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(57) Abrégée/Abstract:
An Industrial two-layer fabric comprises an upper layer fabric having upper surface side warps and upper surface side wefts and a

lower layer fabric having lower surface side warps and lower surface side wefts. The upper layer fabric and the lower layer fabric are
bound at least one spot in a repeating unit where an upper surface side warp weaves a lower surface side weft without weaving an
upper surface side weft which should have been woven by the upper surface side warp based on the fabric structure, and where a
lower surface side warp weaves the upper surface side weft which should have been woven by the upper surface side warp,
without weaving the lower surface side weft which should have been woven by the lower surface side warp.
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Abstract

An 1ndustrial two-layer fabric comprises an upper laver

fabric having upper surface side warps and upper surface side

wefts and a lower lavyer fabric having lower surface side

warps and lower surface side wefts. The upper layer fabric

and the lower laver fabric are bound at least one spot 1in a

repeating unit where an upper surface side warp weaves a

lower surface side weft without weaving an upper surface side

weft which should have been woven by the upper surface side

warp based on the fabric structure, and where a lower surface

side warp weaves the upper surface side weft which should

have been woven by the upper surface side warp, without

weavling the lower surface side weft which should have been

woven by the lower surface silide warp.
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INDUSTRIAL TWO-LAYER FABRIC

Technical Field of the Invention

The present invention relates to industrial fabrics
such as a papermaker's forming fabric, a fabric for
producing a nonwoven fabric, a fabric used to remove or

squeeze water out of sludge and the like, a belt for

producing construction materials, and a conveyor belt.

In particularxr, the present invention relates to a

papermaker's fabric, particularly a fabric for producing

tissues.

Description of Related Art

Industrial fabrics which have been conventionally
used include papermaker's fabrics such as a papermaker's
forming fabric and a canvas, a fabric for producing a
nonwoven fabric, a fabric used to remove or squeeze water
out of sludge and the like, a belt for producing

construction materials, a conveyor belt, and the like.

These 1ndustrial fabrics run under tension in a

longitudinal direction at the time of use. Hence, they
must have dimensional stability so as to prevent
contraction in a width direction and elongation from

occurring. Further, they must also have postural
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stability so as to prevent meandering and wrinkling from

occurring. In addition, they must also have wear
resistance since they are abraded by contacting driving

rollers or the like while running. Furthermore, they

5 must have a gsmooth surface gince materials to be carried

or processed are placed thereon.

Such problems are more or less common problems

among industrial fabrics and are not yet solved even at

present. Of the industrial fabrics, a papermaker's

10 fabric which 1s mest strictly required to have these
properties, particularly a papermaker's forming fabric,
18 required to have properties peculiar to papermaking in

addition to the above properties. The peculiar

properties will be described later. Since most of

15 problems common to the i1ndustrial fabrics and solutions
thereof can be understood by describing the papermaker's
forming fabric, the present invention will be described
hereinafter by use of the papermaker's forming fabric as
a representative example.

20 A papermaking process is a known technique.

Firstly, raw materials for papermaking including pulp

fibers and the like are fed onto a papermaker's forming
fabric which is formed endlessly from a headbox and

running between rollers of a paper machine. A side of

25 the papermaker's forming fabric where the raw materials

are fed 1s an upper surface side, and the other side is a
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lower surface side.

The fed raw materials move along with running of

the papermaker's forming fabric. While the materials are
moving, water is removed therefrom by centrifugal force
or dewatering eqgquipment such as a suction box or foil
disposed on the lower surface side of the fabric so as to
form a wet web. That i1s, the papermaker's forming fabric
serves ag a filter so as to separate water from the pulp
fibers.

The wet web formed in this papermaking zone 1s then
transferred to a press zone and then to a dryer zone. In
the press zone, the wet web 1s transferred by
papermaker's forming felt and further dewatered together
with the felt by a nip pressure between press rollers.

In the dryer zone, the wet web 1s carried by a

papermaker's forﬁing canvas and dried, whereby paper 1is

produced.

A papermaker's fabric is woven by a weaving machine

by use of warps and wefts composed of, e.g., synthetic

It can be formed endlessly by a

resin monofilaments.

known seam, pin seam or the like or by a hollow weaving

machine in a weaving step. In the case of hollow weaving,

the relationship between warps and weaves 18 reversed

between weaving of the fabric and actual use of the

fabric.

In the present specifilication, warps are vyarns
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extending in a machine direction of a papermaking machine,
i.e., in a direction in which the fabric is headed, and

wefts are yarns extending in a machine crossing direction

of the papermaking machine, i.e., in a width direction of
the fabric.

Meanwhile, to improve the supportability of the
fibers effectively and to produce paper of good quality

without having wire marks on the paper, it 1s important

that the fibers are suitably supported by the wefts in

view of the orientation of the fibers and the like. In

particular, in the case of a papermaker's forming fabric
for producing tissues, since the tissue 1s very thin
paper and since a dewatering zone 1s short in spite of
the high speed of a paper machine, fiber supportability
and paper removability are particularly required. Poor
fiber supportability and paper removability lead to the
occurrence of pin holes and cause degradation in opacity
and deterioration in paper strength i1n addition to
apparent problems. They also lead to a fiber carryback
and a splash and become serious problems from the
viewpolnt of operation.

Accordingly, as a papermaker's fabric for producing

tissues, a single-layer fabric of the type in which

primarily wefts form long crimps on the upper surface
si1de has been heretofore used. This 18 because a tCissue

machine mostly contains no filler or a trace amount of
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filler and fiber supportability and paper removability
are considered more important than abrasion resistance.

However, the single-layer fabric has been becoming unable

Lo keep up with an increasing mechanical load of a
papermaking machine which has been increasingly faster.
Although the single-layer fabric has such advantages as a
small thickness and good freeness, disadvantages caused
by insufficient rigidity caused by its structure, such as
poor formation, poor transportability and poor retention,
have been becoming significantly noticeable.

Under the cilircumstances, recently, use of a
multilayer fabric has been increasing even in the tissue

machine and has achieved some degree of success. The

multilayer fabric may be a weft double fabric or a two-

layer fabric in which an upper layer fabric and a lower

layer fabric are bonded to each other by use of binding

varns, and the upper layer fabric has a structure that

wefts form long crimps in the upper layer fabric.

Further, for the two-layer fabric, for the purpose of
making its thickness small so as to gsecure good

dewaterbility and low water retainability, a ribbed plain

structure that two warps are placed parallel to each

other is primarily used as the structure of the lower

layer fabric.

