WOUND MULTI - LAYER TUBE HAVI NG ONE OR MORE EMBOSSED PLIES FI ELD OF THE

| NVENTI ON The invention relates to tubes that are produced by w nding one
or nore plies of material about an axis in such a nmanner that a
cylindrical body wall is 5 fornmed having a plurality of |ayers making up
the radial thickness of the wall. BACKGROUND OF THE | NVENTI ON Spirally
wound and convol utely wound tubes are wdely used for a variety of
purposes. A spirally wound tube is forned by winding a plurality of
material plies onto a circular cylindrical nandrel at a given spiral w nd
angle, the plies 10 bei ng wound one upon anot her and adhered together to
build up a cylindrical multi-Ilayer tube. A convolutely wound tube is
formed by wapping a single material ply about a cylindrical (circular or
non-circular) mandrel for a plurality of turns about the nmandrel and
adhering the various turns together to build up a cylindrical nulti-Ilayer
tube. 15 Whund nmul ti-layer tu i ndj C for w nding
rolls of web materials such ggzgﬁgggﬁi ﬂ&gﬁgﬁgfﬂ?ﬁaLéﬁégﬁ nmetal, textiles,
etc. Such tubes are also used MEREEMBQSPEDEIED oducti on of yarn,
as container bodies, and as forns for pouring concrete colums. In many of
these applications, certain strength properties of the tubes are
inmportant. 20 In the case of papeq@ggb il . typically a custoner
specifies required inside and outsi qurgﬁgg§?§$§$8§'core, and the core
must have certain ni dherinvestiongrigtel tptubgsethitiaesprbduded balstisdihgoneesr Miozé N

integrity and di i in_,use. At.the sane tinme, the core manyfacturer
desires to mni mgizi%scitﬁlgﬁ%ﬁo%ﬁboo anﬁ’f‘ﬁ&h%’?’ﬁﬁrqaﬂ%eréggé.cy cakbodymelline t he
present appl i 6at femelasvidgy pluwglitd oMRYEO dBking up Me @Bk thickhéd o¥ e waUS Core
strength properties while mnimzing the use of costly high-grade

paper board, by building cores fr i ades_of paperboard. For
i nstance, it has been found that%§g5§gggghﬁ?g%ﬂ“@?ﬁ%KEggﬁgﬂgth can be

achieved in. a Spirally wound and convolutely wound tubes are widely used for a variety

of purposes. A spirally wound tube is formed by winding a plurality of material
plies onto a circular cylindrical mandrel at a given spiral wind angle, the plies

10 being wound one upon another and adhered together to build up a cylindrical
multi-layer tube. A convolutely wound tube is formed by wrapping a single
material ply about a cylindrical (circular or non-circular) mandrel for a plurality of
turns about the mandrel and adhering the various turns together to build up a
cylindrical multi-layer tube.

15 Wound multi-layer tubes are used as winding cores for winding rolls of
web materials such as paper, plastic film, sheet metal, textiles, etc. Such tubes are
also used as yarn carriers in the production of yarn, as container bodies; and as
forms for pouring concrete columns. In many of these applications, certain
strength properties of the tubes are important.

20 In the case of paperboard winding cores, typically a customer specifies
required inside and outside diameters of a core, and the core must have certain
minimum strength properties to be able to maintain integrity and dimensions in
use. At the same time, the core manufacturer desires to minimize the cost of

producing the core. The assignee of the present application has developed methods
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spirally wound paperboard tube even when sone of the plies of the tube
.conprise 5 |ower-grade (and therefore | ower-strength) paperboard, as |ong
as the lower-grade plies are properly positioned within the tube wall. The
assignee has developed a finite el enent-based nodel for analyzing and
designing such nmulti-grade cores to optimze various strength properties

such as flat crusdoptiméiiing vatious bore sidngth freputii@gvhikimiangizihg iR Ge oftébstip sonme
applications, high flat cr ua&rgr radi al crush strenlgth may not be
required, and heRE8-gAsPapeheard.dyhuiidmg cpres fommylipleigzadgs efpaparbpiry Hethg up

a tube if such pisa8Se, WHa®bahabhRIh&: ve PN §lat crullEstRARRCROBE Shnivad iy Tange

that is available in the market is in’sone cases too strong to achieve the
best financial prllypund paperboazd hearentvdien seme dftha picrofitlyatveeicquiprise N a

.spirally or cenv { rhoar d be. .The, corrugati ons or ridges
of a corr ugatgd g*"&ﬁ a%er%%ﬁﬁegﬁwg %ﬁengﬂ\bj PHRTTROREL g?){opégs é&eﬂoﬂ H§ 4 Focess
if they run par aplieslar¢ propérty gositoned withia thd tubewaRnThd@sigBectn dewidedat hei r
| ongi t udi nal bendi

ng strength. T resulting tube . would be weak in
torsion, however ,m‘ég?:lﬁ‘a%% %%&ffiﬁé??lwgg #1d dopignipg srebyariscerplearoms tvhen
subj ected to a sbgahizk 0aebusRtrbdien %bﬁ&ﬁée‘ KEER fidlerddh 5aih1 &th%mea(ﬁng to
e pl'y’ whose

| ay down or collapse; thus, a tu havi ng a corrugated
corrugations runstrgpgthapicel to the tube axis would not be suitable as a

wi ndi ng corejgphere su (U= T of i al ear.loads can be exerted
on the pli es.m,g\t fi rsitﬁs% aﬁk@ca&&%ﬁ%ﬂf@%&?@ ?a}ﬁ%(ﬁ%rcgbﬁhg?rﬁe BIS%POtteDSr si onal
strength woul d g§uaphend hénoe beentlowarstengthiplies mipht bgadet dnbuiliaip-ypartabd el to

the tube axis. Uy ess .special ..ste are taken (such as noi stening the
corrugated ply, ws}%ﬂ{j’gt‘”ﬁée?ﬂag}%fjﬁawe% & pap, arflﬂé‘%ltéff%gﬁéhaﬁﬁe ply after
wi ndi ng, as exenpailhblech the &t isakemnt ci¥es too BReh A3 Bckiovd ho &t finfiRMEVer, the
corrugations will be bent and may even break as a result of being forced

to extend heli caﬁs‘&lfs' and hence will be weakened 30 considerably. It is

100 5 SEoL®, P DRSOV P RN P 8,
t he corrugated ppapethedrdithbs The aeuugatiogeokidges of @ amrugatet Ipky qan odrham
unbroken during the spiral winding process if they run parallel to the axis of the
tube, and hence can retain their longitudinal bending strength. The resulting tube
‘would be weak in torsion, however, because the corrugations of the corrugated ply
20  when subjected to a shear load in the circumferential direction would tend to lay
down or collapse; thus, a tube having a corrugated ply whose corrugations run
parallel to the tube axis would not be suitable as a winding core where substantial
circumferential shear loads can be exerted on the plies.
At first glance, a solution to the problem of poor torsional strength would
25  appear to be to orient the corrugations non-parallel to the tube axis. Unless special
steps are taken (such as moistening the corrugated ply, winding the ply while
moist, and then drying the ply after winding, as exemplified in U.S. Patent No.
663,438 to Hinde), however, the corrugations will be bent and may even break as a
result of being forced to extend helically, and hence will be weakened
30 considerably. It is known to score such non-parallel corrugations to prevent them
from breaking when the ply is wound, but the scoring undermines the strength of

