FUNCTIONAL  ROLL  INCORPORATING A STRUCTURE OF A

LATTICE-SHAPED FLUID (GAS-LIQUID) GUIDEPATH

[0001]

This invention refers to a functional roll consisting of a roll axis having air-liquid
permeability and a roll unit (roll operative part) provided on the outer surface of the
roll axis, and sustainable works for removing or applying air/liquid to objects. The
roll unit of the functional roll incorporates a structure to absorb solutions, cleaning
water or the like of objects being treated, and/or to apply solutions, cleaning water
or the like to objects being treated, by controlling the internal pressure of the roll

axis.

Technical Background

[ooozl

Conventional arts relating to this invention have a structure consisting of selected
clements such as a number, diameters, and alignments of pores provided on a roll
axis, with the roll unit itself being provided on the outer circumference of the roll
axis together with its thickness, dimensions or the like, and based on such a
structure, the internal pressure of the roll axis is dispersed and distributed to the
roll unit, and consequently a fluid (gas-liquid) suction action is made. Also, the
conventional art of a functional ro}i is designed to reduce pressure loss, and to
distribute evenly such fluid (gas-liquid) by replacing an ordinary (tubular) roll axis
with a roll axis comprising a structure of fins or grooves, so that the surface

(exposed) area being engaged by the inner pressure of the roll axis of the roll unit is



maximized.

[0003]
Conventional arts relating to the structure of the roll axis of this invention are here

described.

[0004]

Conventional art (1), filed by the same inventor of the present application, is
Japanese Published Unexamined Patent Application No. HO05-180216, entitled
“Method of Manufacturing Laminated Roll Using Non-woven Sheet-like Material
Incorporating High Repulsion and Non-viscosity, and Laminated Roll Incorporating
Composite Structure.” This conventional art discloses a laminated roll
incorporating a composite structure consisting of a cylindrical axis with an axis unit
made of retainers provided at both ends of the cylindrical axis, and a bearing and
multiple fine pores provided on the peripheral surface of the axis, and connected to
the hollow portion of the axis, and a roll unit with a fluid (gas-liquid) suction action,
that is fitted into the axis unit, and therein a through-hole being provided on the
bearing, which are connected to the hollow portion of the axis unit, The feature of
the conventional art (1) is the formation of a laminated roll by overlapping and
compressing high-density non-woven sheet-like material (high density pad) and
coarse non-woven sheet-like material (low density pad) to make a roll unit having
fine pores of desirable density. Thus, fluid (gas-liquid) such as water, chemical
solutions or the like, that may remain on the surface of a steel band (strip) in ‘ra‘pid

motion, can efficiently be removed and/or absorbed fluid (gas-liquid) suction action.



(0005)

In the invention of (1), the hollow portion of the axis unit and the pores are surely
connected. However, it is not always likely that the fine pores and the coarse and
low density pads that are multiply overlapped and compressed are properly

connected. Thus, apparently fluid (gas-liquid) suction action is not fully achieved.

(00086)

Conventional art (2), also filed by the same inventor of the present application, is a
Japanese Published Unexamined Utility Model Patent Application No. H01-84213,
entitled, “Suction Roll Apparatus Incorporating Disk-shaped Composite Roll
Material”. This conventional art (2) discloses a suction roll apparatus incorporating
a cylindrical axis unit, an axis assembly made of retainers provided at both ends of
the cylindrical axis unit, and a bearing and multiple pores that are provided on the
peripheral surface of the axis unit and connected to the hollow portion of the axis
unit, and a roll unit with fluid (gas-liquid) suction action, incorporating an elastic
porous unit that is fitted into the axis unit, and a microfiber body provided on the
outer circumference of the elastic porous unit, and therein a through-hole being
provided on the bearing which are connected to the hollow portion of the axis unit.
The specific feature of the conventional art (2) is that it provides an auxiliary
chamber at the junction of the roll unit and the axis unit for fluid (gas-liquid) saved
by the spacer. Thus, a similar function of fluid (gas-liquid) suction, as described

about conventional art (1) is realized.



