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Field of the Invention

The present invention relates to a gripping tool, preferably a gripper with multiple
gripping elements, configured to be coupled to an arm of a machine or to be arranged
on a surface, wherein the gripping tool comprising a plurality of arms rotatably
connected to a housing of the gripping tool, each arm has at least one gripping point for

gripping an object.

Background of the Invention

It is known to use gripping tools mounted on a robotic arm of a robot to handle objects
during assembly, processing, sorting and packaging. The gripping tool is fitted with two
or more gripping arms each designed to grip a particular object at a gripping point. The
gripping arms are configured to move between various positions during the gripping
process, wherein the operation of the gripping tool is controlled by a local controller in
the robot unit. Optionally, the local controller may receive commands from a central

controller.

It is known that the robotic arms, including their respective interfaces, are fitted with
one or more joints each providing the robotic arm with at least one degree of freedom
(DOF). Typically, the robotic arm has between five to seven DOFs, but some robotic
arms have only two or three DOFs. The design of the gripping tool, as well as the robot
unit, is selected based on the size, shape and weight of the objects intended to be handled

by the robot unit.

It is known to use sensors and/or cameras for monitoring the axial movement of the
robotic arm and thus the gripping tool. The signals from these sensors or cameras are
then used by the local controller to correctly position the gripping arms relative to a
particular object. The local controller may alternatively use a two- or three-dimensional

map of the objects to position the gripping tool.
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US 2013/0341944 A1l from Robert Bosch GmbH discloses a gripping device for a
handling robot provided with a protective device, where the gripping device comprises
three arms all connected to a common transmission mechanism arranged within the
housing of the gripping device. Each arm has an elongated body extending in the radial
plane, where one end is connected to a rotating shaft of the transmission mechanism by
a clamping arrangement and the other end is connected to a gripping finger. The
gripping finger is connected to the arm by means of a snap-in coupling designed to
provide a safety overload protection. The arm has an open recess in the side surface for

receiving the finger, which is held in place by the snap-in coupling.

The arms must be manually exchanged with longer arms in order to grip very large
objects. A sensor must be arranged in the arm to detect an overload situation on the
finger, which is used by a controller to trigger an emergency stop of the gripping device

to prevent that the finger is forced out of the engagement with the arm.

EP 2390068 B1 by Schunk GmbH discloses a gripping device with three arms all
connected with a pneumatically operated transmission mechanism, where each arm has
an L-shaped body where the bend between the legs faces outwards from a central
longitudinal axis. One leg of the arm is connected to a rotating shaft of the transmission
mechanism while the other leg of the arm is at the free end connected to a gripping
finger. The gripping finger is arranged on that side of the arm which is rotated into
contact with an object. The arm is fixed relative to the rotation shaft by a locking pin
arranged in a recess in both the rotation shaft and the arm. It is stated that this gripping
device can grip circular objects with an outer diameter between 0-100mm and annular

objects with inner diameter between 10-125mm.

However, EP 2390068 B1 is silent about how the gripping fingers are held in place in
the respective arms, nor does it hint or suggest that the gripping fingers can be
exchanged. The illustrated configuration suggests that the gripping fingers are firmly

attached to the arm or form an integrated part of the arm.

Another example of a gripping device is the model 3FG15 by OnRobot, which
comprises three arms all connected to a common transmission mechanism within a

housing. Each arm has a generally L-shaped body extending in a longitudinal plane,
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wherein one end is mounted a small disk connected to a rotation shaft of the
transmission mechanism. The gripping device has a gripping range of 20-160 mm,
however the arms have to be manually moved relative to the disk using tools in order
for the gripping fingers to be operated within the full gripping range. Furthermore, the
gripping finger is held in place by a screw and thus also requires a tool in order to

exchange the gripping finger.

Gripping devices with similar arms extending in the longitudinal plane are disclosed in
CN 103963067 A, US 4598942 A and US 4765669 A. In the above gripping devices,
the gripping process is performed in the radial plane. US 4765669 A further discloses
that each finger is slidably arranged in recesses in a front plate, where a receptable is
attached to the top of the finger and a ball is provided in the receptable for engaging a

matching recess in an internal disk located above the fingers.

EP 0074542 A1 discloses a gripping tool with three rotatable arms each coupled to a
rotation shaft of the rotating mechanism. A stop element with three radial fingers is
attached to the centre of the gripping tool, where each gripping finger is abutting an
inner curved part of a radial finger. The arm of EP 0074542 Al has a single recess for
receiving the gripping finger, where a small screw on the arm is used to lock the

gripping finger inside the recess.

DE 3312673 Al discloses a gripping tool comprising a drive mechanism arranged
inside a housing, wherein the drive mechanism is connected to three arms fitted with a
gripping finger. The arms are clamped onto the respective rotation shafts and the
gripping fingers are screwed onto the opposite end of the respective arms. Thus, a tool

is needed to exchange or replace the gripping fingers.

Therefore, a need exists for a gripping or clamping tool with improved flexibility,

operating range and lifting capacity.

Object of the Invention
An object of the invention is to provide a gripping tool capable of solving the

abovementioned problems.
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Another object of the invention is to provide a gripping tool that can be operated in the

full gripping range.

A further object of the invention is to provide a gripping tool enabling the positions of

the gripping fingers to be adjusted without the use of tools.

A further object of the invention is to provide a gripping tool enabling an easy exchange

of the gripping fingers.

Description of the Invention

An object of the invention is achieved by a gripping tool for handling objects in a
process, comprising:

- a housing defining a longitudinal axis of the gripping tool,

- a drive mechanism arranged with the housing,

- an interface arranged at one end of the housing, the interface being configured to be
coupled to a matching interface of a machine or to be arranged on a surface,

- a plurality of arms being arranged at an opposite end of the housing, each arm
comprising at least one gripping element configured to be brought into contact with the
object, each arm is configured to be rotated around a rotation axis, when activated by
the drive mechanism, in or out of contact with an object in a radial plane perpendicular
to the longitudinal axis, wherein each arm comprises a body extending from a first end
to a second end and having a top side, a bottom side, a first side and a second side,

- wherein each arm comprises one mounting position for the at least one gripping
element arranged in the top side, characterised in that the at least one gripping element

is releasable connected to that arm via a quick-release coupling.

Here, the term “releasable connected” should be understood as the griping element and
arm being specifically designed to be removed to enable replacement or repositioning
of the gripping element. The term “quick-release” should here be understood as a

coupling that can be operated without the use of tools, such as screwdrivers or wrenches.

This provides an alternative design of a gripping tool for robotic or clamping

applications having an improved flexibility compared to conventional gripping tools of



10

15

20

25

30

DK 180919 B1

the same type. The present gripping tool has a compact and lightweight design and

provides an increased lifting capacity.

