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(FIG. 8}

131
-131B

R
T
L
)
-§
.3_

1y
0y

\

O

.,_

L et 'wd“] -

W¢ X Y _._u..
i -,a
h& o A h.y._e {

s At N e N =LA N[O ==
- / -t JITRMCT L - T . . E
o R R SR RS A sk R RREAR ol
. ~ v e N . WY A Fra - WY -
R RS N N = s GRS AN T

/

- .Q.I.A\l . R e
(AN R\
s Pl T e s SV A
) ﬁva M.§¢Wnlt.

g

A SRR LSRR I X b

— A
D /
D
N A e AN T = N A o N
ST I 1) N AG | RN R A L |

A raint | NONIIRE, o it o it oo DA Y
PSP e T e S L ,..&_ r.n,_ / = ..,,.& _*w.ﬁ.m
(2 ..;&_ -.. 74 \
_,..9? N0

\
Y ,Hs..._ﬂ
_..,... ﬂ* R &
(Yo L@. # o Y Lu. ) W
I H RS RIS, A NS T e X ? R AN WSS N
PR | | MERER oA
W S L S A D e S = R W Y i Jﬁmﬁrs{v,w.,.,m\mﬁm« TR LAY ==
./ .
s
<
/= _ —
s.\'.. e ..!u"h('...lc‘*.. o b ~ |bl4|‘.”4 &, — ...,\ p— Y NII“M’IJA‘ "( s |,0u1l1.' flemy (o ..u.(.. p— P |bldu.l-”4 - \'(
R LW il = A S22 S N oy = T, X MU E SO 2 N\ . odS%
£ il s | SR S RSN
) -v\“ A_w ‘%. N AT \LFIL'Q#.MW Isla.....v\ww,r r. nw .___\w _w\‘.’. B I Y o N R A T S S .n.& _-.w.ﬁm N e GP,..I.JW.L..NJ....&_ f
LORY Y, SOLh AR A
FA \\ N | ,yfk i) 0
ﬁ.v A9 Wi ? A R =
A N DX M
(. YK s
) ’ — .v i ! " ‘1 ) y




(FIG. 9}
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DESCRIPTION

TITLE OF THE INVENTION: NONWOVEN FABRIC

FIELD OF THE INVENTION
{0001}

The present invention relates to a nonwoven fabric.

BACKGROUND OF THE INVENTION
{0002}

Nonwoven fabrics are often used in absorbent articles such as sanitary
towels or nappies. Technology on providing this nonwoven fabric with various
functions Is known.

{0003}

Nonwoven fabrics described in Patent Literatures 1 and 2 are directed to
processing both fabric sides into concavo-convex surfaces to enhance cushioning
properties and the like. The nonwoven fabrics have structures in which a first
projecting portion and a second projecting portion projecting in opposite
directions to each other are arranged alternately in each of crossing different
directions In a plane view through an annular wall portion. Top portions of these

projecting portions are formed into a rounded shape for providing a soft texture.

CITATION LIST

PATENT LITERATURES

{0004}

Patent Literature 1: JP-A-2014-12913 ("JP-A” means unexamined published

Japanese patent application)

Patent Literature 2: JP-A-2012-136791
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SUMMARY OF THE INVENTION
{0005)

The present invention provides a nonwoven fabric, comprising

thermoplastic fibres, a first surface side and a second surface side which Is a
surface side opposite to the first surface side, wherein the nonwoven fabric has
outer surface fibre layers on the first surface side and the second surface side In
which fibres are oriented In plane direction; and a plurality of connecting portions
arranged between the outer surface fibre layer on the first surface side and the
outer surface fibre layer on the second surface side, in which the fibres are
oriented In a thickness direction of the nonwoven fabric; and part of the fibres are
fused to each other between the outer surface fibre layer on the first surface side,
the outer surface fibre layer on the second surface side, and the connecting
portions.
{0006}

Other and further objects, features and advantages of the invention will
appear more fully from the following description, appropriately referring to the

accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS
{0007}
{FIG. 1}

FIG. 1 1s a perspective view of a partial cross-section schematically
showing one preferable embodiment of the nonwoven fabric according to the
present invention.

{FIG. 2}
FIG. 2 1s a perspective view with partial cutaway schematically showing a

specific example when the nonwoven fabric in FIG. 1 is used as a topsheet.
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{FIG. 3}

FIG. 3 1s a cross-sectional view taken along an A-A line of the nonwoven
fabric shown in FIG. 1.

{FIG. 4}

FIG. 4 is a cross-sectional view taken along a B-B line of the nonwoven
fabric shown in FIG. 1
{FIG. 5}

FIG. 5 is a drawing substitute photograph showing the measurement of a
length of an outer surface fibre layer in a plane direction and a fibre vertical
orientation ratio in the cross section of the nonwoven fabric in FIG. 1.

{FIG. 6}

FIG. 6(A) is a plane view showing a first surface side of a nonwoven
fabric in the embodiment by partial enlargement of a part, and FIG. 6(B) is a
plane view showing a second surface side of the nonwoven fabric in the
embodiment by partial enlargement of the part.

{FIG. 7}

FIG. 7 1s an explanatory view schematically showing one preferable
example of a method for producing a nonwoven fabric in the embodiment, In
which FIG. 7(A) Is an explanatory view showing a step of arranging a fibre web
on a support male material and pushing a support female material into the
support male material from above the fibre web, FIG. 7(B) Is an explanatory view
showing a step of blowing first hot air from above a support female material and
shaping the fibre web, and FIG. 7(C) is an explanatory view showing a step of
removing the support female material, and blowing second hot air from above a
shaped fibre web to fuse fibres to each other.

{FIG. 8}
FIG. 8 I1s a cross-sectional view showing arrangement of projections of a

support male material, projections of a support female material and fibres in a
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plane direction In which the fibres are planned to be oriented In a thickness
direction in the step in FIG. 7(B).
{FIG. 9}

FIG. 9 is a graph showing recoverability after one day of compression of
a nonwoven fabric In which sheath-core type conjugate fibres having sheath resin
component of polyethylene terephthalate and core resin component of

polyethylene are used.

DESCRIPTION OF EMBODIMENTS
{0008}

The present invention relates to a nonwoven fabric having sufficient
thickness, and simultaneously having a large compressive deformation by
compressional load and cushioning properties.

