Title of*the Invention Col urm Packi ngm hod for Manufacturing the Sane
Background of the,Invention This invention afes to a col um packi ng
filled in a device which is divided in § @Igugallty of I%n.n
connected to one another and perforns rraferl al transfezmpséoghé 3r -
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of fluid and t hese projections function as spacers between the adjacent
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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 adjacnetn 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 the 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 contacting 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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the indlined surfaces of the per neabl e sheets and necessary contact between
the gas and the liquid is achieved by contacting the gas with the liquid
whil e the gas passes through the perneable sheets, so that nmaterial

transfer or heat exchange can be effected efficiently with a m ni num
pressure | oss. For manufacturing this X-packing, the inventor of this
application proposed the nethod describad in U S. Patent No. 5, 673, 726.

Accordi ng to 2 this _nethod, as _shown in F:q,g. 22, perneahle sheets 51 in
plural | afEpsgnathed; sisrthoven gn JRigadp.apermeatde shaetsck He dlura layers and

si mul t anepus roduced gnd a three-di si onal yoven packi O thereby is
o1 oducod. Jatnies TSGRt HormeaRic Shagtng s anne arerny prodedud s

descri bed LLOf:.-art. . et ' ' ed in, e.g., a
gas-1iqui : r%équﬁgen%le&\ﬁég‘?oq’fhéa%gé% ﬁ‘g“@?}@g?ﬂ#ﬁ%’d"%g. s erected in the

bot tom 1. B CREOTIRLE HE Bophling inERUBEANER Ty e 00 acipedto the
di f fi cul t ptior et nhethod ke usad kisng FRkiig letded hre.zont ghbfiquid thixidgvi ce by
reason of an error in installation or other causes and, as a result, the

threads t#exice,uthecpackingsi0 of Fige22 éparented ipdheidavicesand diguidHeomoant s 51b
Por i Zont afuStPuEan iiaup B BOE treadba IoRNGALS hetoBer e 1biae dectoR 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 accurately 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 these 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 gas and liquid,



of* the idevice is started and liquid is caused to flowin the direction of
the arrow A, the liquid flows concentrically along a | ower portion of the
threads that run crosswise with the result that collection, horizontal

di stribution and downward redistribution of the liquid are not perforned
uniformy but flow of the liquid tends to concentrate on the | ower portion
of the inclined threads running corssw %e. I's, therefore, an object of
the inventio
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for manufacturing a pac I ng nmade a three-dinensional net-I1ke structure
whi ch congbinfpisite afbpsntfernal structure of a device which perforns nateri al
transfer, heat exchange or m xi ng between gases, liquids or gas and |iquid,
sai d i nt eAxldisposing first ﬂmengleahantsleaitemdmgpﬂmpataltql aff acpradetersnimed
channel s connected to one anot her and said three-di nensional net-Ilike
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said met hoglrallel at a predetermined interval in a second direction which is different

from the first direction on the same plane in such a manner that the first line
elements cross the second line elements at a desired angle and the first and
second line elements are laid one upon the other;

(B) fixing the first line elements to the second line elements at crossing points
thereof and thereby forming a net;

(C) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at alternate ones of the crossing points continuously formed in
the first direction and the second direction and thereby forming an undulating
‘net;

(D) laying a second layer of the undulating net upon a first layer of the
undulating net in such a manner that the crossing points continuously formed
in the first direction and the second direction of the first layer of the
undulating net alternately come into contact with and separate from the
crossing points continuously formed in the first direction and the second
direction of the second layer of the undulating net and thereafter fixing
together the crossing points of the first layer of the undulating net and the
second layer of the undulating net which are in contact with each other; and
(E) laying a third layer of the undulating net upon the second layer of the
undulating net in such a manner that the crossing points continuously formed
in the first direction and the second direction of the second layer of the
undulating net alternately come into contact with and separate from the

crossing points continuously formed in the first direction and the second
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conprising steps of (A) disposing first line elenents extending in parallel
at a predetermned interval in a first direction on a plane and second |ine
el enents extending in parallel at a predetermned interval in a second
direction which is different fromthe first direction on the same plane in
such a manner that the first line elements cross the second |ine elenments
at a desired angle and the first and secbnd line elenents are |aid one upon
the other; (B) fixing the first line elements to the second line elenents
at crossi ngdipedtivrsofttherthrd laper sftheamdulating ngt ande¢herepfer fixtsgstoggthdre net
to forma plurality of parallel undulating bulging portions which bul ge at
al ternat e othescropsingepaintssof bhe pecomdslayentof the usndulatingeepti and fhe thirdt
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the crossing”points continuously formed 1n the first direction and the

second di r eglobsiRgOpoiabe dfetiandebputeive ofayohe ofnthy atrididatieg wets ihdribef t er
fixing together the crossing points of the first Iayer of the undul ating
net and t heinsmediadelyalosreroyetseoflthiuadiuteding netsh wdhickaage iin combacicwithi t h
each other; and (E) laying a third |l ayer of the undul ating net upon the
second | ayePackyothge

According to the manufacturing method, a packing 1 as shown in the
schematic perspective view of Fig. 1 can be obtained. This packing 1 has, as
shown in the partial perspective view of Fig. 2, has a unit structure 2 which is
a combination of two quadruple pyramids which as a common base and apexes
which are directed in the opposite directions. The three-dimensional net-like
structure is formed by disbosing a plurality of the unit structures 2 in vertical
and horizontal directions . As will be apparent from Fig. 2, in this unit
structure 2, four line elements 3 constitute four sides of the respective
quadruple pyramids and respective apexes 2a of the two quadruple pyramids
and joints 2b of the two quadruple pyramids are formed by conversion and
dispersion of four line elements. Accordingly, no element corresponding to
the horizontal threads in the prior art X-packing is used at all in this unit
structure 2.

Accordingly, by using the packing 1 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 1, the liquid
which has fallen upon the top of the packing 1 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 1 in the device and, therefore, collection and

downward redistribution of the liquid at the two vertical apexes 2a and joints



i ¥
undul ating net in such a manner that the crossing points continuously
formed in the first direction and the second direction of the second |ayer
of the undulating net alternately cone into contact with and separate from
the crossing points continuously formed in the first direction and the
second 4 direction of the third | ayer of the undul ating net and
thereafter fixing together the crossing points of the second | ayer of the
undul ating net and the third | ayer of the undulating net which are in
contact wi t4h 88GReOhRETquaARplNBYRARIE! of YRETRAF IsBEichut O bfo pRrfokiel - -
and n-th (n being any integer) Tayer of the undulating nets in the sane
manner and dniforfglyt oget her the crossing points of the respective |ayers of
the undul ating nets and the i mediately |ower |ayers of the undul ating nets
whi ch are in cofemechisiving dhe hohjedierof Hee drviintipn, othene isaalge aprovidedga
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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 formed by conversion and dispersion of three line elements,
said method comprising:

(A) a step of forming a first undulating net comprising the following steps (a),
(b) and {(c):

(a) disposing first line elements extending in parallel at a predetermined
interval in a first direction on a plane and second line elements extending in
parallel at a predetermined interval in a second direction which is different
from the first direction on the same plane in such a manner that the first line
elements cross the second line elements at a desired angle and are superposed
one upon the other;

(b) fixing the first line elements to the second line elements at crossing points
théreof and thereby forming a net; and

(c) pressing the net to form a plurality of parallel undulating bulging portions
and thereby forming a first undulating net in such a manner that one of the
crossing points continuously formed in the first direction and the second
direction constitutes a crossing point of the lowest level in forming of a unit
three-dimensional net-like structure, a crossing pointl adjacent to the crossing
point of the lowest level constitutes a crossing point of a lower side middle
level in forming of the unit three-dimensional net-like structure, a crossing
point adjacent to the crossing point of the lower side middle level constitutes a

crossing point of an upper side middle level in forming of the unit three-
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and horizontal directions . As will be apparent fromFig. 2, in this un
structure 2, four line elenments 3 constitute four sides of the respective
guadrupl e pyranm ds and respective apexes 2a of the two quadrupl e pyram ds
and joints 2b of the two quadruple pyram ds are forned by conversion and

di spersion of four line elenents. Accordingly, no elenent corresponding
the horizontal threads in the prior art &-packing is used at all in thi
unit structure 2. Accordingly, by using the packing 1 manufactured by t
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crossing points of the respective levels in the above cycle in forming of the unit
three-dimensional net-like structure;
(B) a step of forming a second undulating net comprising the following steps
(), () and (c):
(a) disposing

first line elements extending in parallel at a predetermined interval in
the first direction on a plane, bending at a position corresponding to one of the
crossing points of the lower side middle level of the first undulating net at a
predetermined angle and extending in a third direction, bending at a position
corresponding to the next lower side middle point of the first undulating net at
the predetermined angle and extending in the second direction, bending at a
position corresponding to the next lower side middle level of the first
undulating net at the predetermined angle and extending in the third
direction again, and bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
repeating the cycle of extending in the first direction, the third direction, the
second direction and the third direction, and

second line elements extending in parallel at a predetermined interval in
the second direction on the plane, bending at a position corresponding to one
of the crossing points of the lower side middle level of the first undulating net
at a predetermined angle and extending in the third direction, bending at a
position corresponding to the next lower side middle point of the first

undulating net at the predetermined angle and extending in the first direction,

ki ng
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met hod for manufacturing a packing nade of a three-di nensional net-1ike
structure which constitutes an internal structure 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
chanbers or channels connected to one another and said three-dinensional
net-1li ke structure being formed by convefsion and di spersion of three |ine
el enents, said nmethod conprising: (A) a step of formng a first undul ating

net conpri Sbéi*ﬂiﬁ%‘%t fa%ds‘i’ﬁ&bz’ﬂﬁoﬁ’é@;ls&x&i to ¢he neRelower: sidé middiPRyeNef fHer St
line elements extending in parallel at a predetermned interval in a first
direction dirst ypduietiagchetestotit prodetameinedt mnglx tamddexignding am ahé e¢hirdt a
predetermined interval in_a second direction which is different fromthe
first diredliresticagdin, sadbepdingatiapasition comasponding e thepext lower sidee
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portions a"tﬂéﬁl‘%ﬁﬁ@écﬁﬁﬁ%ﬁ&h@tﬁrﬂ%#@ﬂﬂ ating net in such a manner that

one of the crossing points continuously formed in the first direction and
the second dir egt bach GpRBAhHer €hatd the dBst Nind @ldthenfs bid tlwvestoddlile i n

formng of a unit three-dinensional net-like structure, a crossing point

adj acent t cléments awssegch other at the desired angle in their portions extending in
the first or second direction at positions corresponding to the crossing points of
the upper side middle level of the first undulating net and extend jointly one
being laid upon the other in their portions extending in the third direction;
(b) fixing the first line elements to the second line elements at the respective
crossing points thereof and also at joining points and separating points of
their portions extending in the third direction and thereby forming a net; and
() pressing the net to form a plurality of parallel undulating bulging portions
which bulge at the respective crossing points and also at middle positions of
the portions extending in the third direction and thereby constitute the upper
side middle level in forming of the unit three-dimensional net-like structure,
and thereby forming a second undulating net;
(C) a step of forming a third undulating net comprising the following steps (a),
(b} and (¢):
(a) disposing

first line elements extending in parallel at a predetermined interval in

the third direction on a plane, bending at a position corresponding to one of
the crossing points of the lower side middle level of the first undulating net at
a predetermined angle and extending in the second direction, bending at a
position corresponding to the next lower side middle point of the first
undulating net at the predetermined angle and extending in the third

direction again, bending at a position corresponding to the next lower side
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point of the | owest |evel constitutes a crossing point of a |ower side

mddle level in formng of the unit three-dinensional net-like structure,
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the third direction on the plane, bending at a position corresponding to one of
the crossing points of the lower side middle level of the first undulating net at
a predetermined angle and extending in the first direction, bending at a
position corresponding to the next lower side middle point of the first
undulating net at the predetermined angle and extending in the third
direction again, bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
extending in the second direction, and bending at a position corresponding to
the next lower side middle level of the first undulating net at the
predetermined angle and repeating the cycle of extending in the third
direction, first direction, the third direction and the second direction

in such a manner that the first line elements and the second line
elements cross each other at the desired angle in their portions extending in
the first or second direction at positions corresponding to middle positions of
the portions extending in the third direction of the second undulating net and
extend jointly one being laid upon thé other in their portions extending in the
third direction;
{(b) fixing the first line elements to the second line elements at the crossing
points thereof and also at joining points and separating points of their
portions extending in the third direction and thereby forming a net; and
(c) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at the respective joining and separating points of the portions

extending in the third direction and thereby constitute the highest level in

tates a crossing point

sequent cr053|ng p0|nts constitute Crossi ng p0|nts of

a



predeterm ned angle and extending in a third direction, bending at a
position corresponding to the next |ower side mddle point of the first
undul ati ng net at the predeterm ned angle and extending in the second
direction, bending at a position corresponding to the next |ower side

m ddl e |l evel of the first undul ating net at the predeterm ned angle and
extending in the third direction again, and bending at a position
corresponding to the next lower side mddle |evel of the first undul ating
net at the ﬁ&li?xtgf‘d ' : - A ' ﬂﬁ,d{ 4 the
first di recltﬁl5 on, trfght@ﬁiliilrlg |e§e(g?%8%@?§;§b€g§%%g gifieegtalﬁgrfﬁg%\ togﬂltn%?rd
direction, &rﬁiﬁp@@@ﬂatﬁg@@temnts extending in parallel at a

predeterm ned interval in the second direction on the plane, bending at a
posi ti on cofPrapteroigying theesesdtnd naduladisg net ppomtle Hifsthinsdulatieg net ite

m ddl e level of the first updulating net at_a predeterm ned angle and
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with the crossing points of the lower middle level of the first undulating net,
and the undulating bulging portions at the middle positions of the portions
extending in the third direction of the second undulating net are separated
from the crossing points of the lowest level of the first undulating net and
form the upper middle level of the unit three-dimensional net-like structure;
(E) a step of laying the third undulating net upon the second undulating net in
such a manner that the crossing points of the third undulating net come into
contact with the undulating bulging portions at the middle positions of the
portions extending in the third direction of the second undulating net, the
portions extending in the third direction of the third undulating net come into
contact, at their middle positions, with the crossing points of the second
undulating net, and the undulating bulging portions at the joining points and
the separating points of the portions extending in the third direction of the
third undulating net are separated from the second undulating net and form
the highest level of the unit three-dimensional net-like structure; and
(F) a step of fixing the first undulating net, the second undulating net and the
third undulating net together at necessary points among points of contact
thereof.

According to this manufacturing method, a packing 30 as shown in the
schematic perspective view of Fig. 3 can be obtained. This packing 30 has, as
shown in the partial perspective view of Fig. 4, a unit structure 32 which is a

combination of three triangular pyramids 33 each having an apex 33a and



m ddl e |l evel of the first undul ating net at the predeterm ned angle and
repeating the cycle of extending in the second direction, the third
direction, the first direction and the third direction in such a manner
that the first line elements and the second |line el enents cross each ot her
at the desired angle in their portions extending in the first or second
direction at positions corresponding to!fhe crossing points of the upper
side mddle | evel of the first undulating net and extend jointly one being
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the respective triangular pyramids are formed by conversion and dispersion of

three line elements. In this unit structure 32 either, no element

corresponding to the horizontal threads is provided at all and, therefore, the

same effect as the one described above with respect to the unit structure 2 can

be achieved. That is, liquid flows in the direction of arrow C in Fig. 3 and

collection and downward redistribution of the liquid at the apexes 33a and 34a

and the joints 35 of the triangular pyramids 33 and 34 of the unit structure 32

are performed uniformly.