The gripping tool has a protective housing extending in a longitudinal direction from a
first end to a second end. The housing further extends in a radial direction and forms an
outer surface and an inner surface, wherein the inner surface, the first end and second
end together form an internal chamber. The housing may be made of any suitable
materials, preferably a lightweight material, e.g. a plastic material, a fibre-reinforced
material or metal, e.g. aluminium or stainless steel. The drive mechanism, electrical
components and other sensitive components may thus be shielded from dust, moisture,
hazardous gasses and other particles found in the environment in which the gripping

tool is placed.

The first end may be adapted to form an interface for mounting the gripping tool to a
machine or an adapter element, as described later. The interface may comprise other
coupling elements for supplying pressurised air or oil, electrical power and/or control
signals to the gripping tool. This saves weight and costs as the gripping tool can be
driven by an external energy source. This also allows for simple and quick mounting of
the gripping tool. Alternatively, the gripping tool may comprise an internal energy

source, e.g. a battery, a photovoltaic cell, or a combination thereof.

The second end may comprise an end plate for closing the internal chamber. Rotation
shafts may extend through the end plate to enable the arms to be coupled to the drive
mechanism. The openings in the end plate may further be sealed off to prevent dust,
moisture, hazardous gasses and other particles from entering the internal chamber.
Alternatively, the arms may be connected to a pin projecting from the end plate and
actuators may be coupled to the arms for activating the arms. Linear actuators, hydraulic
actuators, pneumatic actuators or electromechanical actuators may be used to rotate the
arms around the projecting pin. This allows only electrical cables or fluid hoses to

extend through the end plate, thus allowing for a better seal of the end plate.

Each arm has a body extending in the radial plane from a first end to a second end. The
first end is configured to be connected to the rotation shaft or projecting pin for enabling

the arm to be rotated within the radial plane. The second end forms a free end of the
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arm. The body further has a top side, a bottom side, a first side and a second side. When
placed in a retracted position, the second end is positioned in a minimum radial distance
from a central longitudinal axis of the housing and thus the gripping tool. When placed
in an extended position, the second end is positioned in a maximum radial distance from

the central longitudinal axis.

Each arm may be arranged relative to the end plate and be able to rotate around a local
rotation axis defined by its rotation shaft or projecting pin. At least two arms, preferably
three arms, are coupled to the drive mechanism or to individual actuators. The local
rotation axis for each arm may be located at a radial distance from the longitudinal axis,
preferably at equal radial distances. The radial plane may be located at a longitudinal
distance from the interface of the machine. Due to the compact and lightweight design,
this longitudinal distance is reduced to a minimum and thereby allows for a higher

lifting capacity.

The gripping element may have a recess arranged in an outer surface which is shaped
to engage at least one projecting flange on an exchange station. The recess may be
positioned at a top end of the gripping element. The at least one flange may be arranged
in a recess in the exchange station, where the recess may be shaped to receive the top
end of the gripping element. This allows the gripping element to be positioned in the

exchange station when not in use or during repositioning.

The activation element on the gripping finger may be engaged when the gripping finger
is moved into the recess. Thereby automatically unlocking the coupling. The gripping
finger may be moved, e.g. slid, along the recess until the flanges engage the recesses on
the gripping finger. Thereby enabling the gripping finger to be maintained in its
unlocked state. The arm may thus be removed from the gripping finger, or vice versa,

to enable a repositioning or replacement of the gripping finger.

The dimensions and shape of the recess may be adapted to a particular design of the
gripping finger. Alternatively, the recess may be shaped to receive different shapes of

gripping fingers.
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According to one embodiment, one of the first and second coupling parts is a hole and
the other of the first and second coupling parts is a pin projecting from a surface of the

arm or gripping element.

The configuration of the release connection may be adapted to the shape and dimensions
of the arm and/or the gripping element. Alternatively, the configuration of the release
connection may be standardised to fit different designs of the arm and/or the gripping

element.

In one example, the mounting points may be formed by a plurality of individual holes
arranged in the top surface of the arm. Alternatively, the mounting points may be formed
by an elongated hole where the gripping element may be placed at any position along
the local length of the elongated hole. The holes or elongated hole may be a cavity (non-
through hole) or a through hole. The elongated hole may comprise a box joint having a
plurality of slots each of which defines a selective position for the gripping element. An
optional flange may be arranged inside the hole and project from an inner surface of the

hole. The hole, or the internal flange, may thus act as the first coupling part.

The gripping element may comprise a pin projecting from a bottom surface of the
gripping element. The pin may be configured to be inserted into the abovementioned
hole on the arm. The pin may form the internal chamber in which the release element
may be arranged. The locking elements may be arranged in a local outer surface on the
pin and interact with the release element. The pin may have a local height less than a
local depth of the hole so that the locking elements are concealed within the hole. The
pin may also have a local height greater than a local depth of the hole so that the locking
elements may contact a bottom surface of the arm. The pin may thus act as the second

coupling part.

In another example, the mounting points may be formed by a plurality of individual
pins, e.g. clamping pins, arranged on the top surface of the arm. The pins may be
integrally formed with the arm or be attached to the arm. The pin may have a local
recess arranged in a local outer surface for partly receiving the locking elements on the

gripping element. The pin may thus act as the first coupling part.
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The gripping element may comprise a cavity arranged in the bottom surface, which is
configured to receive the abovementioned pin on the arm. The cavity may thus act as
the second coupling part. The gripping element may form the internal chamber in which
the release element may be arranged. Alternatively, the release element may be a
moveable sleeve arranged on the outer surface of the gripping element. The locking
elements may be arranged on or in an inner surface of the cavity and interact with the

release element.

However, other configurations of the quick-release connection may also be used.

According to one embodiment, the at least first gripping element is shaped as a finger

or an elongated gripping element extending along at least a part of a length of the arm.

Preferably, the gripping element may be shaped as a gripping finger having a
predetermined cross-section and a predetermined profile along its longitudinal axis. The
gripping finger may have any suitable cross-sectional profile and/or longitudinal profile.
In example, the gripping finger may have a circular, elliptic, polygonal, triangular,
rectangular or another suitable cross-section. The griping element may have a constant
profile along its longitudinal axis, alternative the profile may vary along the longitudinal
axis. This allows the gripping finger to have a body adapted to contact one or more

desired types of objects.

The gripping element may be shaped as an elongated gripping element having a
predetermined profile. The elongated gripping element may extend in a longitudinal
direction from a local first end to a local second end and further in a height direction
from a bottom side to a top side. The elongated gripping element may have a stepped

profile tapering from the first end to the second end, or vice versa.

The arms and/or the gripping elements may be made of any suitable material, preferably
a lightweight material, e.g. a plastic material, a fibre-reinforced material or metal, e.g.
aluminium or stainless steel. However, other materials may also be used. Further, the
gripping element may be covered with a soft material, a material with a higher friction
coefficient than the rest of the gripping element, or a material with a rough surface or a

surface microstructure. Alternatively, the gripping element may be made of a soft
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material, a material with a high friction coefficient, or a material with a rough surface
or a surface microstructure. Such materials are known to the skilled person and will not

be described in further details.

