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ARSTRACT

The invention provides a gripping device for gripping end edges

of a shell structure made of composite meterial. The gripping

——

device possesses a handling carriage by means of which the
gripping device can move together with a shell structure loaded
on the gripping device, and at least one blocking gripper
associated to the handling carriage and arranged for gripping

end edges of the shell structure. The handling carriage 1s

further provided with an annular structure and the blocking

gripper comprises a fixing frame fixed to the annular structure,
and a movable base hinged to the fixing frame so as to be able

to rotate about a rotation axis which 1s parallel to a plane in

which said fixing frame lies.
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"METHOD, APPARATUS AND PLANT FOR MANUFACTURING SHELIL STRUCTURES"

Field of the invention

The present i1nvention relates to a method, an equipment and a plant

for working shell structures, 1in particular but not limited to shell

structures of aircrafts.

Background art

Currently new techniques are under development, for manufacturing

large-capacilty airplanes for civil use and for transporting

passengers. According to such technigques, the load beaannular

-

structure of the alrcraft fuselage 1s mostly made up of composite

materials, such as carbon fibers buried in suitable resins. A technique

currently under way of development consists in assembling the airplane

——

fuselage by connecting a plurality of cylindrical and non-cylindrical

segments, currently named "barrel" 1n the Anglo-Saxon technical

jargon, or correspondingly "barili" in the Italian jargon.

The barrels that will form an aircraft can be manufactured by different

constructors, and delivered already provided with floors, seats,

windows and doors before the complete fuselage is assembled.
Manufacturing an alrplane in this way involves among other things

unknown problems of i1ndustrialization and concerning production

equipments: in fact the known production methods and equipments have

ﬁ
pp—

been used up to now for manufacturing traditional civil aircrafts for

transporting passengers, having a mostly metallic fuselage structure

~typlcally made up of titanium and aluminum alloys. Re-using such known

production methods and equipments, possibly with relatively contained

y—
p—

ficient.

adaptations, 1s not su:

An object of the present invention is providing methods and/or
equipments for manufacturing the new kind of aircrafts mentioned

above, having a fuselage structure largely made up of composite

materilials.
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According to another aspect of the present invention, there 1s provided

a grippling device for manufacturing shell structures comprising a raw

shell having at least one edge, the gripping device comprising: a

fr

5 handling carriage by means of which the gripping device can move

together with a shell structure loaded on the grippling device; and at

least one blocking gripper assoclated to the handling carriage and

arranged for gripping the raw shell by gripplng salid at least one edge,

wherein the handliling carriage 1s further provided with an annular

10 structure and the blocking gripper comprises a fixing frame fixed to

the annular structure, and a movable base hinged to the fixing frame

so as to be able to rotate about a rotation axis which 1s parallel to

a plane 1n which said fixing frame lies.
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The advantages that can be achieved with the present invention will appear more evident, to a
person skilled in the technical field, from the following detailed description of a non-limiting
embodiment of the invention, provided with reference to the following schematic figures.

List of Figures

Figure 1 shows a perspective view of a first example of a barrel, making part of an aircraft
fuselage, having a load beaannular structure mostly made of composite material and having a
substantially cylindrical tubular shape;

Figure 1A shows a detail of the longitudinal add-on ribs of the barrel of Figure 1;

Figure 2 shows a perspective view of a second example of barrel, being a part of an alrcraft

fuselage and having a load beaannular structure mostly made of composite material, and a :

substantially semitubular shape;

Figures 3, 3A, 3B, 3C show perspective views of four steps of a method according to an
embodiment of the present invention, for transferring a raw shell from the molding drum to a
shell handling carriage;

Figure 3D shows a side view of a detail of a tifth step of the method of Figures 3, 3A-3C;

Figure 4 shows a side view of the molding drum of the method of Figures 3, 3A-3D;