(0007)

However, the above utility patent models still need some unprovements, such as g
spacer structure being provided on the axig unit. However, such improvements will
make the structhure complicated and may deteriovate the stability required to hold
the roll unit, and may cause further problems regarding the mechanical strength of

the axis unit,

(0008)
(Patent Document 1) Japanese Published Unexamined Patent Application No.

HO5-180216

(Patent Document 2) Japanese Published Unexamined Utility Model Patent

Application No. HO1-84213

(Summary of the invention)

(Problems to be resolved by the invention)

(0009

Considering the specific feature of the functional roll in this invention, actual
performance highly depends on the functional property and efficiency of the roll

unit, in other words, how to make the internal pressure of the roll axis work on the

roll unit.

(0010

However, even though the material of the roll unit, regarding the density, size or the



like is defined to obtain improved functionality and efficiency, there may still be
some problems that cannot be resolved simply by using such material of density,
size or the like. Contrary to what is expected of the density, size or the like,

unfavorable functionalism or inefficiency may often be realized.

(001D)

As one solution, there is a method for improving the fine pores provided on the roll
axis, like those of the functional rolls of the above related inventions (1), (2) and
other commercially-available functional rolls. For instance, a structure relating to
the number, diameter, and alignment of the fine pores can be improved. However,
congidering the mechanical and structural requirements, such as strength
(strength) or the like, that form the function of the roll axis, the above structure still
has limitations, Thus, there are still problems regarding the desired number,
diameter and alignment of the fine pores that cannot be resolved. Nor it is likely
that the fine pores can be uniformly allocated, and it is generally thought that loss
of compression or the like may occur. However, even if such roll units are used, they
still fall far short of the preferable condition whereby a roll unit produces high
efficiency and equal effect. Therefore, practically speaking, it is necessary to

redesign the above inventions.

(0012)
Regarding the functional rolls as described in the above related inventions (1) and
(2), as well as other commercially available functional rolls, when it comes to

designing the structure of a roll axis to maximize its surface area that works on the



internal pressure of the roll axis of the roll unit, imitations of the structure and its

shape eventually make it difficult to keep mechanical stability and practical utility.

(0013)

Regarding the functional rolls as described in the above related inventions (1) and
(2), as well as other commercially available functional rolls, a certain basic function
regarding this field is now recognized. However, it is still skeptical that the
optimum property of those functional rolls is sufficiently exemplified, just as the
present invention comprising a functional roll incorporating elastic non-woven
sheet material (non-woven sheet material of high repulsion and of non-viscosity) to
make a fluid (gas-liquid) suction force and to maintain its original shape for a long
time under t;he‘ harsh conditions of production lines, fluid (gas-liquid) applications
or the like on the surfaces of steel bands (strips) in rapid motion, or to remove fluid
(gas-liquid) or the like from the highly heated surfaces of steel bands (strips) or from
functional composite sheet material, in which cross-linking elastic material is

provided on non-woven material.

(0014)

Therefore, the present invention is aimed at dispersing and distributing the inner
pressure of the roll axis into the roll unit, so that the fluid (gas-liquid) suction action
of the roll unit efficiently reduces the pressure loss of the fluid {gas-liquid) suction
action, so that equal distribution is achieved. (In other words, a rational structure of
low pressure loss and high efficiency is achieved. Thus, the fluid (gas-liquid) suction

action is activated by the inner pressure of the roll unit, itself, to provide a structure



maximizing the active surface area (exposed area) against the inner pressure of the

roll axia.

