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(57) Abstract: One aspect of the present invention relates to an automated system for joining at least two portions of a chassis, com-
prising at least one actuation device (3) adapted to move at least one portion in the space "XYZ" with three degrees of freedom; a
central control unit (5) adapted to control each actuation device (3) as a function of a plurality of data obtained through a plurality of
sensors (7). Said plurality of sensors (7) can continuously determine, on each chassis portion, a plurality of key points (A, B, C)
which are univocal for each portion. Said central control unit (5), depending on the data obtained from said plurality of sensors (7,
activates said at least one actuation device (3) in order to bring near and connect said at least two portions, while monitoring,
through said plurality of sensors (7), the relative position between said plurality of key points (A, B, C) of said portions and the ab-
solute position of said portions in the space "XYZ". A second aspect of the present invention relates to a method, associated with the
above-mentioned automated joining system, for automatically joining at least two portions in order to manufacture a chassis.
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TITLE: AUTOMATED SYSTEM FOR JOINING PORTIONS OF A CHASSIS
AND METHOD THEREOF.

The present invention relates to an automated system
for structurally joining at least two main portions making
up the chassis of a vehicle or the fuselage of an aircfaft
or the hull of a boat. Said system can automatically and
continuously handle all the steps of the associated method
for joining the portions. Said system can handle the entire
kinematic/mechanic chain for manufacturing said vehicle or
aircraft or boat.

The.associated method of assembly concerns the steps
carried out by the system for assembling chassis or
fuselage or hull portions, which steps are carried out
automatically and are highly reproducible.

Preferably, said system and the associated method are
applicable for manufacturing aircraft fuselages by joining
at least two fuselage sections. ‘

It 1is known that assembling the sections of an
aircraft fuselage is a very complex task that requires much
control in order to create an aircraft capable of passing
the flight resistance tests. In fact, if such sections are
not properly assembled, the resulting aircraft will-suffer
stability and aerodynamics problems, which may endanger the
utilization of the aircraft thus assembled. -

Systems for joining at least two fuselage sections are
known which comprise a plurality of sensors adapted to
facilitate the steps of positioning, moving and joining
said sections, which are carried out by assembly personnel.
In fact, most of the steps of the methods for manufacturing

an aircraft described in the prior art are carried out by
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human personnel with the help of electromechanical devices
and sensors of various nature.

For this reason, when manufacturing an aircraft,
errors may be made due to the human component while
executing one or more steps of the method for assembling
and joining the aircraft sections.

Automatic devices are known which are adaptéd to carry
out one or more steps of the method for manufacturing an
aircraft; said devices are supervised by an assembly
operator. Therefore, in order to join sections of an
alrcraft, the operator will have to supervise a plurality
of automatié - devices. Manufacturing an aircraft in
compliance with assembly standards strongly depends on the
skills of the assembly operator, who is in charge of
coordinating the various devices and possibly also
supervising any manually executed operations.

A method of this type turns out to be very costly,
because it requires the use of many electromechanical
devices that must be made to interact with one another, and
also because of the large number of manual operations
involved. In addition, such a method is also costly in
terms of production time per aircraft, because the various
steps must be supervised by the person in charge, although
with the help of sensors of various kinds, who must
supervise every critical aspect of the aircraft production
process.

Finally, this type of method, the implementation of
which requires a human component, introduces an uncertain
variable which makes the method hardly reproducible and

which, in probabilistic terms, causes high uncertainty as
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to the result thereof. Such uncertainty implies increased
average aircraft production costs.

It should also be underlined that each
electromechanical device used for implementing the method
introduces intrinsic uncertainty in the operations it 1is
adapted to perform; such uncertainty adds up to the
uncertainties of the other electromechanical devices,
because the systems known in the art do not include a
central control system capable o©of coordinating such
electromechanical devices to eliminate any errors so as to
reduce the uncertainty of the entire system and, as a
consequence, of the manufacturing method.

Junction errors are also due to intrinsic physical
factors, such as thermal or mechanical expansion of metal
parts, depending on the temperature and humidity present in
the place where the assembly process is being carried out.

' Checks are also known to be made on the junction by
means of laser measurements taken at discrete instants
while executing the joining method.

However, such checks do not ensure junction
repeatability and correct alignment of all of the key
points required for properly joining the parts.