Figure 5 shows a perspective view of a blocking gripper used in the method of Figures 3, 3A-3D;
Figure 5A shows a partially cross-sectioned side view of a detail of the gripper of Figure 5;
Figure 6 shows, a perspective view of the rib assembling station according to an embodiment of
the present invention, in an instant of its operation;

Figure 7 shows a side view of a detail of the station of Figure 6;

Figure 8 shows a perspective view of a detail of the station of Figure 6 in another instant of its
operation;

Figure 9 shows a perspective view of a rib store according to the present invention;

Figure 10 shows a side view of a detail of the station of Figure 6 in still another instant of its
operation, when the internal guide of the rib assembling station is fitted in the rib store;

Figure 11 shows a rivet, according to the background art, used during the working at the station
shown 1n Figure 6.

Detailed description

Figure 1 schematically shows the load beaannular structure of a first embodiment of a shell
structure obtainable with the method according to the invention: such embodiment of shell
structure is a so-called “barile” (“barrel” in the Anglo-Saxon technical language), having a
tubular shape.

Such structure, referred to as the overall numeral 1, comprises a cylindrical tubular shell 2 -also

referred to as “starting shell”, in the present description-, a plurality of transversal strengthening
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ribs 3, approximately arc-shaped and arranged transversally to the longitudinal AL axis of the
barrel, and a floor 4.

In the present embodiment the raw shell 2, extending along the longitudinal AL axis, defines an
inner through cavity 50 and is made of a suitable composite material, such as carbon fibers
drown in a polymeric matrix. The shell 2 is longitudinally strengthened with a plurality of
longitudinal ribs 5 (Figure 1A), arranged longitudinally to the AL axis and made of composite
material as well, such as the same composite material forming the external cylindrical wall of the
shell 2.

[n the present description, the term “add-on rib” indicates a particular kind of strengthening rib,
made as a separate piece which is later fixed on the structure to be strengthened; therefore

transversal ribs 3 will be also referred to as “add-on ribs™ 3.

Transversai add-on ribs 3, currently also called “stringers”, in the present example are made of a
suitable titanium alloy, extend on several complete circumferences around the longitudinal AL
axis and lie in several plans perpendicular to it.

Roughly, the cylindrical raw shell 2 has an external diameter of about 6 meters, and is about 10-
16 meters long.

Figures 3, 3A-3D show the unmould station of an embodiment of a plant for manufacturing shell
structures according to the present invention, in various instants of its operation.

In such embodiment the reference 11 refers to a supporting structure having a substantially
cylindrical shape, and referred to as “molding drum” 11; in a cross-linking station or “baking
station ” -not shown-, the raw shell 2 has been formed on the flanks of the molding drum, by
causing the synthetic resin, of which the raw shell 2 is made, to cross-link.

The molding drum 11 is shown in detail 1n Figure 4: in the present embodiment, the drum 11 1s
provided at its ends with the supports 110, 111, which also have a substantially cylindrical shape
and a diameter smaller than the diameter of the central part of the drum 11.

The molding drum reaches the unmould station 9 transported on a self-moving carriage 7, which
can be for example a remotely controlled base or an automatic drive base (AGV).

The unmould station 9 comprises the displaceable supports 11, arranged for moving on the floor
of the station and provided, in their upper part, with a cradle-shaped support zone 150, in its turn
arranged for receiving and raising the end supports 110, 111 of drum 1 1, holding them in a stable
position (Figure 4).

The unmould station 9 further comprises a so-called “expeller strut” 13, comprising a tixed beam
17 horizontally cantilevered and fixed to the fixed base 10. As shown in Figure 3D, a coupling
drum device 16 is arranged on the free end of beam 17, arranged for coupling the end supports
110 or 111 of the drum 11 both by supporting the latter vertically and by blocking 1ts horizontal
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displacements. As an alternative to the telescopic pin 170 of Figure 3A (the operation of which
will be described in deeper detail later), the drum coupling device 16 of Figure 3D comprises a
mobile hooking tooth 18 that can rotate around the hinge 180; accordingly the end supports 110,
111 are provided in their inside with suitable inner teeth or flanges, with which the mobile
hooking tooth 18 can engage.