The present invention can be applied not only to the colum packing used
in devices such as a gas-liquid mixing device but also to manufactring 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 formed by conversion and
dispersion of four line elements, said method comprising steps oft ‘

(A) disposing first line elements extending in parallel at a predetermined
interval in a first direction on a plane and second line elements extending in
parallel at a predetermined interval in a second direction which is different
from the first direction on the same plane in such a manner that the first line

elements cross the second line elements at a desired angle and the first and
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a predeferm’ ned angl e and extending in the second direction, bending at a
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extending int

at the predeterm ned angle and extending in the third

n, bending at a position corresponding to the next |ower side

of the first undulating net at the predeterm ned angl e and
he first direction, and béAding at a position correspondi ng

to the next |ower side mddle |evel of the first undulating net at the

pr edet er m
di rection,
di rection,
pr edet er m

posi tion cothrezepimil

t he next
pr edet er m

a position gor ﬁf;st‘%ﬂt?ié&i%ﬂ il {H3SeBEd dir@cl‘ﬁ%n §hdl EhdteBd fGrh£)eAn Ghdhbirdg 1 St

undul ati ng net

di rection,

n&oAl U asﬂl_eheé)sféiawoh@an%@oﬂierﬁxFendi ng in the third
the second direction, the third direction and the first

B)disagdhd firstiline lelmaits texhesetond line gammnteht atosaing points

ned interval in the third direction on the plane, bending at a
thereby devanipiz & het’ cr ossi ng poi nts of the | ower side

m ddl e | eve} of the first undul ati et at a predeterm ned, angl e and
ext endi ng i{p)tlﬁ'@sﬂiﬂg e&eﬁé‘ég‘?r%? &%tx@?aﬁr %H&W%EP%%&BHH?W to

B TR e BrRia g of R Srbivtbe YR CpR BB forkieR g oy

e predeterm ned angle and extending in the secon
Aasld bending at a position corresponding to

(D) laying a second layer of the undulating net upon a first layer of the
undulating net in such a manner that the crossing points continuously formed
in the first direction and the second direction of the first layer of the
undulating net alternately come into contact with and separate from the
crossing points continuously formed in the first direction and the second
direction of the second layer of the undulating net and thereafter fixing
together the crossing points of the first layer of the undulating net and the
second layer of the undulating net which are in contact with each other; and
(E) laying a third layer of the undulating net upon the second layer of the
undulating net in such a manner that the crossing points continuously formed
in the first direction and the second direction of the second layer of the
undulating net alternately come into contact with and separate from the
crossing points continuously formed in the first direc_:tion and the second
direction of the third layer of the undulating net and thereafter fixing together
the crossing points of the second layer of the undulating net and the third
layer of the undulating net which are in contact with each other; and
thereafter superposing a fourth, a fifth ..... and n-th (n being any integer)
layer of the undulating nets in the same manner and fixing together the
crossing points of the respective layers of the undulating nets and the
immediately lower layers of the undulating nets which are in contact with
each other.

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



the next lower side mddle |Ievel of the first undulating net at the
predeterm ned angl e and repeating the cycle of extending in the third
direction, first direction, the third direction and the second direction in
such a manner that the first line elements and the second |ine el enents
cross each other at the desired angle in their portions extending in the
first or second direction at positions tbrresponding to mddle positions of
the portions extending in the third direction of the second undul ati ng net

and extend hhohftdchnQig BetRibet dibfbniditRa] t ﬁ@t-Bk@eétr%l&dr@e}iﬁclﬁa{ﬂg' Q' Smist

extending in the third direction; (b) fixing.the first line el'enments to the
second | i nelgheveod sared 4 havudtidsgemn dilparing sfithe faehednbly at¢aveasionoanidng

poi nts and separating points of their portions extending in the third

di recti on ahispersimedfithirer line gleanerds, saad dogtbpd pomprisingt he net to forma
plurality of parallel undul ating bul ging portions, which_ bul ge at t
respective (jAéiarﬁtﬁ% og a?réfﬁtr}ﬁl%trﬂlé ngt COMPIISHIE F@n@%@mﬁﬁ%%}n t he
third di re(‘(w N & d thereby constitute the highest level in 9 form ng of
the unit thre gi ensional net-like structure, and thereby formng a third

undut at inggl(gﬁdg%ao%%@ﬁw Rin8' eleBénBY ebndifig GRIpaRAMI At A%pRdetdipomel e
interval in a first direction on a plane and second line elements extending in
parallel at a predetermined interval in a second direction which is different
from the first direction on the same plane in such a manner that the first line
elements cross the second line elements at a desired angle and are superposed
one upon the other;

(b) fixing the first line elements to the second line elements at crossing points
thereof and thereby forming a net; and

() pressing the net to form a pluralify of parallel undulating bulging portions
and thereby forming a first undulating net in such a manner that one of the
crossing points continuously formed in the first direction and the second
direction constitutes a crossing point of the Jowest level in forming of a unit
three-dimensional net-like structure, a crossing point adjacent to the crossing
point of the lowest level constitutes a crossing point of a lower side middle
level in forming of the unit three-dimensional net-like structure, a crossing
point adjacent to the crossing point of the lower side middle level constitutes a
crossing point of an upper side middle level in forming of the unit three-
dimensional net-like structure, a crossing point adjacent to the crossing point
of the upper side middle level constitutes a crossing point of the lower side
middle level in forming of the unit three-dimensional net-like structure, a
crossing point adjacent to the crossing point of the lower side middle level
constitutes a crossing point of the lowest level in forming of the unit three-
dimensional net-like strucuture, and subsequent crossing points constitute

crossing points of the respective levels in the above cycle in forming of the unit



such a manner that the crossing points of the second undul ati ng net cone
Into contact with the crossing points of the upper mddle | evel of the
first undulating net, the joining points and the separating points of the
portions extending in the third direction of the second undul ati ng net cone
into contact with the crossing points of the lower mddle | evel of the
first undul ating net, and the undul ati ng3bul ging portions at the mddle
positions of the portions extending in the third direction of the second
undul ati ng gefeedithenBitMad hetHiice @irddigrssr 0SSi ng points of the | owest |evel
of the first undulating net and formthe upper mddle | evel of the unit
t hr ee- di menéBloaatemef forikiag st secohdnmduliding et epmpirisiny the fallevingi steps
undul ati ng gst gpon the second undul ating net in such a nmanner that the
Ccrossing po( t®emdi®E third undul ati ng net cone into contact with the
undul ati ng kﬁiqgﬁfortions at the mddle positions of the portions
extendi ng | WtHPPHEF d direction of the second undul ating net, the portions
extending in th - ' [ . ' i ; | f.0

et lif e, e fling 1B S el HER ARk SR

contact, at theiT dl'e”positi _ cros s of the second
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and the separating points of "the portions extending in the third direction

of the thir grogsiohy poihtigofdie herstdandddi Tevohnf tie Satandiulating ateit rag anet
and formthe highest |evel of the unit three-di nensional net-Ilike

structure; Rreflefeyminediangleanflicxitendingdnfd third dingotion,i hepding at aipesiéond
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the predetermined angle and extending in the second direction, bending at a
position corresponding to the next lower side middle level of the first
undulating net at the predetermined angle and extending in the third
direction again, and bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
repeating the cycle of extending in the first direction, the third direction, the
second direction and the third direction, and

second line elements extending in parallel at a predetermined interval in
the second direction on the plane, bending at a position corresponding to one
of the crossing points of the lower side middle level of the first undulating net
at a predetermined angle and extending in the third direction, bending at a
position corresponding to the next lower side middle point of the first
undulating net at the predetermined angle and extending in the first direction,
bending at a position corresponding to the next lower side middle level of the
first undulating net at the predetermined angle and extending in the third
direction again, and bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
repeating the cycle of extending in the second direction, the third direction,
the first direction and the third direction '

in such a manner that the first line elements and the second line
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According to this manufacturing nethod, a packing 30 as shown in the
schemati c perspective view of Fig. 3 can be obtained. This packing 30 has,
as shown in the partial perspective view of Fig. 4, a unit structure 32
which is a conbination of three triangular pyram ds 33 each having an apex
33a and 10 three sides 33b and three triangular pyram ds 34 each having
an apex 34a directed in the opposite diddction to the apex 33a and three
sides 34b. The three-di nensional net-like structure is forned by di sposing

a pluralityelgndii§ chidisteathldthbH 08 3he debited RnblLH 1R pbRidrfOMBhding in
directions. In the unit structure 32, the respective sides 33b and 34b are

formed wi t htHd fixst ok seeviidsdirddtion sppssitionsaddryespohdires tol the cebssimgnpeoints of
constitute the three sides 33b and 34b of the triangular pyram ds 33 and 34
and t he apethesupper sidel middlelevehof the et indulatingmedisad extendieintlyneng oi nt s

35 of the sjdes._of the respective triangular pyramds_ are. fornmed, by
conver si on f&?mg&?@p‘&?%@ﬁ %BFHPébellripﬁétl‘é‘Il%ﬂ’é‘ﬁPQJ.ng mnthemﬁér%‘ﬁ.v?cts% ucture
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redi stri but thir pbrtidis dxtehidshgtih theaehidakesctidetar@theréby forming a net; and
(c) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at the respective crossing points and also at middle positions of
the portions extending in the third direction and thereby constitute the upper
side middle level in forming of the unit three-dimensional net-like structure,
and thereby forming a second undulating net;
(O) a step of forming a third undulating net comprising the following steps (a),
(b) and (c):
(a) disposing
first line elements extending in parallel at a predetermined interval in
the third direction on a plane, bending at a position corresponding to one of
the crossing points of the lower side middle level of the first undulating net at
a predetermined angle and extending in the second direction, bending at a
position corresponding to the next lower side middle point of the first
undulating net at the predetermined angle and extending in the third
direction again, bending at a position corresponding to the next lower side
middle level of the first undulating net at the predeterr_njned angle and
extending in the first direction, and bending at a position corresponding to the
next lower side middle level of the first undulating net at the predetermined
angle and repeating the cycle of extending in the third direction, the second
direction, the third direction and the first direction, and
second line elements extending in parallel at a predetermined interval in

the third direction on the plane, bending at a position corresponding to one of



z
and the joints 35 of the triangular pyramds 33 and 34 of the unit
structure 32 are perforned uniformy. The present invention can be applied
not only to the col um packi ng used in devices such as a gas-liquid mXxing
device but also to manufactring of other three-dinensional net-Ilike
structure such as ones used for a mst elimnator, a nulti-layer filtering
filmand aggregate. In one aspect of thés nvention,.there is provided a
met hod for manufacturing a three-dinensional net-like structure including a

mst elim ”g%xgrcr@é%ﬂllé‘p%ltf bf tRYRivel st 'dkﬁeflédérbf aﬁ@ﬁést%maﬁagsi(e% )ratand

di sper si on four ITnhe elenents, saird nmethod conprising steps o

di sposi ng fig preddtoemetciranete axdeatdendingninahal fiwh direaion, dsaidingi ated
interval in a first direction on a plane and second |ine elenents extending
in paral | el pasitiomproetesponddingd to riher next ilower sude rmidille epoinb nofivthe Hitst

the flrst | (ABRGRENRE: Globes MHECEEBIEY (B BHoMLoMITY Hosieoliafgl o
ond, e, 11" ke, o ORI, 6 AIFRLR TSR MRl By
00,0, IS SE e 17 ARy nhChy P pHOR R ol B 2
extending in the second direction, and bending at a position corresponding to
the next lower side middle level of the first undulating net at the
predetermined angle and repeating the cycle of extending in the third
direction, first direction, the third direction and the second direction
in such a manner that the first line elements and the second line
elements cross each other at the desired angle in their portions extending in
the first or second direction at positions corresponding to middle positions of
the portions extending in the third direction of the second undulating net and
extend jointly one being laid upon the other in their portions extending in the
third direction;
(b) fixing the first line elements to the second line elements at the crossing
points thereof and also at joining points and separating points of their
portions extending in the third direction and thereby forming a net; and
(c) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at the respective joining and separating points of the portions
extending in the third direction and thereby constitute the highest level in
forming of the unit three-dimensional net-like structure, and thereby forming
a third undulating net;
(D) a step of laying the second undulating net upon the first undulating net in
such a manner that the crossing points of the second undulating net come into
contact with the crossing points of the upper middle level of the first
undulating net, the joining points and the separating points of the portions

extending in the third direction of the second undulating net come into contact
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whi ch bul ge at alternate ones of the crossing points continuously fornmed in
the first direction and the second direction and thereby form ng an
undul ating net; (D) laying a second | ayer of the undul ating net upon a
first layer of the undulating net in such a manner that the crossing points
continuously fornmed in the first direction and the second direction of the
first layer of the undulating net alterh@tely cone into contact with and
separate fromthe crossing points continuously formed in the first

direction t k i C r ‘ﬁ%ﬁ] l.ati ng
net and thgéregcgf ?%r aﬁg%ﬁgdg P%%gciflﬁgrg lg‘%eelt girglgg%i ﬁgglp%%%sﬁ%% t he I#?'?gtlgf’ayer
of the undujgd ithe WiRiulafifg HiginegRittiohd e thel midde Wediticdd sptiepomiunsh are
in contact with each other; and (E) laying a third'layer of the undul ating
net upon t hexteadimpdid ayethirfl dibectiondefl el sgondtundulatingy wetnarensparated t he
crossing points continuously forned in the first direction and the second

di rection ofromhthe seesing nywaits of :]:he. dowestulezel afthedirst pednbatétrg/ nf@b mdij nto
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fourth, a fifth ..... nd n-th (n I ng any integer) layer o

undul ati ng ¢mitact with ehe amdubminge bulpitg Poxtings toght haiddlé@ositiasi efgtheoi nt s
of the respective layers of the undul ating nets and the
portions extending in the third direction of the second undulating net, the
portions extending in the third direction of the third undulating net come into
contact, at their middle positions, with the crossing points of the second
undulating net, and the undulating bulging portions at the joining points and
the separating points of the portions extending in the third direction of the
third undulating net are separated from the second undulating net and form
the highest level of the unit three-dimensional net-like structure; and
(F} a step of fixing the first undulating net, the second undulating net and the
third undulating net together at necessary points among points of contact
thereof.

In another aspect of the invention, there is provided a packing made of a
three-dimensional net-hike 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 formed by conversion and
dispersion of four line elements wherein a converging portion of the four line
elements is formed by mutual contact of undulating nets having parallel
undulating bulging portions at necessary portions.

In another aspect of the invention, there is provided a packing made of a

three-dimensional net-like structure which constitutes an internal structure



i medi &tely | ower layers of the undulating nets which are in contact with
each other. In another aspect of the invention, there is provided a nethod
for 12 manufacturing a three-dinmensional net-like structure including a
mst elimnator and a nmulti-layer filtering filmformed by conversion and
di spersion of three line elenents, said _nmethod conprising: (A a step of
formng a first undul ati ng net conprisiHb the followi ng steps (a), (b) and
(c): (a) disposing first line elenents extending in parallel at a

predeterm al BbFIcY Hvhich ?Fgoiﬁ% H#t8Mh1 FRadTer RéMN @xéalithge ©@Nahitinge

el ements extending 1n para at a predeterm ned interval In a second

direction iitekehgadbs, lRfeds of pasmndtiguid, Haidlinteenalotrarturabeingrdividedne in

such a manner that the first line elenents cross the second |ine el enents

at a desirenh angluealitydofichambpes posbanoals quwct%t@tolﬁér{,im(tb?rf@}@i $dt he
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line elements is formed by mutual contact of undulating nets having parallel
undulating bulging portions at necessary portions.

In another aspect of the invention, there is provided a three-dimensional
net-like structure including a mist eliminator and a multi-layer filtering film
formed by conversion and dispersion of four line elements wherein a
converging portion of the four line elements is formed by mutual contact of
undulating nets having parallel undulating bulging portions at necessary
portions.

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 formed by conversion and dispersion of three line elements
wherein a converging portion of the three line elements is formed by mutual
contact of undulating nets having parallel undulating bulging portions at
necessary portions.

Preferred embodiments of the invention will be described below with

reference to the accompanying drawings.

