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PCT/ US97/ 0020 1Hc9n wound \QQ %l?s,lzgegtmg frequently causes significant prob&ems. For
example, nesting of layers having three dimensional surfaces on a roll may create
25  difficulty unwinding the roll due to frictional engagement. Also, if nesting occurs

more deeply at one end of the roll than the other end, roll telescoping may occur.

Nesting of any three-dimensional material can occur if protrusions in

overlying webs or portions of the same web interlock with one another due to their

size, shape, location, and/or geometrical arrangement. Two types of nesting or

30 interlocking can occur: face-to-face nesting and face-to-back nesting. Face-to-face
nesting can occur when two analogous faces of the same web or faces of plural webs

are brought into contact and protrusions of each web or web portion enter valleys or

spaces between adjacent protrusions of the.other web .or web portion.--Face-to-back

nesting can occur when opposing sides of the same web or dissimilar sides of plural

- 35  webs are brought into contact and protrusions of one web or web portion enter the
hollow "negative" side of protrusions of the other web or web portion. Such face-to-

back nesting is of particular concern with three-dimensional sheet materials having
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been made in {He oPhObréthsidng. 2BHE Sidh e dHRSRIGHI Sheet material, as well as
30 methods and apparatus for manufacturing same, is described in greater detail in -
. commonly-assigned, co-pending U.S. Patent Application Serial No. 08/584,638,
entitled "Composite Material Releasably Sealable to a Target Surface When Pressed
" Theréagainst and Method of Making", filed January 10, 1996 in the names of Peter .
W. Hamilton and Kenneth S. McGuire, the disclosure of which is hereby
35  incorporated herein by reference. '
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uniformly-spaced array. Moreover, due to the non-uniform placement of the

15  protrusions the resulting physical properties of the web are also non-uniform and
may be difficult to tailor if the placement is not predictable. _
Accordingly, it would be desirable to provide a three-dimensional sheet
material which resists nesting of one layer with another superimposed layer whether
in planar sheet form or in rolled form.
20 . It would further be desirable to provide a method for forming such three
. dimensional sheet materials which may be suitably tailored for a particular material
need and which may be readily and economically practiced. _
It would also be desirable to provide a suitable forming apparatus for
formmg such three-dimensional sheet materials which may be tailored for a
25  particular material need and which may be readily and economically utilized ‘in
commercial practice.
SUMMARY OF THE INVENTION
The present invention provides a three-dimensional, nesting-resistant sheet
material having a first side and a second side. The first side comprises at least one
30 region having a plurality of spaced three-dimensional protrusions extending
_ out:wardly from the first side which are preferably unitarily formed from the sheet
material. To provide the nesting-resistant advantages of the present invention, the

bsely packed——

protrusions form an amorphous pattern of a plurality of different two-dimensional - - ~-———-

geometrical shapes. Preferably, the second side comprises a plurality of spaced,
35 three-dimensional hollow depressions corresponding to the protrusions, such that the
protrusions are hollow.
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_ The forming structure may be made according to the present invention by a
method comprising the steps of: (a) generating a computer graphic having an
amorphous two-dimensional pattern of interlocking two-dimensional geometrical
shapes, the pattern having lines of substantially const;int width between the

15  interlocking shapes; and (b) transferring the amorphous two-dimensional pattern

onto a forming structure to form a three-dimensional forming structure having three-

dimensional recesses corresponding to the interlocking shapes and interconnected
lands corresponding to the lines of substantially constant width. The amorphous -
pattern of interlocking shapes is preferably derived from a constrained Voronoi
20  tessellation of 2-space in accordance with the present invention, wherein the
tessellation is controlled by a constraint factor which controls the range of
~ permissible center-to-center spacing of the interlocking shapes.
_ To manufacture the ihree-dimension'al, nesting-resistant sheet materials in
accordance with the present invention, a sheet of deformable material is introduced
25 ‘onto the forming structure and permanently deformed into compliance with the
fbrming structure to generate a plurality of spaced, three-dimensional protrusions _
extending outwardly from a first side of the sheet of material which form an
amorphous pattern of two-dimensional geometrical shapes. If desired, the
interconnected lands of the forming structure may be coated with a substance before
30 . the sheet of deformable material is introduced onto the forming structure, the sheet
7 of material having a greater affinity for the substance than the forming structure such
that the substance will be removed from the forming structure along with the sheet
BRIEF DESCRIPTION OF THE DRAWINGS
35 While the specification concludes with claims which particularly point out
and distinctly claim the present invention, it is believed that the present invention
will be better understood from the following description of preferred embodiments,




According to the invention in a third aspect, there is provided a nethod of
maki ng a three di nensi onal sheet material, said nethod conprising the steps
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Figure 5 is a plan view of a preferred embodiment of a three-dimensional,
nesting-resistant sheet material in accordance with the present invention;

Figure 6 is a graph depicting a comparison between the polygon area

15  distributions of the sheet materials of Figures 3 and 5;

Figure 7 is a graph depicting a comparison between the polygon area
variations of the sheet materials of Figures 3 and 5;

Figure 8 is a partial elevational sectional view of the three-dimensional,
nesting-resistant sheet material of Figure 5;

20 Figure 9 is a partial elevational sectional view similar to that of Figure 8, but
depicting an embodiment of the present invention wherein a substance is includ_ed
within the three-dimensional structure of the web; -

Figure 10 is a plan view of a three-dimensional forming structure smtable for
forming a three-dimensional, nesting-resistant sheet material such as that of Figure -

25 5 _ '

Figure 11 is a photomicrograph | depicting a perspective view of a
representative three-dimensional forming structure suitable for forming a three-
dimensional, nesting-resistant sheet material such as that of Figure 1;

Figure 12 is a partial elevational sectional view of the three-dimensional

30  forming structure of Figure 10; and
., Figure 13 is a schematic illustration of a representative apparatus suitable for
formihg a three-dimensional, nesting resistant sheet material in accordance with the
present invention. '
DETAILED DESCRIPTION OF THE INVENTION

35 Figure 1 is a photomicrograph of a three-dimensional sheet material 10 in
accordance with a presently preferred embodiment of the present invention. The
materials of the present invention exhibit a three-dimensional structure comprising a
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onal '
winding it upon a mandrel or upon itself (core-less roll) for purposes of compact

_ storage, in accordance with the present invention the web exhibits the non-uniform

20

25

30

pattern at least in the direction of rolling, and most preferably in both the rolling
direction and the cross-rolling direction. While an infinitely non-repeating pattern

- may be desirable for certain applications, at a minimum the materials of the present

invention will exhibit a non-uniform pattern property for a web distance at least as
great as the maximum intended roll circumference of a roll of product. ™

In order to provide the greatest degree of nesting-resistance, the three-
dimensional, nesting-resistant sheet materials of the present invention preferably
exhibit a two-dimensional pattern of three-dimensional protrusions which is
substantially amorphous in nature. As utilized herein, the term "amorphous” refers
to a pattern which exhibits no readily perceptible organization, regularity, or
orientation of constituent elements. This definition of the term "amorphous" is
generally in accordance with the ordinary rﬂeaning of the term as evidenced by the
corresponding definition in Webster's Ninth New Collegiate Dictionary. In such a
pattern, the orientation and arrangement of one element with regard to a neighboring
element bear no predictable relationship to that of the next succeeding element(s)
beyond. _ .
- By way of confrast, the term "array" is utilized herein to refer to patterns of
constituent elements which exhibit a regular, ordered grouping or arrangement. This

~ definition of the term "array" is likewise generally in accordance with the ordinary

