-1- "Re Il at ed Products and Processes for Manufacturin h &aﬂfps )

I nventi @el ates to reticulated materials of substanti a?ﬂ@ Bt .
configu i on whi ch have been formed by the conjunction of a plurality of
strips of nonplanar sheet material. 5 Such products are known in-
which the strips:of-nonpl anar sheet #adtlerial lie substantially -

per pendi clRekiewla ted P rodue RNQCeSSe R L ox 1 Fntad g _Ihemedges-
of the strips |ie {sinvention relatea tioinationlated matexfials abosite
surfaces of it. In these materials, 10 projections on the nonplanar sheets

are oppofipstantiahighPlanar sonfignratdarcahdch have haen Jozmeddanht
sheets a thus formthe reticul at stryctyre of the conposite nmateri al
The abut (P S5iMR9 i#t%@ izﬂlg %@%Hﬁﬁﬁm Ahee% cnsure
shear str etween the 15 strip. One type of nethod and apparatus which
may be used to form nonplanar sheets is that described, for exanple-, in

Australsian Patent SR fgrtiucts Nre 4eewi!Ln WhitrsRafd fdexdigPpgescri bes

t he cuspation of nonplanar sheets 20 through the action on a sheet of

t her nopl asnpd anse réhdeto matqrdale liad subebantiglly eerpeliculapeed |
tools. The non- planar sheets fornmed in accordance-with the disclosure of

thi s spedii® Rhang ofkhe rgtdaulated makandadnicathat dihe adgeghtofxt endi ng
f ' f f, th t 25 -al | dapt t t withi
Sheet s ortH® SRR i e aniash Wil ey i mateariat A o "tho |
opposed ek ibdils G| ALTHed Y 362 © i) e Warellidiy [ Ne speci ! cati on

refers broadly™t'o alternative sheet Torns where th i g of the sheets
i fsxitwfh mltogi_i'dmedtﬁltbwtdrﬁ "theincHp laax shiedtd Ui YPpdaad 'AidHroughd gnent
of the™adj acen _

. into abutment te leave spaces between adjacent sheets and

thus form the reticulated structure of the composite
mnterial._ The abutted projectibnllih these materials are
pernanently bonded to insura.shear strength between the
15strips.
| One type of method and apparatus which may h; used
to form nonplanar sheets is thaﬁ described, for example, in |
Australian Patent Specification No. 460,849. This
| lpoqifieatioﬁ describes the cuspation of nonplanar sheets
— 20 through the action on a sheet of thermoplastic material of
a phtterned-at:ay of projections on opposed tools. The non-
- planar sheets-fo:mnd in accordance-with the disclosure of
~this speci!ication havé projections of subatantially equal
height extending from each surface of the sheet and are
25 generally adaﬁtnd to ncﬁt wiﬁhin sheets of similar configur-
| ation so that substantially the whole of the opposed
surfaces of adjacent sheets are in contact. While the
specification refers broadly to altcrnatiﬁe.sheet !ormg
where the nesting of the sheats is lim;ted by the paitirn of
30 the projections and the relative aliqnﬁent of tha adjacent

€
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-2- sheets, any limtations on the formof such sheets and their relative
configurations if nested in stacks of two or nore do not appear to have

been investigated. Other forns and conbi nati ons of nonpl anar sheets 5 'aF$
-been proposed but none are known whi ch "are any nore relevant to the
on

present invention than those of "Australian Specification 460, 849. Cusp
formi ng technol ogy has been found partltﬁTarI useful for the production of

sheets to be u!h!“_mr |¥Pﬁc¥:¥m’€ﬁéﬁﬁ:@% ton t4he R anch,isheets and ﬁhﬁ’d&
| east partly bec of t e, of different patter mhlch be
formed using tﬁ? ’bg’yq iﬂ'!%’og ‘fh@‘ %‘&’ﬁﬂcﬂg

substantially ag%bgug#g.%o&yc‘“w :?Wi J ngt hs of nonpl anar

sheet materi al nor e cuspa IOR 1S & unique process in that it

provides structurally efdikes st Mnd dombEidtivts G¥ Widpl iy dtwetin0
variabl e vertical stretch. "Accordingly it is useful to adopt and extend™t he

t er m nol ogy5of hatre beepapropogpsd dnsts nonealaans i known Wi gh e tariyn woxe on.
20 Bil ateral cuspation by counter-thrust of opposed tools
‘carrying col d gedpvantoba theRresant Hnvantien | tham&hoan af Austealian

downwardly forpin and ed cusps. The cusp walls are formed. by
free stretch sFﬁegi§¥€R€+ Q#Q f * tool projections S usually | ess t han

;:)Oo/oof):c n;hgrlzﬁcfglegts P '?'Eee% t| ondﬁ? e pr 0] e'%ll'%% 'S based Mlsgilt |b§e |

or plane tessebhatu.eazarmﬁsaml momulﬁédumﬁ -ofIsietl &¢ B vaed

square. 30 For .conveni ent description, the areas of the

O 10 in gccorﬁance with the prenqnt invention. 2his is at lqast

‘partly because of the wide range of different patterns which.
may be formed using this technology and also because tha .
technology allows the -nhitantially contiuuoul-p:oduptiéh of
substantial lengths of nonplanar sheet material. Further-

15 more cuspaﬁiOn is a unique process in th;t it provides
structurally efficient materials distribution whi;q permitt~-
ing variable vurtical_ltrotch. Accordingly it is useful to
adopt and extend the te:miholoqy of the cquatiqn_procass
in describing ‘the present invtntion. .

gy/ _ 20 , | Bilateral euspation by counter-th:ult of opposed
tools carrying cold projections draws hot thermoplaqtic
sheet upwardly qﬁd dqwnua;dlj_fo:ming cusps and inverted
cusps. The cusp walls_e:elternnd by frees stretch since the
plan area of teol projections ;;'__umuy less than 5% of the

25 sheet plan area. _ ' - |

To define torml Lt is necessary to dnscribe tocling
principles. The position of the projgct;qnq is based on a
latticg or plane teiseilit;én; Tﬁ;t.iatt;cn can be triangul-
~ ar or p:nzorably square. _ |
30 , For convenient de-cription. tho areas et the



-3- Jattice may be considered as alternately black and white, as in a

che rd. The upper and | ower opposed tools are then considered as two
sup sed lattices, black areas over black areas and whi-te over whiite. On |
the Tower tool at the 5 centre of every "black® area is nounted a verti.cal
proj ection. The upper. tool has prgjections on the "white" area. In effect

every up- proj ectlon | i es between four down projections and vice versa, o

except Biediida ! @dj.ﬁq Nerdd L ﬁ"f{@iﬁ} ﬁent 10 -
~ Specification 46 849 pr oj ecitlﬁons on_.bot todE sleﬁi{s M'

hei ght whatcnuusd&e.nvdwemfezem Uear dppdse Rotls addlendiee!

pl aced between the tools is drawn only when'the ‘tool sets act to

i nt erdlm%&ﬂ’elﬂ rsep aperpased datticas, Aladie areds wvaections are
all of 15 equal :531 each surface of the sheet .is deforned to the sane
ext ent "t"héq%% ‘i;l‘{l'ﬁlt"r%r?"‘ﬂwé{h"l?' e&th %J%‘brﬁq@@@ ttiee sheet

The & iiias’ 8 ot Sl Sl S iond o, SReelRA Y O cltion

(whi ch defpfdtieicil® 9w L&B’old'tﬂp?oﬂe quﬁ nis thus

t he vvavéel ength of the pat‘ﬂ’t ern. The equ %4 on c#ﬁea eet surface’
provi desrdde 1Ty ffecydvdzy amipridiadilicns M1 batwellt F6UO kM sheet s

generally planar in formas it.is. enconpassed by an 25 envel ope conprising

the com tlongand ddrﬂ%ldtﬁm:aldxuﬂ&mt rebhes datoyioes iedges i rect ed act .
As cuspation tec{tyol'&% | S, useful for, the continuous production of |ong
sheets of nateri eXATRL G, dny iAustxaddian. Pakanthonous with the

| ongiy glldesiduksth Aed gty e Bt G e Tuci? i ™ O O g

shee

are of oqual hoight. That ‘is, the .nvtlopo ‘of each tool set
is a plane. ' Hot uhoct.placed batween the eools is drawn
only when the tool sets act te inte:digitate thei:
respective projection-. As the tool projections are all of
15 equal height, each surface of the sheet is deformed to the
same axtent by the interdigitation. That is, each projectibn
 forces the sheet out of its initial plane to the same extent,
either upwardly or downwardly.
The distance betwecn adjacont cnsps .xtnndinq in
20 the same direction (which is the same lnngth as the diagonal . N
of the lattice square) iu ehus the uuv.lcnqth of the pattexn.
The equal deformation of each shnct surface prqvidea.tha
regular amplitude.of the pattern wave. The deformed sheet
:is gonoraliy plannr in torm as it is encampaslcd by an
25 envelope camprising the coplanar surfaces contactinq all
cusps in cach opponitaly dizectad set.
" AS cuspation technology is useful for the
‘continuous production of long lhoct. of natarial, thc term
*machine direction" is synonomous vith the 1ength dizaction
30 of the sheet. -31m11grly rcferencal to ehc-width of the sheet



-4- or transverse neasurenent, refer to the direction at right angles

t he wrachi ne direction. Nevertheless, while the term nol ogy of cuspatl@
fsorming is used in the present speC|f|cat|on it is to be 5 clearly ‘—Y¥
-under st.ood that other nmethods nay be used t-o form nonpl anar sheets which

can be incorporated in the products and nmethods of the present invention.
For_&xanpl e, substant- ial | engths of Titonpl anar sheet material can be

formed betweegy | Do Pt | dto
| opr oduce cont| nuous or ﬁ%t%‘q engt séo%nonplﬁaéﬂ P&i&grﬁe“'f& |

conventional sRGlesdotoEEN® dladitine®cdirdst{d, nonconti nuous production. In
accordance with the present invention there is provided a reticulated

material of substanti alNevetchekadss oniilnrehe crafminolbdy df coupieduy i on
of a pl uralltévof strlps of ‘nonpl anar .sheet rmaterial in which the strips

lie substanti Rfed &n mtmnmesme&#@mtmumdm s de al,
the edges of r| sI o) ar, wth the reticulated materi al and

f or mi ng oppésﬁﬁI %¥ %&%@T%@ &ag(ﬁm% Bay (e and % (FO8R of
nonpl anar sh I{T&a t ttern-
of crests angﬁ'\s/% eys g+h‘r§e‘|.'o£e?ft Ive mvﬂn@%’ﬁ"fﬁtﬁieﬁg\# &qadéf%
‘repeat cont ai and ahetlvods L0l G5t Ea@E mvdmntwwumwmg&&m-
each pattern eat the height of at least one 25crest or val Iey on at

| east one suri&gelmm %i rnqnpbamrfmm dateridilitcan b foxwmid detwalen
t he ot her crest and ¥€I on said, surface, and wherein the said height

di fference i ST9 Neod #t}qt%’ diiRnrasting technolagw qan Mélladr |ﬂ9
DAVA9.2 Yoy Fhessids WA Sudd bt adi L il Ye Torg arids” Habal
and conventional casting moehodl can be used for noncontinuout
production.
In accordance with the p:elent invention there is
provided a raticulated magarigl of substantially planar ' _
15configquration formed by'thn conjunction of a plurality of
strips of nonplanar sheet ma£¢r111 in which ﬁhe-utripa lie
substantially perpendicular to the plane of the raticulatad
material, thc.idgos of ﬁhc_nt;ipa lying coplanar with the
reticulated material gﬁd £q;ming—opposito surfaces thn:cof,
K//_ 20characterized in that each strip of nonplana: sheet material
o is formed on each oppoaite surface with a pattern of crests
and valleys oz repatitive wawelength such that each pattern
repeat contains at lcast two czosts and at laalt twvo valluys,
wherein in each pattn:n :.poat the h.iqht of at least one
25crest or valley on at laast one surface of the strip is
ditterent grom that of at 1¢ast one of the othex crests and
valleys on said surfacn, and whoroin the said height
difference 1- varied. :.gulnrly to p:oducc a co::uqatioa along
the lt:ip havinq a nnwulcngth greater than th- wav.lonqth of
3pothe crasts and VlllCYl. further cha:aeta:ized in that



