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(57)  The disclosure relates to a bundling tool (1) for
waste-free bundling of a bundling good (4) by means of
an endless strap (3), comprising an exchangeable jaw
unit (2) for guiding an end section (3a) of the endless
strap (3) around the bundling good (4), a lock feeding
unit (5) for providing a lock element (15) for the endless
strap (3), with a pushing and pulling unit (6) for pushing
the end section (3a) of the endless strap (3) by means
of a motor along a path (7) through the provided lock
element (15) as well as along the jaw unit (2), with the
bundling good (4) gripped by the jaw unit (2) thus around
the bundling good (4) and back into the lock element (15)
provided, as well as for the subsequent retraction of the
end section (3a) of the endless strap (3), with a sensor
unit (8) for detecting the end section (3a) pushed back

BUNDLING TOOL FOR WASTE-FREE BUNDLING OF A BINDING MATERIAL

into the lock element (15), with a cutting unit (9) for sep-
arating the end section (3a) arranged around the bun-
dling good (4) from a remaining section (3c) of the end-
less strap (3) remaining in the bundling tool (1), as well
as with a control unit (10), which is arranged in a normal
operating mode, for a first path portion (7a) of the path
(7) for the pushing and pulling unit (6) during pushing, to
preset a greater advance speed of the end section (3a)
than for a second path portion (7b) following the first path
portion (7a) wherein the second path portion (7b) com-
prises the part of the path (7) extending back into the lock
element (15) in order to provide an improved bundling
tool (1) for waste-free bundling of a bundling good (4), in
particular a more reliable, faster and easier-to-operate
bundling tool (1).
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Description
Field of invention

[0001] The disclosure relates to a bundling tool for
waste-free bundling of a binding material/bundling good
by means of an endless strap or strap, comprising an
exchangeable jaw unit for guiding an end section of the
endless strap around the bundling good, a lock feeding
unit for providing a lock element for the endless strap,
and a pushing and pulling unit for pushing the end section
of the endless strap by means of a motor along a path
through the provided lock element as well as along the
jaw unit, when the bundling good is gripped by the jaw
unit (i.e., when the endless strap is used as intended)
with the end section of the endless strap around the bun-
dling good, and back into the provided lock element, and
for subsequent retraction of the end section of the end-
less strap and thus tightening of the endless strap around
the bundling good, with a sensor unit for detecting the
end section pushed back into the lock element, and with
a cutting unit for separating the end section arranged
around the bundling good from a remaining section of
the endless strap remaining in the bundling tool.

Background

[0002] In known approaches for waste-free bundling
of bundling good, a strap or tape rolled up on a roll, for
example, is pushed by means of a motor on a path
through a lock element along a jaw unit around the bun-
dling good back through the lock element again to form
a loop around the bundling good. Since the length of the
strap used does not specify a maximum diameter for the
item to be tied, such a strap is also referred to as an
endless strap. A sensor unit detects when the strap, i.e.
an end or end section of the strap, has been fed back
into the lock element. A control unit then reverses a run-
ning direction of the motor in response to a signal from
the sensor unit, thus tightening the strap around the bun-
dling good. Finally, the section of the strap that has
passed through the lock element and around the bundling
good, the end section, is separated from the rest of the
strap, the remaining section. The remaining strap re-
mains in the respective bundling tool and can be fully
used for the next bundling or tying operation. Since, in
contrast to the use of, for example, cable ties with a pre-
determined strap length, no loose strap ends are cut off,
such bundling or tying of bundling good is referred to as
waste-free bundling or tying.

[0003] Bundlingis adapted to differentdiameters of the
bundling good by using jaw units with jaw/gripper claws
of different sizes. For example, a bundling tool can be
equipped with jaw units whose jaws are each designed
for a maximum diameter of 30mm, 50mm, 80mm or
100mm.

[0004] Since tying or bundling is to take place at the
highest possible speed, the end or end section of the
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strap hits the sensor unit at full speed. Since the control
unit requires a certain amount of time to reverse the di-
rection of travel of the motor, the strap is pushed further
through the lock element than is actually necessary. In
this case, the jaw claws closed around the bundling good
and the entire system must reliably guide the sliver along
the pathin order to exclude lateral breakout. Lateral brea-
kout here regularly but rarely leads to an error message
and the abortion of bundling or tying.

Summary

[0005] The taskarisestoprovide animprovedbundling
tool for waste-free bundling of a bundling good, in par-
ticular a more reliable, faster and easier-to-operate bun-
dling tool.