Brief Description of the Drawi
In the accompanying drawings,
Fig. 1 is a schematic perspective view showing an example of the three-
dimensional net-like structure of the invention;
Fig. 2 is a perspective view showing a unit structure of the example;
Fig. 3 is a schematic perspective view showing another example of the

three-dimensional net-like structure;



crossiﬁg poi nts continuously fornmed in the first direction and the second
direction constitutes a crossing point of the lowest level in formng of a
unit three-dinmensional net-like structure, a crossing point adjacent to the
crossing point of the |Iowest |evel constitutes a crossing point of a | ower
side mddle level in formng of the unit three-di nensional net-Ilike
structure, a crossing point adjacent tasthe crossing point of the |ower
side mddle | evel constitutes a crossing point of an upper side mddle

| | in f I ng. of, .t h it . th - ai ' | ,
cr05si ng poi nt i AR PebsirRET MonE afL phifibolse bf tHE bRERYIE,
| evel constitutpg, &g raqﬁéh:}?e@%ihe%vi ahR&aliPAEbf £ 1188 Mrdehieplaesy table;

formng of the urit thre nmensi onal net-like structure, a crossing point

adj acent to theFr Gi AFiPishowdhg chmsimpef fisstdinerblbrionts emdl second fineut es a
crossing point of the lowest level in formng of the unit three-

di mensi onal eleptents;ke strucuture, and subsequent crossing points constitute

crossing points_of the respective lLevels, in §he.aboye cycle in formng of
Che it "' 15" Fig. dotsen ste S oo BRAE W g AHE i Siop ey tatad 856 SR m ng

a second undul ating net conprising the followi ng steps (a), (b) and (c):
(a) dispos Pﬂ@e Slements Ogether;

Fig.8 is a front view of a mold with its central portion being omitted;

Fig. 9 is a partial plan view of this mold;

Fig. 10A is a side view of the mold;

Figs. 10B to 10D are views showing the process of forming an undulating
net by this mold;

Fig. 11A is a plan view of a laying table for laying undulating nets one
upon another;

Fig. 11B is a side view of the laying table;

Fig. 12 is a side view of the laying table showing laying of a second
undulating net on a first undulating net;

Fig. 13 is a side view of the laying table showing laying of a third
undulating net on the second undulating net;

Fig. 14 is a side view of a lower mold of a mold used for a second
embodiment of the manufacturing method of the invention;

Fig. 15A is a front view of a first undulating net used in the second
embodiment;

Fig. 15B is a side view of the first undulating net;

Fig. 16 is a plan view of a line element placing table showing forming of
a second undulating net in the second embodiment;

Fig. 17A is a front view of the second undulating net of the second
embodiment;

Fig. 17B is a side view of the second undulating net of the second

embodiment;



first line elements extending in parallel at a predetermned interval in
the first direction on a plane, bending at a position corresponding to one
of the crossing points of the lower side mddle |level of the first

undul ating net at a predeterm ned angle and extending in a third direction,
bendi ng at a position corresponding to the next |ower side m ddle point of
the first undulating net at the predetetfi ned angle and extending in the
second direction, bending at a position corresponding to the next |ower
side mddle |lev ' ati . eal ' |l e
and extendi ng i%ﬁ%ﬁfes %ﬁpy%?iﬁegé%%ﬁggyﬁ?ﬁa%%%%b% at g{gfggg@g? %gg
correspondi Aghird diulachle AAWEths bélendichiblilenel of the first undulating
net at the predeterm ned angle and repeating the cycle of extending in the
first directionFig.h#9Ahisr d frontctiewnof the thadomaddiateng inet ehthe secddd r d
direction, and second line elenments extending in parallel at a

predet er m neabodimental in the second direction on the pl ane, bending at a
position correspondi to one of .the .crossin oi.n{s. of the | gwer si

m ddl e | evel of %f%ehggrgﬁ a,sHle xievhPinthe Zt’“g B‘Pgﬂ)étst’é\gnf‘ﬁgdﬁjaﬂbq &e

ext endi ng i@mhogﬁiﬂégﬁf;d direction, bending at a position corresponding to
the next |ower sirde mddle point of the first undulating net at the
predeterm ned amghe 990X DOBNHIG laPiﬁé'Sf {He §dcofld ﬁ&@uﬁmg 86 6h He Hrsf
position corresponding to the next lNower side mddle |evel of the first
undul ati ng nadukitingeetpiretied sgcohd ethlmdihent i whitle Filf. ROA i o frent kiewd of

di rection a&;ai n, .and bending at a Bosi tion c_orrest%gndi ng to the next |ower
si de ni ddl etheynfdulatingeetsiank Fign 80B4ds amidesiewaef élngﬂ"g@éllépﬁtﬁaed angl e

and Figs. 21A to 20C show laying of the third undulating net on the first and

second undulating nets in the second embodiment in which Fig. 21Ais a front
view of the nets, Fig. 21B is a side view thereof and Fig. 21C is a plan view
thereof;

Fig. 22 is a pei'spective view showing a prior art method for
manufacturing an X-packing; and

Fig. 23 is a partial plan view showing laying state of Fig. 13.

Description of Preferred Embodi
Embodiment 1

This embodiment relates to a method for manufacturing the three-
dimensional net-like structure shown in Figs. 1 and 2.
(1) Step of disposing line elements

A line element 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 the line element and wire, twine or monofilament may be used as the
line element. Since the line element is formed to an undulating net by
pressing, the material for the line element must be capable of plastic
deformation and have sufficient rigidity to maintain the undulating shape

after pressing.
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repeating the cycle of extending in the second direction, the third
direction, the first direction and the third direction in such a manner
that the first line elenments and the second |ine 14 el ements cross each
other at the desired angle in their portions extending in the first or
second direction at positions corresponding to the crossing points of the
upper side mddle level of the first und8@l ating net and extend jointly one
being laid upon the other in their portions extending in the third

direction; (D) fipg e diémbnt Hay b fdL Bl MohbilabforteE0AkihbROpRESBENL S

at the respective crossing points thereo nd al so at jolning points and

separating pardbsit Qflidd6lemed®rhadnsf witk@Rdinige wWhithes ftidetdbydiwietibigchimnd
thereby formng a net; and (c) pressing the net to forma plurality of
paral | el undidehilineg druplastig linestis gefentblebasahgee liguid flowsealpugtthespacossi ng
points and al so at mddl e positions _of the portions, extending in the third
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fol | ow ng SEﬁﬁ)%dgﬂ)ant,(@veﬁré@eél%es(eae)ch%ﬁﬁﬂéiangiameter of 0.1mm 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 3.

This line element 3 is disposed on a line element placing table 4 shown
in the plan view of Fig. 5. In the plan view, line element engaging pins 5 are
provided at a predetermined interval in the four edge portions of the line
element placing table 4. The line element 3 wound about a drum (not shown)
is unwound from the drum and, as shown in Fig. 5 by way of example, is
guided by a pin 5-1 provided in the left upper corner as viewed in Fig. 5 and
thereafter is disposed over the entire surface of the line elements placing table
4, guided by pins 5-2, 5-3, 54, 5-5 and so on and extending in the order of
arrows D, E, F, G ete.

Thus, first line elements 2a which extend in parallel at a predetermined
interval in a first direction X on a plane and second line elements 3b which
extend in parallel at a predetermined interval in a second direction Y which is
different from the first direction X are disposed in such a manner that the first
line elements 3a cross the second line elements 3b at a desired angle « and
the first and second line elements 3a and 3b are laid one upon the other as
shown in Fig. 6.

(2) Step of fixing the first line elements to the second line elements at
respective crossing points

The first line elements 3a and the second line elements 3b thus disposed
are spot-welded to each other at respective crossing points 6 by a known spot

wedling machine as shown in Fig. 7 and a net 7 is thereby formed.



first 'ine elements extending in parallel at a predetermned interval in
the third direction on a plane, bending at a position corresponding to one
of the crossing points of the lower side mddle |level of the first

undul ating net at a predeterm ned angle and extending in the second
direction, bending at a position corresponding to the next |ower side

m ddl e point of the first undul ating net! at the predeternined angl e and
extending in the third direction again, bending at a position correspondi ng
to the next fﬁﬁﬁr | hFadl 5.t evel of the first undul ating net at the
predeterniég) a éfghan égggﬁaing in the first direction, and bending at a
posi tion correspRiRdiend ik eeindeed oim tiyEhe elettertiglatiagltable! 4 afid theinto bst
undul ati ng net at the predeterm ned angle and repeating the cycle of

ext endi ng ipreteterninedisttier ecti on, the second direction, the third direction
and the fikii dire%%ion, apd second. line elenents extending in parallel at
a predet er ithSten ok formang phan paduating Bet ecti on on the plane, bending at a

C73e mddi o | oyPbi et ParStd bAr O ha e gt B B0 ieASmare and

extending i L direction, bending at a position corresponding to
the next | olgAhe&rlthlg‘,n% ddl e point of the first undulating net at the

predeterm ned apg 8 idAdrenthvadiofghé mhold8 withatpart thereof being omitted, Fig.
9 is a partial plan view of the mold 8 and Fig. 10A is a side view of the mold 8.

g

In the mold 8, an upper mold table 9 has slide portions 12, 12 which are
slidably engaged on a pair of slide shafts 11, 11 erected upwardly from a lower
mold table 10 and thereby can slide vertically along the slide shafts 11, 11.
The upper mold table 9 has an upper mold 13 fixed thereon and the lower
mold table 10 has a lower mold 14 fixed thereon.

The lower mold 14 has a row of positioning pins 15 which are erected
ahead of the upper mold 13 in the feeding direction of the net 7. The upper
mold 13 and the lower mold 14 are formed on the lower surface of the upper
mold 13 and the upper surface of the lower mold 14 with waveforms 13a and
14a which are to be imparted to the undulating net. These waveforms are
such that crossing points 6 which are formed continuously in the first
direction X and the second direction Y of the net 7 bulge alternately to form
parallel undulating bulging portions.

For forming the net 7 to the undulating net, as shown in Fig. 9 and
Fig.10A, the net 7 is first positioned on the lower mold 14 with the upper mold
13 being located above the lower mold 14. The positioning is effected by
inserting the positioning pins 15 in rhombic spaces of the net 7 formed by
adjacent crossings 6 in the forward end portion of the net 7 in the feeding
direction of the net 7.

Then, manually or by driving the upper mold 13 by a drive unit (not
shown), the upper mold 13 is lowered toward the lower mold 14 to press the



direction again, bending at a position corresponding to the next |ower side
m ddl e | evel of the first undul ating net at the predeterm ned angle and
extending in the second direction, and bending at a position correspondi ng
to the next lower side mddle |level of the first undulating net at the
predeterm ned angl e and repeating the cycle of extending in the third
direction, first direction, the third diZection and the second direction in
such a manner that the first line elements and the second |line el enents

cross each ﬁt@beﬁeéﬁ&@ﬁﬁ%éﬁ&cﬁ@ﬁ@%ﬂd‘ thd' BiwerP@lold 22 SandtRReby émbartt he
first or second direction at positions corresponding to m ddle positions of

t he por ti ontheexiwsfoimgisishowhreird Big. d0Bi.recti on of the second undul ating net
and extend jointly one being | aid upon the other in their portions
ext endi ng i n t hEhemi asishpwaci Hig. 100, thexnppen moldi15sis lifted, Ehemeht’sisto t he
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third direction and thereby constitute the highest level in formng of the
uni t thr ee-gt"P i positions taghirk By Sheetrting the powitiodiergegiys f1dr i the seatrhendd
undul ating net; (D) a step of laying the second undul ati ng net upon_the
first undul pantiog ofdhe iportion bf ﬁlemem%in wibdch thewavefosimbagbean snpartedie
second undul atip errxl,ez;[.s gl?onv?n iixrxlt}isi)gJOD, the upper mold 13 is lowered again to press

the net 7 and thereby impart the waveform to the net 7.

By repeating the above described operations, parallel undulating
bulging portions in which the crossing points 6 formed continuously in the
first direction X and the second direction Y bulge alternately are sequentially
formed and the undulating net thereby ié produced.

(5) Step of laying of the second layer of the undulating net on the first layer of
the undulating net and fixing of the two layers together

Plural layers of the undulating nets thus formed are sequentially laid
one upon another on a laying table 16 shown in Figs. 11 to 13 and Fig. 23.
Fig. 11A is a plan view of the laying talbe 16, Fig. 11B is a side view thereof,
Fig. 12 is a partial side section showing a manner of laying a second layer
undulating net 17-2 on a first layer undulating net 17-1 and fixing them
together, Fig. 13 is a partial side section showing a manner of laying a third
layer undulating net 17-3 on the second layer undulating net 17-2 and fixing
them together, and Fig. 28 is a partial plan view showing the laying state of
Fig. 13.

The laying table 16 is formed on the upper surface thereof with a
waveform 16a which is the same as the shape of the parallel undulating
bulging portions of the net which are formed by alternate bulging of the

crossing points 6 which are formed continuously in the first direction X and



contact with the crossing points of the upper nmiddle | evel of the first
undul ating net, the joining points and the separating points of the
portions extending in the third direction of the second .undul ati ng net cone
I nt o cont act 16 with the crossing points of the |ower mddle | evel of
the first undulating net, and the undul ating bul ging portions at the mddle
positions of the portions extending in gke third direction of the second
undul ating net are separated fromthe crossing points of the | owest |evel

of the firs \; a ' ; s UMY t

t hr ee-di rrentsdilgﬁa nﬁtet- |t%eﬂ§t pﬁ%:%%%m E) Hgagtéggbggélﬁ%%/?yngietwgg 1?’Wrgl:ldm
undul ating o€tthedapidghealsiecriidre pHovided ngositiéning wins 18 fompositionhad thée
crossing points of the third undul ating net conme into contact with the
undul at i ng maidylating et 1@nsReferehee chardcter ddsdesignates guidecpimsrior bnkling
extending in ,the third direction of the second undul ating net, the portions
ext endi ng i gl M direction of the third undul ating net conme into
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and form t hendulghess one¥ed. of the unit three-di nensional net-1like
structure; and

The first layer undulating net 17-1 is positioned on the laying table 16 in
such a manner that the positioning pins 18 are inserted in rhombic spaces-
formed between adjacent crossing points 6 of the undulating net 17-1 and, as
shown in Fig. 12, the waveform of the first layer undulating net 17-1 conforms
with the waveform of the laying table 16.

Then, as shown in Fig. 12, electrode pins 20 are disposed in recessed
portions of the first layer undulating net 17-1 and then the second layer
undulating net 17-2 is laid on the first layer undulating net 17-1 in such a
manner that the crossing points which are formed ocontinuously in the first
direction X and the second direction Y of the first layer undulating net 17-1
alternately come into contact with and are separated from the crossing points
which are formed continuously in the first direction X and the second direction
Y of the second layer undulating net 17-2. Then, the crossing points which
are in contact with each other of the first layer undulating net 17-1 and the
second layer undulating net 17-2 are spot-welded by the spot welding machine
21.

(6) Step of laying of the third to n-th layer undulating nets and fixing thereof.

After disposing electrode pins 22 for spot-welding in recessed portions of
the second layer undulating net 17-2, the third layer undulating net 17-3 is
laid on the second layer undulating net 17-2 in such a manner that the
crossing points which are formed ocontinuously in the first direction X and the

second direction Y of the second layer undulating net 17-2 alternately come



(F) a step of fixing the first undul ating net, the second undul ati ng net
and the third undul ati ng net together at necessary points anong points of
contact thereof. In another aspect of the invention, there is provided a
packi ng made of a three-di nensional net-like structure which constitutes an
I nternal structure of a device which perfornms material transfer, heat
exchange or m xi ng between gases, |iquixks or gas and liquid, said internal
structure being divided in a plurality of chanbers or channels connected to

one anot hety, gidhriatelridl/ Gft fRARHARAIIIR tht bksia piibty Whit 46 Hanerd by

conversi on and di spersion o enents wherein a converging

portion of chhginhieusly! innthehiestedivsction Koink thd yedvidudirection ACof the tinddl at i ng
nets havi ng parall eP’ undul ati ng bul ging portions at necessary portions. In

anot her aspeydr uhdulasingimen(l7ch, Then,ehescrpssingdwints whidd age madentact a
t hree-di nensji onal net-1ike structure which constitutes ag thugt rn i
structure withzagh othereof the gpeand lezer yrdylatingpehil7t4 andrtde t ay&%change

o i bl giees Lol Es oL e S Al
anot her and S%{Qh UG ARE U Rke ) uhilifitild HEULR 1964 DY AR SR r By

conver si on “an
the same manner as described above and crossing points which are in contact

with each other between immediately adjacent undulating nets are spot-
welded. Thus, the packing 1 made of the three-dimensional net-like
structure as shown in Fig. 1 is formed.
Second Embodiment
Step of forming a first undulating net

() Step of disposing line elements

The same wire as used in the embodiment 1 is used as the line element
of the embodiment 2. This line element is disposed over the line element
placing table 4 shown in Fig. 5. The manner of disposing the line element is
similar to that of the embodiment 1, namely first line elements 3a which
extend in parallel at a predetermined interval in a first direction X on a plane
and second line elements 3b which extend in parallel at a predetermined
interval in a second direction Y which is different from the first direction X are
disposed in such a manner that the first line elements 3a cross the second line
‘elements 3b at a desired angle & and the first and second line elements 3a
and 8b are laid one upon the other as shown in Fig. 6.
(b) Step of fixing the first line elements to the second line elements at
respective crossing points

The first line elements 3a and the second line elements 3b thus disposed
are spot-welded to each other at respective crossing points 6 by a known spot
welding machine as shown in Fig. 7 and a net 7 is thereby formed.

