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(57) A method for forming metal frames for rein-
forced concrete comprises picking in succession indi-
vidual stirrups (12) having a closed or open profile at a
front input region (E), and transferring each individual
stirrup (12) from the input region (E) by way of grip
means (51) that can move along a longitudinal direction.
The picked stirrup (12) is transferred to welding means
(80) associated with traction means (74) that can move
along the longitudinal direction. At least one longitudinal

Method and apparatus for forming metal frames for reinforced concrete

auxiliary rod (11) is fixed externally to each bracket (12)
and is retained by the welding means (80). At the same
time, the welding means (80) are moved alternately into
aforward position, by the actuation of the traction means
(74), in order to produce the stepwise traction of the aux-
iliary rod (11) and of the stirrups (12) during coupling
thereto by the welding means (80), so as to form an in-
termediate lattice (10) for the final production of a frame.
The invention also relates to an apparatus for forming
metal frames.
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Description

[0001] The presentinvention relates to a method and
an apparatus for forming metal frames for reinforced
concrete.

[0002] It is known that the reinforcement frame of re-
inforced concrete pillars and beams is commonly pro-
duced by using metal frames formed by longitudinal iron
rods connected by suitably spaced transverse stirrups.
The stirrups usually form a closed path, shaped for ex-
ample like a quadrilateral, with overlapping ends. The
longitudinal rods are inserted in the profile formed by the
stirrups, for example at the comers of said profile.
[0003] Inorderto form such metal frames, the method
currently most widely used entails fitting the stirrups
manually over the longitudinal rods, which are grouped
and rested on suitable supports. After appropriately
spacing the stirrups apart, and after tracing their position
manually, some of the rods are tied to the upper portion
of the stirrups. In the case, for example, of the stirrups
having a quadrilateral profile, two longitudinal rods are
tied at the comers of the upper horizontal side of the
profile.

[0004] Then the remaining longitudinal rods are in-
serted on the lower portion of the stirrups and said rods
also are tied to the stirrups. Additional longitudinal rods
can of course be coupled, according to the require-
ments, to the metallic frame thus formed, for example
in intermediate positions on the vertical portions.
[0005] Itis quite evident that this constructive solution
entails a considerable expenditure of time and high la-
bor costs in addition to limited productivity. All these
steps are in fact performed manually by assigned per-
sonnel.

[0006] A considerable execution time is required in
particular both by the step for positioning the stirrups
and the longitudinal rods of the frame and by the step
for fixing said rods to the stirrups.

[0007] Another method in use entails shaping panels
made of electrowelded mesh. The longitudinal rods are
normally added to the structure thus formed and are
fixed in the manner described above. The use of elec-
trowelded mesh reduces the expenditure of labor for ty-
ing, but has the considerable limitation of being usable
only for frames that have simple shapes and requires
cutting the mesh panels to size, with a considerable
waste of material and time.

[0008] Devices for forming reinforcement frames by
tying or welding structural rods to stirrups, are disclosed
in documents WO-A-87/05544 and WO-A-85/05053.
[0009] European patent EP 0667195, by the same
Applicant, discloses a method for forming metal frames
for reinforced concrete which entails first of all the pro-
vision of an intermediate frame constituted by stirrups
that have a closed profile, are arranged on suitably
spaced parallel planes, and are fixed to at least two
throwaway longitudinal rods, which are welded external-
ly to the stirrups. A plurality of rods is then coupled to
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said lattice, and said rods are inserted within the stirrups
and tied to at least some of said stirrups with known
methods.

[0010] The advantage of this solution is constituted by
the fact that the provision of the intermediate lattice
avoids the need to fix all the longitudinal rods to all the
stirrups, since it is sufficient to provide only a few bind-
ings. This achieves a significant time saving in the over-
all production cycle.

[0011] The apparatus that provides the cited solution
is of the semiautomatic type and accordingly requires
the use of labor. In particular, the stirrups produced by
the stirrup bending machine must be picked up manually
by the assigned personnel and first inserted one at a
time between the auxiliary rods and then pushed be-
tween the clamps of the welding elements of the ma-
chine in order to form the lattice.

[0012] This solution, moreover, entails relatively long
downtimes during the formation of the intermediate lat-
tice.

[0013] The aim of the present invention is to solve the
cited problems, by providing a method and an apparatus
that allow to provide complete automation in the produc-
tion of metal frames for reinforced concrete.

[0014] Within this aim, an object of the present inven-
tion is to provide a method that allows to provide metal
frames for reinforced concrete with a considerable re-
duction of production times.

[0015] Another object of the invention is to provide an
apparatus that allows to automate the production of met-
al frames for reinforced concrete with a structure that is
simple in concept, safely reliable in operation, and ver-
satile in use.