4 adh§§§§; strips are abutted with the corrugation opposed to |nterf|t at

| east crest in a valley of each oppdsed corrugation. The preséent

i nver al so provides a nmethod of 5 preparing a reticulated material of
subst tally planar configuration in which a plurality of strips of

nonpl anar material lie in conjahction with the strips substantlally ]
per pe ﬁnﬁ tHd® Wikl Gt b rifatiicH oppiedligy: forni nyes
a pl u%ﬁé (ﬁ Slfrg'gﬁantlal simlar 10 trips of" nonplanar. rraterl al each

havi ng e g 4€7de VoWt Grfe &!ﬁmlﬂ:ﬂw vallYeyp &4 ach wppsdswt h such that
each pattern repeat contains at |east two crests and at least two valleys,

mherelauttugxtibﬁmutern repeat the height -of at |east one crest or valley

on at | east one surface of. the 15 strLiils different fromthat_ of the other
crests and val | She @ressnt in o RrRaviden %é’ﬁfﬂ;‘% different

wo el crpRAERn e e R f\ﬂ%ﬁ%@%}‘%ﬁ%ﬁ? "abut ti ng

adj acegh, fi#a?t\:/ﬂ%t} hid Réh£dh @PLHNNL 08P SPRPSShalE IndmsTddds Ng at | east

one crest ey of each oppose corrugatlon The products of the

pr esenhat@r il | Die alre ade)wndeion ool €h reié yatiph csulspsintiakiyat t ern of
crests .and valleys formed on each opposite surface of the sheets 25 which

are i nperpandicular tte thePlane ofirthe reticnlated magewbale reticul at ed
are | nipepetiee ForRing b RTUSHLLGR o8 R eetaLly MRfEaR) i ge T
Vo 90 FRPAPL, BE: AP Tade PRISHLES o0A vl 4 a0Ggh o SRR e 30
and valleys of repetitive wavnlongth such that cach pattern - ' :
- repeat contains at lealt two crcltl and at least two
vallcys. ‘wherein in oach pattcrn repeat the height of at
1east one crest or vallcy on at least one ‘surface of the
15 strip is different from that ct the other crasts and vallaya
on saiﬂ lurfacc, and who:.in the naid he1ght diffcrant is
varied regularly to'ﬁroducc:a'éorruq;tioh.iidng the strip
" having a wavelength greater than the wavelength of the
crasts and valleys; abutting adjacent strips with the
20 co:rugations opponed and intertitting at lealt one crest in
a valley of each opposed corrugation. |
The products of the present inwention are
characte:ized tirstly by the ropetitive pattern ot c:tsts
and vnlleys formed on onch oppoaito su:faca of the sh..ta
25 which are intortittod in the spocified manner to £o:n the
composite rcticulatnd material of the invantion. Providcd
the essential faaturcs outlined above are 1ncorporat.d in the
crest and vallcy pattern, a :clativoly widc va:iation of
pattornn in poalihlo. These. vnriations are d-lcrihcd more

30 fully 1atcr in this spccification with :.tornnce to the



-6- acconpanyi ng drawi ngs which assi st in an understandi ng of the conpl-ex
shapes invol ved. The terns "crest" and "valley" have been chosen for usesfn\
bhroadl y describing and defining the present 5 invention to assist in '42
form ng.a nental picture of the sheet materials which will assist in

di stingui shing between the oppositely dirseted cusps. Thus the term"crest"”
|S\used for an upwardly directed cusps of a horizontal sheet and the term
"val | ey" for Fﬁ@°ﬁ§%ﬁﬁéﬂﬂl9‘éﬁﬁé§!e dgbpasgiathinsascundedstanding ofn

many preferreq,forns t he inventio he crests and vall eys have si des of

apprOX|naterq%Uh QF&rHﬁ‘Pﬂﬂsiﬁ Exﬁéhlng a peak. It is to be understood

however that such peake r he ] sgntial, feature

of the invention. Thusqh§r§§ S angzég#Ie§§4n3§§%§g&5?§?§§d§ﬁ?9h chefeR i cal

‘sides, for exag Ques b deeiawnahieﬂsmeyaﬂasaaeﬁ!nﬂhge%é3@:&5&&%' ve to
C

t he Iength of the sheet. Crests and valleys wth coni not form

a sharp peaR umwnnkﬁobetaehnbél&tdhyfbtalngnndmbgt&hepmeeuﬁi 6fNERe #Na@Ecd
form ng tool. The cgists and valleys may al so be in 20cruciformor curved

shapes. The pRa&swd Hv@ﬂ@FBn"ﬁﬂéf!PaSP éﬁp¢b931899$lhgnﬁabthgeehethnne

| t t
LIERCE sy e )
proj ecti on heigghiupwadn ?(Z)Eigeﬁlﬁﬁa auﬁﬁena?.' Qpﬁogissgegﬂﬁﬁi?ﬁet&ﬁ R0cte g

| ower tool is pr a waveformhaving a re I mensi on
i nt egral nultthﬂlm&“tWbrothéDaewhwarclyhdi!idﬁhcnehbpﬁfo§h€hﬁ°ﬂﬁi@9.

pattern. This envel ope waveform may be a corrugation or any 300t her
st@ndi ng wai@forn1|n t wdndmanyspoafersed Sowherofdthesinvention, the
crests and valleys hava sides of approximately conical form,
thus approaching a peak. It is to be understood howaver
that such peaked crests and Qallays ara not an-elsential
feature of the invention._ Thus, crests and.valleya may be
-15£orm.d with nonconical sides, £or example as ridges sunning
in any desired direction rel;tiva to tha length of the lheot.
Crests and valleys with-conicil sides may not form a sharp
peak but may be deliberately flattened by the use of a non-
pointed forming tool. The crests and valleys may also be in
20cruciform or curved shapes.

The present invention preferably employs tooling
having the same regular projection spacing as dilcull;ﬁ above
foxr the prior ait‘cuspat;on p:oQQdu:e._.ﬂownvn: in the tool-
iﬁq.zbz the present ipynntion, the projection heights vary

'25g0 that the envelops of each respoéti#h upper and lown: tool
is profiled to a waveform having a repeat dimAnuion which is
an integral multiple of two or more times thc uuwelength of
the tooling pattezn. _

This envelopo—wavnform may be a ec::ugation or any

30 Other standing waveform in two dimsnsions, our prefarred case



bf the present invention thus enbody both the bilateral cuspation
intrqdaced by interdigitation and a relatively larger waveformas provided
ooling 5 profile. The cuspation induced by interdigitation may be
~varied in depth depending on the relative approach of the todls but the
tooling profile wavel ength is fied for any one tool pattern. Thus the o
M NOrpgdeE Ierﬂ&a&yﬂermzﬁ?dﬂwaﬂwﬁm Srdddiddle sinple
cuspation previously describe The maj or wavel ength of the repeated

pat t ertre veoo Hing pattaine rof ke fpresanie trnvdntiod ithus éﬁﬁmdyrpl i tude of

the m nor waveformin the. products of the present invention is no | onger

C(ﬁnstmh Hehe hilaseral esw%pmb a g!%f%‘l%]{@#ﬁdi?fltﬁmd ]E)oth by
\\&
Ehﬁrtoo A Rl Ctﬁﬁﬁﬁsﬁﬁwﬁrﬁ Troited | '&t{fﬁ?&fw’aﬁl §§d§¥ the
20
The E%:&?ana #ﬁts f‘g@%ﬁ?ﬁ n%/orm et I cU ﬁa{i’f}&rgféeé.'ﬁ% ng Sresent

| nVengadeiadr £n WM'&GW%@%M raLMfive EBtESHae L i€ t han one
nmetre wi de. However the width of the sheets or strips used to formthe

reti MeMtﬁ.a&W@@m@immaﬂh:wtma&i Lixedii foxr @xyavel ength so
t hat the cu5£at ed sheet may. yireld as many as one hundred strl ps each equal

a flat-topped corrugation in the machine direction. The tooling

to t EReHRR RALEPER: ref ormed into reticul ated material . is a
i vi ded 1 oncFeRfHap, A45eR (SVFIandiif s etaihnidd 'ES éﬁ.ef:ﬁ o780t hen
US e g & Shah e [ &8 f@f'%a&ﬂﬁbmt&iiﬁ’i&&i préviously described. U

The major wavelangth of the repeated pattern va:iatipn is
determined from tﬁi"t@ol profils, The amplitude of the
minor wavifcrm infthe“piodn¢ti of the present invention is
no longer aohstént'h.dausc:thi planar lhi¢£ starting
_15materia1 is de!ormed both by the tooling p:ojections and by
the waveform tooling protile. ‘We refer there!ora to the
"interdigitative depth" of thé c:esti'gnd vallays of the
sheets used in the present invention, rather than to their
amplituda. - | |
20 Thq~noﬁp1apg: sheets used to form the reticulated - \;J
materials of the—p:éient“inventibaiate normally produced as
' widc«canﬁinuous'lheets more than one metre wide. However
the width of the sheets or strips used to form the
reticulated material may be any multiplc of halt ‘the minor
25wavelength so that the cu-pat.d shnot nay yield as many as’
one hundred -t:ips-euch equgl to the thickncps when reformed
into reticulated material. It is a production adﬁahtage_o!
‘the present invention that formed sheets can be subdivided
longitudinally to form rdlhtlveiyfnirrdw stzips which are
30then uscduin'tormihg-tho”rpiicﬁiat-d n.£-f1¢1n c: the



~engender. a resilient or- conpliant mat by_d'_pcreasi ng interdigitative

. lattice cross section becones nore and nore sinuous, t

di aneter fofmng

i nvention. The requirenent for subdivision of sheets as fonmed will be
di scussed riore fully hereafter. In many preferred forns of the invention
the tool pojection shape and the interdigitative depth are specially A;

chosen. In one inportant product formdescribed |ater.In further detgi

whi;l e at the sane tinme enploying slender or pointed projections. In

products of t linvetiionis The rehAidetishily !%:d%ﬂhhiﬂiaﬁﬁs 82 Egia.iu?t 8% t 10
us is able to act in
sem rigid nediozmasd aidlr bagdiscasssdomorel fullyr Neengtsey and hence the
interdigitative depth can be readily varied if the cuspation process is .
used as the manuf acturi ¥ menNopreferred forms)of-tbedioyeptibncibe tool

K ' I m.sati f tical, | oad beari t th. Lp thi i tyati
152 T R o S, SRR e s

prefer to uge d%.cu Qb |y iWo&' |l i t LLer
: ? o the ma e°§&s?)'%ﬁ%e 0 the,‘ﬁ_cgr gg'r!gf grg_ﬁnégﬁ'%gdf gﬁ&?gag d the
two being cl ogudttidy datail WeCandetdad @ PesiiteheChr Sofpliakedmatony Of
cusps within cusps giving excellent colum strength. Such inter- lock is
shown in rig. ireiensingdaterdddltatdvac deptiinyhijedatkhes same gimen to

“assi st an 25 under st.andi f the present_ invention and to illustrate
various pref eﬁﬁm 'Bgnﬁﬂé' oFy Brdnged proljectiops. ndar Productraefi he

ot hods. descr MR HHRE g B LntAGRGHRR GuRY, Ropis nendised Ehn’iphas-""

qrawings, 19 lattice cross section becomes more and more sinuous, thus. is

able to act in semi rigid media as a spring. The extent of
_into:diqitation'and honc.;thaﬁ1nt¢rdigitati§efdcpth cia.be_
readily varied iz.th-.cu-pation procass is used as the
manuféctu:inq_mathad. , | | _

15 . A second special case requires maximisation of
vertical load bearing strength, In this situation it is
assential to mihimisw~the:sinuouaity of tha cell wall, Here
we prefer to use blunt cusps of two :elativnly-large
diameters, the smaller diameter forming the male cusp while

/. 20 the larger forms the femala and the two being close fitting.
In such a case the ;ntc:lbék is a packed group of cusps
within cusps giving excellant column strength. Such inter-
lock i3 shown in !ig. 1z later described.