The present invention aims at solving the above-
mentioned problems by providing a system for joining at
least to main portions of a chassis or an aircraft fuselage
or a boat hull, which system can automatically control and
manage a plurality of actuation devices through a central
control unit as a function of data obtained from a
plurality of sensors.

The present invention also aims at solving the above-

mentioned problems by implementing a new method for joining
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at least two main portions or sections 1in a totally
automatic manner, allowing for re-alignment of all key
points for the purpose of ensuring repeatability of the
junction between the main portions or sections.

One aspect of the present invention relates to an
automated system for joining at least two main portions of
a chassis or a fuselage or a hull, having the features set
out in the appended independent device claim 1.

A further aspect of the present invention relates to a
method for automatically joining at least two main portions
or sections, having the features set out in the appended
independent method claim 10.

| Auxiliary features and steps of the present invention
are set out in the appended dependent claims.

The features and advantages of the automated system
and of the associated method according to the present
invention will become more apparent from the following
description of at least one embodiment thereof and from the

annexed drawings, wherein:

. Figure 1 is a schematic plan view of a joining system

according to the present invention;

. Figure 2 is a general perspective view of an

" embodiment of the joining system according to the present

invention;

. Figures 3A and 3B show the actuation device; in
particularp Figure 3A shows one embodiment of an actuation
device, and Figure 3B shows a detail of a column;

e  Figure 4 shows a flow chart of one implementation of
the joining metth according to the present invention;

. Figures 5A, 5B are perspective views showing the

execution of steps g) and h) of the flow chart of Figure 4,

4
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implemented by the system shown in Figures 1 and 2, for
joining a front section of an aircraft fuselage, wherein

Figure 5A shows step g) and Figure 5B shows step h);

. Figure 6 is a perspective view showing the positioning
of a third section for assembling a fuselage by applying

the joining method according to the present invention;

. Figure 7 1is a block diagram of the control circuits
comprised in the automated system according to the present
invention.

With reference to the above-mentioned drawings, the
automated system for joining at least two portions of a
chassis, e.g. of a vehicle or an aircraft or a boat,
comprises at least one actuation device 3, preferably at
least one per portion, which is adapted to move at least
one portion in the space “XYZ” with three degrees of
freedom; a central control unit 5, adapted to control each
actuation device 3 as a function of a plufality of data
obtained through a plurality of sensors 7.

Said plurality of sensors 7 can continuously
determine, on each chassis portion, a plurality of key
points (A, B, C) which are univocal for each portion.

For the purposes of the present invention, the
expression “measurement taken continuously” refers to a
measurement taken in a continuous manner over time, during
the steps of the method according to the present invention,
i.e. not‘only at discrete instants.

Said central control unit 5, depending on the data
obtained from said plurality of sensors 7, activates said
at least one actuation device 3 in order to bring near and
connect said portions, while monitoring, through said

plurality of sensors 7, the relative position between said
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plurality of key points (A, B, C) of said portions, and the
absolute position of said portions in space “XYZ”.

According to the preferred embodiment of the system,
shown in Figures 1 and 2, the automated system is adapted
to join at 1least two sections “T” of a fuselage of an
aircraft “V” and comprises, for each section “T”, at least
one actuation device 3 adapted to move said sections “T” in
space “XYZ” with three degrees of freedom, and a central
control unit 5 adapted to control each actuation device 3
as a function of a plurality of data obtained from a
plurality of sensors 7. Said plurality of sensors 7 can
continuously determine said plurality of key points (A, B,
C) on each section “T”. Said one central control unit 5,
based on the data obtained from said plurality of sensors
7, activates said at least one actuation device 3 in order
to move said sections “T”, e.g. to bring near and connect
said sections “T”. Through said plurality of sensors 7, the
relative position between the plurality of key points (A,
B, C) and the absolute position of said sections “T” in
space (XYZ) are monitored while each section is being moved
by at least one actuation device 3.

A plurality of key points (A, B, C) may be univocally
associated with each section “T”, which key points
represent the points that must be measured and/or monitored
by said plurality of sensors 7 for the purpose of allowing
control unit 5 to move single sections “T” by meansg of said
actuation devices 3. Said key points (A,B,C), appropriately
monitored and processed, allow sections “T” to be properly
moved  and joined within aerodynamic and mechanical
tolerances.

Said key points are divided into:
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- reference points “A", which represent section
reference points which are important for the relative

alignment between sections “T”;

- lift .points “B”, which represent points where a
scaffold or base 2 is secured to section “T”7;. said scaffold
or base 2 1s the interface between the section and
actuation device 3;

- check points "“C”, which identify the proper position
of section “T” for the joining process;

- point “D”, which identifies the point where said
scaffold or base 2 abuts against said actuation device 3.