[0016] This aim and these objects are achieved, ac-
cording to the presentinvention, by a method for forming
metal frames for reinforced concrete, characterized in
that it comprises the steps of:

(a). stopping the working cycle of a stirrup bending
machine before cutting individual stirrups having a
closed or open profile, so that said individual stir-
rups are arranged on a working surface of said stir-
rup bending machine that faces a front input region
of an apparatus for forming metal frames that is ar-
ranged downstream of said stirrup bending ma-
chine;

(b). gripping in succession a single stirrup arranged
on said stirrup bending machine by way of grip and
welding means that can move along a direction that
is longitudinal with respect to said input region;

(c) cutting said stirrup, gripped by said grip and
welding means at said stirrup bending machine,
from the source material;

(d). fixing externally to each stirrup, retained by said
grip and welding means, at least one longitudinal
auxiliary rod;

(e). performing, with suitable timing, the alternating
movement of said grip and welding means in a for-



3 EP 1 378 302 A2 4

ward position, by actuation of traction means that
can move along said longitudinal direction, in order
to produce the stepwise traction of said auxiliary rod
and of said stirrups, during welding thereto per-
formed by welding means that are associated with
said grip and welding means, so as to form an in-
termediate lattice for the final production of a frame.

[0017] The features of the invention will become bet-
ter apparent from the detailed description of a preferred
embodiment of the apparatus for forming metal frames
for reinforced concrete, illustrated by way of non-limita-
tive example in the accompanying drawings, wherein:

Figure 1 is a general side view of the apparatus for
forming metal frames for reinforced concrete ac-
cording to the method of the invention;

Figure 2 is a corresponding plan view thereof;
Figure 3 is an enlarged-scale side view of lifting
means of the apparatus;

Figure 4 is a corresponding plan view of said means
of the apparatus;

Figure 5 is a general front view of the working heads
of the apparatus;

Figure 6 is a partially cutout sectional side view
thereof;

Figure 7 is a plan view thereof;

Figure 8 is an enlarged-scale plan view of part of
said working heads;

Figure 9 is an enlarged-scale front view of said
working heads;

Figure 10 is a front view of a detail of a working
head;

Figure 11 is a general plan view of a working head;
Figure 12 is a partial enlarged-scale view thereof;
Figure 13 is a corresponding longitudinal sectional
view thereof;

Figure 14 is a side view of said working head;
Figures 15, 16, 17, 18, 19, 20 and 21 are side views
of said lateral head in successive operating steps
of the apparatus;

Figure 22 is a side view of welding means that are
associated with said working head;

Figure 23 is a corresponding front view thereof.

[0018] Withreference to the figures, the reference nu-
meral 1 generally designates the apparatus for forming
metal frames for reinforced concrete according to the
present invention. The apparatus 1 is suitable to be as-
sociated with a conventional stirrup bending machine 2;
conveniently, the stirrup bending machine 2 is mounted
on a truck 3 that can move on a portion of track 4 that
is arranged in series to the apparatus 1.

[0019] It should be noted that the stirrup bending ma-
chine 2 has a working surface that is arranged vertically
for the sake of convenience.

[0020] The apparatus 1 has a chassis 5 that is provid-
ed with the working elements of the apparatus and is
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arranged in front of the stirrup bending machine 2. A lon-
gitudinally elongated platform 6 protrudes from the
chassis 5 and forms a horizontal working surface. An
intermediate lattice 10 for the final forming of a frame is
meant to form on the working surface of the platform 6
and is obtained, as specified hereinafter, by joining lon-
gitudinal auxiliary rods 11 externally to a series of stir-
rups 12. The auxiliary rods 11 unwind from correspond-
ing spools 7 which are arranged, preferably with a ver-
tical axis, at the sides of the platform 6.

[0021] The platform 6 has a first input portion 16 that
is suitable to be connected to the chassis 5; the first por-
tion 16 of the platform 6 is conveniently provided with
two longitudinal slots 17 that are suitable to allow the
passage of the movable supports 77, which rigidly follow
the longitudinal movement of the clamps (see Figures
7 and 10).

[0022] The chassis 5 and the platform 6 are adjusta-
ble in a vertical direction monolithically with each other,
depending on the dimensions of the stirrups 12 being
worked. For this purpose, the chassis 5 and the platform
are supported by pantograph-type lifting elements 8 and
9, which are actuated synchronously by means of a mo-
tor 13 that turns suitable screw elements 14, 14a and
15, 15a (see in particular Figures 3 and 4).

