;e§EJIXéTJTx 15 APR zOXZ i ~wd~~~~r u; ~"n~~~ i dam m~~ud~di This invention
relates to foamed thernoplastic products and nmethods for 5 manuf adtyrAPRardd)?
nore parti'cul’arly, to foamed thernoplastic products manufactured by

continuous formation in a substantially cylindrical configuration 1f Vv
yY~LU4Jl -2 | 3ACKGROS, I1VD ART 1 5 APR 2002 ~ . wviii...... : “
| ast few decades, substantial effort has been expended and |nter mmwmwm“mmwm

devel oped in the formation and construction of products using foaned,jhernm
pl astic materi al s. Typ|caIIy, these products are fanned ei i her by foame
extension or 5 $PIR} WY E q AGTER

producti on Ilnttatlons exi st on the si ze and shape in mhlch products can be
efficiently produced at conpeti |ive paces. One exanple of the type of
products produced using the extrusion process is the creation of holl ow

e O, e AL
ruston,

insulation for fluid carrying pipes or conduits. Alth h the
manuf acturing process for fanning foaned cylindri catty shaped

+t hernmopl asti c cubes has sse the ears t

efficient product B%"?§@§§h%*§ﬁﬂ8qﬁ EPBO%?%%W@WRFEHﬁSaE%ﬁ%ggﬁVen i nches
are 15 i gcapghhigachire ARk ﬂﬁo:@rﬁ%ﬂ%ﬁzﬂl)ﬂ)% rofaméaraﬁéraaﬁtas@awoeaa%mmamédhough a
substantial market exists for |arge’dianeter tubes formed of thernoplastic
mat eri al , t hysodenend foamatom ibe sshitasGdly aysindgeat conferuratomnal  ext r usi on
equi pnent. Large dianeter foamtubes require manufacturers io invest in the
purchase of extrenely expensive manufact~u~ing equi pnment, before this
demand can be net using current technology. 20 In view of the substantial
i nvest rent that nust be made by manuf acturing



cohpani‘es in obtaining equipnent for satisfying the industry needZSL§E 2002
| ar ger di aneter Jyl i ndrical tube nenbers, the products produced t R
this demand “aré"extrenely expensive, when conmpared to the conVértional
price for smaller- dianmeter thernoplastic tubes. | |owever, in spite of the
demand for such products and tile 25 industry desire for conpetitive
prices, prior art technology has failed to provide a manufacturing nethod
capabl e of producing |large dianeter cyliddrical tubes in a cost effective,
price conpetitive manner. 15 APR 2002 .~~ ym~u4 nc. nmu~yb~m~.~s -3 In
addition to the industry demands for |arger dianeter, hollow, cylindrical
tubes, substantial demand al so exists for foaned thernoplastic materi al
funned in large sheet Conn tit a ‘EQ‘?!%GR@EIB‘CABW cknesses. Generally,
conventional extrusion equi prent for funning foanmed thernoplastic products

i s incapabl e of producing 5 foaned pol yner sheets having wi dt hs greater

t han about 12" h a ihicktiess of ab [z uentl ,, the demand
for I arge width' 1 BFBIEER deHEticnSupienjhBlfer BFS B rgpendéi sed s o5
conventi onal hmwel%@wnﬁm@ forhfhiiBh dRA c&maﬁd.ﬁéfxebrsmfma mhgsfor tell§fdfol OF this
"product, extrenely expensive, custom designed equl pnent Trust be purchased,
causi ng t he phsdgemaiedials. flgpivaBinabésepratlivttase forodd eabertbydbaiayd exintoror e

costly. In 10 addition, the return of capital for this mvestmant is | ow
Al't hough 2 he M9yipg aHoweyernicgandiess GFM‘SCh\APﬁSh%H eprleyedipredusting ligistiarent are

capabl e of pLOGUG) f .}r}g sl B ai)Q% prolm%&a&né&ﬁ% R 'E‘hp'}’ﬁh{]‘f?gaa[‘%. mpbdlt h

configu rations, ese nmanufacturers ‘ate st I|m ckness
that can be pweﬁu%d in a single sheet. Typically, these pt for art sheet
extruders are capabl e of producing sheet 15 material raving a maxi num

t hi ckness of '/~ r%@au@rﬂf he tyap ol podvaspiodyead ysingihe eeirpraePrCessial

product thi clgel cré f}%’] P" lotnggt V\Pl gﬁnc}r%an‘%\é? éopngetﬁ)fr%ix%ém% ﬂgel’l'%%ﬁagy%onded

enpl oyi ng a pIUF "t ze and Integra

i 0 each py hemadtiapr ﬂjﬁésettﬁbebld}el hetl i & whdealrieBr @C368udLS) nidietyghesilly ad
thickness. As a result, additional manufacturing and handling expenses ' 20

are | ncurred"&Hbllphéolffﬂlnélcaf@rlbﬂnmes prerfdedsl by these specialized procedures
I's substantially Ir}t(ilroH%n e!xpruglgxﬂnanu lggﬂar&%ssofop?lo% gog)%ﬂféd@ goial in

t hi cknesses greaté ura get’S Must ed or

bonded toget bgy slﬂpé&m@nﬁ@\ﬂysuan@se%aﬁefamgh EA6E AR NI YeAR to an extremely
efficient production system, tube diamel;rs greater than about seven inches are

15  incapable of being produced on conventional equipment. Even though a substantial
maiket exists for large diameter tubes formed of thermoplastic material, this demand
cannot be satisfied using conventional extrusion equipment. Large diameter foam
tubes require manufacturers to invest in the purchase of extremely expensive manu-
facturing equipment, before this demand can be met using current technology.

20 In view of the substantial investment that must be made by manufacturing
companies in obtaining equipment for satisfying the industry needs for larger diame-
ter cylindrical tube members, the products produced to meet this demand are ex-
tremely expensive, when compaied to the conventional price for smaller diameter
thermoplastic tubes. Ilowever, in spite of the demand for such products and the

25  industry desire for competitive prices, prior art technology has failed to provide a

manufacturing method capable of producing large diameter cylindrical tubes in a cost

effective, price competitive manner.



thi ckness of the profile by '/." wish each process. Such |am nat{8nASRep({?
substantially 25 increase the conplexity of the manufacturing procedures as
wel |l as 'ivmepedadpbng the overall scrap rates. In an attenpt titg/ewagle-pl ank
material to be produced in thicknesses greaser than '/z", accunul ators have
been constructed and used with extruders. 13y enpl oying an

ext ruder/accunul al or conbi nation, the foaned plastic is transferred
directly from 1 5 APR 2002 -4 the extryder in the accunulators until the
accunul ator is Filled. Then, using a piston or ram the accunul ated plastic
is forced out of the accunulator. Using this system planks with

t hi cknesses up to 2" cast be achieved. |-lowever, this process is ineffi
*cient, since it

ernltten n t t
A PRt A M AT TR A e S e
i nterm tt entypdsORib3laflibl ROR6EEIR eRiSts Br £4hRAhedoPEliO ARG RY Rirf¥@in I N SPite
- of the demand for inproved manufacturing techniques, no effective prior art
manuf act m i rigrgsyb¢eeﬂiorham beele ndmcaif(blpelchekms Gederallpgeoniventomst extiusicol ved.

Consequent |y, rinci ject of the present inventiqgn.to provide
2 10 et hod igien Mﬂrafg?wgrﬁ 'Ssmtﬂ plastie Fodugts s tngpRAbICHPrPEUGIPg asti ¢

~ sheet ma-tSer'@ 1(:('}‘ bl %eﬁsl&reﬁqw\\’/m QRid (TR L Qe A £ o'u?l%%ltmﬁtl?gm%ygﬁab(mlghl y

ef fective, ratl ve xpensive. Anot j ect the present
invention i s‘/zt onmsaqudelyatlmeimmamftfraﬂx’gumhmg fpai0 pEsHc blsaek isgntdpablehdr act er

istic features descri bed shove whi ch enabl es Iarger 1.S dianeter holl ow
cylindrical Reiestig %ﬁ@)&?ﬁw%%tm gRBwactye s ingrdsrdo salisly gsgndestiypests

extrenely copt y6f (iahant. P00 hgk loﬂpée%&tnetﬁtzqﬁ P BEQHe hABELd,on i 5

to provide a new rocess Travin aracteristic features
described ab@wanwtlwclhrges.wdapﬁ)bh\esheét poeluegs eodloay eetrebyt o beimorecasidf. Immnpower
and opt| mum production rates. 20 Oher and nole specific objects will in
part be 9OV|‘51&1§"%\\181°\A}F‘I“F" P&ca;w&ﬁltfoaﬂw‘e@we%@%% inig-er . 1 5 APR 2002 -s

SUMVARY O ~ T~- IIM{Eh llle specialized manufacturers who own this expensive equipment

are capable of producing foamed thermoplastic sheet material in large width configu-

rations, these manufacturers ate still limited in the thickness that can be produced in a

single sheet. Typically, these prior art sheet extruders are capable of producing sheet
15  material having a maximum thickness of %2".

Consequently, any customer desiiing to have a final product thicker than 4",
is required to have the product produced by employing a plurality of sheets which are
cut to size and integrally bonded to each other in order to build up a final product to
the desired thickness. As a 1esull, additional manufacturing and handling expenses

" 20  areincurred and the final product produced by these specialized procedures is
substantially increased in cost.

In order to produce plank material in thicknesses greater than '4", a plurality of
sheets must be laminated or bonded together in secondary processes, increasing the
thickness of the profile by %" with each process. Such lamination steps substantially

25  increase the complexity of the manufacturing procedures as well as increasing the
overall scrap rates.

In an attempt to enable plank material to be produced in thicknesses greater
than 2", accumulators have been constructed and used with extruders. By employing

an extruder/accumulator combination, the foamed plastic is transferred directly from



By enpl'oying the present invention, all of the difficulties and dr
found in prior art systens are elimnated and hoIIom/thernnplastidaygﬁﬁkimn

tubes of any desired dianmeter are easily achieved as well as |arge sheets
or planks of thernoplastic 5 foammaterial iii any width and thickness
desired. In the present invention, all of the conplex, expensive equi pment
previously required to satisfy industry needs for these products are
elirninated and an easily enpl oyed, unidfée manufacturing process is used.

I n accordance wi sh the present invention, a thernoplastic foam extension

U systemis enployed to produce a profile having any desired
cross-sectional shape or configuration, with the profile being advanced
onto a rot atihd)gkiA)el MAhE 8eunsill86Mamtifthe RBuMARIDMS Aflbd eThén, WEiRRRFHs 0n
peripherally surrounding the rotating sleeve, the abutting edges of the
profile are o o#mi theecssinpldted phastioisdarshd ouhef the aceungyaton| Usimgthingystem,
- manufaci urin eration. In its prefen-ed enpbodi nent, the el ongat

ext ended t hé’?ﬂ’%&“ﬂ@t‘?‘%&ﬂ%“fﬂ‘& 08 “i"‘ﬁ&d\?g‘ﬁxg‘g 'gﬂ‘fVBV‘?t‘h@‘srlb‘P&“tSF nedfli ndri cal
sl eeve at anyend@shde8tmanNdeGuiiii&ihifBAR) 8% dhRoPbOpdrfied BoldtiRiokQPL | NUOUSI Y,
'l ongitudinal ly advanced al ong the I endgth of the sl'eeve as the side edge of
t he i ncobi nd'uothefindre, a bighoodpdate & dthainedidee Gf the e exndijtestestdp/stant ppgeesk. pr of i | e
iii a generally continuous, spiral form ng manner. By enpl.oying .ibis unique
spiral form ng pristisyident figm|thege systemarinsaite obthedspizpd fordpirgovedam t ube i's
formed on a 1 L i 1 . : r I |l ed only
by the need " e et aRelR s, W dikoid® phPG 1Bl GRlpe J5LAM ERTELEL 2
formed by enphelppabion redokaigithgcsliemvelvedvi ng the internal dianeter desired
for' the product. Roth the thickness and ou#er di aneter of the tube is
controf | ed by theCRnspaueitadt i5ra Ritcipal ebieckok B pEsgenyinyardioate piyidsa
eaul Pel, e kAR il fF ol RERARMEanPro Rl ShE H et

