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Description

[0001] This application claims priority of DE 20 2021
105 775.0 and DE 20 2022 100 676.8 and DE 20 2022
101 283.0, which are hereby incorporated herein by ref-
erence in their entirety.

Field of invention

[0002] The presentdisclosure relates to areservoir de-
vice for feeding one-piece fixing ties, OPTs, of one or
more given types to an automatic bundling tool device,
ABT, with the reservoir device being configured to de-
tachably hold the OPTs on at least one carrier unit of the
reservoir device, in a row, where the carrier unit has a
base and is configured to be moved to or through the
ABT in order to have the OPTs detached from the carrier
unit.

Background

[0003] In anautomatic bundling tool device, ABT, usu-
ally a single type of cable tie, or, more generally speaking,
a single type of one-piece fixing tie, is processed. De-
pending on the type of tool device, different methods are
used to store and provision cable ties and also to insert
a respective cable tie into the tool device. All methods
have in common that there is an external supply of cable
ties outside of the tool device, from which single cable
ties are extracted for further processing. Currently, there
are three main methods in industrial use to store and
provision cable ties:

A) Loose cable ties are stored and provisioned in an
external, usually vibrational, feeder system and shot
into the tool device through e.g. a feeding hose
and/or a channel by a pressurised air, comparable
to a blow gun.

B) Cable ties are pre-joined and provisioned as a
bandoleer and processed in an external feeder sys-
tem, which isolates a single cable tie, which is then,
similar to method A), shot into a tool through e.g. a
feeding hose and/or a channel via pressurised air.

C) Cable ties are pre-joined and provisioned as a
bandoleer, which is inserted directly into the tool de-
vice, where the single cable ties are cut off the ban-
doleer for further processing by the tool device itself.

[0004] Exemplary methods for feeding an automatic
bundling tool are, for example, described in US 2020 /
391891 A1 or CN 110 127 101 A.

[0005] CN 209 921 662 U discloses a feeding, distrib-
uting, and pushing mechanism of a binding tool, which
comprises an intermittent indexing mechanism, a distrib-
uting mechanism, pushing mechanism, and a slider
mechanism. Sequentially, the intermittent indexing
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mechanism conveys one binding tape to the working po-
sition of the material distribution mechanism at a time,
the material distribution mechanism separates the bind-
ing tape from the binding tape connecting plate of the
integrated binding type, and the material pushing mech-
anism pushes the separated binding tape into the sliding
block for positioning, the slide block mechanism slides
the binding tape from the pre-positioning position to a
binding working position; after the binding is finished, the
head part of the binding tape exits from the side block
and the slide block retreats from the binding working po-
sition to the pre-positioning position, the intermittent in-
dexing mechanism. The described automatic bundling
tool can be used to fix either a labelled cable tie or a
regular cable tie with a regular head part shape.

[0006] Usually, however, automatic bundling tool de-
vices and feeding devices, that is, the tie supply, will be
optimised for a certain type of cable tie or, more generally
speaking, for a certain type of one-piece fixing tie, OPT-
this in order to reduce complexity, minimise process tol-
erances, and maximise reliability during automatic appli-
cation of the respective cable tie or OPT. Ingeneral OPTs
may also be referred to as integrated fixed cable tie with
irregular head shapes. Thus, simple cable ties may be
considered a subgroup of OPTs.

Summary

[0007] It hence can be considered an objective tech-
nical problem to be solved by the invention at hand to
overcome the problems of the known state-of-the-artand
enable a flexible feeding of different types of one-piece
fixing ties to automatic bundling tool devices.

[0008] This problem is solved by the subject matter of
the independent claims. Advantageous embodiments
are apparent from the dependent claims, the description,
and the figures.

[0009] One aspect relates to a reservoir device for
feeding one-piece fixing ties, OPTs, to an automatic bun-
dling tool device, ABT. As the OPTs may be of one or
more given types, where the OPTs belonging to different
types differ in foot part geometry and/or neck part geom-
etry and/or head part geometry and/or tail part geometry,
the reservoir device may be referred to as a variable res-
ervoir device. Generally speaking, the OPTs as a gen-
eralised concept of a standard cable tie, which has a
cable tie head part with a window, as well as a cable tie
strap or tail part, which is slid through the window in order
to form a loop which can be used to bundle cables or
alike, one-piece fixing ties also comprise a neck part,
which connects a foot part to the head part, where the
foot part comprises some sort of fixing means, for in-
stance a mushroom head part, that can be used to fix
the OPT to an object, for instance in an hole of the object.
[0010] Consequently, the OPT shape or geometry is
generally more complex and, due to the different foot
parts, there is much more variability from type to type as
compared to standard cable ties. This makes processing
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of different OPTs more complex, which is not possible
with current methods. In general, the interface between
any kind of storage or reservoir device or provision-
ing/feeding device and tool device poses a difficulty
which increases with the number of variants of the proc-
essed OPTs. For example, OPTs with different foot part
geometries generally cannot be shot through the same
feeding hose. In addition, unlike standard cable ties,
OPTs are currently sold mainly as loose material, loose
OPTs, and, consequently, are not pre-joined by e.g. a
bandoleer. Loose OPTs are more difficult to handle as
they initially have no predefined orientation which would
help inserting them into a tool device or feeding device.
Bandoleer attached OPTs are rather uncommon and of-
fered only in a small number of variants. They are also
more expensive as compared to bulk material, loose
OPTs, as for every different bandoleer/tie variant, a new
injection mould is required. Furthermore, storing and pro-
visioning of OPT bandoleers is problematic due to their
large size and handling issues. In particular, due to their
flexibility in all spatial directions, they can easily deform
and get entangled one with another.

