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Description
Technical field

[0001] The present invention relates to a method ac-
cording to the preamble of claim 1 and an apparatus ac-
cording to the preamble of claim 5 for the completion of
pre-cages through the fixing of longitudinal reinforcement
bars to some of the stirrups at least, composing the pre-
cage, in particular for the production of metal cages for
reinforced concrete, an example of such a method and
apparatus is disclosed by EP-A-1243358 (italian appli-
cation UD 2001A000055).

Background art

[0002] It is well known that, for the production of rein-
forced concrete columns and beams, metal cages are
commonly used, which are constituted by longitudinal
reinforcement steel bars connected to transversal stir-
rups suitably spaced out. The stirrups usually define a
closed pathway, for example with quadrilateral shape,
having overlapped ends. The longitudinal bars are insert-
ed inside the profile defined by the stirrups, at the design
positions specified by the structural engineers, where
they have to be suitably fixed, for example at the angles
of such profile.

[0003] Inorderto improve the assembly accuracy and
speed, are known automatic methods and apparatuses
suited to realize a preliminary cage, usually called pre-
cage or with similar words, constituted by the reinforce-
ment stirrups and by disposable longitudinal auxiliary
wires, not included in the structural design, which are
usually welded externally in oder to retain the stirrups of
the cage to realize.

[0004] Only subsequently, or during the formation of
the pre-cage, the longitudinal bars are inserted inside the
pre-cage and fixed at the suitable design positions in or-
der to obtain the desired structural geometry. The advan-
tage of the use od the pre-cage consists in the fact that,
for joining the reinforcement longitudinal bars, it is not
necessary any more to fix all the bars at the crossings
with all the stirrups to constitute a sufficiently rigid struc-
ture, but it is sufficient to hang the bars to the pre-cage,
which is already itself a rigid structure. Consequently,
thanks to this method, the fixing operations to effect are
drastically reduced and the fixing accuracy is improved,
thus increasing the total velocity with which the reinforce-
ment cage is accomplished. Several patents are known,
which illustrate how to produce such pre-cages, in par-
ticular the patent n° EP 0667195 B1 in the name of the
Applicant and the patent EP 1101547 in the name of the
company MEP S.p.A..

[0005] The Italian patent application UD2001A000055
(EP-A-1243358) in turn illustrates a device for the com-
pletion of reinforcement cages which enables to carry
out the positioning of the longitudinal bars at the internal
angles of the stirrups. This device comprises lifting ele-
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ments which lift the pre-cage for overturning it partially
and in succession on a supporting surface, so as to take
each time a different angle to an operational position.
However the cited device enables the positioning and
the fixing of the longitudinal bars only at the angles of the
stirrups and, moreover, does not carry out any automatic
fixing of the bars.

[0006] Nevertheless, no matter the pre-cages are re-
alized, even by using automatic apparatuses intended
for their production, for completing the metal cages it is
necessary to accomplish numerous manual operations,
in particular for fixing the longitudinal bars to the stirrups
atthe design positions, even though ata reduced number
of positions. In any case, such fixing operations, such as
the binding, the welding, the glueing or any other jointing
method, require considerable resources and always af-
fectin a significant way the execution times, as they have
to be effected manually or, at the most, with the aid of
some tools.

[0007] In practice only the first part of the work has
been successfully automated, that is the preparation of
the pre-cage, while, on the contrary, the completion of
the pre-cage with the longitudinal reinforcement bars has
not been substantially automated yet.

[0008] In addition, a different technique is known for
producing reinforcements for reinforced concrete, start-
ing from electrowelded and suitably folded mesh, so as
to constitute a pre-cage which, too, will have to be sub-
sequently completed with longitudinal reinforcement
bars, following the method previously described.

[0009] It is worth noting that one of the difficulties in
the effort to automatically carry out the completion of the
pre-cages through the fixing of the longitudinal reinforce-
ment bars, is constituted by the fact that the elements in
process are three-dimensional. Consequently it results
very difficult to reach the fixing area through opposing
operational tools, as, on the contrary, is the case, for
example, while welding plane elements such as metal
meshes and the like.

Disclosure of the invention

[0010] The aim of the present invention is to overcome
the cited problems, by devising a method and an appa-
ratus which enable to carry out the fixing of longitudinal
reinforcement bars automatically, for the production of
metal cages for reinforced concrete starting from a pre-
cage.

[0011] Within this aim, it is a further scope of the
present invention to provide for a method and an appa-
ratus which make easier and speedier the fixing opera-
tions of the parts constituting the cited metal cages.
[0012] A further aim of the invention is to devise an
apparatus for the completion of the pre-cages by the fix-
ing of longitudinal reinforcemet bars, which is of simple
conception, reliable function and versatile use.

[0013] The cited aims are achieved according to the
presentinvention by the method for the fixing metal struc-
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tures, in particular metal cages of the type obtained start-
ing from a metal pre-cage constituted by a series of stir-
rups suitably spaced out on substantially parallel planes,
constrained to one longitudinal auxiliary wire at least,
comprising the steps of:

[0014] (a). prearranging, along a fixing axis, contrast-
ing means acting at selected fixing areas, suitably spaced
out depending on the position of the selected stirrups to
fix to longitudinal reinforcement bars in a position provid-
ed by the design and the relevant structural computation,
for the completion of said cage;

[0015] (b). prearranging said metal pre-cage on a work
surface, with at least one portion of the said stirrups to
fix, positioned at said contrasting means;

[0016] (c). inserting inside said metal pre-cage a first
longitudinal reinforcement bar at least, at said fixing axis,
atthe selectedfixing areas where said contrasting means
acts;

[0017] (d). tightening said first longitudinal reinforce-
ment bar to said stirrups of the pre-cage in said design
position through said contrasting means;

[0018] (e). carrying out the fixing of said first longitudi-
nal reinforcement bar to said stirrups at said contrasting
means through fixing means acting along a longitudinal
axis at said work surface;

[0019] (f).translating said pre-cage transversally to the
longitudinal axis on said work surface and / or rotating
the same pre-cage in suitable phase relationship around
an axis parallel to said longitudinal axis, for positioning
said pre-cage in the position suitable for the fixing of fur-
ther longitudinal reinforcement bars to said stirrups at a
relevant further position provided by the design and the
structural computation;

[0020] (Q).inserting, in suitable phase relationship, the
further longitudinal reinforcement bars provided by the
design and the relevant structural computation inside
said pre-cage;

[0021] (h).fixing all the longitudinal reinforcement bars
to some of said stirrups at least, at said further positions
provided by the design and the relevant structural com-
putation, for completing the production of said cage.

Brief description of the drawings

[0022] Description details of the invention shall be fur-
ther evidentin the illustrations of a preferred embodiment
of the apparatus for the completion of the pre-cages, by
the fixing of the longitudinal reinforcement bars, illustrat-
ed in the guideline drawings attached, wherein:

[0023] fig. 1illustrates a side view of the apparatus for
fixing metal structures according to the invention;
[0024] fig. 2-12 respectively illustrate a detail view of
the operational area of the claimed apparatus, at different
operational steps;

[0025] fig. 13 illustrates a perspective exploded view
of the fixing means intended for the use in the claimed
apparatus;

[0026] fig. 14, 15, 16 and 17, 18, 19, 20 illustrate re-
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spective front, side and perspective views of the same
fixing means, at successive operational steps;

[0027] fig. 21, 22 and 23 respectively illustrate a per-
spective view, a front view and a side view of a different
embodiment of said fixing means;

[0028] fig. 24, 25, 26 and 27, 28, 29 illustrate corre-
sponding views of said fixing means at different opera-
tional steps,

[0029] fig. 30 illustrates a perspective view of the
bench constituting the frame of the claimed apparatus.

