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DESCRIPTION

[0001] The invention relates generally to a method for combining multiple knit constructions in
a single fabric using a double selection circular knitting machine. It is in particular directed to
seamlessly combining in a single fabric an air circulating construction with a double-knit
construction. It further provides a fabric obtained using the method of the present invention.

BACKGROUND OF THE INVENTION

[0002] A double jersey knit fabric (also called a double jersey knit wear) is a classical knit fabric
that is knitted on a circular knitting machine, whereby the circular knitting machine is provided
with a cylinder and a dial (that is positioned just above the cylinder), each provided with
needles, the needles of the cylinder typically being provided for knitting the front of the fabric,
and the needles of the dial typically being provided for knitting the back of the fabric. Usually,
but not mandatory, lay-in yarns are added in-between the dial and the cylinder in order to give
volume to these double jersey knit wears, this for instance when it is used as mattress ticking.

[0003] In a double selection circular knitting machine, the needles of the cylinder and the dial
are independently driven by an electronical pattern mechanism, through which every single
needle of the cylinder/dial can be selected to either knit, miss or tuck, thereby creating the
possibility to produce a design on the front and the back of the fabric.

[0004] Such double selection circular knitting machines are commercially available from, for
example the Monarch Knitting Machinery Corporation (US), Terrot Gmbh (DE), Santoni S.p.A
(IT), and others.

[0005] Where these machines are capable of producing different knit constructions such as a
spacer knit, a double knit, a mesh knit, a single jersey knit, and others, one often has to
combine two or more knitted fabrics in the final product in order to obtain a fabric wherein one
portion has a first knit construction and another portion has another knit construction. Here
these different portions will be joined by way of a seam (e.g. sewing, welding, and gluing).

[0006] In many applications, seams and transfer zones can be source of physical discomfort
and/or aesthetically unpleasant. At the connection zones the fabrics are typically less strong
and for example prune to laddering. Also, such a fabric is limited in the possibilities in design
and doesn't allow an integrated border zone in case of mattress ticking.

[0007] Examples of such prior manufacturing methods can for example be found in D1
(US2017/211214) and D2 (EP3070192) disclosing a weft knitted fabric comprising fabrics (310,
320) respectively (1, 2) making up the outer layers and the presence of a lay-in or filler yarn
(110) respectively (3) but fails to provide a further connection yarns and the filler yarn is always
floating between the layers. With such construction the possibility of seamless joining an air
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circulating construction with a double-knit construction by grouping of the lay-in or filler yarn in
the air circulating construction without blocking the ventilation holes through this additional
connection yarn is not possible. A similar situation exists in US2017/0130376 where the lay-in
yarn is floating between the layers and the further yarn on feeders 3 or 6 is only knitted to the
front and fails to act as a connection yarn grouping the lay-in yarn by tuck or tuck/mis
combination. As such this reference equally fails to disclose the combination of an air
circulating construction with a double-knit construction as can be derived from the title and
abstract of this specification wherein it is stated that the therein disclosed method results in a
'tight' 'woven fabric-like' knitting structure. Also in JPS52108377 the in-lay yarn (6) is floating
between the layers and not grouped by tuck or tuck/miss combination of a connection yarn.

[0008] It is accordingly an object of the present invention to provide a method for combining in
a single fabric on a double selection circular knitting machine an air circulating construction
with a double knit construction with full control of the lay-inn yarn throughout the fabric by
means of a connection yarn and how it is being combined with the other elements of the fabric
in both the air circulating construction and the double knit construction throughout the fabric. It
is to be understood, that within the context of the invention further constructions may be
present within the final product, but it comprises at least an air circulating construction with a
double knit construction.

[0009] These and other aspects of the present invention will become apparent to those skilled
in the art after a reading of the following description of the preferred embodiment when
considered with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 a part of a row of a knitting pattern of an exemplary embodiment of a knit fabric
according to the invention that is knitted on a double selection circular knitting machine, and
wherein the knit fabric is build up out of 3 yarns.