In Figures 3, 3A-3C a shell handling carriage 19 is further shown, used for removing the raw
shell 2 from the drum 11, removing the raw shell 2 from the unmould station 9 and handling it at
the working stations downstream. In the present embodiment, just an indication the shell
handling carriage 19 is a self-moving carriage, controlled by a remote or automatic control, and
provided with two annular structures 190 which will be described later on in deeper detail. Each
annular structure 190 defines internally a fixing opening 192 arranged so that the raw shell 2 can
pass through it.

The axial distance between the two annular structures 190 is such to allow both the annular
structures 190 be positioned at the same time by the end edges 20A, 20B (Figure 4) of the
cylindrical shell 2, causing the shell handling carriage 19 to translate parallel to the axis AM of
the drum (see arrow F8 in Figure 3B).

On each one of such structures 190 a plurality of blocking grippers 194 is arranged (Figure 5),
for gripping and holding a portion of the end edges 20A, 20B of the cylindrical shell 2. The
structure and the kinematics of one of such grippers are the following.

A gripper 194 can be fixed - for example bolted- to one of the annular beams 196 through the
fixing plate or fixing frame 198, and positioned in the space so that, in the triad of the cartesian
axes R, T, X of Figure 5, the X-axis corresponds to the X-axis of Figure 3A, and the axs Rand T
correspond to the radial and tangential directions respectively of the annular beam 196 and of the
fixing opening 192 in the point in which the gripper 194 is set.

A movable base 200 is hinged to the fixing frame 198 so as to be able to rotate around the
rotation axis AMI1 in the directions indicated by arrow FM1, thanks to the hinges 204. In the
present embodiment the rotation axis AMI is parallel to the plan i which the fixing plate or
fixing frame 198 lies, and is also parallel to the T axis of the triad of reterence axes R, T, X of
Figure 5).

A fixed jaw 208 and a movable jaw 210 of the gripper are fixed on the movable base 200. The
opening and the closing of the gripper 194 are driven by the determined from the rotation +
translation movements of the movable jaw 210 in the plane RX, so as to be able to clamp the
thickness of the external cylindrical wall of the shell 2; for exai’nple such rotation + translation
movements can be made with a first toggle mechanism. Clearly, in other alternative and not

shown embodiments, the gripper 194 can be provided for example with two jaws, both of them
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movable.

Thanks to the sliding guides 206 and a suitable actuator - in the embodiment of Figure 5, the
pneumatic cylinder 207 - the assembly of the fixed jaw 208 and the movable jaw 210 can
translate parallel to the R axis (arrow FM3).

In the embodiment shown in the enclosed Figures, on each ring-like beam 196 a set of about
forty of blocking grippers 194 are arranged, oriented according to the radial directions R of the
beam 196 1tself.

Advantageously the rotation of the movable base 200 around the rotation axis AM1 is driven by
a toggle mechanism 202 (Figure 5).

Advantageously the pneumatic cylinder 207 is provided with a stem-blocking device, or with
another system able of keeping the cylinder blocked 1n a predetermined linear position even
when the cylinder is disconnected from the feeding pneumatic circuit.

Advantageously the movements of closing and opening the movable jaw 210 are driven by a
second toggle mechanism (not shown).

An advantage provided by the two aforesaid toggle mechanisms and the stem-blocking device,
or another system able of keeping the cylinder 207 blocked in a predetermined linear position, 1is
that a shell structure 2 can be kept clamped and blocked on a shell handling carriage 19 even
when the latter is disconnected from its feeding pneumatic -or fluidic- circuit, such as a
compressed air circuit, as it happens in the present embodiment during several steps of handling
the shells 2.

Figures 6-10 show the rib assembling station 20, where the holed are made, for riveting the
cross-sectional strengthening ribs 3 to the cylindrical shell 2.

