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Description
Technical field

[0001] The present invention belongs to the technical
field of machinery for the textile and rope-making indus-
try.

[0002] More precisely, the present invention relates to
a machine for braiding, better known as a "braiding ma-
chine," suitable for processing elongated elements such
as yarns or tapes for the purpose of making braided fabric
ropes or tubulars and for forming a braided fabric sleeve
covering on products and manufactured goods of various
shapes.

Present status of the art

[0003] Machines for braiding yarns consisting of
thread-like or tape-like elements of different kinds, de-
signed and built to form flat braids, tubulars, ropes and
cords such as nautical ropes or mountaineering ropes,
strings and laces such as the laces of some footwear,
etc., have long been known.

[0004] The feed material, thread-like or tape-like, that
is used to form said braids can be made from natural or
synthetic fibers or from glass or plastic or metal yarns or
even from composite materials, such as carbon fiber. The
material is wound into bobbins formed on spools that are
rotationally coupled to respective bobbin carrier. During
processing, the material wound onto the bobbins is pro-
gressively unwound from the spools and is guided to the
braiding point by means of appropriate guiding devices.
[0005] Ithasalsolongbeenknownto use suchbraiding
machines for the application of braided coverings to the
outer surface of ropes or cables and the like. The coating
generally consists of materials suitable for giving the
product characteristics of high shear strength, rubbing
resistance and tensile strength, or electrical and/or ther-
mal insulation.

[0006] In more recent times, such braiding machines
have found a new application in the manufacturing in-
dustry, particularly for the production of braided fabric
sleeves or coverings that are wrapped around the outer
surface of mechanical or structural components or com-
ponents for industrial use, such as propellers, blades and
other parts of aircraft or motor vehicles, masts for nautical
applications, cylinders containing high-pressure gases,
etc. In these cases the covering is often made of matrix
materials of semi-rigid composites, which are used to
improve the mechanical properties of the component in
terms of strength or flexibility.

[0007] Also known are radial braiding machines, par-
ticularly suitable for the formation of tubular braids, in
which the bobbin carriers are arranged circumferentially
on a support frame, in the center of which is a thread-
guiding ring, toward which the yarns fed from the bobbins
converge, suitable for guiding the formation of the braid.
The frame is generally in the form of a fixed ring or wheel
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lying in a vertical plane, to one side face of the frame are
rotationally coupled rotating bases suitable for support-
ing and rototranslating the bobbin carriers. Each rotating
base includes one or more seatings or recesses each
suitable for accommodating the stem of a bobbin carrier.
Each bobbin carrier also includes a foot, slidable within
multiple tracks defined in the frame and conformed to
intersect with each other, so that the rotational motion of
the bases forces the bobbin carriers to translate because
their foot slides within the respective tracks; during their
rototranslational motion the bobbin carriers move from
one rotating base to the other.

[0008] Triaxial radial braiding machines comprising
both movable and fixed bobbin carriers are also known.
The movable bobbin carriers are supported by two
groups of rotating bases arranged concentrically on the
frame, which exchange the bobbin carriers with each oth-
er by making them roto-translate; the third group of bob-
bin carriers is fixed relative to the frame and is used for
the insertion of axial yarn. This type of braiding machine
makes it possible to make biaxial, triaxial or even multi-
axial braids.

[0009] An example of a triaxial braiding machine of the
aforementioned type is illustrated in U.S. Patent Appli-
cation US2014157974A1 where two concentric groups
of rotating bases, one inner and one outer, and fixed yarn
guides for the introduction of axial wires are described.
The bobbin carriers engage interchangeably with a ro-
tating base of each group by alternately passing from a
base belonging to the inner group to a base belonging
to the outer group and vice versa; the rotary motion of
the bases forces the bobbin carriers to translate along
tracks defined in the frame, simultaneously interchanging
and crossing with other carriers, so as torealize the braid-
ing of yarns.

[0010] However, in this machine configuration, as the
yarns unwind from their respective bobbins they undergo
continuous loosening and tensioning due to the contin-
uous passage of the same bobbins from the outer group
of rotating bases to the inner group of rotating bases and
vice versa.

[0011] Another example of a triaxial braiding machine
is illustrated in South Korean patent KR101155633B1,
which describes a braiding machine comprising a single
order of rotating bases arranged circumferentially on the
support frame. The material that forms the axial braiding
yarn is fed from fixed bobbins through a plurality of yarn
guides, each of which passes coaxially through the shaft
of a respective rotating base.

