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(57) Abrege/Abstract:
The invention relates to a method for harvesting and to an arrangement for processing wood. In a harvesting area, a baler Is used

to bale small-dimensioned wood into bales belonging to different bale classes, wherein a compressed wood bundle Is bound by
means of a binding member. Energy bales and raw material bales may be created In a forest. The raw material bales may be
processed In a debarking device, whereln the wood contained by the bale Is divided into a pulp fraction and an energy fraction. The
pulp fraction may be used in the manufacture of raw material, and the energy fraction may be used as fuel.
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ABSTRACT

The invention relates to a method for harvesting and to an arrangement for processing

wood. In a harvesting area, a baler is used to bale small-dimensioned wood into bales
belonging to different bale classes, wherein a compressed wood bundle is bound by
means of a binding member. Energy bales and raw material bales may be created in a
forest. The raw material bales may be processed in a debarking device, wherein the
wood contained by the bale is divided into a pulp fraction and an energy fraction. The

pulp fraction may be used in the manufacture of raw material, and the energy fraction

may be used as fuel.
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ARRANGEMENT FOR HARVESTING

BACKGROUND OF THE INVENTION

[0001] The invention relates to a method for harvesting, the method
comprising: felling trees In a forest; transporting harvested wood away from the
forest for further processing; and baling at least part of the wood into bales
comprising a wood bundle compressed In a baler and at least one binding
member arranged around it.

[0002] The Iinvention further relates to an arrangement for process-
INg wood, the arrangement comprising: feeding wood into a debarking device;
removing bark from the wood in the debarking device, and separating it as an
energy fraction from the rest of the wood, which constitutes a pulp fraction;
using the energy fraction as fuel for energy production; and using the pulp frac-
tion as raw material for the chemical forest industry.

[0003] Nowadays small-dimensioned wood iIs harvested from for-
ests to be thinned either as motofelling or as timberman felling. The small-
dimensioned trees to be removed In the thinning are felled and delimbed. The
smallest diameter of logs harvested from a forest is typically between 6 and 8
cm depending on the wood species and the forest company. Pulpwood felled
and delimbed is transported from the forest with a forwarder to a collection site,
from where they are transported to a pulp mill. In some cases, the branches
and top refuse delimbed In thinning may be transported to a collection site,
wherein they may be chipped and transported to a combustion plant. Since
present harvesting performed during thinning comprises a plurality of separate
steps and several different sets of equipment are required therein, present
harvesting Is slow, cumbersome and expensive.

BRIEF DESCRIPTION OF THE INVENTION

[0004] It i1s the object of this invention to provide a novel and im-
proved method for harvesting and an arrangement for processing wood.

[0005] The method of the invention is characterized by baling small-
dimensioned wood in a felling area; and creating two or more bale classes at
the felling site by using the same baler, each bale classes having special crite-
ria with respect to the wood contained by the bale.

[0006] The arrangement of the invention Is characterized In that
bales are baled from small-dimensioned wood at a felling site In a forest; that
energy bales and raw material bales are baled Iin accordance with predeter-
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mined criteria; that the raw material bales are fed to the debarking device; and
that the raw material bale Is processed In the debarking device, whereby bark
and the rest of the energy fraction are separated from the pulp fraction.

[0007] An idea of the invention is to feed the desired timber lots to a
baler in a forest for creating different predetermined bale classes. A further
idea is to classify the bales created in the forest into different bale classes be-
fore they are transported to a further processing site at the latest.

[0008] An advantage of the invention is that the cost effectiveness
of harvesting improves, while the same equipment can be used to create dif-
ferent kinds of bales already In the forest in connection with the felling.

[0009] It i1s the idea of an embodiment of the invention to feed cut-
off trees as such to a baler without debarking branches and top refuse.
Hereby, trees to be processed are thus cut off and fed, after being cut off, indi-
vidually or together with a plurality of cut-off trees as such into a baling ma-
chine, wherein the trees are cut off to the desired length, compressed and
baled. Such a whole-tree bale may thus comprise all elements belonging to
one tree, such as the trunk, the top and branches. When the trees are fed di-
rectly to the baler after felling, the harvesting includes no extra transfers or
processing steps.