{0009}

Methods are avallable for producing a nonwoven fabric having
satisfactory texture by providing the nonwoven fabric with cushioning properties.
Regarding this point, as a specific example of a method for providing a nonwoven
fabric with cushioning properties, the technique of achieving thickness by
Increasing fiore amount (basis weight) Is described. However, increase In the
flore amount Is limited In the light of softness and flexibility considerations, as an
excessive Increase In the fibre amount may adversely affect the texture.

On the other hand, the nonwoven fabrics with concavo-convex surface
described In the aforesaid Patent Literature not only have better textures than
conventional flat nonwoven fabrics but can also achieve enhanced thickness
even If the fibre amount Is small. However, there Is still room for improvement in
the cushioning properties when external force 1s applied thereto.

{0010}

The nonwoven fabric according to the present invention secures sufficient
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thickness, and simultaneously has a large compressive deformation by
compressional load and cushioning properties.

{0011}

A preferred embodiment of the nonwoven fabric according to the present

Invention will be explained below, referring to the drawings.
{0012}

FIG. 1 shows a nonwoven fabric 10 of the embodiment. The nonwoven
fabric 10 contains a first surface side Z1, and a second surface side Z2 opposite
the first surface side Z1. The first surface side Z1 and the second surface side
/2 mean a top surface side and a back surface side of the nonwoven fabric 10,
respectively.

The nonwoven fabric 10 according to the present invention can be
applied to a topsheet of an absorbent article such as a sanitary towel or a
disposable nappy, for example. When the nonwoven fabric 10 Is used as the
topsheet, the nonwoven fabric 10 may be used by directing any surface toward a
wearer's skin surface. However, from viewpoints of excellent cushioning
properties and soft texture, the first surface side Z1 which Is a surface side
opposite to a surface to which hot air is blown during production is preferably
used toward a wearer's skin surface side because the number of fused points of
fibres is comparatively small and the texture is smooth. FIG. 2 shows an
example of a nappy 200 In which the nonwoven fabric 10 Is arranged as a
topsheet 201 by directing the first surface side Z1 toward the wearer's skin
surface side. That is, In this example, an outer surface fibre layer 1 on the first
surface side Z1 Is directed toward the wearer's skin surface side. This nappy 200
has the topsheet 201, and also a backsheet 202 on a clothes side, an absorbent
body 203 Interposed between the topsheet 201 and the backsheet 202. Further,
IN the present example, a side leak prevention gather 207 formed by a side sheet

IS provided. As the nappy 200, a tape-type Is shown, in which a fastening tape
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206 on a rear side R Is fixed on a front side F to wear the nappy 200, but the
nappy 200 Is not limited thereto, and may be a pants-type nappy. Moreover, the
nonwoven fabric can be applied to various absorbent articles other than a nappy,
such as a sanitary towel.

An explanation will now be provided with consideration of an embodiment
iIn which the nonwoven fabric 10 shown in FIG. 1 I1s used with the first surface
side Z1 being toward the skin side. However, the present invention should not be
Intended to be limited thereto.

{0013}

The nonwoven fabric 10 of the embodiment contains thermoplastic fibres.
The nonwoven fabric 10 Is formed by fusion of at least part of the fibres with each
other at intersections of the thermoplastic fibres. As elucidated below, the
nonwoven fabric 10 has thickness shaped into a form different from conventional
sheet-form nonwoven fabrics. Further, the nonwoven fabric 10 exhibits different
deformation behaviour from conventional sheet-form nonwoven fabrics In a
compression direction. This deformation behaviour Is a load-size dependent
behaviour, and the nonwoven fabric 10 has characteristic cushioning properties
attributable to the behaviour. For example, when a low load such as a light finger
touch Is applied to the nonwoven fabric 10, it Is not easily flattened but a resilient
force against the finger Is produced. This results In a cushion feeling In response
to the weak pressure applied by the finger. When a larger load Is applied, impact
IS absorbed by a large compressive deformation, and excellent thickness
recoverabllity 1s exhibited. Thus, a soft cushion feeling I1s observed. Namely, the
nonwoven fabric 10 has different cushioning properties according to the
magnitude of the load.

In addition, (1) good elasticity of the nonwoven fabric when lightly
touched, (2) large compressive deformation by compressional load, (3) excellent

thickness recoverabllity, and (4) the presence of cushioning properties can
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respectively be ascertained by measuring (1) presence or absence of
deformation resembling buckling phenomenon (also called buckling distortion),
(2) compressive deformation amount, (3) compression recovery rate (RC) and (4)
compressive deformation amount and compression energy (WC).

{0014}

First, the three-dimensional structure of the nonwoven fabric 10 will be
described.

The nonwoven fabric 10 has outer surface fibre layers 1 and 2 on the first
surface side Z1 and the second surface side Z2, in which the fibres are oriented
IN a plane direction. In the embodiment, the outer surface fibre layer 1 Is present
on the first surface side Z1 In a thickness direction Z of the nonwoven fabric 10,
and the outer surface fibre layer 2 Is present on the second surface side Z2 In the
thickness direction Z. Further, between the outer surface fibre layer 1 on the first
surface side Z1 and the outer surface fibre layers 2 on the second surface side
/2. 1s a plurality of connecting portions 3 In which the fibres are oriented in the
thickness direction of the nonwoven fabric 10 (hereinafter, the outer surface fibre
layer 1 on the first surface side Z1 and the outer surface fibre layer 2 on the
second surface side Z2 are also referred to merely as the outer surface fibre layer
1 and the outer surface fibre layer 2.). Between the outer surface fibre layers 1, 2,
and the connecting portions 3, at least part of the fibres are fused to each other
and seamlessly unified. In the nonwoven fabric 10, the connecting portions 3
support the outer surface fibre layers 1 and 2 by interconnecting them, whereby
the nonwoven fabric 10 Is formed into a bulky and thick material. Thickness of
the nonwoven fabric 10 as termed herein means apparent thickness in a shaped
form of the nonwoven fabric as a whole and not local thickness of only the outer
surface fibre layers 1, 2 or the connecting portions 3. Specifically in the
embodiment, thickness of the nonwoven fabric 10 means thickness between a

top surface of the first surface side Z1 and a top surface of the second surface
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side Z2. This thickness Is also referred to as the apparent thickness of the
nonwoven fabric 10.

