Ti tle=ef~the | nvention - Col Packi ng and Met hod for Manufacturing

t he Sane Background of the |n§Zﬂ0 &r& %(?Ghi.s i.nventi elates to a
col um packing filled in a device Wwhich is ivided in a pl lity of
chanmbers or channels connected to one angther and perforns naterlag
transfer, heat exchange or m xing betweeh ga q S or gas an
l'iquid. The I nvention relates also to a net hz% Abkn@rqgf acturing such

col um packi ng. Japanese Patent Application Laid-open Publication No.
Hei 3-203976 di scl oses a colum packing of this type. This colum packing
[ urality of perneable sheets which are di sposed in
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function as spacers between the adjacent

Background of the Invention

This invention relates to a column packing filled in a device which is

divided in a plurality of chambers or channels connected to one another and
performs material transfer, heat exchange or mixing between gases, liquids or
gas and liquid. The invention relates also to a method for manufacturing
such column packing.

Japanese Patent Application Laid-open Publication No. Hei 3-203976
discloses a column packing of this type. This column packing is made up of a
plurality of permeable sheets which are disposed in parallel to one another
and extend in the direction of a main stream of fluid. . Projecting portions of
these permeable sheets are disposed in the direction that crosses the main
stream of fluid and these projections function as spacers between the adjacent
permeable sheets. This packing (hereinafter referred to as “X-packing”
because the cross section of a joint portion between two adjacent permeable
sheets assumes the shape of the letter X) is beneficial in that fluid flowing
down along the permeable sheets is repeatedly joined, mixed, horizontally
dispersed and redistributed at each joint of the permeable sheets. Thus,
fluid flow which was not uniform when it was charged in fhe device gradually
becomes uniform resulting in an optimum material transfer or heat exchange.
Moreover, gas charged in the device passes through the liquid flowing along
the inclined surfaces of the permeable sheets and necessary contact between
the gas and the liquid is achieved by coﬁtacting the gas with the liquid while
the gas passes through the permeable sheets, so that material transfer or heat
exchange can be effected efficiently with a minimum pressure loss.

For manufacturing this X-packing, the inventor of this application

proposed the method described in U.S. Patent No. 5, 673,726. According to
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per reabl € sheets. This packing (hereinafter referred to as "X-packi ng"
because the cross section of a joint portion between two adjacent perneabl e
sheets assunmes the shape of the letter X) is beneficial in that fluid
fl ow ng down al ong the perneabl e sheets is repeatedly joined, m xed,
hori zontal ly di spersed and redistributed at each joint of the perneable
sheets. Thus, fluid flow which was not uniformwhen it was charged in the
devi ce gradual |y becones uniformresulting in an optimum material transfer
or heat exchange. Moreover, gas charged in the device passes through the
liquid flow ng along the inclined surfaces of the perneable sheets and
necessary @uatmethddetaseshowmdndiig. 28d peimehblpushikets Schi phahliyyeenangt i ng
the gas with t.ge lifgq.%d whil e the_gas passes through the_ perneabl e sheets,
so that nelOERisalh oladineentpermaenble shertsfd aversimultanesnsboprdducedamd 3 wi t h
a mni num syire | 0ss. For .mapufactyring this X-packing, the
i nvent or o@ﬁggidime?ﬁlﬁfq%ﬂ%’ﬁnﬁm%gattﬁ r‘#ﬁ'tﬁ%ﬂ"’ BE%i bed in U S. Patent
yo- 5, 673, 7261y ACeAWirb Yhis X-packing manufactured by the above described

prior art method is used as a packing loaded in, e.g., a gas-liquid mixing
device, the packing 50 of Fig. 22 is erected in the device and liquid from a
distributor is caused to flow from the top to the bottom, i.e., in the direction of
arrow A. It is, however, actually difficult to maintain the packing 50 strictly
horizontally in the device by reason of an error in installation or other causes
and, as a result, the threads that run crosswise of the separated portions 51a
and the joints 51b of the packing 50 are disposed in a somewhat inclined
relationship to the horizontal direction. For this reason, when the operation
of the device is started and liquid is caused to flow in the direction of the
arrow A, the liquid flows concentrically along a lower portion of the threads
that run crosswise with the result that collection, horizontal distribution and
downward redistribution of the liquid are not performed uniformly but flow of
the liquid tends to concentrate on the lower portion of the inclined threads
running corsswise.

It is, therefore, an object of the invention to provide an X-packing
capable of accuratgly achieving uniform collection and redistribution of liquid
at joints of the X-packing.

It is another object of the invention to provide a method for

manufacturing such X-packing at a low cost and in a large scale.

Summary of the Invention

For achieving the above described objects of the invention, there is
provided a method for manufacturing a packing made of a three-dimensional
net-like structure which constitutes an internal structure of a device which

performs material transfer, heat exchange or mixing between gases, liquids or



this method, as shown in Fig. 22, perneable sheets 51 in plural layers and
joints 51b of adjacent perneable sheets 51 are sinultaneously produced and
a three-dinmensional woven packing 50 thereby is produced. In a case
where this X-packing manufactured by the above described prior art method
I's used as a packing loaded in, e.g., a@as-liquid m xing device, the
packing 50 of Fig. 22 is erected in the device and liquid froma
distributor is caused to flowfromthe top to the bottom i.e., in the
direction of arrow A. It is, however, actually difficult to maintain the

packing 50 strictly horizontally in the device by reason of an error in
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X-packing at a cos arge sca
According to the invention, there is also provided a method for

manufacturing a packing made of a three-dimensional net-like structure
which constitutes an internal structure of a device which performs material
transfer, heat exchange or mixing between gases, liquids or gas and liquid,
said internal structure being divided in a plurality of chambers or channels
connected to one another and said three-dimensional net-like structure being
made of a plurality of unit structures which are arranged continuously in
vertical and horizontal directions of the three-dimensional net-like structure,
each of the unit structures being formed by conversion and dispersion of three
line elements, said method comprising steps of:

(A) preparing a packing manufacturing space by forming a predetermined
number of hypothetical channels of a regular triangular cross-section without
leaving spaces between them so that six hypothetical channels fxaving one
common apex of a triangle form a regular hexagon, said hypothetical channels
consisting of hypothetical channels C1 which share one apex of a triangle but
do not share a side of a triangle with adjacent hypothetical channels and
hypothetical channels C2 which share a side of a triangle with the
hypothetical channels C1, and disposing, in the packing manufacturing space,
a plurality of rotors each having a circular shape in the radial section, being
formed with three recesses in the periphery thereof at an interval of 120° for

respectively receiving a line element and being connected to a rotor control



Summary of the Invention For achi eving the above descri bed objects of
the invention, there is provided a nethod for manufacturing a packi ng nade
of a three-dinmensional net-like structure which constitutes an internal
structure of a device which perforns material transfer, heat exchange or

m xi ng between gases, |iquids or 4 _

3 gas and liquid, said internal structure being divided in a plurality
of chanbers or channel s connected to one another and said three-di mensional
net-like structure being made of a plurality of unit structures which are
arranged continuously in vertical and horizontal directions of the
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formed by conversion and di spersion of three |line elenments, said nethod

conpri si ng Wnikt egidototbrs epnsistingoef cotgrn Rk each deing disposedi in she udft thee

where the tIPyrp%%h(lai!iga gilggge tsS C1, rotors R2 each being disposed in one of the
hypothetical channels C2 and rotors R3 each being disposed in a space defined
by three of the rotors R1 disposed in three of the hypothetical channels C1
which share one apex of a triangle and three of the rotors R2 disposed in three
of the hypothetical channels C2, in such a manner that the line element can
be moved between the recess of the rotor R3 and the recess of the rotor R1,
and between the recess of the rotor R3 and the recess of the rotor R1 and that
the rotors R1 do not contact the rotors R2,
(B) inserting the line elements unwound from bobbins in the respective
recesses of the rotors R1 and thereafter rotating the rotors R1 by one
-revolution or over to twist the three line elements inserted in the respective
recesses of each of the rotors R1 and thereby forming a first knot K1 in each of
the hypothetical channels C1 downstream of the rotors Rl in a feeding
direction of the line elements,

| (C) feeding the line elements by a predetermined length, moving the line

elements from the recesses of the rotors R1 to the recesses of the rotors R3 and
thereafter rotating the rotors R3 by one revolution or over to twist the three
line elements inserted in the recesses of the rotors R3 and thereby forming a
second knot K2 upstream of .the first knot K1 in each of the spaces in which
the rotors R3 are disposed,
(D) feeding the line elements by a predetermined length, rotating the rotors
R3 and the rotors R2 respectively by 60° in opposite directions to each other,
moving the line elements from the recesses of the rotors R3 to the recesses of
the rotors R2 and thereafter rotating the rotors R2 by one revolution or over to
twist the three line elements inserted in the recesses of the rotors R2 and

thereby forming a third knot K3 downstream of the rotors R2 and the
upstream of the second knot K2 in each of the hypothetical channels C2,
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converge by twsting the three Iine elenents together. According to
the invention, there is also provided a nethod for manufacturing a packing
made of a three-dinmensional net-like structure which constitutes an

i nternal structure of a device which perforns material transfer, heat
exchange or m xi ng between gases, |liquidg or gas and liquid, said internal
structure being divided in a plurality of chanbers or channels connected to
one anot her and said three-dinmensional net-like structure being made of a
plurality of unit structures which are arranged continuously in verti cal
and horizontal directions of the three-dinensional net-like structure, each

of the uni (ESifesding the (o eldrRéniBibPa @ROIEESMeRNEnEHS RALFIRN tBE 1Y ce
line elements, said nethod conprising steps of: (A preparing a packing
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space, a plurality of rotors each having a circular shape in the radi al

section, béFhfeddingdleviine eldmentsrlec asprdetorniined dengtherogatingridef rodérsan

conneer od BB AaRgherosei REresbectively by 60° in opposite directions fo each other
and thereafter moving the line elements from the recesses of the rotors R3 to
the recesses of the rotors R1.

According to the manufacturing method of the invention, a packing 21

consisting of a three-dimensional net-like structure as shown in the schematic
perspecﬁve view of Fig. 1 can be produced. This packing 21 is made, as
shown in the partial perspective view of Fig. 2, of a plurality of unit structures
22 which are arranged continuously in vertical and horizontal directions of
the three-dimensional net-like structure, each of the unit structures 22 being
formed by conversion and dispersion of three line elements. As shown in Fig.
2, this unit structure 22 is a combination of two triangular pyramids having a
common apex 22a and bottom surfaces disposed in opposite directions. Three
line elements 23 constitute three sides 22b of each triangular pyramid. The
apex 22a of the two triangular pyramids and the sides 22b of the tv‘.ro
triangular pyramids are formed by conversion and diversion of the three line
elements 23 about a knot 24 which is formed by twisting the thee line
elements 23. Accordingly, no element corresponding to the horizontal
threads in the prior art X-packing is used at all in this unit structure 22.

Accordingly, by using the packing 21 manufactured by the method of the
invention in a device such as a gas-liquid contact device, liquid from a

distributor flows in the direction of arrow B in Fig. 1 and, since no element

corresponding to the horizontal threads is used in the packing 21, the liquid



4 - unit and rotatable by a predeterm ned angle by operating the rotor
control unit, said rotors consisting of rotors R err] each being di sposed
in one of the hypothetical channels Cl, rotors R2 each being di sposed in
one of the hypothetical channels C2 and rotors R3 each being disposed in a
space defined by three of the rotors R[Q{r] di sposed in three of the

hypot heti cal channels Cl which share one apex of a triangle and three of
the rotors R2 disposed in three of the hypothetical channels C2, in such a
manner that the line el ement can be noved between the recess of the rotor
R3 and the recess of the rotor Rl, and between the recess of the rotor R3
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rotors R2, (B) inserting the line elenents unwound from

respecti veis enseddsy fidwidfehe diquid tbivasd d Iabaradlyf loeer poirtibh Rehlif thieredss Rl
by one revolution or over to twist the three |line-elements inserted in the

respect i veaneyees i instatling the nackingPdrin e device nd Phetefore,nepllaction st
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unit structure 22 are performed uniformly.

. In another aspect of the invention, there is provided a method for
manufacturing a packing made of a three-dimensional net-like structure
which constitutes an internal structure of a device which performs material
transfer, heat exchange or mixing between gases, liquids or gas and liquid,
said internal structure being divided in a plurality of chambers or channels
connected to one another and said three-dimensional net-like structure being
made of a plurality of unit structures which are arranged continuously in
vertical and horizontal directions of the three-dimensional net-like structure,
each of the unit structures being formed by conversion and dispersion of four
line elements, said method comprising a step of forming a converging section
of the unit structure where the four line elements converge by twisting the
four line elements together.

According to the invention, there is also provided a method for
manufacturing a packing made of a three-dimensional net-like structure
which constitutes an internal structure of a device which performs material
transfer, heat exchange or mixing between gases, liquids or gas and liquid,
said internal structure being divided in a plurality of chambers or channels
connected to one another and said three-dimensional net-like structure being
made of a plurality of unit structures which are arranged continuously in
vertical and horizontal directions of the three-dimensional net-like structure,
each of the unit structures béing formed by conversion and dispersion of four
line elements, said method comprising steps of:

(A) preparing a packing manufacturing space by forming a predetermined

number of hypothetical channels of a regular square cross-section so that



(C-feeding the line elements by a predeterm ned | ength, noving the |ine

el enments fromthe recesses of the rotors Rl to the recesses of the rotors
R3 and thereafter rotating the rotors R3 by one revolution or over to tw st
the three line elements inserted in the recesses of the rotors R3 and
thereby formng a second knot K2 upstreamof the first knot Kl in each of
the spaces in which the rotors R3 are disposed, (D) feeding the line

el enents by a predeternined Iength, rotating the rotors R3 and the rotors
R2 respectively by 60[err] in opposite directions to each other, noving the
line elements fromthe recesses of the rotors R3 to the recesses of the

rotors R2 dhese hypettietial chamnéls glighein @l amhsRthdbyow witlengllviviag paceyer
totwist the three line elenments inserted in the recesses of the rotors R2
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K2 .in each of .the hypothetical  channels C2
gpst ream of 1t 0Ge seca&darlicri]ogecondl ?xypo%het?cal channels E% which are disposed

alternately in columns and rows of the hypothetical channels, and disposing,
in the packing manufacturing space, a plurality of rotors each having a
circular shape in the radial section, being formed with four recesses in the
periphery thereof at an interval of 90 ° for respectively receiving a line_
element and being connected to a rotor control unit and rotatable by a
predetermined angle by operating the rotor control unit, said rotors consisting
of rotors RA each being disposed in one of the first hypothetical channels CA
and rotors RB each being disposed in one of the second hypothetical channels
CB in such a manner that the line element can be moved between the recess of
the rotor RA and the recess of the rotor RB, |
(B) inserting the line element unwound from bobbins in the respective
recesses of the rotors RA and thereafter rotating the rotors RA by one
revolution or over to twist the four line elements inserted in the respective
recesses of each of the rotors RA and thereby forming a first knot KCA in each
of the hypothetical channels CA downstream of the rotors RA in a feeding
direction of the line elements,
(C) feeding the line elements by a predetermined length, moving the line
elements from the recesses of the rotors RA to the recesses of the rotors RB
and thereafter rotating the rotors RB by one revolution or over to twist the
four line elements inserted in the recesses of the rotors RB and thereby
forming a second knot KCB upstream of the first knot KCA in each of the
hypothetical channels CB, and
(D) feeding the line elements by a predetermined length and moving the line
elements from the recesses of the rotors RB to the recesses of the rotors RA.
According to the method of the invention, a packing 40 -consisting of a

three-dimensional net-like structure as shown in the schematic perspective



D

(E)-feeding the line elements by a predetermned | ength, noving the |ine

el ements fromthe recesses of the rotors R2 to the recesses of the rotors
R3 and thereafter rotating the rotors R3 by one revolution or over to tw st
the three line elements inserted in the recesses of the rotors R3 and
thereby formng a fourth knot K4 downstregam of the rotors R3 and upstream
of the third knot K3 in each of the spaces in which the rotors R3 are

di sposed, and (F) feeding the line elenents by a predeterm ned | ength,
rotating the rotors R3 and the rotors Rl respectively by 60[err] in
opposite directions to each other and thereafter noving the line elenents
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According to the manufacturing nethod of the invention, a packirng 21
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schematic perspective view of Fig. 1 can be produced. This packing 21 is
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unit structures. 22.which ar rranged.continuously.in vertical and
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di sposed in opposite directions. Three line elenments 23 constitute three
si des 22b ofhatdsiotsay,doguliare glyments23 Thestipre fe@asidbs dib andother posgdd ar
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threads at all and, therefore, the advantageous result of the unit structure 22
can be obtained also in the unit structure 41. In other words, the liquid flows
in the direction of arrow D in Fig. 3 and collection and downward
redistribution of the liquid at the apex 41a of each quadruple pyramid of the
unit structure 41 is performed uniformly.

The present invention can be applied not only to the column packing
used in devices such as a gas-liquid mixing device but also to manufacturing
of other three-dimensional net-like structure such as ones used for a mist
eliminator, a multi-layer filtering film and aggregate.

In one aspect of the invention, there is provided a method for
manufacturing a three-dimensional net-like structure including a mist
eliminator and a multi-layer filtering film made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by conversion and dispersion of three line elements,
said method comprising a step of forming a converging section of the unit
structure where the three line elements converge by twisting the three line
elements together.