- 35

meaning of the term as evidenced by the corresponding definition in Webster's Ninth
New Collegiate Dictionary. "In such an array pattern, the orientation and
arrangement of one element with regard to a neighboring element bear a predictable
relationship. to that of the next succeeding element(s) beyond. o
The degree to which order is preseht in an array pattern of three-dimensional
protrusions bears a direct relationship to the degree of nestability exhibited by the
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25  protrusions such that the repeat distance is a single protrusion spacing. In such a
configuration, alignment for nesting would occur if web alignment occurs with a
- shift of no more than one protrusion-spacing. |
In a web with an amorphous pattern of three-dimensional protrusions, any
selection of an adjacent plurality of protrusions will be unique within the scope of
30 the pattern, even though under some circumstances it is conceivable that a giVen
individual protrusion may possibly not be unique within the scope of the pattern. By -
utilizing an amorphous pattern, the three-dimensional sheét of material (in the case
of a sheet having hollow, three-dimensional protrusions) will not nest unless precise
superposition of sheets of material having the same amorphous pattern occurs.
35 - Three-dimensional sheet materials having a two-dimensional pattern of
three-dimensional protrusions which is substantially amorphous in nature are also
believed to exhibit "isomorphism" . As utilized herein, the terms "isomorphism"
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35  panel segments which define each facet along the perimeter of the protrusion. The
‘ panel segment with the lowest crush strength limits the crush strength of the
protrusion, much as the weakest link defines the strength of a length of chain.
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35 . Returning briefly to the photomicrograph of Figure 1, representative
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protrusion 13 is shown in a deformed condition wherein the upper central portion of



- the present i

-Lepresent s anofitior ploatusion WitkburuEnanA! oRWatdly byee NG ASHAY IS o space

WO 98/ 21410 -

PCT/ US97/ 00201 , , 20

anor phouwo@asteueed, nesting-resistant materials may be fo it h
statistically- predi ctabl e geonetrizd and physi cal ng{f@?lﬁ%ﬂmum
properties. Referring once again to the drawi ngs, and nore

particularly tige hiotdtidn has b : Q lan view of a :
representati v§¥t {)ee-ldinnensie%_nn F%&Eg%ﬁnk?{(?g%wme protrugina bas eglapsed)|  of

Shbsteptialiyipyering upemitself. | Sushndsfommatidnahertby rddugsl @e height

above- d'és'EF"i”b'ggtwéer; ofBlhod utilizing a constrarn

-Mat-erial - 10 -has--a -p--ur%s}w of non- . uniformy shaped and si zed,

pref er abl y5 hol | ow, Figuots 8iandaslepi2t fraginemuAosiey e val | eys 14
t her ebet ween, ) Gb aqhgaﬁnﬁaﬁéégfé?{jggg%conneﬁfﬁggﬁ%ﬁ;ﬁ’%ﬁ%&%ﬂﬂt uous
network of spaces w thin the anor BRofrusiqr IBInghspasesaor

di nension A, Y#lledh Ieparcbeseen ierassdedtiont Bipuees depictsems HirEeldfierls{ifal
aral Lol vl | o st s o PRRES Sy SLIE with 3) BSSiy R SRR sibsponaddedrio tucknsic
enbodi ment , - th Later ﬁ%stﬁ’-&c"é%“_’slthe upperrutfaceanf the web which fies 8 vietwbyof

2 ot The br Supednyent s an arouats e PSR poribil of dby aropudbis 10 a0
shape so t ha? a%}i%;%%ﬂfbe We%qgoﬁlsdﬁfw todiereafiiet Ao the melet sidegof the
occurring  materitet Womspanslingly,ohertoier isaifack bf' it WB bl -awkle

nesti ng-resi s . : 4 ' l.ewe because the anorp oﬁgmpg’letern
of the protr uéié)‘g%ﬂrs?isgﬁsé%?_sjéag@g@ lg%g@e& the; openings pf the hollows portiony off thehe
face of one IPAQ®ysions k3. jigidentified with theakmefal AMpamdis refrRl t&‘h@fe‘iﬁﬁr i fhe20
protrusi dfs demaksiderdfihe fAlpfal t e depressions formed behind eac

protrusion in an . dj acent l'ayer; The benefit of narrow
constant-width s Jé%‘é’ﬂ?ﬁ\?b’éﬁhep?tmquers io§ iigure 5, analogouslyas Figeé 8UButORSh 42

‘cannot al so enbstancepss enidéd tahspaces218! s AellBlsefy g#eeglg%&yegfﬁiggsg dé’érﬂ‘%r to

face to face . . Protrusigns 14 are pr
center an avgf%uéuesméllssl £xin accordance w’%lléa'b"r of pommenly-assigred coo-peanding,
di ameters or cendueentlyifiledUch Patent Applicdtion Sefigl No. [ VB'%@’; E@!:lle?)(%
bet ween 0ot I0i5¢ G n e .of . subst ance_1 ocat . et ween
them For ap icag?zlﬁ’sﬁ\l/\%aepgefﬂ.?tﬁsai n end‘gothfmeﬂflfg‘?tﬁ sHamdltone and
def or mabl e, {ff8D ogr MeGue,) entitled Magesialh Hayirgei A hSsbstdice hPajigede Py t han
their DieforatablesStafidoffaid Wb 'He dibG¥sdleterm-hy.
substanti al | &cb‘g)\é%%%ﬁ%an /or. 30 %?ﬁ’s‘%&? hfﬂc?n‘%lgcgﬁsug%’g %‘%F hegeby
substantial |y péerp ha dI;a Y pefesncs. a¥ubstance 6 partially fillg theisphces T so that
protrusi on stmpetensurfapecd protrukidmr 10 Mlﬂﬁ%ﬁ@ﬂfd@&?&e%&é’ﬁéﬂﬁéﬁgﬁ,ﬁ c
from folg ng [ [ I arallel tq a plane of the nater apee o
that the "o16'$ath Baeg SEELA BRNER e sihsobede on thomaiciside of thehe
val | ey bet weBAtergbipRy waking contactowith extenial fsurfadesr GWith $egakd 66 thedaale side
Ret ur ni ng brofetheymhferial) &ub V€T, i e 1 representative
protrusion 12 i S I;lhé)wn 155 ﬂﬁﬂig’gﬁ{% Pt\;@; etllge- ﬁ@ﬁ%dﬂ 1s; B¢ \&Dﬁ? the
represent at | V& Side pf the \valleys on spaces Hhsfwesm respectvieoproadsions) Geivied hn
wher ei n t he anglogous finictioh i PrdveRtin®§ : 4 . .

ke bstance 18%icklh ' Bidepsions from, makige

[=]

21 . PCH US97/ 0201 o _
_pushed 3 (())\/vn\/\"/:a‘l)%1 Eiﬂ/wétgc%t?%ts“ﬁ% SprtosEReeswithis differentysides of the materin} 10

B etant al @C{M\Vém diffenens geomsteichllyBdistincteiones Withiah éiéil%ﬁﬁé(teﬁ&ldﬂﬁ?%gt he

hei ght Ik Hﬁi 1.4hout extendi ng outwardly over
adj oi ni ng v aﬁflt 25 ihoetré'ag'lg&glg 284 cBhid 1R fact be dlstmctl)g dlt%lerent substances serving
7 dastinetly different functions. - '

_"Substance” ig defined in this invention as any material capable of being held

35 in open valleys and/or depressions of a three diménsional structure. In the present
invention, the term “substance” can mean a flowable substance which is

- substantially non-flowing prior to delivery to a target surface. "Substance” can also



bet ween protrusions. 5 Figures 8 and 9 depict fragnentary .