The rib assembling station 20 comprises a central or internal guide 22 and two side- or external
guides 24, 26, parallel one with another. The internal guide 22 comprises a carrying beam 28 -
also referred to as, in the present description, “central beam ™ - supported by a fixed central
support 30 - arranged at about half of the length of the central beam 28 - and by two displaceable
supports 32A, 32B arranged at the two ends of the central beam 28. Two anthropomorphic robots
34A, 34B, in the present description referred to as “internal robots 34A, 34B”, are set on the
internal guide 22 so as to be able to slide along the guide itself (arrow F12 in Figure 6), while on
each one of the external guides 24, 26 movable tower -36, 38 respectively- is set, slidable along
its respective guide 24, 26. On each movable tower 36, 35 an anthropomorhic robot - 40, 42
respectively- is set, referred to as “external robot” 40, 42 respectively in the present description.
In the present embodiment, the four robots are arranged to be able to work simultaneously, and
the external robots 40, 42 are provided with drilling heads - for example of the type described in
the patent application N° TO2002A000030, filed on 11/01/2002 by one of the

5
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applicants/assignees of the present application, while the task of the internal robots 34A, 348 18
mainly providing a rigid support for the shell 2 during the drilling, in the zone in which the
external robot 40 or 42 is drilling. This allows the cylindrical shell 2 be drilled with great
precision, even if the shell is quite deformable, like for example in the present embodiment,
wherein the shell when is being drilled is made up only of a cylindrical composite material wall
having a thickness of about ten millimeters, a diameter of 6 m and a length of 9-16 m. As 1t will
be described in deeper detail later on, in the present embodiment the external and internal robots
are arranged also for riveting the ribs 3 on the raw shell 2.

Advantageously the inner 22 and external guides 24, 26 have such a length to allow two
cylindrical shells 2 and two shell handling carriages 19 be slipped on said guides at the same
time, in their respective working positions 21, 23 (Figure 8): as 1t will turn out more clearly from
the following description, this concurs to improve the productivity of the plant, and in particular
of the internal 34A, 34B and external robots 40, 42.

Figures 9, 10 show an embodiment of a rib store 52 of' a plant according to the present invention.
The 1ib store 52 is a mobile structure comprising, in the present embodiment, two upper consoles
or balconies 54 and two lower consoles or balconies 56 - on which the personnel can walk. The
rib store also defines a plurality of rib seats arranged for receiving and to supporting -for
example orderly aligned like on a rack (Figure 9)- a plurality of transversal add-on or
strengthening ribs 3, or parts thereof, waiting for being assembled to the cylindrical shell 2. In
the present embodiment, the seats for the add-on ribs 3 to be assembled comprisé the recesses
58, made in the upper balconies 54, and the uprights 60, arranged as well on the upper balconies
54. Suitable fastenings or positioning seats can be also arranged on the lower footpaths 56. Still
in the present embodiment, each pair upper balcony 56 + lower balcony 54 is made on a
structure 62 having the overall shape of a C-beam. The pair of C-beams 62 is set on a driving
carriage 64, such as a remote control carriage or an automatic controlled carriage. Between the
two C-shaped structures 62 a space is provided, referred to as guide passage seat 66, such as to
allow internal guide 22 of working positions 21, 23 be inserted in it. :
The operation of the previously described plant will be now described.

Figure 3 schematically shows a first instant of the operation: in such instant the cylindrical shell
2, coming from a cross-linking- or “baking” station (not shown), is transported, 1n a horizontal or
however laying position, on the self-moving carriage 7, towards an unload station indicated with
the reference numeral 9. The raw shell 2 travels on the carriage 7 still fitted on the support 11.
Said support 11 has an approximately cylindrical shape and is referred to as "cross-linking drum
11" or simply "drum 11". The drum 11 is used for forming the raw shell 2 by wrapping carbon

fiber fabric onto it and burying the fabric in the synthetic resin, according to a process such as
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the one described in one of the documents WO02005/018917A2, WOZ0US/ULIBILIdAL UK
W0O2005/082604A2.

