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(54) Device for riveting longitudinal reinforcing members onto aluminium panels

(57) A device for riveting a longitudinal reinforcing
member onto an aluminium panel includes a first robo-
tised arm (2), equipped with a plurality of interchangea-
ble tools (16,18,20), including one boring tool (16) and
at least one riveting tool (18,20), and a second robotised
arm (4), equipped with at least one backing tool (22).

The interchangeable tools (16,18,20) are mounted on a
rotating table (14) that in turn is fastened to a first moving
plate (32) of a powered double slide (10), whereas a
second moving plate (30) of the same slide (10) houses
a bearing foot (12) by which both parts to be riveted are
kept together during working and tool change.
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Description

[0001] The present invention relates to a device for
riveting longitudinal reinforcing members onto alumini-
um panels.
[0002] More particularly, the invention concerns a de-
vice for riveting the so-called "stringers" onto aluminium
panels for preparing parts of aircraft fuselages or wings.
[0003] To construct aircraft fuselages or wings, use is
made of very thin aluminium panels, to keep weight lim-
ited, which panels are strengthened with longitudinal re-
inforcing members, also of aluminium, called "string-
ers".
[0004] According to known techniques, the stringers,
which may have different cross-sectional shapes, for in-
stance the shape of a T or of an upset J, are secured to
the aluminium panels either by riveting, if they have a
suitable flap, or, according to more recent techniques,
by laser welding.
[0005] Riveting is at present the preferred technique,
since it exploits a widely tested technology, less critical
than welding.
[0006] It is known that riveting of metal parts entails a
sequence of simple operations, namely boring both
parts to be joined, inserting a bonding agent into the hole
and lastly inserting the rivet and clinching it. The above
operations are generally performed in automatic man-
ner, by moving the workpiece relative to the boring and
riveting tools, which remain stationary.
[0007] A known device for automatically riveting pan-
els, in particular for aircraft wings, is disclosed in US pat-
ent No. 4,762,261. The device disclosed therein uses
two robotised arms, which are equipped each with a riv-
eting tool and work in opposed relationship onto an air-
craft wing, arranged in substantially vertical position.
The robotised arms are movable in a vertical plane per-
pendicular to the longitudinal wing direction, and a mov-
ing system including a carriage slidable on rails is pro-
vided to allow displacing the wing during working.
[0008] The device disclosed in said patent, while al-
lowing automatically riveting a whole panel, has howev-
er some limits. The system for longitudinally moving the
panel has to support and displace with extreme accura-
cy even a whole wing: hence it is a complex, cumber-
some and expensive system, since it must ensure the
greatest stability during working and it can hardly ensure
that no oscillation at all occurs.
[0009] The present invention therefore aims at solving
the problem of how to simplify the process of riveting the
stringers onto aluminium panels, while ensuring a high
level of reliability and accuracy.
[0010] The above and other objects are achieved by
the riveting device as claimed in the appended claims.
[0011] Advantageously, according to the invention, an
automatic riveting system is provided that is capable of
performing the whole of the operations included in the
working cycle, from the boring to the final rivet clinching,
in a quick manner and without requiring panel displace-

ment during working.
[0012] The above and other objects of the invention
will become more apparent from the description of a pre-
ferred embodiment, with reference to the accompanying
drawings, in which:

- Fig. 1 is a front view of a device, made in accord-
ance with the present invention, for riveting longitu-
dinal reinforcing members onto aluminium panels;

- Fig. 2 shows a powered double slide used in the
riveting device shown in Fig. 1;

- Fig. 3 is a side view of the powered double slide
shown in Fig. 2;

- Fig. 4 is a side view of a detail of a working arm of
the device made in accordance with the present in-
vention;

- Fig. 5 shows an enlarged detail of a bearing foot of
the working arm shown in Fig. 4; and

- Figs. 6a to 6g show the operation sequence per-
formed by the device during riveting.

[0013] Referring to Fig. 1, a device for the automatic
riveting of a longitudinal reinforcing member, a so-called
stringer, onto an aluminium panel comprises two robo-
tised arms, namely a first arm 2 equipped with a multi-
ple-tool head, and a second arm 4 equipped with a back-
ing tool 22.
[0014] The riveting device is controlled by a numerical
control system of known type that guides robotised arms
2 and 4 in pre-set movements in space according to a
given working program. Thanks to the freedom of move-
ment of robotised arms 2 and 4 in space, the system is
generally capable of performing riveting operations onto
an entire panel 7 without need for displacing or rotating
the panel. Indeed, panel 6 being worked is secured to
a stationary support 8, of which only two end portions
are shown in Fig. 1, firmly supporting the panel in vertical
position. The vertical panel position depends on the sup-
porting structure of robotised arms 2 and 4, but in no
way it affects the working cycle to be described herein-
below.
[0015] Thus, it is possible to make an equivalent sys-
tem in which the panel is horizontally or obliquely ar-
ranged, depending on the requirements.
[0016] Moreover, the size of the panel shown in Fig.
1 is merely indicative, and the actual panel size can
change, as far as both the height and the width are con-
cerned, compatibly with the range of reach of the robo-
tised arms.
[0017] Robotised arm 2 bears a powered double slide
10, shown in detail in Figs. 2 and 3, which allows the
independent displacement of two moving plates 30, 32
along a same axis. A bearing foot 12 and a rotating table
14, respectively, are secured to said plates.
[0018] As shown in detail in Fig. 2, both moving plates
30, 32 slide along the same guides 24, 26 and are cou-
pled each with a threaded shaft 36, 34, which is rotated
by a respective electric motor 40, 38 by means of a belt