[0006] This task is solved by the objects of the inde-
pendent claims. Advantageous embodiments result from
the dependent claims, the description and the figures.
[0007] One aspect relates to a bundling tool for waste-
free bundling of a bundling good by means of an endless
strap or tape. The endless strap can be understood as a
strap to be cut to length individually in each binding proc-
ess, which is provided, for example, on a roll from a res-
ervoir unit to the bundling tool. The endless strap can be
toothed on an outer side pointing away from the bundle
material when used as intended.

[0008] The bundling tool has an exchangeable jaw unit
for guiding an end section of the endless strap around
the material to be tied, around the bundling good. The
jaw unit can be a jaw unit that can be exchanged as a
module, in particular without tools or only with a single
tool, for example with a screwdriver or an hexagon (sock-
et) wrench. By exchangeable it can be understood in par-
ticular that the jaw unit is designed to be exchanged by
the end user. The jaw unit may comprise at least one jaw
claw, preferably two jaw claws, which are movably ar-
ranged relative to the rest of the jaw unit and/or the rest
of the bundling tool and which close around the bundling
material when used as intended for guiding around the
bundling material. The bundling tool also has a lock feed-
ing unit for providing a lock element for the endless strap
that is separate from the strap. The lock element can
have two through-holes, which are designed in particular
to engage with the endless strap on its toothed outer side.
Such alock element can also be referred to as a closure
or closure head.

[0009] The bundlingtoolalso has a pushingand pulling
unit, on the one hand for pushing the end section of the
endless strap by means of a motor along a path through
the lock element provided by the lock feeding unit along
the jaw unit (with the bundling good gripped by the jaw
unit and thus around the bundling good during intended
use) back into the lock element provided, and on the other
hand, for the subsequent retraction of the end section of
the endless strap (and thus lashing of the bundling good
with the endless strap). For detecting the end section
pushed back into the lock element, the bundling tool has
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a sensor unit. The sensor unit may have a mechanical
stop element (such as switching lever) against which the
end of the endless strap pushed along the path strikes
after passing through the lock element for the second
time, for example after passing through the second open-
ing of the lock element, thus triggering a sensor signal.
Furthermore, the bundling tool has a cutting unit for sep-
arating the end section of the endless strap arranged
around the bundling good from a remaining section of
the endless strap remaining in the bundling tool. A control
unit of the bundling tool can be designed to control the
different units of the bundling tool in such a way that first
the jaw unitis closed (when used as intended around the
bundling good), then the endless strap is advanced by
means of the pushing and pulling unit until the sensor
unit provides the sensor signal, then the running direction
ofthe motorisreversed and the endless strap is tightened
until, for example, a predetermined tightening force is
reached. Finally, the control unit can trigger a cutting of
the endless strap and thus the separation of the end sec-
tion arranged around the bundling good from the remain-
ing section of the endless strap remaining in the bundling
tool by the cutting unit.

[0010] In a normal operating mode, the control unit is
designed to specify or set a higher pushing speed of the
end section for a first path portion of the path for the
pushing and pulling unit during pushing than for a second
path portion following the first path portion. The first path
portion has a first length, the second path portion has a
second length. The second path portion comprises the
part of the path extending back into the lock element. On
the part of the path where the end section has to be
threaded back into the lock element and is detected by
the sensor unit, the endless strap is thus slower than on
a previous part of the path where the end section is only
initially guided through the lock element and/or along the
jaw unit. The first and/or second length can be stored in
the control unit and can be determined, in particular, in
the calibration operating mode still described below. The
length of the path portions can be stored or specified as
a spatial and/or temporal length, whereby spatial and
temporal lengths can be converted into one another in a
mathematically unambiguous manner by the respective
pushing speed.

[0011] This has the advantage that the higher speed
of the endless strap in the first path portion keeps a du-
ration of the bundling/tying low, while at the same time
the lower speed of the endless strap in the second path
portion substantially increases the reliability of the bun-
dling/tying. Accordingly, the first path portion is to be se-
lected as large as possible and the second path portion
as small as possible. For example, the first path portion
can make up a major part, i.e. more than 50% of the
entire path, in particular more than 65% preferably more
than 80%. Moreover, the lower speed in the second path
portion gives the control unit more time to decelerate and
switch the motor of the pushing and pulling unit, so that
the probability of overshooting of the endless strap be-
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yond a set position is reduced. As a result, time is saved
again during the retraction of the endless strap, and the
duration of bundling, which is extended by the slower
pushing in the second path portion, is shortened again.
In addition, overall wear is reduced, in particular of the
sensor unit.