By moving as indicated by the arrows F1, F2 of Figure 3, the carriage 7, together with the drum
11 and the raw shell 2 reaches the position P1 of Figure 2, s that ) the longitudinal axis AM of
the drum is substantially aligned with the strut 13, and b) the end supports 110, 111 of the drum
11 are positioned above the raising supports 15A, 15B, also said, in the present description,
“displaceable supports 15A, 15B” (Figure 3). Thanks to a suitable raising system, the cradles 150
raise (arrows F3 of Figure 3A) lifting in their turn the drum 11 (Figure 3A), so as to allow the
carriage 7 be extracted from below the drum 11, and be removed (arrow F5 of Figure 3A).

While the drum 11 is supported by the supports 15, the expeller strut 13 comes closer 10 and
firmly engages the end 111 of the drum 11 moving in a direction parallel to the AL axis of the
drum (see arrow F7 of Figure 3A), supporting the end 111 of the drum as much as to allow the
telescopic support 15B, closer to the strut 13, be withdrawn and removed by causing it slide
transversally to the drum (see arrow F9 of Figure 3A). In the embodiment of Figure 3A, the
expeller strut 13 makes itself £em and is able to firmly support the end 111 of the drum 11
thanks to telescopic pin 170, which by extending engages a corresponding female seat 112
provided at the 110, 111 ot the drum 11.

At this point the assembly drum 11 + shell 2 is supported only by the raising support 15A and by
the cantilevered end of the strut 13, engaged with the drum coupling device 16 (Figure 3D).
Beforehand the shell handhng carriage 19 had been ﬁtted around the strut 13 (Figure 3B): the
shell handling carriage 19 translates in a direction parallel with the AL axis so as to come closer
to the displaceable support 15A (see the F8 arrow), until it is putted on the two annular structures
190 on the cylindrical shell 2 (Figure 3C).

When both of the annular structures 190 reach the end edges 20A, 20B (Figure 4) of the
cylindrical shell 2, the grippers 104 are driven according to a suitable sequence and clamp the
thickness of the end edges 20A, 20B (Figure 4) of the cylindrical shell 2. The separation of the
drum 11 from the cylindrical shell 2 is also helped by the fact that the middle portion of the
drum, on which the shell has been formed, is splitted in a suitable number of gores or sectors
(not shown) which can radi ally expand and retract. In the phase shown in Figure 3C such gores
or sectors retract radially so as to detach the raw shell 2 from the drum surface; then the shell |
handling carriage 19 moves again towards the strut 13 with a translation parallel to the AL axis
(see arrow F9 of Figure 3C), dragging and removing the cylindrical shell 2 off the drum 11. The
raising support 15B moves again towards the drum (see arrow F10 of Figure 3C), and the latter
s transferred on the carriage 7 by the displaceable supports 15A, 15B and evacuated.

The shell handling carriage 19 is now used for handling the cylindrical shell 2, which now is

7
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accessible also at its inside, during a plurality of following working steps.

In the present embodiment of the method according to the invention, the carriage 19 carries the
shell 2 to a measuring station, where a detecting device - for example a laser geometry measurer-
maps the whole raw shell 2, detecting among other things the displacements of the reference
holes (“DA holes™) due to the deformations of the shell 2 following removal of drum 11: in fact
the “DA holes” are a set of holes used as reference in all of the following workings, and in the
present embodiment had been made beforehand when the raw shell 2 was still inserted on the
drum 11.

In order to be able to easily scan and map the whole external surface of the shell 2,
advantageously the shell handling carriages 19 are provided with a rotary actuator arranged for
turning the shell 2 on itself on its longitudinal AL axis: by turning in this way the shell 2, the
laser head of the detecting device does not need to be introduced in the space between the lower
part of the shell and the bottom of the ring carriage 19, thereby avoiding the problems with the
overall dimensions and the passing of the laser head relating thereto; furthermore the laser scan
head does not even need to be mounted on an articulated arm, avoiding thereby the precision
losses of precision due to such arm.