The accompanying drawings are'giénn-to assist an

25 underscanding of the present invention and to illustrate
various preferred fo:ms.of.tha-1n§nntion. It.ii to be

. understood that the invention is not limited to the shest
configurations illustrated.o: to the methods described with
refarence to thase figures.,

30 _ :g.thc drawings:



jar sheet, Figure 2 is an edge view of the sheet of Figure 1;_ Figure

A diagrammatic representation of a 5 tool pattern which may be used
t o W¥0duce a nonpl anar sheet for use in accordance with this.invention -
Figure 4 is an edge view of a nonplanar sheet produced with a tool of the_ .
type illustrated in Figure 3, Fifare 5 is a digrammtic perspective d

repr esent - LCntiogigﬁgﬁMQ\gﬂpﬂsdeﬁﬁﬁﬂfsdiﬂéﬂﬁﬂniﬁlag:6?£¢§¥H€a$10200L

illustrated in Figufe 3, Figure 6 is a diagramuatic edge view o

reticul gigeg siinpliaaformr sEdnopplanacosheetyi on o four sheets fornmed using
the type of tool illustrated in Figure 3; 15 Figures 7A to 7C are
a group of schenafigurmcidsisi anl edgeoviewuot shef sheetrafi Figureol:
patterns; Figures- 8A to_8F are roup of schematic edge views :
illustrating the E&ﬁFﬁﬂc?iﬁﬂ;ﬁfdgFgﬁ F@ﬂ'FﬁPﬁ!‘ﬁF*ﬁSgﬁPaﬁﬁr‘sheet; 20

Fi gur§ Pget; PaBeRERCMkh Rk bl eda kbl Bpafon’a hifinTHbRE Fhaptl *
i nvent i gReC3gebin§ dcEBdaahcalweehlehigaidvatitasuyti c representation of one
25form of production |ine which may be used to produce the reticul ated
materi al s of the Ppdgara dnisFaguedgé’viewacfchcnonplandgesheer of a
configur- ation used to produce high inpact strength reticulated material,
and 30 producedrwighcalsopd 9f(ther s¥per Adinssrated: ini FAgure: Re
Figure 5 il.a.diaqrannatic%per-pbctivnfrob:aseht- . |
10ation of two opposed sheets formed using the type of tool O
illustrated in-Figﬁ:c:st- | N '
rigu:o:G;Lsiaudiagiiunaéic?.dgt:vidw of &
:eticulatod.natorial formed by the conjunction of"fchr
sheets formed using the type of tool illustrated in Figure 3;
15 Pigures 7a t§ 7C are a group of schematic views
similar to Figure 3 of aLturnatiQe-toel-pattarnn; _
Pigures. SA to 8F are a group of schamatic edge
views illustrating the conjunction of alternative forms of
nonplanar sheet; |
20 : Figure 9 is & diagram-illustratihq a method of N\~
joining adjacent sheets; - ) o ) .
| . Figure 10 {llustrates one mathod by which
reticulated material of the inv-ntion'cin.bo'tozm-d;
Pigure 11 is a diagrammatic representation of one
25foxm of production lind'whidh may ba used to produyce the
reticulated materials of the invention; | |
Figure 12 is a schematic edge view of a configur-
ation used go-produc. high:1mpact'lt:ength':éticulat-d '
. materialy and | | o |

30 Figure 13 is a diagrammatic representation of the



-10- effect of varying the interdigitative depth. As indicated abo
cuspation thernmoforming is a preferred formby which the sheets u@the
present invention nay be prepared. Figures 1 and 2 are included i\d_5 e
present specification for conparative purposes and to assist an’ '
under st andi ng of the basic principl esigl cuspation thernoformng and the
devel opnents to these principles which have been nade in the production of -
the sheets sifmdt atheraryimttiointantigiiative deptfgure 1 shows a

nonpl anar sheot which nmay be forned by cuspatlon of the sheet in a plastic:
state between opposed Moinficatsd ANGRS o uRRALiaN themmpiseming da isons.

epebtPoc. uBEbASEER ol ¥ SGHR ﬁf@«hmat Loy el ErmaRE: ol ace
T ot o S o Gk 0 4

inter- sewmcg:aﬁwar atzrhaﬁmgtaﬂ &dwﬁaafv%@wm waaldoel with
and transverse to the sides of the strip. on 20either,surface, diagonal

lines of peakmsisk smruiderstanding ©f the hawic gm.‘.dldmpim o'!’nenl'pnﬂon
preferred fom of eak Iacerrent us din rodu0| ng sheets for use in the
present invetRe &% thene px hdch

val oy hei grfiave %@E@%*@k% PRI U I angsha e 15 e o)
lie in paralﬁﬂ.p‘k@ énsS and Plerr]Qerr]Rerr]S[err] and if the

shoot Is cut” along a nodnﬁgllne such as A-A parallel to a grid line and

ted nigyay bet weerkiqurechkshois ol meglanit: ARttt wiitH adyeba 2
cross section of the formillustrated '
formed by cuspation of the sheet .tn a plnnt:l.c stat.s batwaeen

opposed tools each having a pattarned array o projoctions.
The opposed patterns o!’prgjgctionl-aro such that the
projeetioﬁs on the zespective tools can be interposed so that
15crasts formed on one sﬁ;faca of the sheet are equally spaced
from valleys formed on the other surface of the sheet, The
peak of each c:.st.aﬂd each. valley is-locafed.at the inter-
section of a squa:c grid, the grid lines of which run
parallel with and transverse to the sides of the strip. ©
g// 20 either surface, diagonal lines of peaks run parallel at 45°
| to the square grid lines. | |
_ This. is a prcferrad form o!‘peak placement used in
produciuq sheets for use in the present invention., However,
in the sheet of rigure 1, all crests and valleys are of the
25:amn height and the crest height is the same as the valley
height. Thus the peaks of the crasts and the peaks of the
vallays lie in parallel planes P Q R 8 amd_Plclalsl.ahd is
the sheet is cut along a nodal line such as A~A parallel to .
a grid line and located midway batweean the pea¥s of idjacont_
30crests and valleys, a cross-section of the form illustrated



..Figure 2 is obtained. Accordingly, sheets of the Figure 1 .
) tion are not readily adapted for stable edge nounting on the
m’y strai ght- edge line formed by dividing the sheets al ong such
nodal nes Even when closely 5 nested, adjacent sheets of Figure 1
configuration placed on edge have no resistance to toppling if stressed .
transverse to the edge Iine of amllene sheet. i's now been found that o

| rsnﬁglezs to %rgv {E stabl e fegrﬁ#&%fe?‘l %%us noe ogfe H;re“ of

nonpl prgéngigetativn iveinot  reddilydadapted fer Is€alecedgs med in which
each sheet -has on each opposite surface a pattern of crests and valleys of

r epetmdonting\en thmdlativelynstraight ades nlinpclormadiby ns at | east two
" 15crests _and at least. two vall eys In_additfion, if the height of at |east-

one cfividing Ehe e&h%tﬁt‘l-%tz‘b?k aodal Lingsy he‘%e‘!“!’h QkR#eM¥t t ern

co Echantedy adiddine R of 4ot Ltost E0inelin Shntdd R 0 01 ocuce

a Coréilgﬂth o 2hG| PESLAtEnCHCES HbpE Hi@s:l.f‘ i‘&wt&-&if@éﬂ tgan the

wav e- ngth of the crests and the Vva acent strips can be abutted

wth ¢he cegcugﬁchua awp oone in..aterflt at Ieast one crest ina valley of

each opposed corrugatlon Figure 3 illustrates diagrammatically the type of
25t ool pattern #hitm now beensfound bh%ﬂun@dtﬂi@!ti;leﬁ the preferred form

%iiﬂﬁéﬁgﬁﬁge{a otee Eﬁﬁﬁéé‘htﬂesﬂﬁ'e d5e steckind o ?ﬁ%?%“el e
(P WROPES RN Ba 8 e C1 R EELAR A RRELLLY) St NOEY Voo, C1L0TD 2 i

forms of nonplanar nh-et than that illustrated in !iqura 1

can be formed in which each sheet hac-on_oach opposite
surfice'a pattern of crests and valleys of repetitive wave=
lsngth such that each paethn repeat contains at least two
15crests and at'lnast:two vailéys; ‘In addition, if the heiqht
of at least one crest or vallcy on at least one su:faee of
the sheet in each patgarn :qp.at is different from that of
the other crests and valleys on the selactad éurtaacrand thig
height difference'in'va:iéd regularly to produce a corrugation
20along the sheet which has a wavelength greater than the wave- \ﬁi |
iangth of the crests and the valleys, adjaceﬂt”st:igs can be
abuttod-with'tﬁq"cofruggtiohs éppoiéd to interfit at least
one crest in a valley of each opposed corrugation. |
Figure 3illustrates diagrammatically the type of
25tool pattetn which may be used to produce by cuséation one
preferred form of sheet used in the present invention. This
diagram shows the pattern in which the interposed projections
of the two tools-ira'a:fnn#dd; The upwardly moﬁnblc tool
projections are 1ndiéitda i1n§1y by the latters § and L while
30 the downwardly movabls tool projections are indicated by the



S
sanme |letters which have been circled. The letters S and L indicatéé%%tg
relative | engths of the projections with all the S projections bei
.same |l ength as each:other and rel atdi ygl ¥ shorter than the L projections..

The L..projections 5. are also all of the sane length as-each other. It will

be.seen that [n t I ttern of ELgure S gt teLn used
t o produce t h%a%%g:ettttgg SF%%J%% h%"%t ﬁg egn{:gfglbés‘?’t i (#feo?' S#ﬁ-gg% o%la%nnds .L .
proj ections p{gghiGhRe %h&ew@é%m ARAkEN3Nds Ve b 1edteBhE FHOC SISl Re0r i d
line | O transverse to the machine direction which i's up (or down) the page
in Figure 3. shai@)eriohbBebenid aine @ampr ReRGER NS caidht beheesqart i ve
-upwar dl y novabl e and downwardly novable tools is such that the height of
the tool projeelativelyl sbontersthan tthe Hepheiectiianact i The Wwhepmijscrdohave
alternating 15 transverse rows of tmo-long proj ections, two short

' r

proj ections: 3% H&% 3ptoPEcthe rame JEnghBr 28 Raghe AtN8As,  and so on. This

-may be referred to for 1809¥f?i§écs%e§‘st?tai:v@gl%Bé?:)ttom iggﬁéf?g%tﬁr reV1€N

the tools of the Figuré 3 pattern are Inter osed, proj ections
of one tool aj e(aéins’&ﬁ_&/”toéﬂtﬁmdugéa‘@@r%i&ﬁ;@_%hh Bh&L€SE FFuek the
opposing tool. This maximses the effect of the |ongitudinally extending
corrugati on fbynee iimtebpostoibictofsithet tealling prasjsctiienshpreiigtesa gi ven
nunber of long-projection transverse rows 25 alternates with the sane
 nunber of shodkteyngtdagi Braksand vallgysninpeachisucsegspvej extd dineowns -

0ppos ¢ 1 on WrETASERE SRqERIMOHIAS BLFPORLOBIHARY A@opRcl T4 ATB0I S5Ps not
Roseibl e, Thopddiio, 204 $igete Pt of Jhieds, U dhidiah B3 BRBSASEA dur oot!Y

as possible to maxi m se corrugation of wever,
corrugated shegé respaceevdadsvardly movable and downwardly movable tools

is such that the height of the tool projeétions alternates
in the machine.direction whereby. we have -alternating |
15.transverse rows of two long projections, two short projectioﬁs,
two long ﬁrojections, two Shért prbjections, and so on. This
: ﬁay be referred td for convénience as a two long/two short:
pattern.
When the tools of the Figure 3 pattern are inter-
20.posed, the long projections of one tool are, as Shown;
NI ‘ interposed between the short projections of the opposing tool.
- This maximises the effect of the longitudinally extending
. corrugation formed in the'product.éheet and is possible
whénever a given number of long-projection transverse rows
25-al£ernates=with the same number of short-projection rows. 1If
the nuﬁber.of long-projectioh-rdws differs from the number of
alternating short-projectiog rows, ekact oppesition of the
long and short projections on.the respectiﬁe tools is not
' possible. The long and short projections should then be

opposed as'directly as possible to maximise corrugation of



mnth i nvention can al so be produced if prOJectlons of the sane, Iength
62%? d tool-s are interposed. Figure 4 is a diagranmatic presentation of
an e 5 view of the type of sheet formed using the tooli'ng pattern of

