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METHOD AND APPARATUS FOR j;; v s e ENHANGENG- - SEAM-UNLFORM TY. IN.. .

SPI'RALLY WOMGERSTUZBES SRR Fi el d“of the |PCRWSPTIBTIS
The invention relates to a nethod and apparatus for manufacturing
spirally wound rigid tubes, from paperboard, plastic film netal
foil, or simlar sheet materials. Mre particularly, the invention
5 relates to a nethod and apparatus for enhancing - uniformty of
the spiral seamin spirally wound tubes - that are preferably fornmed
fromsheet materials - - |nclud|ng paperboard plies.
Backgrround of the Tnvention 10 - ~-Spi Fal-ty-- mpund paperboard
t ubes and paper board conposite tubes (tubes having one or nore
| ayers of paper and/or non-paper sheet material such as ~ plastic, foi
or the like), are used in a wide variety of appli-cations throughout
numer ous i ndustries. For 15 exanpl e, spirally wound tubes are used as
wi ndi ng cores for winding filamentary materials such as yarns,
threads and the Iike, and for wi.nding of various sheet

'METHOD AND APPARATUS FOR
ENHANCING SEAM UNIFORMITY 'IN
SPIRALLY WOUND TUBES .
"Field of the Invention
The invention relates to a method and
apparatus for manufacturing spirally wound rigid tubes,
from paperboard, plastic film, metal foil, or similar
sheet materials. More particularly, the invention
5 relates to a method and apparatus for enhancing
uniformity of the spiral seam in spirally wound tubes
that are preferably formed from sheet materials

including paperboard plies.

Backaround of the Invention

10 E Spirally wound paperbocard tubes and
paperﬁdard compogite tubes (tubes having one or more
layers of paper and/or non-paper sheet material such as
plastic, foil or the like), are used in a wide variety
of applications throughout numerxous industries. For

15 example, spirally wound tubes are used ds winding cores
for winding filamentary materials such as yarns,
threads and the like, and for winding of various sheet
materials including paper, synthetic.films, cloth, and
other materials. Spirally wound tubes are also used as

20 containers for food products such as frozen juices,
bread doughs, and snack products;'and as forms in the
building industry, e.g., for formlng concrete columns
and the llke '
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'Spl rally wound tubes are traditi onal ly formet by wi ndi ng conti nuous
plies of paper board or other, . sheet material around a stationary
mandret . A - - -pluralitSPE¥aklyiysuse pubes are teaddsdereddYelfoxmeas 5

of “the ”andrel'H&E%fﬁﬁﬂﬁﬁ|&bﬁ@%ﬁu@gsrﬁhﬁbb°8§hb3perboardE@Qhd@%e&he plies
~i's. wound spirally. onto the ngp . onto an un% |3§&ply so t hat
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adj acent the pluxtarna:idy ngE whgmpé arppﬁedl agepareal eAtef thiee efltexdied SO
10 t hat_each ?/Fform; &-d di al Xa} ﬁ& I gl i I ndi vi dual
plies are 2oat e®fFo Qﬁu¥§ﬂ o ?a%eg fhd ayereél GE-& PHEP &4ch | ayer
is adhered to e&@alklr adi alley Plles bdjwoend bpyerlly bobom &heymamdriedalort ube
wal | . A rotatd t hg,ex i p a d_teu S

as it is being- %?he (J?ﬂ%?fiigﬁ é?lg %O nge thieﬁaﬁnb éagg S% ?%g
moves spirally @@mﬁHQNPQﬁmﬁ#QneéslmtContaCtlwlbblng a#dimegnt the

For various reagoas, jidy Odusmé Cdi,é‘ééég%ﬁ?ra?fu&ﬁ BEeEhéebXKCQBHV g the

rel ationship betweenthez n g e}%les,
whi ch defithe  that; gacdpinly %%%m#l% ’E‘ﬁ‘élPéy%?’éeEfofh heybubert The

Ileadu ng andftrallhld\l?\,ﬁrlﬁg@.s pm‘léélea:pé yc@aeeapaﬁfednéreﬁﬁ both feaeb Q%Phra a
ap is forne i C ad ec e_st or

gp%egr gnce of tHeYWuss %r{ %$#?§/ lﬁn?:%'ﬂ??% q %6 Iﬁgéﬁﬁgﬂéﬁ t hese
edges can alg alviegitl . ayrededio afdbem a/\heynlihériuabstvabe waedl . asA
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spiral seam.or over
15 as it is being formed on the mandrel and rotates the

tube so that it moves spirally down the mandrel as it
is being formed.
For various reasons, it is highly desirable
. to precisely control the relationship between the

20 leading and trailing edges of the plies which define
the spiral seam in the layers of the tube. If the
leading and trailing edges of the ply are spaced from
each other, a ply gap is formed which can adversely
affect thé.strength-and/or appearance of the tube.

25 Similarly, uncontrolled overlapping of these edges can
be highly undesirable.  When the tubes are used as
winding cores for film, paper or other thin sheet

“material, a gapped spiral seam or ovérlapped spiral
seam .on.the exterior of the tube can adversely affect

30 the appearance or quality of the sheet material wound
onto the tube. In instances when the sheet material is
wound tightly onto the tube, a gapped or overlapped
spiral seam in an interior layer of the tube can also
adversely affect the sheet material because of soft or

35 hard spots caused by the seams. For similar reasons,
spiral ply gaps are also undesirable in textile winding
cores. In the food industry, spiral wound containers
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seamon the exterior of the tube can adversely affect 30 t he appearance

or quality of the sheet material wound onto the tube. -In-instanees-
when the shewdogmeerial i.s -  wound tightly onto the tube, PETGSIDRINIBI
over | apped spiral seamin an interior |ayer of the tube can al so
adversely affect the sheet material because of soft or 35 hard spots
caused by the seans. For simlar reasons, spiral ply gaps are al so
undesirable in textile w nding cores. IM3-the food industry, spiral
wound cont ai ners . WD 98/ 02297

PCT/ US97/ 13718 often contain exterior labels which3are appliegfigs the .
contain exterior- lggbglis é/ﬂlh.@dl af@,r@ﬁ%feéhastabe In thfibn@lasani il -dayer—
of  the tube. In thls case 4ﬁﬁ desi rabl e to have a _
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har m adhesion of the ply to'its a .
hbnunlforn1sp|raItbeammuﬁnmpnxﬂr(%ﬂkﬁ?M&d&QIﬁmﬂayers ofoah&parally wound
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i nside | ayer of the t Includes a printed surface, or when t
smoot hness 1f .~ unevere sgEM FAd REGRIIREIEVEN | BRRF @Mt ACEOFS, a\méw cha

tube is used to fgp¥maePRE e dfoltufamplr}omwlit% djacent Shtak SeaARBnALE
al so highly undesjirable. For these and ot her reasgns

careful 20 attentP¥R¥irs JemerdifigryisRital serMS RIse S¥nFauFEnghe tube
the spirally moundothbeenannbacMmmﬂm;mnguxﬁﬁgth alondloiesyelengbh. Sean

uniformty is kno to be _di ul ont r p i sj on because
of numerous factogHose lnsﬁn&o % tﬁﬂftﬁle‘%%dg L§%ﬂ%ﬁ%r§c§ss These

25 fact ass i ncindédudesi at pem@tleud tsensﬁam,orozccydsem udm‘ osmoothness of
‘the of the inside layef is important, e.g., when the
tube is used to form a concrete column, nonuniform
spiral seams are also highly undesirable.

For these and other réasons, careful .

20 - attention 1s generally given to the spiral seam during
the spirally wound tube manufacturing process.
However, the seam uniformity is known to be difficult
to control with precision because of ﬂumerous factors .

~ involved in the tube manufacturing process. These

25 factors include variations in tension or construction
of the winding belt, variations in the raw materials
used in forming the tube or in the force of the motor
driving the belt; adjustments by the operator in the
speed of the manufacturing process, changes in the

30 force required to pull the plies of paperboard or other
material onto and along the mandrel] due to
irregularities in the ply or the feeding mechanism for
thé ply, changes in friction between the.innermcsﬁ .
layer of the tube and exterior of the forming mandrel ;

35 bending and other deformations of the winding mandrel
or the drums supporting the Winding belt; downstream
forces which are applied to the tube such as the force
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enpl oys a pi urallty of raollers m)unte on t surface Jhe t ube
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of rollers mounted on the surface of the tube forming
maﬁdrel and a paper ply feeding mechanism which is
mounted for axial movement with respect to the mandrel
20 in order to overcome irregular movement of the winding
belt. This is said to allow for variations in the
position of the winding belt with respect to the tube
forming mandrel by automatically adjusting the axial
position of the ply feeding guide along the mandrel in
25  response to such variations. .
U.S. Patent No. 3,150,575 issued September
29, 1964 to Couzens et al. discloses a method for
improving the uniformity of spirally wound paperboard
‘tubes by employing two "eyes" or sensors which are
30 spaced and monitor the spiral seam on the tube exterior
' at two spaced, spirally corresponding downstream
locations. Any variations in the two corresponding
seam locations, when detected, initiate adjustment of
the helical lead or pitch of the wound tube by
35 - adjustment of the angle of inclination of the winding |
belts which wind the tube onto and along the mandrel.
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havi ng a helical thread positioned directly upstream of an expansi on

plate which is said to expand the dianeter of the tube as it is

bei ng for elical thread is said to function ascpySeGEasf or
t he paper msaété?i%)agzgt’ form ng the paper tube on the nmandrel. Although the
helical .thread m ght effectively control the novenent of the
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thread. In this - -4/ 1-
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belt, the 20 adhesi ve which '§aéQHE' ﬁg ogtgzt—)hggguq:ga%ﬁnirhgg)elt :

and the contenplated variations in respect to |
the tube, the tubdigarted e fatmeﬁhod and BREREAEHE SPTaMRFdad WiRiamlly

varies frO”‘the'ﬂwﬁﬁﬁﬁusIEeves fortﬁﬁlﬂehhg %§1lnders whelean S. Patent.
3,033, 736 dlscloses t ubes fr.om paper strl
whi ch’ docs ot - SndendiidAly leonrraliaPle PREPBAISTENREeHhR AR
enpl oys 15 a rddiatealides] rerithie| winds aadheatiabl ecatedt abpesaonto a
sleeye for providgg%éfgaé¥§\%%£&{§§ &QﬁdQQYiQQ Egger to enhance control
S "of the winding angle. The force and torgue
transmission of each motor is said to be independently
controllable. In addition, the widths of the

20 - individual tapes can be slit on-line near the'point of
winding in order to precisely control the spiral gaps..
The on-line slitting is controlled in response to a
video camera which monitors the gap on the outer
surface of the tube. _

25 : . Despite these and other propcsals to
precisely control the spiral seam on paperboard and
other spirally wound tubes, spiral seam uniformity
remains a concexn throughout the industry. This is

_ particularly true when a high degree of precision is

30 desirable.. Although the above apparatus and methods
and/or other known apparatus and methods can be used to
control spiral seam uniformity with some degree of-:
precision, the cost, complexity and reliability of the
various methods and apparatus which are used for this

35 purpose are such that there is no practical and
reliable method and/or apparatus for ensuring spiral
seam uniformity that is accepted throughout the
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‘which can vary from operator to operator and from

manufacturing shift to manufacturing shift. The method
and apparétus of the invention can desirably minimize
the impact of winder and belt quality variations on the
uniformity of the wound tube and can decrease the -
precision of winder adjustment required in conventional
tube forming processes for controlling tube uniformity
in the conventional spirél winding process.

| In accordance with the invention, a spirally
wound tube of substantially constant exterior and
interior diameter and having enhanced spiral seam
uniformity is formed using a spiral pitch control
surface that engages with an exterior or interior
surface of the tube and constrains movement of the tube
to_a'preaeﬁetmined épiral rotation as the tube is

formed on a stationary cylindrical mandrel.

