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Description

Field of the invention

[0001] The presentinvention relates to a needle-hold-
ing unit for a circular knitting machine and to a circular
knitting machine comprising this unit.

[0002] In particular, the present invention relates to a
needle-holding cylinder or a needle-holding plate de-
signed to be introduced into a knitting machine and char-
acterized by a specific structure of its seats apt to house
the needles of the knitting machine. The present inven-
tion can further relate to a circular knitting machine com-
prising a needle-holding unit, having a specific structure,
and further components such as control units, needles,
etc. The present invention falls into the technical field of
circular knitting machines for knitted items, seamless
knitted items, hosiery items and the like.

[0003] Inthe present text the words "knitting machine"
generally means a circular knitting machines apt to man-
ufacture knitted items and provided with at least one nee-
dle-holding unit, i.e. with a needle-holding cylinder or
plate, turnably mounted in a frame of the machine and
supporting a plurality of needles moving so as to produce
a knitted fabric. Moreover, the knitting machine is provid-
ed with a plurality of yarn feeding points or yarn "feeds",
in which the needles of the machine are supplied with
yarn. This knitting machine can be e.g. single or double
needlebed. Circular knitting machines can comprise a
variable number of feeds, e.g. 4, 6, 8 or more yarn feeds.

Background of the invention

[0004] Asis known, circular knitting machines for knit-
ted items are provided with stitch forming units generally
comprising: a needle-holding cylinder and/or a needle-
holding plate, actuating cams, needles, etc.

[0005] The knitted fabric is produced by rotating the
needle-holding cylinder and/or the needle-holding plate
around an axis of rotation.

[0006] As far as the needle-holding cylinder is con-
cerned, the needles are arranged vertically on the outer
surface of the cylinder, in dedicated seats suitably
shaped to house them. Conversely, as far as the needle-
holding plate is concerned, the needles are inserted onto
the upper face thereof, in seats having a radial direction
with respect to the axis of rotation of the knitting machine.
The sliding direction of the needles corresponds to a
straight line along which the motion of the needles work-
ing inside the respective seat occurs: this sliding direction
is vertical and parallel to the axis of rotation of the ma-
chine for needles belonging to the cylinder, whereas it is
horizontal and radial with respect to the axis of rotation
of the machine for the needles belonging to the plate.
[0007] In order to move the needles along the respec-
tive sliding direction, cams (referred to as "stitch cams")
are used, provided with a profile that is able to interact
with suitable needle butts so as to control the movement
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of the needles in the respective needle seat. This move-
ment occurs at least from a first position, in which the
produced stitch gets under the needle latch, to a second
position, in which the needle - after taking the yarn - gets
under the holding-down plane for forming new knitted
fabric. The butt of a needle getting inside the "path" de-
fined by the stitch cam makes the needle move between
the aforesaid first and second position for making knitted
stitches.

[0008] Basically, the stitch cam - thanks to its profile -
makes the needle rise above the stitch forming plane so
that the stitch already produced gets under the needle
latch and the needle head takes new yarn, and then sink
- with the new yarn - to a level below the holding-down
plane.

[0009] The total travel of the needle depends on vari-
ous parameters and highly affects the geometry of the
stitch cam. As a matter of fact, in order to obtain a given
law of motion for the needle (i.e. a desired movement of
the needle, during rotation, along its sliding direction) it
is necessary to suitably profile the stitch cam (in which
the butts slide).

[0010] The stitch cams actuate the needle butts by
means of a generally closed "path”, i.e. defined above
and below, with an angle of pressure varying instant by
instant. The wording "angle of pressure" means the angle
formed for each point of the stitch cam by the direction
of motion of the needle but (i.e. by the horizontal direction
imparted by the cylinder rotation) with the inclination or
slope on every point of the stitch cam itself (i.e. with the
tangent to the cam surface). As an alternative, by con-
vention, the angle of pressure can be considered as the
complementary angle to the angle formed by the needle
axis and the profile slope, i.e. 90° - angle between needle
and cam profile. It is obvious that the steeper the cam
profile, the greater the angle of pressure. Among the var-
ious factors affecting the stitch cam shape, one of the
most relevant is fineness. The fineness of a knitting ma-
chine indicates the distance between two adjacent nee-
dles. In the stitch forming point, the yarn must not be
subjected to too high tensions since otherwise it would
be likely to break.

[0011] The vertical distance between the stitch forming
plane and the point of maximum sinking of the needle
varies as a function of fineness: as a result, systems for
adjusting cams which allow to move them vertically are
known. In general, it is not possible to reduce the value
of the aforesaid distance below a given value, since a
given sinking is required for ensuring the correct forma-
tion of knitted stitches. For instance, in high fineness,
single needlebed machines it can be necessary for the
sinking value to be at least of 0.7-0.8 mm, due to the
minimum size that can be obtained for the hooks (or
heads) of the needles: as a matter of fact, should the
needles not sink below the holding-down plane - by
means of the stitch cams - at least of such a value, it
would not be possible to cast off the hooks the old stitch
anditwould nottherefore be possible to correctly produce
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a knitted fabric.

[0012] Therefore, after defininga minimum vertical dis-
tance, as the fineness increases the number of engaging
needles increases (i.e. adjacent needles included in a
stitch cam); that is why the stitch cam profile - from a
theoretical point of view - should have aninclination which
increases as fineness increases (i.e. as the needle dis-
tance). However, in the field of circular knitting machines
it is known that the maximum angle of pressure currently
applicable to a stitch cam, in particular during the sinking
step, is of about 55°. Higher values of the pressure value
(i.e. higher slopes of the stitch cam) can cause the butts
of the moving needles to break, since the high inclination
of the cam profile makes it difficult for the needle to slide
in its seat due to the friction between needle and seat,
which can lead to needle blocking and as a result to butt
breaking in the stitch cam. Moreover, the needle butts
can sometimes bend and deviate from the vertical line
as a result of the applied forces: this bending, if the slope
of the stitch cam profile is high, can cause the butt to
block inside the cam and therefore to break.

[0013] Inrecentyears the market of knitting machines
has required higher and higher finenesses, which means
a smaller and smaller distance between the needles.
[0014] In a machine with high fineness, the need to
ensure a minimum sinking value of the needle under the
holding-down plane and at the same time the impossi-
bility of having too high a angle of pressure (i.e. the im-
possibility of sinking with too steep a cam profile) result
in the presence, instant by instant, of a large number of
needles, all of them lying below the holding-down plane.
The large number of needles results in an increase of
tension on the yarns. It is therefore not possible to in-
crease fineness or the rotational speed of the needle-
holding unit, since the yarn breaks or loses fibers and it
is therefore impossible to produce knitted fabric. In ad-
dition, the increase of tension collides with the decrease
of the maximum tension that can be tolerated by extreme-
ly thin yarns used for high finenesses.

[0015] Some attempts have been made to addresses
the issues of the conventional knitting machines.
[0016] Document WO 2018/223521 A1 shows a jac-
quard needle moving mechanism wherein an arc-shaped
needle dial is arranged on the lower needle cylinder and
a plurality of arc-shaped needle grooves are arranged
on a circumferential side of the arc-shaped needle dial
and loop transfer knitting needles.

[0017] Document GB 474708 A relates to a circular
machine having two rows of needles arranged atanangle
to one another and having one needle bed formed with
arcuate tracks in which curved needles, e.g. rib needles,
and, if desired, loop transferring members are slidably
disposed. In particular, the arcuate needles and loop
transferring members are mounted in grooves of a curved
ribbing disc positioned above a needle cylinder, each
needle having a butt for engagement with a pivoted jack
that is operated, through a slide, by a stationary cam ring
under control of pattern mechanism.
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[0018] Documents EP 0036195 A2 describes a single-
cylinder circular knitting machine having two needle-car-
rying structures, the lower structure comprises a needle
cylinder and the upper structure penetrates for its major
portion into the cylinder and has needle tricks therein of
arcuate shape with their center of curvature located on
the same side as the cylinder, for accommodating arcu-
ately bent latch needles. The needles (16) have their
hooks and latches arranged on the convex side of the
arcuate shape. A machine of this type may have the same
number of needles in both needle-carrying structures,
even where the latter have small diameters, and a smaller
height dimension than traditional needle cylinder and dial
machines of equal diameter.

[0019] Document WO 2016/097974 A1 illustrates a
needle-holding element having at least one working sur-
face shaped as a surface of rotation obtained through
the rotation of a portion of generating straight line around
the central axis; on the working surface a plurality of nee-
dle seats is defined, wherein each needle seat movably
houses at least a portion of at least one respective nee-
dle. Said needle seats have at least a first length having
a longitudinal development, on the working surface, in-
clined with respect to the generating straight line.

Summary

[0020] In the light of the above, it is manifest that the
design and production of knitting machines should take
into account several constraints. In particular, the defini-
tion of the law of motion for the needles is subject to
strong limitations due to the limits of cam profiling. Under
these circumstances, the production of circular knitting
machines with high fineness is particularly complex.
Known solutions cannot go beyond given fineness values
and reach higher performance, since serious drawbacks
occur, such as needle butt breaking and/or yarn breaking.
The Applicant has further verified that known stitch cams
typically have a "symmetrical" shape, i.e. they have a
rising portion followed by a sinking portion, these two
portions having similar slopes (as absolute values) and
therefore developing for similar lengths; this is due to the
need to limit the angle of pressure in order to avoid too
high mechanical efforts. Therefore, basically the length
of the stitch cam is substantially divided in equal parts
between the rising portion (where the previous stitch is
cast off) and the sinking portion (where the new stitch is
loaded). However, considering things from the textile
point of view (i.e. without taking into account mechanical
limitations), it would be desirable to carry out an "asym-
metrical" cam, i.e. a cam having a rising portion (i.e.
where the old stitch is cast off) with low steepness, fol-
lowed by a highly steep sinking portion (new stitch load-
ed). The reason for this is that, as pointed out above, the
highest efforts on the yarns occur in the stitch cam portion
related to step in which the stitch is created, i.e. during
the sinking step. Therefore, a steep sinking would enable
to reduce the number of engaging needles (i.e. engaging
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the yarn) in the sinking portion of the cam, and thus to
reduce tension on the yarns. However, as explained
above, this is not possible since a steep sinking would
enable to reduce the number of engaging needles (i.e.
engaging the yarn) in the sinking portion of the cam, and
thus to reduce tension on the yarns. However, as ex-
plained above, this is not possible since a steep sinking
would have angles of pressure above 55°, which consti-
tutes a mechanical limit above which the needle butts
break.

[0021] Eventually, the Applicant has found that known
solutions are not without drawbacks and can be improved
under various aspects.

[0022] Underthese circumstances, the aim underlying
the present invention in its various aspects and/or em-
bodiments is to provide a needle-holding unit for circular
knitting machines and a circular knitting machine com-
prising such a unit, which can obviate one or more of the
drawbacks referred to above.

[0023] Anotheraim of the presentinvention is to create
alternative solutions to known technique for carrying out
needle-holding units for circular knitting machines and/or
open new design possibilities.

[0024] Another aim of the present invention is to pro-
vide a needle-holding unit for circular knitting machines
which can enable the definition of advanced laws of mo-
tion for the needles, and in particular control as desired
the movement transferred to the needles, without the lim-
its that are typical of prior art solutions.

[0025] Another aim of the present invention is to pro-
vide a needle-holding unit for circular knitting machines
which can enable a new design of the stitch cams coop-
erating with this unit.

[0026] Another aim of the present invention is to pro-
vide a needle-holding unit for circular knitting machine
which can open new possibilities for carrying out stitch
cams.

[0027] Another aim of the present invention is to pro-
vide a needle-holding unit for circular knitting machines
which can enable to increase the performance of a knit-
ting machine, and in particular to increase the fineness
of the knitting machine (e.g. up to values of 60, 90 or
above).

[0028] Another aim of the present invention is to pro-
vide a needle-holding unit for circular knitting machines
characterized by a high operating reliability and/or by a
lower susceptibility to failures and malfunctions, in par-
ticular for high finenesses and/or for high operating
speeds.

[0029] Another aim of the present invention is to pro-
vide a needle-holding unit for circular knitting machines
which can enable to reduce or eliminate the breaking of
the butts of the needles cooperating with the stitch cams.
Another aim of the present invention is to provide a nee-
dle-holding unit for circular knitting machines which can
enable to reduce or eliminate the breaking of yarns, in
particular with high finenesses.

[0030] Another aim of the present invention is to pro-
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vide a needle-holding unit for circular knitting machines
characterized by a simple and rational structure.

[0031] Another aim of the present invention is to pro-
vide a needle-holding unit for circular knitting machines
characterized by an innovative structure and configura-
tion of the needle seats.

[0032] A further aim of the present invention is to pro-
vide a needle-holding unit for circular knitting machines
characterized by low manufacturing costs as far as of-
fered performance and quality are concerned.

[0033] These and other possible aims, which shall ap-
pear better from the following description, are basically
achieved by a needle-holding unit for circular knitting ma-
chines and by a circular knitting machine comprising such
a unit according to one or more of the appended claims,
each one being considered alone (without those depend-
ing on it) or in any combination with the other claims, and
according to the following aspects and/or embodiments,
variously combined, also with the aforesaid claims.
[0034] The invention relates to a needle-holding unit
for circular knitting machines, designed to be turnably
mounted to a supporting structure of a circular knitting
machine and having a structure basically shaped as a
hollow solid of rotation developing around a central axis,
the needle-holding unit being configured for turning
around said central axis and for supporting a plurality of
needles moving so as to produce a knitted fabric, the
needle-holding unit having on an outer side thereof at
least one working surface.

[0035] A plurality of needle seats placed one beside
the other and arranged around said central axis is defined
on the working surface.