[0011] Consequently, the reservoir device is config-
ured to detachably hold the OPTs, which are single or
loose OPTSs, on at least one carrier unit of the reservoir
device in a row, independently of the ABT. In said row,
the OPTs preferably all have the same orientation with
respect to the at least one carrier unit associated with
the respective OPT. The carrier unit has a base, which
may be a cuboid body or have a shape similar to a cuboid.
Furthermore, the carrier unit is configured to be moved,
e.g. pushed and/or pulled, to or through the ABT in order
to have the OPTs detached from the carrier unit by the
ABT or a feeding device configured for feeding the OPTs
held by the reservoir device to the ABT.

[0012] The at least one carrier unit is a unit separate
from the OPTSs, so it is not materially joined with the re-
spective OPTs. Consequently, the OPTs are loose OPTs
and the reservoir device, as well as carrier unit are con-
figured for feeding and holding said loose OPTs. As a
consequence, the at least one carrier unit is configured
to have the respective OPT, the loose OPT, detachably
attached to the carrier unit by a respective interface ele-
ment of the respective carrier unit which is configured to
receive and hold the respective OPT on said carrier unit.
In order to attach the respective OPT on said carrier unit,
it is moved into/onto the interface elementin an insertion
direction. Preferably, the at least one carrier unit is con-
figured to hold the OPT by its head part and or its neck
part and or its foot part.

[0013] So, the problem of storing and provisioning
highly varying OPTs, especially with regards to their foot
parts, is solved by a variable reservoir capable of holding
and releasing different lose OPTs used in the storage
and provisioning process individually. Such a variable
reservoir can be integrated into a feeding unit, which
guides the reservoir device and comprises a mechanism
designed to stepwise move the reservoir device and re-
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lease one OPT at a time from the flexible reservoir for
transfer, for instance, to an associated automatic bun-
dling tool device. Consequently, this gives the advantage
of a reusable reservoir device, which allows to use indi-
vidual loose OPTs of different types, that is, different ge-
ometries, in particular different foot part geometries
and/or different neck part geometries and/or different
head part geometries. The different types of OPTs can
even be held in the reservoir device at the same time, as
described in more detail below, leading to a reservoir
device where OPTs with different shapes, i.e. of different
types, can be provided in a given order to the automatic
bundling tool device.

[0014] Ina preferred embodiment, the reservoir device
comprises a multitude of carrier units that are linked or
connected to each other via a mechanical connection
interface with a predetermined number of degrees of
freedom, DOF, for spatial movements of two adjacent
carrier units linked to each other, with respect to each
other. So, the individual carrier units form a reservoir de-
vice similar to a chain, where the individual members of
the chain are flexible with respect to each other. Therein,
each carrier unit, preferably is configured to hold exactly
one OPT. The mechanical connection interface may also
comprise a flexible or elastic member which exerts a re-
setting spring force that acts to move each carrier unit
back into a resting or neutral position with respect to the
adjacent carrier unit. For instance, this can be realised
by one or more elastic bands connecting the adjacent
carrier units.

[0015] The mechanical connection interface may com-
prise additional parts in between two adjacent carrier
units, but preferably is formed by elements of the carrier
units themselves, as described in more detail part below.
So, the problem of a sequential storage of OPTs, even
of OPTs of different geometries or types, is solved by
designing the reservoir device as a combination of indi-
vidual units, links, that are attached to each other, where
eachindividual unitcan hold an OPT. Consequently, sim-
ilar to a chain, the individual carrier units may, as also
described in more detail below, themselves be optimized
for OPTs with different shapes, i.e. have interface ele-
ments with different geometries adapted to a respective
type, that is, a specific geometries of the OPT to be held
by the carrier unit at hand. The chain-like design of the
reservoir device allows an ever individual assembly of
combinations of different carrier units as parts of the res-
ervoir device, thus further enhancing flexibility of the res-
ervoir device.

[0016] Accordingly, in a preferred embodiment, the
mechanical connection interface is a unified or standard-
ised mechanical connection interface comprising first-
and second-type connection elements. The unified me-
chanical connection interface is configured to link adja-
cent carrier units by linking a first-type connection ele-
ment of one carrier unit to a second-type connection el-
ement of another carrier unit. In particular, the first-type
connection elements are male connection elements with
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a protrusion such as a finger or a ball, and the second
type connection elements are female connection ele-
ments accepting the male connection elements with a
recess such as a gap, which may be formed between
two fingers or by a socket. For example, the fingers of
the male connection element and the fingers of the fe-
male connection element forming the recess for accept-
ing the finger may feature respective holes perpendicular
to the respective fingers, and thus might be connected
by inserting a pin through all three fingers, thereby form-
ing a joint with one rotational DOF. As an alternative, the
finger of the male connection element may comprise a
pin-shaped contour which substitutes the pin, so that no
additional part is needed. The ball- or sphere-shape pro-
trusion of another exemplary male connection element
matched to a semi-sphere socket of a corresponding fe-
male connection element would result in a kind of ball-
and-socket joint with multiple DOF. The mechanical con-
nection interface may also comprise combinations of the
described elements or variations of said elements, and
may generally be adjusted to achieve the desired de-
grees of freedom. This further enhances the flexibility
and range of applications of the described reservoir de-
vice.

[0017] Inapreferred embodiment, eachcarrierunithas
one first-type connection element, in particular exactly
one first-type connection element, and one second-type
connection element, in particular, exactly one second-
type connection element, with the first-type connection
element and second-type connection element arranged
at opposite ends, in particular diametrically opposite
ends, of the respective carrier unit, in particular at oppo-
site ends of the base of the respective carrier unit along
the direction of the row. Here and in the following, the
reference to respective ends, may be interpreted as a
reference to respective end sections that are separated
by a middle section. This has been shown to be particular
advantageous for designing the connections between
the carrier units in such a way that they offer a predeter-
mined degree of freedom, for example, only one rotation
degree around one axis, in a way that the row or chain
of carrier units does not entangle, i.e. can be handled
more easily, and can be guided in defined way. With this
setup, even multiple degrees of freedom, in particular in
combination with a resetting spring force such as an elas-
tic bumper element as part of the mechanical connection
interface can be implemented in order to enable areliable
and flexible feeding of OPTs.

