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Method for electrical wiring of electronic components in switchgear construction and a

corresponding arrangement

The invention proceeds from a method for the electrical wiring of electronic
components in switchgear construction and a corresponding arrangement as known
from EP 0 924 818 A2 and from EP 0 917 259 B1. A similar method is also known from
DE 44 312 54 A1.

In switchgear construction, there is basically a great need to automate the wiring of
electronic components that are pre-assembled, for example, on a mounting plate for a
switch cabinet. This is contrasted, however, by the sometimes high complexity of such
switchgear. Not only is the cable routing between the individual components
sometimes highly complex, but also a large number of different cables (length, cross-
section, colour, wire end treatment, etc)) are required to be installed within a
switchgear. Furthermore, the electronic components to be wired are highly diverse,
especially with regard to the type and position of the contacts and the direction in which

the end of the cable is fed to a connection of the respective component.

In order to respond to the high complexity with regard to the large number of different
cables, a cable sequence is known from DE 10 2015 103 444 A1 for the wiring of an
electrical switchgear in which pre-assembled cables, including wire end treatment, are
linked together in a prescribed sequence. For the wiring of the electronic components
of the switchgear, the individual cables only have to be separated from the cable
sequence, which results in a cable with all cable properties (such as length, cross-
section, colour and wire end treatment) that can be processed directly for the wiring of

electronic components in the switchgear.

However, the use of such cable sequences has the disadvantage that they can no
longer be used with the standard automatic wiring machines, such as those known e.g.
from EP 0 917 259 B1.

It is therefore the object of the invention to propose a method for electrical wiring of
electronic components in switchgear construction as well as a corresponding

arrangement which allows the fully automated wiring of the electronic components.
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This object is achieved by a method with the features of claim 1. Claim 11 describes a
corresponding arrangement. Advantageous embodiments of the invention are each

subject of the dependent claims.

The method may further comprise laying a cable of the cable sequence in a cable duct,
contacting a cable of the cable sequence at a conductor connection clamp and/or
mechanically and/or electrically testing a contacting made. The proposed solution is
therefore particularly suitable for the automated wiring of mounting plates already
populated with electronic components. The control of at least one robot can be carried
out automatically on the basis of a circuit diagram which represents the electrical wiring
of the electronic components and the arrangement of the components on the mounting

plate.

The cable sequence can, for example, be provided according to the teaching of DE 10

2015 103 444 A1 as a roll of individual cables connected to each other via their ends.

Since it is not possible to mount the components on the mounting plate completely free
of tolerances, it may be necessary to correct the control of the robot, taking into
account any detected tolerances and deviations in the arrangement of the components
on the mounting plate. Thus, the method may include identifying and locating of the
electronic components on the shared workpiece, in particular the mounting plate. For
the identifying, the multifunctional end effector can, for example, have an optical unit
which either detects a unique identification of the electronic components or via which
the geometry and/or the position of a respective component on the workpiece is
detected by means of image processing. Identifying and locating of the electronic

components is not limited to such methods.

The circuit diagram may comprise initial position information of at least one of the
components with respect to the workpiece, the method further comprising correcting
the initial position information when a deviation between the initial position information
and a determined position information of at least one of the components has been

detected when identifying and locating.

A position and/or an orientation of the electrical connection of one of the electronic

components can be determined, wherein furthermore interfering contours in the area
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surrounding the electrical connection can be detected, if present, and wherein a feed
direction of the cable end to the connection is determined taking into account the
position and orientation of the electrical connection as well as possibly detected
interfering contours and, optionally, further taking into account degrees of freedom of
movement of the robot. The robot can then insert the cable end into the connection

along the determined feed direction in order to contact it at the connection.

The cable sequence is be fed to a separating device of the multifunctional end effector,
with which in the cable sequence, the end-positioned cable with the cable end is
separated or detached from the cable sequence. The robot or the multifunctional end
effector, respectively, has a means of transport for the cable sequence. For example,
the separating can comprise cutting out in accordance with the teaching of DE 10 2015

103 444 A1 or detaching in the sense of releasing a plug-in or adhesive connection.

The cable sequence can be a cable chain in which the pre-assembled individual cables
are connected to one another to form a chain via their cable ends, which may have a
wire end treatment. The cable sequence may comprise a series arrangement of a
plurality of pre-assembled cables, each having a first and a second cable end. Each of
the pre-assembled cables may have a conductor and a conductor insulation, the cable
ends being processed for wiring an electrical circuit, in particular in such a way that a
respective conductor end is insulation-free at the first cable end and at the second
cable end. The cable sequence can also have connections between pre-assembled
cables arranged adjacent to one another in the series arrangement. By means of the
connections, in each case a first cable end of a prefabricated cable previously
produced as a loose cable end and a second cable end of a prefabricated cable
following in the series arrangement previously produced as a loose cable end can be

connected to one another.