In the embodiment shown in Figures 3A and 3B, each
actuation device 3 comprises at least one column 31 adapted
to support and move at least one fuselage section “T”, so
as to ensure a correct junction between sections “T”. Said
actuétion device 3 allows moving section “T” by associating
therewith different degrees of freedom, preferably three
degrees of freedom. Each column 31 comprises at least one
support or arm 310 adapted to support said section.

Each support 310 comprises, in turn, at least one
support point 311 where point “D” of contact between
scaffold or base 2 and actuation device 3 is located. Said
scaffold or base 2 is in its turn secured to at least one
lift point "“B” of section “T”, as aforementioned. Said
support point 311 1is preferably a housing, e.g. of
hemispherical shape, adapted to house a striker'positioned
in point “D” of scaffold 2 and having a shape complementary
to said housing. In order to secure scaffold 2 to actuation
device 3, partiéularly to support point 311, support or arm
310 comprises at least one retaining mechanism 312 adapted

to removably lock scaffold 2. Preferably, said at least one
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retaining element 312 1is a clamp, which is mwmoved in
coordination with the movements of entire actuation device
3.

The possibility of moving said support or arm 310,
through an actuator not shown in the drawings, together
with the presence of at least one support point 311, allows
taking up the internal torsions and strains of section “T”.

Said at least one column 31 may vary the height of
said support point 311 by 1lifting said support 310.
Preferably, said support or arm 310 can be extended along a
vertical axis “2”, e.g. through a guide (not shown in
detail) comprised in column 31 itself. The extension of
said arm 310 ensures the first degree of freedom.

In embodiments not shown in the drawings, said column
31 is telescopic or slideable, automatically, along a
vertical axis “2”.

In the embodiment shown in Figures 1 and 2, each
actuation device 3 comprises three columns 31, suitably
arranged in such a way as to properly support section “T~.
For example, as shown in Figure 3A, two columns are aligned
along a first axis “Y” perpendicular to vertical axis “2”;
preferably, the two outer columns 31’ are aligned along
said first axis “Y”, whereas the third .column 317,
interposed between said two outer columns, is offset
relative to said axis “Y”, e.g. located at the front along
a second axis “X” perpendicular to the vertical axis “Z”
and to the first axis “Y”.

At least one of said columns included in actuation
device 3 can move on adapted first guides 30 along said

second axis “X”, driven by an actuator not shown. The
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movement of columns 31 on the second guides 30 ensures the
second degree of freedom.

Said support or base 310 is moved by means of an
actuator, not shown, which is adapted to give at least the
third degree of freedom to actuation device 3, e.g. through
rotational or rototranslational movements of support point
311.

Preferably, each actuation device, more specifically
each column 31, is moved with three degrees of freedom by
means of a plurality of electric motors, each one
controlled by said central control unit 5.

Said columns 31 are controlled, when moving on said
guides 30 along said second axis “X”, by said central
control unit 5.

Said joininé system according to the present invention
comprises at least one platform 6 adapted to allow the
operator to come close to the fuselage of aircraft “W” in
order to make the junction, or to verify the quality of the
work, or to check any errors reported by central control
unit 5.

‘BEach platform 6 comprises a plurality of extensible
footboards 60, which are moved by means of actuators,
preferably pneumatic and/or electric ones, controlled by
said central control unit 5. Said plurality of footboards
60 are adapted to extend when in use, thus creating a
continuous path from said platform 6 to at least one
predetermined portion of the fuselage of aircraft “V”. Said
footboards 60 may take different positions, thus adapting
themselves to the shape of bthe fuselage at different
heights along vertical axis “2Z” and to the different

profiles of different aircrafts or vehicles or boats. Such
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footboards 60, once used, are retracted into platform 6,
thus allowing the automated joining system of the present
invention to proceed with the next joining steps. Such
footboards 60 allow the operator to come close to the
aircraft fuselage with the utmost safety.

Preferably, the system comprises a fixed platform 61,
near which there is a control station 611 and a mobile
platform 62, which can take an open configuration and a
work configuration.

Said mobile platform 62, when in the open
configuration, allows various sections “T” to pass in order
to be positioned on actuation devices 3, and allows
sections “T” or the entire fuselage to be removed from the
actuation devices.