the corrugated ply and thus is not a good solution to the problem.
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-2 SUMVARY OF THE | NVENTI ON The present invention addresses the above needs
and achi eves other advantages, by taking a wholly different approach to
the general objective of 5 reducing the amount of costly high-strength
materials in a wound tube. In accordance with the invention, one or nore

| ayers of the tube wall are effectively increased in volume wthout adding
any mass by embossing the layer(s). Enbossments project fromat |east one
side of the enbossed | ayer so asSUMMARNYe@ETHEINVENTION | ve cal i per of the
| ayer. The enbossnent i_hare %gaced apart in tw 10 different (e.g

ort hogonal ) directi ons ®Preg llﬁfﬁ%’saé@quﬁéti’ea Sﬁ‘ﬂ“ﬁ‘@%@oﬁﬁbﬁ’t’?wﬂmey
increase the bendinGiptd, by RS QknoNPAHEKE arpfoa I, iR r@fgﬁtﬁ@ameof
directions. In contrast, a corrug ateJ alv strong i n bending
in one direct onrediensg thﬂ?énouméﬂ%nqa@y hlghfstrpmgibnqwnpbmda wuumttubc) Inhe

corrugations, bu .n_bendin th hogqnal ion
wher egt he bendi néc#o?%@%ﬂ%@’ﬁ%ﬁﬁgﬁn? el ¥E of H'gre fg}"?ff@fetpf é‘lﬁ?g W%ﬁgre ?fgﬁc{‘Yei%m ly,
an enbossed ply droneaser invohehenwithout addingdnyt hsss 81 BABEREBR!Ee laydi () ng ei t her
paral |l el or non- %aral lel to the tube axis w thout weakening the p in

bendi ng. The enb&SRRETRGIsHLpject i pileas) gng %‘E&Ofé%%@ssqddﬂeaé‘i’ ?thob%ﬁfe%%t

limted to trunqaat@féc@wmp&wtﬁél%afrﬁgeﬁuésﬁ%x%ar&pﬁe& mfRHLS can
proj ect from onl y 20 one side or from both sides of I'n preferred

enbodi ment s &8npHifEreng (papwtivgena) dirdstiens qfhhe@mmézyemaydpmsequmﬁwﬂym l e
in a wet or noi Sﬁrﬁ:?e%geﬁgﬁgrﬁin%%{gﬁfegstéﬁggltaﬂ&n?ﬂle% gbﬁr“] ené {ra 18 Rorgting the

ply into the tube. I'n one e & T hVenti ?'s™ or med of
a single ply. Theontp\lstya pm\gatnds;ﬂﬁd; rallaﬂvelﬁstvmgriﬂlbamﬁghﬂbn@am:smﬁezhe@gw of

the ply forman gv oi nt.. a ch the _oveyla g edges are
adherpe)d/ t oget herg“f{ﬁlégal@}? céeeﬁpeﬂ?g’r?afaﬁbo corrygatians, ‘ftég'g‘éa‘?.‘f?kﬁh’é”@ﬁ@é&sed
ply allows the simmb erthdgonilidRctich WRHME (iR bendiflp it/ REls pﬁam '@cgth%tcblfrﬁg'é%ﬁs
relative to i% epl}/ytubeforme of a non-enbossed ply.

(J]

single-ply t {iopallyy apebosged plycar be wpundowishmesis of theleyﬂ?@ﬁsm@ts et
tissue, paper t OY’tﬁﬁlﬁxg eithéSatfile] br' Bn-RALHT UM £uBL hxis Ftfout Weak@SaFREbRRET

bodi es.

bending.
The embossments can comprise various shapes, including but not limited to
truncated cones and trunéated pyramids. The embossments can project from only
20 one side or from both sides of the ply. In preferred embodiments comprising
paperboard tubes, the embossed ply is embossed while in a wet or moistened state
and is then dried prior to incorporating the ply into the tube.
In one embodiment of the invention, a tube is formed of a single ply. The
- ply is embossed and is wound so that opposite edges of the ply form an overlap
25  joint at which the overlapping edges are adhered together. The enhanced bending
stiffness afforded by the embossed ply allows the single-ply tube to have an
improved bending stiffness relative to a single-ply tube formed of a non-embossed
ply. Such single-ply tubes may be useful as cores for consumer rolls of toilet
tissue, paper towels, plastic film, aluminum foil, etc., or as container bodies.
30 In other embodiments of the invention, a tube is formed of a
plurality of plies, including at least one non-embossed layer in addition to the one
or more embossed layers. Preferably, each embossed layer is radially adjacent to a

non-embossed layer. The embossments abut the adjacent layer, thereby spacing
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30 In other enbodiments of the invention, a tube is fornmed of a plurality
of plies, including at |east one non-enbossed |ayer in addition to the one
or nore enbossed | ayers. Preferably, each enbossed layer is radially

adj acent to a non-enbossed | ayer. The enbossnents abut the adjacent |ayer,
t hereby spacing -3 the adjacent |ayer fromregions of the enbossed | ayer
that are bet ween thdwedjacennss fromtrsgiodisofahd @bdsted 1¥@t thay £k bER&eR TR

effectlvelylntro ced int the ube |1 tube wal| thus has_an
i ncreased vol une B’gf’ SHsPE: §§estu iYﬂlfI\‘/g{a Sérﬁe?f tyshiptEdueerbinig thafube ype

that does not i nelalddheidesaMERishak bn ifeeealdalv@iiRleRhfit élagsa%ﬁﬁ(f&ft)o anSt at ed
differently, for a given tube wall volume, the nass of materi maki ng up

the wall is reduCt@wighidentical tabethat @mmotmslu@,e msmmwuhemennedxate

Nevert hel ess, git b rt t he
t ube (not abl y, I%@F(s) eésdsmg%gﬁ%?&dﬁ y n%élg%ncan’ @ 8%%063?33%1
t hose of tubes nmakingmpm@éwahgsreddoeﬁaadltlmkafmunﬁ@osﬁhﬁn%baﬁﬁéﬂ%ntS COU| d be

depressed and th . edu é‘cfh t as a result of ressive
pressures exerte 8 “3‘ ﬁlﬁeﬁ?fﬂs?ﬂ’éﬂ’tflf%em? %‘é‘b%ﬂ’@?aﬁm on,
whi ch woul d be undesfmbhrem@auﬁmsmaﬁ%e&hpaf@ol&elth&%rof%@s m?/t of the
ply woul d be reduced. This tendency can be dimnished in spira und

t ubes by w ndi ng@%@n@?ﬁ%‘é&‘éﬂ ply or plies at a position dovvnstream of the

15 wi ndi ng beght, and/ ¢ge Qﬂbd%rﬂéﬂté‘%)éﬁ&;% g%pkeggegh%?a‘a e%b'%du\é?c“é gl sp| ral