—

Further, recently, a two-layer fabric of ground

varn binding type such as cone disclosed in EP0889160A1 in
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which an upper layer fabric and a lower layer fabric are
bound to each other by use of some upper surface side

warps and which has no independent binding yarns 1s used

in some applications. This type of two-layer fabric has
no independent binding yarns, so that the number of weits
can be increased with no degradation in freeness (air

permeability) .

Summary of the Invention

It has started to be used with the expectation that
it could improve fiber supportability. However, 1t has a
significant problem ascribable to the binding portions of
the upper surface side warps. That 1is, since the upper
surface side warps serve as binding yarns, no warps are
present in the upper layer fabric at the sites where the
upper surface side warps go down to the lower surface
side, so that local excessive dewatering occurs at the
sites, fiber carrybacks, splashes and the like occur, and
the sites appear as wire marks. When marks in a lateral

direction are remarkable, they even cause an adverse

effect at the time of creping. These problems are not
vet solved.

In view of the above problemg, the present
invention provides an industrial two-layer fabric of

ground varn binding type which has no independent binding
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yvarns and has a structure that no absence of warps at

binding sites in the upper layer fabric occurs and no

local excessive dewatering therefore occurs, whose wefts

can be 1ncreased in number with no degradation in

5 freeness (air permeability), and which has good fiber

supportability, 1s free from fiber carrvbacks, splashes

and the like and also has good wire mark properties.
The present invention relates to an industrial two-
layer fabric having an upper layer fabric and lower laver
10 fabric. The upper layver fabric comprises upper surface
side warps and upper surface side wefts. The lower lavyer
fabric comprises lower surface side warps and lower
surface side wefts. The upper layer fabric and the lower
layver fabric, having a repeating unit, are bound to each
15 other. At one or more spots or places 1in the repeating
unit, an upper surface side warp serving as a binding
yvarn goes down to the lower laver fabric, without weaving
an upper surface side weft which should have been woven
by the upper surface side warp based on fabric structure,
20 once or more times 1n succession, so as to weave a lower
surface side weft once or more times and then goes up to
the upper layer fabric so as to weave an upper surface
side weft. At the site where the upper surface side warp

weaveg the lower surface side weft or wefts, a lower

25 surface side warp serving as a binding varn weaves the

upper surface side weft which should have been woven by
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the upper surface side warp, without weaving the lower
surface side weft which should have been woven by the
lower surface side warp. In this structure, the upper

and lower surface side warps serving as binding yvarns may

have different weaving structures. Alternatively, the
upper and lower surface side warps serving as binding
varns may have the same weaving structure.

The present 1nvention also relates to an industrial
two-layer fabric, which comprises an upper layer fabric

and a lower layer fabric. The upper layer fabric and the

lower layer fabric are bound to each other at a site
where a first warp, one of the lower surface side warp

and the upper surface side warp, passes between the upper

and lower layer fabrics without weaving the weft which

should have been woven by the first warp from the
viewpoint of the structure of the fabric, and the first
warp passes between the upper and lower layer fabrics, a
second warp, the other one of the lower surface gide warp
and the upper surface side warp, weaves the weft which
should have been woven by the first warp and serves as a

binding yarn.

Description of the Drawings

The present inventions will now be described by way

iy

of example with reference to the following figures in
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which:

Fig. 1 is a diagram 1illustrating a repeating unit
of Example 1 of the present invention;

Fig. 2 1s a sectional view along a warp of the
repeating unit sectioned along the line II-II of Fig. 1;

Fig. 3 1s a diagram illustrating a repeating unit
of Example 2 of the present invention;

Fig. 4 1s a sectional view along a warp of the
repeating unit sectioned along the line IV-IV of Fig. 1.

Fig. 5 1s a diagram 1illustrating a repeating unit

of Example 3 of the present invention;

Fig. 6 1is a diagram illustrating a repeating unit
of Example 4 of the present invention;

Fig. 7 is a diagram illustrating a repeating unit
of Example 5 of the present invention;

Fig. 8 18 a sectional wview along a warp of the
repeating unit sectioned along the line VIII-VIII of Fig.
7;

Fig. 9 1s a diagram illustrating a repeating unit
of Example 6 of the present invention;

Fig. 10 1s a sectiocnal view along a warp of the
repeating unit sectioned along the line X-X of Fig. 9;

Fig. 11 1s a diagram 1illustrating a repeating unit
of Example 7 of the present invention;

Fig. 12 1is a sectional view along a warp of the

repeating unit sectioned along the line XII-XII of Fiqg.
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11.
Fig. 13 1s a diagram 1illustrating a repeating unit
of a conventional example of the present invention; and
Fig. 14 1s a sectional view along a warp of the
repeating unit sectioned along the line XIV-XIV of Fig.

13.

Detailled Description of the Invention

Characteristics of the present invention are that
two layers are bound together by either or both of upper
surface side warps and lower surface side warps, that the

binding portions are caused to serve as dground varns

forming the surfaces of the fabrics so as to prevent the
structures of the surfaces from becoming out of shape and
that the upper surface side warps and the lower surface
side warps are placed in combination, whereby no absence
of the warps at the binding sites on the upper surface
side occurs and local excessive dewatering does not occur
accordingly.

One specific structure of the present invention is
that some or all of upper surface side warps, in some
portions in a longitudinal directicn, go down to the
lower surface side without weaving upper surface side
wefts which should have been woven by the upper surface

side warps from the upper surface gide from the viewpoint

10
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of the structure of the upper layer fabric once or two or
more times and then weave lower surface gside wefts which

should have been woven by lower surface side warps from

the viewpoint of the structure of the lower layer fabric

from the lower surface side, and in the portions where
the upper surface side warps go down to the lower surface
side and weave the lower surface side wefts from the
lower surface side, the lower surface side warps go up to
the upper surface side without weaving the lower surface
side wefts which should have been woven by the lower
surface side warps from the lower surface side from the

viewpoint of the structure of the lower layer fabric once

or two Oor more times and then weave the upper surface
side wefts which should have been woven by the upper
surface side warps from the viewpoint of the structure of

the upper layer fabric from the upper surface side.