When in the work configuration, mobile platform 62 is
close to various actuation devices 3, thus allowing the
execution of the steps of the joining method according to
the present invention.

Control station 611 comprises a user interface between
the operator and central control unit 5, which allows
issuing orders for the execution of the joining method.
Said control station 611 is so positioned as to allow
complete visibility of the area, thus further increasing
the level of safety for the personnel, the joining method
and the parts being processed.

Central control unit 5 performs continuous control
with a double feedback loop and can control said plurality
of sensors 7 and said plurality of actuation devices 3
through a data transfer network. A block diagram of the

various interactions between central control unit 5 and the
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system of the present invention is shown, for example, in
Figure 7.

Depending on sections “T to be joined, central control
unit 5 can, thanks to the double feedback loop, find the
optimal position of various sections "“T” on the basis of
actual data obtained from the plurality of sensors 7, of
theoretical data associated with different sections “T7,
and of specified aerodynamic and mechanical tolerances.

Central control unit 5, e.g. implemented through a
PLC, allows for coordinated movements of every actuation
device 3 to obtain an optimal alignment between sections
“T

Said plurality of sensors 7 comprise at least one
laser meter 71 adapted to measure, with high resolution and
low uncertainty, the relative and absolute posgitions and
distances of the various key points (A, B, C). The
essential concepts upon which the operation of said laser
meter 71 is based will not be described in detail herein
because they are known to the man skilled in the art.

Each laser meter 71 is movably mounted on at least one
carriage 72, which slides on at least one second guide 70,
preférably arranged along said second axis “X”. Said at
least one carriage 72 is driven by a motor, preferably an
electric one (not shown), controlled by said central
control unit 5.

' said laser meter 71 is also fitted with a first
actuator (not shown), which is adapted to move said laser
meter 71 along axis “Z”, and which is also controlled by
said control unit 5.

Said laser meter 71 continuously takes a plurality of

measurements in said key points, particularly in reference

11
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points “A” and check points “C”. The data of such
measurements continuously taken by 1laser meter 71 are
transmitted, through a data transfer network 80, to said
central control unit 5.

In the embodiment shown in Figures 1 and 2, the
joining system comprises two laser meters 71, the second
guides 70 of which are arranged in parallel along the
second axis “X”, between which there is at least one
actuation device 3 adapted to move at least one section
“T”. In particular, between said second guides 70 there are
three actuation devices 3, each comprising three columns
31.

Said plurality of sensors 7 comprise motion sensors
adapted to measure the single movements of each actuation
device 3, particularly of each column 31. In addition, said
plurality of sensors 7 comprise electronic sensors adapted
to detect the variation in the power absorbed by every
single actuator of every single column 31, so as to detect
the presence of sections “T” on the single actuation device
3. Such sensors also allow to determine if forces are being
exerted by mistake on every single section by every single
column 31, which might damage the single section “T” or the
entire fuselage.

Each support 310 may comprise, e.g. 1in the area
corresponding to support point 311, at least one load cell
adapted to verify the presence of a section on actuation
device 3, and possibly to evaluate the weight distribution
on various columns 31.

Said plurality of sensors 7 further comprise
temperature sensors, pressure sensors and humidity sensors,

so as to take a picture of the environmental situation

12



10

15

20

25

30

WO 2013/117971 PCT/IB2012/057627

while making each junction between two or more sections.
Such environmental data, measured through said sensors (not
shown), allow to foresee, and hence to adequately
compensate for, any intrinsic physical behaviour of each
section wTn dependent on the actual environmental
conditions.

Said central control unit 5 is connected, through said
data transfer network 80, to at leasf one data storage unit
8, which 1is adapted to store, whether periodically or
continuously, the data obtained from the single sections
and from the junctions thereof, for each aircraft “w~.
Furthermore, central contrcocl unit 5 sends to said data
storage unit 8 the number of sections “T” taken from the
warehouse and the number of aircrafts manufactured,
associating an identification code with each fuselage in
order to ensure full traceability of the steps carried out
for manufacturing the aircraft and the single components
thereof.

The data stored in said at least one data storage unit
8 allow central control wunit 5 to retrieve the data
relating to said key points (A,B,C,D) for every single
section “T”, even after drilling single section “T" or
prior to the shimming step, wherein shims are levelled for
properly positioning the parts that make up the section or
the aircraft itself.