Separating a cable from the cable sequence may comprise separating a connection
area via which a first cable end is connected to a second cable end of a cable following
or preceding in the cable sequence. In the connection area, the two cables following
one another in the cable sequence can be connected to one another in an overlapping
manner or also in a butt-jointed, force-locking and/or material-locking manner, in

particular welded, spliced, crimped or ultrasonically compacted.
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Separating can be carried out with the aid of a cutting tool comprising two knives or
blades spaced apart by a length of the connection area, in particular two opposing,
opposite-running V-knives each with two partial knives or blades spaced apart by the
length of the connection area. The connection area may have interconnected wire
brushes or cable strands. For example, the cable ends connected to one another via
the connection region may be conditioned with wire end sleeves for electrical
contacting and each have a wire brush projection of cable strands which protrudes
from the wire end sleeve of the respective cable end, the cable ends being connected
to one another in the region of the wire brush projection and thus forming the

connection region.

The method may further comprise at least one of the following steps a. to d., according

to which

a. the multifunctional end effector releases the cable end after the cable end has

been contacted at the electrical connection of one of the electronic components,

b. that the cable having the cable end is passed through a cable connection point

detection device of the multifunctional end effector,

C. after detecting a cable connection point at which the cable with the cable end is
connected to a cable following in the sequence via a connection point, the cable

connection point is separated from the cable sequence; and

d. the cable end opposite the cable end is gripped by the multifunctional end

effector and fed to a further electrical connection of the electronic components.

An end-positioned cable in the cable sequence that has the cable end can be detached
or separated from the cable sequence after the cable end has been contacted at the
electrical connection of one of the electronic components. Here, the at least one robot
can travel along a laying path of the cable having the cable end after contacting the
cable end by its multifunctional end effector, the cable being transported through the
end effector at its speed, which corresponds to a speed of the end effector travelling

along the laying path. The multifunctional end effector may, for example, comprise a
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sleeve with detection, separation and feeding function for the feeding and separating of

individual wires from the cable sequence.

After feeding the cable end to an electrical connection, the cable end can be contacted

at the electrical connection, for which

a. either the cable end is inserted by the multifunctional end effector into a
conductor connection clamp with direct plug-in technology of the electrical connection;

or

b. a spring clamp terminal of the electrical connection is opened against its
preload by the multifunctional end effector, whereupon the cable end is inserted into
the spring clamp terminal and then the preloaded spring clamp terminal is released by

the multifunctional end effector; or

C. a screw of a screw terminal of the electrical connection is loosened by the
multifunctional end effector, whereupon the cable end is inserted into the screw
terminal and then the screw of the screw terminal is tightened by the multifunctional

end effector.

When the workpiece is a mounting plate for switchgear construction, it can, for
example, be transported on a mobile workpiece carrier or a roller conveyor between
different processing stations of a production line, wherein, before the plurality of
electronic components are arranged on the mounting plate, the mounting plate is first
fixed to the workpiece carrier and is only released from the workpiece carrier again
when the mounting plate has been mechanically machined, the electrical components
have been mounted on the mounting plate, and all wiring has been made in
accordance with the circuit diagram, for which purpose the mounting plate has been
transported by the mobile workpiece carrier between at least a first processing station
for mechanical machining, a second processing station for mounting the electrical
components on the mounting plate and a third processing station for the electrical

wiring of the electronic components.

The mounting plate is usually mounted in a vertical orientation inside a switch cabinet

or provided as a single mounting plate and can be received in this position by the
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mobile workpiece carrier and mounted on it. The mounting plate and the mobile
workpiece carrier can then be removed from the inside of the switch cabinet and
transported to the individual processing stations, wherefore for processing at at least
one of the processing stations, the mounting plate is swivelled from the vertical
orientation into a horizontal orientation or into an orientation angled relative to the
vertical. It may be provided that the mounting plate is brought back into the vertical
orientation after a final assembly and, optionally, after a further technical check, and is
inserted in this orientation with the mobile workpiece carrier into the inside of the switch
cabinet and connected there to the switch cabinet frame. In this way, a single means of
transport is provided in the form of the mobile workpiece carrier, with the aid of which
the handling of the mounting plate is transported from the disassembly of the mounting
plate from the switch cabinet to the reassembly of the mounting plate inside the switch
cabinet to and between the individual processing stations which are required for

producing a switchgear on the mounting plate.

The mounting plate with the mobile workpiece carrier can be moved out of the switch
cabinet in vertical orientation via an open side wall of the switch cabinet parallel to the
door side and parallel to the rear of the switch cabinet. In particular, this means that it is
no longer necessary to move the mounting plate out of the switch cabinet via the front
side of the switch cabinet, wherein it is usually first necessary to move the mounting
plate forwards inside the switch cabinet from a rear mounting position inside the switch
cabinet, i.e. move it in the direction of the switch cabinet door in order to receive it there

with a workpiece carrier.