In another aspect of the invention, there is provided a method for

manufacturing a three-dimensional net-like structure including a mist
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threads in the prior art X-packing is used at all in this unit structure-
22. Accordingly, by using the packing 21 manufactured by the nethod of
the invention in a device such as a gas-liquid contact device, liquid from

a distributor flows in the direction of arrowB in Fig. 1 and, since no

el ement corresponding to the horizontal phreads is used in the packing 21,
the liquid 6 whi ch has

fall en upon the top of the packing 21 does not produce a drift which is
caused by flow of the liquid toward a laterally |lower portion even if there
is an error in installing the packing 21 in the device and, therefore,
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knot 24) of each unit structure 22 are performed uniform'y. I n anot her
aspect of tdieudtnvesitwhich tdrer arrangedododeihwwusht Had vesticainmuida Horizomgalh
packing made of a three-dinmensional net-like structure which constitutes an
i nternal stditgrations of thejdbhree-diznensiopal fnptriikerateactyre, each of the unit

structures being formed by conversion and dispersion of three line elements,
said method comprising steps of:

(A) preparing a three-dimensional net-like structure manufacturing space by
forming a predetermined number of hypothetical channels of a regular
triangular cross-section without leaving spaces between them so that six
hypothetical channels having one common apex of a triangle form a regular
hexagon, said hypothetical channels consisting of hypothetical channels C1
which share one apex of a triangle but do not share a side of a triangle with
adjacent hypothetical channels and hypothetical channels C2 which share a
side of a triangle with the hypothetical channels Cl, and disposing, in the
three-dimensional net-like structure manufacturing space, a plurality of
rotors each having a circular shape in the radial section, being formed with
three recesses in the periphery thereof at an interval of 120° for respectively
receiving a line element and being connected to a rotor control unit and
rotatable by a predetermined angle by operating the rotor control unit, said
rotors consisting of rotors R1 each being disposed in one of the hypothetical
channels C1, rotors R2 each being disposed in one of the hypothetical channels
C2 and rotors R3 each being disposed in a space defined by three of the rotors
R1 disposed in three of the hypothetical channels C1 which share one apex of
a triangle and three of the rotors R2 disposed in three of the hypothetical
channels C2, in such a manner that the line element can be moved between
the recess of the rotor R3 and the recess of the rotor R1, and between the
recess of the rotor R3 and the recess of the rotor R1 and that the rotors R1 do
not contact the rotors R2,

(B) inserting the line elements unwound from bobbins in the respective

recesses of the rotors R1 and thereafter rotating the rotors R1 by one
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transfer; heat exchange or m xi ng between gases, liquids or gas and |iquid,
said internal structure being divided in a plurality of chanbers or
channel s connected to one another and said three-di nensional net-I|ike
structure being nade of a plurality of unit structures which are arranged
continuously in vertical and horizontal gérections of the three-dinensional
net-1like structure, each of the unit strucCtures being forned by conversion
and di spersion of four line elenments, said nethod conprising a step of
form ng a convergi ng section of the unit structure where the four |ine

el ements converge by twisting the four |line el enents together
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line elements inserted in the recesses of the rotors R3 and thereby forming a
second knot K2 upstream of the first knot K1 in each of the spaces in which
the rotors R3 are disposed,
(D) feeding the line elements by a predétermined length, rotating the rotors
R3 and the rotors R2 respectively by 60° in opposite directions to each other,
moving the line elements from the recesses of the rotors R3 to the recesses of
the rotors R2 and thereafter rotating the rotors R2 by one revolution or over to
twist the three line elements inserted in the recesses of the rotors R2 and
thereby forming a third knot K3 downstream of the rotors R2 and the
upstream of the second knot K2 in each of the hypothetical channels C2,
(E) feeding the line elements by a predetermined length, moving the line
elements from the recesses of the rotors R2 to the recesses of the rotors R3 and
thereafter rotating the rotors R3 by one revolution or over to twist the three
line elements inserted in the recesses of the rotors R3 and thereby forming a
fourth knot K4 downstream of the rotors R3 and upstream of the third knot
K3 in each of the spaces in which the rotors R3 are disposed, and
(F) feeding the line elements by a predetermined length, rotating the rotors
R3 and the rotors R1 respectively by 60° in opposite directions to each other
and thereafter moving the line elements from the recesses of the rotors R3 to
the recesses of the rotors R1.
In another aspect of the invention, there is provided a method for

manufacturing a three-dimensional net-like structure including a mist
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7 * these hypothetical channels align in colums and rows w thout | eaving
spaces between them said hypothetical channels consisting of first

hypot heti cal channels CA and second hypot hetical channels CB which are

di sposed alternately in colums and rows of the hypothetical channels, and
di sposi ng, in the packing manufacturingigpace, a plurality of rotors each
having a circular shape in the radial section, being formed with four
recesses in the periphery thereof at an interval of 90[err] for
respectively receiving a line elenent and being connected to a rotor
control unit and rotatable by a predeterm ned angle by operating the rotor
control unielimivatet raidorss malslstdrn Glafrindtflhs BAdeash Lel0gaRlsRESEHi N
one of the first hypothetical channels CA and rotors RB each béing di sposed
in one of shaictarasndvhighornet anmingetarcortinudBslyn is usbrticalanndr Hobontdle

| ine el ement can be tm)%gd bet ween the recess_of the rotor RA and the recess
of the rot &iregRongpet jthgethrae sionpl @ebdikier strusbural eachn efoitbe nunitn t he

respective recesses, of the rqtiors RA and thereafter rotating the rotors RA
i b dd Tizer ol
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structure where the four line elements converge by twisting the four line
~elements together.

In another aspect of the invention, there is provided a method for
manufacturing a three-dimensional net-like structure including a mist
eliminator and a multi-layer filtering film made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by conversion and dispersion of four line elements,
said method comprising steps of:

(A) preparing a three-dimensional net-like structure manufacturing space by
forming a predetermined number of hypothetical channels of a regular square
cross-section so that these hypothetical channels align in columns and rows
without leaving spaces between them, said hypothetical channels consisting of
first hypothetical channels CA and second hypothetical channels CB which
are disposed alternately in columns and rows of the hypothetical channels,
and disposing, in the three-dimensional net-like structue manufacturing
space, a plurality of rotors each having a circular shape in the radial section,
being formed with four recesses in the periphery thereof at an interval of 90°

for respectively receiving a line element and being connected to a rotor control
unit and rotatable by a predetermined angle by operating the rotor control
unit, said rotors consisting of rotors RA each being disposed in one of the first
hypothetical channels CA and rotors RB each being disposed in one of the
second hypothetical channels CB in such a manner that the line element can

be moved between the recess of the rotor RA and the recess of the rotor RB,



of the hypothetical channels CA downstream of the rotors RAin a feeding
direction of the line elenents, (C) feeding the line elenents by a
predeterm ned | ength, noving the line elenents fromthe recesses of the
rotors RAto the recesses of the rotors RB and thereafter rotating the
rotors RB by one revolution or over to tjw st the four Iine elenents
inserted in the recesses of the rotors RB and thereby form ng a second knot
KCB upstream of the first knot KCA in each of the hypothetical channels CB,
and (D) feeding the line elenents by a predeterm-ned | ength and noving the
line elements fromthe recesses of the rotors RB to the recesses of the

rotors RA (B) inséwimg dhegline éleenerits haawohnthfrokd thbim) ,inatliha%éltﬁlél:tﬂz@
consisting of a three-dinmensional net-like structure as shown in the
schemati c pe¢esgestafythe rotors RA and thereafter rotating the rotors RA by %ne
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recesses of each of the rotors RA and thereby forming a first knot KCA in each
of the hypothetical channels CA downstream of the rotors RA in a feeding
direction of the line elements,

(C) feeding the line elements by a predetermined length, moving the line
elements from the recesses of the rotors RA to the recesses of the rotors RB
and thereafter rotating the rotors RB by one revolution or over to twist the
four line elements inserted in' the recesses of the rotors RB and thereby
forming a second knot KCB.upstream of the first knot KCA in each of the
hypothetical channels CB, and
(D) feeding the line elements by a predetermined length and moving the line
elements from the recesses of the rotors RB to the recesses of the rotors RA.

In another aspect of the invention, there is provided a packing made of a
three-dimensional net-like structure which constitutes an internal structure
of a device which ‘performs material transfer, heat exchange or mixing
between gases, liquids or gas and liquid, said internal structure being divided
in a plurality of chambers or channels connected to one another and said
three-dimensional net-like structure being made of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by conversion and dispersion of three line elements
characterized in that a converging section of the unit structure where the
three line elements converge is formed by twisting the three line elements
together.

In another aspect of the invention, there is proivded a packing made of a
three-dimensional net-like structure which constitutes an internal structure

of a device which performs material transfer, heat exchange or mixing



structures 41. The unit structure 41 is a conbination of two quadruple
pyram ds having a common apex 4la and having bottom surfaces di sposed in
opposite directions. The three-di mensional net-like structure is made by
arranging these unit structures 41 in vertical and horizontal directions.
In the unit structure 41, respective sidgps 41b consist of line elenents 23.
That is to say, four line elenments 23 constitute four sides 41b and the
apex 4la is formed by conversion and dispersion of the four line elenents
23. In this unit structure 41 either, there is no elenent corresponding to
the horizontal threads at all and, therefore, the advantageous result of
the unit sthefweenegades,diquide ovigaaianedligiiey said internalistrisdtune being dividdd
other words, the liquid flows in the direction of arrow D in Fig. 3 and
col | ecti on 1Bn@ af chamhers (nr channgls (qeanepigdi 0 ane tarotherant saisk
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of the invention, there is provided a nethod for manufacturing a .

t hr ee- di mrersdiractaresbeilg kernsed byt comwersioh uthdhdispersioh of fouirnkae el@nents
multi-layer _filtering filmnmade of _.a plurali t%/ of unit structures which are
arranged coheracistzed inthabaconuereing spefion ofithe uait strudtune wiiere bhe four
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net-like structure including a mist eliminator and a multi-layer filtering film
made of a plurality of unit structures which are arranged continuously in
vertical and horizontal directions of the three-dimensional net-like structure,
each of the unit structures being formed by conversion and dispersion of three
line elements characterized in that a converging section of the unit structure
where the three line elements converge is formed by twisting the three line
elements together.

In still another aspect of the invention, there is provided a three-
dimensional net-like structure including a mist eliminator and a multi-layer
filtering film made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dimensional
net-like structure, each of the unit structures being formed by conversion and
dispersion of four line elements characterized in that a converging section of
the unit structure where the four line elements converge is formed by twisting
the four line elements together.

Preferred embodiment of the invention will be described below with

reference to the accompanying drawings.

Brief Descrintion of the Drawi

In the accompanying drawings,



el enent s” t oget her. I n anot her aspect of the invention, there is

provi ded a

nmet hod for manufacturing a three-dinensional net-like structure

i ncluding a m st 9

el i m nat or
structures
directions
structures
el enent s,

t hree-di ne
predet er m
Cross-sect
channel s h
hypot heti c

and a nulti-layer filtering filmnmade of a plurality of unit
whi ch are arranged continuousiy in vertical and horizontal
of the three-dinensional net-li1ke structure, each of the unit
bei ng forned by conversion and di spersion of three |ine

sai d nethod conprising steps of: (A) preparing a

nsional net-1like structure manufacturing space by formng a
ned nHipel isfschgpoititeperspectivandewssiidwiag’ 88Wstimple af autlvee-

ion wi thout |eaving spaces between them so that six hypothetical
Berealmatrite siyugtwe; a triangle forma regul ar hexagon, said

al chﬁ{meés. consisting of .h polglhetical channel s Cl1 . .
g. 4 18 a perspective view showing a unit structure used in this

example;

Fig. 3 is a schematic perspective view showing another example of a
three-dimensional net-like structure;

Fig. 4 is a perspective view showing a unit structure used in this
example;

Fig. 5 is a perspective view schematically showing a principal portion of
a device for manufacturing the three-dimensional net-like structure;

Fig. 6 is a perspective view schematically showing a bobbin section of the
device;

Fig. 7 is a prespective view showing a three-dimensional net-like
structure manufacturing space;

Fig. 8 is a perspective view showing rotors disposed in the three-
dimensional net-like structure manufacturing space;

Fig. 9 is a perspective view showing a shape of the rotor;

Fig. 10 is a perspective view showing a manner of disposing rotors R1,
R2 and R3;

Fig. 11 is a perspective view showing connection between the rotors and
the rotor control section; |

Fig. 12 is a plan view showing a part of a three-dimensional net-like
structure manufacturing space

Fig. 18 is a perspective view showing a process of forming a first knot K1
in the method of manufacturing the three-dimensional net-like structure;

Fig. 14 is a perspective view showing a process of forming a second knot
K2 in the same method;

Fig. 15 is a perspective view showing an example of a means for moving

a line element from a recess of one rotor to a recess of another rotor;



whi:ch share one apex of a triangle but do not share a side of a triangle

w th adjacent hypot hetical channels and hypot hetical channels C2 which
share a side of a triangle with the hypothetical channels Cl, and

di sposing, in the three-dinmensional net-like structure manufacturing space,
a plurality of rotors each having a circig ar shape in the radial section,
being formed with three recesses in the periphery thereof at an interval of
120[err] for respectively receiving a line el enent and being connected to a
rotor control unit and rotatable by a predeterm ned angle by operating the
rotor control unit, said rotors consisting of rotors Rl each bei ng di sposed

in one of the hFigOtlBGibiappérs?)Ea{W@bﬁev@%hoﬁv@ﬁ@hspﬁ%e@%h ot dithReBREY N

one of the hypothetical channels C2 and rotors R3 each being disposed in a
space defi ri®dibyh¢ bame methdie rotors Rl di sposed in three of the

hypot heti cal channels Cl1 which share gne apex of a triangle and three of
the rotors R2 di&pddda anerepediveryiephehawing aproess fanferming adpurihhkaeich a
manner t hat %he gi ne el en&gc% .can be noved between the recess of the rotor
R3 and t he Fadathe 5Amemethads r1 and between the recess of the rotor R3
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respective dl6&enasestld réthe Rtors R1L and thereafter rotating the rotors Rl

Py one Fig. 19 is a perspective view showing the manufactured three-
dimensional net-like structure;

Fig. 20 is a plan view showing an example of a three-dimensional net-
like structure manufacturing space used in another embodiment of the
method for manufacturing a three-dimensional net-like structure according to
the invention;

. Fig. 21 is a plan view showing rotors disposed in the manufacturing
space;

Fig. 22 is a perspective view showing connection between the rotor and
the gear of the rotation controller in this embodiment;

Fig. 23 is a perspective view showing a process for forming a first knot
KCA in this embodiment;

Fig. 24 is a perspective view showing a process for forming a second knot
KCB in this embodiment;

Fig. 25 is a perspective view showing an example of means for
preventing twisting of line element on the bobbin side;

Fig. 26 is a perspective view showing the prior art method for
manufacturing an X-packing;

Fig. 27 is a plan view showing another manner for controlling rotation of
the rotors;

Fig. 28A is a plan view showing structure of a rotor;

Fig. 28B is a side view showing the structure of the rotor;

Fig. 29 is a partial enlarged view showing meshing of wheels;



10 © revolution or over to twist the three line elenents inserted in the
respective recesses of each of the rotors Rl and thereby formng a first
knot K1 in each of the hypothetical channels Cl1 downstreamof the rotors Rl
in a feeding direction of the line elenments, (C) feeding the line elenents
by a predeterm ned length, noving the |liyg elenments fromthe recesses of
the rotors RL to the recesses of the rotors R3 and thereafter rotating the
rotors R3 by one revolution or over to twist the three line el enents
inserted in the recesses of the rotors R3 and thereby form ng a second knot
K2 upstreamof the first knot KL in each of the spaces in which the rotors
R3 are di sposedfig B9 is equlangriewesHowingel wihenl sedtionsapd tovedrerotonsectiomef h,

rotating the rot the rotors R2 respectively by 60[err] in
opposite derEQ;rtsllggs ﬁ‘@ sother, moving the line elenents fromthe
recesses of th d é% lto t.he rec sses ,of Qe rotors R2 and thereafter
rotating the ro §r s g PIBRYIPE A4 ﬁ'lgﬁwc}}ee}) r to twist the three line
el enent s msertpi% BRLEg srlgggﬁe %f%e%rﬁ%ﬁm and thereby formng a

third knot K3 downstream o rotor e upstream of the second
knot K2 in eaclFigf 32hés hypdiketibwakhewaiy etk nﬁﬁnéxesﬂ'xﬂ&mhg%ﬂé e
el ements by a predetermned length, noving the line elenments fromth
recesses ofelementS)froncst}RZrcItorsRAtoefbeasxdm'sdthdmdrotors R3 and

Fig. 33 is a plan view showing another manner of moving the line

elements from the rotors RA to the rotors RB.

D .. f Prof 1 Embodi
Embodiment 1

. This embodiment relates to a method for manufacturing a three-
dimensional net-like structure shown in Figs. 1 and 2 in which the unit
structure is formed by conversion and dispersion of three line elements.
(1) Step of preparing a three-dimensional net-like structure manufacturing
space

In this embodiment, three line elements 23 are transferred among first
rotors and second rotors disposed respectively in two types of hypothetical
channels in the form of a pipe of a regular triangular cross section and third
rotors which are disposed in spaces defined between the first and second
rotors, and thereafter the transferred line elements are twisted by rotating
the rotors to cause conversion and dispersion of these line elements whereby
the three-dimensional net-like structure as shown in Figs. 1 and 2 is
manufactured.

For this purpose, in the present embodiment, a three-dimensional net-
like structure manufacturing device 25 shown schematically in the
perspective views of Figs. 5 and 6 is used to perform transfer of the line
elements 23 among the three types of rotors and rotation of the rotors and

thereby cause conversion and dispersion of the line elements 23.



thereafter rotating the rotors R3 by one revolution or over to twi st the
three line elenents inserted in the recesses of the rotors R3 and thereby
formng a fourth knot K4 downstream of the rotors R3 and upstream of the
third knot K3 in each of the spaces in which the rotors R3 are di sposed,
and (F) feeding the line elenments by a pyedeterm ned | ength, rotating the
rotors R3 and the rotors Rl respectively by 60[err] in opposite directions
to each other and thereafter noving the line elenents fromthe recesses of
the rotors R3 to the recesses of the rotors RI. I n anot her aspect of
the invention, there is provided a nethod for manufacturing a

t hr ee- di mensi obmal Figt -8,i lee sexagonal epillax! sg¢hegpadicallyt represents a three-

elimnator and a muJti-|layer filtering_ filmmade of a plurality of_ unit
st r uct ur esdimperyonakngt-like gdauetyme i 2 whiek haﬁanR?Pt aFYre® AR thege-
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hexagonal pillar consisting of a plurality of hypothetical channels shown in
Fig. 7.

The three-dimensional net-like structure manufacturing space 26 shown
in Fig. 7 is formed by disposing a predetermined number (24 in the illustrated
example) of hypothetical channels in the form of a pipe of a regulai' triangular
cross section without leaving a space between them in such a manner that six
of these hypothetical channels which have a common apex (i.e., one of their
apexes contact one another) in their cross section will form a regular
hexagonal cross section. The hypothetical channels consist of a plurality (12
in the illustrated example) of hyﬁothetical channels C1 which share one apex
of a triangle (i.e., their apexes contact one another) but do not share a side of a
triangle (i.e., their sides do not contact each other in a parallel state) in their
cross section with adjacent hypothetical channels, and a plurality (12 in the
illustrated example) of hypothetical channels C2 which share a side of a
triangle (i.e., theﬁ sides contact each other in a parallel state) in their cross
section with the hypothetical channels C1.

Alternatively stated, the hypothetical channels C1 share one edge but do
not share a lateral face with adjacent hypothetical channels C1 and th
hypothetical channels C2 are disposed between the hypothetical channels C1
and share a lateral face with adjacent hypothetical channels CI1.
Alternatively stated further, these hypothetical channels C1 and C2 are
disposed side by side about the center of the hexagonal pillar formed by these
hypothetical channels C1 and C2.

