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This invention is related to a nethod for w nding web material such as
tissue . paper or paper toweling into individual |ogs. Mire

particularly, the invention is related to a nethod for CIQ%@M '
wi ndi ng of a VB 26B383 ¢ urret wi nder. D OF
THE | NVENTI ON 20 Turret winders are well known in the art.
Conventional turret w nders conprise a rotating turret assenbly which
supports a plgrality of mandrels for rotation about a turret axis. The

mandrels travel in a circular path at a fixed
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METHOD OF CONTROLLING A TURRET WINDER

10

FIELD OF THE INVENTION
15 This invention is related to a method for winding web material such as tissue
paper or paper toweling into individual logs. More particularly, the invention is
related to a method for contro]]ixig winding of a web on a turret winder.

BACKGROUND OF THE INVENTION

20 Turret winders are well known in the art. Conventional turret winders
comprise a rotating turret assembly which supports a plurality of mandrels for
rofation about a turret axis. The mandrels travel in a circular path at a fixed
_distance from the turret axis. The mandrels engage hollow cores upon which a
paper web can be wound. Typically, the paper web is unwound from a parent roll
25 in a continuous fashion, and the turret winder rewinds the paper web onto the
cores supported on the mandrels to provide individual, relatively small diameter

logs.
While conventional turret winders may provide for winding of the web
material on mandrels as the mandrels are carried about the axis of a turret
30  assembly, rotation of the turret assembly is indexed in a stop and start manner to
provide for core loading and log unloading while the mandrels are stationary.
Turret winders are disclosed in the following U.S. Patents: 2,769,600 issued
November 6, 1956 to Kwitek et al; U.S. Patent 3,179,348 issued September 17,
1962 to Nystrand et al.; U.S. Patent 3,552,670 issued June 12, 1968 to Herman;
.35 and U.S. Patent 4,687,153 issued August 18, 1987 to McNeil. Indexing turret

* assemblies are commercially available on Series 150, 200, and 250 rewinders
. manufactured by the Paper Converting Machine Company of Green Bay,
o Wisconsin.

The Paper Converting Machine Company Pushbutton Grade Change 250
40 Series Rewinder Training Manual discloses a web winding system having five
servo controlled axes. The axes are odd metered winding, even metered winding,
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by compressed air so that projections grip a core on which a web is wound. Other
15 mandrel and core holder constructions are shown in U.S. Patents 3,459,388;
4,230, 286; and 4,174,077. _ _

Indexing of the turret assembly is undesirable because of the resulting inertia
forces and vibration caused by accelerating and decelerating a rotating turret
assembly. In addition, it is desirable to speed up converting operations, such as

20 rewinding, especially where rewinding is a bottleneck in the converting operation.

Accordingly, it is an object of the present invention to provide an improved
method for controlling winding of a web material onto individual hollow cores.

Another object of the present invention is to providle a method of
continuously rotating a turret assembly, and of phasing the rotational position of a -

25 turret winder with that of a position reference.

Another object of the present invention is to reduce the position errors of a
plurality of individually driven components, including a turret assembly, a core
loading component, and a core stripping component, while driving the
components.

30
SUMMARY OF THE INVENTION

The present invention comprises a method of controlling winding of a
continuous web of material into individual logs. In one embodiment, the method
. comprises the steps of: providing a rotatably driven turret assembly supporting a
35 plurality of rotatably driven mandrels for winding the logs; providing a rotatably
driven bedroll for providing transfer of the continuous web of material to the
rotatably driven turret assembly; rotating the bedroll; rotating the rotatably driven
turret assembly, wherein rotation of the turret assembly is mechanically decoupled
from rotation of the bedroll, determining the actual position of the turret
40 assembly; determining a desired position of the rotatably driven turret assembly;
determining a turret assembly position error as a function of the actual and desired
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changes, such as sheet count per log, are said to be made by the
operator via a term nal interface. The systemis said to elimnate the
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The present inventi cFhecstem of setating the: totatably deivan et pssgmblyresnromprise; the
step of continuously rotating the turret assembly after the step of reducing the

20 position error of the turret assembly is completed. For instance, the step of
rotating the turret assembly can comprise the step of rotating the turret assembly at

a generally constant angular velocity after the step of reducing the position error

of the turret assembly is completed.
' In one embodiment, the method of the present invention comprises the steps