[0010] It is the Idea of an embodiment of the Iinvention to perform
the baling during thinning. In thinning, usually various tree species and trees of
different sizes are removed, which can be baled in accordance with the desired
bale classes by utilizing the solution of the invention. This allows the wood
generated in the thinning to also be used further and processed efficiently.

[0011] It is the Idea of an embodiment of the invention to process
different wood sorts intended for different bale classes simultaneously with the
baling machine. This allows the baling machine to be used without interruption
for processing wood of a broad-leaved wood bale in the feeding chamber and
simultaneously for processing coniferous wood In the compression chamber.

[0012] It is the Idea of an embodiment of the invention to provide the
carrier of the baler with a felling device that Is suitable for mass processing
small-dimensioned wood and capable of holding a plurality of trees cut thereby
IN a bundle and simultaneously cut new trees. When a suitable amount of
small-dimensioned wood is in the felling device, the tree bundle is fed to the
baling machine. A processing device provided with such a felling device is effi-
cient in thinning and particularly effective In first-stage thinning, which may in-
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volve much small-dimensioned wood.

[0013] It is the idea of an embodiment of the invention to create two
or more bale classes with the same processing device, each bale class com-
prising only one tree species. This means that so-called clean bales are cre-
ated instead of mixed tree bales.

[0014] It is the idea of an embodiment of the invention to create two
or more different bale classes with the same processing device. This means
that bales are not created in the forest merely for chipping and for burning in a
combustion plant, but bales to be utilized as raw material for further processing
are generated from the trees to be thinned. Even if part of the material con-
tained by the raw material bales were separated into an energy fraction in the
manufacture of the raw material, the majority of the wood contained by the raw
material bale is anyhow used for producing raw material.

[0015] It I1s the Idea of an embodiment of the invention to use the
baling machine in the forest for creating bales for the production of charcoal,
for which only wood fulfilling predetermined requirements is used. In the pro-
duction of charcoal, the wood has to be broad-leaved wood. The bales accord-
iIng to this bale class are collected from the forest and transported for process-
INng Into charcoal.

[0016] It I1s the Idea of an embodiment of the invention to use the
baling machine in the forest for creating bales for the production of distillate, for
which only wood fulfilling predetermined requirements is used. The bales ac-
cording to this bale class are collected from the forest and transported for
processing into distillate.

[0017] It I1s the Idea of an embodiment of the invention to use the
baling machine in the forest for creating bales for the production of fibrous ma-
terial, for which only wood fulfilling predetermined requirements is used. The
bales according to this bale class are collected from the forest and transported
for processing. The bales are fed to a debarking device, wherein the smaller
wood material contained by the bale, such as bark and branches, may be
separated and chopped, after which they may be classified into an energy frac-
tion to be used Iin a combustion plant for energy production or used as fuel In
another manner. The larger wood material contained by the bale may be used
for the production of chemical pulp or used for the production of another raw
material for the chemical forest industry. Accordingly, the division into an en-
ergy fraction and a pulp fraction does not take place until in the debarking de-
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vice, whereas In conventional methods, the division takes place as early as In
connection with the felling when trunks are separated from the trees as pulp-
wood and the felling waste is left to rot in the forest or, in the newest methods,
the felling waste Is collected from the forest to a collection site, wherein they
are baled in a separated step into energy bales. The debarking device may be
located In connection with the site of use of the pulp fraction, such as for in-
stance at a pulp mill, or it may be located in connection with a plant producing
fuel. The debarking device may be a debarking drum or a corresponding de-
vice suitable for detaching bark and other material unsuitable for a pulp frac-
tion.

[0018] It Is the idea of an embodiment of the invention to create, in a
forest comprising mixed wood, birch bales with the same baler for producing
birch pulp, for example, and coniferous wood pales comprising pine and
spruce for producing pine pulp, for exampile.

[0019] It is the Idea of an embodiment of the Iinvention to perform
the harvesting and the generation of different bale classes in a forest thinned
for the first time.