In this three-dimensional net-like structure manufacturing space 26 are
disposed, as shown in Fig. 8, three types of rotors R1, R2 and R3 which

constitute a part of the manufacturing device 25. In the present embodiment,



structures being formed by conversion and di spersion of four line elenments,
said nmethod conprising a step of formng a converging section of the unit
structure where the four line elements converge by twisting the four line
el enents toget her. In another aspect of the invention, there is
provided a nethod for manufacturing a thitge-dinensional net-like structure
including a mst elimnator and a multi-layer filtering filmnade of a
plurality of unit structures which are arranged continuously in vertical
and horizontal directions of the three-dinensional net-like structure, each
of the unit _structures_being forned by conversion and di spersion of four

line el garrerﬁ}.@,r%%sthBﬁcﬁﬁ &%@Hesfongleﬁti@p@eoform(ﬁ!ﬁa[ﬁi@asisﬂn?m in Fig. 9
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space, a plurality of rotors each having a circular shape in the radial
section, b&OHY¥ adwin speges definedsby the threepeoiophcRy disposaf iat than
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connect ed TRt SHARTRI ClmHicih e ReBhe: B A rRmetB R R ¢ by
operating 1 i fHreE W0Edr8 R BlsbossPlitl i PhEH1E0AR] A Ne10Td OLOsS R Fach
bei ng di sposed I n oné of the tirste hypothet PLAPHER AN P8 RB
each bei ng tHespesiaR3.n one of the second hypothetical channels CB in such a

manner that the |line element can
These rotors R1, R2 and R3 are of an equal diameter and these rotors R1,

R2 and R3 are disposed in such a manner that the line elements 23 can be
moved (transferred) between the recesses 27 of the rotors R3 and the recesses
27 of the rotors R1 and also between the recesses 27 of the rotors R3 and the
recesses 27 of the rotors R2 and that the rotors R1 do not contact the rotors R2.
The mutual contact between the rotors R1 and the rotors R2 is prohibited
because it is unnecessary to have them contact each other since the line
elements 23 are not moved (transferred) between the rotors R1 and the rotors
R2 and, besides, since the rotors R1 and the rotors R2 are rotated in the same
direction, contact between these two types of rotors will cause rotation of the
entire rotors R1, R2 and R3 to stop.

For satisfying these conditions, a small gap which is smaller than the
diameter of the line element 23 may be provided between each rotor R3 and
each rotor R1 and between each rotor R3 and each rotor R2 for preventing
falling of the line element and a gap of the same size may be provided between
each rotor R1 and each rotor R2. Alternatively, as shown in Fig. 10, mutual
contact between the rotors R1 and the rotors R2 can be prevented by adopting
a structure according to which the rotors R3 and the rotors R1 are rotated in
mutual contact and the rotors R3 and the rotors R2 are rotated in mutual

contact but height of the plane of contact between the rotors R3 and the rotors



be noved between the recess-of the rotor RA and the recess of the rotor RB,
12 (B) inserting the line el ements unwound from bobbins in the
respective recesses of the rotors RA and thereafter rotating the rotors RA
by one revolution or over to twist the four line elenents inserted in the
respective recesses of each of the rotd® RA and thereby formng a first
knot KCA in each of the hypothetical channels CA downstream of the rotors
RAin a feeding direction of the line elenents, (C) feeding the line

el enents by a predeterm ned |length, noving the line elenents fromthe

recesses of_the raqtors RAto the recesses of the rotors RB and thereafter
rotating t H’ei W@ﬁ§ d@exgntdﬁ@mr}emghmfﬁw b}an@\drcontaqt\hewe@héhe frotors Rane
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channel s C%doﬁf@h and a small gap which is smaller than the diameter of the line
element 23 is provided between the rotors R1, R2 and R3.

For enabling movement of the line elements 23 between the rotors R3
and the rotors R1 and between the rotors R3 and the rotors R2, the rotors R3
and the rotors R1, and the rotors R3 and the rotors R2 are disposed at relative
positions where their recesses 27 are in alignment at a position where the
rotors R3 and the rotors R1, and the rotors R3 and the rotors R2 are in mutual
contact or in the closest proximity witch each other. Further, the rotors R1,
R2 and R3 are disposed in such a manner that, at the position where the
recesses 27 of the rotors R3 and the rotors R1 are in alignment with each
other, the two recesses 27 of the rotor R2 are distant by 60° from the position
where the rotor R2 and the rotors R3 are in mutual contact or in the closest
proximity with each other and that, at the position where the recesses 27 of
the rotors R3 and the rotors R2 are in alignment with each other, the two
recesses 27 of the rotor R1 are distant by 60° from the position where the
rotor R1 and the rotors R3 are in mutual contact or in the closest proximity
with each other. Accordingly, by rotating the rotor R8 and the rotor R2 by
60° from the position where the recess 27 of the rotor R3 is in alignment with
that of the rotor R1, the recesses 27 of the rotors R3 and R2 are brought into
alignment.

As shown in Figs. 5 and 11, the rotors R1, R2 and R3 are fixedly
connected to gears 29 of a rotation controller 28 which constitutes the rotor

- control unit of the invention and is provided upstream of these rotors in the
feeding direction of the line elements 23 (i.e., the direction of arrow F in Fig. 5)
by means of connection shafts 30 which are coaxial with the rotors R1, R2 and
R3 and also with the gears 29. The gears 29 of the rotation controller 28 are

made of spur gears having the same or substantially the same diameter as the



(D) feeding the line el enments by a predeternined | ength and noving the |ine
elements fromthe recesses of the rotors RB to the recesses of the rotors
RA. I n anot her aspect of the invention, there is provided a packing
made of a three-dinensional net-like structure which constitutes an

I nternal structure of a device which pegorns material transfer, heat
exchange or m xi ng between gases, liquids or gas and liquid, said internal
structure being divided in a plurality of chanbers or channels connected to
one another and said three-dinensional net-like structure being nade of a
plurality of unit structures which are arranged continuously in verti cal
and hori zonetgrs di},eR2 izt RF andethehgearsd29dresicotts same- diakeeter randt saime each

of the unit structures bejng forned by conversion and di_spersion of three
line el eneﬁf’é‘“}?,‘?%‘aquf@?é?-i zERe igrar Raicozrespending ) theretos rRﬁﬂr RPeisyformed
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transfer, blsatereixdisprcionobpehing8d31 has only a function of guiding three line
elements 23 unwound from bobbins to be described later and has no function
of transferring the line element 23 between the adjacent gear 29.

In the gears 29 of the rotation controller 28, the contact rotation
mechanism of the rotors R1, R2 and R3 shown in Fig. 10 is adopted so that the
gear 29 corresponding to the rotor R3 meshes with the gear 29 corresponding
to the rotor R1 and the gear corresponding to the rotor R3 meshes with the
gear 29 corresponding to the rotor R2 but height of the plane on which the
gear 29 corresponding to the rotor R3 meshes with the gear 29 corresponding
to the rotor R1 is made different from height of the plane on which the gears
29 corresponding to the rotors R3 meshes with the gear 29 corresponding to
the rotor R2 whereby mutual contact between the gear 29 corresponding to
the rotor R1 and the gear 29 corresponding to the rotor R2 is prevented. The
gears 29 which do not have the line element insertion openings 31 among the
group of gears 29 of the rotation controller 28 have only a function of
transmitting rotation in the gear train described above. Accordingly, by
1:ransmi1;tin',«gr rotation of the motor to one of the gears in the group of gears 29,
the rotation is transmitted to the entire gears 29 of the gear group.

The gears 29 of the rotation controller 28 are disposed at positions
corresponding to the rotors R1, R2 and R3 in a space upstream of the three-
dimensional net-like structure manufacturing space 26. The rotation
controller 28 has a sequence control unit which transmits rotation of the
motor to the gears 29 by a desired rotation angle in accordance with the set
sequence operation. Accordingly, by rotating the gears 29 by a desired angle,

the rotors R1, R2 and R3 can be rotated by the same angle.
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13: bét ween gases, liquids or gas and liquid, said internal structure
being divided in a plurality of chanbers or channels connected to one

anot her and sai d three-di nensional net-like structure being nmade of a
plurality of unit structures which are arranged continuously in verti cal
and horizontal directions of the three-dijmensional net-like structure, each
of the unit structures being forned by conversion and di spersion of four
line el ements characterized in that a converging section of the unit
structure where the four line elenments converge is formed by twisting the
four line elenments together. I n anot her aspect of the invention, there
is provided a tAwx ehoWnmbmsFignd, thet mddufasturing Weeiden2s ushichgdes & pair of
elimnator and a nulti-layer filtering filmmade of a plurality of unit
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a three- dinensional net-like structure including a mst elimnator and a
mul ti - | ayeprévidedrdatng griedsateratiaedfinteyval betweyn dhe Wit of tconeéypsres3nandh ar e
arranged continuously in vertical and horizontal directions of the
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mounted on the plates 34. By disposing these spacer/hangers 35 so that they
penetrate the three-dimensional net-like structure 21 produced in the
manufacturing space 26, the produced three-dimensional net-like structure 21
is pushed by the spacer/hangers 35 in the direction of the arrow C while
retaining the predetermined configuration whereby the three-dimensional
net-like structure 21 is continuously manufactured. An arrangement is
made so that the spacer/hangers 35 are automatically mounted to the plates
34 at the upper end portion of the conveyers 32 and are automatically
detached from the plates 34 at the lower end portion of the conveyers 32.

A Dbobbin section 37 having bobbins 36 is provided upstream of the
rotation controller 28 in the feeding direction of the line elements 23. The
line elements 23 stored in the respective bobbins 36 are wound' from the

" bobbins 36 and passed through the line element insertion openings 31 of the
gears 29 among the gear group of the rotation controller 28 and fed to the
recesses 27 of the corresponding rotors among the rotors R1, R2 and R3.

(2) Step of forming a first knot K1

The three-dimensional net-like structure 21 is manufactured in the
manufacturing space 26 in the following manner. First, the line elements 23
unwound from the bobbins 36 are passed through the line element insertion
openings 31 of the gears 29 of the rotation controller 28 and the recesses 27 of

the rotors R1 and then the foremost ends of the line elements 23 are fixed to



di spersion of four line elenents characterized in that a convergi ng section
of the unit structure where the four line elenents converge is fornmed by

twisting the four line el enents together. Preferred enbodi ment of the
i nvention will be described below with reference to the acconpanyi ng

dr awi ngs. Brief Description of the Dra@ ngs I n the acconpanyi ng

dr awi ngs, ' 14 Fig. 1
i s schematic perspective view showi ng an exanple of a three- dinensional
net-1like structure; Fig. 2 is a perspective view showing a unit

structure used in this exanple;
line element fixing positions 39 corresponding to the recesses 27 of the rotors

R1 in a line element fixing plate 38 (Fig. 13) provided at a position in the
manufacturing space 26 which is downstream of the rotors in the feeding
direction.

In the following description, for convenience of explanation, five rotors
R1, three rotors R2 and three rotors R3 shown in Fig. 12 among twelve
rotors R1, twelve rotors R2 and seven rotors R3 shown in Fig. 8 are designated
by reference characters R1-1 to R1-5, R2-1 to R2-3 and R3-1 to R3-3 and
operation of the line elements 23 by these rotors R1-1 to R1-5, R2-1 to R2-3
and R3-1 to R3-3 will be described. Operation of the line elements 23 by the
other rotors shown in Fig. 8 is entirely the same as the operation by the rotors
shown in Fig. 12.

The line elements 23 used in the manufacturing method of the invention
may be made of metal or plastic. There is no particular limitation in the
material used for line element and wire, twine or monofilament may be used
as the line elements. Since the line element is formed to a three-dimensional
net-like structure by twisting, the material for the line element must be
capable of plastic deformation and héve sufficient rigidity to maintain their
shape after twisting.

The line element may be made of a monofilament or a single piece of
wire but a line element made of wire or tw-ine which is made by twisting thin
steel lines or plastic lines is preferable because liquid flows along the space
between the lines which constitute the wire or twine due to the capillary
action and thereby enhance transfer of the liquid. In the present
embodiment, seven steel lines each having a diameter of 0.1lmm are twisted
together to form a single steel wire and two of this steel wire are further
twisted to a single wire and this wire is used as the line element 23.

For convenience of explanation, fifteen line elements 23 inserted in the

recesses 27 of the rotors R1-1 to R1-5 are distinguished from one another by



Fig. 3 is-a schematic perspective view showi ng anot her exanpl e of a

t hr ee-di nensi onal net-Ilike structure; Fig. 4 is a perspective view
showing a unit structure used in this exanple; Fig. 5is a
perspective view schematicall.y showing a principal portion of a device for
manuf acturing the three-di nensional net-28ke structure; Fig. 6 is a
perspective view schematically show ng a bobbin section of the device;

Fig. 7 is a prespective view showi ng a three-dinmensional net-like structure
manuf act uri ng space; Fig. 8 is a perspective view showing rotors

di sposed in the three- dinensional net-like structure manufacturing space;
Fig. 9 is areferenseshayacterseosota Ng. 45shipdhefstepeshowtoin Fig. 13,Fihe. Lidd i s

tive view shqw of . di 5posi tors Rl, R and R3;
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of manuf act uri ng t he th_ree-dl nmensional net-Ti ke structure; _ S
a per spect i the rotemRdhduhdghe linecslesenes Noo8itodNg FRaRNfbRRId #2cHe rdthe
a

sane net hod; Fig. 15 is a perspective view show ng an exanpl e of
nmeans for nmn'ﬁag a line elenment froma recess of one rotor to a recess of

anot her rotor; In the state shown in Fig. 13, the recess 27 of the rotor R1-1 is in
alignment with the recess 27 of the rotor R3-1, the recesses 27 of the rotor
R1-2 are in alignment with the recesses 27 of the rotors R3-1 to R3-3 and the
recess 27 of the rotor R1-5 is in alignment with the recess 27 of the rotor R3-3.

By rotating the gears 29 in the rotation controller 28 corresponding the
rotors R1-1 to R1-5 in the above described state by one revolution or over
(preferably by two revolutions, i.e., 720° ), the rotors R1-1 to R1-5 are rc;tated
by the same rotation angle. The three line elements inserted in the recesses
27 of each of the rotors R1-1 to R1-5 are twisted in a middle position between
the rotors R1-1 to R1-5 and the line element fixing plate 38 and, as a result, a
knot K1 which is of the same shape as the knot 24 shown in Fig. 2 which is
formed by twisting is formed. Thus, first knots K1 are formed downstream of
the rotors in the feeding direction of the line elements 23 in the respective
hypothetical channels C1.
(3) Step of forming a second knot K2

The line elements 23 are fed in the feeding direction by a predetermined
length (in the present embodiment, length between the first knots K1 and the
recesses 27 of the rotors R1-1 to R1-5) and then the line elements 23 are
moved, as shown in Fig. 14, from the recesses 27 of the rotors R1-1 to R1-5 to
the recesses 27 of the adjacent rotors R3-1 to R3-3 which are in alignment.
More specifically, the line element No. 3 is moved from the recess 27 of the
rotor R1-1 to the recess 27 of the rotor R3-1, the line element No. 4 is moved

from the recess 27 of the rotor R1-2 to the recess 27 of the rotor R3-1, the line



15 ‘ Fig. 16 is a perspective view showing a process for formng a
third knot K3 in the sane nethod; Fig. 17 is a perspective view

showi ng a process for formng a fourth knot K4 in the sane nethod;

Fig. 18 is a perspective view showi ng a process for noving the |ine el ement

to the rotor Ri1; Fig. 19 is a pers@ttive view show ng the
manuf actured three- dinensional net-like structure; Fig. 20 is a plan
vi ew showi ng an exanple of a three-dinensional net- |ike structure

manuf act uri ng space used in another enbodi ment of the nethod for

manuf acturing a three-dinensjional net-like structure according to the
i nvent i on; elementNp. 52 meved froanmthe regess 8fiof ghe sotor RHi2dpdbederesst Fieof

manuf act ur it?x% rotor R3-3, the line element No. 6 is moved from the recess 27 of the rotor
R1-2 to the recess 27 of the rotor R3-2, the line element No. 7 is moved from
the recess 27 of the rotor R1-3 to the recess 27 of the rotor R3-2, the line
element No. 12 is moved from the recess 27 of the rotor R1-4 to the recess 27 of
the rotor R3-3, the line element No. 13 is moved from the recess 27 of the rotor
R1-5 to the recess 27 of the rotor R3-3.

For moving the line elements 23 between the rotors R3 and R1 and
between the rotors R3 and R2, for example, as shown in Fig. 15, an arm 49
which is provided above (or below) a position in which the rotor R3 and the
rotor R1 (or rotor R2) are in the closest proximity to each other is operated by
a sequence control to push the line element 23 from the recess 27 of one rotor
to the recess 27 of the other rotor. Alternatively, a solenoid may be provided
in the inside of the respective recesses 27 and its plunger may be actuated to
push the line element 23 from the recess 27 of one rotor to the recess 27 of the
other rotor. Various other means may also be employed for moving the line
element 23 from the recess 27 of one rotor to the recess 27 of the other rotor.

