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(57) Abréegée/Abstract:

The Invention relates to a device for spatially orienting at least two large-size subgroup components, in particular at least one side
shell (7,8), at least one upper shell (12), at least one lower shell (11), and/or at least one floor framework, in relation to each other to
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(57) Abrege(suite)/Abstract(continued):

Integrate a component, In particular a fuselage section of an aircraft, comprising: a) at least two positioning apparatuses for
accommodating one subgroup component each, In particular at least two side shell positioners (2,3), at least one upper shell
positioner (5), and/or at least one lower shell positioner (4), b) at least one measuring apparatus for detecting a pluralty of
measurement data, in particular position data of the subgroup components and/or of the positioning apparatuses, c) at least one
control and/or regulating apparatus (19), in particular at least one CNC controller, and d) at least one neural network (20). The
neural network (20) integrated according to the invention into the device allows the subgroup components to be brought into a
specified target geometry by means of simultaneous movement of the positioning apparatuses in the shortest amount of time and
with high accuracy. The control and/or regulating apparatus (19) Is used preferably to subsequently orient the subgroup

components In relation to each other by means of simultaneously executed linear movements of the positioners. The Iinvention
further relates to a method for orienting subgroup components.
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(87) Abstract: The mvention relates to a device for spatially orienting at
/ least two large-size subgroup components, in particular at least one side
shell (7,8), at least one upper shell (12), at least one lower shell (11), and/
or at least one floor framework, in relation to each other to integrate a
component, in particular a fuselage section of an aircratt, comprising: a) at
least two positioning apparatuses for accommodating one subgroup coms-
4o ponent each, in particular at least two side shell positioners (2,3), at least
< one upper shell positioner (5), and/or at least one lower shell positioner
(4), b) at least one measuring apparatus for detecting a plurality of measu-
rement data, in particular position data of the subgroup components
and/or of the positioning apparatuses, ¢) at least one control and/or regula-
ting apparatus (19), in particular at least one CNC controller, and d) at
least one neural network (20). The neural network (20) mtegrated accor-
ding to the invention into the device allows the subgroup components to
be brought into a specitied target geometry by means of simultaneous mo-
vement of the positioning apparatuses in the shortest amount of time and
with high accuracy. The control and/or regulating apparatus (19) 1s used
preferably to subsequently orient the subgroup components in relation to
cach other by means of simultancously executed linear movements of the
positioners. The mvention further relates to a method for orienting sub-
group components.

(57) Zusammenfassung:

[Fortsetzung auf der ndachsten Seite]
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(88) Verottentlichungsdatum des internationalen Recher-

_ Ablauf der fiir And der Anspriiche geltend
VOV auf erﬁzr 1 emngen el nspmc ege enaern chenberichtS:

Frist; Veroffentlichung wird wiederholt, falls Anderun-

gen eingehen (Regel 48 Absatz 2 Buchstabe h) 26. Ma1 2011

Die Erfindung betrifft eme Vorrichtung zur raumlichen Ausrichtung von mindestens zwei groliformatigen Untergruppenbauteilen,
msbesondere mindestens einer Seitenschale (7,8), mindestens emer Oberschale (12), mindestens einer Unterschale (11) und/oder
mindestens eines Fullbodengeriistes, in Relation zuemander zur Integration eines Bauteils, insbesondere emer Rumpisektion eines
Flugzeugs, umfassend: a) mindestens zweil Positioniereinrichtungen zur Autnahme jeweils eines Untergruppenbauteils, msbeson-
dere mindestens zweil Seitenschalenpositionierer (2,3), mindestens einen Oberschalenpositionierer (5) und/oder mindestens eimnen
Unterschalenpositionierer (4), b) mindestens eine Messeinrichtung zum Erfassen einer Vielzahl von Messdaten, imsbesondere von
Positionsdaten der Untergruppenbauteile und/oder der Positioniereinrichtungen, ¢) mindestens eine Steuer- und/oder Regelein-
richtung (19), insbesondere mindestens eine CNC-Steuerung, und d) mindestens ein neuronales Netz (20). Das in die Vorrichtung
erfindungsgemall integrierte neuronale Netz (20) erlaubt es, die Untergruppenbauteile durch simultanes Vertahren der Positionier-
einrichtungen in kiirzester Zeit und mit hoher Genauigkeit i eine vorgegebene Soll-Geometrie zu bringen. Die Steuer- und/oder
Regelemrichtung (19) dient bevorzugt zur anschlieBenden Ausrichtung der Untergruppenbauteile in Relation zueinander durch
zeitgleich ausgefiihrte lineare Verfahrbewegungen der Positionierer. Dariiber hinaus betrifft die Erfindung ein Verfahren zum
Ausrichten von Untergruppenbauteilen.
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Description

Device for spatially aligning at least two subassembly components
and method for this

The 1nvention relates to a device for spatially aligning at
least two large-format subassembly components, in particular at
least one side shell, at least one upper shell, at least one lower
shell and/or at least one floor structure, relative to each other
for integrating a component, in particular a fuselage section of an

aircraft.

Furthermore, the invention relates to a method for spatially

aligning at least two subassembly components.

In modern aircraft construction, fuselage cells are usually
manufactured in the so-called section assembly process. In this
process, subassembly components such as, for example, side shells,
upper and lower shells as well as floor structures and if applicable
further system components such as, for example, technical equipment
systems are 1integrated to form a fuselage section. The complete
fuselage cell of an aircraft is then formed by a plural number of

fuselage sections arranged one behind another.