[0018] In a preferred embodiment, each carrier unit
comprises a unified guiding structure, preferably with at
least two guiding elements such as pins or other types
of protrusion. In particular, the guiding elements are ar-
ranged at opposite ends, in particular diametrically op-
posite ends, of the base of the respective carrier units
across the direction of the row formed by the linked carrier
units, i.e. across a longitudinal direction of the reservoir
device. Most preferably, the unified guiding structure
comprises four guiding elements with the guiding ele-
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ments being arranged pairwise at each of the opposite
ends, i.e. two guiding elements on each respective side
of the carrier unit. In addition or alternatively, the guiding
elements may be in form of a unified recess of the base
at said opposite ends, preferably diametrically opposite
ends of the base of the respective carrier unit across the
direction of the role. In addition or alternatively, the guid-
ing elements are provided in form of one or more unified
spatial dimensions of the base, for instance a unified
length along the direction of the row and/or a unified width
across the direction of the row and/or a unified thickness
across the direction of the row, perpendicular to the width.
The unified guiding structure allows a feeding device,
such as the feeding device described below in more de-
tail, to guide the reservoir device to the ABT. The refer-
ence to unified entities such as the unified mechanical
connection interface and the unified guiding structure re-
fers to entities that are identical, that is, compatible, for
different carrier units even when they belong to different
classes of carrier units, i.e. are optimized for different
OPTs. So, all carrier units can be used with the same
feeding device, and thus can also be combined with each
other without degrading reliability of the feeding process.
Thus, the flexibility of the reservoir device is further en-
hanced.

[0019] In a preferred embodiment, each carrier unit
comprises a unified conveyor structure, preferably with
two conveyor elements such as a conveyor protrusion
extending from the base. In particular, the conveyor el-
ements are arranged on the base of the carrier oppositely
to the interface element, that is, on a side of the base
arranged oppositely to the side of the base where the
interface element is arranged, in particular diametrically
oppositely. The side may also be referred to as bottom
of the base, as opposed to the top of the base where the
interface elementis arranged then. This gives the advan-
tage that all carrier units may interact with a conveyor
mechanism of the feeding device, with, for example a
pawl which interlocks with said conveyor structure to shift
the carrier units by a predetermined distance and/or an-
gle to the next position towards the APT. As all carrier
units have the same conveyor structure, the flexibility of
the feeding process is maintained, while reliability is in-
creased.

[0020] In another preferred embodiment, the interface
element of each carrier unit comprises two protrusions,
a first protrusion and a second protrusion, that extend
from the base of the respective carrier unit, in particular
perpendicular to a base surface of said base, which may
be a surface of on the top of the base. The two protrusions
form an recess, that is, an opening or gap, between the
protrusions that is configured for accommodating the re-
spective OPTs. In particular, the recess/ two protrusions
are configured to accommodate the head part of the OPT
and/or the foot part of the OPG and/or the neck part of
the OPP, the neck part connecting head part and foot
part. Furthermore, the interface element may comprise
another protrusion, a third protrusion, that extends from
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the base, in particular perpendicular to the base surface,
where the third protrusion is configured to support the
OPT when it is held on the carrier. Consequently, the
third protrusion is shaped to match with the foot part of
the OPT, in particular in a remote end section of the third
protrusion, thatis, the end section that comprises the end
of the protrusion remote from the base in a direction per-
pendicular to said base surface.

[0021] Said protrusions, which also can be referred to
as vertical protrusions on the top of the base of each
carrier unit realise an individual mechanical interface
matched to a certain type of OPT. In particular, first and
second protrusions may be parallel, meaning that their
respective inner faces forming at least part of the recess
run essentially parallel (parallel or parallel with a given
deviation of e.g. less than 10°, less than 5°, or less than
1°). Occasionally, geometric similarities between certain
types of OPTs, forinstance OPTs with similar or identical
head parts but different foot parts, the same individual
interface elementmay even be useful for holding different
types of OPTs. However, in particular in combination with
a unified mechanical connection interface, the use of said
protrusions gives the possibility to attach OPTs of differ-
ent types to the reservoir device, which even can, by
sorting the different carrier units of different types in a
specific order, be fed in said order to the ABT for a flexible,
process design where different types of OPTs are to be
used consecutively. This is particularly advantageous for
an ABT that can handle the different types of OPTs, but
might also be used with a feeding device, where different
ABTSs are connected to the reservoir device consecutive-
ly in order to bundle different parts with different APTs.
Consequently, the flexibility of the feeding process is fur-
ther advanced.

[0022] Therein, the two protrusions may be configured
to clamp, with their inner faces, the head part of the re-
spective OPT and/or the neck part of the respective OPT
by means of an elastic pre-load acting on two opposed
side surfaces of the head part of the OPT and/or onto
opposed side surfaces of the foot part of the OPT and/or
on two opposed side surfaces of the neck part of the
OPT. Consequently, the two protrusions exert a clamping
force on the OPT with their inner faces. In addition or
alternatively, the two protrusions may be configured to
form-fit to the head part of the OPT, preventing motion
of the OPT along a main extension plane of the base of
the respective carrier unit. The two protrusions may be
designed in a way that the opening or recess between
them is slightly smaller than the head part of the OPT to
be inserted into the opening during intended use of the
reservoir device, so that the head part spreads the pro-
trusions apart and thereby creates said clamping force
due to elastic deformation. Thus, the clamping force may
run transvers to the insertion direction.