| ow- cost manuf ac uring process I's realze Ich 1's capabl e of producing
hol | ow cyl i ngirgcaprodudim manhoddhivh it basilophrstd diglarieai e bed coshpdiat he
rube conprising any desired thickness arid any 1 5 APR 2002 -G desired
di anet er. FuUtieheerpng!lvepy cutting the el ongated for rued cube at any
desired length, p -1 r : e i i.f. i desired
by ¢ ho. cust oner . HOHG S e FHERs ntdifisRt PENAR FREFAERLLPRRCES
el ongat ed f omorgsk &sting tliclharabayisig (aanedésicribel shoaawilgch enablds 1drpeickness,
and Ien%th sougi ~t by a custoner, 5 the process of the present invention

al so achHiSevediamerspholinw eylindsigal twhes anddarasdapshed vaaierial 1§ be priceckivtanonal
shape, confi } pattern desired by a custonmer. As is well
known in the&g{eﬁchggdp%g@é%gfgg}rﬁegl astic extrusions may be forned with any
desi red cross-secAhomhad olgéarp€e thegiedeal invesidn Gus pidvide a AP hiiann acpainger n and
the Iike as part of the formati on process. Consequently, by enploying these
10 known f or PrAEFse haviag i duawsieristic nabirpndessHbed aipverdidpisicapalile phbsine
process of t I i L ndri f ormed

i ncor porati n‘gﬁ%lgggcfﬁphﬁ lﬁ'?{ﬁﬁj)}'g gls}flapé%‘!v%%deo&ﬁil"gﬁ#ﬁ?\dfulggﬁ? gat fon. In this way,
enhance@d | exi bi | Other andimpreoghecitficddgdctwilRipagird b otBSodsamdbaiyidn pag appent
nanufacturinp techni ques are attained by enploying the present invention.
15 A furt her hreiagli¢te provi ded by the uni que manufacturing process of the
present invention is the ability to produce cylindrically shaped hol | ow
tubes having any desired wall thickness, dianmeter) and overal

configuration along with the further ability to provide said holl ow
cylindrical tube nenbers incorporating two or nore layers integrally bonded
to each other. |3y enploying conventional techniques, such 20 as

_ co-extrusion, cross-head extrusion, or in-line bonding or fusing, one or
nore |l ayers of additional nmaterial can be bonded to the initial extruded

| ayer of foam plastic emanating fromthe extrusion equi pnment. Once the

. additional layer or layers of material have been bonded to the base |ayer

or profrle, as desired, the nmulti-layer profile is advanced onto the spiral
form ng 25 manufacturing edui pnent of the present invention. In this way,
the precise nmulii layered, hollow, cylindr teal conponent sought by the
custoner is attained in any desired dianeter and thickness. By enpl oying
this technique, substantially enhanced speed and production capabilities
are realized as well as the attainnent of products 1 5 ARR 2002 whi ch had
previ ously been unattai nabl e using conventional, known manufacturing



techni ques. In addition to providing the uniquely constructed hol1gm%pR 2002
cylindrical tribes detail ed above, the spiral forrning process of the
present invention also provides 5 substantially flat sheets or planks of
any desired thernoplastic nmaterial. It has been found that by initially
formng a cylindrical tube in the manner detail ed above and then
longitudinally cutting or slitting the wall of the tube, the spiral forned
material opens into a substantially flat3sleet or plank of foaned
thernoplastic material. By enploying this manufacturing process, |arge

wi dt h thernopl astic foam 10 sheets or planks are formed wth any desired

t hi ckness or configuration, elimnating the expensive prior art nmulti-step

operations or the use of eXtﬁﬂgﬁnﬁqﬁvdjﬁQEHEH$@EBWQDNMhiCh are required for
attaining simlar product constnictions. rurthernore, the present invention
. Is capable of attaining a flat sheet or plank of thernoplastic materi al
which is fornmed i.p any, confjguration or, required by a consunmer. In
Rddt i on 15 ot HBsEPFleg R be Pt hriehen] lBn o e arEoas "o

easily prodygggh uﬁﬁmP%I (@ybtkMiglave élﬂﬁ%%@%‘n&%ﬁ@@%&ﬂ%&ﬁ?@é fahi @bed6EIny0
pl ank nmenber which conprises a plurality of layers or different nateylals

whi ch have hiesired dismeteonrelzasitieacitiogdtah evell i 1fmge sheetnyr pdadds rof thesmoplaggier at | on

or construcnjon sought, by the user. As detailed %bove t.he prese

i nventi of at/Papmaatetalde aky wislth Ard Hhigiess Y6 bt 9 PTISANIAN KGN E?%‘Bevmth

the final pr I f ser.
' P c%@lﬂ;g xe%t sfv%'hgglpﬂ{%/\t gﬁgﬁﬁ%ﬂ%ﬁ@g‘é&tb%é&éf?ﬂmncg:?ﬁ’? hleddor fEse!

As a result uring i ry I's

revol uti oni z;ﬁddnhcys mblehmummhindxm &uisil  etnipéo yletl adi quer e sludactinnproatdsas ned
usi ng conventional extrusion equi pnment. Consequently, costs for producing
any desired Y¥fbduct are substantially reduced. 25 As is evident froth the

foregoi ng_di Scl oS0 kg RUA HAL ML LAT A, § (SR OoaRCLASKIA ho! | ow

cylindrical tubes forne ern~opl aslic terial 1 n any desired
di anet enoandyslencik rempioyed tvpldduas a profie anvinglahy dédiet cedseatctimmalpdhapker of
foaned thernoplastic material in at-~y desired thlcknesslwgqnfl uratlon or

vi sual appeafroé%ﬁééfaf‘ﬁ“:awﬁlhﬂier{é?ﬁ\ﬁhem gdyapsed e 8 rlaeommlindyiea) s "?rpf\ﬁ and
di tl t ~
irectly wi (hs?%an?piq(%lsggrg R, Qfaa%gg%nwnd*ggEf%%omggsree&e YR 1

a3 expensive, specla quip ernore, scrap materral is
reduced, andedgsnbdl éae pbafile hescomtingousty fustd so @fchttteein abpicdforntieg, namuffax:t ured
in any color,_size, Product formul ation, etc. deS|reg bxé& user. Since
smal | quant i Wrisg opeatioe prisduekaredsrthodiment. thaglaneed exruded thermpplastied and

signif Cant f;’r%ﬁfe i§ VG LEPBRARE rgtglmd @?‘}indncal sleeve al any desired angle which

enables the profile to be continuously, longitudinally advanced along the length of the
sleeve as the side edge of the incoming profile is bonded to the edge of the adjacent,
wrapped profile in a generally continuous, spiral forming manner.
By employing this unique spiral forming process, a hollow cylindrical

20  thermoplastic foam tube is formed on a continuous basis, with the length thereof
being controlled only by the need of the customer. In addition, any desired diameter
can be formed by employing a rotating sleeve having the internal diameter desired for
the product. Both the thickness and outer diameter of the tube is controlled by the
thickness of the profile formed by the extrusion equipment.

25 As is evident from this disclosure, a highly efficient, low-cost manufacturing
process is realized which is capable of producing hollow cylindrical tubes formed of

thermoplastic foam material with the tube comprising any desired thickness and any



t'5 "R ?2.002 ~YV JJILUYJI g TI-IEDRAWNGS a L 1/ Varil1 L 1 1l:J ~A ﬁoi ?
full er understandi ng of the nature and objects of the present inv Et B ,00
ref erence should be had to the followi ng detail ed description) taken tn
connection with the acconpanying drawings, in which: 5 FIGJRE 1l is a
perspective view of the manufacturing equi pment enployed in producing the
spiral formed cylindrical tubes in accordance with the present inven trop;
FIGURE 2 is a perspective view, greatly-enl arged, of one portion of the
equi pnent depicted in FIGURE 1 wherein the bondi ng operation enployed to
form 10 the holl ow tube nenber of the present invention is depicted; F1GURE
3 is a perspective view of the preferred enbodi nent of the bond form ng

head enpl oyegq..d ui ' N . (C. =
expl oded pergﬁﬁg??gﬁ“ﬁgbm,EegﬁB@?ﬁ%f%ﬁg“ég?é%ﬁwgﬁﬁiﬁﬁgé| asgéwgﬁﬁggﬁployed
in form ng tRagihoptcdvctsubegrodiicddhe iy meend spebNeBfioi0desi1dd b ki ddsioers a

perspective view of the fully assenbl ed ro;apin? mandrel system depicted in
FI GURE 4; FI GURE b pdditdoprprpwidinaahaliosne indrindlly thaped, stpnegted deanm plaptic

mandrel of F E 5 depict.ed |.n the ess of fqrm a | | ow .t ube nenber
her eon; *r1 iR vitg 19 EHEDPpbET yRICRER R ptRE o By eSO REE nember
fornmed 26 i NiiRGHFEEARBE the\WrdBnt iAGeiRiofSBtachRVENY hAllbv BylddgicANabEmemBEr bei g
slit to forma substan' iially flat sheet or plank; FIGURE 7A is a

perspective bawang ahy arospbdctionaysbapcoH]gBuRPngor apegupsarattpacdasired by ew of a
substantiallg flat t ernqﬁlﬁstic.f anhsheet aqr $Iagk.fonned in aqgordance
with the preSER™ERyARISE, ki EnaRptLe panded fagm plastic gumyony may e~

di agrammat i ¢ gdrinéd AeRt &ty OGirkderokQEETRLLARKS e, Bvéiall LOVigY At hpesbe paleen | N
accordance with the process of the present invention wherein a second |ayer

of material heddieflikeed pad of te exnatinertotaantdnicayenlypby emplayingpthaset i on of
e o R B A i 80 g Do s o
foam plasti ¢ pREArih#ni!r EBH AL IuBs$eERdhAYEIncaipbiatRg alARIRIRIy
desired pattern or configuration. In this way, enhanced flexibility and product design
capabilities far beyond current manufacturing techniques are attained by employing
the present invention.
15 A further feature provided by the unique manufacturing process of the present
invention is the ability to produce cylindrically shaped hollow tubes having any
desired wall thickness, diameter, and overall configuration along with the further
ability to provide said hollow cylindrical tube members incorporating two or more
layers integrally bonded to each other. By employing conventional techniques, such
20  as co-extrusion, cross-head extrusion, or in-line bonding or fusing, one or more layers
of additional material can be bonded to the initial extruded layer of foam plastic
emanating {rom the extrusion equipment.
Once the additional layer or layers of material have been bonded to the base
layer or profile, as desired, the multi-layer profile is advanced onto the spiral forming
25  manufacturing equipment of the present invention. In this way, the precise multi-
layered, hollow, cylindiical component sought by the customer is attained in any

desired diameter and thickness. By employing this technique, substantially enhanced

speed and production capabilities aie realized as well as the attainment of products



PIGURC 1 1 is a perspective view of a Hollow cylindrical tube dephcipR 2002
di agrammatically enploying the present invention for Corning a dual |ayer
hol l ow 5 ¢yt i‘ndri'cal menber; arid P1IGUR~ 12 is a series of fourteen -
cross-sectional views of alternate configura |ions of the extruded

t her nopl astic foam profile. W/ I YiiU-iJdi DE fAl LD DESCRIPT~ON 1 5 APR
202 ~ ~. ai vlJ~~a~:.a ai.i By referring to FIGURC 1-12, along with the
foll owi ng detail ed disclosure, the constfuction of the manufacturing

equi pnent, the process of the present invention, and the uniquely
constructed products attainable with the present invention can all be 5
best understood. |lowever, as wll becone evident fromthis detailed

di scl osure, [ Bld : j ' : f L ' t he
et hod st epdanaid R2RoRY b EuRGR Lk RN ARRE DA S BIRR, (000
of this inveathnomes.Consequently, the disclosure provided herein, as well as

shown in Fl~iU Z -12, are iptended, as exanples of the present invention
and not as a |im9t§a€fﬁhaﬁ"ﬁ%e¥0éf ing ﬁtsﬂ Wlm'umg%wteq helipw gyladscabiybeshodi ment

of product f [a%@gbé\%?g%{}?frglf f?)];mhﬂ;gpr%e%?%Fillfy?gs§mtih9&tio§ aﬁ%&%;vima cl osed.