- Preferably, the tube engaging pitch control surface is

30

35

a surface formed on, or positioned along, at least one
exterior, spirally aligned portion of the tube forming

mandrel. The tube engaging surface is preferably at

least one continuous, spirally aligned linear -
prottusion along an exterior portion of the mandrel,
but may constitute a plurality of spirally aligned
discreet protrusions on the mandrel surface, or a
spirally aligned linear depression on the mandrel
surface. The'pitch control surface engages a surface
of the tube as the tube rotates on the mandrel so that

y .
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‘U'S "Patent No. 4,473,368, issued Septenber 25, 1984 to Meyer
proposes a ween237y feeding . mechani sm which i s supporRGUUSAT/13718r ane
that is rotatable with respect to the stationary nandrel. The 5
spiral w nding angle of the paper strips with respect to the axis of
the mandrel is nonitored during the tube -manuf act uri ng process and
the so-called "pay out" or _ feed angl e-2f the paper plies with _
respect to the mandrel is varied in response to any changes in the .
10 winding angtke movement of the tyk® aHgmgnttheo madrzy o8 faceaidner
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uni formtylo s&wmahsangb%n@@ﬁnspﬁﬁsdgh@uﬁ ﬁhaedn§e§th iTlei-s itdhe

particularly trughen @1&9&@%&@@19&@ @¢bfi BRel $e381uti8ASHIAIL the
Al t hough the above appar at or. ot her known apngatus

s an
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for ensuring sp|marface of the mandrel like an elongate threaded nut
rotating along a threaded rod. The spiral thread-like
surface or surfaces on the mandrel thus compel and
limit, i.e.,econstrain; movement of the tube to spiral
rotation along a spiral path corresponding to the

- 20 spiral thread-like pitch control surface.

| In one advantageous embodiment of the
invention, the pitch control surface is'formed on the
surface of .a mandrel extension which can be attached at
the downstream end of a conventional mandrel. This

25 allows pitch control surfaces of varying spiral wind
angles, that is, of varying pitches, to be applied to a
single tube forming mandrel in order to accommodate the_
manufacture of tubes from different ply widths on the
same mandrel by use of different mandrel extensions.

30 Alternatively, the pitch control surface can be formed
on the mandrel surface by a permanently attached or
rémoveably attached exterior sleeve or partial sleeve
that is applied to the surface of the mandrel, or by
forming a pitch contxrol surface on or in the surface of

35 ~ the mandrel. ' '

In one advantageous method embodiment of the

invention, a spirally wound tube is formed using the
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despite d%@ﬁﬁﬁzz@; experience in the manuf act ure of sE¢RisbyPLSs :
Summary of the Invention The present invention provides a
met hod and 5 apparatus for enhancing the spiral seamuniformty of a
spirally wound tube that is sinple and reliagle. The nmet hod and
apparatus of the invention can provide rigid spiral wound tubes with
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conventi onal Sp'ééﬁt%b?dbﬁgfaﬁgcE%%nstream w1nd'ﬁqﬂH§¥@ance‘Mth
the invention, a spira g wound tube o su stantl y const ant
exterior and 20 Becﬁhﬁér Be apawBileroiRd leayodg téshdnbed Ahithe mangdrel
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constrains nmovenent ‘Pcf'ﬁéo’f‘uB sre’t & glgaérg &t SniPRE lﬁﬁ# &P difdbon as
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- Preferably, the t c rface
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formed on, or pos ong, ex erior, spira
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| I near . protruslon ong an exter portion o
overlapped seam. Because the final ply layer is
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15 applied downstream of the winding belt, it is not;
marred by contact with the surface of the winding belt.
In addition to pfoviding spiral wound tubes
of imﬁroved uniformity, appearance and/or strength, the
method and apparatus of the invention can substantially
20 simplify and improve the manufacturing process by
- providing the practical ability to precisely control
the position of the tube and the plies along the
mandrel which allows the use of repeatable process
start-up conditions and apparatus alignments. In
25 addition the invention can improve and stabilize the
uniformity of the angular alignment and the relative
- axial positioning of the plies during the winding
process thereby reducing tension variations within and
between plies while also minimizing the need for

30 process adjustments during the winding process.

Brief Description of the Drawings
In the drawings which form a portion of the

original disclosure of the invention:
Figure 1 schematically illustrates one
35  preferred spiral tube-forming process and apparatus

according to the invention;
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but may constitute a plurality of spirally aligned di screet
protrusions onthe nandrel surface, or a spirally aligned |inear
depressi on Wi dgi@agyandrel 35 . surface. The pitch control spefmsenrsngages
a surface of the tube as the tube rotates on the mandrel so that
WD 98/ 02297 PCT/ US97/ 13718
=7- the nmovenent of the tube along the mandrel surface is
substantially constrained to spiral rotation-.g- .corresponding to the
spiral alignnent of the pitch control surface. 5 In
one. preger[ed enbodi ment,  a FERhird 2 i Ehdstrates a|§$ﬁt$uﬁfaﬁeoh& formed on
t he mandrel surface xtend ufficien the.l ength.of. the
ndrel o GaEEeRsTEes SR IRRS E PE PRRGRTL of ERPYEF Lnfodarising
| i ke protrusions. tﬁhepmuqyﬂnpnnnpkﬂsgrﬁabeioﬁ.Uhmfmamdi@l spiral angle
and spaced at a fixed pitchg;l g&;e érﬁiluﬁﬁfaﬁﬁé Al disiapce, pesul ting from
a

one revolution along the spir FAlses . the Tnterior

surface of thhe = sectipmgd, vieWw ©f §T¥%|W¢%¢lre%?9m@1%o%h@‘me¥§i Bhguge t he
exterior surface ¢f thgemBRdRly ANhd &IPS M OND tIE1dS rat VAT REEeOf

the mandrel |ike an elon ate threaded nut rotating along a threaded
rod. The spiral tBfEaghepkée a groayg fideehs mapdrRbsSWAEadR PrnbRek thus
conpel and. wkll@ihg brea dAFFededi provedenthf dlehdtbeche wpkeakn

rotation along a sglral Bath corresponding to the 20 spiral thread-Iike
pitch control surf I n one advant ageous enbodi nent of

t he irovention, the pi Féguscentr dls surdaaneidls thaenmedeiose tdeoss -

surface of a mandgel..exhensi,0n, whighcan b A4ACHEY A rigucd P ang

downstream end of “a conventi onal pit
surfaces of varyi hglepFrakedi ﬁdportlonam?gfl ddhe mendres . dthey @iticly perthel,

to be applied to gyrface, sgﬁgl %h%ugglfr%rlmwgvmrt@bé FXHS d¥ereon;

accomodat e t he. manuf acture of tubes fromdifferent ply w dths on the
‘same mandrel by use of diffErERFSmAndldMsEnasRs GRe preferred pitch
15 control mandrel extension according to the invention in

an exploded view and also illustrates an end portion of
a spiral tube forming mandrel;
Figure 6 is a transverse cross-sectional view
taken along line 6-6 of Figure 5 and illustrates one
20 preferred apparatus for engaging a wire alohg a spiral
surface of the mandrel extension of Figure 5 using the
- application of tension to the wire
| Figure 7 illustrates a mandrel having an
alternative pitch control surface comprising a movable
- 25 belt with a high friction surface inset into the
mandrel surface along a spirally aligned portion
thereof; : |
Figure 8 illustrates a partial cross-
sectional view of the mandrel shown in Figure 7, taken
30 along liné 8-8 thereof to illustrate details of the
pitch control surface thereof; and '
 Figure 9 is a partial transverse cross-
sectional view of a mandrel, a pitch control surface,
- and a spirally wound tube being formed thereon, similar
35 to Figure 4 and illustrates one embodiment of the
' invention wherein the pitch control surface is engaged
into a ply gap in the interior most layer of the tube



30 Alternatively, the pitch control surface can be forned on the

mandrel surface by a per manently attached or =~ = ‘renoveably attached —

exterior SR 2@; partial sl eeve that is applied to pegusewmifame of
t he mandre or by formng a pItCh control surface on or in the

surface of 35 the mandrel . I'n one advantageous met hod
enbodi ment of the I nvent | on, a Spl ral on wound tube is formed using
t he WD 98/ 02297 PCT/ US97/ 13718

- 8- pitch E?‘ﬁ% 35& a Q-_fn;#] sdﬂé’f oca égg&[fé&étw1th a

| east a portion®8f n (o1 SUT'T ace |s on“the

mandr el downst rpartdabnt o€ \Mh@dlﬂﬁfm telyrheayer. ~ final, exterior pry — 77

| ayer is applied to the surface of 5 . the tube at or adjacent.the.
| ocation of the pitch - control surface domnstreanlof t he mnndlng
bel t. BecausBetaalegdi RAALQI Qf 72 = d ([Embodimant

is precisely controlled bygt f&@ze()'fd?.ﬂ&,ﬁmg c&etgség[jéa:qi@gcvlptlont he | ocation
where the final is appli the fin | ayer be,.applied to
the tube Wi th tﬁ§e¥'8ﬁ‘f§fil Gﬁlb°%mef’c¥rs IR HP}F p‘rré‘é)%%" e‘%eeﬁ ’rﬁ"% |
spiral seam havifd dlscuse&ﬁelitrl Adtyailo no Sez’fdkelegepxaat‘flccbsmf eche or havi ng
a - uniform pred termn r_ havin r 0 d
seam Because tﬁngflﬁéPnpl y ayer e'l % §ppax%nqi :{{g{(gtgoa{v%tl%oue%h éﬁé%%@f@

wi ndi ng belt, itekmsnare used rmx mmmmmtpmﬁernecb enbodiveentts he

wi nding bel t se, gre used lih 34 ﬁ%&%fbﬂ@'é@ﬁ& Shid axl.oﬁ"DE’cF&d fhbes

of i nproved unlf appear ance an strength hod and

appar at ug 0of thpurpveﬁt p8n 1dad tsmiss tth | invenEAPn thexaRq fy Iaﬁﬁd'”rlfﬂprove the

manuf act uri ng pLPes8SBeb¥pp arentprt‘i‘x\é!td't!'lﬁa tﬂﬁréﬁ%ﬂ G fldddgyibre pEecasely
control t he p05|t|on of t ube and ”ﬁc I es al ong the

mandr el whi ch a‘r’lléﬁ/svt"‘ﬁée&é’eoéf 21732 W Ome aPRRLERL (fFom a
condi tions and aaﬁaﬁaéuatabmmfem ﬂﬁéﬂ&'red antiddioveritee ofivieng | on can

| mprove and Stabl L englon as showlflm rtrﬂ yatqgcacll'naed Mnﬁ{gsalér&f'”ent a.nd T h?

relative
15 described in detail below.