[0023] Consequently, the two protrusions can be made
from a material which offers a desired degree of elasticity
so that the required clamping force can be achieved. For
instance, the protrusions and or the carrier unit, which
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may be mad of one single piece, may be made of plastic.
This gives the advantage that the problem of the irregular
orientation of loose OPTs is solved, since the contour
provided by the two protrusions with their inner faces is
adjusted to the specific OPT to be used, and thus helps
to compensate for misalignments of the OPT by acting
on the respective surfaces of the OPT and thereby rotat-
ing/shifting the OPT into the correct position. This further
enhances the flexibility of the described reservoir device.
[0024] Furthermore, the two protrusions may comprise
arespective hook section at a respective remote end of
the protrusion, which is the end of the end section remote
from the base of the active carrier unit in a direction an-
tiparallel to the insertion direction of the OPT into the
recess between the two protrusions. Therein, the hook
sections reduce a width of the recess formed by said
protrusions such that the hook sections secure OPTs
held by the carrier unit from unintended release. So, the
hook sections have a geometry facing inward to the re-
cess and thus fixing the head part and/or foot part of the
OPT in the recess, once it is arranged in said recess,
with a corresponding fixing force running along the inser-
tion direction. By means of the hook sections, a clip-in
solution can be provided, where the OPTs can be clipped
into or onto the respective carrier unit. Correspondingly,
the geometry facing inward can comprise an undercut.
[0025] In another preferred embodiment, each carrier
unit belongs to one of several different carrier unit types,
where the different carrier unit types are each adapted
to a specific type of OPT, i.e. to a specific OPT geometry,
which differs in foot part and/or head part and/or neck
part from the geometry other types of OPTs. Preferably,
at least two carrier units of the reservoir device belong
to respective different carrier unit types. So, each carrier
unit is individually matched to one type of OPT by adjust-
ing the shape of the firstand second protrusion according
to the different geometries of the OPTs intended to be
fed held the reservoir device. Consequently each carrier
unit can accommodate a specific OPT in an optimal way.
So each carrier unit is adapted to detachably hold an
OPT of a specific type. This results in a specifically flex-
ible reservoir device, where OPTs belonging to different
types can be selected to be fed by the feeding device in
an order defined by the order of the carrier units of the
corresponding types in the row of carrier units which form
or are part of the reservoir device. Again, flexibility of the
reservoir device is increased while reliability of the feed-
ing process is maintained.

[0026] Therein, the carrier units of the different carrier
unit types may be configured such that respective win-
dows of the head parts of different OPTs which are held
by any two subsequent carrier units of different carrier
unit type, carrier units of different carrier unit type that
are arranged subsequently on the reservoir device and/or
in the row, are equidistant for any combination of the
different carrier unit types. The distance may be meas-
ured along the row in a resting position of the carrier units,
i.e. alongthelongitudinal direction of the reservoir device.
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In addition or alternatively, said windows are arranged in
a line along the row, i.e. they have the same position in
a lateral direction perpendicular to the longitudinal direc-
tion. The lateral direction may also be the main extension
direction of the OPTs. So, the first and second protrusion
is placed, for any carrier unit, in a way that the OPT head
part window is always located in the same longitudinal
and/or lateral position with regards to the carrier unit with
attached OPT, so that there is a similarity between all
individual carrier unit with attached OPT with regard to
the window location, regardless of the respective type of
OPT the carrier unitis optimized for. This solves the prob-
lem of interfacing between the ABT and the feeding de-
vice feeding the ABT with OPTs from the reservoir device,
as for any different OPTs, the respective windows are in
the same relative longitudinal position and may thus be
handed over to the ABT reliably. This is particularly true
in combination with the unified mechanical connection
interface and/or the unified guiding structure. Then, also
the different carrier units of the reservoir device may al-
ways be, prior to the release of the OPT, in a same pre-
defined position relative to the feeding unit. Therefore,
during the feeding process, process complexity is re-
duced, and reliability of the flexible feeding process is
further enhanced.

[0027] Another aspect relates to a feeding device for
or with a reservoir device of any of the precedent claims,
configured to feed the OPTs to the ABT. The feeding
device comprises a guiding slot unit configured to guide
the reservoir device through the feeding device, prefer-
ably by a mechanical interaction with the unified guiding
structure of the respective carrier units. The feeding de-
vice also comprises a stepwise conveyor mechanism unit
configured to stepwise move the reservoir device along
the guiding slot unit, by one position at the time, where
the step width of the stepwise movement, the position,
corresponds to a carrier unit length along the reservoir
device, i.e. along a main extension direction of the res-
ervoir device. Preferably, the stepwise conveyor mech-
anism is configured to stepwise move the reservoir de-
vice by amechanical interaction with the unified conveyor
structure of the respective carrier units. Furthermore, the
feeding device comprises an actuator unit configured to
eject or release of the respective OPT from the reservoir
device, preferably by a mechanical interaction with the
head part of the OPT. So, the described approach for
sequential storage and provisioning OPTs may incorpo-
rate a feeding unit which holds and guides a part of the
variable reservoir device and comprises a mechanism to
stepwise move the variable reservoir and release OPTs
from the reservoir for transfer to e.g. an automatic bun-
dling tool. Advantages correspond to advantages of the
exemplary embodiments of the reservoir device as de-
scribed above.

[0028] Preferably, the individual carrier units with at-
tached cable ties may be moved freely in the guiding slot
by the stepwise conveyor mechanism unit. To this end,
the guiding slot may have a slit configured for the straps
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of the OPTs extending through the slit into an environ-
ment of the feeding device. So, the feeding device may
have a housing in which part of the reservoir device is
guided while another part of the reservoir device may be
hanging freely outside of the housing. The housing may
comprise a semicircular shaped part, which part com-
prises the slit extending along the semicircular shape.
Thus, the slit of the guiding slot may be a ring segment.
Alternatively, the corresponding part of the housing may
be shaped linearly, where the slit of the guiding slot would
be straight. A forward and/or backward stop of the step-
wise conveyer mechanism unit may be provided to pro-
tectagainstunintended movement ofthe reservoir device
relative to the feeding device. So, flexible and reliable
feeding of a variety of OPTs can be provided for working
environments with different working conditions.