In addition, In the nonwoven fabric 10, the thermoplastic fibres are
similarly fused to each other at the intersections of at least part of the fibres at
sites other than connection parts between the outer surface fibre layers 1, 2 and
the connecting portions 3. The nonwoven fabric 10 may have intersections
where the thermoplastic fibres are not fused to each other. Moreover, the
nonwoven fabric 10 may contain fibres other than the thermoplastic fibres, and
such cases the thermoplastic fibores may be fused at the intersections with the
flores other than thermoplastic fibres.

{0015}

In the embodiment, the outer surface fibre layer 1 and the outer surface
fibre layer 2 are parts In which the fibres are oriented Iin the plane directions of the
first surface side Z1 and the second surface side Z2 respectively of the nonwoven
fabric 10.

Here, "fibres are oriented in the plane direction” means that a fibre
vertical orientation ratio measured by a method explained later Is less than 45%.
The fibres can be sufficiently arranged In the plane direction and a flat shape can
be maintained by adjusting the fibre vertical orientation ratio to a level less than
45%. With a view of maintaining the shape and strength of the nonwoven fabric,
the outer surface fibre layer oriented in the plane direction is preferably adjusted
to a fibre vertical orientation ratio of 0% or more, and more preferably to 30% or
more. Moreover, the fibre vertical orientation ratios in the outer surface fibre layer
1 and the outer surface fibre layer 2 are preferably adjusted to a level less than
40% because this enables the nonwoven fabric to easily make surface contact
with a flat surface as in an ordinary flat nonwoven fabric, and the fibre vertical
orientation ratio 1s preferably adjusted to 38% or less, and further preferably to

37% or less.
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{0016}

As mentioned above, the connecting portions 3 are parts in which fibres
are oriented in thickness direction of the nonwoven fabric 10.

Here, "fibres are oriented In thickness direction of the nonwoven fabric”
means that the fibre vertical orientation ratio as measured by the method
explained later i1s 60% or more. As the connecting portions 3 have the fibre
vertical orientation ratio in this range, it Is reasonable to say that the fibres are
arranged vertically in the thickness direction of the nonwoven fabric 10.

In the connecting portions 3, the fibre vertical orientation ratio Is adjusted
to 60% or more, and the connecting portions 3 have parts in which the fibres are
partially fused to each other. Thus, the connecting portions 3 stand just like posts
to provide the nonwoven fabric 10 with good elasticity in thickness direction. In
contrast, the fibres of conventional nonwoven fabrics do not have fibre vertical
orientation ratios like that in the connecting portions 3 in the embodiment, so that
when a conventional nonwoven fabric Is pressed In thickness direction, it deforms
so as to fill in interfibre regions with applied force, and the deformation amount
Increases with force. However, In the embodiment, the connecting portions 3
support the outer surface fibre layers 1 and 2 in the manner of posts, and they
extend vertically In thickness direction. The connecting portions 3 can, therefore,
withstand slight force applied In the thickness direction. Further, in the
embodiment, If large force Is applied to the nonwoven fabric 10, the connecting
portions 3 deform In a manner that bends the posts. More specifically,
deformation occurs that resembles the so-called buckling phenomenon
(hereinafter, also referred to as buckling distortion) and that is not observed In the
conventional nonwoven fabrics. However, even when connecting portions in the
nonwoven fabric 10 are bent Iin the manner of the buckling phenomenon, the
nonwoven fabric 10 can recover Its original thickness by its elasticity explained

later.
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{0017}

From a viewpoint of the cushioning properties, the fibre vertical
orientation ratio in the connecting portions 3 defined as described above Is
preferably 63% or more, more preferably 65% or more, and further preferably
68% or more. Upper limit thereof Is not particularly defined, but in order to
establish a force withstanding structure by creating and fusing intersections
among the fibres so as to obtain fibre collaborating post, the vertical orientation
ratio 1s preferably 90% or less, more preferably 85% or less, and further
preferably 80% or less. Specifically, the vertical orientation ratio in the
connecting portions 3 Is preferably 63% or more and 90% or less, more
preferably 65% or more and 85% or less, and further preferably 68% or more and
80% or less.

{0018}

The outer surface fibre layers 1, 2 and the connecting portions 3 are parts
defined as regions in which the fibre vertical orientation ratio Iis within the
aforesaid range. Ends of the connecting portions 3 are seamlessly connected to
the outer surface fibre layers 1 and 2, and fibres oriented in plane direction and
fibres oriented In thickness direction are copresent in the end regions. In addition,
IN parts where fibres oriented In plane direction and fibres oriented In thickness
direction are copresent, the fibres are arranged so as to exhibit oblique
orientation in which the fibre vertical orientation ratio 1s preferably 45% or more
and 60% or less, and the fibre vertical orientation ratio still more preferably
gradually transitions from vertical orientation of 45% to an adequate vertical
orientation of 60% or less.

{0019}

In the nonwoven fabric 10, the outer surface fibre layers 1 and 2 form flat

surfaces on both surfaces of the nonwoven fabric 10 by having fibre orientations

as described above. Moreover, the connecting portions 3 establish a state In
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which the connecting portions stand in thickness direction of the nonwoven fabric
10 by having fibre orientation as described above. Moreover, the connecting
portions 3 are preferably connected vertically to the outer surface fibre layers 1
and 2 as posts. In particular, taking the cushioning properties described later into
consideration, the connecting portions 3 are preferably arranged to link respective
end portions of the outer surface fibre layers 1 and 2.

{0020}

(Measuring method of fibre vertical orientation ratio of outer surface fibre layer 1,
2 and connecting portion 3)

The fibre vertical orientation ratio in the outer surface fibre layers 1, 2 and
the connecting portions 3 can be measured based on the following sections (1) to
(3).