Advantageously also the aforesaid rotary actuator, arranged for rotating the shell 2 on its
longitudinal AL axis, can be blocked in a predetermined position also when pneumatic, fluidic or
electric supply is lacking: this allows a shell structure 2 be kept clamped and fixed in a
determined position on a shell handling carriage 19 also when the carriage 19 is disconnected
from its pneumatic -or fluidic, or electric- supply circuit, for example from a compressed air

circuit, as it happens in the present embodiment during several steps of the handling of shells 2.

‘Returning to the description of the working method, in the present embodiment after the

aforesaid mapping the carriage 19 carries the shell 2 to the rib assembling station, shown 1in
Figures 6, 7 and indicated with the overall reference 20: in such station the holes are made, for
riveting the transversal strengthening ribs 3 to the cylindrical shell 2, with the following process.
The shell handling carriage 19, after has left the measuring station (not shown), transports the
cylindrical shell 2 to the rib assembling station 20, coming closer to it in a direction
approximately longitudinal to the guides 22, 24, 26 (arrow F14 of Figure 6). The displaceable
support 32A moves to one side (arrow F16 of Figure 6 laterally) so as to allow the shell handling
carriage 19 be fitted onto the cantilevered end of the central beam 28 in the inner cavity of the
tubular shell 2 (Figure 7).

The shell handling carriage 19 keeps sliding along the internal guide 22 until it reaches the
correct working position, at which it stops and is blocked by suitable lockings, such as mechanic

lockings. The driving carriage 64, which previously was supplying the shell handling carriage 19
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with the motive power so as to move it, separates from the shell handling carriage itself and
leaves the r1b assembling station 20 (arrow F20 of Figure 6A); the displaceable support 32A
remains displaced at a side so as to allow the driving carriage 46 to pass.

After that, the displaceable support 32A positions itself again below the end 44A of the central
beam 28 with an lateral movement opposite to the previous one (see arrow F18 of Figure 6A), so
as to support the central beam 28 again.

When the shell handling carriage 19 is i the aforesaid working position, the internal 34A, 34B
and external robots 40, 42 drill the holes in the cylindrical shell 2 for allowing the transversal
add-on r1bs or strengthening ribs 3 be fixed to the shell. As shown in Figure 7, the internal robots
34A, 34B operate inside of the cylindrical shell 2, while at the same time the external robots 40,
42 operate outside.

When the drillings planned on the working position 21 are completed, the robots 34A, 34B, 40,
42 leave the only just drilled shell 2 and move -by simply translating along their respective
guides 22, 24, 26- on the second working position 23 of the rib assembling station 20 (Figures 6,
8); on the station 20 the robots 34A, 34B, 40, 42 can for example perform drilling workings,
such as the ones just described, on a second cylindrical shell 2A, or the riveting workings as

described later on.

After the robots 34A, 34B, 40, 42 have left the position 21, the rib store 52 driven by the driving
carriage 64 is fitted over the internal guide 22 from the side of position 21; in order to be able to
do that, the displaceable support 32A in the present embodiment is displaced at a side (arrow F16
of Figure 6). The nb store 52 1s then caused to slide along the internal guide 22 until it enters the
fixed cylindrical shell 2 on one of the shell handling carriages 19 (Figure 10).

In the various seats of the rib store 52 the transversal add-on ribs 3 to be assembled to the shell 2
had been previously loaded, arranging them orderly so that, when the rib store 52 reaches its
predetermined working position into the cylindrical shell 2, each add-on rib 3 to be assembled is
positioned in front of the point of shell 2 in which it has to be riveted or welded. This renders
remarkably easier the following fastening of the add-on ribs 3 on the shell 2.