[0029] The actuator unit may comprise an actuator
which, with a linear movement, extends and pushes an
OPT out of the corresponding carrier unit, against the
clamping force and the fixing force of the inward facing
protrusions, until it reaches a desired position, e.g. a po-
sition in an associated automatic bundling tool. Prefera-
bly, the actuator features a defined protrusion, which is
configured to enter the OPT head part window to safely
hold the OPT whenitis pushed into the ABT. The actuator
may also comprise additional protrusions that are de-
signed to be in contact with the OPT head part and/or
foot partwhile pushing the OPT in order to have a defined
stop and insertion depth of the actuator with respect to
the OPT.

[0030] Anotheraspectrelatesto anautomatic bundling
tool device, ABT with any of the described reservoir de-
vices or with any of the described feeding devices. The
advantages correspond to advantages described for the
respective feeding and reservoir devices.

[0031] Such an ABT for bundling a bundling good by
means of an OPT, preferably with automatically tighten-
ing the OPT by the ABT, may be a non-stationary ABT.
In particular, the ABT is configured for bundling a bun-
dling good by means of a cable tie, preferably with auto-
matically tightening the cable tie by the ABT.

[0032] The ABT may comprise a holding unit config-
uredtoreceive, hold, andrelease arespective OPT which
is provided to the ABT from the described variable exter-
nal reservoir device for OPTs, which preferably is con-
figured to provide OPTs of different types of OPTs to the
ABT, most preferably in an order that can be arbitrarily
adapted to the application at hand. The ABT preferably
also comprises a linear motion guiding unit configured to
linearly guide the holding unit in a forward/backward di-
rection while in motion back and forth between areceiving
position where the holding unit receives, during intended
use, the respective OPT that is processed by the ABT at
the time, and a releasing position where the holding unit
releases, during intended use, said OPT. The for-
ward/backward direction corresponds to a main exten-
sion direction of the OPT, with a tip of the strap part ori-
ented in the forward direction and the head part of the
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OPT oriented in the backward direction. The linear mo-
tion guiding unitenables low friction guiding of the holding
unit and allows for high process speeds. The ABT then
comprises a drive unit configured to move the holding
unit along the linear motion guiding unit.

[0033] Therein, the holding unit preferably comprises
two gripping elements which are arranged movably on a
common base element such that they can be moved in
a traverse direction running traverse to the forward/back-
ward direction. Here and in the following, "traverse" may
refer to "essentially perpendicular”, i.e. "perpendicular”
or "perpendicular with a given deviation" where the de-
viation may be, for instance less than 5°, less than 2°, or
lessthan 1°. Each gripping elementhas arespective grip-
ping contour for accommodating the respective OPT to
be received, held, and released during intended use of
the ABT. The contour is thus specifically adapted to the
respective OPTs to be processed by the ABT. Each grip-
ping elementis configured to be moved, in a translational
movementin the traverse direction, from an open position
forreceiving andreleasing the respective OPT toa closed
position for holding the respective OPT and vice versa.
In the open position, a distance between the two gripping
elements is larger than in a closed position. Thus, the
OPT can be placed in / removed from between the grip-
ping elements. The contours may, at least partly, sur-
round head part and/or neck part and/or foot part of the
respective OPT in the closed position to hold the OPT
with the holding unit, in particular in a form-fit manner.
Preferably in both releasing and receiving position of the
holding unit, the holding unit may be set into a locked
configuration with the gripping elements in the closed
position and into an unlocked configuration, where the
gripping elements are in the closed position.

[0034] So,the ABT is capable of processing highly var-
iant OPTs by implementing a new gripping and transport
mechanism. Instead of a conventional flexible pusher
acting on the back of a cable tie head or the foot of the
OPT, or using a slider with a receiving portion fitted to
one single type of OPT, a set of two movable gripping
jaws, acting traverse the forward/backward direction is
used to firmly hold the OPT head and/or foot partin place,
i.e. in a given position relative to the base element. The
gripping jaws, implemented in form of gripping elements,
are arranged on the base element that is linearly driven
forward, i.e. from receiving position to releasing position,
in the forward/backward direction to drive the OPT’s strap
part forward, for example into guiding claws of the ABT
to forming a loop around the bundle.

[0035] As each gripping element is movable traverse
the forward/backward direction, the gripping elements
basically realize an in and out movement. This in and out
movement makes it possible to receive even large-size
OPT foot parts by opening the gripping jaws, inserting
an OPT and then closing the jaws so that they surround
or enclose the OPT head part and/or foot part, preferably
in a form-fit manner. Furthermore, as the gripping ele-
ments are in mechanical contact with the OPT, in partic-
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ular OPT head part and/or neck part and/or foot part, by
closing the gripping jaws, side rotations, that is, small
irregularities concerning the orientation of OPTs, espe-
cially loose OPTs, are automatically corrected, as the
closing gripping elements during their movement into the
closed position are capable of automatically rotating and
or shifting the respective OPT into the correct position.
The firm hold of the gripping elements on the OPTs, in
particular head part and/or neck part and/or foot part,
ensures that the head and neck and foot part, respec-
tively, do not move during forward motion, thereby re-
ducing the risk of the strap tip diverging sideward from
the linear movement during forward movement to the re-
leasing position. This spares the need of a tight guiding
channel around the OPT required in other approaches,
thus enabling to process a larger variety of OPTs than in
conventional ABTs. Summarizing, the parallel gripperim-
plemented by the two gripping elements enable holding,
transporting, and releasing of multiple variants of (even
loose) one-piece fixing ties fed to the ABT by the variable
reservoir device described above.

[0036] Correspondingly, a further aspect relates to a
carrier unit for or of a reservoir device of any of the de-
scribed embodiments. Correspondingly, the respective
carrier unit comprises the features described in the con-
text of the complete reservoir device that are relevant for
the respective carrier unit. Advantages and advanta-
geous embodiments correspond to the advantages and
advantageous embodiments described for the reservoir
device.