[0036] Each one of said needle seats is configured for
movably housing at least one portion of atleast a respec-
tive needle to be actuated with an alternate motion along
the respective needle seat.

[0037] Said alternate motion comprises a motion of ex-
traction, by which the needle is taken out with its head
and with a portion of its stem above of the needle-holding
unit through an upper end of the respective needle seat
so as to discharge on its stem the knitted loop previously
formed and/or for taking the yarn or yarns supplied on a
machine feed, and with a motion of return, so as to form
a new knitted loop by holding down the knitted loop pre-
viously formed, in order to produce knitted fabric.
[0038] Inoneaspect,insaid motion of returnthe needle
is returned with its head into the respective needle seat.
[0039] In one aspect, the needle-holding unit is
equipped above with a knitting plane which the upper
ends of the needle seats point towards, destined to re-
ceive resting thereon the knitted portions between two
adjacent needles while these, after taking the yarn from
a machine feed, get back into the respective needle
seats.

[0040] Each needle seat has a longitudinal develop-
ment inclined with respect to the central axis.

[0041] The working surface has a shape as a surface
of rotation obtained through the rotation of said needle
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seat around the central axis.

[0042] Said working surface is a non-cylindrical three-
dimensional surface. Said working surface is a non-con-
ical three-dimensional surface.

[0043] In one aspect, each of said needle seats has a
mainly one-dimensional development, along a direction
corresponding to its height and coinciding with said lon-
gitudinal development of the needle seat on the working
surface. In one aspect, said longitudinal development of
the needle seat is larger than its width and depth, which
are sized so as to movably house at least one respective
needle.

[0044] Said longitudinal development of the needle
seat is similar to a segment of a straight line and forming
an angle differing from 0° with respect to a straight line
parallel to said central axis and lying on a place traversing
the needle seat itself.

[0045] In one aspect, the technical feature according
to which the working surface is a surface of rotation ob-
tained through the rotation of the needle seat around the
central axis means that the surface of rotation is obtained
by a rotation of the longitudinal development, considered
from a two-dimensional point of view as a segment cor-
responding to its length.

[0046] In one aspect, said working surface is a one-
sheeted hyperboloid or hyperbolic hyperboloid.

[0047] In one aspect, said working surface is a ruled
surface, preferably a doubly ruled surface, and in partic-
ular a non-degenerate quadric.

[0048] Inoneaspect, said working surfaceis aconcave
surface, developing all around the central axis, the con-
cavity pointing outside the needle-holding unit.

[0049] In one aspect, the working surface is a portion
ofanellipsoid, e.g. ascalene ellipsoid, a prolate spheroid,
an oblate spheroid or a sphere.

[0050] In one aspect, the working surface is a portion
of a paraboloid, e.g. an elliptic paraboloid, a circular pa-
raboloid or a hyperbolic paraboloid.

[0051] In one aspect, said working surface is a two-
sheeted hyperboloid or elliptic hyperboloid.

[0052] In one aspect, the working surface is not a de-
generate quadric.

[0053] Inoneaspect,the distance fromthe central axis,
calculated on planes parallel to the horizontal plane, of
each point of the working surface varies for each vertical
height, along a direction parallel to the central axis, pref-
erably in a non-linear manner.

[0054] Inone aspect, the working surface has an upper
end and a lower end, between which a central section is
placed, and the distance from the central axis, calculated
on planes parallel to the horizontal plane, of the points
belonging to the upper end and to the lower end is larger
than the distance of the points belonging to the central
section.

[0055] Inone aspect, as an alternative to the previous
one, the working surface has an upper end and a lower
end, and the distance from the central axis, calculated
on planes parallel to the horizontal plane, of the points
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belonging to the upper end is larger than the distance of
the points belonging to the lower end.

[0056] In one aspect, as an alternative to the two pre-
vious ones, the working surface has an upper end and a
lower end, and the distance from the central axis, calcu-
lated on planes parallel to the horizontal plane, of the
points belonging to the lower end is larger than the dis-
tance of the points belonging to the upper end.

[0057] In one aspect, the working surface defines a
minimum circumference lying on a plane parallel to the
horizontal plane and comprising all of its points having a
minimum radial distance from the central axis.

[0058] In one aspect, said minimum circumference of
the working surface can coincide with said upper end or
with said lower end.

[0059] Inone aspect, the difference between the radial
position, i.e. the distance from the central axis, of the
points of the working surface lying on the upper end or
on the lower end of the working surface, and the radial
position of the points of the working surface lying on the
minimum circumference of the working surface is of at
least 0.1 mm and/or of at least 1 mm and/or of at least 2
mm and/or of at least 10 mm.

[0060] In one aspect, the variation between the radial
position, i.e. the distance from the central axis, of the
points of the working surface lying on the upper end or
on the lower end of the working surface, and the radial
position of the points of the working surface lying on the
minimum circumference of the working surface is of at
least 1% and/or of at least 2% and/or of atleast 5% and/or
of at least 10%.

[0061] In one aspect, the intersection between a plu-
rality of planes parallel to the horizontal plane, each at a
different vertical height along the vertical axis, and the
surface of said working surface identifies a plurality of
horizontal circumferences, each circumference being de-
fined by all of the points of the working surface placed at
the respective height of the circumference itself and ata
distance from the central axis corresponding to the radius
of the circumference itself.

[0062] In one aspect, each needle seat is configured
for housing at least one respective needle having a rec-
tilinear shape, and has a bottom surface of the seat (or
bottom) on which said at least one respective needle
slides. In one aspect, said needle seat being inclined with
respect to the central axis, the bottom surface of the seat
has a point of minimum distance from the central axis
and lies on a bottom plane, said bottom plane being par-
allel to the central axis and tangent to a base cylinder of
the needle-holding unit.

[0063] In one aspect, the bottom plane is tangent to
the base cylinder in a segment of contact, which is vertical
and parallel to the central axis, said segment of contact
comprising (i.e. traversing) said point of minimum dis-
tance. In one aspect, said minimum distance corre-
sponds to a minimum radius of the working surface, cor-
responding to the radius of said base cylinder.

[0064] Inone aspect, the combination of the inclination
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of the needle seat with the three-dimensional shape of
the working surface is such as to define a linear bottom,
lying on the respective bottom plane, tangent to the base
cylinder.

[0065] In one aspect, the base cylinder is the one ob-
tained with a radius corresponding to the minimum radius
of the working surface, having a shape as a hyperbolic
hyperboloid.

[0066] In one aspect, the working surface comprises
at least all the points belonging to all the needle seats.
[0067] In one aspect, said needle seat has an inclina-
tion with respect to the central axis corresponding to an
angle of inclination different from zero, said angle of in-
clination being the smallest angle formed by each needle
seat, on the bottom plane, with the respective segment
of contact.

[0068] In one aspect, the needle-holding unit compris-
es control devices associated thereto, arranged outside
around the needle-holding unit preferably, during use, in
a stationary manner and configured for interacting with
the needles supported by the needle-holding unit, as a
result of the relative rotation between the needle-holding
unit, rotating around the central axis, and the stationary
control devices, so as to transmit a controlled movement
to each needle within the respective needle seat, and to
cause a movement of the heads of the needles according
to a law of motion.

[0069] In one aspect, said law of motion describes the
position of the heads as a function of the angle of rotation
of the needle-holding unit with respect to the central axis.
[0070] In one aspect, the position of the heads deter-
mined by said law of motion follows, during the rotation
of the needle-holding unit around the central axis, a non-
cylindrical, three-dimensional path, whose coordinates
may vary both in height, along a direction parallel to the
central axis, and horizontally, with respect to the knitting
plane, getting away from or towards the central axis dur-
ing the rotation of the needle-holding unit.

[0071] In one aspect, the horizontal position of the
heads involves a larger distance from the central axis the
higher their vertical position (calculated as an absolute
value of the distance from the point of minimum distance
P), and conversely, the horizontal position of the heads
involves a smaller distance from the central axis the lower
their vertical position (calculated as an absolute value of
the distance from the point of minimum distance P).
[0072] In one aspect, the height (vertical position)
reached by the head also depends on its radial compo-
nent, which varies as a function of height but, since the
needles always move on the plane of the bottom (tangent
to the base cylinder and parallel to the central axis), the
radial component (i.e. on the horizontal plane) of the tra-
jectory of the heads is related to height and to parameters
characterizing the geometry of the needle-holding unit
(in particular the inclination of the inclined seat).

[0073] In one aspect, each needle of said plurality of
needles comprises at least one respective butt config-
ured for engaging said control devices.
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[0074] In one aspect, said control devices comprise a
plurality of cams configured for interacting, by means of
a respect cam profile or path, with the needle butts, so
as to control the ascending and descending motion of
each needle inside the respective needle seat, according
to the aforesaid law of motion.

[0075] In one aspect, the cam profile or path of each
cam develops on a non-cylindrical, non-conical three-
dimensional cam surface.

[0076] In one aspect, the three-dimensional shape of
the working surface of the needle-holding unit cooperates
with the cam profiles or paths of said plurality of cams in
defining said law of motion.

[0077] In a possible embodiment, the needles can be
taken out of the needle-unit with said angle of inclination.
[0078] In one aspect, each needle seat has a main
longitudinal development and is configured for laterally
containing inside, at least partially, said at least one re-
spective needle, so that the needle can slidably move in
the needle seat following said longitudinal development
of the seat itself, and wherein the needle seat is config-
ured for slidably housing at least one portion of a respec-
tive needle comprising the butt of the needle itself.
[0079] In one aspect, said angle of inclination is pref-
erably between 0° and 90°.

[0080] In one aspect, the needle seat has a rectilinear
shape corresponding to its longitudinal development.
[0081] In one aspect, the needle seat is inclined with
respect to the central axis so as to lie at the back along
a direction of rotation, during use, of the needle-holding
unit.

[0082] In one aspect, said plurality of needle seats
comprises needle seats that are identical to one another
and all have the same angle of inclination.

[0083] Inone aspect, the needle seat is rectilinear and
develops in a respective unitary direction of develop-
ment, which is transversal with respect to the central axis
and lies on the respective bottom plane.

[0084] The present invention relates to a circular knit-
ting machine for knitted or hosiery items, comprising:

a supporting structure;

- atleastone needle-holdingunitaccordingtoone
or more of the claims, having a structure basi-
cally shaped as a hollow solid of rotation devel-
oping around a central axis, the needle-holding
unit being turnably mounted in said frame so as
to turn around said central axis;

- a plurality of needles movably introduced into
the needle seats of the needle-holding unit and
moving so as to produce a knitted fabric, wherein
each needle seat houses at least one respective
needle, each needle comprising at least one re-
spective butt and one respective head.

[0085] In one aspect, the knitting machine comprises
a plurality of needle control devices or "stitch cams", con-
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figured for interacting with the needles, in particular with
the needle butts, so as to transmit to the needles a given
movement inside the respective needle seat during the
rotation of the needle-holding unit.

[0086] In one aspect, each needle control device or
"stitch cam" comprises a respective cam path configured
for blocking the butts of the needles in rotation with the
needle-holding unit, so that the needle butts enter said
cam path and are guided according to a given law of
motion so as to make a given sliding movement inside
the respective needle seat.

[0087] In one aspect, each point of said cam path has
a respective slope corresponding to the angle comple-
mentary to the smallest angle formed by a straight line
tangent to said point of the path with a straight line pass-
ing through said point and parallel to the central axis.
[0088] In one aspect, at least one portion of the cam
path has points with a slope above 50° and/or above 60°
and/or above 70° and/or above 80°. In one aspect, said
slope can take values of about 90° or above 90°.
[0089] In one aspect, the cam path of said needle con-
trol device has a non-cylindrical, three-dimensional or
globoidal shape, such as to be basically matching and
facing said working surface of the needle-holding unit, in
order to interact with the butts of the needles during the
rotation of the needle-holding unit.

[0090] In one aspect, for each point of its angular ex-
tension around the needle-holding unit, said cam path
exhibits:

- aheightcorresponding to the height of the path point,
calculated in a direction parallel to the central axis;

- aradial coordinate corresponding to the distance of
the point from the central axis.

[0091] In one aspect, the law of motion of the heads
of the needles is determined by a combination of the ge-
ometrical features of the working surface of the needle-
holding unit and of the geometrical features of the cam
surfaces on which the cam paths of said plurality of nee-
dle control devices develop.

[0092] Further characteristics and advantages shall be
more evident from the detailed description of some em-
bodiments, among which also a preferred embodiment,
which are exemplary though not exclusive, of a needle-
holding unit for circular knitting machines and of a knitting
machine comprising such a unit, according to the present
invention.