Best mode for carrying out the invention

[0030] With reference to such figures, 1 refers to the
apparatus for fixing metal structures according to the
present invention. In particular the apparatus is suitable
for carrying out the completion of pre-cages through the
fixing, by welding, of longitudinal reinforcement bars for
producing metal cages 2 for reinforced concrete (fig. 13).
Obviously, it is also possible to use the apparatus 1 for
carrying out the generic fixing of elements in structures
of different material, size and use.

[0031] The metal cage 2 to produce is constituted by
a series of longitudinal bars 4 usually positioned parallel
and at prefixed distances from the longitudinal axis of the
structure itself, internally fixed to a plurality of stirrups 3.
The longitudinal reinforcement bars 4 are fixed to the
stirrups 3 at respective design positions determined by
the structural design.

[0032] In the figures, the stirrups 3 are represented
closed for the sake of simplicity, but, actually, they com-
monly shape an open profile with overlapping ends. The
apparatus 1 is suited to carry out the fixing of the longi-
tudinal reinforcement bars 4, in some points at least, to
a pre-cage 2a constituted by the stirrups 3 longitudinally
spaced out and constrained to disposable longitudinal
auxiliary wires 8.

[0033] The apparatus 1 is constituted by a work bench
6 suited to define a work surface 7 preferably horizontal,
on which the pre-cage 2a is longitudinally prearranged,
being the pre-cage 2a supported by respective sides of
the stirrups 3. The work surface 7 can shape a front fold-
ing portion intended for facilitating the loading, unloading
and handling operations of the pre-cage 2a. Moreover,
the bench 6 preferably presents a series of recesses 60
suitably distributed along the edge, suited to enable an
easy access of the operators for the execution of the
manual operational steps (fig. 30).

[0034] The work bench 6 presents a longitudinal slit 9
along which suitably spaced fixing areas 10 are defined.
At such fixing areas 10 are suited to act operational tools
for the fixing to the stirrups 3 of the pre-cage 2a, of a
reinforcement bar 4 prearranged in the suitable design
position 5 of the cage 2, according to a fixing axis, as
described in detail later on.

[0035] Such operational tools comprise a plurality of
contrasting means 11 suitable for being positioned lon-
gitudinally along the slit 9, and mobile fixing means 12
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suited to carry out, preferably in succession, the fixing
operations required at the design positions 5.

[0036] The contrasting means 11 and the fixing means
12 are supported on the same side as to the pre-cage
2a, where the respective actuators are housed, too. In
particular the contrasting means 11 is shaped so as to
enter the volume of the pre-cage 2a, tighten the bar 4
against the stirrups 3 of the pre-cage 2a and, in case of
need, disappear under the work surface 7, releasing the
pre-cage 2ain order to avoid interference during the han-
dling of the pre-cage 2a itself.

[0037] Once it is longitudinally positioned for a deter-
mined type of pre-cage, the contrasting means 11 re-
mains in the selected positions. The contrasting means
11 is preferably constituted by couples of C-shaped con-
trasting elements aligned in longitudinal direction, so as
to constitute a fork which defines a space suited to enable
the interposition of a portion of the stirrup 3 to fix to the
bar 4. The contrasting elements 11 present respective
upper and lower end portions 13, 14 positioned orthog-
onally to respective intermediate portions 15 positioned
in a substantial vertical way (fig. 13). The contrasting el-
ements 11 are fixed to a vertical stem 16 sliding axially
inside a short tube 17 sliding along a horizontal section
bar 19 integral with the fixed framework 20 of the appa-
ratus 1. The stem 16 is associated to drive means suited
to operate its vertical sliding inside the short tube 17 for
positioning the contrasting elements 11 at three posi-
tions:

alowered position, inactive, at which the contrasting
elements 11 are entirely below the work surface 7
(fig. 5), a lifted position, at which the respective upper
end portions 13 project at a certain distance out of
the work surface 7 (fig. 2), and an intermediate po-
sition, of contrasting, at which the said portions 13
project out of the work surface 7 by a distance sub-
stantially equal to the sum of the diameter of the iron
rod constituting the stirrup 3 and the diameter of the
longitudinal reinforcement bar 4 to fix (fig. 3). In prac-
tice, at the intermediate position, the contrasting el-
ements 11 are suited to tighten the longitudinal re-
inforcement bar 4 between the portions 13 and the
stirrups 3 leaning on the work surface 7.

[0038] The drive means of the contrasting elements
11 are preferably constituted by a linear actuator, not
illustrated, suited to move a spar 18 having a longitudinal
development substantially equal to that of the work sur-
face 7, suited to contrast the stems 16 at a lower portion.
In practice, the spar 18 is suited to contrast the lower end
of the stems 16 in order to cause the lifting of all the
contrasting elements 11 suitably distributed along the
length of the apparatus. On the contrary, the lowering of
the stems 16 is substantially produced by the gravity ac-
tion acting on the contrasting elements 11 when the spar
18 is taken to the intermediate position and lowered.

[0039] The fixing means 12 are constituted by a first
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and a second fixing element 22, 23 suited to cooperate
with the contrasting elements 11 for the fixing of the lon-
gitudinal bar 4 to the stirrup 3 (fig. 13).

[0040] Intheillustrated case, the firstand second fixing
element 22, 23 constitute a couple of overlapped elec-
trodes suited to perform the desired junction through
welding. The electrodes 22, which are conductive, pref-
erably of a suitable copper alloy, are suitably connected
to a power supplying device by means of suitable flexible
conductors 24. The first electrode 22 shapes a flat upper
face 25, through which it is suitable for intercepting the
stirrup 3 by a lower portion during the welding phase.
The second electrode 23 which is mounted below the
first electrode 22, shapes a flat lower face 26 suited to
contrast suitably the lower portions 14 of the contrasting
elements 11 which, being operated by the electrode 23,
transmit the polarity to the bar 4 and at the same time
draw the bar 4 near the stirrup 3.

[0041] The electrodes 22, 23 are fitted mobile below
the work surface 7. To be more precise, they are suited
to be operated by respective linear actuators, not illus-
trated, in motion of translation according to opposite ways
along the direction of the contact force. In this independ-
ent motion, the electrodes 22, 23 are suited to be guided
by the guiding stems 27 provided at the upper portion of
the second electrode 23 and inserted sliding axially in
respective holes provided at a lower portion of the first
electrode. 22. To be more precise, the first electrode 22
is suited to be operated alternatively between a lowered
configuration, inactive, at some distance from the stirrup
3 and a lifted configuration, active, whereat it is drawn
near in contact with the stirrup 3 by the upper face 25.
The second electrode 23 is suited to be operated in suit-
able phase relationship as to the first electrode 22, be-
tween a lifted configuration, inactive, and a lowered con-
figuration, active, whereat the electrode contrasts by the
lower face 26 the lower portions 14 of the contrasting
elements 11 positioned, in turn, in the intermediate po-
sition for carrying out the welding of the stirrup 3 to the
longitudinal bar 4.

[0042] The electrodes 22, 23, together with the oper-
ating actuators and the power supplying device, are fitted
on a carriage 28 mobile in longitudinal direction. The car-
riage 28 is sliding through rolling means on guiding
shanks 30 longitudinally extended as much as the appa-
ratus 1 and integral with the fixed framework 20 beneath
the work surface 7. The motion of the carriage 28 in lon-
gitudinal direction is controlled by operating means of
known type through drive means, for example of flexible
type through a chain wound around suitable gear wheels
or through a wheel- rack coupling.