[0020] It is the iIdea of an embodiment of the invention to classify the
different bale classes at the collection site into different bale class piles or the
like for long-haul transport. In this case, the bales are further processed effi-
ciently and the mixing of bale classes is avoided.

[0021] It is the Idea of an embodiment of the invention to mark the
different bale classes In the baling machine, whereby their classification into
different bale class piles or the like Is easy at the collection site. The bale
classes may be marked with colour codes or remote-readable identifiers, for
example.

[0022] It Is the Idea of an embodiment of the invention that the bal-
INg machine comprises measurement devices for measuring the desired char-
acteristics of the different bale classes, such as for example number and
weight. This way information is obtained for felling planning and statistics, and
furthermore valuable information for controlling the further processes subse-
guent to the felling.

[0023] It is the idea of an embodiment of the invention to use energy
bales or the energy fraction of raw material bales for the manufacture of liquid
fuels or combustible gases.

BRIEF DESCRIPTION OF THE FIGURES
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[0024] Some embodiments of the invention will be described In
more detail in the accompanying drawings, in which

Figure 1 schematically shows a side view of a wood-processing de-
vice according to the invention, arranged on a movable carrier,

Figure 2 schematically shows a processing device suitable for har-
vesting according to the invention,

Figures 3 to 6 schematically show some feasible bale classes that
can be made In a forest;

Figure 7 schematically shows a bale wherein the wood bundle Is
tied with a net instead of strips;

Figure 8 schematically shows a system for wood processing accord-
Ing to the invention; and

Figure 9 schematically shows an arrangement wherein a small-di-
mensioned wood bale is utilized in the manufacture of fibre pulp.

[0025] In the figures, some embodiments of the invention are shown
In a simplified matter for the sake of clarity. In the figures, like parts are de-
noted with like reference numerals.

DETAILED DESCRIPTION OF SOME EMBODIMENTS OF THE INVENTION

[0026] Figure 1 shows a wood processing device that may comprise
a baler 1 that may be arranged in a movable carrier 2 that may be a forwarder
or the like, for example. The baler 1 may comprise a feeding chamber 3,
whereto small-dimensioned wood collected during thinning may be fed by
means of feeding members 4. The feeding chamber 3 comprises a feeding
opening 5 for feeding wood. Further, a cutting device 6 may be located in con-
nection with the feeding opening 5 for cutting the wood after a suitable dose Is
fed to the feeding chamber 3. An Iintermediate chamber 7 may be located
above the feeding chamber 3 and, furthermore, a compression chamber 8 may
be located above the intermediate chamber 7. If need be, cut-off wood may be
stored In the intermediate chamber 7 should previous wood still be under proc-
essing in the compression chamber 8. In addition, the intermediate chamber 7
may be used to collect a plurality of cut-off wood doses into one larger lot be-
fore transfer to the compression chamber 8. In the compression chamber 8,
the wood may be compressed In order to reduce its volume. In addition, com-
pression forms the wood into a bundle 9, around which one or more binding
members 10, such as for instance a strip, a band or a net, may be arranged by
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means of a binding device 16, thus resulting in a bale 11. The compression
chamber 8 may be opened in such a manner that the finished bale 11 may be
removed from the compression chamber 8. The bale 11 may be dropped to the
ground.

[0027] Furthermore, the processing device may comprise a felling
device 12a that may be arranged in a versatilely movable boom 12b. The fell-
INg device 12a comprises cutting means 12c¢, such as a chain saw for cutting a
small-dimensioned tree at the root, and clamping jaws 12d or the like for grab-
bing the wood being processed and for transferring the cut-off small-
dimensioned wood to the feeding members 4 of the baler 1. The clamping jaws
12d of the felling device 12a may be constructed in a manner making it suit-
able for mass processing of small-dimensioned wood. Such a felling device
12a enables the cutting of the small-dimensioned wood, the transfer to the next
small-dimensioned wood, cutting it, and, further allows the mentioned steps to
be repeated until the felling device 12a contains a sufficient amount of cut-off
small-dimensioned wood 12e, after which a small-dimensioned wood lot 12f
collected may be transferred to the baler 1 by means of the felling device 12a
and the boom 12b. Such a processing device may perform the felling and the
baling completely independently and as an integral operation.