The number of gripping elements on each arm may be selected depending on the
particular application and the dimensions of the objects. In example, a single gripping
element or multiple gripping elements may be arranged on the arm. The gripping
element(s) may extend perpendicularly relative to the radial pane or be placed at an

angle relative to the radial plane.

The local position of the gripping element(s) on the arm may be adapted to the particular
applications and the dimensions of the objects. Optionally, the free end, e.g. the second
end, of the arm may also act as a gripping element. This allows the gripping tool to grip

objects of different sizes and shapes

A first gripping element may be arranged at an outermost position on the arm, e.g. at
the second end. This allows the gripping tool to grip large objects. Alternatively or
additionally, one or more second gripping elements may be arranged at one or more
intermediate positions or at an innermost position on the arm. This allows the gripping

tool to grip small and medium-sized objects.

According to one embodiment, the at least first gripping element is configured to be
operated within a full gripping range of the gripping tool while maintaining each arm

in the same radial position relative to each rotation axis.

Unlike conventional gripping tools, the present gripping tool may be operated within
the full gripping range of the gripping tool without having to adjust the radial positions

of the arms.

This may be achieved by providing more than one gripping element on the respective
arms, where an innermost gripping element may be rotated into a minimum gripping
position and an outermost gripping element may be rotated into a maximum gripping
position. The minimum and maximum gripping positions define together the maximum

or full gripping range of the gripping tool.
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If the arm is fitted with a single gripping element, then the retracted and extended
positions of the arms together define a local gripping range of the gripping tool. The
gripping tool may be operated within the full gripping range by simply repositioning
the gripping element.

An object of the invention is also achieved by a system configured to handle objects in
a process, comprising:

- a machine configured to process an object,

- the machine comprises at least one interface configured to be coupled to at least one
gripping tool as described above,

- the machine further comprises an energy source for supplying power to the gripping

tool and a controller configured to at least control the operation of the gripping tool.

This provides a system with improved gripping flexibility and increased lifting capacity.
The present gripping tool is able to grip objects of different sizes and shapes by simply
exchanging or repositioning the gripping element without the use of tools.

The first end of the gripping tool may be mounted onto the machine without the use of
tools, e.g. using a screw coupling or a release connection. Alternatively, fasteners may
be used to mount the gripping tool to the machine. The gripping tool may thus be driven
by an energy source located in the machine. This also allows for simple and quick

mounting of the gripping tool.

The machine comprises a matching interface configured to be coupled to the interface
of the above gripping tool. This interface may further comprise electrical coupling
elements and/or hose coupling elements for connecting the drive mechanism of the
gripping tool to an energy source in the machine. The energy source may be configured
to provide pneumatic, hydraulic or electrical power to the gripping tool. This allows the

gripping tool to be powered via the machine.

The machine further comprises a controller configured to at least control the operation
of the gripping tool. The machine may be fitted with suitable means for manipulating,
working and/or treating the object. The operation of these means may also be controlled

by the controller. The gripping tool may load the object into machine, hold the object
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during the process, and/or unload the processed object from the machine. The machine
may be any machine in which a gripping tool is used and where either a process is
performed on the object or the object forms part of the process.

Optionally, the controller may be electrically connected to one or more sensors in the
gripping tool via the interface. The controller may use these sensor signals to control

the axial movement of the gripping tool and/or the activation of the gripping elements.

According to one embodiment, the machine is a robot unit with at least one robotic arm,
wherein the robotic arm extends from a base end to a free end, the matching interface

being located at the free end of the robotic arm.

The robot unit, i.e. first robot unit, comprises one or more robotic arms each extending
from a base end to a free end. The robotic arm may comprise one or more joints so that
it is able to move in multiple axial directions. The controller is configured to control the
operation of the robot arm and also the gripping tool attached to the robotic arm. The

robot tool may thus have a compact and lightweight configuration.

The controller may be connected to a user interface configured to enable a worker, or
an artificial intelligence (AI), to program and/or operate the robot unit. The user
interface may be a user terminal located on the robot unit. The user interface may also
be a remote terminal or computing device. The robot unit may be programmed and

operated using known techniques or an Al system.

The machine, or robot unit, may be fitted one or more sensors for sensing the axial
movement of the tool. The sensor may be an accelerometer, a gyroscope or another
suitable sensor. This allows the controller to monitor the axial movement of the robotic

arm and thus the tool based on signals from these sensors.

Alternatively or additionally, the gripping tool may be fitted with one or more sensors
for detecting the position of the gripping tool relative to an object. The sensors may be
a vision sensor, a tactile sensor, an ultrasonic sensor, a proximity sensor, a force torque
sensor or another suitable sensor. These sensors may be electrically connected to the

controller via the interfaces. This allows the controller to correctly position the gripping
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tool relative to the object based on the sensor signals. The controller may optionally use

two- or three-dimensional maps of the objects to correctly position the gripping tool.

The controller may adjust the position of the gripping tool so that it is aligned with a
centre of gravity of the object. The controller may use the signal from the force torque
sensor to detect any misalignment between the gripping tool and the object and/or any
loads extending the safety thresholds. The controller may then reposition the gripping
tool accordingly. Alternatively, objects may be gripped even if the gripping tool is
misaligned. The local controller may then compensate for this misalignment by

adjusting the orientation of the object.

An object of the invention is further achieved by a clamping tool configured to handle
objects in a process, the clamping tool being configured to be arranged on a surface, the
clamping tool comprising:

- a gripping tool as described above,

- alocal controller configured to control the operation of the gripping tool, wherein the
local controller is electrically connected to at least one of a remote user interface or a
local user interface,

- at least one of a local energy source or coupling elements configured to be connected
to an external energy source, the local or external energy source being configured to

supply power to the clamping tool.

This provides a clamping tool with improved gripping flexibility and increased lifting
capacity. The present gripping tool is able to grip objects of different sizes and shapes.
The clamping tool is adapted to be arranged on different surfaces for easy placement of

the clamping tool.

The clamping tool may comprise coupling elements for supplying pressurised air or oil,
electrical power and/or control signals to the gripping tool. This saves weight and costs
as the gripping tool can be driven by an external energy source. Alternatively, the
gripping tool may comprise an internal energy source, e.g. a battery, a photovoltaic cell,
or a combination thereof. This allows the clamping tool to be configured as a stand-

alone unit.
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The clamping tool has a local controller, e.g. arranged in the gripping tool, configured
to control the operation of the clamping tool and is electrically connected to the energy
source. The local controller may be a microprocessor, an electrical circuit, a
programmable logic circuit or another suitable controller. The local controller may
further be electrically connected to the sensors in the gripping tool mentioned earlier,
wherein the local controller uses these sensor signals to control the operation of the

gripping tool.

According to one embodiment, the clamping tool further comprises an adapter element
having a bottom surface shaped to be arranged on the surface, the adapter element
further has a top surface configured to be coupled to or integrated into the interface of

the gripping tool.