FIG. 2 Detailed picture of the top view of a fabric made according to the knitting pattern of
Figure 1. On the left hand side this fabric shows a voluminous double knit - the Volume Area
(V), which seamlessly turns into the air ventilation zone - the Hole Area (H).

FIG. 3 another example of a fabric made using the method of the invention showing air
ventilation zones (areas with the hole structure) and a 'voluminous' double knit pattern.

FIG. 4 Breathability comparison of an air circulating construction (Ventilation area) and a
double knit construction (Blister area) present in a fabric according to the invention, based on

ISO test 1SO-9237 (1995) at 20°C, a relative humidity of 65%, a gauge surface of 20 cm? and

with an underpressure of 1mbar. Results are expressed in l/((m2.s) wherein a higher value
represents a better breathability.
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DETAILED DESCRIPTION OF THE INVENTION

[0011] In the following detailed description, a method for combining multiple knit constructions
in a single fabric on a standard double selection knitting machine, will be further clarified. The
intention of this description is only to further explain the general principles of the present
invention, therefore nothing in this description may be interpreted as being a restriction of the
scope of the claims.

[0012] In the event that any of the terms used in the description and/or claims are conflicting in
whole or in part, the broadest definition is intended to be used for the purposes of this
application for the present invention. Referring now to the attached figures, and providing
exemplary parts of knitting patterns of knit fabrics according to the invention a circle
downwards (2) is a stitch, typically on the cylinder, while a circle upwards (3) is a stitch,
typically on the dial. It is also possible to have tucks (4) instead of stitches represented as a
downward V in the line representing the yarns. In the areas where the lines shown no tucks or
stitches the yarn is floating between the outer layers, i.e. between the front and the back layer
of the fabric. When in a zone only on the needles of the cylinder (C) or the dial (D) is knitted, a
blister fabric (also called a single jersey fabric) is formed.

[0013] A part of the rows of a knitting pattern of an exemplary embodiment of knit fabric (1)
according to the invention is shown in FIG. 1. In this fabric a double-knit construction is
combined with an air circulating construction knitted on double selection circular knitting
machine, and making use of 4 yarns (5, 6, 7 and 8).

e The needle pattern (A) of the first yarn (5) is set by means of a first selection of needles,
in the shown example on the Cylinder of the machine, and making up the first outer face,
in the shown example the back, of the fabric and creating a blister fabric throughout the
fabric, i.e. both in the double knit construction and the air circulating construction;

» The needle pattern (B) of the second yarn (6) is set by means of a second selection of
needles, in the shown example on the dial of the machine, and making up the second
outer face, in the shown example the front, of the fabric and creating a blister fabric in
the double knit construction with tuck connections in the air circulating construction;

e The pattern of a third yarn (7) herein also referred to as a connection or tuck yarn is
controlled by a third selection of needles (C) present on both the cylinder and the dial of
the machine, thus connecting the outer layers of the fabric by means of tucks in the air
circulating area whilst mainly floating or only being connected to one of the outer layers,
in the example to the back, in the double knit construction;

¢ The fourth yarn (8) (not shown) is a fill-in or inlay yarn introduced in between the two
outer layers of the fabric, both in the double knit construction as in the air circulating
construction.
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[0014] Evidently and as is apparent from the foregoing figure, the needle pattern for each of
said yarns is controlled by an independent pattern controlling mechanism, represented as
systems A - C in figure 1. In principle any art known pattern controlling system can be used
within the context of the present invention in as far said system is capable of controlling both
the needles of the cylinder (C) as well as the needles of the dial (D).