[0028] Figure 2 shows the processing device seen from the rear
part of the carrier 2. The baler 1 is turned around an axis of a joint between the
baler 1 and the carrier 2 to a transverse position in a manner making the feed-
INg opening S point in the direction where the felling i1s performed or In a direc-
tion from which the intention is to feed small-dimensioned wood to the baler 1.
The wood may be pushed by means of the feeding members 4 In feeding di-
rection B along a predetermined distance into the feeding chamber 3, after
which the wood Is cut by means of the cutting device 6. The operation of the
cutting device 6 may be based on a guillotine-type of cutting blade, a circular
saw, a chain saw or any other chipping or shearing cutting member. When the
cutting Is performed, the feeding conveyor 4 is stopped and the cut-off wood Is
transferred from the feeding chamber 3 to the intermediate chamber 7. The
transfer may be carried out for instance by moving a bottom plate 13 Iin the
feeding chamber in a vertical direction C. The Iintermediate chamber 7 may
comprise means 14 for receiving the wood. These means 14 may include for
instance a conveyor or jaws between which the wood may be compressed dur-
Ing intermediate storage. In addition, the wood may be transferred by means of
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the means 14 from the intermediate chamber 7 to the compression chamber 8.
The compression chamber 8 may comprise compression jaws 15 for receiving
wood Into the compression chamber 8, and by means of which the wood may
be compressed Into a smaller volume. In some cases, some other compres-
sion means, for instance a flexible power transmission member, such as a
chain, may be used instead of the compression jaws 15. In addition, the com-
pression chamber 8 may comprise one or more binding devices 16 for winding
a suitable binding member 10 around the wood bundle 9 in direction E for cre-
ating a bale 11.

[0029] Figure 1 shows that the completed bale 11 on the ground is
of mixed wood. An energy bale Is In question. Furthermore, In Figure 1, a lot of
only broad-leaved wood 17, e.g. birch, is fed to the feeding opening 5 of the
baler 1, whereby the intention Is to create a broad-leaved wood bale. In the
situation of Figure 1, spruce 18 is positioned between the jaws 12d of the har-
vesting device 12a, the intention being to create a spruce bale after the broad-
leaved wood bale. The feeding of spruce 18 into the feeding chamber 3 may
be started after the broad-leaved wood Is transferred to the compression
chamber 8. In this case, the baler 1 is able to process wood of two different
gualities at the same time for creating bales that differ from each other.

[0030] Figure 3 shows a pine bale 11a comprising pinewood 19
only. As can be seen from the figure, the pine bale 11a may comprise trees
with trunks, branches and tops, i.e. the bale Is a so-called whole tree bale.
Similarly, Figure 4 shows a spruce bale 11b composed of spruce 18, which is a
whole-tree bale at the same time. Furthermore, Figure 5 shows a birch bale
11c comprising birch 20 only. It is naturally possible to create other tree spe-
cies-based bale classes, e.g. for aspen, alder etc. Combinations of different
tree species may also fulfil the predetermined criteria of some bale class.

[0031] A bale class may have one or more other criteria instead of
or In addition to the tree species criterion. Feasible criteria include the diameter
and condition of the wood to be processes, for example.

[0032] Figures 6 and 7 show energy bales 11d that may be of mixed
wood. The energy bale 11d may also comprise wood that is not suitable for
use In the manufacture of raw materials. Such wood Is obtained from wood
classified as deteriorated because of a plant disease or for some other reason.
Figure 7 also shows that binding may be carried out with a net.