(Means of solving the problems)

(0015)

The first aspects of this invention are to provide (A) a functional roll in which a roll
unit (a roll action site and a fluid permeable roll unit, or action-site roll unit) made
of sheet material incorporating high-density pores (fluid permeable material in the
shape of a disk) is provided over the circumference of a tubular roll axis
incorporating fluid (gas-liquid) permeability, therein the functional roll is connected
to a fluid (gas-liquid) suction device with a structure for transferring the internal
pressure of the roll axis to the roll action site, to sustain the action of absorbing or
applying fluid (gas-liquid) whilst controlling the fluid (gas-liquid) volume, to work
on the hollow portion of the roll axis through the roll action site, and (B) a structure
in which the internal pressure of the roll axis is dispersed and distributed into the
roll unit, so that fluid (gas-liquid) suction action is efficiently invoked, and a
pressure loss of the fluid (gas-liquid) suction action is intentionally reduced,
together with equal distribution of fluid (gas-liquid). Thus, a rational structure with
low pressure loss and high efficiency is achieved. Subsequently, the original
function of the roll unit that is worked by the internal pressure of the roll axis is
maximally invoked, and the active surface area (exposed area) of the roll unit

against the internal pressure of the inner side of the roll axis is expanded.

(0016)



The first aspect of this invention refers to a functional roll incorporating a
lattice-shaped fluid (gas-liquid) guidepath structure consisting of a tubular roll axis
incorporating multiple fine pores, and a roll unit having its roll hole engaged with
the roll axis, made of elastic non-woven sheet material or of high-density porous
sheet material of a functional composite sheet material obtained by providing
crosg-linking elastic material onto the non-woven material, therein the roll unit
comprises a lattice-shaped fluid (gas-liquid) guidepath structure to activate the
internal pressure of the roll axis, the lattice-shaped fluid (gas-liquid) guidepath
gtructure being formed by an internal pressure action space made of a cut-out
portion which is provided on the circumferential area of the roll and in the axial
direction of the roll unit as well as an internal pressure branching guidepath which
i1s connected to the internal pressure action space and provided in the radial
direction of the roll unit, made of a lower-density porous sheet material (compared
with the aforementioned high-density porous sheet material) with a roll hole, made
of elastic non-woven sheet material or of a functional composite sheet material,
therein a cross-linking elastic body is provided on the non-woven material, that is
characterized in activating internal pressure to the aforementioned roll unit

through the lattice-shaped fluid (gas-liquid) guidepath structure.

0017

The second aspect of this invention is to achieve the objective of the first aspects of
this invention, and thus provide the most appropriate shape and structure of the
cut-out portion provided in the axial direction of the roll unit, as well as provide a

structure of the roll axis with multiple pores, and fully fluid (gas-liquid)



permeability, for actual use In equipment, and with the number of fine pores,
diameter of pores, or the like being sufficient to secure the mechanical strength of

the roll axis.

(0018)

The second aspect of this invention refers to a functional roll incorporating a
lattice-shaped fluid (gas-liquid) guidepath structure as described in the first aspect
of this invention, characterized in that the cut-out portion provided in the axial
direction of the roll unit is in tubularly cross-sectionally shaped with low-resistance
along its flow passage, therein the multiple cut-out portions are circumferentially

aligned.

(0019)

The third aspect of this invention is to achieve the objective of the first aspects of
this invention, and thus provide the most appropriate inner circumference structure
of the cut-out portion provided in the axial direction of the roll unit (i.e. the interface
area between the roll axis and the inner circumference area of the cut-out portion of
the roll unit is expanded), as well as provide a structure of the roll axis with
multiple pores to fully realize the internal pressure action of the roll axis against
the roll action site for actual use in equipment, and with the number of fine pores,
diameter of pores, or the like being sufficient to secure the mechanical strength of

the roll axis.

(0020)



The third aspect of this invention refers to a functional roll incorporating a
lattice-shaped fluid (gas-liquid) guidepath structure as described in the first aspect
of this invention, characterized in that the tubular inner circumference area, made
by the cut-out portions provided in the axial direction of the roll unit, comprises
upper portions and lower portions in the axial direction, to expand the inner

circumferential area.