After the line elements 23 have been moved from the recesses 27 of the
rotors R1-1 to R1-5 to the recesses 27 of the rotors R3-1 to R3-3, the rotors
R3-1 to R3-3 are rotated by one revolution or over (two revolutions in the
present embodiment) to twist the three line elements 23 inserted in the
recesses 27 of the respective rotors R3-1 to R3-3 (two line elements only are
illustrated with respect to the rotors R3-1 and R3-2) and thereby form second
knots K2 downstream of the rotors R3-1 to R3-3 and upstream of the first
knots K1 in each of the spaces in which the rotors R3-1 to R3-3 are disposed.
(4) Step of forming a third knot K3

After the line elements 23 are fed by the predetermined length, as shown
in Fig. 16, the rotors R3-1 to R3-3 are rotated counterclockwise by 60° and
the rotors R2;1 to R2-3 are rotated clockwise by 60° . Then, the line



space; Fig. 22 is a perspective view showi ng connection between the
rotor and the gear of the rotation controller in this enbodi nent; Fig.
23 is a perspective view show ng a process for formng a first knot KCA in
t hi s enbodi nent; Fig. 24 is a perspective view showing a process for
formng a second knot KCB in this enbodigsent; Fig. 25 is a perspective
view showi ng an exanple of nmeans for preventing tw sting of line element on
t he bobbi n si de; Fig. 26 is a perspective view showing the prior art
met hod for manufacturing an X-packing; Fig. 27 is a plan view show ng
anot her manner for controlling rotation of the rotors; Fig. 28Ais a
pl an vi ew slonents 23 ave mowdofrom tlm nasc,esses_ 27 bf the E&Brs RA1tbd3-Bitevthe
zﬂgx 23 ﬁrgg*?ﬁ%r@g%tzu\%ﬁ @g; g(gtrtl)?'s rROZt 1to R2-3. Mo%é s%gmlﬁzaﬁy,e:%;tllrgel elime%rt ed. Vllgw
3 is moved from the rotor R3-1 to the rotor R2-1, the line element No. 5 is
moved from the rotor R3-1 to the rotor R2-1, the line element No. 6 is moved
from the rotor R3-2 to the rotor R2-2, the line element No. 12 is moved from
the rotor R3-3 to the rotor R2-3 and the line element No. 13 is moved from the
rotor R3-3 to the rotor R2-2,
Then, the rotors R2-1 to R2-3 are rotated by one revolution or over (two
revolutions in the present embodiment) to twist the three line elements 23
inserted in the recesses 27 of the rotors R2-1 to R2-3 and third knots K3 are
thereby formed downstream of the rotors and upstream of the second knots
K2 in the hypothetical channels C2.
(5) Step of forming fourth knots K4
After the line elements 23 are fed by the predetermined length, as shown
in Fig. 17, the line elements 23 are moved from the recesses 27 of the rotors
R2-1 to R2-3 to the recesses 27 of the adjacent rotors R3-1 to R3-3 which are in
alignment. More specifically, the line element No. 3 is moved from the rotor
R2-1 to the rotor R3-1, the line element No. 5 is moved from the rotor R2-1 to
the rotor R3-3, the line element No. 6 is moved from the rotor R2-2 to the rotor
R3-2, the line element No. 12 is moved from the rotor R2-3 to the rotor R3-3
and the line element No. 13 is moved from the rotor R2-2 to the rotor R3-2.
Then, the rotors R3-1 to R3-3 are rotated by one revolution or over (two
revolutions in the present embodiment) to twist the three line elements 23
inserted in the recesses 27 of the rotors R3-1 to R3-3 (one line element only is
illustrated with respect to the rotors R3-1 and R3-2) and fourth knots K4 are
thereby formed downstream of the rotors and upstream of the third knots K3
in the spaces in which the rotors R3-1 to R3-3 are disposed.
- (6) Step of moving the line elements to the recesses of the rotors R1

The line elements 23 are fed by the predetermined length and the rotors



Fig. 30'is a plan view showing a wheel section and |ower rotor section of

rotors RX, RY and Rz Fig. 31Ais a plan view of a drive wheel G

Fig. 31Bis a side view of the drive wheel G Fig. 32 is a plan view
showi ng anot her manner of noving the line elenments fromthe rotors RAto
the rotors RB; and Fig. 33 is a plgp view showi ng anot her manner of
nmoving the line elenents fromthe rotors RAto the rotors RB. Descri ption
of Preferred Enbodi nents Enbodi ment 1 Thi s enbodi ment relates to a

met hod for manufacturing a three- dinmensional net-like structure shown in

Figs. 1 and 2 in which the unit structure is fornmed by conversion and
di sper si on R8-1ttorR® 3 dreerocitedeoustercljck@tispbpBOPr epal thtgrators R1-1 to R1-3
t hree- di mensi onal net-like structure manufacturing space In this
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recesses 27 of the rotors R1-1to R1-3. More specifically, the line element No.
3 1s moved from the rotor R3-1 to the rotor R1-1, the line element No. 5 is
moved from the rotor R3-3 to the rotor R1-2, the line element No. 6 is moved
from the rotor R3-2 to the rotor R1-2, thé line element No. 12 is moved from
the rotor R3-3 to the rotor R1-2 and the line element No.1 8 is moved from the
rotor R3-3 to the rotor R1-5.

Thus, the initial state (the state of Step (2) described above) is reétored
in which the line element No. 1 to No. 3 are inserted in the recesses 27 of the
rotors Ri-l, the line elements No. 4 to No. 6 are inserted in the recesses 27 of
the rotor R1-2, the line elements No. 7 to No.9 are inserted in the recesses 27
of the rotor R1-8, the line elements No. 10 to No. 12 are inserted in the
recesses 27 of the rotor R1-4 and the line elements No. 13 to No. 15 are
inserted in the recesses 27 of the rotor R1-5. By rotating the rotors R1-1 to
R1-5 in this state, the first knots K1 are formed again.

By repeating the steps (2), (8), (4), (5) and (6) sequentially, as shown in
Fig. 19, knots where the three line elements 23 convergé and disperse are
sequentially formed in the order of the first knots K1 formed in the
hypothetical channel C1, the second knots K2 formed in the spaces in which
the rotors R3 are disposed, the tilird knots K3 formed in the hypothetical
channels C2, the fourth knots K4 formed in the spaces in which the rotors R3
are disposed. By repeating this cycle by a desired number of times, the
three-dimensional net-like structure 21 of a desired size can be manufactured.
Embodiment 2

This embodiment relates to a method for manufacturing the three-

dimensional net-like structure 40 shown in Figs. 3 and 4 which the unit



the rotors to cause conversion and di spersion of these line elenents

wher eby the three-dinensional net-like structure as shown in Figs. 1 and 2
i s manuf act ured. For this purpose, in the present enbodi nent, a

t hree-di nensi onal net- |ike structure manufacturing device 25 shown
schematically in the perspective views gf7Figs. 5 and 6 is used to perform
transfer of the line elenents 23 anong the three types of rotors and
rotation of the rotors and thereby cause conversion and di spersion of the

i ne el ements 23. 17 _
In Fig. 5, a hexagonal pillar schematically represents a three- dinensional

net-1ike ststhudtureiformeidiy basvedsion dmhadiveesiohesd forir Bnb Bl&fentd, Mensi onal
net-like structure manufacturing space 26 in the formof a hexagonal pillar

consi sti ng (&} Skeplofrprepayingf a pee-denensionaharetdike strasturenmanmfadturing
space

In this embodiment, four line elements 23 are transferred between two
types of rotors disposed in two types of hypothetical channels of a regular
square cross section and the transferred four line elements 23 are twisted to
perform conversion and dispersion of the four line elements 23 whereby the
three-dimensional net-like structure shown in Figs. 3 and 4 is manufactured.

For this purpose, in this embodiment also, a manufacturing device
similar to the three-dimensional net-like structure manufacturing device 25 is
employed to perform transfer of the line elements 23 between the two types of
rotors and rotaion of the rotors and thereby perform conversion and
dispersion of the four line eiements 23.

An example of a three-dimensional net-like structure manufacturing
space 42 used in this embodiment is schematically shown in the plan view of
Fig. 20. |

The three-dimensional net-like structure manufacturing space 42 shown
in Fig. 20 consists of a predetermined number (36 channels in the illustrated
example) of hypothetical channels each having a regular square cross section
which are aligned in columns and rows without leaving spaces between them.
These hypothetical channels consist of first hypothetical channels CA which
are disposed alternately in each column and in each row of hypothetical
channels and second hypothetical channels CB which are disposed alternately
in each column and each row of hypothetical channels and disposed between
two adjacent first hypothetical channels CA. In the illustrated example, the
manufacturing space 42 consists of eighteen first hypothetical channels CA
and eighteen second hypothetical channels CB.

In this manufacturing space 42, as shown in Fig. 21, two types of rotors

RA and RB which constitute a part of the manufacturing device 25 are



The' t hr €e- di nensi onal net-like structure manufacturing space 26 shown in
Fig. 7 is formed by disposing a predeterm ned nunber (24 in the illustrated
exanpl e) of hypothetical channels in the formof a pipe of a regular
triangul ar cross section without |eaving a space between themin such a
manner that six of these hypothetical chgnnels which have a common apex
(i.e., one of their apexes contact one another) in their cross section wll
forma regul ar hexagonal cross section. The hypothetical channels consi st
of a plurality (12 in the illustrated exanple) of hypothetical channels Cl
whi ch share one apex of a triangle (i.e., their apexes contact one another)
but do not dispuseda ThdeotdrseRAramhFB até construbiRidrinstliefordo ofiatdisk Rsaat
each other jn a parallel state) in their cross section wth adjacent
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enmbodi nent ,
each other and that the recesses 43 of the rotors RA are in alignment with the

recesses 43 of the rotors RB at a position where the rotors RA contact the
rotors RB so that the line elements 23 are transferred between the recesses 43
of the rotors RA and the recesses 43 of the fotors RB.

As shown in Fig. 22, each of the rotors RA and RB is connected to a gear
45 of a rotation controller 44 provided upstream of the rotors RA and RB in
the feeding direction of the line elements 23 by means of a coaxial shaft 46.
The gear 45 is of the same diameter and has the same number of teeth as the
rotors RA and RB and adjacent gears 45 mesh each other. The gear 45 is
formed with line element insertion openings 47 at an interval of 90° for
inserting four line elements 23. The gear 45, in the same manner as the gear
29 of the embodiment 1, has only a function of guiding the four line elements
23 unwound from bobbins. In the gear 45, by transmitting rotation of the
motor to one of the gears 45, rotation is transmitted to the entire gears 45 and
rotation is thereby transmitted to the entire rotors RA and RB. The rotation
controller 44 has a sequence control unit for transmitting rotation of the
motor to the gears 45 by a desired rotation angle in accordance with a
predetermined sequence operation and, therefore, by rotating the gears 45 by
a desired angle, the rotors RA and RB can be rotated by the same angle.
(2) Step of forming a first knot KCA



/

18 * the rotors Rl, R2 and R3 are formed in the formof a disk as shown in
Fig. 9 and are forned in their periphery wth U shaped recesses 27 at an
i nterval of 120[err] for receiving three line elenents 23. In the

hypot heti cal channels Cl1 of the manufacturing space 26 are di sposed the
rotors Rl, in the hypothetical channels 68 are disposed the rotors R2 and
I n spaces defined by the three rotors Rl disposed in the hypothetical
channel s Cl1 which share one apex of a triangle in cross section and the
three rotors R2 disposed in the hypothetical channels C2 are disposed the
rotors R3. These rotors Rl, R2 and R3 are of an equal diameter and

t hese rotors RITh&thred-dRhemsiordilspeiskle i stracttite a4 0res neanifadtuird@® ini Blee
el ements 23 can _be npved (transferred) between the recesses 27 of the
rotors R3 aR@nifactusingssnace2d? prepared intthealmvesdescribed nhannern Ritet, the

. d, the r ses_27 of the rotors_R2 and that
{ﬁgefzf zr?]gé)é & gxﬁgilg% ﬁw@q&gﬁ xgrgo Sps 36 are passed through the line

element insertion openings 47 of the gears 45 of the rotation controller 44
correspoonding to the rotors RA and the recesses 43 of the rotors RA and then
the foremost ends of the line elements 23 are fixed to line element fixing
positions corresponding to the recesses 43 of the rotors RA in a line element
fixing plate (not shown) provided at a position in the manufacturing space 42
which is downstream of the rotors RA, RB by a predetermined distance in the
feeding direction of the line elements 23.

In the following description made with reference to Figs. 23 and 24, for
convenience of explanation, six rotors RA and four rotors RB among eighteen
rotors RA and eighteen rotors RB are designated by referenée characters RA-1
to RA-6 and RB-1 to RB-4 and operation of the line elements 23 by these
rotors RA-1 to RA-6 and RB-1 to RB-4 will be described. Operation of the
line elements 23 by the other rotors RA and RB shown in Fig. 21 is entirely
the same as the operation by the rotors shown in Fig. 24.

For conveniecen of explanation, twenty line elements 23 inserted in the
recesses 43 of the rotors RA-1 to RA-6 are distinguished from one another by
reference characters No. 1 to No. 20. In the step shown in Fig. 23, the line
elements No. 1 to No. 4 are received in the rotor RA-1, the line elements No. 5
to No. 8 are received in the rotor RA-2, the line elements No. 9 and No. 10 are
received in the rotor RA-3, the line elements No. 11 to No. 14 are received in
the rotor RA-4, the line elements No. 15 to No. 18 are received in the rotor
RA-5 and the line elements No. 19 and No. 20 are received in the rotor RA-6.
The shaded plane P in Fig. 23 represents positions where the line elements 23
are received in the rotors RA and RB.

By rotating the gears 45 of the rotation controller 44 by one revolution or

over (two revolutions (720° ) in the present embodiment) in the above



The nutual contact between the rotors RL and the rotors R2 is prohi bi ted
because it is unnecessary to have them contact each other since the line

el ements 23 are not noved (transferred) between the rotors Rl and the
rotors R2 and, besides, since the rotors Rl and the rotors R2 are rotated
in the sane direction, contact between tdipse two types of rotors will cause
rotation of the entire rotors RL, R2 and R3 to stop. For satisfying
these conditions, a small gap which is smaller than the dianeter of the
l'ine el ement 23 may be provided between each rotor R3 and each rotor Rl and
bet ween each rotor R3 and each rotor R2 for preventing falling of the line
el ement andleacgbed state)ehearstoss RA-Tago [RA6r ard derhtddtbieehe eagde rotRioRL
and each rotor R2. Alternatively, as shown in Fig. 10, mutual contact
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rotors _
knot 41a shown in Fig. 4 which is formed by twisting are formed. Thus, the

first knots KCA are formed downstream of the rotors in the hypothetical
channels CA in the feeding direction of the line elements 23.
(3) Step of forming a second knot KCB

The line elements 23 are fed in the feeding direction by a predetermined
length (in the present embodiment, length between the first knots KCA and
the recesses 43 of the rotors RA-1 to RA-6 in Fig. 23). Then, as shown in Fig.
24, the line elements 23 are moved from the recesses 43 of the rotors RA-1 to
RA-6 to the recesses 43 of adjacent rotors RB-1 to RB-4 which are iﬁ
alignment. More specifically, the line element No. 3 is moved from the rotor
RA-1 to the rotor RB-1, the line element No. 4 is moved from the rotor RA-1 to
the rotor RB-3, the line element No. 5 is moved from the rotor RA-2 to the
rotor RB-3, the line element No. 7 is moved from the rotor RA-2 to the rotor
RB-2, the line element No. 8 is moved from the rotor RA-2 to the rotor RB-4,
the line element No. 9 is moved from the rotor RA-3 to the rotor RB-2, the line
element No. 10 is moved from the rotor RA-3 to the rotor RB-4, the line
element No. 13 is moved from the rotor RA-4 to the rotor RB-3, the line
element No. 15 is moved from the rotor RA-5 to the rotor RB-3, the line
element No. 17 is moved from the rotor RA-5 to the rotor RB-4 and the line
element No. 19 is moved from the rotor RA-6 to the rotor RB-4.

Then, the rotors RB-1 to RB-4 are rotated by one revolution or over (two
revolutions in the present embodiment) to twist the four line elements 23
inserted in the recesses 43 of the rotors RB-1 to RB-4 (two line elements only
are illustrated with respect to each of the rotors RB-1 and RB-2) and second

knots KCB are thereby formed downstream of the rotors and upstream of the



Rl ‘is nede different from hei ght of the plane of contact between the rotors

R3 and the rotors R2. In the illustrated enbodi nent, the forner arrangenent
is adopted and a small gap which is snaller than the diameter of the line
el ement 23 is provided between the rotors R1, R2 and R3. For enabling

moverment of the line elenents 23 betweerthe rotors R3 and the rotors Rl
and between the rotors R3 and the rotors R2, the rotors R3 and the rotors
R1, and the rotors R3 and the rotors R2 are di sposed at relative positions
where their recesses 27 are in alignnent at a position where the rotors R3
and the rotors Rl, and the rotors R3 and the rotors R2 are in nutual
contact or first khetscKGaeisy ther loypathétical diphmRdc OBt her . Further, the rotors
R1, R2 and R3 are disposed in such a manner that, at the position where the
recesses 2¥dobtepref movimgsthrIdinmelentants ¢o bhe rétesaesof theatatorsBAt wi t h each
other, the two . ecesses 27 of the rotor are distant, by 60[err] fromthe
position where l}?eﬁP%te mpatsa%é aFﬁé‘e‘igﬂ’cfﬁ mdaFQ-?mlﬁeﬁfﬂ?%;ﬁh %@dt nthe in

t he cl osesy. praxim i C t her, and t hat t he .positi on re the
recesses 2§Im§ fe(iﬁ%lgh ?%?%nratgg ég%et%ﬁ? Weﬁfeo{‘eé:? §Se§243a$ttbrenr°et(gﬁgh#eﬁtm :fﬁ# Qach

ot her, the : L li . f omt he
position mﬁ%ﬁec{eﬁsé@sﬁ%?%{ azlflggjrﬁglﬁ%{é&g)g% gﬁ?%ﬁﬁgﬁﬁﬁ%ﬁﬁ%éﬁ{m I n
the closest pr @hus, the dhitinlegste ¢hbatate’oLSted (M) deschbed abavéy s tdatoreqt or
R3 and the rotor R2 by 60[err] fromthe position where the recess 27 of the
rotor R3 i i whighithedme elgments Nn. loto Noedraxedns@ted ihdheaobmsdBAZL the t he

rotors R3 and ar ouyght. into al i gnnent. As_shown in Figs. 5 and
11, the r Oﬁgpseliez ?ngaﬁrgng%p@ fgpeé) ]apg(lg%eyted in the rotor RA-2, the line eﬂaments
No. 9 and No.10 are inserted in the rotor RA-3, the line elements No. 11 to No.
14 are inserted in the rotor RA-4, the line elements No. 15 to No. 18 are

inserted in the rotor RA-5 and the line elements No. 19 and No. 20 are
inserted in the rotor RA-6. By rotating the rotors RA-1 to RA-6 in this state,
the first knots KCA are formed again. |

By repeating the steps (2), (8) and (4) sequentially and repeatedly, the
first knots KCA formed in the hypothetical channels CA and the second knots
KCB formed in the hypothetical channels CB are sequentially formed and, by
repeating this cycle by a desired number of times, the three-dimensional net-
like structure 40 as shown in Fig. 3 can be manufactured in a desired size.