[0012] In a further embodiment, it is provided that the
control unit is designed to preset a lower pushing speed
of the end section for the pushing and pulling unit in a
calibration operating mode for automatic calibration of
the bundling tool for the first path portion than in the nor-
mal operating mode, in particular, to preset the pushing
speed of the second path portion in the normal operating
mode as pushing speed for the first path portion for the
pushing and pulling unit in the calibration operating
mode, and to determine an equivalent-of-distance for the
first path portion and thus the length of the first path por-
tion in the calibration operating mode. Alternatively or
additionally, an equivalent-of-distance and thus the
length of the second path distance section can also be
determined. An equivalent-of-distance can be regarded
here as any quantity from which the length of the first
path portion can be determined from predetermined de-
sign-related boundary conditions. An example are the
encoder or motor steps of the (stepper) motor of the push-
ing and pulling unit described below, from which a dis-
tance covered by the end section in the respective path
portion can be calculated via the respective geometric
dimensions in the pushing and pulling unit. For example,
one encoder or motor step can correspond to a distance
of 3mm. At a lower pushing speed or feed rate, the re-
spective equivalent is thereby maintained with greater
accuracy, which is why the lower pushing speed is ad-
vantageous in the calibration operation mode. However,
the path length equivalent can also comprise or be the
path length itself, which is detected, for example, by a
separate sensor element, for example on the basis of the
toothing of the endless strap.

[0013] This has the advantage that the length of the
first and/or second path portion is automatically adapted
to a size of the jaw unit, so that, for example, the size of
the jaw unit and the corresponding lengths for the first
and/or second path portion can be determined using a
stored table. The automatic adaptation enables dynamic
optimization of the setting speed and reliability in the re-
spective application with particularly little effort.

[0014] The first path portion can be preceded by an
initial path portion in which the (or generally: an) in-
creased pushing speed is always specified for the end
section, i.e. in the normal operating mode and in the cal-
ibration operating mode. This is advantageous, for ex-
ample, if it is known at the factory for the bundling tool
and stored accordingly on the control unit side that a pre-
determined minimum size, for example a jaw diameter
of 30mm, is not fallen below by the jaw units available
for the bundling tool. The length of the initial path portion
then preferably corresponds to the length of the first path
portion as stored for the jaw unit with the specified min-
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imum size. This increases the speed of the bundling tool
in the calibration operating mode.

[0015] In a further embodiment, it is provided that the
control unit is designed to determine the equivalent-of-
distance in the calibration operating mode by counting
motor steps in the motor (designed in particular as a step-
per motor) of the pushing and pulling unit during pushing
of the end section. In particular, the motor can also be
designed as a DC motor, for example as a brushless DC
motor. The motor may be provided with a gearbox. The
motor, whether designed as a stepper motor or merely
as a (brushless) DC motor, can be controlled stepwise
via corresponding encoder steps. These steps can then
be determined in both cases.

[0016] This has the advantage that the length of the
respective path portion and/or path can be detected with-
out additional sensors. It is sufficient that the control unit
counts the number of motor/encoder steps up to the re-
ceipt of the sensor signal from the sensor unit for detect-
ing the end section pushed back into the shutter element,
and in the normal operating mode then for a first set of
motor steps, which corresponds to the first path portion
and thus will typically be a major part (see above for def-
inition of "major part") of the total motor steps, sets (the
or a) greater pushing speed, and for a second set of the
motor steps which corresponds to the second path por-
tion, (the or a) reduced pushing speed. Since neither a
new sensor technology nor a higher computing capacity
than before is required, the already mentioned advan-
tages of faster and more reliable bundling can be
achieved in a particularly simple way.

[0017] In a further embodiment, it is provided that the
control unit is designed to deactivate the calibration op-
erating mode automatically after the equivalent-of-dis-
tance has been determined once or several times, in par-
ticular after the equivalent-of-distance has been deter-
mined twice. This has the advantage that handling is sim-
plified, and it has also been shown that the equivalent-
of-distance and thus the length of the respective distance
sections are determined with sufficient reliability and ac-
curacy, especially when the equivalent-of-distance s cal-
ibrated twice.

[0018] In a further embodiment, it is provided that the
control unit is designed to activate the calibration oper-
ating mode automatically after the bundling tool is
switched on, in particular after the control unit is provided
with power. Since it has been found that a change of the
jaw unit is generally carried out when the bundling tool
is switched off, this ensures that a change in the size of
the jaw unit is detected by the bundling tool and that the
advantages described above are achieved with a high
degree of everyday reliability.