(Effect of the invention)

(002D

Efficiency: The art of this invention makes it possible to efficiently operate the
gignificant output power of comparably-sized rolls. Chart 1 below shows
comparative vacuum values, whilst Chart 2 shows the relationship between air
volume and Q. In the conventional art, Ia and Ib shows a great loss, Le. great loss in
air volume and efficiency. On the other hand, the art of this invention shows low

loss and high efficiency in the flat Q-characteristics.

(0022)
(Chart 1)
Vacuum Vacuum value
Pumping . Y
Capacity Conventional art Present invention
c I1a
sskw | -80kPa ~99 kPa
(~610 mmHg) (-450 mmHg)
IThb
(-680 mmHg) (-620 mmHg)
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(0023}

(Chart 2)
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(0024

Pluid (gas-liquid) Removal Capability: Compared with the conventional art that is
greatly affected by the inlét condition (see Chart 3 below), the art of this invention
delivers high performance and is not affected by the inlet condition, due to the
above-mentioned efficiency. As shown in Chart 4, compared with the absolute
values of conditions wherein the fluid (gas-hquid) volume at the inlet side is low,
this invention apparently shows high performance, especially when using
comparatively viscous fluid (gas-liguid), so that an unconventionally higher level of
performance is realized.

)

(00s
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(Chart 3)
Internal
Fluid volume pressure

at inlet side-«l

7~ Residual fluid volume
at outlet side

pressure

Vacuumpump
(Internal pressure generating device)

(0026)
(Chart 4)
Volume of residual fluid {gas-liquid) at outlet, g/m?
Water fluid (gas-liquid) Qil fluid (gas-liquid)
Fluid (gas-liquid)
\/oium? a; inlet, | ~onventional Present Conventional Present
g/m art invention art invention
1.0 0.2 0.0 0.7 0.4
2.0 0.5 0.0 12 0.5
(0027)
Stability — It Chart 5 shows the measurement of variation regarding surface

absorbability (g/nf + sec per unit area - second) of the roll unit (roll action site) during

actual use. The variation of absorbability is affected by dirt or the like accumulated

12



whilst in actual use. However, it can be renewed by regular grinding and removal
maintenance {(dressing) of the surface part of the roll unit (roll action site). In the
art of this invention, the aforementioned efficiency is greatly recognized as a
variation character of the surface absorbability of the roll unit, enabling it to

sustain a high level of performance as compared to the conventional art.

(0028)
(Chart 5)
. g
B |
3 Present invention g
£ / E
[ g 4 St
£® o fn 00 ») i~
S
150 ‘ : :
Standard level after regular maintenance
i
) L~ Number of
i 12 é 31 é ‘6 months
(0029)

Stability - II: As shown in Chart 6 below, the conventional art is likely to cause
instability, such that the absorbed amount, ie. fluid (gas-liquid) permeability
varying irregularly, and the resistance (vacuum value) increasing cumulatively. For
example, a non-homogeneous liquid such as emulsion oil generates high resistance
depending on the size of the oil component, the oil concentration or the like, or
showing non-homogeneous fluidity or the like that generates the above instability.
This invention secures the aforementioned efficiency, and provides a structure to

procure more such efficiency to the surface of the roll unit, thus resulting in the

13



stable performance as shown in Chart 6 - Comparative evaluation of the

acceleration test on the same conditions.