wind angle (neasured fromthe tu
relatively w de fesult af epimpaessive pizsswiesaxetted on tﬁeembome@lgduﬁiﬂgthsmﬁeal wi nd

angl e can be les e ventlon s.not limted to

paper boar d tubesi; f{"ﬂ’%&?@ﬁﬁ%gﬁﬂ%ﬁ?&dieu&@s@ °§u58(51?‘%?tjf tHyeepliper @deet

metal plies, sucholameaf thmplyumul&\ﬂ)e kQRBéd. ONes BhdentBcanDERAEREHAH HRBH :
dvant ageously be used as a w nding core for

above. The resultin can. a
wi ndi ng sheet neWgF‘%b?‘g‘?sﬁ’é( vanding the cphossed pdy enplies tfgergsition dowastreamof thehe
g
tube, thus sisml Wﬁd@lﬂyae[teﬁﬁd%r'bﬁ}gwﬁém% g"ﬁ {8 a‘fl\’eﬁﬂv &A81 i‘%{&ﬁa&@f I al
still remains on the core because t 'S no nee tor rmve e~scrap
wound naterial (measured from the tube axis) such that the plies are relatively wide for a given
tube diameter. For example, the spiral wind angle can be less than about 55
degrees.
The invention is not limited to paperboard tubes. In one embodiment, a
20  tube is constructed of sheet metal plies, such as aluminum. At least one ply is
embossed as noted above. The resulting tube can advantageously be used as a
winding core for winding sheet metal of the same material as that used to construct
the tube, thus simplifying recycling of the core when scrap wound material still
remains on the core because there is no need to remove the scrap wound material
25  and direct the wound material and the core into separate recycling streams; instead,

the core with the scrap wound material attached can be directed into a single

recycling stream.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)
30 Having thus described the invention in general terms, reference will now be

made to the accompanying drawings, which are not necessarily drawn to scale, and

wherein:



25 and direct the wound material and the core into separate recycling
streans; instead, the core with the scrap wound naterial attached can be
directed into a single recycling stream BRI EF DESCRI PTION OF THE SEVERAL
VIEWs OF THE DRAWNE'S) 30 Having thus described the invention in general
terms, reference will now be made to the acconpanying draw ngs, which are
not necessarily drawn EIG. $esd éaglamdlatiwllcdmiel}ionof_-aﬂ aﬁ;baﬁ?atuélgndq)lrfceﬁh fagfogxﬁ?g';) ic
depiction of an apparatus a rocess for form a spirally wound tube

Wi Fh an inter nedi&;{i’éragW(?gg‘gg’bth?‘aﬁllﬁem?’di‘aée%m 5‘?jlrﬁ_§-¥rt ary perspective view
of a ply showing trundaGed i%ﬂ@gm@@ﬁ?&gﬁéﬁi% PieR] o @ plyKholvi BReFtA
thereof; 5 FIG 2A depicts one possible alternative form of enbossnent

shaped as a trurfC2ROSHMENS BRcgting-from oge pide therqofis s - sectional view through
the ply of FIG 2; Fl @ic42A%e c{sroﬁgggs?b% AtetdaBye fﬁﬁcotflﬁgl% &tne s\ﬁgleld of, a
r h e ermod R

tube having an enbossed ply 1Tn acc ance W th on men
i nvention; 10 Fl Grunsatedpgragudiss-sectional view of a ply having enbossments

projecting fromboth gides; FIG 6.is a diagr showi bpreferred
process and system forﬁte}hggssas(fr g °° tloﬁ’ﬁb@?‘ﬁé@‘%ﬂgqb%pﬁwfgg@g%dance with the
invention; FIG 7 is &IGi¢w sfrapnedtary orobd-actidn oS0 6T, @be BRI At | ve

enbodi ment of a 15 tuhe having two enmbossed plies; FIG 8 illustrates
wi nding a rel ati V& Sﬁ@&%g@é@gemt}wgpe@m mgpt /fdhg/invenfjonspi ral  wi nd

angl e to reduyge the tandenty, @bssGedihNdel, 382 SIIRSH! Sssnfehfs gecting
rocess tor tormng a

schematically illustrates a convolute w nding _ _
mul ti-layer tube frravbellssless or nore enbossed internediate |ayers in

accordance 20 with thggsl @%’seﬂ%i%ég}h sﬁtlw(/;fng ]a%ragr(r)é’? prgcpessa ela.I;[desr)th%;[ni for en?brggsolgé ment
of a tube in accordance wth
a paperboard ply in accordance with the invention;
FIG. 7 is a view similar to FIG. 4, showing an alternative embodiment of a
15  tube having two embossed plies;
FIG. 8 illustrates winding a relatively wide embossed ply at a relatively low
spiral wind angle to reduce the tendency of crushing the embossments;
FIG. 9 schematically illustrates a convolute winding process for forming a
multi-layer tube having one or more embossed intermediate layers in accordance
- 20 with the invention;
FIG. 10 shows an alternative embodiment of a tube in accordance with the

invention; and
FIG. 11 shows yet another alternative embodiment of a tube in accordance
with the invention.
25
DETAILED DESCRIPTION OF THE INVENTION
The present inventions now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all embodiments
of the invention are shown. Indeed, these inventions may be embodied in many
30  different forms and should not be construed as limited to the embodiments set forth
herein; rather, these embodiments are provided so that this disclosure will satisfy

applicable legal requirements. Like numbers refer to like elements throughout.
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invention; and FIG 11 shows yet another alternative enbodi nent of a tube
in accordance wth the i nven%/i on. 25 DETAI LED DESCRI PTI ON G: THE | N\/El\ﬂ'l ON
The present inventions now will be described nore fully hereinafter with
reference to the acconpanyi ng drawi ngs, in which sone, but not all

enbodi mrents of the invention are shown. |ndeed, these inventions may be
enbodi ed i n nmany 30 dlﬁﬁf@ﬁeén@eiwmluﬁba@ﬁ@ult@ p;umlptﬁeorfbcmasasmgelmb efectiveni t ed
to the enbodi nmen e 1..these e i me are

provi ded so t hat tctah‘iﬁ&gﬁ(li g(g gﬁ?(gl{ewrlq?oré E{ Fryayes l%ﬁ"buétb & ‘85%‘1%

requi renents. Li kebossidgsthe onedrenort phés df&aﬁl'se IRIGt b sHoWs@ug Bgdiplary pradéssnot ed,

t b d h ri nC| easing the effective
cal 1 per - and vol ufBe BrPee BF FrBig iphaly Bpurdighs Siehiesrib idpunionne o

enbossi ng t he5ongherubeds Sridkd Bpspfally IN&dife a fhufali o%ﬂ@%ﬂ QB8 £X6
process gand apparatus for fofe)?nﬁr?ilr g sp H% Fj o ube i h accor ance W th

the invention. 532tR ns%fsétat@aﬂomﬁ&ew Osfmrﬁldﬂll thmiml foymaFpleptied arey of
plies 10, 12, 14’1111;s§ate&8bu@ fHeQnvedf f%s%ﬂgl?égglest{) ﬁltbssto&% ré Cfsm?‘nd irlse‘lff}?ga%fi%{}en tion