It may also be provided that after the cable end has been contacted and fixed at the
electrical connection of one of the electronic components, a functional and quality
control is carried out by the multifunctional end effector, by the multifunctional end
effector determining an electrical contact resistance between the contacted cable and
the electrical connection, or by applying a specific force to the cable end against a
direction of insertion of the cable end into a spring clamp terminal or a screw terminal

of the connection.

An arrangement for carrying out the method described above comprises at least one
robot, for example at least one bent-arm robot, with a multifunctional end effector,
wherein the robot comprises a transport system via which a cable sequence of several

interconnected cables is fed to the multifunctional end effector. The multifunctional end
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effector has a gripper for gripping a cable end of the cable sequence and a detection
device for detecting the connection area and a separation device for separating a
connection area between successive cables of the cable sequence and/or for

detaching an end- positioned cable from the cable sequence.

The arrangement may comprise a first and a second robot with a multifunctional end
effector each, wherein the multifunctional end effectors of the two robots may have
different or the same functionalities. The first robot may be configured to feed a first of
the two cable ends of a cable from the cable sequence to an electrical connection of a
first of the electronic components. The second robot can be configured to feed a
second of the two cable ends of the cable to an electrical connection of a second of the

electronic components.

The two robots can be configured to guide the cable with the cable end to the other
robot which is feeding the respective first or second cable end to an electrical
connection of one of the electronic components and, optionally, to lay it in a cable duct

on the workpiece, in particular a mounting plate.

The arrangement may further comprise a workpiece carrier which is configured to hold
a workpiece, in particular a mounting plate, to feed the workpiece to at least one
processing station, in particular the robot, and to orient it with respect to the processing

station.

The arrangement may comprise a first and a second robot with a multifunctional end
effector each, a first of the robots holding a first end of a flexible cable and a second of
the robots holding a second end of the flexible cable, and the robots being configured
to maintain the flexible cable at a mechanical tension such that the cable is
substantially straight between the ends. This prevents the cable from tangling during

wiring despite its flexibility.

The multifunctional end effector comprises a sensor which is configured to detect a
position of an electrical component to be wired on the workpiece and/or a position

and/or orientation of a terminal of the electrical component.
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The arrangement further has a data processing system in which a circuit diagram of an
electrical switchgear to be produced on the workpiece is stored, the data processing
system being configured to supplement wiring information stored in the circuit diagram
of the components arranged on the workpiece with position information and/or
orientation information detected by the sensor, or, when the circuit diagram already
comprises initial information of position and/or orientation, to update this initial
information according to the detected position information and/or orientation

information.

For the control of the robot, ECAD data can be used as a first input, which contain a
plan of the switchgear to be produced with the arrangement, in particular a circuit
diagram of the wiring to be produced for the electronic components arranged on the
workpiece, wherein for the control of the robot, the position information and/or
orientation information detected by the sensor can be used as a second input. A data
processing system of the arrangement can be configured to generate the control of the

robot from the first and the second input.

The information required for wiring, in particular a circuit diagram, can be provided
directly from an ECAD system. In a first step after the engineering of the switchgear,
the project to be wired can be checked for its suitability for automation using a test
routine. In a second step, the project, which may optionally be optimized, can be
imported to the data processing system for controlling the robot and a robot program
for controlling the robot can be automatically generated from it. In a third step, the
mounting plate with all the components on it can be scanned for identifying and
locating the electronic components. Afterwards, the determined actual data of the
electronic components can be compared with the information stored in the ECAD data

and updated.

The identifying and locating can involve reading a product identification code, an RFID

chip or the like.

The multifunctional end effector of the robot may comprise a scanner for the locating
and identifying of the electronic components or the wiring position on the mounting
plate, respectively. The multifunctional end effector may also comprise a sleeve with

detection, separation and transport function for feeding and separating the individual
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cables, as well as a gripper with integrated sensor technology for handling the
separated individual cables and, optionally, a tool for opening spring terminals and a

screwdriver for opening and closing screw terminals.

The use of the robot, including the multifunctional end effector located on it, allows
contacting the cables in different directions, especially in vertical direction
(perpendicular to the mounting plate), in horizontal direction (parallel to the mounting
plate), but also in an angled position (1-89° in relation to the plane of the mounting

plate).

When or immediately after the contacting of the individual cable ends, a function and
quality control can be carried out, which includes the monitoring of a defined pull-off

force for connection terminals and a defined torque for screw terminals.