Description of the drawings

[0093] This description shall be made below with ref-
erence to the accompanying drawings, provided to a
merely indicative and therefore non-limiting purpose, in
which:

- Figure 1 shows a schematic front view of possible
embodiments of needle-holding units for knitting ma-
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chines, or portions of the same needle-holding unit,
according to a possible embodiment in accordance
with the present invention;

Figure 2 shows a geometrical front representation
of a solid of rotation shaped as a one-sheeted hy-
perboloid or hyperbolic hyperboloid;

Figure 3 is a further representation of the solids of
Figure 1;

Figure 4 shows a front view of the solid of Figure 2,
where a needle seat is highlighted schematically,
configured for movably housing at least a respective
needle;

Figure 5is a schematic perspective view of a needle-
holding unit according to a possible embodiment of
the present invention (corresponding to the upper
element in Figure 1 and 3), provided with a plurality
of adjacent inclined needle seats, with a needle in
exploded view;

Figure 6 shows only the needles of the embodiment
of Figure 5, in the position in which they are housed
in the respective needle seats;

Figure 7 is a schematic perspective view of a needle-
holding unit according to a further possible embod-
iment of the present invention (corresponding to the
central element in Figure 1 and 3), provided with a
plurality of adjacent inclined needle seats, with a
needle in exploded view;

Figure 8 shows only the needles of the embodiment
of Figure 7, in the position in which they are housed
in the respective needle seats;

Figure 9is a schematic perspective view of a needle-
holding unit according to a further possible embod-
iment of the present invention (corresponding to the
lower element in Figure 1 and 3), provided with a
plurality of adjacent inclined needle seats, with a
needle in exploded view;

Figure 10 shows only the needles of the embodiment
of Figure 9, in the position in which they are housed
in the respective needle seats;

Figure 11 is a plant view from above of the needle-
holding unit of Figure 5 (note the heads protruding
outside);

Figure 12 is a side view of the needle-holding unit of
Figure 11, provided with a plurality of needle control
devices, or stitch cams, arranged around it;
Figures 13 and 14 are sectioned view, along plane
XII-XIIl and along plane XIV-XIV, respectively, of
the needle-holding unit of Figure 12;

Figure 15 is a plant view from above of the needle-
holding unit of Figure 9, provided with a plurality of
needle control devices, or stitch cams, arranged
around it;

Figure 16 shows a side view of the needle-holding
unit of Figure 15;

Figures 17 and 18 are sectioned views, along plane
XVII-XVIl and along plane XVIII-XVIII, respectively,
of the needle-holding unit of Figure 16;

Figure 19 is a plant view from above of the needle-
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holding unit of Figure 7, provided with a plurality of
needle control devices, or stitch cams, arranged
around it;

- Figure 20 shows a side view of the needle-holding
unit of Figure 19;

- Figures 21 and 22 are sectioned views, along plane
XXI-XXI and along plane XXII-XXII, respectively, of
the needle-holding unit of Figure 20;

- Figure 23 is a perspective view of a needle control
device, alone, belonging to the embodiment of the
needle-holding unit of Figure 20;

- Figure 24 is a front view of the needle control device
of Figure 23, from the side facing the working surface
of the needle-holding unit;

- Figure 25 is a schematic representation of some ge-
ometric parameters defining the needle-holding unit
according to the present invention;

- Figure 26 is a schematic representation of an exem-
plary trajectory of the needle heads for a needle-
holding unit according to the present invention.

Detailed description

[0094] Withreference to the mentioned figures, the nu-
meral 1 globally designates a needle-holding unit for cir-
cular knitting machines according to the present inven-
tion. Generally, the same numeral is used for identical or
similar elements, if applicable in their variants of embod-
iment.

[0095] The needle-holding unit 1 according to the
present invention is designed to be introduced into a cir-
cular knitting machine for knitted items or seamless knit-
ted items or for hosiery items. Infurther detail, the needle-
holding unit 1 is designed to be mounted in a circular
knitting machine comprising at least:

- asupporting structure (or frame);

- the needle-holding unit itself, turnably mounted to
the frame so as to rotate around a central axis;

- aplurality of needles supported by the needle-hold-
ing unit and moving so as to produce a knitted fabric;

- a plurality of yarn feeding points or yarn "feeds", in
which the needles of the machine are supplied with
yarn, the feeds being placed circumferentially
around the needle-holding unitand angularly spaced
one from the other.

[0096] The figures do not show the knitting machine
for which the needle-holding unitis designed; such a ma-
chine can be of conventional type and known per se.
[0097] From the point of view of knitting technology,
the operation of the whole knitting machine is not de-
scribed in detail, since it is known in the technical field of
the present invention.

[0098] The needle-holding unit 1 has a structure basi-
cally as a hollow solid of rotation (or revolution) develop-
ing around a central axis Z, and is configured for rotating
around this central axis and for supporting a plurality of
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needles N moving so as to produce a knitted fabric. In
the present text, the wording "needle-holding unit" des-
ignate "needle-holding cylinders" and possibly "needle-
holding plates", structures that are known in the field of
circular knitting machines.

[0099] The needle-holding unit 1 has on an outer side
at least one working surface, referred to in the figures,
and in the various embodiments, with numeral 2.
[0100] A plurality of needle seats 3, placed beside one
another and arranged around the central axis Z, is de-
fined on this working surface 2.

[0101] Each one of these needle seats 3 is configured
for movably housing at least one portion of at least a
respective needle N to be actuated with an alternate mo-
tion along the respective needle seat with:

- amotion of extraction, by which the needle N is taken
out with its head H and with a portion of its stem
above of the needle-holding unit 1 through an upper
end of the respective needle seat so as to discharge
on its stem the knitted loop previously formed and/or
for taking the yarn or yarns supplied on a machine
feed, and

- amotion of return, by which the needle N is returned
with its head H into the respective needle seat 3 so
as to form a new knitted loop by holding down the
knitted loop previously formed.

[0102] The alternate motion of the needle 3 allows to
produce knitted fabric.

[0103] The needle-holding unit 1 is equipped above
with a knitting plane KP which the upper ends of the nee-
dle seats 3 point towards. The knitting plane KP is des-
tined to receive resting thereon the knitted portions be-
tween two adjacent needles while these, after taking the
yarn from a machine feed, get back into the respective
needle seats.

[0104] As shown in the figures, each needle seat 3 of
the aforesaid plurality of needle seats 3 has a longitudinal
development inclined with respect to the central axis Z.
[0105] Thewording "needle seat" designates the hous-
ing or groove designed to movably house at least one
needle of the knitting machine during operation; in the
technical field, this needle seat is also referred to as "slid-
ing seat". The needle seats are therefore structures of
the needle-holding unit allowing the latter to support and
guide the needles in the movement required for forming
the knitted fabric.

[0106] The wording "on the working surface a plurality
of needle seats is defined" means that the working sur-
face comprises a plurality of needle seats obtained on
the surface itself, e.g. by cutting the working surface or
applying slats on the working surface. Typically, defining
aneedle seat consists in carrying out a groove or housing
indented from the working surface and apt to house at
least one needle. As an alternative, the needle seat can
be a housing protruding from the working surface. In gen-
eral, the needle seat has a suitable depth, along a direc-
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tion transversal or perpendicular to the working surface,
so as to house at least partially a respective needle.
Moreover, the needle seat has a width, in a direction or-
thogonal to the longitudinal development thereof and
along the working surface, apt to laterally contain said at
least one needle; this width is sufficiently large as to con-
tain the needle thickness.

[0107] Within the scope of the present invention, the
wording "longitudinal development", referred to a needle
seat, means the development in length of the seat on the
working surface, i.e. the main development with respect
to depth and width. Therefore, considering the three di-
mensions of a needle seat in space as length, width and
depth, the longitudinal development is length.

[0108] Within the scope of the present invention, the
term "inclined" with respect to the central axis Z means
that the needle seat 3 forms an angle differing from zero
with respect to a straight line parallel to the central axis
and lying on a plane traversing the needle seat itself.
[0109] Each needle seat 3 has a main longitudinal de-
velopment and is configured for laterally containing in-
side, at least partially, at least one respective needle N,
so that the needle can slidably move in the needle seat
following the longitudinal development of the seat itself.
[0110] In other words, each needle seat 3 has a main
one-dimensional development along a direction corre-
sponding to its length and coinciding with the aforesaid
longitudinal development. This longitudinal development
ofthe needle seat s larger than its width and depth, which
are sized so as to movably house at least one respective
needle.

[0111] The longitudinal development of the needle
seat 3 is therefore similar to a segment of straight line.
[0112] As shown in the figures, the working surface 2
has a shape as a surface of rotation obtained through
the rotation of the needle seat 3 around the central axis
Z. In other words, this means that the surface of rotation
2 is obtained by means of a rotation of the longitudinal
development, considered two-dimensionally as a seg-
ment corresponding to its length.

[0113] The working surface 2 is a non-cylindrical, non-
conical three-dimensional surface. In particular, as in the
embodiments shown in the figures, the working surface
is preferably a one-sheeted hyperboloid or hyperbolic hy-
perboloid.

[0114] According to further formulations and embodi-
ments of the present invention, this working surface 2 is
a ruled surface, preferably a doubly ruled surface, and
in particular a non-degenerate quadric.

[0115] Preferably, the working surface 2 is a concave
surface, developing all around the central axis Z, the con-
cavity pointing outside the needle-holding unit 1.
[0116] In a possible embodiment, the working surface
can be a portion of an ellipsoid, e.g. a scalene ellipsoid,
a prolate spheroid, an oblate spheroid or a sphere.
[0117] In a possible embodiment, the working surface
can be a portion of a paraboloid, e.g. an elliptic parabo-
loid, a circular paraboloid or a hyperbolic paraboloid.
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[0118] In a further possible embodiment, the working
surface can be a two-sheeted hyperboloid or elliptic hy-
perboloid. Preferably, the working surface 2 is not a de-
generate quadric.

[0119] The shape of the working surface 2 is shown
by way of example in the figures, in accordance with
some embodiments, and in particular in Figures 1, 2, 3,
4,5,7 and 9.

[0120] Inthese figures the three-dimensional shape as
a "one-sheeted hyperboloid" or "hyperbolic hyperboloid"
of the working surface 2 can be observed, obtained by
rotating an inclined segment (the needle seat 3) around
the central axis Z.

[0121] For the sake of clarity, the schematic figures
show only some needle seats on the working surface, at
the same distance from one another at regular intervals.
However, the technical solution of the present invention
can also be implemented, in a circular knitting machine,
with a much larger number of needle seats close to one
another. Preferably, the needle-holding unit 1 is equipped
with a Cartesian reference system defined by three mu-
tually orthogonal axes, wherein:

- afirst vertical axis Z coincides with said central axis
Z,

- asecond horizontal axis X and a third horizontal axis
Y define a horizontal plane, orthogonal to the first
axis Z, traversing the knitting plane KP.

[0122] Preferably, the needle-holding unit 1 is
equipped with a cylindrical reference system, wherein
each point of the working surface 2 may be defined by
three coordinates:

- aradial coordinate corresponding to the distance of
the point from the central axis Z;

- an angular coordinate corresponding to the angular
distance with respect to the origin on the horizontal
plane;

- an axial coordinate corresponding to the height of
the point, calculated in a direction parallel to the cen-
tral axis Z, with respect to the horizontal plane.

[0123] Preferably, the knitting plane KP of the needle-
holding unit lies on the aforesaid horizontal plane or is
co-planar therewith.

[0124] Preferably, the Cartesian reference system and
the cylindrical reference system have the same point of
origin. Preferably, as can be observed in the figures, the
distance from the central axis Z, calculated on planes
parallel to the horizontal plane, of each point of the work-
ing surface 2 varies for each vertical height, along a di-
rection parallel to the central axis, preferably in a non-
linear manner.

[0125] Preferably, as shown by way of example in Fig-
ures 1 (in the middle), 3 and 7, the working surface 2 has
an upper end 5 and a lower end 6, between which a
central section is placed, and the distance from the cen-
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tral axis Z, calculated on planes parallel to the horizontal
plane, of the points belonging to the upper end 5 and to
the lower end 6 is larger than the distance of the points
belonging to the central section.

[0126] As an alternative, as shown by way of example
in Figures 1 (above) and 5, the working surface 2 has an
upper end 5 and a lower end 6, and the distance from
the central axis Z, calculated on planes parallel to the
horizontal plane, of the points belonging to the upper end
5 is larger than the distance of the points belonging to
the lower end 6.

[0127] As an alternative, as shown by way of example
in Figures 1 (below) and 9, the working surface 2 has an
upper end 5 and a lower end 6, and the distance from
the central axis Z, calculated on planes parallel to the
horizontal plane, of the points belonging to the lower end
6 is larger than the distance of the points belonging to
the upper end 5.

[0128] Let's observe Figure 1: it shows three distinct
embodiments of a needle-holding unit 1 according to the
presentinvention (above, in the middle and below). Each
of them exhibits a working surface 2 having a three-di-
mensional shape as a hyperbolic hyperboloid, obtained
as a surface of rotation through the rotation of a needle
seat 3 having the same inclination as the central axis.
Each of the three needle-holding units comprises a re-
spective portion of the same three-dimensional surface
as a hyperbolic hyperboloid (represented schematically
in Figure 2 and 4). In practice, after defining the three-
dimensional surface by rotating the needle seat 3 (as in
Figure 4) around the central axis z, a given axial sector
of this surface can be selected, i.e. a"slice" of this surface
between two horizontal planes, and this sector defines
the working surface 2 of a given needle-holding unit.
[0129] As an alternative, as shown in the representa-
tion of Figure 3, a needle-holding unit 1 corresponding
to the three examples of Figures 1 taken together can be
carried out: in this case the working surface 2 is still a
surface as a hyperbolic hyperboloid, consisting of the
three working surfaces of Figure 1 assembled together;
the upper end of the needle-holding unit of Figure 3 cor-
responds to the upper end of the needle-holding unit
above in Figure 1, whereas the lower end of the needle-
holding unit of Figure 3 corresponds to the lower end of
the needle-holding unit below in Figure 1.

[0130] Preferably, as in the embodiments of Figure 3
and Figure 7, the working surface 2 defines a minimum
circumference M lying on a plane parallel to the horizontal
plane and comprising all of its points having a minimum
radial distance (referred to as rTAN) from the central axis
Z.

[0131] Preferably, the difference between the radial
position, i.e. the distance from the central axis Z, of the
points of the working surface 2 lying on the upper end 5
oronthelower end 6,, and the radial position of the points
of the working surface 2 lying on the minimum circum-
ference M is of at least 0.1 mm and/or of at least 1 mm
and/or of at least 2 mm and/or of at least 10 mm.
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[0132] Preferably, the variation between the radial po-
sition, i.e. the distance from the central axis Z, of the
points of the working surface 2 lying on the upper end 5
or on the lower end 6, and the radial position of the points
of the working surface 2 lying on the minimum circum-
ference M is of at least 1% and/or of at least 2% and/or
of at least 5% and/or of at least 10%.