[0033] Figure 8 illustrates the steps of a harvesting system.
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[0034] Figure 9 shows an arrangement for further processing of raw
material bales. The raw material bales 11b, In this case spruce bales, may be
fed to a feeding station 22 of the debarking device 21 from where they are
dosed for processing by the debarking device 21. The debarking device 21
may be a debarking drum arranged rotationally around its longitudinal axis and
through which the wood to be processed is run. The circumference 23 of the
debarking drum may be provided with openings 24 through which bark de-
tached from the wood inside the debarking drum and the rest of the energy
fraction 25 Is discharged. In contrast, a pulp fraction 26 does not pass through
the openings 24, but is discharged from the debarking drum at the discharge
end 27. Pulpwood 28 may also be fed to the debarking device 21 at a prede-
termined ratio with respect to the raw material bales 11d. There may be for
Instance 20% whole tree bales and 80% fibre pulpwood. Other mixture ratios
may naturally also be used depending on the raw material to be manufactured
and the raw material bales to be fed, among other things.

[0035] The energy fraction 25 may be recovered by means of a col-
lecting device 29 and it may be transported to a combustion plant 30 for en-
ergy production. Alternatively, the energy fraction 25 may be transported to a
fuel plant 31, where it may be used for the manufacture of fuel, e.qg. liquid fuel
32, gas or coal.

[0036] The pulp fraction 26 may be transferred to a pulp plant 33 In
connection with the debarking device 21 or to a corresponding plant of the
chemical forest industry for manufacture of raw materials. Alternatively, the
pulp fraction 26 may be transported for use at some other plant 34 situated at
a different site with respect to the debarking device 21. In cases when the de-
barking device 21 and the combustion plant 30 are located in the vicinity of the
raw material plant 33, the energy produced by the energy fraction 25 may be
utilized at the plant, as is illustrated by a broken line.

[0037] In some cases, the characteristics presented In this applica-
tion may be used as such, irrespective of other characteristics. On the other
hand, the characteristics presented In this application may be combined, if
need be, to generate different combinations.

[0038] The drawings and the related description are only intended
to illustrate the idea of the invention. The details of the invention may vary
within the scope of the claims.
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CLAIMS
1. A method for harvesting, the method comprising:

felling small-dimensioned trees in a felling area of a forest to produce harvested
wood:

baling at least part of the harvested wood into bales in the felling area of the
forest, each bale comprising a wood bundle of harvested wood compressed in a baler
and at least one binding member arranged around the wood bundle;

wherein the baling step further includes creating two or more different bale
classes In the felling area of the forest by using the same baler, each of the bale classes
having special criteria with respect to the harvested wood contained by the bale; and

transporting the bales of harvested wood away from the forest for further

processing.

2. A method as claimed in claim 1, wherein the harvested wood from the felling step
is fed to the baler of the baling step without removal of branches and without removal of

top refuse.

3. A method as claimed in claim 1, wherein the felling step comprises thinning the

forest, and wherein the baling step occurs during thinning of the forest.

4, A method as claimed in claim 1, wherein the baling step comprises processing
two or more different bale classes simuiltaneously with the same baler.

5. A method as claimed in claim 1, wherein the special criteria includes tree
classes.
6. A method as claimed in claim 1, wherein each of the different bale classes is

Intended for a different end use.
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7. A method as claimed in claim 1, wherein:
the baling step comprises creating raw material bales in the forest from

harvested wood suitable as raw material for further-processed products, the method

further comprising using the harvested wood in the raw material bales as raw material

for further-processed products; and
the baling step comprises creating energy bales in the forest from harvested

wood unsuitable for the raw material bales, the method further comprising using the
harvested wood in the energy bales as fuel in energy production such that the raw

material bales and the energy bales have different end uses.

8. A method as claimed in claim 1, wherein the baling step occurs before the

transporting step.

9. A method as claimed in claim 1, further comprising marking the bale classes for

collection in the felling area of the forest.

10. A method as claimed in claim 7, further comprising feeding the raw material

bales to a debarking device.

11. A method as claimed in claim 10, further comprising feeding a supply of

pulpwood to the debarking device with the raw material bales at a predetermined ratio.

12. A method as claimed in claim 10, wherein the debarking device separates the

raw material bales into an energy fraction and a pulp fraction.

13. A method as claimed in claim 12, further comprising transporting the energy

fraction to a combustion plant.

14. A method as claimed in claim 12, further comprising transporting the pulp fraction

to a pulp plant.
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