{c) Step of cutting off a net



disperéion of three line elenents wherein a converging portion of the three
line elenments is formed by nutual contact of undul ating nets having
paral | el undul ati ng bul gi ng portions at necessary portions. |In another
aspect of the invention, there is provided a three-di nensional net-Ilike
structure including a mst elimnator and a nmulti-layer filtering film
formed by conversion and di spersion of 2f5our |ine el enments wherein a
converging portion of the four line elenents is fornmed by nutual contact of

undul ati ng het s 13y 07 REahbild fRRihS ILIOMEGL BACRRE 1103 oaid G semsar Y

portions. In st anot er aspect of the invention ere is provided a

three- di mepssastalmigdd dizke structure including a mst elimnator and a
mul ti-layer “filtering filmformed by conversion and di spersion of three

| i ne el enen{d Steprafiforminpoofiear ghdglagimgtnedn of the three |ine el enent s is
formed by nutual contact of undul ating nets hawgg parglrlel ‘5&8 Iat|
bul gi ng porti ondhem, the esat is E@ﬁsﬁﬁ?@)ﬂ%’ a e e
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vi ew show ngha et stibfaké bPflfe RiwdrhRolX@®different from those shown in Figs. 8
to 10. That is, as will be seen in an example of the waveform on the lower
mold 24 shown in the side view of Fig. 14, the waveforms are such that
crossing points formed continuously in the first direction X and the second
direction Y sequentially constitute the lowest level 24a, lower side middle
level 24b and upper side middle level 24c.

The net 7 is disposed on the lower mold 24 shown in Fig. 14 and the
upper mold (not shown) having a waveform which conforms with the the
waveform of the lower mold 24 is lowered to press the net 7. Thus, as shown
in the partial front view of Fig. 15A and the side view of Fig. 15B, a plurality
of parallel undulating bulging portions are formed and thereby a first
undulating net 25-1 is formed in such 2 manner that one of the crossing points
continuously formed in the first direction and the second direction constitutes
a crossing point 24a (shown by a black square) of the lowest level in forming of
a unit three-dimensional net-like structure, a crossing point adjacent to the
crossing point 24a of the lowest level constitutes a crossing point 24b (shown
by a black circle) of a lower side middle level in forming of the unit three-
dimensional net-like structure, a crossing point adjacent to the crossing point
24b of the lower side middle level constitutes a crossing point 24c (shown by a
white circle) of an upper side middle level in forming of the unit three-
dimensional net-like structure, a crossing point adjacent to the crossing point
24c of the upper side middle level constitutes a crossing point 24b of the lower

side middle level in forming of the unit three-dimensional net-like structure, a



Fig. 3 is a schematic perspective view showi ng anot her exanple of the

t hr ee-di nensi onal net-Ilike structure; 18 Fig. 4 is a perspective view
showing a unit structure of the exanple; Fig. 5 is a plan view show ng an
exanple of a line element placing table; Fig. 6 is a view show ng crossing
of first line elenents and second |ine elenents; Fig. 7 is a view show ng
fixing of the first line elenents and e second |ine el enents together;
Fig.8 is a front viewof a nold with its central portion being onmtted,

E:)?d 9F: S aché’sliﬁ% pbir! A a i Wo The tRis8idEpélnt BUB of A lweraidd g#eddledevelf the
; gs. 10B to 10D are views showi ng the process of form ng an
undul at i ng comktibytet i srousing pbing. 244 Afithealopleat levedvinoformihgyafrithet white f or
| ayi ng undul ating nets one upon another; Fig. 11B is a side view of the
| ayi ng t ablthreedynensionsl anefilike vstawceiurenhcandyswpequpie SI9sHREg POMSng of
a second unc%llelsi?i%tiltggcr%(saéin%npgin];;si rﬁfa, légg uér?ci iz’l% or}'etth;e respective levels in the
above cycle in forming of the unit three-dimensional net-like structure.
(2) Step of forming a second undulating net
(a) Step of disposing line elements
Wire which is of the same structure as the line elements of the first
undulating net 25-1 is used as the line element of the second undulating net
and this line element is disposed over the line element placing table. This
line element placing table is similar to the line element placing table 4 but is
different from the line element placing table 4 in that, as shown in Fig. 16,
pairs of guide pins 26 for guiding the line elements are provided at a
predetermined interval on the table. The line elements are disposed in the
following manner.
In Fig. 16, first line elements 27 extend in parallel at a predetermined
interval in the first direction X on the line element placing table, bend at a
position 24b corresponding to the crossing point 24b of the lower side middle
level of the first undulating net 25-1 at a predetermined angle, passing
between a pair of guide pins 26 and being guided by them, and extend in a
third direction Z. The first line elements 27 then bend at .a position 24b
corresponding to the next crossing point 24b of the lower side middle point of
the first undulating net 25-1 at the predetermined angle, guided by the pair of
guide pins 26, and extend in the second direction Y. The first line elements
then bend at a position 24b corresponding to the crossing point 24b of the next
lower side middle level of the first undulating net 25-1 at the predetermined
angle, guided by the pair of guide pins 26, and extend in the third direction Z
again. The first line elements then bend at a position 24b corresponding to the

crossing point 24b of the next lower side middle level of the first undulating



Fig. 13 is a side view of the laying table showing |aying of a third

undul ati ng net on the second undulating net; Fig. 14 is a side view of a

| ower nmold of a nold used for a second enbodi nent of the nmanufacturing

nmet hod of the invention; Fig. 15Ais a front view of a first undul ating net
used in the second enbodinment; Fig. 15B is a side view of the first

undul ating net; Fig. 16 is a plan view2f a line el ement placing table
showi ng form ng of a second undul ating net in the second enbodi nent; Fig.
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19A is a fr@mbetydre®. of the third undulating net of the second enbodi ment;
Fig. 19Bis a side view of the third undul ating net of the second
Second line elements 28 extend in parallel at a predetermined interval
in the second direction Y on the line element placing table, bend at a position
24b corresponding to the crossing point 24b of the lower side middle level of
the first undulating net 25-1 at a predetermined angle, guided by the pair of
guide pins 26, and extend in the third direction Z. The second line elements
then bend at a position 24b corresponding to the crossing point 24b of the next
lower side middle point of the first undulating net 25-1 at the predetermined
angle, guided by the pair of guide pins 26, and extend in the first direction X
The second line elements then bend at a position 24b corresponding to the
crossing point 24b of the next lower side middle level of the first undulating
net 25-1 at the predetermined angIe, guided by the pair of guide pins 26, and
extend in the third direction Z again. The second line elements then bend at
a position 24b corresponding to the crossing point 25b of the next lower side
middle level of the first undulating net 25-1 at the predetermined angle,
guided by the pair of guide pins 25, and repeat the cycle of extending in the
second direction Y, the third direction Z, the first direction X and the third
direction Z.
The first line elements 27 and the second line elements 28 are disposed
in such a manner that the first line elements 27 and the second line elements
98 cross each other at the desired angle in their portions extending in the first
direction X or the second direction Y at positions 24c corresponding to the
crossing points 24c of the upper side middle level of the first undulating net
95-1 and extend jointly one being laid upon the other in their portions
extending in the third direction Z.
(b) Step of fixing the first line elements to the second line elements
The first line elements 27 are fixed to the second line elements 28 by



enbodi ment; Figs. 20A and 20B show | ayi ng of the second undul ati ng net on
the first undulating net in the second enbodi nent in which Fig. 20Ais a
front view of the undulating nets and Fig. 20B is a side view of the

undul ating nets; Figs. 21A to 20C show | aying of the third undul ati ng net
on the first and second undul ating nets in the second enbodi nent in which
Fig. 21Ais a front view of the nets, Re&. 21B is a side view thereof and
Fig. 21Cis a plan view thereof. Fig. 22 is a perspective view showi ng a
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manuf acturi hg the three- dinmensional net-like structure shown in Figs. 1

and 2. (1) Zteapd therdbyppassti®® isifmemed.ements A line el enent used in the
manuf act ur i n(g nmet hod of the invention may be nade of nmetal or plastic.
There i s no(@&tep oficutting affofthonet n the material used for the line el enent

and wire, tw ne_gr. nonafi | anent be.used as th i ne el,gment i nce the
I ihneI el ement i sﬁ%? ﬁea%ﬁdsaﬁwa%ﬁbei’@@ %ng’iﬁ%g%?@& %‘éﬁg’laf or
the line el enent. nmust apabl e of plastic deformation and have sufficient
rigidity topﬁ%#]%?ﬁ?lhnﬁ(ﬁglzg'ndul ating shape

(d) Step of forming an undulating net

By pressing the net 29 using a mold 8 shown in Figs. 8 to 10, a plurality
of parallel undulating bulging portions which bulge at the respective crossing
points and also at middle positions of the portions extending in the third
direction Z and thereby constitute the upper side middle level 24¢ in forming
of the unit three-dimensional net-like structure are formed and a second
undulating net 25-2 thereby is formed.

Fig. 17A is a partial front view of this second undulating net 25-2 and
Fig. 17B is a side view thereof. In the same manner as in Fig. 15, the white
circle in Figs. 17A and 17B designates the upper side middle level 24c and the
black circle the lower side middle level 24b.

In Fig. 16, one of the two joining line elements extending in the direction
7 is illustrated on the upper side and the other on the lower side whereas in
Fig. 17, the two line elements extending in the direction Z are shown in the
state in which the two line elements are disposed in parallel to each other for
convenience of illustration.
(3) Step of forming a third undulating net
(a) Step of disposing line elements

Wire which is of the same structure as the line elements of the first and
second undulating nets 25-1 and 25-2 is used as the line element of the third
undulating net and this line element is disposed on the line element placing
table used for forming of the net 29 of the second undulating net 25-2.

In Fig. 18, first line elements 40 extend in parallel at a predetermined



after pressing. 20 The line elenment may be made of a nonofilament or a
single piece of wire but a line elenent nade of wwre or tw ne which is made
by twisting thin steel lines or plastic lines is preferable because liquid
flows al ong the space between the |ines which constitute the wire or tw ne
due to the capillary action and thereby enhance transfer of the liquid. 1In
the present enbodi nent, seven steel |ineg each having a dianeter of 0.1mm
are twisted together to forma single steel wire and two of this steel wire

are further jlam-541eeh {2 Ehidd A9eRtivh FoRttHe gﬁiesel%fe%tipia?iggctaﬁﬁa, Hagd!dtne

element 3. This Iine elenent 3 Is disposed on a Iine elenent placing table
4 shown in pbsitiphaly corvesfondigg tdthd erobsiggpdnt 2B wE the hewed sidenhiddihgagi ng
pins 5 are provided at a predeternmned interval in the four edge ortions

of the |inelesiebofilte fitsticindylatang vett. 25Heat 4 predetermeinedanglergnidédbby the dr um
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extendi ng i phd B dGer Adide hfttifle Poift of th€ ft&# undulating net 25-1 at the
predetermined angle, guided by the pair of guide pins 26, and extend in the
third direction Z again. Then the first line elements bend at a position 24b
corresponding to the crossing point 24b of the next lower side middle level of
the first undulating net 25-1 at the predetermined angle, guided by the pair of
guide pins 26, and extend in the first direction X. The first line element then
bend at a position 24b corresponding to the crossing point 24b of the next
lower side middle level of the first undulating net 25-1 at the predetermined
angle and repeat the cycle of extending in the third direction Z, the second
direction Y, the third direction Z and the first direction X.

Second line elements 41 extend in parallel at a predetermined interval
in the third direction Z on the line element placing table, bend at a position
24b corresponding to the crossing point 24b of the lower side middle level of
the first undulating net 25-1 at a predetermined angle and extend in the first
direction X. The second line elements then bend at a position 24b
corresponding to the crossing point 24b of the next lower side middle point of
the first undulating net 25-1 at the predetermined angle and extend in the
third direction again Z. The second line elements then bend at a position 24b
corresponding to the crossing point 24b of the next lower side middle level of
the first undulating net 25-1 at the predetermined angle and extend in the
second direction Y. The second line elements then bend at a position 24b
corresponding to the crossing point 24b of the next lower side middle level of
the first undulating net 25-1 at the predetermined angle and repeat the cycle
of extending in the third direction Z, first direction X, the third direction Z and



Thus, first line elenments 2a which extend in parallel at a predeterm ned
interval in a first direction X on a plane and second |ine elenents 3b
which extend in parallel at a predetermned interval in a second direction
Y which is different fromthe first direction X are disposed in such a
manner that the first line elenents 3a cross the second |ine elenents 3b at
a desired angle [err] and the first and%econd |ine elenents 3a and 3b are
| ai d one upon the other as shown in Fig. 6. (2) Step of fixing the first

i ne el ementle érohBdieee8Ad. | i ne el enents at respective crossing points The
first line elements 3a and the second |ine elenents 3b thus disposed are
spot -wel ded to Theffirst live elmentytd anddheseswihling elements ‘bk/am fisposeds pot
wedl i ng machi ne _as shown in Fig. 7 and a net 7 is {hreby

(3)Step of BusuGhy meanner that tlm st lpe el%enrté acPRd %qer?ge@%?ﬁa nt
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to 10 to f 04 Feor nfu!)latéeggnc[' €Yivection Y at positions corresponding to middle
positions of the portions extending in the third direction Z of the second
undulating net 25-2 and extend jointly one being laid upon the other in their
portions extending in the third direction Z.
(b) Step of fixing the first line elements to the second line elements

The first line elements 40 are fixed to the second line elements 41 by
spot welding at the crossing points thereof and also at joining points and
separating points of their portions extending in the third direction Z and a net
42 thereby is formed.

(c) Step of cutting off of the net

The net 42 is removed from the line element placing table and cut to a
predetermined size.

(d) Step of forming of an undulating net

By pressing the net 42 by the mold 8 shown in Figs. 8 to 10, a plurality of
parallel undulating bulging portions which bulge at the respective joining and
separating points of the portions extending in the third direction Z and
thereby constitute the highest level in forming of the unit three-dimensional
net-like structure are formed, and thereby a third undulating net 25-3 is
formed.

Fig. 19A is a partial front view of the third undulating net 25-3 and Fig.
19B is a side view thereof. In the same manner as in Figs. 15 and 17, the
white circle designates the upper side middle point 24c and the white square
the highest level 24d of the unit three-dimensional net-like structure in the
forming process.

In Fig. 18, one of the two joining line elements extending in the direction



Fi g. 8'is a front view of the nold 8 with a part thereof being omtted,
Fig. 9 1is a partial plan view of the nold 8 and Fig. 10A is a side view of
the nold 8. In the nold 8, an upper nold table 9 has slide portions 12, 12
which are slidably engaged on a pair of slide shafts 11, 11 erected
upwardly froma lower nold table 10 and thereby can slide vertically al ong
the slide shafts 11, 11. The upper nol ®1able 9 has an upper nold 13 fixed
t hereon and the I ower nold table 10 has a lower nold 14 fixed thereon. The
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and the | ovgyg I@I&e%@haefaéﬁeﬁw@xﬂehalﬂgawthéuhfeanencﬁ atdrehowpein thel d 13
and the upper surface of the lower nold 14 with waveforms 13a and 14a which

are to be igtass iredrHich thetwodimeadlemgnizeare disposedviaverellebteeachsotblr forat
crossing points 6 which are formed continuously in the first direction X
and the secmwememetofdhustrmomhe net 7 bul ge al ternatel y to form parall el

s shown | riotEgep 8 vtne fiF secoRd wrlataBte ot uprn e EfRrapfid ‘z‘}'g‘é‘%' the | over
e R lagfﬁ@a'%%rs?oﬁ%mmp:@ spisiRiaag T
s R AT St e e
or by dri vi sgvéfeemippttic wavefohd df\Fig 1, ithe fiusti dndulating net 25-1 is placed in

such a manner that its crossing point 24a of the lowest level, crossing points

24b of the lower side middle level and crossing points 24c of the upper side

middle level conform with the lowest level, lower side middle level and upper

side middle level of the corresponding waveform in the laying table.

