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Description
Background
[0001] The invention relates to stabilizing of a forest
work unit and, in particular, to a method and arrangement
for stabilizing at least one frame part of the forest work
unit.
[0002] Various moving vehicles and machines frequently have to work on terrains which are uneven in
different ways, as well as on inclined surfaces, whereby
it is important to enable, one way or another, sufficient
contact of the elements a vehicle or a machine moves
on, such as its wheels and/or tracks, with the ground. It
is usually desirable to maintain as good a contact with
the ground or other working surface as possible for various reasons, such as the propulsion and tractive power
of the vehicle, good roadholding between the surface and
the vehicle, as low a surface pressure on the ground as
possible, or good stability. Such properties are typically
particularly emphasized in cross-country vehicles or machines, such as military vehicles or different forestry machines used for mechanical harvesting. These properties
may be improved, e.g. by allowing shafts, axles or, particularly in cases of frame-steered machines, separate
frames to rotate relative to one another. Different prior
art arrangements relating to the rotation of frames of this
type are in fact, known for allowing the rotation and, on
the other hand, for preventing or controlling it, when desired, by means of a hydraulically controlled tooth plate
connector, friction brake or lock valves and hydraulic cylinders. One such solution is disclosed in publication WO
03055735.
[0003] It is thus known to arrange two separate frames
of a forestry machine or another moving working machine
together by both what is called a frame steering joint enabling steering of the working machine and a rotator joint
enabling rotation of the frames relative to one another
substantially in relation to the longitudinal axis of the vehicle. One such solution is Known from publication
EP1261515, for example.
[0004] A typical problem with prior art arrangements is
that the rotation of frames relative to one another is prevented and allowed on the basis of status data obtained
from the traction transmission. Hence, a typical mode of
use is to prevent the rotation of the frames relative to one
another when the machine is not being driven and, when
the machine is being driven, the rotation of the frames is
allowed. However, this restricts significantly an eventual
use of a crane and its range of operation during drive, as
the frame part comprising the crane is not supported in
any way. On the other hand, the underlying assumption
is that the boom assembly of the machine is only used
when the machine is stationary, which significantly reduces productivity in harvester and forwarder operations,
for example. Another typical problem with prior art solutions relates to bringing the vehicle to movement when
frame rotation has been prevented using a high support
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moment. When the locking of the frame rotation is released, the frames seek a new position of balance and,
when doing so, the frame or frames may swing even very
sharply and strongly. Prior art solutions are also typically
based on predetermined lockings or attenuation or prevention of rotation between frame parts, and hence they
are not capable of reacting to changing circumstances.
[0005] A further problem associated with prior art
shape-locked toothings and similar non-stepless frame
lock implementations is that the lock often becomes
locked to a position slightly different from that actually
required by the terrain and the position of the machine’s
frame, which causes instability manifested by a hovering,
for example, of the machine on the base. An attempt has
been made to solve this problem by stepless locking solutions, such as brake solutions implemented by hydraulic cylinders and based on friction, to allow the locking to
be made to a precisely desired rotation of the frames
relative to one another. However, even these solutions
are not able to take into account variation in the bearing
capacity of the terrain under the machine, for example.
In addition, strains caused to the ground surface during
the works may lead to the surface pressure not being
distributed evenly but the machine remains in an instable
position, especially when it is stationary for a longer period of time during continued loading or work.
Brief description
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[0006] It is thus an objective of the invention to provide
a method and an arrangement implementing the method
so as to enable the above-mentioned problems to be
solved. This objective is achieved by a method and arrangement characterized by what is stated in the independent claims. The preferred embodiments are disclosed in the dependent claims.
[0007] According to an aspect of the invention, a method for stabilizing at least one frame part of a forest work
unit comprises the steps of determining a component of
a moment applied by a payload of the forest work unit to
the frame part to be supported, the component acting
about an at least substantially longitudinal rotation axis,
and determining at least on the basis of the moment applied to the frame part to be supported by said payload
a magnitude and direction of at least one support moment
needed at least for stabilizing the frame part.
[0008] According to a second aspect of the invention,
an arrangement for stabilizing at least one frame part of
a forest work unit comprises at least means for determining a component of a moment applied by a payload of
the forest work unit to the frame part to be supported, the
component acting about an at least substantially longitudinal rotation axis, and means for determining on the
basis of the moment applied to the frame part to be supported by said payload a magnitude and direction of at
least one support moment needed at least for stabilizing
the frame part.
[0009] The idea of the solution is that the support mo-
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ment needed for stabilizing a frame part is determined in
a new manner, making use of the determined moment
applied to the frame part to be supported by a payload.
[0010] An advantage of the method and arrangement
is that it allows active adjustment of stabilization according to the working situation and prevailing circumstances.
In addition, the solution allows devices used for controlling frame rotation to be used in a new manner for stabilizing the machine both when the machine is driven and
when it is stationary.
[0011] According to a method of an embodiment, there
is also determined a component of the moment applied
to the frame part to be supported by the payload, the
component acting about a transverse axis of the forest
work unit.
[0012] According to a method of an embodiment, said
support moment is formed by at least one actuator that
may be used for causing a predetermined moment in a
desired direction and for locking said at least one actuator
to its current position to prevent the frame parts from
rotating relative to one another.
[0013] According to a method of an embodiment, a position and/or state of movement of at least one supporting
frame part and at least one frame part to be supported
are determined in relation to an acceleration due to gravity vector, a magnitude and direction of at least one support moment needed at least for stabilizing the frame part
are determined on the basis of at least said positions
and/or states of motion and said component that acts
about an at least substantially longitudinal rotation axis
of a moment applied to the frame part to be supported
by a payload.
[0014] According to a method of an embodiment, a stability analysis of the frame parts is made, in addition, on
the basis of said positions and/or states of motion and
said moment, and an operating state of the forest work
unit is selected among pre-determined alternatives on
the basis of the results of the stability analysis. In some
embodiments the alternatives for the operating state referred to may comprise at least one of the following operating states: active stabilization, locking of a position
of frame parts relative to one another, immobilization,
and alerting the user of an approaching extreme position
and/or when an extreme position is reached.
[0015] According to some embodiments, the arrangement for stabilizing at least one frame part of a forest
work unit may comprise means for implementing one or
more of the above-mentioned method steps.
[0016] According to an embodiment, the means for
generating and adjusting the required support moment
comprise at least one actuator that may be used for applying a predetermined moment in at least one desired
direction, the at least one actuator being lockable to its
current position to prevent rotation of the frame parts relative to one another.
[0017] According to yet another embodiment, the
means for determining a position and/or state of motion
of at least one frame part to be supported in relation to
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an acceleration due to gravity vector comprise at least
one sensor. In some embodiments, the sensor may be
at least one of the following: acceleration sensor, inclinometer and angular velocity sensor.
[0018] According to yet another embodiment, the
means for determining a component of a moment applied
to the frame part to be supported by the payload of the
forest work unit, the component acting about at least a
rotation axis, comprise at least one of the following:
measurement of an articulation angle of a pivoting of a
boom assembly, measurement of a lift cylinder power
and measurement of an articulation angle of a joint between the boom assembly base and the lift cylinder.
[0019] According to yet another embodiment, the
means for determining a magnitude and direction of at
least one support moment needed at least for stabilizing
the frame part comprise at least a control unit.
[0020] According to yet another embodiment, the
means for performing a stability analysis on the frame
parts and for selecting an operating state of the forest
work unit comprise at least a control unit.
[0021] According to yet another embodiment, the solution comprises a forest work unit that comprises an arrangement for stabilizing at least one frame part of the
forest work unit.
Brief description of the figures
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[0022] The invention is now described in closer detail
in connection with preferred embodiments and with reference to the accompanying drawings, in which
Figures 1a, 1b and 1c are schematic views of three
examples of a forest work unit;
Figures 2a and 2b are schematic views of a forest
work unit seen from different directions;
Figure 3 is a schematic view of a forest work unit;
Figure 4 is a schematic view of a second forest work
unit;
Figure 5 is a schematic view of a method for stabilizing at least one frame part of a forest work unit;
Figure 6 is a schematic view of an example of a support moment of a frame part in a situation of Figure
2b, for example;
Figure 7 is a schematic view of an arrangement for
stabilizing at least one frame part of a forest work
unit; and
Figure 8 is a schematic view of an embodiment for
stabilizing at least one frame part of a forest work
unit.
Detailed description