[0133] Preferably, the intersection between a plurality
of planes parallel to the horizontal plane, each at a dif-
ferent vertical height along the vertical axis Z, and the
working surface 2 identifies a plurality of horizontal cir-
cumferences, each circumference being defined by all
of the points of the working surface 2 placed at the re-
spective height of the circumference itself and at a dis-
tance from the central axis corresponding to the radius
of the circumference itself.

[0134] Preferably, each needle seat 3 is configured for
housing at least one respective needle N having a recti-
linear shape, and has a bottom surface of the seat (or
bottom) on which said at least one respective needle
slides.

[0135] Preferably, the needle seat 3 beinginclined with
respect to the central axis Z, the bottom surface of the
seat has a point of minimum distance P from the central
axis Z and lies on a bottom plane, said bottom plane
being parallel to the central axis Z and tangent to a base
cylinder of the needle-holding unit.

[0136] Let’'s observe Figure 25, wherein the base cyl-
inder (in hatched line) is represented schematically, i.e.
the ideal cylindrical surface having a radius correspond-
ing to the distance of the point of minimum distance P
from the central axis Z (referred to as minimum radial
distance, rTAN). The bottom plane is parallel to axis Z
and tangent to the base cylinder. The needle seat 3 lies
with its longitudinal development on the bottom plane
and is tangent to the base cylinder only in point P. Also
the angle of inclination o of the needle seat with respect
to the vertical line (and thus to the central axis Z) can be
observed.

[0137] The bottom plane is tangent to the base cylinder
in a segment of contact, which is vertical and parallel to
the central axis; this segment of contact comprises, i.e.
Traverses, the aforesaid point of minimum distance P.
The minimum distance corresponds to a minimum radius
(rTAN) of the working surface 2, corresponding to the
radius of the base cylinder.

[0138] Preferably, the needle seat 3 is configured for
causing and guiding the sliding of the needle N housed
therein on the bottom surface of the bottom plane.
[0139] Preferably, as shown in the figures, the combi-
nation of the inclination of the needle seat 3 with the three-
dimensional shape of the working surface 2 is such as
to define a linear and rectilinear bottom, lying on the re-
spective bottom plane, tangent to the base cylinder. This
technical feature can be observed in particular in Figures
14, 18 and 22. These figures are sections of the needle-
holding units according to the embodiments of Figures
11, 15 and 19, respectively, and these sections are taken
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along a needle. It can thus be observed that the needle
N is rectilinear and the needle seat 3 and its bottom sur-
face or bottom plane are linear, too.

[0140] Preferably,the base cylinderisthe one obtained
with a radius corresponding to the minimum radius of the
working surface, having a shape as a hyperbolic hyper-
boloid.

[0141] Preferably, the envelope of all the needle seats
3 coincides with the working surface 2.

[0142] Preferably, the intersection of each vertical
plane traversing the central axis Z with the working sur-
face 2 identifies two branches of a hyperbola (as can be
seen in the schematic representation of Figure 2).
[0143] Preferably, the three-dimensional shape of the
working surface 2 corresponds to the envelope, around
the central axis, of all the points belonging to all the in-
clined needle seats.

[0144] The envelope of the needle seats, correspond-
ing to the working surface, can be observed in each of
the embodiments shown in the figures, and in particular
in Figures 5-10. Figures 6, 8 and 10 show the position
taken in space by the needle N only, in needle-holding
units according to the present invention.

[0145] As schematically shown in Figures 11-22, pref-
erably the needle-holding unit 1 comprises control devic-
es 10 associated thereto, arranged outside around the
needle-holding unit preferably, during use, in a stationary
manner.

[0146] The control devices 10 are configured for inter-
acting with the needles N supported by the needle-hold-
ing unit 1, as a result of the relative rotation between the
needle-holding unit 1, rotating around the central axis Z,
and the stationary control devices, so as to transmit a
controlled movement to each needle N within the respec-
tive needle seat 3, and to cause a movement of the heads
of the needles according to a law of motion.

[0147] This law of motion describes the position of the
heads H of the needles N as a function of the angle of
rotation of the needle-holding unit with respect to the cen-
tral axis Z.

[0148] Preferably, the position of the heads H deter-
mined by said law of motion follows, during the rotation
of the needle-holding unit 1 around the central axis Z, a
non-cylindrical, three-dimensional path, whose coordi-
nates may vary both in height, along a direction parallel
to the central axis Z, and horizontally, with respect to the
knitting plane KP, getting away from or towards the cen-
tral axis Z during the rotation of the needle-holding unit.
This technical feature can be seen in the figures, in par-
ticular in Figures 11-22, wherein it can be observed that
the needle heads, based on their angular position around
the central axis, rise and sink and at the same time get
near and away from the central axis Z, following complex
three-dimensional trajectories that are not enclosed in
cylindrical or conical surfaces.

[0149] Preferably, at each moment, or in each position
of rotation of the needle-holding unit 1, the position of the
head H of the needle N determined by the aforesaid law
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of motion comprises both a height coordinate, parallel to
the central axis Z, and coordinates in a horizontal plane
(therefore with respect to axes X and Y), which is parallel
to the knitting plane KP and traversing the height coor-
dinate.

[0150] Conversely, in traditional needle-holding cylin-
ders, at each moment, or in each position of rotation of
the needle-holding unit, the position of the needle head
is determined by its vertical height along the needle seat
only, i.e. parallel to the central axis, with respect to the
knitting plane.

[0151] Preferably, the horizontal position of the heads
H involves a larger distance from the central axis Z the
higher their vertical position (calculated as an absolute
value of the distance from the point of minimum distance
P), and conversely, the horizontal position of the heads
H involves a smaller distance from the central axis Z the
lower their vertical position (calculated as an absolute
value of the distance from the point of minimum distance
P).

[0152] Preferably, the height (vertical position)
reached by the head H also depends on its radial com-
ponent, which varies as a function of height but, since
the needles always move on the plane of the bottom (tan-
gent to the base cylinder and parallel to the central axis),
the radial component (i.e. on the horizontal plane) of the
trajectory of the heads is related to height and to param-
eters characterizing the geometry of the needle-holding
unit (in particular the angle of inclination o of the inclined
needle seat).

[0153] The needles N are inclined with respect to the
central axis Z of rotation of the needle-holding unit (of
said angle a differing from zero), therefore the needle
heads H seen from above on the horizontal plane (see
Figures 11, 15, 19) does not follow a precise circular mo-
tion but, depending on their height, get away from or near
the axis of rotation (central axis Z). In particular, the heads
get away from the central axis of a farther distance the
higher their vertical position (or height).

[0154] If we consider the travel of the needle bottom
at the level of the knitting plane KP, i.e. the envelope of
the open upper ends of the needle seats 3, this corre-
sponds to a circumference whose radius is the same as
the radius of the knitting plane rKP. When the heads H
of the needles N are in a non-operating position, they
move on the knitting plane KP and therefore follow this
circumference. Conversely, when the needles are in the
operating position (i.e. they get into the needle seats),
the heads move on radius that are greater than rKP for
positive height values and on radius that are smaller than
rKP for negative height values.

[0155] Let us consider now the representation of Fig-
ure 26: the circumference in hatches lines represents the
path of the heads H of the needles in the non-operating
position (i.e. for zero height with respect to the knitting
plane KP). The complex curve referred to with C, con-
versely, represents the projection of the actual path of
the heads H on the knitting plane KP when the needle is
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the operating position and follows the trajectory agreed
upon. The height of the head H with respect to the knitting
plane KP being the same, with the increase of the angle
of inclination o of the needle seat 3 the heads make cir-
cumferences that are larger and larger.

[0156] It should be pointed out that in traditional sys-
tems (needle-holding cylinders with seats that are not
inclined with respect to the central axis) the needles can
slide vertically only and there are no other three-dimen-
sional variations of the trajectories. As a matter of fact,
between two moments, if the needle-holding unit has
made a given angle, also the needle head will have made
the same angle and therefore there is no contribution
given by the inclination of the needle seat.

[0157] Preferably, each needle N of said plurality of
needles comprises at least one respective butt T config-
ured for engaging the control devices 10.

[0158] Preferably, the control devices 10 comprise a
plurality of cams 10 configured for interacting, by means
of a respect cam profile or path 11, with the butts T of
the needles N, so as to control the ascending and de-
scending motion of each needle inside the respective
needle seat 3, according to the aforesaid law of motion.
[0159] Preferably, the cam profile or path 11 of each
cam 10 develops on a non-cylindrical, non-conical three-
dimensional cam surface.

[0160] Preferably, the three-dimensional shape of the
working surface 2 of the needle-holding unit 1 cooperates
with the cam profiles or paths 11 of said plurality of cams
10 in defining said law of motion.

[0161] Moreover, the law of motion defined by the
working surface 2 and by the cam paths 11 involves, with
a constant speed of rotation of the needle-holding unit 1
around the central axis Z, a variable (non-constant) an-
gular speed of the needles Z. As a matter of fact, the
angular speed of the needles is a combination of the
speed of rotation of the needle-holding unit 1, which is
typically constant, with the contribution given by the cam
paths 11, which however is variable depending on the
profile of this path, and can also be negative with respect
to the needle (i.e. pushing it "backwards" in a direction
opposed to the rotation of the needle-holding unit).
[0162] This means that at a given moment, i.e. consid-
ering locally a needle in a given angular position of rota-
tion the needle-holding unit, it can appear "still", i.e. the
contribution of constant rotation of the needle-holding
unit can be the same as and opposed to the contribution
of rotation (in an opposed direction) given by the cam
path (depending on its profile), with a resulting instant
speed of zero. In general, the combination of three-di-
mensional shape of the working surface and cam paths
allows to select and program the law of motion for the
needles.

[0163] Preferably, the angle of inclination o of the nee-
dle seat 3 with respect to the central axis Z being the
same, the three-dimensional shape, as a hyperbolic hy-
perboloid, of the working surface 2 varies as varies the
height of the point of minimum distance P, calculated with
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respect to the horizontal plane and along a direction par-
allel to the central axis Z.

[0164] Preferably, as the height, as a module or abso-
lute value, of the point of minimum distance P decreases,
i.e. as the vertical distance between the knitting plane
KP and the point of minimum distance P decreases, the
distance from the central axis Z of the points belonging
to the upper end 5 of the working surface 2 decreases
and the distance from the central axis Z of the point be-
longing to the lower end 6 of the working surface 2 in-
creases.

[0165] Preferably, asthe height, asamodel or absolute
value, of the point of minimum distance P increases, i.e.
as the vertical distance between the knitting plane KP
and the point of minimum distance P increases, the dis-
tance from the central axis Z of the points belonging to
the upper end 5 of the working surface 2 increases and
the distance from the central axis Z of the points belong-
ing to the lower end 6 of the working surface 2 decreases.
[0166] Basically, the point of minimum distance P can
be located at different heights thus affecting the profile
of the needle-holding unit (in particular of the working
surface shaped as a hyperbolic hyperboloid), which may
have different protrusions (i.e. radius) in the upper and
lower ends.

[0167] Once the position of the point of minimum dis-
tance P is set and the three-dimensional surface is gen-
erated (thanks to the rotation of the needle seat), a given
axial "portion" of this surface can be selected, which be-
comes the working surface 2 of the needle-holding unit.
[0168] It should be pointed out that the point of mini-
mum distance P can be enclosed or not in the working
surface 2 depending on the axial "sector" of the hyper-
bolic hyperboloid that was selected to carry out the nee-
dle-holding unit.

[0169] For instance, the working surface 2 of the em-
bodiment in the middle of Figure 1 (corresponding to the
needle-holding unit of Figure 7), or of the embodiment of
the global embodiment of Figure 3, have a minimum cir-
cumference M enclosing the point of minimum distance
P.

[0170] The respective working surfaces 2 of the em-
bodiments above and below in Figure 1, corresponding
to the needle-holding units of Figures 5 and 9, respec-
tively, however do not enclose the point of minimum dis-
tance P, since they correspond to sectors of the hyper-
bolic hyperboloid that are above and below the point of
minimum distance P.

[0171] Anyway, the working surfaces of all these em-
bodiments shown by way of example exhibit needle seats
that are inclined with the same angle of inclination a,, and
correspond to portions of the same three-dimensional
surface of rotation, which is defined from a geometrical
point of view by the same inclined needle seat. In each
embodiment, the inclined needle seat is a longitudinal
portion (i.e. a segment) of the basic needle seat shown
in Figure 4.

[0172] As shown in the figures, the technical solutions
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according to the present invention allows the needles of
the needle seat to exit with said angle of inclination a.

[0173] Preferably, the angle of inclination is between
0° and 90°.
[0174] Preferably, the needle seat 3 has a rectilinear

shape corresponding to its longitudinal development.
Preferably, the needle seat 3 is inclined with respect to
the central axis Z in such a direction as to lie at the back
along a direction of rotation, during use, of the needle-
holding unit.

[0175] Preferably, the plurality of needle seats com-
prises needle seats 3 that are identical to one another
and all have the same angle of inclination a.

[0176] Preferably, the needle seat 3 is rectilinear and
develops in a respective unitary direction of develop-
ment, which is transversal with respect to the central axis
Z and lies on the respective bottom plane.

[0177] Below is described a circular knitting machine
according to the present invention, which uses a needle-
holding unit as described above.

[0178] The knitting machine comprises:

- asupporting structure;

- atleastone needle-holding unit 1 according to claim
1 turnably mounted in the supporting structure so as
to rotate around the central axis Z;

- aplurality of needles N movably introduced into the
needle seats 3 and moving so as to produce a knitted
fabric.