Figure 1 schematically illustrates a
preferred spiral tube-forming process and apparatus of
the invention. As seen in Figure 1, a continuous,
spiral wound tube 10 is formed on a stationary mandrel

20 12 having a spiral thread-like pitch control surface 14
formed thereon as discussed in greater detail below in
connection with Figures 2, 3, and 4. A first ply 20
having a width W is fed onto the mandrel 12 at a
_wiﬂaing ahgle o which is determined from the winding

25 diameter of the ply, D, and the ply width, W of an
'1deal perfectly uniform width and perfectly straight
ply 20 by the formula:

. 8in o = W/rD

As will be apparent, the above'formula is typicaliy
30 corrected to take into account tolerances, i.e.,
variances from ideal conditions, the intended ply gap
‘or seam overlap, etc. The pitch, P, of the layer
formed by ply 20 is then determined by the formula:
Pitch = Tan o(ID)



a>‘<i al positioning of the plies during the w nding ' process thereby

reducing tension variations withinand ~—~ - between plies while also

mni mzi ng whemead f or 30 process adjustments during the \BIOTAIS9g/13718
process. Brief Description of the Draw ngs

In the drawi ngs which forma portion of the original disclosure of
the i nvention: "Figure 1 schematically illustrates one 35
preferred spiral tube-form ng process and appanat us according to the
i nventi on; : WO 98/ 02297

PCT/ US97/ 13718 ~ “"1t is to be noted that the ideal ply wiQ}th W g 2

iTlustrates a portiy ndﬂigog&?gle o c}t'lﬁnbe ?’E’htaers tg(_dLlsLél;n 2 9 é%.‘{l&hlgﬁrﬂfér

of  Figure 1- COprI’IwSJi contraol “sur
mandrel ; - . to ply layer Flbgga@ss r-hbuwndtl@g digmeties) xrafseach ply 5

sect’i onal Vi ew of ralﬁf‘%@é&he§%u”@8és§ﬁ%@y BrEagWrCas the wall 2, taken

alongllne33the toillustrate a wr att achedtoagroove
in the mandrel suthdcknsss £k the tube 10,dpdbHglsr UR B F&CEnSYSSRSEIYe
that -anchors.the Wifyd N However, th8€p@teRVEf ecach Py layer must Hd gure

4 is a partial transverse crpss- sectional view taken along line
4-4 of Figure 1 aidpe same since each Bl¥slaYpsr PP§h BPVEhEDFaf@ME 2% :
pitch control dlstancéwfcmg theadmahiéradi fakl gavhurdvblhe ifoor ked the

Egereogontrol mandPhe & &7 accor’geing %EFﬁgﬁ ﬂgg?{t’ égfe 19dvgldtt%h

expl oded virw andaaldsahd |wistdingsanglend portadbh of the ply layargplaml
tube form ng mandr glculated to ma: intai %1E#Hu§e%§%5 ?ﬁttransverse

cross-sectional view en a I ne Figure 5 and
illustrates one 20 pr'@%rl'ﬂéd %?Jp%%tth@ fermedgadi RgrarRrAEdal ong a
spiral - SuRfaGe Of1d hand Bl £bi EXx68Ngi 90mol aFi gURE i RAuBEENGHRR
'materlal, as will be apparent to those of skill in the
| is - art. The ply 20 can also be formed of composite'or

multiple layered sheet. materials such as a paper/£film
laminate; a paper/foil lamihate; a film/foil laminate;-
a paper/film/foil laminate, and the like. _
: ‘A plurality of plies, 22, 24, 26, 28, 30, and
.20 32, which, like ply 20, can be formed of various sheet
materials including paperboard, polymer film, metal
foil, or laminates, are coated with an adhesive at a
conventional adhesive cOating'station 40 and are
.superimposed in radially layered relationship onto the
25 interior most ply lajer 20, No adhesive is applied to
the exterior face of the outer paperboard ply 32. It
is preferred to apply adhesive to both the interior and
exterior face of the paperboard ply 22 which contacts
- the innermost paperboard ply layer 20.
30 - The radially layered plies are spirally wound
onto and advanced axially along the mandrel by the
. action of a continuous winding belt 44 which is driven
at a predetermined winding angle alpha by winding drums
o 46 and 48 as is well known in the art. At a location
35 downstream of the winding belt 44, a paperboard ply 50
is coated on both faces with adhesive via an adhesive

station 52 and is thereafter spirally wound onto the



application of tension to the wre o Figure 7

illrstrates a mandrel havi ng an o at ternati-ve-pi-tcth control

surface conprising a novable 25. belt with .a high frj ace

i nset i niV¥O PRF27 mandrel surface along a spi ?al I yba ':lggzgﬁ%%rt i on
t her eof ; - Figure 8 illustrates a partial cross-
sectional view of the mandrel shown in Figure 7, taken 30 along line
8-8 thereof to illustrate details of the- 12- . pitch control surface

t hereof ; and Figure 9 is a partial transverse cross-

sectional vi e\ép@ftﬁampdfekmea pubeh1ooetrialinguthaecérive belt-44.andk a

spirally woun ube be fornmed there | r |gure 4 and
illustrates one %ﬁ%bd?ﬁggf 1B8F Pﬁgergoa%& lgyg#Légnﬁﬁoﬁééhereln the. pitch
contr ol surfaqpasse@nghgedgh an in-linensdifting g@parnatuise Sontdhidadr nost

| ayer of the t 2
PCT/ US97/ 1371 ﬁbrlses tVE’BQQQE 8% radial shear bﬁgdes 57, %ﬁ?%ruu t he

pi tch coBtrol Emmta@é hlg@eengagéydwpghoae bladepgbaven agd O L& ply

| ayer. e Degnel BibaR <057t henByef of pod cisho diement

In the follomnng deta| ed descriptian, erre gb %ﬁ f the

i nvention are aRALPT padportionyh 8#38&?5@& PﬁtgngﬁFStS % I%?egglce of
the - invepti®n. cbtehel & ?El@ﬂﬂ@bﬁnbﬂ [T @ﬂtthmglnhspwﬁe ao terns
are used to descrjbe the ?erred e re used in the

descriptive séﬁ%%f%ﬁﬂ'no?ﬁ?oFrPﬁ@eéo a ﬁgeﬁggglgg i ﬁﬁﬁé fe invention

theretoyo It wlitter 1sahpp1bedappathetaﬁhaelwhecpnmedtsawﬁayesuéteptlbIe

to a wi de vari e g ] t o
consi der at i on RAPTHRC £¥%f%l§esa ﬁ%ogﬁEWE%§ Q?gﬁggh%pEQBQPnsgﬁﬁgi%ﬂw shown
in the attachehawbawmﬁgshanﬁubs 10.deThei Beadingders tradlidng edges

Figure 1 SChenﬁé'éﬁé|¥s"&Héﬁéé&?@er, of the exterior ply 62 are

laid adjacent, and preferably in edge contacting

15 relation to each other, to form a spiral seam 68 whlch
can be visible or nearly invisible upon the surface of
the final tube 10, depending on the gap or overlap at
seam 68, which can be precisely controlled according to
the present invention. The continuous tube 10 is moved

20 axlally along, and past the end of the mandrel where it
is cut by one or more cutting stations 70, typically in
the form of radial saws or in the form of any of
various tube cutting apparatus that will be known to
" those skilled in the art.

25 ' Figures 2 and 3 illustrate one preferred

| spiral pitch control surface that can be £ormed on the

mandrel 12 shown in Figure 1. The pitch control
surface shown in Figure 2 is formed by at least one
continuous spiral thread-like protru31on, 14, which is

30 flxedly or removeably attached to the exterior surface .
of the mandrel 12 along a predetermined spirally
aligned path which forms a predetermined spiral wind
angle a with respect to the surface of the mandrel 12.
The protrusion 14 is preferably formed on the mandrel

35 along a sufficient spirally linear path i.e., a linear
:path forming a spiral line and not a straight line, to
form a plurality of turns or flights 80 which are



| _
preferred spiral tube-formng process and appar at us of - the invention.

As seen in Figure 1, ‘a conti nuous, ~spiTatwound tube 10 is fornmed on
a stati onaryogapstese! 20 12 havi ng a spiral thread-like pi tREIFELHUIFTB
surface 14 formed thereon as discussed in greater detail below in
connection with Figures 2, 3, and 4. Afirst ply 20 having a wwdth W
Is fed onto the mandrel 12 at a wi nding angle [err] which is

determ ned fromthe w nding 25 di aneter ofiz-he ply, D, and the ply

wi dth, Wof an - i deal , perfectly uniformw dth and perfectly straight

RISyWZ:)l' b%et Qgpgfég?éé?ﬁéfﬁﬁmvee?h r?lflher at a pr?detemméérp}tchwgeas] D
ca

i nto account  tol e?-%l;"lBéErate : ¥ Var%sa Qg'é frc%)ar;t]:ﬁg"ealfs %{%@fﬁ%ﬂsﬁolﬁake

} nt engeg pl?/ ggg exteﬂdel‘ radamld\yetduamami of Tthe puxface obfthecmanageel

or me y ply t he termn for

Pitch = Tan [err]%?l Bede %e% g.gl/ 83'212%1}?5 PrMYRione preferred

PCT/ US97/ 1318 mbodlment of the invention, the prqgygrusion 14 cazptbgs to
be noted that theg éronlp?%y W4t \Wand, 1s remoﬁEiEHbeﬁﬂﬁéﬁmiﬁéﬁi1?hanbe

by a small anount ayer | ayer
di aneter D of eachtphaghed into Iaaﬁép%’&:cﬁm% y 4 \/"g??cla%‘f%’g%%‘g?e ‘\gtnfha

wall =5  thickpesgreh .t heneubgotie &domdﬁ deaﬂiiesmm@:s 1vat
| ayer. However, the rtch 0 ea?ﬁ rrnli‘?lbyt P s?nce

each ply |ayer nueePRBvEbBiRE 5nF laﬁlé/nt Lo Hfish™ ng Jtﬂ}%e mandr el
for each rayol uti ggaghsthamovement tdnh:eo]ﬂ)metgmomcﬁﬁalthI&:Qoﬁ!h$¢hgly t he

ply width W 10 3}@69\,#82}% %ar& %{]g:iﬁ%[i%r{ ]Cfg PrdlidiAd itf'etcplé!xi:é‘ﬁ&rs

are cal cul a| n
' above, i.e., radlally outwardly of the surface of the

mandrel 12. .If desired, a plurality of spirally.
: parallel protuberances 14 and 142 (illustrated in
15 Figure 2) can be formed on the surface of the mandrel
12. | | |
'As illustrated in Figure 4; the pitch control
_surface-l4 engages and forms a small indentation in the.
interior surface of the innermost ply 20 as the tube 10
20 °© advances along the mandrel. Because the pitch control
surface is a spirally aligned surface, the pitch
control surface guides the rotation of the tube 10
along a predetermined spiral rotation path, and, under
normal circumstances, causes only a minor increase in.
25 friction between the tube 10 and the mandrel. However
when an axial force is applied to the tube 10 as it is
being formed on the mandrel, as a result of engagement,
for example, of the tube 10 with the saw 70, or for
. example, as a result of variation in the tension or
30 direction of the force applied to the tube 10 by the
winding belt 44, the pitch control surface 14 applies a
countervailing force that constrains the axial movement
of the tube 10 on the surface of the mandrel to the
axial movement corresponding to. the spiral fotation_
35 defined by the spiral pitch control surface 14.
Similarly if the rotational force applied to the tube

