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(57) Abstract: A tetraxial fabric is obtained using warp yarns, weft yarns, first bias yarns and second bias yarns. The warp yarns
alternate to the weft yarns and the first bias yarns are overlaid by the second bias yarns, in addition the first bias yarns cross the second
bias yarns at the crossover points of the warp yarns with the weft yarns. The invention includes also a machine to manufacture the

said tetraxial fabric.
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TETRAXIAL FABRIC AND MACHING FOR 1TS MANUFACTURE

Field of the Invention

This invention concerns a tetraxial fabric and a

machine for i1ts manufacture.

Background of the Invention

In the textile fi1eld, besides the traditional warp and

weft fabrics, tetraxial fabrics are also known, 1.e.

fabrics consisting of warp and weft yvarns as well as first

and second blas yarns which crisscross each other along two

different diagonal directions. In such fabrics the bias

yarns cross also the warp and weft varns.

The first tetraxial fabrics developed 1n the art

pr—

consisted of bias varns crossing in the fabric areas

included between the warp and the weft varns.

This fabric geometry did not provide either a close

pbond between varns or an optimum fabric fill coefficient.

Tetraxial fabrics are known also from the U.S. Patent

No. 5,351,722, where a tetraxial fabric is described which

contalns warp varns, weft yarns as well as first and second

bias yarns crisscrossing each other and both the warp and

weft yarns.

In such tetraxial fabrics a first course of warp vyarns

1s overlaid by the weft vyvarns and overlies the first and

second blas yarns, while a second course of warp yarns,

which alternates to the mentioned first yarn course,
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overlles the weft yarns and 1s overlaid by the first and

second blas vyarns.

Fabrics of the latter type, though overcoming the

problems that arise with fabrics of the former type, are

r—

suitable for further improvements.

P

The structure of such known tetraxial fabrics 1s in

any case asymmetrical due to the fact that the warp varns
are alternatively above or under the weft yarns, so that
only the first and second bilas varns contribute

substantially to the strength of the fabric.

Summary of the Invention

The object of thilis 1nvention 1s therefore to resolve

the above-mentioned probiems by making tetraxilial fabrics

characterized by a total symmetry.

A further object of this invention 1s to make a

tetraxial fabric 1n which the angles of the first and

second bilas yarns can be controlled as desired.

pr—

A further object of this invention is to make a

tetraxial fabric that can reach an optimum fill coefficient

of up to 100%.

The said objects are achieved, according to this

invention, by a tetraxial fabric according to the

invention.

The 1nvention concerns also a machine to manufacture a

tetraxial fabric, according to the invention.
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The tetraxial fabric exhibits a number of advantages,

including the possibility of being made either with a

g
—

pvartial fabric fill coefficient or with a 100% fill

5 coefficient.

It exhibits total symmetry because 1t 1s made with

alternating warp and weft vyarns, as 1n ordinary fabrics.

Among other things, this symmetry provides a fabric where

10 the front and back sides are alike.

Therefore the fabric of the invention has a high

resistance to deformation, which makes 1t 1deal for a

number of 1ndustrial applications such as inflatable boat

15 plies, filter fabric, tarpaulins, etc.

The machine to manufacture the tetraxial fabric

allows, among other things, the weaving of a large number

of yarns, where the limit 1s set by the thickness of each

20 needle.

In addition, 1t has a single beater which intervenes

after each weft drawing-in, thus limiting the room needed,

and allowing fabrics contalning more yarns per centimeter

25 to be obtained.

Other 1mportant advantages of the machine of the

invention are due to the fact that the presence of a single

moving warp, in cooperation with the stationary warp, makes
30 the machine simpler and with fewer elements to be
synchronized; the single beater simplifies further said

synchronisms, in addition the bias yarn pulling system has
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a simple step-by—-step motion which 1s easy to achieve and

accurate 1n operation.

to provide a tetraxial fabric comprising warp varns, weft

In a first broad aspect, the present 1nvention seeks

varns, a layer of first bias yarns and a layer of second

bias vyarns, wherein the fabric 1s constructed in a

repeating pattern in which

(1) each warp yarn 1is woven with each weft yarn at

crossover points;

(11) all the first bias yarns are overlaid by all the

second bilas varns at overlay points;

(111) each first bias yarn i1s woven with each warp varn and

ecach weft varn;

(1v) each second bias yarn i1s woven with each warp varn and

each weft varn; and

(v) each overlay polnt 1s at a crossover point.