The manner of laying the second undulating net 25-2 on the first
undulating net 25-1 is shown in the partial front view of Fig. 20A and the side
view of Fig. 20B. In Figs. 20A and 20B, the undulating net 25-1 is shown by
a solid line and the undulating net 25-2 is shown in a broken line.

The second undulating net 25-2 is laid upon the first undulating net 25-

1 in such a manner that the crossing points of the second undulating net 25-1
come into contact with the crossing points 24c of the upper side middle level of
the first undulating net, 25-1, the joining points and the separating points of
the portions extending in the third direction Z of the second undulating net
25-2 come into contact with the crossing points 24b of the lower side middle
level of the first undulating net 25-1, and the undulating bulging portions at
the middle positions of the portions extending in the third direction Z of the
second undulating net 25-2 are separated from the crossing points 24a of the
lowest level of the first undulating net 25-1 and form the upper side middle
level 24c¢ of the unit three-dimensional net-like structure;

() Step of laying the third undulating net upon the second undulating net

Fig. 21 shows a manner of laying the third undulating net 25-3 upon the



shown), the upper nold 13 is lowered toward the lower nold 14 to press the
22 net 7 between the upper nold 13 and the |ower nold 14 and thereby inpart
t he waveformas shown in Fig. 10B. Then, as shown in Fig. 10C, the upper
nmold 13 is lifted, the net 7 is dieengaged fromthe positioning pins 15 and
fed in the direction of arrow J so as to place a flat portion of the net 7
whi ch has not been inparted with the waeeformon the portion of the | ower
nol d 14 having the waveform 14a. The net 7 is positioned again by inserting
the positi Oéucaadpaﬁkﬁllaﬁngrhéth%-,a.eamgmg b1 fRshtOFieWwhEheRB6f IFIP. 21BtiBe net 7
i n which the waveform has been inparted. Then, as shown in Fig.10D, the
upper nol d dideiview dhereef anddiin. 21C s $6p phm view theasuf. t he Fip\21, thafirstt he
waveformto the net 7. By repeating the above descri bed operatiagns,

paral | el unundulating et §brigand the secondyundnlatinghaete 2o sareyshwrntby ®lidor med

continuously in the first diyection X and the s ' ti Y bul
al tgrnatel ylIRpPan Gb%ﬁﬁ%rélq ?Btrlﬁﬁé‘e‘éﬁg' RELAN, %’gggﬁ‘gér ‘If'ggrebyui ge
produced. (5) f. i 8] € . '
Phe first | ayer TP el St bBF 2B SRt Nk Be brBatlaHNE0E B8 O
Plural |ayeps-ooh fieh 4Rk tRSt £ Gobditg poRitTBe e £hitd WA AtRhE et 354

3 come into contact with the undulating bulging portions at the middle

positions of the portions extending in the third direction Z of the second
undulating net 25-2, the portions extending in the third direction Z of the
third undulating net 25-3 come into contact, at their middle positions, with
the crossing points of the second undulating net 25-2, and the undulating
bulging portions at the joining points and the separating points of the portions
extending in the third direction Z of the third undulating net 25-3 are
separated from the second undulating net 25-2 and form the highest level 24d
of the unit three-dimensional net-like structure.
(2) Step of fixing the first to third undulating nets

The first undulating net 25-1, the second undulating net 25-2 and the
third undulating net 25-3 are fixed together at necessary points among points
of contact thereof. In Fig. 21, for example, the crossing points 24b of the first
undulating net 25-1 and the joining and separating points 24b of the portion
extending in the third direction Z of the second undulating net 25-2 are fixed
together by spot welding, the crossing points 24c of the second undulating net
25-2 and the middle point 24c of the portion extending in the third direction Z
of the third undulating net 25-3 are fixed together by spot welding, and the
middle point 24c of the portion extending in the third direction Z of the second
undulating net 25-2 and the crossing point 24c of the third undulating net 25-
3 are fixed together by spot welding.

The structure consisting of the first to third undulating nets are laid in

plural layers and welded together to form the three-dimensional net-like



one upon another on a laying table 16 shown in Figs. 11 to 13 and Fig. 23.
Fig. 11Ais a plan view of the laying talbe 16, Fig. 11B is a side view
thereof, Fig. 12 is a partial side section showing a manner of |aying a
second | ayer undul ating net 17-2 on a first |layer undulating net 17-1 and
fixing themtogether, Fig. 13 is a partial side section showi ng a manner of
laying a third | ayer undul ating net 17-33o0on the second |ayer undul ati ng net
17-2 and fixing themtogether, and Fig. 23 is a partial plan view show ng
the laying shHaben@fadikbwd s Fig®. | aying table 16 is formed on the upper
surface thereof with a waveform 16a which is the sanme as the shape of the
paral | el undul affurthdryllsy rapyigidg ¢he mkthde ofethavhembodineedtor2yes three-
alternate bul ging of the crossing points 6 which are formed continuously in
the first dfimensional netdike stgictuee dwyimgl @i weibt sHmckuyen congistiagt ofr

right end portions as viewed jn Fjg. 11 of the |ayi able 16 are provided
posi ti oni ngPplygenakpyram §F‘f’£‘ g‘ﬁl‘”{?@ %ép%%%t%o%alﬁ.ﬁwgfse%@’e
character 19 desjgnates guide pins for holding electrode pins. In Figs. 12
and 13, onl Y"Yart of an electrode 21 of a spot - wel di ng machine is

ilTustrated andpj | istaiRivh OBe Qkibel e AbBEmMANS! | BAngT of e S Rp¥EYS ks
elements and the undulating nets together is performed by spot welding.
The invention is not limited to the spot welding but the line elements and
undulating nets may be fixed together by other methods such as soldering or,

in case the line elements are made of plastic, by heat melting.



machine is omtted. The first layer undulating net 17-1 is positioned on
the laying table 16 in such a manner that the positioning pins 18 are
inserted in rhonbi c spaces fornmed between adj acent crossing points 6 of the
undul ating net 17-1 and, as shown in Fig. 12, the waveformof the first

| ayer undul ating net 17-1 confornms with the waveform of the |aying table
16. Then, as shown in Fig. 12, electrodd pins 20 are disposed in recessed
portions of the first layer undulating net 17-1 and then the second | ayer

undul ati ng 514ithed ki d on the first layer undulating net 17-1 in such
a manner th‘g?lta%#gd(gflrog%lhng poi nts which are formed ocontinuously in the

first direction X and the second direction Y of the first layer undul ati ng
net 17-1 alternately conme into contact with and are separated fromithe
crossi ng pol.m&me@hﬂ(gforan@nﬁactmﬂng:ambkimmﬂﬂe ofa theeer dimansignal @et dikex and
the second direction Y of the second | ayer undul atj ng net 7]% %I'then, t he
crossi ng pdtriciuph Feich canstitutes pn dpternak seRCHIS Hct SHYICe I’iéu? PETOr TS e r-

undul at i 17-1 t,h d | d | i 17~

o a0 ko R e Y S e st 1 B B et 1 1
ton-thl ayl%iuiii”%Hicfgﬁéagn&%&u@aﬂef%aihg%&n@deﬂ@ a ﬁfﬁrﬁ itfiof RBaidere ogCt r ode
pins 22 for spot-welding In recessed portions of the second | ayer

undul ati ng dnnbls ZonhbB&elhtd brlea@bthsrd dhndt isail rdrectdimensiohal cethikehe

second | ayer undul ating net 17-2 in such a manner that the crossing points

whi ch are faroetrebeng formed pyi convhesion ragrd dispersipn rof oundinehelements,
said method comprising steps of:
(A) disposing first line elements extending in parallel at a predetermined
interval in a first direction on a plane and second line elements extending in
parallel at a predetermined interval in a second direction which is different
from the first direction on the same plane in such a manner that the first line
elements cross the second line elements at a desired angle and the first and
second line elements are laid one upon the other;
(B) fixing the first line elements to the second line elements at crossing points
thereof and thereby forming a net;
(C) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at alternate ones of the crossing points continuously formed in
the first direction and the second direction and thereby forming an undulating
net;
(D) laying a second layer of the undulating net upon a first layer of the
undulating net in such a manner that the crossing points continuously formed
in the first direction and the second direction of the first layer of the
undulating net alternately come into contact with and separate from the
crossing points continuously formed in the first direction and the second
direction of the second layer of the undulating net and thereafter fixing
together the crossing points of the first layer of the undulating net and the

second layer of the undulating net which are in contact with each other; and
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second direction Y of the second | ayer undul ating net 17-2 alternately cone
24 into contact with and are separated fromthe crossing points which are
formed continuously in the first direction X and the second direction Y of
the third | ayer undul ating net 17-3. Then, the crossing points which are in
contact with each other of the second | ayer undul ating net 17-2 and the
third layer undul ating net 17-3 are spot-wel ded. Subsequently, fourth

| ayer, fifth layer, .... n-th layer (n being any integer) undul ating nets

are |aid [ nmalgigs dothikd lhytd SEHR (RAURRIMOSNIPaEOLHE Roond layet of tasi ng
poi nts which aré in contact” with each other between inmmedi ately adj acent
undul at i ng uadslating Setdh-suchl KieAnnéh tisat theerpesikg pgints rentinwdusly frmed
three-di mensional net-like structure as shown in Fig. 1 is forned., Second
Enbodi ment 8t ébe diirst odin¢etipma anidr the @mdammgtlmtof(aae seendofaygr sffotheng
line el ements _The, sane wi,re as .used in the enbodi.nent I s used. as the |ine
el enent of wadulating gk miternately ccome,dnto eoRiaLt | %l%‘ﬁ*% 'Eﬁ\?%r PHetH8 ne

ol ement |- Goning: pos BRCobRly Ims e RS Tuldt SO HRY selfnd TP

3a which  givection of the third layer of the undulating net and thereafter fixing together
the crossing points of the second layer of the undulating net and the third
layer of the undulating net which are in contact with each other; and
thereafter superposing a fourth, a fifth ..... and n-th (n being any integer)
layer of the undulating nets in the same manner and fixing together the
crossing points of the respective layers of the undulating nets and the
immediately lower layers of the undulating nets which are in contact with

each other.

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

(A) a step of forming a first undulating net comprising the following steps (a),
(b) and (c):

(a) disposing first line elements extending in parallel at a predetermined
interval in a first direction on a plane and second line elements extending in
parallel at a predetermined interval in a second direction which is different
from the first direction on the same plane in such a manner that the first line
elements cross the second line elements at a desired angle and are superposed

one upon the other;

O )
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extend in parallel at a predetermined interval in a first direction X on a
pl ane and second line elenents 3b which extend in parallel at a
predeterm ned interval in a second direction Y which is different fromthe
first direction X are disposed in such a manner that the first |ine

el ements 3a cross the second |ine eleneg%s 3b at a desired angle a and the
first and second |line elenents 3a and 3b are | aid one upon the other as
shown in Fig. 6. (b) Step of fixing the first line elenents to the second

l'ine el emendh) fAding €8O B4t NRe ela8sit8%o RRé Bbdondtend éleidenits B cRls8 6inga and
the second line elenents 3b thus disposed are spot-welded to each other at

respective thersef axgd fisdreby férmvingaa kel wndspot wel di ng machi ne as shown in
Fig. 7 and net 7 is thereby forned. (c) Step_ of cutting off a net 25
This net 7 {chDressingthe pekta fosm a@@@ﬂémﬁpml&liu@dm@bulgna PeLtionht o a

D e e b oag Bl SR80 e Sk oo Bha o B, 1
PREEHTETE IR AR ERE N T T e A

direction constitutes a crossing point of the lowest level in forming of a unit
three-dimensional net-like structure, a crossing point adjacent to the erossing
point of the lowest level constitutes a crossing point of a lower side middle
level in forming of the unit three-dimensional net-like structure, a crossing
point adjacent to the crossing point of the lower side middle level constitutes a
crossing point of an upper side middle level in forming of the unit three-
dimensional net-like structure, a crossing point adjacent to the crossing point
of the upper side middle level constitutes a crossing point of the lower side
middle level in forming of the unit three-dimensional net-like structure, a
crossing point adjacent to the crossing point of the lower side middle level
constitutes a crossing point of the lowest level in forming of the unit three-
dimensional net-like strucuture, and subsequent crossing points constitute
crossing points of the respective levels in the above cycle in forming of the unit
three-dimensional net-like structure;
(B) a step of forming a second undulating net comprising the following steps
(), (b) and (o):
(a) disposing

first line elements extending in parallel at a predetermined interval in
the first direction on a plane, bending at a position corresponding to one of the
crossing points of the lower side middle level of the first undulating net at a
predetermined angle and extending in a third direction, bending at a position
corresponding to the next lower side middle point of the first undulating net at
the predetermined angle and extending in the second direction, bending at a

position corresponding to the next lower side middle level of the first

_
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t he upper surface of the lower nold are different fromthose shown in Figs.
8 to 10. That is, as will be seen in an exanple of the waveformon the

| ower nmold 24 shown in the side view of Fig. 14, the waveforns are such
that crossing points formed continuously in the first direction X and the
second direction Y sequentially constitute the | owest |evel 24a, |ower side
m ddl e | evel 24b and upper side mddle 3®&vel 24c. The net 7 is disposed on
the lower nold 24 shown in Fig. 14 and the upper nold (not shown) having a

wavef or m V\h&ﬁ&uﬁ@i{ﬂ%h@ﬁ é(ié#tﬂerhﬁ%,cﬁagagnﬂﬁ&&fé’ﬁ%‘}k ?%n& h@xtleﬁgﬁ{% B thZ4nir

| owered to press net shown | e parti ront view of

Fi g. 15A andirédt®rbagifiny hedvbehdinght alpdaition I@J)z*té@édddin?ﬁzo Pla¢ atxilowendideat i ng

bul gi ng portions are formed and thereby a first undulating net 25-1 is
formed i n smiddla lesehef theafirstnendélatinvg oebsgi thy poeddtermomed raomgles lapdf or ned
in the first direction and the second direction constitutes a crossing

poi nt 24a (teRearngthe cyrlecof extending inrthe st dipestioncthe third direstion Be a
unit three-di mensional netlike,styructuyre, a,crossing point adjacent to the
crossi ng poﬁeﬁ?ngiér%ﬁo{‘ﬁé‘dlt ?Fdl(g‘vrfeq %oABfi t utes a crossing point 24b

h b bl g RGJ . Sis L G | 1.0 4 ) . th
ni ¢ three. di kel tleRbnfl iling i pathill ff d BeBoterhinBU T Bl 10

the crossi ngeRRichAd M&c%ntdiﬁtﬂe%ﬁhe,sﬁéiﬁﬁﬁk gﬁ lgfepéﬁﬁsh cBPR3pbAAINSStodne

crossing point 24c (shown by a ite circle an upper side mddle |evel
i n form ng afftheleossing pbinte of tlth Iosvesistdwimiddie-levddafshe dirstuadulatingossti ng
poi nt adjacent to_the crossing point 24c of the upper side mddle |evel
const i t ut esataa Predelemyingd anglesand extepdingiw the third direction, bending at a

position corresponding to the next lower side middle point of the first
undulating net at the predetermined angle and extending in the first direction,
bending at a position corresponding to the next lower side middle level of the
first undulating net at the predetermined angle and extending in the third
direction again, and bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
repeating the cycle of extending in the second direction, the third direction,
the first direction and the third direction

in such a manner that the first line elements and the second line
elements cross each other at the desired angle in their portions extending in
the first or second direction at positions corresponding to the crossing points of
the upper side middle level of the first undulating net and extend jointly one
being laid upon the other in their portions extending in the third direction;
(b) fixing the first line elements to the second line elements at the respective
crossing points thereof and also at joining points and separating points of
their portions extending in the third direction and thereby forming a net; and
(¢) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at the respective crossing points and also at middle positions of
the portions extending in the third direction and thereby constitute the upper

side middle level in forming of the unit three-dimensional net-like structure,
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side mddle |level in formng of the unit three-di nensional net-Ilike
structure, a 26 crossing point adjacent to the crossing point 24b of the
| ower side mddle | evel constitutes a crossing point 24a of the | owest

l evel in formng of the unit three-dinensional net-like strucuture, and
subsequent crossing points constitute crossing points 24a, 24b and 24c of
the respective levels in the above cycls@ in formng of the unit

t hree-di nensional net-like structure. (2) Step of form ng a second

undul ati ng eft }k@éb%ﬁ%acgegwhﬁgdét{ﬁgﬁéﬁﬁent s Wre which is of the
same structure as the el ements of the first undulating net 25-1 is
used as t hdC) antepbtiveningh thivd webhdatingnet keinprigime thefollowing stepsdak| enent
i s disposed over the line element placing table. This line el ement placing
table is siland @0 the |ine el ement placing table 4 but is different from
the line elggEl|S IaC|ng table 4 in that, as shown in Fig. 16, pairs of

gui de pins( BPSIJEi di ng t he I|ne el enents are provi ded at a predetern ned

manner - 1 i g 2 B o1gpenia, BRI L BafHE B 8RRl e AR

predeterm gﬁgtthg&tdewé&ldx{' oh hfpianr SheAlTn@CH 2potitih bhiReddddR1EE 8500RE J7! aci N9

tabl e, ben
the crossing points of the lower side middle level of the first undulating net at

a predetermined angle and extending in the second direction, bending at a
position corresponding to the next lower side middle point of the first
undulating net at the predetermined angle and extending in the third
direction again, Bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
extending in the first direction, and bending at a position corresponding to the
next lower side middle level of the first undulating net at the predetermined
angle and repeating the cycle of extending in the third direction, the second
direction, the third direction and the first direction, and

second line elements extending in parallel at a predetermined interval in
the third direction on the plane, bending at a position corresponding to one of
the crossing points of the lower side middle level of the first undulating net at
a predetermined angle and extending in the first direction, bending at a
position corresponding to the next lower side middle point of the first
undulating net at the predetermined angle and extending in the third
direction again, bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
extending in the second direction, and bending at a position corresponding to
the next lower side middle level of the first undulating net at the
predetermined angle and repeating the cycle of extending in the third
direction, first direction, the third direction and the second direction

in such a manner that the first line elements and the second line

[




position 24b corresponding to the crossing point 24b of the | ower side

m ddl e | evel of the first undulating net 25-1 at a predeterm ned angl e,
passi hg between a pair of guide pins 26 and bei ng guided by them and
extend in a third direction Z. The first line elements 27 then bend at a
position 24b corresponding to the next crossing point 24b of the |ower side
m ddl e point of the first undul ating neB925-1 at the predeterm ned angl e,
gui ded by the pair of guide pins 26, and extend in the second direction Y.

