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medium and comprising a joint frame (101), a joint arm (103) swivelled In said joint frame, and a blade structure (105, 106) fitted In
sald joint, by means of which blade structure the pressure effect of the pressurized medium produces said swivelling.



WO 01/45491 Al

CA 02362969 2001-08-13

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
28 June 2001 (28.06.2001)

A01G 23/08

(51) International Patent Classification”:

(21) International Application Number:  PCT/FI00/01075

(22) International Filing Date: 7 December 2000 (07.12.2000)

(25) Filing Language: Finnish

(26) Publication Language: English
(30) Priority Data:

19992741 21 December 1999 (21.12.1999) FI

(71) Applicant (for all designated States except US): PLUS-
TECH OY [FI/FI]; P.O. Box 474, FIN-33101 Tampere
(FI).

(72) Inventors; and
(75) Inventors/Applicants (for US only): PAAKKUNAINEN,

(54) Title; DELIMBING APPARATUS

W

AN

(74)

(81)

(84)

N0 10 A T 0 e

(10) International Publication Number

WO 01/45491 Al

Marko [FI/FI]; Lehvinkatu 25, FIN-33920 Tampere (FI).
MARTTILA, Mauri [FI/FI]; Kehrontie 409, FIN-37420
Valkkinen (FI).

Agent: TAMPEREEN PATENTTITOIMISTO OY;
Hermiankatu 6, FIN-33720 Tampere (FI).

Designated States (national): AE, AG, AL, AM, AT, AT
(utility model), AU, AZ, BA, BB, BG, BR, BY, BZ, CA,
CH, CN, CR, CU, CZ, CZ (utility model), DE, DE (utility
model), DK, DK (utility model), DM, DZ, EE, EE (utility
model), ES, Fl, FI (utility model), GB, GD, GE, GH, GM,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,
LR,LS,LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SK
(utility model), SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian

[Continued on next page]

(57) Abstract: The invention relates to a delimbing apparatus for
processing elongated pieces, particularly tree trunks (S), which ap-
paratus (1) comprises a frame structure (2) to be suspended at the end
of a boom assembly in a working machine, at least one means, ar-
ticulated in relation to said frame structure, for processing the trunk
(S), and actuators (31a, 31c, 51a, 51b) for controlling the position
and force effect (IF) of said means. In the invention, said actuators
comprise at least one joint (100) driven by a pressurized medium
and comprising a joint frame (101), a joint arm (103) swivelled in
said joint frame, and a blade structure (105, 106) fitted 1n said joint,
by means of which blade structure the pressure effect of the pressur-
ized medium produces said swivelling.
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DELIMBING APPARATUS

The invention relates to a delimbing apparatus for processing elon-
gated pieces, particularly tree trunks.

For the processing of tree trunks, a harvester head iIs used for the pur-
pose of gripping an upright growing tree, to cut the tree and to fell it for
processing the trunk, typically for delimbing and cutting it into pieces of
fixed length. The head is normally fixed at the end of a boom assembly

in a working machine, such as a harvester, which is movable on a ter-

rain by means of wheels or a crawler. Some harvester heads are also
used for manipulating the trunk during loading. The harvester head is
connected to the boom assembly in an articulated manner, and it com-
prises the necessary actuator means, normally hydraulic cylinders and
hydraulic motors, by means of which the position of the head and its
different functions can be controlled.

The head, which, in the following description, will also be referred to as
the delimbing apparatus, also comprises means which can be swivelled
in relation to a frame structure. These means include e.g. delimbing
means, normally pairwise on different sides of the trunk, which
comprise delimbing blades for delimbing branches while the trunk is
supported and transferred through the apparatus in the longitudinal
direction of the trunk. Feeding means, normally pairwise on different
sides of the trunk, normally comprise a feed pulley or a feed roll which
IS driven by a hydraulic motor, is pressed against the trunk, and pulls it
by means of friction past the delimbing blades and through the
apparatus. The head also accommodates cutting means, such as a
chain saw, by which the trunk is cut to a desired length by stopping the
trunk and activating the sawing.