Preferably; the following data are stored into said

data storage unit. 8:

. geometry of every single section T,
particularly the key points thereof;

. geometry of the fuselage after joining various
sections T

13
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. temperature, pressure and humidity of the

environment ;
J position of each support point 311 in space “XYZ”

for every single column;

. every movement made by each column 31 along each
axis of movement;

] reference system (X'Y’Z’) created from the data
obtained from the key points of every single section, for
manufacturing each fuselage.

. history of the alarms occurred during the steps
of the joining method;

. complete diagnostics of the devices included in

the system;

. sequence and times of execution of the joining
method;

* position and movements of each footboard of each
platform.

The data are gtored by using an appropriate
compression encoding method, not shown in detail herein, in
order to limit memory occupation.

The automated joining system according to the present
invention further comprises electromechanical devices for
the execution of some operations or steps for making the
junction between two sections “T”, e.g. at 1least one
robotized arm for drilling and flaring the holes ‘where
riveting will take place on the parts concerned by the
junction. |

The method for automatically joining at least two
portions in order to manufacture a chassis, controlled by a

central control unit 5, comprises the following consecutive

14
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steps, as shown by way of example in the flow chart of
Figure 4:

a) .Positioning a first portion on a first actuation
device 3; .

b) Detecting a plurality of key points (A,B,C) of
said first portion, and sending the data to said central
control unit (5);

c) Creating a reference system (X'Y’'Z') starting
from the data obtained at step b), as a function of the
characteristics of said first portion;

d) Positioning a second portion on a second
actuation device 3/;

e) Detecting a plurality of key points (A,B,C) of
said second portion, and sending the data to said central
control unit 5;

£) Translating the data obtained at step e) into
reference system (X'Y’Z’) created at step c);

q) Bringing said first portion and said second
portion near each other through said at least one actuation
device (3, 3'), while continuously monitoring, through said
plurality of sensors (7), the relative position of said
plurality of key points (A,B,C) of each portion, as
processed by said central control unit (5);

h) Joining the portions;

1) Repeating steps d)-h) for each additional portion
of the chassis.

Preferably, said method is applicable for joining at
least two sections “T” of a fuselage of an aircraft “V” by
carrying out the following consecutive steps:

a) Pogitioning a first section “T” on a first

actuation device 3;

15
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b) Detecting a plurality of key points (A,B,C) of
said first section "“T”, and sending the data to said
central control unit (5);

c) Creating a reference system (X’'Y’Z’) starting
from the data obtained at step b), as a function of the
characteristics of said first section “T”;

d) Positioning a second fuselage section “T" on a
second actuation device 3';

e) Detecting a plurality of key points (A,B,C) of
said second section “T”, and sending the data to said
central control unit 5;

f) Translating the data obtained at step e) into
reference system (X'Y’'Z’) created at step c);

g) Bringing said first section "“T” and said second
section ™“T” near each other through said at least one
actuation device (3, 3’), while continuously monitoring,
through said plurality of sensors (7), the relative

position of said plurality of key points (A,B,C) of each

section (T, T’), as processed by said central control unit
(5);
~h) Joining the sections;
i) Repeating steps d)-h) for each additional section
“T/7" of the fuselage.

Preferably, the method according to the present
invention further comprises the following steps:

. Moving every single section to a predetermined
height along axis “Z”;

. Moving the assembled fuselage;

. Check carried out by an operator.
The following will describe in detail every step

included in the method of the present invention, which is
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preferably implemented for manufacturing aircraft
fuselages.

Prior to each step of positioning a section “T” on an
actuation device, there is a step of moving mobile platform
62, wherein said mobile platform 62 is moved from a work
configuration to an open configuration, thereby allowing
section “T” to be moved towards actuation device 3. Once
the positioning step has been completed, a further moving
step 1is carried out, wherein said mobile platform 62 is
moved from an open configuration to a work configuration.