[0023] The chassis 5 is constituted by two lateral
cross-members 18, which are connected at the base by
two transverse longitudinal members 19. The cross-
members 18 are suitable to be fixed, by means of screw
elements, to corresponding lateral portions of the first
lifting element 8, whose width is proportionate to the
width of the chassis 5.

[0024] Respective rail-type guides 20 are associated
with the longitudinal members 19, and a plurality of
trucks 21 and 22 can slide thereon; said trucks are
mounted on wheels 23 and can be moved manually
transversely to the line for forming the lattice 10. More
precisely, the apparatus has two lateral trucks 21, which
are mutually symmetrical, and a central truck 22.
[0025] Thetrucks 21, 22 are constituted by respective
frames, each mounted on three wheels 23 per side, ar-
ranged with suitably offset axes 24, which slide within
the rails 20. The trucks 21 and 22 are further provided
so that they can be blocked in the working position by
way of respective braking elements 25 that are actuated
pneumatically.

[0026] The trucks 21 and 22 support respective work-
ing heads 31 and 32 that are meant to weld the auxiliary
rods 11 to the stirrups 12 and to draw the lattice 10 being
formed. The auxiliary rods 11 that unwind from the
spools 7 are diverted on rollers 26, which are mounted
so that they can rotate on vertical rods 27 that are fixed
at the cross-members 18 of the chassis 5, and said rods
then engage respective straightening elements 28 that
are moved into position by the trucks 21 and 22 and are
constituted by a series of rollers that have a vertical axis.
[0027] Corresponding portal-shaped frameworks 30
rise from the lateral trucks 21, and the lateral working
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heads 31 can move thereon in a vertical direction.
[0028] The lateral working heads 31 are mounted re-
spectively on a cross-member 34, which is provided at
its ends with sliders 35 that can slide on vertical guides
36 formed by the posts 37 of the portal-shaped frame-
work 30. The upper cross-member 38 of the portal-
shaped framework 30 supports a motor element 39,
which actuates a threaded shaft 40, that is rotatable
about a vertical axis and is arranged so as to engage a
female thread element 41 that is associated with the
cross-member 34 (Figure 6).

[0029] It should be noted that the lateral working
heads 31 can be moved in a transverse direction by way
of the movement of the corresponding trucks 21 and that
the height of their position can be adjusted independ-
ently by way of the corresponding motor elements 39;
the lateral working heads 31, moreover, can be rotated
angularly at respective pivots 29. The central working
head 32 is instead fixed on the corresponding truck 22,
and therefore its position can be adjusted only in a trans-
verse direction. The height of the central working head
32 is actually adjusted by way of the pantograph-type
lifting elements 8 and 9, which move the chassis 5 and
the platform 6 in a vertical direction, depending on the
dimensions of the stirrups 12 being worked.

[0030] It should be noted in this regard that the stir-
rups 12 have a fixed reference position on the appara-
tus, defined in practice by the cutting elements 90 of the
stirrup bending machine 2, at the upper arm of the stir-
rups 12, while the position of the lower arm is deter-
mined accordingly by the dimensions of the stirrups 12
and is obtained through the adjustment of the height of
the chassis 5 and of the platform 6 by virtue of the pan-
tograph-type lifting elements 8 and 9.

[0031] The pantograph-like lifting elements 8 and 9
are adapted to move the chassis 5 and the platform 6
to a maximum lifting position, shown schematically by
the dashed line 6a in Figure 1, which in practice coin-
cides with said fixed reference position defined by the
cutting elements 90 of the stirrup bending machine 2. In
this configuration, the apparatus actually allows to work
stirrups constituted by linear bar segments, in order to
provide with the longitudinal auxiliary rods 11 a mesh-
like lattice or stirrups formed toward the upper part of
the machine, i.e., with the reference of the zero plane in
the lower part of the stirrup instead of in the upper re-
gion.

[0032] The central truck 22 in turn supports a gear-
motor 42, which is suitable to actuate, by way of a suit-
able gear 43, atransverse splined shaft 44, which is sup-
ported so that it can rotate about a horizontal axis be-
tween the cross-members 18 of the chassis 5. The hor-
izontal splined shaft 44 is provided so as to transmit mo-
tion, by way of a corresponding bevel gear pair 45, to
respective vertical shafts 46, which are supported rotat-
ably by the lateral trucks 21 at a box 47; the vertical
shafts 46 turn a gear 48, which is meant to actuate, as
specified hereinafter, traction means that are associated
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with said lateral working heads 31. An additional gear
49 is furthermore mounted on the horizontal splined
shaft 44 and is meant to actuate, in turn, traction means
that are associated with the central working head 32.
[0033] In practice, the position of the working heads
31 and 32 is adjusted by first moving said working heads
31 and 32 simultaneously in a vertical direction; once
the correct position intended for the central working
head 32 is reached, the lateral working heads 31 pro-
vided with individual adjustment movements are adjust-
ed with respect to said central working head.