[0012] In the machine described above, as well as in
most triaxial braiding machines currently known at the
state of the art, the spools around which is wound the
bobbin formed with the material to be braided are ar-
ranged according to axes parallel to the weaving axis.
This configuration implies that the yarn must be wound
in coils around the spool in order to unwind properly and
without obstruction, and this excludes the possibility of
employing flat tape material, especially if it consists of



3 EP 4 435 163 A1 4

semi-rigid material.

[0013] Anotherissue with currently known radial braid-
ing machines is related to the insufficient amount of yarn
that spools can carry, due to the fact that their diameter
must be small enough to accommodate a sufficiently
large number of bobbins on the same frame, while at the
same time leaving sufficient maneuvering space for their
rototranslation and mutual crossing. In addition, a small
size of spools is preferred to allow their manual replace-
ment by operators. All of this results in frequent interrup-
tions in the work process for replacing used-up spools.

[0014] Another negative aspect of many known mod-
els of radial braiding machines is that the unwinding of
the yarn from the respective spool takes place in defilé,
i.e., from the distal end of the spool in an axial direction
with respect to it; however, this mode of unwinding caus-
es excessive and undesirable twists in the yarn. An ex-
ample of a braiding machine of the aforementioned type
is described in EP0617154A1. To overcome this prob-
lem, deviation devices are often used that force the un-
winding of the yarn, transforming it into deroulé, i.e., or-
thogonal to the axis of the spool, however, in this case
the yarn is forced to make a bend of about 90°, under-
going potentially damaging tensions. This problem is am-
plified in case yarns with a circular cross-section are not
used, but tapes are used, and if the tapes are then made
of semi-rigid composite materials this problem becomes
such that it prevents the formation of the braid without
damaging the tape or atleast withoutweakeningit. Patent
application US4619180A illustrates a bobbin carrier suit-
able for deroulé unwinding of bobbins of tape-like ele-
ments.

[0015] In all braiding machines of the known type, the
movement of the bobbin carriers occurs according to a
fixed pre-set pattern and cannot be dynamically varied
without interrupting operation, which is a major limitation
both from the point of view of production speed and from
the point of view of the possible variations of braiding that
can be achieved and the types of fabrics and materials
that can be used. Patent application
DE102014221996A1 illustrates a braiding machine in
which the bobbins move on a ring-shaped support, either
around the braiding center or by changing their axial po-
sition; however, the combinations of possible braiding
achievable with such a machine are rather limited, more-
over, the problem of the undesirable twisting suffered by
the yarn fed from each bobbin to the weaving center is
not eliminated.

Objects and summary of the invention

[0016] In this patent text, the term " bobbin" refers to
windings of thread-like or tape-like elements, both ge-
nerically referred to hereinas " ribbons" or" tapes," which
are laid on a cylindrical support referred to as a " spool."
It should be noted that the term "tapes" is not used in a
limiting sense, but includes elongated elements of any
cross-section, whether circular, as with yarns, or rectan-
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gular, as with proper tapes.

[0017] The scope of this invention is to identify a radial
braiding machine with programmable and dynamically
variable braiding, without the need to stop work, for the
production of flat or tubular braids and also sleeves for
covering products.

[0018] Another objective of the present invention is to
provide a radial braiding machine that allows the manu-
facture of braided fabrics with traditional oblique braiding,
as well as triaxial or multi-axial braiding, depending on
the need, with homogeneous or variable braiding ratio.
[0019] Not the least of the objectives of the present
invention is to provide a radial braiding machine with
deroul6 unwinding devoid of deviation devices, which can
work by employing both thread-like and flat tape-like el-
ements (so-called "tape") made of any material, particu-
larly suitable for utilizing semi-rigid tapes such as carbon
fiber tapes or the like.

[0020] In other words, the scope of the present inven-
tion is to provide an extremely versatile braiding machine
suitable for making any configuration of braiding, with an
easy loading system, capable of drastically reducing the
time for set-up and replacement of spools whose bobbin
has run out.

