliser 130 have reached the maximum extension. Step 330 may
comprise adjusting the second stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a third configuration. In the third configuration either the tilt
sensor indicates that the first plane is parallel to the second axis 720 of a target plane; or
the first adjustable stabiliser 110 and the second adjustable stabiliser 120 have reached the
maximum extension. In this way the stabilisers are adjusted first to level a side of the work
machine 100 with respect to the other side by adjusting the stabilisers on one side of the
work machine 100 (the second adjustable stabiliser 120 and the third adjustable stabiliser
13). The stabilisers are adjusted second to level the front of the work machine 100 with
respect to the back of the work machine 100 by adjusting the front stabilisers (the first

adjustable stabiliser 110 and the second adjustable stabiliser 120).

In an embodiment, each of the first, second, third and fourth adjustable stabilizers 110,
120, 130 and 140 may comprise a hydraulic cylinder configured to be extendable; and

a support plate configured to engage with the ground (wherein the distal end of each
stabiliser comprises the support plate). Each of the first, second, third and fourth adjustable
stabilizers 110, 120, 130 and 140 may further comprise a mechanical arm, wherein each of
the first, second, third and fourth adjustable stabilizers are stored in a raised position and
wherein the mechanical arm configured to lower each stabilizer to a lowered position prior
to step a). With reference to Figure 8, the first adjustable stabiliser 110 and the second

adjustable stabiliser 120 are shown according to an embodiment of the present disclosure.
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The first adjustable stabiliser 110 and second adjustable stabiliser 120 may each comprise
a support plate 111 and 121, a hydraulic cylinder 112 and 122, and a mechanical arm 113
and 123. The mechanical arms 113 and 123 may be raised and lowered (for example
about axes 114 and 124). The first adjustable stabiliser 110 and second adjustable
stabiliser 120 are shown in a raised position in Figure 8, and in a lowered position in Figure
1. In an embodiment, the support plates 111 and 121 may be configured to be rotatable to
enable better contact with the ground. For example, the support plates 111 and 121 may
be configured to be rotatable in a plane parallel to the mechanical arms 113 and 123 (in
Figure 8, support plate 111 is rotatable about an axis 115) or in a plane parallel to the
vertical. The hydraulic cylinders 112 and 122 may be at an angle to the ground, such that

the extension and retraction of the adjustable stabilisers is at an angle to the ground.

Referring back to Figures 1 and 2, the work machine 100 may further comprise a chassis
or machine body configured to be supported by the first, second, third and fourth adjustable
stabilisers 110, 120, 130 and 140. The chassis may, for example, comprise a cab and a
work tool. In an embodiment, the chassis may comprise an undercarriage and an upper
carriage. In the example shown in Figures 1 and 2, the work machine 100 comprises an
undercarriage 160 and an upper carriage or cab 170. The work machine may further

comprise a work tool 180 comprising an arm, shown in an extended position in Figure 2.

In an embodiment wherein the chassis comprises an undercarriage and an upper carriage,
the upper carriage may be configured to be movable relative to the undercarriage. In an
embodiment, the upper carriage may be configured to be rotatable about a third axis
relative to the undercarriage, wherein the third axis is perpendicular to the first axis and to
the second axis. Figure 9 shows an example of a work machine having an upper carriage
910 (comprising a cab 170 and a work tool 180) rotated with respect to the undercarriage
(comprising a frame, the first, second, third and fourth adjustable stabilisers 110, 120, 130
and 140, and the first, second, third and fourth wheel assemblies 151, 152, 153 and 154).

In an embodiment, the upper carriage may comprise the tilt sensor and the under carriage
may comprise the first plane. The upper carriage may be configured to be rotatable about a
third axis with respect to the under carriage, wherein the third axis is perpendicular to the
first axis and the second axis. The method steps of using the tilt sensor to determine
whether the first plane is parallel to the target plane may further comprise using a rotation

angle of the upper carriage with respect to the under carriage to determine whether the first
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plane is parallel to the first axis or the second axis. In other words, the rotation of the upper
carriage with respect to the undercarriage may be compensated for when determining
whether the first plane is parallel to the first axis or the second axis. The rotation angle may

be measured by the tilt sensor or by an additional swing sensor.