(1) Preparation of cross section of nonwoven fabric

A cross section (vertical cross section) of the nonwoven fabric, which
passes through the outer surface fibre layer 1 on the first surface side Z1 and the
outer surface fibre layer 2 on the second surface side Z2, and the cross section,
IN which the connecting portions 3 are perpendicular to a direction extending In
plane direction, and In thickness direction in a position passing through a centre
of the extending length Is prepared. Alternatively, when the nonwoven fabric 10
has a space portion 4 as mentioned later, a cross section (vertical cross section)
of the nonwoven fabric, which passes through the outer surface fibre layer 1 on
the first surface side Z1 and the outer surface fibre layer 2 on the second surface
side Z2, and the cross section In thickness direction in the position passing
through the centre of the space portion 4 I1s prepared. For example, cross
sections (FIGs. 3 and 4) in thickness direction, which pass through an A-A line or
a B-B line in FIG. 1, are prepared. The cross section in thickness direction, which
passes through the A-A line shown In FIG. 3, is a cross section in which the

connecting portions 3 are perpendicular to a longitudinal direction (Y direction) of
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the nonwoven fabric In which the connecting portions 3 are extended. Here,
lengths T1, T2 and T3 of the connecting portions 3, the outer surface fibre layer 1
on the first surface side Z1 and the outer surface fibre layer 2 on the second
surface side Z2 In a crosswise direction (X direction) of the nonwoven fabric are
shown. The cross section In the thickness direction, which passes through the B-
B line shown in FIG. 4, is a cross section in which the connecting portions 3 are
perpendicular to the crosswise direction (X direction) of the nonwoven fabric In
which the connecting portions 3 are extended. Here, lengths T4, TS and T6 of
the connecting portions 3, the outer surface fibre layer 1 on the first surface side
/1 and the outer surface fibre layer 2 on the second surface side Z2 In the
longitudinal direction (Y direction) of the nonwoven fabric are shown. In addition,
as the above-described cross section, the nonwoven fabric Is cut In a size of 5
mm X 5 mm Oor more.
{0021}
(2) Defining of length of outer surface fibre layers 1 and 2 in plane direction In
cross section In thickness direction

A nonwoven fabric having the above-described cross section In thickness
direction Is placed on a flat surface, a load of 2.9 Pa is applied onto the
nonwoven fabric, and a state I1s observed from the cross section thereof.
Specifically, the nonwoven fabric is put on a baseplate of a digital microscope
(VHX-900) manufactured by KEYENCE Corporation. A boundary between the
outer surface fibre layers 1 and 2 in the cross section In thickness direction can
be judged by placing a black (to facilitate assessment, If the nonwoven fabric Is
white) cardboard having a basis weight of 300 g/m? on the nonwoven fabric, and
observing the nonwoven fabric from the cross section at a magnitude of 20 by
using a VHZ20R lens manufactured by KEYENCE Corporation.

More specifically, in the cross-section observation shown in FIG. 5, a

range In contact with a baseplate 201 Is defined as a length T3 (or T6) of the
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outer surface fibre layer 2 in plane direction among the fibre layers showing the cross
section in thickness direction, and respective boundaries (both end edges) are specified
as S2. A range in contact with a cardboard 202 is defined as a length T2 (or T5) of the
outer surface fibre layer 1 in plane direction among the fibre layers processed into the
cross section in thickness direction, and respective boundaries (both end edges) are
specified as S1. |In addition, in the case of the conventional flat nonwoven fabric, if
cross-section observation is carried out, the nonwoven fabric is ordinarily brought into
contact with the baseplate 201 or the cardboard 202 in any cross section. At this time, a
concept of T2 and T3 (or TS and T6) does not exist.

Moreover, a length T1 (or T4) of the connecting portion 3 In plane direction is
determined In the fibre layers showing the cross section in thickness direction. In the
embodiment, the connecting portions 3 are arranged in such a manner that the end
portions of the outer surface fibre layer 1 on the first surface side Z1 and the outer
surface fibre layer 2 on the second surface side Z2 are mutually linked In thickness
direction. The length T1 (or T4) of this connecting portion 3 In plane direction Is the
distance of a region between regions of the lengths T2 and T3 (or between regions of the
lengths T5 and T6) neighbouring to T1 (or T4). More specifically, a length of the
connecting portions 3 In plane direction interposed between virtual lines extending, In
thickness direction, boundaries (end edges) S1 and S2 of lengths of the outer surface
fibre layers 1 and 2 in plane direction Is taken as the length T1 (or T4) of the connecting
portion 3 In plane direction. In addition, when a region of the length T1 (or T4) does not
exist between regions of the lengths T2 and T3 (or between regions of the lengths T5
and T6) (that is, when the boundaries S1 and S2 are overlapped), the length of T1 (or
T4) is taken as 0. However, as shown in FIG. 4 and FIG. 5, accordingly as the
connecting portion 3 approaches arrangement perpendicular to the outer surface fibre
layers 1 and 2, the length T1 (or T4) of the connecting portion 3 in plane direction results

IN a length of a part in which the lengths T2 and T3 (or TS and T6) of the outer surface
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flore layers 1 and 2 in plane direction are partially overlapped.

As the length T1, T2 or T3 (or T4, TS or T6) In each plane direction Is to
be defined by cross-section observation, measurement Is carried out in four
places for each, and an average value thereof Is taken as the length.

{0022}
(3) Measurement of fibre vertical orientation ratio in outer surface fibre layer 1, 2
and connecting portions 3

In the fibre vertical orientation ratio in the outer surface fibre layers 1, 2
and the connecting portions 3, measurement Is carried out on a site In the range
of each of T1, T2 and T3 according to the following procedures.

That 1s, a cross section In the thickness direction Is observed by being
magnified to 35 times with SEM (JCM-6000P|us, manufactured by JEOL Ltd.) for
each region of a length T2 (or T5) of the outer surface fibre layer 1 In plane
direction, a length T3 (or T6) of the outer surface fibre layer 2 in plane direction
and a length T1 (or T4) of the connecting portion 3 In plane direction, defined In
the cross section in thickness direction. A square of 0.5 mm x 0.5 mm Is
prepared the edges being reference lines for an observed image. Each side
(reference line) of the square Is taken as a side perpendicular to each In
thickness direction and in plane direction in the cross section of the nonwoven
fabric. The total number of fibres which pass through the reference line formed of
each side of the square Is counted. The fibres which pass through the reference
line of the square perpendicular to the plane direction of the nonwoven fabric are
defined as "number of lateral fibres"”, and the fibres which pass through the
reference line of the square perpendicular to thickness direction of the nonwoven
fabric are defined as "'number of vertical fibres." The vertical orientation ratio Is
calculated from an equation: (number of vertical fibres) / (number of lateral fibres
+ number of vertical fibres) x 100 = vertical orientation ratio (%). Measurement Is

carried out on 4 points for each, and a value obtained by averaging measured
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values Is taken as a value of the vertical orientation ratio. The outer surface fibre
layer and the connecting portion each are cut out, respectively, and measurement
IS carried out on a cut sample.