1 2



EP 1 329 270 A1

3

5

10

15

20

25

30

35

40

45

50

55

45, 46. The rotation of each threaded shaft is therefore
converted into a linear displacement of the associated
plate. The stroke of each plate is therefore limited by the
position taken by the other plate.
[0019] Moving plate 32 has a substantially square
shape and it is provided with a plurality of bores 35 for
securing rotating table 14. Rotating table 14 is internally
equipped with a hydraulic or electric driving system for
rotating it, also controlled by the numerical control sys-
tem of the device, and is externally provided with bores
15 for securing a plurality of tools circumferentially dis-
tributed on its surface. Fig. 1 shows by way of example
a mandrel 16, rotated into its working position, and two
riveters 18, 20, arranged at 45° relative to the mandrel.
[0020] Thus, moving plate 32 allows longitudinally
displacing the tool being used (mandrel 16 in the draw-
ing), whereas the rotating table allows changing the tool,
after having withdrawn the tool being used by moving
back moving plate 32.
[0021] Table 14 is designed to house up to 8 tools. Yet
generally it is sufficient to use a single mandrel, in which
it is possible to automatically change the boring drills to
make holes of different diameters, and one or two rivet-
ers for applying rivets of different sizes.
[0022] In order to perform both the panel boring and
its riveting, it is necessary to have a backing tool 22,
which is a well-known tool in automatic riveting, in op-
posite position to the boring or riveting tool.
[0023] Backing tool 22, coupled with robotised arm 4,
follows the movements of the first arm 2 and therefore
it can reach all panel points where riveting is performed.
[0024] Fig. 3 is a side view of the double slide 10. For
sake of clarity, electric motor 40 has been removed in
that Figure, to show the details said motor hides.
[0025] More particularly, the Figure shows means 42,
44 for coupling the slide to arm 2, moving plates 30, 32
and rubber bellows 37, 39, 41 protecting the internal
slide members while allowing at the same time plates
30, 32 to displace longitudinally of the slide.
[0026] Fig. 4 shows instead in detail the lower end of
slide 10, with bearing foot 12 secured to plate 30 thereof,
and a device 48 for supplying a bonding agent in corre-
spondence of the bore made by mandrel 16, before the
riveting operation.
[0027] Bearing foot 12 forms, at its lower end, an in-
ternally hollow circular portion 12a, the internal cavity of
which is connected with device 60 for aspirating boring
chips (a flexible duct connected with a suitable aspira-
tor). The internal diameter of input opening 12b giving
access to hollow circular portion 12a of the foot slightly
exceeds the external diameter of chuck 17 of mandrel
16: thus, during boring, an air-tight sealed chamber is
formed that favours chip aspiration by chip aspirating
device 60.
[0028] Device 48 for supplying a bonding agent is
coupled with bearing foot 12 through an actuating sys-
tem, such as an oil-pressure piston, allowing its recip-
rocation for moving close to and away from the hole.

Fig. 4 shows the device in its lowered position.
[0029] Advantageously, device 48 for supplying a
bonding agent is moved close to and away from the hole
during a rotation phase of rotating table 14, whereby the
dead times during tool change are exploited.
[0030] Fig. 5 shows in greater detail hollow circular
portion 12a of bearing foot 12, which presses panel 5
against stringer 6a, and the lower end of device 48 for
supplying a bonding agent in its lowered position, when
it is brought in correspondence with hole 52.
[0031] A channel 50 through which the bonding agent
passes is provided inside device 48. Channel 50, in its
end portion, is divided into two or more oblique channels
50a, 50b, preferably three channels arranged at 120°
relative to each other, favouring a homogeneous distri-
bution of the bonding agent onto the internal hole walls.
The tip of device 48, i. e. the portion where oblique chan-
nels 50a, 50b are provided, is so shaped that it becomes
positioned onto hole 52 as if it would arrive in axial align-
ment therewith, notwithstanding the oblique approach-
ing movement.
[0032] The operation cycle of the riveting device ac-
cording to the invention will now be described with ref-
erence to Figs. 6a to 6g.
[0033] The riveting of a stringer 6a to a panel 6 take
place as follows:

- the reaction group consisting of backing tool 22 sup-
ported by robotised arm 4 is brought against panel
6, on the side of stringer 6a, in the position set by
the program for the boring (Fig. 6a);

- working arm 2 is brought in front of panel 6 and,
through a translation of the first plate 30, its bearing
foot 12 reaches the point set by the program of the
numerical control system controlling working (Fig.
6b),