- I'n this enbodi nent, orm system conprises an ruder 21
havi ng asgenabaantialle dnry siidelsasidlankenffiagy daditedNheropbtipmattsai st hestvezd

t hennopl astic profile 22, in any desired configuration, having side edges
25 and 2G flopndethatdy ingliadhypooying & odindopalitelroindhgmanngridatpiled abeyg anfer o 15
plastic profjle 22 from extruder and f i rofile to tube.f,ormng
rmcni ne ba. PRERDRIL G Byt B AESH PRuBhabt s dolidbREiACLy e
used to formgperditd £sddtantiaMRYiel sheet SigplIIES EOLBET theAhopipdtRShheriamt er i al
conprises one or nore selected fromthe group consisting of polystyrenes,
pol yoliefins, pol yi&x émploying thisohymifecindsg pisstspblatasl veiddsthepaopletistform ~es

t her nopl stiécglastoners t her.no esters nnqﬁlastic

lastic.20 nol h
1 D8I K}lé‘glfse?}fg for Q%\V@%%ﬁ%@%meﬁ (99@8 S ~confi ,gElra ion, efinfiRating

pol yur et'lfan
et hyl ene- vi Nkt eA5RLFE PricPRO T sFep GlefilofDBr IRk ¥ exd@id¥isaing a6aAPAlINBE! S,

el hyl enel i utyl -acryl ate copol yners, iononers, polypropylenes, and

copol yner s o¥hipb rigreawyddelive atldiningsamilaaproduariconstupdonsy dwthermerodhei on, as
shown in FI GURES 1 4, and,25.5. .t.ube r.m hi 24 s .constructed
or 'recei vi MiCrBLVERiTHs shALT & Faipinea oGl Safle b feRiom S RATg
mandrel 30 iPpidh (RHRBE WhB cdnRigaRtioRl@ hhliGn 2euied B aWonRRAEr. ah additon
rotating mandrel 30 of tube form ng nachine 24, continuously formng a

pl ural i thp oftoghese dtdtyrenglin gresorvovantioo mtso2zhieves aa esfitfeproduedddeompargti ng 1
5 APR 2002 w PP UA~i L et > - 12r el atioonshi In this way, the
"ncon ng. cont 1S RPN B bTRAR e HSHP AR MSPBFT P kD opprits

aut omat i cal | Mufapity2é By & v ti(fRaH nedier?tls whiththa9€B&nabed &iiondkd togetherto
configuration, causing side edge 25 of incomng profile 22 to be brouglri

i nt o abut t i nignoany desired configimigion dgeordrugfiopsaghihysthy usercei ved and w apped

convol ution 27. | bondi 5 abutting side edges 25 and, 26 to each other

et e BYARBIE B2, e feseh b itinaroar s B Bk aiferiE fohid

formed. Jo Ofndaesﬁnél@sﬂb%llﬂ@ne'%?BJG@hct%’&ﬂﬁQix%%@@@ﬂ%' spetifichilh RUgR ®5 of

profile 22 wth side edge 26 of convolution , a bonding or fusion head 31

i s enpl oyed. thefusete A s @rbsulbahe emgefshsit @n phakin@ufachyingdongusiyds evobrtiont y  of

alternate conséguctions i.n otge }o attain the des secure, affixed,
dheh

ired,
bonded 10 i ntZd B iE EnERtoR I pal jip w*@a@g%véﬂf ﬁS%&Ofb‘fe@P@? ed
el : . ; LA |
Poocad oy PRrRRRLAGS R, Coitiaendy 200 o ity deSirpdpRage aid Pl oV

constrrtct edsdbsemtibigatedoosdduct i ve material and forned as a hol | ow housi ng
whi ch conprises side surfaces 32 and 33, top surface 34 and_ edge §§5 Igy
del i veri ﬂ‘g heat edA8il eYidedim e fopresingdistoyst tha pragent Hrvsaton 1§ cepaPleel f ace

34, the tenp : L1 a
Cevel whi ch SARTBEnGod LRRES) dheS s of oI hethoBIRUELRIALE AR B, o
contacts heagdeskdidtanifer @idBRkh&sstab@iell A¥RLbIAIaNQ 1AL shekNoesldhllsl Tfoarhél t he
preferred enbodi nent, head 31 al so conprises apertures 37 formed in edge 35

whi ch del i vetliermoplasitd malstig! il apyw deir¢rbthickingssdeanéigriajiopoorsyignal aphsemngsginand
26, assuring ilaat the, 20 | ti tenperature, i s ached and edges.25 and
36 are: seour BMAE Rl S BERyES SonEES: by fud SREICAINY Bl 5
bondi ng/ fusion head 31 is positioned at the juncture zone at which side
edge 25 of incomng profile 22 is brought into contact with side edge 26 of
the previously received and spiral wapped convol ution 27. By



25 causi ng bondi ng/fusion head 31 to simultaneously contact side1§dngqm02
and side edge 26 of these conponents of profile 22, the tenperature of the
surfaces we wabssed io the nelting point thereof, enabling Eﬁﬁ”é%ﬂyéf¥ of
side edge 25 of incomng profile 22 to be brought in direct contact with
side edge 26 of first spiral wapped convolution 27 in a mai u~er which
causes the surfaces to be intimtely bonded to each ot her. 1 5 APR 2002
WU W1U457 1" (="1"1L3S)8/21 143 - 13 1nghe preferred construction, as
depicted in FIGURES 1 and 2, tube form ng machine 24 conprises a hot air
generator 38, which is connected directly to bonding/fusion head 31 to
deliver the desired heated air to bondi ng/fusion head 31. Al though heated
air is preferred for this bonding operatjon, alternate afifi ! ns 5
may be enpl eyredsive: seiply dpHensd fGUIRRT ¢ '@?&'Bﬁ'ee’ SR ﬁ’lage"la!’lfégé &gﬂ’%e
such alternatiye .S ,Lhe use. . I RREd BhngicoRE! diYe,t 0 t he

si de edges.Sﬁﬂﬁ%‘?%?ﬁ?§b&%§gﬁP%gﬁgaégw§%n§?gﬁgggﬁly incé?porates nmeans for
recei vi ng prafducffofRuBSiohlet€ aRtiaat by & ogeat Binge smnldqetntBies aaubd prodyeaddi ng
profile 22 onto mandrel 30 to form convalutions 27. . 1n the enhodinment

_depi cted i neRleGaive iventorio aiealimiyated andsigaifigant cattreductigys 4 L84  oyed whi ch
are constnrcted with differing dianeters to inpart the desired position to
proCrle 22 relative to mandrel 30, enabling profile 22 to be advanced onto
rotating mandrel 30 in the desired angle to form convolutions 27. In the
enbodi nent of tube form ng machine 24 depicted in FIGURES 4 and 5, an
arcuately curved caromng ranp 41 is enployed for receiving the incom ng
feed of i 5 thernoplastic profile 22 and guiding profile 22 onto rotating
mandrel 30 in the desired angle to attain convolutions 27. 13y referring to
FIGURES 1, 2, and 4-6, along with the follow ng detail ed discussion, the
construction and operation of the preferred enbodi nent of tube form ng
machi ne 24 can best be understood. In this preferred enbodi nent, tube 20
form ng machi ne 24 conprises support housing 45 which incorporates rotating
cylindr ical sleeve 46 nounted therein, constructed for continuously
rotating about the central axis thereof. In addition, as best seen in
FIGURE 4, mandrel 30 is integrally interconnected with nounting plate 47)
while caroming ranp 41 is integrally interconnected with nmounting plate 48.
In order to provide the desired continuous rotational 25 novenent of

mandrel 30 relative to stationary caromng ranp 41, nounting plate 47 is
securely affixed to rotating cylindrical sleeve 4G In addition) nounting
plate 48 is fixedly secured to housing 45, thereby securely nounting
caroming ranp 41 io housing 45 in a stationary position while mandrel 30 is
continuously rotated about its central axis due to the continuous rotation
of cylindrical sleeve 46. 15 APR 2002 WJ y111W9J1 t'C |~/ U~" Jti/ 21143
-14' tube form ng machine 24 al so preferably incorporates a support franme 50
mounted. in association with rotating mandrel 30 and support housi ng 45.

Al t hough support frame 50 may be constructed in a variety of alternate
enbodi ments, as depicted in the draw ngs, the purpose of support frame 50
is to be positioned for 5 receiving hollow, cylindrical tube 28 as tube 28
is formed, and provide any support chat rnay be required for hol din6 tube
28 as tube 28 is fornmed and axially extends away from housi ng 45. Al though
a wide variety of alternate constructions can be enployed to assure

conti nuous, guided, supporting control of hollow cylindrical tube 28, as
tube 28 is 10 forned by form ng rnachine 24, the preferred conponents

i ncorporated with support frame 50 include a plurality of rollers 51 which
are specifically constructed for a desired dianmeter or' adjustable to
“accommpdat e any desired dianmeter of tube 28. In the preferred construction,
rollers 51 are nmounted to frane 50 and positioned for contacting the outer
surface of tube 28 as tube 28 is fornmed and axially extends 15 outwardly

" from housing 45. By providing supporting rollers, the continuous rotational
novenent of tube 28, as well as its axial, |ongitudinal novenent away from
housi ng 45 is capable of being easily accommobdated. By enploying the
present invention, follow cylindrical tube 28 rnay be formed in any desired
dianeter by nerely altering the dianmeter of mandrel 30. By 20 constructing
mandrel 30 with an outer' dianeter substantially equivalent to the inside
di aneter desired for tube 28, the precisely desired inside dianmeter of tube
28 is



attained. As a result, large dianeter, hollow cylindrical tubes caE be
formed quickly and easily, wi thout requiring the use of expensi vel AOR 2002
sopfisticated’”8Pecial |y desi gned manufactw ng equi prent. 25<hnsaddition to
enpl oyi ng mandrels of varying dianeters in order to attain the desired

i nside dianeter tube dinension, both the thickness and outer dianeter of
tube 30 is controlled by formng profile 22 with the desired di nensi ons and
t hi ckness. Clearly, by formng profile-Z2 with the desired thickness as
part of the extnrsion process being perforned by extruder 21, the desired

t hi ckness for tube 28 is attai ned. 15 APR 2002 .. v ~.,w. ~~L tiuJdyoiti
.~~1J - 15 1n addition, as is further detail ed bel ow, varying configurations
and cross-sectional shapes are al SW extruder 21 in order to
attain specially constructed tube confrgurations. In addition to producing
-hol l ow cylindrical 'tubes having any desired dianeters 5 and thicknesses,
"the present invention also produces hollow cylindrical tubes having any
desired | ength. ASrabilier paderspeding ohthempiuge a1l qhjecthot tha prsentyinyeadishved by
tube formn ' ' OfLkil usl, e Lpcom ofil.e 22 to
‘the end of h@%&e@ﬁé{ﬁ‘g‘f%’ ceigéll?ev@ybg/ﬁ% %ﬁnﬁggg%@ﬁbgﬁ’u‘? ?cg]nlgl cggn%h'?é N form
cube 28. Asil& dcesmbinyifDdlatingdyini vasichcal tube 28 continuously advances
axially away from support housing 10 45 in a manner which allows the forned
hol | ow c¥1i ndri c&lGURFel B3 nesspeetitd viawwd the mundeddeng equipmentiemmeyed ivar t .