circul ar cyllndrlcal form Five plies
is applicable tomam@s%ax/mng pduss fEwsdf and &2 aredpizally wamny irithasrd€f onfd®the

i [l t hat order onto the mandrel 20
P adhesi ve i s SBATER0 R Sfedisborl BB anaabette appveor 2his heEr-10
faci ng surfade offacﬁmuﬁﬁﬁmﬂh@éeyoﬂeﬁplyqz%’djﬂﬁk& th@ﬂl&'lb%ﬁd i?to%@tﬂeljtg @5t her

to forma tube g@)the mandrel . A conventional wnding b 24 engages this

tube and advanc&®eRdhs maudrel} dnepuyemsionalivinding balt 24 Sltg&@wthlaﬁtthe@nd whi ch
serves to draw t BgvanBld RStubd aloﬂgt T 1113&'%%&79%&5{?%%}1&9%9 A%rgwl(ﬁé 16,

and 18 onto the nandrel or he” advanci ng t e case
Downst r eam of t h@lig thilﬁgnd)@bsulﬁdquenﬂuewmﬁnqophessm,]m, an’kﬁl,s mtmlthé&lﬁﬂfel spirally

wound onto the a nd adhesi v pl i C 8, and 30

respectively applq};aajgg%%{%}é}g% 5 ag%mﬁy%gsﬁpgmg' gtt mgbéﬁ)ﬁ‘ét fot her

and to the ply 1pliest¥4I36,fand 18 ag spitallye@iddntd b advh@eing tube, and adhesive
applicators 26, 28, and 30 respectively apply adhesive to these plies to adhere them

o one another and to the ply 12, thus forming an integral tube 40.
| In this embodiment, the ply 14 is embossed. FIG. 1 illustrates the ply 14
being passed through an in-line embosser 32 to emboss the ply. Thus, the ply 14 is

20  drawn from a supply roll (not shown) as an ordinary unembossed ply and is
embossed in the embosser 32 as the ply is being advanced to the mandrel 20.
Alternatively, an embossed ply could be prepared beforehand and could be
supplied in the form of a roll of embossed material, such that the embossed ply
would simply be drawn from the supply roll and advanced to the mandrel.

25 FIG. 2 depicts one embodiment of an embossing pattern that can be used in
accordance with the invention. The ply 14 in this embodiment includes a plurality
of embossments 42 that project from one side of the ply.. As used herein, the term
“emboss” denotes a process wherein a localized region of the ply is forced to
deform into a recess or depression in a surface of a tool such as a die or roller such

30 that the deformation remains after the deforming force is removed; “embossment”
denotes the localized deformed region of the ply so made. The embossments 42

are spaced apart in two different directions in the plane of the ply 14.
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In this enbodinent, the ply 14 is enbossed. FIG 1 illustrates the ply 14
bei ng passed through an in-line enbosser 32 to enboss the ply. Thus, the
ply 14 is 20 drawn froma supply roll (not shown) as an ordinary
unenbossed ply and i s enbossed in the enbosser 3§bas tge Fly |s|3eLng
advanced to the mandr 20 Alternatively, an enbossed p cou e

prepar ed bef or ehand aﬁ{‘ﬁ‘e Bhpgrmsats 42 BIG- qVﬁtllqﬂféméftﬁ?@ﬁteéCW@F-l FK}. 2A
embossed mat eri aldepiistie bBRIbIE ARrREROIALbRiibosHdl S ShaRl Y Pufllaftin T om
the supply roll and advanced to the mandrel. _ epicts one

enbodi ment of an P¥FIYs Empogsatentsrof othenshapescapalsode dsddn a?:_cor dan](c:e with the
invention. The ply 144 ' odi ment i ncl udes | ur t of
enbossnents 42 !tohat p%?é%@oﬁsgﬁod%éc’&g}o&%lVd?wf’ﬂ@%? S8 ?dgeﬁh‘herel n, the
term "enbossS denbbesmeat jsroharesisrizdddiyay projactionCal dngeide bER Py #ld of he ply is
forced to deforminto a.reﬁess or depression in a surface of a tool such as

a die or roller SSEFPORGNE fehression og S?Sdﬁflfed?i’PPﬁiWﬁM‘WfﬁletpéYi t he def orni ng
force is remved; - empussidiicis a d8aaeeior §1and AERbE REHLI0 BiARGAiAY On Of

the ply so made. The enbossnents 42 are spaced apart in [ er ent

di re(F:)t?/ons i n t hacgsrdanee withfheprpteps shown.ig FiGiel . efizomhoements4@ intheFl G 2 Pave
the formof trung 14F . e gne possibl e alternative form
of enbossment 42%5 aggdg&gglgat)‘gﬁlﬁ%gq]aecggp%gfrrlgm%m_ 8§’§’ﬁ5é’?ﬁ“ Bt her
shapes can all§o Ispaced sufficiently cl8sesth ons arotlesr k6 pgﬂgtwtz)iﬂmaid nét _ﬁ)Vde‘tPc_fmﬁﬁto the o
enbossnent 42. Th nbossment is characterized by a projection on on
side of the ply & 5?8%‘3%88&%5%ma§b%@smwdd}e spaced Siom the ragions opBsi t e

side of the ply: phl1a lodatetERithéch the GHBSEMERS! Aearé%ﬁut\}é?d éﬁﬁéé_?#gfaéé Smbd'pe 40

i i in Fl osSnent s
produced in acc%d nce wth the process shown in
dt

42 in the inter walypsiween t&BBﬁestWﬁdﬁ?@éh?ﬁvpﬂythiemb&?mglrﬁshfe o oly 16
enbossnents 42 angdi LCi ent ane.4ano )
wll tend not toAglg%}foai1 %Bﬁﬁtgfoa S? ﬁggg h%ggsjgefé%%éeatb%eﬁgeﬁ}l?%ee‘ﬁ %rlT%%%st 'R{ys {95 1 |
i nst ead be spacetrgionsf theembesinumts 43fbethime ofithy caﬁesgmm_ @?gmflmbe S\t/;éli%t
enmbossnents. As _evoi d spac 4 re forned in e tube,
bet ween the pli egl qﬁﬁg{/\agd {%?nésgr%%eﬁ?@é%ﬁyﬂé' RFQUFHL; e eftective caliper of
the embossed ply 14 is greater than the caliper of the sheet material from which the
embossed ply is made. As illustrated in FIG. 3, the effective caliper £ is

egi:esgb

essentially measured from the tops of the embossments 42 to the bottom surface of

20  the ply 14 (although when incorporated into the tube, the effective caliper may be
reduced somewhat as a result of the embossments being compressed and thereby
shortened during the tube winding and forming process, as discussed further
below). The effective volume of the embossed ply 14 thus is increased without
any increase in mass of the ply.

25 The embossments can project from both sides of the ply, if desired. FIG. 5
shows an alternative embossed ply 14' having embossments 42 (only one shown)
projecting from one side of the ply and embossments 43 '(only one shown)
projecting from the opposite side of the ply. This type of embossing pattern may
be effective in creating a greater amount of void space within the tube wall,

30  relative to a ply having embossments from only one side.