[0019] In a further embodiment, it is provided that the
control unit is designed to detect, in the normal operating
mode, an (in particular relative) equivalent-of-time at
which the end section pushed back into the lock element
is detected by the sensor unit, and to check whether the
equivalent-of-time detected corresponds to an equiva-
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lent-of-time stored for the pushing by the pushing and
pulling unit, and to continue in the specified and thus
unchanged normal operating mode only if the two equiv-
alents-of-time correspond to each other (sufficiently ac-
curately). As arelative equivalent-of-time, the equivalent-
of-time may, for example, be predetermined relative to a
quantity sensed at the time of the start of pushing. The
equivalent-of-time may include one or more internal time
stamps and/or a time period and/or one or more absolute
time points, for example, a trigger time (absolute or rel-
ative) for bundling by the bundling tool and a detection
time for the end section being pushed back into the lock
element. The stored equivalent-of-time, for example a
time duration from the start of pushing to the detection
time (the triggering of the sensor signal) can also be de-
termined independently of the described calibration op-
erating mode: for example a standard or default value
can be stored initially, which is adapted, in particular ad-
justed step by step, during the normal operating mode.
Calibration then takes place during the normal operating
mode, which can be referred to accordingly as a self-
calibrating normal operating mode.

[0020] The control unit thus checks whether or not the
sensor unit detects the end section pushed back into the
lock element at the time expected according to the stored
path portions, i.e. the stored size of the jaw unit and/or
the resulting length of the first and/or second path portion.
Consequently, it is checked automatically whether the
used settings for first and/or second path portion are (still)
the correct ones. Accordingly, an increased reliability of
the bundling is also achieved here.

[0021] The equivalent-of-time may also be or include
the equivalent-of-distance. For example, in normal oper-
ating mode, the motor steps for pushing the end section
along the path can be counted and compared with a
number of motor steps stored for the mounted jaw unit
(forexample, detected in calibration operating mode) and
thus it can be checked whether the path portions or path
portion lengths currently specified for normal operating
mode are still correct and are to be used further accord-
ingly. Accordingly, it can be provided that the control unit
is designed to determine the equivalent-of-time by count-
ing motor steps in the motor (in particular designed as a
stepper motor) of the pushing and pulling unit during
pushing of the end section. This further increases relia-
bility and tying security.

[0022] In a further embodiment, it is provided that the
control unit is designed to, when the recorded equiva-
lents-of-time deviate from one another (in particular suf-
ficiently and/or sufficiently often, for example at least
twice), activate the calibration mode and/or check wheth-
er the detected equivalent-of-time is greater or less than
the stored equivalent-of-time, and then, if the detected
equivalent-of-time is greater, to increase the first path
portion at the greater pushing speed of the end section,
and, if the detected equivalent-of-time is less, to reduce
the first path portion at the greater pushing speed of the
end section. The reduction or increase of the first path
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portion can be proportional to a size of the deviation of
the two equivalent-of-times. This means that the pushing
speed can be adapted to changes in the size of the jaw
unit in a particularly short time.

[0023] This is based on the knowledge that the sensor
unit detects the end section earlier than expected when
the jaw unit is reduced in size, and later than expected
when the jaw unit is enlarged in size. In particular, a step-
wise enlargement or reduction of the first path portion,
for example from bundling process to bundling process,
consequently leads to an adaptation of the pushing
speed along the path which results in the described op-
timization in the sense of the fastest possible bundling
with the highest possible pushing speed in the longest
possible first path portion and the safest possible bun-
dling with reduced pushing speed in the second path por-
tion as shortly as possible before the end of the path
traversed by the end section. Accordingly, the advantag-
es already described are achieved here particularly ef-
fectively and reliably.

[0024] In a further embodiment, it is provided that the
exchangeable jaw unitis or comprises a fully mechanical
jaw unit. The exchangeable jaw unit thus has, in partic-
ular, no electrically operated elements and no electrical
and/or optical interface to the rest of the bundling tool.
This reduces the overall complexity, while the described
advantages are also reliably achieved here by the de-
scribed teaching.

[0025] A further aspect relates to a bundling tool sys-
tem, comprising a bundling tool according to one of the
described embodiments and at least two, preferably
three or four, different jaw units, preferably jaw units of
different sizes. Here, the size of the jaw units designates
the respective maximum bundle diameters for the bun-
dling good to be tied/bundled. For example, the sizes of
the jaw units may cover a range between 25mm and
120mm, for example be or comprise the sizes 30mm
and/or 50mm and/or 80mm and/or 100mm. This has the
advantage that the different jaw units can be quickly and
easily interchanged in working practice, while still always
achieving optimum speed and reliability in bundling. In
particular, it is not necessary, as is usually the case, to
have a specially qualified and authorized operator carry
out the change on the bundling tool.