{0023}

The nonwoven fabric 10 In the embodiment has good elasticity and
excellent cushioning properties unprecedented as described below by fusion of
the outer surface fibre layer 1 on the first surface side Z1 and the outer surface
fibre layer 2 on the second surface side Z2 which are plane-oriented, and the
connecting portions 3 which are thickness-oriented to each other.

That i1s, orientation properties of the fibres in the connecting portions 3
produce the nonwoven fabric having high elasticity, as a result the nonwoven
fabric 1s not compressed by force (force less than 100 Pa) at a degree of rubbing,
with a finger, In one surface side (for example, first surface side Z1) of the
nonwoven fabric 10 owing to rigidity of the fibres. In the nonwoven fabric10 In the
embodiment, respective fibres of this connecting portion 3 In thickness direction
and the above-mentioned outer surface fibre layers 1 and 2 in plane direction,
and the fibres between the sites are fused to each other to form the surface, and
therefore elasticity upon touching the nonwoven fabric is high, and the cushion
feeling 1s by far higher than a cushion feeling in a conventional concavo-convex
nonwoven fabric. The nonwoven fabric can be felt to have a soft comfortable and
thick feeling for the finger In touch therewith.

Further, If pressing force (force assumed to touch the topsheet of the
absorbent article during use, and force of about 2.5 kPa) to push the nonwoven
fabric 10 In thickness direction 1s applied onto one surface side of the nonwoven
fabric 10, the pressing force Is concentrated In thickness direction rather than
being dispersed In plane direction from the vicinity of a force point to easily act
thereon. In comparison therewith, in the conventional general concavo-convex

nonwoven fabric in which the vertical orientation ratio 1s low, the force Is
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dispersed In plane direction, and there Is a correlation between the deformation
and the pressing force as mentioned above, and the good elasticity as in the
present invention cannot be obtained. However, in the nonwoven fabric 10 In the
embodiment, the connecting portions 3 have a high vertical orientation ratio, and
therefore the pressing force Is transmitted In a direction along an orientation
direction of the fibres In the connecting portions 3. As a result, the pressing force
causes deformation (bending) close to the above-mentioned buckling
phenomenon In an intermediate position of the connecting portions 3, and not
such deformation as collapse of the connecting portions 3 as a whole. Thus, the
deformation in which the three-dimensional structure of the nonwoven fabric 10 Is
flattened (settled) in a flat surface form 1s avoided, and excellent cushioning
properties can be obtained even without increasing the basis weight. Then, the
compressive deformation amount in which the nonwoven fabric 10 Is compressed
becomes larger by concentration of the pressing force in comparison with the
conventional nonwoven fabric. Furthermore, such compressive deformation Is
caused as partial compression in the vicinity of the force point in the nonwoven
fabric 10. Specifically, for example, when the nonwoven fabric is pressed with a
person's finger, a region in the range of 4 cm? being the substantially same area
as a size of the finger including the region and a periphery thereof Is compressed
IN thickness direction, and the deformation Is suppressed In other regions, and
the thickness I1s easily kept. Thus, deep compression during a high load I1s
caused In the limited range of the nonwoven fabric 10, the three-dimensional
structure of the nonwoven fabric 10 as a whole 1s kept, and comfortable softness
of the nonwoven fabric 10 can be kept. Further, a feeling as being enveloped by
a thick nonwoven fabric Is obtained in a periphery of the pressing finger. Texture
IS reputedly felt not only Iin a ball of the finger but also in the periphery thereof
(Transactions of the Virtual Reality Society of Japan Vol. 9, No. 2, 2004, Display

of Soft Elastic Object by Simultaneous Control of Fingertip Contact Area and
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Reaction Force). Therefore, It Is considered that the nonwoven fabric is felt to
have further satisfactory texture by the feeling in which the whole 1s enveloped.

In addition thereto, the nonwoven fabric 10 1s excellent In thickness
recoverabllity after compressive deformation by vertical orientation properties of
the above-mentioned fused fibres In the connecting portions 3. That Is, If the
compressive deformation by the pressing force Is released, original apparent
thickness of the nonwoven fabric 10 Is recovered by elasticity of the fibres In the
connecting portions 3. Thus, even If the nonwoven fabric 10 Is repeatedly
touched, the cushioning properties are recovered, and sustaining force of the
cushioning properties I1s high. As a result, the nonwoven fabric 10 Is formed Into
a material having elasticity and comfortable texture, in which thickness is easily
recovered Immediately after the hand Is released, even If the nonwoven fabric 10
IS touched and once deformed.

{0024}

In the nonwoven fabric 10, a combination between the outer surface fibre
layers 1 and 2 Is effective for developing the above-mentioned good elasticity and
compressive deformation (buckling distortion) which are provided for the
nonwoven fabric 10 by the connecting portions 3. When a top surface side Is
directly touched, If the nonwoven fabric comprises essentially the connecting
portions having the high vertical orientation ratio, the connecting portion is formed
INto a so-called structure in which the posts are merely aligned. These easily
laterally fall over and it Is hard to ensure that the force 1s applied suitably In
thickness direction In such a manner as to induce the buckling distortion.
However, In the nonwoven fabric 10 of the embodiment, the fibres In the plane
direction are connected as bridging, and therefore the pressing force Is easily
concentrated In thickness direction. That is, the outer surface fibre layers 1 and 2
have the fibre orientation in the plane direction as defined above and are

connected with the connecting portions 3 by fusion of the fibres, and thus stress
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IS easily concentrated on the connecting portions 3. For example, when the
pressing force 1s applied from the first surface side Z1, the outer surface fibre
layer 1 to which the pressing force I1s applied most markedly 1s not excessively
deformedq, and the stress Is transmitted to the connecting portions 3 connected by
fusion of the fibres. The pressing force applied to the outer surface fibre layer 1
acts, even If the force causes an eccentric load relative to the orientation direction
of the fibres of the connecting portions 3, In such a manner that the connecting
portions 3 can preferably induce the buckling distortion. Moreover, the outer
surface fibre layer 2 on the second surface side Z2 I1s not excessively deformed
by the pressing force transmitted through the connecting portions 3 to support a
root of the connecting portions 3 as a terminating site of the connecting portions 3
connected by thermal fusion of the fibres. Thus, the pressing force applied to one
surface of the nonwoven fabric 10 can effectively develop the compressive
deformation (buckling distortion) limited to the vicinity of the force point of the
pressing force without flattening the three-dimensional structure of the nonwoven
fabric 10 as a whole.