el evational cross-sections of material 10 taken at a | ocation where
a conpl el oghpdpUsi on 12 and both adj oi ni ng spaces or PCT/USYAbRBY S 14 .
can be seen I n cross-section. Figure 8 d@Ricts the three-dinmensional
structure of Figure 5 by itself, wth no adhesive or other substance added

to the basic terr In, this view .t he upp surfaeof t he
web wihi oh-  dBEEy eyl apnigh sesnd owy i b Sl ¥ it (F Bfer dieeSs
proj ecting panatemals Y$ubistapce maryumeama figid osa solid. Adhekivesi feleedommds t he

nuneral 15, %&hﬁﬁ%}?{'\’?‘fﬂ&g’tﬂ%{a sur tgozxétsgﬁa L,cfs \Agttﬁﬁa%d tRErion, £ Ly

mat eri al . Correspo anay

t he. \Example, Bray eg@ﬁ«éusho rlrﬁhq:wbrsmrq;d@shet rraélemerd/wgclepmssm rﬁber | ow

portions- §f tsiBstances may MeOp érﬁz%hék&l‘y héld irs tned%myél ﬁra/drr aébréﬁfoneuw 17,
and is referre | e si d e materi a

ereafter
Figure 9 shov%gﬁtﬁg’%m eu‘P?ngT'dFﬂ S‘hf‘é"?ﬁed ther WQB&@F? CFPPSFQQ‘BIFEMB“ With wi t h
a . . su ]E)ﬂcwnmh siffaceddrdwhen gathece dmenmnﬂewucﬁﬁe o défoemed) liditﬁdh or f
under si de o e 0 S. achings o
commonl y- assi élne&'flse agtwaé% %(’%ﬂg& mt%ré(% rpé f/lmP'F’Ftéod’ ‘Bciglae ﬁﬁ? )
Appl i cat i on Such alas Nogek{, pasies, Arfmamsqew@vdm; kedgglimerated pafiicles, 59RUR,
filed Noyg qﬁrm; r gg-igﬂq
Kenneth S. ?’rele’éa%gﬁlra ﬁdp‘ Mat er f Bﬂgﬁﬁg hcﬁ( gérrge E’ﬁ '8%‘ By

Def or mabl e St andoﬂrhg sagesvia thsthese- dmnsrgnal Stmetum of thecpresens finymtion are

her eby nar:mlefaeri@wd&i/rabefts e SubsAHES! YR pifcelfididdiny
fills the space ﬁf SO out er surface.of. rotruir ons 12
remai n ext er P4 of the ﬁB‘%‘HFfW“F @@Fu@m&ﬂ@{ ang agivationesten eh thepreseph e

_]Pr otr usrkons fnvendoh meprsfdmilyandefoﬂ:ﬁaﬁun tdfe thal ﬁuea-dimegﬁmhdﬂe structulre Ny Srl al
rom naki r C { the mm | de
of the na eri a%)%glgst anggé&% g{nFO% gépl c{aﬂsé’ E&%Fgﬁf 3? Mi$PBRs S uch
“that the . heating dheematedal &6 abwevmomeytsnmcragpac@s chelingdh belewemony e

- protrusi ons $&hN&aMAL). Or it courariaéraa@g.%vfdﬁrg:rdr&g ek&sﬁ%@%?ﬁféé%ﬁ%?gﬁlgnQ? 16

within the protr IoONsS_T1Tro contact wt Fxter ces

m e
- Subst ances- Wl“'PWid 0 FFB}dérﬂth%'r‘{;mg fq;gesﬂﬁgqusaqengg orces and cgmbinaipR$i n
di fferent geofttiest activatioflphérioifdnazones within a side of mat err aJ 10 need

Y IS T D TR P
"Subst ance" ictothieWovend-or nonWovsensnpapnr iceHulase fibgr sheets,rdoadxtisivak)| lemruiatdser ng
held 35 in,g %nﬁﬁﬁdti%ﬁ? RO THE @?@q%?ﬁ ”éﬁ}?fseﬁcﬁﬂ rd@forﬂiaﬁﬁ“ﬁiaﬁéﬁﬁ

structure. In the presen I nv erm stance” -can nean a
£l owabl e subdbcivdes thowghqre mot restricted ¢, Sombinations or dagrees GFPRIGZHPOTGHS, MI9D-

ggl ivery to pokctsdethicPop oreee s%%%%sqﬁa@ peBatilé SQlon-permedBQ. 9%&%&; t
J C oesn'

il ow at 21, HadioRbaicohydoseaRe, 203 e olpophopicmBaR, R bl sl

- "Subst ance" writicate sixfiacef fterisibnor suefase| pré-textdieds i elastically edtldalsleatplastically

rochani oal | Gietadsie “URGrchRP dohdiotve! GhA°UbAeql pORSEAAOLP ERBoRRY

friction, ances
val | eys and/ aaterigls mmmgvow,hmetalﬁngldsg@mh@@gkmam@ ;giassammlr sgsinel d in

the valleys %@Est‘i‘ﬁ&éﬁé@c?&&hxﬂéd hidferials, mbb‘éi-‘tiﬁiz&i‘ﬁﬁﬁidg%n%té pémegted to

be rel eag&d therefrom en ex osed to, confa ag% ‘??215’ - external surfaces

or when e FHREMER mstETials £icy UGk anateriaieag hedipmogengoyy or gpmposition

ot herw se acbbmailﬁﬁong current interest. in the present i nvent.i on incl ude

subst ances uch S pas f.0a I oner at e

particles, prills, nf(pa% ‘i‘r‘?"’é*yo@ﬁ é m%'cﬁfgﬁgsm%awe ANSPERSE

| i qui ds, and dmrlﬂmmﬁ aboos Ot(hérmcﬁes (0.038 cm) to aboufl0.6368 pmhes (0. ﬂ76 leen), and

t hr ee- di mensi_onal t o) IIy

open; theref 5% ég fe%terggl&ea;ﬁo L @bgéﬁhﬁ%@eﬁﬁ%&lf ancéé’sgg gé&r %Yeéac% Cg'f"u r°not

run 35  to-center spacing of from 0.03 inches (0.08 cm) to 0.06 inches (0.15 cm), and more

preferably about 0.05 inches (0.13 cm) spacing. This results in a high number

 density of protrusions. The more protrusions per unit area, the thinner the piece of

)




out of the structure without an activation step. The activation step of the
pr esent i nvention is-preferably deformation of the.three-dinensional
structurewgyés,%?‘uo conpressi on. However, an activation steppb@noyirol
substance to ow coul d be heating t23e material to above room
tenperature or cooling it bel ow room tenperature. O it could

I ncl ude providing.forges excessiye of the earth's gravity.. It . cqul d
al'so i ncl ude GRFERAlFOAFFRTHPT BPIRED ke Brde b Jristhesiyen deformptipn force. In
conbi nations a preferietl entbediment tthe/mirnber qfipromwusions. pe?2 8quare inch exceetls @00andh
"def or mabl e riall.is:i ' ' _ :

~clot h,""vvove'ngﬁg %P ro#)uﬁlo v@ﬁélpggpg%gratbgg{e?%ﬁggggﬁ t@?o?ﬁ%%?ﬁo&u%@ﬁ%( r?J%tthns,

| aminates,  pieceafanateriali They baws a protrugion height ofrabout 0-0e4 inshesy O emn)da
def or mabl esmatgpgy cBA0.030 em)] R MR prefePati aB R 06 Th&Hes (001 § € Reight.