Presently used production plants for manufacturing fuselage
cells comprise positioning devices by means of which the subassembly
components are taken up and spatially aligned in relation to each
other. The necessary data for alignment is determined by means of a
sultable measuring device. The actual alignment then takes place in
a manually controlled manner in an iterative process. However, in
this process, apart from meeting the required high fitting accuracy,
it is, in particular, also necessary to limit the forces acting on
the subassembly components, for example to prevent undefined self-
deformation resulting from external mechanical forces acting on the
subassembly components. However, as a result of these effects, the

number of i1terative processes and procedures to be carried out by

P02~0030, Anmeldefassung vom 01.05.2009
Neuronales Netz

Alrbus Deutschland GmbH
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the individual positioning devices until a predetermined desired
position has been reached increases. Furthermore, in the case of
manual positioning, for safety reasons as a rule only ever one
positioning device moves at any given time. The above-mentioned
disadvantages in the hitherto-used practice during assembly of

fuselage sections or in the devices used for this purpose results 1in

longer assembly times.

It is the object of the invention to create a device that makes
it possible to set a predetermined desired geometric shape of
subassembly components as quickly as possible and subsequently to
move the subassembly components, by means of preferably simple
traverse movements, to a position where they can be tacked and/or

jolined.

This object is met by a device according to claim 1, which
comprises the following characteristics:

a) at least two positioning devices for taking up in each case a
subassembly component, in particular at least two side shell
positioners, at least one upper shell positioner and/or at least
one lower shell positioner,

b) at least one measuring device for acquiring a multitude of
measured data, in particular of positioning data relating to the
subassembly components and/or to the positioning devices,

c) at least one control and/or regulating device, in particular at
least one CNC control system, and

d) at least one neuronal network.

The positioning devices of the device support preferably
automatic take-up and free positionability of at least two
subassembly components, for example side shells, of an upper and a
lower shell and of at least one floor structure, 1n three-
dimensional space. In this process it should be taken into account
that the large-format subassembly components, after they have been
taken up by the positioning devices or the holding devices arranged
thereon, due to their intrinsic flexibility must first be moved to a

predetermined exactly defined desired geometry. Only after they have

P02-0030, Anmeldefassung vom 01.05.2009
Neuronales Netz
Airbus Deutschland GmbH
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attained this desired geometric shape is it possible to move the
subassembly components to a position where they can be tacked and
joined, for example by traverse movements of the positioning
devices. The geometric shape which first results in the subassembly
components after they have been taken up in the positioning devices
can only be described with the use of complex non-linear mathematic

algorithms.

For this purpose the device comprises at least one neuronal
network that preferably serves to set a desired geometric shape, as
determined in the construction specifications, of the at least two
subassembly components by synchronous moving of the facilities. As a
result of the simultaneously occurring traverse movements of the
positioning devices, which traverse movements are monitored by the
neuronal network, the time required to attain the desired geometric

shape can be significantly reduced.

For supplementary or alternative controlling of the traverse
movements of the positioning devices, moreover, at least one control
and/or regulating device is required, which can, for example, be
implemented with a known CNC control system. After the subassembly
components have been moved to assume the intended desired geometric
shape by means of the neuronal network, the subassembly components
can be moved in a controlled manner by the CNC control system, for
example by simple traverse movements, to a spatial position where
they can be tacked and joined. Because the subassembly components
have first been moved to assume a predetermined desired geometric
shape by means of the neuronal network, there is a considerable
reduction in the regulation-oriented and/or control-oriented effort
required to control the traverse movements of the subassembly

components until a state has been reached where they can be tacked

and/or joined.

According to an advantageous embodiment of the device, by means
of the at least one measuring device a spatial position of the
subassembly components and/or of the positioning devices can be

acquired.,

P02-0030, Anmeldefassung vom 01.05.2009
Neuronales Netz

Airbus Deutschland GmbH



CA 02760720 2011-11-01

As a result of this, highly-precise alignment of the
subassembly components to be joined is possible. In this arrangement
the positioning procedure is controlled by the at least one control
and/or regulating device and/or by the at least one neuronal

network.

An improvement of the device provides for the at least one
measuring device to comprise at least one laser tracker and/or at

least one photogrammetric system.

This makes it possible to achieve non-contacting acquisition of
the respective spatial position of the subassembly components while
at the same time providing high accuracy of better than 0.1 mm
within the device. During acquisition of the spatial positioning
data of the subassembly components by means of a laser tracker the
subassembly components are preferably in each case provided with at
least six reflective marks. In the case of a measuring system based
on photogrammetric methods, such additional marks are not mandatory,
however, by means of the resulting improvement in contrast 1in the
image to be evaluated they can contribute to acceleration of the
measuring procedure and/or to an improvement in measuring accuracy.
As an alternative to this, it is also possible to use as a measuring
device a laser-based GPS system suitable for indoor applications (a
so—-called "Indoor-GPS®"), which system generates a reference laser

grid 1n the space.

An improvement of the device provides for the neuronal network
to be designed so as to be hardware-based and/or software-based, 1in

particular within the at least one control and/or regulating device.

Hardware-based implementation of the neuronal network provides,
above all, speed advantages; however, it involves significantly
greater system complexity. In contrast to this, a software-based
solution can be directly integrated in a CNC control system, which

generally speaking is required anyway for controlling the

P02-0030, Anmeldefassung vom 01.05.2009
Neuronales Netz
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positioning devices, or in an arithmetic unit that 1is already

provided for this purpose.

According to a further embodiment of the invention, the
positioning data relating to the subassembly components, which
positioning data has been acquired by the at least one measuring
device, is conveyed to the control and/or regulating device as well

as to the neuronal network.

This feedback of the spatial coordinates acquired by the
measuring device to the at least one neuronal network as well as to
the control and/or regulating device is required to produce a closed
(linked-back) control and/or regulating circuit. As a result of this
the control and/or regulating device as well as the neuronal network
can detect any incorrect positioning of the subassembly components
with little delay, and can counteract these deviations from a

desired position by correspondingly moving the positioning devices.

According to an advantageous improvement of the device, the
positioning devices in each case comprise at least one holding
device for taking up and releasing at least one subassembly
component, wherein the at least one holding device 1s controllable

by means of the control and/or regulating device.