(0030)
(Chart 6)
Conventional art invention
4 : : : ! ; P ;
£ 2.0+ il \X N n }f[
2 N I P VAU . N 8" NP
o gt il T T B R N & TR A A T A .
Ml Mo T T Eaw e '
5 :
—‘E ~60- = P lewa o o
© g poe
533'70“ q\ e i : : : | : ; : : U
T N LD L2 PSR MRS SO S ! Eooh i
= T o I W T
1 2 3 4 5 6 7 8 9 10 11 12 13 5 14 15
Conventional art Present invention

(0031)
The aforementioned effect or part of it may be achieved by maximally reducing the
density and thickness of the roll unit, and by maximizing the number and diameter
of the fine pores that form the fluid (gas-liquid) permeable structure of the roll axis,
not depending on the art and structure of this invention. However, such an
invention is not practical enough to fulfill its purposes, such as mechanical strength,
the structural requirement of the roll axis, a consistent performance of the roll axis
which realizes uniform distribution, the processing quality (fluid removal

capability), or the like.

(Brief description of the drawings)
(0032)

Fig. 1is a cross-sectional view of a functional roll as the first embodiment, partially

Nrmber of
months



cut in the circumferential direction of turning.

Fig. 218 a crosg-sectional view of a functional roll as the first embodiment.

Fig. 3 is an enlarged view of the fine pores of the roll axis and lattice-shaped fhud
(gas-liguid) guidepath (nternal pressure action space and internal pressure
branching guidepath), laterally viewed by partially cutting the side surface lines A

and B as shown in Fig, 1.

Fig. 4 is an enlarged view of the major portion as shown in Fig, 2

Fig, 5 iz an enlarged side view of the high-density porous sheef material as

commonly used in all embodiments.

Fig. 6 is a partially-cut and enlarged cross-sectional view of a major structure,
showing the internal pressure branching guidepath of the functional roil, as the

sacond embodiment is divectly reaching to the surface of the roll unit.
Fig. 7 is a partislly-cut eress-sectional view of the functional roll as the third
embodiment, showing another type of internal pressure action space (having an

upper and lower portion provided on the cut-out portion).

Fig. & is an enlarged cross-sectional view, showing the major functional part as

shown in Fig. 7.

15



Fig. 9 is a partially-cut cross-sectional view of the functional roll as the fourth
embodiment, showing the concavo-convex shape provided on the outer
circumferential area of the low-density porous sheet material, to expand the

circumferential area.

Fig. 10 is a partially-cut cross-sectional view of the functional roll as the fifth
embodiment, showing the circumferential direction in which the low-density porous

sheet material is projected into the internal pressure action space.

Fig. 11 is an enlarged view, showing the major functional part as shown in Fig, 9.

Fig. 12 is a partially-cut cross-sectional view of the functional roll as the sixth
embodiment, in which a space structure of the internal pressure branching
guidepath is made by combining a high-density porous sheet material, and another

high-density porous sheet material, incorporating circular pores.

Fig. 13 is a side view of the high-density porous sheet material, incorporating the

circular pores, as shown in Fig. 11.

Fig. 14 is a partially-cut cross-sectional view of the functional roll as the seventh
embodiment, in which a space structure of the internal pressure branching action
guidepath is made by combining a high-density porous sheet material, and ancther

high-density porous sheet material, incorporating circular pores and a

16



concave-convex shaped inner circumference area expanding the circumferential

area.

Fig. 15-1is a partially-cut and enlarged cross-sectional view of the major structure,
as shown in Fig. 138, showing another type of internal pressure action space (having

an upper and lower portion provided on the cut-out portion).

Fig. 15-2 is a side view of the high-density porous sheet material, as shown in Fig.
13, incorporating circular pores and a concave-convex shaped inner circumference

area to expand the circumference area.

(Preferred embodiments of this invention)
(0033)

Embodiments of this invention are hereby described referring to the drawings.