[0034] Each one of the working heads 31 and 32 is
provided with respective means 50 for gripping and
welding the auxiliary rods 11 and the stirrups 12 that are
designed to form said intermediate lattice 10.

[0035] More specifically, said grip and welding means
50 have a grip element 51, which is constituted by a
beak 52 that is rigidly coupled to the stem 53 of a linear
actuator 54 (Figure 13). The actuator 54 is fixed to a
bracket 55 that is rigidly coupled to a stem 56 that is
guided so that it can slide, in contrast with elastic means
57, through a sliding block 58, which is in turn rigidly
coupled to the stem 60 of a second linear actuator 61,
along an axis that is parallel to the axis of the first actu-
ator 54. The second actuator 61 is supported by a brace
63, which is provided with a pair of stems 64 for guiding
the sliding block 58.

[0036] The bracket 55 is provided with a housing 65
for protecting the beak 52. The bracket 55 is furthermore
provided with a protruding roller 59, which is suitable to
act as alocator on the front surface of the stirrup bending
machine 2.

[0037] The brace 63 is fixed to the end of a pair of
horizontal guiding shafts 66, which pass slidingly
through a body 67. At the opposite end, the shafts 66
are fixed by means of a plate 68 to the stem 69 of a
double-stroke actuator 70, which in practice is constitut-
ed by a first long-stroke jack 71 and by a second short-
stroke jack 72, which are arranged in series.

[0038] The body 67 is fixed, by means of a flange 73,
to a box-like enclosure 74, which acts as a support for
a transformer element 75. The enclosure 74 has a rack
76 rigidly coupled below it; said rack is suitable to mesh
with a corresponding gear 48 and 49, which is turned by
the gearmotor 42 by means of the splined shaft 44. The
illustrated case, which relates to the central working
head 32, shows the coupling of the rack 76 to the gear
49 mounted at the central truck 22.

[0039] Atthe front of the enclosure 74 there are weld-
ing means 80 which are supported in a cantilevered
fashion and are constituted by movable welding units
81, which cooperate with fixed welding units 82 (see in
particular Figures 22 and 23). The movable welding
units 81 are supported by an arm 83, which can be ac-
tuated by a linear actuator 84. The fixed welding units
82 are mounted on a body 85, which is supported elas-
tically on stems 86 in contrast with elastic means 87.
[0040] The method for forming metal frames for rein-
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forced concrete by means of the described apparatus
mainly entails forming a lattice 10 that is constituted by
a plurality of stirrups 12 that have a closed or open pro-
file, are arranged on suitably spaced parallel planes,
and are mutually connected by one or more longitudinal
auxiliary rods 11 welded to the outside of said stirrups
12.

[0041] Intheillustrated case, for example, the stirrups
12 form a substantially rectangular profile and are mu-
tually connected by means of three auxiliary rods 11,
which are arranged respectively on the lateral portions
and on the lower portion of the stirrups 12 (see Figure
9). The stirrups 12 can of course have any kind of shape,
even a very complex one.

[0042] The auxiliary rods 11 are constituted by rods
that have any cross-section, for example a narrow one,
which is not defined by the designer of the structure.
Preferably, the auxiliary rods 11 are thinner than the stir-
rups. Clearly, in addition to having a circular cross-sec-
tion, the auxiliary rods 11 can also have a flattened
shape or other similar shapes. It is further possible to
provide on the auxiliary rods 11 suitable shaped portions
or distinctive elements of any kind, for example a series
of suitably spaced recesses.

[0043] In practice, the auxiliary rods 11 that unwind
from the spools 7 engage respectively the straightening
elements 28, which are carried in an adjustable position
by the trucks 21 and 22 of the apparatus, and are then
welded by the corresponding working heads 31 and 32
to the stirrups 12 provided by the stirrup bending ma-
chine 2.

[0044] According to a preferred embodiment of the
method according to the invention, the stirrups 12 are
picked up automatically on the stirrup bending machine
2, which for this purpose is arranged, so that its working
surface is preferably vertical, in front of the described
apparatus, at an input region E thereof (Figure 1).
[0045] In this case, the apparatus grips the stirrup 12
to be picked up by means of the grip elements 51 of the
working heads 31 and 32 before the cutting of said stir-
rup 12 from the material in bar or coil form from which it
is obtained by bending.

[0046] For this purpose, there is an intermediate stop
in the working cycle of the stirrup bending machine 2, in
order to allow the grip elements 51 to grip the stirrup 12
in a point that is certain.