Another specific structure of the present invention is
that at sites where some or all of upper surface side
warps weave upper surface side wefts at one or more spots
or places in the repeating unit fiom the upper surface
side or at sites where lower surface side warps weave
lower surface side wefts at one or more spots in the
repeating unit from the lower surface side, one of the

upper surface side warp and the lower surface side warp

passes between the upper and lower layer fabrics without

weaving the weft which should have been woven by the one

11
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warp from the viewpoint of the structure of the fabric,
and at the site where the one warp passes between the
upper and lower layer fabrics, the other warp weaves the
weft which should have been woven by the one warp and

5 serves as a binding varn. Thus, when some of upper

surface side warps and lower surface side warps serve not
only as binding yarns but also as ground vyvarns forming
the surfaces of the fabrics, the structures of the fabric
surface do not become out of shape, and the absence of

10 warps at the binding sites on the upper surface side

never oCCurs.

With the above constitution of the present

invention, in a portion where an upper surface side warp

serving as a binding yarn is put under the lower laver

15 fabric, 1.e., in a portion of the conventional
papermaker's fabric disclosed in EP0889160A1 where the
absence of a warp occurs on the upper surface side and
leads to local excessive dewatering which then causes
problems such as a fiber carryback and a splash, the

20 problem of local excessive dewatering can be solved by
causing a lower surface side warp to go up to the upper
layer fabric and supports the structure of the upper
layer fabric in place of the upper surface side warp or

by causing a warp to lie between the upper layer fabric

25 and the lower layer fabric. In the present specification,

there are a case where a warp is placed on the surface of

12
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the upper layer fabric at a binding site and a case where

a warp 1s placed between upper surface side wefts and

F

lower surface side wefts. Both of thege cases are each

defined as a "case where a warp 1s present on the upper
surface side".
On the lower surface side as well, in a portion

where a lower surface side warp is absent because the

warp goes up to the upper surface side so as to support

the upper layer fabric, an upper surface side warp goes

down to the lower surface side so as to support the lower

layer fabric. That 1s, the upper surface side warp and

the lower surface side warp complement each other so as

Lo prevent the occurrence of a portion where no warp is

present on the upper surface side.

Since the upper surface side warp weaves a lower

surface side weft which should have been woven by the

lower surface side warp and the lower surface side warp

weaves an upper surface side weft which should have been

woven by the upper surface side warp, the structures of

the upper and lower layer fabrics substantially do not

F

become out of shape, and good wire mark properties are

obtained. Further, even in the case where the warp

passes between upper and lower surface side wefts, fiber

supportability 1s secured, so that the problem of

excessive dewatering can be solved.

Further, since yarns serving as binding yarns in

13
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the present invention are ground yarns constituting the
structure of the fabric and are warps which constantly

under tension at the time of use, they exhibit a wvery

strong binding force for binding the upper layer fabric
and the lower layer fabric to each other as compared with

when thin weft blinding varns are used, and the binding

force 1s constantly i1n effect, so that adhesion between

the upper and lower layer fabrics i1is good. Thus, there
occurs no such a problem that internal wear caused by

kneading of the biding varns between the fabrics causes

degradation 1n the binding force which then creates a gap
between the fabrics or separates the fabrics. Further,
in the present invention, in the case of a structure that
the fabrics are bound to each other by both upper and
lower ground warps, adhesion between the fabrics further
improves.

All warps forming the surface of the upper layer
fabric may be used as binding varns. The ratio of the
binding warps to non-binding warps can be changed as
appropriate to, for example, 1:1, 1:2, 1:3, 2:1 or 3:1.
The binding force can be improved by increasing the

number of binding yarns to be provided. Alternatively,

as the structure of the warp, the number of bindings in
the repeating unit may be once or more.
Further, the structures of the upper and lower

layer fabrics are not particularly limited as long as

14
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they are structures capable of forming the above

constitution. However, when the structure of the upper
layer fabric comprises a repetition of a structure that
an upper surface side warp passes under three adjacent
upper surface side wefts and then passes over an upper

—
p—

surface side weft and a repetition of a structure that an

upper surface side weft passes over three adjacent upper

surface side warps so as to form a long crimp in the

upper layer fabric and then passes under an upper surface
side warp, many wefts appear on the surface of the upper
layer fabric which 1s a papermaking surface side, and
good fiber supportability can be attained. Further, when
the structure of the lower layer fabric is a ribbed plain
structure that two lower surface side warps of the same
structure are placed parallel to each other, the same
state as that when thin flat yvarns are used as warps is
achieved, and the crimp length of the weft becomes short,
so that the thickness of the fabric can be made small.

The ribbed plain weave structure is particularly suitable

for a papermaker's forming fabric for producing tissues
which 1s particularly required to have good fiber
supportabllity, paper removability and a thin fabric

thickness.

The density of the vyvarns of the lower layer fabric

with respect to the upper layer fabric is not

particularly limited and may be the same as or 1/2 or 1/3

15
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of the density of the yvarns of the upper layer fabric.

Threads used in the present invention can be

v

selected freely according to the desired properties of an

Industrial fabric and are not particularly limited. For

example, in addition to monofilaments, multifilaments,

spun yvarns, processed yarns which are generally referred
to as textured varns, bulky varns and stretched vyarns

subjected to crimping, bulking or other processes,

i |

chenille vyvarns, strands of these threads or the like can

be used. As for the shapes of the cross sections of the
threads, threads having a c¢ircular cross section, a

rectangular cross section, a brachymorphic cross section

such as a star-shaped cross section and an oval cross
section or hollow threads can be used. The materials of
the threads can be selected freely, and a polyester,
nylon, polyphenylene sulfide, polyvinylidene fluoride,
tetraethylene fluoride, polypropylene, aramid, polyether
ether ketone, polyethylene naphthalate,
polytetraftluoroethylene, cotton, wool, metal and the like
can be used. As a matter of course, threads obtained by
blending various materials into copolymers or these
materials according to purposes may also be used.

In general, polyester monofilaments having rigidity

and excellent dimensional stability are preferably used

as upper and lower surface side warps and upper surface

side wefts. Meanwhile, for lower surface side wefts

16
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required to have abrasion resistance, by placing a

polyester monofilament and a nylon monofilament
alternately, abrasion resistance can be i1mproved with
rigidity belng secured.

Further, a plurality of vyvarns of the same structure
can be placed parallel to one another in a portion where
a single yarn should be placed from the viewpoint of the

F-

structure of the fabric. By placing a plurality of varns

having a small diameter parallel to one another, surface
properties can be improved, and the thickness of the
fabric can be made small.

Examples of the present 1nvention will be described
with reference to the drawings.