Moreover, the outer surface fibre layer oriented in plane direction also
Improves texture other than the cushion feeling. When the texture i1s confirmed or
the like, a person also performs rubbing operation in addition to pushing
operation. In this case, smoother texture Is realised by existence of an outer
surface having orientation along a rubbing direction. The nonwoven fabric 10 has
smoothness obtained by orientation in plane direction and the cushion feeling
having buckling In thickness direction, thereby providing a unique feeling. Further,
the elasticity of the connecting portions 3 acts on the rubbing force, and thickness
(bulkiness) of the nonwoven fabric 10 further facilitates the smooth texture.
Furthermore, the comfortable texture obtained by the elasticity can also be

simultaneously felt.

{0025}
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The nonwoven fabric 10 I1s formed into a material having thickness
(bulkiness) enough to provide the product with the cushioning properties by the
three-dimensional structure formed of the outer surface fibre layers 1, 2 and the
connecting portions 3 In thickness direction without increasing fibre amount.
Therefore, the nonwoven fabric 10 has higher softness, a smaller fibore amount
per unit volume and a larger volume than a material provided with thickness by
merely increasing the fibre amount. Therefore, the compressive deformation
amount can be Increased, the cushion feeling can be felt and the texture Is
satisfactory. Moreover, the above-mentioned orientation of the fibres, provides
the nonwoven fabric 10 with good elasticity excellent texture and cushioning
properties by the above-mentioned orientation of the fibres.

{0026}

In the nonwoven fabric 10, to provide the nonwoven fabric 10 with
excellent softness and cushioning properties, the apparent thickness and the
basis weight are preferably within the following ranges.

The apparent thickness of the nonwoven fabric 1s preferably 1.5 mm or
more, more preferably 2 mm or more, and further preferably 3 mm or more.
Moreover, an upper limit of the apparent thickness is not particularly limited, but
when the nonwoven fabric 10 1s used as the topsheet of the absorbent article, to
provide the topsheet with excellent portability or the like, the apparent thickness Is
preferably 10 mm or less, more preferably 9 mm or less, and further preferably S
mm or less.

The basis weight of the nonwoven fabric 10 as a whole having the
apparent thickness is preferably 100 g/m? or less, more preferably 60 g/m? or less,
and further preferably 40 g/m? or less. Moreover, a lower limit of the basis weight
IS not particularly Imited, but to secure the texture of the nonwoven fabric, the
basis weight is preferably 8 g/m? or more, more preferably 10 g/m? or more, and

further preferably 15 g/m? or more.
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{0027}
(Measuring method of apparent thickness and basis weight of nonwoven fabric
10)
(1) Measuring method of apparent thickness of nonwoven fabric:

A sample of nonwoven fabric Is cut to 10 cm x 10 cm. When an area of
10 cm x 10 cm Is unable to be taken, the nonwoven fabric Is cut to a largest
possible area. A thickness at a load of 50 Pa is measured by using a laser
displacement sensor head (ZSLD80, manufactured by OMRON Corporation).
Measurement Is carried out In three places, and an average value Is taken as the
apparent thickness of the nonwoven fabric 10.
(2) Measuring method of basis weight of nonwoven fabric:

A sample of nonwoven fabric is cut to 10 cm x 10 cm. When an area of
10 cm x 10 cm Is unable to be taken, the nonwoven fabric Is cut to a largest
possible area. Weight 1Is measured by using a balance, and a measured value Is
divided by an area, and the resultant value Is taken as basis weight.
(3) In addition, when a commercially available absorbent article I1s used In
measurement of the above-described sections (1) and (2), a sample of nonwoven
fabric 1s peeled carefully by solidifying an adhesive used In the absorbent article
by a cooling means such as a cold spray, and the resultant sample iIs measured.
In this case, the adhesive Is removed by using an organic solvent. This means Is

the same as the measurement of all other nonwoven fabrics In the present

description.
{0028}

In the nonwoven fabric 10, from a viewpoint of further effectively
developing the above-described action, the connecting portions 3 are preferably
provided as described below. That s, as shown in FIG. 3, in a cross section of
the nonwoven fabric 10 In thickness direction, a length T1 of the connecting

portion 3 In plane direction Is preferably formed to be smaller than lengths T2 and
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13 of the outer surface fibre layer 1 on the first surface side Z1 and the outer
surface fibre layer 2 on the second surface side Z2 In plane direction, respectively.
This means that the end edges of the outer surface fibre layer 1 and the outer
surface fibre layer 2 are connected to the connecting portions 3, and an
Inclination of the connecting portions 3 connected therewith Is limited within the
above-described range and further along thickness direction. Thus, when the
outer surface fibre layer 1 or 2 Is pushed in thickness direction, the connecting
portions 3 are difficult to collapse, and the above-mentioned buckling distortion Is
further easily and clearly induced, providing the nonwoven fabric 10 with superb
cushioning properties.

{0029}

Next, more specific structure of the nonwoven fabric 10 in the
embodiment is described referring to FIGs. 1, 3, 4 and 6.

{0030}

In the embodiment, the outer surface fibre layer 1 on the first surface side
/1 comprises two kinds of parts. The two kinds of parts are a first outer surface
flore layer 11 and a second outer surface fibre layer 12 arranged on the first
surface side Z1. These parts each have a length extending along each of
crossing In different directions in a plane view of the nonwoven fabric 10. The
extending directions are an X direction and a Y direction perpendicular to each
other along a side of the nonwoven fabric 10. The Y direction Is a longitudinal
direction of the nonwoven fabric 10, and the X direction 1s a crosswise direction of
the nonwoven fabric 10.

One first outer surface fibre layer 11 of the two kinds of parts is
continuously extended in the Y direction in a plane view of the nonwoven fabric
10, and Is continued over the length as a whole of the nonwoven fabric 10. With
regard to the first outer surface fibre layers 11 extending in the Y direction, a

plurality thereof is separated from each other and arranged relative to the X
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direction perpendicular to the Y direction.