Furthermore, the arrangement can be configured to be integrated into a value chain for
the production of switchgear and for this purpose, the arrangement described above
can have one or more interfaces, e.g. an interface to an ECAD system, to an
(automatic) assembly process with which the electronic components are arranged on
the workpiece, an interface to a system for (fully automatic) cable assembly, so that
non-automatable connections can be produced in parallel to the production process, an
interface to a manual wiring process, for example by means of "Smart Wiring" using
augmented reality systems for the pre- and/or post-wiring of non-automatable wire
connections, and/or an interface to an (automatic) test process of the completely wired

switch cabinet.

Further details of the invention are explained using the figures below. There show:

Figure 1 schematically an embodiment of a method for electrical wiring of

electronic components in switchgear construction;

Figure 2 an arrangement for carrying out the method according to the invention;

Figure 3 another arrangement for carrying out the method according to the

invention;
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Accordingly, according to Figure 1, a method for electrical wiring of electronic
components in switchgear construction comprises the providing 100 of a plurality of
electronic components which are mounted on a shared workpiece, for example on a
mounting plate. After providing the workpiece with electronic components, these can be

wired in a step 200.

Providing 100 of the electronic components on the workpiece, in particular a mounting
plate, can include the engineering of the switchgear in an ECAD system. The
switchgear to be produced is designed computer-aided in so far as at least all
information for the wiring of the components is available. In addition to the individual
cable connections to be produced, this can include the arrangement and type of the
individual components, as well as the type of existing connection terminals and their

individual feed direction for a cable end.

However, the ECAD data can also include information that goes beyond the wiring of
the components. In particular, this can be information concerning the processing of the
mounting plate, for example the formation of cut-outs in the mounting plate, which are
necessary for the arrangement of the components on the mounting plate or for the air-
conditioning of the components on the mounting plate. In particular, the ECAD system
can also specify an order in which the components are wired together. In accordance
with this order, the cables can be fed to a robot for wiring the electronic components in
the form of a cable sequence with a predefined cable order. A corresponding cable
sequence is known from DE 10 2015 103 444 A1.

Providing the mounting plate can also include identifying 110 and locating 120 of the
electronic components on the shared workpiece, especially the mounting plate. In
particular, due to manufacturing tolerances in the arrangement of the components on
the workpiece, it is possible that the actual position as well as the actual cable feed
direction for wiring the components may deviate from corresponding data provided by
an ECAD system, for example. Thus, a circuit diagram can be provided via the ECAD
system which shows the arrangement of the electronic components on the mounting
plate as well as the exact wiring of the individual components with each other. The
circuit diagram can contain initial position information of at least one of the components
in relation to the workpiece. When it has been determined in the course of identifying
110 and locating 120 of the electronic components that at least one of the components

has a different position with respect to the workpiece than the initial information, the
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initial position information provided via the ECAD system can be corrected accordingly
(step 130) after identifying 110 and locating 120 has been performed. Identifying 110
can be done optically or electromagnetically, for example by optical reading of a one-

or multi-dimensional bar code or by electromagnetic reading of an RFID code.

Furthermore, in a step 140, a position and an orientation of the electrical connection of
one of the electronic components can be determined and compared with a
predetermined information or, if such information is not available, added to the existing
position information. When a deviation is detected, the predetermined information can
be updated accordingly. Furthermore, in a step 150 interfering contours in the area
surrounding the electrical connection can be detected, wherein, optionally taking into
account the position and orientation of the electrical connection as well as any detected
interfering contours and, optionally, further taking into account the degrees of freedom
of movement of the robot, a feed direction of a cable end of the cable sequence to the

connection is determined.

Finally, in a step 170, the cable sequence is fed to a separating device of the
multifunctional end effector 4, with which the end-positioned cable with the cable end in
the cable sequence is detached or separated from the cable sequence. The separating
of the end-positioned cable from the cable sequence can be carried out before the
cable end is wired, i.e. before the cable end is connected to a connection of an

electronic component, or afterwards.

In a step 200, the electronic components are wired according to a predetermined circuit
diagram, which can be derived from the ECAD system or is provided directly by it, in a
predetermined order by a robot, for example by at least one bent-arm robot. A cable
sequence of pre-assembled cables is fed to the robot, with the individual cables of the

cable sequence being arranged in the predetermined order.

Wiring comprises gripping 201 of a cable end of the cable sequence by a
multifunctional end effector of the robot, feeding 202 of the cable end to an electrical
connection of one of the electronic components by the multifunctional end effector, and
detaching 203 of the cable from the cable sequence by a separation unit of the
multifunctional end effector. For detaching a cable from the cable sequence, the robot

has a detection sleeve through which the cable sequence is passed, the sleeve having
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a sensor which detects a connection area between successive cables of the cable
sequence. After locating the connection area between the two successive cables, the
cable sequence is fed to the separating device of the multifunctional end effector in the
step 170 so that the separating device can separate the connection area between the
successive cables. A suitable separation module is known from DE 10 2014 116 772
A1l

The wiring can also comprise contacting 204 the cable that was separated or detached
in step 203, for example to a conductor connection clamp of an electronic component.
Furthermore, the contacted cable can subsequently be laid in step 205 on a workpiece,
for example a mounting plate, especially in a cable duct mounted on a mounting plate,
in step 205. Finally or previously, the contacting of the cable in step 204 can be
checked in a step 206. This can include a mechanical test (e.g. pull-off test) and/or an
electrical test (e.g. contact resistance). All test steps can be performed by the

multifunctional end effector.