[0047] Inorder to grip the stirrup 12, the grip elements
51 are moved by the double-stroke actuator 70 into a
grip position that is formed by the abutment of the roller
59 on the stirrup bending machine 2, with the beak 52
open on a corresponding portion of the stirrup 12 (Figure
14).

[0048] Then the beak 52 is closed by the actuator 54
in order to fasten said portion of the stirrup 12 (Figure
15). It should be noted that the elastic support of the
actuator 54 by means of the stem 56, which can slide in
contrast with the elastic means 57, causes by reaction
the movement of the bracket 55 and accordingly causes
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the automatic centering of the stirrup 12 on the grip el-
ements 51. This allows adaptation to the position of the
stirrup 12, which due to imperfect working, to flexing un-
der the effect of its own weight and to the dynamic nature
of the process, may easily not be in the theoretically ex-
pected position.

[0049] After the stirrup 12 has been gripped by the
grip elements 51, said stirrup 12 is cut by the conven-
tional cutting elements 90 of the stirrup bending ma-
chine 2 (Figure 5).

[0050] The stirrup 12 gripped by the grip elements 51
is then moved in a longitudinal direction by virtue of the
actuation of the corresponding double-stroke actuators
70, until a preset working position (Figure 16) is
reached.

[0051] At this point, the welding means 80, preset in
said working position, are activated. In particular, first
the movable welding units 81 are lifted by the actuator
84 (Figure 17), followed by a suitable retraction stroke
of the grip elements 51 under the control of the second
short-stroke jack 72 of the actuator 70, in order to place
the stirrup 12 at said movable welding units 81 (Figure
18). This is followed by the fastening of said stirrup 12
between the welding units 81 and 82, for example of the
resistance type, and by the release of the stirrup 12 on
the part of the grip elements 51, in order to weld exter-
nally to said stirrup the auxiliary rod 11 simultaneously
fed in a longitudinal direction (Figure 19).

[0052] The movement of the grip elements 51 into a
lowered position is then actuated by means of the actu-
ation of the second actuator 61, in order to allow the
return stroke of said grip elements 51 without interfering
with the lattice 10 being formed (Figure 20).

[0053] It is therefore possible to move into a forward
position the traction unit carried by the enclosure 74,
which is monolithically provided with the welding means
80 and the body 67 through which the guiding shafts 66
of the grip elements 51 can slide (Figure 21). This ad-
vancement is actuated by the gearmotor 42, which by
way of the transmission shafts 44 and 46 rotationally ac-
tuates the gears 48 and 49, which are coupled respec-
tively to the racks 76 rigidly coupled to the enclosure 74.
It determines the traction of the stirrup 12 and of the aux-
iliary rods 11 welded externally to it, in order to form the
lattice 10. The lattice 10 advances while resting on the
platform 6. During this traction step, the return stroke of
the grip elements 51 is also performed by the actuation
of the double-stroke actuator 70.

[0054] After the release of the auxiliary rods 11 and of
the stirrup 12 by the welding means 80, at the end of the
intended stroke, the return stroke of the traction assem-
bly carried by the enclosure 74 to the initial position is
finally actuated in order to return the grip elements 51
back to the input region E in order to pick up a subse-
quent stirrup 12 on the stirrup bending machine 2.
[0055] Therefore, by means of a series of successive
cycles for the advancement and return of the grip ele-
ments 51 and of the welding means 80, a series of stir-
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rups 12 is welded at the chosen distance to the auxiliary
rods 11 so as to form the lattice 10. The mutual distance
between the stirrups 12 is not necessarily constant, but
can be changed along the longitudinal extension of the
lattice 10, according to the various requirements.
[0056] It should be noted that since the auxiliary rods
11 are preferably narrower than the stirrups 12, said stir-
rups are not affected by the welding step that instead
causes the local melting only of the auxiliary rods 11.
[0057] The resulting lattice 10 can be used to provide
the metallic frame, in particular by coupling suitable rods
12inside the stirrups 12. More specifically, the rods used
to form the frames are constituted by longitudinal sup-
porting bars, whose characteristics are determined by
the designer of the structure according to calculations
in accordance with the applicable standards. The sup-
porting bars are fixed to at least some of the stirrups 12
of the lattice 10, for example by means of conventional
bindings.

[0058] Clearly, the fact of being able to fix the bars to
just some of the stirrups 12 allows a significant time sav-
ing in forming the frame, because while in the conven-
tional system it is necessary to fix all the stirrups to the
longitudinal bars in order to keep said stirrups at the cho-
sen distance, according to the present invention the stir-
rups 12 are instead already fixed and spaced by virtue
of the welding with the auxiliary rods 11 of the lattice 10
and therefore bindings are needed only to keep the lon-
gitudinal bars in position.