10 changes due to, for example, & variation in the



The ply 20 can be fornmed of paperboard, polymer film netal foil or'

a simlar continuous sheet -~ --material,~as wi'll ‘be apparent to those of
skill in the 15 art. The ply 20 can al so be forned of ' or
mul t'i pl e WR8f08%7sheet . material s such as a paper/film ﬁgﬁﬁ%ﬁh&?@;
paper/foil lamnate; ‘a filmfoil |am nate; : a paper/filmfoi

| am nate, and the |ike. A plurality of plies, 22, 24, 26,

28, 30, and 20 32, which, like ply 20, & be forned of variOUS sheet
mat er.i al s including paperboard, polymer film met e g
l.am nates, are an (i zeCER P cthe Force aPP%bﬁ@eE?lﬁhﬁl HBfedPve

coating station §P v@fr?dmg bel@@@”f'ﬁé’sﬁﬁttﬁ £8dt bl yshegacedi4
rel ati onship onP t he 2 imterior adh §|ve S
It

applied to aPHﬁ%?ﬁa&eﬁ?%ﬂt?¥ﬁﬁﬁkﬁn$h%gﬁé?egxiﬁp%?ﬁﬁﬁralBFy
}S pre]fer[]ed tor@mltxi&ﬂmﬁla&eet@mmota@ théesipfagadof the maemteeilor
ace of the paperboar 2 which contacts b N

paper boar &P ply IF&y& a%%yn correSponélﬁ%et?aﬁP%J?ébfg%eggéggﬁles are
spirally wound defined iy torel slicant epli aeh atbytmbbngurhacenbdrel by the
action of a continuous wi ngi c d th@ttﬁb 10
predeterm ned wi nding angl'e euréﬁgéfa55¥$# fbfée ébﬁffed to and 48eas S
wel | known in thy ahe pidtch dantrd rﬁ%facedzasm@@t@ém@?dth@ YRRAPHE bel t

44, a paper boar %sgaételrc‘i)...ﬂ%fz the é&&ﬁﬁﬁ@é o Qﬂahﬁ@&ﬁéem&ﬁb adhemeve via an

adhe5|ve and 1s thereafter_spirally wound ontg Re
VWO 98/ 022D pitch control surface 14 1nc1ud1ng) %Eéqﬁggblg t
-12- par T[:Jl%HhV doridmsh taiber A&k exd | i fige t Lt éhit ver behé dépthAof

final, exterior erboard | a er 54 |§hgr§i€%€b!§%%r?l bB§§ggg ?Qr ggg an

in-1ine S|Ittln6 WO~ parrs o
shear bl ades 57xh&aamtéilor[Bnrfaﬁetmédeh°|nubadlhg the brauevagéeeoand

one blade . W e deh, 86’@:}‘81%199?.5&:9“158 d b

and/or a pOI‘tIOH ?(5'% félgﬁee or (%]ﬁ %@g@&?ﬂt% é/ pri oranto %Ihe

appllcat|bm of tchpe mppqu;qnﬁitqnﬁrqgﬁerlstlcs o he pitch control
surface 14, as will be apparent. Thus the construction

of the pitch control surface 14 can be widely varied to
provide a pitch control surface 14 in accord with the
_invention, capable of substantially constraining the

20 moVement of the tube 10 along the mandrel 12 to a
spiral rotation corresponding to the spiral alignment
of the pitch control surface 14 despite numerous force
variations that are applied to the tube 10 under normal
tube manufacturing conditions.

25 : When a continuous pitch control surface of.
the type illustrated in Figures 2 and 3 is employed in
accordance with the invention, the wire surface can
extend radially outwardly of the surface of the mandrel
for only a small distance, for example, between about

30 0.1 mm and about 2 mm, while applying a force capable
of substantially constraining the movement of the tube
10 along the mandrel 12 to a spiral rotation
corresponding to the spiral alignment of the pitch
control surface 14. 1In various advantageous

35 embodiments of the invention the wire surface extends
radially outwardly of the surface of the mandrel 12 for
a distance of less than about 0.5 mm so that the tube



N3

surface. The trimed ply 62 exiting the in-line 10 slitter . is applied to
the adhesive coated surface of '~~~ paperboard ply -50 to-thereby-formthe -
final exteriyogmaey | ayer of the tube 10. The | eading and tr gidrinfp788018S
64 and 66, respectively, of the exterior ply 62 are | ai d adj acent,

and preferably in edge contacting 15 relation to each other, to forma
spiral seam 68 whi ch can be visible or nearly invisible upon the
surface of the final tube 10, depending,@n the gap or overlap at

seam 68, which can be precisely controlled accordlng to t he present

i nvention. The conpnggpseliubg éecbsaaa\s%dv&% tk@“l@i\)elﬁt@'d?f‘gv:.ﬂn%é)@éta
t he end of the nmandrel_where ER “cut; %§§ cut
stations 70, typi c2@¥§lynvisible; gr F‘Glal‘ﬁlé’f lF‘éd-l i 0 tﬁﬁ'%’ﬁ’%f

any of vari Oﬁsrﬁxel@eoﬁuusngnaépab&t.us Meh@trtwdllestse Iewmmen the
those skilled in the ar ; ures 2 agﬁ53 i l.lustrate one

preferred ~  spft%f %*F%ﬂdﬁoﬁPFSIagg/P§b 2 SHBFE 3RS 3 on t he
mandrel 12 sbBown iindegtaeidén Thethéet dhteadibrolsurface dur thee tstbeavwld N the

Figure 2 i formed pyoalo) eaptc 0Roeybe 30 M BUOWBLSLENY Mreadl ik

_protrusion, 14, whi ¢ C or renoveably
‘exterior surface hlghlnfumhéonunaperalzsaamng a predetermned spirally

al i gned path which forms a pAfQﬁ&&éH‘ mﬁdoﬁ@' aak,a%ageous emi‘)%gillﬁle[necr 'dg Wi th
respect to the surface of the nmand protrusion 14

preferably forned rdrﬁtqua%w%|agslllualt6ﬁ§eé §Gf F"F-GPERF 2pi |3aIaIT5d Iﬁ:né‘é%e

path i.e., fglinegicch cowetdlfourtagearapicah hbﬁelaueuaoEret&hrs&oahtor
‘line, to forma uralit ff turns_or fli WO
98/ 02297 spir threa ke surface f?%ﬁF%S@?/E §1§xterlor of

-13- spaced He omaredacdl aterthae plpchdebﬁtﬁbmedupfhcb 82nas

Illustrated in Fi Slre: Aat -I;Pglcg%% Fofisabhy ]E.\UéiBPaiiEy of, ??E%@%.

radially outward He Sur e an seen in
Figure 3. In one musftaryssipbns allgned along a predetermlned spiral

15 - portion of the mandrel surface, such as, for example,
'protru51ons S0, 92 and %4 illustrated in Figure 5.
Alternatively, the pitch control surface can be
'provided by one or a plurality of spirally oriented
grooves formed in the surface of the mandrel, such as

20 groove B6 111ustrated in Figure 3.

' Although it is also preferred that the pitch
control surface extend axially along the mandrel 12 for
a distance defining at least one or moré complete
épirai revolutions, ér.flights, around the pitch

25 control surface 14, highly effective pitch control can
alternatively be achieved in accordance with the
invention, employing a pitch control surface extending
less than a full spirallrevolution or flight around the
surface of the mandrel. For example, a continuous or

30 discontinuous, spirally aligned pitch control surface
14 can extend along the mandrel 12 for a distance
defihing a helical arc of from about 10-45° depending
upon the degree of'engégemenc between the pitch control
surface and the inside surface of the spirally wound

35 . tube 10 and_on'the mandrel diameter, while formihg a
highly effective pitch contfol surface 14.



5 enbodi nent of the invention, the protrusion 14 can be f or med by

a ‘W r e -whi-ch-i-s--r-efroveabl y-or ~permanent | y- attached into a groove 86 :
formed in_the surface of the mandrel . The groove is fRippsh7hshe the
mandrel aVOPO2297 qepth which is sufficient to restrain the wre 14 10

agai nst novenent out of the groove 86 while also allowing at |east a
portion of the wire 14 to extend above, i.e., radially outwardly of,
the surface of the mandrel 12. |f dedifred, a pI urality of spi rally

paral | el protuberances 14 and 14A (il I ustrated in 4 équjre
for med-on-the surface of £ReY®ind@f@ither preferred embo im

illustrated in flaqﬂﬁﬁlén.tlﬁﬁ J\E/n‘l@tlﬁ(?ﬁr{tﬁ*ol surfaﬁd&émlblemmig:ssdatml

forms a smal | entation int erj or. surfac t r nost
‘ply 20 as the tﬁbé eptegior o %5%%%90 t‘#*br%&%? ecacggdé%e pi tch

control sptbaeesi byaaspiontlinumais ga)e:damn‘ aogpe tswrPicetengaging
control surface des the rotaki feg D&t ‘e
predetermsned S‘Bﬁgw‘h? r8f:a§’?’oﬁ E’at"‘(ﬁ&]‘qL c}; défﬁ-alﬁy b %a &E%rccu?é?xénces
~causes only a ntube entcfeaseenga2ing nfermhﬁrrs)n l}mmeﬁrﬁlflffért%‘bléf%ﬁand t he
mandrel . Howevert f |4 Bch-4 05 et ube 10 as |t
' o bei ng PbFﬁ‘E’d n%?%e mrﬁg% ﬁﬁf‘ed JﬁFhDg; y

is | res engagenent
exanpl e, of thediabwete, mﬁphltaﬂé)@év%lmed)rsqﬁace eng |Rembers ?%sul t

of variation '”a£261&§ﬁ§t9at@61¥% Flgﬂféﬁnl(ﬁhdﬁ4theAéothlamélseanOathe
tube 10 by the wi ndi ng belt 44, the %élcont r ol ceurlflagggl I es
a’ d&JnterP&PFﬁﬂtgtb’oPéeptlﬁ’atl KT & SRFe ]m) ]ﬁ% nt

the tube 10 on the ber teseackddevimandiied dxrdiior rotamimal swofﬂetrmmf
corresponding to, the

r ot at qn 35 efin S itch
control surfacet®% sPlg‘aﬁéfl r‘ﬁqué‘rd 48 30 cfo’ilarﬁona% ‘%orcef)%%gll d to the
t ube 10 cpabgessdie mdefxortcem;pll}e pidclaréentol i Hhepeto. WO

98/ 02297 tively 'conﬁ%nﬂous exté%?gfﬁ%g¥é§7é§ntrol

-14- speegitern ifectron of orce applied to the tube 10 -
15 surface (not shown) formed on the interior surface of a

cylindrical, female die, can be applied to the tube .

exterior during the tube forming process. Such a

can be
he

- female die preferably comprises a spirally aligned
contlnuous protrusion on its interior surface.