55

3

[0023] The disclosed method and arrangement are advantageous e.g. in connection with vehicles and machines, forestry work machines in particular, such as harvesters, loading tractors or combinations of these, comprising or handling payloads, and often moving on a
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ground, such as terrain, that is uneven and/or whose
bearing capacity varies. A forest work unit of this type
typically comprises at least two blocks or sections that
are connectable to each other with connecting members
or structures allowing at least rotation about the longitudinal axis of the vehicle or machine or about another rotation axis substantially parallel thereto. Instead of or in
addition to this, the forest work unit may comprise an
oscillating axle arranged rotatably in relation to the longitudinal axis of the machine, the oscillating axle structure
forming one such section. According to some embodiments, an oscillating axle of this type may be a guiding
axle, in which case the actual frame of the forest work
unit may be rigid or at least one joint possibly joining its
frame parts does not need to have any degrees of freedom, or the joint may be rigid at least in relation to rotation
taking place about the longitudinal axis of the forest work
unit. In other words, although in different embodiments
the above blocks or sections may differ from one another
even significantly as regards size, structure and mutual
position, for the sake of simplicity these blocks or sections
are all referred to as frame parts in the description of this
solution.
[0024] Each frame part may, in each case, be for instance an actual separate frame part of the forest work
machine or even a mere shaft, for example, arranged in
each case to at least one other frame part substantially
rotatably in relation to the longitudinal axis of rotation of
the forest work unit, such as preferably an oscillating axle,
for example a rocker tandem axle, a track system, an
individual shaft or a similar shaft known per se, possibly
provided with the required structural and/or fastening
parts.
[0025] In the context of this solution the moment
caused by the payload, i.e. the moment applied by the
payload to one or more frame parts, refers to a moment
caused by a physical item, such as a boom assembly
and/or load, comprised or handled by a forest work unit
and associated with the work of the forest work unit or a
moment caused by the forest work unit or a part thereof,
the moment acting at least momentarily on the stability
of the forest work unit, tending to swing a frame to be
supported usually at least substantially about a longitudinal rotation axis C of the forest work unit. The moment
caused by the payload in question may thus be caused
e.g. by a boom assembly diverted from the longitudinal
direction of the forest work machine and/or a tool fitted
to such boom assembly, such as a harvester or lifting
head, or some other mass, such as timber to be handled,
or a load of a forwarder, for example, or a payload comparable to these or an inertia of a mass of this type. The
moment may also be caused by a feeding action of a tree
trunk by a harvester head, for example, in which the
pincher rolls of the harvester head often cause to the
trunk a significant force acting in the longitudinal direction
of the trunk. On the other hand, a significant moment may
also be caused in a situation in which the harvester head
is used for gripping firmly a tree trunk attached to the
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ground, such as a trunk fallen by storm. In different embodiments, the frame part or parts of the forest work machine may be subjected even to a plural number of moments caused by payloads, either simultaneously or, depending on the use or drive situation, e.g. by a plural
number of booms, a boom and a load arranged to a cargo
space or other similar sources. In different embodiments
or situations, the moments caused by these payloads on
one or more frame parts of the forest work unit may be
of the same direction, of different directions and also opposite in direction, the moment caused by the payload
referring in that case to the total moment caused by the
moments of these partial payloads on each frame part
of the forest work machine. When only a component of
the moment applied to the frame part by the payload,
which component acts about the rotation axis C, is being
examined, there are naturally only two possible directions
of moment. However, different embodiments may also
take into account components of other directions in the
moment caused by the payload, for example components
acting about a transverse axis of the forest work unit.
[0026] The disclosed method and arrangement allow
an active adjustment of stabilization according to a working situation and prevailing circumstances, for example
adjusting the stabilization to changes in the total moment
caused by unevenness of terrain or payload. In the context of the disclosed solution, stabilization means that the
different frame parts of the machine would be as stable
as possible during work and/or drive, i.e., that they would
not tilt or lean significantly in relation to each particular
position due to a moment caused by the payload or mass
inertia, for example in relation to a position into which the
machine sets at a particular time or into which it is set
due to the terrain or its shapes. In other words, the aim
is to minimize the effects of the total moment caused by
the payload/s to the state of motion and position of the
frame parts of the machine. At the same time, the aim is
to distribute the moment caused by the payload as evenly
as possible to as may support points as possible or to an
area as wide as possible and/or at least to ensure that
all support points are in contact with the ground or some
other working platform. In other words, the strains directed to different frame parts are distributed more evenly
than before. On the other hand, this allows also the surface pressure between the machine and the platform to
be distributed more evenly. Hence stabilization in this
context does not mean guiding one or more frame parts,
for example, to a specific position relative to each other
or the base, for example.
[0027] In this context, reference is made to what are
known as one or more supporting frame parts or one or
more frame parts to be supported. A frame part to be
supported means a frame part to which the moment
caused by the payload is primarily directed, i.e. usually
the frame part to which a structure, such as a boom assembly, for example a crane, loader or other boom assembly, cargo space or the like, receiving the moment
caused by the payload is arranged. A supporting frame
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part, i.e. a frame part providing support, means a frame
part to which the load of the moment caused by the payload is distributed and/or transferred by means of stabilization, for example by generating a required support
moment by means of at least one actuator. In different
situations of drive and/or use different frame parts may
be supporting frame parts and/or frame parts to be supported. In some cases, for example when the boom assembly is arranged to one frame part and the cargo space
to another frame part, the supporting frame part and the
frame part to be supported may vary according to the
position of the frame parts and/or the boom assembly
and, in certain cases, both frame parts may be subjected
to a moment caused by the payload, in which case each
frame part is, in a way, both a supporting frame part and
a frame part to be supported.
[0028] In other words, stabilization may be used for
distributing the moment caused by the payload as evenly
as possible between different frame parts. If the forest
work unit comprises at least one oscillating axle, which
forms a frame part in the case in question, said oscillating
axle may be used for the stabilization and thus the moment caused by the payload may be divided, depending
on the embodiment, e.g. between the oscillating axle and
a fixed axle arranged to the frame of the forest work unit
or among a plural number of pendulum shafts forming
one frame part.
[0029] The solution allows the boom assembly to be
used efficiently also during drive. Providing efficient loading also when the machine is moving allows productivity
to be improved even significantly particularly in forwarder
operations, for example. In prior art solutions this has
been possible only if the cargo space of the forwarder
already contains enough loaded timber, in which case
the total mass of what is known the rear frame, typically
located below the cargo space, and the load has been
sufficient to keep the frame underneath the forwarder
erect. However, this has caused uneven stress on the
frame structures and thereby a significant load particularly on an area between a foot and a rear bogie or rear
axle of the forwarder. This stress phenomenon is particularly noticeable when a forwarder is loaded during drive.
The present solution differs from the prior art in that the
stress on the frame part to which the boom assembly is
arranged can be significantly reduced by obtaining some
of the support moment also from the supporting (front)
frame, which allows precisely the load on the area between a base 15 of the boom assembly and the rear bogie
or rear axle 16, for example, to be significantly reduced.
[0030] In addition, the solution now disclosed always
allows for an at least as stable behaviour of the machine
as a prior art fully locking frame lock. Moreover, it allows
the machine to be moved even when the boom with a
tool supported to an end thereof, such as a grab or a
harvester head with the timber to be handled, are on a