Publication US 5,219,010 discloses a known delimbing apparatus
which comprises two pairs of delimbing means and one pair of feeding
means. The delimbing means and the feeding means are articulated
around a substantially horizontal and vertical direction in relation to the
frame structure, respectively. It is also known to couple the feeding
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means to the frame structure in such a way that they are articulated
around a substantially horizontal axis. The delimbing blade is articu-
lated In reiation to the frame structure by means of a joint. In addition to
this, the joint is affected by actuators, most typically a separate cylinder

5  which is driven by a pressurized medium and produces a stroke, pro-
ducing the necessary moment force to maintain the position and force
effect of the delimbing blade. Furthermore, the pair of the means is
often coupled to each other by said cylinder, but the cylinder can also
be connected at its other end to the frame structure. A necessary pres-

10  surized medium circuit is used to control the pressurized medium to be
supplied to the actuator means.

In a conventional hydraulic cylinder, the pressure of the pressurized
medium is effective on the circular piston surface which can be

15  increased to increase the stroke force of the cylinder and thereby also
the moment to be produced with the cylinder. However, this will
iIncrease the dimensions and weight of the cylinder, wherein the place-
ment of cylinders which are large in size and have particularly long
strokes becomes problematic. Cylinders protruding from the apparatus

20 are easlily collided with obstacles and damaged. At the same time,
hoses and tubes for the pressurized medium in the cylinder are easily
stuck and broken. The stroke of the cylinder causes a moment in the
joint; however, the moment is not constant during the whole stroke, but
the force effect of the means is variable. This makes it more difficult to

25 control particularly the pressure levels of the pressurized medium
circuit.

It Is an aim of the present invention to eliminate the drawbacks pre-
sented above.
30
The central principle of the invention is to use an integrated joint which
has a blade structure and is driven by a pressurized medium, for the
control of the means. The surface area of the blade structure of the
joint can be made larger than the surface area of the piston in the cylin-
35 der, and compared with a conventional piston, the blade structure is
transverse, making a small joint possible. A particular advantage is
achieved in that the moment force of the joint can be increased without
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Increasing the pressure level and the external dimensions, because by
doubling the number of the blade structures, it is also possible to
double the moment force. On the other hand, the moment can also be
easlly increased by increasing the length of the structure in the direction
of the axis of rotation of the joint.

Another advantage iIs that a constant torque is achieved with the joint in
different rotational positions, wherein the torque is not affected by, for
example, variations in the geometry of the cylinder and the connecting
points of a prior art joint. Another result is that the control and optimiza-
tion of pressure levels of the control circuit become easier. The joint is
particularly advantageous in view of bearings, because in a joint driven
by a pressurized medium, the compartments of pressurized medium
can be arranged symmetrically, wherein the forces effective on different
sides of the joint arm compensate for and counterbalance each other.
The cylinder actuators always load the bearings unevenly.

By means of the invention, the actuators and the joint structures can be
combined to make a very compact and protected structure possible.
Cylinder structures can be eliminated, wherein the delimbing apparatus
IS also suitable for limited spaces, and breakages can be avoided.
Moreover, the necessary tubes and hoses can be placed more easily to
be protected by the structure. In addition to this, it is possible to use
integrated structures in channellings for the pressurized medium,
wherein the pressurized medium is led into a joint driven by the pres-
surized medium, for example, via drillings in the joint arm. Particular
advantages are achieved, because the control circuit to be used for the
control, including its valves, can also be integrated in the joint. If neces-
sary, the number of joints driven by the pressurized medium can be
reduced by arranging a mechanical link for the transmission of the rota-
tional movement between the pair of the means.

In the following description, the invention will be illustrated with refer-
ence to the appended drawings, in which
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Fig. 1 shows a delimbing apparatus according to a first embodi-
ment of the invention in an inclined perspective view seen
from below,

Fig. 2 shows, in a perspective view, a joint driven by a pressurized
medium in the delimbing apparatus of Fig. 1, when opened,

Fig. 3 shows, in a principle chart, a pressurized medium circuit
used for controlling the joint of Fig. 2, and

Fig. 4 shows a delimbing apparatus according to a second

embodiment of the invention in an inclined perspective view
seen from above.