conbi nati ons qr degrees of berng: r.oys on- .paor ous, m grOQOrous,
“gas or liquid B@rl?fé@ﬂleé,mﬂ@i*ﬂlﬁégrpgﬁgl%‘? %&9_7(%‘[‘}?"})?{9,““2@ tﬁ“’i{’?ﬁsé’bﬁbgﬁ’@}w
hydroscopi ¢, qopapiitneHDPERPhobi c, high critical surface tension, |ow
critical surface tensi % surfa‘g{e aFg‘rc%-g‘t.‘exture ._Lel as{_ui,c?d&lln i el dabl e,

pl astically VA cghiony e RAPFYVE gy, Jresy é’i‘%‘&’ﬁlﬁ Jgpyne-
non--conduct i vaesiftastnshert ymaterial, anpreferted| layemof sulbstauzedl6 i pedferablyga datex
pol ymer stRgck, TN | I r est ;s e sal- tarlal
cross-\li ntlzgd r%?%?‘%?ﬁ ésh,s'tg}ﬁb%gl?e,s rgghel{rtl ?Pgh.‘&%" (g'gzg_re mécewrrgn?'%'gdﬁ ore
st one, ' man- madueferably, ilayes of sabstange d® mex be pbow 0:Q005Hach helfemsubicklayer
COMPOSI 110N 5 ahoktOF B MdhQ0D51 mm) thick layer of hofnfdit’ édhﬁéi{lé}réglfciHEﬁf&f h&d
enbodi ment ,-. pr.otrusl onss%g h viﬁ_g average b . di an&iﬂjr of gﬁjo,ut
0.015 i nches. (fllgsBlc)! mads by 1. vler ﬁeﬁ@@lﬁé{%ﬂtﬁ Any adhesiyee
preferably abagh be. €28 which eaity theQfeéde 6] theTinaterial aplizatich. adhvavaamay det er -

35 to-cenpter spagl of fro‘;n 0.03 inches: (0,08 .c i.g 0..06 inches .140. Jf5
cnm), and r g TE1ASIENa ?’e]‘%‘ﬁ‘fﬂ &7’ FETVFG 08T | %@F@gse(.o_ ecﬂfe saﬁl CFP@I &rifits
results in a (protmsionsis preferably sélectedtty podvige acontiiuons adhEsiye pathesyoroundingi ons

E,gl- / Bglgt? /' 8628})1’5@&1&@ J3"thilt arilhl‘?glﬂ.isgﬁ'g n% be made Wifh & %ge]t%&t(}ace. 23

material and pr ot r JEimmatgrials may beanade Bemchomegeneayssiesias girkiendsatherenbit i on

force. In- smgemr%arﬁpwla?momtﬁanmetmﬁ: Biiteee 4F cohRhipliiedNFhéthér &suar e
i nch exceeds 20%33 - t m.,about 30% out

n . e protrusi.ons occupy. fr b
7056 of 1 h@Dpr G eEpan Gpaiph daminated oRBu e gtB EHOWE Eon cAhe K2y
protrusi on heiagfibutef ofilteeu fil. Mtériah dshémt (i0 be 1formabletto proBuce ProfriiRions cnds

0.030 cm, a e er.g N 5 ' -

gl'he- pr ef 2 red wr%gggl’ i a‘t‘P gcﬁ‘g ' %"u%§§8?‘2%&?°8’69%e}‘|§’ kﬁﬁﬁ%&l%% P?T?} (ﬂ(ﬂ‘ﬁ%’ggm%h

density Iptek ystrubitasn 8ylORDRE) . Polyolefins are generalyrprefamed cueito their lower -

adhesi ve- cont glogi i}y, egkﬁf]&eﬁ‘nﬂlrg‘? rﬁ%ﬁﬂ@a mai& gibes are abouf 68061 RichesS(OARRS
ayer of su

material, a preferre ] stance 16 i's prefergbly a latex 1
pressure génsiméoéﬁhﬁ‘égmoa’ﬁﬁhﬁs (0- 250 muph c Mg, wﬁerwﬂ)ggqspw ?Tﬂ%ﬁg?ﬁﬁre .
Ior eferably, It ay@({)ozqthc%esgglgep @em}j o a%;én loso02tinetes §0.08D mrh)) CBverDmois3prefarredhi ck
ayer 0._abou in C ek . .

adhesi ve, spedhBeh e oo about 0.00d3 Afndi" 003k el W HboR 096, hles 0,005,
Co. of Vadnai smlﬂé.i__ghts, M. Any -adhesi ve can be used which suits the
needs of the materig,, --h%gid %duﬁﬂ*@sél}(ﬁfci ien hirgbe{oaﬁﬁﬁﬁﬁ% film
rel easabl e, permanent, or- otherw se. The sizeée and spdci of

protrusi o8 | ststchidurimg|use debenefisial to sw@gime@alcl&mim@tﬂﬁg seifaresi Sestehedn

surrounding  film reRfRRd fr'RsHA foPcesiiatalRl ko tHeOhlhne SRhdheSE BRtaBE Gfhith iayd

target surface. . Fil terial be de from_honbgeneous
res?ns or bl erf@use Acveaks adhesive b°ng]i tqgbrsaly, fhfﬁ%ﬁr 1 mares clgsely  spa eHleg"lel | m
structure are oo teqieatt e liRelilkodd ofGtretchooceutsing in &given Silon - Alkdupl,
| am nat ed or cq?n‘nl ned lr?_%/ ottf r é&%\im n‘g?nﬁ Trée.kﬁ?ét attribute of the
filmmaterial S2steitydnmaterial 10, is-hahieved,ta,pe ypdesiapls, fof, use, A3 a gogtainer wrap
. 35-  which seals to a container, there are potentially many other uses for an elastic
material containing a pattern of substance. Reducing the protrusion spacing to the

~ closest possible spacing which is manufacturable may increase material stretch, but




val | eys. Useful resins include polyethylene, polypropylene, PET, PVC, PRVDC,
| atex structures, nylon, etc. Polyolefins are generally preferred due to
their | ogelognigie COSt and ease of form%ﬂg). Prefeerred matperisofigagies are
about 0.0001 1 nches (0.0025 25 nmm to out 0.0 10 inches (0.25 MM . More
preferred gauges are from about 0. 0002 inches (0.005 mm to about

0. 002 h t
0. 0003 .”ﬁcﬁis( B9 ot Beletichal G 18Bicing) i FOREES of splsufiBCUEwELT pldeARIGRR
Providing a wpnbmnha@thns fer thet formeq matgrial of dhe presént ghventioniwillndietatef i | m
30 stret chxdéur él?&aﬂ@&dsﬁy laf BRfthiion, dsOvaPa] the SeRBRGH bfthe SAbdtthcls hadget |

surf ace. Strg'ge Imresults in residual forces parallel to the —

pl ane of adh ontact, which may cause a weak adhesive. bond.to..
break. The |arger The Gmarriel qirqseeﬂyy "bmﬁesﬂrehgm" of the nmeérdﬁmematéleﬂ

3 aet ity sl MRS acioftd BlekR g S S11He b iR ohineling wefied

cont ai ner w agstidg of anfiregios ef insatéerial aun'oménglarglvaxﬂmtrusaom eper antheadveyt many
other uses fgp, t Rihbibn ﬁnds 1t%gff glﬁﬂpd’ﬂmﬁo‘g% Eblvgll Qgilﬂ%ggxél%@mgogr $apst ance.