After having executed step a) of positioning a first
section “T” on a first actuation device 3, and after the
moving step, a step b) of detecting a plurality of key
points (A,B,C) is carried out. Said step b) is executed by
said plurality of sensors 7, which measure and determine
reference points “A”, lift points “B”, and check points “C”
as previously described. Such data are sent to said central
control unit 5. Preferably, said central control unit 5
sends the data relating to said key points (A,B,C) received
from the plurality of sensors 7, through said data transfer
network 80, to said data storage unit 8, wherein such data
are stored and univocally associated with said first
section “T”. The data relating to any one section “T”, e.g.
the first section “I”, may be taken from said data storage
unit 8 at any time, e.g. by central control unit 5 or by a
remote computer connected to data transmission network 80.
Preferably, each datum contained in the data storage unit
may be requested for further processing by central control
unit 5. |

Before proceeding with the next steps of the method

according to the present invention, the data associated
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with every single section are compared with the theoretical
data of the design drawings, which have also been stored,
for example, into the same data storage unit 8. Central
control unit 5 verifies if the data associated with section
“T” are compliant with the theoretical data about the
specified design tolerances, by performing a last step of
checking each section, preferably before the same section
is positioned in the automated joining system according to
the present invention.

This check may also be wuseful to determine which
section “T” is about to enter the automated joining system,
prior to carrying out the above moving step, for the
purpose of identifying actuation device 3 with which it
must be associated, and for determining and organizing the
handling of said section “T” in order to position it inside
the system.

In the next step c¢) of creating a reference system.
(X'Yy"Z'), said reference system may be absolute with
respect to space (XYZ) where the automated assembly system
is located, as well as relative with respect to said first
section “T”, already appropriately positioned in the
joining system in accordance with the present invention.

Reference system (X’'Y'Z’) will be determined as a
function. of the number of columns 31 included in actuation
device 3 associated with said first section. In the
specific case with three columns 31, reference system
(X'Y"Z') will be defined by nine spatial coordinates, i.e.
three per column 31. Once said reference system (X'Y'Z’)
has been defined, it will be impossible to modify said
reference system until the steps of the method according to

the present invention have been completed, in particular
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until the sections have been joined and the entire fuselage
has been assembled. Determining a reference system (X'Y’'Z")
is useful to simplify the processing that must be carried
out by central control unit 5 in order to issue proper
handling commands to single actuation devices 3.

After step c¢) and prior to step d), there 1is
preferably a further step of moving section “T” to a
predetermined height “Z'”".

Subsequently, at step d), a second section “T'” is
positioned on a second actuation device 3’, which step is
substantially similar to the above-mentioned step a). In
particular, it will include the steps of moving the mobile
platform,

Step d) is followed by the detection step e). This
detection step e) is substantially similar to the
previously described step b), and therefore will not be
further described.

The data obtained in said step e) are used in the next
step f) of translating the obtained data into reference
system (X‘Y’Z’). During this step, the data relating to
said second section “T’” are processed in such a way as to
be expressed with respect to reference system (X'Y'Z’), for
the purpose of conforming the data of every single section
to said reference system.

Preferably, said step f) is followed by a further step
of moving section “T'” to a predetermined height “Z’'”,

A further step f1) of first alignment is then carried

out, wherein said second section "“T’” is moved, through
respective actuation device 3’, in a manner such that said
key points (A, B, C) of the second section “I'” become

substantially aligned with the corresponding key points of
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the first section “T” with respect to reference system
(X'Y’Z'). For the purposes of the present invention, the
expression “substantially aligned” means that the key
points useful for joining the two sections are aligned,
within the 1limits of allowable tolerances, along axes
parallel to one axis of the reference system (X'Y’'Z’).

Said alignment is possible thanks to the plurality of
columns 31 of each actuation device, in particular thanks
to support or arm 310 and to support point 311, which allow
to move every single section with at least three degrees of
freedom in an automatic, coordinated and synchronized
manner. Furthermore, said alignment is made possible by the
continuous detection made by the plurality of sensors 7 on
the single sections. Said step f1) of first alignment is
integrally controlled and managed by central control unit
5, which implements an algorithm, stored in a non-volatile
memory medium, which, based on the data obtained from the
key points continuously measured by said plurality of
sensors 7, determines the correction to be made to the
section position in order to attain a better alignment,
within the limits of the allowable tolerances. The data
thus processed are transformed into commands to be sent to
single actuation devices.

This‘leads to step g) of bringing the sections near
each other by means of said actuation devices 3, as shown
in Figure 5A, in particular through columns 31, which can
be moved in a coordinated and synchronized manner along
said second axis “X” on said first guides 30. During this
moving step, a detection step 1is simultaneously and
continuously carried out, which allows control unit 5 to

send appropriate commands to the single actuation devices
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depending on the data processed by said algorithm.
Preferably, said algorithm implements a solution with
successive approximations to determine the optimal
alignment Dbetween the sections. Said algorithm also
comprises calculation functions that appropriately take
into account the thermal expansions, torsions, etc. that
every single section may be subject to during the moving
steps and because of the physical conditions, such as
humidity, temperature, etc., of the place where the joining
process is being carried out.