side of the machine. However, the solution now disclosed
also enables load to be transferred and distributed fully
freely in the frame structures of the machine. Conse-
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quently, strength qualities of the machine’s frame structures and different operational situations can be taken
into account quite flexibly.
[0031] Further still, the solution enables to detect in a
controlled manner a situation in which a support moment
provided by the supporting frame or the moment transfer
ability of rotation control actuators no longer is sufficient
for stabilizing the frame part to be supported. Depending
on the embodiment, different functions, such as alerting
the user and/or different control models, such as immobilization or mutual locking of the frames, may be applied
in a situation such as this.
[0032] A further advantage of the solution now disclosed is that vibration, shocks or other motion are not
unnecessarily transferred from the frame part to be supported to the supporting frame part or to a drive cabin
mounted to the supporting frame and to the driver’s work
point. This is extremely important with regard to the driver’s occupational health and ergonomics, and solutions
of this type are needed in order to meet the requirements
set by authorities on exposure to vibration, for example.
On the other hand, for machines in which the control cabin is on the frame to be supported, the solution provides
a control model efficiently stabilizing the frame to be supported as it allows the frame to be supported by a higher
support moment than what is possible when a fully rigid
frame lock is used.
[0033] Moreover, the solution now disclosed allows
clear points of discontinuity in the loading paths/routes
of the machine’s frame structures to be avoided and the
load to be thus distributed more evenly than before to
the entire frame structure. In addition, load peaks and
shocks caused by releasing and locking of a conventional
frame lock can be avoided.
[0034] A still another clear advantage of the solution
now disclosed is that, compared with prior art solutions,
it allows the surface pressure between the machine and
the terrain to be distributed better and more evenly on all
the axles, wheel bogies or other elements of the machine,
which in turn provides various advantages with regard to
the durability of the machine and damages caused by
terrain.
[0035] Figures 1a, 1b and 1c are schematic views
showing examples of three forest work units 1. Parts of
like structure and/or purpose are denoted with like reference numerals in the figures. A forest work unit 1, a forwarder in Figure 1a and a harvester in Figure 1b, may
comprise frame parts, in the case of Figure 1a two frame
parts 2, 3 joined together by articulation. The forest work
unit 1 typically comprises a control cabin 9 arranged to
one frame part 2, 3, 4, at least one power source 10
arranged to the same frame part 2, 3, 4 as the control
cabin or to a different one for generating power to move
and control the forest work unit and/or the tools therein.
The forest work unit 1 further comprises tools, such as a
boom assembly 11 and grab 12 attached thereto in Figure
1a or a harvester head 13 attached thereto in Figure 1b,
typically arranged to one or more frame parts 2, 3, 4.
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Moving forest work units 1 further comprise means for
moving the forest work unit, e.g. wheels 14, block assemblies, foot mechanisms or other elements for movement known per se.
[0036] Figure 1c is a schematic view of a part of a forest
work unit 1. According to the embodiment of the figure,
the forest work unit 1 comprises a frame part 2 and a
shaft rotatable relative to the frame part 2 about a longitudinal rotation axis C of the forest work unit. In addition,
the forest work unit 1 of the figure comprises a second
frame part 4 that is not rotatable relative to the frame part
2 about the longitudinal rotation axis C of the forest work
unit but only in relation to a vertical axis E of the machine.
[0037] Figures 2a and 2b are schematic perspective
views of a forest work unit 1 seen from above and from
one end, respectively. The forest work unit 1 may comprise at least two, in Figures 2a and 2b three, sections
or blocks, hereinafter referred to as frame parts 2, 3 and
4, of which at least two are rotatable relative to one another substantially about the longitudinal rotation axis C
of the forest work unit. Hence, according to the different
embodiments, the forest work unit 1 may also comprise
two frame parts or more than three frame parts, for example four frame parts, and the frame parts may be substantially successive parts in the longitudinal direction of
the actual frame of the forest work unit 1 or at least partly
successive parts or oscillating axles, for example, as disclosed above. In the figures, all frame parts 2, 3 and 4
are shown as being of the same size although, as stated,
in practice the frame parts 2, 3 and 4 may differ essentially
from one another, with regard to both size and other properties and/or to how they are arranged in relation to one
another.
[0038] In other words, at least two frame parts 2, 3, 4
of the forest work unit 1 may be rotatable relative to one
another at least about one rotation axis C substantially
parallel with the longitudinal axis of the forest work unit.
According to an embodiment, the rotation axis C may be
the longitudinal axis of the forest work unit 1 or an axis
located close to it, preferably at a maximum distance of
about 0.5m, for example, and substantially parallel to it.
According to the different embodiments, the two frame
parts 2, 3, 4 of the forest work unit 1 may, in each case,
be arranged substantially successively in the longitudinal
direction of the forest work unit 1. According to yet some
embodiments, the frame parts may be rotatable in blocks
relative to one another and in relation to a substantially
planar interface A, B perpendicular to the rotation axis C
of the forest work unit 1. For the sake of simplicity, the
interface A, B is depicted by broken lines A and B also
in blocks 3 and 4 shown in perspective and thus in the
solution of Figures 2a and 2b each frame part 2, 3 and
4 may form one block in each case.
[0039] Rotation taking place about the rotation axis C
may, in each case, be implemented with any part or structure known per se that allows rotation of the frame parts
2, 3, relative to one another in said direction about the
rotation axis C, for example with a rotator joint of at least
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one degree of freedom. Such solutions are known for
example from publication EP1261515, and they may
comprise, for example, an axle mounted on a bearing
from at least one direction by means of bearing known
per se, for example a ball bearing, another roller bearing,
a slide bearing or another bearing that is strong enough.
[0040] In addition to the structural parts shown in the
figures the forest work machine 1 may comprise a required number of parts known per se, including frame
parts, devices, systems, components and other structural parts which are typical of vehicles and/or machines
but not shown. Each of these structural parts may be, in
each case, arranged in one or more frame parts 2, 3, 4
or in another structural part of the forest work machine 1.
[0041] In Figures 1a, 1b, 1c, 2a and 2b at least some
of the frame parts 2, 3, 4 are provided with wheels 5, but
in the different embodiments the forest work unit 1 may
be provided with a suitable number of wheels, tracks,
tandem shafts, track systems or other structural parts
required for movement of the machine and known per
se, and these may be arranged, in each case, in connection with one or more frame parts shown or not shown.
In other words, one or more wheels, track systems, tandem shafts or the like may be arranged in various ways
in any frame part 2, 3, 4, in any frame or structural part
not shown, in several of these or their combinations. The
forest work unit 1 may also comprise a frame part or
frame parts formed without wheels, track systems, tandem shafts or the like.
[0042] Figure 2a is a schematic view of a forest work
unit 1 in a position of use. The forest work unit 1 of the
figure is provided with a joint that joins together at least
two frame parts, in this case frame parts 3 and 4, substantially successive in the longitudinal direction of the
frame of the forest work unit 1, the joint allowing a pivoting
about a substantially vertical axis of revolution E that is
substantially perpendicular to rotation axis C of the forest
work unit 1 to improve and/or enable steerability of the
forest work unit 1. In the figure, the frame part 4 has thus
pivoted, for example in connection with the steering of
the forest work unit 1, relative to the frame part 3 about
said substantially vertical pivot axis that is substantially
perpendicular to the longitudinal rotation axis C of the
forest work unit 1. The pivoting has an extent of an angle
D, and the rotation axis C of the forest work unit 1 correspondingly forms a broken line having an angle of a corresponding extent between the frame parts 3 and 4. In
various embodiments, there may be one or more such
joints allowing pivoting about a vertical pivot axis, and
they may be arranged, in each case, between two frame
parts, shown or not shown, of the forest work unit 1. In
that case, a number of angles corresponding to those of
the joints is formed on the rotation axis C. In the different
embodiments and operating situations, the frame parts
2, 3, 4 may move in relation to each other and the rotation
axis C within the limits allowed by the clearances and
plays of the frame parts and structures connecting them;