[0021] These and other objectives, which will become
clear to the expert in the field from reading this text, are
achieved by means of a braiding machine that can be
configured to braid tapes according to different braiding
patterns and that is also capable of dynamically varying
the type of braiding produced, during processing.
[0022] The machine object of the present invention in-
cludes a frame to which are rotationally coupled two
wheels of equal diameter, coaxial with the weaving axis,
which can rotate independently of each other, clockwise
or counterclockwise, relative to the frame. At least one
guiding ring, where the tapes converge thanks to the pull-
ing action exerted by a mechanical arm or by other known
means, is arranged at the center of the frame, coaxial
with the weaving axis. Connected to each wheel is an
equal number of bobbin-carrier stations, angularly equal-
ly spaced with each other, each such station comprising
a bobbin-carrier and means that induce the rototransla-
tion of said bobbin-carrier, causing it to translate by an
arc of 180° or a full circle of 360°. In the first case, the
bobbin-carrier during roto-translation passes from a first
mobile station on the first wheel to a second mobile sta-
tion located on the second wheel and mirroring the first
one, at the same time the bobbin-carrier located on the
second mobile station passes on the first mobile station;
the wheels rotate in opposite directions to each other,
each wheel rotating by a predetermined arc of revolution
clockwise and by a predetermined arc of revolution coun-
terclockwise or vice versa. In the second case, the bob-
bin-carrier during the roto-translation passes from a first
station on the first wheel to a second station on the sec-
ond wheel, then returning again to the first station while
the bobbin-carrier on the second station performs a cor-
responding roto-translation, passing to the first station
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and then returning to the second station; in this case the
two wheels rotate one arc of revolution, in the opposite
direction to each other, each wheel always turning in the
same direction.

[0023] Each bobbin-carrier rotationally supports a re-
spective spool that rotates about an axis lying in a plane
orthogonal to the weaving axis. Thus, advantageously,
the unwinding of the tapes wound on the spools takes
place in a deroulé manner. The bobbin-carriers are rota-
tionally coupled to their respective supports according to
a substantially radial axis and are free to rotate, so as to
avoid unwanted twisting of the unwinding tape.

[0024] Additionally and advantageously, the inclina-
tion of the bobbin carriers can be adjusted so as to vary
the angle of interweaving between the tapes, for this rea-
son a preferred embodiment includes a ball joint, to orient
the unwinding of the tape in the direction of the thread-
guiding ring.

[0025] To produce a biaxial braided fabric, the two
wheels rotate in opposite directions to each other, each
making a predetermined arc of turn, generally corre-
sponding to the angular distance between two succes-
sive bobbin-carrier stations. The biaxial braiding is pro-
duced by the crossing of the bobbins, which, with each
progressive rotation (arc of revolution) of the wheels in
the opposite direction, rotate passing from one wheel to
the other.

[0026] In order to produce a triaxial or multiaxial fabric,
an additional set of fixed bobbin-carrier stations is pro-
vided; these are integrally connected to the frame and
their unwinding axes lie in a median plane equidistant
from the two wheels and orthogonal to the weaving axis.
The fixed bobbin-carrier stations are angularly equally
spaced with each other, and their number is equal to the
number of movable stations connected to each wheel or
is equal to twice that number; the angular distance be-
tween consecutive fixed bobbin-carrier stations must be
sufficient to allow the rototranslational movement of the
bobbin-carrier supported by the mobile bobbin-carrier
stations. The rototranslational movement of the bobbin-
carriers supported by the mobile stations makes the
tapes fed by said bobbin-carriers wound around the tapes
fed by the fixed bobbin-carrier stations, thus producing
triaxial, or even multiaxial, braiding. If biaxial fabric is to
be produced, no bobbins are loaded on the fixed bobbin-
carrier stations, or in any case the material wound on the
bobbins loaded on the fixed stations is not fed to the braid.
[0027] The invention makes it possible to produce nu-
merous different combinations of braiding, even by var-
ying the braiding pattern during processing, making it
possible to obtain biaxial or multiaxial braided fabrics pre-
senting a heterogeneous braiding pattern, possibly even
differentiated in the different sections of the fabric.
[0028] According to one aspect of the invention, the
support frame is rotatable and vertically movable so that
it can be alternately arranged between a first working
position, in which the frame lies on a substantially vertical
plane, and a second position for loading and replacing
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spools, in which the frame is arranged on a horizontal
plane and is conveniently translated downward, in order
to facilitate set-up and spool replacement operations by
operators.