[0179] Preferably, each needle 3 houses at least one
respective needle N, and each needle N comprises at
least one respective butt T and one respective head H.
[0180] The knitting machine preferably comprises a
plurality of needle control devices 10, or "stitch cams" 10,
configured for interacting with the needles N, in particular
with the butts T of the needles N, so as to transmit to the
needles a given movement inside the respective needle
seat during the rotation of the needle-holding unit. Pref-
erably, each needle N, in particular the respective stem,
extends between an upper portion, on which the needle
head H is defined, configured for interacting with the
yarns so as to produce a knitted fabric, and a lower por-
tion, on which the needle butt T is defined, configured for
interacting with the control devices 10.

[0181] Each needle is made as one piece, wherein the
head H and the butt T are connected to each other in a
continuous manner and move integrally inside the re-
spective needle seat 3. Each needle N is configured for
moving slidably with an alternate motion inside the re-
spective needle seat 3, following the main longitudinal
development of the seat.

[0182] Each needle control device 10, or "stitch cam"
10, comprises a respective cam path 11 configured for
blocking the butts T of the needles in rotation with the
needle-holding unit 1, so that the needle butts enter the
cam path 11 and are guided according to a given law of
motion so as to make a given sliding movement inside
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the respective needle seat 3.

[0183] Preferably, each needle control device 10 inter-
acts in sequence with the needles N in rotation with the
needle-holding unit, so as toimpartin sequence the same
movement to all the needles in the respective needle
seat, wherein each needle makes the movement with a
given delay or offset.

[0184] Preferably, the cam path 11 of each needle con-
trol device 10 extends over its length from an inlet section
on which the needles in rotation enter the cam path 11,
to an outlet section on which the needles in rotation get
out of the cam path 11.

[0185] Let us observe in particular Figures 23 and 24.
Preferably, the cam path 11 of the needle control device
10 has a non-cylindrical, three-dimensional or globoidal
shape, such as to be basically matching and facing the
working surface 2 of the needle-holding unit 1, in order
to interact with the butts T of the needles N during the
rotation of the needle-holding unit.

[0186] Preferably, for each point of its angular exten-
sion around the needle-holding unit, the cam path 11
exhibits:

- aheightcorresponding to the height of the path point,
calculated in a direction parallel to the central axis Z;

- aradial coordinate corresponding to the distance of
the point from the central axis.

[0187] According to the present invention, the law of
motion of the heads H of the needles N is advantageously
determined by a combination of the geometrical features
of the working surface 2 of the needle-holding unit 1 and
of the geometrical features of the cam surfaces on which
the cam paths 11 of the plurality of needle control devices
10 develop.

[0188] The invention thus conceived can be subjected
to various changes and variants, all of which fall within
the scope of the claims.

[0189] The presentinvention can be used both on new
and on existing machines, in the latter case replacing
traditional needle-holding units. The invention achieves
important advantages. First of all, the invention allows to
overcome at least some of the drawbacks of known tech-
nique.

[0190] In particular, the special shape of the needle-
holding unit according to the present invention allows to
define advanced laws of motion for the needles, without
the limits that are typical of prior art solutions. This can
be seen in the possibility of controlling as desired the
movement transferred to the needles. The presentinven-
tion even allows to define the "three-dimensional" law of
motion for the needles, i.e. to manage, the position of the
needle heads, during the rotation of the needle-holding
unit around the central axis, by letting them follow a non-
cylindrical, three-dimensional path, whose coordinates
may vary both in height, along a direction parallel to the
central axis, and horizontally, with respect to the knitting
plane, getting away from or towards the central axis as
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a function of the rotation of the needle-holding unit. This
enables to obtain alternative, innovative textile designs
and effects with respect to the prior art, thus opening the
way to new fields of design.

[0191] It should be pointed out that, from a cinematic
point of view, in the solution of the present invention both
the needle-holding unit (with its inclined needle seats and
the three-dimensional working surface) and the stitch
cams cooperate together to define the three-dimensional
law of motion of the needles, enabling to transmit to the
needle heads specific spatial paths; this is a huge step
forward with respect to traditional solutions, in which only
stitch cams (with their limitations from the point of view
of design) are involved in defining the law of motion. It
should further be pointed out that in prior-art technique
the angle of pressure of stitch cams is basically related
to the slope of the cam profile only, whereas in the solu-
tion of the present invention it is related both to the slope
and to the inclination of the seat and to the three-dimen-
sional shape of the needle-holding unit and of the cam.
Thus, by selecting a specific three-dimensional shape of
the needle-holding cylinder and of its needle seats, the
cam path can be shaped or formed with higher slopes.
[0192] The higher slope that can be obtained for the
cam path in the sinking length enables to reduce the nee-
dles simultaneously below the holding-down plane, and
thus to limit the tension on the yarns without causing the
butts to break. It should be reminded that the reduction
of tension thanks to the smaller number of needles below
the holding-down plane is due to the fact that there is a
smaller number of needles simultaneously blocking and
braking the yarn.

[0193] It is therefore advantageously possible to in-
crease the fineness of the knitting machine, i.e. the
number of needle per inch, since the tensions on the
yarns are reduced with respect to known technique.
Thanks to the solution of the presentinvention it is there-
fore possible to increase the speed of rotation of the nee-
dle-holding unit. Ultimately, the solution of the present
invention enables to reduce the actual angle of pressure
on the butts so as to obtain a steeper sinking of the heads.
The fast sinking enables to improve knitting performance
since it causes a fast stitch loading.

[0194] Moreover, the present invention enables to in-
crease the performance of a knitting machine, and in par-
ticular to increase the fineness of the knitting machine
(e.g. up to values of 60, 90 or above). In addition, the
present invention enables to reduce or eliminate the
breaking of the butts of the needles cooperating with the
stitch cams. Moreover, the present invention enables to
reduce or eliminate the breaking of the yarns, in particular
with high finenesses.

[0195] Furthermore, the present invention enables to
reduce failures or malfunctions of a circular knitting ma-
chines and/or ensures a higher efficiency in time. More-
over, the needle-holding unit of the present invention is
characterized by a competitive cost and by a simple and
rational structure.
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Claims

1.

A needle-holding unit (1) for circular knitting ma-
chines, destined to be turnably mounted to a sup-
porting structure of a circular knitting machine and
having a structure basically shaped as a hollow solid
of rotation formed around a central axis (Z), the nee-
dle-holding unit (1) being configured for turning
around said central axis and for supporting a plurality
of needles (N) capable to move so as to produce a
knitted fabric;

the needle-holding unit (1) having on an outer
side thereof at least one working surface (2),
wherein a plurality of needle seats (3) placed
one beside the other and arranged around said
central axis (Z) is defined on the working surface
(2);

wherein the working surface (2) has a shape as
a surface of rotation obtained through the rota-
tion of said needle seat (3) around the central
axis (Z), and wherein the working surface (2) is
a non-cylindrical, non-conical three-dimension-
al surface;

the needle-holding unit being characterized in
that each one of said needle seats (3) is config-
ured for movably housing at least one portion of
at least a respective needle (N) to be actuated
with an alternate motion along the respective
needle seat (3) with a motion of extraction, by
which the needle (N) is taken out with its head
(H) and with a portion of its stem above of the
needle-holding unit (1) through an upper end of
therespective needle seat (3) so as to discharge
on its stem the knitted loop previously formed
and/or for taking the yarn or yarns supplied on
a machine feed, and with a motion of return, so
as to form a new knitted loop by holding down
the knitted loop previously formed;

and in that each needle seat (3) of said plurality
of needle seats has a longitudinal development
inclined with respect to the central axis (Z), each
needle seat (3) being similar to a segment of a
straight line and forming an angle differing from
0° with respect to a straight line parallel to said
central axis (Z) and lying on a plane traversing
the needle seat (3) itself.

The needle-holding unit (1) according to claim 1,
wherein said working surface (2) is a one-sheeted
hyperboloid or hyperbolic hyperboloid.

The needle-holding unit (1) according to claim 1 or
2, wherein said working surface (2) is a doubly ruled
surface, and in particular a non-degenerate quadric,
and/or wherein said working surface (2) is a concave
surface, developing all around the central axis (Z),
the concavity pointing outside the needle-holding
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unit (1).

The needle-holding unit (1) according to any one of
the preceding claims, wherein above the needle-
holding unit (1) a knitting plane (KP) is defined, which
the upper ends of the needle seats (3) point towards,
destined to receive resting thereon the knitted por-
tions between two adjacent needles (N) while these,
after taking the yarn from a machine feed, get back
into the respective needle seats (3),

and wherein the needle-holding unit (1) has a
Cartesian reference system defined by three
mutually orthogonal axes, wherein:

- a first vertical axis (Z) coincides with said
central axis (2);

- a second horizontal axis (X) and a third
horizontal axis (Y) define a horizontal plane,
orthogonal to said first axis (Z), traversing
the knitting plane (KP),

and wherein the needle-holding (1) unit has a
cylindrical reference system, wherein each point
of the working surface (2) may be defined by
three coordinates:

- a radial coordinate corresponding to the
distance of the point from the central axis
(2);

- an angular coordinate corresponding to
the angular distance with respect to the or-
igin on the horizontal plane;

- an axial coordinate corresponding to the
height of the point, calculated in a direction
parallel to the central axis (Z), with respect
to the horizontal plane,

and wherein said knitting plane (KP) of the nee-
dle-holding unit (1) lies on said horizontal plane
or is coplanar therewith, or wherein the Carte-
sian reference system and the cylindrical refer-
ence system have the same point of origin.

The needle-holding unit (1) according to claim 4,
wherein the distance from the central axis (Z), cal-
culated on planes parallel to the horizontal plane, of
each point of the working surface (2) varies for each
vertical height, along a direction parallel to the central
axis (Z), in a non-linear manner.

The needle-holding unit (1) according to claim 4 or
5, wherein:

- the working surface (2) has an upper end (5)
and a lower end (6), between which a central
sectionis placed, and the distance from the cen-
tral axis (Z), calculated on planes parallel to the
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horizontal plane, of the points belonging to the
upper end (5) and to the lower end (6) is larger
than the distance of the points belonging to the
central section; or wherein

- the working surface (2) has an upper end (5)
and a lower end (6), and the distance from the
central axis (Z), calculated on planes parallel to
the horizontal plane, of the points belonging to
the upper end (5) is larger than the distance of
the points belonging to the lower end (6), or
wherein

- the working surface (2) has an upper end (5)
and a lower end (6), and the distance from the
central axis (Z), calculated on planes parallel to
the horizontal plane, of the points belonging to
the lower end (6) is larger than the distance of
the points belonging to the upper end (5).

The needle-holding unit (1) according to any one of
claims 4 to 6, wherein said working surface (2) de-
fines a minimum circumference (M) lying on a plane
parallel to said horizontal plane and comprising all
of its points having a minimum radial distance (rTAN)
from the central axis (Z), and/or wherein the inter-
section between a plurality of planes parallel to the
horizontal plane, each at a different vertical height
along the vertical axis (Z), and the working surface
(2) identifies a plurality of horizontal circumferences,
each circumference being defined by all of the points
of the working surface (2) placed at the respective
height of the circumference itself and at a distance
from the central axis (Z) corresponding to the radius
of the circumference itself.

The needle-holding unit (1) according to any one of
the preceding claims, wherein each needle seat (3)
is configured for housing atleast one respective nee-
dle (N) having a rectilinear shape, and has a bottom
surface of the seat, on which said at least one re-
spective needle (N) slides, and wherein, said needle
seat (3) being inclined with respect to the central axis
(2), the bottom surface of the seat has a point of
minimum distance (P) from the central axis (Z) and
lies on a bottom plane, said bottom plane being par-
allel to the central axis (Z) and tangent to a base
cylinder of the needle-holding unit (1), said base cyl-
inder having a radius corresponding to said minimum
radial distance (rTAN), and wherein the needle seat
(3) is configured for determining and guiding the slid-
ing of the needle (N) housed by it on the bottom sur-
face on said bottom plane.

The needle-holding unit (1) according to claim 8,
wherein the combination of the inclination of said
needle seat (3) with a three-dimensional shape of
said working surface (2) is such as to defined alinear
bottom surface, lying on the respective bottom plane,
tangent to the base cylinder, and/or wherein a three-
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dimensional shape of the working surface (2) corre-
sponds to the envelope, around the central axis (Z),
of all the points belonging to all the inclined needle
seats (3), and/or wherein the intersection of each
vertical plane traversing the central axis (Z) with the
working surface (2) identifies two branches of a hy-
perbola.

The needle-holding unit (1) according to claim 8 or
9, wherein the bottom plane is tangent to the base
cylinder in a segment of contact, which is vertical
and parallel to the central axis (Z), said segment of
contact comprising, i.e. traversing, said point of min-
imum distance (P), and wherein all the needle seats
(3) of said plurality of needle seats have aninclination
with respect to the central axis (Z) corresponding to
an angle of inclination (o) different from zero, said
angle of inclination being the smallest angle formed
by each needle seat (3), on its bottom plane, with
the respective segment of contact.

The needle-holding unit (1) according to any one of
claims 4 to 10, comprising control devices (10) as-
sociated thereto, arranged outside around the nee-
dle-holding unit (1) preferably in a stationary manner
and configured for interacting with the needles (N)
supported by the needle-holding unit (1), as a result
of the relative rotation between the needle-holding
unit (1), rotating around the central axis (Z), and the
control devices (10), so as to transmit a controlled
movement to each needle (N) within the respective
needle seat (3), and to cause a movement of the
heads (H) of the needles (N) according to a law of
motion;

wherein said law of motion describes the position of
the heads (H) as a function of the angle of rotation
of the needle-holding unit (1) with respect to the cen-
tral axis (Z), and wherein the position of the heads
(H) of the needles (N) determined by said law of mo-
tion follows, during the rotation of the needle-holding
unit (1) around the central axis (Z), a non-cylindrical,
non-conical three-dimensional path, whose coordi-
nates may vary both in height, along a direction par-
allel to the central axis (Z), and horizontally, with re-
spect to the knitting plane (KP), getting away from
or towards the central axis (Z) during the rotation of
the needle-holding unit (1).