20 Figures 5 and 6 illustrate an embodlment of
the invention in which the cylindrical mandrel is
formed from two axially aligned mandrel body portions
including a cylindrical.mandrel extension 100 and an
upstream mandrel body which is preferably the

'25. conventional mandrel 12. The cylindricai mandrel

| extension 100 is releasably attached in axial alignment
to the downstream end of the'conventional_mandfel 12 by
means of spiral threads 102 and 104 provided on the
 ends of the mandrel 12 and the mandrel extension 100.

30 - The spiral threads 102 and 104 which connect the
‘mandrel 12 and the mandrel extension 100 are oriented

| for rotation in a direction opposite the direction of
.rotation of the tube 10 as it is formed on the mandrel
12. - Accordingly, rotation of the tube 10 on the

35. "mandrel 12 and mandrel extension 100 does not loosen.

the connection between the mandrel 12 and mandrel

extension 100.



by the winding belt 44, the pitch control surface 14  applies a
countervailing force that constrains the - rotation of the tube 0 -en-—-- -
t he surfacevgbgtirermandrel 5 - to-a rotation correspondi ng PETVURITAFIIBA|
rotation defined by the spiral pitch control surface 14. '
The constraining force applied to the tube 19-. by the pitch control
surface is determ ned by various aspects of the construction and

arrangement of the 10 pi tahtBeNErPosMdRC 14 HGlndididi die | engt h of
t he pitch control surface the extent  or the radi al

14 ept h of
engagement of thelbleBhrebRfr oF EaPrEes P1angd & 2 Pltcﬂhé:qriﬁ’a]i FuEiRfece - -
of the tube 10; tie isapsymedeonr the surfiadieh ofi Mirsimandyel Recypdsion -~

control surface 14 nd by_15 the.frictional .characteristi.cs of the,
pitch control, co gﬁﬁ{fﬁ%ﬁniffa? Wi g‘é ¥op&Fede rﬁhﬁ:‘ s[aﬁ)ely&d?%ct"ﬁf%‘?i on
of the pitch contbpltensianeiddocthebesunifedeley ofam ghooye 86A flrmmmadie a :
pitch control surf 4 ] - WL tsh I yenti_o &lqggpl
substantial ly con%%hﬁp?ﬁéggﬁgl%ﬁoﬁég%ﬁtl 8Tatthhg'¥lt E%‘g %61_a ong ?%ceghe
mandrel 12 to a mandrebiextersiani 3A0cor Thepseaisignt 4 st rpprdpiedaltaltilgnnent
of the pitch 9°”tv$ﬂesi'4f@%emééngeéﬁ' Eet'&&kgﬁbﬂuﬁpiﬂ?‘iﬁg_membe\iarl'ﬁ%.t-' ong

that are applied to the tube 10 under nor nal Tubé& manufacturing . _
conditions. 25 first -end ofyehewisht LhuBay pet EBCEEREr dRtOuAMa@E igfice

the type ijpustratry #oriddUr£8i21 2pdidebS cBBPLAYEHckNof the aRGRIRAANCE
with the invention, the wire surfa extend radi gll .outwardly of

can
the surface of tIFFLARHHIE memberf:gﬁoonl yhg SRBEF 8P€: RhcEler ¥lreaifplis
bet ween about 30 ther).dedmreddcabautoRatablehtkasapnl ¥pplydnbomembeapaldse

of substantially canstraini novene f_the tube ...10.gl gng t he
mandrel 12 to a S T J?sotxé?lqgaoéngg €o aggi&egsgﬁaPﬂgggotPﬁew%ﬁer %I% §I°| gnnent
of the pitch thegmhy ofelrasalelky 1decuipevaaneusnbdvanspgreds ggdove
enbodi nents of t ipe, ivent Qhd ek e SYET hapds 58 aloloy,
outwardly I(S)? therfgjfrr@ge of t%e ranar ol ?LZ%%(‘% aetyﬂ}zg?gnce of less
than about 0.5 nmso that tThe tnardrel extemesbenopenher 100 allows pitch

PCT/U597/13718 control surfaces of varying angles, and thus, varying
o pitches, to be applied to a single tube-forming mandrel
" in ordexr to accommodate the manufacture of spirally
20  wound tubes from different paper widths on the single
R mandrel. As will be.appareﬁt to those skilled in the
aft; the helical énglé of wind will vary_depending_upbn
_the paper width used fof forming the tube 10 according
to the formula discussed:previously. It is also
25 ‘contemplated that a permanent or removable pitch'
control surface can be applied to a conventional tube-
forming mandrel by the use of an exterior attachment to
the mandrel in the form of a permanently attached or
removeably attached one-piece, or cylindrically wound,
30 sleeve or partial sleeve (not shown) formed of metal, -
plastic, or the like, and which includes an exterior
pitch control surface. Such a sleeve or partial sleeve -
can be applied to.Ehe exterior of the surface of the
. mandrel, e.g. by shrink fitting, by adhesive attachment
35  or the like. - |
' Figures 7 and 8 illustrate a mandrel 12
'having an alternative pitch control surface comprising



-15- | 10 formed in accordance with the invention will have a

barel-y-vi-si-bl-e-or-nearly invisible spiral indentation formed on its
interior. Neverthel ess, even.when the Wi re -extends into and/? forns
a subst arnwoOas02237 i ndentation in the interior surface ifPCREPSOURY 0, the
exterior of the tube 10 can be conpletely snmooth with a hi ghly

uni form spiral seam Al t hough in one advant ageous

enbodi ment of the invention as illustrated in Figures 2, 3 and 4,
the 10 pitch control surface 14 is a céﬁﬁlnuous protrusion or

--spiral thread-}ike surface for d-'n h terh - g, mandrel 12,
~-the -pirteh -cont riyt %ﬁ##%ﬁﬁ @8%3 € 1§Iﬁ3?ﬁafl %ﬁg grﬁ§§5%§ a plurality
~of discrete extepxorraurﬁaseal|qhahmw@mgeabpﬂ@déﬁérWSn@@Sﬂﬁrxﬂtqﬁ

portion of the %%%fggéfaﬁethguﬁgn@§elAﬁ5 3&%58'3 splrall ArigHeNs 90,

92 and 94 il usk rat ternatively, itch control
surface can be portlolprbhegééfb?ndnésoﬁuﬁpglfﬁﬁél ifoy B*PV§ES‘PP§-I BY & i ent ed

grooves fgrnmed rfac h I,zgugg %ﬁ 2Q 1 ke .0r A& H%h
|IIustrat§d |r1¢ih%§€?§y 68Cgoliek gea%aggﬁ 3 it Fs élgo preferrS% t hat

the pitch fr;mﬂ@m surface ekt &he a*sew&rap}ea%&g LAB FEFFE&S

a di stance defijyterabr!| sagEa8eodr arreper@mrpl %end tubeS|alsl’ dlt riavol ut | ons,
or flights, arggﬁg tge P ﬁgh 25 ﬁ % % Iy effective .
pitch control &r RAPRYELy 1Be g& oﬁ ance with the

i nventi on, enphnydm@tatponchnbbhEr@htsmnbaceueiaeadpﬁgthe tubeass than a

full exa'n%ge "e AL 00 8F EhbIRbi2hquadibifent of EHES B@qtofutahearfaaqctrsel

For a cont I nuous tinuous, spirall ed pitch
control surfacérigh fridtien snréngeal 5he bed tnaddr é’PnﬁErﬁélnsa e*stance

defining a hel 'nﬁ?&erﬁéﬁt%fféOehséosebrﬂaga%ndeaenﬁkaﬁarel to ¥BRN sgiadegr ee
of engagenent between the pitch control ice and the E&s g
er,

surface of the ZPHF3&IPy GOGRESBERALIDGKE f@eaﬁ816ﬁ t RE1HRAGRE
whi | e fornlngzbelt 14Bighly effective pitch control surface 14.

15 Figure 9 illustrates another embodiment of
the invention wherein the pitch control surface 14C
engages the interior surface of a spirally wound tube
as it is formed on the mandrel 12, without forming an

_ ' indentation in the interior surface of the tube. The o

20 'pltch control surface 14C is similar to the pitch
control surface 14 illustrated in Figure 4; however the
diameter of thé.wire 14C exceeds that of the pitch -
control surface 14 illustrated in Figure 4. '
Acc'ordin'gl}; the wire 14C extends out.war.dly of the

25 mandrel Surface.to a greater extent than the pitch
control surface 14. As seen- in Figure 9, the pitch
control surface 14C is supported on the mandrel in a
gfoove 86C and extends outwardly of the mandrel 12 into
.a ply'gap in the interior most layer formed by ply 20

30 of the tube 10 so that the pitch control surface also

' engages with a portlon of the ply layer formed by the
' second ply 22. |

' Returning now to Figure 1, it will be
apparent_that numerous changes and modifications to the

35 . apparatus and sequence of operations illustrated can be

' effected within the scope of the invention. Thus, the

spirally wound tube 10 can be formed from any of
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-16- In yet another preferred enbodi nent of the

i nventi on, gv?g, Qb ¢sN control surfaces can be applied to pETOsENbeIs O
of the tube uring the tube form ng process by a continuous
exterior tube surface-engaging 5 menber or -by a plurality of spirally
al i gned exterior tube surface-engagi ngigenbers. An exterior surface
pitch control surface, formed by a plurality of di screte, spirally

allgned surface evgaging nambérs 8 plies aranIdddamnamedanylﬁqpbas df and
4. As will be Seg;gi 8s 105 gﬁ%&?h %g R kG el Qligial! Rel -1 i ke
ac e h -

surfaces con SEXteri or rotating sur ce of
t he splrally'vwnndbwuﬁérﬁémdgflﬁ@etwénﬁsﬁe Bodnithe mannerpitdedssHe ks

to apply pitch coptd Oredh8h€bOthe mand%tleraﬂat/b‘feltlﬁeaa%@'&tz‘a'l"&?y%s@ﬁ & or
pitch control 15 surface_(not shown) forned on the interior surface of a

cylindrical 5 fendfeediehecBhi®e BppFPedmpadrRe capele widedyt dardredturity

the tube forn ng guoHress, SWEEs@ve can benapplded Iﬁbei:ﬁéalih}ts(to'ﬁlry sm a
spirally aligned cong i nuous r surface.