Brief description of the drawings

[0029]

Fig. 1 shows an overall view of the frame (1) of the
braiding machine to which are rotationally coupled
the two wheels (2A, 2B) each supporting arespective
set of mobile bobbin-carrier stations (3A, 3B). Also
visible are the fixed bobbin-carrier stations (4) inte-
grally attached to the frame (1), the latter being
shown in the working position. Shown at the center
of the frame is a thread-guiding ring (5) toward which
the tapes of the bobbins of the mobile and fixed bob-
bin-carrier stations converge. Also shown is the
weaving axis (X) orthogonal to the longitudinal me-
dian plane (YZ) of the frame (1).

Fig. 2 shows a mobile bobbin-carrier station (3A, 3B)
comprising a base (31) in which is defined a recess
in which is housed a half-crown (32) rotatable about
the radial axis (R1) and whose teeth are reversibly
engaged in the links of a chain representing the
means of transmission (33) of rotational motion to
said half-crown. Also visible is the bobbin-carrier (35)
whose proximal portion (352) is coupled to the half-
crown (32) by means of the support (34) that lets
said bobbin-carrier be free to rotate about a substan-
tially radial axis (R2). To the distal portion (351) of
the bobbin-carrier is rotationally coupled a spool (36)
rotatable about an axis (R3) by means of magnetic
means (38) for support and braking. Also visible are
the engaging means (37) slidingly coupled to the
base with a front face (371) suitable for pressing on
one of the opposing faces of the proximal portion
(352) of the bobbin-carrier. Finally, the thread-guid-
ing eyelet (40) suitable for slidingly receiving the tape
fed from the bobbin is visible.

Fig. 3 shows an exploded view of a mobile bobbin-
carrier station (3A, 3B). Shown here are the radial
axis (R1) around which the half crown (32) rotates
and the substantially radial axis (R2) around which
the bobbin-carrier (35) rotates during its rototransla-
tional motion. The distal portion (351) and the prox-
imal portion (352) of the bobbin-carrier (35) are re-
ciprocally connected by means of connecting means
(39) comprising a joint (391) and two adjusting
screws (392) by acting on which it is possible to ad-
just the inclination of said distal portion (351) of the
bobbin-carrier (35) with respect to the proximal por-
tion (352).

Figs.from 4to 7 showin sequence several positions
reciprocally assumed by two bobbin-carriers (35)
supported by two mobile bobbin-carrier stations (3A,
3B)each located on arespective wheel and mirroring
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each other, during their rototranslational motion; a
fixed bobbin-carrier station (4) is also visible.

Fig. 8 shows an exploded side view of a bobbin-
carrier (35) with corresponding spool (36). lllustrated
here are the supporting and braking magnetic means
(38) comprising a ferromagnetic disk (383) coaxially
coupled to an idler wheel (385) the latter being inte-
grally connected to the first end of a pin (386) passing
through the distal portion (351) of said bobbin-carrier
(35) and having a second threaded end to which is
coupled a support (382) to which magnets (381) are
integrally connected and whose position along the
axis (R3) can be modified by acting on the adjusting
means (384).

Fig. 9 shows a partial view of two wheels (2A, 2B)
with their respective mobile bobbin-carrier stations
(3A, 3B) and fixed bobbin-carrier stations (4).

Detailed description of an embodiment of the inven-
tion

[0030] Accordingtoa preferred embodiment, the radial
braiding machine with programmable and variable braid-
ing patterns that is the subject of the present invention
includes:

- a frame (1) having horizontal side support arms,
each of which is rotationally coupled with a corre-
sponding vertical support, the longitudinal midplane
(YZ) of said frame being orthogonal to the weaving
axis (X);

- athread-guiding ring (5) coaxial to the weaving axis
(X) and located in correspondence with the center
of the frame (1), said ring being suitable for guiding
the formation of a tubular braid along the direction
identified by the weaving axis (X);

- two wheels (2A, 2B) of equal diameter, rotationally
coupled to the frame (1) by means that allow the
rotation of each wheel independently of the other,
both clockwise and counterclockwise, the wheels
being both coaxial to the weaving axis (X) and equi-
distant with respect to said median plane (YZ) par-
allel to and intermediate between the planes on
which the two wheels lie;

- twogroups of mobile bobbin-carrier stations (3A, 3B)
respectively integrally connected to the periphery of
each of said wheels (2A, 2B), each group of stations
being composed of the same number of bobbin-car-
rier stations angularly equally spaced with each oth-
er, so that the configuration of the bobbin-carrier sta-
tions of the first wheel is mirror-image to the config-
uration of the stations of the second wheel with re-
spect to said median plane (YZ).