The invention is applicable to tubes made from various types of materials

>

including paperboard, sheet metal such as aluminum or steel, and others. In the
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Additionally, void spaces are also forned between the ply 12 and the ply 14
in the 15 regions of the enbossnments 42 because of the correspondi ng
depressions that exist in the inward-facing surface of the ply 14.
Consequently, the effective caliper of the enbossed ply 14 is greater than

the caliper of the_sheet terigl fromwhich the enbpssed ply js nmade. As
illustrated in Flcgfe %ﬁ)a??{ggaég,fe Ehoﬁ}%g ‘?:gﬁyipﬁB?rb?_%gf’lyl @u@s‘?@&tﬂﬁééﬁﬁc%asur ed
fromthe tops of bréwkagdffierEn it ddioh Of thaembeishRMsSWhitRARY WeakefGnd 1§ PI Y 14
(al t hough when |ncor§10rat ed. into the tube, the effective caliper nay be
reduced somewhat “&oHlinedyif s prferroddo embesamapesoadphgstgmnressed and

t hereby short engghgithis Bloieh [159) r . as

di scussed further The _o%@##ﬁ?ﬁ%&gﬁl ve'\g/'o?g%g{ycoif‘ﬂ% ﬂgtg‘ﬁﬁg@g‘g apl y 14 thus
i s increased Wit heRistenipgynit H@ teclassenithre fitws boraks. The nplsyene@ plyTnpasssithmagent s
can project from J .of the pl if.desired. EIG. 5 s n

al ternative enbosagghﬁgﬁ?g%%l&hrgéﬁ %odgpé%BBQ'é‘]ﬁSﬁ?@oﬁ%{ Thessingppdls g%ﬁ”

proj ecting from doen shipehoigh Michltye IﬁaidteﬁMﬁs;@B&eﬂ. 48e LAY PR $hown)
projecting fromthe ggpgsite side of the ply. This type of enbossing
pattern may be &Y N éechﬁe%‘Préié’PWﬁ%OI’&_l’gitéa‘tﬁéer“&%ﬁltld@?r%ﬁ‘ﬂh@@ace wi thin
the tube wall, 3911&%t§b!f¥&rés?oxﬁli%{)ﬁfoﬁ@t¥d e@}fﬁ?@?ﬁ? o &/Rmh%rhllpf{rﬁa s{i]cgls.s' de.

The invention is applicable to tubes ma rom vari ous types o rials,
i ncl udi ng pap@r béhg rold f2 ard sre confimursdto defoah loriahizathregiost afehe maisenat figr s. | n

nerug : . ‘b d bl | It i
T S L, R R R SRR AR o T

weaken the ply. dfedoraidnygi36. it is preferred to enboss a paperboard ply

using a process diagranmatically represented in FIG 6. The ply 14 is
fi rstg rm!ostened in aggﬁﬁﬁ}vg?té‘?ﬂlﬁ off ‘fedﬁBt"tbGSh%’é‘ége%m{‘ﬁ%em%%?fﬁﬁn&@ Mhe

moi stened ply i s shassachlfeRfaGYeBmbimeATRe s Bfe.60'WaliRD t\ﬁ@éfmg%l%ﬁ afid @ Of
h h icht

opposed enbossing rolls 52, 54 that forma nip throug e nol st ened
ply is passed? THBeRbgspedslicgeMonrarticulasly theitihoywal hasegedislissinoer regipn essi ons

inits outer sur fnﬁgg up %ﬁgv(; : acreﬁ]l! dneéfgogg?%p]?ﬁ% 663{1(1,3{3 aA iraEd}'aHOfint%IQngerd‘i:'a%g %Q%Inng

projections that are in registration w rressi ons
of the tube wall is made up of three plies, which comprise an inner embossed ply

166 that is adjacent the ply 64, a middle unembossed ply 68 immediately outward of
and contiguous with the inner embossed ply 66, and an outer embossed ply 70
20  immediately outward of and contiguous with the ply 68. An outermost
unembossed ply 72 is wound about the outer embossed ply 70. Thus, each
embossed ply is sandwiched between two unembossed plies.
During a spiral winding process as illustrated for instance in FIG. 1, each
ply is subjected to radially inward compression as a result of the winding tension
25  ofthe ply and the winding tension of plies that are wound on top of the ply;
additionally, those plies that are wound onto the mandrel upstream of the winding
belt are also subjected to pressure by the winding belt. The radially inward
compression of an embossed ply may result in the embossments of the ply being
flattened to some extent, thereby reducing the effective caliper and volume of the
30  ply. The compression of the embossed ply or plies can be lessened by winding the

embossed ply or plies downstream of the winding belt, as depicted for the

- embossed ply 14 in FIG. 1.



10 in the roll 52 and are configured to deformlocalized regions of the
noi stened ply 14 into the depressions in the roll 52. After exiting the
enbosser, the ply 14 is dried in a dryer 56. The invention is not limted
to tubes having a single enbossed ply. FIG 7 shows an alternative

enbodi nent of a tube 60 aV| ng two_enbossed plies and four 15 unenbossed

plies. Mre particul artipthef trehnigusfonradpcipng the flattgring pf the Fﬁh@ﬁ;{mpﬁgﬂwgrrade up
of two adjacent uygesla i deVanki A ELSEB 8l Ridisgl,on
t he tube {Nall |slérrade ﬁ%ﬁg%ﬁkﬁsig%’t?agémr\%r%ﬁ@ﬂ&%rrpﬂdse an I faner

ply 66 that is &a@jbepial Wlh@alpglglamwsaremfdm éemmrmtséssxedhmnﬂ?&}lmdl at eI y

onboased ply 70 S58 sbHEdd aldlies BOBhesTRERRERE s B atind Sind i abf%set%s
An out ernpst Sunebbods eldgqabay T 2cdopdanoeiwith #OdYentibe, aDdgthlly RERSERa g 7

Thus, each enbossed ched between two unenbossed pli es. Dur| ng
a spiral w nding B?B’;:’g‘géeﬁi’ egll’g??‘ét%‘ﬁwﬂ@b"’flﬁ@{‘&ﬁ@é’ liehatmy sgiral wingamghe  pl v

is subjected to g iﬁ%&ls%hérf%ﬁfjsﬁ c€SRL QResAR, 1’3¥ 4 g?yljl {'ubgﬁlafrgﬁr\% {29

tension 25 of the pl the wi nding tension o I es at are und on
top of the ply; ﬁmimu;e thl@séorrﬂgl@@lﬂlh%\lenahethwhwdﬂmpabnmﬁmtmtmdr el

UpSt ream of < e wdii iAo P Bl 50 R0 L R ) BLSIR e, BYo e, ndl ng

belt. The radially inwar ression o

embossments @9 thanpﬂeys»lduean@enéd It temizeicy © OB tHehdoEsmdnbeT @lRentbosidai Ng
the effective cal }per and volume of the 30 ply. The conpression of the
enbossed ply or | S%n be | essened by wi nding the enbossed ply or pI i es

downst r eam of t he Wi ndis AgteBtht invaStAEPR h6t18Ritdddb sﬁlpﬁly VoThia Bt mﬁ‘n%gs snent s