(0034)

Fig. 1 is a functional roll as the first embodiment showing a partially-cut
cross-sectional view of circumferential direction B. In Fig. 1, internal pressure
action space 1 1s formed by cross-sectionally tubular shaped cut-out portion 2, made
by cutting inner surface 3b of high-density porous sheet material 300, incorporating
roll hole 801 made of elastic non-woven sheet material with appropriate width Al
(large diameter), or functional composite sheet material, in which cross-linking
elastic material is provided thereto, and circumference 400 of tubular roll axis 4

provided through roll hole 301 of sheet material 300. And multiple fine pores 5 (as a

17



structure for fluid permeability) are provided on circumference 400 of roll axis 4.
Also, roll axis 4 is formed by axis unit 4a in a tubular (cylindrical) shape having
hole 401, retainer portions 4b, 4b provided at both ends of axis unit 4a, and bearing
4c, 4c (i.e. bearing support) incorporating communicating hole 402 at one end. As
shown in the third embodiment of Figs. 5, 7 and 8, tubular inner circumference area
200 of cut-out portion 2 of internal pressure action space 1 is made of upper portion
2a and lower portion 2b in the direction of X-axis, to enlarge inner circumference
area Z1 (circumference area) of tubular inner circumference area 200, as well as to
make the cross-sectionally tubular shape with less fluid (gas-liquid) resistance, and
accordingly to expand the interface area between roll axis 4 and inner
circumference area 200 of cut-out portion 2 of roll unit 3. As described above,
expanding the cross-sectionally tubular shape of cut-out portion 2 and/or the area of .
the interface with roll axis 4, makes it possible for example to improve the fluid
(gas-liquid) suction action and to propose a structure of the roll axis that is
preferably used as the actual equipment (for practical use) and comprising a
sufficient number, diameter or the like of pores (i.e. fine pores 5) to secure the
mechanical strength of roll axis 4. Also, the cut-out portion is in the shape of a
cross-sectional tube extending toward the X-axis, and is formed toward the outer
circumferential direction (radial direction Y) of roll hole 301 of sheet material 300.

Furthermore, the cut-out portion 2 is multiply provided in circumferential direction

B.

(0035)

Internal pressure action space 1 is connected to internal pressure branching

18



guidepath 6, consisting of low-density porous sheet material 7 (sheet material 7),
having roll hole 700 made of a piece of elastic non-woven sheet material with an
appropriately small width A2 (i.c. small diameter), or functional composite sheet
material in which cross-linking elastic material is provided on non-woven material.
And sheet material 7 (internal pressure branching guidepath 6) is provided
intercrossingly on cut-out portion 2 (internal pressure action space 1), to become
part of roll unit 3. Also, sheet material 7 in the first embodiment has cut-out portion
701 of a similar (scaling) relationship with cut-out portion 2 of internal pressure
action space 1. However, as shown in Fig. 10 of the fifth cmbodiment, extended
portion 702 is provided to reach cut-out portion 2 of internal pressure action space 1,
so that, for instance, extended portion 702 improves the fluid (gas-liquid) suction
action and forms the structure of sheet material 7 to become internal pressure
branching guidepath 6 that is appropriate for actual use as equipment. Moreover, if
extended portion 702 approaches surface 3a of roll unit 3, (although it is not shown
in the drawings,) it will possibly make a more significant structure in which the
fluid (gas-liquid) suction action of internal pressure branching guidepath 6 will
directly work on surface 3a of roll unit 3. Furthermore, such improvement in suction
action can reduce for example the capacity of suction power, thus realizing energy

conservation or the like. (Other embodiments also have similar benefits).

(0036)
The first embodiment in Fig. 2 shows a structure forming internal pressure
branching guidepath 6 in combination with five pieces of sheet material 300 and one

picce of sheet material 7 (as one example). In Fig. 2, it is illustrated by an actual
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line that the five sheet materials are compressed, so that the shape of both side

surfaces 3c 18 changed.

(0037)

The second embodiment in Fig. 6 shows a structure in which outer circumference
708 of sheet material 7 reaches surface 3a of roll unit 3, so that the suction action
works on the entire circumference of roll unit 3. This embodiment can also provide
ancther type of more significant structure to activate the fluid (gas-liquid) suction
action of internal pressure branching guidepath 6 directly to surface 3a of roll unit 3.

Other features are pursuant to the aforementioned examples.