ITn this manner fully automatic taking up and i1f applicable
fully automatic placing of subassembly components by means of the
positioning devices becomes possible. The holding devices can, for
example, be implemented with suction cups or with the use of

spherical heads that can be inserted without any play i1nto dome-

shaped taking-up devices.

A further advantageous embodiment of the device provides for

the positioning devices, in addition, to be controllable by means of

a manual control device.

Because of this, operating personnel have recourse to

additional intervention options in the case of an error occurring.

P02-0030, Anmeldefassung vom 01.05.2009
Neuronales Netz
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Moreover, where necessary, manual control provides additional manual
precision correction of the desired geometric shape of the
subassembly components, which geometric shape has already been set
by the neuronal network. The manual control device, for example 1in
the form of a joystick, emits electrical signals that are
immediately conveyed to the associated actuators of the positioning
devices. The manual control signals have priority over any signals
of the neuronal network and of the control and/or regulating device.
As an alternative or as a supplement, positioning aids, such as for
example laser lines or the like, can be provided in order to improve
the accuracy of visual monitoring by an operator. The manual control
device is preferably designed in such a manner that in each case
only one positioning device can be manually moved by means of at

least one actuator.

An improvement of the device provides for at least one tacking
device to be provided in order to fix the mutual relative positions

of at the least two subassembly components.

This obviates the need for transporting the subassembly
components that have been properly aligned relative to each other toO
a separate, in other words spatially removed, tacking station and/or
joining station, which transporting might result in uncontrolled
position changes and in resulting dimensional deviations or

displacements.

According to an advantageous improvement of the device, at
least one joining device is provided in order to join the at least

two subassembly components.

In this manner, after the initial process of correcting the
three-dimensional geometric shape and after completion of the
alignment as well as of optional tacking, at least two subassembly

components can be joined to form a component.

According to an improvement of the device, in the region of the

at least one positioning device at least one measuring sensor 1S

P02-0030, Anmeldefassung vom (01.05.2009
Neuronales Netz
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arranged for determining further measured data, which measuring
sensor is connected to the at least one control and/or regulating

device and to the at least one neuronal network.

This makes possible a direct acquisition of measured data in
the region of the positioning devices, for example direct

displacement measurement and/or force measurement at the positioning

devices.

In the case of a further advantageous embodiment variant of the
device the at least one measuring sensor is a force transducer, 1in
particular for acquiring deformation relating to the subassembly
components; a displacement transducer, in particular for acquiring
positioning data relating to the positioning devices; an angle of
rotation transducer; a velocity transducer; an acceleration
transducer; a temperature transducer; and/or an atmospheric humidity

SENnsor.

In this manner it is possible, apart from the positioning data
determined as a matter of priority in a non-contacting manner by the
measuring device, which positioning data relates to the subassembly
components or to the positioning devices, to acquire a multitude of
further physical measured variables directly at the positioning
devices, in particular, however, the exact position coordinates of
the positioning facilities, in order to further optimise control of
the positioning devices by the neuronal network and/or by the
control and/or regulating device. In particular in the case ot
displacement transducers there can be direct mechanical coupling
between the positioning device to be monitored and the measuring

SENsSor,

Moreover, the object according to the invention 1s met by a
method according to claim 12, which method comprises the following
method-related steps:

a) inserting a subassembly component in each case in one of the at

least two positioning devices, in particular in at least one side

P02-0030, Anmeldefassung vom 01.05.2009
Neuronales Netz
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shell positioner, at least one upper shell positioner and/or at
least one lower shell positioner,

b) simultaneously moving the positioning devices under the control
of at least one neuronal network and of at least one measuring
device until a predetermined desired geometric shape has been
attained,

c) acquiring positioning data of the at least two subassembly
components and/or of the positioning devices by means of the
measuring device to determine an actual position, and

d) aligning the subassembly components in a controlled manner by the
at least one control and/or regulating device and/or by the at
least one neuronal network by simultaneously moving the
positioning devices based on an actual position in each case
acquired by the measuring device and/or by measuring sSensors
until a desired position has been reached that is, in particular,

suitable for tacking and/or joining the subassembly components.

In method-related step a) in each case at first a subassembly
component 1is taken up by a positioning device or 1s 1nserted or
placed into the aforesaid. For the purpose of taking up the
subassembly components each positioning device comprises at least
one, preferably however at least two, play-free holding devices or
connecting devices. At their ends the holding devices are arranged
on holding arms of the positioners; they can, for example, be
designed as spherical heads that at least in some regions are
insertable with positive fit into ball sockets. As an alternative,
in particular in the case of subassembly components with smooth
surfaces, it is also possible to use suction cups. The holding
devices are preferably operable by the central control and/or
regulating device, and are detachable from the respective

subassembly component.

In method-related step b) the positioning devices with the
subassembly components taken up thereon are simultaneously moved 1in
a controlled manner by at least one neuronal network until a desired
geometric shape of the subassembly components is attained, which

shape has been predetermined on the basis of CAD component data. In

P02-0030, Anmeldefassung vom 01.05.2009
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this manner it is possibl=e, prior to commencement of the alignment
process, to eliminate initial undefined deformation of the
subassembly components taken up in the positioning devices, such as
for example weight-related self-deformation in the case of large-
format subassembly components, temperature-related changes 1in
length, and/or production-related dimensional deviations in the
region of the positioning devices. Ideally the desired geometric
shape of the subassembly components, which shape has been attained
after method-related step b), corresponds to the shape predefined 1n
the CAD component data. Moreover, this results in a reduction in the
necessary programming effort and/or regulating effort for monitoring
the traverse movements of the positioning devices, in particular

until a position of the subassembly components is reached where they

can be tacked and/or joined.

As an alternative or as a supplement to movement sequence
control by the neuronal network, control of the movement sequences

of the positioning devices can be carried out by at least one

control and/or regulating device.