Figure 2 shows an exemplary set-up of an arrangement for the electrical wiring of
electronic components in switchgear construction. This arrangement essentially
consists of at least one bent-arm robot 2 with a multifunctional end effector 4, wherein
a cable sequence 3 in the form of a coil is assigned to the bent-arm robot 2. The
multifunctional end effector 4 has a transport system via which the cable sequence 3 is
fed to the multifunctional end effector 4. The cable sequence 3 consists of a
concatenation of a multitude of pre-assembled individual cables, which are connected

to each other via their cable ends to form a cable sequence.

The end effector 4 also has means for locating and identifying the components 5 on the
mounting plate 1. As previously described with reference to Figure 1, this can be used
in particular to detect an actual arrangement of components 5 on the mounting plate 1
and, optionally, to match it with respective predetermined information and, optionally,
correct it, which predetermined information may be provided by an ECAD system. It is
also conceivable that the end effector 4 is configured to locate the respective
connection of the components 5 and, optionally, to determine an optimum feed
direction of a cable end to the connection, wherein, optionally, interference contours
which have been detected with the end effector 4 can also be taken into account.
Furthermore, the end effector 4 has a separating device by which the respective end-

positioned cable can be separated from the cable sequence 3. The separating of the
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cable from cable sequence 3 may involve the separating of a connection area between

the end-positioned cable and a cable immediately following in cable sequence 3.

The arrangement also comprises a workpiece carrier 6, which is configured to swivel
the mounting plate in relation to the bent-arm robot so that optimum wiring, in particular
feeding the cable end to the connection of a respective component 5, is possible. With
the aid of the workpiece carrier 6, further degrees of freedom of movement can thus be
provided beyond the degrees of freedom of movement of the bent-arm robot 2, thereby
further facilitating the wiring of the components, in particular the feeding of the cable

ends to the connections of the electronic components 5.

Furthermore, the workpiece carrier 6 can have the function of swivelling the workpiece
1, in particular the mounting plate, at least between a vertical orientation in which the
workpiece carrier 6 receives the workpiece 1 and a horizontal orientation, or an

orientation which is offset from the vertical by an angle between 1° and 89°.

The workpiece carrier 6 can also be configured to transport the mounting plate 1
between the individual processing stations of a value chain for the production of a
switchgear. In particular, the workpiece carrier 6 can be configured to move the
workpiece 1, in particular the mounting plate, out of the switch cabinet housing via the
side wall of a switch cabinet housing by taking the mounting plate 1 out of the switch
cabinet housing parallel to the rear wall and the door side of the switch cabinet
housing, then to feed it to the individual processing stations, in particular also to the
arrangement according to Figure 2, and then, i.e. after completion of the switchgear on
the mounting plate, moving it back into the switch cabinet housing so that the mounting
plate never has to leave the workpiece carrier 6 during all processing steps of the

mounting plate and in between.

Figure 3 shows an exemplary movement sequence of an arrangement of two robots 2
formed as bent-arm robots, which collaboratively carry out a method according to the
invention, for example the method described with reference to Figure 1. Merely to
simplify the presentation of the invention, the procedure is divided into six sub-steps.
Here, the cable sequence 3 is provided exemplarily in the form of a cable magazine,
which is arranged above the robots 2. With regard to alternative ways of the providing

of the cable sequence as well as with regard to the separating of the individual cables
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from the cable sequence, reference is made to the preceding embodiments according

to Figures 1 and 2.

In the embodiment shown in Figure 3, the movement sequence of the collaborating
robots 2 is represented in six sub-steps, whereby sub-step 1 according to Figure 3
shows the beginning of the movement sequence in which a cable 7 is separated or
detached from the cable sequence 3 by the two robots 2 and picked up at each of its
opposite ends by one of the robots 2 by means of its end effector 4. The cable 7 is
usually, and as shown, a flexible part which, after being picked up by the two robots 2,
is set to a mechanical tension such that the cable assumes a substantially straight
shape, as shown in Figure 2 and maintained throughout the entire subsequent process,
in order to avoid accidental tangling of the cable 7, for example on components on a

workpiece.