[0037] Yetanotheraspectrelatestoa method for feed-
ing one-piece fixing ties, OPTs, to an automatic bundling
tool device, ABT, with the method steps of attaching one
or more loose of OPTs to a respective carrier unit of a
reservoir device, holding the attached OPTs individually
on the reservoir device by the respective carrier unit, pull-
ing the reservoir device to the ABT by a feeding device,
detaching the OPTs, one by one, from the respective
carrier unit by an actuator unit of the feeding device, and
feeding the respective detached OPT to the ABT by the
feeding device.

[0038] Also here, advantages and advantageous em-
bodiments of the method correspond to advantages and
advantageous embodiments described with reference to
the reservoir device, the feeding device, and the auto-
matic bundling tool device.

[0039] In the context of the present disclosure, "trans-
verse" and "along" can be understood to mean "substan-
tially perpendicular" and "substantially parallel”, respec-
tively. Here, "substantially perpendicular" or "substantial-
ly parallel" means "perpendicular/parallel except for a
specified deviation", wherein the specified deviation may
be, for example, 2°, 5°, 10° or 15°.

[0040] The features and combinations of features
mentioned in the above description, including in the in-
troductory part, as well as the features and combinations
of features mentioned below in the description of the fig-
ures and/or shown in the figures can be used not only in
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the respectively specified combination, but also in other
combinations without departing from the scope of the in-
vention. Thus, embodiments of the invention which are
not explicitly shown in the figures and explained but which
emerge from the explained embodiments by separate
combinations of features, and which can be produced,
are also to be regarded as included and disclosed. Em-
bodiments and combinations of features which therefore
do not contain all the features of an originally formulated
independent claim are also to be regarded as disclosed.
In addition, embodiments and combinations of features
which go beyond or deviate from the combinations of
features set out in the dependencies of the claims are to
be regarded as disclosed, in particular by the embodi-
ments discussed above.

[0041] The subject matter according to the invention
will be explained in greater detail with reference to the
schematic drawings shown in the following figures, but
without being limited to the specific embodiments shown
here. In the drawings:

Fig. 1 shows an exemplary embodiment of a
reservoir device;

Fig. 2 shows an exemplary embodiment of one
of a multitude of carrier units of an exem-
plary reservoir device;

Fig. 3 shows another view onthe exemplary car-
rier unit of figure 2;

Fig. 4 shows an exemplary feeding device with
an exemplary reservoir device;
Figs.5to 7 illustrate the process of feeding a one-
piece fixing ties by the feeding device of
figure 4; and

Figure 8 shows the feeding device of the figures 4
to 7 arranged on an exemplary automatic
bundling tool device.

[0042] Therein, identical or functionally identical fea-
tures have the same reference signs.

[0043] Fig. 1 shows an exemplary reservoir device 1
for feeding one-piece fixing ties 2, OPTs 2, to an auto-
matic bundling tool device, ABT 15 (Fig. 8). The reservoir
device 1 is configured to detachably hold the OPTs 2 on
at least one carrier unit 3, in the present example a mul-
titude of carrier units 3. The carrier units 3 are aligned in
arow that, in the present example, mainly extends along
an x-direction as longitudinal direction. As each carrier
unit 3 is configured to detachably hold exactly one OPT
2 in the present example, also the OPTs 2 are held in a
row corresponding to the row of the carrier units 3. The
carrier units 3 are configured to have the respective OPT
2 detachably attached to the carrier unit 3 by a respective
interface element 7 configured to receive and hold the
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respective OPT 2 on the carrier unit 3. Consequently,
carrier units 3 and the respective OPTs 2 held by the
associated carrier units 3 are separate units. The carrier
unit 3 has a base 4 which is configured to be pulled to or
throughthe ABT 15 in order to have the OPTs 2 detached
from the carrier unit. The detaching takes place in an
ejection direction E transverse to the longitudinal direc-
tion of the row.

[0044] The OPTs 2 comprise a tail part 2a, a head part
2b with a window 2b*, a neck part 2c and a foot part 2d,
where the neck part 2c connects the head part 2b to the
foot part 2d. The tail part 2a is configured to be slid
through and arrested in the window 2b*, so as to form a
loop that can be used to bundle goods.

[0045] The carrier units 3 are linked to each other via
a, in the present example unified, mechanical connection
interface 5 with a predetermined number of degrees of
freedom for spatial movements of two adjacent carrier
units 3 linked to each other with respect to each other by
said connection interface 5. In the present example, the
degree of freedom is one. In the present example, the
mechanical connection interface 5 comprises first and
second type connection elements 5a, 5b, as explained
in more detail with respect to Fig. 2.

[0046] Fig. 2 shows an exemplary embodiment of a
single carrier unit 3. The shown example comprises ex-
emplary mail first-type connection elements 5a and ex-
emplary female second-type connection elements 5b
that are arranged at opposite ends of the carrier unit 3,
here at opposite sense of the base 4 of the respective
carrier unit 3 in the longitudinal direction of the carrier
unit 3, which is also the (main extension) direction of the
row, the x-direction the present example. Here, the male
first-type connection element 5a has a finger as protru-
sion and the corresponding female second-type connec-
tion element 5b has two fingers forming a corresponding
recess accepting the finger of the male connection ele-
ment 5a. These connection elements 5a, 5b are identical
for all carrier units 3 of the reservoir device, and thus can
be referred to as a unified mechanical connection inter-
face 5. Inthe present example, the resulting link between
two adjacent carrier units 3 gives flexibility in a depth
direction (y-direction) perpendicular to the longitudinal
direction (x-direction).

[0047] Inthe present example, each carrier unit 3 also
comprises a unified guiding structure 6, here, with two
pins as respective guiding elements 6a, 6b. They are,
the present example, arranged at opposite ends of the
base 4 in z-direction. Itis also shown that the carrier units
3 have unified spatial dimensions, the unified width d and
unified length I, such thatlength | and width d are identical
for all carrier units 3 of a given reservoir device 1. This,
together with the guiding elements 6a, 6b makes the
feeding process more reliable.