[0059] Insummary, the method and the apparatus ac-
cording to the invention allow to provide complete auto-
mation in the production of intermediate lattices for form-
ing metal frames for reinforced concrete, eliminating the
need for the operator to pick up the stirrups from the
stirrup bending machine, carry them and insert them
manually and individually in the assembly apparatus by
means of a second operator.

[0060] This clearly allows to optimize the productivity
of the machines in addition to freeing the two operators
from an awkward and potentially dangerous task.
[0061] This result is achieved in particular due to the
formation of the lattice 10 starting from the stirrups 12
picked up directly on the stirrup bending machine 2 au-
tomatically during the last part of the working cycle of
said stirrup bending machine. For this purpose, the ap-
paratus according to the invention is free at the front in-
put region E, so that the stirrups 12 can be picked up at
the front. The apparatus can therefore adapt to any kind
of stirrup bending machine without requiring structural
modifications.

[0062] It should be noted in this regard that the
straightening elements 28 supported by the trucks 21
and 22 are arranged in an oblique position that converg-
es toward the output with respect to the lattice 10 being
formed, so as to form, with the corresponding auxiliary
rods 11, a sort of funnel. This allows to have enough free
space to introduce the stirrup 12 at the front, without in-
terfering with said straightening units 28 and without the
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risk of any scraping of the stirrup 12 against the rods 11.
The auxiliary rods 11 in fact assume a path that is sub-
stantially tangent to the lattice 10 only after they have
been welded.

[0063] The movement of the spools 7 in a lateral po-
sition of course helps to clear the front region of the ma-
chine, allowing the appropriately provided elements to
pick up the stirrup 12.

[0064] Itis of course also possible to load the stirrups
12 manually or by way of automatic loading means of a
different type, for particular production requirements.
For this purpose, it is sufficient, by means of the truck
3, to move the stirrup bending machine into a suitably
spaced position 2a, as shown in Figure 1.

[0065] One prerogative of the method and apparatus
according to the invention is constituted by the fact that
the advancement of the lattice 10 being formed is pro-
vided by the welding elements 80 that weld the stirrups
12 to the auxiliary rods 11. Itis therefore possible to weld
the stirrups 12, at least partially, during said step for the
advancement of the lattice 10, with an overlap of the two
steps that obviously leads to a substantial reduction in
downtimes and therefore to a significant time saving.
[0066] This also allows to adapt the rate at which the
lattice 10 is formed to the generally high speed at which
current stirrup bending machines operate.

[0067] Itshould be noted that the auxiliary rods 11 can
be joined to the stirrups 12 through any type of coupling,
particularly through any welding method. The rods 11
can be located on any side of the stirrups 12, and there
may be even more than one rod per side, according to
the requirements. Moreover, the method for moving the
frame being formed may also be any, by traction or
pushing, for example by using traction wheels integrat-
ed in the straightening unit.

[0068] It should also be noted that the cited results
are achieved by means of an apparatus that has a struc-
ture that is simple in concept, safely reliable in operation,
and versatile in use.

[0069] In the practical embodiment of the invention,
the materials used, as well as the shape and the dimen-
sions, may be any according to requirements.

[0070] The disclosures in lItalian Patent Application
No. BO2002A000438 from which this application claims
priority are incorporated herein by reference.

[0071] Where technical features mentioned in any
claim are followed by reference signs, those reference
signs have been included for the sole purpose of in-
creasing the intelligibility of the claims and accordingly
such reference signs do not have any limiting effect on
the interpretation of each element identified by way of
example by such reference signs.

Claims

1. A method for forming metal frames for reinforced
concrete, characterized in that it comprises the
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steps of:

(a). stopping the working cycle of a stirrup
bending machine (2) before cutting individual
stirrups (12) having a closed or open profile, so
that said individual stirrups (12) are arranged
on a working surface of said stirrup bending
machine (2) that faces a front input region (E)
of an apparatus (1) for forming metal frames
that is arranged downstream of said stirrup
bending machine (2);

(b). gripping in succession a single stirrup (12)
arranged on said stirrup bending machine by
way of grip and welding means (50) that can
move along a direction that is longitudinal with
respect to said input region (E);

(c) cutting said stirrup (12), gripped by said grip
and welding means (50) at said stirrup bending
machine (2), from the source material;

(d). fixing externally to each stirrup (12), re-
tained by said grip and welding means (50), at
least one longitudinal auxiliary rod (11);

(e). performing, with suitable timing, the alter-
nating movement of said grip and welding
means (50) in a forward position, by actuation
of traction means (74) that can move along said
longitudinal direction, in order to produce the
stepwise traction of said auxiliary rod (11) and
of said stirrups (12), during welding thereto per-
formed by welding means (80) that are associ-
ated with said grip and welding means (50), so
as to form an intermediate lattice (10) for the
final production of a frame.