[0031] Each mobile bobbin-carrier station (3A, 3B) in
turn comprises:

- abase(31)integrally connected to one of the wheels,

10

15

20

25

30

35

40

45

50

55

in which is defined a recess conformed like a circular
half-annulus in which is housed a corresponding
half-crown (32), which has teeth on the outer circum-
ferential edge and is free to rotate resting on the bot-
tom of the recess; the rotation of the half-crown takes
place around a radial axis (R1) orthogonal to the
weaving axis (X) and lying on said median plane
(Y2);

- means (33) to transmit rotational motion to said half-
crown (32), which in the embodiment described here
consist of a chain in the links of which reversibly en-
gage the teeth of said half-crown (32);

- asupport (34) integral with said half-crown (32) and
comprising means of idler rotational coupling of the
proximal portion of a bobbin-carrier (35) according
to a substantially radial axis (R2) orthogonal to said
weaving axis (X);

- abobbin-carrier (35), the distal portion (351) of which
rotationally supports a spool (36) that rotates about
an axis of rotation (R3) lying in a plane parallel to
said median plane (YZ), the proximal portion (352)
of said bobbin-carrier (35) presenting at least two
diametrically opposed parts which in the embodi-
ment described herein consist of two opposing sur-
faces parallel to each other and lying on planes par-
allel to the plane on which the axis (R3) of rotation
of the spool (36) lies;;

- engaging means (37) slidingly coupled to said base
(31) and suitable for cooperating with the proximal
portion of said bobbin-carrier (35) by forcing it to ro-
totranslate during the rotation of the corresponding
half-crown (32) so that the axis of rotation (R3) of
the spool always lies in planes orthogonal to the
weaving axis (X); in the embodiment described here-
in, such engaging means (37) comprise a sliding
presser with a front face (371) that presses on one
of the aforementioned opposing faces of the proxi-
mal portion of said bobbin-carrier (35), so as to pre-
ventrotation of the latter about the axis (R2), keeping
them always parallel to the longitudinal median plane
(YZ). In this way, the bobbin-carrier roto-translate
about the axis (R1) while keeping the axis (R3) of
spool rotation always in a plane orthogonal to the
weaving axis (X), it follows that the tape can unwind
from the bobbin without twisting as a result of the
rotation of the half-crown around the axis (R1).

[0032] The braiding machine object of the invention
further includes means for controlling the angular posi-
tioning of said wheels (2A, 2B) and said half wheels (32).
Such control means include at least one central control
unit, as well as motors and actuator means. The control
unitis programmable to achieve countless different types
of intersections and allows the dynamic variation, during
processing, of the movement of the wheels and of each
of the mobile stations to achieve countless types of in-
tersections.

[0033] The wheels (2A, 2B) rotate independently of
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each otherand are each controlled by a servomotor func-
tionally connected to the central control unit, the latter
manages the movement of both wheels, as well as their
reciprocal positioning and rotational speed. When the
wheels are reciprocally positioned so that two mobile sta-
tions are counterposed to each other the respective half-
crowns can rotate by one or more straight angles about
the same radial axis (R1) orthogonal to the weaving axis
(X) and lying on said median plane (YZ), for each rotation
passing from one station to the counterposed one.
[0034] Generally, the rotational motion of the wheels
is of the intermittent type: each wheel (2A, 2B) makes a
rotation of an arc of revolution equal to the angular dis-
tance between two successive bobbin-carrier stations or
equal to a multiple of that distance, after each partial ro-
tation of arc of revolution the wheels (2A, 2B) stop mo-
mentarily to allow for the possible rototranslation of the
bobbin-carriers according to the planned braiding pro-
gram, then each wheel makes a further rotation of arc of
revolution. In this way, when the wheels stop to allow for
the rototranslation of the bobbin-carriers, any mobile sta-
tion placed on the first wheel is always facing with a cor-
responding mobile station on the second wheel, arranged
mirroring the first. Depending on the desired braiding,
each wheel (2A, 2B) is either rotated progressively al-
ways in the same direction or is rotated one arc of a rev-
olution in one direction and then one arc of a revolution
in the opposite direction; consequently, the bobbin-car-
riers (35) of the mobile stations (3A, 3B) are roto-trans-
lated by making a complete 360° revolution or a half rev-
olution of 180°.