[0026] Anotheraspect relates to a method for automat-
ically calibrating a bundling tool configured for waste-free
bundling of a bundling good by means of an endless
strap. A method step is a pushing of an end section of
the endless strap by means of a feed motor along a path
through a lock element and along a jaw unit of the bun-
dling tool back into the lock element, in particular also
back through the lock element. In this case, the end sec-
tion can already be pushed around the bundle element,
i.e., the pushing taking place in the intended use. During
calibration, the bundling good can thus already be bun-
dled. However, it can also be carried out without the bun-
dling good, as a test or calibration run, which saves time
later. A subsequent process step is a detection of reach-
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ing a cut-to-length or end position of the end section
pushed into the lock element.

[0027] A further method step is a determination, for
example a readout, of a number of encoder or motor
steps for the feed motor required for pushing the end
section into the end position. The number of encoder or
motor steps can, for example, be read out subsequently
or counted during the pushing. Based on the number of
encoder steps, a first pushing speed for encoder steps
corresponding to a first path portion of the path is then
specified for a future pushing. For a future pushing fol-
lowing the current pushing for which the number of en-
coder steps has been determined, pushing on the first
path portion is thus executed at the first pushing speed.
Furthermore, a second pushing speed, which is lower
than the first pushing speed, is specified for encoder
steps which follow the encoder steps of the first path por-
tion when pushing the end section along the path and
which correspond to a second path portion of the path.
In the case of a future pushing that follows the current
pushing for which the number of encoder steps has been
determined, pushing on the second path portion is thus
executed at the lower second pushing speed.

[0028] Another aspect relates to a method for waste-
free bundling of a bundling good by means of an endless
strap. A method step is thereby pushing an end section
of the endless strap along a path through a lock element
and along a jaw unit of the bundling tool around the bun-
dling good back into the lock element, wherein a pushing
speed of the end section is greater in a first path portion
of the path than in a second path portion of the path fol-
lowing the first path portion. A further method step is sep-
arating the end section from a remaining section of the
endless strap remaining in the bundling tool.

[0029] Advantages and advantageous or alternative
embodiments of calibrating processes and/or bundling
processes thereby correspond to advantages and ad-
vantageous or alternative embodiments of the bundling
tool.

[0030] The features and combinations of features de-
scribed above, also in the general introduction, as well
as the features and combinations of features disclosed
in the figure description or in the figures alone, can be
used not only alone or in the combination described, but
also with other features or without some of the disclosed
features, without leaving the scope of the invention. Con-
sequently, embodiments are also part of the invention
which are not explicitly shown and described in the fig-
ures, but which can be produced by separately combining
the individual features disclosedin the figures. Therefore,
embodiments and combinations of features that do not
comprise all features of an originally formulated inde-
pendent claim are also to be considered disclosed. Fur-
thermore, embodiments and combinations of features
are to be considered disclosed which deviate from or go
beyond the combinations of features described in the de-
pendencies of the claims.
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Detailed description

[0031] Exemplary embodiments are described in more
detail below with reference to schematic drawings.
Therein show

Fig. 1 a schematic representation of an exemplary
bundling tool;

Fig. 2 a schematic sectional view of an exemplary
embodiment of a bundling tool; and

Fig. 3 a detail of Fig. 2; and

Fig. 4a  schematic illustration of an exemplary bun-
dling tool with examples of jaw units of different
sizes.

[0032] In the figures, identical or functionally similar

features are provided with the same reference signs.
[0033] Fig. 1 schematically shows an exemplary bun-
dling tool. In the present case, the bundling tool 1 has a
central housing 1a with a handle unit 1b. Instead of the
handle unit 1b, the central housing 1a may have a me-
chanical and/or electrical interface for coupling with a ro-
bot. The bundling tool 1 has an exchangeable jaw unit 2
for guiding an end section 3a of an endless strap 3 around
a bundling good 4. The endless strap 3 has a toothing
3b, which in the present case is arranged on an outer
side of the endless strap 3 facing away from the bundling
good 4 during intended use. In the example shown, the
endless strap 3 is fed from a reservoir unit 1c, in which
it is held, for example, in the form of a roll. The reservoir
unit 1¢ can be designed as a separate unit from the bun-
dling tool 1.