Reduci ng the protrusion spacln 0oses
i s manuf act udensessiopppf |m1@élbhe (FheRe ishice stheeprarusions surrounding 4@/ singleo

24 10  protrusion of mtei%@tT %ﬂﬁ&ﬁe@@@@&e, shape, andispadiRy fidf DREE Enir‘f'dlﬁildﬁgn

reduci ng the_vol unme of substance, bet pr ot r usi ons. ferent

appl i cat i ons theoPtRET, PretRIStRNspERSEIoN | Fmt Fzength, i thus; méﬁ’&’Pﬁﬁ“‘V\faFFOfdﬁ%t ate
i deal size acshsilizhsiliey sefectiigtheunaterisl, typs and tHiclarss, ae wedll @Gche @ensitfy dnide

bst h t
Strengt he - of PRE (o ek HAENS b et Besfy gbserved. thap dp gl Targ Bl BREPHY o 2bove
in terns of uhdldimmmmd@ammlwglsﬁ@axﬂstma@foragweneﬂtmajtxp‘e any
region ofs ”Wﬂ\?ékn%é&%%‘&%ﬁ%ﬁtﬂhﬂ&%f@ kY %igirﬁﬂoﬁ'sv e8hid th?‘&@nngy?iﬂli

that that protrusion finds 1t super | over single

- larger angb pioEe SpRfermable spaterials) maysbraﬁ&h%qdn@@ ﬁtﬂb realige the; noprgesting

: sEr roundi 39 idﬁn&gé?bﬁhégﬁeseﬁtﬁﬁ{rédﬁh%&@lﬁiﬂﬁe%‘ftan\mddrpﬁﬁufsfpﬁfteﬂnmﬁh%e

shape, and spaci romtho r oundi

pr o!tO rusi on/ dg E?rsig'l @Ppaﬁéﬁ'ﬁf #Lﬁ?‘ﬁp?‘? ?ﬂ&?‘%ﬁ“ﬁ"ﬁ%%‘&ﬂ PROIEYSIns; o

consi der when sel Rds ibeljevedethatathe rprotrudigrp sizeishapé and spacing, abe weblmaterialhe

densi ty Y properieR Sl el RGN, Bikterial buftis A ANEINAL w&xgesg n.
ar ger - nu

gener al Fusi gns provi er’ |l eve
of beam st r edgflegtipn terapegatuverasiwelb as tshe ﬁoytp@gmocesadqtemme l&h@s@e@ﬂan

smal | er numﬂ%ﬁlohamﬂrfoﬁﬁﬁtgrﬁéééﬁ% nﬁﬁ’drﬂm@ 'iri t fi¥ms 6% &BRdple, since and

|ng or

spacl g whi ch

more confornpble.materials may be utilize i ze
‘non- nest i ngmﬁa1 &‘ff TOHRE, AT SROS pggmgr?}p%geéﬁlpan %ﬁdﬁ%‘%ﬁ{]ﬁ@kﬁgﬁ of an

anor phous padisgibotibas/ thag that pmdacudelﬁsatﬁe;moﬁimMgaau vlevated pamhperataredpaFat | vel y

hi gh o d th h
plr gt r Bglr%ﬁ sgg'g atgﬁlé%ggéﬁzls §§%‘W8‘e 1 Brovide ﬁ*a?‘ ] E§q ?‘%f &%ﬁp&fog' {Sfatélge such
as flexural whmblmspffmmnomﬂsmnﬂfmpmssum@fet |lealst Oﬂlmtkmdssppr Squagie) dnoh,
deflection t@hﬁgﬁ&w AtHdRt %&mﬁmxgh&ﬁwnﬁo&ﬁgsﬁé% dffiert Thé Subisnce

strength of prof rusion rocess is I nportant |n
pol ymer fi | ngontasts ww@f An example, of this tﬁqﬁvﬁgmtdvmég%sst%? Repd to

generates rewimithe wdb %ﬁ%roﬂnﬁrfﬂtaﬁiﬁrﬁﬁﬁd/ﬁﬁﬂﬂs émlingk "Baeh with very low in-

di st b t t hat th f | t.ed t t
For 25 3050Rol ressitee BE 81 Bpandilnde, G ?%ﬁ”aﬁ%ea@ea, 4 fpyidia) doghound ' °
(def or mat i onpressure inathe dnjterior of thedolt maly sdeforhd pmtnmbns in the webtsaffitientlyrtessur e

;.
-

Cubstant a1 19700 P R BFRH IR B0 st 1 8 AERL ' v

an external protriision. stiffnessx isnreiquired to tprsvaneqhnsrwndmg damage fromt kecurgegl-t-o-
wi nd the ""Ebsﬁ}ﬂ}a?lgaufh% lind Ylebli % @‘gﬁ&f’&t dfd m-sQ& af ldRRRAS | kﬁ&tsh lﬁ,ﬁgngg@%@%ﬁer y

| ow i n- ressures o ds’ per s?uare I nc
resi dual35 n-stiftness is requlred to prevent premature actlvatlon of the product due to the weight

of overlaying layers of sheets or other forces, such as forces induced by shipping

vibrations, mishandling, dropping and the like.



- 98/ 21410

pressure in the interior of the roll may deformprotrusions in the web
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ot 100 ¢ el Sk ik 8 S e D o
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35 . _In structures containing relatively small protrusions, as found in high number
~ density protrusion patterns, such thinner sidewall gauges can be particularly useful.
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st ruct ur e- conhatetialnky). sMuh(xdf 3(1 imilides anformingt sarfaed 32, which is preferablyMotheee-
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utilized to forma corresp - di nensi onal
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form ng surf agRede which! s 0ﬁ§u135form $3rr@§p3ndﬁh§ hm@ptoﬁutleﬁmw YrrfEand ng
theminto recesses 34,

material - 10 is heated tq.a
sof teni ng t erf{S gtagpﬁgédvemq@thpﬂéﬁn |“i‘ﬂ"§'r‘an rternatively topming, surface 3%?%% i nto
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typical.--CQuter nDsMore particularly, Figure 10 depicts a forming surface which could be

utilized to form a corresponding three-dimensional material 10 such as depicted in
Figure 5. When a material 10 is thermoformed over forming surface 32, protrusions
- 35 12 are preferably formed by drawing them into recesses 34 with vacuum when
material 10 is heated to a softening temperature, and then maintaining protrusions 12
drawn into recesses 34 while material 10 cools to a solidification temperature. In
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35  exhibit more thinning in their sidewalls. It is believed that the hot melt adhesive

cools and solidifies when contacting the metal forming surface and thereby prevents
web material in contact with the adhesive from being drawn into the recesses, so that
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a 184. Forming screen 181 is preferably a 0.005 mch (0.013 cm) thick, 12.5 inch
(31.8 cm) wide, 6 foot (183 cm) circumference stainless steel belt, ‘having the
25  desired protrusion pattern etched as recesses in the belt. Covering the outer surface
of vacuum roll 184 is a 195 mesh seamless nickel screen having a diameter of 8.63
iinches (21.9 cm), which serves as a porous backing surface for forming screen 181.
For producing a pressure sensitive adhesive containing material, a substance
186,.preferably hot melt adhesive, is coated onto forming screen 181 by a substance
30 applicator 188 while forming screen 181 travels at about 20 feet (610 cm) per
minute. A material 190, for example, a HDPE film web about 0.0005 inches
(0.0013 cm) thick, is brought into contact with the substance-coated forming screen
~‘at material infeed idler roll~192." ~Hot air at approximately 600°F (316°C) and
flowing at approximately 11.25 SCFM (0.32 cubic meters/minute) is directed
35  radially at material 190 by a hot air source 194 as the material passes over vacuum
roll 184 and as vacuum is applied to forming screen 181 through vacuum roll 184
via fixed vacuum manifold 196 from a vacuum source (not shown). A vacuum of

.1




3. T_h.e sheet .material of claim1, wherein said protrusions are unitarily

f or med from said sheet material. 15 4. The sheet material of claim
1, wher ey 1§econd side conprises a plurality of Pé’?ﬁ%@f}oozol

t hr ee-di rrenS| onal hol | ow depressions corrgsponding to said

protrusions, such that said protru5| ons are hol | ow. g 5. The 5286t

mat eri al of claim.4, ein the size and shape of each depression
correspond smﬂ?&?f%fﬂ?’iaﬁmﬁt’%cq? ey At0-6 k) 8%@?&1&@‘1‘56’@9?@%@& kegted

protrusion. by hot air Gour’fba%h%tfoﬂﬁéd:; rsquthfl‘e dbh%ﬂ%éten&!?ﬁg@[s”stﬁﬁﬁéﬁ fbget
mat eri al exhi ural web properties in dany

direction wt ﬁ-ighS%P gﬁlg‘éﬁmggllng @2@@ mat eri al .
34 : 7. The sh%famlmt&tcﬂlaforming;ls-em 11 81wisc aefabrisated| sdaamd Baterltais s ...