for instance, they may rotate +/- 40 degrees relative to
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each other, for example, or turn +/- 45 degrees relative
to each other, for example.
[0043] Figure 2b is a schematic view of the three frame
parts 2, 3, 4 seen from an end of frame part 4 of the forest
work unit 1. In the position of use or movement of Figure
2b the frame parts have rotated relative to one another
so that the second frame part 3 is in a substantially horizontal position, i.e. a neutral position, frame part 2 has
rotated counter-clockwise in the figure in relation to the
second frame part 3, i.e. to a direction opposite to arrow
G, and frame part 4 has rotated clockwise in the figure
in relation to frame part 3, i.e. in the direction of arrow G.
[0044] Together with the stabilizing method and arrangement now disclosed, the frame shown in Figures
2a and 2b and formed of at least three frame parts 2, 3,
4 rotating relative to each other about the rotation axis C
of the forest work unit 1 allows for many advantages compared with the prior art solutions. According to the different embodiments, a desired frame part, such as a frame
part to be supported, for example, may be guided to a
substantially horizontal position.
[0045] Figure 3 shows a forest work unit 1 comprising
a first rotation control actuator 6 for controlling the rotation
between two frame parts 3, 4. The rotation control actuator 6 may preferably be any actuator used in vehicles
and/or machines, for example a pressure-medium-operated actuator, such as a hydraulic cylinder, which can be
controlled in a manner known per se, for instance hydraulically and/or electrically. In the different embodiments, a rotation control arrangement of another kind
may be used in addition to and/or instead of the first rotation control actuator 6. One or more such first rotation
control actuators 6 or arrangements may be provided,
depending on the embodiment, per joint and one or more
of said joints may be equipped with them.
[0046] Further, in the embodiment of Figure 3, the forest work unit 1 comprises at least one mounting structure
7 which is, in each case, arranged in connection with at
least one frame structure, preferably on the upper surface
of the frame part or in the vicinity thereof. In the different
embodiments, several mounting structures 7 may be provided. The mounting structure 7 may comprise one or
more parts which may form a part of the frame part or be
connected thereto. The mounting structure 7 may be further controlled to move about the rotation axis C or an
axis substantially parallel with it, either separately or by
controlling the frame part 2, 3, 4 to which the mounting
structure 7 is arranged. The mounting structure 7 is thus
preferably controllable to a substantially horizontal position in relation to a lateral pivoting of the forest work unit
1 taking place about the rotation axis C. The mounting
structure 7 may preferably be provided e.g. with a cabin
of the forest work unit 1, for which a position that is as
stable and horizontal as possible in the direction of rotation taking place about the rotation axis C in particular
but also in the direction of rotation substantially perpendicular to this and taking place around a transverse axis
of the forest work unit 1 is preferable in view of occupa-
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tional hygiene and occupational safety, and/or the boom
system of a forestry machine, for which a position that is
as horizontal as possible is preferable to maximize the
utilization of the power available, for example. In the different embodiments, the cabin and/or crane or another
boom system of a vehicle or machine 1, for example,
may be arranged to be supported by substantially the
same mounting structure 7. In still further embodiments,
a primary power source of the forest work unit 1, such
as a diesel engine, and other desired parts of power
transmission may be preferably placed, if desired, to the
mounting structure 7, which may be particularly advantageous in connection with particularly steep and/or inclined work environments and circumstances, for example. Accordingly, in some embodiments, the frame part
2, 3, 4 to which the mounting structure 7 is arranged may
be a frame part to be supported. On the other hand, in
other embodiments the frame part 2, 3, 4 to which the
mounting structure 7 is arranged may be a supporting
frame part, or the forest work unit 1 may comprise a plural
number of mounting structures 7 arranged to a supporting frame part and/or a frame part to be supported. For
example, according to an embodiment the supporting
frame part may comprise a mounting structure 7 that may
be provided with the cabin, for example, and the frame
part to be supported may comprise a second mounting
structure (not shown) to which e.g. a boom assembly,
cargo space and/or another similar structure forming or
receiving payload may have been arranged.
[0047] Figure 4 shows a solution in which the mounting
structure 7 is provided with a second rotation control actuator 8 to guide the position of the mounting structure
in relation to an inclination in the direction of the rotation
axis C of the forest unit by a rotation directed about an
axis F substantially perpendicular to the direction of the
rotation axis C. The same second rotation control actuator 8 may in this kind of solution be also used for controlling rotation taking place in relation to rotation plane
B. The actuator may be a pressure-medium-operated actuator, for example, such as a hydraulic cylinder, an electric actuator generating linear motion, or another actuator
suitable for the purpose. In the different embodiments,
one or more second rotation control actuators 8 per
mounting structure 7 may be provided. In the different
embodiments, the second rotation control actuator 8 may
naturally be replaced with one or more systems of another kind allowing the mounting structure 7 to be rotated
in relation to frame part 3 about the axis F and the rotation
of frame parts 3, 4 about the rotation axis C to be controlled. In this kind of solution frame part 2, for example,
may be a supporting frame part and frame parts 3 and 4
may be frame parts to be supported.
[0048] Figure 5 is a schematic view of a method for
stabilizing at least one frame part 2, 3, 4 of the forest
work unit 1. The method comprises determining 501 a
component TpayloadX which is a component of moment
Tpayload applied to the frame part 2, 3, 4 by the payload
of the forest work unit 1 and acts at least about the lon-
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gitudinal axis of the machine. According to some embodiments, also components of the moment applied to the
frame part to be supported by the payload that act in
other directions, such as components acting about a
transverse axis of the forest work unit or an axis substantially parallel to it and/or components acting about a substantially vertical axis, may be determined. In addition,
the method of Figure 5 comprises determining 502 at
least on the basis of said component TpayloadX a magnitude and direction of at least one support moment Tsupport
needed at least for stabilizing the frame part and adjusting
503 the support moment Tsupport according to the determined magnitude and direction. In the different embodiments, the moment applied to at least one frame part to
be supported by the payload Tpayload may be determined
e.g. by some of the methods listed below and/or combinations thereof. The moment may be determined on the
basis of direct moment measurement by a moment sensor and/or on the basis of direct or indirect measurement
of forces and their moment arms and of vector calculation. Further, the moment may be determined by estimating it on the basis of e.g. modelling of the mechanics
and/or dynamics of the forest work unit and/or the payload and/or a position and/or state of motion estimate of
the control system of the forest work unit or some other
model that allows a moment to be estimated. It is also
possible to determine the moment as a combination of
the above-listed measurements, data, computational values and/or methods, or by other similar means.
[0049] Typically the most preferred support moment
Tsupport is the smallest support moment that is sufficient
for stabilizing a frame part to be supported and/or a frame
of a forest work unit. On the other hand, as stated in a
previous example, in machines with the control cabin on
the frame to be supported, for example, a control model
efficiently stabilizing the frame to be supported may be
aimed at, the model allowing the frame to be supported
by a higher support moment than what is possible when
a rigid frame lock is being used. In that case the aim is
not to have the smallest possible support moment but
the most efficient stabilization possible of the frame part
to be supported. Hence in the different embodiments the
most preferred support moment may be, depending on
the stabilization target and the situation of use, any moment between an as small a moment as possible and a
support moment compensating for the moment applied
to the frame to be supported by the payload. According
to the different embodiments, the method may further
comprise determining at least one position and/or state
of motion of a frame part to be supported, for example.
According to some embodiments, the method may comprise the determining of a position and/or state of motion
of more than one frame part, e.g. at least one supporting
frame part and at least one frame part to be supported.
[0050] According to some embodiments the required
support moment Tsupport is generated and adjusted to be
of a predetermined magnitude and direction. The support
moment may be generated by at least one actuator, for