The housing, and optionally the first end, of the gripping tool may be made of a heavy
material, such as cast iron or steel, or have an increased wall thickness. The first end
forming the interface may thus be shaped to be simply placed onto a particular surface,

e.g. of a table.

The first end may also be shaped as a bracket configured to be mounted onto the surface
by fasteners, or the bracket may be fixed to surface using clamps. The first end may
alternatively comprise suction cups, high friction pads, magnets and/or spikes. This
allows the clamping tool to be placed on a low friction surface, an inclined surface or

even a vertical surface.

The clamping tool may further comprise an adapter element configured to be attached
to the first end of the gripping tool, alternatively the adapter element may be integrated
into the first end. The adapter element may have a bottom side shaped to be brought
into contact with the surface. The adapter element may further have a top side shaped
to be attached to the gripping tool or shaped to form the first end of the housing of the
gripping tool. The adapter element may be configured to enable the gripping tool to be

correctly orientated relative to the surface.

The bottom side and top side may be arranged in parallel or arranged at an angle so that

the gripping tool is tilted relative to the surface. The adapter element may comprise an
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adjustable mechanism so that the top side can be tilted around one or more tilting axis.
This allows the gripping tool to be correctly orientated relative to the surface so the

object is placed in an optimal position for processing.

The clamping tool further comprises a user interface configured to enable a worker to
operate the gripping tool. The user interface may be a user terminal, a graphical user
interface, push buttons or another suitable user interface. Alternatively or additionally,
the clamping tool may comprise a wireless transceiver, e.g. an antenna, adapted to
wirelessly communicate with a remote device, e.g. a user terminal or a computing
device. The computing device may be a tablet, a smartphone, a laptop, a PDA, a phablet
or another suitable computing device. A computing program, or application, may be
configured to run on the computing device may thus communicate with the local
controller via suitable control signals. This allows the worker to operate the gripping

tool, preferably in an intuitive manner.

An object of the invention is further achieved by an exchange station configured to
interact with the gripping tool as described above, wherein the exchange station
comprises:

- a support element,

- at least one holding element arranged on a top surface of the support element, the at
least holding element being configured to engage a matching holding element on at least

one gripping element.

This increases the versatility of the gripping tool as it can be used together with an
exchange station for repositioning and/or exchanging the griping element. The
exchange station may temporarily hold the gripping element during the repositioning.
The exchange station may also hold a kit of gripping elements for exchanging the

gripping element(s) on the gripping tool.

The support element comprises a top surface having one or more holding positions for
holding one or more gripping elements. Each holding position may be dedicated to hold
a gripping element with specific design. Alternatively, each holding position may act as
a universal holding position for holding gripping elements with different designs. This

allows the exchange station to be adapted to fit different gripping elements.
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The holding position may be formed by a coupling part configured to interlock with a
matching coupling part on the gripping element. The two coupling parts may form a
release connection, preferably a quick-release coupling. In example, the coupling part
of the exchange station may be a pin, e.g. a clamping pin, projecting from a top surface
thereof. This allows for a quick and simple removal or positioning of a gripping element

without the use of tools.

According to one embodiment, the at least one holding element is arranged in a recess
in the top surface, wherein the recess is configured to receive a top end of the at least

one gripping element.

The top surface may preferably comprise a single recess or a plurality of recesses, each
shaped to receive a top end of the gripping element. The recess(es) may have a
predetermined shape and dimensions matching that of the top end of the gripping
element. This allows the gripping element to be positioned in the exchange station while
still being locked to the arm. This also allows the arm of the gripping tool to be

repositioned relative to the gripping element.

The bottom surface of the recess may optionally be used to active the release element
of the gripping element, when inserting the gipping element into the recess. The
gripping element may thus be automatically unlocked when positioned in the exchange
station. This allows the gripping element to be removed from the arm without having to

manually activate the release connection.

The holding element may be local flanges projecting from an inner surface of the recess,
wherein the local flanges are configured to engage with a recess on the top end of the
gripping element. The recess may be an elongated recess with the flanges arranged at
one end. This allows for the gripping element to be inserted at the other end and then
slid along the recess until the flanges engages the recess on the gripping element. This

holds the gripping element in place on the exchange station.
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According to one embodiment, the support element is a base configured to be positioned
on or fixed to a reference surface, or the support element comprises an interface

configured to be coupled to a matching interface of a machine as described above.

The support element may be formed as a base, e.g. a plate, on which the individual
holding positions may be located. A single holding position or a plurality of holding
positions may be arranged on the base. The base may be configured to provide easy
access to the individual holding positions as well as the individual gripping elements.
This allows for an easy storage of the various gripping elements. This also allows for

an easy exchange or repositioning of the gripping element.

The base may be adapted to be fixed relative to a reference surface, e.g. by integrated
or separate clamps or by fasteners. The base may also be glued or welding to the
reference surface. Other techniques may also be used. Optionally, the base may
comprise a set of support feet or mounting brackets for positioning or mounting the
exchange station. In example, the base may be arranged on the machine, e.g. robot unit,
so that an operator or a robotic arm can interact with the exchange station. The exchange

station may thus act as a stationary unit.

The base may also comprise an interface configured to be coupled to a matching
interface on the abovementioned machine or another machine, e.g. the free end of a
robotic arm. The exchange station may thus be positioned relative to the gripping tool
using said machine. In example, the base may be coupled to an interface on a robotic
arm of a second robot unit, which may interact with the gripping tool located on the

machine, e.g. the first robot unit. The exchange station may thus act as a mobile unit.

According to one embodiment, the exchange station is configured to hold a kit of
gripping elements dedicated for the gripping tool or a set of gripping elements for a type

of objects.

The base may preferably be configured to hold a kit of gripping elements dedicated for
the gripping tool. The individual gripping elements have different heights and/or
different profiles. The gripping elements may be arranged in a predetermined pattern

on the base to enable easy access to each gripping element. Preferably the distance
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between adjacent gripping elements in a row and/or column may be adapted so that the
gripping tool may interact with a selected gripping element without the other griping

elements limiting the interaction. This increases the versatility of the exchange station.

The base may also be configured to hold a small number of gripping elements, e.g. a
single gripping element. Here, said “small number” relates to a sub-set of the total
number of gripping elements. The gripping elements may be selected dependent on the
size and dimensions of the objects intended to be processed. This reduces the size and

weight of the exchange station.

Optionally, two or more exchange stations may interact with the abovementioned
gripping tool. A first exchange station may be dedicated to hold said kit of gripping
elements while at least a second exchange station may be dedicated to hold at least said
small number of gripping elements. Alternatively, a first exchange sub-station may be
dedicated to hold a first set of gripping elements for a first type of objects and at least a
second exchange sub-station may be dedicated to hold at least a second set of gripping
elements for at least a second type of objects. This allows use of dedicated exchange
stations for different types of objects. This also allows one exchange station to be used

for repositioning and another exchange station for exchange of the gripping element.