The needle-holding unit (1) according to the preced-
ing claim, wherein at each moment, or in each posi-
tion of rotation of the needle-holding unit, the position
of the head (H) of the needle (N) determined by said
law of motion comprises both a height coordinate,
parallel to the central axis (Z), and coordinated in a
horizontal plane, which parallel to the knitting plane
(KP) and traversing the height coordinate.

The needle-holding unit (1) according to any one of
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claims 10 to 12, wherein, said angle of inclination (a)
of the needle seat (3) with respect the central axis
(Z2) being the same, the three-dimensional shape,
e.g. as a hyperbolic hyperboloid, of the working sur-
face (2) varies as varies the height of said point of
minimum distance (P), calculated with respect to the
horizontal plane and along a direction parallel to the
central axis (Z), and/or wherein, as the height, as a
module or absolute value, of the point of minimum
distance (P) decreases, i.e. as the vertical distance
between the knitting plane (KP) and the point of min-
imum distance (P) decreases, the distance from the
central axis (Z) of the points belonging to the upper
end (5) of the working surface (2) decreases and the
distance from the central axis (Z) of the point belong-
ing to the lower end (6) of the working surface (2)
increases, and/or wherein, as the height, as a model
or absolute value, of the point of minimum distance
(P) increases, i.e. as the vertical distance between
the knitting plane (KP) and the point of minimum dis-
tance (P) increases, the distance from the central
axis (Z) of the points belonging to the upper end (5)
of the working surface (2) increases and the distance
from the central axis (Z) of the point belonging to the
lower end (6) of the working surface (2) decreases.

A circular knitting machine for knitted or hosiery
items, comprising:

- a supporting structure;

- at least one needle-holding unit (1) according
to any one of the preceding claims, having a
structure basically shaped as a hollow solid of
rotation developing around a central axis (Z),
the needle-holding unit (1) being turnably
mounted in said frame so as to turn around said
central axis (2);

- a plurality of needles (N) movably introduced
into the needle seats (3) of the needle-holding
unit (1) and moving so as to produce a knitted
fabric, wherein each needle seat (3) houses at
least one respective needle (N), each needle
comprising at least one respective butt (T) and
one respective head (H);

- a plurality of needle control devices (10) or
"stitch cams" (10), configured for interacting with
the needles (N), in particular with the needle
butts (T), so as to transmit to the needles (N) a
given movement inside the respective needle
seat (3) during the rotation of the needle-holding
element,

wherein each needle (N), in particular the respective
stem, extends between an upper portion, on which
the needle head (H) is defined, configured for inter-
acting with the yarns so as to produce a knitted fabric,
and a lower portion, on which the needle butt (T) is
defined, configured for interacting with said control
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devices (10), each needle (N) having a unitary shape
in which head (H) and butt (T) are connected con-
tinuously and move integrally inside the respective
needle seat (3), and wherein each needle is config-
ured for moving slidably with an alternate motion in-
side the respective needle seat, following the main
longitudinal development of the seat.

The circular knitting machine according to the pre-
ceding claim, wherein each needle control device
(10) comprises a respective cam path (11) config-
ured for catching the butts (T) of the needles (N)
rotating with the needle-holding unit (1), so that the
needle butts (T) get into said cam path (11) and are
guided, according to a given law of motion, so as to
make a given sliding movementinside the respective
needle seat (3), wherein the cam path (11) of said
needle control device (10) has a non-cylindrical,
three-dimensional or globoidal shape, such as be
basically matching and facing, at a given distance,
said working surface (2) of the needle-holding unit
(1), in order to interact with the butts (T) of the nee-
dles (N) during the rotation of the needle-holding unit
(1), and wherein, for each point of its angular exten-
sion around the needle-holding unit (1), said cam
path (11) exhibits:

- aheight corresponding to the height of the path
point, calculated in a direction parallel to the cen-
tral axis (2);

- a radial coordinate corresponding to the dis-
tance of the point from the central axis (Z),

and/or wherein the law of motion of the heads (H) of
the needles (N) is determined by a combination of
the geometrical features of the working surface (2)
of the needle-holding unit (1) and of the geometrical
features of the cam surfaces on which the cam paths
(11) of said plurality of needle control devices (10)
develop.

Patentanspriiche

1.

Nadel-Halteeinheit (1) fir Rundstrick-Maschinen,
welche dazu vorgesehen ist, drehbar an einer Tra-
gestruktur einer Rundstrick-Maschine montiert zu
sein, und eine Struktur aufweist, welche im Wesent-
lichen gebildet ist als ein hohler Rotationskérper,
welcher um eine zentrale Achse (Z) herum gebildet
ist, wobei die Nadel-Halteeinheit (1) dazu eingerich-
tet ist, sich um die zentrale Achse zu drehen, und
fur ein Tragen einer Mehrzahl von Nadeln (N), wel-
che in der Lage sind, sich derart zu bewegen, dass
ein gestricktes Gewebe hergestellt wird;

wobei die Nadel-Halteeinheit (1) an einer dulRe-
ren Seite davon wenigstens eine Arbeitsflache
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(2) aufweist, wobei eine Mehrzahl von Nadelsit-
zen (3), welche einer neben dem anderen plat-
ziert sind und um die zentrale Achse (Z) herum
angeordnet sind, an der Arbeitsflache (2) defi-
niert ist;

wobei die Arbeitsflache (2) eine Form als eine
Rotationsflache aufweist, welche durch die Ro-
tation des Nadelsitzes (3) um die zentrale Achse
(Z) herum erhalten wird, und wobei die Arbeits-
flache (2) eine nicht-zylindrische, nicht-koni-
sche dreidimensionale Flache ist;

wobei die Nadel-Halteeinheit dadurch gekenn-
zeichnet ist, dass jeder der Nadelsitze (3) dazu
eingerichtet ist, bewegbar wenigstens einen Ab-
schnitt von wenigstens einer entsprechenden
Nadel (N) aufzunehmen, welche mit einer alter-
nierenden Bewegung entlang des entsprechen-
den Nadelsitzes (3) mit einer Extraktionsbewe-
gung zu betatigen ist, durch welche die Nadel
(N) mit ihrem Kopf (H) und mit einem Abschnitt
ihres Schafts oberhalb der Nadel-Halteeinheit
(1) durch ein oberes Ende des entsprechenden
Nadelsitzes (3) enthommen wird, um so an ih-
rem Schaft die gestrickte Masche abzugeben,
welche zuvor gebildet worden ist, und/oder fir
ein Ubernehmen des Garns oder der Garne,
welche an einer Maschinen-Zufiihrung geliefert
werden, und mit einer Rickkehrbewegung, um
so eine neue gestrickte Masche zu bilden, indem
die zuvor gebildete gestrickte Masche nieder-
gehalten wird;

und dadurch, dass jeder Nadelsitz (3) der Mehr-
zahl von Nadelsitzen eine longitudinale Erstre-
ckung aufweist, welche bezliglich der zentralen
Achse (Z) geneigt ist, wobei jeder Nadelsitz (3)
ahnlich einem Segment einer geraden Linie ist
und einen Winkel bildet, welcher von 0° bezlg-
lich einer geraden Linie parallel zu der zentralen
Achse (Z) verschieden ist, und an einer Ebene
liegt, welche durch den Nadelsitz (3) selbst ver-
lauft.

Nadel-Halteeinheit (1) nach Anspruch 1, wobei die
Arbeitsflache (2) ein einschaliges Hyperboloid oder
ein hyperbolisches Hyperboloid ist.

Nadel-Halteeinheit (1) nach Anspruch 1 oder 2, wo-
bei die Arbeitsflache (2) eine doppelte Regelflache
ist und insbesondere eine nicht-degenerierte Qua-
drik, und/oder wobei die Arbeitsflache (2) eine kon-
kave Flache ist, welche sich um die gesamte zentrale
Achse (Z) erstreckt, wobei die Konkavitat nach au-
Rerhalb der Nadel-Halteeinheit (1) zeigt.

Nadel-Halteeinheit (1) nach einem der vorhergehen-
den Anspriiche, wobei oberhalb der Nadel-Halteein-
heit (1) eine Strickebene (KP) definiertist, zu welcher
die oberen Enden der Nadelsitze (3) weisen, welche
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dazu vorgesehen ist, daran ruhend die gestrickten
Abschnitte zwischen zwei benachbarten Nadeln (N)
aufzunehmen, wahrend diese nach einem Uberneh-
men des Garns von einer Maschinen-Zufiihrung zu-
rickin die entsprechenden Nadelsitze (3) gelangen,

und wobei die Nadel-Halteeinheit (1) ein karte-
sisches Referenzsystem aufweist, welches
durch drei wechselseitig orthogonale Achsen
definiert ist, wobei:

- eine erste vertikale Achse (Z) mit der zen-
tralen Achse (Z) zusammenfallt;

- eine zweite horizontale Achse (X) und eine
dritte horizontale Achse (Y) eine horizontale
Ebene definieren, welche orthogonal zu der
ersten Achse (Z)ist, welche die Strickebene
(KP) durchquert,

und wobei die Nadel-Halteeinheit (1) ein zylin-
drisches Referenzsystem aufweist, wobei jeder
Punkt der Arbeitsflache (2) durch drei Koordina-
ten definiert werden kann:

- eine radiale Koordinate, welche der Dis-
tanz des Punkts von der zentralen Achse
(Z) entspricht;

- eine Winkelkoordinate, welche der Win-
keldistanz bezlglich des Ursprungs an der
horizontalen Ebene entspricht;

- eine axiale Koordinate, welche der Hohe
des Punkts entspricht, berechnet in einer
Richtung parallel zu der zentralen Achse (Z)
bezliglich der horizontalen Ebene,

und wobei die Strickebene (KP) der Nadel-Hal-
teeinheit (1) an der horizontalen Ebene liegt
oder koplanar damit ist, oder wobei das kartesi-
sche Referenzsystem und das zylindrische Re-
ferenzsystem denselben Ursprung aufweisen.

Nadel-Halteeinheit (1) nach Anspruch 4, wobei die
Distanz von der zentralen Achse (Z), berechnet an
Ebenen parallel zu der horizontalen Ebene, von je-
dem Punkt der Arbeitsflache (2) fir jede vertikale
Hoéhe entlang einer Richtung parallel zu der zentra-
len Achse (Z) in einer nicht-linearen Weise variiert.

Nadel-Halteeinheit (1) nach Anspruch 4 oder 5, wo-
bei:

- die Arbeitsflache (2) ein oberes Ende (5) und
ein unteres Ende (6) aufweist, zwischen wel-
chen ein zentraler Abschnitt platziert ist, und die
Distanz von der zentralen Achse (Z), berechnet
an Ebenen parallel zu der horizontalen Ebene,
der Punkte, welche zu dem oberen Ende (5) und
zu dem unteren Ende (6) gehdren, gréRer als
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die Distanz der Punkte ist, welche zu dem zen-
tralen Abschnitt gehdren; oder wobei

- die Arbeitsflache (2) ein oberes Ende (5) und
ein unteres Ende (6) aufweist und die Distanz
von der zentralen Achse (Z), berechnet an Ebe-
nen parallel zu der horizontalen Ebene, der
Punkte, welche zu dem oberen Ende (5) geho-
ren, groRer als die Distanz der Punkte ist, wel-
che zu dem unteren Ende (6) gehdren, oder wo-
bei

- die Arbeitsflache (2) ein oberes Ende (5) und
ein unteres Ende (6) aufweist und die Distanz
von der zentralen Achse (Z), berechnet an Ebe-
nen parallel zu der horizontalen Ebene, der
Punkte, welche zu dem unteren Ende (6) geho-
ren, groRer als die Distanz der Punkte ist, wel-
che zu dem oberen Ende (5) gehdren.

Nadel-Halteeinheit (1) nach einem der Anspriiche 4
bis 6, wobei die Arbeitsfliche (2) einen minimalen
Umfang (M) definiert, welcher an einer Ebene par-
allel zu der horizontalen Ebene liegt und alle ihrer
Punkte umfasst, welche eine minimale radiale Dis-
tanz (rTAN) von der zentralen Achse (Z) aufweisen,
und/oder wobei der Schnitt zwischen einer Mehrzahl
von Ebenen parallel zu der horizontalen Ebene, jede
bei einer unterschiedlichen vertikalen Héhe entlang
der vertikalen Achse (Z), und der Arbeitsflache (2)
eine Mehrzahl von horizontalen Umfangen identifi-
ziert, wobei jeder Umfang durch alle der Punkte der
Arbeitsflache (2) definiert ist, welche an der entspre-
chenden Héhe des Umfangs selbst und bei einer
Distanz von der zentralen Achse (Z) platziert sind,
entsprechend dem Radius des Umfangs selbst.

Nadel-Halteeinheit (1) nach einem der vorhergehen-
den Anspriiche, wobei jeder Nadelsitz (3) dazu ein-
gerichtet ist, wenigstens eine entsprechende Nadel
(N)aufzunehmen, welche eine geradlinige Form auf-
weist, und eine Bodenflache des Sitzes aufweist, an
welcher die wenigstens eine entsprechende Nadel
(N) gleitet, und wobei der Nadelsitz (3) beztiglich der
zentralen Achse (Z) geneigtist, die Bodenflache des
Sitzes einen Punkt von minimaler Distanz (P) von
der zentralen Achse (Z) aufweist und an einer Bo-
denebene liegt, die Bodenebene parallel zu der zen-
tralen Achse (Z) und tangential zu einem Basiszy-
linder der Nadel-Halteeinheit (1) ist, der Basiszylin-
der einen Radius aufweist, welcher der minimalen
radialen Distanz (rTAN) entspricht, und wobei der
Nadelsitz (3) dazu eingerichtet ist, das Gleiten der
Nadel (N) zu bestimmen und zu fiihren, welche da-
von an der Bodenflache an der Bodenebene aufge-
nommen ist.