FIG 1. -8 Another techni que for reducing the flatténing of the e
during spiral wibas Bpcrardarpeyath the inventionaan glse be produgeddiyythegazolated ar e

wound at a relat Wxﬁilﬂ%{)r%gﬁklwﬁe?&ﬁﬁlsm e ﬁﬂq I(hg@g YA 5&{93(21? rrgt t§g ar e

axis), as shown in nost Spir ng pr cesses
wound at a sp?r afhewicsiceddrugtie obthe aitbelte bs proBuakdutvodi abegr emandrélforccor dance

with t he inventi Bﬂlralﬁy gp\k/ra%ls.l Yo pro'tli{llge géjotr)l?folu%\{y wgund tube having one or more

intermediate layers that are embossed, a material strip 74 generally as shown in
FIG. 9 is used. The strip has an inner end portion 78 (i.e., a portion that when
wound about the mandrel 76 will form a radially inner region of the tube wall) that

20  is not embossed, an intermediate portion 80 that is embossed, and an outer end
portion 82 that is not embossed. When the strip 74 is wound about the mandrel,
the resulting tube thus has a fadially inner region made up of one or more
unembossed layers, an intermediate region made up of one or more embossed
layers, and a radially outer region made up of one or more unembossed layers.

25 The invention is not limited to tubes having three or more plies. For
instance, FIGS. 10 and 11 show two embodiments of a two-ply paperboard tube.
In the embodiment of FIG. 10, an embossed paperboard ply 84 forms an outer
surface of the tube and an unembossed paperboard ply 86 forms an inner surface of
the tube, and the plies 84 and 86 are adjacent and adhered together. In the

30  embodiment of FIG. 11, the positions of the plies are reversed, such that the outer

ply is an unembossed ply 88 and the inner ply is an embossed ply 90.



one or nore enbossed plies is formed by winding the plies at a spiral w nd
angle that is |less than about 55 degrees. As a result, for a given tube
dianeter, the plies are relatively wide; in turn, for a given tube |ength,
the plies wap about the tube axis a relatively small nunber of tines.

Thi s has been found t | ower .pl 0, conpr essi pn .and hence | ess
tendency to flatten t ﬁ(l-:-ll3 glsryglgssoglr?eaﬁf enol?e %’Réedetﬁt?g;g'g'@i’ tu%f' yfl(bgonﬁlaioé'g'.pl%s

not ed, the inventtiterin ascordancd with thednientiomiah @mbysse@ply@ah bdGsrall)yMlolihd hary er
e invention can al so be produced by the

tubes in accordance w th t p .

convol ute wi ndi ﬁﬁm’b‘? Gclﬂgs,g’ VoS gd8e Pating PEthe Pl qyedtpping aBrapaPsitidehy a

wi dt h cor r espondipbich®f #f2 pré\Gord@n of thel fP 6 the Mankify Tx&é%ehgpd%‘f‘gw gduced is
a Co

£
wound about a _mandrel for a lurality of waps. To produc vol utely
wound tube havi n@oBieas #e aghared togethentonfetinaaneoviedgreiomntt Sech aome-pdyrinds smgt bea

material strip 7 r S ' Fl i s, used, ..The stri as an

i nner end porti Oﬁls%ﬁ%ﬁé{%’foﬁ%&@%@@ hat plﬁﬂ%cgs S%ﬁiod%%sgﬂ?’ PERd tﬁﬁ‘ﬂdr el 76
will forma radi alastic filgeift weap, slomidunt Rel, tvab papsdlelc), or Bk ca@flaihér baay.
enmbossed, an internediate poréi Pn 80 that is_ enbossed, and an outer end
portion 82 that is noflEMBESEEAL inadvbe R accordange with fhe inysgHen adygnieseonely

mandrel , the resud 41a0g of iRl HBRiPRAGABr drds@hdMo E&Hﬁfcalr'i@gg&%rgade up of
de u

one or nore _unenbossed |ayers, an internmedi até region p of one or
mor e enbossed? | §pBpsmeyatrbut hfedlapd mereprefeshlnsbontlis tadSof one or nore

more piies. For i nstanoa oORRRARE iRk ol bR Sl TRReABE oF 4
t wo- pl y paper boacehstrutsed to Have sieeifiediesiderand buiside Risetets) foraxamplepw e
paper board ply 84.f or an outer surface qf the tube an n unenbossed
paper board ply g6t Cglrvﬁuglﬁ‘g??‘?ﬁg’rate?ﬁw]%go haY‘h@bFlB‘B"éi_,l?é]gGF@lﬁ@hEﬁ %fes 84 and
86 are adjacent &ydrsaditerest wagahéifbossddd FoPs@Rce ndim®Rite Qflipkd dpthel 1. the
positions of Féheﬁggl es.are reversed, such that t he outer ply is an

8

unembossed p i

ged ﬂe‘é WernRicgthgt qf an gtheprippidertiraunendgssed 9lyTiveo i nvent i on
can even be appl ufshiddscd pheewBhiY bk WP&ted T@mERY 4P Be OR%s BlaY thidiARE s Tne
accordance with the invention, an en‘rJosselgil %{@ can be spir é%ﬂ?y wouhd as
embossed ply. The invention can be useful in applications where the outside
diameter of the tube must meet a specified value but the strength requirements of
the tube are not particularly demanding.
20 It has been found based on testing, however, that incorporation of one or
' more embossed plies in a tube does not necessarily detract significantly from all
strength properties of the tube. A spirally wound tube having an inner diameter of
three inches was prepared from five unembossed plies of paperboard. Three of the
plies were relatively strong Grade A board having a caliper of 15 points (0.015
25  inch, 0.38 mm) and two plies were relatively weak Grade B board having a caliper
of 30 points (0.03 inch, 0.76 mm). The tube build-up from ID to OD was
2A/2B/1A. A second tube of identical inner diameter was prepared from three
plies of Grade A board each of 15 point caliper and one ply of Grade B board of 30
point caliper that was embossed such that it had an effective caliper prior to
30  winding of about 65 points (0.065 inbh, 1.65 mm). The tube build-up from ID to
OD was 2A/1Bembossca/ 1A. The embossed ply had embossments on both sides

formed generally as truncated pyramids. A flat crush test, a hoop bending stiffness
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shown in FIG 8, with one edge portion of the ply overl apping an opposite

edge

portion of the previous turn of the ply on the mandrel.

The

over |l appi ng edge 5 portions are adhered together to forman overlap joint.

Such a one-ply tube may be
products such a tQ £ladfal SBYLesPAREL TP e

pap

alum num foil, wax

useful as a co

er, etc., or as a co

re for

i

ntal ner

S t@t %%eLc%g{l/&clt%Eno ee:?fﬁ

ﬁtu\f\)%

0SS

a
d

roll -form consuner

lilB‘Ty in
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15.9

The results show that the tube having the embossed ply had about one-third

the flat crush and radial crush strength of the regular tube of essentially identical

dimensions. The bending stiffness of the tube with the embossed ply was also

much lower than that of the regular tube. However, the ID stiffnesses of the two

tubes were about the same.