The aligning step g) is then followed by the joining
step h), illustrated in Figure 5B. During this joining step
h), two or more sections “T” are joined together.

Additional steps are executed after step h), during

which the following consecutive operations are carried out:

L drilling both sections;
J flaring the holes;
. riveting the sections.

These operations, preferably following the joining
step h), may be either carried out manually by an operator
or automatically, whether totally or partially, by means
of, for example, electromechanical devices controlled by
said central control unit 5.

Depending on the data processed by said algorithm,
control unit 5 will send handling instructipns to every
single column, so as to correct any alignment errors.

The data processed by the algorithm and the resulting
actions carried out on the single sections are suitably
stored into said data storage unit 8. Said stored data may
allow control unit 5, through a machine-learning process to

be carried out after steps b) and e) have been completed
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for each section, to determine if, in the history of the
junctions made by the automated joining system, contained
in the data storage wunit, two sections substantially
similar to those currently under examination have already
been joined, and to use such information for properly
handling every =single section. Said machine-learning
process may allow to speed up the aircraft production
process, avoiding the need for recalculating each time the
best alignment by means of said algorithm. Preferably,
supplementary checks are made in order to perform an
additional quality check on every single junction. In
particular, said checks are carried out by control unit 5
in order to verify if the data obtained from data storage
unit 8 about previously made Jjunctions are actually
applicable, step by step, for making the current junction.

This process allows making the assembly method highly
repeatable with optimal results, while at the same time
ensuring reduced fuselage production times.

The handling of single section “T” may be either
synchronized with the other sections “I” or independent
thereof, depending on specific requirements and on the step
of the method being executed. For example, a given section
“T” may be moved independently of the remaining sections in
order to allow the operator to verify some construction
parameters of that single section, if necessary.

In an alternative embodiment, by means of suitable
systems for trahsferring data, e.g. time-multiplexed ones,
from the sensors, from actuation devices 3, and from/to
central control unit 5, the method according to the present

invention allows to execute the steps f1)-h) in parallel
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for joining multiple sections “T” in a substantially
simultaneous manner.

For the purposes of the present invention, the
expression “substantially simultaneous junctions” means
that the steps fl)-h), thanks to the computing and
processing speed of control unit 5 and to the high data
transfer speed, the data being appropriately modulated, can
be executed in parallel for Jjoining multiple sections,
cyclically over time.

Preferably, each section ™“T” 1is placed at such a
height as to allow an operator, from the at 1least one
platform 6, to reach every point of the fuselage section
through said footboards 60.

After each step of moving one or more sections “T”,
there is at least one step of detecting a plurality of key
points (A,B,C) of said first portion, which are then sent
to said central control ﬁnit 5.

The sequence of steps d) - g) is carried out for each
additional section “T'’'” to be connected to the already
assembled sections in order to manufacture the complete
fuselage, as shown in Figure 6.

After all sections “T” have been joined, there is an
additional step of moving the assembled fuselage.

A final check step is then carried out by an operator,
in order to verify the obtained results. If the junction
between the sections is fully compliant with the design
specifications and within the tolerances assigned to a
single fuselage, an identification code will be assigned,
also associated with the key points, so that all the phases

of production of the aircraft can be traced.
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Preferably, switching from one step of the above
method to the next only occurs upon authorization by the
operator in charge, who at the end of each step may, if
necessary, verify the obtained data and check the progress
of the method. After a system running-in phase, wherein all
the necessary data are stored into the data storage unit,
thanks to the machine-learning process it may be possible
to totally automate the joining method by allowing control
unit 5 to switch from one system step to another without
waiting for the operator’s authorization.

The system, and hence the associated method, only
requires one operator to supervise it in order to monitor
the implementation of the method, allowing the method steps
to proceed without having to verify the data obtained from
the system itself, and intervening only in the event of
gross errors or technical problems caused by human
mistakes.

The automated joining system and the associated method
are applicable for joining portions of any chassis, whether
in the aviation industry, as described herein, or in the
naval industry, for manufacturing boats, or for making
devices of any kind, thus considerably enhancing the
production speed and repeatability of the joining process.

The presence of a single central control device 5
allows coordinating innumerable devices in order to obtain
an automated  process, thus reducing the assembly

uncertainty due to the human component.