2. A method for forming metal frames for reinforced

concrete, characterized in that it comprises the
steps of:

(a). arranging in succession individual stirrups
(12) having a closed or open profile at a front
input region (E) of an apparatus for forming
metal frames;

(b). picking a single stirrup (12) from said front
input region (E) by way of grip and welding
means (50) that can move along a direction that
is longitudinal with respect to said input region
(E);

(c). fixing externally to each stirrup (12), re-
tained by said grip and welding means (50), at
least one longitudinal auxiliary rod (11);

(d). performing, with suitable timing, the alter-
nating movement of said grip and welding
means (50) in a forward position, through actu-
ation of traction means (74), in order to produce
the stepwise traction of said auxiliary rod (11)
and of said stirrups (12), during welding thereto
performed by welding means (80) that are as-
sociated with said grip and welding means (50),
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so as to form an intermediate lattice (10) for the
final production of a frame.

The method according to claim 2, characterized in
that said step of: (b). picking a single stirrup (12)
from said front input region (E) entails picking said
stirrup (12) by way of grip means (51) that are as-
sociated with said grip and welding means (50) and
transferring said stirrup (12) to said welding means
(80), which are associated with said traction means
(74).

The method according to claim 3, characterized in
that it entails performing simultaneously the move-
ment of said welding means (80) to said forward po-
sition through actuation of said traction means (74),
for the stepwise advancement of said intermediate
lattice (10), and the return stroke in the opposite di-
rection of said grip means (51) at said front input
region (E), through actuation of corresponding ac-
tuation means (70) in order to pick up a subsequent
stirrup (12).

The method according to claim 2, characterized in
that said step of:

(d). producing the alternating movement of said
grip and welding means (50) in a forward posi-
tion through actuation of said traction means
(74); entails

(d1). making said traction means (74) perform
a return stroke, after the release of said auxil-
iary rod (11) and said stirrup (12) on the part of
said grip and welding means (50) in said for-
ward position.

The method according to claim 2, characterized in
that it comprises the additional steps of:

(e). inserting a series of longitudinal supporting
bars inside said lattice (10); and
(f). fixing said supporting bars to some of said
stirrups (12) by welding or tying.

An apparatus for forming metal frames for rein-
forced concrete, characterized in that it compris-
es: a front input region (E), in which individual stir-
rups (12) having a closed or open profile can be fed
in succession; grip and welding means (50), which
can move in a longitudinal direction with respect to
said input region (E) and are adapted to pick up a
single stirrup (12) from said front input region (E)
and to fix externally thereto at least one longitudinal
auxiliary rod (11); traction means (74), which are as-
sociated with said grip and welding means (50) and
can move alternately along said longitudinal direc-
tion in order to produce the stepwise traction of said
external auxiliary rod (11) and of said stirrups (12),
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retained by said grip and welding means (50), in or-
der to form an intermediate lattice (10) for the final
forming of a frame.

The apparatus according to claim 7, characterized
in that said grip and welding means (50) can move
along a longitudinal direction that is substantially
perpendicular to a vertical plane traced by said front
input region (E).

The apparatus according to claim 7, characterized
in that said auxiliary rod (11) unwinds from a spool
(7) that is arranged to the side of a platform (6) on
which said intermediate lattice (10) is formed.

The apparatus according to claim 9, characterized
in that said auxiliary rod (11) that unwinds from said
spool (7) is adapted to engage straightening means
(28), which are arranged in an oblique and converg-
ing position in output with respect to the axis along
which said intermediate lattice (10) is formed, so as
to clear the passage in order to pick up said stirrups
(12).

The apparatus according to claim 7, characterized
in that said grip and welding means (50) are sup-
ported by working heads (31, 32) whose position is
adjustable on a chassis (5) arranged in front of said
input region (E).

The apparatus according to claim 11, character-
ized in that said working heads (31, 32) are adjust-
able, as a function of the dimensions of said stirrups
(12) to be picked up, following to a simultaneous
movement in a vertical direction performed by said
chassis (5), which is supported by suitable lifting el-
ements (8), until the correct position for a reference
working head (32) is reached, said reference work-
ing head being preferably arranged at a lower por-
tion of said stirrups (12) to be picked up, and the
subsequent movement of the additional working
heads (31), which have individual adjustment
movements with respect to said reference working
head (32).