The first |iNgnehel P&§ﬁ£&?é‘tﬁé‘f—% 8k ddshed ﬁf‘l@@eﬁ‘ifo&ﬁﬁé’ﬂﬁt&%ﬁé’ﬂ he

crossing point 24b o e next lower side m | evel” of the first

undul ati ng mRé fi2bt dr séconldedipscitet £1 positione ogtrespanding do hyiddieppstionebf gui de
pins 26, and extend in the third direction Z again. The first line elenents

t hen bend atheppusins extefdingrior theshaordingetion ofthecseosnd ngdplaiting aetvand t he
next lower side mddle level of the first undul 27 net_25-1 at t he
pr edet er ni n@ateawg}pmtéaﬁ ene ek lagdhapey the Oﬂiereli@ttgﬁﬁ’ PRytions extendipg in the

di rection Xt g hlrd direction Z, the second direction Y and the third
direction Z h% Phe el ements 28 extend in parallel at a predeterrri ned

| nterval ‘ing n)h%% ﬁ{édﬁpé 'efé'héﬁt@%tﬂﬁ% sdeBfid ﬁn%”&@bf%@%% Qtﬂﬁg bend

at a positio corr espon to the crossing poi nt $ si de
m ddl e | evelpofifts thereof and also at joining points and separating points of thelr

portions extending in the third direction and thereby forming a net; and

(c) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at the respective joining and separating points of the portions
extending in the third direction and thereby constitute the highest level in
forming of the unit three-dimensional net-like structure, and thereby forming
a third undulating net;

(D) a step of laying the second undulating net upon the first undulating net in
such a manner that the crossing points of the second undulating net come into
contact with the crossing points of the upper middle level of the first
undulating net, the joining points and the separating points of the portions
extending in the third direction of the second undulating net come into contact
with the crossing points of the lower middle level of the first undulating net,
and the undulating bulging portions at the middle positions of the portions
extending in the third direction of the second undulating net are separated
from the crossing points of the lowest level of the first undulating net and
form the upper middle level of the unit three-dimensional net-like structure;
(E) a step of laying the third undulating net upon the second undulating net in
such a manner that the crossing points of the third undulating net come into
contact with the undulating bulging portions at the middle positions of the
portions extending in the third direction of the second undulating net, the
portions‘ extending in the third direction of the third undulating net come into

contact, at their middle positions, with the crossing points of the second
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the first undul ating net 25-1 at a predeterm ned angle, guided by the pair
of guide pins 26, and extend in the third direction Z The second |ine

el enents then bend at a position 24b corresponding to the crossing point
24b of the next |ower side mddle point of the first undul ating net 25-1 at
the predeterm ned angle, guided by the pair of guide pins 26, and extend in
the first direction X. The second line #Penents then bend at a position 24b
corresponding to the crossing point 24b of the next |lower side mddle |evel
of the firs Qggﬁﬁ%' Herudd ; .ﬁggﬁkgg ' 1 6% i1 t he
pair of guig%H%ins ggaéﬂgigxtendﬂﬁﬁh ﬁgﬂfhird &??ﬂ???%ﬂﬂ%ﬁgggﬁﬁﬂﬁ%ﬁgy
second | i ne thé eapatatind Eainlteruﬁ the portions ektynd2dd in ahe abpdndiragtidm of biee
crossing point 25b of the next lower side mddle |evel of the first

undul ati ng third2sdulatingtretmredeperated dibra ik secapd vedulajingheetoand fam gui de

pins 25, and repeat the cycle of extending.in_the _second directjon Y, the
third di recthelt ,essﬁa@eﬂp¥§1ae upHdBresdimensionalmet e Aresthes andh 7. The
first line ment s .and, t ec line.el.ements,28 are.di sposed.in such
2 Tmnner oY R of Srgi e Mot RERMese Shr A Shabidid BPERERAL o5
cross each r ' L,e I I t ] . | ' he
first di recftB 1?1%% olrlfa'lteﬁlgd gg%gﬁ%tg?gggté%ﬁé%?%tp%i ?@ggg%ﬁ%{%gﬁ;‘rﬁ%%ﬂ%g%dl ng
to the crossheopoi nts 24c of the upper side mddle | evel of the first

undul ating net 25-1 and extend jointly one being | aid upon the other in

their portions extending in the third direction Z. (b) Step of fixing the

first line elenents_tQ the second |line el enents . .
3. A method for manufacturing a three-dimensional net-like structure

including a mist eliminator and a multi-layer filtering film formed by
conversion and dispersion of four line elements, said method comprising steps
of:

(A) disposing first line elements extending in parallel at a predetermined
interval in a first direction on a plane and second line elements extending in
parallel at a predetermined interval in a second direction which is different
from the first direction on the same plane in such a manner that the first line
elements cross the second line elements at a desired angle and the first and
second line elements are laid one upon the other;

(B) fixing the first line elements to the second line elements at crossing points
thereof and thereby forming a net;

(C) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at alternate ones of the crossing points continuously formed in
the first direction and the second direction and thereby forming an undulating
net;

(D) laying a second layer of the undulating net upon a first layer of the
undulating net in such a manner that the crossing points continuously formed
in the first direction and the second direction of the first layer of the
undulating net alternately come into contact with and separate from the

crossing points continuously formed in the first direction and the second

L




The first line elenents 27 are fixed to the second line el enents 28 by

28 spot wel ding at the respective crossing points thereof and also at
joining points and separating points of their portions extending in the
third direction Z and thereby a net 29 is forned. (c) Step of cutting off
of the net This net 29 is renoved fromthe |line elenment placing table and
cut to a predetermned size. (d) Step oflforn1ng an undul ati ng net By
pressing the net 29 using a nold 8 shown in Figs. 8 to 10, a plurality of
parall el ungdgionnef QHE%&Gn@OlfaSIéP%S thei GhdbMbiag abt thd thapalr vixingossi ng
points and also at mddle positions of the portions extending in the third
di rection Zogeyhek theairyssingointstaf thecfingdayersofithenimdiating /et and tha
form ng of t unit three-di_nensional net-like structure are for and a

med
second u ndLﬂeaQndlba}’f%tOf the pndnlateng netswhicharg. mppatacfi yAth gach pther {204 {1 ong

Uher cof . | 89 v Sidne Wit brveRtivperadiaBg, s gy Eod RoQull fiefi e 17
and 178 designates thesuRger Skl ik syo%gu?g%lﬁ&dco&ﬁ&mrskfo@ﬂeal e the

| ower side 0
in the first direction and the second direction of the second layer of the

undulating net alternately come into contact with and separate from the
crossing points continuously formed in the first direction and the second
direction of the third layer of the undulating net and thereafter fixing together
the crossing points of the second layer of the undulating net and the third
layer of the undulating net which are in contact with each other; and
thereafter superposing a fourth, a fifth ..... and n-th {n being any integer)
layer of the undulating nets in the same manner and fixing together the
crossing points of the respective layers of the undulating nets and the
immediately lower layers of the undulating nets which are in contact with

each other.

4. A method for manufacturing a three-dimensional net-like structure
including a mist eliminator and a multi-layer filtering film formed by
conversion and dispersion of three line elements, said method comprising:

(A) a step of forming a first undulating net comprising the following steps (a),
(b) and (c):

(a) disposing first line elements extending in parallel at a predetermined
interval in a first direction on a plane and second line elements extending in
parallel at a predetermined interval in a second direction which is different
from the first direction on the same plane in such a manner that the first line
elements cross the second line elements at a desired angle and are superposed
one upon the other;

(b) fixing the first line elements to the second line elements at crossing points

R A R



In Fig. 16, one of the two joining line elenents extending in the direction
Zis illustrated on the upper side and the other on the | ower side whereas
in Fig. 17, the two line elenments extending in the direction Z are shown in
the state in which the two line elenents are disposed in parallel to each
ot her for convenience of illustration. (3) Step of formng a third

undul ating net (a) Step of disposing |i42e elenments Wre which is of the
same structure as the line elenents of the first and second undul ati ng nets
25-1 and 25%h@récf andlethedshyt foendihga teawdt of the third undul ating net and
this line element is disposed on the |line elenent placing table used for
forning of {chpressingtheaietttodose copluralitjuefziaratiehundakting hwlgitgport®nsf i r st
line elements, 40 extend in parallel at a predeterm ned 9 interyval in
the third on%&hqrsﬁyiowqgme phundulating nef Wcsurh  appRnen; Qi’te%ftgésition
24b correspondi.

240, cort S<nOnLRg ABkIC,SE 3SR oAl b oleiPoloner shioull gl eve
oL of Suiteg P edRcian £ By Bobborses iked uset obrindie d it 110
of the nextihreavdimsh&ional A6t Bk sirattat, 4 kfodsingpoindddilehb o €8s crdbsihgat t he
point of the lowest level constitutes a crossing point of a lower side middle
level in forming of the unit three-dimensional net-like structure, a crossing
point adjacent to the crossing point of the lower side middle level constitutes a
crossing point of an upper side middle level in forming of the unit three-
dimensional net-like structure, a crossing point adjacent to the crossing point
of the upper side middle level constitutes a crossing point of the lower side
middle level in forming of the unit three-dimensional net-like structure, a
crossing point adjacent to the crossing point of the lower side middle level
constitutes a crossing point of the lowest level in forming of the unit three-
dimensional net-like strucuture, and subsequent crossing points constitute
crossing points of the respective levels in the above cycle in forming of the unit
three-dimensional net-like structure;
(B) a step of forming a second undulating net comprising the following steps
(2), () and {(0):
(a) disposing
first line elements extending in parallel at a predetermined interval in
the first direction on a plane, bending at a position corresponding to one of the
crossing points of the lower side middle level of the first undulating net at a
predetermined angle and extending in a third direction, bending at a position
corresponding to the next lower side middle point of the first undulating net at
the predetermined angle and extending in the second direction, bending at a
position corresponding to the next lower side middle level of the first

undulating net at the predetermined angle and extending in the third
-
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predet erm ned angle, guided by the pair of guide pins 26, and extend in the
third direction Z again. Then the first line elenents bend at a position
24b corresponding to the crossing point 24b of the next |ower side mddle

| evel of the first undulating net 25-1 at the predeterm ned angl e, guided
by the pair of guide pins 26, and extend in the first direction X The
first line elenment then bend at a positdn 24b corresponding to the
crossing point 24b of the next |ower side mddle |evel of the first

undul ati ng 25 ' ARG : f

ext endi ng. LHepET ekl SR aEEL hER HoREor AR e | 0
direction &iddl tdvelfdfr the dirseaindlating S880ntl the Neredetyriiined 4dngist ndl i n
parallel at a predetermned interval in the third direction Z on the line
el ement pl aepeagingatieccycheofiextendingii theofirdadirentione $he thirdgirectione the ossi ng
poi nt 24b of the_ lower side mddle |evel of the first undul ating net 25-1
at a predesesondrdiveciion andithe tharddirerfiorand j rst direction X.  The second

ol nt 24b-of ¢ ARSI agnene Gatentil & Perlel 61 S neiqtPE iR iy
poi nt 24b of t ' ' net
25-1 at th N1y | 1t hj | ' in Z
The secondtht REPEHEERRE FEThE pbile, BELAIS Af'a ciEicH (dbreioIAOR, 3801 1, &
crossi ng pef fhe &bBsifk gditsPthe 16WEF side dRidHIE Hval bENR] filh urdrlading et

undul ating net 25-1 at the predeterm ned angle and extend in the second
direction ¥t aThedstandeldiiglebadenttendingninbeedtlstd direotioh] bendil at a
corresponding to the crossing point 24b_of the next |ower side mddle |evel
of the fir positioducenresppnsing 28 thet nexte loweriside middde ik afnthe dgsht t he
cycle

undulating net at the predetermined angle and extending in the first direction,
bending at a position corresponding to the next lower side middle level of the
first undulating net at the predetermined angle and extending in the third
direction again, and bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
repeating the cycle of extending in the second direction, the third direction,
the first direction and the third direction

in such a manner that the first line elements and the second line
elements cross each other at the desired angle in their portions extending in
the first or second direction at positions corresponding to the crossing points of
the upper side middle level of the first undulating net and extend jointly one
being laid upon the other in their portions extending in the third direction;
(b) fixing the first line elements to the second line elements at the respective
crossing points thereof and also at joining points and separating points of
their portions extending in the third direction and thereby forming a net; and
(c) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at the respective crossing points and also at middle positions of
the portions extending in the third direction and thereby constitute the upper

side middle level in forming of the unit three-dimensional net-like structure,

(A

and thereby forming a second undulating net;



of exténding in the third direction Z, first direction X, the third
direction Z and 30 the second direction Y. The first line el enents 40
and the second line elenents 41 are disposed in such a manner that the
first line elements 40 and the second line elenments 41 cross each other at
the desired angle in their portions extending in the first direction X or
second direction Y at positions correspiending to mddle positions of the
portions extending in the third direction Z of the second undul ati ng net