In the embodiments 1 and 2, when the gearé 29 (45) of the rotation
controller 28 (44) of the three-dimensional net-like structure manufacturing
device 25 are rotated by one revolution or over, twisting is caused in the three
or four line elements at a position between the gears 29 (45) and the bobbins
36 and, therefore, some means must be provided for preventing occurrence of
such twisting in the line elements 23. For this purpose, in a case, for
example, where a three-dimensional net-like structure having a unit
structure consisting of three line elements is manufactured, as shown in Fig.
25, three bobbins 36-1, 36-2 and 86-3 from which the three line elements 23
inserted through the gears 29 are unwound may be fixed to a common bobbin

rotating disk 48. By rotating the bobbin rotating disk 48 by a bobbin rotating



connected to gears 29 of a rotation controller 28 which constitutes the
rotor control unit of the invention and is provided upstream of these
rotors in the feeding direction of the line elements 23 (i.e., the
direction of arrow F in Fig. 5) by nmeans of connection shafts 30 which are
coaxial with the rotors Rl, R2 and R3 amg also with the gears 29. The gears
29 of the rotation controller 28 are nade of spur gears having the sanme or

substantially the same dianeter as the _
20 rotors R, R2 and R3 and the gears 29 have the sane dianeter and sane

nunber of teeth. The gear 29 corresponding to the rotor Rl or R2 is forned
in its per idplerdxivepmiddhamisvnt (nhdti steoveh mprévidedelr ithe Kubdmh Ngetidd 89in
inserting three Iine elenents 23 at an interval of 120[err] . The gear 29
havi ng t he Sypelromismewith| resation of the geang 293y the senieyratationcangla asfthe

uiding three line.,el enents 23 yunwound from bobbjns to, be described | ater
gnd hag no TP eft gecqrﬁg)@f‘@r erifRe digechenefuisting ofthgdingelements 23

adj acent  9@af Ko%revented.

In the above described embodiments of the invention, the rotor aré made
in the shape of a disk. The shape of the rotors is not limited to the disk but
rotors which have a circular shape in the radial direction such as a cylindrical
shape may also be used.

In the above described embodiments, the rotors which transfer the line
elements are rotated by the gears 29 or 45 of the rotation controller 28 or 44.
The rotors may be rotated by other methods. An example of such other
methods for rotating the rotors will be described with reference to Figs. 27 to
30 with respect to a case where a three-dimensional net-like structure is
manufactured by using three line elements.

Fig. 27 is a plan view showing arrangement of rotors in practicing this
method in the manufacturing space shown in Fig. 8, Fig. 28A is a plan view of
adjacent rotors RX, RY and RZ in Fig. 27, Fig. 28B is a side view thereof, Fig.
29 is a partially enlarged view showing alignment of recesses in gear portions
of the rotor RX and the rotor RY (or RZ), Fig. 30 is a plan view showing gear
sections and lower rotor sections of the rotors RX, RY and RZ with the rotor
RX being placed in the center, Fig. 31A is a plan view of a drive gear G and Fig.
31B is a side view thereof.

In Fig. 27, the rotors RX perform the function of the rotors R3, the rotors
RY the function of the rotors R1 and the rotors RZ the function of the rotors
R2 of Fig. 8. The rotors RX, RY and RZ have, as shown in Figs. 28A and 28B,
upper rotor sections RXa, RYa and RZa, gear sections RXb, RYb and RZb, and
lower rotor sections RXe, RYc and RZc with the gear sections RXb, RYb and
RZb being sandwiched between the upper rotor sections RXa, RYa and RZa

and the lower rotor sections RXc, RYc and RZc. The upper rotor section of



In the gears 29 of the rotation controller 28, the contact rotation
mechani sm of the rotors Rl, R2 and R3 shown in Fig. 10 is adopted so that
the gear 29 corresponding to the rotor R3 nmeshes with the gear 29
corresponding to the rotor RL and the gear corresponding to the rotor R3
meshes with the gear 29 corresponding to33he rotor R2 but height of the

pl ane on which the gear 29 corresponding to the rotor R3 neshes with the
gear 29 corresponding to the rotor RL is made different from height of the
pl ane on which the gears 29 corresponding to the rotors R3 neshes with the
gear 29 corqli]@spondl n to the rotor R2 whereby nutual contact between the

gear 29 cor RY tapd Rt bas rn egaak d@rg@tar tgqhedpmgp@m aectiom t he
r ot or The gears 29 whi¢h do n have i ne enent

i nserti on 3%‘% &%%hg F’r?éi%ro%?pub&“b@%‘rbé’ ep¥ Of t3g$ gap 1s
controller r t r.o i n_the

train descrll?r%‘(ggﬁ\aﬁ(?\%g"v¥ cord &%9 Ri)?&t?%r?{ss%}’t f%&er%‘%&) %@Xeo@tﬂﬁeg&rﬁ or
to one of thwtweedrthe lowbPEotdf QUEticts &@ﬁfesregﬁectwb‘v‘rdtﬁf@t ion is transmtted
to the entire gears 29 of the gear group. he gears 29 of the rotation
controller 28 afke gesiphseyl oﬁtthp@larlsemaomRXb@lﬁmhdIrngrtEXtIJ&QJJédﬁé eadidRy;, R2
and R3 in spacg}€y st ream of the three- dinmensional net-like structure

nmanuf act ur |‘W§W§6 ve. preﬂﬁtermn@du lgngtib&qnwherpemhﬁmswfgbqum@e rotort r ol
t which ¢t t t 29 d d
lrj?)lt atlolncangr g%cégggﬁkee Fﬁ % ‘érrr%@f%lg ceg(g a'%ﬁ es:ﬂ‘irhe?gl Y,
by rotatingg e@ﬁé'%réf @l?e gﬁaii HAEELAE R Urly %eafeog\%ﬁdx%%vn %%r N BRecan

be rotated by e samne
length from the perlphenes of the upper rotor sections RYa and Rza and the

lower rotor sections RYc and RZc. Accordingly, the rotors RA, RB and RZ are
supported by one another in such a manner that the gear section of the rotor
RX is held by the upper rotor sections and the lower rotor sections of the
rotors RY and RZ and the rotors RY and RZ are supported by the gear sections
of the rotors RX which are adjacent to each of the rotors RY and RZ at three
positions which are distant by 120° . All of the rotors RX, RY and RZ in Fig.
27 are supported by one another in mutually fitted state without being
supported by outside means except for drive gears G. The number of teeth of
the gear section RXb of the rotor RX is equal to the number of teeth of the gear
sections RYb-and RZb of the rotors RY and RZ.
As will be apparent from Fig. 29, in the gear section RXb of the rotor RX,
a recess 50 for receiving and transferring a line element is formed in a manner
to extend radially in the central portion of a tooth 51 and reaches a position
which is radially inside of the root circle of the tooth 51 and also radially
- inside of the outer peripheries of the upper rotor section RXa and the lower
rotor section RXc. The portion of the recess 50 which is radially inside of the
root circle extends vertically to the upper rotor section RXa and the lower
rotor section RXc so that a vertically continuous recess is formed in the rotor
RX. Three recesses 50 are formed at an interval of 120° in the tooth 51.
In the gear section RYDb of the rotor RY and the gear section RZb of the



21° ’ As shown in Fig. 5, the manufacturing device 25 includes a pair
of conveyers 32 provided at both sides of the three-dinensional net-1like
structure 21 produced (only a right side conveyer is shown in Fig. 5). Each
of the pair of conveyers 32 noves in the direction of arrow C by neans of a
pair of pulleys 33 disposed vertically 38 Fig. 5. Aplurality of plates 34
are provided at a predeterm ned interval between the pair of conveyers 32
and these plates 34 are fixed at both ends thereof to the pair of conveyers
32. Spacers 35 functioning also as a hanger in the formof a rod are

det achably nounted on the plates 34. By di sposing these spacer/hangers 35
so that th&gtogdRd: aeeesshds tis fermell me rés mamaierriot extehd rsudially imside bfpheduced

in the manufact pri space 26, _the prodyced three-di nensiponal net-1like
structure ﬂ‘% ‘fpu 1968398 S3are ?W&Hg"éraél %GW?(LOEE%i ridcthegiotens R¥e

Tt ee- i monol 88, *Be Mol o FRERIS R HERT 38 1o HaBhE RiataRGRa AL and a,
ar r angenenthd fowEdRtsP stdiin e ifRAs %Bémq@h&%@rgpe@éﬁ%mg}nmaum ed
h ers an

to the plates 34 at the upper end portion of the con are
aut omat i cahhy the lower rotor section RZc in the rotor RZ so that a vertically continuous

recess is formed in the rotors RY and RZ. In the illustrated state, the recess
50 of the rotor RX is in alignment with the recess 53 of the rotor RY.

The meshing state of the rotors RX, RY and RZ as viewed from one rotor
RX being placed in the center is shown in Fig. 30. This is a plan view in
which, for convenience of understanding, illustration of the upper rotor
sections of the respective rotors is omitted and the lower rotor sections only
are illustrated. As will be apparent from Fig. 30, the gear section of the rotor
RX meshes with the gear sections of the rotors RY and RZ but the gear
sections of the rotors RY and RZ do not mesh with each other. Therefore,
rotation is transmitted between the rotor RX and the rotors RY and RZ but
rotation is not transmitted between the rotor RY and the rotor RZ.

The drive gears G which are dispoded along the outer periphery of the
rotors RX, RY and RZ are constructed in the manner shown in Figs. 31A and
31B. The drive gear G has, as the rotor RX, an upper rotor section Ga, a
lower rotor section Gc and a gear section Gb which is sandwiched between the
fhe upper rotor section Ga and the lower rotor section Ge¢ and projects radially
outwardly from the peripheries of these sections Ga and Gec¢ by a
predetermined length. The gear section Gb, however, does not have a recess
for receiving and transferring a line element. The drive gear G is rotatably
supported by a frame of the device through a gear shaft Gd and is driven and
rotated by an unillustrated drive unit. The gear sections Gb of these drive
gears G mesh with the gear sections RYb and RZb of the rotors RY and RZ.
Accordingly, the rotors RY and RZ whose gear sections mesh with the gear

section of the drive gears G are supported by the drive gears G and rotation of



det’ached fromthe plates.34 at the | ower end portion of the conveyers 32.

A bobbi n section 37 having bobbins 36 is provided upstream of the rotation
controller 28 in the feeding direction of the line elenents 23. The line

el enents 23 stored in the respective bobbins 36 are wound from the bobbi ns
36 and passed through the line el enent i3§sertion openings 31 of the gears
29 anong the gear group of the rotation controller 28 and fed to the
recesses 27 of the corresponding rotors anong the rotors Rl, R2 and R3. (2)
Step of forming a first knot Kl The three-di nensi onal net-1like
structure 21 is manufactured in the manufacturing space 26 in the foll ow ng
manner. Fi the driviecgdarads & tramsmitted tarbhemndlrbrmmns pbBbamd R¥obFig. @dssed

through the lin enent i ert openi ngs of the ar f t he
rotation c&hf‘?‘%ﬁ% éLe ZQt(&'ﬁ ‘h%% %:ys §m qsiéme&fio%ée iorén& £ fdH1%ehe

fzgr enost e%gar %'ro h%xlcepr}: for t?l ie 2gg’a1asr & W8 atd disposed outside does not

require any support but necessary rotation can be transmitted to the entire
gear group. Accordingly, the gears 29 of the rotation controller 28 in the
embodiment 1 are not necessary and the line elements can be supplied
directly from bobbins to the rotors RX, RY and RZ. The method for
manufacturing the three-dimensional net-like structure is the same as the |
ones of the embodiments 1 and 2 and description thereof will be omitted.

In manufacturing the three-dimensional net-like structure using four
line elements, the structure of the rotor RX can be applied to the rotor RA and
the structure of the rotor RY (or RZ) can be applied to the other rotor RB so
that support and rotation of the rotors RA and RB can be realized without
using the gears 45 of the rotation controller 44.

In the example of Fig. 15, the line element is pushed to move by operating
the arm 49. An alternative method for moving the line element from a recess
of one rotor to a recess of another rotor will be described with reference to Figs.
32 and 33.

Fig. 32 is a plan view showing an example in which this method has
been applied to the embodiment fo Figs. 20 to 24 for manufacturing the three-
dimensional net-like structure by using four line elements. In the illustrated
state, the line elements 23 are inserted in the recesses 43 of the rotors RA.
For moving the line elements 23 from this state to the recesses 43 of the
adjacent rotors RB, a firs comb 61 and a second comb 62 which can move up
and down and left and right as viewed in the figure on one side of the rotor
group and also over the surfaces of the rotors RA and RB. The comb 60 has
comb teeth 60a in the form of rods which are arranged in parallel. The comb
61 likewise has comb teeth 6la in the form of rods which are arranged in

parallel.



i e el ément fixing positions 39 corresponding to the recesses 27 of the
rotors RLin aline elenent fixing plate 38 (Fig. 13) provided at a
position in the manufacturing space 26 which is downstreamof the rotors in
t he feeding direction. In the follow ng description, for conveni ence
of explanation, five rotors Rl, three rggors R2 and three rotors R3 shown
in Fig. 12 anong twelve rotors Rl, twelve rotors R2 and seven rotors R3
shown in Fig. 8 are designated by reference characters Rl-1 to Rl-5, R2-1
to R2-3 and R3-1 to R3-3 and operation of the line elenents 23 by these
rotors RlI-1 to R1-5, R2-1 to R2-3 and R3-1 to R3-3 will be described.

Oper ation of tithd ¢ombeB8raxd 61 268 hpovdtbimthe direstionof shroew Mrsorthat thei s
entirely the same as the operation by the rqtors shown jn Fi The

12,
line el enefemb2teth&fa Are plagednen 468 uney Hde ASIVisednin the gurePftly pe
soeq for | ipeek PuRaRRessRa 4 s viertadi BRS Mgty Ah aherbb Py ete 4o T AREC
ised 1 . | . e used -
et 1 | ke SEOORLT A HERont b e Rk 2 B Abk Jofef MIBSLHUERAN R 1

capabl e of fphas0f Ehéi_ab?éﬂ%b PBccBEs A948 vievbd §h €Hé fighdé Gh the FOurPicBEstisn
their shape after tw sting. The line elenment nay be nmade of a

monof i | anedB afieash votoy! RApi Thenpby movéng the aoinbri) &l theedirectisieobérraim @ or
twi ne which is_nade by twisting thin steel |lines or plastic lines is

pr ef er abl e 2ndctheseomb @i in the diregtion o aprow Jidhe Jineelemants 33 are mgyedn
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lines eaChU}?o\H E&nﬁléﬂmf fHloveinert 'FEHR" Bnd Wethéfks 23, the combs 60 and 61
are moved in the direction of arrow N to remove the comb teeth 60a and 61a
from the surfaces of the rotors RA and RB.

Then, for moving the line elements 23 from the recesses 43 of the rotors
RB to the recesses 43 of the rotors RA, as shown in Fig. 33, the corhbs 60 and
61 are moved in the direction of arrow M so that comb teeth 60a are placed on
the lower side as viewed in the figure of the upper two recesses 43 as viewed
in the figure in the four recesses 43 of each rotor RB and the comb teeth 61a
are placed on the upper side as viewed in the figure of the lower two recesses
43 as viewed in the figure in the four recesses 43 of each rotor RB. Then, by
moving the comb 60 in the direction of arrow P and the comb 61 in the
direction of arrow O, the line elements 23 are moved from the recesses 43 of
the rotoré RB to the recesses 43 of the rotors RA. Upon completion of
movement of the line elements 23, the combs 60 and 61 are moved in the -
direction of arrow N to remove the comb teeth 60a and 61a from the surfaces
of the rotors RA and RB. |
This method for moving the line elements can be applied also to

manufacturing of the three-dimensional net-like structure using three line
elements by disposing combs 60 and 61 in three directions at an interval of
60° and operating the combs 60 and 61 in a manner similar to the above

described operation.



together to forma single steel wire and two of this steel wire are further
twisted to a single wire and this wire is used as the line el enent 23.

For conveni ence of explanation, fifteen line elenments 23 inserted in the
recesses 27 of the rotors R1-1 to R1-5 are distinguished from one anot her
by - 37 23 ref erence

characters No. 1 to No. 15. In the step shown in Fig. 13, the line
elenents No. 1 to No. 3 are received in the rotor RL-1, the line elenents
No. 4 to No. 6 are received in the rotor R4-2, the line elements No. 7 to
No. 9 are received in the rotor R1-3, the line elenents No. 10 to No. 12
are recei veWhat isclaimedtisi R1-4 and the line elements No. 13 to No. 15 are
received in the rotor RI1-5. In the state shown in Fig. 13, the
recess 27 of the rotor R1I-1 is in alignment with the recess 27 of the rotor

2R§" é ; E ES ;gf&;ﬁ&%& %‘oxffga%?%ét;ﬁgg{g[ ﬁhgkﬁfgemhae B L IRPEN BN A Goh REnSEfRS SES
structure which constitutes an internal structure of a device which performs
material transfer, heat exchange or mixing between gases, liquids or gas and
liquid, said internal structure being divided in a plurality of chambers or
channels connected to one another and said three-dimensional net-like
structure being made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dimensional
net-like structure, each of the unit structures being formed by conversion and
dispersion of three line elements, said method comprising a step of forming a

converging section of the unit structure where the three line elements

converge by twisting the three line elements together.