In another test, a number of cores were made each having nine wide plies,

one of which was embossed. The radial location of the embossed ply within the

10

tube wall was varied to assess the effect of ply location on the caliper reduction of

the embossed ply as a result of the compression of the ply during tube formation.

When the embossed ply was the third from outermost ply of the tube, very little

caliper reduction of the ply was measured. The caliper reduction was greater when
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formed generally as truncated pyram ds. A flat crush test, a hoop bendi ng
stiffness -10 test, a radial crush test, and an ID stiffness test were
conducted on each tube. The results are shown in the foll ow ng table. Body
Paper Bui | d- upEnbossedRegul ar 1 D15# A board15# A board 15# A boardl5# A

board 30# enb. B hoans9s f{@]‘lﬁ f‘§‘“b‘8

D nensions | D, inches3. 03%}’\?\%?;&& I nc gs 21 ggﬁ%g%r%éf)gﬁ%‘?#%ﬁa Q@ieﬂ'sh,

| bs/ 4 i nches2786 SHelp Weandhagmbessedplsnee thel dightlf ply fobef the oiteo surfike (i@, tH25
inchl4.139.9 0.2 i . 345 1 nch25.286.4 0.500 inch27.181.4
Radi al crush, ps ﬁgéiz@gﬁf%ng%ﬁy%tg% g?hpﬁ%feﬁbc%’@ﬁfv & ﬁ?ﬁ?ﬁtﬁ%"gg’%sg‘lﬁ Wresults
show that the tube haway mdédficnbassRibidembadnRPQUY tHRfvdnlbisiet foltg f! at
crush and radial .cr ush.lft rength of the regul ar tube of essentially

i dentical 5 didmerSTohyill eame aniad fyons:skilled dnsthe grt te which dhsse wvertianh peréaibos sed
ply was al so W%vin@%beh@ﬁt’bf&%aéﬂén%??ﬁsﬂﬁ%zﬁee fof@gingld%%)f)ﬁ{)ns &% D

stiffnesses of the two tubes were a e sa
associated drawings. Therefore, it is to be understood that the inventions are not to

be limited to the specific embodiments disclosed and that modifications and other
| embodiments are intended to be included within the scope of the appended claims.
10 Although specific terms are employed herein, they are used in a generic and

descriptive sense only and not for purposes of limitation.
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In anot her test, a nunber of cores were nmade each having nine w de plies,
one of which was enbossed. The radial |ocation of the enbossed ply within
the 10 tube wall was varied to assess the effect of ply location on the
cal i per reduction of the enbossed ply as a result of the conpression of the
ply during tube formation. Wen the enbossed ply was the third from
outernmost ply of the tube, very lit Wﬁé&&b@éjction of the ply was
measured. The caliper reduction was greater when -11 the enbossed ply was

the fifth ply fromthe auigl 1n§%1feac%ﬁ1pnPWg was still relatively slight.

When t he enbossed ply was t e-el fromthe outer surface (i.e., the
next to innernost plyfromtdue t@ablupzértybfepiwstqurpeWaBotgmahesﬁd Rlhtred@sgetit | |

| Ma dif i di ment th t t forth 5
norei w11 cBme T RATEG G BaUTITE PRSI g bl B potampes e

i nventions pert aplurallipwf Bgert iR 1daapadk 1dasof raﬂﬂﬁﬁy I&%ﬁ&&%ra@faﬁ? Syl n the
foregoi ng descriptions and _the associated draw ngs her efor e, Y is to be

under st ood t hat fban wirEnediaigdaysr edipdly disposeddetwaeh thednes anmeltgﬁemrﬁn c
enbodi ment s di scl osedygadit tﬂéht%ghlfa{qu}ée‘rg%‘ss%rﬁ%qﬁ%n?sﬁ@ e]ggn;f) odi nrlrgﬂt s.are

intended to be included wthin the sco
Al t hough speci fi eng %dme@péar@rmmwleadaﬂneﬂmm;maﬂmﬁ cﬁcmnﬁemdalldﬁeal(gleﬂemlec and

descriptive ns ot for 0S t at VHAT 1S CLAI MED
1571 P i ng SediPedtn BBt RBE fead ope pfleadt [ asiihaou s aeapped
about an axis andsmdbdislegspacgeidlaceht lagerfiRiMegiony bf e itGHedRAYyapal | in

such a manner that tirllﬁ body wal | conprises a plurality of Iayers i ncl udi ng

at least a radial9cg® ?f@’tee’? the embossments; wherpbythe embpsspents effegtivelyrincrease

intermedi ate | ayge volifhedfithe SHSROIBFiIRRE HBg, i nner and outer |ayers;
wherein the internedi ate Iayer has enbossnents projecting fromat | east

one side thereof and spaced apart in both axial and circunferenti al
directions of the 102 b'BB‘%/WWélqgCOIWWSWIIthabﬂmnnﬁgbadyWeﬁist one

adj acent | aygs  forklbenpathialihatea phBal0of Al 3o (3PARC R3S AdhACS

| ayer fromregions of tThe I nterne oca
enbossment s, whetogbym s#ié phwdlisg efileprs, the émbdssuhhgennemxtem comprising an

embossed ply.

3. The winding core of claim 1, wherein the cylindrical body wall is
formed by convolutely winding a single ply about the axis for a plurality of turns
20  so as to form said plurality of layers, the embossed intermediate layer comprising

an embossed widthwise portion of said single ply.

4. The winding core of claim 1, wherein the embossments in the

intermediate layer are formed generally as truncated cones or pyramids.
5. The winding core of claim 2, wherein the plies comprise paperboard.

25 6. The winding core of claim 3, wherein the single ply comprises

paperboard.

7. The winding core of claim 5, wherein the ply forming the intermediate

layer comprises a wet-embossed paperboard ply formed by moistening the ply to
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the vol une of the body wall w thout adding mass. 2. The w ndi ng core of
claim1, wherein the cylindrical body wall is 15 formed by spirally w nding
a plurality of plies about the axis one atop another so as to formsaid
plurality of layers, the enbossed internediate |ayer conprising an

enbossed ply. 3. .The w nding .core of claiml, wherein the cylindrical body
wal | is forned 69058‘6}%% 8?%1‘9‘%Rl&i%lf&waﬁ%gﬁgmbﬂﬁhliﬁ%medtﬁélcaxmgtheor a
plurality of turnpsygbriewaslidgd formsaid plurality of layers, the embossed
internedi ate | ayer conprising an enbossed w dthw se portion of said single
ply. 4. The winding cgre of claim1, wherein the enbossnents in the

i nternedi ate |ayer aré& 1B WiWing989 off dl§imad; wherpicaploliymfetienare dispaseilds. 5.
The wi ndi ng cor e Qi1 a4 W .0 i i se paperboard. 25 6.
The wi ndi ng corerglalglg{ivﬁdéﬁ ergrﬁlﬁgegﬁ%’gﬁgﬁ%{[&e{&omri ses paper board.
7. The w ndi ng core of claim5, wherein the ply formng the internedi ate