Nadel-Halteeinheit (1) nach Anspruch 8, wobei die
Kombination der Neigung des Nadelsitzes (3) mit
einer dreidimensionalen Form der Arbeitsflache (2)
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derart ist, dass eine lineare Bodenflache definiert
wird, welche an der entsprechenden Bodenebene
tangential zu dem Basiszylinder liegt, und/oder wo-
bei eine dreidimensionale Form der Arbeitsflache (2)
der Einhilillendenumdie zentrale Achse (Z) von allen
der Punkte entspricht, welche zu allen der geneigten
Nadelsitze (3) gehoren, und/oder wobei der Schnitt
von jeder vertikalen Ebene, welche die zentrale Ach-
se (Z) durchquert, mit der Arbeitsflache (2) zwei
Zweige einer Hyperbel identifiziert.

Nadel-Halteeinheit (1) nach Anspruch 8 oder 9, wo-
beidie Bodenebene tangential zu dem Basiszylinder
in einem Kontaktsegment ist, welches vertikal und
parallel zu der zentralen Achse (Z) ist, wobei das
Kontaktsegment den Punkt von minimalem Abstand
(P) umfasst, d.h. durchquert, und wobei alle der Na-
delsitze (3) der Mehrzahl von Nadelsitzen eine Nei-
gung bezlglich der zentralen Achse (Z) aufweisen,
welche einem Neigungswinkel (o) verschieden von
Null entspricht, wobei der Neigungswinkel der
kleinste Winkel ist, welcher durch jeden Nadelsitz
(3) an seiner Bodenebene mit dem entsprechenden
Kontaktsegment gebildet ist.

Nadel-Halteeinheit (1) nach einem der Anspriiche 4
bis 10, umfassend Steuervorrichtungen (10), welche
dieser zugeordnet sind, welche aufierhalb um die
Nadel-Halteeinheit (1) herum vorzugsweise in einer
stationaren Weise angeordnetund dazu eingerichtet
sind, mit den Nadeln (N) zusammenzuwirken, wel-
che durch die Nadel-Halteeinheit (1) getragen sind,
als eine Folge der relativen Rotation zwischen der
Nadel-Halteeinheit (1), welche um die zentrale Ach-
se (Z) rotiert, und der Steuervorrichtungen (10), um
so eine gesteuerte Bewegung zu jeder Nadel (N)
innerhalb des entsprechenden Nadelsitzes (3) zu
Ubertragen, und eine Bewegung der Kopfe (H) der
Nadeln (N) gemaf einem Bewegungsgesetz hervor-
zurufen;

Wobeidas Bewegungsgesetz die Position der Képfe
(H) als eine Funktion des Rotationswinkels der Na-
del-Halteeinheit (1) bezlglich der zentralen Achse
(Z) beschreibt, und wobei die Position der Képfe (H)
derNadeln (N), welche durch das Bewegungsgesetz
bestimmt ist, wahrend der Rotation der Nadel-Hal-
teeinheit (1) um die zentrale Achse (Z) herum einem
nicht-zylindrischen, nichtkonischen dreidimensiona-
len Pfad folgt, dessen Koordinaten sowohl in der H6-
he entlang einer Richtung parallel zu der zentralen
Achse (Z) als auch horizontal beztiglich der Stricke-
bene (KP) von der zentralen Achse (Z) weg oder auf
sie zulaufend wahrend der Rotation der Nadel-Hal-
teeinheit (1) variieren kdnnen.

Nadel-Halteeinheit (1) nach dem vorhergehenden
Anspruch, wobei zu jedem Moment oder in jeder Ro-
tationsposition der Nadel-Halteeinheit die Position
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des Kopfs (H) der Nadel (N), welche durch das Be-
wegungsgesetz bestimmt wird, sowohl eine Héhen-
koordinate parallel zu der zentralen Achse (Z) als
auch Koordinaten in einer horizontalen Ebene um-
fasst, welche parallel zu der Strickebene (KP) istund
die Hohenkoordinate durchquert.

Nadel-Halteeinheit (1) nach einem der Anspriiche
10 bis 12, wobei der Neigungswinkel (a) des Nadel-
sitzes (3) bezlglich der zentralen Achse (Z) derselbe
ist, die dreidimensionale Form, z.B. als ein hyperbo-
lisches Hyperboloid, der Arbeitsflache (2) variiert,
wenn die Hohe des Punkts von minimaler Distanz
(P) variiert, berechnet bezlglich der horizontalen
Ebene und entlang einer Richtung parallel zu der
zentralen Achse (Z), und/oder wobei wenn die Héhe
als ein Modul oder ein Absolutwert des Punkts von
minimaler Distanz (P) abnimmt, d.h. wenn die verti-
kale Distanz zwischen der Strickebene (KP) und
dem Punkt von minimaler Distanz (P) abnimmt, die
Distanz von der zentralen Achse (Z) der Punkte ab-
nimmt, welche zu dem oberen Ende (5) der Arbeits-
flache (2) gehoren, und die Distanz von der zentralen
Achse (Z) des Punkts zunimmt, welcher zu dem un-
teren Ende (6) der Arbeitsflache (2) gehort, und/oder
wobei wenn die H6he als ein Modul oder ein Abso-
lutwert des Punkts von minimaler Distanz (P) zu-
nimmt, d.h. wenn die vertikale Distanz zwischen der
Strickebene (KP) und dem Punkt von minimaler Dis-
tanz (P) zunimmt, die Distanz von der zentralen Ach-
se (Z) der Punkte zunimmt, welche zu dem oberen
Ende (5) der Arbeitsflache (2) gehéren, und die Dis-
tanz von der zentralen Achse (Z) des Punkts ab-
nimmt, welcher zu dem unteren Ende (6) der Arbeits-
flache (2) gehort.

Rundstrick-Maschine flir Strick- oder Wirkwaren,
umfassend:

- eine Tragestruktur;

- wenigstens eine Nadel-Halteeinheit (1) nach
einem der vorhergehenden Anspriiche, welche
eine Struktur aufweist, welche im Wesentlichen
als ein hohler Rotationskérper geformt ist, wel-
cher sich um eine zentrale Achse (Z) erstreckt,
wobei die Nadel-Halteeinheit (1) drehbarin dem
Rahmen montiertist, um sich so um die zentrale
Achse (Z) zu drehen;

- eine Mehrzahl von Nadeln (N), welche beweg-
bar in die Nadelsitze (3) der Nadel-Halteeinheit
(1) eingefiihrt sind und sich bewegen, um so ein
gestricktes Gewebe herzustellen, wobei jeder
Nadelsitz (3) wenigstens eine entsprechende
Nadel (N) aufnimmt, wobei jede Nadel wenigs-
tens einen entsprechenden Stumpf (T) und ei-
nen entsprechenden Kopf (H) umfasst;

- eine Mehrzahl von Nadel-Steuervorrichtungen
(10) oder "Stichnocken" (10), welche dazu ein-
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gerichtet sind, mit den Nadeln (N) zusammen-
zuwirken, insbesondere mit den Nadelstimpfen
(T), um so zu den Nadeln (N) eine vorgegebene
Bewegung innerhalb des entsprechenden Na-
delsitzes (3) wahrend der Rotation des Nadel-
Halteelements zu Ubertragen,

wobei sich jede Nadel (N), insbesondere der ent-
sprechende Schaft, zwischen einem oberen Ab-
schnitt, an welchem der Nadelkopf (H) definiert ist,
welcher dazu eingerichtet ist, mit den Garnen zu-
sammenzuwirken um so ein gestricktes Gewebe
herzustellen, und einem unteren Abschnitt erstreckt,
an welchem der Nadelstumpf (T) definiert ist, wel-
cher dazu eingerichtet ist, mit den Steuervorrichtun-
gen (10) zusammenzuwirken, wobei jede Nadel (N)
eine einheitliche Form aufweist, in welcher Kopf (H)
und Stumpf (T) kontinuierlich verbunden sind und
sich integral innerhalb des entsprechenden Nadel-
sitzes (3) bewegen, und wobei jede Nadel dazu ein-
gerichtet ist, sich gleitend mit einer alternierenden
Bewegung innerhalb des entsprechenden Nadelsit-
zes der longitudinalen Haupterstreckung des Sitzes
folgend zu bewegen.

Rundstrick-Maschine nach dem vorhergehenden
Anspruch, wobei jede Nadel-Steuervorrichtung (10)
einen entsprechenden Nockenpfad (11) umfasst,
welcher dazu eingerichtet ist, die Stimpfe (T) der
Nadeln (N) einzufangen, welche mit der Nadel-Hal-
teeinheit (1) rotieren, so dass die Nadelstimpfe (T)
in den Nockenpfad (11) gelangen und gemaf einem
vorgegebenen Bewegungsgesetz gefiihrt werden,
um so eine vorgegebene Gleitbewegung innerhalb
des entsprechenden Nadelsitzes (3) zu vollfiihren,
wobei der Nockenpfad (11) der Nadel-Steuervorrich-
tung (10) eine nicht-zylindrische dreidimensionale
oder kugelige Form aufweist, um so im Wesentlichen
bei einer vorgegebenen Distanz der Arbeitsflache
(2) der Nadel-Halteeinheit (1) zu entsprechen und
zu ihr zu weisen, um mit den Stiimpfen (T) der Na-
deln (N) wahrend der Rotation der Nadel-Halteein-
heit (1) zusammenzuwirken, und wobei fir jeden
Punkt seiner Winkelerstreckung um die Nadel-Hal-
teeinheit (1) herum der Nockenpfad (11) aufweist:

- eine Hohe, welche der Hohe des Pfadpunkts
entspricht, berechnet in einer Richtung parallel
zu der zentralen Achse (2);

- eine radiale Koordinate, welche der Distanz
des Punkts von der zentralen Achse (Z) ent-
spricht, und/oder wobei das Bewegungsgesetz
der Kopfe (H) der Nadeln (N) durch eine Kom-
bination der geometrischen Merkmale der Ar-
beitsflache (2) der Nadel-Halteeinheit (1) und
der geometrischen Merkmale der Nockenfla-
chen bestimmt wird, an welchen sich die No-
ckenpfade (11) der Mehrzahl der Nadel-Steuer-
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vorrichtungen (10) erstrecken.

Revendications

Unité de support d’aiguilles (1) pour machines a tri-
coter circulaires, destinée a étre montée de maniére
a pouvoir tourner a une structure de support d'une
machine a tricoter circulaire et ayant une structure
basiquement en forme de solide creux de rotation
formée autour d’un axe central (Z), 'unité de support
d’aiguilles (1) étant configurée pour tourner autour
dudit axe central et pour supporter une pluralité
d’aiguilles (N) capables de se déplacer afin de pro-
duire un textile tricoté ;

I'unité de supportd’aiguilles (1) ayant surun cété
externe de celle-ci au moins une surface de tra-
vail (2), dans laquelle une pluralité de siéges
d’aiguille (3) placés I'un a c6té de l'autre et agen-
cés autour dudit axe central (Z) est définie sur
la surface de travail (2) ;

dans laquelle la surface de travail (2) présente
une forme comme une surface de rotation ob-
tenue a travers la rotation dudit siege d’aiguille
(3) autour de I'axe central (Z), et dans laquelle
la surface de travail (2) est une surface tridimen-
sionnelle non cylindrique, non conique ;

I'unité de support d’aiguilles étant caractérisée
en ce que chacun desdits siéges d’aiguille (3)
est configuré pour loger de maniére mobile au
moins une portion d’au moins une aiguille (N)
respective a actionner avec un mouvement al-
ternélelongdu siege d’aiguille (3) respectifavec
un mouvement d’extraction, par lequel l'aiguille
(N) est prélevée avec sa téte (H) et avec une
portion de sa tige au-dessus de l'unité de sup-
port d’aiguilles (1) a travers une extrémité supé-
rieure du siége d’aiguille (3) respectif afin de dé-
charger sur sa tige la boucle tricotée précédem-
ment formée et/ou pour prélever le fil ou les fils
alimenté-s sur une alimentation de machine, et
avec un mouvement de retour, afin de former
une nouvelle boucle tricotée en maintenant vers
le baslaboucle tricotée précédemment formée ;
eten ce que chaque siege d’aiguille (3) de ladite
pluralité de siéges d’aiguille présente un déve-
loppementlongitudinalincliné parrapportal’axe
central (Z), chaque siege d’aiguille (3) étant si-
milaire a un segment d’une ligne droite et for-
mant un angle différant de 0° par rapport a une
ligne droite paralléle audit axe central (Z) et re-
posant sur un plan traversant le siege d’aiguille
(3) lui-méme.

2. Unitéde supportd’aiguilles (1) selon larevendication

1, dans laquelle ladite surface de travail (2) est un
hyperboloide a une nappe ou hyperboloide hyper-
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bolique.

Unité de supportd’aiguilles (1) selonla revendication
1 ou 2, dans laquelle ladite surface de travail (2) est
une surface doublement réglée, et en particulier une
quadrique non dégénérée, et/ou dans laquelle ladite
surface de travail (2) est une surface concave, se
développant tout autour de I'axe central (Z), la con-
cavité pointant vers I'extérieur de I'unité de support
d’aiguilles (1).