[0015] Characterizing for the method according to the invention and as mentioned above, is
the introduction of the fill-in or inlay yarn across the fabric, i.e. in both the double-knit
construction as well as in the air circulating construction. Normally in this kind of air circulating
constructions a fill-in or inlay yarn will be absent, making its combined manufacture in a single
fabric difficult to achieve. In the method of the present invention this problem is resolved by
means of the connection or tuck yarn, grouping by means of the pattern of tucks the fill-in yarn
in the air circulating fabric and thus controlling the desired breathability of this construction. As
shown in Figure 2 the pattern of the tuck yarn groups the fill-in yarn creating the visible
'ventilation' holes in the air circulating construction according to the invention, but in other
zones the tuck yarn will connect the outer layers and group the inlay yarn without creating such
a high air ventilation area.

[0016] It is accordingly a first objective of the present invention to provide a method to combine
on a double selection circular knitting machine in a single fabric having a first and a second
outer layer, an air circulating construction which connect the outer layers combined with a
double-knit construction, said method comprising;

a first selection of needles for knitting the first outer layer of the fabric;
a second selection of needles for knitting the second outer layer of the fabric;
a third selection of needles to introduce a connection yarn into the fabric and

adding a lay-in or filler yarn in between the two outer layers of the fabric, said method being
characterized in that

the connection yarn is connecting the outer layers in the air circulating construction and floating
and/or knitted to only one of the outer layers in the double-knit construction; and in that

the lay-in yarn is lying loose between the outer layers in the double-knit construction and
grouped by tuck or tuck/miss combinations through the connection yarn in the air circulating
construction, such that no filing yarns lay inside ventilation holes present within the air
circulating construction.

[0017] Within this method there is no particular orientation for the selection of the needles. In
the example of figure 1, the first selection of needles is set on the dial of the machine and
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creates the front of the fabric, but within the context of the invention, a first selection of needles
could equally be set on the cylinder, thus creating the back of the fabric.

[0018] The same applies for the second, and third set of needles. In the example of figure 1,
the second selection of needles is set on the cylinder and creates the back of the fabric, but
within the context of this invention, such second selection of needles could equally be set on
the dial, thus creating the front of the fabric.

[0019] As mentioned before the selection of the needles for each of the yarns is set by the
pattern of tuck/miss/knit and/or tuck/miss or knit/miss combinations for the needles. Being in
the possibility of controlling the pattern of the needles, a seamless pattern of the different knit
constructions, can be created throughout the fabric, and at either side. Expressed differently,
the selection of the needles for each of the yarns in making a knit, tuck or miss is set by the
design one would like to achieve, wherein the needle pattern of the dial can also be created on
the cylinder, and vice versa.

[0020] Given the selection by design of the needles controlling the tuck yarn, said tuck yarn not
only connecting outer layers of the fabric but equally controlling the positioning and/or grouping
of the fill-in yarn(s), enables to create a seamless inlay design across the fabric, for example
for decorative purposes (e.g. fabric integrated embossed branding), or to create zones where
for example extra support or extra ventilation may be required.

[0021] Thus in one aspect of the invention the method is further characterized in that the
positioning and/or grouping, i.e. in that the design of the fill-in or inlay yarn(s) is controlled by
the design, i.e. the selection of needles of the tuck or connection yarn. In a particular
embodiment the inlay or fill-in yarn is lying loose in double-knit construction and grouped by the
design of the tuck or connection yarn in the air circulating construction.

[0022] In the example of figure 1, only one tuck or connection yarn is being used. By choosing
a tuck or connection yarn with a different colour than the yarn(s) used in preparing the outer
layers of the fabric, one can change the colour appearance between the knit constructions. In
a double-knit construction the tuck or connection yarn can be floating between the layers or is
being connected to one or both of the outer layers. When creating a voluminous double knit
construction, the tuck or connection yarn can be floating between the layers or is being
connected to only one of the outer layers, preferably to the back of the fabric. WWhen floating
between the layers the tuck or connection yarn is visually hidden or at least obscured by the
inlay or fill-in yarn. As such it may have no impact, or at least an uncontrollable impact on the
colour appearance of this part of the double knit, when compared to the air ventilation
constructions wherein it is being tucked and connecting the outer layers. In these areas its
colour will shine through, thus changing the colour appearance of the fabric in said air
ventilation construction. When connected to the back layer the tuck or connection yarn is
visually hidden from the front layer. As such it has no impact on the colour appearance of this
part of the double knit, when compared to the air ventilation constructions wherein it is being
tucked and connecting the outer layers. In these areas its colour will shine through, thus
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changing the colour appearance of the fabric in said air ventilation construction. Hence, using
the method of the invention a multi-coloured fabric can be achieved.