[0034] The jaw unit 2 has an upper jaw claw 2a and a
lower jaw claw 2b which can be opened and closed. A
lock feeding unit 5 provides a respective lock element 15
for the current bundling process from an external or in-
ternal reservoir of lock elements 15 not shown here.
[0035] The bundling tool 1 also has a pushing and pull-
ing unit 6, which is provided, in the present example, with
a drive 6a engaging in the toothing 3b for pushing the
end section 3a of the endless strap 3 by means of a motor
along a path 7 through the provided lock element 15 as
well as along the jaw unit 2, with the bundling good 4
gripped by the jaw unit 2 around the bundling good 4,
and back into the provided lock element 15, as well as
for the subsequent retraction of the end section 3a of the
endless strap 3.

[0036] The bundling tool 1 also has a sensor unit 8 for
detecting the end section 3a pushed back into the lock
element 15, in this case with a mechanical stop element
8a, against which one end 3a’ of the end section 3a abuts
during the pushing along the path 7 and thus triggers a
sensor signal. A cutting unit 9 for separating the end sec-
tion 3a arranged around the bundling good 4 from a re-
maining section 3c of the endless strap 3 remaining in
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the bundling tool 1 after the end section 3a has been
pulled back and thus after the bundling good 4 has been
tied is also part of the bundling tool 1. The separation
takes place in this case by means of a blade element 9a,
which is moved here in the positive y-direction in order
to cut off and thus separate the remaining section 3c
protruding in the positive x-direction over the lock ele-
ment 15 (which at least in parts then forms the new end
section to be guided around the bundling good 4 in a
subsequent bundling process) after the retraction.
[0037] Finally, the bundling tool 1 has a control unit 10
which is designed to preset, in a normal operating mode
for a first path portion 7a (Fig. 2) of the path 7 for the
pushing and pulling unit 6 during pushing, a greater push-
ing speed of the end section 3a than for a second path
portion 7b (Fig. 2) following the first path portion 7a, the
second path portion 7b comprising the part of the path 7
running back into the lock element 15.

[0038] In Fig. 2, the path 7 is shown in more detail. In
the example shown there, the second path portion 7b
runs from a point 7y of the path 7 to an end point 7z of
the path 7, to which the end section 3a is pushed back
through the lock element 15. In the present example, the
first path portion 7a runs from a starting point 7x of the
path 7 at the mouth of the lock element 15, through which
the end section 3a is pushed at the beginning of the re-
spective bundling process.

[0039] The respective path portions 7a, 7b, more pre-
cisely their lengths, which can be measured and/or spec-
ified in an equivalent-of-distance such as a number of
teeth of the toothing 3b and/or a number of encoder or
motor steps of the drive 6a or the associated motor, can
be determined in a calibration operating mode of the con-
trol unit 10 for the respective jaw unit 2 used. In this way,
the behavior of the pushing and pulling unit 6 in use can
be determined partially or fully automatically for the re-
spective size of the jaw unit 2, i.e. the length of the path
7 caused by the design.

[0040] Preferably, the control unit 10 is then designed
to specify a lower pushing speed of the end section 3a
for the pushing and pulling unit 6 in the calibration oper-
ating mode for the first path portion 7a than in the normal
operating mode and to determine the equivalent-of-dis-
tance, for example one of the above-mentioned equiva-
lent-of-distances, for the first path portion 7a in the cali-
bration operating mode. This can be done, for example,
by determining the equivalent-of-distance for the entire
path 7, for example, by counting a total number of en-
coder steps or number of teeth of the toothing 3b starting
from a start of pushing the end section 3a to a triggering
of the sensor signal when the end point 7z is reached,
and then subtracting a stored number of encoder steps
or teeth corresponding to the second path portion 7b from
the total number.

[0041] In the calibration operating mode, the pushing
speed for the second path portion 7b can be preset in
the normal operating mode for the first path portion 7a
and also for the second path portion 7b for the pushing
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and pulling unit 6. However, it is also possible for the first
path portion 7a and/or for the second path portion 7b to
have a different pushing speed, for example a pushing
speed that is even lower than that of the second path
portion in the normal operating mode. In principle, the
equivalent-of-distance can be determined with better ac-
curacy at alower pushing speed than at a higher pushing
speed. In practice, it is necessary to weigh up between
a desired higher speed of the bundling process and a
desired higher accuracy when determining the equiva-
lent-of-distance.

[0042] The length of the second path portion 7b is to
be preset by and/or for the control unit 10 to be as short
as possible, whereby respective switching speeds be-
tween pushing the endless strap 3 in a forward direction
F (Fig. 3) and the subsequent retraction of the endless
strap 3 in a reverse direction R (Fig. 3) of the control unit
10 and/or the pushing and pulling unit 6 are a limiting
factor.