In a second broad aspect, the present 1nvention seeks

to provide a machine for the manufacture of a tetraxial

T N

comprlses:

a bearing structure comprising first bes

fabric according to the invention, wherein the machine

ms associliated

with the first and second bias varns and first and second

blas yarn supplies from which the first and second bias

yarns are respectively supplied;

warp beams positioned laterally away from the bearing

structure and operable to supply the warp vyarns;

warp varn guiding means operable to guide the warp

yarns from the warp beams to a fabric formation area, a

weft yarn feeder operable to supply the weft

Varns;
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weft yvarn ilnsertion means operable to guide the weft

varns from the weft varn feeder to the fabric formation

area; and

means for guiding the first and second bias vyvarns from

5 the first and second bias yarn supplies toward the fabric

formation area, wherein the warp yarn guiding means

includes first and second warp yarn guiding members and

where the first and second warp varn guiding members face
each other and at least one of the first and second warp
10 vyarn guiding members is movable while the other is

stationary for interweaving the warp varns with the weft

varns at the fabric formation area.

15 Brief Description of the Drawings

The i1nvention 1s described 1n detail below as a non-

limitative example, with reference to the attached

drawlings, 1n which:

20 Figure 1 is a plan view of a tetraxial fabric according to

a first embodiment of the invention;

Figure 2 1s a plan view of a tetraxial fabric according to

another embodiment of the 1nvention:

25
Figures 3 to 5 are plan views of tetraxial fabrics
according to further embodiments of the invention;
Figure 6 1s a side view of the machine to make a tetraxial
30 fabric according to the invention;

Figure 7 1is a front view of the machine of Figure 6;
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Figure 8 1s a vertical cross-sectional view which shows

Some

components of the machine of

Figure o0; and

Figures 9a through 9e are schematic dilagrams illustrating

the main operating steps of the machine of Figure 6.

Detailed Description of the Drawings

1ndi1

The tetraxial fabric according to this invention 1s

cated globally with the reference numeral 10 In the

attached figures.

warp

second bias varns 14,

Figure 1 shows a tetraxial fabric 10 obtained with

varns 11, weft yarns 12, first bias yarns 13 and

Therefore the tetraxial fabric 10 exhibits a set o

all in the same thickness.

warp varns 11 alternating to weft yarns 12, as 1n

trad

at the crossover points of the warp yvarns 11 and we:

12,
the

been
than
147",

)

COEg]

itional fabrics.

rn

The first bias varns 13 cross the second bias yarns 14

"t yarns

and in addition the first bias yarns 13 are overlaid by

second bias yarns 14.

Figure 2 shows the tetraxial

fabric 10', which has

obtained using warp yarns 11', weft yarns 12', thicker

the first bias yarns 13' and the second bias yarns

SO as to provide a tetraxilal

ficient.

fabric with partial

fill
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second bias varns 14°

so 1n this case the

varns 11°

Figure 3 shows,

fabric

20,

and the we:
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by way o:

[t yarns 12°'.

.

=T example,

obtailned with warp varns 21,

first bilias yarns 13' cross the

at the crossover points of the warp

the tetraxial

weft yarns 22; the

first bias varns 23 and second bias yarns 24 being 1nclined

1in such a

varns 22.

way as to

form a 40 degree angle with the weft

The interlacing of the first and second bilas yarns can

be made with the desired angle.

Figure 4 shows the tetraxial fabric 30, which has been

obtained using warp varns 31,

varns 33 and second blas yarns 34;
bigger 1n size than the we:
the tetraxial fabric 40,

bilgger 1n size than the wed

weft yarn

‘'t yarns 42,

s 32, first bias

the warp yarns 31 are
ft yvarns 32; while Figure 5 shows

1n which the warp yarns 41 are

and the first and

second bilas varns 43 and 44 are arranged at bigger

intervals.

This 1nvention also relates to a machine 50 (Figures 6

and /)

for

F

b

"acture oi

the manu:

to thilis invention.