[0035] The braiding machine subject of the invention
further comprises a group of fixed bobbin-carrier stations
(4) each supporting a spool and located outside the cir-
cumference of the two wheels (2A, 2B) solidly connected
to said frame (1). The fixed bobbin-carrier stations (4)
are angularly equally spaced with each other. The un-
winding axes of said fixed stations (4) lie on the median
plane (YZ) on which also lie the tape or thread-like ele-
ments unwound from the spools carried by said fixed
stations (4). Each fixed bobbin-carrier station (4) includes
a thread-guiding device suitable for smoothly accommo-
dating the thread-like or tape-like element fed from the
corresponding spool; said guiding device extends radi-
ally along an axis coincident with the radial axis (R1) of
two mobile bobbin-carrier stations (3A, 3B). The total
number of fixed bobbin-carrier stations (4) is either the
same as the number of mobile stations (3A, 3B) connect-
ed on each wheel (2A, 2B) or is twice that number. In the
latter case, when the mobile stations (3A, 3B) on their
respective wheels (2A, 2B) face each other in a mirror-
like manner, the fixed stations (4) are alternately located,
every other one, in correspondence with portions of the
wheels (2A, 2B) without mobile stations (3A, 3B), in other
words, for every two successive fixed stations (4) only
one is placed between two facing mobile stations (3A,
3B); the angular distance between two consecutive fixed
stations (4) must be sufficient to allow the half-crowns
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(32) to rotate without them interfering with the thread-
guiding devices of the fixed stations (4) placed in corre-
spondence with the portions of the wheels (2A, 2B) with-
out mobile stations (3A, 3B).

[0036] The engaging means (37) of two counterposed
mobile bobbin-carrier stations cooperate to prevent the
rotation of the bobbin-carriers (35) supported by those
stations around their respective substantially radial axis
(R2) during their entire rototranslational motion. In the
course of its own rototranslational motion, each bobbin-
carrier (35) initially receives thrust only from the sliding
presser of the mobile station supporting it, when the bob-
bin-carrier (35) reaches the median plane (YZ) it also
comes into contact with the sliding presser of the coun-
terposed mobile station, continuing in its rototranslational
motion and passing over that second mobile station, the
bobbin-carrier receives the thrust of only the presser of
the latter station, until it again arrives in correspondence
with the median plane (YZ) where it re-enters into contact
with the sliding presser of the first mobile station and
continuing still in rototranslation remains in contact only
with the latter.

[0037] The braiding of the thread-like or tape-like ele-
ments of mobile stations can be achieved in several
ways. The types of braiding that can be achieved are
innumerable and are obtained by alternating one or more
successive rotations of a wheel (2A, 2B) in one direction,
clockwise or counterclockwise, and one or more rotations
in the opposite direction: for example, the braiding ma-
chine that is the subject of the present invention makes
it possible to achieve a "standard" triaxial crossing, i.e.,
with an axial tape interposed between two successive
intersections of the two tapes fed by the mobile bobbin-
carrier stations, or an alternating triaxial fabric in which
the axial tape is interposed between every other succes-
sive intersections formed by the tapes fed by the mobile
bobbin-carrier stations, or even a triaxial fabric with two
axial tapes interposed between two successive intersec-
tions of the tapes fed by the mobile bobbin-carrier sta-
tions, or an alternating triaxial intersection with free uni-
directional tapes in the center.

[0038] A first way to achieve the braiding of only those
tapes fed by the mobile bobbin-carrier stations (3A, 3B)
is to have the bobbin-carriers (35) of two of said mirror-
facing stations each perform a 180° rototranslatory mo-
tion such that each of the two half-crowns (32) rotates
by one straight angle around the radial axis (R1) passing
from a first mobile station to the mobile station mirror-
facingit. The wheels (2A, 2B) move in opposite directions
to each other, each rotating one arc of revolution clock-
wise and subsequently one arc of revolution counter-
clockwise (or vice versa).

[0039] A second way to achieve the braiding of the
tapes of the mobile stations is to have the bobbin-carriers
(35) of two mirror-facing mobile stations (3A, 3B) each
perform a 360° rototranslatory motion, and in this case
each half-crown (32) rotates one full angle around the
radial axis (R1) passing from the first mobile station to
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the mirror-facing mobile station and then returning again
to the first station; in this case the wheels (2A, 2B) move,
in opposite directions to each other, each always in the
same direction.