Fig. 1 18 a diagram 1illustrating a repeating unit
of an example of the present invention. The repeating

unit is a minimum repeating unit of a fabric structure.

The repeating units are connected to one another
vertically and horizontally so as to form the whole of
the fabric structure. In the design drawings, warpe are
represented by arabic numerals, e.g., 1, 2 and 3, while
wefts are represented by arabic numerals with dashes,
e.g., 1', 2' and 3'.

Further, a mark "X" indicates that an upper surface

side warp lies over an upper surface side weft; a mark "

O" indicates that a lower surface side warp lies under a

4=

lower surface side weft; a mark "A" indicates a portion

17
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where a lower surface side warp lies over an upper
surface side weft, 1.e., a binding portion where the
lower surface side warp serves as a binding yvarn; and a
mark "[" indicates a portion where an upper surface side
warp lies under a lower surface side weft, 1.e., a
binding portion where the upper surface side warp serves
as a binding yarn.

Upper surface side warps and wefts overlay lower
surface side warps and wefts. In the design drawings,
the lower surface side warps and wefts lie directly
underneath the upper surface side warps and wefts,
regspectively. This is for the convenience of the
drawings, and in an actual fabric, the lower surface side
warps and wefts may biasedly lie under the upper surface
side warps and wefts. In the present example, a lower
layer fabric has a ribbed plain structure in which two
adjacent warps have the same structure. Hence, 1n
reality, two lower surface side warps are placed

adjacently to each other.

Example 1

Fig. 1 is a diagram illustrating a repeating unit
of Example 1 of the present invention.

In Fig. 1, reference numerals 1, 2, 3, 4, 5, 6, 7
and 8 represent warps, and upper surface side warps lie

over lower surface side warps. Meanwhile, reference

18
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numerals 1', 2', 3', ... 16' represent wefts, and lower

surface side wefts are disposed under upper surface side

weftg represented by odd numbers, 1.e., 1', 3', 5',

15' at a half density of that of the upper surface side

wefts.

First, in examining an upper layer fabric, for

example, an upper surface side weft 4' passes over three

adjacent upper surface side warps 1, 2 and 3, then passes

under an upper surface side warp 4, then passes over
three adjacent upper surface side warps 5, 6 and 7, and
then passes under an upper surface side warp 8. In short,

1t 1s understood that the upper layer fabric has a

structure that the upper surface side weft 4' passes over
the three successive upper surface side warps, and then
passes under the one upper surface side warp.

Meanwhile, an upper surface side warp 4 passes

under three upper surface side wefts 1', 2' and 3', then
passes over an upper surtface side weft 4', then passes
under three upper surface side wefts 5', 6' and 7', and
then passes over an upper surface side weft 8'. In short,

it ig8 understood that the fabric has a 1/3 structure that
the upper surface side warp passesg under the three
successilve upper surface side wefts, and then passes over

the one upper surface gide weft. Since upper surface

side wefts each form long crimps each corresponding to

three upper surface side warps on the surface of the

19
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upper layer fabric, the fiber supportability of the wefts
becomes good. It 1s understood that upper surface side

warps are 1n turn shifted upward for a distance egqual to

the width of an upper suriface side weft so as to form a

twilled structure. Although the present example adopts

the above structure, i1t 1s needless to say that it i1s not
limited to the structure and may use a satin woven
structure or a structure with longer or shorter weft
crimps. When the twilled structure is adopted, the limit
number of wefts to be placed can be increased as compared
with when the satin woven structure is adopted, so that

[~

the number of wefts can be increased 1f there 18 no

problem with respect to air permeability. Accordingly,
the twilled structure is advantageous when fiber
supportability 1s desired to be improved.

Then, when a lower layer fabric i1s examined, it is
understood that 1t has a ribbed plain structure in which
lower surface side warps 1 and 2, 3 and 4, 5 and 6, and 7

and 8 have the same structure and are aligned parallel to

each other. The fabric may have a small thickness and is
sultable for use particularly as a papermaker's forming
fabric for producing tissues. In an actual fabric, the
Llower surface side warps 1 and 2 closely contact with
each other and lie between and underneath the upper
surface side warps 1 and 2. An advantage of adopting the

ribbed structure 18 that as compared with when one thick

20



10

15

20

25

CA 02429305 2003-05-22

warp having a cross section equivalent to cross sections
of two warps 1s placed, the same effect as obtained when
a warp having a flat cross section is used, so that the

v

thickness of the fabric can be rendered small, and the

fabric becomes more weft-friction-type.
Next, a description will be given to binding

portions. As 1s understood from Fig. 1, in the present

example, upper surface side warps 1 and 5 and lower
surface side warps 1 and 5 serve as binding vyarns.

Portions where the upper surface side warp 5 and the
lower surface side warp 5 cross wefts 9' are binding
portions. The upper surface side warp 5 passes under the

lower surface side weft 9' (indicated in Fig. 1 by "[O»)

sO as to weave the lower surface side weft 9' from the

lower surface side, and the lower surface side warp 5

passes over the upper surface side weft 9' (indicated in

Fig. 1 by "A") so as to weave the upper surface gide

weft 9' from the upper surface side, thereby binding the

upper layer fabric and the lower layer fabric to each

other.

Incidentally, as described above, an upper surface
side warp has a structure that the warp passes under

three adjacent upper surface side wefts and then passes

over an upper surface side weft. Because the lower
surface side warps have a plain woven structure, the

upper surface side weft 9' should have been woven by the
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upper surface side warp 5 from the upper surface side,

and the lower surface side weft 9' should have been woven
by the lower surface side warp 5 from the lower surface
side.

Thus, the upper surface side warp serving as a
binding yarn goes to the lower surface side without
weaving the upper surface side weft which should have
been woven by the upper surface side warp from the upper
surface side from the viewpoint of the structure of the
upper layer fabric and then weaves the lower surface side
weft which should have been woven by the lower surface
side warp from the viewpoint of the structure of the
lower lavyer fabric, from the lower surface side.
Meanwhile, it can be well understood that in the portion

where the upper surface side warp has woven the lower

surface side weft from the lower surface side, the lower

surface side warp serving as a binding yarn goes up to

the upper surface side without weaving the upper surface
side weft which should have been woven by the upper

surface side warp from the viewpoint of the structure of

the lower layer fabric and then weaves the upper surface

side weft which should have been woven by the upper

surface side warp from the viewpoint of the structure of

the upper layer fabric, from the upper surface side.
Further, 1t can also be well understocod that, in

the portion where no support by the upper surface side
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warp 1s avallable because the warp descends to the lower
surface side and where local excessive dewatering occurs
and causes problems such as a fiber carryback and a
splash in the prior art, the lower surface side warp
ascends to the upper surface side and provides support in
place of the upper surface side warp and, in the portion
where the lower surface side warp 1s absent by going up
to the upper surface side so as to support the upper
surface side, the upper surface side warp goes down to
the lower surface side and supports the lower surface

side, thereby forming a structure that the upper surface

silde warp and the lower surface side warp complement each

other.