In this way, any. desired,tube . le hs, can be acconmmdat gd easi ).y and

ef 11 ci ont 1y ProvRinggts i Fetpn S RIRRL 0% mocPRIRRORIRLRE EGRRERe o
cutting hol kigw cylindrical tube 28 to a desired length is depicted. In this
enbodi nment, cutter assenbly 54 incorporates a 15 bl ade housing 55 within
whi ch endl ess cutiiGRRE? isdepestpecvaraewt giealbdendged.cinapodioplaf thot at ed.
Finally, in_this epbodi nment C ousi 55.s mounted io upstanding
posts 57 moeeiBHEaiETRrGEE T sPSa R podinhserdsr el BTa Sy 01 i s
enbodi megit {1 hAdwRBe BiltniteR8f ¥ Thr&Rht iWh@mioa idesidied) | ength of tube 28 has
been formed, blade Housing 55 is advanced upwardly al ong 20 support post
57, bringing cut thigyRE Ziker BGHentive viemaldhe nieferred embedisment péthedyged porti on

f tube 28. . Si t 8 nt | I t i tral is, th
portion of FOrTDRMEEnSEyEER A ERIEmEn BRI THAURE B anges. thoreby |
enabl ing cutting ane: 56 &%@i&&@%&ﬁkdivﬁ%v@%&ﬁct% th8 réthinihhdrel y to

attain the desired length. As show> in P t , once the desired |ength
of tube 28 iasseatttipemetbyed in bamingathe hahepdreed! the paeseBt ibvetiopor systemto

desiged | ocatj bling t t h of hal lindrical tub
28"t oot or mod IR Sri RS TrowgiE IR Pl BRAPTED oy be

i ncor por at edyQBnQicpitRA ihPIGURE gachine 24 if desired is an alignment roller
60, depicted in hIGQURE 6. If enployed, alignnent roller 60 is nounted to

support housi ng 43GURIHE iz perapestive stemosf the ratatingecybiodrical orandrehof noas~ rc:

rm~~~Z2 1 ~' = -1.6 where profile 22.is securely bonded to previously
wound, convoIFJEilﬁagg9?"'9&7&2‘[’7{“3&{})0‘?%@ngoinﬁmgrf'elh(ﬁﬁ’l’"oﬁuk’glm ,er&}ﬁ“&q{}’)pref erably
conprises an overgGURIEN DpasFRESE vichasy 4 oW dhithdftalRGRf hk@bélfor@egur ance
is provided that incomng profile 22 is bonded to the previously received
convol u2fon i@ dc¢andace whtdit thepieatityncmtivi nuibe procsmoelidieingdlt e fort a substan-
configuratiogn, In this .,..the outer surface of tube 28 is nmaintained with
a substan daidly f@‘éﬁlﬁehﬂ%ﬂg'}k’smoch, outer surface integrally formed

therew th. FIGURE 7A is a perspective view of a roller system;
FIGURE 8 is a perspective view of a substantially flat thermoplastic foam
sheet or plank formed in accordance with the present invention;
25 FIGURE 9 is a perspective view diagrammatically depicting the formation of
a hollow cylindrical tube in accordance with the process of the present invention
wherein a second layer of material is affixed to the extruded foamed layer prior to

formation of the cylindrical tube;




As' detail ed above, product forming system 20 of the present i”"eml'ﬁﬁ'APR 2002
enabl es thewgfyt/iz&iwtfant production of hollow cylindrical tubes 28 w't

virtual ly any "dési'red diameter and wall thickness, w thout reguivring- the
use of costly, specially designed 10 manufacturing equipment. As a result,
a substantial advance in the formation of |arge dianeter cylindrical tubes
is attained. In addition to the substantial advance and uni due di scovery in
the production of large diameter, 10110W®@y1111dl 1Cal foanl tubes, the
present invention also achieves the equally efficient production of |arge
wi dt h pl anks or sheets of thernoplastic foam 15 material in virtually any
desired thickness. As shown in PIGURIJ 7, a substantially Ilat plank or
sheet of the foanfridmeRrEOR idapkfspbAhRMIAY deSicgSil dnldlkdiphdi drsRB bhRahor med
hol Il ow cylindrical tube by enploying cutter neans 65. In order to attain a
subst ant i al | plaftiemaghekforroed plithrakseodndflapmalffverd theqglagst i ¢ materi al 70,

cutter nmeans 65 wi_th circular culljng, blade 66 is nted and supported 20
intl:e generall %t@H@En‘tli'Bﬁé’FmﬁﬁW"Fé’ﬂﬂYﬁ ‘"‘f‘Bﬁ%‘i"t‘Mgﬁ“)‘:’:‘éq“I?V’b&iiFPic t hr ough
the wal | of ' ieal : j il Ray cut in
t he manner dg%?ta%“aﬁl}éﬁllglg@hﬁ?ﬂn%&gﬁ) ﬁ%glt“r{@?errntélppggfl&éh% g? ?éalll&&%gy %l(%l\yg t ube
28 is al |pwedyhacpreadbaybngrdly, formng a substantially flat plalik or

sheet 70 of thernpplastic material. If the length of tube 28 does not
correspond to theFlaHBEN 2desiseres ¢/dpurigraestpszsskiions) viesv s aliepplefionigups
merely cut t ' ' . [ heet/ p~ank 70 depicted in

FI GUR ¢ 8. Agobié@Bggggﬁgg#%%ﬁ?&ﬁgaggégtﬁfﬁg§disclosure, sheeUpl ank 70 is
constructed with any desired width by nerely form ng hollow cylindrical
tube 28 with a dianmeter, or circunference, which will produce the desired
wi dt h when tube 28 is |longitudinally 1 5 APR 2pp2 WO 99/ 20457

' CT/ US98/ 21143 - 17 split aid formed into sheeUplank 70. In addition, any
desired thickness sought for sheet/plank 70 is easily achi eved by form ng
profile 22 with the precisely desired thickness. As a result, by enploying
the present invention, sheet/plank 70 is construeted in any w dth and

thi ckness in a single production seep, thereby elimnating 5 the necessity
for using expensive, specially designed manufacturing equi pnent as well as
enpl oyi ng nunerous repetitive steps required for constructing products
havi ng a thickness greater than '/z". The transition or transforn~ation of
the thernoplastic material fromhollow cylindrical tube 28 to substantially
(tai, planar, sheeUplank 70 depends upon the 10 tenperature of the profile
22 dwing the formation oC tube 28 as well as the tenpera



ture of the plastic material when tube 28 is longitudinally cut. ‘g ') gmz
preferred operation, cylindrical tube 28 is Corned using a heated profi

22, and tuB& "28"1P$ cut while tile thernmoplastic foam materi ak:retains-
sufficient heal fromthe extrusion process. In this way, sheeUplank 70 is
formed automatically or easily fonned by 15 nerely placing ilye sheet/pl ank
70 in a flat conCguration and all ow ng sheeUpl ank 70 to cool in that
configuration. If desired, a roller systdm as depicted in FI GURE 7A may be
enpl oyed. As shown therein, rollers 80 and 81 are nourned in housing 82 and
are interconnected with drive neans (not shown) which are connected to
.rotational drive rollers 80 and 20 8l in opposite directions. In the
preferred constructions, roller E %Egﬁ §§ g tionally dr iven io
enabl e sheet/plank 70 to be recélig' “ylg% ﬁ@g{ and 81 and automatically
.advanced between the rollers by the rotational novenent thereof. In
-addition, sheeUplanlc 70 is_advanced awa omrollers 80 and 81 by the

f
action of roller %"WW‘HQ%B%\JBEtIaH’é‘kBéW}’r&lﬁ therfolavhe detailsd disclasuies ol | er
80. 25 Int i ' j Sh ] 70 i i dual
B 25 0 Ll LGRSy Bl ST o bR b2

rol I er syst emddgPinsihedly consnueleRprddhciBialRbRIPHPURGDrERNOMIBS i dnCaglalllBenat e
the residual curve. 13y feeding the sheeUpl ank 70 between rollers 70 and 81

and causibng tehewtderskaodk [Fovaver,lme willbappaelevbonitirano thisdetaitet! dindosyee,f r om
roller 80 on table 83,, the residual furve 1.5 APR] 200% \QU 911%\24487

1' CT/ Us8/ 2144190583y he BRfs L8 antias S mesoP pnat ¢ he Brefodetap 408t Be by
counteracti r\gsmmﬁs fo88é1d Wadtho Gldp8rigt Forh i {epy 8ENY RPaIIG, onsifRRR) ank 70
about roller 80. %y enploying this roller system any residual curve in

sheet /ipl ank ti@disslogure pkdwidehlitreiasas welbhs shomax ind | GRIRJEuL- IR neye dierdgdi asnk 70
with any desired, di nensions in the precisely. desir flat configura 5 |ion.
I'n alternat EX3PPHTA TPETPLEVER AL AS a%}gfaimpgtge c‘?@ is forn~ed using

heated pigofile 22, 0tGuaAtE PVWRE plddefQPEmPSdifent & fFbdld Mernfthy bydtehh bORAT IRNS
where profile 22 has cooled prior to the formation cube 2%, sone residual

curvat ur e nmeyreseatrmivantidit isduliyudisclagdnds thie emblodimgint,uurpehedt fgrming systam RBwever
in any such situation, t_h\% aﬁr‘ved sheet 10 or Ilankl isf.margélx @I. ed in a
heat ed chamb¥MATHeHANEHREE" ot BRI FENER Y FQBYPISAR SPONEB R8P Rd into a
substanti al Iy fl @k fEMEd @emtpiAtc ptoXae 2§,hﬁ‘ﬁHQ|&ﬁked7&)n|ﬁg§rahﬁﬁlmafvﬁfgﬁ§6le into a
substantially flat, planar configuration, shéeUplank 70 retains the flat
confi gur at i oedgas 22nnd 26! Puller 2Byis employgd figr dohlisugishedrswingMormid thermgpi cal |y

f d th f i 5.sheet/ p. ank b red_i nf.
Gost r ed o osBestarp bl Emeriuiael and st pralin 12 (B Bl wafife ALY, 7o
can be formed intﬂléiﬁ'Mo?i}?géitl!ii@%v%hﬁ@ﬁ;an?Uﬁé}nrﬁe%la@lié RiateAROLE B skePhifsith i n a

heat ed chanmber. Once sufficiently heated, the foamed thernoplastic naterial
is renoved fpofildlie Heated, tbhhardieredihdrnadplaspednatonasoinprises ¢re arendry f or ned

shape. Once S0l fyol ik LISHIOBlast ¢ MRLer 2l opine L dgnen
foam product §o136Qaktdd! PRJoW fefled pBlyutahdde, REmipRatiRs@AtdigdhRplasti@yer s
20  polyesters, thermoplastic polyurethanes, polyesters, ethylene acrylic copolymers,
ethylene-vinyl-acetate copolymers, ethylene-methyl acrylate copolymers, ethylene-
Butyl-acrylate copolymers, ionomers, polypropylenes, and copolymers of
polypropyiene.
In accordance with the present invention, as shown in FIGURES 1, 2, 4, and
25 5, tube forming machine 24 is constructed for receiving foam thermoplastic profile 22
on continuously rotating mandrel 30 in a manner which causes profile 22 to be
wrapped around rotating mandrel 30 of tube forming machine 24, continuously

forming a plurality of spirally wound convolutions 27, in a side-to-side abutting

o eRr e~ el bbb 4 meea
S ey o ~emra



in order to attain a final product that is capable of satisfying igembklzo
conditions reduired by the user. Exanples of such products includévh o] 02
cylindricalf“fyatirtubes lanminated with an external jacket fot-Huravi'tity or
weat her protection; foam 25 rubes incorporating au el ongated | ongitudi nal
slit in conbination with pressure sensitive adhesive for closing the slit
after installation; foamtubes lamnated with an infernal jacket for

el evated tenperature protection or noi stURe protection; Foam sheets

| am nated with specialty adhesives and/or protective |liners; foamsheets or
profiles 1 5 APR 2002 WD ')9/20457 - 19 1'C 1'/US98/21 t 43 | am nated
with materials of different colors; and foarn tubes coextnrded with dissim

tar materi a! ?elat?dfﬁni(!ﬁslnvﬂlirsi\%ﬂ/é‘lfler}né)délﬁgé cbfir BQ%‘%Q 0??&51?&%%%0@?288@” i es.