5

10

15

20

25

30

35

40

45

50

55

8

14

example, that may be used for causing a predetermined
moment in at least one desired direction, the at least one
actuator being lockable to its current position to prevent
the frame parts from rotating relative to one another.
[0051] According to some embodiments, said one or
more frame parts may also be subjected to a stability
analysis on the basis of the moment applied to the frame
part by said positions and/or states of motion and by said
payload. This allows an operating state of the forest work
unit to be selected, when desired, among predetermined
alternatives on the basis of the stability analysis. According to some embodiments, the alternatives for the operating state may comprise at least one of the following
operating states: active stabilization, locking of a mutual
position of frame parts, immobilization, and alerting the
user of an approaching extreme position and/or when an
extreme position is reached.
[0052] Figure 6 is a schematic view of an example of
a support moment of a frame part, in this case the support
moment of frame part 3, in a situation according to Figure
2b, for example. The magnitude and direction of the support moment Tsupport are preferably determined so that
the support moment is at least equal to a first moment
limit Tmin, which is equal to a moment just enough to
prevent the frame part 2, 3, 4 to be stabilized from falling
to a side to which it would tend to fall or tilt without the
support moment. In other words, the direction of the support moment Tsupport is preferably determined according
to which side the frame part 2, 3, 4 to be supported would
tend to fall or tilt without the support moment. Hence the
direction of the support moment Tsupport is selected to be
opposite to this moment that tends to fall the frame part
2, 3, 4, for example to be opposite to a moment caused
to the side by gravity. However, the support moment must
be smaller than a second moment limit Tmax, which is at
most equal to the one of the following that is smaller: a
moment causing a frame part 2, 3, 4 to be supported to
fall to the direction in which the support moment acts or
a moment that causes a supporting frame 2, 3, 4 to lose
its stability. Figure 6 is an example showing a component
of the support moment, the component acting about rotation axis C, but according to the different embodiments
it is possible to determine and/or generate one or more
support moments Tsupport and the support moment may
also have a different direction and/or comprise components acting in a plural number of directions.
[0053] In practice, it is often preferable to form an as
small a support moment as possible, yet at the same time
great enough to allow both frames to be kept stable. In
that case the structures are not subjected to an unnecessary load, and both the supporting frame part and the
frame part to be supported are stable. However, an optimal support moment may vary according to what is to
be optimized, because when a strain acting on a specific
frame part, for example the supporting frame part or the
frame part to be supported, is being optimized, the optimal support moment may be greater.
[0054] According to the different embodiments, the
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support moment Tsupport may be generated by at least
one actuator. According to an embodiment, said support
moment Tsupport may be generated by at least one actuator that may be used for creating a predetermined moment in at least one desired direction. According to an
embodiment, said support moment Tsupport may be generated by at least two actuators each one of which may
be used for creating a moment to at least one direction.
According to another embodiment, said support moment
Tsupport may be generated by at least one actuator that
may be used for creating a moment in at least two directions opposite to one another. Said actuators may thus
be used for generating a total support moment having a
magnitude and direction that correspond to the required
support moment Tsupport. According to the different embodiments, said one or more actuators may be also
locked to their current positions to prevent the frame parts
from rotating relative to one another.
[0055] According to the different embodiments, the
frame parts 2, 3, 4 may also be subjected to a stability
analysis by applying the above-mentioned positions
and/or motion states and the above-mentioned moment
and the operational state of the forest work unit may be
selected among predetermined alternatives on the basis
of the result of the stability analysis. The stability analysis
may also make use of the mechanical properties of the
forest work unit and its frame parts that affect stability,
such as a mechanical model of the forest work unit and/or
its frame part or parts and/or their measurements. Depending on the embodiment, the stability analysis may
be carried out taking into account, for the sake of simplicity, only the component of the moment that acts about
the rotation axis C and/or at least a component of the
moment that acts about a transverse axis of the forest
work unit and/or components acting about a substantially
vertical axis. According to the different embodiments, the
alternatives for the operating state may comprise at least
active stabilization and locking of a mutual position of the
frame parts and/or alerting the user of an approaching
extreme position and/or when an extreme position is
reached. In this case, an extreme position refers to a limit
value of stability in which the entire forest work unit starts
to fall or is in immediate danger of falling. The extreme
position may also be a position or situation in which the
support moment needed for stabilizing the frame part to
be supported is substantially equal to the highest support
moment possible to be produced in the position and state
of motion in question. According to yet some embodiments, the alternatives for the operating state may also
comprise immobilization. Immobilization may be needed
for example in a situation where it has been necessary
to lock the rotation of the frame parts relative to one another to a specific position. Immobilization refers to an
arrangement that allows the starting of the forest work
unit to be prevented and/or, when necessary, a moving
forest work unit to be stopped.
[0056] The method presented in the disclosure relating
to Figure 5 may be implemented by an arrangement in
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connection with a forest work unit having a frame that
may be like the one described in the disclosure relating
to Figures 1a to 4, for example. According to an embodiment, in that case said support moment may be generated by at least one actuator, which actuator or actuators
may be used for creating a predetermined moment in at
least one desired direction. According to the different embodiments, the actuator may also be locked to its current
position to prevent the frame parts from rotating relative
to one another.
[0057] According to some embodiments, the position
and/or state of motion of one or more frame parts of the
forest work unit 1, preferably at least one frame part to
be supported, may be determined using in each case at
least one sensor that may be an acceleration sensor or
an inclinometer. In some embodiments, at least one angle velocity sensor may also be used, in addition to an
acceleration sensor.
[0058] Figure 7 is a schematic view of an arrangement
for stabilizing at least one frame part 2, 3, 4 of the forest
work unit 1. The arrangement comprises at least detection means 71 for detecting a moment caused by the
payload or payloads, at least a component of at least this
moment that acts at least about the rotation axis C. In
addition, the arrangement comprises a control unit or system 72 for determining the magnitude and direction of at
least one support moment needed at least for stabilizing
one frame part 2, 3, 4 on the basis of at least a component
of the moment caused by said payload. The arrangement
further comprises at least one actuator 73 for forming
and adjusting the support moment.
[0059] Figure 8 is a schematic view of an embodiment
for stabilizing at least one frame part 2, 3, 4 of a forest
work unit 1, in which the rotation control arrangement
comprises actuators 83, such as pressure-medium-operated actuators, e.g. hydraulic cylinders. In that case
the pressure and direction control of the rotation control
arrangement may be carried out by a control valve unit
84, such as a direction valve unit, controlling the direction
of the moment and a pressure control unit 85 adjusting
the magnitude of the moment by means of pressure. The
pressure and direction control unit may comprise a plural
number of separate components, for example a control
valve unit 84 and a pressure adjustment unit 85, as shown
in Figure 8, or one integrated component. The control
valve unit 84 may comprise a 4/3 direction valve, for example, with preferably a closed middle position, and the
pressure adjustment unit 85 may comprise a pressure
proportional valve having pressure feedback coupling
and coupled to the direction valve, for example. In that
case the closed middle position of the direction valve
allows the cylinders to be locked, whereby also the output
of the pressure valve closes, which allows the system
pressure regulated by the pressure regulating valve to
be lowered in order to save energy. The closed middle
position may also be utilized e.g. in fault diagnostics of
the pressure valve and a pressure sensor monitoring its
operation, in which case the driver may be alerted in a
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fault situation of an operational disturbance and the stabilizing functionality may be prevented, when necessary.
Figure 8 also shows an energy source 86 for the arrangement.
[0060] In a support situation in which the rotation control arrangement is controlled on the basis of pressure,
a frame joint 17 may rotate about the longitudinal axis,
without the pressure changing hardly at all. Hence the
support moment may be maintained also when driving
on an uneven ground. If the ground fails under the wheels
in a stationary state, the frames occupy a new position
of balance without an extra load on the frame joint, which
would appear with rigid rotation control. Since the real
support moment follows the required moment in real time,
the support moment changes evenly and no discontinuities appear, as would be the case with a conventional
frame lock implementation.
[0061] The position and state of motion of the frame
part 2, 3, 4 to be supported and/or the supporting frame
part in relation to the acceleration due to gravity vector,
and particularly to the direction thereof, may be determined for example by inclination and angular velocity
sensoring 81d, 87 of the frame part to be supported
and/or the supporting frame part, carried out e.g. by a
velocity sensor, inclinometer and/or angular velocity sensor, and, on the basis of this, the effect of the position of
the frame parts on the support moment may be determined in a control unit or system 72, 82. The payload
may consist of a movable boom assembly of the forest
work unit and/or a load to be lifted with it. The moment
caused by such boom operations may be estimated fairly
accurately on the basis of a pressure 81a of the lift cylinder of the boom assembly and position data 81b, 81c
of the boom assembly and a base 15 of the boom assembly, for example. Another way of calculating the moment caused by the boom assembly and/or some other
payload, if any, such as a load, is to calculate it on the
basis of the cylinder pressures (4-point measurement)
and position of a base to be tilted in two directions or by
separate power sensing of the base, for example by
means of pin sensors and/or strain gauges.
[0062] However, the support moment is preferably not
increased to exceed the second moment limit Tmax. If the
moment is increased too much, the supporting frame will
eventually fall. If the driver is sitting on the frame to be
supported, s/he is not necessarily capable of detecting
that the supporting frame is about to fall. For this reason
an actively regulated support moment is restricted to a
safe value.
[0063] Also the operational state 89 of the forest work
unit may be taken into account in the stabilization method
and arrangement. In addition to or instead of this, the
frame parts may also be subjected to a stability analysis,
when necessary, on the basis of the above-mentioned
positions and/or motion states and the moment caused
to the frame by the payload, and a new operating state
for the forest work unit may be selected, when necessary,
among predetermined alternatives on the basis of the
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result of the stability analysis. Possible operating states
of this kind have been discussed above with reference
to Figure 6, for example.
[0064] If the determined support moment exceeds the
second moment limit Tmax when the forest work unit is
stationary, the rotation of the frame may be controlled by
controlling the frame joint to be stiffened in a conventional
manner by lock valves, for example, the entire mass of
the forest unit thus participating fully to the stabilization
of the machine. This improves the stability and safety of
the forest work unit significantly, because in that case
the driver notices the instability by the tilting of the entire
forest work unit, the forest work unit behaving logically
on a rigid frame joint. In that case rotation may be kept
locked until the required support moment has dropped
slightly below the second moment limit Tmax. When the
rotation is again released, the actuators for rotation control may return to active stabilization.
[0065] For situations, in which the required support moment exceeds the second moment limit Tmax during drive,
a threshold value on the level of the predetermined support moment may be determined for the pressure of the
cylinders of the frame lock because it is not appropriate
to lock the rotation of the frame during drive, nor can the
support moment be increased in order to ensure the stability of the supporting frame part. However, the behaviour of the forest work unit is logical and a result of the
driver’s own actions, the driver thus being able to prevent
loss of stability and the supporting frame part from falling.
Moreover, in the disclosed solutions the moment needed
for falling the supporting frame is significantly higher than
when conventional so-called frame locks are used. A corresponding functionality can naturally be implemented
also by an actuator of some other type, for example by
electric actuators.
[0066] In the above cases, in which the required support moment approaches the second moment limit Tmax
or reaches or exceeds it, the control system may be arranged to detect an instability in the frame parts. This
makes it possible to warn the driver of an imminent, possibly dangerous situation by audiovisual means, for example. In addition, according to the different embodiments, the driving of a forest work unit may be determined
to be prevented during the drive, or the forest work unit
may be forced to stop if the required support moment
approaches the second moment limit Tmax. In addition,
in the different embodiments starting may be determined
to be prevented if an attempt is made to make the forest
work unit move when the required support moment is
equal to or higher than the second moment limit Tmax. In
that case driving may be allowed only after the driver has
moved the boom assembly closer to the longitudinal axis
of the forest work unit, for example.
[0067] The disclosed stabilization method and arrangement may also be used in other forest work units,
such as forwarders, if the moment caused by the load
can be measured by cargo space scales, for example.
In addition, the method and arrangement disclosed
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above may naturally be used also in other corresponding
work machines working on an uneven ground and comprising at least two frame parts that may be rotated relative to one another.
[0068] In the figures, the frame parts 2, 3, 4 are shown,
for the sake of simplicity, separate from each other and
structural parts connecting them are mainly not shown
in the figures. Naturally, successive structural parts may,
in each case, be connected to each other by any structural parts or structures allowing the features of the independent claims.
[0069] The disclosed actuators of the different embodiments, such as the first rotation control actuator 6 and/or
the second rotation control actuator 8, may be replaced
by an articulation actuator, for example, such as a wing
actuator, or some other torque motor, or the like, producing a restricted movement or by another similar solution
known per se and suitable for the purpose.
[0070] It will be apparent to a person skilled in the art
that as technology advances, the basic idea of the invention may be implemented in many different ways. The
invention and its embodiments are thus not restricted to
the examples described above.