Further, since the upper surface side warp weaves

the lower surface side weft which should have been woven
by the lower surface gide warp and the lower surface side

warp weaves the upper surface side weft which should have

been woven by the upper surface side warp, the structures
of the upper and lower layer fabrics substantially do not
become out of shape, and good wire mark properties can be
attained.

g—

In the present example, the ratio of the upper

surface sgside wefts to the lower surface gide weftg ia get

P

at 2:1; the proportion of warps provided to serve as

binding yarns is 1/4 of all warps; an upper surface side

warp has a structure that after the warp weaves an upper

23



10

15

20

25

CA 02429305 2003-05-22

surface side weft for 3 times from the upper surface side,

1t goes down to the lower surface gide so as to weave a

lower surface side weft from the lower surface side; and
a lower surface side warp has a structure that after the
warp weaves a lower surface side weft for 3 times from

the lower surface side, i1t goes up to the upper surface

side soO as to weave an upper surface side weft from the
upper surface side. As a matter of course, the present
invention is not limited to the above. However, this
ratio is suitable because air permeability, rigiditvy,
wilre mark properties and other properties are well-

balanced.

When the binding force between the upper and lower

layer fabrics is desired to be increased, the proportion

of the warps serving as binding varns or the number of
binding portions should be increased. Meanwhile, when
alr permeabllity i1is desired to be improved, the

proportion of the warps serving as binding varns or the

number of the binding portions should be decreased.
Fig. 2 18 a sectional view along a weft of the
repeating unit sectioned along the line A-A' of Fig. 1.

It can be well understood that an upper surface side warp

and a lower surface side warp complement each other, and
except for portions where the warps weave upper surface
side wefts from the upper surface side, the warps always

ex1st between upper surface side wefts and lower surface
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side wefts, so that there exist no portions where the
warp passes under the upper layer fabric and thereby
local excessive dewatering occurs and causes problems

such as a fiber carryback and a splash.

Example 2

Fig. 3 is a diagram 1llustrating a repeating unit
of Example 2 of the present invention. The placement of
warps and wefts 1s the same as that in Example 1. Lower
surface side wefts are placed underneath upper surface
side wefts represented by odd numbers, and the upper
layer fabric of the repeating unit has 24 wefts. The
structures of the upper and lower layver fabrics are the
same as those in Example 1. The upper layer fabric has a

structure in which an upper surface side warp passes

under three adjacent upper surface side welfts and then

passes over an upper surface side weft. The lower layer
fabric has a plaln woven structure in which two adjacent
lower surface side warps are formed parallel to each
other. Example 2 is different from Example 1 in that
while a warp serving as a binding varn in each layer
weaves and binds only one weft in the other layer in

Example 1, the repeating unit of Example 2 has binding

sites 1n which a binding portion formed by a warp passing
over oxr under a weft 1s woven three times in a raw.

Although the warp 1/3 structure of the upper laver fabric
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18 unchanged as a whole, the number of times a warp

weaves wefts in the two layers increases, sc that a
binding force improves.

As can be seen from Fig. 3, 1n the present example,
upper surface side warps 1 and 5 and lower surface side
warps 1 and 5 serve as binding yarns. The upper surface
side warp 1 and the lower surface side warp 1 cross wefts
9', 13'" and 17' so as to form binding portions. The
upper surface side warp 1 passes under the lower surface
side wefts 9', 13' and 17' (indicated in Fig. 3 by "0(i")
soO as to weave the lower surface side wefts from the
lower surface side, and the lower surface side warp 1

passes over the upper surface side wefts 9', 13' and 17!

(indicated in Fig. 3 by "A") so as to weave the upper
surface side wefts from the upper surface side, thereby
binding the upper layer fabric and the lower layer fabric
to each other.

Incidentally, as described above, an upper surface

side warp has a structure that the warp passes under

three adjacent upper surface side wefts and then passes

over an upper surface side weft. Because lower surface

side warps have a plain woven structure, the upper
surface side wefts 2', 13' and 17' should have been woven
by the upper surface side warp 1 from the upper surface
side, and the lower surface side wefts 9', 13' and 17

should have been woven by the lower surface side warp 1
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from the lower surface side.
Thus, 1t can be well understood that the upper
surface side warp 1 serving as a binding yarn goes down

to the lower surface side without weaving the upper

surface gide wefts 9', 13' and 17' which should have been

woven by the upper surface side warp 1 from the upper

surface side, i.e., without weaving the three times upper
surface side wefts to be woven successively, from the
viewpoint of the structure of the upper layer fabric;
weaves the lower surface side wefts 9', 13' and 17' which
should have been woven by the lower surface side warp

from the viewpoint of the structure of the lower laver

fabric, from the lower surface side; then goes up to the
upper surface side agalin so as to weave an upper surface
side weft from the upper surface side, thereby serving as

a binding yarn, whereas the lower surface side warp

weaves the upper surface side wefts 9', 13' and 17' which

should have been woven by the upper surface side warp 1
from the viewpolint of the structure of the upper layer

fabric, from the upper surface side; and then goes down

to the lower surface side agaln so as to weave a lower
surface side weft from the lower surface side, thereby
serving as a binding vyarn.

Thus, since the upper surface side warp and the
lower surface side warp complement each other,

conventionally occurring problems such as local excessive
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dewatering, a fiber carryback and a splash can be
eliminated.

Further, since the upper surface side warp weaves
the lower surface side wefts which should have been woven
by the lower surface side warp and the lower surface side
warp weaves the upper surface side wefts which should
have been woven by the upper surface side warp, the
structures of the upper and lower layer fabrics
substantially do not become out of shape, and good wire

mark properties can be attained.