The tilt sensor may be configured to detect tilt about a primary axis and about a secondary
axis. In an embodiment, the tilt sensor may comprise one tilt sensor capable of detecting tilt
about both the primary and the secondary axes. In another embodiment, the tilt sensor may
comprise a first tilt sensor and a second tilt sensor, wherein the first tilt sensor is configured
to detect tilt about a primary axis and wherein the second tilt sensor is configured to detect
tilt about a secondary axis. In an embodiment where the upper carriage is not rotatable with
respect to the under carriage, the primary axis may be parallel to the first axis and the
secondary axis may be parallel to the second axis. In an embodiment where the upper
carriage is rotatable with respect to the under carriage, the angles of the primary axis with
respect to the first axis and the secondary axis with respect to the second axis may be
determined and used to determine whether the first plane is parallel to the first axis or the

second axis.

In use, when the work machine 100 is travelling, the first, second, third and fourth
stabilisers 110, 120, 130 and 140 may be raised and the work machine may be supported
by the first, second, third and fourth wheel assemblies 151, 152, 153 and 154. When the
work machine 100 is stationary, the first, second, third and fourth stabilisers 110, 120, 130
and 140 may be lowered to support the work machine 100, providing a more stable support
for the work machine 100 (for example by providing a wider base than the first, second,
third and fourth wheel assemblies 151, 152, 153 and 154 and by avoiding damping effects

of the wheel assemblies supporting the work machine 100).

The first plane may be a plane of the work machine that is parallel to the ground when the
work machine is supported by the first, second, third and fourth wheel assemblies 151,
152, 153 and 154. The first plane may be horizontal when the work machine is supported
by the first, second, third and fourth wheel assemblies 151, 152, 153 and 154 on a
horizontal surface. In other words, the first plane may be parallel to a wheel plane
comprising the contact point of each wheel assembly with the ground when the work
machine is supported by the first, second, third and fourth wheel assemblies 151, 152, 153



10

15

20

25

30

35

-14 -

and 154. The first plane may also be parallel to a plane comprising the distal end of each

adjustable stabiliser when the adjustable stabilisers are extended by the same amount.

The methods of adjusting the first plane of the work machine 100 described above aim to
adjust the first plane of the work machine 100 to be close to the horizontal even when the
supporting ground is not horizontal. A maximum slope compensation achievable may be
dictated more by the geometry of the machine (including the wheel assemblies and the
adjustable stabilisers) than by the steps of the method per se. Nevertheless, in an
embodiment, the method may compensate for up to 4° of slope of the supporting ground,
or between 1.5° and 3° of slope of the supporting ground, or up to a larger angle of slope In
addition, when the work machine 100 is supported by the stabilisers, the stability of the
work machine 100 is improved if the first, second, third and fourth adjustable stabilisers
110, 120, 130 and 140 support the work machine 100 and the first, second, third and fourth
wheel assemblies 151, 152, 153 and 154 are not providing support. The calibration
extension may be an extension of the adjustable stabilisers at which the work machine 100
may be supported by the first, second, third and fourth adjustable stabilisers 110, 120, 130
and 140 and not by any of the first, second, third and fourth wheel assemblies 151, 152,
153 and 154. Any extension that is greater than the calibration extension (i.e. between the
calibration extension and maximum extension, or the maximum extension) may therefore
be an extension of the adjustable stabilisers at which the work machine 100 may be
supported by the first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140
and not by any of the first, second, third and fourth wheel assemblies 151, 152, 153 and
154. The methods described above start by adjusting the adjustable stabilisers to the
calibration extension, and then keep the adjustable stabilisers either at the calibration
extension or at extensions greater than the calibration extension. In more detail, Step 310
of the methods described above comprises adjusting the first, second, third and fourth
adjustable stabilisers 110, 120, 130 and 140 to the first configuration (wherein each
adjustable stabiliser is at a calibration extension). With the first, second, third and fourth
adjustable stabilisers 110, 120, 130 and 140 in the first configuration, the work machine
100 may be supported by the first, second, third and fourth adjustable stabilisers 110, 120,
130 and 140 and not by any of the first, second, third and fourth wheel assemblies 151,
152, 153 and 154. In the first configuration, each of the first, second, third and fourth
adjustable stabilisers 110, 120, 130 and 140 are at a calibration extension. In any of the
subsequent method steps (for example steps 320, 330, 520 or 530), the adjustable