[0043] Near the electrodes 22, 23 are fitted sensors
40 (fig. 13), suited to detect, during the advance motion
of the carriage 28, the reaching of the contrasting ele-
ments 11 positioned at the fixing areas 10. Such sensors
40 are suited to transmit suitable stop signals to the
means operating the carriage 28. The sensors 40 pro-
vided are preferably two at least, on opposite sides of
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the carriage 28 as to the direction of the motion, so as to
signal usefully the reaching of the fixing area 10 in one
way as well as in the opposite one.

[0044] The functioning of the apparatus for fixing metal
structure according to the claimed method is described
as follows.

[0045] Initially, the contrasting elements 11 have to be
prearranged along a fixing longitudinal axis defined at
the slit 9, being the contrasting elements 11 suitably
spaced out depending on the position of the stirrups 3 to
fix to the longitudinal reinforcement bars 4 in a position
5 provided by the design and the relevant structural com-
putation, for the completion of the cage 2. To this aim the
contrasting elements 11 are spaced each other by mak-
ing the corresponding short tubes 17 slide along the sec-
tion bar 19. Atthe work position, the contrasting elements
11 are suited to contrast the longitudinal reinforcement
bars 4, by acting at the selected fixing areas 10.

[0046] Then the pre-cage 2a is prearranged on the
work surface 7, leaning on respective horizontal sides of
the stirrups 3, wherein the stirrups 3 are suitably posi-
tioned at respective contrasting elements 11 (fig. 1). To
be more precise, the contrasting elements 11 are posi-
tioned so that the stirrups 3 of the pre-cage 2a to fix to
the reinforcement bars 4 are substantially positioned in
the middle of the fork defined by the contrasting elements
11 themselves.

[0047] Then a first longitudinal reinforcement bar 4 is
inserted inside the stirrups 3, along the cited fixing axis.
It is worth noting that, in order to easily insert such bar 4
inside the stirrups 3, the contrasting elements 11 are tak-
en in this phase to the lifted position, suitably spaced
from the work surface 7, while the pre-cage 2a is posi-
tioned at a position suitably advanced frontally to the con-
trasting elements 11, so as to be at some distance from
the fixing area 10 (fig. 1).

[0048] After the insertion of the first longitudinal bar 4,
the pre-cage 2ais pulled back so as to be positioned with
the stirrups 3 close to the said bar 4 in the design position
5 (fig. 2). Advantageously, in order to make the work cycle
easier, the first longitudinal bar 4 is fixed close to the
inner lower corner of the vertical side turned to the grip-
ping area of the hook-shaped contrasting elements 11,
as illustrated. The cited moving back of the pre-cage 2a
can be carried out manually or through suitable mechan-
ical instruments.

[0049] So the prearranged pre-cage 2a lies with the
first reinforcement bar 4 in the design position 5, aligned
at respective fixing areas 10, and with the stirrups 3 to
weld in the middle of each fork of the contrasting elements
11.

[0050] Then the contrasting elements 11 are lowered
in the contrasting position so as to tighten suitably the
longitudinal bar 4 to the stirrups 3 (fig. 3).

[0051] At this moment the fixing is carried out in se-
quence at the fixing positions 5.

[0052] The carriage 28 is operated in advance towards
a first selected fixing area 10.. When the sensors 40 de-
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tect the reaching of the corresponding contrasting ele-
ments 11, the carriage 28 stops for carrying out the de-
sired fixing. The electrodes 22, 23, which are respectively
in the inactive position, face the portions 13 and 14 of
the contrasting elements 11 (fig. 14, 15 and 16). Subse-
quently the electrodes 22, 23 are operated in the active
position and powered for transmitting the necessary fix-
ing actions tothe joint (fig. 17, 18, 19and 20). In particular,
to the joint are transmitted opposing contact forces and
suitable amounts of current.

[0053] It is worth noting that no matter how the oper-
ational means is shaped and the diameter of the elements
constituting the joint is, itis important that the fixing action
is effected while substantially preserving the contact
among the stirrups 3 of the pre-cage 2a and the work
surface 7, that is while avoiding the lifting of the manu-
factured item and the production of undesired deforma-
tions, as well as the possible move of the bars 4 from the
design positions 5. In particular the adopted solution
reaches this aim thanks to the fact that the contrasting
elements 11 push the joint against a reference surface
constituted by the work surface 7 without requiring any
external adjustment, setting or data input.

[0054] Once thejunctionis carried out according to the
set execution parameters, the electrodes 22, 23 are tak-
en back to the inactive position.

[0055] The carriage 28 is operated again in motion for
reaching the second fixing area 10 aligned to the previous
one in order to carry out the second fixing operation on
the longitudinal bar 4.

[0056] The fixing operations are carried outinthe same
way at the remaining fixing areas 10 aligned along the
longitudinal slit 9, in order to complete the fixing of the
longitudinal bar 4 to the provided stirrups 3 of the pre-
cage 2a.

[0057] It is worth noting that the pre-cage 2a and the
bars 4 may have a longitudinal extension lower than the
length of the work surface 7 or, anyway, the contrasting
elements 11 actually used may be less than the ones
provided on the apparatus 1. Therefore the device is use-
fully provided with suitable sensors able to recognize au-
tonomously the end of the bar 4 in process, by detecting
where the contrasting element 11 whereat the carriage
28 is positioned, in the event it does not contrast the bar
4, comes substantially in contact with the upper electrode
under the gravity action, thus indicating the absence of
the bar to weld without requiring any input relating to the
length or the position of the bars themselves. Such rec-
ognition takes place even in case a stirrup 3 of the pre-
cage 2a is actually in the contrasting element 11, but
without any bar 4.

[0058] Once the welding of the first longitudinal bar 4
is completed, the contrasting elements 11 are operated
to the lifted position in order to release the longitudinal
bar 4 already fixed. So the pre-cage 2a can be translated
on the work surface 7 transversally to its longitudinal axis
and / or rotated in suitable phase relationship around an
axis parallel to such longitudinal axis, in order to position
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the stirrups 3 in the further positions 5 provided by the
design and the structural computation, at the contrasting
elements 11, and to fix the further longitudinal bars 4 to
them.

[0059] For example, it is possible to translate the pre-
cage 2a to an advanced position (fig. 5) so as to prear-
range at the fixing axis the median stretch of the lower
side of the stirrups 3 and to fix subsequently at such me-
dian stretch, according to the described way, a second
longitudinal reinforcement bar 4 inserted inside the pre-
cage 2a (fig. 6). To this aim, after releasing the first lon-
gitudinal bar 4, the contrasting elements 11 are shifted
into the lowered position beneath the work surface 7 to
avoid any interference with the auxiliary wires 8 of the
pre-cage 2a (see fig. 5).

[0060] Subsequently the contrasting elements 11 are
taken to the lifted position again in order to draw in to the
new longitudinal bar 4 to fix, then lowered in the contrast-
ing position to tighten the same bar 4.

[0061] In a similar way it is possible to insert and fix a
third longitudinal bar 4 close to the lower inner corner of
the vertical side opposite to the one carrying the first bar
4 (fig. 7 and 8).

[0062] It is to point out that the pre-cage 2a is advan-
tageously translated forward to the gripping area of the
contrasting elements 11, so as to enable the bar 4 just
fixed to come out and move to the adjacent fixing position
without interfering with the contrasting elements 11 them-
selves.