In sub-step 2, the robot 2 on the left in the figure feeds the cable end it has gripped to a
contact terminal of an electronic component 5, wherein the cable 7 is guided

accordingly by the robot 2 on the right in the figure.

In step 3, the robot 2 on the left in the figure contacts the cable end of cable 7 assigned
to it on component 5. For this purpose, the robot 2 on the left in the figure can insert the
cable end into a conductor connection clamp of component 5. Optionally, this step can
be followed by a test step, for example in the form of a pull-off test, in which the robot 2
on the left in the figure attempts to pull the contacted cable end out of the conductor
connection clamp of component 5 with a specified pull-off force. In a fourth step, the
cable 7 is laid, for example, along a cable duct starting from the contacted component
5 and is approached to a further component 5 in the figure to the right of the contacted

component 5, with which the component 5 on the left in the figure is to be wired.

In steps 5 and 6, the further cable end of the conductor 7 is fed to the further electronic
component 5 and contacted with it, wherein the robot on the left in the figure fixes the
cable in the area between the components 5, for example in a cable duct in which the
cable 7 has been laid in step 4, in order to prevent the cable 7 from accidentally

jumping out of its laid path, for example a cable duct.
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After the second cable end has also been contacted with the further component 5 in
step 6, the contacting can also be checked mechanically and/or electrically if
necessary, for example by means of a pull-off test or a check of the ohmic contact

resistance.

After step 6, the two robots 2 can extract another cable 7 from the cable sequence 3

and the procedure can accordingly start again from the first step.

The features of the invention disclosed in the above description, drawings and claims
may be essential for the realization of the invention either individually or in any

combination.
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Patentkrav

1. Fremgangsmade til elektrisk ledningsfering af elektroniske komponenter (5)
i koblingsanleegskonstruktion, hvor fremgangsmaden omfatter trinene:

a. tilvejebringelse (100) af en flerhed af elektroniske komponenter (5), der er
monteret pa et feelles emne (1), iseer pa en monteringsplade;

b. kabelfaring (200) af de elektroniske komponenter (5) i henhold til et forud-
bestemt kredslgbsdiagram og i en forudbestemt reekkefelge med mindst en
robot (2), hvor en multifunktionel sluteffektor (4) af den mindst ene robot (2)
forsynes via et transportsystem med en kabelsekvens (3) bestdende af flere
indbyrdes forbundne praefabrikerede kabler, hvor kablerne er arrangeret i den
forudbestemte reekkefalge i kabelsekvensen (3);

hvor ledningsfaringen (200) omfatter at gribe (201) en kabelende af kabelse-
kvensen (3) med en griber af den multifunktionelle sluteffektor (4) af den
mindst ene robot (2), at fere (202) kabelenden til en elektrisk tilslutning af en
af de elektroniske komponenter (5) med den multifunktionelle sluteffektor (4),
og at Igsne (203) kablet fra kabelsekvensen (3) med en adskillelsesenhed af
den multifunktionelle sluteffektor (4), yderligere omfattende at fremfare kabel-
sekvensen (3) til lasgerelse (203) af kablet fra kabelsekvensen (3) af adskillel-
sesenheden af den multifunktionelle sluteffektor (4), hvormed kablet, der er
afsluttet i kabelsekvensen (3), adskilles eller lasgares med kabelenden fra ka-
belsekvensen (3), hvor kabelsekvensen til Izsgerelse af et kabel fra kabelse-
kvensen f@res gennem en detekteringsmuffe af robotten, hvor en sensor i de-
tekteringsmuffen detekterer et forbindelsesomrade mellem pa hinanden fal-

gende kabler i kabelsekvensen.

2. Fremgangsmade ifglge krav 1, som yderligere omfatter identifikation (110)
og lokalisering (120) af de elektroniske komponenter (5) pa det feelles emne
(1), hvor
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a. kredslgbsdiagrammet omfatter initial positionsinformation for mindst en af
komponenterne (5) med hensyn til emnet (1), hvor fremgangsmaden yderli-
gere omfatter korrektion (130) af den initiale positionsinformation, nar der ved
identifikationen (110) og lokaliseringen (120) detekteres en afvigelse mellem
den initiale positionsinformation og en bestemt positionsinformation for mindst
en komponent (5); og/eller

b. en position og orientering af den elektriske tilslutning af en af de elektroniske
komponenter (5) bestemmes (140), hvor interferenskonturer i neerheden af
den elektriske tilslutning ogsa registreres (150), og hvor en tilfarselsretning for
kabelenden til tilslutningen bestemmes (160) under hensyntagen til positionen
og orienteringen af den elektriske tilslutning og eventuelle registrerede interfe-
renskonturer og, hvis det er relevant, under yderligere hensyntagen til friheds-

grader for beveegelse af den mindst ene robot (2).