With reference to Fig. 1, a delimbing apparatus 1 according to the
Invention comprises a frame structure or a frame 2. For coupling the
apparatus 1 to the end of a boom assembly of a working machine
known per se, such as a harvester, the apparatus 1 comprises joint
means (not shown in the figure) for suspension of the frame 2, typically
with a means shown in Fig. 4, a tilt arm 10, and for swivelling said
frame 2 around a substantially vertical (direction Z) axis of rotation.
With reference to Fig. 4, the tilt arm 10 is connected in a rotatable
manner to the frame 2 by means of a joint 11 driven by a pressurized
medium. The joint 11 Is arranged for swivelling the frame 2, supported
by the tilt arm 10, around a substantially horizontal and transverse
(direction X) axis of rotation between the vertical position and the hori-
zontal position of Fig. 1.

The apparatus 1 also comprises a curved first delimbing means 3a and
a curved second delimbing means 3b, which are connected in a
rotatable manner to the frame 2 by joints 31a and 31b driven by a pres-
surized medium. The operation of the joints driven by the pressurized
medium will be described below. In the position of Fig. 1, the delimbing
means 3a and 3b are swivelled around substantially horizontal and lon-
gitudinal (direction Y) axes. The delimbing means 3a and 3b are pro-
vided with cutting edges or delimbing blades 4a and 4b for delimbing a
trunk. The feeding means 6, such as feed rolls, or feed wheels 6a and
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6b as shown in Fig. 1, are placed on opposite sides of the trunk to be
delimbed, against its surface, and by means of their driving force effec-
tive on the trunk, they feed the trunk past the delimbing blades 4a and
4b to cut off the branches from the trunk. The feed wheels 6a and 6b
are connected to the frame 2 by means of support arms 5a and 5b as
well as joints 51a and 51b driven by pressurized medium, wherein the
feed wheels 6a and 6b are rotated around the axis Y in Fig. 1.

The apparatus 1 also comprises cutting means 8 for cutting an upright
growing tree trunk. The cutting means 8, preferably a chain saw 8a
driven by a cylinder, are also used to cut the trunk into pieces of a fixed
length when it is supported by the delimbing means 3. The chain
saw 8a Is shielded in a saw box 8b which also accommodates a saw
motor 8¢. To support the trunk, the delimbing means 3a and 3b enclose
the trunk at least partly on its different sides, while the trunk is sup-
ported against the frame 2. The frame 2 can comprise a support roll or
a planar surtace, along which the trunk glides. The delimbing means 3a
and 3b with their delimbing blades 4a and 4b are designed to be curved
to contorm to the shape of the trunk and to cut off branches from both
of the side surfaces and the lower surface of the trunk. The apparatus 1
also comprises a delimbing blade 4c which is fitted in the delimbing
means 3¢ and which rotates around the direction Y by means of the
joint 31c¢ ariven by pressurized medium. To delimb the upper surface of
the trunk, it Is also possible to provide the front part of the frame struc-
ture 2 with an auxiliary delimbing blade which is pressed against the
trunk by means of spring transmission or an actuator, such as a cylin-
der. At the same time, the delimbing means 3c keeps the trunk in its
place during the sawing. The means 3a and 3b of the delimbing
means 3 are placed before the feeding means 6 in the longitudinal
direction of the trunk, and the means 3c is further behind. The pair for
the means 3¢ can be another delimbing means, and the means 3c can
also be totally eliminated.

During the delimbing, the trunk is transferred substantially horizontally
In 1ts longitudinal direction, i.e. the direction Y. Simultaneously, the
delimbing means 3a and 3b are used to press the trunk towards the
frame 2. The weight of the trunk tends to open the means 3a and 3b,
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wherein the actuators, according to the invention the joint 31a driven by