(0038)

The fourth embodiment in Fig.9 shows a structure in which a chevron, wave, or
other concavo-convex shape is provided on outer circumference 708 of sheet
material 7. Such a structure makes it possible to expand outer circumferential area
7.2 of outer circumference 703, thus extending the suction action and improving the
suction action of surface 3a of roll unit 3. Other features are pursuant to the

aforementioned examples.

(0039)

As described above, internal pressure action space 1 and internal pressure
branching guidepath 6 are cross-linking and compounded, eventually forming
lattice-shaped fluid (gasliquid) guidepath 8, as shown in Fig. 3. In Fig. 3,

lattice-shaped fluid (gas-liquid) guidepath 8 is accurately and properly connected to
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multiple fine pores 5 of roll axis 4, so that for instance the internal pressure of roll
axis 4 is activated toward inner surface 3b of roll unit 3 facing inner surface 3a of
the roll (inner surface 8b facing outer circumference 400 of roll axis 4 and has a roll
hole 301), and also has the feature of dispersing and distributing the internal
pressure, thus enhancing the fluid (gas-liquid) suction action. Furthermore, equal
distribution of the internal pressure is provided on surface 3a of roll unit 3. In other
words, such internal pressure efficiently functions as a preferable action to roll unit
3 (the roll action site). Such an efficient function can reduce for example the
capacity of the suction power, thus realizing energy conservation or the like. (Other

embodiments also have similar benefits).

(0040)

As shown in Fig. 3, internal pressure action space 1 and internal pressure
branching guidepath 6 are preferably embedded crisscross over circumference 400
of roll axis 4 to form up a lattice shape, so that lattice-shaped fluid guidepath 8
(fluid guidepath incorporating a lattice-shaped structure) is integrally formed. The
structure of the internal pressure covering the complicated porous structure of roll
unit 3, and the fluid (gas-liquid) suction action and entire roll unit 3 is greatly
rationalized and simplified to reduce the number of parts, and naturally contributes
to cost reduction and energy conservation. Moreover, in no small measure, it
practically and efficiently contributes to maintaining mechanical property and
stability. Furthermore, a pipe (not shown in the drawings) to internally activate a
suction action, is connected to hole 401 of roll axis 4, through communicating hole

402. Thus, the suction action working on roll axis 4 effectively transmits the fluid
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(gas-liquid permeability) suction action running from fine pores 5 to lattice-shaped
fluid guidepath 8 (from internal pressure action space 1 to internal pressure
branching action guidepath 6), and the surface fluid (gas-liquid) suction action of
roll unit 3 is activated when the internal pressure of roll axis 4 is used as negative
(vacuum) pressure. And the sucked-out fluid runs in negative pressure through
lattice-shaped fluid guidepath 8 (internal pressure branching guidepath 6 to
internal pressure action space 1) and fine pores 5, and then efficiently runs through

hole 401 of roll axis 4 to communicating hole 402.

(0041)

Also, as multiply shown in the drawings, tubular recess 500 is provided on the
external side (outer circumference 400) of fine pores 5, provided on roll axis 4, so
that the suction action of fine pores 5 is improved. In this case, mechanical strength

of roll axis 4 should be ensured.

(0042)

The sixth embodiment in Fig. 12 is sheet material 300a (as also shown in Fig 13)
made of an elastic non-woven sheet material or functional composite sheet material
in which cross-linking elastic material is provided on non-woven material, and
sheet material 300a is in the shape of a doughnut having a large diameter inner
surface 3b-1 of circular hole 301b cut out in the outer circumferential direction of
roll hole 301 of roll axis 4. The sixth embodiment is one example of forming
lattice-shaped fluid guidepath 8, combined with sheet material 300a and

aforementioned sheet material 300. This example shows that one piece or



multi-layered pieces of sheet material 300a is provided between one piece or
multi-layered pieces of sheet material 300. Thus, each side surface 3¢ of adjacent
sheet material 300, together with circular hole 301b, makes space 9. Space 9 also
becomes internal pressure branching guidepath 6 (extending toward the axis),
communicating and simultaneously cross-linking with internal pressure action
space 1 and making lattice-shaped fluid guidepath 8. Thus, the structure in which
space 9 is alternatively used, instead of aforementioned internal pressure branching
guidepath 6, can eliminate the use of sheet material 7, thus leading to reduction in

cost.