[0063] After fixing all longitudinal bars 4 belonging to
the same side of the cage, the lower one in the illustrated
case, the pre-cage 2a is rotated on the work surface 7
(fig. 9). It is to point out that, in order to carry out the
capsizing of the pre-cage 2a, the previously fixed bar 4
advantageously acts as a pivot, being suitably retained
by the contrasting elements 11 at the fixing axis.

[0064] The cage 2 is finally completed by proceeding
with repeated cycles of handling the pre-cage 2a and
fixing the longitudinal bars 4 provided by the structural
computation (fig. 10, 11 and 12).

[0065] Once the cage 2 is finished, it is necessary to
lift the contrasting elements 11, shift transversally the
cage 2 for releasing the contrasting elements 11 from
the bar 4 last fixed, take the contrasting elements 11 be-
neath the work surface 7 so as to prearrange a surface
without obstacles and discharge the cage 2 by sliding it
transversally on the surface 7.

[0066] So the claimed method and the apparatus
which carries out the method reach the aim of fixing metal
structure in a more automated way, in particular for the
completion of metal cages for reinforced concrete, real-
ized starting from a pre-cage.

[0067] Such result is achieved in particular thanks to
the use of the mobile fixing means 12 which allows to
operate the fixing of all longitudinal reinforcement bars 4
settled by the structural computation for a determined
metal cage 2, by proceeding preferably in succession at
the fixing positions 5. The fixing means 12 is preferably
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mobile in longitudinal direction as to the work bench 6 as
previously described. In particular, it is possible to pro-
vide for only one welding assembly which shifts in se-
quence at all the provided contrasting elements 11, car-
rying out the welding in a bidirectional way in order to
optimize the execution times, or two or more welding as-
semblies which are mobile and coordinated each other.
[0068] Actually the claimed method and apparatus al-
low to carry out all the desired fixing operations in a very
flexible way.

[0069] Inthefig. 21,22 and 23 a different embodiment
for the fixing means 12 is illustrated, which provides for
the use of two parallel electrodes 32, 33 moved by the
same side, preferably upward. The first electrode 32 is
suited to contrast the longitudinal reinforcement bar 4,
while the second electrode 33 contrasts the stirrup 3. In
this way, it is not necessary any more that the contrasting
elements 11 are made of any expensive conductive ma-
terial, thus gaining a considerable constructional econo-
my.

[0070] According to a first embodiment the electrodes
32 and 33 are operated separately. In particular, at first
both electrodes 32, 33 are moved upward till the first
electrode 32 comes in contact with the reinforcement bar
4 (fig. 24, 25 and 26); in suitable phase relationship, only
the second electrode 33 is operated ill it comes in contact
with the corresponding stirrup 3 of the junction (fig. 27,
28 and 29). Alternatively it is possible to provide for the
simultaneous handling of both the electrodes 32 and 33,
through a single actuator, by interposing one elastic el-
ement at least, in order to compensate for the different
travel thatthe two electrodes must make. In the illustrated
case the first electrode 32 is represented split in two
prongs, but it is obviously possible to provide for an elec-
trode shaped by only one element.

[0071] The claimed method and apparatus allow a no-
table reduction of the production costs for the metal cag-
es, in particular thanks to the possibility of using only one
fixing assembly or, anyway, a reduced number of fixing
assembilies to join the reinforcement bars 4 to the stirrups
3.

[0072] A prerogative of the invention is constituted by
the considerable speed in the execution of the fixing op-
erations. In fact, the fixing means 12 is allowed to move
forward at very high speed from a selected fixing area to
the subsequent, thus reducing the idle times of the pro-
duction cycle. Moreover, the sensors 40 suited to position
the fixing means 12 correctly, guarantee the correct po-
sitioning of the same even when the carriage 28 carrying
the fixing means itself goes at high speed. Such result is
achieved also thanks to a plurality of contrasting ele-
ments 11 which allow an easy recognition of the welding
area, since the fixing means 12 has not to identify the
elements to fix directly, but limits itself to detect the pres-
ence of the contrasting elements 11 which are already
at the selected joint to fix.

[0073] The contrasting elements 11, which are hook-
shaped as illustrated, advantageously do not require any
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type of steady electric or fluid dynamic connection for
their functioning. Moreover the contrasting elements 11
are most suitably represented as a couple of elements
positioned as a fork, but it is obviously possible to provide
for them any other shape which enables to carry out the
contrasting action behind the bar 4 at a position substan-
tially corresponding to the stirrups 3 and to release the
pre-cage in order to avoid any interference.

[0074] Thecited contrasting elements are prearranged
to grip the elements constituting the joint and this consti-
tutes an advantage in comparison with different systems,
according to which the contrasting elements are not pre-
arranged, because it allows to gain the time necessary
for the contrasting elements to go out, to be taken to the
right position behind the bar, corresponding to the stirrup,
and the time for the return travel after fixing.

[0075] An essential feature of the apparatus according
to the present invention is the arrangement of the con-
trasting elements 11 as well as of the fixing means 12 on
the same side and the possibility of releasing such con-
trasting elements 11 below the work surface 7. This fea-
ture is essential to carry out the fixing of a tri-dimensional
handiwork such as a cage with closed profile, since it is
essential not to have any obstacle to the handling of the
handiwork itself during formation as well as to the aim of
reaching the joints during the fixing phases. It is worth
noting that in the known art constituted by the machines
for the formation of electro-welded meshes, since two-
dimensional handiworks have to be worked, on the con-
trary the operational tools are carried on opposite sides
of the product in process, which so can freely slide in the
middle and whose joints can be reached without any ob-
stacle thanks to the kind of the product itself. Conse-
quently such a known technique is not usable in case of
tri-dimensional products, such as the mentioned cages.
[0076] It is to be noticed that the claimed apparatus
allows the widest adjustment range for the positioning of
all the tools intended for the fixing.

[0077] Anotherimportant prerogative is constituted by
the advantage that no data entry is required, relating ei-
ther to the thickness of the joint components, or to the
position and the length of the bars to fix.

[0078] A further prerogative of the invention consists
in the fact that the use of the apparatus by the operators
results simple and secure, in particular thanks to the re-
cesses 60 provided at the folding portion of the bench 6
and to the fact that the phase of drawing near the con-
trasting elements 11 to the joint to weld is obtained
through the sole action of the force of gravity and conse-
quently any risk connected to the crushing of the upper
limbs is avoided.

[0079] Materials adopted for the actual realization of
the invention, as well as their shapes and sizes, can be
various, depending on the requirements.

[0080] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of increas-
ing the intelligibility of the claims and accordingly such
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reference signs do not have any limiting effect on the
scope of each element identified by way of example by
such reference signs.