[0048] Furthermore, theinterface element7 comprises
a first protrusion 7a and a second protrusion 7b that ex-
tend from the base 4 in a vertical direction, and the
presentexample transverse to a base surface, in the pos-
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itive y-direction. In between the two protrusions 7a, 7b a
recess 8 is formed by the two protrusions 7a, 7b. Recess
8 is configured to accommodate the respective OPT 2,
in particular a head part 2b and/or a neck part 2c, in the
present example of the OPT 2. In the present example,
the interface element 7 also comprises another protru-
sion, third protrusion 7c, thatis configured to support the
foot part 2d of OPT 2 in the present example.

[0049] Fig. 3 shows another perspective of the carrier
unit 3 of Fig. 2. The carrier unit 3 also comprises a unified
conveyor structure 9, with, in the present example, two
conveyor protrusions as respective conveyor elements
9a, 9b extending from the base 4 at a bottom side, that
is, here a side oriented towards the negative y-direction,
of said base 4. In the shown example, the firstand second
protrusions 7a, 7b comprise respective hook sections
7a*, 7b* at respective remote ends 7a’, 7b’ being the
ends most remote from the base 4 of the respective car-
rier unit 3. The hook sections 7a*, 7b* reduce a width w
of the recess 8 in the x-direction, which is adapted to the
corresponding width of the head part 2b in the present
example, such that the hook sections 7a*, 7b* secure an
OPT 2 that is held by the carrier unit 3 from unintended
release.

[0050] Fig. 4 shows a feeding device 10 with a guiding
slot unit 11 configured to guide the reservoir device 1
through the feeding device 10, in the present example
by a mechanical interaction with the unified guiding struc-
ture 6. The exemplary feeding device 10 also comprises
a stepwise conveyor mechanism unit configured to step-
wise move the reservoir device 1 along the guiding slot
unit 11, preferably by a mechanical interaction with the
unified conveyor structure 9. Furthermore, the feeding
device 10 comprises an actuator unit 13 configured to
eject the respective OPT 2 from the reservoir device 1.
In the present example in a positive y-direction is the
ejection direction E. The ejection or release is accom-
plished, in the present example, by a mechanical inter-
action with the head part 2b of the OPT 2, as shown in
more detail part in Figs. 5to 7.

[0051] As shown in Figs. 5 to 7, the actuator unit 13
comprises an actuator bolt 13a that is moved, the present
example, linearly in the ejection direction E, here the pos-
itive y-direction in order to detach the OPT 2 from carrier
unit 3. Note that the actuator bolt 13a comprises a pro-
trusion 13a* configured to match the window 2b* of the
head part 2b of the OPT 2.

[0052] InFig.5,thereservoirdevice 1is guided through
the feeding device 10 by the guiding slot unit 11, with,
for illustrative purposes only, one single OPT 2 held by
a carrier unit 3 of the feeding device 1. The guiding slot
unit (11) has a slit (11a) configured for a tail part (2a) of
the OPT (2) extending through the slit (11a) into an en-
vironment of the feeding device (10). The carrier unit 3
with the OPT 2 is not yet in a position where the OPT 2
may be ejected towards the ABT 15, thus the reservoir
device 1 is first moved stepwise in the stepping direction
S to align the actuator bolt 13a, in particular, the actuator
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finger as protrusion 13a*, with the window 2b* of the OPT
2tobe ejected. The alignmentis achievedin Fig. 6. Once
the actuator bolt 13a with its protrusion 13a* is aligned
with the window 2b* of the OPT 2, the reservoir device
1 is stopped in this position, and the actuator bolt 13a
moves in the ejection direction E and ejects the OPT 2
from the reservoir device 1 and the housing 14 of the
feeding device 10 to the ABT 15. The ABT 15 is shown
in Fig. 8 with the feeding device 10 attached and ready
to use with the reservoir device 1.

[0053] With the described approach, it is possible to
store and provision loose OPTs for further processing,
e.g. in an ABT. Formerly, it was only possible to store
and provision standard cable ties (loose or on a bando-
leer) with slightly varying shape or OPTs on a bandoleer
for the use in available ABTs. The limitation to process
only one type of OPT, or very similar types of OPT can
now be removed so that multiple types of OPTs can be
stored and provisioned. The known bandoleer can now
be replaced by a variable reservoir similar to a chain,
consisting of individual holding elements, the carrier
units, where each carrier unit can be fitted to a certain
type of cable tie and may be freely combined with different
other carrier units. Different OPTs, including even stand-
ard cable ties, can now be stored and provided in a de-
fined sequential manner, e.g. a fir-tree-foot-part OPT fol-
lowed by an edge-clip-foot-part OPT and/or OPTs with
varying lengths in between, thereby offering a higher de-
gree of flexibility in the manufacturing of cable harnesses
with an ABT.

Claims

1. Reservoirdevice (1) for feeding one-piece fixing ties,
OPTs (2), to an automatic bundling tool device, ABT
(15), wherein the reservoir device (1) is configured
to detachably hold the OPTs (2) on at least one car-
rier unit (3) of the reservoir device (1), in a row, with
the carrier unit (3) having a base (4) and being con-
figured to be moved to or through the ABT (15) in
order to have the OPTs (2) detached from the carrier
unit (3);
characterized in that

- the atleast one carrier unit (3) is a unit separate
from the OPTs (2); and

- the at least one carrier unit (3) is configured to
have the respective OPT (2) detachably at-
tached to the carrier unit (3) by a respective in-
terface element (7) configured to receive and
hold the respective OPT (2) on the carrier unit

3).

2. Reservoir device (1) according to claim 1,
characterized in that
the reservoir device (1) comprises a multitude of car-
rier units (3) that are linked to each other via a me-
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chanical connection interface (5) with a predeter-
mined number of degrees of freedom for spatial
movements of two adjacent carrier units (3) linked
to each other with respect to each other.