determining also a component of the moment applied by the payload to the frame part to be supported, the component acting about a transverse axis of
the forest work unit (1).
5

3.

A method as claimed in claim 1 or 2, characterized
by said at least one actuator (73) being arrangeable
to apply a predetermined moment in a desired direction and lockable to its current position to prevent
the frame parts (2, 3, 4) from rotating relative to one
another.

4.

A method as claimed in any one of claims 1 to 3,
characterized by
determining a position and/or a motion state of at
said least one supporting frame part of the forest
work unit (1) and said at least one frame part to be
supported in relation to an acceleration due to gravity
vector; and
determining a magnitude and direction of at least
one support moment (Tsupport) needed at least for
stabilizing the frame part on the basis of at least said
positions and/or states of motion and said component of the moment applied by the payload to the
frame part to be supported, the component acting
about the at least substantially longitudinal rotation
axis (C).

5.

A method as claimed in claim 4, characterized by
also making a stability analysis of the frame parts on
the basis of said positions and/or states of motion
and said moment, and selecting on the basis of the
stability analysis an operating state for the forest
work unit among predetermined alternatives.

6.

A method as claimed in claim 5, characterized in
that the alternatives for the operating state comprise
at least active stabilization and locking of a position
of the frame parts (2, 3, 4) relative to one another.

7.

A method as claimed in claim 5 or 6, characterized
in that the alternatives for the operating state further
comprise at least one of the following: immobilization, alerting the driver when an extreme position is
being approached and alerting the driver when an
extreme position is reached.

8.

An arrangement for stabilizing at least one frame part
of a forest work unit (1), the forest work unit comprising at least two frame parts (2, 3, 4) rotatable relative
to one another about a substantially longitudinal rotation axis (C) of the forest work unit, characterized
in that the arrangement comprises at least
means (71, 81a-81d, 72, 82) for determining a component of a moment applied by a payload of the forest
work unit (1) to a frame part (2, 3, 4) to be supported,
the component acting about the at least substantially
longitudinal rotation axis (C) of the forest work unit,
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2.

A method for stabilizing at least one frame part of a
forest work unit (1), the forest work unit comprising
at least two frame parts (2, 3, 4) rotatable relative to
one another about a substantially longitudinal rotation axis (C) of the forest work unit, characterized by
determining (501) a component of a moment applied
by a payload to a frame part (2, 3, 4) to be supported
of the forest work unit, the component acting about
the at least substantially longitudinal rotation axis (C)
of the forest work unit;
determining (502) on the basis of at least the moment
applied by the payload to the frame part to be supported a magnitude and direction of at least one support moment (Tsupport) required for stabilizing at least
the frame part; and
generating a support moment having a magnitude
and direction that correspond to the determined required support moment (Tsupport) by at least one actuator (6, 73, 83),
wherein a first of the frame parts (2, 3, 4) of the forest
work unit (1) comprises said frame part to be supported to which the moment caused by the payload
is primarily directed, and a second of the frame parts
(2, 3, 4) comprises a supporting frame part to which
the load of the moment caused by the payload is
distributed and/or transferred by means of stabilization by generating the required support moment
(Tsupport) by means of said at least one actuator (6,
73, 83).
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A method as claimed in claim 1, characterized by
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means (72, 82) for determining on the basis of at
least the moment applied by the payload to the frame
part to be supported a magnitude and direction of at
least one support moment required for stabilizing at
least the frame part, and
means for generating the required support moment
and for adjusting it to a predetermined magnitude
and direction comprising at least one actuator (6, 73,
83) for generating a total support moment having a
magnitude and direction that correspond to the determined required support moment (Tsupport),
wherein a first of the frame parts (2, 3, 4) of the forest
work unit (1) comprises said frame part to be supported to which the moment caused by the payload
is primarily directed, and a second of the frame parts
(2, 3, 4) comprises a supporting frame part to which
the load of the moment caused by the payload is
distributed and/or transferred by means of stabilization by generating the required support moment
(Tsupport) by means of said at least one actuator (6,
73, 83).
9.

An arrangement as claimed in claim 8, characterized in that said at least one actuator (73) may be
configured to cause a predetermined moment in at
least one desired direction and to be lockable to its
current position to prevent rotation of the frame parts
(2, 3, 4) relative to one another.

10. An arrangement as claimed in claims 8 or 9, characterized in that the arrangement further comprises
means (81d) for determining a position of at least
one frame part (2, 3, 4) to be supported and/or a
state of motion in relation to an acceleration due to
gravity vector and
means (72, 82) for determining on the basis of the
component of the moment applied by the payload to
the frame part to be supported, the component acting
about the at least substantially longitudinal rotation
axis (C), the magnitude and direction of the at least
one support moment needed at least for stabilizing
the frame part.
11. An arrangement as claimed in claim 10, characterized in that the means (81d) for determining a position of at least one frame part to be supported
and/or a state of motion in relation to an acceleration
due to gravity vector comprise at least one sensor.

be supported of the forest work unit (1), the component acting about at least the rotation axis, comprise
at least one of the following: measurement of the
articulation angle of the pivoting of the boom assembly, measurement of the lift cylinder power and
measurement of the articulation angle of the joint
between the boom assembly base and the lift cylinder.
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14. An arrangement as claimed in any one of claims 8
to 13, characterized in that the means for determining the magnitude and direction of at least one
support moment needed at least for stabilizing the
frame part comprise at least a control system (72,
82).
15. An arrangement as claimed in any one of claims 10
to 14, characterized in that the arrangement further
comprises means (72, 82) for making a stability analysis of the frame parts on the basis of said positions
and/or states of motion and said moment applied by
the payload to the frame and for selecting on the
basis of the stability analysis an operating state for
the forest work unit, said means comprising at least
a control system.
16. A forest work unit (1), characterized in that the forest work unit comprises an arrangement as claimed
in any one of claims 8 to 15.
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12. An arrangement as claimed in claim 11, characterized in that the sensor comprises at least one of the
following: an acceleration sensor, an inclinometer
and an angular velocity sensor.
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13. An arrangement as claimed in any one of claims 8
to 12, characterized in that the means (71, 81a81d, 72, 82) for determining the component of the
moment applied by the payload to the frame part to
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Verfahren zur Stabilisierung mindestens eines Rahmenteils einer Forstarbeitseinheit (1), wobei die
Forstarbeitseinheit mindestens zwei Rahmenteile
(2, 3, 4) aufweist, die im Wesentlichen um eine
Längsdrehachse (C) der Forstarbeitseinheit relativ
zueinander drehbar sind, gekennzeichnet durch
Ermitteln (501) einer Komponente eines Moments,
das von einer Nutzlast auf einen zu stützenden Rahmenteil (2, 3, 4) der Forstarbeitseinheit ausgeübt
wird,, wobei die Komponente zumindest im Wesentlichen um die Längsdrehachse (C) der Forstarbeitseinheit wirkt;
Ermitteln (502), auf der Grundlage zumindest des
von der Nutzlast auf den zu stützenden Rahmenteil
ausgeübten Moments, einer Größe und einer Richtung mindestens eines Stützmoments (Tsupport), das
zum Stabilisieren zumindest des Rahmenteils erforderlich ist; und
Erzeugen eines Stützmoments mit einer Größe und
einer Richtung, die dem ermittelten erforderlichen
Stützmoment (Tsupport) entsprechen, durch mindestens einen Aktuator (6, 73, 83),
wobei ein erster der Rahmenteile (2, 3, 4) der Forstarbeitseinheit (1) den zu stützenden Rahmenteil umfasst, auf den das von der Nutzlast hervorgerufene
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Moment hauptsächlich gerichtet ist, und wobei ein
zweiter der Rahmenteile (2, 3, 4) einen stützenden
Rahmenteil aufweist, auf dem Last des von der Nutzlast hervorgerufenen Moments verteilt wird und/oder
übertragen wird mittels einer Stabilisierung durch Erzeugen des erforderlichen Stützmoments (Tsupport)
mittels des mindestens einen Aktuators (6, 73, 83).
2.