25 of: providing at:least two independently driven components, the position of each
independently driven component being mechanically decoupled from the positions

of the other independently driven components, wherein at least one of the
independently driven components comprises a rotatably driven turret assembly
supporting a plurality of rotatably driven mandrels for winding the logs; driving

30 each of the independently driven components; providing a common position
reference; determining the actual position of each independently driven component

relative to the common position reference while driving the independently driven
component; determining the desired position of each independently driven
component relative to the common position reference while driving the

35 independently driven component; determining a position error for each
independently driven component as a function of the actual and desired positions

& of the independently driven component; and reducing the position error of each
independently driven component while driving the component. The step of
providing at least two independently driven components can comprise the steps of
40 providing an independently driven component for loading a core onto each of the
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15 Figure 2 is a partially cut away front view of the turret winder of the present
invention. _

Figure 3A is a side view showing the position of the closed mandrel path
and mandrel drive system of the turret winder of the present invention
relative to an upstream conventional rewinder assembly.

20 ‘Figure 3B is a partial front view of the mandrel drive system shown in
Figure 3A taken along lines 3B-3B in Figure 3A.

Figure 4 is an enlarged front view of the rotatably driven turret assembly
shown in Figure 2.

Figure S is schematic view taken along lines 5-5 in Figure 4.

25 Figure 6 is a schematic illustration of a mandrel bearing support slidably
supported on rotating mandrel support plates.

Figure 7 is a sectional view taken along lines 7-7 in Figure 6 and showing a
mandrel extended rélative to a rotating mandrel support plate.

Figure 8 is a view similar to that of Figure 7 showing the mandrel retracted

30 relative to the rotating mandrel support plate.
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Figure 2.

Figure 10 is a side view taken along lines 10-10 in Figure 9 and showing a

. cupping arm extended relative to a rotating cupping arm support plate.
35 Figure 11 is a view similar to that of Figure 10 showing the cupping arm
retracted relative to the rotating cupping arm support plate.

Figure 12 is a view taken along lines 12-12 in Figure 10, with the open,

' uncupped position of the cupping arm shown in phantom.
Figure 13 is a perspective view showing positioning of cupping arms
40 provided by stationary cupping arm closing, opening, hold open, and
hold closed cam surfaces. '

{
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onto each of the core guide assembly shown in Figure 1.
Figure 24 is a front perspective view of the core stripping apparatus in
Figure 1.
Figures 25A, B, and C. are top views showing a web wound core being
25 stripped from a mandrel by the core stripping apparatus..
Figure 26 is a schematic side view of a mandrel shown partially in cross-
section.

Figure 27 is a partial schematic side view of the mandrel shown partially in

cross-section, a cupping arm assembly shown engaging the mandrel
30 nosepiece to displace the nosepiece toward the mandrel body, thereby
compressing the mandrel deformable ring.

Figure 28 is an enlarged schematic side view of the second end of the
mandrel of Figure 26 showing a cupping arm assembly engaging the
mandrel nosepiece to displace the nosepiece toward the mandrel body.

35 Figure 29 is an enlarged schematic side view of the second end of the
mandrel of Figure 26 showing the nosepiece biased away from the
mandrel body.

Figure 30 is a cross-sectional view of a mandrel deformable ring.

Figure 31 is a schematic diagram showing a programmable drive control

40 system for controlling the independently drive components of the web
winding apparatus.
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Figure 3A is a side view show ng the p05|t|on of the cl osed mandrel path

and nmandrel drive system ofy Fﬁsdﬁﬁgﬁ ﬁ%% nventi on
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Fi gure 3A takem ad@agordinet tBEpkent invehtol. cTHe 'web winding apparattis §0cemprises aan

gmﬁl gfﬁ ‘;:Ir Sm eV'ZEx‘H-ePBnﬁd%? 106 hiViRg b Ytatiohar§ rdnit) 1 R, 293¢ ibBlidhg apparatus 1000,
and a core stripping apparatus 2000. Figure 2 is a partial front view of the turret
winder 100. Figure 3 is a partial side view of the turret winder 100 taken along
lines 3-3 in Figure 2, showing a conventional web rewinder assembly upstream of

15 the turret winder 100.