25-2 and e nd..LoLpPELY .Qn ' ¢l . ' tapns
ext endi ng. 1160 ol B feptiRBE ARk ot lafiddpl Solbr i b BtV sPAls 2

el ements t @y} ggeond line el enents The first line el ements 40 are fixed
to the second 1 ne elements 41 by spot welding at the crossing points

t her eof andapdipogihgi 0i ni ng points and separating points of their portions
extending in the th|rd direction Z and a net 42 thereby is fornmed. (c) Step
of cutting of f fufstline elemeTiie extemdi®g iy pazaibdelcat amﬂdethaninedeMEMrm

| aci ng tabl e cut to a predetermned size. (d) Step orm ng an
Endul a'? i ng thett %n’d direction onpa plane, bending at a posgtmn corresponcfmg o onie o

the crossing points of the lower side middle level of the first undulating net at

a predetermined angle and extending in the second direction, bending at a
position corresponding to the next lower side middle point of the first
undulating net at the predetermined angle and extending in the third
direction again, bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
extending in the first direction, and bending at a position corresponding to the
next lower side middle level of the first undulating net at the predetermined
angle and repeating the cycle of extending in the third direction, the second
direction, the third direction and the first direction, and

second line elements extending in parallel at a predetermined interval in
the third direction on the plane, bending at a position corresponding to one of
the crossing points of the lower side middle level of the first undulating net at
a predetermined angle and extending in the first direction, bending at a
position corresponding to the next lower side middle point of the first
undulating net at the predetermined angle and extending in the third
direction again, bending at a position corresponding to the next lower side
middle level of the first undulating net at the predetermined angle and
extending in the second direction, and bending at a position corresponding to
the next lower side middle level of the first undulating net at the
predetermined angle and repeating the cycle of extending in the third
direction, first direction, the third direction and the second direction

in such a manner that the first line elements and the second line

elements cross each other at the desired angle in their portions extending in

AR o




By pressing the net 42 by the nold 8 shown in Figs. 8 to 10, a plurality of
paral | el undul ati ng bul gi ng portions which bulge at the respective joining
and separating points of the portions extending in the third direction Z
and thereby constitute the highest level in formng of the unit

t hree-di nensional net-like structure are fornmed, and thereby a third

undul ating net 25-3 is formed. Fig. 19A% s a partial front view of the
third undulating net 25-3 and Fig. 19B is a side view thereof. In the sane

nmanner as | ' : : i SEBh t SRS i de
niddle poi pe ?gﬁéé?‘ﬁigdew&wg?té&gﬁﬁg%hﬁﬁgcﬁf‘]geﬁ%st b8 AELUEPoLRRG T

t hr ee- di mehé poMiomeéxtendEndin th thir] divettivn bOIHY stgond amdadatihg nét gnd 18,

one of the two joining line elenents extending in the direction = 31 Zis
i || ustr at edxtemd joentippae beineladaipohdhe obleer inrthelrpontions exterdingdndhe in
Fig.19, the two line elenments extending in the direction Z are shown in the
state in withid direetione 1i ne el enents are di sposed in parallel to each other

et upon- ¢ 18 e then iRt i s ehaen Bl to ek thme i Sl S, ABSdng | 27

constructi g {9 {iGebf Y0 i@P4e jfhing points and separating points of their
portions extending in the third direction and thereby forming a net; and
{¢) pressing the net to form a plurality of parallel undulating bulging portions
which bulge at the respective joining and separating points of the portions
extending in the third direction and thereby constitute the highest level in
forming of the unit three-dimensional net-like structure, and thereby forming
a third undulating net;
(D) a step of laying the sec_ond undulating net upon the first undulating net in
such a manner that the crossing points of the second undulating net come into
contact with the crossing points of the upper middle level of the first
undulating net, the joining points and the separating points of the portions
extending in the third direction of the second undulating net come into contact
with the crossing points of the lower middle level of the first undulating net,
and the undulating bulging portions at the middle positions of the portions
extending in the third direction of the second undulating net are separated
from the crossing points of the lowest level of the first undulating net and
form the upper middle level of the unit three-dimensional net-like structure;
(E) a step of laying the third undulating net upon the second undulating net in
such a manner that the crossing points of the third undulating net come into
contact with the undulating bulging portions at the middle positions of the
portions extending in the third direction of the second undulating net, the
portions extending in the third direction of the third undulating net come into
contact, at their middle positions, with the crossing points of the second

undulating net, and the undulating bulging portions at the joining points and

0 O A



shown in Fig. 11 forned on the entire upper surface thereof with the sane
waveform as the waveformof Fig. 14, the first undulating net 25-1 is

pl aced in such a manner that its crossing point 24a of the | owest |evel,
crossing points 24b of the |ower side mddle |level and crossing points 24c
of the upper side mddle |evel conformwith the | owest |evel, |ower side
m ddl e | evel and upper side mddle | evéi® of the correspondi ng waveformin
the laying table. The manner of |aying the second undul ating net 25-2 on

Loe first 4helSehidting Hoidts ok the MR leRtdBnpah!iha] P AirektiBh f'thE! O

20A and the si Fig 2 n Figs. 20B, the undul ating net

25-11is Sh(th!ttdbﬁin@xﬂ&@irigdnéﬁ e spdrited frdnd thatdeoend ehddfating Bet Aadorm a
broken |ine. The second undulating net 25-2 is |aid upon the first

undul at i ng thethighestievel of thé unitrthners dimérgiondlenadrldesstrgcivoeimnd of t he
second und ting net 25-1 conme intp contact. wth the crossin oi.nt{s 24c
of the uppzﬁys&% of B theyamt nauiREg Rk thieRsoatl q%%@g%tgpdtthe

j 0i ni ng points, an e _separat i points of the portiaons extending.in the
b i echiSh 05l tin SBE HBtE 4R HcB ety ot oinB” S oS B RitAd LT,
the crossing.pQignts 24b of the |ower side middle level of the first

undul ating nét  25-1, and the undul ating bul ging portions at the mddle
positions of the portions extending in the third direction Z of the second
undul ating net 25-2 are separated fromthe crossing points 24a of the

| owest | evdl. Aopadkieg imadst oftmthreatdimgnsiehalfiettlike dtrfuotumet Whichpmastitutee

m ddl e | evel 24c of_ the unit three-di nensional net-like structure; (f) Step
of laying taFelnterpal shaneture af andevigpowhiche performg madeniak tran 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 formed by
conversion and dispersion of four line elements wherein a converging portion
of the four line elements is formed by mutual contact of undulating nets

having parallel undulating bulging portions at necessary portions.

6. 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 formed by
conversion and dispersion of three line elements wherein a converging portion
of the three line elements is formed by mutual contact of undulating nets

having parallel undulating bulging portions at necessary portions.

7. A three-dimensional net-like structure including a mist eliminator and a
multi-layer filtering film formed by conversion and dispersion of four line
elements wherein a converging portion of the four line elements is formed by

mutual contact of undulating nets having parallel undulating bulging

O T




Fig. 21 shows a manner of laying the third undul ati ng net 25-3 upon the

32 second undul ating net 25-2. Fig. 21Ais a front view thereof, Fig. 21B
is a side viewthereof and Fig. 21Cis a top plan viewthereof. In Fig. 21,
the first undulating net 25-1 and the second undul ating net 25-2 are shown
by solid Iines and the third undulating net 25-3 is shown by a broken I|ine.
The third undul ating net 25-3 is laid UWon the second undul ati ng net 25-2
in such a manner that the crossing points of the third undul ating net 25- 3
come-into g?(ﬂjt ' ting bulging portions at the mddle
positions tﬁggggﬂe?eos%gf%%%%ﬂé%hg inthe third direction Z of the second
undul ati ng net 25-2, the portions extending in the third direction Z of the
third undul ating net 25-3 cone into contact, at their mddle positions,
with the cr&isAithgeepdindssiaialt et-lles strdictinduinehidigg rre mig6 eliminatdrtdrel a

undul ating bul ging portions_at the joining points and the separating points
of the por tinule layarchlterigeifilm fermed by ennversipwmmd disperdor (o thremiineat i ng

net 25-3 are separated.fromthe .second ung Iaéli}n net .25-2 an forgnbt he
hi ghest | cVelPmSiais BhereiB A SRIYCTHREPORAR A HuntireR dine slgmegts 1 fptmed by g)
St f fix] he first ' ty ' | t
251, tne St Snatih: of b Enk S il ol bhATachdl iR "€

portions at necessary portions.



third undulating net 25-3 are fixed together at necessary points anong
points of contact thereof. In Fig. 21, for exanple, the crossing points 24b
of the first undulating net 25-1 and the joining and separating points 24b
of the portion extending in the third direction Z of the second undul ati ng
net 25-2 are fixed together by spot welding, the crossing points 24c of the
second undul ating net 25-2 and the m ddige point 24c of the portion
extending in the third direction Z of the third undul ating net 25-3 are
fixed together by spot welding, and the middle point 24c of the portion
extending in the thi rd d| rectl on Z of the second undul ating net 25-2 and

t he crossi Abstract oD iee t hi rd undul ating net 25- 3 are fixed together
by spot vvel d| n The structure consisti ng of the first to third undul ating
nets are |aid limeagleineps msadenof, mg,dweta;yiewendtlmer Qlemeph%ma de of,

t hree-di nensi onal net-|ike Sa}structure 30 |n F 3. Fu qu

appl yi ng t B€-nEioare dispesed meothatetheycrogs €af é"G pr%gv[e 4

| h
et ng an BiRekh At i EeisiRt et By FREE & biEs T 3‘%93@@%?&‘1 B i Sﬁgve
described GRRAMHER ASe. A LBQulitiddFet’ (ﬁsaoﬁi%tt'lﬂﬁerl drf¥an undulating net of a

second layer are laid one upon the other in such a manner that crossing points

of the undulating net of the first layer alternately come into contact with and
are separated from crossing points of the undulating net of the second layer.
The crossing points which are in contact with each other are welded together
by a welding machine. Subsequently, undulating nets of a third to n-th

layers are similarly processed to form a three-dimensional net-like structure.

THIS SHEET HAS BEEN —
REPLACE(? T—

- This Sheet Hag

NN




el enents and the undul ating nets together is perforned by spot wel ding. The
i nvention is not limted to the spot welding but the Iine elenents and
undul ating nets nay be fixed together by other nethods such as sol dering
or, in case the line elenents are nmade of plastic, by heat nelting. 34
What is clainmed is: 1. A method for manufacturing a packing nmade of a

t hree-di nensional net-like structure whixh constitutes an internal
structure of a device which perforns 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

anot her and said three-dinensional net-like structure being fornmed by
conversion and dispersion of four line elenments, said nethod conprising
steps of: (A) disposing firstBine elenents extending in parallel at a
predetermned interval in a first direction on a plane and second |ine

el ements extendi nggin uarale‘ jt apredetermned ifgterval in a second
direction which ispdiffiere e first dir I On on the sane plane in
such a manner tha [ pnts crogs the second |ine elenments
at a desired anglg ne elenents are |aid one upon
t he ot her;

rem-t
L i ffe yelik
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(B) fixing the first line elenents to the second |line elenments at crossing
points thereof and thereby formng a net; (C pressing the net to forma
plurality of parallel undulating bulging portions which bulge at alternate
ones of the crossing points continuously formed in the first direction and
t he second direction and thereby form ng an undulating net; (D) laying a
second | ayer of the undul ating net upom/aifirst |ayer of the undul ati ng net
in such a manner that the crossing points continuously forned in the first
direction and the second direction of the first |ayer of the undul ati ng net
alternately come into contact with and separate fromthe crossing points
continuously fornmed in the first direction and the second direction of the
second | ayer of the undulating net and thereafter fixing together the
crossing points of the first layer of the undul ating net and the second

| ayer of the undulating net which are in contact with each other; and 35
(E) laying a third | ayer of the undul ating net upon the second | ayer of the
undul ating net in such a nan hat the crogésing points continuously
formed in the first direction e second direction of the second |ayer
of the undul ati ng net alternat one into/contact with and separate from

t he 93

2b

2b

2a

FIG.2



crossing points continuously formed in the first direction and the second
direction of the third layer of the undulating net and thereafter fixing
toget her the crossing points of the second | ayer of the undul ating net and
the third layer of the undulating net which are in contact with each other;
and thereafter superposing a fourth, a fifth ..... and n-th (n being any

i nteger) layer of the undul ating nets #h?the same manner and fi xi ng

toget her the crossing points of the respective |ayers of the undul ating
nets and the immedi ately |lower |ayers of the undulating nets which are in
contact with each other. 2. A nmethod for manufacturing a packing made of a

t hree-di mensi onal net- |ike gtructure which constitutes an interna
structure of a device which perforns 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 cong cted to one
anot her and sajd thrge-di I ongal g formed by

neff- i kejstructure
conversi on and dlspe sion pf thnee i nts, id” met hod conpri si ng:
(A) a step of ‘orn1n) a f| st urjdul at jng nep co Ising the follow ng steps

(a), (b) and (@ ) enents extending in parall el
' \er f i
IIeI
R = ent omv
A NP e

at a predetern i on on a plane and second |ine
el enents extendiy i,ned interval in a second

di recti on whi g jrection on the sanme plane in
such a manner

32
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el ements cross the second line elenents at a desired angle and are

super posed one upon the other; 36 (b) fixing the first line elenents to
the second line elenents at crossing points thereof and thereby formng a
net; and (c) pressing the net to forma plurality of parallel undul ating
bul gi ng portions and thereby formng a first undulating net in such a
manner that one of the crossing pointsagentinuously fornmed in the first
direction and the second direction constitutes a crossing point of the

| owest level in formng of a unit three-dinensional net-like structure, a
crossing point adjacent to the crossing point of the | owest |evel
constitutes a crossing point of a lower side mddle level in formng of the
unit three-di mensional net-like structure, a crossing point adjacent to the
crossing point of the lower side mddle |level constitutes a crossing point
of an upper side mddle level in formng of the unit three- dinensional
net-like structure, a crossing point adjacent to the ddssing point of the
upper side mddle | evel constitutes a crossing poi of the | ower side

m ddle level in formng of tghe unit three-di nenSional net-like structure, a
crossi ng point adj acent38a Hhe38aossjihg point of the | ower side niddle

Lﬁyfltﬁfngitutes eggros‘i { poj nt o“’he 88mest level in formng of the
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di nrensional net-like strucuture, and subsequent crossing points constitute
crossing points of the respective levels in the above cycle in form ng of
the unit three-dinensional net-like structure; (B) a step of formng a
second undul ating net conprising the follow ng steps (a), (b) and (c): (a)
di sposing first line elenents extending in parallel at a predeterm ned
interval in the first direction on a §/Z&fe, bending at a position
corresponding to one of the crossing points of the | ower side mddle |evel
of the first undulating net at a predeterm ned angle and extending in a
third direction, bending at a position corresponding to the next |ower side
m ddl e point of the first undul ating net at the predeterm ned angle and
extending in the second gi+reet+or—bentdirg—at—a—pqsition corresponding to
the next lower side mdd]e |evel of the first 37 @adul ating net at the
predet erm ned angl e and pxtending in the thirgd-dideetli on again, and bendi ng
at a position correspond} ego he next | owemp\sitdg meidl e | evel of the
first undul ating net at Vhel%?ﬁéeternined ang arjd repeating the cycl e of
extending in the fir§9’€ rection, the trn)f ejtli on, %ge second direction

and the third direction,{and
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second' line elenents extending in parallel at a predetermined interval in
the second direction on the plane, bending at a position corresponding to
one of the crossing points of the |ower side mddle | evel of the first

undul ating net at a predeterm ned angle and extending in the third
direction, bending at a position corresponding to the next |ower side

m ddl e point of the first undul ating néf2at the predeterm ned angle and
extending in the first direction bending at a position corresponding to the
next lower side mddle level of the first undulating net at the
predeterm ned angle and extending in the third direction again, and bendi ng
at a position corresponding to the next |ower side mddle |evel of the
first undulating net at the predeterm ned angle and repeating the cycle of
extending in the second direction; the third direct@gg, the first direction
and the third direction in such afjmanner that the fi*fst |line elenents and
the second |ine el enen cross eath other at_the—fesired angle in their
portions extendi ng | THRE=st.Q eeed—drreetton /at positions
corresponding to the chS‘e upper |§e m ddl e | evel of the
first undul ating net=ang—extend ] @i nt -?“==ﬂi=&a | aP& upon the other in
their portions extemsfng in the third dirggLL;;_,=1) fixing the first line
el enents to the SeCO::.:=ﬂ“'a.;2;‘t at—tHe—TespeCt i ye crossing points

t hereof and al sg-a joHﬁiﬂE!Easﬂﬁsesu- separating points of their portions
extending in the t ---'5 g a net; and (c)
pressing the t t"“;‘LJEJT urality of paLELL;==hudulating bul gi ng
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portions whi ch~bul g& 2 ina.=§=&&a£¢===g=gﬁg--= poi nts and al so at mddle
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the portions extending in the third direction and thereby constitute the
upper side mddle level in formng of the unit three-di nensional net-Ilike
structure, 38 and thereby form ng a second undul ating net; (C) a step of
forming a third undul ati ng net conprising the follow ng steps (a), (b) and
(c): (a) disposing first line elenents extending in parallel at a
predetermined interval in the third di¥é&tion on a plane, bending at a
position corresponding to one of the crossing points of the | ower side

m ddl e |l evel of the first undulating net at a predeterm ned angle and
extending in the second direction, bending at a position corresponding to
the next |lower side mddle point of the first undulating net at the
predet erm ned angbg and extending in the third direction again, bending at
a position corresponding to the next lower side mddle |level of the first
undul ati ng net at the™predeterm ned angle and extending in the first
direction, and bendinglat a position corresponding to the next |ower side
mddle level of the firgt undul 83 ng net at the predetermned angle and
repeating the cycle of eXtending,in the i?ir” direction, the second
direction, the third direction and the fiyrst|directijon, and
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second line elenents extending in parallel at a predetermined interval in
the third direction on the plane, bending at a position corresponding to
one of the crossing points of the |ower side mddle | evel of the first

undul ating net at a predeterm ned angle and extending in the first
direction, bending at a position corresponding to the next |ower side

m ddl e point of the first undulating né/2dt the predetern ned angl e and
extending in the third direction again, bending at a position correspondi ng
to the next lower side mddle |level of the first undulating net at the
predeterm ned angle and extending in the second direction, and bending at a
position corresponding to the next |lower side mddle |level of the first
undul ati ng net at the predeterm ned angle and repeating the cycle of
extending in the third direction, first direction, the third direction and
the second direction in such a manner that the first Iine elenents and the
second |ine 39 eIenean cross each other at the desired angle in their