Figure 3. This diagrammatic view is taken al ong an edge of shoet cut al eng

the line form ng the m dpoint betmeen adj acent | ongi tudinal 'y extending:
rows of crests and valleys. The |ingl8aken for Figure 4 is shown as IV-1V *‘

in Fi GE prodiiit ihddt CK Hpldwild] Sbeshitfatied adit O iicdtiadricy’ e 4

-folloms the conflguratlon of the cut edge. "The full line 2 shows thHe

hei ghtwhih t e Clranisst ior e |sleo e pridurdd it tprbiedtiomi dhe sheet
nearest to the cut edge and the broken line 3 shows the height of the
cr est stmdsans | angti amoppgsad Roals axs tinternosedy endi ng i ne of

crests and vaIIe s The vel epgt h bet n ad acent,_cres dlcated by
~wand it will gf égh ?*ﬂﬂgﬁﬁi E#: %f dﬁf

nmeasuregd in ty qﬁﬁg one of
whi c/® Ygﬁl' é ?o% p# ans ?ﬁﬁé%%pe‘rﬁ#l Oﬁ& ﬁieé IE wavel engt h
Cis tiﬂg???é ihe RO ARkt LS View {9 EDceaw)aldiy r@Pcidge e of the |
hei ght .Terences in the pattern. Cis shown as egﬁgadlng g%tmeen t he
peaks shedtocut! abongithe hkisenfpimingthe midpoint tbetwedr cdge of the
diagram It will be ap eC|ated that this wavelength is 25the sane as the
wavel emdlacent hengift #‘FﬁtMe‘Pﬁ ST AnQ VRIS i qure 5

pr oducTRMbAFRCER eriﬁreééﬁﬁ’r%eﬁffse a8 e By PERER G ng 1 om
(e, SHibiptithacie Mo g1 hd ke 9¢ doete 4 ymaw o
the eonfiguration of the cut edge, The full line 2 shqvi the -
haight of the crests and valleys extending longitudinally of
the sheet nearest-tb.thc cut_edgn and the broken line 3
shows the height of the crests ;nﬁ valleys ih the adjacent
1510ngitudinally axtendinq*liné_ot crests and valleys.  The
wavelength bctweeg adjacont-creltn 15 indicated by w and it
will be appreciated that this.éiltanco'is greater than that
ﬁe#sured in the plane of Figure 4 as it is taken betwnqn two |
peaks, one of which 13 closer to the plane of the paper than | -
20the othor. The wuvolcngth C is that ot ‘the transverse ) o’
corrugation formed by the repetition ot the height differences
in the pattern., C is shown as oxtnnding between the peaks of
two valleys in the 1ongitudinal.:ov noa:ost to the edge of
the diagram. It will be. app:cciated that this wavelength is
25the same as the wavelength of thc.curved:edg..lhaun in the
centé: of the diagram. .
| Pigure 5 is 2 diagrammatic parspective :ép:-:int-
ation of two sheets of the form p:oduced by the tooling
pattern of Pigure 3, - The arrows 4 oxt-nding from the lowe:
'BOshpct indicate the inter!itting of the lower crests into the'



.Figure 6 Which shows the 5 transversely extendi ng pockets 5 which re
when the crests and valleys of the -opposed corrugations are interfitted.
Wil e sheets having a crest and valley conLiggrat- i.on of the type
iXlustrated in Figures 3 to 6 is presently preferred, it will be

appr eci al edyg1ay §R82 ShaChphis “faddt COTRE ! coRfuNSt 1o nfé%r@segn can

be used in accordance W th e present invention. In Flgures

have illust graadsstncaldgdrinnacicallyr iDlaneracodi Dy POREEQUE AL iHG i N the
same nmanner as Figure 3. Using the same pattern term nology as 15i ndi cated
" above. for Fretieulated naturecofcthe tmateriglr fofmad | by sthetconjunseion

| ong/ t wo short attern, Figure 7B |IIust;%ies a two long/three short .
pattern, an@fFthese shemts is ayident in %/ﬂﬁ’é@%hﬁ?"baﬂ%rn Qt her

o asent | /SRARBYeEFaTx CkeERIAT PODFES, H R F AR s AL PR

al ternati ng ah@Ngm12ePacolt Lha EPpoEed | cOF “‘%rg’?.om ngmf'*‘f‘ﬂ one tool

relative to the othef and thus altering t e 1 nterpo

respective prOJeCtIOﬂ!hi&‘dlh‘ﬁtlﬁhﬂ@ﬂwglﬂgcﬁCC€S¢ﬂma$g£fiy(téﬁ&1 ef the
other length into the respective transverse rows of |long or short tools It

shoul d al soip® OﬂdéhStGUDCtﬁéiuﬂtﬁﬂtﬁ@ %@n’igurOIailﬁmsﬁnhg'&Enlnutlyn

whi ch th I t ngt h d. 30 T
T istrate PRBSRETofy O FHAL Becopbrvaiatad Dis ming cthat cxpmm oty
flgure 7 PRLREeUand mwdusssw&rasm uéaﬁeg. TCh' B Lhoblandyet!On

gure 8

sheets S dlagrannatlcally illustrated in Flgure 6. The reticul ated '
of -the matérial formed by the conjunctiaon of these sheets in evident
|n

with the present invention.
~ ‘In Pigures 7A to 7C we ha&e illustrated some
. ‘additional alternative tooling configurations in the same
manner as Figure 3. Using the mame pattern tb:minoiogy as
15indicated above for Figuze 3, it will be seen that Pigure 7A
illustrates a one lohq/ﬁwo.shoxt pattern, Figure 7§
- illustrates a two long/three short pattern, and Figure 7C
illustrates a thrae long/three short pattern. |
Other tooling aontigurations may be used to produce
K«J 20:heeti for use in the present invention by ons or more of
| {a) further varying the numbers of the alternating long-
projection and short projection rows, (b) mo%ing one tool
relative to the other and thus 31te:ing the interpo-itioning
of the respective p:ojoctions, and (c) introducinq occasional
25projections of the other length into the respactive |
transverse :ows-o! long or short tools.

- It should also be undnrleood that tooling configur~
ations may be used in vhich more than two alternative
projection lengths are used.

30 - To illustrate the wvay in which the alternative forms



~schematic edge views. It nust be appreciated that these gchematic
ave been sinplified by ignoring 5 the crests and vaIIeys_

the shorter tool projections and showing only “4he crests and

val  eysfor the first two |ongitudinally- extnding: rows of crests and

valLl eys produced by the |onger t ool i ng1®~0j ection. That is, t hese .
schematic views show only the longer crests and valleys in 10 the row o
near espet gRad€0shewd LN FlgureWlnexy beounadectedpeoddbestienplification may
be nore clearly appreciated by conparing the schematic edge view of Figure
8A mntbotheuhateédnaterﬁdldoﬁgtbnninveutton.oriqh=tc&rcenpnhdsng t wo

|l ong/two short pattern shoots in_ Figures 4 an Thus, Figure

8A shonsmbas 9#e§€hﬂ?ﬂt¥6rﬂ¢59 Yﬁ???i f?Ft?ﬂgtthE !HﬁﬁﬁgiéﬁﬂﬁmthﬂtFlgures
4, 5 6 8B, 8C
and 8?) a8n BrnedinBic, pid PABkFTRAPR ¥R FARE ERAGRTRECLONGEIREC b e
tool | Pnaﬁ'kﬁie QI\deﬂﬂ.ﬁ%r éroﬁ “dﬂmrﬁﬁﬁfﬁﬁbv%ﬁ . It wll Dbe

apparen at t nore co eet forns may be I nter ed in other ways

as shoppodbetibnamhd showigyg oniy uh.carects andsvaLbiégs’ g6rvehaat i on of
Figure 8D. It will be noted that in all of the schematic views of Figures
'8A to SErssubwoadongitudinaldysexyendingdroyscef| cragtscandcvalbeyscen the

|nterf|tted sggets rovide th retlculateg struct f the invention.
In i garedseed. RyothPC JOPEREEOPEANG, BERARCELORA: | GRBAE LMy ERPRSLG | n
whi ch h h I h
bet wee RoBaREde: VEBAN Un3N® ha¥ She"IbEBaBIoHTHE TR TR ByA Fpuav el o0l
be i 21{?' thia® 2600 nbareaen ahhe.uaseaaarmhe%h. rowbnektcsiém tRePbagese the  \J

reti ated material of the
This simplification may be more clearly qppraeiatcd by

comparing the schematic edge view ot.riqu:c,aa_ylth the mors
detailed diaé:ammatic=6iiwu-o£ the cortespdnﬂiné two long/two
short pattern sheets in Figures 4 and 6. |
15 - Thus, Figure 8A shows the preferred form of inter-
gitting the sheets shown in Figuras 4, 5 and € and is a
further simplified version of Figure 6. riqureé 8B, 8C and
8D show the preferred forms of interfitting the. sheets
. produced by the.toolinq-gatterns:pt-?iduros 7A,§7B and 7c'
20respectively. It will be_appargnt“that.tha moré'cqmplax-sheet @
forms may be interfitted in other ways as shown, for example -
in Pigure 8E which is a lnll-ﬁzitcr:ad variatioé of Figure 8D.
It will be noted that in all of the_léhenatic views
of Figures SA to 8F, substantial tranaversely q#tonding cells
osare left between the inte:titted:ihoctl-to prov#da the
reticulated structure of the invention. In Figure 6F a
modification of the present invention is illustrated in which
a simple cu-patod sheet s'of-mntching wa%nlhugth w to the
'wavolongth betweean adjacent creatl in the no:. eenplcn sheets
"300f the 1nvention may b..intcrlouvnd between the. mozre complex



hd

i nvention, adjacent corrugated sheets are abutted with the corrugations
opposed and at 'l east one crest-is interfitted in 5 a valley of each oppose
corrugati on. The abutment of the sheets and the interfitting of the £resSKs
and val l.eys may be achieved in a variety of ways. For exanple, if sh

al i gned one above the other are offset Iongitudlgﬁgly by hal f the
wavelength of their corrugations, the corrugatioms®w |l abut. 10 As an
‘alternative, dﬂ:ﬁ*ﬁ? ngl e sheet is cut longitudinally and the two parts

f ol ded t oget her. e.a book, the corrugat- ionswill nest. The particular
sequence of operatlonSQgs@@dumhb thac réticultedomitalrlalc oZhefles Which are
to be abutted and interfitted and on the formand desired end use of the

1 5product r etizoesrettion madducant Torrugated sheetis arer abugtieds sdith itieh

whi ch includes at |east one repeat of the pattern in the original sheet can-

be abutted cEAQRRRIAIOnL ARROANS: AN ok dieant snecrestods dntesfitied,dn,

Srabi | zat i SRS FHR SeAn £dare! %"ie@d'fa%ce S%%p%“ e Hchi ne
direction to atddigd) shd s |ilnt% Q,?J Qe.gal tﬁﬁ& be

whi ch, when | ai orlzonta ly, ves be eet naterla

Wi dth correspsulfievad dr hemw;r Qi‘f W-Z.Som riada.npumkizPr-hhtab
however, sheets of substantial width are divided into subnultiples referred

to herein as aerilove the erheniadeh ofifast dengiswdinalily bycheds the hei ght
of the product stack of qgtlc | ated mater; al . The collation of 3 adacent
sheets into t She gorrugi ne, & abye.

| nyent i on n@yﬁ % pogmg,{neﬂi% o AN e 1%9,&%%&1?.&1&96 use’

of prefor 0SSI
and the two parts folded togotho: like a book, the corrugat-

ions will nest. The pa:ticulgr sequence of operations used
will dépond on the form of the sheets which are to be abutted
and interfitted and on the £§:m and desired end use of the
15product reticulated material, _ |
| Thus the full width or any lesser width which
includes at least one repeat of the pattern in~thtgo:1qin§1
sheet can be abutted corrugation to corrugation with adjacent
. sheets to form an open ncited stack. BStacks of substantial
N 20width can, if noecssa:y’aftar ltabilization by clamping or
otherwise, be sliced vertically in the machinc direction to
obtain a-plu:ility of lubmultip;qs of the originﬁl.ltack
which, when laid horizontally, will themselves be sheet
maﬁeriala having a width ce;:ogpondingjgo the height of the
2soriginal stack. . | |
Pro!crahly howava:, nheetl ot lub-tantial width are
divided into submuleiplos re!e::cd to herein as strips,
having a width which corxeppondl to the desired height of the
product stack of reticulated material. The collation of
'30adja§.ht sheats into the opan nested reticulated materials of



stored sheets or strips of nonplanar material having the desired pattern. 5
I n xhe preferred continuous collation process, a |arger nunber of, strips .