Al t hough prior art conventi pro Ion techniques are capabl e of effi
ciently prodpsifilg 22 ¢amipmaflitdlBsoans sboeemandiavio)dn & Retdralpl $idaby@ifipufLr such

. purposes, 5 as detajled above, the capabil '?2/ of producing simlar products
in tube formiRntgRupiaegidedidaeas of incoginapriofitee? 3 tocksshrpyght Sitpiabuttipg contpet

production of,. | ' Rl al dn.l LN | 4.ty of
- layers is al fé”é*"&i@?%‘f%??%‘ﬁ%’?%‘uﬁ"f ?eéﬁ'd e%%@! %ﬁfﬁ’ggg?@d’%}e"." %?7 ﬁ%@’e‘frmg by
enpl oyi ngs t hebuatiag Sitle ddpVETS A6 fhRsIE okt ArthRljiindlind fpbfiid] Sub&en(@Ng

inabi(ities are elimnated and a highly conpetitive, cost efficient,
sophi st i cat e@ylrdihabthiodawitobe s isdrried. dintaaderde Iprdvade iwtegel dondedrangagd-ayer

hol  ow cylindrical .tubes d-sheet.s or, pl.anks i | at far r_any, desired
shape or conf?egngf‘fiSﬁ:Sg%?{]P%?'Qﬁfﬁ %zgwlu&g'ldef&ﬁ%@ogfo%ﬂ&%ﬁ’éﬂ?zb%g?'é’"%%rpI yi ng
a second | ay@hisidiPhéddof il fs@niAoyed. I diadMBhHGR/uYiof BRACS Bflay bdmphiesa

enbodi nent, al though not shown, tube 28 is produced using cube formng

nmachi ne 24 deeaétyed aliboate conpirediions exedpl laaftajr ibe desired 18 cugcaliided, dpaded72 i s
AR RERUEHRCHONE G TS A
rel ationshi p iWtGURESONEnd R\Rhdiig/@RBh KEDD3 ﬁéthﬁJyHﬁea?éﬂ 4@ one surface
t hereof as layer 72 is wthdrawmn from |l ayer roll 75.
In this preferred embodiment, bonding/fusion head 31 is constructed from heat
conductive material and formed as a hollow housing which comprises side surfaces 32
and 33, top surface 34 and edge 35. By delivering heated air to head 31 through
15  portal 36 formed in top surface 34, the temperature of surfaces 32 and 33 of head 31
are elevated to a level which enables the side edges of profile 22 and convolution 27
which contacts head 31 to be raised to their melting point. In addition, in the pre-
ferred embodiment, head 31 also comprises apertures 37 formed in edge 35 which
delivers a continuous flow of hot air directly to side edges 25 and 26, assuring that the
20  melting temperature is reached and edges 25 and 26 are securely fused or bonded to
each other.
As best seen in FIGURE 2, bonding/fusion head 31 is positioned at the
juncture zone at which side edge 25 of incoming profile 22 is brought into contact
with side edge 26 of the previously 1eceived and spiral wrapped convolution 27. By
25  causing bonding/fusion head 31 to simultaneously contact side edge 25 and side edge
26 of these components of profile 22, the temperature of the surfaces is raised to the
melting point thereof, enabling the contact of side edge 25 of incoming profile 22 to

be brought in direct contact with side edge 26 of first spiral wrapped convolution 27

in a manner which causes the surfaces to be intimately bonded to each other.



As adhesive neans 73 is applied to one surface of layer 72, the ?QQﬁﬁgy U&?
bearing layer is applied directly to one surface of profile 22,

bondi ng aMV &/##K1 ng | ayer 72 to profile 22. As is apparentrGieV9net 1gf
ordi.nary skill in the art, a plwality of alternate construction nmethods and
| ayers may be enpl oyed for affixing a second layer 72 to profile 22. The
nmet hod shown in PIGURC 9 is enployed nerely for exenplary purposes only and
is not intended in any way to limt the_pgesent 25 invention, since

nuner ous al ternate methods can he used w thout departing fromthe scope of

I bis invention. Once layer' 72 is securely affixed to profile 22, the dual

| ayer conponent is advanced onto tube form ng machine 24 in a manner

detail ed above in,order to form 1 5 APR.2002 457 PCT/ 898121143
20_ hol | ow cyl i nf IRErelsred sepstruptinge 2o denivle Pb%ir?&?’%\é?é‘“f'&a ?rﬁn@% core

with an out ernagm%@z%ommg @hcng.,sfgﬁa%. b@y\%ﬁmﬁ%’scdnnef&w%c? %Qho.t.(he dua'
| ayer material produced in depicted as a substangla

‘'sheet or pl anig/faeionBicad 31 tddeldwalheldasisnd irrated mirab bpsdlegmﬁshawehbads)lt he source
mat eri al , nk or sheet .70 of  Fl GJR onpri ses intimate
‘bonded to ch‘ H\é%‘hg ‘%fé‘!'ftslﬁﬁ‘?gt‘:% I%&:‘ Hﬁ?‘f 188 ABCAY T PF ‘2‘2 a% ‘W“PPWS 11,
an alter te teh | r g a dual
| ayer hol OM/%@F%n ﬁﬁ%% Q&gﬁd%@f@%ﬂﬂ&ktﬁ@%é ogfﬁg%%%gréﬁeéiggmgﬁ t he
desired mat enli@hatie is @faniselof hahtbd xdidsitves ipigicddiream withesiaé edgs22 in order

to produce 10 hollow cylindrical tube 28 having an inner core conprising
| ayer 77 of the ddabf&ymipg archine 2Aalsapreferably inepsperates meanelnsefciirg  of

L6 20 15, LTS24 TS5, BRSO R bR I AR B, 22, o
be enpl oyed B80ito faipetontdlutioheR bl the ewvbddingnadgiqed in FIGURE 2, a plurality of
10  guide rollers 40 are employed which are constructed with differing diameters to
impart the desired position to profile 22 relative to mandrel 30, enabling profile 22 to
be advanced onto rotating mandrel 30 in the desired angle to form convolutions 27.
In the embodiment of tube fonning machine 24 depicted in FIGURES 4 and 5, an
arcuately curved camming ramp 41 is employed for receiving the incoming feed of
15  thermoplastic profile 22 and guiding profile 22 onto rotating mandrel 30 in the desired
angle to attain convolutions 27,

By referring to FIGURES 1, 2, and 4-6, along with the following detailed
discussion, the construction and operation of the preferred embodiment of tube
forming machine 24 can best be understood. In this preferred embodiment, tube

20  forming machine 24 comprises support housing 45 which incorporates rotating
cylindrical sleeve 46 mounted therein, constructed for continuously rotating about the
central axis thereof. In addition, as best seen in FIGURE 4, mandrel 30 is integrally
interconnected with mounting plate 47, while camming ramp 41 is integrally intercon-
nected with mounting plate 48. In order to provide the desired continuous rotational

25 movement of mandrel 30 relative to stationary camming ramp 41, 1ﬁ0unting plate 47
is securely affixed to rotating cylindrical sleeve 46. In addition, mounting plate 48 is
fixedly secured to housing 45, thereby securely mounting camming ramp 41 to
housing 45 in a stationary position while mandrel 30 is continuously rotated about its

central axis due to the continuous rotation of cylindrical sleeve 46.



15 effective hollow cylindrical tube 28 capable of resisting high§ APR 2002
tenperature in applica |ions where such requirenent is necessar

Furt her nor ¥Y ¥tpt¥yi ng this invention, tube 28 can he const PGA{EHER R ¢ hi s
dual- [ ayer configuration to attain a tube havi ng any desired dianeter' and
thi ckness reduired for a particular application. In addition to forning

hol | ow cylindrical tube 28 in the manner detail ed above 20 as either a
single layer of foamthennoplastic materijal- or as a nulti-Ilayer product

i ncorporating additional |ayers of material bonded thereto, both the
cylindrical tube and the substantially Ilat street or plank produced by the
present invention may be forned in a wde variety of alternate shapes or

configurations. I np.t sired configurati on. sQu or end
product can be attIf;l‘lee‘gm\{\{{il ma? alsoé“nf'%?gi)f vemer on“‘?u Iep(iﬁ‘:e%g
various alt errﬂ&hﬂe@mﬁ@dc@dmns\hmpﬁﬁataxrgemznfdeedIm%ld rsﬁﬂﬁcﬁﬁﬁé\lshggfli I ARhough
cross-sectional shape produci ble by extrusion nmachine 2 i icted in

FIGURE 1. Al tSNDD@hflﬂhlééQ it ke easeudthivesvaicty @&ﬂltemaﬁamsbodamems fhe wide
vari ety of crpss

t t t. bl f
Jbei ng producé lféel thg‘_‘rsggv"ﬁﬂﬁrigl‘f S5 %1"%2%%‘9}66 ?\élfs'i'%e‘f:g’?a 0

conventiomal @xdiyitig 'h@no@qwli%ﬁ@él 1lul§chﬁi Shapess %%rnﬂé@‘ﬁh&i%ﬂ)\fﬁe &y $ppoR! e of
the various configurations that nay be attained. In addition, By enploying

t he present ithstandy bareqbimedifeo hiohlimy @he 2y esrBibe 28fis fanmed iadé a&d@esxtﬂnds he
adj acent profil es as vvound4§1r ound mandrel 30 enables the wi de variety of
end product cBYPi FRIPBePYR& 90 be 5 attained. Por exanple, the cross-section

depicted in cross-gredd rb wide vafiel§! Gﬂﬂmat@%oﬁﬁﬁfcﬁ&%ﬁ'&ﬁ RN yiyicngshrepped
edge for producing a hollow cylindrical tube having an overlapping | apped

edge oconfi guramiionouspgaided) seppditisgl¢@t@hdl badlowotyliridoieal thbe @8fas thbe 28idhi t i on,
ERCHEC I NI AR A T e TR
Cross-secti ongafie F@ﬁncllucie lrai@) oﬁ)ﬂér%'ﬁ%hélpﬁﬁ sp&ifically condfcted fordf €
exanpl es of profiles producible wt
desired diameter or adjustable 1o accommodate any desired diameter of tube 28. In
the preferred construction, rollers 51 are mounted to frame 50 and positioned for
contacting the outer surface of tube 28 as tube 28 is formed and axially extends
15  outwardly from housing 45. By providing supporting rollers, the continuous rota-
tional movement of tube 28, as well as its axial, longitudinal movement away from
housing 45 is capable of being easily accommodated.
By employing the present invention, hollow cylindiical tube 28 may be
formed in any desired diameter by merely altering the diameter of mandrel 30. By
20  constructing mandrel 30 with an outer diameter substantially equivalent to the inside
diameter desired for tube 28, the precisely desired inside diameter of tube 28 is
attained. As a result, large diameter, hollow cylindrical tubes can be formed quickly
and easily, without requiring the use of expensive, sophisticated, specially designed
manufacturing equipment.
25 In addition to employing mandrels of varying diameters in order to attain the
desired inside diameter tube dimension, both the thickness and outer diameter of tube
30 is controlled by forming profile 22 with the desired dimensions and thickness.