2. A method for manufacturing a packing made of a three-dimensional net-
like structure which constitutes an internal structure of a device which
performs material transfer, heat exchange or mixing between gases, liquids or
gas and liquid, said internal structure being divided in a plurality of chambers
or channels connected to one another and said three-dimensional net-like
structure being made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dimensional
net-like structure, each of the unit structures being formed by conversion and
dispersion of three line elemenfs, said method comprising steps of:

(A) preparing a packing manufacturing space by forming a predetermined
number of hypothetical channels of a regular triangular cross-section without
leaving spaces between them so that six hypothetical channels having one
common apex of a triangle form a regular hexagon, said hypothetical channels
consisting of hypothetical channels C1 which share one apex of a triangle but

do not share a side of a triangle with adjacent hypothetical channels and

AN O




recess 27 of the rotor RL-5 is in alignment with the recess 27 of the rotor

R3- 3. By rotating the gears 29 in the, rotation controller 28
corresponding the rotors R1-1 to RL1-5 in the above described state by one
revol ution or over (preferably by two revolutions, i.e., 720[err] ), the

rotors R1-1 to R1-5 are rotated by the sgre rotation angle. The three |ine
el enments inserted in the recesses 27 of each of the rotors Rl-1 to Rl1-5 are
twisted in a mddle position between the rotors Rl-1 to R1-5 and the |ine
el ement fixing plate 38 and, as a result, a knot KL which is of the same
shape as the knot 24 shown in Fig. 2 which is formed by twisting is forned.
Thus, fir sthypotheticdl zhenhels el dwiicdt reteareofa tdide raft ar strisngléewige dilirg
direction of the line elenents 23 in the respective hypothetical channels
Cl. (3) St afichgnaeleCdnang dégpoging, in thepeckingamanafaotuzingspace, f ed

¢lae
in the feedi di. ' b det 1 ned | th (int ent . |
enbod ment & PARGERY GLeateR sab vk aionier shae tnivbe atiutiection, bringe
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specifically, the l'ine elenent No. 3 is noved fromthe recess 27 o

rotor Rl-1 umt tind ratatslsleZdy af predetermhimedRBngdle bshepétating tkeadtorNeontdoli s

noved fromthe recess 27 of the rotor R1-2 to the recess 27 of the rotor

R3-1, the |4k said rotors consisting of rotors R1 each being disposed in one of the
hypothetical channels C1, rotors R2 each being disposed in one of the
hypothetical channels C2 and rotors R3 each being disposed in a space defined
by three of the rotors R1 disposed in three of the hypothetical channels C1
which share one apex of a triangle and three of the rotors R2 disposed in three
of the hypothetical channels C2, in such a manner that the line element can
be moved between the recess of the rotor R3 and the recess of the rotor R1,
and between the recess of the rotor R3 and the recess of the rotor R1 and that
the rotors R1 do not contact the rotors R2,
(B) inserting the line elements unwound from bobbins in the respective
recesses of the rotors R1 and thereafter rotating the rotors R1 by one
revolution or over to twist the three line elements inserted in the respective
recesses of each of the rotors R1 and thereby forming a first knot K1 in each of
the hypothetical channels C1 downstream of the rotors Rl in a feeding
direction of the lihe elements,
(C) feeding the line elements by a predetermined length, moving the line
elements from the recesses of the rotors R1 to the recesses of the rotors R3 and
thereafter rotating the rotors R3 by one revolution or over to twist the three
line elements inserted in the recesses of the rotors R3 and thereby forming a
second knot K2 upstream of the first knot K1 in each of the spaces in which
the rotors R3 are disposed,
(D) feeding the line elements by a predetermined length, rotating the rotors
R3 and the rotors R2 respectively by 60° in opposite directions to each other,
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24" element No. 5 is noved fromthe recess 27 of the rotor R1I-2 to the
recess 27 of the rotor R3-3, the line elenent No. 6 is nmoved fromthe
recess 27 of the rotor R1-2 to the recess 27 of the rotor R3-2, the |ine
element No. 7 is noved fromthe recess 27 of the rotor R1I-3 to the recess
27 of the rotor R3-2, the line el enent . 12 is noved fromthe recess 27
of the rotor R1-4 to the recess 27 of the rotor R3-3, the |ine el ement No.
13 is noved fromthe recess 27 of the rotor R1-5 to the recess 27 of the
rotor R3-3. For noving the line elenents 23 between the rotors R3 and
R1 and between the rotors R3 and R2, for exanple, as shown in Fig. 15, an

arm 49 whi slovirsg fliolindederdbatefronl tietaohses ¢fthiettodors R3wbithb rebesseobdr R3
and the rotor R1 (or rotor m& are in the closest proximty to each other
i s oper at etheoxotersBg amdcthereaiteniotatingdbh roters Ry ehe memlunsnfon:@mar he

S0l anoi civE) e (B HRRIcl e haeriad 1B tinaseesepel the TobssBecnd and
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have been (Byf@din®rthehkné elemeats By 2fprelietermined length, moving the line

elements from the recesses of the rotors R2 to the recesses of the rotors R3 and

thereafter rotating the rotors R3 by one revolution or over to twist the three

line elements inserted in the recesses of the rotors R3 and thereby forming a

fourth knot K4 downstream of the rotors R3 and upstream of the third knot

K3 in each of the spaces in which the rotors R3 are disposed, and _

(F) feeding the line elements by a predetermined length, rotating the rotors

R3 and the rotors R1 respectively by 60° in opposite directions to each other

and thereafter moving the line elements from the recesses of the rotors R3 to

the recesses of the rotors R1.

3. Amethod for manufacturing a packing made of a three-dimensional net-like
structure which constitutes an internal structure of a device which performs
material transfer, heat exchange or mixing between gases, liquids or gas and
liquid, said internal structure being divided in a plurality of chambers or
channels connected to one another and said three-dimensiénal net-like
structure being made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dimensional
net-like structure, each of the unit structures being formed by conversion and
dispersion of four line elements, said method comprising a step of forming a
converging section of the unit structure where the four line elements converge

by twisting the four line elements together.

4 Amethod for manufacturing a packing made of a three-dimensional net-
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rotors R1-1 to R1-5 to the recesses 27 of the rotors R3-1 to R3-3, the
rotors R3-1 to R3-3 are rotated by one revolution or over (two revol utions
in the present enbodinent) to twist the three line elenments 23 inserted in
the recesses 27 of the respective rotors R3-1 to R3-3 (two |line elenents
only are illustrated with respect to thaorotors R3-1 and R3-2) and thereby
form second knots K2 downstream of the rotors R3-1 to R3-3 and upstream of
the first knots KL in each of the spaces in which the rotors R3-1 to R3-3
are disposed. (4) Step of formng a third knot K3 After the line

el ements 23 are fed by the predeterm ned | ength, as shown in Fig. 16, the

rotors R3- fikbOsfiRactrdl &HicH Hopdtie@teat 87 CIASINAIS Sttt @R SFrd dided RehikR! O S

"R2-1 to R2-3 are rotated clockwi se by 60[err] . Then, the line
25 el enpetford3 materialteandfenhdab exchargs os miXingy béthaeengtases, IRpuiflsios R3- 3

to the recesses 27 of the rotors R2-1 to R2-3. Mdre specifically, the line

el ement Nogas and liquid, said internal structure being divided in a plurality of chambers
or channels connected to one another and said three-dimensional net-like
structure being made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dimensional
net-like structure, each of the unit structures being formed by conversion and
dispersion of four line elements, said method comprising steps of:
(A) preparing a packing manufacturing space by forming a predetermined
number of hypothetical channels of a regular square cross-section so that
these hypothetical channels align in columns and rows without leaving spaces
between them, said hypothetical channels consisting of first hypothetical
channels CA and second hypothetical channels CB which are disposed
alternately in columns and rows of the hypothetical channels, and disposing,
in the packing manufacturing space, a plurality of rotors each having a
circular shape in the radial section, being formed with four recesses in the
periphery thereof at an interval of 90° for respectively receiving a line
element and being connected to a rotor control unit and rotatable by a
predetermined angle by operating the rotor control unit, said rotors consisting
of rotors RA each being disposed in one of the first hypothetical channels CA
and rotors RB each being disposed in one of the second hypothetical channels
CB in such a manner that the line element can be moved between the recess of
the rotor RA and the recess of the rotor RB,
(B) inserting the line element unwound from bobbins in the respective
recesses of the rotors RA and thereafter rotating the rotors RA by one
revolution or over to twist the four line elements inserted in the respective
recesses of each of the rotors RA and thereby forming a first knot KCA in each
of the hypothetical channels CA downstream of the rotors RA in a feeding

AU A

direction of the line elements,



I's moved fromthe rotor R3-1 to the rotor R2-1, the line element No. 5 is
noved fromthe rotor R3-1 to the rotor R2-1, the line elenent No. 6 is
“oved fromthe rotor R3-2 to the rotor R2-2, the line element No. 12 is
noved fromthe rotor R3-3 to the rotor R2-3 and the line element No. 13 is
moved fromthe rotor R3-3 to the rotor jp-2, Then, the rotors R2-1 to
R2-3 are rotated by one revolution or over (two revolutions in the present
enbodi ment) to twist the three line elements 23 inserted in the recesses 27
of the rotors R2-1 to R2-3 and third knots K3 are thereby forned downstream
of the rotors and upstream of the second knots K2 in the hypothetical
channel s G) feedlisty ahedliné @leinegts byr 4 hpdedeterniihed length,t arovitig thenkne
el enents 23 are fed by the predeterm ned | ength, as shown in Fig. 17, the
li ne el eneplemergs framnthecteceesem aftiber miess BA torthsr recessesoehihe Fotors BB Ro- 3
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rotor R2-3 to the rotor R3-3 and e line elenent No. 13 is noved fromthe

rotor R2- Zhypotheeicabtlesniieds LB, and Then, the rotors R3-1 to R3-3 are
rotated by one revolution or over (two revol utions in the present
enbodi nent §D} feeding the Hoetclements h:eaepmdsmrsmlz@ ilaneth andimoving ﬂ@c]é%%es 27

of the rot 3 (one |ne Is illuystrated

respect to%ﬁ@lﬁﬁ%m’g tgrgcegﬁas‘% nﬁ&m%egﬁsqsbsekgyglp%rqtﬂg forned
downstream of the rotors and upstream of the third knots K3 in the spaces
in which the rotors R3-1 to R3-3 are di sposed.

5. A method for manufacturing a three-dimensional net-like structure
including a mist eliminator and a multi-layer filtering film made of a plurality
of unit structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by conversion and dispersion of three line elements,
said method comprising a step of forming a converging section of the unit
structure where the three line elements converge by twisting the three line

elements together.

6. A method for manufacturing a three-dimensional net-like structure
including a mist eliminator and a multi-layer filtering film made of a plurality
. of unit structures which are arranged continuously in vertical and horizc;ntal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by conversion and dispersion of three line elements,
said method comprising steps of:
(A) preparing a three-dimensional net-like structure manufacturing space by
forming a predetermined number of hypothetical channels of a regular
triangular cross-section without leaving spaces between them so that six
hypothetical channels having one common apex of a triangle form a regular

hexagon, said hypothetical channels consisting of hypothetical channels C1

AT




(6)" Step of nobving the line elenents to the recesses of the rotors R1L

The line elenents 23 are fed by the predetermned | ength and the rotors

26 R3-1 to R3-3 are rotated countercl ockwi se by 60[err] and the rotors
R1-1 to R1-3 are rotated cl ockwi se by 60[err] to bring the recesses 27 of
the rotors R3-1 to R3- 2 in alignnment wysh the recesses 27 of the rotors
R1-1 to R1-3. Then, the line elenents 23 are noved fromthe recesses 27 of
the rotors R3-1 to R3-3 to the recesses 27 of the rotors R1-1 to R1-3. More
specifically, the line element No. 3 is noved fromthe rotor R3-1 to the
rotor R1-1, the line elenent No. 5 is noved fromthe rotor R3-3 to the

rot or Rl- 2whidtesharecont egertof Motridngle batvdsinbt shatd g sidd 6f a RBiandlo wille

rotor R1-2, the line element No. 12 is noved fromthe rotor R3-3 to the

rotor RI- 2adjagenthypotheticad ebannels. ang hypothetical ichermelseCRovhichRshatet® t he

;gge (ra) Ril_55$iggtq§r%§?1%5ﬂglé bis(raitfl n’c&lteI l?;rposi;ixg%igal( El?aenrfélg t(?l,ognds td?é)po(s%r)xg,diis glrlelz ped
three-dimensional net-like structure manufacturing space, a plurality of
rotors each having a circular shape in the radial section, being formed with
three recesses in the periphery thereof at an interval of 120° for respectively
receiving a line element and being connected to a rotor control unit and
rotatable by a predetei‘mined angle by operating the rotor control unit, said
rotors consisting of rotors R1 each being disposed in one of the hypothetical
channels C1, rotors R2 each being disposed in one of the hypothetical channels
C2 and rotors R3 each being disposed in a space defined by three of the rotors
R1 disposed in three of the hypothetical channels C1 which share one apex of
a triangle and three of the rotors R2 disposed in three of the hypothetical
channels C2, in such a manner that the line element can be moved between
the recess of the rotor R3 and the recess of the rotor R1, and between the
recess of the rotor R3 and the recess of the rotor R1 and that the rotors R1 do
not contact the rotors R2,
(B) inserting the line elements unwound from bobbins in the respective
recesses of the rotors R1 and thereafter rotating the rotors R1 by one
revolution or over to twist the three line elements inserted in the respective
recesses of each of the rotors R1 and thereby forming a first knot K1 in each of
the hypothetical channels C1 downstream of the rotors Rl in a feeding
direction of the line elements,
(C) feeding the line elements by a predetermined length, moving the line
elements from the recesses of the rotors R1 to the recesses of the rotors R3 and
thereafter rotating the rotors R3 by one revolution or over to twist the three

line elements inserted in the recesses of the rotors R3 and thereby forming a

second knot K2 upstream of the first knot K1 in each of the spaces in which

A

the rotors R3 are disposed,



,m,hich the line element No. -1 to No. 3 are inserted in the recesses 27 of
the rotors R1-1, the line elenments No. 4 to No. 6 are inserted in the
recesses 27 of the rotor RL-2, the line elements No. 7 to No.9 are inserted
in the recesses 27 of the rotor R1-3, the line elements No. 10 to No. 12
are inserted in the recesses 27 of the rgfjor Rl-4 and the line el enents No.
13 to No. 15 are inserted in the recesses 27 of the rotor RL-5. By rotating
the rotors RlI-1 to R1-5 in this state, the first knots KL are forned again.
By repeating the steps (2), (3), (4), (5 and (6) sequentially, as shown in
Fig. 19, knots where the three line elenments 23 converge and di sperse are
sequent i al |(P)ffoeding the lihe ddementobytshprédeteimisiad Rnikthf sotaeithgi thet Rftors
hypot hetica]%@cg%gtri@ Cl, the second knots K2 fornmed in the spaces in which
the rotors R3& xterel2 reppeatively b 66 sikgppesiteedirpetionmethgpalt bidterc al
channels C2, the four.th knots K4 fornmed in th paces in which the rotors
RB are di sgBe%He %ﬁ?uﬁﬁf)égeﬂl%tst P %Te@eﬁﬁ?sé’?&gg iTpEaFs thereeesgessof ¢ he
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thereby forming a third knot K3 downstream of the rotors R2 and the
upstream of the second knot K2 in each of the hypothetical channels C2,
(E) feeding the line elements by a pi‘edetermined length, moving the line
elements from the recesses of the rotors R2 to the recesses of the rotors R3 and
thereafter rotating the rotors R3 by one revolution or over to twist the three
line elements inserted in the recesses of the rotors R3 and thereby forming a
fourth knot K4 downstream of the rotors R3 and upstream of the third knot
K3 in each of the spaces in which the rotors R3 are disposed, and
(F) feeding the line elements by a predetermined length, rotating the rotors
R3 and the rotors R1 respectively by 60° in opposite directions to each other

and thereafter moving the line elements from the recesses of the rotors R3 to

the recesses of the rotors R1.

7. A method for manufacturing a three-dimensional net-like structure
including a mist eliminator and a multi-layer filtering film made of a plurality
of unit structures which are arranged continuously in vertical and horizontal
directions of the three-dimensional net-like structure, each of the unit
structures being formed by conversion and dispersion of four line elements,
said method comprising a step of forming a converging section of the unit
structure where the four line elements converge by twisting the four line

elements together.

8. A method for manufacturing a three-dimensional net-like structure

including a mist eliminator and a multi-layer filtering film made of a plurality
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27' - structure is formed by conversion and diversion of four |ine
el ements. (1) Step of preparing a three-dinensional net-like structure
manuf act uri ng space In this enbodi ment, four line elenents 23 are

transferred between two types of rotors disposed in two types of

hypot heti cal channels of a regular squagg cross section and the transferred
four line elenents 23 are twisted to perform conversion and di spersion of
the four line elenents 23 whereby the three-dinensional net-like structure
shown in Figs. 3 and 4 is manufact ured. For this purpose, in this
enbodi nent al so, a manufacturing device simlar to the three-dinensional

net -1 i ke sof unitusteuctares sdtich iamg ageangesl @mtimumsby dy sdrticalppad horizontmisf er
of the line elenments 23 between the two tyges of rotors and rotaion of the

rotors anddingetieny ¢feither thuesrdimensinnalnnetiikpepbushunss each fafuthe | weit
I ts 23 . I f t hr ee- di ' | =l i kg st t
TenUf act ur FIGCEEEeIBE JOBHoR Y AP EBBR AR LohS uh Bh o P PRI
the plan vigy ﬁfet@‘gﬁ%‘ﬁgﬁlsw steEE%f:t hr ee-di nensi onal net-1like structure
In

manuf act uri'ng space ¢ 0 I'g. 20 consists of a predeternm ned nunber
(36 channel() beﬁdiﬁlg bl thybs-AiREnSHARP het-like HVRQURE bhLRhfachanngIspasbh

havi ng a regul ar square cross section which are aligned in colunnms and rows

Wi t hout | eforinmigpgsp preadeteamiveshnamber of hypothetical channels of a regular square
cross-section so that these hypothetical channels align in columns and rows
without leaving spaces between them, said hypotheticai channels consisting of
first hypothetical channels CA and second hypothetical channels CB which
are disposed alternately in columns and rows of the hypothetical channels,
and disposing, in the three-dimensional net-like structue manufacturing
space, a plurality of rotors each having a circular shape in the radial section,
being formed with four recesses in the periphery thereof at an interval of 90°
for respectively receiving a line element and being connected to a rotor control
unit and rotatable by a predetermined angle by operating the rotor control
unit, said rotors consisting of rotors RA each being disposed in one of the first
hypothetical channels CA and rotors RB each being disposed in one of the
second hypothetical channels CB in such a manner that the line element can
be moved between the recess of the rotor RA and the recess of the rotor RB,
(B) inserting the line elements unwound from bobbins in the respective
recesses of the rotors RA and thereaftei rotating the rotors RA by one
revolution or over to twist the four line elements inserted in the respective
recesses of each of the rotors RA and thereby forming a first knot KCA in each
of the hypothetical channels CA downstream of the rotors RA in a feeding
direction of the line elements,
(C) feeding the line elements by a predetermined length, moving the line
elements from the recesses of the rotors RA to the recesses of the rotors RB
and thereafter rotating the rotors RB by one revolution or over to twist the

four line elements inserted in the recesses of the rotors RB and thereby
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“_These hypothetical channels consist of first hypothetical channel's CA which
are di sposed alternately in each colum and in each row of hypotheti cal
channel s and second hypot hetical channels CB which are disposed alternately
i n each colum and each row of hypot hetical channels and di sposed between

two adj acent first hypothetical channel . In the illustrated exanple,
t he manufacturing space 42 consists of eighteen first hypothetical channels
CA and ei ghteen second hypot heti cal channels CB. In this manufacturing

space 42, as shown in Fig. 21, tw types of rotors RA and RB which
constitute a part of the manufacturing device 25 are

28 di spgs@flingl Besdc8h Endt/ KEUB! uBtrdasth @Fhk! fifst Sehdt KUK ih @alh Xf thedi Sk

as in the rotors used in the enbodinent 1 and are fornmed in their periphery
w t h U shajggpotlestied ehafifeBt CBnandt erval of 90[err] for receiving four |ine
el ements 23.

(D) feeding the line elements by a predetermined length and moving the line

elements from the recesses of the rotors RB to the recesses of the rotors RA.

9. A packing made of a three-dimensional net-like structure which
constitutes an internal structure of a device which performs material transfer,
heat exchange or mixing between gases, liquids or gas and liquid, said
internal structure being divided in a plurality of chambers or channels
connected to one another and said three-dimensional net-like structure being
made of a plurality of unit structures which are arranged continuously in
vertical and horizontal directions of the three-dimensional net-like structure,
each of the unit structures being formed By conversion and dispersion of three
line elements characterized in that a converging section of the unit structure
where the three line elements converge is formed by twisting the three line

elements together.