[0023] Instead of a single tuck or connection yarn, more than one tuck or connection yarn can
be used in the method of the invention. Thus in a further embodiment the present invention
provides a method to combine on a double selection circular knitting machine in a single fabric
having a first and a second outer layer, an air circulating construction which connect the outer
layers combined with a double-knit construction, said method comprising;

a first selection of needles for knitting the first outer layer of the fabric;
a second selection of needles for knitting the second outer layer of the fabric;
a third selection of needles to introduce one or more connection yarn(s) into the fabric and

adding a lay-in or filler yarn in between the two outer layers of the fabric, said method being
characterized in that

the connection yarn(s) is / are connecting the outer layers in the air circulating construction and
floating and/or knitted to only one of the outer layers in the double-knit construction; and in that

the lay-in yarn is lying loose between the outer layers in the double-knit construction and
grouped by tuck or tuck/miss combinations through the connection yarn(s) in the air circulating
construction, such that no filing yarns lay inside ventilation holes present within the air
circulating construction.

[0024] It will be apparent to the skilled artisan, that by choosing different colours of yarns,
multi-coloured fabrics can be achieved.

[0025] Figures 2 and 3 provides examples of fabrics that can be achieved using the method of
the invention and nicely shows the shine through of the coloured connection yarn in the air
ventilation area (V). The holes in this ventilation area are defined by the designer, i.e. by the
tucks in the second selection of needles and by the tucks in the selection of needles for the
tuck or connection yarn. According to the invention, in this ventilation area eventual inlay yarns
are bound together through the tucks of the connection yarn, such that no filling yarns lay
inside the 'ventilation' holes, which improves ventilation of the fabric. Whilst in the white double-
knit construction the area is filed with filling yarn and gives a voluminous feel - the voluminous
area (V). In Fugure 3 extra added are additional colours (i.e. additional tuck yarns) to create
blister or deep effect. For the volume the inlay yarn can go from 150DEN to 2400DEN. The
back of the fabric can be an FR yarn, in this example comprising a stretch yarn, i.e. a PESDOR
stretch yarn to provide extra loft and stretch.

[0026] It follows from these examples that, on the one hand, the tuck yarn(s) are connecting
the outer layers by means of tuck/miss combinations in the air circulating construction. On the
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other hand, the connection yarn is grouping the fill-in or inlay yarn by means of tuck
combinations in the air circulating construction such that no filing yarns lay inside the
'ventilation' holes.

[0027] As mentioned herein before, in the double knit constructions that can be present within
the fabric, the tuck yarn can connect both layers and group the filling yarn without creating the
aforementioned air circulating zone, or it is floating between the layers or only connected to the
back to create a voluminous double knit.

[0028] A method according to the invention is particularly useful in the manufacture of a knitted
mattress ticking, with certain advantages for such product in providing;

* no sewing or connection zones typically creating discomfort to the user and accordingly
with a smoother touch;

« Sewing also limits on the zones one can combine in a certain direction, no such
limitations exists using the methods of the invention, yielding an almost unrestricted
creativity for the designer with even the possibility of embossing logo's or trade names
into the fabric;

+ strength since being made in a single process;

» no limitations in the design that can be extended to the border zone, and being directly
integrated in the mattress ticking;

e strongly reduced curling because the inlay material is evenly distributed between the
front and the back of the fabric;

« wash ability at higher temperatures without affecting the structure;

» lifting the need of sewing the methods of the present invention greatly reduce the
processing time in creating a fabric with different constructions;

« high breathability for a heavy fabric with an inlay across the fabric as evident from the
comparison shown in figure 3.