[0043] The first path portion 7a does not have to start
at the starting point 7x either, it can also start at a further
point 7x’. In calibration mode, too, a higher pushing speed
can be specified for an initial path portion between points
7x and 7x’, for example the higher pushing speed of the
normal operating mode. The length of the initial path por-
tion can be, for example, the length of the first path portion
7a from starting point 7x to point 7y for a smallest jaw
unit 2 used or available for the bundling tool 1 and/or a
shorter length.

[0044] Alternatively or in addition to the described cal-
ibrating operation mode, the normal operation mode may
also comprise or be a calibrating normal operation mode.
This is explained by way of example with reference to
Fig. 3.

[0045] At the beginning of the bundling process, the
end 3a’ of the endless strap 3 is at the start position 7x.
After a bundling process trigger signal, the end 3a’ and
the end section 3a adjoining the end 3a’ are first pushed
by the pushing and pulling unit 6 in the forward direction
F through the lock element 15 and along the path 7. As
soon as the corresponding equivalent-of-distance is
reached, for example a predetermined number of encod-
er or motor steps, the pushing speed is reduced when
position 7y is reached in order to reduce the probability
of faulty tying. When the end position 7z is reached, the
sensor signal is triggered and the push/pull unit now pulls
the endless strap 3 back in the reverse direction R to
bundle the material to be bound 4 as intended.

[0046] Inthe calibratingnormal operating mode, a (par-
ticularly a relative) equivalent-of-time between the bun-
dle process trigger signal and the sensor signal can be
detected and compared with a stored (particularly rela-
tive) equivalent-of-time. Only if the two equivalents-of-
time match is it possible to continue with the previous
normal operating mode, i.e. the previous lengths for the
first and/or second equivalent-of-distance 7a, 7b.
[0047] If the sensor signal is triggered later than ex-
pected according to the stored equivalent-of-time, this
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indicates a jaw unit 2 is used whose size is increased
compared to the jaw unit for which the relative equivalent-
of-time is stored. If the sensor signal is triggered earlier
than expected according to the stored equivalent-of-time,
this indicates a jaw unit 2 is used whose size is reduced
compared to the jaw unit for which the relative equivalent-
of-time is stored. Accordingly, the control unit 10 can au-
tomatically adjust the length of the first path portion 7a
to the later or earlier triggering of the sensor signal, i.e.,
lengthen or shorten it accordingly, and then in turn adjust
the stored equivalent-of-time to the new length of the first
path portion 7a. In this way, the bundling tool 1 calibrates
itself during the intended use and adjusts itself accord-
ingly in an optimal way to jaw units 2 of different sizes.
[0048] Fig. 4 shows exemplary jaw units 2, 2’, 2", 2"
of different sizes on an exemplary bundling tool 1. The
jaw units 2, 2°, 2", 2" can be repeatedly exchanged with-
out destruction, preferably without tools or with a limited
number and/or complexity of tools. Corresponding to the
different sizes of the jaw units 2, 2, 2", 2™, the respective
paths 7, 7" and thus in particular also the first path por-
tions 7a are each of different length. The second path
portions 7b, on the other hand, can be of the same length,
since the suitable length is determined by further prop-
erties of the respective bundling tool 1, such as, for ex-
ample, a reaction speed of the control unit 10.

Claims

1. A bundling tool (1) for waste-free bundling of a bun-
dlinggood (4) by means of an endless strap (3), com-
prising

- an exchangeable jaw unit (2) for guiding an
end section (3a) of the endless strap (3) around
the bundling good (4);

- a lock feeding unit (5) for providing a lock ele-
ment (15) for the endless strap (3);

- a pushing and pulling unit (6) for pushing the
end section (3a) of the endless strap (3) by
means of a motor along a path (7) through the
provided lock element (15) as well as along the
jaw unit (2) with the bundling good (4) gripped
by the jaw unit (2), thus around the bundling
good (4), and back into the provided lock ele-
ment (15), as well as for the subsequent retrac-
tion of the end section (3a) of the endless strap
(3); - a sensor unit (8) for detecting the end sec-
tion (3a) pushed back into the lock element (15);
- a cutting unit (9) for separating the end section
(3a) arranged around the bundling good (4) from
a remaining section (3c) of the endless strap (3)
remaining in the bundling tool (1);
characterized by

- a control unit (10) which is designed to preset,
for the pushing and pulling unit (6) during push-
ing in a normal operating mode, a greater push-
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ing speed of the end section (3a) for a first path
portion (7a) of the path (7) than for a second
path portion (7b) following the first path portion
(7a), the second path portion (7b) comprising
the part of the path (7) running back into the lock
element (15).