pressurized medium, as well as a link 9 and the joint 31b, are used to

maintain a torque which keeps the means 3a and 3b in a desired posi-
tion to compensate for the force effects of the delimbing. By simuitane-
ously supplying pressurized medium to the joint 31a, it is possible to
change the position of the means 3a and thereby the position of the
trunk. The torque force is used to produce the required force both to
support the weight of the trunk and to press the trunk against the
frame 2, if necessary. In a corresponding manner, the torque force Is
maintained in joints 51a and 51b to press the rolls 6a and 6b with a
desired force against the trunk. The link 9, preferably a bar which
transmits tensile and compression stress, is coupled to a cam 9a which
rotates with the joint 31a and to a cam 9b which rotates with the
joint 31b. The link 9 and the cams 9a, 9b are arranged in such a way
that when the means 3a is closed, also the means 3b will close, and
vice versa, wherein the joints 31a and 31b rotate in opposite directions.
The link 9 can also be provided with a spring means (not shown in the
figure) to attenuate impacts and forces effective on the means. It is
obvious that the joint 31b can also be replaced with a joint driven by
pressurized medium, such as the joint 31a, wherein the link 9 can be
eliminated. The delimbing apparatus 1 can also be equipped with grap-
ple means for loading and transferring trunks. The grapple means nor-
mally comprise a pair of jaws fitted on opposite sides of the trunk, oper-
ating in the same way as the delimbing means 3a, 3b to support the
trunks.

Figure 2 shows a joint 100 driven by pressurized medium according to
a preferred embodiment, which joint comprises a joint frame 101
equipped with a mounting surface 101a for connecting the means,
wherein the joint 100 can be used as the joint 31a, 31c, 51a or 51b in
Fig. 1. The connection is made for example by means of a screw fas-
tening. The joint frame 101 comprises a tubular frame cylinder 101b,
which is closed at both ends by means of annular end pieces 102, of
which one is detached to expose a joint arm 103 and a blade structure.
The end pieces are connected for example by means of a screw fas-
tening. The joint 100 comprises a joint arm 103 parallel to the frame
cylinder 101b, extending through the end pieces in a sealed manner.
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Bearings can also be provided between the end pieces and the joint
arm 103. The shaft-like joint arm 103 is swivelled in the joint
frame 101b around its longitudinal axis which is placed centrally in the
frame cylinder 101b and which corresponds to direction Y in Fig. 1. An
annular space Is formed between the joint arm 103 and the joint
frame 101, divided by the blade structures into four pressurized
medium compartments 104a, 104b, 104c and 104d. The first blade
structure 105 comprises two blades 105a and 105b, which are symmet-
rically connected to the joint arm 103 and are fitted in a sealed manner
against the inner surface of the frame cylinder 101b and the end
pieces 102. The second blade structure 106 comprises two blades
106a and 106b, which are fastened to the inner surface of the frame
cylinder 101b and are fitted in a sealed manner against the outer sur-
face of the joint arm 103. The blades 105a and 105b and the blades
106a and 106b, respectively, are symmetrically fitted in the space 104,
wherein the pressurized medium compartments are also placed sym-
metrically. The blades 105b and 106b can also be totally eliminated,
wherein it is possible to increase the angle of rotation of the joint
arm 103.

The operation of the joint 100 is arranged in such a way that when a
pressurized medium, for example hydraulic oil, is supplied under pres-
sure Into the compartment 104a and 104c, its pressure effect makes
the joint arm 103 rotate clockwise (arrow R1). In the embodiment of
Fig. 1, the joint arm 103 is connected to the frame 2 in an unrotatable
manner, wherein the joint frame 101 is allowed to swivel. The pressure
effect makes the joint frame 101 rotate counterclockwise (arrow R2)
around the joint arm 103. Simultaneously, pressurized medium is dis-
charged from the compartments 104b and 104d. By closing the chan-
nels used for leading pressurized medium, the joint frame 101 is locked
In its position. The pressure effect on the blades 106a and 106b main-
tained by the pressurized medium causes a torque turning the joint
frame 101, which is further transferred to the connected means. Alter-
natively, upon leading pressurized medium into the compartments 104b
and 104d and simultaneously out from the compartments 104a and
104c, the pressure effect causes rotation of the joint frame 103 clock-
wise (arrow R1). The blades placed against each other stop the rota-
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tional movement mechanically. The openings of the channels are
placed in such a way that the supply of the medium into the compart-
ment is possible in all rotational positions. Normally, the openings are
placed in connection with or close to the blades 106a and 106b con-
nected to the joint frame 101. The method of connecting the blades
may vary.