An object of the invention is further achieved by a method of handling objects in a
process using a system or a clamping tool as described above, comprising the steps of:
- placing the gripping tool in an unloaded state;
- activating a release connection between the arm and a first gripping element to remove
said first gripping element;
- repositioning said first gripping element in a second mounting position on the
arm, and/or
- positioning a second gripping element in the first mounting position or in a
second mounting position on the arm;
- and reconnecting the first or second gripping element to the arm by locking the release

connection.

This provides a method of manipulating objects where the abovementioned gripping

tool is able to grip objects of different sizes and shapes. This increases the flexibility of
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the gripping tool as no tools are needed to adapt the gripping fingers to specific objects.
This also increases the gripping capacity compared to conventional gripping tools as
the distance between the radial plane of the arms and the interface of the machine is

reduced to a minimum, thus reducing the bending moment.

The gripping tool is adapted to handle different objects before processing by simply
removing the gripping element from the arm by activating the release connection. The
gripping element is then repositioned relative to another mounting position on the arm.
Alternatively or additionally, another gripping element is positioned in the same or
another mounting position. The gripping element is coupled to the arm again by simply
locking the release connection. This eliminates the need for repositioning the arm on

the disk. The adjustment can be made manually without tools.

The objects may be fed into a loading position relative to the machine, either
individually or in groups. The gripping tool may then be moved into position relative to
a selected object. The gripping elements may be rotated into an open position by the
drive mechanism. The gripping tool may be moved further towards the object and the

gripping elements may be moved into contact with the object to apply a gripping force.

The object may then be lifted out of its position and manipulated by the machine into a
new position and/or orientation. The gripping tool may be moved further towards an
unloading position. The gripping elements may then be moved out of contact with the
object and the gripping tool may be moved away from the object. The process may then

be repeated for the next object.

The object may instead be moved into position relative to the clamping tool. The
gripping elements may be rotated into an open position prior to positioning the object.
The gripping elements may afterwards be rotated into contact with the object. The
object may then undergo a suitable process while being held in place by the clamping
tool. The gripping elements may subsequently be rotated out of contact with the object

and the processed object may be removed from the gripping tool.

The objects may have a circular or elliptical cross section, or a polygon shaped cross

section. These objects may suitable be gripped by the gripping fingers contacting the



10

15

20

25

30

DK 180919 B1

19

exterior surface of the object. The gripping tool may have a first gripping range when

the gripping elements are moved into contact with an exterior surface of the object.

The gripping tool may also be configured to grip objects by rotating the gripping fingers
into contact with an internal surface of the object. Such objects may have an annular or
ring-shaped profile. The object may also comprise an open-ended spacing, e.g. a cavity
or a through hole, where the gripping fingers are contacting an inner surface of that
spacing. The gripping tool may have a second gripping range when the gripping

elements are moved into contact with an interior surface of the object.

According to one embodiment, the method further comprises:
- said removing the first gripping element and said reconnecting the first or second

gripping element is performed manually.

An operator may simply activate the release element in the coupling to unlock the
release connection. Alternatively, the release connection may be activated by applying
a pulling force to the gripping finger greater than the locking force. The old gripping
element may then be removed from the arm. The operator may subsequently position a
new gripping element in the same mounting position or in a new mounting position on
the arm. The operator may lock the release connection by simply terminate the
activation of the release element of the gripping element. Alternatively, the release
connection may be relocked by pushing the coupling parts on the arm and gripping
element into engagement. The gripping element may thus be replaced or repositioned

manually by the operator without the use of tools.

According to one embodiment, the method further comprises:

- said activating of the release connection is performed by moving the arm, e.g. axially,
relative to an exchange station to bring the first gripping element into a holding position
on the exchange station;

- repositioning the arm relative to the exchange station to align the first or second
gripping element relative to the first or second mounting position on the arm,

- said reconnecting of the first or second gripping element is performed by further
moving the arm, e.g. axially, relative to the exchange station to bring the first or second

gripping element into the first or second mounting position on the arm.



10

15

20

25

30

DK 180919 B1

20

The gripping element may also be replaced or repositioned automatically using an
exchange station. Here, the gripping tool may be moved while the exchange station may

be kept stationary.

The robot unit may move the robotic arm into aligned with a holding position on the
exchange station. The gripping element is then moved into a recess on the exchange
station. This may automatically activate the release connection. The gripping element
may then be moved along the recess via the robotic arm until flanges on the recess
engage a recess on the gripping element. The gripping element may thus be removed
from the arm by moving robotic arm away from the exchange station. Alternatively, the
coupling parts of the release connection may be unlocked as the robotic arm is moved

away by applying a pulling force to the arm that is greater than the locking force.

The arm may afterwards be repositioned relative to another gripping element on the
exchange station. The robotic arm may be used to align a mounting position on the arm
with the new gripping element. The arm may then be moved towards the new gripping
element until the coupling parts of the gripping element and the arm engage each other.
The robotic arm may afterwards move the gripping element back along the recess so
that the flanges disengage the recess. The arm and gripping element may then be moved
away from the exchange station. This may automatically lock the release connection.
Alternatively, the coupling parts of the release connection may be locked as the arm is

moved by the robotic arm into engagement with the gripping element.

Instead, the exchange station may be positioned relative to the gripping tool. Here, the
exchange station may be coupled to a robotic arm of a second robot unit. The gripping
element may be removed in a process similar to the ones described above, expect that

the exchange station may be moved while the gripping tool may be kept stationary.

Further, the gripping element may be repositioned or exchanged in a process similar to
the ones described above, expect that the exchange station may be moved while the
gripping tool may be kept stationary. This provides an alternative method of

repositioning and/or exchanging the gripping element.
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The gripping tool and exchange station may be operated using one or more robot units.
This allows for an automated process where the gripping tool is capable of automatically
adapting its gripping elements to handle different types of objects. The operator is then
free to perform other tasks, e.g. control the supply of objects to the machine or clamping
tool. Further, the operation and adaption of the gripping tool do not require specialists
and can thus be performed by workers at the factory. This saves costs and reduces

downtime.

The gripping tool may also be coupled to a tool connecter for mounting multiple of
tools, such as multiple gripping tools or a combination of the gripping tool and another
tool. Preferably, the tool connector may be configured so that at least two tools can be
mounted at the same time, but three, four or more tools may also be mounted. The tool
connecter may be arranged between the interfaces of the gripping tool and of the
machine. The tool connector may be shaped so that the radial plane of the arms may be
arranged perpendicularly to the interface of the machine. Alternatively, the radial plane
of the arms may be arranged at an acute angle, e.g. between 30-60 degrees, to the
interface of the machine. This allows multiple gripping tools to be connected to the
machine at the same time, wherein the gripping tools can be operated simultaneously or

individually.