REFERENCE NUMERALS
2 Scaffold or base

3 Actuation device
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30

First guides
31 Column 31’ Outer column
310 Support or arm
311 Support point or hemisphere
312 Retaining element
5 Central control unit
7 Plurality of sensors
70 Second guides
71 Laser meter 72
6 Platform 60
61 Fixed platform 611
62 Mobile platform
8 Data storage unit
80 Data transfer network
T Sections
Y Aircraft
(A, B, C) Key points
A Reference points
B Lift points
c Check points
D Point
XYZ Space
Y First axis
X Second axis
Z Vertical axis
X'y'z’ Reference system
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CLAIMS:
1. Automated system for Jjoining at least two

portions of a chassis, comprising:

° at least one actuation device (3) adapted to move at
least one portion in the space (XYZ) with three degrees of

freedom;

° a central control wunit (5) for controlling each
actuation device (3) as a function of a plurality of data
obtained through a plurality of sensors (7);

characterized in that said plurality of sensors (7) can
continuously determine, on each chassis portion, a
plurality of key points (A, B, C) which are univocal for
each portion;

said central control unit (5), depending on the data
obtained from said plurality of sensors (7), activates said
at least one actuation device (3) in order to bring near
and connect said at least two pdrtions, while monitoring,
through said plurality of sensors (7), the relative
position between said plurality of key points (A, B, C) of
said portions and the absolute position of said portions in
the space (XYZ).

2. System according to claim 1, wherein said system
is adapted to join at least two sections (T) of a fuselage
of an aircraft (V);

3. System according to claim .2, wherein each
actuation device (3) comprises at least one column (31) for
supporting and moving at least one section (T), comprising
at least one support or arm (310) for moving said section
(T) with three degrees of freedom.

4. System according to claim 1, wherein said key

points are divided into:
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- reference points (A), which represent section
reference points for the relative alignment between the
various sections (T);

- lift points (B), where a scaffold or base (2) is
secured to the section (T);

- check points (C), which identify the proper position
of the section (T) for the joining process.

5. System according to claim 3, wherein said at
least one column (31) can be extended, in an automatic
manner, along a vertical axis (Z) and can move on adapted
first guides (30) along a second axis (X), perpendicular to
said vertical axis (Z).

6. System according to claim 2, wherein said
plurality of sensors (7) comprise at least one laser meter
(71) for measuring the position of the various key points
(A, B, C) and the relative and absolute distances of the
same key points (A, B, C).

7. System according to claim 6, wherein each laser
meter (71) is movable, being associated with at least one
carriage (72) that slides on at least one second guide (70)
arranged along a second axis (X).

8. System according to claim 1, wherein said central
control unit (5) performs continuous control with a double
feedback loop and, through a data transfer network (80),
can control séid plurality of sensors (7) and said at least
one actuation device (3). |

9. System according to claim 8, wherein said central
control unit (5) is connected, through said data transfer
network (80), to a data storage unit (8), for storing the
data obtained during the steps of joining the wvarious

portions making up the chassis.
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10. Method for automatically joining at least two

portions in order to manufacture a chassis, controlled by a

central control unit (5), characterized in that it
comprises the following consecutive steps:

a) Positioning a first portion on a first actuation
device (3);

b) Detecting a plurality of key points (A,B,C) of said

first portion, and sending the data to said central control

unit (5);
c) Creating a reference system (X‘Y'Z’) starting from the
data obtained at step b), as a function of the

characteristics of said first portion;
d) Positioning a second portion on a second actuation
device (3');
e) Detecting a plurality of key points (A,B,C) of said
second portion, and sending the data to said central
control unit (5);
f) Translating the data obtained at step e) into the
reference system (X'Y’Z') created at step ¢);
g) Bringing said first portion and said second portion
near each other through said at least one actuation device
(3, 3’), while continuously wmonitoring, through said
plurality of sensors (7), the rélative position of said
plurality of key points (A,B,C) of each portion, as
processed by said central control unit (5);
h) Joining the portions;
i) Repeating steps d)-h) for each additional portion of
the chassis.

11. Method according to claim 10, further comprising

the steps of :
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° Moving every single portion to a predetermined height
along a vertical axis “2”;
) Moving the assembled chassis;
° Final check carried out by an operator.

12. Method according to claim 10, comprising a data
storage step, wherein the data relating to at least one

chassis portion are stored into a data storage unit (8).
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