Clearly, by forming profile 22 with the desired thickness as part of the extrusion

process being performed by extruder 21, the desired thickness for tube 28 is attained.



internal cavities. These cross-sectional shapes are nerely exanptgsApk ﬂm?
w de variety of cross-sectional configurations that can be producéd;
i ncl udi ng the-number, 15 position, and shape of the internadl“"¢a¥ety'*
| owever, cross-sectional profiles of this general configuration are of
particular inportance in producing substantially flat sheets or planks
i ncorporating longitudinally extending internal cavities. In order io
produce a final product of this nature,- g follow cylindrical tube is
produced and longitudinally cut as detailed above. |I |lowever, in order to
assure a 20 longitudinally extending, substantially continuous open zone
through the entire sheet or panel, the reselling panel/sheet product would
" be cut or try . at r ' n o ; '

cont i qur ati o i} ot BTARBLRNLELAAN PagingRoRh ATRISR LA Bl |

paral | el w tdhap&earsiaie pesiired b extakiér 2 nabbidegotangin speesimptonsauetey ndent ai ned
"therein to be longitudinally extending through the entire sheet or panel.
‘I'n 25 this vegpligyetioss products, such as cushioning teats, protectors,
liners, floats, ejc.,ate all producible i.n.a highly effectiVv S
.efficient nmanner. I"A%dd?téona}ﬁﬁ’é?‘gm"gfq}‘og&wtwanfj rdcra(la ‘%"'ﬁéavdB 5?)? g%f%&d ?ga\"o%ﬁr_rs e,
the present jMaNkheNReR ilA)rBSndink BhiEHHEalSPHIHARE HBNOE cPliRERABIbEE RAllicg | ON
equi pnent, and product configura |lions which have previously been

unat t ai nabl eanyi ddsoed lengtiui A4 defpitedabaye podfile 2P énwintipuousiypeggived pmbe22 1 5

APR 2002 r' C.'t ./ U-9n121, 143, producti on eqyi pment and cqst nuf act.uri ng
st eps. I—b\A/evg’F',““E%’i“ﬂ "‘L“h%‘l 5’%&@&8_&‘"&%’&'5@&mﬂgﬁ@ﬁﬂ"%’é‘?‘%Péogﬁﬁé%(é‘? e eﬁ?@hucts
are now prodegle MBhHNrddBNEd REEYI LS c¥nRAADHIY NALIALNRRAUS2 AP R k&uliar t

t echnol ogi es. nsequent!ly, although certain exanples have been provi ded as

a di sc| osur ehafow hiipirieskeinbe 2hoeninuonsly advansesmxddlystverodi@n sheport avsing

exanpl es, are rely to teach the ovyerall invention e not.intended to
Tt ¢ pr 458he nRvg b ghalaws e fommied ol B S iR bedido SRpuntutie
forth above, ; ppDROid BASK BAGH ARPH SRhy [P ALdiRA L EL S BarliRSsdcbRM AN are
efficiently attained and, since certai’n changes may be made in carryi ng out
t he above pr dated sasilgradteh@cioniysh nwost efficient indmmed.0 equi pnent det ai | ed above,

as well as the r e?llleélgﬁEplr, ?)géjgrﬁbct](ﬁin%lnpfog%LSll(t:iH; 1ce)ﬁéw\/cmyltilt]c§)rycgil tube 28 to a

desired length is depicted. In this embodiment, cutter assembly 54 incorporates a
15  blade housing 55 within which endless cutting blade 56 is maintained and continu-
ously rotated. Finally, in this embodiment, blade housing 55 is mounted to upstand-
ing posts 57 mounted on opposed sides of frame assembly 50.
In employing this embodiment for a tube cutting system, when a desired
length of tube 28 has been formed, blade housing 55 is advanced upwardly along
20  support post 57, bringing cutting blade 56 into contact with at least the lower portion
of tube 28. Since tube 28 continuously rotates about its central axis, the portion of
hollow tube 28 contacting cutting blade 56 changes, thereby enabling cutting blade 56
to effectively cut tube 28 in its entirely to attain the desired length. As shown in
FIGURE 1, once the desired length of tube 28 is altained, it can be transported on a
25  conveyor system to any desired location, enabling the next length of hollow cylindri-
cal tube 28 1o be formed and cut in a similar manner.
A further element that may be incorporated onto tube forming machine 24 if
desired is an alignment roller 60, depicted in FIGURE 6. If employed, alignment

roller 60 is mounted to support housing 45 in direct association with the position



departi'ng fromthe scope of the invention, it is intended chat all matter
contained in the above description or shown in the acconpanyingﬁﬁﬁ?w“ﬂgqgﬂz
shal | be i MEMF&7ed as illustrative acid not in a lirnitind(3égeziidl
APR.2002 -23 The Clains 1. A nethod for continuously manufacturing foam

t her nopl astic products conprising the steps of: A continuously extruding a
foam t hernopl asti ¢ nenber in an elongated, |ongitudinally extending,
substantial ly continuous |ength having ajgesired cross-sectional shape
using a fixed, inmovable extruder with the cross-sectional shape of the

f oam t her nopl asti c nmenber conprising one selected fromthe group consisting
of rectangles, squares, parallelograns, polygons, ellipses, circles, ovals,

and conbi nati gns thereqf; B. adyancing the el ongated, | npit i nal
extend! ng T odTHerHIP R srsus e bRRTe At s SHEPaEE fomioRifes 21 PermHiovper
constructed ﬁu‘ﬂ!al%ﬁmén[‘#{mé]fkéf, \Ql'iiﬁl Q@er{am?c_ ﬁ%ﬁkés‘lﬁrm%?ﬁhg& gW?szﬁ[mxf {th_the

extruder and feeding the foam thernoplastic nenber to form ng neans havi ng
‘a fixed base vddid of prafilaapdseunanceds ptovidednbadntdeingtpoo§lai2d isthoaded|to the
conprising a single, langjtudipally_extending, substantially continuous
.surface havi REFYA _ﬁbﬁan%l %ﬂnvynwﬁpfylaﬂwé{'\&é%fqeaéfpsw‘t%ﬁ wrpthlanaengt h; C
hor mopl agt] SOl 2ok 16 s BFEIE Suteh SRBINE AT 40 o Y FARI G P
means in a naahgcoitthuoasiSmoofl)oartswaiade mtegrallhdohednhédeedtiiopl asti ¢ menber
to be positioned in juxtaposed, side-to-side, adjacent relationship when
wound on the rot atsifleailedibipes. pragductclomingysismy2bohle peesendny entioasaaeles
Fonm momber 1 HACRAC st Ao AR BE ARG Woel BEORh R AP hagEe 2 1 20
subts_t ant i a: I )diiglyéli:lﬂﬂi’di »?za'ﬂ Ilmy?@g@pafi}x&aafqlﬁh@% [lﬁph Ilsa$>f'tbﬁstly]§9§1ﬁiaIMI’te@iIgngﬁl
mandir ol , 18nd RmRSHIME ASHIeTRoAR A ceu bRy RAL EPADSEI he femaen of Heze
mandrel ; and F - ) i ne.dasired lengths of the cylindrically
shaped foanItl%?%%gﬁ@é?ﬂ%“&%#%g%Q&Poﬁithe | engt h thereof extending beyond
the term nating end aaditioheo Metsabamiial shadcehnd heigedyisgiveyy th thg praducten f oam

t her mopl asti ¢ products having any desired size or shape. 2, The nethod
defined in clodilarga diapesar halloyaedindgeahleae tuiss| Hs PreenaRpRrionaisr dchisyest

| east one sel fr.om. nsi. Sk r o] i ns,
polyethyleneéﬁg%ﬁgyﬁngﬁég%"%g¥§§h§@ﬁgﬁ§%?ng%@éﬁgg#%gﬁéS?nﬁ%@?ﬁ@%%ﬁéﬁﬁb

el astonens, thaenaph &itdally pey Yesicanisickidser Apph@st icFIBURErghikabastially

pol yesters, ethylene acrylic copolyners, ethylene-vinyl-acetate copol yners,
et hyl ene- net HiAt Pk pr shest ebhs g Higrmeplasticonatepat Waa{yrwa@eéi frgpdhs ner s,

i ononers, poly- I LS C I yl ene. 1 5 APR
2002 -24 3. reme?rfel?cméf%ﬂ%%%qglﬁe @Fﬁlﬁgﬁ%ﬁ%&?gﬁlﬁ@@oss section of the
f oam t her nopl ast i dnedeRes altsin autbdianialieMiangitkeas: plankngl foahi therdoplddtie met hod
defined in claim1, wherein a cross-section of the foamthernoplastic
nmenber is furbdepaldds puitey meang ohpithsirgelaneutiing bladg 66 inpwpptedand supported

| ongi t udi,pal I. i ! i al] v ire | eof .
5. The m8Pnod" 455 bHEob G RN AR AR AlutiG Bl o BRI hiTRE
defined as camgioivsdyligdAcd a8 APRiBens ¢sEitudihaty fi1alin HRCAMIdefioRd in
controll ably mInding t he el ongat ed Iongitudlnallgsextending, substantially

cont i nuous f ddUWHer nthpithesmpplagegieterialhioring wbad iy alkwed tospmiadgulr i r st
side surface of .the el.ongated f.oam.ther | ast | er to be brouyg i nto
lxt aposed. - srerdby SrBiGed AupaiaRE N TR 1 shest LS o St Hndr Wt
6. The methodegiff bPRfbei?B dkfhdl cdrre¥fitRled e IRR RURRRET foFBRREHIdnk Four t her
defined as conprising a cylindrically shaped nandrel constructed for

" conti nuo@$l y shettgtlanig7Gisourrelyvat oahe dedired témzth keolstoin shael/jasi 70 depdcled ar
receiving th%TZHﬁgg ted, longitudinally extending, substantially continuous
) foanlthernnplé ' nber and enabling the el ongated foamthernopl astic
menber to be conti : r : LfNg a
cylindrically shap’g%%elﬁ%h%rg}g{iz ?geagr?gﬁrﬁgﬁc%g‘#l{egﬂgfg %‘?Zg?sr‘gﬁﬁgyﬁgyand
supportingly wah atydésdrdd Widthdgmmerély (bhaingdiohloc deinidriesl tube 28 aiith BdiamBRE el n
said cylindrically shaped mandrel is further defined as conprising a
circul ar shap¥ ciisHmierencenivbigh Willisodica dhe ¢esirgd atidhgviagndybe £ rﬁah’ﬁé&“‘?'a?“)’

enabl i zing mandrel s of different dianeters to be enpl oyed.



8." The ‘'met hod defined in claim6, wherein said mandrel is further cgefAPRe%nz
as conpr|5|ng gui de neans fornmed thereon for receiving the el ongated,

| ongi t udi xtending, continuous foam thernoplastic nepgp

controll\gﬁy %d@anC|ng t he foam t hernopl asti ¢ nenber about tﬁe %ﬁﬂé?
surface of the mandrel in a generally spiral configuration, whereby the
side surfaces of the thernoplastic menber are brought into juxtaposed,
contacting relationship with each other. 9. The nmethod defined in claimS8,
wherein said bonding step is perforned b} heating the side surfaces of the
el ongated, |ongitudinally extending foam thernoplastic nenber as the side
surfaces thereof are brought into juxtaposed contacting relationship with

. each other. 10. The nethod defined in claim@8, wherein the bonding step is

performed byplappl Yor@dadldehtatplaRans 1hadgition Siryedesited aficknets Jolightffoam
t her nopl astic menber for causing secure bondi ng engagierrent when opposed

. side surf acekeet/plankad iscasily acthieved byfoniTing prefilagd widh theadedisely:desingd 1,
. further co I.i,Si

Lher o | oo e B A Ry oS Bl Ty BT She Y 7008 De contr al

axi s ther eobwudiiEineiny A OVEndi(R@k Rk hpzy\/sﬁxgﬁgirbmlilﬁ'ﬁme@ﬁIlie?cb@reﬂﬂﬂﬁélﬁ in a
* precisely desired | ength, 1 5 APR 2002 12. The net hod define

cl ai m 115 anthefneeessidy farowingi esporsive, spremblyrdesigged hv@nh@mtmmfegwmmhbampl astic
product as th roduced, .t hereb unwant di stortions

d t d
O R s s L SN N R o e

t he steps Oixaﬁngh@lﬂglhicgéjlf’ﬂéﬁde} WafWit i ng the holl ow foam thernopl astic
product al ong one wal the fornmed after said diametric cutting step has

been performed; dhd transiogeoi tmaglsﬁcam;iubmng(lleuhhrnmlplaﬁtlcmatttrfraéfmplhtdm c

roduct into u ally flat % desi red Ienth
gnd wi dt h tﬁ%ﬁ‘éﬁ&? f‘b‘f’lﬁ'fz#} K’ﬁ\‘*ﬁ}’iwm éta“%nq %@ %le dal"ﬂ‘é'hg\eons ]
The et jpd dghp é?ﬁgre'dhﬁé omelzﬁz @ishe mémﬁ{aueermmﬁlmstml a%tlﬁ@léﬂipexla-
passi ng the open pl ank nber thr oug | er means for renoving a

curvat ure r etraiofide ;ﬂdrmmcanarneriaimhehhudaefzﬂnmlmgnpdomdssut ]Jﬁ.thérhefermdhod defi ned
in claim13 and further. c ri.si.n step pl aci.ng the | ank
nmenber in a°REatey Cé‘ﬂﬁ(iﬂféf{@ﬁ&%é? ‘B\)\Fﬁ@s‘f‘ﬁé‘ ‘ﬁlﬂtéﬂll’r?@ @g ﬁ'&g'f‘ Bgfﬁﬁp flat;
and K. cool '@ﬂletlh@tllgllﬁ(ﬂ%aétﬁ_i@arfwlx er?a‘?pétbl%'?@mcc;\%t héaq frol? theBRidIQEn def i ned in

claim1 and further conprising the steps o applying at |east one
addi ti onal Ipageess. dh thimtway| seet/plask %(mrsffanaed)aiutbmetlézdb'mltdaeii)nbpmébyc menber