The personnel can now go on the upper 54 or lower balconies 56, depending on the need, and
start assembling the add-on ribs 3 on the shell 2 from the inside; thanks to the orderly
arrangement of the add-on ribs 3 on the seats of the rib store 52, the personnel can take each add-
on rib from 1ts seat 58, 60 and assemble it on the facing portion of the shell 2. In the present
embodiment, the personnel fastens temporarily the add-on ribs 3 to the shell 2 with some
temporary studs or rivets, for example two of them. When the manual and temporary assembling
of the add-on ribs 3 is over, the rib store 52 1s removed from the internal guide 22 and evacuated

from the working position 21.
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Now, in the present embodiment the robots 34A, 348, 40, 42 move again 10 the WOIRIIS PUSILEHE
71 and rivet the transversal add-on ribs 3 on the cylindrical shell 2. In Figure 11 an example of
rivet is shown, known per se, suitable for such riveting. In the present embodiment the external
robots 40, 42 insert a rivet of the kind of Figure 11 from the outside of the shell 2; thereafter the
internal robots 34A, 34B pull the threaded end 72 of the rivet 70 until stripping it off, and fit the
blocking bushing 74, per se known.

When the riveting is over, the barrel is transferred to other working stations, wherein for example
the floor 4 is inserted and fastened (Figure 1).

It is pointed out that, the matter of having only one triad of guides 22, 24, 28 in common for two
working positions 21, 23 remarkablly helps in reducing the dead times between one working and
another one and in limiting the displacements of the robots 34A, 34B, 40, 42 and of other
apparatuses, increasing the productivity of the plant. In fact, it is possible for example arranging
a production process cycle combining the workings on positions 21 and 23 as follows:

- on position 21 the robots 34A, 34B, 40, 42 perform the drilling of a first cylindrical shell 2,

while at the same time on position 23 a first rib store 52 is inserted, and personnel manually and

temporary assemble the transversal add-on ribs 3 on a second and previously drilled shell 2;

when such operations are over

-the robots 34A, 34B, 40, 42 move to the position 23, simply sliding along their respective
guides 22. 24, 26, and perform the definitive riveting of the add-on ribs 3 on the second
cylindrical shell 2, while at the same time a second rib store 52 is inserted on the position 21, and
some personnel manually and temporarily assemble the transversal add-on ribs 3 on the first
shell 2; when these operations are over

- the shell handling carriage 19 is removed from the working posiﬁon 23, together with the
second cylindrical shell 2 definitively riveted, and a third cylindrical shell 2 to be drilled 1s
carried on another shell handling carriage 19 at the position 23; the robots 34A, 34B, 40, 42 are
already positioned at the working position 23, and it can be arranged so that they do not need to
leave that working position in order to be retooled for drilling; the robots can then drill the third
tubular shell: at the same time, the first or a third rib store 52 1s inserted on the working position
21, and some personnel assemble manually and provisionally transversal add-on ribs 3 on the
previously drilled first shell 2.

Advantageously, in the previously described working process, the cylindrical shells 2 remain
motionless at the working position 21 or 23 during the three operations of drilling, provisionally
and definitively riveting the add-on ribs, and the robots 34A, 34B, 40, 42 are moved which have
much smaller dimensions. As a compensation the rib stores 52 are moved, which have

dimensions and weight comparable with the assemblies shell 2 + shell handling carriage 19, but
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for drilling/provisionally riveting/definitively riveting each barrel a single 1p Store 15 HOVEX

only once. Moreover using the rib stores 52 provides the advantages, already set forth above, that
the manual positioning and assembling of the different add-on ribs on the cylindrical shell 2 1s
much quicker, and the risk of errors, such as positioning a wrong rib 3 in a predetermined portion
of the shell 2, is greatly reduced. Moreover, a great number and choice of ribs can be brought to
the barrel to be assembled with only one travel of the rib store 52.