stabilisers may be kept between the calibration extension and the maximum extension or
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may be at the calibration or maximum extension. Steps 320 and 330 may comprise
extending the adjustable stabilisers (and not retracting the adjustable stabilisers) so that
the work machine 100 is still supported by the first, second, third and fourth adjustable
stabilisers 110, 120, 130 and 140 and not by any of the first, second, third and fourth wheel
assemblies 151, 152, 153 and 154. Steps 520 and 530 may adjust the stabilisers between
the calibration extension and the maximum extension, so that the work machine 100 is still
supported by the first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140
and not by any of the first, second, third and fourth wheel assemblies 151, 152, 153 and
154. In an event that the first plane is not parallel to the target plane after steps 320 and
330 (or steps 520 and 530), the stabilisers are extended to maximum extension to
maximise the probability that the work machine 100 is supported by the first, second, third
and fourth adjustable stabilisers 110, 120, 130 and 140 and not by any of the first, second,
third and fourth wheel assemblies 151, 152, 153 and 154.

In an embodiment, the extension of each adjustable stabiliser may be determined by a
pressure sensor, wherein the pressure sensor is configured to detect a pressure of the
hydraulic cylinder. In an embodiment, the pressure of the hydraulic cylinder may rise as the
extension of the hydraulic cylinder increases. A maximum pressure may correspond to a
maximum extension of the hydraulic cylinder (and therefore a maximum extension of the

adjustable stabiliser).

In an embodiment, the upper carriage may be configured to move rotationally and vertically
with respect to the undercarriage. For example, an arm 190 (labelled in Figure 1) may be

used to raise and lower the upper carriage.

In use, an operator may initiate the methods described above via a user interface in the
cab 170.

An example of a method of adjusting the first plane of the work machine 100 is illustrated in
Figures 10 to 16 with arrows indicating which stabilisers are adjusted in each step. An
arrow pointing away from the work machine indicates that the stabiliser may be extended;
an arrow pointing towards the work machine indicates that the stabiliser may be retracted,
and a double-ended arrow indicates that the stabiliser may be extended or retracted. The
first stabiliser pair in this example comprises the second adjustable stabiliser 120 and the

third adjustable stabiliser 130. The second stabiliser pair in this example comprises the first
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adjustable stabiliser 110 and the second adjustable stabiliser 120. Figure 10 shows step
410, in which the first, second, third and fourth adjustable stabilisers 110, 120, 130 and 140
are extended to maximum extension. Figure 11 shows step 420, in which the first, second,
third and fourth adjustable stabilisers 110, 120, 130 and 140 are retracted to arrive at the
first configuration. Figure 12 shows step 320, wherein the first stabiliser pair is adjusted by
extending the second adjustable stabiliser 120 and the third adjustable stabiliser 130 such
that the first, second, third and fourth adjustable stabilisers arrive at a second configuration.
In the second configuration either the tilt sensor indicates that the first plane is parallel to a
first axis of a target plane; or the first adjustable stabiliser and the second adjustable
stabiliser have reached the maximum extension. Figure 13 shows step 330, wherein the
second stabiliser pair is adjusted by extending the first adjustable stabiliser 110 and the
second adjustable stabiliser 120 such that the first, second, third and fourth adjustable
stabilisers arrive at a third configuration. In the third configuration either the tilt sensor
indicates that the first plane is parallel to a second axis of the target plane; or the second

adjustable stabiliser and the third adjustable stabiliser have reached maximum extension.

In an embodiment, the method may end after step 330. In another embodiment, the
method may further comprise step 510 of determining whether the first plane is parallel to

the target plane.

Figure 14 shows step 520, wherein if at step 510 the first plane is not parallel to the target
plane, the first stabiliser pair is adjusted (by either extending or retracting the second
adjustable stabiliser 120 and the third adjustable stabiliser 130) such that the first, second,
third and fourth adjustable stabilisers arrive at a fourth configuration. In the fourth
configuration either the tilt sensor indicates that the first plane is parallel to a first axis of a
target plane; or the first adjustable stabiliser and the second adjustable stabiliser have
reached the calibration or maximum extension. As described above, in the fourth
configuration the first adjustable stabiliser and the second adjustable stabiliser may be
between the calibration extension and the maximum extension or may be at the calibration
extension or at the maximum extension. Figure 15 shows step 530, wherein the second
stabiliser pair is adjusted (by extending or retracting the first adjustable stabiliser 110 and
the second adjustable stabiliser 120) such that the first, second, third and fourth adjustable
stabilisers arrive at a fifth configuration. In the fifth configuration either the tilt sensor
indicates that the first plane is parallel to a second axis of the target plane; or the second

adjustable stabiliser and the third adjustable stabiliser have reached the calibration or
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maximum extension. As described above, in the fifth configuration the second adjustable
stabiliser and the third adjustable stabiliser may be between the calibration extension and
the maximum extension or may be at the calibration extension or at the maximum

extension.