[0040] The central control unit individually and inde-
pendently manages the operation of each mobile bobbin-
carrier station (3A, 3B) in particular by controlling the
means of transmission (33) and thus the direction and
speed of rotation of the half-crowns (32) as well as their
rotation by an arc of 180° or a full angle of 360°.

[0041] In a particularly complete embodiment, the in-
vention further comprises a second thread-guiding ring
also coaxial with the weaving axis (X) and located on the
opposite side of the frame from the first thread-guiding
ring (5). Such a second ring enables bidirectional
processing, which is particularly useful when itis desired
to cover the surface of an object several times with the
braid.

[0042] According to the embodiment described herein
and illustrated in the figures, each spool (36) is rotation-
ally coupled to its respective bobbin-carrier (35) by
means of magnetic means (38) which rotationally support
said spool (36) on the corresponding bobbin-carrier (35)
and also allow adjustment of the value of the unwinding
tension of the spool. Such means (38) comprise one or
more magnets (381) integral with a support (382) mov-
able along said axis of rotation (R3) and a disk (383) of
ferromagnetic material integral with said spool (36). By
acting on appropriate means of adjustment (384) it is
possible to vary the position of said movable support
along said axis (R3) and consequently the distance be-
tween said magnets and said ferromagnetic disk, thus
modifying the force of magnetic attraction exerted by the
former on the latter and consequently the friction force
opposing the rotation of the spool (36). In the attached
figures, said spool (36) and said ferromagnetic disk (383)
are coaxially supported by an idler wheel (385), the latter
being integrally connected to the first end of a pin (386)
passing through the distal portion (351) of said bobbin-
carrier (35) and having a second threaded end, cooper-
ating with said means for the adjustment (384) of the
position of said support (382), in this case consisting of
an adjustment wheel in which is defined a nut-screw that
engages with the threaded end of said pin, said movable
support (382) being coupled to said adjustment wheel so
that the latter is free to rotate with respect to it. Advanta-
geously, said magnets (381) are neodymium super mag-
nets and said spool (36)is made of nonmagnetic material.
[0043] The distal portion (351) of said bobbin-carrier
(35) is coupled to the corresponding proximal portion
(352) by connecting means (39) that are reversibly lock-
able and allow adjustment of the inclination of said distal
portion with respect to said substantially radial axis (R2).
Such connecting means (39) include, in particular, a ball
joint (391) and at least two locking screws (392), specu-
larly counterposed, which block any rotation of the distal
portion (351) of the bobbin-carrier (35) relative to the
proximal portion (352). By alternately tightening or loos-
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ening these locking screws (392), it is possible to adjust
the inclination of the distal portion (351) of the bobbin-
carrier (35) and consequently to modify the angle of in-
cidence of the thread-like or tape-like element with re-
spect to the thread-guiding ring (5), that is, the angle that
the elements constituting the finished fabric form with
respect to each other.

[0044] With reference to the embodiment described
herein, the distal portion of each bobbin-carrier (35) in-
cludes a thread-guiding eyelet (40), preferably made of
ceramic material, inside which the thread-like or tape-like
element fed by the respective spool (36) runs.

[0045] The distal end of each of the horizontal side
arms of the frame (1) is rotationally connected with a
respective plate, the latter sliding within corresponding
vertical guides defined in a respective vertical support.
The vertical translation of the plate in the corresponding
guides is actuated by hydraulic or pneumatic organs,
such as by means of a jack. A respective gear wheel is
coaxially integral to each frame arm (1) and cooperates
with a fixed rack integral to the corresponding vertical
support so that the vertical translation of the plates in the
corresponding guides simultaneously causes the rota-
tion of the frame support arms and consequently the ro-
tation of the frame about its own transverse axis.
[0046] Very advantageously, this configuration makes
it possible to position the frame (1) alternately in a working
position, in which said longitudinal median plane (YZ) is
substantially vertical and both support arms of the frame
are located in correspondence with the upper end of the
respective guide, and a position for loading and unload-
ing spools, in which said frame (1) is arranged with its
median plane (YZ) substantially horizontal and both side
support arms are translated vertically toward the lowest
point of the respective guides, so as to make it easier for
the operators to work.