3. Fremgangsmade ifalge krav 2, hvor

a. den multifunktionelle sluteffektor (4) friger kabelenden, efter at kabelenden
er blevet kontaktet ved den elektriske forbindelse til en af de elektroniske kom-
ponenter (5), hvorefter

b. kablet med kabelenden fares gennem detekteringsmuffen pa den multifunk-
tionelle sluteffektor (4), som er en kabelforbindelsesdetektionsanordning, og
efter detektering af forbindelsesomradet, hvor kablet med kabelenden er for-
bundet til et kabel, der falger i sekvensen, via et forbindelsessted, adskilles
eller lasnes forbindelsesomradet fra kabelsekvensen (3), og

c. den kabelende, der ligger over for kabelenden med den multifunktionelle
sluteffektor (4), gribes og fares til en yderligere elektrisk tilslutning af de elek-

troniske komponenter (5).

4. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor et
kabel, der afsluttes i kabelsekvensen (3), der omfatter kabelenden, adskilles

eller lzsnes fra kabelsekvensen (3), efter at kabelenden er blevet kontaktet
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ved den elektriske tilslutning af en af de elektroniske komponenter (5).

5. Fremgangsmade ifalge krav 4, hvor den mindst ene robot (2), efter at have
kontaktet kabelenden med sin multifunktionelle sluteffektor (4), krydser en ud-
lzegningsbane for kablet, der omfatter kabelenden, hvor kablet transporteres
gennem sluteffektoren (4) med en fremfaringshastighed, der svarer til en frem-

faringshastighed af sluteffektoren (4) langs udleegningsbanen.

6. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, i hvilken,
hvor efter at kabelenden er blevet fart til en elektrisk tilslutning, bringes kabel-
enden i kontakt med den elektriske terminal, hvor

a. enten med den multifunktionelle sluteffektor (4) tilsluttes kabelenden i en
lederterminal med direkte indstiksteknologi af den elektriske tilslutning; eller
b. med den multifunktionelle sluteffektor (4) abnes en fjederbelastet terminal
af den elektriske tilslutning mod dens forspaending, hvorefter kabelenden ind-
saettes | den fjederbelastede terminal, og den forspeendte fijederbelastede ter-
minal frigeres derefter igen af den multifunktionelle sluteffektor (4), eller

c. en skrue af en skrueklemme af den elektriske tilslutning Izsnes med den
multifunktionelle sluteffektor (4), hvorefter enden af kablet tilsluttes skrueklem-
men, og derefter strammes skruen af skrueklemmen igen med den multifunk-

tionelle sluteffektor (4).

7. Fremgangsmade ifelge et af de foregaende krav, hvor emnet (1) er en mon-
teringsplade til koblingsanleegskonstruktionen, hvilken plade transporteres
mellem forskellige bearbejdningsstationer pa en mobil emnebeerer (6) eller et
andet transportsystem, sasom en rullebane eller en kaedetransportar, hvor, for
at tilvejebringe flerheden af elektroniske komponenter (5) pa monteringspla-
den, fastgeres monteringspladen farst pa emnebeereren og lasnes farst der-
efter igen fra emnebaereren, nar monteringspladen er blevet bearbejdet, nar

de elektriske komponenter (5) er blevet fastgjort til monteringspladen, og nar
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alle ledninger er blevet fremstillet ifglge kredslgbsdiagrammet, hvor monte-
ringspladen er blevet transporteret af den mobile emnebaerer mellem mindst
en farste bearbejdningsstation til den mekaniske bearbejdning, en anden be-
arbejdningsstation til montering af de elektriske komponenter (5) pa monte-
ringspladen og en tredje bearbejdningsstation til den elektriske ledningsfaering

af de elektroniske komponenter (5).

8. Fremgangsmade ifelge krav 7, hvor monteringspladen er tilvejebragt mon-
teret i en lodret retning inde i et kontaktskab og er modtaget i denne position
af og monteret pa den mobile emneholder (6), hvor monteringspladen efterfal-
gende med den mobile emnebeerer fijernes fra det indre af kontaktskabet og
fares til bearbejdningsstationerne, hvor monteringspladen drejes ud af den
lodrette orientering til en vandret orientering eller en orientering, der er vinklet
i forhold til lodret, til bearbejdning pa mindst en af bearbejdningsstationerne,
hvor monteringspladen efter en afsluttende montering og om nadvendigt tek-
nisk inspektion bringes tilbage i lodret retning og i den retning indsaettes i kon-
taktskabets indre med den mobile emneholder og dér forbindes med kontakt-

skabets ramme.

9. Fremgangsmade ifalge krav 8, hvor monteringspladen med den mobile em-
neholder bevaeges ud af kontaktskabet i lodret retning via en aben sideveeg i

kontaktskabet parallelt med darsiden og bagsiden af kontaktskabet.