Description of the Drawing

The invention is described by example only and with reference to the drawings,

wherein:

Fig. 1 shows an exemplary embodiment of a robot unit with a gripping tool,
Fig. 2 shows the robot unit of fig. 1 with an object,

Fig. 3 shows a side view of the robot unit with the object,

Figs. 4a-b show a first embodiment of the arms with gripping fingers in a retracted
position and in an extended position,

Figs. Sa-b show a second embodiment of the arms with gripping fingers in a retracted
position and in an extended position,

Fig. 6 shows a first embodiment of a release connection between the arm and the
gripping element in a locked state,

Fig. 7 shows the gripping element removed from the arm,
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shows a second embodiment of the release connection between the arm and
the gripping element in a locked state,

shows the gripping element removed from the arm,

shows the arm with a first gripping finger and a second gripping finger being
shorter than the first gripping finger,

shows a first embodiment of an elongated gripping element arranged on the

arm

2

Figs. 12a-f show six alternative embodiments of the gripping element,

Figs. 13a-c show the positioning of the gripping element on the exchange station,

Figs. 14a-b shows an alternative embodiment of the arm with an elongated hole,

Fig. 15
Fig. 16
Fig. 17
Fig. 18
Fig. 19

Fig. 20

shows a further alternative embodiment of the arm with the elongated hole,
shows a clamping tool with the gripping tool holding an object,

shows a tool connecter for mounting multiple tools,

shows a method of repositioning the gripping element,

shows another robot unit with the exchange station coupled to robotic arm,
and

shows the robot unit of fig. 19 from the side.

In the following text, the figures will be described one by one and the different parts

and positions seen in the figures will be numbered with the same numbers in the

different figures. Not all parts and positions indicated in a specific figure will

necessarily be discussed together with that figure.

Reference list

1.

A S AL e

Robot unit
Gripping tool
Robotic arm
Base

Local controller
Objects
Housing

First interface

Second interface
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
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Transmission mechanism
Arms

Gripping fingers

First gripping finger
Second gripping finger
Second end

Release connection
First coupling part
Second coupling part
Locking element
Flange

Recess

Release element

Pin

Recess

Top side

Elongated gripping element
Second end

First end

Bottom end

Exchange station

Base

Recess

Flanges

Elongated hole

Slots

Clamping tool

Surface

Adapter element

Tool connector

Detailed Description of the Invention

DK 180919 B1

Fig. 1 shows an exemplary embodiment of a robot unit 1 with a gripping tool 2 coupled

to a robotic arm 3 of the robot unit 1. Here, the robotic arm 3 extends from a base 4 to
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a free end at which the interface 9 is arranged. The robot unit 1 further comprises a local
controller 5 configured to control the operation of the robotic arm 3 and the gripping

tool 2.

Figs. 2 and 3 show the robot unit 1 with an object 6 gripped by the gripping tool 2. The
gripping tool 2 comprises a housing 7 having a first end and an opposite second end.
The first end is formed as first interface 8 configured to be mounted to a matching
second interface 9 of the robotic arm 3. A transmission mechanism 10 is arranged inside
the housing 7 and connected to a number of arms 11 via individual rotation shafts (not
shown). The transmission mechanism 10 is further configured to receive power via the

first and second interface 8, 9.

As indicated in fig. 3, the arms 11 form a radial plane in which each arm is rotated
around a rotation axis defined by the rotation shaft thereof. The radial plane is
perpendicular to a longitudinal axis (marked in fig. 5a with “A”) of the gripping tool 2
extending through the first and second ends. The radial plane is arranged at a minimum

distance from another radial plane defined by the first and second interfaces 8, 9.

Figs. 4a-b show a first configuration of the arms 11 each fitted with a gripping element
12 arranged at an intermediate position on the arm 11. Here, the gripping elements 12
are shaped as fingers. Fig. 4a shows the arms 11 and gripping elements 12 rotated into
an extended position while fig. 4b shows the arms 11 and the gripping elements 12

rotated into a retracted position.

The arms 11 and gripping elements 12 are rotated relative to the second end 13 of the
housing 7 within the radial plane. Each arm 11 comprises a body extending from a first
end to a second end and has a top side, a bottom side, a first side and a second side. In
fig. 4a, the gripping elements 12 are rotated to an extended position indicating a local
maximum gripping position. In fig. 4b, the gripping elements 12 are rotated to a
retracted position. This position indicates a minimum gripping position of the gripping

tool 2.

Figs. Sa-b show a second configuration of the arms 11 each fitted with a gripping

element 12’ arranged at an outermost position on the arm 11. Fig. Sa shows the arms 11
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and gripping elements 12’ rotated into an extended position while fig. 5Sb shows the

arms 11 and the gripping elements 12’ rotated into a retracted position.

The arms 11 and gripping elements 12’ are rotated relative to the second end 13 of the
housing 7 within the radial plane. In fig. 5a, the gripping elements 12’ are rotated to an
extended position indicating a maximum gripping position of the gripping tool 2. In fig.
5b, the gripping elements 12’ are rotated to a retracted position. This position indicates

a local minimum gripping position.

Fig. 6 shows a first embodiment of a release connection 14 between the arm 11 and the
gripping element 12 in the form of a quick-release coupling. The release connection 14
comprises a first coupling part 15 arranged on the arm 11 and a second coupling part 16
arranged on the gripping element 12. Here, the quick-release coupling is formed by a
hole in the arm 11 and the second coupling part 16 is formed by a pin projecting from

a bottom end of the gripping element 12.

The second coupling part 16 comprises at least one locking element 17 configured to
interlock the first and second coupling parts 15, 16 relative to each other. Here, the
locking element 17 is a ball. The locking element 17 is configured to engage an internal
flange 18 projecting from an inner surface of the hole. This locks the coupling parts 15,

16 and thus the gripping element 12 to the arm 11.

A recess 19 is formed in the top end of the gripping element 12 and configured to engage

flanges on an exchange station (shown in fig. 8).

The gripping element 12 further comprises a release element 20 arranged in an internal
chamber of the gripping element 12. The release element 20 is moveable arranged inside

the chamber and is contacting the locking elements 17.

Fig. 7 shows the gripping element 12 removed from the arm 11. The coupling parts 15,
16 of fig. 6 are unlocked by activating the release element 20, which in turn prompts
the locking elements 17 to retract into the pin. The gripping element 12 is removed by

simply moving the gripping element 12 out of the hole and away from the arm 11.



10

15

20

25

30

DK 180919 B1

26

Fig. 8 shows a second embodiment of the release connection 14’ between the arm 11°
and the gripping element 12’ in the form of another quick-release coupling. Here, the

first coupling part 15 is formed by a pin 21 projecting from the top side of the arm 11°.

The second coupling part 16’ is formed by a cavity in the bottom end of the gripping
element 12°. The locking elements 17 are arranged in a side surface of the cavity and

extends into a matching recess 22 located on a side surface of the pin 21.

Fig. 9 shows the gripping element 12’ removed from the arm 11°. The coupling parts
157, 16’ of fig. 8 are unlocked by activating the release element 20°, which in turn
prompts the locking elements 17’ to retract into the side walls of the gripping element
12’. The gripping element 12’ is removed by simply moving the gripping element 12’

away from the pin 21.