Fig. 4 is a sectional view along a warp of the
repeating unit sectioned along the line B-B' of Fig. 3.
It can be well understood that an upper surface side warp
and a lower surface side warp complement each other, and
except for portions where the warps weave upper surface
side wefts from the upper surface side, the warps always
exlist between upper surface side wefts and lower surface
side wefts, so that there exist no portions where

problems such as local excessive dewatering, a fiber

carryback and a splash occur due to the absence of the

warp.

Example 3

Flg. 5 1g a diagram i1lliustrating a repeating unit

of Example 3 of the present invention. The repeating

e

unit of Example 3 compriges 8 warps and 16 wefts. A warp
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serving as a binding yarn weaves a weft two times in a

row so© as to form biding portions. The proportion of
warps provided as binding yvarns is 1/2 of all upper

surface side warps. An upper surface side warp has a

structure that after the warp weaves two times upper
surface side wefts from the upper surface side, 1t goes

down to the lower surface side so as to weave two times

lower surface gside wefte from the lower gurface side and

then goes up to the upper surface side so as to weave two
times upper surface side wefts from the upper surface
side. Although the warp 1/3 structure of the upper layer
fabric is unchanged, the proportion of the warps provided
as binding yvarns has been increased, so that a binding
force has i1mproved and adhesion between the upper and

lower layver fabrics has become very good.

Example 4

Fig. 6 18 a diagram illustrating a repeating unit
of Example 4 of the present invention.

The repeating unit of Example 4 1s similar to but

different from Example shown in Fig. 5 in that warps

serving as pbinding yvarns are shifted irregularly. The
repeating unit of Example 4 has an advantage that

diagonal wire marks are not conspicuous since binding

portions are not continuous dliagonally.
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Example 5

Fig. 7 is a diagram illustrating a repeating unit

P

Example 5 of the present invention.

OT

The placement of warps and wefts 1s the same as

pte

5 that in Example 1. The proportion of warps provided as

binding varns is 1/4 of all upper surface side warps.
The structures of the upper and lower layer fabrics are
the same as those in Examples 1 to 4. The upper layer
fabric has a structure in which an upper surface side

10 warp passes under three adjacent upper surface side wefts
and then passes over an upper surface side weft. The
lower layer fabric has a plain woven structure in which
two adjacent lower surface side warps are formed parallel

to each other. Example 5 is different from Example 1 1in

15 that a lower surface sgide warp which 1s paired with an

upper surface side warp serving as a binding yarn does

y—

not appear on the surface of the upper layer fabric at a

binding site of the upper surface side warp but lie
between upper surface side wefts and lower surface side
20 wefts.
As can be seen from Fig. 7, in the present example,
upper surface side warps 1 and 5 serve as binding yarns.
The upper surface side warp 5 crosses a weft 11' so as to

form a binding portion. The upper surface side warp 5

25 passes under the lower surface side weft 11' (indicated

in Fig. 7 by "LI") so as to weave the lower surface side
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weft from the lower surface side, thereby binding the

upper layver fabric and the lower laver fabric to each

other.
Incidentally, as described above, since lower

surface side warps have a plain woven structure, the

lower surface side weft 11' should have been woven by a
lower surface side warp 5 from the lower surface side.
Thus, it can be well understood that the upper
surface side warp 5 serving as a binding varn goesgs down
to the lower surface side between sites where the upper

surface side warp 5 weaves upper surface side weftgs 9

and 13' so0 as to weave the lower surface sgside weft 11

which should have been woven by the lower surface side
warp 5 from the viewpoint of the structure of the lower

layver fabric, from the lower surface side, and that in

the portion where the upper surface side warp 5 goes down

to the lower surface side and weaves the lower surface
side weft 11' from the lower surface side, the lower

surface side warp 5 passes between the upper and lower

surface side wefts without weaving the lower surface side

weft 11' which should have been woven by the lower

surface side warp 5 from the lower surface side from the

viewpolnt of the structure of the lower layver fabric.

Thus, the lower surface side warp 5 passes between
upper surface side wefts 10', 11' and 12' and the lower

surface side weft 11' so as to support the upper layer
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grbh

fabric in place of the lower surface side warp 5.

Meanwhile, in the lower layer fabric, in the portion

where the lower surface side warp 5 is absent because it

passes between the upper and lower layer fabrics so as to
support the upper layer fabric, the upper surface side
warp 5 goes down to the lower surface side and weaves the

lower surface side weft 11' so as to support the lower

layer fabric. Thus, the upper surface side warp and the

lower surface side warp complement each other.

Further, since the upper surface side warp weaves
the lower surface side weft which should have been woven
by the lower surface side warp, the structures of the
upper and lower layer fabrics substantially do not become
out of shape, and good wire mark properties can be

attalined.

In the present example, the ratio of the upper

surface side wefts to the lower surface side wefts 1is set
at 2:1; the proportion of warps provided to serve as

binding varns is 1/4 of all upper surface side warps; and

an upper surface side warp has a structure that after it

weaves an upper surface side weft for 4 times from the

upper surface side, 1t goes down to the lower surface

gide so as to weave a lower surface side weft from the

lower surface sgide.

Fig. 8 1s a sectional view along a warp of the

repeating unit sectioned along the line C-C' of Fig. 7.
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It can be well understood that in a portion where an

upper surface side warp 1s absent because 1t goes to the

lower surface side, a lower surface side warp passes

between upper and lower surface side wefts so as to

support the upper layer fabric in place of the upper

surface side warp, and except for portions where the warp
weaves upper surface side wefts from the upper surface
side, the warp always exists between upper and lower
surface side wefts, so that there exist no portions where

problems such as local excessive dewatering, a fiber

carryback and a splash occur due to the absence of the

warp.

Example 6

Fig. 9 is a diagram illustrating a repeating unit
of Example 6 of the present invention.

The placement of warps and wefts 1s the same as

gte

that in Example 1. The proportion of warps provided as

binding yarns is 1/4 of all upper surface side warps.

The structures of the upper and lower layer fabrics are
the same as those in Examples 1 to 5. The upper laver
fabric has a structure in which an upper surface side
warp passes under three adjacent upper surface side wefts
and then passes over an upper surface side weft. The
lower layer fabric has a plain woven structure 1in which

two adjacent lower surface side warps are formed parallel



10

15

20

25

CA 02429305 2003-05-22

to each other. Example 6 1s different from Example 1 1n

that an upper surface side warp which is paired with a

lower surface side warp serving as a binding varn does
not appear on the surface of the upper layer fabric at a
binding site of the lower surface side warp but lie

between upper surface side wefts and lower surface side

wefts.
As can be seen from Fig. 9, in the present example,

upper surface side warps 1 and 5 serve as binding yarns.