The other second outer surface fibre layer 12 I1s extended in the X
direction and Is arranged by linking the first outer surface fibre layers 11 and 11
separated from each other and arranged In parallel in the X direction. An
expression "'linking the first outer surface fibre layers 11 and 11" means that the
second outer surface fibre layers 12 adjacent to each other by interposing the first
outer surface fibre layer 11 are aligned in a linear form. Specifically, the
expression means that a deviation of a crosswise centre line of the second outer
surface fibre layer 12 extending in the X direction from a crosswise centre line of
the second outer surface fibre layer 12 extending in the X direction, adjacent to
each other by Interposing the first outer surface fibre layer 11, Is within the range
of a width (length in the Y direction) of the second outer surface fibre layer 12, for
example, within 5 mm. In the second outer surface fibre l[ayer 12, a position on
the first surface side Z1 Is formed to be somewhat lower than a position of the
first outer surface fibre layer 11. Therefore, In the second outer surface fibre
layer 12, a length Iin the X direction i1s divided by interposition of the first outer
surface fibre layer 11, and the plurality thereof form rows In the X direction by
being separated from each other. Moreover, a width (width in the Y direction) of
the second outer surface fibre layer 12 I1s formed to be narrower than a width
(width In the X direction) of the first outer surface fibre layer 11. With regard to
such rows of the second outer surface fibre layers 12 in the X direction, a plurality
thereof Is further arranged In the Y direction by being separated from each other.
In addition, a shape of the second outer surface fibre layer is not Iimited to a
shape In the embodiment, for example, the position and the width on the first
surface side Z1 may be adjusted to the same as the position and the width on the
first outer surface fibre layer 11. However, spreading of the pressing force In
plane direction can be suppressed by adjusting the second outer surface fibre

layer 12 to the material in the embodiment, and such a case Is preferable.
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{0031}

In addition, when the outer surface fibre layer 1 Is provided with a plurality
of parts different in the extending directions, as described above, an expression
'crossing In different directions In a plane view" deemed as the extending
direction Is not limited to the X direction and the Y direction. The expression may
take various forms as long as the expression refers to crossing directions In the
plane direction of the nonwoven fabric 10. From a viewpoint of providing the
nonwoven fabric with the superb cushioning properties described above and a
viewpoint of ease of preparing vertically oriented fibres in the connecting portion,
a crossing angle of "crossing In different directions In a plane view' iIs most
preferably a crossing angle (90°) between a machine direction (MD) of surface
fibres in the nonwoven fabric and a cross direction (CD) perpendicular thereto.
{0032}

With regard to the outer surface fibre layers 2 on the second surface side
/2, a plurality thereof is separated from each other and arranged. Specifically,
the outer surface fibre layers 2 on the second surface side Z2 cover separation
space between the first outer surface fibre layers 11 and 11 on the first surface
side Z1, the plurality thereof are separated from each other and arranged in rows
along the extending direction (Y direction) of the outer surface fibre layer 11.
Further, with regard to the rows of the outer surface fibre layers 2 inthe Y
direction, a plurality thereof are separated from each other and arranged in the X
direction perpendicular to the Y direction. That is, the outer surface fibre layer 2
IS also arrayed In the X direction. Thus, an array direction of the outer surface
fiore layers 2 corresponds to the extending direction of the outer surface fibre
layer 1. Therefore, when the extending direction of the outer surface fibre layer 1
takes a direction different from the above-described X direction and the above-
described Y direction, the array direction of the outer surface fibre layer 2 also

takes the direction different from the above-described X direction and the above-
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described Y direction corresponding thereto.
{0033}

In addition thereto, the connecting portion 3 contains two Kinds of parts.
One of the parts Is a first connecting portion 31 linking the first outer surface fibre
layer 11 on the first surface side Z1 with the outer surface fibre layer 2 on the
second surface side Z2 In thickness direction. The other of the parts Is a second
connecting portion 32 linking the second outer surface fibre layer 12 on the first
surface side Z1 with the outer surface fibre layer 2 on the second surface side Z2
IN thickness direction. With regard to the connecting portions 3 (the first
connecting portions 31 and the second connecting portions 32), a plurality thereof
are separated from each other and arranged In plane direction of the nonwoven
fabric 10 according to the separation arrangement of the outer surface fibre
layers 1 and 2.

{0034}

The connecting portions 3 have a wall surface having a height In
thickness direction of the nonwoven fabric 10, and an extension length (width) In
plane direction of the nonwoven fabric 10 along the extending direction of the
outer surface fibre layer 1 on the first surface side Z1 and the outer surface fibre
layer 2 on the second surface side Z2. The connecting portions 3 link the outer
surface fibre layers 1 and 2 by the wall surface, and the wall surfaces are
arranged along a plurality of different crossing directions in a plane view In the
nonwoven fabric 10. Specifically, the first connecting portions 31 have a length
(width) which corresponds to the side of the outer surface fibre layer 2 on the
second surface side Z2 In the Y direction and has the wall surface along the
extending direction of the first outer surface fibre layer 11 on the first surface side
/1. That is, the wall surface of the first connecting portion 31 Is arranged along
the Y direction. On the other hand, the second connecting portions 32 have a

length (width) which corresponds to the side of the outer surface fibre layer 2 on



10

15

20

25

25

the second surface side Z2 in the X direction and has the wall surface along the
extending direction of the second outer surface fibre layer 12 on the first surface
side Z1. That is, the wall surface of the second connecting portion 32 Is arranged
along the X direction. Thus, a direction along which the wall surface of the
connecting portions 3 (first connecting portions 31 and second connecting
portions 32) corresponds to the extending of the outer surface fibre layer 1.
Therefore, when the extending direction of the outer surface fibre layer 1 takes a
direction different from the above-described X direction and the above-described
Y direction, the direction along which the wall surface of the connecting portion 3
IS arranged also takes a direction different from the above-described X direction
and the above-described Y direction corresponding thereto.

{0035}

The connecting portion 3 links the end portions of the outer surface fibre
layer 1 on the first surface side Z1 and the outer surface fibre layer 2 on the
second surface side Z2. More specifically, the first connecting portion 31 links an
end portion 11A of the first outer surface fibre layer 11 and an end portion 2A of
the outer surface fibre layer 2. At this time, as mentioned above with reference to
FIG. 3, alength T1 of the first connecting portion 31 in plane direction is
preferably smaller than respective lengths T2 and T3 of the first outer surface
fibre layer 11 and the outer surface fibre layer 2 in plane direction. On the other
hand, the second connecting portion 32 links an end portion 12A of the second
outer surface fibre layer 12 and an end portion 2A of the outer surface fibre layer
2. At this time, as shown in FIG. 4 as described above, a length T4 of the second
connecting portion 32 In plane direction Is preferably smaller than respective
lengths T5 and T6 of the second outer surface fibre layer 12 and the outer
surface fibre layer 2 in plane direction.