(0043)

Furthermore, Fig. 14 shows the seventh embodiment derived from the
aforementioned sixth embodiment. The seventh embodiment is sheet material 300a
as shown in Fig. 15-2, in which a chevron, wave or other concave-convex shape is
provided on inner circumference 3b-2 of large-diameter inner surface 3b-1 to make
circular hole 301b, to expand inner circumferential area Z3 of inner circumference
3b-2, and to expand and improve the suction action of surface 3a of roll unit 3. Other
features are pursuant to aforementioned embodiment 6. Also, Fig. 15-1 shows a
structure in which the seventh embodiment incorporates upper-portion 2a and the
lower portion 2b of the aforementioned third embodiment. Its feature is pursuant to

the third embodiment.

(0044)

To recover the suction action of the functional roll and to renew its production, roll
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unit 3 is taken out of roll axis 4 and processed by eutting (sanding), or chemically
treating it or the like. Thus, it is actually useful in recovering the function of
internal pressure action space 1, the function of internal pressure branching

guidepath 6, or the function of fine pores 5, as well as recycling them.

(Explanation of the parts)

(0045)

1. Internal pressure sction space
2, Chut-out portion

200. Inner cireumference area

2a. Upper portion

2. Lower portion

3. Roll unit

A00. Sheet material

300n.  Sheet material
301. Roll hole

301b.  Cireular hole

da, Surface
3b. Inner surface

ab-1. Large-diameter inner arvea

ah-2 Inner cireumference
S Side surface

4, Roll axis

400, Circumference



401, Heole

402. Commumicating hole

4. Asdis umt

db. Retamer

4e. Bearing

5. Fine pore

500, Recess

6. Internal pressure branching guidepath
7. Sheet material

700. Hele
701. Cut-out portion

THZ. Extended poartion

708, Guter crrcumference

8. Lattice-shaped gas-fluid (gas-liquid) guidepath
9. Space

Al Width (Large diameter)

AL, Width (Small diameter)

B. Circumferential direction
x. Axaal direction
Y, Radial direction

71 Area

L2, Area

73, Aren

B
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MCSLLP

What is claimed is:

1. A functional roll comprising a tubular roll axis with multiple fine pores and a
roll unit having a roll hole engaged with the roll axis comprising a high-density porous
sheet material of elastic non-woven sheet material or a functional composite sheet
material providing a cross-linking elastic material onto the non-woven sheet material,
whereby the roll unit further comprises a lattice-shaped fluid guidepath structure
comprising an internal pressure action space comprising a cut-out portion which is
provided on the inner circumferential area of the roll unit and provided in the axial
direction of the roll unit as well as an internal pressure branching guidepath provided in
the radial direction of the roll unit and connected to the internal pressure action space,
the internal pressure branching guidepath comprising a porous sheet material of elastic
non-woven sheet material or the functional composite sheet material, whereby the
porous sheet material has a lower density than the high-density porous sheet material
and a roll hole, whereby internal pressure is applied to the aforementioned roll unit
through the lattice-shaped fluid guidepath structure, characterized in that the low-
density porous sheet material has an extended portion provided to reach the cut-out
portion of the internal pressure branching guidepath which comprises the internal

pressure action space.

2. A functional roll as described in Claim 1, characterized in that the cut-out
portion provided in the axial direction of the roll unit is multiply provided in the
circumferential direction of the roll axis, and the cut-out portions are tubularly cross-

sectional shaped with low resistance along its flow passage.
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