Claims

1. Method for fixing metal structures, in particular for
the completion of metal cages (2) starting from a
metal pre-cage (2a) constituted by a series of stirrups
(3) suitably spaced out on substantially parallel
planes, constrained to one auxiliary longitudinal wire
(8) at least, characterized in that it comprises the
phases of:

(a). prearranging, along afixing axis, contrasting
means (11) acting at selected fixing areas (10)
suitably spaced out depending on the position
of the selected stirrups (3) to fix to longitudinal
reinforcement bars (4) in a position provided by
the design and the relevant structural computa-
tion, for the completion of said cage (2);

(b). prearranging said metal pre-cage (2a) on a
work surface (7), with at least one portion of said
stirrups (3) to fix, positioned at said contrasting
means (11);

(c). inserting inside said metal pre-cage (2a) a
first longitudinal reinforcement bar (4) at least,
at said fixing axis, at said selected fixing areas
(10) where the said contrasting means (11) acts;
(d). tightening said first longitudinal reinforce-
ment bar (4) to said stirrups (3) of the pre-cage
(2a) at said design position through said con-
trasting means (11);

(e). carrying out the fixing of said firstlongitudinal
reinforcement bar (4) to said stirrups (3) at said
contrasting means (11) through fixing means
(12) acting along a longitudinal axis at said work
surface (7);

(). translating said pre-cage (2a) transversally
to the longitudinal axis on said work surface (7)
and /or rotating the same pre-cage (2a) in suit-
able phase relationship around an axis parallel
to said longitudinal axis, for positioning said pre-
cage (2a) in the position suitable for the fixing
of further longitudinal reinforcement bars (4) to
said stirrups (3) at arelevant further position pro-
vided by the design and the relevant structural
computation;

(9)- inserting, in suitable phase relationship, the
further longitudinal reinforcement bars (4) pro-
vided by said design and the relevant structural
computation inside said pre-cage (2a);

(h). fixing all the longitudinal reinforcement bars
(4) to some of said stirrups (3) at least, at said
further positions of the design and the relevant
structural computation, for completing the pro-
duction of said cage (2).
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Method according to claim 1, characterized in that
during said phase of translation and /or rotation of
the said pre-cage (2a) for the fixing of said bars (4),
said contrasting means (11) is suited to be taken
below said work surface (7) for enabling the over-
coming of the auxiliary wires (8) of the same pre-
cage (2a).

Method according to claim 1, characterized in that
it provides for carrying out the shifting of said con-
trasting means (11) to operational positions at differ-
ent levels as to said work surface (7).

Method according to claim 1, characterized in that
it provides for carrying out the contrasting and the
fixing of said longitudinal reinforcement bars (4) to
said stirrups (3) through contrasting and fixing
means (11, 12) carried on the same side as to said
pre-cage (2a), so as to enable to enter the volume
of said pre-cage (2a), tighten said bar (4) against
said stirrups (3) of the pre-cage (2a) and disappear
below the work surface (7), releasing said pre-cage
(2a) inorder to avoid interference during the handling
of the pre-cage (2a).

Apparatus for fixing metal structures, in particular for
the completion of metal cages (2) starting from a
metal pre-cage (2a) constituted by a series of stirrups
(3) suitably spaced out on substantially parallel
planes, constrained to a longitudinal auxiliary wire
(8) at least, characterized in that it comprises a
work surface (7) whereon said pre-cage (2a) is suited
to be prearranged; a plurality of selected fixing areas
(10) defined along said work surface (7) and lined
up along a longitudinal axis for the fixing of said stir-
rups (3) to one of said longitudinal reinforcement
bars (4); contrasting means (11) suited to contrast
said longitudinal bar (4) in a design position (5)
wherein said bar (4) has to be fixed to said stirrups
(3) of the pre-cage (2a), corresponding to said se-
lected fixing areas (10) wherein said contrasting
means (11) acts; fixing means (12) suited to coop-
erate with said contrasting means (11) in order to
carry out the fixing of said longitudinal bar (4) to said
stirrups (3).

Apparatus according to claim 5, characterized in
that said fixing means (12) is mobile longitudinally
to said work surface (7).

Apparatus according to claim 5 or 6, characterized
in that said fixing means (12) is provided with a bi-
directional work travel along said work surface (7),
so as to carry out said phase of fixing said bars (4)
to said stirrups (3) in both ways.

Apparatus according to claim 5, characterized in
that it provides for a plurality of said contrasting
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10.

11.

12.

13.

14.

15.

means (11) prearranged longitudinally to said work
surface (7) respectively at said fixing areas (10).

Apparatus according to claim 5 or 8, characterized
in that said contrasting means (11) is mobile be-
tween a lowered release position below said work
surface (7), a lifted position above said work surface
(7) at such a level as to enable the free insertion of
the joint constituted by said stirrup (3) and said re-
inforcement bar (4), and an intermediate position
contrasting said joint, in order to cooperate with said
fixing.

Apparatus according to claim 5 or 8, characterized
in that said contrasting means (11) and said fixing
means (12) are carried on the same side as to the
pre-cage (2a), so as to enter the volume of said pre-
cage (2a), tighten said bar (4) against said stirrups
(3) of the pre-cage (2a) and disappear below said
work surface (7), releasing the pre-cage (2a) in order
to avoid interference with the auxiliary wires (8) dur-
ing the handling of said pre-cage (2a).

Apparatus according to claim 5, characterized in
that said contrasting means (11) is suited to push
the joint constituted by said longitudinal bar (4) and
by said stirrup (3) against a reference surface con-
stituted by said work surface (7), so as to tighten the
joint itself independently from the diameter of said
longitudinal bar (4) and of said stirrup (3) and to con-
tinue tightening spontaneously even when the diam-
eter changes during the fixing phase, without caus-
ing undesired deformations or shifting of the said el-
ements constituting the joint.

Apparatus according to claim 5 or 8, characterized
in that said contrasting means (11) is fork-shaped
so as to define a space suited to allow the interpo-
sition of a portion of said stirrup (3) to fix to said lon-
gitudinal reinforcement bar (4).

Apparatus according to claim 5 or 9, characterized
in that said contrasting means (11) presents upper
and lower end portions (13, 14) positioned substan-
tially orthogonal to an intermediate portion (15) and
suited to contrast the joint to fix with said upper por-
tion (13) and said fixing means (12) with said lower
portion (14).

Apparatus according to claim 5 or 13, characterized
in that said contrasting means (11) is made with a
conductive material.

Apparatus according to claim 5, characterized in
that said fixing means (12) comprises a first fixing
tool (22), suited to contrast said stirrup (3) atan upper
portion at said design position (5), and a second fix-
ing tool (23) suited to contrast at a lower portion said
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contrasting means (11) for the fixing of said longitu-
dinal bar (4) to said stirrup (3).

16. Apparatus according to claim 15, characterized in

that said first and second fixing tool (22, 23) consti-
tute respective electrodes suitably powered by a
power supplying device.

17. Apparatus according to claim 5, characterized in

that said fixing means (12) comprises a first elec-
trode (32) and a second electrode (33) parallel each
other, suited to be operated on the same side, pref-
erably upwards, so as to contrast respectively said
longitudinal reinforcement bar (4) and said stirrup (3)
constituting the joint to fix in the selected fixing area
(10).

18. Apparatus according to claim 17, characterized in

that said first and second electrode (32, 33) are suit-
ed to be operated simultaneously by a single actu-
ator, by the interposition of elastic means suited to
compensate for the different travel of the electrodes
(32, 33) themselves.

19. Apparatus according to claim 5, characterized in

that said fixing means (12) is provided with sensors
(40) suited to detect the presence of said contrasting
means (11) during the bidirectional advance motion
along said work surface (7).

20. Apparatus according to claim 5, characterized in

that it comprises sensors suited to automatically rec-
ognize the end of said longitudinal bars (4) in proc-
ess, by detecting that the contrasting means (11)
whereat said fixing means (12) is positioned, in case
it doesn’t contrast the bar (4) itself, comes substan-
tially in contact with said fixing means (12) due to
gravity, thus indicating the absence of said bar (4)
to fix with no need of any data entry relating to the
length or the position of the bars (4) themselves.

Patentanspriiche

1.