| ayer conprises a wet 9erbowidingrapeefnam®, mhyreiros predlityofpibsiredispesetthe pl y
to -13 | oosen fibes i . enpossi ng..t h | y while noistened,
and drying the gﬁ‘/‘ﬂ ri gfar gf%)mgﬁ%?{)%émng@eﬁﬁiﬁﬂ?ﬂﬂ?%%core of claim 2,
wherein a plurality of plies are disposed radially inward of the ply
forning the internedi & eTheayiedingSo.of Thém\ai wilereig thoeydindficat badywval wherein a

plurality of pli g§m§i§}§mgﬁg§€§q%&n}r@g%a:p®y outward of the ply formng the

intermedi ate | ay of claim2, wherein the
cylindrical body wall contains nore than one enbossed ply. 11. A spirally
wound tube, conpri singt. AGpisallylwoualititye, edmpHsigs spirally wound about an
axi s one upo p anot her a@d . a?#pir ed .together to forma cylindrical body

wal |: wherei N at | eas? PUFRULY Hfiplicssnirally &voyn abeys a s pue Upan apetheriand of t he

cylindri c,al adhered together to form a cylindrical body wall;
wherein at least one intermediate ply located in an interior of the cylindrical
body wall is embossed to form embossments projecting from at least one surface of
the ply, the embossments abutting at least one adjacent ply of the body wall so as
15  toradially space said adjacent ply from regions of the intermediate ply located
between the embossments, whereby the embossments effectively increase the

volume of the body wall without adding mass.

12. The spirally wound tube of claim 11, wherein the plies comprise

paperboard.

20 13. The spirally wound tube of claim 11, wherein the embossments project
from each of the opposite surfaces of the intermediate ply, the embossments

abutting adjacent plies on each side of the intermediate ply.

14. The spirally wound tube of claim 11, wherein the embossments

comprise truncated cones or pyramids.

25 15. The spirally wound tube of claim 11, wherein the plies comprise
paperboard and the intermediate ply comprises a wet-embossed paperboard ply
formed by moistening the ply to loosen fiber bonds in the ply, embossing the ply

while moistened, and drying the ply prior to winding,
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body wall is enbossed to form enbossnents projecting fromat |east one
surface of the ply, the enbossnents abutting at | east one adjacent ply of
the body wall so as 15 to radially space said adjacent ply fromregions of
the internediate ply |ocated between the enbossnents, wher eby t he

enbossnents effectivel crease the . of the W|thout
addi ng mass. 12. The %%llrr ‘?ﬂ%go &E’E‘F L} IWQ‘ T‘n%ﬁé %?‘ﬁe?’ﬁén datiaes
conprise paper bepital w1ﬁ?<Dan1g13e 1e§§“tﬁa1§ﬂiohﬁ5$ Yegtbdd AbaddPR&th tid AN 11, wherein
t he enmbossnents project fromeach of the opposite surfaces of the

internedi ate ply, thelgn:ﬁcl)ssrre ts abutti n%a]adtacent plies on each side of
the intermediate ply ergpgrallpmeund (roget) b &vhgreithgiepraa leaghferei n t he

enbossnents  conpliessadithdMmMee df 1'{1% ?§d18[y RWEATD U at Tastone emgscf?‘,@ h{ﬁ% ly

wound tube of claim1l, wherein 1 €és conprise paperboar
i nt er medi ate Pl y SEegiepHian dis numbst Oémiﬁés-'sbdlmmardoﬁﬁld apleyst ohoembabsdahply.
noi stening the ply to loosen fiber bonds in the ply, embossing the ply

whi | e noi stened, and ¢gyhngid .nding. -14 16. The spirally
wound t ube of cI aim 11, \Ahglrre%%nmﬂfe% gém 1?% und at a spiral w nd angle

| ess than about 55 degsleelspive@gaﬁsemﬁmbabmhmmsmhﬂﬁtoﬁnlgspbmahl y wound
tube of claimll are_at as our lies and the nunber of
plies radially i nm%gga&m? ?dgFggguton&t;gl é’ﬁ%é‘éﬁ‘sf‘é’gegwop% baingadhgiedr t han
t he nunmber of pI tagstheﬁtdlfadrﬂm@\t&'mpﬁdin@fucﬁ hat &b plyedshs aOﬂﬁBe %H@%Ex%%tﬂéy 18..
Asplrally a single ply spirally wound about an

u rjsin
axi s such th ]é“ W%t]&ﬁng‘bi?@ﬁméﬁ&%ﬁﬁmé&Sﬁsﬂtﬂ@s@d@éw&ﬂwﬁmdejf t he
ply, the edge poﬂfeleﬁﬂb‘é dﬂféhf&ga Y j.qi nt
such that the ply forrré a tueg%rlg%%q %I?g‘?[%%{%w%bj&ﬂrcmn?%e@ﬁgggg@&t%eth
enbossment s pr oj 8@ uAges ofdhe embasserkply Goreningarf inve soffactehﬁt}pal tybe aridhd

enbossnents bein a and ci.rcu Iy of the
tube, one surfagp ﬁﬁfa&p osseégSS W&I?I#I%arhﬁutfrﬁﬁ pee s‘ﬁntfeé c-of the tube

and an )
19. A spirally wound tube, comprising:

15 a plurality of plies wound about an axis one upon another and adhered
together to form a tube, wherein the plurality of plies include an embossed ply
having embossments that project from at least one surface of the ply and are
spaced apart both axially and circumferentially of the tube, and wherein an inner

surface of the tube is formed by an unembossed ply.

20 20. The spirally wound tube of claim 19, wherein the embossed ply has an

effective caliper after embossing that is from about 1.2 to about 4 times a caliper of

the ply prior to embossing.

21. The spirally wound tube of claim 20, wherein the effective caliper of

the embossed ply is about 1.5 to 2.5 times the caliper prior to embossing.

25 22. A spirally wound tube, comprising:
a plurality of paperboard plies wound about an axis one upon another and
adhered together to form a tube, wherein the plurality of plies include an embossed

ply having embossments that project from at least one surface of the ply and are
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opposite surface of the enbossed ply form ng an outer surface of the tube.
19. A spirally wound tube, conprising: 15 a plurality of plies wound about
an axi s one upon another and adhered together to forma tube, wherein the
plurality of plies include an enbossed ply having enbossnents that project
fromat |east on ﬁﬁ@b | : : par h_axially and
circunferentiall?p%%a% e fﬁ%g%gg%gk%%gggﬁﬁégﬁuigﬁgg%ﬂgﬁﬁpgggﬁ%?m}ﬁ%aiube IS
formed by an unerstdansed the tybe BPora@d by ke eyhossddipaperberndiptyube of cl ai m 19,
wherein the enbossed ply has an effective caliper after enbossing that is
fromabout 1.2 to about 4 tinmes a caliper of the ply prior to enbossing.
21. The spirally wound tube of claim 20, wherein the effective caliper of
the enbossed ply is about 1.5 to 2.5 tines the caliper prior to enbossing.
25 22. A spirally wound tube, conprising: a plurality of paperboard plies
wound about an axi s one upon another and adhered together .to form a tube,
wherein the plurality of plies include an enbossed ply having enbossnents
that project fromat |east one surface of the ply and are -15 spaced apart
both axially and circunferentially of the tube, and wherein an inner
surface of the tube is forned by the enbossed paperboard ply.
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