Unité de support d’aiguilles (1) selon I'une quelcon-
que des revendications précédentes, dans laquelle
au-dessus de I'unité de support d’aiguilles (1) un plan
de tricotage (KP) est défini, vers lequel pointent les
extrémités supérieures des sieges d’aiguille (3), des-
tiné arecevoir reposant dessus les portions tricotées
entre deux aiguilles (N) adjacentes tandis que celles-
ci, aprés avoir prélevé le fil d’'une alimentation de
machine, reviennent dans leurs sieges d’aiguille (3)
respectifs,

et dans laquelle I'unité de support d’aiguilles (1)
posséde un systéme de référence cartésien dé-
fini par trois axes mutuellement orthogonaux,
dans laquelle :

- un premier axe vertical (Z) coincide avec
ledit axe central (Z) ;

- un second axe horizontal (X) et un troisie-
me axe horizontal (Y) définissent un plan
horizontal, orthogonal audit premier axe (Z),
traversant le plan de tricotage (KP),

etdans laquelle I'unité de support d’aiguilles (1)
posséde un systéme de référence cylindrique,
dans lequel chaque point de la surface de travail
(2) peut étre défini par trois coordonnées :

- une coordonnée radiale correspondant a
la distance du point depuis I'axe central (Z) ;
- une coordonnée angulaire correspondant
aladistance angulaire parrapportal'origine
du plan horizontal ;

- une coordonnée axiale correspondantala
hauteur du point, calculée dans un sens pa-
rallele a 'axe central (Z), par rapport au plan
horizontal,

et dans laquelle ledit plan de tricotage (KP) de
I'unité de support d’aiguilles (1) repose sur ledit
plan horizontal ou est coplanaire avec celui-ci,
ou dans laquelle le systeme de référence carté-
sien et le systéme de référence cylindrique ont
le méme point d’origine.

Unité de supportd’aiguilles (1) selon la revendication
4, dans laquelle la distance depuis I'axe central (Z),
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calculée sur des plans paralleles au plan horizontal,
de chaque point de la surface de travail (2) varie pour
chaque hauteur verticale, le long d’'un sens parallele
a l'axe central (Z), d’'une maniére non linéaire.

Unité de supportd’aiguilles (1) selon larevendication
4 ou 5, dans laquelle :

- la surface de travail (2) présente une extrémité
supérieure (5) et une extrémité inférieure (6),
entre lesquelles une section centrale est placée,
et la distance depuis I'axe central (Z), calculée
sur des plans paralléles au plan horizontal, des
points appartenant a I'extrémité supérieure (5)
etal’extrémité inférieure (6) est plus grande que
la distance des points appartenant a la section
centrale ; ou dans laquelle

- la surface de travail (2) présente une extrémité
supérieure (5) et une extrémité inférieure (6), et
la distance depuis I'axe central (Z), calculée sur
des plans paralléles au plan horizontal, des
points appartenant a I'extrémité supérieure (5)
est plus grande que la distance des points ap-
partenant a I'extrémité inférieure (6), ou dans
laquelle

- la surface de travail (2) présente une extrémité
supérieure (5) et une extrémité inférieure (6), et
la distance depuis I'axe central (Z), calculée sur
des plans paralléles au plan horizontal, des
points appartenant a I'extrémité inférieure (6)
est plus grande que la distance des points ap-
partenant a I'extrémité supérieure (5).

Unité de support d’aiguilles (1) selon I'une quelcon-
que des revendications 4 a 6, dans laquelle ladite
surface de travail (2) définit une circonférence mini-
male (M) reposant sur un plan paralléle audit plan
horizontal et comprenant tous ses points ayant une
distance radiale minimale (rTAN) depuis I'axe cen-
tral (Z), et/ou dans laquelle l'intersection entre une
pluralité de plans paralléles au plan horizontal, cha-
cun a une hauteur verticale différente le long de I'axe
vertical (Z), et la surface de travail (2) identifie une
pluralité de circonférences horizontales, chaque cir-
conférence étant définie par tous les points de la
surface de travail (2) placée a la hauteur respective
de la circonférence elle-méme et a une distance de-
puis I'axe central (Z) correspondant au rayon de la
circonférence elle-méme.

Unité de support d’aiguilles (1) selon I'une quelcon-
que des revendications précédentes, dans laquelle
chaque siege d’aiguille (3) est configuré pour loger
au moins une aiguille (N) respective ayant une forme
rectiligne, et présente une surface inférieure du sié-
ge, sur laquelle ladite au moins une aiguille (N) res-
pective coulisse, et dans laquelle, ledit siege
d’aiguille (3) étant incliné par rapport a I'axe central
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(2), la surface inférieure du siege présente un point
de distance minimale (P) depuis I'axe central (Z) et
repose sur un plan inférieur, ledit plan inférieur étant
parallele a I'axe central (Z) et tangent a un cylindre
de base de I'unité de support d’aiguilles (1), ledit cy-
lindre de base ayant un rayon correspondant a ladite
distance radiale minimale (rTAN), et dans laquelle
le siege d’aiguille (3) est configuré pour déterminer
et guider le coulissement de l'aiguille (N) qu'il loge
sur la surface inférieure sur ledit plan inférieur.

Unité de supportd’aiguilles (1) selonla revendication
8, danslaquelle la combinaison de l'inclinaison dudit
siege d’aiguille (3) avec une forme tridimensionnelle
de ladite surface de travail (2) comme par exemple
une surface inférieure linéaire, reposant sur le plan
inférieur respectif, tangent au cylindre de base, et/ou
dans laquelle une forme tridimensionnelle de la sur-
face de travail (2) correspond a I'enveloppe, autour
de I'axe central (Z), de tous les points appartenant
a tous les sieges d’aiguille (3) inclinés, et/ou dans
laquelle l'intersection de chaque plan vertical traver-
sant I'axe central (Z) avec la surface de travail (2)
identifie deux branches d’une hyperbole.

Unité de supportd’aiguilles (1) selonla revendication
8 ou 9, dans laquelle le plan inférieur est tangent au
cylindre de base dans un segment de contact, qui
est vertical et parallele a I'axe central (Z), ledit seg-
mentde contact comprenant, c’est-a-dire traversant,
ledit point de distance minimale (P), et dans laquelle
tous les sieges d’aiguille (3) de ladite pluralité de
sieges d’aiguille présentent une inclinaison par rap-
portal’axe central (Z) correspondanta un angle d’in-
clinaison (o) différent de zéro, ledit angle d’inclinai-
son étant 'angle le plus petit formé par chaque siége
d’aiguille (3), sur son plan inférieur, avec le segment
de contact respectif.

Unité de support d’aiguilles (1) selon I'une quelcon-
que des revendications 4 a 10, comprenant des dis-
positifs de commande (10) associés a celle-ci, agen-
cés a lextérieur autour de l'unité de support
d’aiguilles (1) préférablement d’'une maniére station-
naire et configurés pour interagir avec les aiguilles
(N) supportées par l'unité de support d’aiguilles (1),
en résultat de la rotation relative entre I'unité de sup-
port d’'aiguilles (1), tournant autour de I'axe central
(2), et les dispositifs de commande (10), afin de
transmettre un mouvement contr6lé a chaque
aiguille (N) a I'intérieur du sieége d’aiguille (3) respec-
tif, et pour causer un mouvement des tétes (H) des
aiguilles (N) selon une loi de mouvement ;

dans laquelle ladite loi de mouvement décrit la po-
sition des tétes (H) comme une fonction de I'angle
de rotation de l'unité de support d’aiguilles (1) par
rapportal’axe central (Z), et dans laquelle la position
des tétes (H) des aiguilles (N) déterminée par ladite
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loi de mouvement suit, durant la rotation de I'unité
de support d’aiguilles (1) autour de I'axe central (Z),
un trajet tridimensionnel non cylindrique, non coni-
que, dont les coordonnées peuvent varier a la fois
en hauteur, le long d'un sens paralléle al’axe central
(2), et horizontalement, par rapport au plan de trico-
tage (KP), s’éloignant de, ou vers, I'axe central (Z)
durant la rotation de 'unité de support d’aiguilles (1).

Unité de supportd’aiguilles (1) selon larevendication
précédente, dans laquelle a chague moment, ou
dans chaque position de rotation de 'unité de sup-
port d’aiguilles, la position de la téte (H) de l'aiguille
(N) déterminée par ladite loi de mouvement com-
prend a la fois une coordonnée de hauteur, parallele
a I'axe central (Z), et coordonnée dans un plan ho-
rizontal, qui est paralléle au plan de tricotage (KP)
et traversant la coordonnée de hauteur.

Unité de support d’aiguilles (1) selon I'une quelcon-
que des revendications 10 a 12, dans laquelle, ledit
angle d’inclinaison (o) du siége d’aiguille (3) par rap-
port a I'axe central (Z) étant le méme, la forme tridi-
mensionnelle, par exemple comme hyperboloide hy-
perbolique, de la surface de travail (2) varie comme
varie la hauteur dudit point de distance minimale (P),
calculée parrapport au plan horizontal etle long d’'un
sens paralléle a'axe central (Z), et/ou dans laquelle,
lorsque la hauteur, comme une valeur module ou
absolue, du point de distance minimale (P) baisse,
c'est-a-dire lorsque la distance verticale entre le plan
de tricotage (KP) et le point de distance minimale
(P) baisse, la distance depuis I'axe central (Z) des
points appartenant a I'extrémité supérieure (5) de la
surface de travail (2) baisse et la distance depuis
I'axe central (Z) du point appartenant a I'extrémité
inférieure (6) de la surface de travail (2) augmente,
et/ou dans laquelle, lorsque la hauteur, comme une
valeur modele ou absolue, du point de distance mi-
nimale (P) augmente, c’est-a-dire lorsque la distan-
ce verticale entre le plan de tricotage (KP) et le point
de distance minimale (P) augmente, la distance de-
puis I'axe central (Z) des points appartenant a I'ex-
trémité supérieure (5) de la surface de travail (2) aug-
mente et la distance depuis I'axe central (Z) du point
appartenant a I'extrémité inférieure (6) de la surface
de travail (2) baisse.

Machine a tricoter circulaire pour articles tricotés ou
chaussants, comprenant :

- une structure de support ;

- au moins une unité de support d’aiguilles (1)
selon I'une quelconque des revendications pré-
cédentes, ayant une structure basiquement en
forme de solide creux de rotation se développant
autour d’'un axe central (Z), I'unité de support
d’aiguilles (1) étant montée de maniere a pou-
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voir tourner dans ledit cadre afin de tourner
autour dudit axe central (Z) ;

- une pluralité d’aiguilles (N) introduites de ma-
niére mobile dans les sieges d’aiguille (3) de
I'unité de support d’aiguilles (1) et se déplagant
afin de produire un textile tricoté, dans laquelle
chaque siége d’aiguille (3) loge au moins une
aiguille (N) respective, chaque aiguille compre-
nant au moins une butée (T) respective et une
téte (H) respective ;

- une pluralité de dispositifs de commande (10)
d’aiguille ou de « baisse-aiguille » (10), configu-
rés pour interagir avec les aiguilles (N), en par-
ticulier avec les butées (T) d’aiguille, afin de
transmettre aux aiguilles (N) un mouvement
donné alintérieur du siége d’aiguille (3) respec-
tif durant la rotation de I'élément de support
d’aiguilles,

dans laquelle chaque aiguille (N), en particulier la
tige respective, s’étend entre une portion supérieure,
sur laquelle la téte (H) d’aiguille est définie, configu-
rée pour interagir avec les fils afin de produire un
textile tricoté, et une portion inférieure, sur laquelle
la butée (T) d’aiguille est définie, configurée pour
interagir avec lesdits dispositifs de commande (10),
chaque aiguille (N) ayant une forme unitaire dans
laquelle la téte (H) et la butée (T) sont raccordées
continuellement et se déplacentintégralementa l'in-
térieur du siege d’aiguille (3) respectif, et dans la-
quelle chaque aiguille est configurée pour se dépla-
cer de maniére a pouvoir coulisser avec un mouve-
ment alterné al'intérieur du siege d’aiguille respectif,
suite au développementlongitudinal principal du sié-

ge.

Machine a tricoter circulaire selon la revendication
précédente, dans laquelle chaque dispositif de com-
mande (10) d’aiguille comprend un trajet de came
(11) respectif configuré pour saisir les butées (T) des
aiguilles (N) tournant avec l'unité de support
d’aiguilles (1), de sorte que les butées (T) d’aiguille
rentrent dans ledit trajet de came (11) et sont gui-
dées, selon une loi de mouvement donnée, afin d’ef-
fectuer un mouvement coulissant donné a l'intérieur
dusiege d’aiguille (3) respectif, dans laquelle le trajet
de came (11) dudit dispositif de commande (10)
d’aiguille présente une forme tridimensionnelle ou
globoidale, non cylindrique, afin de correspondre et
de faire face basiquement, a une distance donnée,
a ladite surface de travail (2) de l'unité de support
d’aiguilles (1), afin d’interagir avec les butées (T) des
aiguilles (N) durant la rotation de 'unité de support
d’aiguilles (1), et dans laquelle, pour chaque point
de son extension angulaire autour de I'unité de sup-
port d’aiguilles (1), ledit trajet de came (11) fait
preuve :
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- d’une hauteur correspondant a la hauteur du
point de trajet, calculée dans un sens paralléle
a l'axe central (Z2) ;

- d’'une coordonnée radiale correspondant a la
distance du point depuis I'axe central (Z),

et/ou dans laquelle la loi de mouvement des tétes
(H) des aiguilles (N) est déterminée par une combi-
naison des caractéristiques géométriques de la sur-
face de travail (2) de I'unité de support d’aiguilles (1)
et des caractéristiques géométriques des surfaces
de came sur lesquelles les trajets de came (11) de
ladite pluralité de dispositifs de commande (10)
d’aiguille se développent.
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