Verfahren zum Befestigen von Metallkonstruktio-
nen, insbesondere zum Fertigstellen von Kérben (2)
aus Metall ausgehend von einem Vorkorb (2a) aus
Metall, der aus einer Reihe von Blgeln (3) besteht,
die in im Wesentlichen parallelen Ebenen mit einem
geeigneten Abstand angeordnet sind und von min-
destens einem langsverlaufenden Hilfsbindedraht
(8) fixiert werden, dadurch gekennzeichnet, dass
es die folgenden Phasen vorsieht:

a. Vorbereiten langs einer Befestigungsachse
von in Entsprechung mit vorbestimmten Befe-
stigungszonen (10) wirkenden Anschlagmitteln
(11), die in Abhangigkeit von der Position der
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vorbestimmten Bugel (3) angemessen beab-
standet sind, die an Langsbewehrungsstaben
(4) in einer vom Projekt und der zugehdrigen
Strukturberechnung vorgesehenen Position (5)
zum Fertigstellen des Korbs (2) zu befestigen
sind;

b. Vorbereiten auf einer Arbeitsflaiche (7) des
Vorkorbs (2a) aus Metall, wobei mindestens ein
Abschnitt der zu befestigenden Blgel (3) in Ent-
sprechung mit den Anschlagmitteln (11) ange-
ordnet ist;

c. Einfuhren in den Vorkorb (2a) aus Metall von
mindestens einem ersten Langsbewehrungs-
stab (4) in Entsprechung mit der Befestigungs-
achse in Ubereinstimmung mit den vorbestimm-
ten Befestigungszonen (10), in denen die An-
schlagmittel (11) wirken;

d. Klemmen des ersten Langsbewehrungsstab
(4) auf die Bugel (3) des Vorkorbs (2a) in der
vom Projekt vorgesehenen Position (5) mit Hilfe
der Anschlagmittel (11);

e. Ausfiihren der Befestigung des ersten Langs-
bewehrungsstabs (4) an den Bligeln (3) auf H6-
he der Anschlagmittel (11) mit Hilfe von Befesti-
gungsmitteln (12), die langs einer Langsachse
in Entsprechung mit der Arbeitsflache (7) wir-
ken;

f. Verschieben des Vorkorbs (2a) quer zur
Langsachse auf der Arbeitsflache (7) und/oder
Drehen in einer geeigneten Phasenbeziehung
des Vorkorbs (2a) um eine zu dieser Langsach-
se parallelen Achse, um den Vorkorb (2a) in der
zum Befestigen weiterer Langsbewehrungssta-
be (4) an den Bugeln (3) in einer entsprechen-
den weiteren vom Projekt und der zugehdrigen
Strukturberechnung vorgesehenen Position ge-
eigneten Position anzuordnen;

g. Einflhren in einer geeigneten Phasenbezie-
hung der weiteren vom Projekt und der zugeho-
rigen  Strukturberechnung  vorgesehenen
Langsbewehrungsstébe (4) in den Vorkorb (2a);
h. Befestigen aller Langsbewehrungsstabe (4)
an mindestens einem Teil der Bugel (3) in den
weiteren vom Projekt und der zugehérigen
Strukturberechnung vorgesehenen Positionen,
um die Herstellung des Korbs zu vervollstandi-
gen.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Anschlagmittel (11) wahrend der
Phase der Verschiebung und/oder Drehung des Vor-
korbs (2a) fir die Befestigung der Bligel (4) unter die
Arbeitsflache (7) gebracht werden kénnen, um das
Uberwinden der Hilfsbindedrahte (8) des Vorkorbs
(2a) zu ermoglichen.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass es das Verstellen der Anschlagmittel
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(11) in Arbeitspositionen vorsieht, die sich auf ver-
schiedenen Hohen bezogen auf die Arbeitsflache (7)
befinden.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass es das Anschlagen und Befestigen
der Langsbewehrungsstébe (4) an den Bligel (3) mit
Hilfe von Anschlag- und Befestigungsmitteln (11, 12)
vorsieht, die auf einer selben Seite des Vorkorbs (2a)
gelagert sind, so dass sie in das Volumen des Vor-
korbs (2a) eintreten, den Stab (4) gegen die Blgel
(3) des Vorkorbs (2a) spannen und unter die Arbeits-
flache (7) versenkt werden kdnnen, wodurch sie sich
aus dem Vorkorb (2a) zurlickziehen, um wahrend
der Handhabung des Vorkorbs (2a) nicht zu storen.

Vorrichtung zum Befestigen von Metallkonstruktio-
nen, insbesondere zum Fertigstellen von Kérben (2)
aus Metall ausgehend von einem Vorkorb (2a) aus
Metall, der aus einer Reihe von Bligeln (3) besteht,
die in im Wesentlichen parallelen Ebenen mit einem
geeigneten Abstand angeordnet sind und von min-
destens einem langsverlaufenden Hilfsbindedraht
(8) fixiert werden, dadurch gekennzeichnet, dass
sie umfasst,

- eine Arbeitsflache (7) auf der der Vorkorb (2a)
vorgesehen werden kann;

- eine Vielzahl von langs der Arbeitsflache (7)
festgelegten und entlang einer Langsachse ge-
fluchteten vorbestimmten Befestigungszonen
(10) fur die Befestigung der Bligel (3) an einem
der Langsbewehrungsstabe (4);

- Anschlagmittel (11), die geeignet sind, in einer
vom Projekt vorgesehenen Position (5) an den
Langsstab (4) anzugreifen, in welcher der Stab
(4) an den Buigeln (3) des Vorkorbs (2a) in Uber-
einstimmung mit den vorbestimmten Befesti-
gungszonen (10) befestigt werden muss, in de-
nen die Anschlagmittel (11) wirken;

- Befestigungsmittel (12), die geeignet sind, mit
den Anschlagmitteln (11) zusammenzuarbei-
ten, um die Befestigung des Langsstabs (4) an
den Bigel (3) auszuflhren.

Vorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Befestigungsmittel (12) langs zur
Arbeitsflache (7) beweglich sind.

Vorrichtung nach Anspruch 5 oder 6, dadurch ge-
kennzeichnet, dass die Befestigungsmittel (12)
Uber einen bidirektionalen Arbeitsweg langs der Ar-
beitsflache (7) verfligen, so dass sie die Phase der
Befestigung der Stabe (4) an den Buligeln (3) in bei-
den Verfahrrichtungen ausfiihren kdnnen.

Vorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, dass sie eine Vielzahl der Anschlagmittel
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10.

11.

12.

13.

14.

(11) vorsieht, die jeweils l&angs zur Arbeitsflache (7)
in Ubereinstimmung mit den Befestigungszonen
(10) angeordnet sind.

Vorrichtung nach Anspruch 5 oder 8, dadurch ge-
kennzeichnet, dass die Anschlagmittel (11) zwi-
schen einer abgesenkten Riickzugsstellung unter-
halb der Arbeitsflache (7), einer auf eine Hohe, die
das unbehinderte Einflhren der aus dem Blgel (3)
und dem Bewehrungsstab (4) bestehenden Verbin-
dung ermdglicht, Gber die Arbeitsflache (7) angeho-
benen Stellung und einer dazwischen liegenden Ein-
griffsstellung dieser Verbindung bewegt werden
kénnen, um an der Befestigung mitzuwirken.

Vorrichtung nach Anspruch 5 oder 8, dadurch ge-
kennzeichnet, dass die Anschlagmittel (11) und die
Befestigungsmittel (12) auf einer selben Seite des
Vorkorbs (2a) gelagert sind, so dass sie in das Vo-
lumen des Vorkorbs (2a) eintreten, den Stab (4) ge-
gen die Biigel (3) des Vorkorbs (2a) spannen und
unter die Arbeitsflache (7) versenkt werden kdnnen,
wodurch sie sich aus dem Vorkorb (2a) zurlickzie-
hen, um wahrend der Handhabung des Vorkorbs
(2a) nicht mit den Hilfsbindedrahten (8) zu kollidie-
ren.

Vorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Anschlagmittel (11) geeignet
sind, die aus dem Langsstab (4) und dem Blgel (3)
bestehende Verbindung im Anschlag gegen eine
Referenzflache zu driicken, die in der Arbeitsflache
(7) besteht, um die Verbindung unabhangig vom
Durchmesser des Langsstabs (4) und des Bligels
(3) einzuspannen und diese Einspannung selbsttatig
auch dann aufrechtzuerhalten, wenn sich dieser
Durchmesser wahrend der Befestigungsphase an-
dert, ohne unerwiinschte Verformungen oder Ver-
schiebungen der Elemente zu bewirken, aus denen
die Verbindung besteht.

Vorrichtung nach Anspruch 5 oder 8, dadurch ge-
kennzeichnet, dass die Anschlagmittel (11) gabel-
férmig gestaltet sind, so dass sie einen Raum defi-
nieren, der geeignet ist, das Einfligen eines Ab-
schnitts des an dem Langsbewehrungsstab (4) zu
befestigenden Biigels (3) zu ermdglichen.

Vorrichtung nach Anspruch 5 oder 9, dadurch ge-
kennzeichnet, dass die Anschlagmittel (11) einen
oberen und einen unteren Endabschnitt (13, 14) auf-
weisen, die im Wesentlichen rechtwinklig zu einem
Zwischenabschnitt (15) angeordnet und geeignet
sind, mit dem oberen Abschnitt (13) an der zu befe-
stigende Verbindung und mit dem unteren Abschnitt
(14) an den Befestigungsmitteln (12) anzuschlagen.

Vorrichtung nach Anspruch 5 oder 13, dadurch ge-
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kennzeichnet, dass die Anschlagmittel (11) aus ei-
nem leitenden Material ausgeflhrt sind.

Vorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Befestigungsmittel (12) ein er-
stes Befestigungselement (22), das geeignet ist,
oben in Entsprechung mit der vom Projekt vorgese-
henen Position (5) am Biigel (3) anzuschlagen, und
ein zweites Befestigungselement (23) umfassen,
das geeignet ist, fur die Befestigung des Langsstabs
(4) am Bigel (3) unten in die Anschlagmittel (11)
einzugreifen.

Vorrichtung nach Anspruch 15, dadurch gekenn-
zeichnet, dass das erste und das zweite Befesti-
gungselement (22, 23) jeweilige Elektroden bilden,
die von einer Einrichtung fiir die Versorgung mit elek-
trischer Energie angemessen gespeist werden.

Vorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Befestigungsmittel (12) eine er-
ste Elektrode (32) und eine zweite Elektrode (33)
umfassen, die zueinander parallel und geeignet
sind, auf einer selben Seite und vorzugsweise von
unten nach oben betatigt zu werden, so dass sie an
dem Langsbewehrungsstab (4) beziehungsweise
dem Bigel (3) angreifen, welche die Verbindung bil-
den, die in der vorbestimmten Befestigungszone
(10) zu befestigen ist.

Vorrichtung nach Anspruch 17, dadurch gekenn-
zeichnet, dass die erste und die zweite Elektrode
(32, 33) geeignet sind, von einem einzigen Aktuato-
relement mittels Einflgung von elastischen Mitteln
gleichzeitig betétigt zu werden, welche den unter-
schiedlichen Ausschlag der Elektroden (32, 33) aus-
gleichen.

Vorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, dass die Befestigungsmittel (12) Uber
Sensorelemente (40) verfiigen, die geeignet sind,
das Vorhandensein der Anschlagmittel (11) wah-
rend der bidirektionalen Vorschubbewegung langs
der Arbeitsflache (7) festzustellen.

Vorrichtung nach Anspruch 5, dadurch gekenn-
zeichnet, dass sie Sensorelemente umfasst, die
geeignet sind, eigenstandig das Ende der in Bear-
beitung befindlichen Langsstabe (4) zu erkennen,
indem sie feststellen, dass sich die Anschlagmittel
(11), auf denen sich die Befestigungsmittel (12) po-
sitioniert haben, falls sie nicht am Stab (4) angreifen,
aufgrund der Schwerkraft im Wesentlichen in Kon-
takt mit den Befestigungsmitteln befinden, und so
auf das Fehlen des zu befestigenden Stabs (4) hin-
weisen, ohne dass Daten bezuglich der Lange und
der Position der Stébe (4) eingegeben werden miis-
sen.
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Revendications

Méthode pour la fixation de structures métalliques,
en particulier pour compléter des cages (2) métalli-
ques a partir d’'une ébauche de cage (2a) constituée
d'une série d’étriers (3) convenablement espacés
sur des plans essentiellement paralléles, liés par au
moins un fil longitudinal auxiliaire (8), caractérisée
en ce qu’elle comprend les étapes de :

a. prédisposer, le long d’'un axe de fixation, des
moyens de contraste (11) agissant au niveau de
zones de fixation (10) sélectionnées convena-
blement espacées en fonction de la position des
étriers (3) a fixer sélectionnés a des barres lon-
gitudinales (4) d’armature dans une position
prévue par le projet et relatif calcul structurel,
pour compléter ladite cage (2) ;

b. prédisposer ladite ébauche de cage (2a) mé-
tallique sur un plan de travail (7), avec au moins
une portion desdits étriers (3) a fixer, position-
née au niveau desdits moyens de contraste (11);
c. introduire a l'intérieur desdites ébauches de
cage (2a) métallique au moins une premiére bar-
re longitudinale (4) d’'armature, au niveau des-
dits axes de fixation, en coincidence avec les-
dites zones de fixations (10) sélectionnées ou
agissent lesdits moyens de contraste (11) ;

d. serrer ladite premiére barre longitudinale (4)
d’armature auxdits étriers (3) de I'ébauche de
cage (2a) au niveau de ladite position de projet
au moyen desdits moyens de contraste (11);
e. opérer la fixation de ladite premiére barre lon-
gitudinale (4) d’armature auxdits étriers (3) au
niveau desdits moyens de contraste (11) au
moyen de moyens de fixation (12) agissant le
long d’un axe longitudinal au niveau dudit plan
de travail (7) ;

f. transférer ladite ébauche de cage (2a) trans-
versalement a I'axe longitudinal sur ledit plan de
travail (7) et/ou faire tourner la méme ébauche
de cage (2a) dans une relation de phase appro-
priée autour d’'un axe paralléle audit axe longi-
tudinal, pour le positionnement de ladite ébau-
che de cage (2a) dans la position propre a la
fixation d’'ultérieures barres longitudinales (4)
d’armature auxdits étriers (3) au niveau d'ulté-
rieures positions relatives prévues par le projet
et relatif calcul structurel ;

g. introduire, dans une relation de phase appro-
priée, les ultérieures barres longitudinales (4)
d’armature prévues par lesdits projet et relatif
calcul structurel a l'intérieur de ladite ébauche
de cage (2a) ;

h. fixer toutes les barres longitudinales (4) d’ar-
mature a au moins une partie desdits étriers (3),
au niveau desdites ultérieures positions du pro-
jet et relatif calcul structurel, pour compléter la
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production de ladite cage (2).

Méthode selon la revendication 1, caractérisée en
ce que durant ladite étape de translation et/ou rota-
tion de ladite ébauche de cage (2a) pour la fixation
desdites barres (4), lesdits moyens de contraste (11)
sont propres a étre portés en dessous dudit plant de
travail (7) pour permettre le dépassement des fils
auxiliaires (8) de la méme ébauche de cage (2a).