Further, with reference to Fig. 2, the blades consist of two longitudinal
blade parts parallel to the direction Y and the joint arm 103. The blades
divide the annular space 104 into parts in the direction of the circumfer-
ence. Between the blade parts, necessary sealings 107a, 107b, 107c
and 107d, normally made of plastic or rubber material, are placed to
separate the compartments from each other in a compact manner and
to enable sealed gliding of the blade along the inner surface of the
frame cylinder 101b. The fastening of the joint arm 103 to the frame 2
In a fixed manner can be arranged in a desired way. In view of the
bearing forces, the tastening is preferably made at both ends of the
joint arm 103. If necessary, the joint arm 103 may only extend through
the second end piece 102.

Figure 3 shows an advantageous embodiment of a control circuit 300
for the joint 100 driven by a pressurized medium, to control the position
and force effect of the means. For illustrative purposes, the joint 100 is
shown opened. The circuit 300 is used to control the pressurized
medium supplied to the joint 100. Pressurized medium is supplied from
a pressure source 301, such as a pump, along a pressure line 302 to
the circuit 300. The circuit 300 comprises directional valve means 303,
such as a proportional valve, to guide the pressurized medium to one or
more desired pressurized medium compartments 104a—-104d as well as
to guide the returning pressurized medium to a return line 304. The cir-
cuit 300 also comprises pressure valve means 305, 306 to control the
pressure of the medium. The joint 100 also comprises channels 108a,
108b, 108c and 108d for guiding the pressurized medium separately
from or into each pressurized medium compartment, depending on the
position of the valve 303. The pressure valve means comprise pressure
control means 305 coupled to the pressure line 302 and pressure limit-
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Ing means 307 coupled to the control line 306. The joint 100 is con-
nected to the control lines 306 and 308.

The means shown in Fig.3 is a delimbing means 3a supporting a
trunk S, comprising a delimbing blade 4a, and the joint 100 is thus the
joint 31a. The pressurized medium is led to the channels through pipes
or hoses 109a, 109b, 109c and 109d. The pressure effect is used to
maintain the torque of the joint 100 and thereby also the force F sup-
porting the trunk S. To swivel the joint frame 101 around the joint
arm 103, pressurized medium is supplied into two opposite compart-
ments and discharged from the opposite compartments therebetween.
To swivel the joint frame 101 in the opposite direction, the functions of
the compartments are changed, controlled by the directional valve 303.
The valve 303 is controlled by means of control signals 309, which can
be current and/or voltage signals given by the control system CTRL of
the working machine. The user gives the system CTRL a command to
perform a desired function, or controls the function for example by
means of a control lever. If necessary, the control system controls the
circuit 300 by means of a control program and a control algorithm
stored In memory means.

Figure 4 shows a delimbing apparatus 1 according to a preferred
embodiment of the invention, in which the joint 31b is a joint 100 driven
by a pressurized medium. Furthermore, the control circuit 300 accord-
Ing to Fig. 3 is integrated in the joint 31b. The contol circuit 300 is
formed in a valve block 400, the means 305 and 307 shown in Fig. 3
being placed in drillings formed in the valve block 400. The joint
frame 101 can also be used as the valve block. Furthermore, connect-
Ing lines 302, 304, 306 and 308 are formed by drillings. The valve 303
Is fastened onto the surface of the block 400. The lines 109a—-109d
shown in Fig. 3 are also formed by drillings partly in the block 400,
wherein they are directly connected to channels 108a—108d formed in
the joint frame 101. Said lines and channels are fitted with each other
by means of a mounting surface 110 between the joint frame 101 and
the block 400. The pressure and return lines 302, 304 can also be led
via the joint frame 101, wherein the necessary tubes and hoses can be
connected either to the block 400 or to the joint frame 101. By means of
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the arrangement, it is also possible to reduce the number of pipes and
hoses as well as connections, which are subjected to damage, and to
place them In a more protected manner. To couple the joint 100 in
operation, the pressure line of the working machine is coupled to the
pressure line 302, the tank line of the working machine is coupled to the
return line 304, and the electrical control signals of the control system
are connected to the circuit 300, particularly to the valve 303.