‘ma ist and it is inportant ‘to devi.se nmeans for rapid continuous
col /ion which once begun wll be self perpetuating. However, a
contT™uous plurality of strips when turned on edge and collated w | w;
normal |y 10undergo a width charg@=~ If the strip width is w (the m nor B
wavel ength), collated width will be simlar to original sheet width, but if

the w the presentplinveationsmey becoonductadi ashavwakbstantbaklyone hal f or
one third of the_originaL sheet width._. Further, the _collation conpactness

di ni ni SABEIRYOUE PrPEREs PY Ehe une P Prefnrmed and peasiblycol | ated width

is roughly ign Yy 0r Q] Lopal: . r - ~oLengths per strip
i i, SegEetoYERRER o RBELEN°6R nelp RURE ARLAREAT, naB il B T Lalhs
curve hhg$§,argaheegngate all at once; and hence the abutments |ose phase
and the 20col | ation becones inpossible to inpose, |et alone sustain.
Howewgr, .in the -xat ghd peefersedcconsifhioasycellatiofprobesast aof
collation is easily initiated and once begun is self sustaining under
-t ensi ORATIATD. (¢ POAY Se¥L 8t sibr ést anttatd bookw se,

i OB bhanabercof| strinspua; it andsitr 48t dmposttantatd book

t he centrg | i nes 252eing_k§8t Sgr |'lel to the nachipe line. These col | at ed
pai rs SPVAES; MeANBE0T EIPABL RS uphs; fetlationswhirhsonee heguny e

cur Ve A o180 RSB Re® Bhy T O, LRSS iR 0
PIITE! A SRELpuOIaRA eyt pdokagu kARt D gl Ry 1D
the ijpundairgst i widghbehangeed Dft the steipl widkhrik wi (eheamjnor '
wavelength), collatad width will bé'iinilar to original sheet
‘width, but if tho:ﬁidth'ot’strip is_zlﬁ or 3 w, collated
width will be about 6na-hai£.cr one third of the original
shaet ﬁidth. ‘Further, the ooilétieﬁ cdmpactﬁess diminishes
15as interdigitative depth is ;nctédled. However collated
width is roughly'“inVa:saly'ﬁzoﬁerfiqnil to humbck_bf wave=
lengths per itrip width, Due to width ehangc-al.thp'itripu
converge or div.rgo_thciz paﬁhs'cu:ve Af we try to coli&te
all at once, gnd'honcc tho'abuthﬁntp Ibl§ phase and ghe | \n;
20collation becomes imposaible to impose, let alone sustain.
However, in the method we have termed binary
collation, the act of collation is easily initiated and once
begun is self sustaining under eihsion.;'zh'binﬁzy cellatién
pairs of strips are tu:nedninward bookwi:i. the centze linés
25being kept parallel té the machine line, These éollatéd_
‘pairs slide in guid.d."ny'nn;al'of'fu:the: guides pairs.of
‘pairs are curved towards each other maintaining mirror-image
symmat:f on a ﬁidlin.’pargllclﬂtb ﬁnéhine‘di:eétion, Then by
further guides qua?tcgq;1ff;§§nu§t:1éilly jé;ncd,  At‘i;l ~
jgtimes the actual strips due to intermesh have identical path

:, L3



resi dues are consuned in the binary reduction. Binary coIIatron i's shown in
Fig. 9 where 15 strips 5 are initially paired as far as possibles 1,
34, 5-6, *7-8, 9-10,- 11-12, 13-14. The odd strip 15 i's not involved
first Jfolding and abut nent step but enters: the process- in the next »teff
being folded to abut with strip 14 in t pair 13-14. Simlarly the free
surfaces in the pairs 1-2/3-4, 10 5-6/7-8".9-10/11-12 are abutted in the
second st ep. 1enqthbeanﬂrhdnecepptaha Ph!lcsurtactbiofpswcapl thend. 5 and
.of 12 and 13 respectively are abutted, and. the f inal abuts the free
surfaces of - éﬂ#ﬁ$§18‘$ﬁ§Pgn“¥P!EFnB!F§eF9eabSh9§!°E4Yn@ﬁ%!ﬁﬂ%! M¥erial may

be 15 slit to fqrma Iuralrt Qn u |1y extending strips connected
at interval E?'ﬁgp [ §Pycgﬂ ¥?‘ée%§ g#& ﬁg?g ?gf RThe webs of unslit
‘material are |ocated a t Oh ot r ?gg, r .
transversely of the Shg%?§§g ?ﬁ%?ﬂgFé?sianhﬁ°ﬁgb§Hgg% pe&%s ggéfb'
ZOUDwardly5§&hendnagiﬁmmyugairedsaclrafnahepuuihbzbtt81Mathswepssaefovse;he
peaks of downwardly extending  corrugations. This formof parti al itting

can be used $dQ.,t Rd=3@Hhl3Fléhe Thescddastripl LEyisisotuitivalved| insthél ow
to allow alternate r Fﬁése foldjn anngFthe slit lines and 25nesting of

opposed cr esEdE8%] £Q 9s‘ﬁFtHBB AtcFEePchut eaters F%ﬂdPﬁ3°%§9n§B the

corrugations u ter ive,
et ormed o PRRE MeapneiRy EPRekA ide” RHNET BhenRefin 14 60 fol PR
product 30r efigalileqt e@iﬂi&lﬂﬂ?' thansegef ﬁhéedebaCkaakﬁegp bfﬂsflfFﬁ-i‘t
-19- regularly spaced predeterm ned intervals to provide a mat
s\Lgpture 81| 5H077Fcnns-lbvm1&1atat¢rnbEtgldeiﬁOthe second step. 1In the
"third step, the free luztaces of atripl 4 and § and o£ 12

and 13 respectively are abutted, and the final step abuts

the free surfaces of stripe 8 and 9,
Altornatively a sheet of nonplanar matcrial.may be
15 slit to form a plurality of 10ngitudina11y ext.nding strips
conn.cted at intervals by relatively short webs of unslit
material. The webs of unslit material are located across
the peaks éf the corrugations and alternate trinléu:sely o£_ 
the sheet sc that slits iiﬁh{wabs”ncross-tho-poaks of '
\,/ - 2mpwardly extending co::ugatj.o’nc alternate with slits with
webs across the peaks of downwardly extending cor:ugationa.
!his £orm of partial slitting can be used when the
dnpth of tha crests and vallcyl is su!ticinntly lhallcw to
allow alternate reversa folding alcnq the slit l;aas
25 nesting of opposed or-ita and valleys without iniorie:encd
as the folding brings the ca:zugationc'en adjacent strips
into abutment. B | o
‘As a further elterhagiﬁt, p:etqrmnd strips having
the width desired for the final height of the product
3preticulated material can ba folded back along thdnnexins at



or med nonpl anar sheets nmay be stored prior to use in coils or otherw se
ny be fed through slitting and 5 collating machines to formthe
culated material of the invention. Thus a preformed 'sheet may be cut
into strips by a fixed cutting bar and adjacent strips are then half
rotated in an alternative sense prior to abutnent of adjacent strips . o
foll owed by successive abutnentygf adjacent strip groups 10until the fullw’
- assenbled material is produced. The binary collation procedure described
above S o] hear t deEL I thus
forneﬁbésmg? e?gg od Fgga?Fgggiﬁg?ofgdgg?ﬁéicS? ?o gggﬁrgd en ﬁﬁ
an 15gg¢yastaga of tha poemcillusueatedninh®iguri 10,t he width of
reticulated material initially produced is limted by the w dth of the
ori gi nal nonplaiaateha‘d.anupbynanelhactltmaY bebstorsdopribrctohas been
applied to this sheet to produce the desired_height of reticul ated :
nat er B&L, 1 Ph§°ﬁéﬂleﬁ1aﬁbﬂg!bﬂﬁtﬁF amayehe fed, shieugh: slastingngndesired

o B RpLRb P, bSR LA T3, ERfnL SRU. BefleRi RUNS AHBRE LA 02 HERYS 217 o
Si dew %.h%ﬂ:ar m Qﬁ&adisbi'ﬂéo%d&hsﬂhihﬁnwBduéht Zﬁm strips Eggur e 11

|IIustrates one form- of production Iine uSing two coils 10,

di f f emediwdc eueting bacfaaaeddﬂauphtnltrtbaea:uhtnhnahalslrbtatedZ and 13
respectively and interspersed prior to the collation step at 14. Inter-
sper silon apf alkerpagdve snﬂetPﬂé@&ssar}hﬂsmlnsy06e‘é§6§°ﬂhe!t£398tmo col our

product _i's desired. After co on t roduc -20- reticul ated
mat er E9klowed by suscgss vPI ﬁ&rﬂg'ﬁaj£5°P 8ETAR,IFOURS fron1roIP\~J

16. B@itiﬁ?%ﬂ '@GHIBIQQQsﬁbiidhﬁkge:ial is produced. The.binary
collation p:ocedu:e daoc:ibed above 1- p:eto:ably—uscd in

this proc.du:e. o S
' The reticuiated material thus £o:mad is preferably
stabilized before boing cut to desired lengths. It ias an
15advantage af the present invention that, while the width of
rcticulated-material_;nigially p:adueed-ia limited by the
width of thn o:ig1n§L_nonp1anax'sh.qt and by the extent of
suhdiviiion_yhich,hés'bceﬁxépplied'to.thiq_lheet to produce |
the desired héight ot reticulated material, the. reﬁiculated | g_;
20material may be produccd to have any desired length. By
'moving the desired length of p:oduet material sideways atto:
cutting trqp the proﬂuctioa.linq, successive product sheets
can be abutted ;1dpuuyl'ec form any desired width of the
product. | | | . | .
25 | Figure ll_iliultrqtol cae form of_productiqn line
using'tmo coils 10; 1l of diffeteﬁtlj coloured preformad
‘nonplanar sheet which are slit at 12 and 13 respectively and
interspersed prior to tha collation step at l4. Intex~
-persion oz two lhoetl il not. n.ecssazy but may bo used where f
30 two colour product is dpci:od. After collation the product



between clanp roll 17 and belt-18 then out at 19 to the desired Iengt@
before being noved sideways. If desired a 5 selvedge 20 of the stabilM-zing
sheet material imy be left to assist in connection of the individual

. product shets to an end product sheet of reticulated material 21. The
description in relation to Figure 11 has,jintroduced the concept of
“stabilizing the reticul ated materi al 10'7p¢'6duct. As in the production line

Hustraed | 2 daackh st SRR RGetH) BUaehelBiflT 018 6EL

of appropriaté erial to-one-surface o ere d pro

product may b hAkG Bhddt iﬁanogo%gh&%i..verﬁggpghsgiigrg _pPpahet’ thhela

fabric or plasti'c mesh on one sid only. ng is

presently prefatwihn Alsapzollc LToandobeltalll kkengctitcatelycbathe
product include stitching or tufting fastening strands from surface to
surface of thdlesiaed tlengtdy beforad r moyed sidewdyst | 32sdesdzredarmoupd

each pair of adjacent strips. .20 Fasteni strands may al so be threaded
through at-§ eé&lvﬁqi?-&'fo Of they Mﬂgﬁ c Sheey pabarial may be.lote ta:
each opposite of, 1 LAl el Q1dS S Al « a for f '
stabilization 'te‘gfg'e'ptegkns %?%gzj'g?'es?tzs%g? 3&?&3@?%2&%@8&? g*‘?‘&? ﬁf’ef‘?ed
during or aft qind Hrdaticianuatoos ReeTRAaedld nataBdadohds or wires passed
t hrough the colinéar passages so created. QO her alternative forns of
stabilization will be amhw duscrdpition: ink relation theFigiureFdl haampl e a

stack or sheet of product material may be stitched into an overw apping
bol ster. 30 introcduged hbeconcent of mtsabdlizdngishei seticulated matepial

SN TR QS O G A G
stabilization may be achieved by bonding a sheet of
appropriate material to one surface of the reticulated
product. . Thus th.iprpdubt may be hnckbd.by fusion or adhesive

" bonding tc a sheet, £i1n.-!ab£ic oY plauiie mesh on an.'iidc
15 only. Fusion by flame bonding is presently preferred.
Alternative means of stabilizing tho-r-ticulated.
product include stitchiné-oz-tufting fagtening strands from
surface to surface of the product material and lecurin§ a

| strand at least once around each pai:-of_idjacent'ltripi.