A lower surface slde warp 5 crosses an upper surface side

weft 9' so as to form a binding portion. The lower

surface side warp 5 passes over a lower surface side weft

9' (indicated in Fig. 9 by "A") so as to weave the upper

surface side weft 9' from the upper surface side, thereby

binding the upper layer fabric and the lower layer fabric

to each other.
Incidentally, as described above, an upper surface

side warp has a structure that the upper surface side

warp passes under three adjacent upper surface side wefts

and then passes over an upper surface side weft.

Therefore, the upper surface side weft 9' should have

been woven by the upper surface side warp 5 from the

upper surface side. However, the upper surface side warp

5 passes between upper and lower surface side wefts

wlthout weaving the upper surface side weft 9' which

should have been woven by the upper surface side warp 5.
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Further, it can be well understood that, in the portion

where the upper surface side warp 5 passes between the

upper and lower surface side wefts without weaving the

upper surface side weft 9', the lower surface side warp 5

goes up to the upper surface side without weaving the
lower surface side weft 9' which should have been woven

by the lower surface side warp 5 from the lower surface

P‘

side from the viewpoint of the structure of the lower

layer fabric and then weaves the upper surface side weft

9!' which should have been woven by the lower surface side

warp 5 from the viewpoint of the structure of the upper

layer fabric, from the upper surface side.

Further, since the lower surface side warp weaves

the upper surface side weft which should have been woven

by the upper surface side warp, the structure of the

upper layer fabric substantially does not become out of

shape, and good wire mark properties can be attained.

F

In the present example, the ratio of the upper

surface side wefts to the lower surface side wefts is set
at 2:1; the proportion of warps provided to serve as

binding yarns is 1/4 of all upper surface side warps; and

a lower surface side warp has a structure that after it

weaves a lower surface side weft for 3 times from the

lower surface side, it goes up to the upper surface side
and weave an upper surface side weft from the upper

surface gide.
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F

Fig. 10 is a sectional view along a warp of the

repeating unit sectioned along the line D-D' of Fig. 9.

It can be well understood that 1n a portion where a

lower surface side warp goes up to the upper surface side

- N

and weaves an upper layer weft from the upper surface

side so as to bind the upper layer fabric to the lower

laver fabric, an upper surtace slde warp passes between

upper and lower surface gide wefts, so that there exist

no portions where problems such as local excessive

dewatering, a fiber carrvback and a splash occur due to

the absence of the warp.

Example 7

Fig. 11 18 a diagram i1illustrating a repeating unit

{}

gridey

of Example 7 of the present i1nvention.

i

In Example 6 of Fig. 10, 1n a binding portion, a

lower surface side warp goes up to the upper surface side

wilithout weaving a lower surface side weft which should

have been woven by the lower surface side warp from the

i

lower surface side from the viewpoint of the structure o:

the lower layer fabric and then weaves an upper surface

side weft from the upper surface side. Meanwhile, the

present example has a structure that a lower surface gside

warp serving as a binding yvarn weaves a lower surface

side weft which should have been woven by the lower

gritn

surface side warp from the lower surface side, goes up to
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the upper surface side so as to weave an upper suriface

side weft from the upper surface side, and then goes back

to the lower surface gi1de s0 as to weave a lower surface

side weft which should have been woven by the lower

surface side warp from the lower surface side. By

P

adopting the above structure, the structure of the lower

' annd

layer fabric substantially does not become out of shape,

and wire mark properties and the like are further

improved.

 amnd

Fig. 12 1s a sectional view along a warp of the

Pb

repeating unit sectioned along the line E-E' of Fig. 11.

A lower surface side warp 5 weaves a lower surface

side weft 11' which should have been woven by the lower

surface side warp 5 from the lower surface side, goes up

Lo the upper surface side so as to weave an upper surface

side weft 13' from the upper surface side, and then goes

back to the lower surface side so as to weave a lower

surface side weft 15' which should have been woven by the

lower surface side warp 5 from the lower surface side.

Thus, 1t can be well understood that sgince lower surface

side warps pass over and under lower surface side wefts,

the structure of the lower layer fabric is not out of

shape.

Example of Prior Art

Fig. 13 1s a diagram illustrating a repeating unit
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of an example of the prior art which is disclosed in

H

EP0O889160A1. Fig. 14 1s a sectional view along a warp o:

b

' o
v

the repeating unit sectioned along the line F-F' of Fig.

13. As 18 seen from Figs. 13 and 14, the basic

"

structures of the upper and lower laver fabrics are the

same as those i1n Examples. However, the structure of a

prtm
—

binding portion is different and has a problem.

Upper surface side warps 1 and 5 serve as binding

varns. The upper surface side warp 5 crosses a weft 11°

so as to form a binding portion. Between portions where

the upper surface side warp 5 weaves upper surface side

wefts 9' and 13', the upper surface side warp 5 goes down

to the lower surface side, passes under the lower surface

side weft 11' (indicated in Fig. 13 by "[") and weaves

-
anad

aCc

the lower surface gside weft 11' from the lower sur:

side so as to bind the upper layver fabric and the lower

layer fabric to each other. In the binding portion, no

warp 1s present between upper surface side wefts and the

lower surface side weft and supports the upper lavyer

tabric, thereby forming a portion where local excesgsive
dewatering occurs and causes problems such as a fiber
carryback and a splash and the like.

g

Further, on the lower surface side of the binding

portion, lower surface side warps 5 and 6 and the upper

surface side warp 5 are placed in close contact with and

parallel to one another, and the structure of the lower
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layer fabric becomes out of shape, thereby causing the

occurrence of a wire mark. "

Comparisons by Actual Device Test

The fabric of Example 1 shown in Fig. 1 and the

r- r-

tabric of an example of the prior art shown in Fig. 13

were subjected to an actual paper machine for producing

tissues so as to carry out an actual device test. When

f—

the fabric of the prior art was used, many fiber

carrybacks and splashes were produced at a paper making

speed of 1,800 m/min, many pinholes were also produced,

sO that the paper making rate had to be reduced, and weft

yarn marks on paper were also conspicuous. In contrast,

_

in the case of the fabric of Example, no such problems

occurred even at a paper making rate of 1,800 m/min, and

good paper making could be carried out.

iy

In an industrial two-layer fabric of the present

invention, owing to the aforementioned structure, wefts

can be increased in number with no degradation in

freeness (alr permeability), and no absence of warps at

binding sites in the upper layer fabric occurs and no

local excessive dewatering occurs. Therefore, the fabric

has good fiber supportability, is free from fiber
carrybacks, splashes and the like, and it also has good
wire mark properties.