Furthermore, it is obvious for anyone skilled in the art that although the
invention has been iliustrated in the above description by means of an
advantageous delimbing apparatus, the invention can also be applied in
other delimbing apparatuses within the scope of the claims. For exam-
ple, It IS obvious that with the frame structure 2 of the apparatus 1
varying, it may be advantageous to fasten the means to the second or
both ends of the joint arm 103, wherein the joint frame 101 is fastened
to the frame 2 in a fixed manner. In this case, the block 400 does not
swivel with the joint 100 either. Also, in this case, pressurized medium
can be easily led to the joint 100 via channels integrated in the frame 2,
and the circuit 300 can be alternatively integrated in the frame 2. At the
same time, the block can be placed in a more protected manner.



10

15

20

25

30

35

CA 02362969 2007-02-13

11

Claims:

1. A delimbing apparatus for processing elongated pieces, particularly
tree trunks, which apparatus comprises

a frame structure to be suspended at the end of a boom
assembly in a working machine,

at least one member which is pivotabie in relation to said
frame structure, and

actuators for controlling the position of said member,

wherein said actuators comprise at least one joint driven by
a pressurized medium for coupling said member to the apparatus, the
joint comprising a joint frame, a joint arm swivelled in said joint frame,
and a blade structure fitted therebetween, by means of which blade
structure the pressure effect of the pressurized medium is arranged to
swivel the joint frame and the joint arm in relation to each other to
control the position of said member. |

2. An apparatus according to claim 1, wherein the joint comprises an
integrated control circuit for controlling the volume flow and pressure of
the pressurized medium to be supplied to the joint.

3. An apparatus according to claim 1, wherein the joint comprises a
space for pressurized medium between the joint frame and the joint
arm, which space is divided, by means of a first blade structure
fastened to the joint arm and a second blade structure fastened to the
joint frame, in a sealed manner into at least two separate pressurized
medium compartments, and a channelling for conveying pressurized
medium into and from each compartment.

4. An apparatus according to claim 1, wherein said member comprises
a feeding member for feeding the trunk through the apparatus for
delimbing, the feeding member being connected to the frame structure
In an articulated manner by means of said joint driven by a pressurized
medium.
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5. An apparatus according to claim 1, wherein said member comprises
a delimbing member for delimbing the trunk to be fed through the
apparatus, which delimbing member is connected to the frame structure
In an articulated manner by means of said joint driven by a pressurized
medium.

6. An apparatus according to claim 1, wherein saild member comprises
a grapple member for gripping the trunk, which grapple member is
connected to the frame structure in an articulated manner by means of
said joint driven by a pressurized medium.

7. An apparatus according to claim 1, wherein said member comprises
a tilt arm for changing the position of the apparatus, which tilt arm is
connected to the frame structure in an articulated manner by means of
said joint driven by a pressurized medium.

3. An apparatus according to claim 1, wherein two said members
swivelling in opposite directions are arranged as a pair, wherein the first
member of the pair is provided with a joint driven by a pressurized
medium, and wherein a link transmitting movement and power is
arranged between said members for producing the swivelling of the
second member.

9. An apparatus according to claim 3, wherein the joint comprises an
iIntegrated control circuit for controlling the volume flow and pressure of
the pressurized medium to be supplied to the joint, and wherein the
control circuit is fitted in a valve block to be coupled to the joint frame,
the valve block being coupled directly to the channellings.

10. An apparatus according to claim 1, wherein it comprises at least

a feeding member which is articulated in relation to the
frame structure for feeding the trunk through the apparatus,

first actuators for controlling the position of the feeding
member and the force compressing the trunk,

a delimbing member, articulated in relation to the frame
structure, for holding and delimbing the trunk to be fed through the
apparatus, and



CA 02362969 2007-02-13

13

second actuators for controlling the position of the delimbing
member and the force supporting the trunk,

a tilt arm, articulated in relation to the frame structure, for
supporting the apparatus,

fourth actuators for controlling the relative position of the tiit
arm and the apparatus, and

a cutting member for cutting the trunk.
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