- bearing foot 12 is pressed against panel 6 until it
exerts a programmable force of about 20 to 60 Kg,
preferably 30 Kg, onto panel 6, so as to press panel
6 and stringer 6a against backing member 22; such
pressure, that is opposed by backing member 22,
is substantially maintained during the whole riveting
operation (Fig. 6c);

- the working control program detects the actual
quote reached by bearing foot 12 and actuates the
second plate 32 of slide 10 (by moving it closer and
farther depending on the error between the actual
and theoretical positions), so as to bring mandrel 16
to the correct position of boring/countersinking
start; by moving plate 32 closer, the hole and the
corresponding countersink are made by means of
drill 16a mounted on mandrel 16 (Fig. 6d);

- mandrel 16 is moved away by moving back plate 32
and, while table 14 is being rotated for tool change,
the bonding agent is injected by device 48 (Fig. 6e);

- once the rotation of table 14 is over, riveter 18 or 20
is lowered and it introduces rivet 51 into the coun-
tersunk hole; at the same time, a reaction mass 23
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is moved close to stringer 6a in correspondence of
the hole, with a force of about 10 Kg (Fig. 6f);

- rivet 51 is introduced into the hole and riveting is
carried out, preferably in a single blow (Fig. 6g);

- arms 2 and 4 are moved away for repeating the riv-
eting cycle at another point of panel 6.

[0034] Advantageously, thanks to the device accord-
ing to the invention, a hole and a countersink can be
obtained with minimum errors relative to the required
specifications. It is important that especially the coun-
tersink has minimum tolerance, since the head of rivet
51, at the riveting end, must be at the same level as the
external surface of panel 6. The depths of the hole and
the countersink are kept constant in that mandrel 16,
before starting boring, is positioned again, thereby re-
covering possible errors with respect to the theoretical
zero, based on the actual point where foot 12 is located
when it is pressed against panel 6.

Claims

1. A device for riveting a longitudinal reinforcing mem-
ber (6a) onto an aluminium panel (6), the device be-
ing of a kind including a first robotised arm (2),
equipped with at least one riveting tool (18, 20), and
a second robotised arm (4), equipped with at least
one backing tool (22), the device being character-
ised in that it comprises a powered double slide
(10) coupled with said first robotised arm (2), said
powered double slide (10) being equipped with a
first moving plate (30) onto which a bearing foot (12)
is mounted, which foot is arranged to exert a pro-
grammable pressure, contrasted by said second ro-
botised arm (4), to keep said panel and said longi-
tudinal reinforcing member (6a) together, and with
a second moving plate (30) onto which a rotating
table (14) is mounted, which table houses a plurality
of tools (16, 18, 20) that are interchangeable by ro-
tating said table (14), said first (30) and second (32)
moving plates being independently operable.

2. A device according to claim 1, wherein the first (30)
and second (32) moving plates slide on common
guides (24, 26).

3. A device according to claim 2, wherein each moving
plate (30, 32) is coupled with a threaded shaft (36,
34), which is driven by means of a respective elec-
tric motor (40, 38).

4. A device according to claim 3, wherein each thread-
ed shaft (36, 34) is coupled with the associated
electric motor (40, 38) by means of a belt (45, 46).

5. A device according to claim 4, wherein said rotating
table (14) houses a mandrel (16) arranged to make

a hole (52) in said panel (6) and in said longitudinal
reinforcing member (6a), and at least one riveter
(18) arranged to introduce and thereafter to clinch
a rivet into said hole (52).

6. A device according to claim 5, wherein said rotating
table (14) houses a second riveter (20) arranged to
introduce and to clinch rivets with different diameter
with respect to said first riveter (18).

7. A device according to claim 6, wherein said mandrel
(16) is equipped with a chuck (17) arranged to
house automatically interchangeable drills of differ-
ent diameters.

8. A device according to claim 1, wherein said bearing
foot (12) forms, at its end, an internally hollow cir-
cular portion (12a), of which the internal cavity is
connected with a device (50) for aspirating boring
chips.

9. A device according to claim 8, wherein said mandrel
(16) is equipped with a chuck (17) and wherein the
internal diameter of the input opening (12b) of said
hollow circular portion (12a) slightly exceeds the ex-
ternal diameter of said chuck (17) whereby, during
boring, an air-tight sealed chamber is formed in said
hollow, favouring chip aspiration by said aspirating
device (50).

10. A device according to claim 1, and further compris-
ing a device (48) for supplying a bonding agent at
the hole (52) bored by the mandrel (16), said device
(48) being coupled with said bearing foot (12)
through an actuating system (46), allowing its recip-
rocation for moving close to and away from said
hole (52).

11. A device according to claim 10, wherein said device
(48) for supplying a bonding agent is brought close
to said hole during a rotation phase of said rotating
table (14) for tool change.

12. A device according to any preceding claim, where-
in, when said bearing foot (12) exerts the pro-
grammed pressure against said panel (6), said sec-
ond moving plate (32) is displaced to bring said
tools (16, 18, 20) back to the programmed relative
distance with respect to the bearing foot (12).
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