An eccentric load of the pressing force applied to the outer surface fibre

layer 1 to the connecting portions 3 becomes clearer by linking the end portions
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of the outer surface fibre layer 1 and the outer surface fibre layer 2 by the
connecting portions 3. At this time, In a combination between the outer surface
fibre layers 1 and 2 having fibre orientation in plane direction and the connecting
portions 3 having fibre orientation in thickness direction, the load efficiently acts
on the end portion, the direction of the pressing force Is further concentrated In
thickness direction, and deformation behaviour easily takes buckling behaviour.
{0036}

Both the first connecting portions 31 and the second connecting portions
32, In which the directions of the wall surfaces are different from each other, are
parts In which the fibres are oriented in thickness direction of the nonwoven fabric
10, as defined above. That is, In the connecting portions 3, even If the wall
surface Is directed in any direction in plane direction of the nonwoven fabric 10
(even If the extending direction Is In any direction), the fibres are oriented In
thickness direction. The connecting portions 3 directed In a plurality of different
directions as described above are unable to be formed In a material in which the
flores are oriented In thickness direction merely by shaping a nonwoven fabric In
which the fibres are oriented at random and fused to the concavo-convex surface
as In a conventional nonwoven fabric. Even If the fibres are oriented, the fibres
are oriented only In one direction of the machine direction (MD) during producing
a conventional nonwoven fabric. In contrast, the nonwoven fabric 10 In the
embodiment has fibre orientation in thickness direction as defined above also In
the connecting portions 3 (connecting portions 31 and 32 having the surfaces
perpendicular to each other in the embodiment) In which the wall surfaces are
directed in any direction.

Thus, not only when the pressing force Is perpendicularly applied, but
also when the pressing force Is applied in an inclined direction or applied as
shear force In multl directions 1s the above-mentioned buckling distortion in the

connecting portions 3 preferably induced to develop excellent cushioning
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properties In association with the good elasticity of the nonwoven fabric 10.
{0037}

The nonwoven fabric 10 contains a space portion 4 surrounded by the
connecting portions 3 (two first connecting portions 31 and two second
connecting portions 32 In the embodiment). The space portion 4 Is provided from
a region on the first surface side Z1 as divided by the first outer surface fibre layer
11 and the second outer surface fibre layer 12 to a region In thickness direction to
the outer surface fibre layer 2 on the second surface side Z2. The space portion
4 has the outer surface fibre layer 2 on the second surface side Z2 as a bottom
portion, and Is opened on the first surface side Z1. The nonwoven fabric 10 has
the space portion 4. Thus, the buckling distortion of the connecting portions 3 Is
further easily induced, and such a case Is preferable. In addition thereto, a
compression cushion feeling can be obtained even with weak pressing force (for
example, force of about 2.5 kPa in assumption of touching the topsheet of the
absorbent article) is applied, and the texture of the nonwoven fabric 10 becomes
softer, and such a case Is preferable. When the fibres have vertical orientation
without any space, the nonwoven fabric becomes harder and the cushion feeling
cannot be obtained.

{0038}

The space portion 4 Is formed by being surrounded by four connecting
portions 3 vertically arranged from four sides of the outer surface fibre layer 2 on
the second surface side Z2. Therefore, with regard to the space portions 4, a
plurality thereof I1s separated from each other and arrayed In corresponding to
arrays of the outer surface fibre layer 2 in the X direction and the Y direction. In
this array, the space portions 4 are independent without communicating with each
other. In the embodiment, a shape formed by the four connecting portions 3
surrounding the space portion 4 and the outer surface fibre layer 2 I1s formed into

a shape of a prismatic body or a frustum. However, the shape of the space
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portion 4 1s not [imited thereto and can be formed Into various shapes such as a
columnar shape, as long as the action mentioned later I1s produced. In order to
disperse a load during touch, a square or a circular cylinder in the bottom surface
IS more preferable.

{0039}

All of the connecting portions 3 surrounding the space portion 4 are
preferably inclined to the same degree In order to satisfactorily develop the
buckling distortion without falling over with the pressing force. That is, in the
connecting portions 3, parts In at least four directions surrounding the space
portion 4 preferably have the same length in plane direction in the cross section
of the nonwoven fabric 10 In thickness direction and the cross section passing
through a centre of space portion 4. Specifically, the length T1 (FIG. 3) of the first
connecting portion 31 in plane direction and the length T4 (FIG. 4) of the second
connecting portion 32 In plane direction preferably have the same lengths (T1 =
14). Thus, a way of transmitting the pressing force becomes equal also in any
connecting portions 3, and even If the pressing force Is transmitted from any
directions, the buckling distortion may be satisfactorily induced. In addition
thereto, In the equalised lengths T1 and T4, a relationship with lengths (T2, T3,
15 and 16) of the outer surface fibre layers 1 and 2 in plane direction are
preferably adjusted as mentioned above. Thus, even If the shape formed by the
four connecting portions 3 surrounding the space portion 4 and the outer surface
flore layers 2 1s has the frustum, the space portion 4 1s formed into the shape In
which an area difference between upper and lower bottom surfaces In the space
portion 4 1Is minimised. As a result, also in any connecting portions 3 surrounding
the space portion 4, the pressing force Is easily transmitted along the orientation
direction In thickness direction of the fibres, and the buckling distortion is easily

induced.

{0040}
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When the length T1 of the first connecting portion 31 In plane direction
and the length T4 of the second connecting portion 32 In plane direction are
stated to be the same, the statement means that a difference (|11-T4|) between
pboth I1s 2 mm or less, and from a viewpoint of improving the buckling distortion of
the above-described connecting portion 3, the difference Is preferably 1 mm or
less, and more preferably O (zero) mm.

From the viewpoints of improving the buckling distortion of the above-
described connecting portion 3 and further achieving soft texture, a ratio (11/T2
or T4/T5) of the length (T1 or T4) of the connecting portion 3 In plane direction to
the length (T2 or TS) of the outer surface fibre layer 1 on the first surface side /1
IN plane direction Is preferably 0.9 or less, more preferably 0.75 or less, and
further preferably 0.5 or less. With regard to the r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>