N, ZO,F;steninglstrandt may also be threaded through at least some
of the interfitted crests and valleys and sacured at each
éppotitp edge of the matarial. To assist the latter form of
stabilization the peaks of the creats or valieya.may-bo cﬁt
off oripiérced during or after the formation of the material

' 25 and cords or wires passed through the colinear passages eo |
created. Other alternative foxms of stabilization vi;i be
apparent to those skilled in the art, For example a stack or
sheet of product material may be stitched intas an overwrapping
bolster. | | |

30 As an alternative to, or in addition to, the



to stabifize or otherwi se nodify the properties of the product structure..
For gxanple, the pockets can be filled 5 with an elastic foam such as
. rublfe¥S) at ex foamor a setting cenment. The structure may-be partially

enbedeed in a setting material.  Oher materials which nodify the . .
properties of the product naterlgl may al so be filled into the pockets .
whi ch characterize the product rlal of the i nvention. ThHes -

prod L.al I : d h a tex or

ol y AFRPREESPE Bnfiad ThakonkBl bBrby, Ehg FRrtRRTRiMA %ns% ow gr ade
1N ShisyChi' gk TRkt BAZL2y 2826l es.aisu' h&EGE:LthUﬁ:Lbh bﬁ%b%@ found t hat
reticulated cuspated struCtures based on pliab not 15 rubbery)

' pl astocstabilizehdoghotheewline modilfiycthe peopiatmebsotomioam rubbers. For
exanpl e, a heavily corona-discharg:'treated 150 m cron pol ypropyl ene
retipubduG& ptauesureﬁ-tmerlengnp shbet ppaketancasnbegiiddadn. and of 10

a thlcines s teste F?g maxelength wwas 4 mmand | arge 20

Pﬁﬁ&tHN[e Fft oam AuCh, A8 rubber, latex” foam,Ar: a| A8EEise si de and
we A d d et hane S.B.R
ruhggkmﬁﬁ . n?&§§°§gggg 9 bg"gkgfkgligt#égﬁgeggnigeflggéhggghe pr oduct
was dm-.eéihu. buaael mtaRialsl 9R1eA0modl s @Eﬁhuha?a:%;as%r%ﬁa ‘The
resultant highly resilient conposite cushion suppor Ive tinmes the

i ndaprodast matewvdaldl mdiyf adepi be dililedhdénket theapocketsnwhich tines that

of the unfilled product al one. Such conposite cushions may forman integral
‘par t CHOTactexdam she EEP‘“FﬁtEQF&Fie&rEGttb&ciﬂvvaﬁﬁen-t|Ie - 22-

resilient snoo fl oornin mat s Thei r

t HO cuspated e 8 BERF g H? 5 a s may a&so be usodaege gnic:ce good. ahq"é-
foam such as latex or polyurethane flexibles wnich have
natural ;q-ilience_but”a:‘-ot-lew grade in structural merit
- - and/or speci£i= r¢si11gn§e;- Thua.it'hgs.bccn found that
reticulated cuspated structures based on pliable (but not
15 rubbery) plastics act.#s high lpaéitic resilience reinforcers
to:-foam rubbers. For example, a heavily eorona-dischargc
treated 1so micron palypropylene :oticulated product of two
lonq/two short pattorn con!iguration and of 10 mm layer
thickness was tested. Small wavelength w was 4 mm ahd large
20 wavalengtﬁ/ﬁ‘;as 24 mm stabilized by a 20 ‘micron £ilm on one v
side and w;;;ht 220 gsm. ]
_ attor a dip ‘and drain in a dilute urethane prime:,
8.B.R. :uhhtr_lqtgx_!oam was spread to f£ill the reticulation
cells and the product was dried in a tunnel oven at 130 deg’
25 Celsius for ten minutes. The resultant higﬁly resilient
- couposita cushion suppbrted five times the indent load'fc:'
equal dn!lcction over the latex alone, and 1.5 times that of
the unfilled p:oduct alone.
| Sueh camposito eushicnl may form an inteagral part

30 .of underlay, mat, integral ea:pot,back. carpet tile,



abrasion resistance. A synergistic effect on properties for the conposite
over its conponents is apparent, and is due in 5 part to the foamfi
further briacing the cuspated cells forcing the foamto act as a colu

~under side constraints. -Urethane flexible foams al so produce cost efficient
conposites and their adherence is such that no prinmng step is normally
regui red. For all types of foam it is22-" 10 advantageous to apply .
“the spray or dig;mhile t he rgéiculated sheet is drawn over_.a convex path so

that the strEestiieRsMI0QLR $10QTANG AN TRALS ) \2%G¢ | Fhede previously

I ndi cated, the | of . nonpl ana heet used f o produce,the product of the

present i nveft ﬁ‘%&ggﬂﬁ i‘f %‘% ﬁ%aﬁ? %ﬁéﬁﬁﬁ‘*}gﬂg‘ff tqﬁ!’%ﬂ,ﬁﬂ r‘&fﬁ%\i{ ure. of
the end prod ro | ) [ |

- specificati o%ﬁ%ﬁ.gsg&?e gflféteﬁ/c?'{ n?&%’?té%ﬁ%%é g‘%n slgukbééH a’%’?‘aﬁ tnoezl' ght

and wavel engtheseofposles ovedlets sdrigondiees Nig kappsardiie | hdaierdvl i oM

whi ch they are forned. 20 However, both the shape and spacing of the crests

and val | e§s pagtbtovthecfoam nfiblirfurthar dracinge the causpatesd wells he

sheet is usugllé regﬁéiv ly thin with respect to the open volune . in the
“product mat efPRPiNG ‘-xg? SFRACH A% YLRIMRA ynden Aide, canatTaints.

roasure of, DO IR0 1 GESeh Q! Blaklis£roh ke TN Lind IpiRA GRS
Brastic foam pEs e R T o eSS a Snd¥ e o i thldg Veep
fromthe mat ési abrmallifcrequeiead., i MPentall Sfpesmrof i fommclt fiw use as a
li{ght air strip or tenporary road - 23 - will have a bulk density around
107"For _htavavansageansnboapprly athenepray oy | dip while the reticulated
shest is drawn over & convex path so that the structure gapes
and is thqrahy'mora readily filled. | - '
o  As previously 1ndic¢£ed,.the design of nonplanar
sheet used to produce the product of the present invention

_15 will Vafy greatly depending on the desixéd_nature of the end
prbduct. The types of pfaduct'illustrated so far in this
lpeéiticafion have tel&tively_fino crasts and éalloys of
iubstaneial height and wavelength s-parat;on compared with

- the thickness of the material grom which they are formed.
&~/ 20 However, both the shape and spacing of the crests and valleys
H may be varied. In coarse patterns the material forming the
sheet is usually relatively thin with respect tc the cpen
volume in the product mat;rial; The expression “bulk density"
is used t; p:évidc a measure 6! ﬁbw many timas l;ghﬁir ﬁhe:

25 product matotial is than an equal volume of the solid mateaxal
from which it is formed, For example, balsa wood which is
mostly air, has a bulk density of about 20, very light
plastic foams have bulk densities of 50. A hoavy load
bearing mat made from the mataerial of the preasent invention

. 30 .and intended for use as a light air strip or teamporary road



the product material is not appropriate and | oad bearing strength can be
maxigtged by enploying relatively blunt 5. crests and valleys of two i
~di afpxey s having shallow inter- digitation. The dinensions of the dpposed

cre and vall eys are arranged so that the interfitting parts forma -
col umar block 8 in the end pr&duet which has mninal freedomto nove, the__
interfitting crests and_valleys of different dinensions 10. having a ot
cIoseIV‘&ﬂigPﬁg dopelk dengity aroupf dfrated in Figure 12. To achieve the

desired | oad beagin ro tipes, the intecfit, of the crests and_valleys
nust not only b2£%¥3@%”68?&?%@iﬁﬁﬁ&ﬁﬁeﬁpsilfﬁ%%ﬁﬁiueﬁﬁﬁiiisnFﬁ Pfe forﬁing?
t ool and._t LEKRES 1 t rﬁ*@r Wale o ' are.:5¢el ected so t
15.tha?£t gga?gﬁgt_er %I.Pgt%eﬂ\?va .gggggpggggéaﬁg%ﬁf aﬁ:eﬁl&/av_e- l'ength of
the crQtireag§ehVahh e Nid:t Biiked Y en@lby2RgNrélitityeieHIUMeN as_flexible i
synthetic foanms al so act as cushions .but their cellular structure is

t ypiscaldreses ahdevalbeydHaih taty ddiameteesi baning skl Xoyarinder-strength are

| ow whi'l e the huge. internal surface area nakes such materials dangerously .
i nf | amddigisatipngr aFir@it ¢ Enensienss oft thRsopPosed cerests Andavadlsysuct ur es

with different inter- digitative depths are shown in Fig. 13, the
r espectdtfe 3aFRRBFed 139 Pt gy éﬁﬁﬁfﬂ-&itﬁr@g 1PRARTS 4FR™ h Folvmnass,

P B TR R R e g R e s T —
LN the e TRk@eeaLyehy { Ofe el I4id Haldeyal BF ékf%fﬁh@rhﬂxi@n@j% ngi tative
depth of 1mm was harsh and unconpliant™w th less than 5% 2 . conpressi on

undaw . haadngoh 31K84L¥N sliding bolt-liké fithasnBLEusetatdd inan «
interdigitative depth of 7 mmunder - - o A _ -

Figure 12. To achieve_tha des;red load bearing prope:tiés,
the interfit of the crests fnﬁ vaileys.must not only be close
bug_thg diameter of_thg:projecﬁions in_the fo:ming;£001 and
the thickness of the'startipé_éheet material are selected so
15. that the diametef Q£ the wa;l cusps approaches half thezwave-
length of the crest and valley pgtﬁern,t
Resilient open structures sﬁch as flexible synthetic
foams'also_act as cushigns but their céllular.structure is
-typicéLly so fine that both abrasion fesistance and tear
20. strength are low while the huge internal surface area makes ' | \j
such:materials dangexouslg_infiammablé.. Diagrammatic cross

sections of three reticulated structures with  different inter-
digitafive depths are shown in Fig.'l3, the respective inter-
digitative depths being 1 mm, 4mm, and 7mm. '

25. In these structures the matefial was cuspated in
each case from ethylene¥vinyl acetate copolymer initially
0.7 mm thick and-with-w = 8§ mm, In the,éxamples.given the
reticulated material ‘with an interdigitative depth of lmm

was harsh and uncompliant with less than 5%

30.compression under loads of 3 Kg/cmz. In



P~ TIDEL S ST . .- S e )

the sane | oad resilient conpression of 15% was observed. .To obtain
appreci abl e spring effect inter- digii@Ljve depths should |ie between 0.5
and 1.5 ti‘mes the 5.: nminor wavel ength and to ensure that cusps (which /1y
‘di sarticul - atbkebmateridl iwighhiangéneetd dtardve” fepeh 47 appandbe cavitgii)
as -they close on a radius, tool projections of a slender pointed form ar
“preferred. Thé&hehdpmpplead iresidient atonprests ivmyobelSited to 10 produce the

d of the i nvention is no wy Lin Lighle
ater ai s sucagoo R Ve i ofEnts SRRAHabIS) Bpeld ey thSOFR,) o
acetate conon@ygh eaffyd fepitls! Shodidibfe Hetiiekh! N5 14dd or BUkadegNERSL YT ENE

are appropriate for resilient goods. Certain rubbers may be 15 used.