In order to cause the deformation of the subassembly
components, which deformation is necessary to achieve the desired
geometric shape, as a rule the introduction of mechanical forces
1nto the subassembly components 1s necessary. As part of “force
monitoring” the extent of these mechanical forces to be produced by
the positioning devices is, in particular, continuously determined
by the measuring sensors provided in the region of the positioning
devices, which measuring sensors among other things are designed as
force transducers, and is conveyed to the neuronal network and/or to

the control and/or reqgulating device for further evaluation. By
means of corresponding control of the actuators within the
positioning devices, in the holding arms and in the holding devices
or connecting devices, any introduction of inadmissibly high
mechanical forces into the subassembly components to be joined can
be prevented, and, consequently, permanent structural damage to the

components to be joined and impermissibly high stress in the aligned

subassembly components are excluded. In terms of the forces to be

P02-0030, Anmeldefassung vom 01.05.2009
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introduced, generally speaking a maximum limit value is provided,
wherein, when this value is exceeded, any further change in the
geometric shape of the subassembly component as a result of moving
the positioning devices fails to materialise so as to prevent
permanent damage to the subassembly component and/or to the

positioning devices and holding devices involved.

In order to determine the actual geometric shape, at a given
time, of each subassembly component, preferably a non-contacting
measuring device is used, for example in the form of a laser
tracker, an indoor GPS or a photogrammetric device. In the case of a
laser tracker a multitude of laser reflectors are arranged so as tO
be distributed over the subassembly components, which laser
reflectors make it possible to precisely acquire the respective
actual geometric shape of the surface of the subassembly component
in question. In the subsequent method-related steps the measuring
device can also be used for acquiring the spatial position of the
subassembly components and/or of the positioning devices,
irrespective of any measuring sensors, 1in particular displacement

transducers, in the region of the positioning devices.

After the at least two subassembly components in method-related
step b) have been brought to a predetermined desired geometric
shape, in method-related step ¢) the positioning data of the at
least two subassembly components and/or of the positioning devices
is determined by means of the at least one measuring device 1in order
to determine a then current actual position of the subassembly

components and/or of the positioning devices.

In method-related step d) then follows alignment of the
subassembly components, controlled by the at least one control
and/or regulating device and/or the at least one neuronal network by
simultaneous movement of the positioning devices on the basis of the
positioning data acquired by the measuring device and/or by the
measuring sensors until, in particular, a desired position has been
reached that is suitable for tacking and/or joining the subassembly

components. After the predetermined desired position has been

P02-0030, Anmeldefassung vom 01.05.2009
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reached, to secure their positions the aligned subassembly
components can be tacked and if applicable also finally joilned Dby
means of suitable devices. As an alternative or as a supplement,
position monitoring can also take place by means of displacement

transducers provided in the positioning devices.

As a result of the continuous transmission, to the control
and/or regulating device controlling the alignment process and/or to
the neuronal network, of the space coordinates acquired by the at
least one measuring device and/or by the measuring sensors, a fast

and precise alignment process can be achieved.

As already briefly mentioned above, acquisition of the
positioning data of the subassembly components and/or of the
positioning devices can take place by means of the measuring device,
with laser trackers, with photogrammetric systems and/or with an
indoor GPS, and consequently, generally speaking, measuring
uncertainty of less than 0.1 mm can be achieved. In all cases the
use of a laser tracker requires the affixation of so-called marks to
the deformation-relevant reference points of interest on the
respective subassembly component and/or to the positioning devices,
if at the same time their movements are also to be acquired with the

laser tracker.

For example, incrementally or absolutely operating linear
displacement transducers and/or angle of rotation sensors can be
used as measuring sensors in the region of the positioning devices.
Suitable displacement transducers, in other words interference-
resistant, low-wear and maintenance-free displacement transducers,
operate, for example, on an inductive or visual basis. Apart from
the displacement transducers, preferably at least force transducers
are integrated in the positioning devices in order to be able to
acquire the forces which during the traversing processes of the
positioning devices act on the subassembly components, and 1in order
to minimise the deformation of the subassembly components which as a
rule results from said forces. Moreover, the positioning devices,

the holding arms and/or the holding devices or the connecting
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devices can comprise angle of rotation transducers, velocity

transducers, acceleration transducers, temperature transducers,

humidity transducers and the like.

Temperature sensors are important in the compensation for
temperature-related changes in dimensions of the, as a rule, large-
format subassembly components, including the positioning devices.
Based on the known temperatures, the traverse movements of the

positioning devices can be compensated, and moreover the holding

devices required to receive the subassembly components on the
positioning devices can also be readjusted accordingly in order to
prevent thé océurrence of mechanical stress in the subassembly
components, and in order to ensure highly precise alignment under
all imaginable environmental conditions. Apart from the influence of
temperature, other interference factors can exist that have an

influence on the accuracy of the method in a relevant magnitude.

The laser tracker, the displacement transducers, the force
transducers and all further optional measuring sensors provide the
positioning data or the other physical measured data pretferably
directly in digital form so that the corresponding data can be
conveyed in an interference-free manner to the control and/or

regulating device and to the neuronal network, where 1t can quickly

be further processed.

The control and/or regulating device can, for example, be
implemented with the use of a known CNC control system by means of a
standard PC cluster and/or with at least one process computer which
preferably is able to directly access the CAD construction data of
the subassembly components to be aligned. The at least one neuronal
network can be implemented in an exclusively hardware-based and/or
software-based manner on at least one standard industry PC or a

powerful cluster comprising standard industry PCs.

According to a further improvement of the method, in a trial
phase the neuronal network is taught until adequate correctness of

its statements is achieved and from this an i1nitial data set for a
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first method-related procedure with the neuronal network 1s

generated.

The resulting initial data set is used as the first base for
all subseguent method-related procedures and must be run through

anew in relation to subassembly components of another nature.