D i ohal ey Wt ibe sbietuBok IP i R AR AP ALer A BT oby 2

muf ti | ayer |$‘Q$d|‘?x\{vu{%'i ,tunhﬁmpr oduced having any desired size and shape.
17. The nethod defi ned claim 16, wherein said bonding step is perforned
by enpl oyi ng at IIédesired;,neroﬂ;let systeadasfdeommhm IJGAIDE domeiay be applsfyed.dhesi ves

and heat. 18, A system facturln hol | ow, spybstantially
cyl i ndri cal ISO¥RY}5EID, TQI S'ﬁd@a a@a &]@éﬁﬂ“PH I’%‘ésﬂ'?ﬁ:yﬁé‘ﬁﬁ%ﬁeéafwoani%eﬁiti nuous
production Qpgf \}eq;]cangzﬂls sgx%?% P%Pé&oﬁin@&eé\to ﬂnéddﬁ%ﬂdnbm\éé@oean%t ruder

for producing el ongat ed, stanti a conti1 nuous |l engths of foam
t her nopRast &4 inephesite divaviiong. an dwrefedemcmmmsemis ovlldrs S(hamESbamprl si ng one

S TR R R W R
automatically advanced between the rollers by the rotational movement thereof. In
addition, sheet/plank 70 is advanced away from rollers 80 and 81 by the action of
roller 80 with support table 83, afier being wrapped about roller 80.
25 In those instances in which sheet/plank 70 incorporates a residual curved
shape due to its formation from a cylindrical shaped tube, the roller system depicted
in FIGURE 13 may be employed in order to eliminate the residual curve. By feeding
the sheet/plank 70 between rollers 70 and 81 and causing sheet/plank 70 to be

wiapped about roller and emerge from roller 80 on table 83, the residual curve



-26 B. "a pulley menber positioned between the extruder and a forqhﬁg

machi ne and constructed for drawi ng the foam nenber fromthe extr (AP%RQUZ
feedi ng t hvew gt henber to the form ng nmachine; C a form nBCHHEN 2R
conprising a fixed, inmovabl e base and a single, |ongitudinally, extending,
substantially continuous support surface positioned for receiving the

el ongat ed, continuous foamthernoplastic nenber directly fromthe pulley
menber and continuously w nding the therppplastic nenmber in direct
association with the rotatable support surface, whereby a first side
surface of the thernoplastic nmenber is brought into juxtaposed, spaced,
alignment with a second side surface thereof; D. bondi ng neans positioned
in direct association with the rofataple sypport surface, of the formng
machi ne and 'PHPTRYBIREALG e‘r[lgf"é]f %l‘%ﬂi"ﬂ)‘"%ﬁ#ﬁy CREMEaeiing this redidralstre nenber
for bondi ng [ , f Reriek} t | er as
t he side sur%gﬁgg(gfgﬁgﬁ%ﬁgﬁ%(?ﬁ?%nﬁgﬁ$act &Fﬂﬁhggg% %f%gﬁghﬁgﬁgﬁﬁgﬁgﬁe
surfaces to dystesgauy edsiduaf furxedh ilegeplask 76 ddckdy bsd edsily @lihyinated, produc-
cyIindricalIy-shape&HLoan1nenber to be continuqusly produced; E. said
“support sur {88 &heskipianky/Oaxitip an depined sinensienspnthe picgisshe desited dlahcqndigura-
enabl i ng ¢t he; Gyl indrical l y-shaped foam member to be supported thereby and
conprising a substantially uniformcross-section throughout said fixed

I ength; and F. cuktdleéhdi@producimyailadiondunheld wiktr€ @dpoBas fdithed @kiagi onshi p
with the termnating end of the rotatable support surface and constructed
for repeat edlnq,ateéu:trt)ﬁhgndeg iaHewed &nepdd prief torquting ariin ditpat s ywhereapeller@am
nenbers; whey, | t ol |.ow ed i C. er is
oroduced haviagoaed shsE RS TPty Q2L ARGE L AR ISHIBOh IR LB TR
system def i n@be 28 had Bée 18 Seitudh@ANB shitt RBwRoadimGhyEaansinlatioh Uht bafvedisiidened as
conpri sing heating neans positioned in cooperating relationship with the

f or mi ng eacherranknis aassplardadeddn pdicatet! sharnbes inia mpnnerewhish enaties shegirdank ¢

U each ot Rep Ueaiaren BEER ab SR LF o R ien: PR SR AR B bERECT

group consi sfonfied ffto AQhbAhriale! fla SFl¥nTRBAS AL ) SldeOPlank I702E@MSs (1#0Aat The
system defined in claim 18, erein said bonding neans is further defined

as conpri si nepndigheationafieregding21. The system defined in claim 18, wherein

t he support surfage of ,the form ng machine is defined as c ri.sing a

eyl indrToal shapeb?srmshae Ui Eregrenaniids pas FerBEre B at MR BT S
cylindripal ghepsiank W hihySi fnfivd b adsind eRBpeeiBANDI ipiaign. MALAt ed for
continuous rotation about its central axis, thereby enabling the foam

t her mopl ast i teswibribe desiredesheeint( ¢andeesoymebimtelanyrdasspdhshape, suthes 8 yeetangle

defined in clajm21,. erei,n,saikd system.further rises m._neans.
mounted to ¢ e Wateted SRR TARLFr. SR eafel B SR e AR TR o
el ongat ed f ogictiRPISTRIRLASS frém thd heatdlPEhate? and £114WEHRI cobl Rt RewXbhHeer
and gui di ngly advanci ng the foam t hernopl asti c nenber onto the

cyl i ndri cal | shaphaPade conled.ithgtheuppplasticmatcdelerenmins ém dis nevgeartfgufatiog untl de
surface thz ﬂo€n14h%rqﬁflastic Wenber to be brought into juxtaposed
spaced, 4 i gheG'FRrYt PEREhin? WY Ao %% nd side surface thereof. 23. The
system defined i N 1BakHroddted sk Tomdadwly 8 HRAIIIYOY B&iarA0 TR UREiSct Gayfeld NY
means for longitudinally slicing the holl ow shaped, foamthernloplastic
menber t hr ougghorder logdisin mfivalypabduct Hen éodapablh of edisHnp shecificanddiobst anti al |y

flat foam thernoplastic pangl. 24. The system.defin in clajml18, wherein
ai d yat em FRITHLP Ao per o Exemgeh of b  Eupopds Foey cibabietan it 1
the form ng pRebidnenhel vﬁlH ANEAE jabIRASE RRIR rJr@«?e%%l{Ei Fdi€iioRCRIIMNY foam

t her nopl astic nmenber with the correspondi ng surface of the previously wound

"t her nopl 25t i tubeeirizerpor@ing aithaosgm¢dlondeddinddlii in cingiinatio®, willnpregsure sai d f oam
t her nopl asti c nepber, conpri ses,one selected fromthe group consisting of

_ pol ystyr ene, SHBIWYS§1adhesike {%e!wt Féhb%ffefb‘bﬂ‘%}lﬁﬂ?'éérfgél}‘q%‘?%)amétafﬁﬁ@é’} an

t her nopl asti ¢ : K i ters.. .astd

pol yur ot hane ERETRO0R Koeit AT RRICARAE RALHER &l ab BRI tin sheets

et hyl ene- vi nydmiagiet afich Qﬁpi@h%/ AEhési vedtaRilloe P eive YiherdCloahpélR e G @R PlfTIEY S,

et hyl ene-butyl -acryl ate copol yners, iononers, polypropylene"s and

pol ypropyl ene. 26. A nethod for continuously manufacturing foam

t her nopl astic products conprising the steps of A continuously extruding a

foam t hernopl astic nenber in an el ongated, |ongitudinally extending,

substantially continuous | ength having a desired cross-sectional shape

using a fixed, inmovable extruder with the cross-sectional shape of the

foam t her nopl asti ¢ nmenber conprising one selected fromthe group consisting

of rectangles, squares, parallelograns, polygons, ellipses, circles, ovals,

- " Y e



-28 D. ‘continuously bondi ng the juxtaposed, adjacent side edges oﬁ nt rA‘PRf?ﬁﬁ?
t hernopl astic nenber to each other as the foam nenber is wound on the

rot at abl e maneyRls7? E. continuously formng a substantially pcrusesnigs
cylindrically-shaped foam thernopl astic nmenber which continuously advances
| ongitudinally along the length of the rotatable mandrel and beyond a
termnating end of the mandrel; and F. repeatedly cutting desired |engths
of the cylindrically shaped foam thernopl astic nenber fromthe | ength

t her eof extendi ng beyond the term nating €nd of the rotatable mandrel G
Ther eby providing holl ow foam thernopl asti c products having any desired
size or shape. 27. The nethod defined in claim 26, wherein said nandrel
further conprises a nounting plate nounted at one end of the continuous
surface for milagineteddvitimnoiterlals ¢fiblfereuttolorg; quiddoan behies goowmged withelssioi-

provi di ng rmx,n.t ed e&ggﬁg nt .of the Lgandr«?l to the form nP machi ne for ease
of renoval any 'P‘?—J‘ﬁi' : S PMiidpgs o ordsglo sahavee stpciral PrApSTCS ot uring hol | ow,
substantial l'y cyl i ngfdueal rb()rﬁhﬁg%mi@begr?)g@“&f%ﬁ %Hhihb&?aﬁ@@éﬁ%fg‘&e@ﬁﬁbers in

a continuous production operation, said system conprising fixed,
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15  effective hollow cylindrical tube 28 capable of resisting high temperature in applica-
tions where such requirement is necessary. Furthermore, employing this invention,
tube 28 can be constructed with this dual layer configuration to attain a tube having
any desired diameter and thickness required for a particular application.
In addition to forming hollow cylindrical tube 28 in the manner detailed above
20  aseither a single layer of foam thermoplastic material or as a multi-layer product
incorporating additional layers of material bonded thereto, both the cylindrical tube
and the substantially flat sheet or plank produced by the present invention may be
formed in a wide variety of alternate shapes or configurations. In this way, any
desired configuration sought for an end product can be attained using the present
25  invention.
In FIGURE 12, various alternate exemplary shapes are provided representing
the cross-sectional shape producible by extrusion machine 21 depicted in FIGURE 1.

Although these alternate shapes are not exhaustive of the wide variety of cross-

sectional configurations and internal cavities capable of being produced using
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various configurations that may be attained. In addition, by employing the present

invention, bonded interengagement of the side edges of the adjacent profiles as wound

around mandrel 30 enables the wide variety of end product configurations to be

5 attained.

For example, the cross-section depicted in cross-section "A" of FIGURE 12
represents an overlying lapped edge for producing a hollow cylindrical tube having an
overlapping lapped edge configuration bonding each adjacent convolution thereof. In

J addition, if desired, a substantially flat sheet or plank can also be produced from the
10 hollow cylindrical tube formed from profile represented by cross-section "A" of
FIGURE 12.

Cross-sections "G", "I", and "J" are examples of profiles producible with
internal cavities. These cross-sectional shapes are merely examples of the wide
variety of cross-sectional configurations that can be produced, including the number,

15  position, and shape of the internal cavity. However, cross-sectional profiles of this
general configuration are of particular importance in ptoducing substantially flat
sheets or planks incorporating longitudinally extending internal cavities.

In order 1o produce a final product of this nature, a hollow cylindrical tube is
produced and longitudinally cut as detailed above. Ilowever, in order to assure a

20  longitudinally extending, substantially continuous open zone through the entire sheet
or panel, the resulling panel/sheet product would be cut or trimmed at the appropriate
angle in order to attain a {inal configuration wherein each of the profiles forming the
sheet or panel are parallel with the side edge, thereby enabling the internal cavity
contained therein to be longitudinally extending through the entire sheet or panel. In

25  this way, various products, such as cushioning mats, protectors, liners, floats, etc. are
all producible in a highly effective, cost efficient manner.