In an embodiment, the method may comprise a last step (either after step 330 or 530) of
determining whether the first plane is parallel to the target plane. In an event that first plane
is not parallel to the target plane, the first, second, third and fourth adjustable stabilisers

110, 120, 130 and 140 may be extended to maximum extension (shown in Figure 16).
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CLAIMS:

1. A method of adjusting a first plane of a work machine, wherein the work machine
comprises a first adjustable stabiliser, a second adjustable stabiliser, a third
adjustable stabiliser, a fourth adjustable stabiliser and a tilt sensor, wherein:

the first, second, third and fourth adjustable stabilisers are each extendable
between a minimum extension and a maximum extension, wherein a difference in
length between the minimum extension and the maximum extension is the same
for each adjustable stabiliser;

the first, second, third and fourth adjustable stabilisers are configured to
support the work machine when a distal end of each adjustable stabiliser is in
contact with a ground surface;

a first stabiliser pair comprises the first adjustable stabiliser and the second
adjustable stabiliser; and

a second stabiliser pair comprises the second adjustable stabiliser and the
third adjustable stabiliser:;

the method comprising:

a. extending the first, second, third and fourth adjustable stabilisers to a first
configuration, wherein in the first configuration each adjustable stabiliser is
at a calibration extension and the first plane is parallel to a reference plane
defined by points of contact of the distal ends of the first, second, third and
fourth adjustable stabilisers with the ground surface;

b. adjusting the first stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a second configuration, wherein in the second
configuration:

either the tilt sensor indicates that the first plane is parallel to a first
axis of a target plane; or

the first adjustable stabiliser and the second adjustable stabiliser
have reached the maximum extension;

c. adjusting the second stabiliser pair such that the first, second, third and
fourth adjustable stabilisers arrive at a third configuration, wherein in the
third configuration:

either the tilt sensor indicates that the first plane is parallel to a

second axis of the target plane; or
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the second adjustable stabiliser and the third adjustable stabiliser

have reached maximum extension.

The method of claim 1 wherein step a) comprises a first stage and a second stage,
wherein:
the first stage comprises extending the first, second, third and fourth
adjustable stabilisers to a primary configuration, wherein in the primary
configuration each adjustable stabiliser is at the maximum extension and the first
plane is parallel to a reference plane defined by points of contact of the distal ends
of the first, second, third and fourth adjustable stabilisers with the ground surface;
and
the second stage comprises retracting the first, second, third and fourth

adjustable stabilisers to the first configuration.

The method of claim 1 or 2 further comprising a step after step d) of using the tilt
sensor to determine whether the first plane is parallel to the target plane, and in an
event that the tilt sensor indicates that the first plane is not parallel to the target plane:
d. adjusting the first stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a fourth configuration, wherein in the fourth
configuration:
either the tilt sensor indicates that the first plane is parallel to
the first axis; or
the first adjustable stabiliser and the second adjustable
stabiliser have reached the calibration or maximum extension; and
e. adjusting the second stabiliser pair such that the first, second, third and
fourth adjustable stabilisers arrive at a fifth configuration, wherein in the fifth
configuration:
either the tilt sensor indicates that the first plane is parallel to
the second axis; or
the first adjustable stabiliser and the second adjustable

stabiliser have reached the calibration or maximum extension.

The method of any preceding claim further comprising a step after step c¢) or e) of
using the tilt sensor to determine whether the first plane is parallel to the first axis and

the second axis and in an event that the first tilt sensor indicates that the first plane is
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not parallel to the first and second axes, extending the first stabiliser pair and the

second stabiliser pair to the maximum extension.

The method of any of claims 1 to 4 wherein the first, second, third and fourth
adjustable stabilizers each comprise:
a hydraulic cylinder configured to be extendable; and

a support plate configured to engage with the ground.