2. Bundling tool (1) according to the preceding claim,

characterized in that
the control unit (10) is designed to,

-in a calibration operating mode for the first path
portion (7a) for the pushing and pulling unit (6),
preset a lower pushing speed of the end section
(3a) than in the normal operating mode, in par-
ticular to preset as the pushing speed in the first
path portion, in the calibration operating mode
for the first path portion (7a) for the pushing and
pulling unit (6), the pushing speed of the second
path portion (7b) in the normal operating mode;
and

- in the calibration operating mode, determine
an equivalent-of-distance for at least the first
path portion (7a).

A bundling tool (1) according to the preceding claim,
characterized in that

the control unit (10) is adapted to determine, in the
calibration operation mode, the equivalent-of-dis-
tance with a counting of motor steps in the motor of
the pushing and pulling unit (6) during pushing of the
end section (3a).

Bundling tool (1) according to one of claims 2 to 3,

characterized in that

the control unit (10) is designed to deactivate the
calibration operating mode automatically after the
equivalent-of-distance has been determined once or
several times, in particular after the equivalent-of-
distance has been determined twice.

Bundling tool (1) according to one of claims 2 to 4,
characterized in that

the control unit (10) is designed to activate the cali-
bration operating mode automatically after the bun-
dling tool (1) is switched on.

Bundling tool (1) according to one of the preceding
claims,

characterized in that

the control unit (10) is designed to

- in the normal operating mode, detect an equiv-
alent-of-time at which the end section pushed
back into the lock element (15) is detected by
the sensor unit (8);

- check whether the detected equivalent-of-time
coincides with an equivalent-of-time stored for
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10.

1.

pushing by the pushing and pulling unit (6); and
- continue in the predetermined normal operat-
ing mode only if the two equivalent-of-times co-
incide.

A bundling tool (1) according to the preceding claim,
characterized in that

the control unit (10) is adapted to determine the
equivalent-of-time by counting motor steps in the
motor of the pushing and pulling unit (6) during push-
ing of the end section (3a).

Bundling tool (1) according to one of the two preced-
ing claims,

characterized in that

the control unit (10) is designed to, in the event of a
deviation of the two equivalent-of-times from one an-
other:

- activate the calibration mode; and/or

- check whether the detected equivalent-of-time
is greater or smaller than the stored equivalent-
of-time, and, in the case of a greater detected
equivalent-of-time, to increase the first path por-
tion (7a) with the greater pushing speed of the
end section (3a), and, in the case of a smaller
detected equivalent-of-time, to decrease the
first path portion (7a) with the greater pushing
speed of the end section (3a).

Bundling tool (1) according to any one of the preced-
ing claims,

characterized in that

the replaceable jaw unit (2) is or comprises fully me-
chanical jaw unit (2).

Bundling tool system, with a bundling tool (1) accord-
ingto one of claims 1 to 9 and atleast two, preferably
three or four, different jaw units (2, 2’, 2", 2”), in par-
ticular jaw units (2, 2’, 2", 2") of different sizes.

Method for automatically calibrating a bundling tool
(1) designed for waste-free bundling of a bundling
good (4) by means of an endless strap (3), having
the method steps:

- Pushing an end section (3a) of the endless
strap (3) by means of a feed motor along a path
(7) through a lock element (15) and along a jaw
unit (2) of the bundling tool (1) back into the lock
element (15);

- detecting a reaching of an end position (7z) of
the end section (3a) pushed into the lock ele-
ment (15);

- determining a number of motor steps of the
feed motor required for pushing the end section
(3a) into the end position (7z);

- setting a first pushing speed for motor steps
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corresponding to a first path portion (7a) of the
path (7) for a future pushing; and

- setting a second pushing speed, lower than
the first pushing speed, for motor steps of the
future pushing corresponding to a second path 5
portion (7b) of the path (7) following the first path
portion (7a).

12. A method according to the preceding claim,
characterized in that 10
during pushing the end section (3a)is pushed around
the bundling good (4).

13. Method for waste-free bundling of a bundling good
(4) by means of an endless strap (3), comprisingthe 75
method steps:

- Pushing an end section (3a) of the endless
strap (3) along a path (7) through a lock element

(15) and along a jaw unit (2) of the bundling tool 20
(1) back into the lock element (15), wherein a
pushing speed of the end section (3a) in a first
path portion (7a) of the path (7) is greater than

in a second path portion (7b) of the path (7) fol-
lowing the first path portion (7a); 25
- separating the end section (3a) from a remain-

ing section (3c) of the endless strap (3) remain-

ing in the bundling tool (1).
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