Fig. 10 shows the arm 11 with a first gripping finger 12a arranged at the second end. A
second gripping finger 12b is further arranged at the intermediate position. The first and

second gripping fingers 12a, 12b are releasable connected to the arm 11.

The arm 11 has a thickness measured between a bottom side and a top side 23. The first
gripping finger 12a has a first height measured from the top side 23 to an end surface
of the gripping finger 12a. The second gripping finger 12b has a second height measured
from the top side 23 to an end surface of the gripping finger 12b. Here, the first height

is greater than the second height.

Fig. 11 shows a first embodiment of an elongated gripping element 24 arranged on the
arm 11. Here the elongated gripping element 24 is releasably connected to the arm 11

by means of two release connections 14 as mentioned above.

The elongated gripping element 24 extends along the top side 23 of the arm 11 from a
local first end 26 to a local second end 25. The elongated gripping element 24 has a
height measured from the top side 23 to a local top side. Here, the elongated gripping
element 24 has a stepped profile that tapers from the local second end 25 to the local

first end 26.
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Fig. 12a-f show six alternative embodiments of the gripping element 12. Here, the
gripping element 12 is shaped as a finger where the bottom end 27 of the gripping
element 12 is shaped to form the first coupling part.

In fig. 12a, the gripping element 12 has a circular cross-sectional profile. The gripping
element 12 has in fig. 12b a circular cross-sectional profile with a flat sub-surface for
contacting an adjacent gripping element 12 when rotated into the retracted position. In
fig. 12¢, instead of a flat sub-surface the gripping element 12 have a projecting portion.

Here, the projecting portion has a triangular shape, but other shapes may be used.

The gripping element 12 has in fig. 12¢ a square or rectangular cross-sectional profile.
The gripping element 12 has in fig. 12d a triangular cross-sectional profile. Finally, the

gripping element 12 has in fig. 12e a polygonal cross-sectional profile.

Although the gripping element 12 in figs. 12a-e has a constant profile along the height,
the profile of the gripping element 12 may vary along the height. In example, the

gripping finger 12 may have cone-shaped or tapered profile in height direction.

Figs. 13a-c show a first embodiment of an exchange station 28 configured to interact
with the gripping tool 1. The exchange station 28 comprises a single holding position

for holding the gripping element 12.

The exchange station 28 comprises a support element 29 in the form of a base. A single
recess 30 is arranged in the base 29, where the recess 30 forms the mounting position.
The recess 30 is shaped as an elongated recess, which at one end comprises flanges 31.

The flanges 31 are configured to engage the recess 19 on the gripping element 12.

The top end of the gripping element 12 is positioned relative to the recess 30, as shown
in fig. 13b. Then, the top end is moved into the recess 30. The release element 20 is
thereby brought into contact with a bottom surface of the recces 30, which automatically

unlocks the coupling parts 15, 16.

The gripping element 12 is moved, e.g. slid, along the length of the recess 30 unto the
flanges 31 engages the recess 19 on the gripping element 12.
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The arm 11 is afterwards removed from the gripping element 12 and the arm 11 can be

repositioned relative to another gripping element (not shown).

Fig. 14 shows an alternative embodiment of the arm 11°” having an elongated hole 32
formed in a body of the arm 11°°. The elongated hole 32 defines a plurality of mounting
positions for selectively positioning the gripping element 12 along a length of the arm

117

The gripping element 12 can be selectively mounted in any position along the length of
the elongated hole 32. The gripping element 12 is held in a selected position by a locking

force.

Fig. 15 shows an alternative embodiment of the elongated hole 32° on the arm 117
Here the elongated hole 32’ comprises a plurality of slots 33 each defining a selective
position for the gripping element 12. The gripping element 12 is here held in place by a

box joint.

Fig. 16 shows a clamping tool 34 with the gripping tool 2 holding an object 6 where the
clamping tool 34 is arranged on a surface 35. The clamping tool 34 comprises an adapter
element 36 configured to be placed on the surface 35 and to be coupled to the first end

of the gripping tool 2.

The clamping tool 34 has an internal energy source powering the gripping tool 2 and a
user interface (not shown). The user interface is electrically connected to a local
controller arranged inside the clamping tool 34. The operation of the gripping tool 2 is

controlled by the local controller.

Fig. 17 shows a tool connecter 37 for mounting multiple tools, preferably multiple
gripping tools 1. The tool connecter 37 is configured to be mounted to a machine,

preferably the robotic arm 3 of the robot unit.

Figs. 18a-f show a method of repositioning the gripping element 12 on the arm 11 using

the exchange station 28. The arm 11 is aligned with a selected holding position on the
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exchange station 28 as shown in fig. 18a. The gripping element 12 is moved into the
recess 30 so the release element 20 is activated as shown in fig. 18b. The gripping
element 12 is slid into engagement with the flange 31 in the recess 30, as shown in fig.

13c.

The arm 11 is then moved away from the gripping element 12 and repositioned relative
to the exchange station 28 as shown in figs. ¢-d. The arm 11 is then moved into
engagement with the gripping element 12 as shown in fig. 18e. The arm 11 and gripping
element 12 is then moved out of engagement with the flanges 31. Finally, the arm 11

and gripping element 12 are moved away from the exchange station 28.

Figs. 19-20 show another robot unit 1’ having a robotic arm, where the exchange station
28’ is coupled to the interface on the free end. The exchange station 28’ comprises a

plurality of holding positions for individual gripping elements 12.
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PATENTKRAV

1. Gribeveerktej (2) til handtering af genstande (6) i en proces, omfattende:

- et hus (7), der definerer en lengdeakse af gribeverktojet (2),

- en drivmekanisme arrangeret med huset (7),

- en greenseflade (8) anbragt ved den ene ende af huset (7), grensefladen (8) er konfi-
gureret til at blive koblet til en matchende graenseflade (9) pa en maskine eller til at
blive anbragt pa en overflade,

- en flerhed af arme (11) er anbragt ved en modsat ende af huset (7), hver arm (11)
omfatter mindst et gribeelement (12) konfigureret til at bringes i kontakt med genstan-
den (6), hver arm (11) er konfigureret til at blive roteret omkring en rotationsakse, nar
den aktiveres af drivmekanismen, i eller ude af kontakt med en genstand (6) 1 et radialt
plan vinkelret pa leengdeaksen, hvor hver arm (11) omfatter en krop der streekker sig
fra en ferste ende til en anden ende og har en overside, en bundside, en forste side og
en anden side,

- hvor hver arm (11) omfatter en monteringsposition for det mindst ene gribeelement
(12) anbragt 1 oversiden, kendetegnet ved, at det mindst ene gribeelement (12) er ud-

lgseligt forbundet med denne arm (11) via en hurtig udleserkobling (14).

2. Gribeveaerkte) (2) ifelge krav 1, kendetegnet ved, at hver arm (11) omfatter en fler-
hed af monteringspositioner til selektiv positionering af det mindst ene gribeelement

(12) langs en leengde af armen (11).