grotru3|on og its int |%
Figures 5 and 6 iRTIRY 5P iR BRBLUFREAPDOFC the maRdreqyd t|oNQQ?QMﬁ%m
the cylindrical nengdritgisypes offadhed1§EOEEhWDeaém§nbyedlagnadlﬂﬁmﬂrel

body portions i nc d| C n re 0 .and an
upst r eam mandr el FFRFY thaggg #%rg %V g ke %@2 |0H I %ﬁﬁﬁqg
12. The cyblndnsnﬂaymmMretOIllng endé95|bhe1®eliy aeteusabb}eattached |n

axial alignent aaneedfed NeadloBOSLASROLERT of aklexcanvenhl gaak cTeAd ol 12

by means of spiral threa 104 provi de
the mandrel 12 amhh@mﬁﬁ@re@&t%h%toﬂlgbeugtaoa Slrrﬁéeswménnghb@éds 11502

and 104 whi ch comfiRfiin t Figure MBNdseb1d2adyt B WRALLA BEHQQS' ¢,y100
are oriented f or rotatlonl

ctlon opposite ction of
rotati on of the EIFEPHF adt¥? Y%n$bﬁﬁﬁﬁe§ﬁstﬂﬁ ﬁ?ewlnélng %?Ets'
~Accor di nglys rotamdm1(ﬁaﬁPbetréndinyohethse851n thaniineént2oand seddne

ext ensi on 100 dogs, gl | 043N panare] NE; CORRCSL! PRpRELURED ShELYRRGT €l 12

and ‘mandr el ens’ on _ . .
_ desired, particularly at its downstream end, in order

‘to decrease friction between the tube and the mandrel.
In this regard, the term "cylindrical mandrel" as used
20 herein, is intended to include such tapered mandrels.
The in-line slitter 56 shown in Figure 1 is
particularly desirable for forming a highly uniform
spiral seam. In this regard, the in-line edge cutting
blades 57 are believed to function both as guides and
25 biades.dufing the application of the ply 62 to the 10.
Advantageously the lateral spacing between the in-line
‘slitter 56 and the tube 10 is minimized in order to
improve the precision of the alignment of the ply on
the tube 10. Although cutting blades 57 are
30 illustrated in Figure 1, the in-line slitter 56 can
employ alternative cutting elements based on lasers,
water jets, or the like. Additionally, it is to be
noted that an in-line slitter 56 can be used in
. ~ conjunction with . one or more selected plies other than,
35  or in addition to, the final ply 62.
' The use of exterior pitch control surfaces 96
" is generally considered an alternative to the pitch
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-17- ' : In the enbodi nent of the invention :
illustrated in Figures 5 and 6 a pitch control surface 14 is forned
on the suMQ@es023p7t he mandrel extension 100 by meansPEFUSSWIFEE 14
which is rel easably secured 5 by tension into the surface of a groove
86A fornmed ~along a predetern ned spiral path in the surface of the
mandr el extension 100. The tension is appI|§8 “to the mﬁre 14 by
menber first e

f _ he
oy be Secur oq | DB BRLOPLEEEESRo 2 SOk ash i AT 1% Thet et f ace

of the mandr el 'mandrekxﬂénshowewembeex&&ﬁmalhguamhemamnraﬁ suniamem 14_|s-m- 

t hen secured to a_rofat . eNS| . laying . r [ch is
rotated to apply ?gnégoﬁBFQ Pﬁeagﬁgl%%% 16 %fyﬂmﬁ%%ergb
same into a spi rabngrodveurfacesf éﬂmf@nmdt oz Slyef a@eld;felt He rdermiresd.

ext ension 00. In oneTaav&%@%rg@ou%xte g%erﬂ%mw tmp al I ows

pitch control surfaces of vyarying angles, t hus, vary
pitches, to be abpYeBELIPB,atBengRE G@nﬁ§Q%|i§r &r Surfaﬁﬁ?(%*kﬁrQo

accommodat e t he ui eqt ubeta& aawabkayo%Othe wawed 1toules af nevatifder ent
paper w dths on t arent. .to those

app
skilled in the aX1af%¥tc°Fﬁ8338PHg§ﬁ éﬁg|8roﬁ %Pﬁéih N 3%3A ependi ng
upon t he pa@eicehtdt bheskdcaedohoati miiche at whe 1ﬁva¢xg)rtd1engnaxlmumto

the fornmu di sc ssed reviously.e |l s. al.so,25 t, I

T mment 18 e (fEaR kY eoknaky S i@n’2s LrEOREI Bl 4
‘convent i onal tub@ly 62 iSoapbhgedanérGhebyubhelase Ghusn éxtéﬂwnr
attachment to raﬁ%@m@ﬁ@déﬁbwhnlhhﬁl |ca?f ] mg%%ﬂ%%ltx-oqt Rt or

Tenoveabl y attaé% Il ece, or cylin sl eeve or
partial sieeve Cﬁ%tt%%dﬁﬂ?d¥%ln%a 6F HéF&PCUlarlY Begdrpblyolagadead @t and

whi ch incl udes aéh&a(iﬁélolocatlonpbléhgcehbr phngveflage. whueh dsslaRer 1y
parti al sleeve ., _can be a Ile he exterior _of the surf%%Fhof t he

mandrel , &2g. lnFqgﬁ??Rtf?ft? gng sthe axialnherptisn of SUY ke.
Figures'? andéleiuﬁérase alnnoﬂdet &a malelb&Vthg anlﬁbrmnmatcﬁequ<ﬂ1

control surface LOMPriSiNGs by the ply 62. 1In the event that the final
. exterior ply 62 is applied upstream of the winding belt
_ 44, alignment of the ply 62 on the tube 10 can thus be
20 - further enhanced by a pltch control surface 14 upstream
of the winder.
_ As will be apparent from the forgoing, pitch
control can be applied to the surface of the tube 10 at
o any of wvarious locations along the mandrel 12, or at a
25 plurality of locations along the mandrel 12.
It is further contemplated that the winding
angle and pitch length of a pitch control surface can
be variable in some apparatus embodiments of the
invention by application of a pitch control surface to
30 - a mandrel or mandrel extension that is constructed to
be expandable or cbllapéible in the axial direction.
In such instances, the pitch of the pitch control
surface is adjusted as the mandrel changes in-length,
just as the pitch of a helical spring changes as the
35 spring is compressed or stretched.
- Spirally wound tubes prepared according to
the invention can exhibit substantially improved ply

e R ly secure
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-18- an endl ess novable belt 14B with a high friction exterior
surface. The novable belt 14B.is inset into t he surface
mandrel 12 WAMP2P%pirally aligned portion t her eof -andpﬁg"%ggggﬁ ed
for novenent by a 5 plurality of roller bearings 120 or the |like. The
hi gh friction surface of the noveabl e _bgl-t 14B engages the
interior surface of a spirally wound tube as it is formed on the

nandrel 12, withoghiferming a8 will bendgypatdmn firont hhd Merdgsingr f ace of
the tube. 10 Becaus'f' of the s%i al_ al iq%n% ﬁ{? ttt}le hel t 1%5 and its
high friction surfRtEa lReVBRFE THESEoRGTHHEG ¢ Thvememt @ a tube
formed on the manck®diily baepspprzked with reots@tanoyago urasimomditnyg tes4 he
spiral alignnment af th t 14B.. qur I

i I-lustrates anot h%a%n%%%?ﬁén?gg% ok ﬁ?lmtql%e %GR8 (& '\ﬁhdgdr"gi ’nqﬁ%’e}%ﬁ%%s
control surface 1#C the seamgdgpsofhenenar imoreswif &he Gl ya maRimg |up viad
tube as it is: dySingheypRNdr g i st QTERG an
indentati.on in thée&f%%{eﬁor sﬁrface of theq?tagg\gyt g'%heHZ%g@ pitch control
surface 14C i s sienpedinentfeohi tha inventdem,r spiggddycocnnd |quhas fanl in

Figure 4; howeverpd hsrepared thaURhEr a0kebhie uHi S rid Cyexeeads Hatale 1 dditn
pitch cont rol ,sur}’f)ace. 14 i1 usér ated in Fi cP;‘ure 4, ' ccor di ng,lr}/
the wire 14C ext Sffel &t QR #F yL 8FSt hBaBsPlus gxgmdpus, Or 268M d 2 W et
extent thapgthe pid cheast on€oofrohespliiese f&4miAg Shen spdrkildyr evdind he
pitch control, surface ,14C is su po%&ed o] ot ge mandr.el .i.n a

1

groove 86C and extftrs otft walrif y“BF2FHe Mindfe € RP5Sd that, 3, SPiFat i n
the interior nostsdayemibormeidtpyspthl 2Ba80the stamherattibeidd i tllests t he

Fovonont L SUBSE L0 o mipE909SSl U BeRELAATD St BRI
1, it will be be mggnraied HehrauabePybsachenyestapgakobigicSFesss to t he
35 -appafatus apd SR0uUS®i s eReLAAEENSihk| Hebkat8dekaBpReby use of
| | extremely: low manufacturing speeds or other undesirable
variations. Typically, the tubes manufactured
-according to the invention'cén_have a spiral
indentation on their interior surface as discussed
20 previously in connection with Figure 4. '
The invention has been described in
considerable detail with particular reference to
.preferred embodiments. However, numerous variations
_ . and modifications can be made without departing from
25 | the spirit and scope of the invention as described in
the foregoing specification and shown in the drawings

and defined in the-féllowing claims.



effected within the scope of the |nven1-| %t..e spl_ral I y wound
tube 10 can be for meglikh QA Meendd eﬁaced %

PCT/ US97/ 137 - CED - 190- PCTUNRIISTIAO
nunber s %%]Bl Z%7 l '“ nurrber of ' i es can be applied
upstream of the w nde downstygam of the wi nder, and the

manner that the plies are fed onto t e mandr el and/ or the appar at us
used to 5 fegdriee plies to the mandrel can be vvidely varied. If

desi red, adhesive can be appI| dtotheflrs}_ prior to_ its
application to the mandrekl-1 PRRASAtus for W‘&#%@t‘t‘?’p%% SPipahd¥ive
Canl bedegm Syedwa&nw kbl of subsﬁ:mﬁilll%ml th/forﬁ @c@@fll%tvﬁn&an bgl
applied by dippin ol L or thernm tivatable .
adhesi ves can b&™ gﬁ’ﬁllfﬁe&h %ﬁ %&ﬂ{ ad'gctﬁ iSFLrFy seam ‘Xnt\fq’?‘“b Y |
apparent that atohmpudsiagsingle winding belt is . shown in Figure 1, a

plurality of w nding beltsg, sft%rtlonar cﬁhajb dzelc V\qﬁ%%défgf(plel ts or three

wi ndi ng belts, 15 etc. o Can be rea e use i'n nvention. “Still
further, the rramltaenvmgcanpﬁertaépéye@fs|chmntrwqus plies igesired,

particul arly atsuﬁérﬂﬂﬁ@%%ﬁe%EHQQQJy'1d¥é¥¥d relatla éﬁﬁffease friction
betvveenthetube and the nmandr el hi s regar t’he term

"cylindrical mandrel” as @sWdnggr cqq@rrésrq.ng $ |4ﬁ3é’fﬂjé¥91tfo spryatgeveliyh
tapered mndrel §ssociated with saidl@nididli %ﬁ'éﬁﬂﬂll@ﬁ ﬁ%ﬂ@ Ehggre 1

S particul arly de5|r ble for _form a hi |form splral

seam In this I?Jeb?i?dont figt anPﬁée&déé’ c?nl??'?‘] 'spira LjLé’l - |

bel i eved to funchenafbonh asdgw des and 25 bI ades during the appl i cation

of the ply 62 to the 10. irhgv th ra GI ng between

the in-line sli tter %g ﬁﬁtéﬂb%‘c‘%&)}o% % rﬁ%ze Torde gtao

i nprove the prex@irahlyf alhgnéﬂl gukenenghatihg shuy fage pOSlttmethbm 10.