Reservoir device (1) according to claim 2,
characterized in that

the mechanical connection interface (5) is a unified
mechanical connection interface (5) comprising first-
and second-type connection elements (5a, 5b),
which is configured to link adjacent carrier units (3)
by linking a first-type connection element (5a) of one
carrier unit (3) to a second-type connection element
(5b) of another carrier unit, where in particular the
first-type connection elements (5a) are male connec-
tion elements with a protrusion such as a finger or a
ball, and the second-type connection elements (5b)
are female connection elements accepting the male
connection elements (5a, 5b) with a recess such as
a gap or a socket.

Reservoir device (1) according to claim 3,
characterized in that

each carrier unit (3) has one first-type connection
element (5a) and one second-type connection ele-
ment (5b), with first-type connection element (5a)
and second-type connection element (5b) arranged
at opposite ends of the respective carrier unit (3), in
particular at opposite ends of the base (4) of the re-
spective carrier unit (3).

Reservoir device (1) according to any one of the pre-
ceding claims,

characterized in that

each carrier unit (3) comprises a unified guiding
structure (6), preferably with at least two, more pref-
erably four, guiding elements (6a, 6b) such as pins,
which in particular are arranged at opposite ends of
the base (4) of the respective carrier unit (3), and/or
in form of a unified recess of the base (4) and/or in
form of unified spatial dimensions of the base (4).

Reservoir device (1) according to any one of the pre-
ceding claims,

characterized in that

each carrier unit (3) comprises a unified conveyor
structure (9), preferably with two conveyor elements
(9a, 9b) such as a conveyor protrusion extending
from the base (4), which in particular are arranged
on the base (4) oppositely to the interface element

(7).

Reservoir device (1) according to any one of the pre-
ceding claims,

characterized in that

the interface element (7) comprises two protrusions
(7a, 7b) that extend from the base (4), in particular
perpendicular to a base (4) surface, which form a
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10

10.

1.

12.

recess (8) for accommodating the respective OPT
(2), in particulara head part (2b) ofthe OPT (2) and/or
a foot part (2d) of the OPT (2) and/or a neck part (2c)
of the OPT (2), and in particular also comprises an-
other protrusion (7c) that extends from the base (4),
in particular perpendicular to said base (4) surface,
which is configured to support the OPT (2) when it
is held on the carrier (3), which preferably is shaped
to match the foot part (2d) of the OPT (2).

Reservoir device (1) according to claim 7,
characterized in that

the two protrusions (7a, 7b) are configured to clamp
the head part (2b) of the respective OPT (2) by
means of an elastic pre-load acting on two opposed
side surfaces of the head part (2b) of the OPT (2)
and/or to provide a form fit for the head part (2b) of
the OPT (2) preventing motion of the OPT (2) along
a main extension plane of the base (4) of the respec-
tive carrier unit (3).

Reservoir device (1) according to claim 7 or 8,
characterized in that

the two protrusions (7a, 7b) comprise a respective
hook section (7a*, 7b*) at a respective remote end
(7a’, 7b’), which is the end remote from the base (4)
of the respective carrier unit (3), the hook sections
(7a*, 7b*) reducing a width (w) of the recess (8)
formed by the protrusions (7a, 7b) such that the hook
sections (7a*, 7b*) secure OPTs (2) held by the car-
rier unit (3) from unintended release.

Reservoir device (1) according to any one of the pre-
ceding claims,

characterized in that

each carrier unit (3) belongs to one of several differ-
ent carrier unit types, where the different carrier unit
types are each adapted to a specific type of OPT (2)
which differs in foot part (2d) and/or head part (2b)
and/or neck part (2c) from the other types of OPT,
with preferably atleast two carrier units (3) belonging
to respective different carrier unit types.

Reservoir device (1) according to claim 10,
characterized in that

the carrier units (3) of the different carrier unit types
are configured such that respective windows (2b*)
of the head parts (2b) of different OPTs (2) which
are held by two subsequent carrier units (3) of dif-
ferent carrier unit type are equidistant for any com-
bination of the different carrier unit types and/or are
arranged on a straight line parallel to the direction of
main extension of the reservoir device.

Feeding device (10) for or with a reservoir device (1)
of any one of the preceding claims, configured to
feed the OPTs (2) to the ABT (15), with
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- a guiding slot unit (11) configured to guide the
reservoir device (1) through the feeding device
(10), preferably by a mechanical interaction with

the unified guiding structure (6);

- a stepwise conveyor mechanism unit (12) con- %
figured to stepwise move the reservoir device

(1) along the guiding slot unit (11), preferably by

a mechanical interaction with the unified con-
veyor structure (9); and

- an actuator unit (13) configured to eject the 10
respective OPT (2) from the reservoir device (1),
preferably by a mechanical interaction with the
head part (2b) of the OPT (2).

13. Feeding device (10) according to claim 12, 15
characterized in that the guiding slot unit (11) has
a slit (11a) configured for a tail part (2a) of the OPTs
(2) extending through the slit (11a) into an environ-
ment of the feeding device (10).
20
14. Carrier unit (3) of or for a reservoir device (1) of any
one of claims 1 to 11.

15. Method for feeding one-piece fixing ties (2), OPTs
(2), to an automatic bundling tool device (15), ABT 25
(15), with the method steps of

- attaching one or more loose OPTs (2) to a re-
spective carrier unit (3) of a reservoir device (1);
- holding the attached OPTs (2) individually on 30
the reservoir device (1) by the respective carrier
unit (3);
- pulling the reservoir device (1) to the ABT (15)
by a feeding device (10), detaching the OPTs
(2), one by one, from the respective carrier unit 35
(3) by an actuator unit (13) of the feeding device
(10); and
- feeding the respective detached OPT (2) to the
ABT (15) by the feeding device (10).
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