______ Bl inrst or seconpg Firection at positions

correspondi ng tlo ni_Adhe=positions of the| pprtions ektending in8he third

direction of the segefG=jundul ating net andj extend jpintly one being laid
upon the other |in %hEKE;portions extendijpgf in the thir:ijﬂljyﬁﬁ on;

_____
U

- 113

11 12

FIG.9



(b) fixing the first line elenents to the second |ine elenents at the
crossing points thereof and also at joining points and separating points of
their portions extending in the third direction and thereby form ng a net;
and (c) pressing the net to forma plurality of parallel undulating bul ging
portions which bulge at the respective joining and separating points of the
portions extending in the third directPdaland thereby constitute the

hi ghest level in form ng of the unit three-di qsional neg-like structure,
and thereby formng a third undul ati ng net; g? a step of |aying the second
undul ati ng net upon the first undul g&Rg-net nner that the
crossing points of the second undul ‘
crossing points of the upper mddle of the flrst|{ undul ating net, the
joining points and the separating pp porti ohs extending in the
third direction of the second und 0 come in contact with the
crossing points of the | ower midd i undul ati ng net, and
t he undul ating bul gi ng portiorls at the m ddl 4 % of the portions
extending in the third directijon of the seco af"ati ng net 4ag separ at ed
fromthe crossing points of thHe | owest |evel [of the first undul ati ng net
and formthe upper mddle | gvelof The unit tnree-dinﬁgsional net-1ike
structure; (E) a step of layling the third undilatirg fig€t upon the second
undul ating net in suchl@a man Hng points of the third

undul ating net come intio contact with tihe\yndul ating bul gi ng Jportions at
the m ddl e positions of\the portion g in the third direction of

t he second undul ati ng netn\ t he
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portions extending in the third direction of the third undul ati ng net cone
into contact, at their mddle positions, with the crossing points of the
second 40 undul ating net, and the undul ating bul ging portions at the
joining points and the separating points of the portions extending in the
third direction of the third undul ating net are separated fromthe second
undul ating net and formthe highest | eMi?%f the unit three-dimensional
net-like structure; and (F) a step of fixing the first undulating net, the
second undul ating net and the third undul ati ng net together at necessary
poi nts anong points of contact thereof. 3. A nmethod for manufacturing a

t hree-di nensional net-like structure including a mst elimnator and a
multi-layer filtering filmformed by conversion and di spersion of four |ine
el ements, said nethod conprising steps of: (A) disposing first |line

el ements extending in parallel at a predetermned interval in a first
direction on a pl ane anqufecond line el ements extending in parallel at a
predeterm ned i rval it a second dir ion which is different fromthe
first direction the shnme pfane in s a manner that thk8first Iine

el enents cross tbe secon Iinelelenent at a desired angle(and the first
and
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second line elenents are | aid one upon the other; (B) fixing the first line
el enments to the second |line elenents at crossing points thereof and thereby
forming a net; (C) pressing the net to forma plurality of parallel

undul ati ng bul gi ng portions which bulge at alternate ones of the crossing
poi nts continuously fornmed in the first direction and the second direction
and thereby formng an undul ating net;1Y{/B)Y | ayi ng a second | ayer of the
undul ati ng net upon a first layer of the undulating net in such a manner
that the crossing points continuously fornmed in the first direction and the
second direction of the first layer of the undulating net alternately cone
into contact with and separate fromthe crossing points continuously forned
inthe first direction and the second 41 direction of the second | ayer
of the undulathg net and thgieafter fixingpfogether the crossing points of
the first |ayef+of the unduléting net and thie second | ayer of the
undul ati ng net fwhich are in gontact with eatch other; and (E) laying a third
| ayer of {Rge undul ating net (p %,thg second | ayer of the undulating net in
such a manner Y ha( hggpro Si na pol 4t s cont) nuous! YForned in the first
direction @n he seceénd™d ctijpon ofzbhe cond | ayer of the
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undul ating net alternately cone into contact with and separate fromthe
crossing points continuously forned in the first direction and the second
direction of the third |ayer of the undulating net and thereafter fixing
toget her the crossing points of the second | ayer of the undul ating net and
the third layer of the undulating net which are in contact with each other;
and thereafter superposing a fourth, &%/%lh and n-th (n being any
integer) layer of the undulating nets in the sane manner and fi xi ng
together the crossing points of the respective |ayers of the undul ating
nets and the immedi ately |lower |ayers of the undul ating nets which are in
contact with each other. 4. A nethod for manufacturing a three-di nensional
net-like structure including a mst elimnator and a nulti-layer filtering
filmformed by conversion and di spersion of three |ine elenments, said

met hod conprising: 94¢ a step of ?gfplng a flrst Edulatlng net conpri sing

the follow ng st--s a) ]gb dis 'Q hst line elenents

ext endi ng i n_par4 zﬁ t I in é’ irst direction on a
pl ane and sedédad I|n rr2|41as ext nd| b dparallel at 2dgredeternined
interval in af segond d|r ctifon \whi dh i § d| fetent{fromthe first direction
on the sane p| ang i pAguch alimanperAthat} the fijrs ing ellenents cross the
second line elengets at™\a desird anghg an{l afe” supdkposdgd one upon the
other; (R figrng the firs rne el enment™s\@ "t he secont\|ji ne el enents at

crossi ng points
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42 thereof and thereby form ng a net;
plurality of parallel
first undul ati ng net

and (c) pressing the net to forma
undul ati ng bul ging portions and thereby formng a
in such a manner that one of the crossing points

continuously fornmed in the first direction and the second direction
constitutes a crossing point of the |lowest level in formng of a unit
net-1ike structure, 18/@lossi ng poi nt adjacent to the

t hr ee- di nensi onal
crossing point of the | owest
side mddle | eve

structure,

side mddle | eve
| evel in formng of the unit three- dinmensional

| evel
in formng of the unit three-dinensional
a crossing point adjacent to the crossing point of the |ower

constitutes a crossing point of a |ower
net-Ilike

constitutes a crossing point of an upper side mddle

net-like structure, a

crossing point adjacent to the crossing point of the upper side mddle
| evel constitutes a crossing point of the |lower side mddle level in

formng of the unit three-dinensional
adj acent to the crossing point of the | ower side mddle |evel

net-like structure,

a crossing point

constitutes a

crossing point of the |owestZ2bevel in formng of 96he pnit three-

di nensi onal

crossing points of the resp
the unit three-di nensional

tive levels in the
net-1ike structure;
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(B) a step of formng a second undul ati ng net conprising the follow ng
steps (a), (b) and (c): (a) disposing first line elenents extending in
parallel at a predetermned interval in the first direction on a pl ane,
bendi ng at a position corresponding to one of the crossing points of the

| ower side mddle |level of the first undul ating net at a predeterm ned
angl e and extending in a third directi®b¥,2bending at a position
corresponding to the next |lower side mddle point of the first undul ating
net at the predeterm ned angle and extending in the second direction,
bendi ng at a position corresponding to the next |ower side mddle | evel of
the first undulating net at the predeterm ned angle and extending in the
third 43 direction again, and bending at a position corresponding to the
next |lower side mddle |level of the first undu?gting net at the
predeterm ned angl e and repeating the cycle of extending in the first
direction, the third direction, the secong’direction and the third
direction, and second line elenents extepding in parallel at a
predeterm ned interval in the second di4ection on the plane, bending at a
position corresponding to one qf the crossing points of the | ower side

m ddl e | evel of the first] undulfati ng|net
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at a predeterm ned angle and extending in the third direction, bending at a
position corresponding to the next |ower side mddle point of the first
undul ati ng net at the predeterm ned angle and extending in the first
direction, bending at a position corresponding to the next |ower side

m ddl e |l evel of the first undul ating net at the predeterm ned angle and
extending in the third direction agai nt5/2id bending at a position
corresponding to the next lower side mddle |evel of the first undul ating
net at the predeterm ned angle and repeating the cycle of extending in the
second direction, the third direction, the first direction and the third
direction in such a manner that the first line elenents and the second |ine
el enents cross each other at the desired angle in their portions extending
inthe first or second direction at positions corresponding to the crossing
points of the upper side mddle |level of the first undulating net and
extend jointly one being laid upon the other in their portions extending in
the third direction; (b) fixin2%§he flrst l'ine elggent to the second |ine
el enents at the respective croSsing points thereo al so at joining

poi nts and separating points of their portions exfending in the third
direction and thereby formng a net; and (c) pré¢ssing the net to forma
plurality of parallel undul |ng bulglng porti ¢ns which bul ge at the
respective crossi [ gdpat m ddl iy ons of the portions
extending in the t\i i fC'IOﬂ and thereby constitute the upper side

m ddl e | evel in foryy he unit three-di mensional net-like structure,

and thereby forningRa sk @@t i ng ne®— 24¢
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44 (C) a step of formng a third undul ating net conprising the follow ng
steps (a), (b) and (c): (a) disposing first line elenents extending in
parallel at a predetermned interval in the third direction on a pl ane,
bendi ng at a position corresponding to one of the crossing points of the

| ower side mddle |level of the first undul ating net at a predeterm ned
angl e and extending in the second direas/2an, bending at a position
corresponding to the next |lower side mddle point of the first undul ating
net at the predeterm ned angle and extending in the third direction again,
bendi ng at a position corresponding to the next |ower side mddle | evel of
the first undulating net at the predeterm ned angle and extending in the
first direction, and bending at a position corresponding to the next |ower
side mddle level of the first undulating net at the predeterm ned angle
and repeating the cycle of extending in the thirghdirection, the second
direction, the third direction and the first dirrection, and second |ine

el enents extending in parallel at a predeterfrined interval in the third
direction on the plane, begding @ a psitiOn corresponding to one of the
crossing points of the |owey sidg mddle of the first undul ati ng net
at
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a predeterm ned angle and extending in the first direction, bending at a
position corresponding to the next |ower side mddle point of the first
undul ating net at the predeterm ned angle and extending in the third
direction again, bending at a position corresponding to the next |ower side
m ddl e |l evel of the first undul ating net at the predeterm ned angle and
extending in the second direction, and#yendi ng at a position corresponding
to the next |ower side mddle |evel of the first undulating net at the
predeterm ned angl e and repeating the cycle of extending in the third
direction, first direction, the third direction and the second direction in
such a manner that the first line elenents and the second line elenents
cross each other at the desired angle in their portions extending in 45
the first or second direction at positions corresponding to middle
positions of the portions extending in the third direction of the second
undul ati ng net and extend jointly one being laid upon the other in their
portions extending in the third @re&ion; (b) fixi2ig—tBe first line

el ements to the second line elengnts at the crossing points thereof and

al so at joining points and sepgvrating points of théir portions extending in
the third direction and there formng a net; agd
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(c) pressing the net to forma plurality of parallel undulating bul ging
portions which bulge at the respective joining and separating points of the
portions extending in the third direction and thereby constitute the

hi ghest level in formng of the unit three-di mensional net-like structure,
and thereby formng a third undulating net; (D) a step of laying the second
undul ati ng net upon the first undulati¥y 4%t in such a manner that the
crossing points of the second undul ating net cone into contact with the
crossing points of the upper mddle | evel of the first undul ating net, the
joining points and the separating points of the portions extending in the
third direction of the second undul ating net cone into contact with the
crossing points of the lower mddle | evel of the first undul ating net, and
t he undul ating bul gi ng portions at the m ddle positions of the portions
extending in the third direction of the second undul ating net are separated
fromthe crossing points of the | owest |evel of the first undul ati ng net
and formthe upper mddle level of the unit three-dinensional net-1like
structure; (E) a step of laying the third undul ating net upon the second
undul ating net in sigeh a?ﬁ crossing ghe third
undul ati ng net conme ¥} ﬁ e undul atifg bulglng portions at

\ i fthe third direction of

in thesthird direction of
i 2ggb ositions, with
24b

the third undulatlng'
t he crossing points ;
bul gi ng portions at g
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46 the separating points of the portions extending in the third direction
of the third undul ating net are separated fromthe second undul ati ng net
and formthe highest |evel of the unit three-dinensional net-like
structure; and (F) a step of fixing the first undul ating net, the second
undul ating net and the third undul ati ng net together at necessary points
anong points of contact thereof. 5. A X&i ng nade of a three-di nensional
net-1like 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 internal structure being divided in a
plurality of chanbers or channels connected to one another and said

t hree-di nensi onal net-1like structure being fornmed by conversion and

di spersion of fqur line elenents wherein a converging portion of the four
line el ements zabf84b8&4&y§hﬁbual contact of undul ating nets having
paral | el undul at) ng)bul gy ngyportions at necessary portions. 6. A packing
made of a three-gi ngnsi gpal jnet-1ike structure which constitutes an

i nternal struct ' e which perforns material transfer, heat
exchange or m xi ng gases, liquids or gas and liquid, said interna

structure being dip¥i
FI1G.21C
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filteringd
di spersion of four line elenents wherein a converging portion of the four

enents is formed by mutual contact of
line elements is forned by mutual contact of undul ating nets having
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one anot her and said three-di nensional net-like structure being forned by
mul ti-layer filtering filmformed by conversion and dispersion of three

t hree-di nensional net-like structure including a mst elimnator and a

X : -, T G ’.’ e A T
< .i\@“\\\.\w ols L2 ’.’“"\\\\\x‘\ - i .’#’.~ \\Wﬂuw\u““l\\\\l“l\;“\“\.\\\\\”e
||||| - A CEF T DA L
OV ®®m L o A A
mmw <

cC o —

o cCc o —_ (@] U
—_—— — 1 J— D O O Q._”m
N — OO0 .- > < O

— C o o] C - C

OO.—- O — C <
pevew (@) L O

N - © c - O @©
—_— L Cc C — [¢D)

7p]

TO-<ILT — S O 16 1S

mhe m > N = =

— C - © +— +—

Ce— O — > m (@)

oocCc .oO > Q
— U 7 R —_ L O

[7) B == il o (] —_ (@)]

mwoaon — LT C

S-S o E © v 85

C o T .o — C o

O O0OCO_ © — O 3

OSSO o —_u Q0



O

22222

S
<

\V/
\VAVAVARINS
NN,
VAV N N

>

SR EVAVAVAVERSS

—i

o

JAVAVAY Ry

18

<
<
R\

OO

7/

18

1

FI1G.23



20060js¢; g

48 | REFM&M@"? sheet
?’F (3~ 04-

COLUMN PACKING AND METHOD FOR MANUFACTURING THE AME

Abstract of the Disclosure

First line element made of, e.g., Wii'e and second line elements made of,
e.g., wire are disposed so that they cross each other and they are welded
together at crossing points to form a net. The net is pressed to form an
undulating net. An undulating net of a first layer and an undulating net of a
second layer are laid one upon the other in such a manner that crossing points
of the undulating net of the first layer alternately come into contact with and
are separated from crossing points of the undulating net of the second layer.
The crossing points which are in contact with each other are welded iogether
by a welding machine. Subsequently, undulating nets of a third to n-th

layers are similarly processed to form a three-dimensional net-like structure.

(FIGURE 2)
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