Al 't houghygut ti %@t@@%szneé@lé@ or kbuslial egiiadEigune oL Jeline

slitter 56 can Aﬁﬂa ternative cutting el enments base on Iasers
¥rahivi YPBRdI Fybei alpggt 8 spirally aligned

water jets, or stah’edWR

portion thereof to substantially constrain movement of

the spirally wound tube to a spiral rotation '

corresponding to the spiral'alignment of said spiral
20 pitch control surface as the tube is formed on said

mandrel.

2. The apparatus of Claim 1 wherein said
spiral pitch control surface is positioned along the

surface of said stationary cylindrical mandrel.

25 | : 3. The apparatus of Claim 2 wherein said
' spiral pitch control surface on said stationary
cylipdrical mandrel comprises a spiral thread-like
surface extending at least one flight along the surface
- of said mandrel. ' '

30 . 4. The apparatus of Claim 2 wherein said
spiral pitch control surface on said stationary
cylindﬁical mandrel comprises a spiral thread-like
surface extending less than one full flight along the
surface of said cylindrical mandrel.

) O AV



neted that an in-li e_used in conjunction with one
or nore selected” prles ot er t ,Re ed HIP5H @TE%E%:II to, the final ply

62. wo 9802207 THE pi t ir f acepCRfssoMI3T8 i S
general ly consi dered an phg i WO 98/ 02297

PCT/ US97/ 13718 - 20- control
surfaces associated with the surface of the mandrel 12;  however,
external pitch control surfaces may be used in conbination with the

mandrel pitch controk surfgees ngggxfaer@%fortmqn rmm@feiﬁ gdesqred.

5" - “I'n one ‘advant ageous e ment of ~ 1hventjon, the
pi Tch ContF el sur$E&§a%rPéEFPa€@§tI@1aﬁ@rface QQﬂBQ%ﬁf%(?tRﬁP%ﬁ#%%ﬁeD%f

the-tube -10-at a dpseté€f, spiradiyalally ge@d e&mmdje%ﬂdés QP h LRy | on

axially adj acent he | ocati.on at i ch a he A

desired seam uni figt §£YSBBHWQ§ Neoﬂ\ﬂ% Ad Qé?*?%
applied to she t yendPel Thus, in the ' arrangenent shomn in Figure 1, a
pitch control surface on the mandrel 12 is particularly desirably

| ocat ed at an axial location along the mandrel 12 which is closely 15

adj acent or aligned with the.axi ¥hel eapperatusl offh€lpliyn 2 whenaﬁntsai$6, I n

order to maxim z L farm MA0r, t- N R 2. In
t he event thatiﬁ%éég%ﬁgggg ghgéxggﬁggqnglsugfgﬁg a%bﬁ%;§ %rea
wi ndi ng bel t mangdreh| igrpeaitapnedeopl )%aezl sandrelt s fREec an tEhus be

20 further e”'}%ﬁ%:@hﬁ Qalahmﬁﬁaké@ stirrbaee chhprastikean posnmnthe
wi nder . grarent fromthe forgeing, pitch

control cahobeauﬂﬂWQﬁF¥%ﬁTh%fsﬁPF§c dvet Réltube 10 at any of
various |ocations along the nandrel 12,.or at.a 25 plurality of
| ocations al ong the mandr el rt her conteq&%ated

. lt..is f
that the w nding angle andTBFtéﬁpFEﬁgfﬁ 8F élﬁﬁpb @@ﬁFF St
can be vanpﬂﬁarbwas@neubppangagsngnbudfaeatsnoéauﬁecyllndnmwfmt|on

by appllcatlon O%d%dyéfﬁi§9§5§9£1§Hééa85 Egld mandrel surface on.a

portlon of said mandrel surface comprising a position

15 upstream of said drive belt.

8. The apparatus of Claim 2 wherein said
paperboard tube engaging surface on said cylindcrical
mandrel is positioned on said mandrel surface on a
portion of said mandrel surface comprising a position

20 axially adjacent said drive belt.

9. The apparatus.of Claim 2 further
comprising at least one paperboard ply feeder
positioned downstream of said drive belt for feeding a
continuous paperboard ply onto said paperboard tube to

25 form the exterior layer of said paperboard tube.

10. The apparatus of Claim 9 wherein said
'paperboard ply feeder_eomprisesza_at'least one blade
for cutting at least one edge of the paperboard ply fed
onto said paperboard tube by said paperboard ply
© 30 feeder.
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30 a mandrel or nmandrel extension that is constructed to be
expandabl e or col I'apsible Tn the axi ab—ei-reet-oa—— - b such-instances,

t he' pi t ch_of pi § HGr3hked HAS BEENGted a el
changes |Wq9§¥% %QS&% st Blen Rep lacgd pi t BRPIACED hel i dal spfﬁ%ﬂﬁ%@g‘g&s as
the 35 spring i s lﬂ"ﬂl“& rﬂ ﬁt r et cneda. Spirally wound
t ubes prepared accor he invention can exhibit substantlally

i mproved ply WO 98/ 02297

PCT/ US97/ 13718 ' -24- -21- uniformty as
wi |l be apparent fron1the foregﬁ; - Spirally wound-tubes-according -
to the invention can ?yaEEﬁﬁﬁﬁﬁﬁr@ﬁ W 2Hma2 SEReTEaD  8Alfornmity -
| ess t hagpahaut piMds dﬁnﬂﬂ’@llss@rﬁgﬂé”' £9 é@gmloﬂaal albﬂ@Sthé . in

the seam gap of on or e of the Ki n
tube. In highly® %ﬁeag%fs eylifalidal oairs ?xmsmeﬁ?f%ﬁsa%%rrany
wound t ubes canattachedutqnuhﬁudmhﬁsmr@@naeﬁ@amfumai@rstaylsmshythat t he

SN e Bt A SO R R DA PLYS Pl 1T PR A, 1 10

| east one ~of thg rmng spird woum
regard, it is to be noted that a spiral - seamuniformty such that the

seamvariation is less i?H% BAM™ I

possible to be nalntalne Qgﬂi%ou%@%ﬂggﬁggﬁtloﬁgswﬂlgﬁig-%%h&
spiral w nding wﬂamwh@msemw%yl%s@mched toexdi@nel y Iow
manuf act uri ng speaes odargt &gulu{&ieféaﬁbh&ldrel by A hdd DES - sJﬁ’f&@é‘é' y, the

t ubes -manuf act ur_ed accordi o t he, | on ca ve a |ra

i ndentation on tREFET S §U$f ehﬁ %ﬁ% hﬁr. rOUWRtSRin
connectlan)mnthaﬁdgsaad4stationary cyllndﬂimalrmandreﬁlPnndtmhérekﬁcribed
' n consl dSE&%‘ %h‘}%%@ed ‘MJﬁaD@é% '&é‘éfﬁe re“%@ f’or‘i 9 1recft1r5¥i el gL ed

enbodi nent s. ous vari ' onsS can be
made wi t hout depar DPB@SHd)IhOZB‘—he nmmnldlmmpiﬁbinﬁmdoymxdl on as

described in r%lie Qrc‘fngJd?&x%leCéJf&?éé Po A SN, I dhd Nendr awi ngs
and defined in mnng | ai'nms,. -
. surface of said cyllndrlcal mandrel extension.

1% _ 13.  The apparatus of Claim 2 wherein said
spifal pitch control surface on said stationary
cylindrical mandrel comprises a movable belt with a
high friction exterior surface inset into the surface
of the mandrel along a spirally allgned portion

20 . thereof.

14. An épparatgs for spiral winding of a
plurality if continuous plies to form a tube of
substantially uniform exterior and interior diameter

25 and enhanced spiral seam uniformity comprising: -

a stationary cylindrical mandrel of
predetermined diameter; '

a ply feeder for feeding a plurallty of
continuous plies of predetermined width in superimposed

30 . radially layered relationship onto said cylindrical
mandrel ; . _

a winder comprising a drive belt operatively.
~associated with said mandrel for spirally rotating said

_ continuous plies on said mandrel at a spiral wind angle
35 based on said predetermined diameter of cylindrical

T T T



S22 - —THAT WAICH | S CLAIMED IS
1. An appar atus for pfRelast Heeh R ﬁ:l&@d hfh'u HERTH %retgﬁgnd tubes (10) of
er

subst ant i alg/egazd0r m net er PANYSETIBAIR ed
spiral seam (68) ]“]Emw conpr i HERYAGER® at i
mandrel 5 (12)'f

nary cylindrical
plurality of continuous plies (20,

22, 24, 26, 28, 30, 32-54) in superinposed radially | ayer ed
rel-ationship on a surface of said stationary2s- mandrel (12); a w nder
conprising a drive belt (44) constructed and positioned to spirally

rotate said 10 marpdirel? 426, 5323 pdedlierdinedOwidzh of) smidaghtinuous
stationary mandrél; at_a e a d I ]) to
forma spirally %%Uﬁﬁstu ?§%§ ghgﬁquan& dehﬁ tabe %herefztmharaé§erized'
in that said stationary  a SpMﬁ&lr piteh? ronsapli seg facspiacaipbisisly a

- control surface , oneﬁj%g% Q.Mrgf%%l 5’%%'1’%%558”399 }{léescy}%qg@q)ﬁgg

conpr|5|ng at | eas si.on operatively
associ ated ®ith ﬁﬁ%ﬁ%@mmﬂaﬁv xahdrdpng a spiradly sdignes partgianctef

control surface hifg mh@red to subsehaagautw Bhadekanfl fedreteintalo vk
angle (a) and 20 05|t|on g to en ge an.interior or exterior

cylindrical surféEé— L wouRd r Gyepg uﬁdSP&EQ (¥pfation cozpggpopding
spirally aligned t@rﬂh@r‘sﬂiﬁkoilignment ofSEESHa@ph.ﬁla[lypﬁ.Qﬁ&t kcdint ¥V ement

f h |1 be 0 | | f i
Spirar SPLLn bt Sifiace as i PEubeoLs) ﬁsrfﬂas B! 8pifomaBaked o)) (of o ¢

stationary mandrel (12). . The apparatus of Caiml
wherein s spiral tc n a I ses

repl aceab?%/&lsecur ed within gé gr (?1615/% ié‘g%r?g{l%reég Efggﬁ‘ 38 Wﬁewel%f ésgeldof _
sai d stationary epiinalk iRiicheeererol surface on said stgtiongyy apparat us

of Cla'”B_l or 2 MRshfifical mandrel comprises a spiral, continuous
thread-like protrusion extending at least one fllght
along the surface of said mandrel.