The method of claim 5 wherein the first, second, third and fourth adjustable stabilizers
each further comprise a mechanical arm, wherein each of the first, second, third and
fourth adjustable stabilizers are stored in a raised position and wherein the
mechanical arm configured to lower each stabilizer to a lowered position prior to step

a).

The method of any preceding claim wherein determining whether the first plane is
parallel to the first axis or the second axis comprises comparing a tilt angle to a

threshold angle.

The method of claim 7 wherein the threshold angle comprises a tolerance of the tilt

Sensor.

The method of any preceding claim wherein the work machine comprises an upper
carriage comprising the tilt sensor and an under carriage comprising the first plane,
wherein:
the upper carriage is configured to be rotatable about a third axis with
respect to the under carriage;
the third axis is perpendicular to the first axis and the second axis; and
the method steps of using the tilt sensor to determine whether the first plane
is parallel to the target plane further comprise using a rotation angle of the upper
carriage with respect to the under carriage to determine whether the first plane is

parallel to the first axis or the second axis.

The method of any preceding claim wherein the tilt sensor comprises a first tilt sensor

and a second tilt sensor, wherein the first tilt sensor is configured to detect tilt about a
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primary axis and wherein the second tilt sensor is configured to detect tilt about a

secondary axis.

The method of any of claims 4 to 10 wherein the work machine further comprises a
pressure sensor configured to detect a pressure of the hydraulic cylinder of each
adjustable stabiliser, wherein an extension of each adjustable stabiliser is determined

by using the pressure sensor.

A device for adjusting a first plane of a work machine, wherein the device comprises:
a first adjustable stabiliser, a second adjustable stabiliser, a third adjustable
stabiliser and a fourth adjustable stabiliser, wherein:

the first, second, third and fourth adjustable stabilisers are each
extendable between a minimum extension and a maximum extension,
wherein a difference in length between the minimum extension and the
maximum extension is the same for each adjustable stabiliser;
the first, second, third and fourth adjustable stabilisers are configured
to support the work machine when a distal end of each adjustable stabiliser
is in contact with a ground surface;
a first stabiliser pair comprises the first adjustable stabiliser and the
second adjustable stabiliser; and
a second stabiliser pair comprises the second adjustable stabiliser and
the third adjustable stabiliser;
a tilt sensor; and
a controller configured to:

a. extend the first, second, third and fourth adjustable stabilisers to a first
configuration, wherein in the first configuration each adjustable stabiliser is
at a calibration extension and the first plane is parallel to a reference plane
defined by points of contact of the distal ends of the first, second, third and
fourth adjustable stabilisers with the ground surface;

b. adjust the first stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a second configuration, wherein in the second
configuration:

either the tilt sensor indicates that the first plane is parallel to a first

axis of a target plane; or
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the first adjustable stabiliser and the second adjustable stabiliser
have reached the maximum extension;

c. adjust the second stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a third configuration, wherein in the third
configuration:

either the tilt sensor indicates that the first plane is parallel to a
second axis of the target plane; or
the second adjustable stabiliser and the third adjustable stabiliser

have reached maximum extension.

The device of claim 12 wherein step a) comprises a first stage and a second stage,
wherein:
the first stage comprises extending the first, second, third and fourth
adjustable stabilisers to a primary configuration, wherein in the primary
configuration each adjustable stabiliser is at the maximum extension and the first
plane is parallel to a reference plane defined by points of contact of the distal ends
of the first, second, third and fourth adjustable stabilisers with the ground surface;
and
the second stage comprises retracting the first, second, third and fourth

adjustable stabilisers to the first configuration.

The device of claim 12 or 13 wherein after step d) the controller is further configured
to use the tilt sensor to determine whether the first plane is parallel to the target
plane, and in an event that the tilt sensor indicates that the first plane is not parallel to
the target plane the controller is configured to:

e. adjust the first stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a fourth configuration, wherein in the fourth
configuration:

either the tilt sensor indicates that the first plane is parallel to
the first axis; or

the first adjustable stabiliser and the second adjustable
stabiliser have reached the calibration or maximum extension; and

f. adjust the second stabiliser pair such that the first, second, third and fourth
adjustable stabilisers arrive at a fifth configuration, wherein in the fifth

configuration:
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either the tilt sensor indicates that the first plane is parallel to
the second axis; or
the first adjustable stabiliser and the second adjustable

stabiliser have reached the calibration or maximum extension.

A work machine comprising the device of any of claims 12 to 14.
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