As a consequence of the actual positioning data fed back to the
neuronal network, and as a consequence of the further physical
measured data relating to the positioning devices and to the
subassembly components, the initial data set within the neuronal
network is steadily improved with each further method-related
procedure, and consequently highly precise alignment of the
subassembly components relative to each other becomes possible in a
very short time without any external manual intervention. Teach-in
takes place with the use of the real subassembly components,
including the positioning devices necessary for this, which
subassembly components in the subsequent process are to be brought
to assume a predetermined desired geometric shape and are
subsequently to be aligned relative to each other. By means of a
manual control device, manual corrections for improving the learning

effect of the neuronal network are possible during the trial phase.

In the context of the above description, the term “correctness
of a statement” of the neuronal network refers to the 1initial
accuracy, achieved after completion of the teach-in phase, 1in
relation to maintaining the desired geometric shape, as determined
in the construction specifications, of the subassembly components,
or to the alignment of the subassembly components in relation to

each other within the device.

In contrast to this, the control and/or regulating device 1S
analytically pre-programmed by means of known methods. Such
programming can, for example, be implemented by the teach-in method
or purely numerically on the basis of predetermined CAD coordinates
relating to the subassembly components and/or to the positioning

devices.
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A further advantageous embodiment of the method provides for
the initial data set during the method-related process to be
improved step by step, in particular by continuous feed-in, to the
at least one neuronal network, of position data determined by the at
least one measuring device, and/or by the measured data determined

by the at least one measuring sensor.

As a result of the effect of continuously feeding back to the
neuronal network the positioning data or the measured data
determined by the remaining ﬁeasuring sensors, practically the
teach—-in phase 1s extended}into normal operation of the neuronal
network, and consequently the positioning accuracy is steadily
improved and simultaneocusly the time required for this 1s reduced

until an optimum 1is achieved.
The drawing shows the following:
Fig. 1 a basic illustration of a device, and

Fig. 2 a diagrammatic view of a neuronal network that 1s

preferably used in the device.

Identical design elements in the drawing have the same reference

characters.

Fig. 1 shows a diagrammatic view of the device according to the

invention.

A device 1 among other things comprises two side shell
positioners 2, 3, a lower shell positioner 4 and an upper shell
positioner 5. Furthermore, at least one further positioning device
is shown which can, for example, be designed as a presentation frame
for alignment of at least one floor structure (not shown in Fig. 1).
Moreover, two work platforms or boom lifts (for the sake of clarity
also not shown) are provided, which are arranged on both sides of

the upper shell positioner 5, in order to make 1t possible for
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operating personnel to manually intervene. A coordinate system 6
shows the spatial position of all the components shown in Fig. 1.
Because of the size of the subassembly components that are to be
taken up by the positioners 2 to 5, in a preferred embodiment
variant of the device 1, in each case behind each of the positioners
at least one further positioner is arranged so as to be offset 1n

the direction of the x-axis.

On the two side shell positioners 2, 3 in each case a side
shell 7, 8 is taken up by holding devices or connecting devices (not
shown) that in each case are provided'on the ends of three holding
arms of the side shell positioners:2, 3. In a manner that 1is
representative of all further holding arms the upper holding arms of

the side shell positioners 2, 3 comprise the reference characters 9,
10.

Correspondingly a lower shell 11 1s connected to the lower
shell positioner 4 by means of three holding arms (also not shown)
by way of holding devices arranged at their ends, and an upper shell
12 is suspended from the upper shell positioner 5 — carried by two
holding arms which each comprise a holding device on its end - SO as
to project from above into the device 1. As indicated by the
coordinate system 6, the positioning devices 2 to 5 including the
optional work platforms and the presentation frame can be freely
moved at least parallel to the x-axis, the y—-axis as well as the z-
axis. Preferably, however, each one of the positioning devices

comprises more than three independent degrees of freedom.

The two side shell positioners 2, 3 are designed so as to be
slidable at least parallel to the x-axis, while the holding arms of
the side shell positioners 2, 3 are movable at least parallel to the
y—-axis and to the z-axis. In co-operation with the two holding arms
that are braced in a latticed manner, the upper shell positioner 5
makes it possible to spatially position the upper shell 12 at least
parallel to the three axes of the coordinate system 6. As an
alternative, rotatory movement sequences, if applicable also in

combination with translatory movements, are also possible.
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The same applies to the movement options of the lower shell 11
as well as to the positioning device (not shown) for manipulating
the spatial position of the floor structure (not shown 1in the
drawing). By way of the above-mentioned purely translatory movement
options of the positioning devices parallel to the axes of the
Cartesian coordinate system 6, which in each case represent three
degrees of freedom in terms of each positioning device, the
positioning devices can comprise further degrees of freedom, for
example a further three rotatory movement options for each
positioning device. In this manner the subassémbly components 1n the
device 1 can move on more complex movement baths, in other words 1n
particular on any desired curved movement paths, and consequently
spatial alignment is accelerated. Apart from the movement options,
described above, of the positioning devices and of the holding arms
arranged thereon, it is also possible for the holding devices or the
connecting devices themselves to comprise several degrees of freedom

in order to improve the positioning options of the subassembly

components.

The two side shells 7, 8, the lower shell 11, the upper shell
12 as well as the floor structure (not shown) are finally to be
mutually aligned in such a manner that these subassembly components
assume a predetermined desired position in which at least

provisional tacking or final joining to form a complete fuselage

section of an aircraft 1s possible.

In order to acquire the respective current positioning data of
the side shells 7, 8, of the lower shell 11 as well as of the upper
shell 12 by means of a laser tracker 13, a multitude of reflectors
as markers are arranged on the shells 7, 8, 11, 12, predominantly 1in
the region of reference points that are relevant in terms of self-
deformation, wherein one of these reflectors 14 comprises a
reference character representative of all the others. In each case,
the laser pulses or laser beams emitted by the laser tracker 13 and
reflected by the reflectors are denoted by dashed double arrows. By

means of the laser tracker 13 the exact positions of the subassembly
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components in the device, and thus if applicable in an indirect
manner also the coordinates of the positioning devices themselves,
can be determined to a precision of a few tenths of a millimetre.
Instead of, or in addition to, the laser tracker 11 it 1is also
possible, for example, to use a measuring device that 1is based on a

photogrammetric system.