The machine 50,

comprises a bearing structure 51,

tetraxial

fabrics according

globally shown in Figures © and 7,

or castle, on which the

beams 52 are mounted, which are relevant to the first and

second bias vyarns,

as well as a gulde ring 56, while the

warp beams 53 and 54 are located at the sides and outside

F

of the bearing structure 51.
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The machine 50 also comprises means for guiding the

warp varns, means for guiding the weft varns and means for

guiding the first and second blas yarns toward a fabric

formation area 55.

In particular, the machlne comprises a first and a
second guilde member for guiding the warp yarns which are

mounted to face each other and where one of these members

18 movable and the other one 1s stationary.

The first and the second warp yarn gulde members
comprlise opposite holder bars, each carrying a set of
needles which are substantially parallel to one another.
This allows weaving even with a large number of needles,

the limit belng set by the thickness of each needle.

In Figure 8, 01 1ndicates the moving warp 1in 1ts
1idling position and 61' indicates the same moving warp 1in
1ts working position. The moving warp 61 1s moved with

angular motion by a motor which rotates the shaft 78.

The means guiding the weft yarns 65 and 66 comprise
two pickers of known construction and arranged side by
side, such as guides 75, 76. The pickers move with

reciprocating linear motion between a retracted and an

extended position, with a motion direction perpendicular to

the motion direction of the moving member for the warp

varns.

Other known weft yarn guiding means can be used as an

alternative.
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The first and second bilas yarns guidling means comprilse

-

an entrainment system 70 which includes a set of plates 71,

72, each provided with a needle 73, 74 through which either

*

of the bias yarns 1s passed. The entrainment system 70 1s

operated by a stepper motor (not shown).

As shown 1n Figure 6, a carousel 1s also provided
hanging from the bearing structure 51, said carousel
housing a set of beams 52 to unwind the bias yarns; and as
shown in Figure 8, a single beater 67 1s provided, which

rotates over a selected angle, around the shaft /7.

With reference to Figures 9a through 9e, the worklng

g

cycle of the machine 50 according to thils 1nvention 1s

described below.

At the start of the cycle the needles carrvyving the

moving warp varns 61 face one another 1n a posltion which

1s offset with respect to the needles that carry the

stationary warp yarns 62 so that the moving warp 61 will

not interfere either with the stationary warp 62 or with

the first and second blas yarns 63, 64.

In the first operating step of the cycle the moving
warp 61 moves forward through the first and second bias
varns ©3, 04 and through the stationary warp vyarns,

—

followed by the drawing-in of the first weft 65.

Now the moving warp ©l1 returns to the start position

and a first beating operation 1s performed by the single

beater 67.
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At this polnt the

10

entralnment system 70 (see Figure 8)

which moves the first and second blas varns 63, 64 moves

one step, so the first bias varns 63 move sideways 1n one

direction while the second bilias yarns 64 move sideways 1n

the opposite direction,

03, ©4 cross each other

causes also the movement of the last plates at the end of

so the filirst and second pbias varns

F

. The movement of the bilias yarns

the needle bed, which each turn 180 degrees, thereby

reachlng a new working position.

Subsequently the second weft 66 1s passed and a second

pbeating operation 1s performed by the single beater 67.

It should be noted

that the 1nsertion means for the

weft varns 65, ©6 can be located elther at opposite sides

ﬁ

of the machine or both on the same side. A single feeding

system can be provided to feed the weft yarns 65, 66, which

feeds the first weft 65

and then the second weft 660.

The above-mentioned weaving cycle 1s then repeated as

many times as requlred

the 1nvention.

to obtalin tThe tetraxial fabric o:

P-
—

Lastly, 1t 1is 1mportant to note that the second weft

yarn 06 should be inside the triangle formed by the moving

warp ol, 1n its 1dling position, and by the assembly

comprising the first and second bias yarns 63, 64 and by

the stationary warp 62,

be 1nside the trilangle

while the first weft varn 65 should

formed by the moving warp 61, in

extended or working position, and the assembly consisting

of the first and second

bias yarns 63, 064 and by the
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stationary warp 6©Z2. This geometrlic relationship 1s shown

both 1n Figure 8, where the statilionary weft ©2Z2 1s shown to

P

the right of the centerline of the machiline, and 1n the case

of Figures 9a through Y9e, where the stationary warp 62 1s

—

shown to the left side of the machine centreline, both

P

cases having been presented as examples of the possible

r— =

alternative embodiments of the machine 50, all of them

pbelng 1ncluded 1n the 1nventive concepts presented 1n the

specification and covered by the attached claims.