As is apparent from the foregoing detailed disclosure, the present invention

attains a unique manufacturing process, production equipment, and product configura-

tions which have previously been unattainable without requiring the use of expensive
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been unattainable using prior art technologies. Consequently, although certain
examples have been provided as a disclosure of the present invention, it is understood
5  that these examples are merely to teach the overall invention and are not intended to
limit the present invention.

It will thus be seen that the objects set forth above, among those made
apparent from the preceding description are efficiently attained and, since certain
changes may be made in carrying out the above process, and the construction of the

10 equipment detailed above, as well as the resulting produce herein described, without
departing from the scope of the invention, it is intended that all matter contained in
the above description or shown in the accompanying drawings shall be interpreted as

illustrative and not in a limiting sense.
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A. continuously extruding a foam thermoplastic member in an elongated, longitudinally
extending, substantially continuous length having a desired cross-sectional shape using a
fixed, immovable extruder with the cross-sectional shape of the foam thermoplastic member
comprising one selected from the group consisting of rectangles, squares, parallelograms,
polygons, ellipses, circles, ovals, and combinations thereof;

B. advancing the elongated, longitudinally extending foam thermoplastic member into
association with a puller member constructed for continuously drawing the foam
thermoplastic member from the extruder and feeding the foam thermoplastic member to
forming means having a fixed base and a rotatable mandrel mounted thereto said mandrel
comprising a single, longitudinally extending, substantially continuous surface having a
substantially uniform cross section through its length;

C. controllably winding the elongated, longitudinally extending, foam thermoplastic member
directly on said rotatable mandrel of said forming means in a manner to cause opposed sides
of the foam thermoplastic member to be positioned in juxtaposed, side-to-side, adjacent
relationship when wound on the rotatable mandrel;

D. continuously bonding the juxtaposed, adjacent side edges of the foam thermoplastic member
to each other as the foam member is wound on the rotatable mandrel;

E. continuously forming a substantially cylindrically-shaped foam thermoplastic member which
a. continuously advances longitudinally along the length of the rotatable mandrel, and
b. continuously advances beyond a terminating end of the mandrel; and

F. repeatedly cutting desired lengths of the cylindrically shaped foam thermoplastic member
from the length thereof extending beyond the terminating end of the rotatable mandrel

thereby providing hollow foam thermoplastic products having any desired size or shape.

2. The method defined in claim 1, wherein said foam thermoplastic member comprises at least
one selected from the group consisting of polystyrenes, polyolefins, polyethylenes, poly-
butanes, polybutylenes, polyurethanes, thermoplastic elastomers, thermoplastic polyesters,
thermoplastic polyurethanes, polyesters, ethylene acrylic copolymers, ethylene-vinyl-acetate
copolymers, ethylene-methyl acrylate copolymers, ethylene-butyl-acrylate copolymers,
ionomers, poly- propylene's, and copolymers of polypropylene.
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' a&" W0%he ndttolt defitén Ghilnd 1, Wikrdid% cr&éslsketidn offl€¥oam thermoplastic member is
further defined as comprising at least one aperture longitudinally extending through
substantially the entire length thereof.

5. The method defined in claim 1, wherein the forming means is further defined as comprising a
support member constructed for receiving and controllably winding the elongated
longitudinally extending, substantially continuous foam thermoplastic member and for
controllably causing a first side surface of the elongated foam thermoplastic member to be
brought into juxtaposed, side-to-side relationship with a second side surface thereof.

6. The method defined in claim 5, wherein the support member is further defined as comprising
a cylindrically shaped mandrel constructed for continuously rotating about the central axis
thereof and positioned for receiving the elongated, longitudinally extending, substantially
continuous foam thermoplastic member and enabling the elongated foam thermoplastic
member to be continuously wrapped about the surface thereof, producing a cylindrically
shaped elongated foam product peripherally surrounding and supportingly maintained
thereon.

7. The method defined in claim 6, wherein said cylindrically shaped mandrel is further defined
as comprising a circular shape and is removably mounted to rotating support member for
enablizing mandrels of different diameters to be employed.

8. The method defined in claim 6, wherein said mandrel is further defined as comprising guide
means formed thereon for receiving the elongated, longitudinally extending, continuous foam
thermoplastic member and controllably advancing the foam thermoplastic member about the
outer surface of the mandrel in a generally spiral configuration, whereby the side surfaces of
the thermoplastic member are brought into juxtaposed, contacting relationship with each
other.

9. The method defined in claim 8, wherein said bonding step is performed by heating the side
surfaces of the elongated, longitudinally extending foam thermoplastic member as the side
surfaces thereof are brought into juxtaposed contacting relationship with each other.

10. The method defined in claim 8, wherein the bonding step is performed by applying adhesive
means to one side surface of the foam thermoplastic member for causing secure bonding
engagement when opposed side surfaces contact each other.

11. The method defined in claim 1, further comprising the step of
G. cutting the formed hollow foam thermoplastic product in a plane substantially perpendicular

to the central axis thereof, thereby providing hollow foam thermoplastic products in a
precisely desired length.
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H. longitudinally cutting the hollow foam thermoplastic product along one wall of the formed
after said diametric cutting step has been performed; and

I. opening said longitudinally cut thermoplastic product into a substantially flat plank member
having any desired length and width thereby forming a plank member with any desired
dimensions.

14. The method defined in claim 13 and further comprising the step of:

J. passing the open plank member through roller means for removing any curvature retained
therein from the forming process.

15. The method defined in claim 13 and further comprising the steps of:

placing the open plank member in a heated chamber and allowing the plank to be heated until
flat; and

K. cooling the plank in a flat configuration.
16. The method defined in claim 1 and further comprising the steps of:

G. applying at least one additional layer of material to a surface of the foam thermoplastic
member prior to passage thereof to the forming machine; and

H. bonding said additional layer to the surface of the foam thermoplastic member, whereby a
multi layer hollow product is produced having any desired size and shape.

17. The method defined in claim 16, wherein said bonding step is performed by employing at
least one selected from the group consisting of adhesives and heat.

18. A system for manufacturing hollow, substantially cylindrically shaped, elongated foam
thermoplastic members in a continuous production operation, said system comprising

A. a fixed, immovable extruder for producing elongated, substantially continuous lengths of
foam thermoplastic members having a desired cross-sectional shape comprising one selected
from the group consisting of rectangles, squares, parallelograms, polygons, ellipses, circles,
ovals and combinations thereof;
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extending, substantially continuous support surface positioned for receiving the elongated,
continuous foam thermoplastic member directly from the puller member and continuously
winding the thermoplastic member in direct association with the rotatable support surface,
whereby a first side surface of the thermoplastic member is brought into juxtaposed, spaced,
alignment with a second side surface thereof;

D. bonding means positioned in direct association with the rotatable support surface of the
forming machine and in cooperating relationship with the foam thermoplastic member for
bonding the side surfaces of the elongated foam thermoplastic member as the side surfaces
are brought into contact with each other, causing the surfaces to be securely affixed together
and a substantially cylindrically-shaped foam member to be continuously produced;

E. said support surface axially extending from said base a fixed length for enabling the
cylindrically-shaped foam member to be sypported thereby and comprising a substantially
uniform cross-section throughout said fixed length; and

F. cutting means, movably mounted in cooperating relationship with the terminating end of the
rotatable support surface and constructed for repeatedly cutting desired lengths of the
cylindrically-shaped foam members;

whereby an elongated, hollow shaped foam thermoplastic member is produced having any
desired length and any desired hollow shape.

19. The system defined in claim 18, wherein the bonding means is further defined as comprising
heating means positioned in cooperating relationship with the forming machine in
cooperating relationship with the foam thermoplastic member as the side surfaces thereof are
brought into juxtaposed alignment with each other, said heating means being formed from
one or more selected group consisting of hot air delivery means and heated surfaces.

20. The system defined in claim 18, wherein said bonding means is further defined as comprising
adhesive means.

21. The system defined in claim 18, wherein the support surface of the forming machine is
defined as comprising a cylindrical shape for producing elongated foam members having
hollow cylindrical shapes, with said cylindrically shaped member being mounted for
continuous rotation about its central axis, thereby enabling the foam thermoplastic member to
be continuously wound therein.

22. The system defined in claim 21, wherein said system further comprises cam means mounted
to the support surface of the forming machine for receiving the elongated foam thermoplastic
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wall thereof, thereby producing a substantially flat foam thermoplastic panel.

24. The system defined in claim 18, wherein said system further comprises roller means
cooperatively associated with the forming machine for aligning at least one surface of the
incoming foam thermoplastic member with the corresponding surface of the previously
wound thermoplastic member.

25. The system defined in claim 18, wherein said foam thermoplastic member comprises one
selected from the group consisting of polystyrene, polyolefins, polyethylenes, polybutanes,
polyurethanes, thermoplastic elastomers, thermoplastic polyesters, thermoplastic
polyurethanes, polyesters, ethylene acrylic copolymers, ethylene-vinyl-acetate copolymers,
ethylene-methyl acrylate copolymers, ethylene-butyl-acrylate copolymers, ionomers,
polypropylene's and polypropylene.

26. A method for continuously manufacturing foam thermoplastic products comprising the steps
of:

A. continuously extruding a foam thermoplastic member in an elongated, longitudinally
extending, substantially continuous length having a desired cross-sectional shape using a
fixed, immovable extruder with the cross-sectional shape of the foam thermoplastic member
comprising one selected from the group consisting of rectangles, squares, parallelograms,
polygons, ellipses, circles, ovals, and combinations thereof

B. advancing the elongated, longitudinally extending foam thermoplastic member into
association with a puller member constructed for continuously drawing the foam
thermoplastic member from the extruder and feeding the foam thermoplastic member to
forming means having a fixed base and a rotatable mandrel mounted thereto said mandrel

a. comprising a single, longitudinally extending, substantially continuous surface having a
substantially uniform cross section through its length, and

b. being removably mounted to said base for enabling mandrels of any desired cross-
sectional shape and diameter to be mounted thereto;

C. controllably winding the elongated, longitudinally extending, foam thermoplastic member
directly on said rotatable mandrel of said forming means in a manner to cause opposed sides
of the foam thermoplastic member to be positioned in juxtaposed, side-to-side, adjacent
relationship when wound on the rotatable mandrel;
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from the length thereof extending beyond the terminating end of the rotatable mandrel
G. Thereby providing hollow foam thermoplastic products having any desired size or shape.

27. The method defined in claim 26, wherein said mandrel further comprises a mounting plate
mounted at one end of the continuous surface forming said mandrel, the mounting plate
being constructed for providing mounted engagement of the mandrel to the forming machine
for ease of removal and replacement thereof.

28. A system for manufacturing hollow, substantially cylindrically shaped, elongated foam
thermoplastic members in a continuous production operation, said system comprising

A. a fixed, immovable extruder for producing elongated, substantially continuous lengths of
foam thermoplastic members having a desired cross-sectional shape comprising one selected
from the group consisting of rectangles, squares, parallelograms, polygons, ellipses, circles,
ovals and combinations thereof;

B. apuller member positioned between the extruder and a forming machine and constructed for
drawing the foam member from the extruder and feeding the foam member to the forming
machine;

C. a forming machine comprising a fixed, immovable base and a single, longitudinally
extending, substantially continuous support surface positioned for receiving the elongated,
continuous foam thermoplastic member directly from the puller member and continuously
winding the thermoplastic member in direct association with the rotatable support surface,
whereby a first side surface of the thermoplastic member is brought into juxtaposed, spaced,
alignment with a second side surface thereof;

D. bonding means positioned in direct association with the rotatable support surface of the
forming machine and in cooperating relationship with the foam thermoplastic member for
bonding the side surfaces of the elongated foam thermoplastic member as the side surfaces
are brought into contact with each other, causing the surfaces to be securely affixed together
and a substantially cylindrically-shaped foam member to be continuously produced;

E. said support surface axially extending from said base a fixed length for enabling the
cylindrically-shaped foam member to be supported thereby and
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cylindrically-shaped foam members;

whereby an elongated, hollow shaped foam thermoplastic member is produced having any
desired length and any desired hollow shape.

29. The system defined in claim 28, wherein the support surface of the foaming machine further
comprises a mounting plate mounted at one end thereof, constructed for removable mounted
engagement with the fixed base of said forming machine for enabling ease of removal and
replacement thereof.