10. Fremgangsmade ifelge et af de foregaende krav, hvor der, efter at kabel-
enden er blevet kontaktet og fastgjort til den elektriske tilslutning af en af de
elektroniske komponenter (5), udferes en funktions- og kvalitetskontrol med
den multifunktionelle sluteffektor (4) ved, at den multifunktionelle sluteffektor
(4) bestemmer en elektrisk kontaktmodstand mellem det kontaktede kabel og

den elektriske tilslutning eller pafarer en specifik kraft pa kabelenden mod en
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indfaringsretning af kabelenden i en fijederbelastet terminal eller en skrueter-

minal af tilslutningen.

11. Indretning til udferelse af en fremgangsmade ifalge et af de foregéende
krav, hvor indretningen har mindst en robot (2), iseer en ledarmsrobot, med en
multifunktionel sluteffektor (4), hvor den mindst ene robot (2) har et transport-
system, via hvilket en kabelsekvens (3), der omfatter en flerhed af indbyrdes
forbundne kabler, kan feres til den multifunktionelle sluteffektor (4), .

hvor den multifunktionelle sluteffektor (4) omfatter en griber til at gribe en ka-
belende af kabelsekvensen (3), hvor den multifunktionelle sluteffektor (4) af
robotten (2) har en adskillelsesindretning til at adskille et kabel, der er afsluttet
I kabelsekvensen (3), fra kabelsekvensen, kendetegnet ved, at robotten om-
fatter en detektionsmuffe med en sensor, som kabelsekvensen (3) kan fares
igennem, hvor sensoren er indrettet til at detektere et forbindelsesomrade mel-

lem pa hinanden falgende kabler i kabelsekvensen.

12. Indretning ifalge krav 11, omfattende en ferste og en anden robot (2) med
en multifunktionel sluteffektor (4), hvor de multifunktionelle sluteffektorer (4) af
de to robotter (2) har forskellige eller de samme funktionaliteter, hvor den far-
ste robot (2) er indrettet til at fere en ferste af de to kabelender af et kabel fra
kabelsekvensen til en elektrisk tilslutning af en farste af de elektroniske kom-
ponenter (5), og hvor den anden robot (2) er indrettet til at fere en anden af de
to kabelender af kablet til en elektrisk tilslutning af en anden af de elektroniske

komponenter (5).

13. Indretning ifelge krav 12 eller 13, der omfatter farste og anden robot (2)
med en multifunktionel sluteffektor (4), hvor en ferste af robotterne (2) er i
stand til at holde en ferste ende af et bgjeligt kabel, og en anden af robotterne
(2) er i stand til at holde en anden ende af det bgjelige kabel, og hvor robot-

terne (2) er indrettet til at holde det bgjelige kabel i en mekanisk spaending,
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saledes at kablet i det vaesentlige er lige mellem enderne.

14. Indretning ifalge et hvilket som helst af kravene 11 til 13, der yderligere
omfatter en emnebeerer, som er indrettet til at holde et emne, iseer en monte-
ringsplade, til at fare emnet til mindst en bearbejdningsstation, iseer til den

mindst ene robot (2), og til at justere det i forhold til bearbejdningsstationen.

15. Indretning ifelge et af kravene 11 til 14, hvor den multifunktionelle slutef-
fektor (4) omfatter en sensor, der er indrettet til at detektere en position af en
elektrisk komponent (5), der skal forbindes pa arbejdsemnet, og/eller en posi-

tion og/eller en orientering af en tilslutning af den elektriske komponent.

16. Indretning ifelge krav 15, som omfatter et databehandlingssystem, hvori et
kredslebsdiagram af et elektrisk koblingssystem, der skal produceres pa em-
net, er lagret, hvor databehandlingssystemet er indrettet til at supplere led-
ningsinformation, der er lagret i kredslgbsdiagrammet, for komponenterne (5),
der er anbragt pa emnet, med positionsinformation og/eller justeringsinforma-
tion, der er detekteret med sensoren, eller, hvis kredslabsdiagrammet allerede
har initial information om positionen og/eller justeringen, til at opdatere denne
initiale information i overensstemmelse med den detekterede positionsinfor-

mation og/eller justeringsinformation.

17. Indretning ifalge krav 15 eller 16, hvor styringen af den mindst ene leddelte
robot (2) er baseret pa ECAD-data som et farste input, hvilke data indeholder
en planleegning af det koblingsudstyr, der skal produceres med indretningen,
hvor positionsinformationen og/eller justeringsinformationen, der er detekteret
med sensoren, er som et andet input til styringen af den mindst ene leddelte
robot (2), og hvor et databehandlingssystem af indretningen er indrettet til at
frembringe styringen af den mindst ene leddelte robot (2) ud fra det ferste og

det andet input.
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Fig. 3
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