The embodiments previously described are susceptible of several modifications and variations
without departing from the scope of the present invention. For example, the working method and
the devices according to the present invention can be adapted for manufacturing barrels having a
semi-cylindrical or semitubular shape -such as the one shown in Figure 2- frustum conical or in
general of a concave and/or convex shell. In the case of a barrel having a semi-cylindrical shape
such as the one shown in Figure 2, the shell handling carriages 19 can be provided with a
plurality of blocking grippers 194 arranged for gripping not only the end edges 20A, 20B' but
also the side edges 68 (Figure 2) of the semi-cylindrical shell 2 '. The internal 34A, 34B and
external robots 40, 42 can be replaced, more generally, with one or more internal working
carriages 34A, 34B and with one or more external working carriages 40, 42 respectively,
installed so as to be able to slide on the internal guide 22 and on the external guides 24, 26
respectively. The anthropomorphic robots 34A, 34B, 40, 42 can also be replaced with other
inds of mechanical arms. The number of the internal robots 34A, 34B, or external robots 40, 42,
can also differ from two. In the present description the expressions “cylindrical”, “conical” and
«tustumconical” referred to the shell 2 and/or to the barrel 1 are to be understood as including
prism-, pyramid- and pyramid section shapes respectively. The toggle mechanism 202, the
device for blocking the stem of the pneumatic cylinder 207 (Figure 5) and the toggle mechanism
causing the movable jaw 210 to close or to open, and more generally the mechanism of the
blocking gripper 194, can be replaced for example with lead screw -+ nut thread systems, bistable
systems or still other drives, arranged for remaining blocked in a predetermined locking-,
unlocking or positioning condition even without power supply from a pneumatic -e.g.

compressed air-, fluidic, electric power supply circuit etcetera.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A gripping device for manufacturing shell structures
comprising a raw shell having at least one edge, the gripplng

device comprilising:

a handling carriage by means of which the gripping device can
move together with a shell structure loaded on the gripping

device; and

at least one blocking gripper associated to the handling

carriage and arranged for gripplng the raw shell by gripping

sald at least one edge, wherelin the handling carriage 1s further

provided with an annular structure and the blocking gripper

comprises a fixing frame fixed to the annular structure, and a

movable base hinged to the fixing frame so as to be able to

rotate about a rotation axis which 1s parallel to a plane 1n

which said fixing frame lies.

2. The device according to claim 1, further comprising a fixing

opening through which the shell passes through, wherein a

plurality of blocking grippers are disposed around or near to

the fixing opening so as to fix the raw shell to the device

A

while it 1s loaded on the device, by gripping at least part of

.

the at least one edge of the raw shell.

3. The device according to claim 1, wherein the raw shell has a

substantially tubular shape and deflnes two open ends and two

end edges at the open ends, and the at least one blocking

g

gripper 1s positioned 1n a triad of Cartesian axes to fix the
12




CA 02657372 2013-12-24

raw shell on the device by blocking the two end edges of the

raw shell.

4. The device according to claim 1, wherein the raw shell has

p—

5 substantially a shape of a cylindrical sector or cone sector or

frustum of cone sector, and defines a curved end edge, and a

side edge having a curvature less pronounced than the end edge,
and the at least one blocking gripper is'positioned 1n a triad

of Cartesian axes to fix the raw shell on the gripplng devilice SO

y—

10 as to block the end edge and the side edge of the shell.

5. The device according to claim 1, further comprising a rotary

actuator for the handling carriage and arranged for rotating a

raw shell on the handling carriage, while the raw shell 1s on

15 the gripping device and blocked by the at least one blocking

gripper.

6. The device according to claim 1, further comprising a toggle

mechanism that rotates the movable base around the rotation

20 axls.

7. The device according to claim 1, wherein the at least one

-

blocking gripper comprises a palr of jJaws attached to the

P

movable base, at least one of said jJaws belng a movable jaw.

25

8. The device according to claim 7, wherein the movable jaw is

arranged for rotating and translating i1n a plane defined by a

radial direction and a center direction defined with respect to

the annular structure so as to clamp the raw shell 1n the

30 thickness direction of the raw shell.

13
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9. The device according to claim 7, wherelin the at least one

blockling gripper 1s arranged to be being opened and closed by

the rotation and translation movements performed by the movable

Jaw.

14
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