Méthode selon la revendication 1, caractérisée en
ce qu’elle prévoit d’opérer le déplacement desdits
moyens de contraste (11) vers des positions opéra-
tionnelles a différents niveaux par rapport audit plan
de travail (7).

Méthode selon la revendication 1, caractérisée en
ce qu’elle prévoit d’'opérer le contraste et la fixation
desdites barres longitudinales (4) d’armature auxdits
étriers (3) au moyen de moyens de contraste et de
fixation (11, 12) portés du méme cdté que ladite
ébauche de cage (2a), de maniére a permettre d’en-
trer dans le volume de ladite ébauche de cage (2a),
serrer ladite barre (4) contre lesdits étriers (3) de
I'ébauche de cage (2a) et disparaitre en dessous du
plan de travail (7), en relachant ladite ébauche de
cage (2a) dans le but d’éviter une interférence pen-
dant la manipulation de I'ébauche de cage (2a).

Appareil pour la fixation de structures métalliques,
en particulier pour compléter des cages (2) métalli-
ques a partir d’'une ébauche de cage (2a) métallique
constitué d’une série d’étriers (3) convenablement
espacés sur des plans essentiellement paralléles,
liés a au moins un fil longitudinal auxiliaire (8),
caractérisé en ce qu’il comprend

- un plan de travail (7) sur lequel est propre a
étre disposée ladite ébauche de cage (2a) ;

- une pluralité de zones de fixation (10) sélec-
tionnées définies le long dudit plan de travail (7)
et alignées le long d’'un axe longitudinal pour la
fixation de dits étriers (3) a au moins une des-
dites barres longitudinales (4) d’armature ;

- des moyens de contraste (11) propres a con-
traster lesdits barres longitudinales (4) dans une
position de projet (5) dans laquelle ladite barre
(4) doit étre fixée auxdits étriers (3) de I'ébauche
de cage (2a), correspondant auxdites zones de
fixation (10) sélectionnées dans lesquelles les-
dits moyens de contraste agissent ;

- des moyens de fixation (12) propres a coopérer
avec lesdits moyens de contraste (11) dans le
but d’opérer la fixation de ladite barre longitudi-
nale (4) auxdits étriers (3).

6. Appareil selon larevendication 5, caractérisé en ce

que les moyens de fixation (12) sont mobiles en di-
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rection longitudinale par rapport audit plan de travail

7).

Appareil selon la revendication 5 ou 6, caractérisé
en ce que lesdits moyens de fixation (12) sont pour-
vus d’'une course de travail bidirectionnelle le long
dudit plan de travail (7), de maniére a opérer ladite
étape de fixation desdites barres (4) auxdits étriers
(3) dans les deux sens.

Appareil selon la revendication 5, caractérisé en ce
qu’il prévoit une pluralité de dits moyens de contras-
te (11) prédisposés en direction longitudinale par
rapport audit plan de travail (7) respectivement au
niveau desdites zones de fixation (10).

Appareil selon la revendication 5 ou 8, caractérisé
en ce que lesdits moyens de contraste (11) sont
mobiles entre une position de désengagement
abaissée en dessous dudit plan de travail (7), une
position soulevée au dessus dudit plan de travail (7)
aunniveau tel qu'il permet I'introduction libre du joint
constitué par ledit étrier (3) et ladite barre (4) d’ar-
mature, et une position intermédiaire contrastant le-
dit joint, dans le but de coopérer avec ladite fixation.

Appareil selon la revendication 5 ou 8, caractérisé
en ce que lesdits moyens de contraste (11) etlesdits
moyens de fixation (12) sont portés surle méme coté
que I'ébauche de cage (2a), de maniére a entrer
dans le volume de ladite ébauche de cage (2a), ser-
rer ladite barre (4) contre lesdits étriers (3) de I'ébau-
che de cage (2a) et disparaitre en dessous dudit plan
de travail (7), en relachant I'ébauche de cage (2a)
pour éviter une interférence avec les fils auxiliaires
(8) durant la manipulation de ladite ébauche de cage
(2a).

Appareil selon la revendication 5, caractérisé en ce
que lesdits moyens de contraste (11) sont propres
a pousser le joint constitué par ladite barre longitu-
dinale (4) et par ledit étrier (3) contre une surface de
référence constitué par ledit plan de travail (7), de
maniére a serrer le joint lui-méme indépendamment
du diameétre de ladite barre longitudinale (4) et dudit
étrier (3) et a continuer de serrer spontanément mé-
me quand le diamétre change pendant I'étape de
fixation, sans causer de déformations ou déplace-
ments non désirés desdits éléments constituant le
joint.

Appareil selon la revendication 5 ou 8, caractérisé
en ce que lesdits moyens de contraste (11) ont une
forme de fourche de maniére a définir un espace
propre a permettre l'interposition d’'une portion dudit
étrier (3) a fixer a ladite barre longitudinale (4) d’ar-
mature.
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Appareil selon la revendication 5 ou 9, caractérisé
en ce que lesdits moyens de contraste (11) présen-
tent des portions finales supérieure et inférieure (13,
14) en position essentiellement orthogonale a une
portion intermédiaire (15) et propres a contraster le
joint a fixer avec ladite portion supérieure (13) et les-
dits moyens de fixation (12) avec ladite portion infé-
rieure (14).

Appareil selon la revendication 5 ou 13, caractérisé
en ce que lesdits moyens de contraste (11) sont
faits d’'un matériau conducteur.

Appareil selon la revendication 5, caractérisé en ce
que lesdits moyens de fixation (12) comprennent un
premier organe de fixation (22), propre a contraster
ledit étrier (3) au niveau d’une portion supérieure en
coincidence avec ladite position de projet (5), et un
second organe de fixation (23) propre a contraster
au niveau d’une portion inférieure lesdits moyens de
contraste (11) pour la fixation de ladite barre longi-
tudinale (4) audit étrier (3).

Appareil selon la revendication 15, caractérisé en
ce que lesdits premier et second organes de fixation
(22, 23) constituent de respectives électrodes con-
venablement alimentées par un dispositif d’alimen-
tation en énergie électrique.

Appareil selon la revendication 5, caractérisé en ce
que lesdits moyens de fixation (12) comprennent
une premiére électrode (32) et une seconde électro-
de (33) paralleles I'une a I'autre, propres a étre ac-
tionnées du méme cbté, préférablement vers le haut,
de maniére a contraster respectivement ladite barre
longitudinale (4) d’armature et ledit étrier (3) consti-
tuant le joint a fixer dans la zone de fixation (10)
sélectionnée.

Appareil selon la revendication 17, caractérisé en
ce que lesdites premiére et seconde électrodes (32,
33) sont propres a étre actionnées simultanément
par un seul actuateur, par l'interposition de moyens
élastiques propres a compenser la course différente
des électrodes elles-mémes.

Appareil selon la revendication 5, caractérisé en ce
que lesdits moyens de fixation (12) sont pourvus de
capteurs (40) propres a détecter la présence desdits
moyens de contraste (11) durant le mouvement
d’avancement bidirectionnel le long dudit plan de tra-
vail (7).

Appareil selon la revendication 5, caractérisé en ce
qu’il comprend des capteurs propres a reconnaitre
automatiquement la fin desdites barres longitudina-
les (4) en élaboration, en relevant que les moyens
de contraste (11) au niveau desquels sont position-
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nés les moyens de fixation (12), au cas ou ils ne
contrastent pas la barre (4) elle-méme, vient essen-
tiellement au contact desdits moyens de fixation (12)
du fait de la gravité, indiquant ainsi 'absence de la-
dite barre (4) a fixer sans devoir entrer aucune don-
née relative a la longueur ou la position des barres
(4) elles-mémes.
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