3.

4.

5.

6.

7.

Verfahren nach Anspruch 1, gekennzeichnet
durch Ermitteln auch einer Komponente des Moments, das von der Nutzlast auf dem zu stützenden
Rahmenteil ausgeübt wird, wobei die Komponente
um eine Querachse der Forstarbeitseinheit (1) wirkt.
Verfahren nach Anspruch 1 oder 2, gekennzeichnet
durch mindestens einen Aktuator (73), der so betreibbar ist, dass er ein vorbestimmtes Moment in
einer gewünschten Richtung ausübt und in seiner
aktuellen Stellung verriegelbar ist, um zu verhindern,
dass die Rahmenteile (2, 3, 4) sich relativ zueinander
drehen.
Verfahren nach einem der Ansprüche 1 bis 3, gekennzeichnet durch Ermitteln einer Stellung
und/oder eines Bewegungszustands des mindestens einen stützenden Rahmenteils der Forstarbeitseinheit (1) und des mindestens einen zu stützenden
Rahmenteils in Bezug auf eine Beschleunigung aufgrund eines Schwerkraftvektors; und Ermitteln einer
Größe und einer Richtung mindestens eines Stützmoments (Tsupport), das zumindest zur Stabilisierung
des Rahmenteils auf der Grundlage mindestens der
Stellungen und/oder Bewegungszustände und der
Komponente des Moments erforderlich ist, das von
der Nutzlast auf den zu stützenden Rahmenteil ausgeübt wird, wobei die Komponente um zumindest im
Wesentlichen die Längsdrehachse (C) wirkt.
Verfahren nach Anspruch 4, gekennzeichnet
durch: Durchführen einer Stabilitätsauswertung der
Rahmenteile auf der Grundlage der Stellungen
und/oder Bewegungszustände und des Moments,
und Auswählen, auf der Grundlage der Stabilitätsauswertung, eines Betriebszustands für die Forstarbeitseinheit aus vorbestimmten Alternativen.
Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass die Alternativen für den Betriebszustand zumindest eine aktive Stabilisierung und Verriegelung einer Stellung der Rahmenteile (2, 3, 4)
relativ zueinander umfassen.
Verfahren nach Anspruch 5 oder 6, dadurch gekennzeichnet, dass die Alternativen für den Betriebszustand ferner mindestens eine der folgenden
umfassen: Unbeweglichmachen, Warnen des Fahrers bei Annäherung an eine Extremstellung, und
Warnen des Fahrers beim Erreichen einer Extrem-
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stellung.
8.

Anordnung zum Stabilisieren mindestens eines
Rahmenteils einer Forstarbeitseinheit (1), wobei die
Forstarbeitseinheit mindestens zwei Rahmenteile
(2, 3, 4) aufweist, die relativ zueinander im Wesentlichen um eine Längsdrehachse (C) der Forstarbeitseinheit drehbar sind, dadurch gekennzeichnet, dass die Anordnung ferner aufweist zumindest
eine Einrichtung (71, 81a-81d, 72, 83) zum Ermitteln
einer Komponente eines Moments, das von einer
Nutzlast der Forstarbeitseinheit (1) auf einen zu stützenden Rahmenteil (2, 3, 4) ausgeübt wird, wobei
die Komponente im Wesentlichen um zumindest die
Längsdrehachse (C) der Forstarbeitseinheit wirkt,
eine Einrichtung (72, 82) zum Ermitteln, auf der
Grundlage zumindest des Moments, das von der
Nutzlast auf den zu stützenden Rahmenteil ausgeübt wird, einer Größe und einer Richtung mindestens
eines Stützmoments, das zum Stabilisieren zumindest des Rahmenteils erforderlich ist, und
eine Einrichtung zur Erzeugung des erforderlichen
Stützmoments und zur Einstellung desselben auf eine vorbestimmte Größe und Richtung, mit mindestens einem Aktuator (6, 73, 83) zum Erzeugen eines
Gesamtstützmoments mit einer Größe und einer
Richtung, die dem ermittelten erforderlichen Stützmoment (Tsupport) entsprechen,
wobei ein erster der Rahmenteile (2, 3, 4) der Forstarbeitseinheit (1) den zu stützenden Rahmenteil umfasst, auf den das von der Nutzlast hervorgerufene
Moment hauptsächlich gerichtet ist, und ein zweiter
der Rahmenteile (2, 3, 4) einen Stützhalterahmen
umfasst, auf den die Last des von der Nutzlast hervorgerufenen Moments verteilt und/oder übertragen
wird mittels einer Stabilisierung durch Erzeugung
des erforderlichen Stützmoments (Tsupport) durch
den mindestens einen Aktuator (6, 73, 83).

9.

Anordnung nach Anspruch 8, dadurch gekennzeichnet, dass
der mindestens eine Aktuator (73) ausgebildet ist,
ein vorbestimmtes Moment in mindestens einer Sollrichtung hervorzurufen und in seiner aktuellen Stellung verriegelbar zu sein, um eine Drehung der Rahmenteile (2, 3, 4) relativ zueinander zu verhindern.
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13

10. Anordnung nach Anspruch 8 oder 9, dadurch gekennzeichnet, dass die Anordnung ferner eine Einrichtung (81d) zur Ermittlung einer Stellung mindestens eines zu stützenden Rahmenteils (2, 3, 4)
und/oder eines Bewegungszustands in Abhängigkeit einer Beschleunigung aufgrund des Schwerkraftvektors aufweist, und
eine Einrichtung (72, 82) zur Ermittlung, auf der
Grundlage der Komponente des von der Nutzlast
auf dem zu stützenden Rahmenteil ausgeübten Moments, wobei die Komponente zumindest im We-
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châssis d’une unité de travail forestier (1), l’unité de
travail forestier comprenant au moins deux parties
de châssis (2, 3, 4) pouvant tourner les unes par
rapport aux autres autour d’un axe de rotation sensiblement longitudinal (C) de l’unité de travail forestier, caractérisé par les étapes consistant à
déterminer (501) une composante d’un moment appliqué par une charge utile sur une partie de châssis
(2, 3, 4) à supporter de l’unité de travail forestier, la
composante agissant autour du au moins un axe de
rotation sensiblement longitudinal (C) de l’unité de
travail forestier ;
déterminer (502) sur la base au moins du moment
appliqué par la charge utile à la partie de châssis à
supporter une amplitude et une direction d’au moins
un moment de support (Tsupport) requis pour stabiliser au moins la partie de châssis ; et
générer un moment de support ayant une amplitude
et une direction correspondant au moment de support requis déterminé (Tsupport) par au moins un actionneur (6, 73, 83), dans lequel une première des
parties de châssis (2, 3, 4) de l’unité de travail forestier (1) comprend ladite partie de châssis à supporter
sur laquelle le moment provoqué par la charge utile
est principalement dirigé, et une seconde des parties
de châssis (2, 3, 4) comprend une partie de châssis
de support sur laquelle la charge du moment provoqué par la charge utile est répartie et/ou transférée
au moyen d’une stabilisation en générant le moment
de support requis (Tsupport) au moyen dudit au moins
un actionneur (6, 73, 83).

sentlichen um die Längsdrehachse (C) wirkt, der
Größe und der Richtung des mindestens eines
Stützmoments, das zumindest zum Stabilisieren des
Rahmenteils erforderlich ist.
5