Furthermore, a multitude of measuring sensors are integrated 1n
the two side shell positioners 2, 3, the upper shell positioner O,
the lower shell positioner 4 as well as in the floor structure
positioner. Of these sensors, the measuring sensors ldcaﬁed in the
side shell positioners 2, 3 comprise reference charécters 15, 1e,
representative of all the remaining measuring sensors. The measuring
sensors are, for example, force transducers, by means of which the
mechanical forces which in each case act on the subassembly
components can be acquired in a differentiated manner. These forces
can be caused by the traverse movements of the positioners and/or by
the intrinsic weight of the subassembly components to be aligned, as
well as by self-deformation induced by the aforesaid. In addition to
the force transducers, further measuring sensors, for example
displacement transducers, velocity transducers, acceleration
transducers as well as angle of rotation transducers can be
integrated. Moreover, temperature transducers and humidity
transducers can be provided, in particular in order to acquilre
changes in the geometric shape of the subassembly components and/or
of the positioning devices a result of thermal influences, and 1if

applicable to be able to compensate for these changes.

Beyond this, each positioning device comprises at least one
actuator or one electrical or hydraulic drive for any desired
spatial movement of the positioning devices. In a manner that 1is
representative of all the remaining actuators, two actuators in the
two side shell positioners 2, 3 are designated with reference
characters 17, 18. The actuators in the positioning devices
preferably make it possible to obtain highly precise movement,
without any play, of the positioning devices within the device 1in at

least three degrees of freedom. The actuators can, for example, Dbe
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implemented so as to be hydraulic, pneumatic and/or electric.

Preferably, however, electrically-operated precision spindle drives

are used.

Moreover, the device comprises at least one control and/or
regulating device 19 as well as, according to the invention, at
least one neuronal network 20, at the same level as the control
and/or regulating device 19. For the purpose of data exchange the
aforesaid are in permanent mutual connection by way of a
bidirectional databus 22. The databus 22 makes 1t possible to
maintain full information exchange between the control and/or'
regulating device 19 and the neuronal network 20. This meané that
the subassembly components are spatially freely moveable, by means
of the actuators, both by the control and/or regulating device 19
and by the neuronal network 20. In addition, all the positioning
data relating to the subassembly components, which data has been
determined by the laser tracker 13, including the further physical
measured data determined in the positioners and in the holding
devices, 1s available, for further processing, both to the control

and/or regulating device 19 and to the neuronal network 20.

All the positioning data, determined by the laser tracker 13,
relating to the subassembly components including the further
physical measured data determined by the measuring sensors, for
example force measurement values, speed values, acceleration values
and/or angle of rotation values of the positioning devices or of the

subassembly components, 1s forwarded, as indicated by lines, to the

control and/or regulating device 19, and thus at the same time 1is
also made available to the neuronal network 20. Conversely, all the
actuators of the positioning devices receive, as selected, from the
control and/or regulating device 19 and/or from the neuronal network
20 a multitude of control signals which in the illustration of Fig.

1 are 1ndicated by arrows.

Thus the control and/or regulating device 19 is at all times 1in

a position to move or align in a controlled manner, in a spatially
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unrestricted manner, all the positioning devices within the device

1.

To supplement the control and/or regulating device 19 as well
as the neuronal network 20, furthermore a manual control device 21
is provided which makes it possible for a user to manually intervene
in fully-automatically running positioning processes within the
device 1. A double arrow between the manual control device and the
control and/or regulating device 19 illustrates an optional reaction
by the control and/or regulating device 19 or by the neuronal
network 20 to the manual control device 21. In this way, in a case
where, for example, a positioning device with a subassembly
component taken up therein moves against an obstacle and/or against
a further subassembly component and/or is subijected to high
mechanical loads, feedback that can be experienced in a haptic or
tactile manner can be given to a user so that, for example,
positioning errors can be pointed out early even without visual
contact. Tactile feedback to a user can, for example, be generated
by mechanical vibration whose frequency and/or intensity is, for
example, proportional to a force that mechanically acts on the
positioning device in the case of an error. As an alternative, an

activation force of the manual control device can be increased in a

defined stepped manner.

In principle, the signals of the manual control device 21 have
priority over the control signals transmitted by the neuronal
network 20 and/or by the control and/or regulating device 19 to the
actuators of the positioners. In this arrangement, for safety
reasons, the manual control device 21 is designed 1in such a manner
that a user can preferably in each case spatially move only one
positioning device at a time by means of at least one actuator
situated therein and controlled by the manual control device 21.
Moving the positioning devices in manual control mode as a rule
takes place on the basis of visual monitoring by the user. All the
positional changes of the subassembly components and of the
positioners, which changes that are carried out by means of the

manual control device 21, or changes in the geometric shape of the
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subassembly components, which changes are caused by movement of the
positioners, are, for example, acquired by means of the laser
tracker 13 and are forwarded to the control and/or regulating device
19 as well as to the neuronal network 20 so that said control bodies

are at all times i1informed about the current actual state of the

device 1.

After taking up the subassembly components by means of the
positioners or the holding devices provided on the holding arms of
the positioners, the subassembly components, which as a rule because
of their size are flexible, by corresponding movement of the
positioners within the device are first brought to assume the
desired geometric shape as determined in the construction
speclfications. Since deformation of the subassembly components is
governed by extremely complex non-linear mathematical rules, in this
phase the positioners are preferably controlled exclusively by the
neuronal network 20. In this process, by means of the measuring
sensors, constant control of the mechanical loads and movement paths
acting on the subassembly components takes place, which load must
not exceed the predetermined limit values so that irreversible
deformation 1s prevented. In this process the measuring of forces
takes place on a multitude of different measuring points that are
representative for this, preferably in the region of the holding

arms or of the holding devices of the positioning devices.