15 : 16. The apparatﬁs of Claim 14 wherein said
spiral pitch control surface on said stationary
cylindrical méndrel comprises a continuous, spiral
thread-like protrusion extending less than one full
flight along the surface of said cylindriéal mandrel.

20 : 17. The apparatus of Claim 14 wherein said
Spiral pitch control surface comprises a plurality of
discreet, spirally éligned protrusions extending
radially outwardly of the surface of said cylindrical

mandrel.

25 ~ 18. The apparatus of Claim 14 wherein said
tube engaging surface on said cylindrical mandrel is
positioned on said mandrel surface on a portioﬁ of said
‘mandrel surface comprising a position downstream of

said drive belt.

30 19. The apparatus of Claim 14 wherein said
- tube engaging surface on said cylindrical mandrel is
positioned on said mandrel surface on a portion of said

Uy I



sai d spiral pitch control surface on said stationary '
- 23- cyI' rcal mandrel (12)conprises a-spiral thread-like

surf ace % %nslsﬁé%tsﬁaemﬁeblh@h E‘E'?QH;@"BE jface pcrmssﬁlfsﬂ%a' d

mandr el @ﬁ¥ $ of dains 1 or
lﬁ‘ ‘m“‘gm‘g‘ conu llgL face dn said stati onary
eS a spiral thread-1like surface

wherein sald

cylindrical mandr el

extending | ess than one full-flight along-the - surface of said
cylindrical nandrel (12). 5. The apparatus of Cla|n11
wherein said- lQnandrérplszaff@céchompﬁismhgsurbagﬁztiompupses-eanpldfr dditgy - of - -
di screte, spir Xrallgﬂgd protuberances(9C, 92, 94)" oextending 7
.radi al |y outwar e surface of .said: . . .cylindrical mandrel.

6. The apparatus of any of Clainms 1-5 15 wherein said tube engaging
surface (12) is positionesy ppe 9? éﬁé@uHBBQréhagHriéc%hQEe% paligon of
sai d mandr el surface conpris Rg a position downstream o sal drive
belt (44). tube engaging syrfaqpeOpppaidt g¥léndzgagadf mengdred 4Ls5 20
wherein sgid ttﬂa%ledmgé@gozsUééﬁ&eméﬁa}elssﬁ%a&éoaﬁda ortiodNc¥isdid
mandrel surfacé on_a portion of said, nandrel i? conprising a

position upstr 8aBeLFEHFTe °mpr151B€I? ?ﬂﬂ}tl°n axially adjacentg
The apparatus @faiahydxivelipes. 1-5 25 mhereln sai d tube engagi ng
surface is positioned on

21. The apparatus of Claim 14 further
comprising a paperboard ply feeder positioned
10 downstream of said drive belt for feeding'a continupus
paperboard ply onto said spirally wound tube to form
the exterior layer of said spirally wound tube.

22. The apparatus of Claim 21 wherein said

_ paperboard ply feeder comprises a at least one knife
15 blade for cutting at least one edge of the paperboard
o ply fed onto said paperboard tube by said paperboard

ply feeder positioned downstream of said drive belt.

.23. The apparatus of Claim 14 wherein said
_ cylindrical mandrel comprises at least two axially
20 ~aligned portions including an upstream mandrel body and
a cylindrical mandrel extension releasably attached to
the downstfeam end of said upstream mandrel body, and
wherein said spiral pitch control surface is positioned
along the surface of said cylindrical mandrel

25 extension.

24. The apparatus of Claim 23 wherein said
axially aligned portions of said mandrel are connected
by threaded surfaces formed on each of said mandrel

_ poxtions and wherein said threaded surfaces define a
30 - rotation direction the rotation direction defined by
. said spiral pitch control surface p051t10ned along the

surface of said cyllndrlcal mandrel extension.
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surface conpr|5|ng

Tising éFWW§5§?"8ne

said mandrel surface-on—=a puutiuu of —sai d mandrel

a position axially adj m Lo 2 it ;

The appar atwe 980228y o

paper board ply feeder .- ‘mﬁ ' - 24-

(56) positioned domnstr ve belt (44) for feeding a
continuous ply (54) onto sald tube (10) to _5q. formthe exterior |ayer
of said tube. 10. .The apparatus. of Caim9 wherein said
S paperboard ply feeder'2(556) mﬂm@isl@ﬂs@wﬂ@ maﬁlﬁerem sa2i@57)

for cutting at |east_one_ g : a oar fed onto sald
paperboardgtube (iE}rB@ ?&g’g% con ro%%’eﬁ%ﬁﬁ cPrbT?Jf%e‘?fg?é/’(

11.  The appar at-usydfindejcall @Ganidrell-domdisds. a mdﬁhb&&ﬂhﬁltsaidhsalra
pi teh control SUrfagh kSiceion hAYAd.Aong Hiesulace ol Burrace

cylindrical mandr ension casa ach
downstream &nd of thef msaddeit aﬂ.lomgara/ apjlvaidry (m]llgmattlrmd’rt(n@) in axi al

al i gnnent theremnégereof15 - 12. The apparatus of Claim 11l
wherein said spiral pitch control surface defines a tube rotation
direction and said cylindrical mandrel extension (100) . I's attached
to said stationary cylindriggl mMangeehddldor produdBidd SR ESiFdPLES.
(102, 104) forned on each, of %ald 20 lindrical mandrel extepsion
(100) and said st"%PwBfaFyPe of subgEapkd M&ﬁﬁaﬁm el rein said

threaded 10 smtafﬂsrddiametarr ahal |emhadicreebtsp1rranh§eans Wbl €Y
t he tube rotation dlrgfgigg the steps |
feeding a plurality of contlnuous plles of
predetermlned width in superlmposed radially layered
‘relationship onto a cyllndrlcal mandrel of
15 predetermlned diameter;
spirally rotating said plies on said mandrel
at a winding pitch based on said predetermined diameter
of said cylindrical mandrel and said predetermined-'
widths of said continuous plies, to form a spirally
20 wound tube; and
' engaging an exterior or interior cylindrical
surface of said spirally wound tube with a spiral pitch
control surface comprising a tube engaging surface
aligned at said spiral wind angle to substantially
25 cbnstfain movement of the spirally wound tube to a
spiral rotation corresponding to said spiral pitch
. control surface as the tube is formed on said mandrel.

27. The method of Claim 26 wherein said
spiral pitch control surface is positioned along the
30 surface of said stationary cylindrical mandrel.

28. The method of Claim 26 wherein said
spiral pitch control surface on said stationary
cylindrical mandrel comprises a spiral thread-like
surface extending at least one flight along the surface
35 of said mandrel. ' |
\
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13. The apparatus gj_jljan;;L—A}—ﬂ¢——6 10 25 mherein sai d spira!_pitch

control "surface on said statl ﬂ g mandrel conprises a
freely WO 93/jﬁ§‘ﬁb|’ﬁhl§l$ﬁ¢etH ‘fe r| or SUpPERRS13TIS
inset into the surfac 9& spirafly - al i gned
portion thereof, the Iy anabIe 30 with respect to said
w nder raIIy wound rigid tube of
substantlally uni form exterior and |nter|or 287 anet er and enhanced
spiral seamunifornmty co ISI i ral ly .wound
| ayers conpri'sing at~ Ieas?yg fﬁeoﬂgtPﬁFePEogi§bWréV hﬁ%ﬁﬁ& © and one
exterior T eppinal Thd tehincohtyel, suafdcenbnrsaidsptaahbnawgund -

| ayer having a ti d for e surface
t her eof VIO PR [O0BhBEs 805 2 RS el chrepfllad] 10
wherei n at 1 eas®Wif@Hi ey diRAnbesaythanf ongj fulybflight alpag fheeam

uni forni tys of | easfidtan @Eid epDif8rical mandrel. 16. The spirally
wound paper board tube of aim15 wherein at |east one ply of said
paper board tube has a spiral seamuniformty of |ess than about 15
=0. 25mMm 30. The method of Claim 27 wherein said

‘spiral pitch control surface comprlses a plurality of
discreet, spirally aligned protuberances extending
_ radially outwardly of the surface of sald cyllndrlcal
10 mandrel.

| 31. The method of Claim 27 wherein said "
paperboard tube engaging surface on said cylindrical
mandrel is positioned on said mandrel surface on a-
portion of said mandrel surface comprising a position

15 downstream of said drive belt.

_ 32. The method of Claim 27 wherein said

paperboard tube engaging surface on said cylindrical

mandrel is positioned'on said mandrel surface on a

portion of said mandrel surface comprising a position
20 "upstream of said drive belt. | -

33. The method of Clalm 27 whereln said
paperboard tube engaglng surface on said cylindrical
mandrel is p051tloned on said mandrel surface on a
portion of said mandrel surface comprising a position

25 = axially adjacent said drive belt.

34. The method of Claim 27 wherein said step
of splrally rotating said paperboard plies on said
mandrel comprises the step of contacting an exterior
surface of said paperboard plies with a rotating drive

30 belt operatively associated with said mandrel.
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35. The method of Claim 34 further = o
comprising the step of feeding a paperboard ply onto.
said paperboard tube at a location downstream of said
drive belt to form the exterior layer of said

-29-

“paperboard tube.

36. The method of Claim 34 further
comprising the step of cutting at least at least one
edge of the paperboard ply fed onto said paperboard
tube at said location downstream of said drive belt
while feeding said ply onto said paperboard tube.

37. The hethod of Claim 27 wherein said
spiral pitch control surfacefon'said stationary
cylindrical mandrel comprises a spiral thread-like |
surface extending outwardly of said_mandrel surface for
a distance exceeding the thickness of a first of said

plurality of plies wound onto said mandrel.

38. A spirally wound rigid tube of

- substantially uniform exterior and interior diameter

20

25

and enhanced spiral seam uniformity comprising a
plurality of spirally wound layers ccmprising at least
one interior spirally wound layer and one exterior
spirally wound layer, said interior spirally wound
layer having a continuous spiral indentation formed
into the surface thereof.

39. .The spirally wound tube of Claim 38

wherein at least one spirally wound layer of said tube

 has a seam uniformity of less than about + 0.50mm.

30

40. The splrally wound paperboard tube of
Claim 39 wherein at least one ply of said paperboard
tube has a splral seam unlformlty of less than about

+0.25mm.
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