substanti gl | yfabncat%d féxss‘&{}aﬁpﬂé& 'ﬂ}ehrou hgﬁ&giffgﬂrﬁ{‘# gg‘;e rpaeld l&r o%ert ies for:

a given circunscri out
s hget nat er i AOFROLAEOFding tonther mpthod S@‘lh?@labom gnd issproferably hmntaiamrdo a

anor phous patmrspmm@ 19448/ a pmaﬁmu Fdryphtoe a{ﬁ?noéle?h@?hoﬁﬁlag? BOL{ A%

protrusion bel at an ane of said

P er il 0" e g ﬁ‘iw%“%ﬂ%‘é?t Hed Bilas e eichad mateno b pically saimipetes, |y

of protrusi orimt lin may cilso be brass, aluminum, copper, magnesium, and other materials
10 including alloys. Methods of making metal screens by photoetching are described in
more detail in commonly owned U.S. Patent Nos. 4,342,314 to Radel and
Thompson, 4,508,256 to Radel et al., and 4,509,908 to Mullane, Jr., the disclosures
of which are hereby incorporated herein by reference.

Additionally, the recess pattern may be etched into photosensiﬁve polymers
15  instead of metals. -Examples are described along with a methods of making polymer
forming screens in commonly owned U.S. Patent Nos. 4,514,345 to Johnson et al.,
5,098,522 to Smurkoski et al., 4,528,239 to Trokhan, and 5,245,025 to Trokhan, the
disclosures of which are hereby incorporated herein by reference.
Next, the forming screen is converted into a continuous belt by butt welding
20  the ends together, using either laser or electron beam welding. This produces a
nearly undetectable seam, which is needed to minimize disruptions in the recess
pattern. The final step is coating the endless belt with a low critical surface tension
(non-stick) coating, such as a Series 21000 proprietary release coating made by and
- applied by Plasma Coatings of TN, Inc., located in Memphis, TN. It is believed that
25  this boéting is primarily an orgéno-silicone epoxy. As applied to a stainless steel
forming screen used in the methods of the present invention, this coating provides a
critical surface tension of about 18 dynes/cm. Other materials which may prove
suitable for providing reduced critical surface tension include paraffins, silicones,
PTFE's, and the like. This coating allows the formed material to be removed from
30  the belt without undue stretching or tearing.
¢ A belt forming screen is believed advantageous to a flat plate or a drum
forming screen because a belt enables screen patterns and pattern lengths to be
changed more easily and larger patterﬁs may be used without having massive
rotating members. However, depending upon the desired quantity and dimensions
35  of the material 10 to be formed it may be equally suitable to fabricate the forming
structure as a flat plate or rigid drum, and/or other forming structures and methods
known in the art.



anor phous pattern conprise interlocking convex polygons each having a
finite nunber of substantially linear sides with facing sides of

adj acentwg)f(gsé?&!as bei ng substantially parallel. éé}nr[%%"%%ms sheet

mat eri al m 1, wherein said sheet mgerial is forme

I sotropic web of material and wherein said sheet material exhibits

| sotropic structural web properties in any direction within the plane
of said sheet nat eBpeguse the same common feImyng sereeriscsed o grnferihg substerer ei n

said plurality ee REALIAISAONS BEE 102formS SRARbREkIGHE, Fhe | AbRAERNPRGrR dis
network of three-dimensi gnal ,spaces between adj acent_pr.otrusions.
12, The- sheet CORYPRIERLY- Fespsiced iRy the RIPIEYTT- daithe FRDRAmERS thentopal | y
35 .. .. equi sefaeatofefutiding tsoreen B s contithquat éxzept for recesses 13, thig theeet
Subst ances  crbstihed patlE ' Gull SuaPIEReR R AR borfipecipn,  Bivtley o o
subst ance conglis¢ontizuows pattern afihsubistapce were coatdds . ot efosining  somerr 32| aof
claiml, wher gihntiahbus GBUERSY ARErPbdwba frofididnd Wolitesult? W 1N 3
C In accordance with the preferred method of manufacturing the three-
 dimensional, nesting-resistant sheet material 10, the three-dimensional protrusions
10  are unitarily formed from the sheet of deformable material itself and are hollow
structures with depressions in one side which preferably each have a size and three-
dimensional shape corresponding substantially with the size and three-dimensional
shape of their respective protrusion. ‘However, it may also be desirable for some
- applications to utilize solid protrusions unitarily, integrally, or separately formed
15 from (and applied to) the sheet of material and which may or may not be
~ deformable. |
In general, the present invention is a’ three-dimensional,  amorphous-
patterned, nesting-resistant sheet material which is suitable for holding a substance
protected from inadvertent contact with external surfaces. The sheet material of the
- 20 present invention may be utilized as part of a structure which is convertible to a
substantially two-dimensional structure by applying a compréssive force so that the
~ structure collapses to release or expose the substance into contact with external
surface(s). However, the scope of the invention also applies to three-dimensional
structures holding substances from inadvertent coniact, which are converted to -
25  substantially two dimensional structures by means other than compression. For
example, the inventors have found that a tensile force applied to the same three-
dimensional structure can cause it to plastically deform longitudinally and thereby
" contract in caliper or thickness to similarly expose or release substance. It is
believed that under sufficient tension, the material between protrusioné deforms in
30  response to forces in the plane of the material and that protrusions are thereby.
. elopgated in the same direction. When the protrusions are elongated, they are
- reduced’in height. With enough elongation the protrusions are reduced in height to
" where the substances between them, in them, or both are exposed.
For a one inch wide strip of material 10, made from 0.0003 inch (0.0076
35 - mm) thick HDPE and formed to have protrusions of 0.006 inches (0.152 mm) height
- and 0.030 inches (0.762 rhm) diameter, spaced 0.045 inches (1.14 mm) apart, the
tensile force found necessary to cause protrusions to expose a 0.001 inch (0.025



16. The sheet material of claim 15, wherein said substance conprises an
adhesi ve. 15 17. The sheet material of claim1, wherein said protrusions
occupy Rebveeidioe about 30% and about 70% of the area pérsgdrooker st si de
of said sheet material, as neasuré&d parallel to a plane of said sheet
mat eri al where said protrusions adjoin said first. side. 20 18. A

th - di | onal. sheet lal, .sald matetial having.a first sid d

second i do napek fouindSs sefive iR BeCyilithF bebvest HemBichs s PRghmHE. ng

plurality of0.8ppmexds{036&g)peranch efirstitip plidthr usi ons ext endi ng outwardly from
g £ , oL . . . orial i

oot rusi ons. for nigomtiatod bf SbinbikstiOh 1B, kS RALA D37 e MRIRH' G welt

t wo- di mensi dnaterigeeinther presgnt invention in order to expose a sugstance from within the