- 10. A packing made of a three-dimensional net-like structure which
constitutes an internal structure of a device which performs material transfer,
heat exchange or mixing between gases, liquids or gas and liquid, said
internal structure being divided in a plurality of chambers or channels
connected to one another and said three-dimensional net-like structure being
made of a plurality of unit structures which are arranged continuously in
vertical and horizontal directions of the three-dimensional net-like structure,
each of the unit structures being formed by conversion and dispersion of four
line elements characterized in that a converging section of the unit structure.

where the four line elements converge is formed by twisting the four line

I

elements together.
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The rotors RA are disposed in the first hypothetical channels CA of the
manuf acturing space 42 and the rotors RB are disposed in the second

hypot heti cal channels CB of the manufacturing space 42. These rotors RA and
RB are of equal dianeter. The rotors RA and RB are disposed in such a
manner that adjacent ones of the rotors and RB are rotated in contact

wi th each other and that the recesses 43 of the rotors RA are in alignnent
with the recesses 43 of the rotors RB at a position where the rotors RA
contact the rotors RB so that the line elements 23 are transferred between
the recesses 43 of the rotors RA and the recesses 43 of the rotors RB.

As shown injFi @ thdde-deRehsinal hRt1ideteultiira MEcIBBinSa GRIR0 LAt S #ndgar 45
of a rotation controller 44 provided upstreamof the rotors RA and RB in

t he feedi ngnuliti-kgterr ofiltefinghfilthi madel efrenplardlityopf nest stoictareswhiich abaf t
46. The gear 45 is of the sane dianeter and has the sane nunber of teeth as
t he rot orsam Rsn‘emoualp/a@enwer@@alf andb hesizengalc divgetens ofhtheydhreats i s

For i nser t HeRGigRal ML IH RECBDs SAgR ol gbs, wad, stFfctes LA ﬁeﬁw{ B tne
gear 29 of Heeﬁfmpd%aggswgﬁ%s P el 1S o cﬁ@%&qn{{ it bi e

el enents 28°Unwound I'ns ransm |ng rot ation
of the not @ontérgdne Sctiohe ofeleS uhdt dtPl@urd® whérd rthes fhitdeelinkOcldierat i r e
gears 45 and rotation is thereby transnmtted to the entire rotors RA and
RB. The r otcahvergedsfidrméd by tddsting the skrpedmeeeclemdntsitogather.f or transmitting
rotation of the notor to the gears 45 by a desired rotation angle in
accordance with a predeterm' ned sequence operation and, therefore,

oo 8 e e 5 R e S s R Wbt

multi-layer filtering film made of a plurality of unit structures which are

arranged continuously in vertical and horizontal directions of the three-
dimensional net-like structure, each of the unit structures being formed by
conversion and dispersioﬁ of four line elements characterized in that a
converging section of the unit structure where the four line elements converge

is formed by twisting the four line elements together.
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29' ' The three-di nensional net-like structure 40 is manufactured in
t he manuf acturing space 42 prepared in the above descri bed manner. First,
the line elenments 23 unwound from bobbins 36 are passed through the |ine

el enment insertion openings 47 of the gears 45 of the rotation controller 44
correspoonding to the rotors RA and t he4fecesses 43 of the rotors RA and
then the forenost ends of the line elenents 23 are fixed to line el enent
fixing positions corresponding to the recesses 43 of the rotors RAin a
line element fixing plate (not shown) provided at a position in the

manuf acturi ng space 42 which is downstreamof the rotors RA, RB by a
predeterm ned di stance in the feedldgﬁﬂﬂﬁéctlon of the line elements 23.

In the foll ow ng 4 scr|-t|on made 23 and 24, for
conveni ence of expt S1ng 304 pet RB%nong ei ght een

r ot Lors RA and R'rﬂ@fkﬁn‘ﬁ”fo&%é’ﬁﬁfa@&ﬁﬁ& dﬁfé]ﬁﬂé‘h‘?éjdebé(fa{ E’lfueer G e RN AU S

like structure which constitutes an internal structure of device which
performs material transfer, heat exchange or mixing between gases, liquids or
gas and liquid, the internal structure being divided in a plurality of chambers
or channels connected to one another is provided. Knots where three line
elements (23) converge and disperse are sequentially formed in the order of a
first knot K1 formed in a hypothetical channel C1, a second knot K2 formed in '
a space where a rotor R3 is disposed, a third knot K3 which is formed in a
hypothetical channel C2, and a fourth channel K4 formed in the space where
the rotor R3 is disposed. By repeating this cycle by a desired number of
times, a three-dimensional net-like structure (21) of a desired size can be
manufactured.

(Fig. 19)



to RA-6 and RB-1 to RB-4 and operation of the line elenents 23 by these
rotors RA-1 to RA-6 and RB-1 to RB-4 will be described. Operation of the
line el ements 23 by the other rotors RA and RB shown in Fig. 21 is entirely
the sane as the operation by the rotors shown in Fig. 24. For
conveni ecen of explanation, twenty line elenents 23 inserted in the
recesses 43 of the rotors RA-1 to RA-6 ¥B& distinguished fromone anot her
by reference characters No. 1 to No. 20. In the step shown in Fig. 23, the
line elements No. 1 to No. 4 are received in the rotor RA-1, the line
elements No. 5 to No. 8 are received in the rotor RA-2, the line elenents
No. 9 and No. 10 are received in the rotor RA-3, the line elenents No. 11
to No. 14 are received in the rotor RA-4, the line elenents No. 15 to No.
18 are received in the rotor RA-5Band the line elements No. 19 and No. 20
are received in the rotor RA-6. The shaded plane P in Fig. 23 represents
positions where the line elenentg 23 are received in Eﬂg rotors RA and RB.
y one revolution or

By rotating the ggars 43 of the rpthtion gontroller
over (two revol ut ¥ons (y20[er iY the Yreseny epbodi nent) in the above
30
" /& 22b
\ | 22a
22b
22
f
/( 22a
22b
/]

FIG.1



described state, the rotors RA-1 to RA-6 are rotated by the sane rotation
line elements 23 inserted in the recesses 43 of the rotors

angl e. The four
RA-1 to RA-6 are twisted in a mddle position between the rotors RA-1 to
RA- 6 and the line, elenent fixing plate and knots KCA which are simlar
to the knot 4l1a shown in Fig. 4 which is forned by twsting are forned.
Thus, the first knots KCA are fornmed d2f@istream of the rotors in the
hypot heti cal channels CAin the feeding direction of the line el enents 23.
(3) Step of formng a second knot KCB The line elements 23 are fed in
the feeding direction by a predetermned length (in the present enbodi nent,
| ength between the first knots KCA and the recesses 43 of the rotors RA-1
to RA-6 in Fig. 23). Then, as shown in Fig. 24, the |line elenments 23 are
noved fromthe recesses 43 of the rotors RA-1 to RA-6 to the recesses 43 of
rotors RB-1 to RB-4 which are in alignnent. Mre specifically, the
pvield fromthe rotor RA-1 to the 28tor RB-1, the line
RB-3, the line

adj acent
et he rotor RA-1 to the roto
r RB-3, the line

line elenent No. 3 is

v

el ement No. 4 is novedtX gy

element No. 5 is rmved he rotor RA-2 to the rot

element No. 7 is noved WA the rotor RA-2 to the rofor RB-2, the line
9T the rotor RA-2 to thes0tor RB-4, the |ine
RB-2, the line

element No. 8 is noved J,
element No. 9 is noved apg the rotor RA-3 to the rotor
el ement No. 10 is nnveo@é?pnlthe rotor RA-3280 the rotor RB-4, the line
el ement No. 13 is novedgKom t he23otor RA-4/to the rotor RB-3, the line
RA/AS to the rotor RB-3, the |ine
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element No. 17 is noved fromthe rotor RA-5 to the rotor RB-4 and the |line
el enment No. 19 is noved fromthe rotor RA-6 to the rotor RB-4. Then,
the rotors RB-1 to RB-4 are rotated by one revolution or over (two
revolutions in the present enbodinent) to twist the four line elenents 23
inserted in the recesses 43 of the rotors RB-1 to RB-4 (two line elenents
only are illustrated with respect to ea8t8lof the rotors RB-1 and RB-2) and
second knots KCB are thereby formed downstream of the rotors and upstream
of the 31 first knots KCA
i n the hypothetical channels CB. (d) Step of noving the line elenents to
the recesses of the rotors RA , e line elements 23 are fed by the
predeterm ned | ength and tH@y* #B.el enents 23 are noved fromthe
recesses 43 of the rotors Rég' ,vifﬁf'o the recesses 43 of the adjacent
rotors RA-1 to RA-6 which apeff n/af} o “Wb. Thus, the initial state
‘ id restored

41b

41b




inwhich the line elements No. 1 to No. 4 are inserted in the rotors RA-1,
the line elenents No. 5 and No. 6 are inserted in the rotor RA-2, the |ine
elements No. 9 and No.10 are inserted in the rotor RA-3, the |ine elenents
No. 11 to No. 14 are inserted in the rotor RA-4, the |line elenments No. 15
to No. 18 are inserted in the rotor RA-5 and the line elements Ne. 19 and

RA-6. By3rotating the rotors RA-1 to RA-6

No. 20 are inserted in the rotor
inthis state, the first knots KCA are forned again. By repeating the
the first knots KCA

steps (2), (3) and (4) sequentially and repeatedly,
channel s CA and the second knots KCB forned in

formed in the hypothetical

the hypot hetical channels CB are sequentially fornmed and, by repeating this
cycle by a desired nuph& D 1 imes, the three-dinensional net- |ike
structure 40 as shovvn ) 24/ 3 can be manufactured in a desired size.
H3when the gears 29 (45) of the rotation

In the enbodi ments 1 1}: Xr
controller 28 (44) of tABHAree-di nensional net-like structure
rot at eddfb@g one revol ution or over, twisting is

Wy

S
\

N

manuf act uring devi ce 250%¥5

caused in the three or ,,ij’,:" line el gments at a position between the gears

29 (45) and the bobbi nsggénantd; erefore, some neans nmust be provided for
ch twisting in the line elenents 23. For this

preventing occurrence of
g net-like

where a three-di nensi onal

purpose, in a case, forrrpl e,

structure having a uni ffEfguct ure consisting of three line elenments is

manuf act ured, as showyfi[ g g. 25, three bobbins 36-1, 36-2 and 36-3 from
£ gfenids 23 inserted through the gears 29 are unwound

which the three |line

<
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Bhbi n rqQqtating disk A3. By rotating the bobbin

may be fixed to a copgfo ‘o'_:}\y;
rotating disk 48 by & c;'ilg% -,;, ng L £
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32° di sk drive nechani sm (not shown ) provided in the bobbin section 37
in synchronismw th rotation of the gears 29 by the sanme rotation angle as
the rotation of the gears 29 in the sanme direction, twisting of the line

el ements 23 can be prevented. In the above descri bed enbodi nents of
the invention, the rotor are nade in the shape of a disk. The.shape of the
rotors is not limted to the disk but rgygrs which have a circular shape in
the radial direction such as a cylindrical shape nmay al so be used. In
t he above described enbodi nents, the rotors which transfer the line

el enments are rotated by the gears 29 or 45 of the rotation controller 28 or
44, The rotors may be rotated by other nethods. An exanple of such other
nmet hods for rotating the rotors wll tggdeSCéibed with reference to Figs.
27 to 30 with respect to a case wheresa thre 8di nensi onal net-1ike
structure is manufa thre tne el enent s. Fig. 27 is a

pl an vi ew show ng T - I n practiﬁgng this
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method in the manuf acturing space shown in Fig. 8 Fig. 28Ais a plan view
of adjacent rotors R, RY and RZ in Fig. 27, Fig. 28B is a side view

- thereof, Fig. 29 is a partially enlarged view showi ng alignnment of recesses
in gear portions of the rotor RX and the rotor RY (or RZ), Fig. 30 is a
pl an vi ew showi ng gear sections and |ower rotor sections of the rotors RX
RY and RZ with the rotor RX being placed/sn the center, Fig. 31Ais a plan
view of a drive gear Gand Fig. 31B is a side view thereof. In Fig.
27, the rotors RX performthe function of the rotors R3, the rotors RY the
function of the rotors RL and the rotors RZ the function of the rotors R2
of Fig. 8. The rotors RX, RY and RZ have, as shown in Figs. 28A and 28B,
upper rotor sections RXa, RYya and RZa, gear sections RXb, RYb and RzZb, and
| ower rotor sections RXc, RYc and RZc with the gear sections RXb, RYb and
RZb bei ng sandw ched between the upper rotor sections RXa, RYa and RZa and
- the lower rotor sections RXc, RYc and RZc. Tigg upper rotor section of

, \ H/' H“/:W 5 36

ki iy My ”' '" l ,,,IL"“'H!LM
| Iy Iy |lll I |

T

23

Y
TO ROTATION CONTROLLER 28
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the rotors RX, RY and RZ has an equal diameter to the | ower rotor section
thereof In the sane manner as in the enbodinment of Fig. 8 a small gap is
provi ded between the upper rotor sections of the respective rotors and
between the | ower rotor sections of the respective rotors. The

peri phery of the gear section RXb of the rotor RX projects radially
outwardly by a predeterm ned | ength fropysghe peripheries of the upper rotor
section RXa and the |ower rotor section RXb. On the other hand, the

peri pheries of the gear sections RYb and RZb are wi thdrawn by the sane

| ength fromthe peripheries of the upper rotor sections RYa and Rza and the
| ower rotor sections RYc and RZc. Accordlngly the rotors RA, RB and RZ are
supported by one another in such_a s AL e gear section of the
rotor RX is held by the s .

of the rotors RY and RZ 4 R rpROrt ed by the gear
sections of the rotorg &y rotors RY and

RZ at three p05|t|o 4i ¢ kY ; the rotors RX,
p-ersUf a1 gyl y fitted state

pars G The

s equal to the
b—amd|;RZb of {the fotprs RY and RZ

in the geaf: secthn p of the rotor RX

sferring ajil i ne elleqen] ip formed in a

tentral portion of fa|todth|51 and reaches

i e of the rhot circlg of the tooth 51 and

5 of theg yppér fotor section

| ower rotor sections

nunber of Qeeth of [t he gea
As wi || be appar ent frOW1F g. 29,

manner to exten
a position whicht ig r: |
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rotor section RXc. The portion of the recess 50 which is radially inside of
the root circle extends vertically to the upper rotor section RXa and the

| ower rotor section RXc so that a vertically continuous recess is fornmed in
the rotor RX. Three recesses 50 are formed at an interval of 120[err] in
the tooth 51. In the gear section RYb of the rotor RY and the gear
section RzZb of the . 8/31 34 r ot or
RZ, a recess 53 is forned in a nmanner to extend radially inside of the root
54. Three recesses 53 are formed at an interval of 120[err] in the rotors
RY and RZ. The recess 53 extends vertically to the upper rotor section RYa
and the |l ower rotor section RYc in the rotor RY and to the upper rotor
section RZa and the |ower rotorpssection Rgg in the rotor RZ so that a
vertically continuous recess isjforned injthe rotg§gs RY and RZ. In the
illustrated state, the recess 50 of the rgtor RX1;s in alignnent with the

recess 53 of the rotor RY. e jof the rotors RX, RY and
RZ as viewed from one I RL DA K2
'R ALY
WSRL_YC R ' C RI
R2 : 7 Rl R2
Rl R2 .
224 TR T
R1_)CIR? LB
26 = W
PR R3

FIG.8
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RX'beinQ placed in the center is shown in Fig. 30. This is a plan viewin

whi ch, for convenience of understanding, illustration of the upper rotor
sections of the respective rotors is omtted and the | ower rotor sections
only are illustrated. As will be apparent fromFig. 30, the gear section of

the rotor RX neshes with the gear sections of the rotors RY and RZ but the
gear sections of the rotors RY and RZ dy3hot nesh with each other.
Therefore, rotation is transmtted between the rotor RX and the rotors RY
and RZ but rotation is not transmtted between the rotor RY and the rotor
RZ. The drive gears G which are dispoded al ong the outer periphery of
the rotors RX, RY and RZ are constructed in the manner shown in Figs. 31A
and 31B. The drive gear G has, as the @tor RX, an upper rotor section Ga,
a lower rotor section Gc and a gear segtion Gb which is sandw ched between
the the upper rotor section Ga and the |l oner2¥ot or iﬁption Gc and projects
radially outwardly fromthe peripherieg of these seétlions Ga and Gc by a
predeterm ned | ength. The gear sectio however, /does not have a recess
for receiving anq%zransferri . rRg. el ement. The (drivezgear Gis
rotatably support evi ce through a,gear shaft Gd and is
driven and rotated\by an u N L gge—om

these drive gears G nmesh wXH

the gear section off"
and rotation of

31
o o)
S 29
T ~——30
g R1 (R2,R3)
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35° the drive gears Gis transmtted to the entire rotors RX, RY and RZ
of Fig. 27 through the rotors RY and RZ. In this enbodi nent, therefore, the
entire gear group except for the drive gears G which are disposed outside
does not require any support but necessary rotation can be transmtted to
the entire gear group. Accordingly, the gears 29 of the rotation controller
28 in the enbodi ment 1 are not necessaﬂQ/%md the line elenents can be
supplied directly frombobbins to the rotors RX, RY and RZ. The nethod for
manuf acturing the three-di nensional net-like structure is the same as the
ones of the enbodinments 1 and 2 and description thereof will be omtted.