3. Gribevearkte) (2) ifelge krav 1 eller 2, kendetegnet ved, at den hurtige udleserkob-
ling (14) omfatter en forste koblingsdel (15) anbragt pa armen (11) og en anden kob-
lingsdel (16) anbragt pa det mindst ene gribeelement (12), hvor en af den forste og
anden koblingsdel (15, 16) omfatter mindst et ldseelement (17), der er konfigureret til

at sammenlase den forste og anden koblingsdel (15, 16) i forhold til hinanden.



10

15

20

25

30

DK 180919 B1

31

4. Gribevearktej (2) ifelge krav 3, kendetegnet ved, at den hurtige udleserkobling (14)
yderligere omfatter et udlesningselement (20), der er udformet til at vere i kontakt
med det mindst ene laseelement (17), hvor udlesningselementet (20) er konfigureret til
at bevaege det mindst ene gribeelement (12) mod den laste eller ulaste position ved

aktivering.

5. Gribevaerktej (2) ifelge et af kravene 1 til 4, kendetegnet ved, at det mindst ene gri-
beelement (12) omfatter en udsparing (19) anbragt 1 en udvendig overflade, hvor ud-
sparingen (19) er konfigureret til at tilkobles en matchende flange (31) pa en udveks-
lingsstation (28).

6. Gribevaerktej (2) ifelge et af kravene 1 til 5, kendetegnet ved, at det i det mindste
forste gribeelement (12) er udformet som en finger eller et langstrakt gribeelement

(24), der strekker sig langs 1 det mindste en del af en lengde af armen (11).

7. Gribevaerktej (2) ifelge et hvilket som helst af kravene 1 til 6, kendetegnet ved, at
det 1 det mindste forste gribeelement (12) er konfigureret til at kunne betjenes inden
for et fuldt gribeomrade af gribeveerktgjet (2) med bibeholdelse af hver arm (11) i

samme radiale position 1 forhold til hver rotationsakse.

8. Et system konfigureret til at handtere objekter (6) i en proces, omfattende:

- en maskine konfigureret til at behandle et objekt (6),

- maskinen omfatter mindst en graenseflade (9), konfigureret til at blive koblet til
mindst et verkto], idet det mindst ene vearktej er et gribevarktej (2) ifolge et hvilket
som helst af kravene 1 til 7,

- maskinen omfatter yderligere en energikilde til levering af strem til gribevaerktejet
(2) og en styreenhed (5), konfigureret til i det mindste at styre driften af
gribevearktejet (2).

9. System ifelge krav 8, kendetegnet ved, at maskinen er en robotenhed (1) med
mindst en robotarm (3), hvor robotarmen (3) strekker sig fra en basisende (4) til en fri

ende, den matchende grenseflade (9) er placeret ved den frie ende af robotarmen (3).
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10. Et spaendevarktej (34) konfigureret til at handtere genstande (6) i en proces, hvor
spendeverktejet (34) er konfigureret til at blive anbragt pa en overflade (35), span-
deverktejet (34) omfattende:

- et gribeverkte (2) ifelge et hvilket som helst af kravene 1 til 7,

- en lokal styreenhed konfigureret til at styre driften af gribeverktejet (2), hvor den
lokale styreenhed er elektrisk forbundet med mindst én af en fjernliggende bruger-
greenseflade eller en lokal brugergrenseflade,

- mindst én af en lokal energikilde eller koblingselementer konfigureret til at blive
forbundet med en ekstern energikilde, den lokale eller eksterne energikilde er konfigu-

reret til at levere strom til spaendeverktojet (34).

11. Spandevearkte) (34) ifelge krav 10, kendetegnet ved, at spaendevarktejet (34)
yderligere omfatter et adapterelement (36) med en bundflade, der er formet til at blive
anbragt pa fladen, adapterelementet (36) har endvidere en topflade konfigureret til at
blive koblet til eller integreret i greensefladen (8) af gribeverktajet (2).

12. En udvekslingsstation (28) konfigureret til at interagere med gribeverktojet (2)
ifolge et hvilket som helst af kravene 1 til 7, hvor udvekslingsstationen (28) omfatter:

- et stotteelement (29),

- mindst et fastholdningselement anbragt pa en topflade af stotteelementet (29), det
mindst ene fastholdningselement er konfigureret til at tilkobles et tilsvarende fasthold-

ningselement pa mindst et gribeelement (12).

13. Udvekslingsstation (28) ifelge krav 12, kendetegnet ved, at det mindst ene fast-
holdningselement er anbragt i en udsparing 1 topfladen, hvor udsparingen er udformet

til at modtage en ovre ende af det mindst ene gribeelement (12).

14. Udvekslingsstation ifelge krav 12 eller 13, kendetegnet ved, at stotteelementet
(29) er en base, der er konfigureret til at blive anbragt pa eller fastgjort til en referen-
ceflade, eller at stotteelementet (29) omfatter en graenseflade, der er konfigureret til at

blive koblet til en matchende greenseflade (8) pa en maskine ifelge krav 8 eller 9.
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15. Fremgangsmade til handtering af genstande (6) i en proces ved anvendelse af et
system ifolge krav 8 eller 9 eller et speendevarktej (2) ifelge krav 10 eller 11, omfat-
tende trinene:

- anbringelse af gribevearktejet (2) i ubelastet tilstand,;

- aktivering af en udlgserforbindelse (14) mellem armen (11) og et forste gribeelement
(12) for at fjerne navnte forste gribeelement (12);

- genpositionering af det forste gribeelement (12) i en anden monteringsposition pa
armen (11), og/eller

- positionering af et andet gribeelement (12) 1 den ferste monteringsposition eller 1 en
anden monteringsposition pa armen (11);

- og genforbindelse af det forste eller andet gribeelement (12) til armen (11) ved las-

ning af udlgserforbindelsen (14).

16. Fremgangsmade ifelge krav 15, kendetegnet ved, at fremgangsmaden yderligere
omfatter:
- nevnte fjernelse af det forste gribeelement (12) og navnte genforbindelse af det for-

ste eller andet gribeelement (12) udferes manuelt.

17. Fremgangsmade ifelge krav 15, kendetegnet ved, at fremgangsmaden yderligere
omfatter:

- nevnte aktiveringen af udleserforbindelsen (14) udferes ved bevagelse af armen
(11), f.eks. aksialt 1 forhold til en udvekslingsstation (28) for at bringe det forste gri-
beelement (12) i en holdeposition pa udvekslingsstationen (28);

- genpositionering af armen (11) 1 forhold til udvekslingsstationen (28) for at justere
det forste eller andet gribeelement (12) i forhold til den forste eller anden monterings-
position pa armen (11),

- genforbindelsen af det forste eller andet gribeelement (12) udferes ved yderligere
bevaegelse af armen (11), f.eks. aksialt 1 forhold til udvekslingsstationen (28) for at
bringe det forste eller andet gribeelement (12) ind 1 den forste eller anden monterings-

position pa armen (11).
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