Har der pl as§i adinepchaveldmithpaagytenensufertnagl aasps palisdsddsarticul~
pol ystyrene, pol yphenyl ene oxide, unplasticized vinyl and high inpact .
acrylic are alateabpla cxalildng biageyashion)nmag "fisdl e epposdtganteity ass

or slag may be used. So also na i bl.e thernopl astic such as candy.
Superplgastiyc EGOFE'B\’ h%r“fﬁap&l aa\F/P‘gg S na‘iP“gi §5°88°ﬁ£‘é‘iﬁ ofh& 538&83{%/ of the
i nvention arePBQHEeéef&fﬁ“é?éegrgﬁéf¥éé¥55 in which the junctions between

S or

adj acent shee strips are"given shear strength by interfitting

abutments. However, desiHelbherfbpaétid matferlil® PROSW GRS, ibe WBEA! 8bNned
25because the interfitted abutnments are optionally denountable. The

mat - | i ke progpspducanthepradacks| bfdthy miementoinventizn iEhaoitnharfowlyed
products of the invention are able readily to dissipate stress

‘concent r at i ondimised at i Bliakle; paterialks spclu@sy dowetnd hight deRsit®r m of the
PSSPl ont T nPRLREFAT IR atsAn WERR oL i afpEekd mprgmer anggtne
softer grades of acrylonitrile-butadiene styrene are o
apéropriate for resilient goods. Certain rubbers may be
1sused. Harder plastics such as polypropylene,.thermoplastic
polyester, polystyrene, polyphenylehe oxide, unplasticized -
vinyl'and high- impact aérylic are, all applicable. Glassy
melt materials such as-inorganic'élass or slag may be used.
So also may edible thermopiaétic such as candy. Superplastic
200r other metal alloys may also be used.
 The products of the invention are thus reticulated
N i matérials'in'which the junctions between adjacent sheets or
| strips are given shear strength by interfitting abutments.
However, desifable pliability of the products is maintained
25because the interfitted abutments are optionally demountable;
| The mat-like pfodﬁcts éan_thus be rolled up when not in use.
 The inteffiﬁted.prdducts of the invention are able
readily to dissipate stress concentrations. Variation of
the interdigitative depths and the form of the cusps aliows
30variation of the'loadhéarinq figidity from stiff to resilient.

" In other lightweight cellular constructs such as



honeyconb and foaned plastics the object is to obtain cost- efficient

pro ies especially in terms of. strength and resilience. imtations on
‘th i cro-engineered materials arise partly fromthe fact that spéecific
pr.

low density is al ways associated2®th ultra-thin cell walls and huge

ies are tied 5 together. For exanple in rigid and flexible foans

internal area; hence, these extrenely intricate materials tend to have podii
abr as honeytombg and formed plasticanther abjecki 48 teoobtadnplgstes of stable
bubbl e aggregates. 10n honeycomb, no useful strength as a core exists until

t he cudﬂﬁndnntsUcopst&ﬁelghanacﬂeéérhéﬂ texasppfagtrengthi andhoneyconb

system bonde4 to- a Qn age sheettés t hen ver¥§I|n1 ted.,. Further, honeyconb

whi | e & RRS.BRc tanse BifTas Sinmarad patazisre of

ES?%Q%%ZWE‘E’%?? 7R 3RS ZARE, ShU® RpBUteRe' pHBPRERARY RE bikg 0000 (0.7

pre egfogu%m&t | Oport RRaMPIW A @egiananar Faakibiac soadapreadent . These
1 nc e

t he wavel engt h ‘bet ween the crests and val l eys 20and t he wavef or m of

the f detisizy da ialyayat assocddted withpalteaethipncenall Wajlscandl i nterl ock

is a separate function varied by depth of interdigitation, in turn

u

|nter@MQQniﬂMHgﬂaépﬁwesﬂeépﬂf‘wn#ﬁ&éﬁce&ﬁFGEFﬂYéﬂéstieéﬁﬂ shape and node of

fl | | ect bl th

bi | &t r@fﬂ&””%‘ﬁ'&?& 'ﬁ?ﬁ%nﬁ'ﬁﬁ% abEasipnl gsranaty-  SheBa SAGRR  h

| nterngl sy ﬁ'fon{] yeleaTReCheablel BREBILCablRebRERE, POSSI DI @
ularlt ence y .

for a“given dél se materials are‘extre ust and
abr 39im HeReydonl , ndeadumu aheehqhalﬁhtal&o&hsexﬂatdlhntuartnd by 30

altering the width of the strips formng the conposite - 26-
component sheets. are glued together. The pliability of a
honeycomb system bonded to a one face sheet is then very
limited. Further, honaycomb while admittedly having
admi:ablé stzength as a column, iﬁ dpﬁoid_of toughnass and

15springiness and always subject under dest:uctive loads to a
cataatrophic i:recoverabl. collaps.. _

- With the reticulated materials of the present
inwcntion, the several design variant: are independent. _
These include the wavelength batween the crests and valleys

20and the waveform of the forming tooling determined by the
pattern rcpeaﬁ. Dagree of interlock is A.separitc function
varied by depth of into:diqitation: in tura int.rdigitativo

| depth steseply intlqucns :elilicnea. . Call shape and mode of
flcxuéé under load até_alsp elective vnriableg-_ Furthermore,

25since év;ry bilatezral culpntien_is a minimum area response
to free tension, the internal surface area of the present
materials tends to.th._laiqt possible !pr a given csllularity:
hence these matérials;nxg,cxtténnly robust and abrasion
resistant. ?xoducg_lhget_height.ii also readily varied by

30 altering the width otltha strips forming the composite



material. This width can be any sel ected nunber of tines the h ’\H
wavel engt h ‘between the crests and val l eys. Al so, blends of wei hv&g%n L
,qualities~of material are elective. Finally, any reticulated pr may be

. backfilled with any 5 agent selected to produce synergistic benefits. To
sum up, the products may be specifically _designed for bulk factor
(‘apparent density), | oadbearing, Ioadshi?ﬁﬁg and shear properties, pile

Vi el profilo BRESFIRER Anke HApER, Shn PR b9 iR eCE0R Rumkel REIREE 10
dj ble f a: ' . i
Geve oped vhi| SShaRE, WhveleAtATBALREE] LA Spbakbiinn aRIEPE fisp.

- Tigid structur gldndsrpfiaweighticand! quadictogasti pataitaloade’ ahestiveon 15
-zero radius. -27- CLAI MS 1 Areticulated material of substantially

~ pl anar confi guFdineddyhoenydreticudated product mayabel backfijled withpanyf
nonpl anar sheet materi I n which the strigs I e substantially

.al | _
per pendi cul a8 FU‘Pﬁe;b&&ﬁﬁeﬂftPhE’PQFPEUFX Qﬂgg‘ ccheapfitse’ cdges of the
tri | yi ng copl anar wi ti a rj d L1 pROSI te
:ur;gzesy;hgreof, charQL?gr%ggda_ﬂlg#éfﬁgggﬂgéﬁr#§$o$gnﬂégfgkgeagggefI ’
material is foygpdgnadc¥el aanﬁS!he=surﬁa§9-£hhé:ag931£§5n 25adbéalEng

val | eys of repetitive wavel ength such that each pattern 16repeat.contaln

at least tw cleatishardingt lasdsshwar psmbpertieshcptla depthoheeldlt sire,
repeat the height of at |least one crest or valley on at |east one surface
of the strip | spsinginess. i abrasion zesistangs, comupositacpsopertiespective

crests or vallee1d p3del13"uhase 1884 WA8" Shick Sabisthhbad all as
| sepa:ate-and.adjuntablo-featuéi-a It is a remarkable |
~ feature that the‘p:Opcttila;dgénlepod while the interlock
is in place and which would be typical of a rigid structure
disappear as the material disarticulates and rolls up on

15 zero radius,



di fference produce a; corrugation along the strip having a :

wa g\h greater than the wavel ength of the crests and valleys, furthe

ch i zed in that adjacent strips are abutted with the corrugation

oppos /o interfit at |east-one crest in a valley of each opposed - '
coryugayion. 20 2. - A refscul ated material as claimed in claiml —~

each said strip is forned froma nonpl anar sheet in which each Yy
crest and valley has sidgs fa apy axi matel'y conical form which approach a
peak and the pattern of CTests ang valleys is such that the peaks are

locatyed at the g PgRiculatee ndtardal? o2 bibstantially Plahas nes of which
run parallel wth and transverse to the aides of the strip. 3. A

r et i ponfighration formad by the iconjunotidnios e plvealiayt @fh of crests
and valleys in each sheet is such that each successive transverse grid |ine

_cont AtRips of nonplanar; mhast. mahenisd 4 which the stxips 4ie | A
reticul ated terial as ai red i.n clai m.33 wherein the pattern of crests
fnd AHEASARELALIY. Pashend (e dh W19, Prand S she, Herlenyated O
A ret i Gl athe :m.gr' o 1 Hd S |4y 4%&@!.& q::,q ive
di ﬁens! orf_g'%i"i nterti e_t‘?_?\’gf:c%es_ts g’:?cfc I?gﬁqeys are suyhﬁt'{\a he crests
nest pédithilativd datdrdal Nl Bovtihg’ VppRiel ta WuitFadil Yhutec!, t he
adj acent strips in any direction transverse to the common axi-s of the
i nt erchzadtanicnd rigs tthakicrach (ssxip @f nonplanan ahentl aatexixleri al as
clainmed in claim5 wherein the crests and valleys have substantially
coni ckt. Earmad AR fach QPRAsiLe) amtage: ¥ith, & BREteTH, oL Sreekq g of _
substant .2l Yasd' U PGS A U dl3C =it dhdd Yackd UedlAY .
10 repeat contains at least two creats and at least two vallays, |

wherein in each pattern repeat the height of at least one

crest or vallay on at least one surface of the strip is

different from that of at least one of the other respective

crests or-yalleys on said surface, and wherein the recurring

15heiqht di:!eregce prodnees-é;corrugat;on along the strip

having a wavelength grsater than the wavelangth of the crests
and valleys, furtherfcharacte:izod in that adjacent strips
are ibnttnd with the corrugation opposed to interfit at least ﬂ
one crast in a valley of each ppposed corrugation. kqf'
2. A reticulated material as claimed in claim 1

wherein each said strip is .‘.’o_md. fm a -nonélmur sheet in

20

which each crest and valley has lidc. of appmimtely conical

form which approach a peak and the pattern of crests and

valleys is such that the peaks are locatad at the inter-
2Sgections of a square grid the grid linai'oc'uhich run parallel

with and transverse to the sides of the strip.

3. A reticulated material as claimed in claim 2

._vhn'roi.n the .p_att-.rn of crests and valleys in each sheet is

 such that each successive transverse grid line contains

) c L " S *
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7. A reticulated material as clainmed in claim®6 wherein the_ e
the crests and valleys of |esser-height are of greater dianmeter tHhhy
df the ends of the criests and val | eys of greater height. 20 8.
reticul’ated material as clainmed in any one of clains 1 to 5 whereMn
adjacent strips are held in their |nte5f|tted position by neans sel ected
fr6#1f|X|ng at | east one surface of salg material to a backing sheet,

passing a pIur | it L@aastenlng t rands fron1surface to surface and 25
securing a st? %& HB"% I8y PaAk®j acent strips,

;2{163:: Ingyfsaz gnlsgguflt @ngﬁd' #Q :Oﬂ%a”iﬁt gﬁti‘ sonme of,@% | nt rf,i tted crests
. i al f .
Ol 1 to o M€ pLaf ORIl di ) "’%ﬂﬁf‘ £ %‘)"@-&ﬁ 3,

valleys i s bedfietire kind il Indeddtud tie maye-3) ength of the crests and
val | eys and t he crests and vall eys are pointed and sl ender. 10. A=

lr)et i cul at SE nSi¢ er| al a %I%QMJIH%W rq;pf &I]?;j:ud viger@l:l.: l#e spaces
T e B b o e it
thioh a bl ur TATEEF G JUH g %i%b%%m'e% ﬂ% L 5, Fetadned

with the stripg ek@s$@m¢ﬁlggmg§wﬁ t«% Pqt qul ated
y sim S

mat eri al , |nclud|ng formng a plurality of substant trips of

nonpl anar mat&ay sdizectidm transvexsd cko the womion e I @fe dnter- -

repetltlve wave- 15 | ength such that each pattern repeat contains at |east
two 10 £itted crests and valleys.

6. " A reticulated material as claimed in claim 5
wherein the crests.nmd vnll.yafhav¢=lubltantiélly‘coniéul;
oides merging to an end acleet-d from the group consisting
of substantially sha:p puaks. an arcuate dome, and a flac
15 plateau. | |
7. A reticulated material alsciaimgd in claim 6
vherein the ends of the crests and valleys of-lesser height
are of greater diameeer than that.cf the ends of the crests
and vallays of greater height. '

20 8. A reticulated material as claimed in any one of
claims 1 to 5 whc:ein the adjacent strips are held 1n their
interfittod position by means lelected from fixing at least
one surface of said mgtarial.to a backing sheet, passing a
plurnlity of £alt¢hing strands from surface to surface and

25 securing a lt:and at least once a:ound each pair of adjacent
ltxip-. th:ending £aleaninq strands throuqh at least lone of
the interfitted crests and_valltys and g.cu:ing each strand

R - at sach opposite edge of laid material. '

8% A reticulated mntorial l-.claimnd in any one of
30 clainl lto$ wh.:oin the interdigitative dopth of th.