11. Anordnung nach Anspruch 10, dadurch gekennzeichnet, dass die Einrichtung (81d) zum Ermitteln
einer Stellung mindestens eines zu stützenden Rahmenteils und/oder eines Bewegungszustands in Abhängigkeit einer Beschleunigung aufgrund eines
Schwerkraftvektors mindestens einen Sensor aufweist.
12. Anordnung nach Anspruch 11, dadurch gekennzeichnet, dass der Sensor einen Beschleunigungssensor und/oder einen Neigungsmesser und/oder
einen Winkelgeschwindigkeitssensor umfasst.
13. Anordnung nach einem der Ansprüche 8 bis 12, dadurch gekennzeichnet, dass die Einrichtung (71,
81a-81d, 72, 82) zur Ermittlung der Komponente des
von der Nutzlast auf den zu stützenden Rahmenteil
ausgeübten Moments der Forstarbeitseinheit (1)
umfasst, wobei die Komponente zumindest um die
Drehachse wirkt, mit: einer Messung des Lenkwinkels der Schwenkung der Auslegeranordnung
und/oder einer Messung der Hebezylinderleistung
und/oder eine Messung des Gelenkwinkels der Verbindung zwischen dem Auslegeranordnungsgrundgestell und dem Hebezylinder.
14. Anordnung nach einem der Ansprüche 8 bis 13, dadurch gekennzeichnet, dass die Einrichtung zur
Ermittlung der Größe und der Richtung mindestens
eines Stützmoments, das zumindest zur Stabilisierung des Rahmenteils erforderlich ist, mindestens
ein Steuersystem (72, 82) umfasst.
15. Anordnung nach einem der Ansprüche 8 bis 14, dadurch gekennzeichnet, dass die Anordnung ferner
eine Einrichtung (72, 82) zum Durchführen einer Stabilitätsauswertung an den Rahmenteilen auf der
Grundlage der Stellungen und/oder Bewegungszustände und des Moments, das von der Nutzlast auf
den Rahmenteil ausgeübt wird, aufweist, um auf der
Grundlage der Stabilitätsauswertung einen Betriebszustand für die Forstarbeitseinheit auszuwählen, wobei die Einrichtung mindestens ein Steuersystem umfasst.
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Procédé selon la revendication 1, caractérisé par
la détermination également d’une composante du
moment appliqué par la charge utile sur la partie de
châssis à supporter, la composante agissant autour
d’un axe transversal de l’unité de travail forestier (1).

3.

Procédé selon la revendication 1 ou 2, caractérisé
en ce que ledit au moins un actionneur (73) peut
être conçu pour appliquer un moment prédéterminé
dans une direction souhaitée et peut être verrouillé
dans sa position actuelle pour empêcher que les parties de châssis (2, 3, 4) ne tournent les unes par
rapport aux autres.

4.

Procédé selon l’une quelconque des revendications
1 à 3, caractérisé par les étapes consistant à
déterminer une position et/ou un état de mouvement
de ladite au moins une partie de châssis de support
de l’unité de travail forestier (1) et de ladite au moins
une partie de châssis à supporter en relation avec
une accélération due au vecteur de gravité ; et déterminer une amplitude et une direction d’au moins
un moment de support (Tsupport) nécessaire au
moins pour stabiliser la partie de châssis sur la base
d’au moins lesdites positions et/ou lesdits états de
mouvement et de ladite composante du moment ap-
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Revendications
1.

2.
35

16. Forstarbeitseinheit (1) dadurch gekennzeichnet,
dass die Forstarbeitseinheit eine Anordnung nach
einem der Ansprüche 8 bis 15 umfasst.

Procédé de stabilisation d’au moins une partie de
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gé, et une seconde des parties de châssis (2, 3, 4)
comprend une partie de châssis de support sur laquelle la charge du moment provoqué par la charge
utile est répartie et/ou transférée au moyen d’une
stabilisation en générant le moment de support requis (Tsupport) au moyen dudit au moins un actionneur (6, 73, 83).

pliqué par la charge utile à la partie de châssis à
supporter, la composante agissant autour du au
moins un axe de rotation sensiblement longitudinal
(C).
5

5.

6.

7.

8.

Procédé selon la revendication 4, caractérisé par
la réalisation également d’une analyse de stabilité
des parties de châssis sur la base desdites positions
et/ou desdits états de mouvement et dudit moment,
et la sélection sur la base de l’analyse de stabilité
d’un état de fonctionnement pour l’unité de travail
forestier parmi des alternatives prédéterminées.
Procédé selon la revendication 5, caractérisé en ce
que les alternatives pour l’état de fonctionnement
comprennent au moins une stabilisation active et un
verrouillage d’une position des parties de châssis (2,
3, 4) les unes par rapport aux autres.
Procédé selon la revendication 5 ou 6, caractérisé
en ce que les alternatives pour l’état de fonctionnement comprennent en outre au moins l’une des
suivantes : une immobilisation, une alerte au conducteur lorsqu’une position extrême se rapproche et
une alerte au conducteur lorsqu’une position extrême est atteinte.
Équipement pour stabiliser au moins une partie de
châssis d’une unité de travail forestier (1), l’unité de
travail forestier comprenant au moins deux parties
de châssis (2, 3, 4) pouvant tourner les unes par
rapport aux autres autour d’un axe de rotation sensiblement longitudinal (C) de l’unité de travail forestier, caractérisé en ce que l’équipement comprend
au moins
des moyens (71, 81a-81d, 72, 82) pour déterminer
une composante d’un moment appliqué par une
charge utile de l’unité de travail forestier (1) à une
partie de châssis (2, 3, 4) à supporter, la composante
agissant autour du au moins un axe de rotation sensiblement longitudinal (C) de l’unité de travail forestier,
des moyens (72, 82) pour déterminer sur la base
d’au moins le moment appliqué par la charge utile à
la partie de châssis à supporter une amplitude et une
direction d’au moins un moment de support nécessaire pour stabiliser au moins la partie de châssis, et
des moyens pour générer le moment de support requis et pour l’ajuster à une amplitude et à une direction prédéterminées comprenant au moins un actionneur (6, 73, 83) pour générer un moment de support total ayant une amplitude et une direction correspondant au moment de support requis déterminé
(Tsupport),
dans lequel une première des parties de châssis (2,
3, 4) de l’unité de travail forestier (1) comprend ladite
partie de châssis à supporter sur laquelle le moment
provoqué par la charge utile est principalement diri-
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Équipement selon la revendication 8, caractérisé
en ce que ledit au moins un actionneur (73) peut
être configuré pour provoquer un moment prédéterminé dans au moins une direction souhaitée et pour
pouvoir être verrouillé dans sa position actuelle afin
d’empêcher une rotation des parties du châssis. (2,
3, 4) les unes par rapport aux autres.

10. Équipement selon les revendications 8 ou 9, caractérisé en ce que l’équipement comprend en outre
des moyens (81d) pour déterminer une position d’au
moins une partie de châssis (2, 3, 4) à supporter
et/ou un état de mouvement en relation avec une
accélération due au vecteur de gravité et
des moyens (72, 82) pour déterminer, sur la base
de la composante du moment appliqué par la charge
utile sur la partie de châssis à supporter, la composante agissant autour du au moins un axe de rotation
sensiblement longitudinal (C), l’amplitude et la direction du au moins un moment de support nécessaire
au moins pour stabiliser la partie châssis.
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11. Équipement selon la revendication 10, caractérisé
en ce que les moyens (81d) pour déterminer une
position d’au moins une partie de châssis à supporter
et/ou un état de mouvement en relation avec une
accélération due au vecteur de gravité comprennent
au moins un capteur.
12. Équipement selon la revendication 11, caractérisé
en ce que le capteur comprend au moins l’un des
éléments suivants : un capteur d’accélération, un inclinomètre et un capteur de vitesse angulaire.
13. Équipement selon l’une quelconque des revendications 8 à 12, caractérisé en ce que les moyens (71,
81a-81d, 72, 82) pour déterminer la composante du
moment appliqué par la charge utile à la partie de
châssis à supporter de l’unité de travail forestier (1),
la composante agissant autour au moins de l’axe de
rotation, comprennent au moins l’une des mesures
suivantes : une mesure de l’angle d’articulation du
pivotement de l’ensemble de flèche, une mesure de
la puissance de vérin de levage et une mesure de
l’angle d’articulation du joint entre la base d’ensemble de flèche et le vérin de levage.
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14. Équipement selon l’une quelconque des revendications 8 à 13, caractérisé en ce que les moyens pour
déterminer l’amplitude et la direction d’au moins un

15
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moment de support nécessaire au moins pour stabiliser la partie de châssis comportent au moins un
système de commande (72, 82).
15. Équipement selon l’une quelconque des revendications 10 à 14, caractérisé en ce que l’équipement
comprend en outre des moyens (72, 82) pour effectuer une analyse de stabilité des parties de châssis
sur la base desdites positions et/ou états de mouvement et dudit moment appliqué par la charge utile
au châssis et pour sélectionner sur la base de l’analyse de stabilité un état de fonctionnement pour l’unité de travail forestier, lesdits moyens comprenant au
moins un système de commande.
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16. Unité de travail forestier (1), caractérisée en ce que
l’unité de travail forestier comprend un équipement
selon l’une quelconque des revendications 8 à 15.
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