After the subassembly components have attained their desired
geometric shape (3D-geometry) as determined in the construction
specifications, preferably under the sole control of the control
and/or regulating device 19, movement of the subassembly components
takes place by the positioners until a desired position provided for
the tacking and/or joining process has been reached. After the
subassembly components have been made to assume the desired
geometric shape by means of the neuronal network 20, simultaneously
carried-out linear traverse movements of the positioning devices are
sufficient to reach a position of the subassembly components where
they can be joined and/or tacked, and consequently the control

effort and/or regulating effort is significantly reduced. Generally
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speaking, the control and regulating device 19 is predestined for
monitoring such linear traverse movements of the subassembly
components, which once the desired geometric shape has been

accomplished are (notionally) to be regarded as being rigid.

The process of movement until a position has been reached 1n
which the subassembly components can be tacked and joined, can,
however, either as a supplement or as an alternative also be
controlled solely by the neuronal network 20. In order to minimise
the alignment times in all cases, all the positioners are always
preferably moved simultaneously. Switching over or mixing the
control signals for the actuators in the positioning devices, which
control signals have been generated by the control and/or regulating
device 19 as well as by the neuronal network 20, takes place by

switches or mixers (not shown in Fig. 1).

Apart from this, within the device 1, tacking devices (also not
shown) can be provided that preferably operate fully automatically
and that can be controlled by means of the control and/or regulating
device 19 as well as by means of the neuronal network 20. As soon as
the subassembly components have reached the desired position
provided 1in relation to the particular tacking process, provisional
joining (tacking) of the above-mentioned components can take place
by means of a tacking device. Such position fixing can, for example,

take place by means of tacking rivets, permanent magnets and/or

electromagnets.

In a further stage of improvement, for the purpose of
increasing the degree of automation, the device 1 can also comprise
joining devices (not shown). With the additional integration of
tacking devices and joining devices, by means of the device 1 a
complete fuselage section for an aircraft can be produced fully

automatically from the subassembly components.

Below, the sequence of the method according to the invention 1s

to be explained in more detail.
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First the subassembly components in the form of the two side
shells 7, 8, the lower shell 11, the upper shell 12 as well as the
at least one floor structure (not shown) are taken up and their
position is fixed by means of the holding arms and the holding
devices located at the ends of the aforesaid, which holding devices
are in each case provided on the side shell positioners 2, 3, on the
lower shell positioner 4, on the upper shell positioner 5 as well as

on the presentation frame or on the floor structure positioner.

Subsequently the positioners, preferably controlled by the
neuronal network, are moved until each subassembly component assumes
a geometric shape that corresponds to the CAD design data. In this
state the subassembly components can be considered to be
approximately rigid components which by means of translatory linear
traverse movements of the positioning device can be moved relative
to each other with little control-oriented and/or regulation-

oriented effort to a position where they can be tacked and/or

jolned.

After this the subassembly components are moved until a tacking
and joilning position has been reached. Generally speaking the
control and/or regulating device 19 is sufficient to control this
movement process, because as a rule this then only needs linear, 1n

other words translatory, traverse movements. As an alternative, the
movement process to the point where a position of the subassembly
components 1s reached in which they can be tacked or joined can,

however, be controlled, in a supplementary manner or exclusively, by

the neuronal network 20.

Before the neuronal network 20 can be used for controlling
and/or regulating the sequences within the device 1, an extensive

teach—-1in phase or trial phase must be carried out.

For this purpose the same subassembly components are taken up
in the positioners as are subsequently to be positioned in the
regular method-related process by means of the neuronal network Z20.

After the subassembly components have been taken up by the
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positioning devices, said subassembly components are moved in a
controlled manner by the neuronal network 20 until the predetermined
desired geometric shape of the subassembly component has been
attained or until at least two subassembly components have been
moved to a position relative to each other in which they can be
tacked or joined. In this process the position data, determined by
the laser tracker 13, relating to the subassembly components, as
well as the further physical data taken up by the measuring sensors,
1s continuously coupled into the neuronal network in order to, 1in
this iterative trial and error process, step by step optimise the
control and/or regulating characteristics of the neuronal network 20
1n terms of the fastest possible and at the same time highly

accurate alignment of the subassembly components. In contrast to the
control and/or regulating device, the neuronal network 20 ultimately
“programs” or organises itself automatically, during the trial phase

or the teach-in phase, by means of the processes indicated above.

If applicable, by means of the manual control device 21, 1n
this trial phase or learning phase of the neuronal network 20 manual

corrections still need to be carried out.

After completion of this trial phase or learning phase an
initial data set has been generated in the neuronal network 20. This
data set forms the basis for all subsequent alignment processes of

subassembly components of the same type.

In an exemplary schematic diagram, Fig. 2 1llustrates the

possible structure of the neurocnal network.

The neuronal network 20 comprises an input layer 23, a hidden
layer 24 as well as an output layer 25, wherein said layers in each
case comprise a multitude of neurons, of which in each case an upper
neuron 26 to 28 representative of all the remaining neurons has been
assigned a reference character. In each case between the neurons a
multitude of weighted connections exist of which only two
connections 29, 30, representative of the remaining connections,

have been assigned a reference character. Input signals 31 present
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at the input layer 23 are transformed by means of the neuronal
network 20 into output signals 32 that queue at the output layer 25

and can be tapped for further processing.

By means of the weighting of a product of the weighted
connections and activation of the neurons contained in the hidden
layer 24, the output signals 32 can be derived, with the use of
elaborate mathematical functions, from the input signals 31, wherein
one of these mathematical functions representative of all the

remaining mathematical functions has been assigned the reference

character 33.