T




Ind at | east two valleys, wherein in each pattern repeat the height
pagt one crest or valley on at |east one surface of the strrp I n
fromthat of at |east one of the other respective crests or

val | ey¢~0n said 20 surface, and wherein the recurring height difference.
produces a corrugation along the s8p having a wavel-ength greater than th,ﬁ\
wavel ength of the crests and valleys; abutting adjacent strips with the ot

corrugaltbnsluéﬁﬁgkﬂﬁﬁ!dilhPEFV!!%l%gsa!“ﬁeks vimee the vave-val | ey of
each opposed ugation. 25,1 t hod of, preparin reticulated .
nater;gg th Q b &n??ﬂf?? ﬁFﬁngfl%ﬁﬁ?lﬁék n® ?ﬂFﬁﬁ %ﬁ& ?ﬁ?ﬁ.lty of
stripg_of lie in conjunction with the strips

substﬁﬁ? §§¥§Q%§ dICU ar {o the plans of the reticul ated naterlal
incluggng for Whnﬂeeleksaeid%eﬁhﬁei &0 SlalRed! fwaan fm?@aéaas. #gving a
pattern of crests and valleys -30- of repetitive wavel ength such that

eagh paaimrwherptint thenspacesabetwesn tﬂ@acnattstaﬂp:a;réeattléuotvalIeys

wherein in each pattern repeat the height of at‘least one crest or valley
on at PAES4AliVcfillsd with;a; nubstanee modifying the propertiesor ar | east

o Phe. BRrohRRE, BRBBEERLS cr o odicee b bor pugst on'al oo tha shesy < "
haV|ng a mavelengﬁg aaggr,&?ggg}gﬁyﬂa¥g&g S|n1€%rﬁ?€°£igité gand val |l eys;

cuttlng ‘the sheet to.forma p ongl tudinal ly

ext endume&ht&mlgaﬂm configurheionntnswhdvht apptushlibe egttern in

sai d sheet which includes at-least one repeat of said pattern, abutting
ddjlacetriper ofs nanplanss seterdeli s éppoganuanainntWiuh theast one crest S
interfitted in _a valle f each ed corr ; tﬁ A et hod

as cl AtFdPs subsgantifl ‘§§$ oI the

zuticulatod uatc:ial, includinq: to:ning a.plurality of

_lubltantially sinila: ltrips of nonplanur material each
having a pattern of cruta and valleys of rop.t:l.tivo wave-_
15 length such that each pattern :-poat cantains at lcast two
crests and at least two vallays, whczsin in each pattern
raepeat the h.iqht of at least onc c:elt or valley on at
least one lurfaco of thc strip il dit!erent from that of at
least one of the otha: :espective c:osts or vallcys on said
20 surface, and wha:cin the :eeu::ing height differance p:oduces
a corrugation along the strip having a wavalepgth_gzeatar
than the wavelength of the crasts and valleys; abutting

adjacent strips with the corrugatibni oppoied and interfitting
at least one c#sut'in'n-vailey of each opposed corrugation,
25 l2. A mathod of p:eparing a r.tieulatcd material of
substantially planar ooa!igurntioa 1n which a plurality of
ntripl ot nonplana: material lie in eonjunction with the
strips substantially pc:pcndicula: to th. plnnn of the
:etieulated matnrial, includiagw !brning at least one sheet
30 of nnnplana: mat.ztal havinq a pattorn of ero.ts and vnllcys f’




'strips lie in a common plane after cutting and are folded |aterally towards
each other alternately up and down the |ongitudinally extending cytfi,Ng: -
“¢lines to bBring the epposed corrugations into abutnent. 20 14. ~ A nmet hod
as clained in claim12, wherein successive pairs of adjacent strips—are.
abutted while symetrically placed-al ond%ri nes parallel to the |ongitudinal
di.Lection in which the sheets are fornmed adjacent abutted pairs and any
ORI NI NG Si By GepbtiR1daCwaNETRRGEA LERC thiedaRinOBbEEsr45rhpRRYADU!  od
whil e synnetrlcar y placed along TNines parallel to the said |ongitudinal
directi on angontéins at LeastCcewd credtsnandi atbleasy twohvadleywsgys
ensuring that the path lengths of the strip groups undergoi ng abutnment are
symet ri cal whexein dngeschhpatissn sapeathshephsighesofpatddnnngapng:

abutnment, until the reticulated material is -31- a-sggble . 15. A
met hod of pr &FAEt) §Fa VAILEY, PR 8% h’&ﬂéﬁ &F"of“ﬁ;&??aﬂii Piy‘SP&FFa#’_ .

fi (i .  oh I 1y : Ceri -
con] unot | oh AhaFeitets fZok that bk B lsaes® che B8 186G 3EnRE' FebBectife I

the reticul algdeEi S ¥alledsl bl Baid WuFface) BhAi Whekela RhaN2ectREdni?!

havi ng a pattern of crests and valleys of repetitive wavel ength such 't hat

each pattern hedjghti diffexienceaproducias W corragation alohgathet shewtl | eys,
wherein in each pattern 10 repeat the height of at least one crest or

val l ey on at having dnvayelmagthgreates | hei wavedangthoof: ke of at
Least f the oth ti t || id sugf d
wherein the RANS A4, YAlleTAs cuksins she, abaet Lo, LT 0 BRUIAYAEY RE
Strip havi - - d
\5;; rl 'r gysf‘v} ‘(f)t? m@eﬁ%gh%%&&y@%i% s02{psCaakR %g%h?.nﬁh&s khen

same submultiple of the pattern in said sheet which includes

at least one repeat of said pattarny abutting adjacnnt-ltripa
with the corrugations opposed and with at lsast one crest
intéxtittod in'a.vailny of each\opposod corrugation. .

15 13. A method as claiﬁ.d-in claim 11 wherein adjacent
strips lie in a common plans after cutting and are folded
laterally towards each other alternately up and down the
longitudinally extending eutting'linesgto bring the opposed
cé:ruqations into abutment. _ |

N "20 14, A method as claimed in claim 12, wherein successive

o pairs of adjacoﬁt strips are abutted while stmat:ic#lly
placed along lines p;:allel to the longitudinalidirection.in
which the sheets are formed adjacent abutted pairs and any
remaining single strip are symmetrically curved by?guidoa

25 then abutted while symmetrically placed along lines parallel
to the said longitudinal di:eetion'and abutmnnt.is then
continued in this-binq:y fashion always ensuring that'tho
path lengths of the strip groups undergoing abutmint are
symmatrical mirror 1nag-l.thul_proéidinq that phase is» _

30 identical at abutment, until the reticulatad material is

* c L L} 1 *




corrqgati ons on one surface. oppose the corrugations on the opposité surface
and [aftl/east one crest interfits with a valley of each opposed corrugati on.
20 18 A net hod of preparing a reticulated material of substantially
planar” configuration in whieB1a plurality of strips of nonpl anar nmaterial - p
lie in conjunction with the strips substantially perpendicular to the pl anGu
of the Pskkﬁ ted material, including: formng a plurality of 25

subst aft y simlar sheets of nonpl anar material each havi ng a pattern of
crestsygnd val | exsmatho@POEi prupardng- alzcgibukueédthatczﬁah ofttern repeat
contains at least two crests and at |least two valleys, wherein in each
patter aub-mts.nmyhpu.gharoeonﬁmuioneinrmubr aval-mlbhyaof 30 | east
"one-surface of the sheet is different fromthat of -32- | east one of

t he oth&ﬁip!spﬁcFPﬂﬁleﬁGStE‘SP'@&FI§§9 $R S8R “@GF*SEe"iﬁhdtﬁﬂereln t he

‘recurring,hei ce 0 _ o sheet having a
wavéleﬂ&gﬁ Qrgg%eg %§H§?Ke9§éegﬁ§§§P§‘§fE§h cr§9f§L ﬁg %gsleys slitting
each 5, ggn.t:aaf Mate?iBL)’ 2hiivathgsi ¥b #oaghuﬂpnakl HoRpL&ASENY
strlps are connected at i1 ntervals by relatively short webs of unslit
ﬂaterlﬁhmdkhﬂlmmhﬁihglagpheeerﬂdoaccneathhanﬂevk$10§-tbt cepatgeivens and
al ternating transversex‘épf .the sheet so that slits with webs across the
peaks ofavelemgtly sughe #dlﬁghcaﬂt&gablSQGGQttEPGES&BW|Fﬁ d8a8% \ith webs

across the peaks of down rdI ext en cor ons,
cont ai rﬁ"??gqgﬁé?aﬁ"s PPFEIyg"éf vﬁgé‘gat't !i‘ﬂg? sé?’d e?“%tfl?gﬂ i ncl udes

g;CLﬁgfﬁ*g‘Zﬁ% t?:%o?{-igi-ﬁts%':d Ea‘xk‘i ad: ﬁéﬂ't %bﬂgtt Qﬁ- hirgy balgeal ly to""ar.ds -

strip.at spaced intervals along its |l ength back upon itself so that t he

e oppose corfugations into
least one surface of the strip is different from that of at

least one of the other respéctive crasts or valleys on said
sucface, and wherein the_éceurring height difference produces
a corrugation along the--trip'having'a wavelength greater.

15 than the wavelength of the crasts and valleys; folding the
strip at spaced intervals along ita length back upon itself
so that the corrugations on one sﬁ:!acolappose the
corrugations on the opposite |u:£§ca and at 1ea§t-one cresat
interfits with a valLey of each opposed corrugation.

20 16. armothed-bz pxbpaﬁing a :qtiéulated material of ;;)
substantially planar configuration in whicﬁ'a plurality of
st:iﬁdJo!’honplannf material lie in conjunction with the .
‘strips substantially perpendicular to the plane of the
reticulated material, including: forming a plurality of

és'lubitanﬁially:similar'iheeta of nonplanar material sach
having a pattern of crests and'vgii-ysfof repatitive wave~
length such that each pattern repeat contains at least two
crests and at least two valleys, whersin in each pattern
rnpcat the hoiéht of at least one crast ¢:=6311iy-on-at

30 laast ohn'aur!ace'bf‘tht*ipeet il*ditte:cnt'frop.that of at

A
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c g

“abutment and at | east one crest into interfitting engagenent

——— -

of each opposed corrugation. 17. A nethod of preparing a\r | at ed
smaterial according to Caim1l, substgntially as described 20w ference
. to the acconpanying drawi ngs. 18. Areticulated material nmade by a

met hod in accordance w th_any one of ' 1 .
rieki cul at ed A8 39%38%‘0? pogfg'{e% &3%1%:{@551]}%:5 sg'r?t |L§I %_gl{égy%eos’ﬁ\rﬁad’gd wth
reference to f6ra2adCaRAP@Edih ¢haWrBE8rring height difference produces

a corrugation along the sheet haﬁing a wavelength greater .

than the wavelength of the crests and valleys; slitting each

5. sheet to form a plurality of similar longitudinally exgeﬁding

strips which are connected at intervals by relatively short
webs of:unslit matefial, the webs being located across the
peaks of the corrugations and alternating transverselylof
the sheet so that slits witﬂ webs across the peaks of
10.upwardly extending cérrugations alternate with slits with
webs acﬁoss the peaks of downwardly extending corrugations,
'each strip containing the same submultiple of the pattern
in said sheet which iﬁcludes at least one repeat of said

pattern; folding the strips laterally towards each other

. 15.about said webs to bring the opposed corrugations into

abutment and at least one crest into interfitting engagement
with a valley of each opposed corrugation.
17. A method of preparing a reticulated material
;.ﬁccording to Claim Ll, substantially aé described
20.with reference to the accompanying drawings.
18. A reticulated material made by a method in
accordance with any one of Claims 11 to 17.
19. A.reﬁiculéted material according to Claim.l,
usubstantiaily as described with reference to the

25 accompanying drawings.
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