F

This 1nvention can be the object of a number of

modlfications or variations, all falling within the
1nvention concept contained in the attached claims, while

the technical details can be changed as required.



CA 02455835 2008-09-02

12

The embodiments of the invention for which an exclusive

property or privilege is claimed are defined as follows:

1. A tetraxial fabric comprising warp vyarns, weft varns, a

layer of first bias yarns and a layer of second bias yarns,

wherelin the fabric i1s constructed 1n a repeating pattern in
which

(1) each warp varn 1s woven with each weft vyvarn at
crossover points;

(11) all the first bias yarns are overlaid by all the
second bias yarns at overlay polnts;

(11i) each first bias yarn 1s woven with each warp yarn and
each weft yarn;

(1v) each second bilas varn 1s woven with each warp yvarn and
each weft yarn; and

(v) each overlay polnt 1s at a crossover polnt.

2. A tetraxial fabric according to Claim 1, wherein the

first and second bias yarns are angled to the warp yarns at

a preselected angle between Z20° and 70°.

3. A tetraxial fabric according to Claim 1, whereiln the
first and second bias yarns are angled to the weft vyvarns at

a preselected angle between 20° and 70°.

4, A tetraxial fabric according to any one of Claims 1 to

3, wherein the weft yarns and the warp vyarns each have a

larger cross—-sectional area than each of the first and

second bias varns.
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5. A tetraxial fabric according to any one of Claims 1 to

4, wherein the fabric has a f£ill of substantially 1005%.

6. A tetraxial fabric according to Claim 2 or Claim 3,

P

comprising a set of weft yarns, a set of warp yarns, a set

of first bias yarns and a set of second bias yarns, whereiln

L

each yarn of at least one of the sets has a larger cross-

sectional area than each of the yarns of the other sets.

p——

7. A tetraxial fabric according to any one of Claims 1 to

6, wherein weaving points of each of the first and second
bias yarns with the warp and weft yarns are located at
selected crossover points of the weft yarns with the warp
varns, the selected crossover points being spaced apart by
regular intervals, each interval corresponding to an
integral multiple of a distance between at least two

crossover polnts.

8 A machine for the manufacture of a tetraxial fabric

according to any one of Claims 1 to 7, wherein the machine

comprilses:

a bearing structure comprising first beams associated

with the first and second bias yarns and first and second

bias varn supplies from which the first and second bias

yvarns are respectively supplied;

warp beams positioned laterally away from the bearing
structure and operable to supply the warp yarns;

warp yarn guiding means operable to guide the warp

varns from the warp beams to a fabric formation area, a

weft yvarn feeder operable to supply the weft yarns;
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weft yarn 1lnsertion means operable to guide the weft

varns from the weft yvarn feeder to the fabric formation

area; and

| —

means for guiding the first and second bias yarns from
the first and second bias yarn supplies toward the fabric
formation area, wherein the warp yarn guiding means

1includes first and second warp yvarn guiding members and

where the first and second warp yarn guiding members face

cach other and at least one of the first and second warp

yvarn guiding members 1s movable while the other is
cstationary for interweaving the warp varns with the weft

yarns at the fabric formation area.

9. A machine according to Claim 8, wherein the first and
second warp yarn guiding members include opposite and

offset holder bars, each bar carrving a set of needles

which are substantilially parallel to one another.

LO0. A machine according to Claim 8 or Claim 9, wherein the

wetft yarn i1nsertion means are placed at opposite side ends

Of the machine.

11. A machine according to Claim 8 or Claim 9, wherein the
weft yarn insertion means are positioned on only one side

of the machine.

12. A machine according to Claim 8 or Claim 9, wherein the

weft yarn insertion means include a weft feeding system

that feeds a first weft yarn first and a second weft vyarn

later.
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13. A machine according to any one of Claims 9 to 12,
wherein the means for guiding the first and second bilas
varns i1ncludes an entralinment system which carries a set of
plates, wherein each plate 1s provided with a needle

through which any of the first and second bias yarns 1s

passed.

14. A machine according to any one of Claims 9 to 13,

wherein a single beater 1s provided to perform a beating

operation 1n the fabric formation area.
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