36 shapggelvnbidomh] Strakttudd. | GatHougk Rt Pller&f&dd&%@cﬁneﬁt pRAOpResE. and
wherein . sai d s&gond, si_de conpri s.esﬁ%.% urality of spaced,
t hr ee- di mendP¥FRiony e tepgile force gecessary o arhi arsr@sfpmyx&r:ﬁwa% af gpid three-
_paot rusi ons,di?xaﬁ?oﬁa{la&mgd RL Gfdeusﬂooaﬁpoaélesubsﬁancdﬂ(lb:cﬂW-exte'inal surfacd%s The
sheet material . aim1 erein sai rali.t rotrusions are
Separ at ed by BTN EONAGELA CHEPTSTR o7t K Bxien 1B sRad etl A5 veen
-adj acent pr apaybe alesignediwhislp i gwréigesilygdefohsediby i aatenyile force abplied i dt hs
throughqyt saLdap3ddt Uibiod e TaflsiRespctlstve fthdchis Whd e PriRYPRS bifind
them are disclosed in commonly-assigned U.S. Patent No. 5,518,801 to Chappell et
- al., the disclosure of which is hereby incorporated herein by reference.
In another example, heat could be applied to cause the same structure made
of shrinkable film to reduce in thickness to similarly release or expose the substance.
15 Examples of uses of the three-dimensional sheet materials of the present

invention besides tapes, labels, and storage wraps include: lotion impregnated facial
‘tissues, scented strips containing microencapsulated perfumes, adhesive
impregnated shelf and wall paper, medicinal patches, patterned condiment delivery
to a surface, two component adhesives, laundry pre—treatiné chemicals, abrasive
20 . delivery systems, and other applications ~where avoidance ' of contact with a
substance held in a substrate is desired until some action is taken. Alternative uses
of a material having a three dimensional structure which may be converted to a two
dimensional structure in order to expose a substance are described in more detail in
_ the aforementioned and incorporated commonly-assigned, co-pending, concurrently--
25 . filed U.S. Patent Application Serial No. [ ], Attorney’s Docket No. Case 5922R. .
. As described herein, different substances can be deposited on the opposing
faces of the formed material. Multiple substances can be located on the same face of
the material either geometrically spaced from each other or commingled.
Substances can be partially layered. An example is a layer of adhesive adjacent to
30  the material surface with a solid particulate adhered to the exposed side of the
adhesive layer. In addition, it is contemplated that it may be desirable for certain
applications to have protrusions-extending outwardly from both sides of the formed
- material, such that both sides are active sides with deformable protrusions. '
A pattern of protrusions can be superimposed either on a similar dimensional
35 scale or on a different dimensional scale such. as a single or multiple
"microprotrusion” pattern located on the tops of other larger protrusions.



10 20. A nethod of nmking a three-dinensional sheet material, said
nmet hod conprising the steps of: (a) introducing a sheet of

f or mabl Swish ial onto a three-dinmensional formng 15 spepgishHdizé@vi ng an
anor phous “pattern of three-di nensional shapes having a
statistically-controll ed degree of randommess; and (b) formng said

sheet of material jnto conpliance with said form ng.structure to
generate a pl ural i Mpiler mugh @fq the fpregong ndiseyssion hasybsen (foresed et B ng

f20 out war dl ydxﬁfeﬁgrbﬁaifshéatmétems eéntslair@ §§lﬂﬁianﬁé xxf@d@ﬁdxﬁb the Qhéierlﬁﬁl QihdnvSI ons
formng an a ous i mensi ona i ca apes
~havi-ng-a - ‘whigh tgoss%e f‘F‘@Péﬁﬁ{’%"r‘{ esﬂj'mgeadr @é’rﬁm?ea??&%ﬁﬁ hesiVe, three:
37 .21, dEhreusranaﬂosheen‘ nuaterials 20ntainiiey @onsuchi aﬁdndmnahlsubgtamﬂe freotor b5| ons
are separ t ed b t n t e siL o
spaces be meer?nﬁge%‘cie%fm H} % gt giegﬂeo%r&gﬁtmgw\%ﬂ@érne Eﬁogal %Fhéd rt her
conpri ses t heimeapomﬂ spaging aheleyfor use as pipackaging wrap mpy be fompadrand wilized ance.

5 22. Thes1%hiae Jittin ﬁ'sﬁi{p?r?g%on%ﬂér"éu@h ﬁ?&t%sﬁeﬁpex‘ﬂ"flodﬁa rzﬁérah' a{aJ bé ling

sai d spaces Qccurs s ntl sinmul tapeoysly wth said
forning said espentially  immobilizeds AR e’ exampje o Suql'h@ Hﬁ?%@’c&“@ﬁw@ﬁlaﬁ e22

~wherein . both mhtefidl & aUihstcatdgos} by cleandihd ané Wkaning implements such as wipes,

10  cloths, sponges, pads, etc. The channels within the three-dimensional structure are

employed to collect, imbibe, or scoop up dirt, solids, free liquids, or combinations

thereof during cleaning and cleansi_ng tasks. The amorphous pattern of channels or

d_epre.ésions provides for efficient cleaning due to some of the'pattern"s advantageous

properties. This allows for effective cleaning irrespective of wiping direction and/or

15 the chosen portion.of the pattern which contacts the surface or item to be cleaned. A

* substance can be included in the three-dimensional sheet material before use which
‘may deliver advantageous cleaning or cleansing properties.

While particular embodiments of the present invention have been illustrated

and described, it will be obvious to those skilled in the art that various changes and

20  modifications may be made without departing from the spirit and scope of the

- invention, and it is intended to cover in the appended claims all such modifications
that are within the scope of the invention.



steps are acconpli shed*tcgeﬁ‘ra'—fm—a—eommn formng structure. 24.
The net hod of cl ai m 4 Shvmtﬂﬁ ed ajd step of introducing said sheet of
et I1as been e

nmat er i alw‘gggﬁ,&@l d fo ﬁﬂ | ncl udes extrudi ng spegusdamiorof S
mat eri al onto sai cture. 25. The method of claim
20, wherein said step sai d sheet of material onto said
f.orm ng structure incl udes pI acing a preforned sheet of material onto
said formng structure. 20 26. Qe met hod of claim 20, wherein said
formng step is perfornmed by a form ng nethod sel ected froma group

- consi sting of nechani cal enbossing, vacuum t her nof or m ng,

~—hydroform ng, and conbi nati ons thereof. .

.38 . 27. The nat heek-Ginefitiondl sRekt Mﬁl@ﬁﬂl @axa%ﬂeﬁﬂr §tﬂrbt0§1§é @nd a

conpri ses a cont| ous exi. e net f c a| m
| 20rrpv\,here| n said FGPAE F{é’h?‘ge E‘Hﬂ%‘?ﬁ‘%@“ﬁw °Be ‘p& 38

t hr ee- di nensi onal spaeedaslaes-dmmhslonalepmuns:ens, epteferbisunitarily formeaf. frﬁhesahbt hod

hape. 10 50, ek BRRmAP i flpe cBRERRRPOR S U coumeslifed BRRL

sai d net hod said protrusions form an amorphous pattern of two-dimensional geometrical

shapes, preferably including a plurality of different two-dimensional
.geometrical shapes, said plurality of protrusions in said amorphous' pattern
preferably comprising interlocking corivex polygons each havihg 'a finite
number of substantially linear sides with facing sides of adjacent polygons
being substantially parallel, said second side preferably comprising a plurality
of spaced, three-dimensional hollow depressions corresponding to said
protrusions; such that said protrusions are hollow, the size and shape of each
depression preferably corresponding substantially to the size and shape of
each corresponding protrusion, said depressions optionally being partially
filled with a substance, preferably an adhesive, said protrusions preferably
“occupying between 30% and 70% of the area of said first side of said sheet
material, as measured parallel to a plane of said sheet material where said
protrusions adjoin said first side.

2. The sheet material of Claim 1, further characterized in that any single
. protrusion within said amorphous pattern has an equal probability of the
nearest neighboring protrusion being located at any angular orientation with
the plane of said material. |

3. . The sheet material of Claim 1 or Claim 2, further characterized in that said
sheet material is formed from an isotropic web of material and characterized:
in that said sheet material exhibits isotropic structural web properties in any

. direction within the plane of said sheet material, said sheet material preferably
also being substantially isomorphic in geometrical and structural properties -
for a given bircumscﬁbed area throughout said pattern.