Claims

1. Avradial braiding machine with programmable braid-
ing patterns, for the formation of multi-axial braids or
tubes from bobbins of tape or thread-like elements
wound onto spools, comprising:

- a support frame (1) whose longitudinal median
plane (YZ) is orthogonal to the weaving axis (X);
-two wheels (2A, 2B) of equal diameter rotation-
ally coupled, independently, to said frame (1)
and both rotatable and coaxial with respect to
the weaving axis (X);

- two groups of mobile bobbin-carrier stations
(3A, 3B) respectively integrally connected to the
periphery of each of said wheels, angularly
equally spaced between them, the configuration
of the stations of the first wheel being mirror im-
age to the configuration of the stations of the
second wheel with respect to a median plane
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(YZ) orthogonal to the weaving axis and equi-
distant between the planes on which the two
wheels lie;

- at least one guiding ring (5), coaxial with the
weaving axis (X);

characterized in that each of the said mobile bob-
bin-carrier stations (3A, 3B) comprises:

- a base (31) comprising means of connection
at the periphery of the wheel, in which is defined
a recess conformed like a circular half-annulus
in which is housed a corresponding half-crown
(32), which has teeth on the outer circumferen-
tial edge and is free to rotate resting on the bot-
tom of the recess; when two stations are coun-
terposed, the respective half-crowns may rotate
by one or more 180° angles around the same
radial axis (R1) orthogonal to the weaving axis
(X)and lying on said median plane (YZ), foreach
rotation passing from one station to the counter-
posed station;

- means (33) to transmit rotational motion to said
half-crown (32);

- a support (34) comprising means for idle rota-
tion coupling of the proximal portion (352) of a
bobbin carrier (35) to said half-crown (32), ac-
cording to a substantially radial axis (R2) orthog-
onal to said weaving axis (X);

- a bobbin carrier (35), the distal portion (351)
of which rotationally supports a spool (36) rotat-
ing about a rotation axis (R3) lying in a plane
parallel to said median plane (YZ), and whose
proximal portion (352) is configured so as to co-
operate with engaging means (37) slidingly cou-
pled to said base (31), in order to force said bob-
bin carrier to rototranslate during the rotation of
said half crown, so that the axis of rotation (R3)
of said spool always lies on planes orthogonal
to said weaving axis (X);

- means for controlling the angular positioning
of said wheels (2A, 2B) and said half crowns
(32).

A braiding machine according to the preceding claim
characterized in that it comprises a group of fixed
bobbin-carrier stations (4) integrally connected to
said frame (1) and angularly equally spaced, the un-
winding axes of which lie on said median plane (YZ)
on which also lie the tape or thread-like elements
unwound from the bobbins carried by said bobbin-
carrier.

Braiding machine according to one of the preceding
claims characterized in that the proximal portion
(352) of said bobbin carrier (35) has two parallel sur-
faces, diametrically opposed with respect to the sub-
stantially radial axis (R2), which are suitable to co-
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10.

operate with said engaging means (37).

Braiding machine according to the preceding claim
3 characterized in that said engaging means (37)
comprise a sliding presser having a front face (371)
which presses on one of said two parallel surfaces
defined on the proximal portion of said bobbin carrier
(35), preventing the rotation of said bobbin carrier
(35) around the axis (R2) and maintaining the axis
(R3) of rotation of said spool always on a plane or-
thogonal to the weaving axis (X).

Braiding machine according to one of the preceding
claims characterized in that said distal portion (351)
and said proximal portion (352) of said bobbin carrier
(35) are reciprocally connected by means of a re-
versibly lockable ball joint (391).

Braiding machine according to one of the preceding
claims characterized in that said distal portion of
said bobbin carrier comprises means for adjusting
the unwinding tension from the spool.

Braiding machine according to the preceding claim
characterized in that said unwinding tension regu-
lating means comprise magnetic friction regulating
means.

Braiding machine according to one of the preceding
claims characterized in that it comprises magnetic
spool retaining means.

Braiding machine according to one of the preceding
claims characterized in that it comprises means for
rotating said frame (1) about a horizontal axis, in or-
der to switch from a first working configuration to a
second loading and unloading configuration.

Braiding machine according to the preceding claim
characterized in that said means for rotating the
frame also incorporate means for raising and lower-
ing, so that in said second loading and unloading
configuration the axis of rotation of said frame is at
a lower height than the height of said first working
configuration.
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