Although only some exemplary embodiments of this
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invention have been described in detail above, those

skilled in the art will readily appreciated that many

modifications are possible in the exemplary embodiments

without materially departing from the novel teachings and
advantages of this invention. Accordingly, all such

modifications are 1ntended to be i1included within the

scope of this invention.
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Appl. No. 2,429,305
Applicant: Nippon Filcon Co., Ltd.

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. An industrial two-layer fabric which comprises an upper layer fabric comprising
upper surface side warps and upper surface side wefts and a lower layer fabric
comprising lower surface side warps and lower surface side wefis;

wherein the upper layer fabric and the lower layer fabric are bound to each other
at at least one spot in a repeating untit of the two-layer fabric where a first upper surface
side warp weaves at least a lower surtace side weftt at least once without weaving at least
an upper surface side weft and where a first lower surface side warp weaves the upper
surface side weft without weaving the lower surface side weft;

whereln a second upper surface side warp weaves only the upper surface side
wefts:

wherein a second lower surface side warp weaves only the lower surface side
wefts;

wherein the first upper surface side warp and the first lower surface side warp
deviate from a weaving structure of the second upper surface side warp and the second
lower surface side warp, respectively, at the at least one spot where the upper layer fabric
and the lower layer fabric are bound to each other;

further wherein a second lower surface side warp lies under a lower surface side
weft at a place adjacent to where the first upper side warp or the first lower side warp lies

under the lower surface side wetft.

2. The fabric of claim 1, wherein the first upper and lower surface side warps have
ditferent weaving structures in the repeating unit.
3. The fabric of claim 1, wherein the first upper and lower surface side warps have

the same weaving structure in the repeating unit.
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Applicant: Nippon Filcon Co., Ltd.

4. An industrial two-layer fabric which comprises an upper layer fabric comprising
upper surface side warps and upper surface side wefts and a lower layer fabric
comprising lower surface side warps and lower surface side wetts,

wherein the upper layer fabric and the lower layer fabric are bound to each other
at at least one spot in a repeating unit of the two-layer fabric where a first upper surtace
side warp weaves at least a lower surface side weft and where a first lower surface side
warp weaves at least an upper surface side weft;

wherein the second upper surface side warp weaves only upper surtace side wefts;

wherein the first upper surface side warp deviates from a weaving structure of the
second upper surface side warp at the at least one spot where the upper layer tabric and
the lower layer fabric are bound to each other;

further wherein a second lower surface side warp lies under a lower surtace side
weft at a place adjacent to where the first upper side warp lies under the lower surface

side weft.

5. The fabric of claim 4, wherein the first upper surface side warp passes between

the upper and lower layer fabrics without weaving the first upper and lower side wetts.

6. The fabric of claim | or 4, wherein the upper layer fabric and the lower layer

fabric are bound to each other at two or more successive said spots in the repeating unit.

7. The fabric of claim 1 or 4, wherein, in a repeating unit, an upper surface side warp
passes under three adjacent upper surface side wefts and then passes over an upper
surface side weft, an upper surface side wett passes over three adjacent upper surtace side
warps forming a long crimp in the upper layer tabric and then passes under an upper
surface side warp, and wherein, in a repeating unit, a ribbed plain weave structure 1s used,

the ribbed plain weave comprises two adjacent lower surface side warps placed parallel

to each other in the same manner in the repeating unit.
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8. The fabric of claim 1 or 4, wherein the upper layer fabric includes a plurality of
first upper surface side warps and a plurality of second upper surface side warps, and
where a ratio of first upper surface side warps to second upper surtace side warps 1s 1:1

to 1:3.

9. The fabric according to claims 1 or 4 wherein the number of the upper surface
side wefts woven by the first upper surface side warp 1s greater than the number ot lower

surface side wefts woven by the first upper surface side warp.

10.  The fabric according to claims 1 or 4 wherein the number of the lower surface
side wefts woven by the first lower surface side warp 1s greater than the number of upper

surface side wefts woven by the first lower surtace side warp.

[1.  An industrial two-layer fabric which comprises an upper layer fabric comprising
upper surface side warps and upper surtace side wefts and a lower layer fabric
comprising lower surface side warps and lower surface side weifts,

wherein the upper layer fabric and the lower layer fabric are bound to each other
at at least one spot in a repeating unit of the two-layer fabric where a first upper surtace
side warp weaves a lower surface side weft at least once without weaving an upper
surface side weft and where a first lower surface side warp passes between the upper and
lower layer fabrics without weaving the lower side wett,

wherein a second upper surface side warp weaves only the upper surface side
wefts, wherein a second lower surfacé side warp weaves only the lower surface side
wefts, and wherein the first upper surface side warp and the first lower surface side warp
deviate from a weaving structure of the second upper surface side warp and the second

lower surface side warp, respectively, at the at least one spot where the upper layer fabric

and the lower layer fabric are bound to each other.
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12. The fabric according to claim 11, wherein the second lower surtace side warp lies
under the lower surface side weft at a place adjacent to where the first upper side warp or

the first lower side warp lies under the lower surface side wett.

13. An industrial two-layer fabric which comprises an upper layer fabric comprising
upper surface side warps and upper surface side wefts and a lower layer tabric
comprising lower surface side warps and lower surface side wetts,

wherein the upper layer fabric and the lower layer fabric are bound to each other
at at least one spot in a repeating unit of the two-layer fabric where a tirst upper surtace
side warp passes between the upper and lower layer fabrics without weaving a first upper
side weft, and where a first lower surface stide warp weaves the upper surface side wefts
without weaving a lower surface side weft,

wherein a second upper surface side warp weaves only the upper surface side
wefts, wherein a second lower surface side warp weaves only the lower surface side
wefts, and wherein the first upper surface side warp and the first lower surface side warp
deviate from a weaving structure of the second upper surface side warp and the second
lower surface side warp, respectively, at the at least one spot where the upper layer tabric

and the lower layer fabric are bound to each other.

14.  The fabric according to claim 13, wherein the first lower surface side warp lies

under the lower surface side weft at a place adjacent to where the second lower side warp

lies under the lower surface side weft.
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FIG. 9
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