4. . The sheet material of any of Claims 1 to 3, further characterized in that said
plurality of protrusions are separated by an interconnected network of three-
dimensional spaces between - adjacent protrusions, said spaces preferably

’———"—_’//_‘ .
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conprising the steps of: generatlng a conputer graphic .having
an annrphous t wo- dlﬁﬁtﬁn SB““Rek‘ ttern of interlocking two-dinmensiona
geonetrl h atlstlcally controlled

randonn pat t es of substantlarﬁs cdﬁg?g%t wi dt h
bet ween sald |nterlock|ng shapes 34 (b) transferring said anorphous

t wo- di nensi onal pattern onto a form ng structure to forma

t hr ee- di mensi onal HKaing smgstsﬁttaﬂlpteqﬁ@albﬂtvuviaﬂmstthfdaghout%@xd pﬂtﬂéﬁ{lﬁﬂd) k‘ermy esses

cort SPon 19 1 8k L AR URRRR e st BT S 75

optional |y, coati raghssivel i nt er connected | ands with a substance; 25 (d)
i ntroduci ng.a sheet of fornmable material onto said form ng structure over
39 sai d. subst ance, . sai d .sheet of material havi ng a greater affi n|ty

for said- 5. subAmsthod ?ﬂ-}aﬂu%pahrpg-fim'ltmglogﬁlrshgqtgmgenaé,n@haractenzed i that
formng said sheetsaafmaab@ebmbngegm siepEfi ance with said form ng ‘structure

to 5 generate.a p ree nal , prot i ons
ext endi ng Lfl{a {fx‘ﬂlfcfﬂﬁ #%SPI-E b%r mgér'alogﬂ@e? '53*' P?‘%ﬂal sai d
protrusions formng an fonmng strsotupé) oprefepabily eompnimg \aoedtitiBods flesdble belt,

geonetrical shapes havi I I eglr.ee o
randommess. 10 31. ,&{Lg"%hg'& arpoﬁimgﬁé 3;3’“8 or&r{ﬁ ﬁ‘g&é lﬁ'&éﬁgﬂa@ ERFY ‘%hod
conprising the steps forming structure preferably comprising an amorphous _pattern of

' three-dimensional recesses and interconnected lands, each of said

recesses preferably having a convex polygonal shape; and
(b) forming said sheet of material into compliance with said forming
' structure, preferably by a forming method selected from a group
consisting of mechanical embossing, vacuum thermoforming,
hydroforming, and combinations thereof, to generate a plurality of
spaced, three-dimensional, protnisions extending outwéidly from a
first' side of said sheet of material, said protrusions forming an
amorphous pattern of two-dimensional geometrical shapes.

6. The method of Claim 5, further characterized in that said plurality of

protrusions are separated by an interconnected network of three-dimensional

- spaces between adjacent protrusions, and characterized in that said method

further comprises the step of partially filling said spaces with a substance, said

step of partially filling said spaces preferably occurring substantially

simultaneously with said step of forming said sheet of material, both of said

substantially simultaneous steps preferably being accomplished together on a
common forming structure. |

7. A method of making a three-dimensional sheet material, characterized in that
¢ said method comprises the steps of: '

' (2) - generating a computer graphic having an amorphous two-dimensional

a pattern of interlocking two-dimensional geometrical shapes, said

pattern having lines of substantially constant width between said
- interlocking shapes; |

(b)  transferring said amorphous two-dimensional pattern onto a forming

structure to form a three-dimensional forming structure having three-

R R O




of : (a) generatlng a co uter graphlc havi ng an anor phous

t wo- di nensi onaI - This Sheet H; I nterl ocki ng two-di nensi onal :
geonet r kG@ bg/ S Hmm Eﬂll statisticall y-control pegfusegsoess of
randormess sal d pa nes of substantial ly constant

wi dt h between said interl ocking shape (b) transferring said

anor phous two-di mensi onal pattern onto a form ng structure to forma
t hr ee- di mensi onal for nﬁhlgpnsibnddlewseemqmspmm o rm'dsihtmﬂabking(}hsﬂmrmﬂl
corresponding to said {n‘i’ér@&{xﬁﬁéégnﬁnﬁ ﬁﬁin L8 s?ﬁ BRes of substantlgl% The

met hod of -cl ai-m 31, wherein sal trans athre
di-mensi-omal~ form ng -st FoRstast ¥idthii ng three d| mensi onal 'recesses

.Zgrr_eSpondl ng.to. g)-d.b &fall?;d@lhﬁﬁgﬂi@ﬁ@&c@ﬁ?ctbmﬁrif%ﬂﬁ%ﬁﬂax{\&ndzth
- correspopding. t o sal nes st an ant Wi
33. The nethod of P‘gl ai m’:?fuc’%@r %‘2&5‘“&?&5 ?ﬂ?g"ﬂé’l ‘?i‘“ﬁf“‘g U ki ng
shapes is derived frormvercsandsﬂxbstamds%slm&bof meesel HagingangredtePaffippgfor 5
34. The nethod of. cl ai lgﬁlqsm%ﬂ,{aﬁsﬁalmte ﬁﬁl t@lre’zﬁﬂl is constrained by a
ro

constraint .factor which con € ran e erni ssi bl e center-to-center
spaC| ng of said s(ﬁpesfonmng said sheet of matenal mto compliance with said forming

structure to generate a plurality of spaced, three-dimensional,

protrusions extendmg outwardly from a first side of said sheet of
_“material, saxd protrusmns forming an amorphous pattern of two-
dimensional geometncal shapes.

8 . A method of making a forming structure characterized in that said method
compnses the steps of
(@ generatmg a computer graphlc having an amorphous two-dlmensmnal
' pattern of -interlocking two-dimensional geometrical shapes, said
patt_erh 'haviﬁg lines of substantially constant width between said
interlocking shapes; | _
®) transferring said amorphous two-dimensional pattern onto a forming
structure to form a three-dimensional forming structure with three-
d_i‘r'nensional‘-' shapes corresponding to said interlocking two-
dimensional shapes, said transforming step preferably forming a three-
dimensional :-_forrr_xin'g structure having three-dimensional recesses
corresponding to said -int_ei_*_lbcki;ig shapes and interconnected lands
correeponding to said lines of substaﬁtially constant width.

9.  The method of Claim 8, further characterized in that said amorphous pattern
of interlocking shapes is derived from a constrained Voronoi tessellation of 2-
space, said tessellation preferably being constrained by a constraint factor

. which controls the range of permissible center-to-center spacing of said
shapes. |

10. © A three-dimensional forming structure, characterized in that said forming
structure comprises an amorphous pattern of spaced three-dimensional
recesses separated by interconnected lands preferably exhibiting a constant
width, said recesses forming an amorphous two-dimensional pattern of
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10 35. A three-dinensional formng structure, said form ng structure
conpri sing an anor phous pattern of spaced three-di nensional recesses

separ at e%&%ﬂzmm i nterconnected | ands, wherein said recesses forman -
anor phous - ' di nensi onal pattern of interlocking A7 onal
geonetri cal shapes having a statidically-controlled degree of
randomess. 15 36. The formng structure of claim 35, wherein said

| ands bet ween sai dinterlockinge 6%6-dRfer8ioRAI0 igborAetFiedls sipbs, Wedkld Norming structa¥é: 1he
form ng structure of cla}|m35 . Wher ei nqeﬁald f)ﬁé‘mgg structure conprises . 20
an endl ess fl exi bl Brefeiphly comprising” 38 endigssr fiextole (belt,  prefembly formedioh 37,

wher ei n sai d endl epslymegximatesiaber stainless steel, orfacigi®formingascrehymeri ¢ material .- -
41 39. The form ng structure of claim37, wherein said endl ess’
flexible belt is fornmed of stainless steel. 40. The form ng
structure of claim 35, wherein said formng structure conprises 5 arigid

form ng screen.
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