I n manufacturing the three-di nensional net-like structure using four line
el enents, the structure of the rotor RX can be applied to the rotor RA and
the structure of the rotor RY (or RZ) can be applied to the other rotor RB
so that support and rotation of the rotors RA and RB can be realized

wi thout using the gears 45 of the rotation qogtrcler 44. In the
exanple of Fig. 15, .the IR3e—el enent is pushed t by operating the arm
49. An al ternativeRkerhbd for noviRy +H2 |ine elgﬁggf%$ron1a recess of one
rotor to a recess of(anoth r rotor || be degcribed with reference to

Fi gs. (M

FIG.12



32" and 33. Fig. 32 is a plan view showi ng an exanple in which this

net hod has been applied to the enbodiment fo Figs. 20 to 24 for

manuf acturing the three- dinmensional net-like structure by using four |ine
elements. In the illustrated state, the line elenents 23 are inserted in
the recesses 43 of the rotors RA. For noving the line elenents 23 fromthis
state to the recesses 43 of the adjaceht/3lotors RB, a firs conb 61 and a
second conb 62 which can nove up and down and left and right as viewed in
the figure on one side of the rotor group and al so over the surfaces of the
rotors RA and RB. The conb 60 has conb teeth 60a in the formof rods which
are arranged in parallel. The conb 61 |i kew se has cogb teeth 6la in the
formof rods which are arranged in pargllel. -

36 The cohbs 60iand 61 ate ngved in theidfréction of arrow M so
t hat the : H i

k3-2 R1-3

w1 B
’ R2-2

27

POV
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conb teeth 60a are pl aced on the upper side as viewed in the figure of the
| oner two recesses 43 as viewed in the figure in the four recesses 43 of
each rotor RA and the conb teeth 6l1a are placed on the | ower side as viewed
in the figure of the upper two recesses 43 as viewed in the figure in the
four recesses 43 of each rotor RA. Then, by noving the conb 60 in the
direction of arrow 0 and the conb 61 i d2¢¥e direction of arrow P; the line
el ements 23 are noved fromthe recesses 43 of the rotors RAto the recesses
43 of the rotors RB. Upon conpletion of novenent of the line elenents 23,
the conbs 60 and 61 are noved in the direction of arrow Nto renove the
conb teeth 60a and 6la fromthe surfaces Ré he rotors RA and RB.

Then, for noving the |ine nts 23, é The reges es 43 of the rotors RB
to the recesses Adf the § ghamn in &ﬁ t he conbs 60 and
61 are noved in thg dlrectlun of 2 ro Mis§ t hat c:nb teeth 60a are pl aced
on the | ower side Bgs V|amed |n It hie f‘gur-I uf ¥he upper two recesses 43 as
viewed in the flgu ein! our | eCHESES : wror RB and the conb

% é&r rrow P and t he
eh-nts re nmoved from

of the rotors RA. Upon

rotor RB. Then, « : :
conb 61 in the direct¥engs
t he recesses 43 of the rv'Tr

conpletlon of movenent oﬂ t hg ' & ehedatd ““the donbs 60 and 61 are
moved in the directi oft arfow N tlo! re Ve~ he conb Rledg h 60a and 6la from
the surfaces of the r 'ﬁhs RA and RE] 7Thi s method for nmoving the |ine

el enents can behﬁgplled aBs$ td man iaqturln@Zoﬂ t he three-di nensi ona
net-1ike struct usi ng Ehre&lkdnfz 13 K2

FIG.14



el ements by di sposing conbs 60 and 61 in three directions at an interval of
60[err] and operating the conbs 60 and 61 in a manner simlar to the above
descri bed operation. 37

What is clained is: 1. A nethod for manufacturing a packing nade of a

t hree-di nensi onal net-like structure which constitutes an internal
structure of a device which performs md8&¥li al transfer, heat exchange or

m Xi ng between gases, liquids or gas and liquid, said internal structure
being divided in a plurality of chanbers or channels connected to one

anot her and said three-di nensional net-like structure being nmade of a
plurality of unit structures which are arranged continuously in vertical
and horizontal directions of the three-di nensional

49

R1 (R2)

FIG.15



net-1ike structure, each of the unit structures being fornmed by conversion
and di spersion of three line elenents, said nethod conprising a step of
form ng a converging section of the unit structure where the three |ine

el enents converge by twisting the three Iine elenents together. 2. A

met hod for manufacturing a packing nade of a three-di nensional net- |ike
structure which constitutes an internal4ilructure of a device which
perfornms nmaterial transfer, heat exchange or m xi ng between gases, |iquids

or gas and liquid, said internal structure being divided in a plurality of
chanmbers or channel s connected to one another and said three-di nensional
net-1li ke structure being made of a plurality of unit structures which are
arranged continuously in vertical and hori tii dir ctlons of the
t hr ee-di nensi onal net-1like ructure, each he unikl-$tructures bei ng
formed by conversio aﬂ? 3 si r5|canﬁ threg, 362ele ents, said nmet hod

)

conprising steps of® crdparlng a pgcki nig na uf act uring space by form ng
a predet erm ned nunier of wypmtheth I C an‘él~ of a fegul ar triangul ar
cross-section w thoyt IeaV| lo Ispacés gt - s h si x hypot heti cal

channel s havi ng one go yn ar hexagon, said
hypot heti cal ckaaes RN AL i BRSO = S B L Dre ) 's Cl whi ch share

one apex of a tri axg o | sosrgoa (g angl e with adj acent
hypot heti cal channel s : 553




N LY
38 hypot heti cal channels C2 which share a side of a triangle with the
hypot heti cal channels Cl, and di sposing, in the packing manufacturing
space, a plurality of rotors each having a circular shape in the radi al
section, being forned with three recesses in the periphery thereof at an
I nterval of 120[err] for respectively receiving a line elenent and being
connected to a rotor control unit and AB{3k abl e by a predeternined angle by
operating the rotor control unit, said rotors consisting of rotors Rl each
bei ng di sposed in one of the hypothetical channels Cl, rotors R2 each being
di sposed in one of the hypothetical channels C2 and rotors R3 each being
di sposed in a space defined by three of the r %ﬁf R1 di sposed in three of
t he hypot heti cal cqgg el s ®B-jhi ch sharR3efe a of Q3triangle and three
of the rotors R2 difsgdsed in threRbfZthe hypothet i &l °channel s C2, in such
a manner that the Ijne el engnt can be npved bet\ween fhe recess of the rotor
R3 and the recess o& the rotjoi R1, @nd petween/the rgcess of the rotor R3
and the recess of the rot
rotors R2, (B) i {
respective rec &3
by one

............. g Aiot contact the
""" Hobbins in the
ating the rotors R1

R2-2

FIG.17



revol ution or over to twist the three line elenents inserted in the
respective recesses of each of the rotors RL and thereby formng a first
knot Kl in each of the hypothetical channels Cl downstream of the rotors Rl
in a feeding direction of the line elenments, (C) feeding the line elenents
by a predetermned | ength, noving the line elenents fromthe recesses of
the rotors RL to the recesses of the rd643ls R3 and thereafter rotating the
rotors R3 by one revolution or over to twist the three line elenents
inserted in the recesses of the rotors R3 and thereby form ng a second knot
K2 upstreamof the first knot KL in each of the spaces in which the rotors
R3 are disposed, (D) feeding the |ine eIe e@ Z%by a predeterm ned | ength,
rotating the rotors R3 and t otors twﬂgby by 60[err] in
opposite directi oRé-1o each r R1- 2 ,
39 moving the lijne elenent fr the regesses pf the rotors R3 to the

recesses of : P i i

o ol
SO

FIG.18



the rotors R2 and thereafter rotating the rotors R2 by one revol ution or
over to twist the three line elenents inserted in the recesses of the
rotors R2 and thereby formng a third knot K3 downstream of the rotors R2
and the upstream of the second knot K2 in each of the hypothetical channels
C2, (E) feeding the line elenents by a fredeternlned | engt h, noving the
line el enents fromthe recesses of thelfftlors R2 to the recesses of the
rotors R3 and thereafter rotating the rotors R3 by one revolution or over
to twist the three line elenments inserted in the recesses of the rotors R3
and thereby formng a fourth knot K4 downstream of the rotors R3 and
upstreamof the third knot K3 in eachmahqggg spaces in which the rotors R3
are di sposed, and (F) feedlng:fﬁﬁ"' L :“

rotating the rotors R3 and the ﬁb%0{$ F§:'bspect|vely by 60[err] in
opposite directions to each othe}iand|i Veq}ké?xnnv13 the line elenments
fromthe recesses of the rotors V‘ Ahe recesses of the rotors RI. 3. A
nmet hod for manufacturing a pack|nq --é,of a three-di nensional net-1like
structure which constitutes an int{erngl/Astructur f a device which
perfornms material transfer, heat gxchagbe-of nixﬁqg bet ween gases, |iquids
or gas and liquid, said internal Ftrugp he being divided in a plurality of
chanmbers or channel s connect ed to;one anot her and sai d three-di nensi onal
net-like structure being made of i g plf Inty of unit structures which are
arranged continuously in vertig +ha 8 il Pﬁ?rectlons of the

......

t hr ee-di nensi onal net-Ilike s¢ru ﬁw;,::'
formed by conversion and dlsper~1oh j
conprising a step of formng a

K1

K4
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cohverging section of the unit structure where the four line elenents

converge by twisting the four line elenents together. 4. A nethod for
manuf acturi ng a packi ng nade of a three-dinensional net-
40 | i ke structure which constitutes an internal structure of a device

whi ch perfornms material transfer, heat exchange or m xi ng between gases,
liquids or gas and liquid, said interndB/3ftructure being divided in a
plurality of chanbers or channels connected to one another and said

t hree-di nensi onal net-like structure being nade of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three-dinensional net-like structure, each of the unit
structures being formed by conversion and di spersion of four |ine elenents,

sai d nmet hod conprising steps of:
42
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(A) preparing a packing manufacturing space by form ng a predeterm ned
nunber of hypothetical channels of a regular square cross-section so that

t hese hypot hetical channels align in colums and rows w thout |eaving
spaces between them said hypothetical channels consisting of first

hypot heti cal channel s CA and second hypot hetical channels CB which are

di sposed alternately in colums and rowd/®f the hypothetical channels, and
di sposing, in the packi ng manufacturing space, a plurality of rotors each
having a circul ar shape in the radial section, being forned with four
recesses in the periphery thereof at an interval of 90[err] for
respectively receiving a line elenent and being connected to a rotor
control- unit and rotatable by a predeterm ned angle by operating the rotor
control unit, said rotors consisting of rotors RA eaclg9eing di sposed in
one of the first hypothetical channels CA and rotors BB each being di sposed
in one of the second hypothetical channels CB in suchya manner that the

i ne el ement can be noved between the recess of the fotor RA and the recess
of the rotor RB, (B) inserting the line el enent unwoynd from bobbins in the
respective recesses of the rotors RA and thereafter fotating the rotors RA
by one revol ution or over to twi st the four rted in the

respect|ve r[ecess ?rr 0 ng a first
knot KCA in |éach of e h the rotors
RA in a feedingRdBrebt
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41 (O feeding the line elenents by a predetermined | ength, noving the
line elements fromthe recesses of the rotors RAto the recesses of the
rotors RB and thereafter rotating the rotors RB by one revolution or over
to twist the four Iine elenents inserted in the recesses of the rotors RB
and thereby form ng a second knot KCB upstream of the first knot KCA in
each of the hypothetical channels CB, &#843YD) feeding the line elenents by
a predetermned length and noving the line elenments fromthe recesses of
the rotors RB to the recesses of the rotors RA 5. A nethod for

manuf acturing a three-di nensional net-like structure including a m st
elimnator and a nul t4~1 ayer filtering filmmde of a plurality of unit
structures which are “drramyed g e wrvertidcal and hori zont al
directions of the three-di mensy cgﬁre, each of the unit
structures being formed by r,‘, B of three line

el enents, said nethod conpri si »"la AIBE form ng a converging section of
the unit structure where the three tihe el enents converge by tw sting the
three line

g RA (RB)

FI1G.22



el ements together. 6. A nmethod for manufacturing a three-di nensional
net-like structure including a mst elimnator and a nmulti-layer filtering
filmmade of a plurality of unit structures which are arranged conti nuously
in vertical and horizontal directions of the three-dinensional net-like
structure, each of the unit structures being forned by conversion and
di spersion of three line el enents, sai @lA®&k hod conprising steps of: (A
preparing a three-di nensional net-like structure nmanufacturing space by
form ng a predeterm ned nunber of hypothetical channels of a regul ar
triangul ar cross-section w thout |eaving spaces between them so that six
hypot heti cal channel s having one common apex of a triangle forma regular
hexagon, sai d hypot heti cal CQﬂﬁ@FIs consi sting of hypothetical channels Cl
42 ) RB‘Z '
RB-1 RA-2; -
i i || RA-3

KCA & :
AN .
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whi ch share one apex of a triangle but do not share a side of a triangle

w t h adj acent hypot heti cal

di sposi ng,
a plurality of

120[err] for
rotor contro
rotor control unit,
in one of the hypothetical cha
one of the hypothetical channe
space defined by three of hﬁ
hypot heti cal channels Cl Whjth
the rotors R2 disposed initfare
manner that thRA+] ne el engnt
R3 and the recegs of the fofo
and the recess of the rotérfRl
rotors R2, (B) inserti
respective recgsses\g
by one revol ut &g
respective rece
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channel s
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in the three-dinensional
rotors each having a
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unit and rotatable by
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el ements fromthe recesses of the rotors - Rl to the recesses of the rotors
R3 and thereafter rotating the rotors R3 by one revolution or over to tw st
the three line elements inserted in the recesses of the rotors R3 and
thereby form ng a second knot K2 upstreamof the first knot KL in each of

t he spaces in which the rotors R3 are di sposed, :

43 (D) feeding the line elenents by2§/g¥edeternined | ength, rotating 'the
rotors R3 and the rotors R2 respectively by 60[err] in opposite directions
to each other, noving the line elements fromthe recesses of the rotors R3
to the recesses of the rotors R2 and thereafter rotating the rotors R2 by
one revolution or over to twist the three line elenents inserted in the
recesses of the rotors R2 and thereby formng a third knot K3 downstream of
the rotors R2 and the upstream of the second knot K2 in each of the

hypot heti cal channels C2, (E) feeding the |ine elenments by a predeterm ned

l ength, nmoving the line 36 —2
48
36— 1 | 36 —3
~—— 23

FIG.25



< -
— n (@)
. © — = O c
N~ -+ . C —
O O m S S5 — nla (]
Z e »
>N — 0 - C __
.— O C = O .0
— C - O 4
© C oy C o
. O4.—- 00O m (O]
5 C O — = >
=1 «© .65 ©
o= hmET \ &‘“\\W\W\ \\\’..."’.’ ’.Q\h"#”@’\»’\)\ Wy T iy
O o5 V0L RISGRIGEL IR A ST 2 KL S 7 A7 A S
05 2 ° oS HUFLRIHAS o L O~ . ;
T >335 C C 3=
m — O ._
C O.—
- ] a
e~ C
—
&) A

-

')

)y Ve

and (F) feeding the line el e@d4/%k by a predetern ned | ength,

thereby formng a fourth knot K4 downstream of the rotors R3 and upstream
of the third knot K3 in each of the spaces in which the rotors R3 are
rotating the rotors R3 and the rotors Rl respectively by 60[err] in
opposite directions to each other and thereafter noving the line elenents
fromthe recesses of the rotors R3 to the recesses of the rotors RI1.

met hod for manufacturing a three-dinensional net-like structure including a

elements fromthe recesses of the rotors R2 to the recesses of the rotors
R3 and thereafter rotating the rotors R3 by one revolution or over to tw st
the tthree line elenents inserted in the recesses of the rotors R3 and
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44 of unit structures which are arranged continuously in vertical and
hori zontal directions of the three-dinensional net-like structure, each of
the unit structures being formed by conversion and di spersion of four |ine
el enents, said nmethod conprising steps of: (A) preparing a

t hree-di nensi onal net-like structure manufacturing space by formng a
predet ermi ned nunber of hypothetical cBahhels of a regular square
cross-section so that these hypothetical channels align in colums and rows
wi t hout | eaving spaces between them said hypothetical channels consisting
of first hypothetical channels CA and second hypot hetical channels CB which
are di sposed alternately in colums and rows of the hypothetical channels,
and di sposing, in the three-dinensional net-like structue nmanufacturing
space, a plurality of rotors each having a circular shape in the radi al
section, being formed with four recesses in the periphery thereof at an
Interval of 90[err] for respectively feceiving a |line elenent and bei ng
connected to a rotor control unit an&érotatable Gy a predeterm ned angl e by
operating the rotor contrpl




unit, said rotors consisting of rotors RA each being disposed in one of the
first hypothetical channels CA and rotors RB each being di sposed in one of
t he second hypot hetical channels CB in such a manner that the |line el enent
can be noved between the recess of the rotor RA and the recess of the rotor
RB, (B) inserting the Iine elenents unwound from bobbins in the respective
recesses of the rotors RA and thereaftes/3iotating the rotors RA by one
revol ution or over to twist the four line elements inserted in the
respective recesses of each of the rotors RA and thereby formng a first
knot KCA in each of the hypothetical channels CA downstream of the rotors
RAin a feeding direction of the line elenents, (C) feeding the line

el enents by a predeterm ned |length, noving the line elenments fromthe
recesses of the rotors RAto the recesses of the rotors RB and thereafter
rotating the rotors RB by one revolution or over to twst the four |ine

el ements inserted in the recesses of the rotors RB and thereby
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formng a second knot KCB upstreamof the first knot KCA in each of the
hypot heti cal channels CB, and (D) feeding the line elenents by a
predeterm ned | ength and noving the line elenments fromthe recesses of the
rotors RBto the recesses of the rotors RA 9. A packing made of a

t hree-di nensi onal net-like structure which constitutes an internal
structure of a device which perforns n#fés} al transfer, heat exchange or

m Xi ng between gases, liquids or gas and liquid, said internal structure
being divided in a plurality of chanbers or channels connected to one

anot her and said three-di nensional net-like structure being nmade of a
plurality of unit structures which are arranged continuously in vertical
and horizontal directions of the three-dinensional net-like structure, each
of the unit structures being forned by conversion and di spersion of three
line elements characterized in that a-converging section of the unit
structure where the three line elenents converge is forned by tw sting the
three line elenents together 10. A packi ng made of a three-di nmensional
net-1like structure which conégxghtes an internal structure of a device

whi ch perfornms material transf heat Bh@RQ?D r m xi ng between gases,

| iquids or gas and liquid, sai ternal structure being divided in a
plurality of chanbers or channel‘s
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connected to one another and said three-di mensional net-like structure
being made of a plurality of unit structures which are arranged
continuously in vertical and horizontal directions of the three-dinmensional
net-like structure, each of the unit structures being forned by conversion
and di spersion of four line elenents characterized in that a converging
section of the unit structure. where tB8/3our |ine el enents converge is
formed by twisting the four line elenents together.

46 11. A three-dinensional net-like structure including a m st
elimnator and a multi-layer filtering filmnmade of a plurality of unit
structures which are arranged continuously in vertical and horizontal
directions of the three- dinensional net-like structure, each of the unit
structures being formed by conversion and di spersion of three Iine elenents
characterized in that a
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coﬁvergLng section of the unit structure where the three |ine elenents
converge is forned by twisting the three |line el enents together. 12. A

t hree-di nensional net-like structure including a mst elimnator and a
multi-layer filtering filmmade of a plurality of unit structures which are
arranged continuously in vertical and horizontal directions of the three-

di rensional net-like structure, each o943e unit structures being forned by
conversion and dispersion of four line elenments characterized in that a
converging section of the unit structure where the four line elenents
converge is fornmed by twisting the four line elenents together.
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