The input signals 31 in the neuronal network 20 are any
physical measured data, preferably, however, the positioning data of
the positioning devices and/or of the associated subassembly
components within the device, as well as measured values of the
mechanical loads or forces acting on said components. Moreover,
velocity values and/or acceleration values of said components can be
fed or coupled as input signals 31 into/in the neuronal network 20.
After a likewise still required measuring-oriented adaptation, the
output signals 32 queuing at the output layer 25 can be used, 1in

particular, for controlling the actuators that are necessary for

moving the positioning devices.
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List of reference characters

1 Device

2 Side shell positioner

3 Side shell positioner

4 Lower shell positioner

5 Upper shell positioner

6 Coordinate system

7 Side shell

8 Side shell

9 Holding arm

10 Holding arm

11 Lower shell

12 Upper shell

13 Laser tracker

14 Reflector (marking)

15 Measuring sensor (side shell positioner)
16 Measuring sensor (side shell positioner)
17 Actuator (side shell positioner)
18 Actuator (side shell positioner)
19 Control and/or regulating device
20 Neuronal network

21 Manual control device

22 Databus

23 Input layer

24 Hidden layer

25 Output layer

26 Neuron

21 Neuron

28 Neuron

29 Connection

30 Connection

31 Input signals

32 Output signals

33 Function
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Claims

1. A device (1) for spatially aligning at least two large-
format subassembly components, in particular at least one side shell
(7, 8), at least one upper shell (12), at least one lower shell (11)
and/or at least one floor structure, relative to each other for
integrating a component, in particular a fuselage section of an
aircraft, comprising:

a) at least two positioning devices for taking up in each case a
subassembly component, in particular at least two side shell
positioners (2, 3), at least one upper shell positioner (95)
and/or at least one lower shell positioner (4),

b) at least one measuring device for acquiring a multitude of
measured data, in particular of positioning data relating to the
subassembly components and/or to the positioning devices,

c) at least one control and/or regulating device (19), in particular
at least one CNC control system, and

d) at least one neuronal network (20).

2. The device (1) according to claim 1, characterised in that
by means of the at least one measuring device a spatial position of
the subassembly components and/or of the positioning devices can be

acquired.

3. The device (1) according to claim 2, characterised in that
the at least one measuring device comprises at least one laser

tracker (13) and/or at least one photogrammetric system.

4. The device (1) according to any one of claims 1 to 3,
characterised in that the neuronal network (20) is designed so as TO
be hardware-based and/or software-based, in particular within the at

least one control and/or regulating device (19).

5. The device (1) according to any one of claims 1 to 4,

characterised in that the positioning data relating to the

subassembly components, which positioning data has been acquired by
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the at least one measuring device, is conveyed to the control and/or

regulating device (19) and to the neuronal network (20).

6. The device (1) according to any one of claims 1 to 5,
characterised in that the positioning devices in each case comprise
at least one holding device for taking up and releasing at least one
subassembly component, wherein the at least one holding device 1s
controllable by means of the control and/or regulating device (19)

and/or the neuronal network (20).

7. The device (1) according to any one of claims 1 to 6,
characterised in that the positioning devices are controllable Dby

means of a manual control device (21).

8. The device (1) according to any one of claims 1 to 7,
characterised in that at least one tacking device is provided 1in
order to fix the mutual relative positions of the at least two

subassembly components.

9. The device (1) according to any one of claims 1 to 8,

characterised in that at least one joining device is provided 1n

order to join the at least two subassembly components.

10. The device (1) according to any one of claims 1 to 9,
characterised in that in the region of the at least one positioning

device at least one measuring sensor is arranged for determining
further measured data, which measuring sensor is connected to the at
least one control and/or regulating device (19) and to the at least

one neuronal network (20).

11. The device (1) according to claim 10, characterised in that

the at least one measuring sensor is a force transducer, 1n
particular for acquiring deformation relating to the subassembly
components; a displacement transducer, 1n particular for acquiring
positioning data relating to the positioning devices; an angle of

rotation transducer; a velocity transducer; an acceleration
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transducer; a temperature transducer; and/or an atmospheric humidity

Sensor.

12. A method for aligning at least two subassembly components
relative to each other for integrating a component with at least two
positioning devices, in particular by means of a device (1)
according to any one of claims 1 to 11, comprising the following
steps:

a) inserting a subassembly component in each case 1n one of the at
least two positioning devices, in particular in at least one side
shell positioner (2, 3), at least one upper shell positioner (5)
and/or at least one lower shell positioner (4),

b) simultaneously moving the positioning devices under the control
of at least one neuronal network (20) and of at least one
measuring device until a predetermined desired geometric shape
has been reached,

c) acquiring positioning data of the at least two subassembly
components and/or of the positioning devices by means of the
measuring device to determine an actual position, and

d) aligning the subassembly components in a controlled manner by the
at least one control and/or regulating device and/or by the at
least one neuronal network (20) by simultaneously moving the
positioning devices based on an actual position 1in each case
acquired by the measuring device and/or by the measuring sensors
until a desired position has been reached that is, 1n particular,

suitable for tacking and/or joining the subassembly components.

13. The method according to claim 12, characterised in that in
a trial phase teaching of the at least one neuronal network (20)
takes place until the neuronal network (20) achieves adequate
correctness of its statements and an initial data set for a first

method-related procedure with the neuronal network (20) 1is

generated.

14. The method according to claim 12 or 13, characterised in

that the initial data set during the method-related process 1s

improved step by step, in particular by continuous feed-in, to the
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2t least one neuronal network (20), of position data determined by

the at least one measuring device, and/or by the measured data

determined by the at least one measuring Sensor.

P02-0030, Anmeldefassung vom 01.05.2009
Neuronales Netz
Airbus Deutschland GmbH



CA 02760720 2011-11-01

P02-0030 WO (2008-4225T)

}vAVA\VAVAVAVAVAVAVAVAV‘
14— | Q -i——-;;- - h
3 % E 10
1 i \’ 8
P S e
N %
] § ! % h
1 7/ ...... ? -18

'—m“-mnﬁnmmu ik WP RAP P AL AFY rul i By ™

Fig. 1



00000000000000000000

oooooooooooooooooo




12

17— |

/P77

44

18

Fig. 1}



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - abstract drawing