The apparatus according to claim 11, character-
ized in that said working heads (31, 32) are sup-
ported by respective trucks (21, 22), which can
move on said chassis (5), by way of sliding guides
(20), along a direction that is transverse with re-
spect to said longitudinal direction of motion of said
traction means (74).

The apparatus according to claim 13, character-
ized in that it has two lateral working heads (31),
which can move in a vertical direction on a frame-
work (30) that rises from respective lateral trucks
(21).
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The apparatus according to claim 14, character-
ized in that said lateral working heads (31) are
mounted respectively on a cross-member (34) that
is provided, at its ends, with sliders (35) that can
slide on vertical guides (36), which are formed by
posts (37) of said framework (30) and can move un-
der the control of a motor element (39), which is
supported by said framework (30) and is suitable to
actuate a threaded shaft (40), which can rotate
about a vertical axis and is suitable to engage a fe-
male thread element (41) associated with said
cross-member (34).

The apparatus according to claim 13, character-
ized in that it has a central working head (32) that
is supported by means of a respective central truck
(22) at the base of said chassis (5).

The apparatus according to claim 7, characterized
in that said grip and welding means (50) comprise
grip means (51), which are constituted by a clamp
(52) adapted to be actuated by alinear actuator (54)
in abutment against a bracket (55), which is rigidly
coupled to a stem (56) that is guided so that it can
slide, in contrast with elastic means (57), through a
sliding block (58) supported in front of a working
head (31, 32).

The apparatus according to claim 17, character-
ized in that the floating support of said actuator (54)
provided by virtue of said stem (56), which can slide
in contrast with said elastic means (57), is suitable
to produce, by reaction, the movement of said
bracket (55) for the automatic centering of said stir-
rup (12) on said grip means (51).

The apparatus according to claim 17, character-
ized in that said sliding block (58) is rigidly coupled
to the stem (60) of a second linear actuator (61),
which is suitable to move said grip means (51) into
a lowered disengagement position.

The apparatus according to claim 19, character-
ized in that said second linear actuator (61) is rig-
idly coupled to horizontal stems (66), which pass
slidingly through a body (67) that is rigidly coupled
to said traction means (74) and are suitable to be
actuated by an actuator (70).

The apparatus according to claim 7, characterized
in that said grip and welding means (50) comprise
welding means (80) constituted by movable welding
units (81), which are supported by an arm (83) that
is suitable to be actuated by a linear actuator (84)
and cooperate with fixed welding units (82), which
are mounted on a body (85) that is supported in front
of said traction means (74).



22,

23.

24,

25.

26.

15 EP 1 378 302 A2

The apparatus according to claim 7, characterized
in that said traction means (74) are constituted by
an enclosure that is guided so that it can slide along
said longitudinal direction and is monolithically pro-
vided with a longitudinal rack (76) that is coupled to
a corresponding gear (48, 49), which is turned by a
gearmotor (42) by way of transmission shafts (44,
46).

The apparatus according to claim 11, character-
ized in that a longitudinal platform (6) on which said
lattice (10) is formed protrudes from said chassis
(5), said chassis (5) and said platform (6) being
movable in a vertical direction, according to the di-
mensions of said stirrups (12) being worked, by ac-
tion of lifting elements (8, 9) of the pantograph type,
which are actuated synchronously by way of a mo-
tor element (13) that turns suitable screw elements
(14, 15).

The apparatus according to claim 23, character-
ized in that said platform (6) can move in a hori-
zontal direction, which lies transversely to the axis
along which said intermediate lattice (10) is formed,
and is rigidly connected to a truck (22) that can
move on said chassis (5) and is provided with a re-
spective working head (32), depending on the ge-
ometry of said stirrups (12) being worked, essen-
tially for centering the position of the base of said
lattice (10).

The apparatus for forming metal frames for rein-
forced concrete, characterized in that it comprises
a front input region (E), which faces a stirrup bend-
ing machine (2), in which it is possible to arrange in
succession individual stirrups (12) that have a
closed or open profile; grip and welding means (50),
which can move along a longitudinal direction with
respect to said front input region (E) and are adapt-
ed to grip a single stirrup (12) on said stirrup bend-
ing machine (2) at said input region (E) and to fix
externally thereto at least one longitudinal auxiliary
rod (11); traction means (74), which are associated
with said grip and welding means (50) and can
move alternately along said longitudinal direction in
order to produce the stepwise traction of said aux-
iliary rod (11) and of said stirrups (12), retained by
said grip and welding means (50), in order to form
an intermediate lattice (10) for the final forming of a
frame.

The apparatus according to claim 25, character-
ized in that said stirrup bending machine (2) is
adapted to perform a relative motion away from said
front input region (E) in order to allow the manual
feeding of said stirrups (12) in said input region (E).
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