[0029] In said experiment we are comparing zones of the XCITE fabric showing that we can
achieve areas with different permeability.

[0030] This method according to the invention is particularly suitable for knitting double jersey

mattress ticking, but equally useful in the manufacture of upholstery or garments such as shoe
ware, sportswear or other garments.

REFERENCES CITED IN THE DESCRIPTION
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PATENTKRAV
1. Fremgangsmade til at kombinere pa en dobbeltvalgsrundstrikkemaskine i et enkeltstof
med et forste og et andet udvendigt lag, en luftcirkulerende konstruktion, der forbinder de
udvendige lag kombineret, med en dobbeltstrikkonstruktion, hvilken fremgangsmade omfatter;

- et forste valg af nale til at strikke det forste udvendige lag af stoffet;

- et andet valg af nale til at strikke det andet udvendige lag af stoffet;

- et tredje valg af nale til at indfere en forbindelsestrad i stoffet og

- tilfejelse af en indlagnings- eller fyldtrad imellem stoffets to udvendige lag, hvilken
fremgangsmade er kendetegnet ved, at

- forbindelsestraden forbinder de udvendige lag i den luftcirkulerende konstruktion og
flyder og/eller kun er strikket til ét af de udvendige lag 1 dobbeltstrikkonstruktionen; og ved, at

- indlgningstraden ligger lost mellem de udvendige lag i dobbeltstrikkonstruktionen og
grupperet gennem forbindelsestraden i den luftcirkulerende konstruktion ved hjelp af fangning
eller fangnings-/afleftningskombinationer, saledes at ingen fyldtrade ligger inde i

ventilationshuller, der er til stede inde i den luftcirkulerende konstruktion.

2. Fremgangsmade ifelge krav 1, hvor, i den luftcirkulerende konstruktion,

indlaegningstraden grupperes ved forbindelsesgarnets design.

3. Fremgangsmade ifelge krav 1, hvor, i den luftcirkulerende konstruktion,
forbindelsestraden flyder mellem de udvendige lag i dobbeltstrikkonstruktionen, som forbinder

de udvendige lag ved hjelp af fangnings-/aflgftningskombinationer.

4. Fremgangsmade ifelge krav 1, hvor stoffet er et strikket madraslerred.

5. Dobbeltjerseystrikstof, hvor dobbeltjerseystrikstoffet er strikket ved en fremgangsmade
ifolge krav 1, har et forste og et andet udvendigt lag, en luftcirkulerende konstruktion, der
forbinder de udvendige lag kombineret med en dobbeltstrikkonstruktion, hvilket stof omfatter
en forbindelsestrad og en indleegnings- eller fyldtrad imellem stoffets to udvendige lag, hvor
forbindelsestraden forbinder de udvendige lag i den luftcirkulerende konstruktion og flyder
og/eller kun er strikket til ét af de udvendige lag i1 dobbeltstrikkonstruktionen; og ved, at
indlaegningstraden ligger lost mellem de udvendige lag i dobbeltstrikkonstruktionen og grupperet
gennem forbindelsestraden i den luftcirkulerende konstruktion ved hjelp af fangning eller

fangnings/aflgftningskombinationer, kendetegnet ved, atindlegningstraden er grupperet
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gennem forbindelsestraden, saledes at ingen fyldtrade ligger inde i de ventilationshuller, der er

til stede inde 1 den luftcirkulerende konstruktion.

6. Dobbeltjerseystrikstof ifelge krav 6, hvor, i den luftcirkulerende konstruktion,

indlaegningstraden grupperes ved forbindelsesgarnets design.

7. Dobbeltjerseystrikstof ifelge krav 6, hvor forbindelsestraden flyder mellem de udvendige
lag 1 dobbeltstrikkonstruktionen.

8. Dobbeltjerseystrikstof ifelge et hvilket som helst af kravene 5 til 7, hvor stoffet er et

strikket madraslarred.
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DRAWINGS

Figure 1




Figure 3

Figure 4
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