Description of Core Loading, Winding, and Stripping
Referring to Figure 1, 2 and 3A/B, the turret winder 100 supports a
plurality of mandrels 300. The mandrels 300 engage cores 302 upon which a
20 paper web is wound. The mandrels 300 are driven in a closed mandrel path 320
about a turret assembly central axis 202. Each mandrel 300 extends along a
mandrel axis 314 generally parallel to the turret assembly central axis 202, from a
. first mandrel end 310 to a second mandrel end 312. The mandrels 300 are
supported at their first ends 310 by a rotatably driven turret assembly 200. The
25 mandrels 300 are releasably supported at their second ends 312 by a mandrel
cupping assembly 400. The turret winder 100 preferably supports at least three
mandrels 300, more preferably at least 6 mandrels 300, and in one embodiment
the turret winder 100 supports ten mandreis 300. A turret winder 100 supporting
at least 10 mandrels 300 can have a rotatably driven turret assembly 200 which is
30 rotated at a relatively low angular velocity to reduce vibration and inertia loads,
while providing increased throughput relative to a indexing turret winder which is
intermittently rotated at higher angular velocities.

As shown in Figure 3A, the closed mandrel path 320 can be non-circular,

and can include a core loading segment 322, a web winding segment 324, and 2
35  core stripping segment 326. The core loading segment 322 and the core stripping
segment 326 can each comprise a generally straight line portion. By the phrase "a
generally straight line portion" it is meant that a segment of the closed mandrel
path 320 includes two points on the closed mandrel path, wherein the straight line
distance between the two points is at least 10 inches, and wherein the maximum
40 normal deviation of the closed mandrel path extending between the two points
from a straight line drawn between the two points is no more than about 10



Figure 5 is schematic

view taken along lines 5-5 in Figure 4. 25

Figure 6 is a schematic illustration of a mandrel bearing support slidably

supported on rotating

mandr el support plates. Figure 7 is a

sectional view taken along lines 7-7 in Figure 6 and showi ng a
mandrel extended relative to a rotating mandrel support plate.
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retracted 30
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In one embodiment of the present invention, the core loading segment 322
and the core stripping segment 326 can each comprise a straight line portion
having a maximum normal deviation of less than about 5.0 percent. By way of
example, the core loading segment 322 can comprise a straight line portion having
a maximum deviation of about 0.15-0.25 percent, and the core stripping segment
can comprise a straight line portion having a maximum deviation of about 0.5-5.0
percent. Straight line portions with such maximum deviations permit cores to be
accurately and easily aligned with moving mandrels during core loading, and
permit stripping of empty cores from moving mandrels in the event that web
material is not wound onto one of the cores. In contrast, for a conventional
indexing turret having a circular closed mandrel path with a radius of about 10

inches, the normal deviation of the circular closed mandrel path from a 10 inch .

long straight chord of the circular mandrel path is about 13.4 percent, -

The second ends 312 of the mandrels 300 are not engaged by, or otherwise
supported by, the mandrel cupping assembly 400 along the core loading segment
322. The core loading apparatus 1000 comprises one or more driven core loading
components for conveying the cores 302 at least part way onto the mandrels 300
during movement of the mandrels 300 along the core loading segment 322. A pair
of rotatably driven core drive rollers 505 disposed on opposite sides of the core
loading segment 322 cooperate to receive a core from the core loading apparatus
1000 and complete driving of the core 302 onto the mandrel 300. As shown in
Figure 1, loading of one core 302 onto a mandrel 300 is initiated at the second
mandrel end 312 before loading of another core on the preceding adjacent mandrel
is completed._ Accordingly, the delay and inertia forces associated with start and
stop indexing of conventional turret assemblies is eliminated.

Once core loading is complete on a particuiar mandrel 300, the mandrel
cupping assembly 400 engages the second end 312 of the mandrel 300 as the
mandrel moves from the core loading segment 322 to the web winding segment
324, thereby providing support to the second end 312 of the mandrel 300. Cores
302 loaded onto mandrels 300 are carried to the web winding segment 324 of the



5° Figure 14 is a view of a stationary mandrel positioning guide

conpri si ng separ abl e pl ate segnents. Fi gure 15
is a side view showi ng the position of core drive rollers and a

mandrel support relative to the closed mandrel path. Figure 16
is a viewtaken along lines 16-16 in Figure 15. 10 Figure 17 is a
front view of L ng assi st mandrel support assenbly. hgur e
18 is a view tgﬁ(g%#ééng lines 18-18 in Figure 17. Pﬂ’é’ﬁ’rﬁé‘ﬁ S
a view taken along lines 19-19 in Figure 17g Figure 20A is an

enl arged perspective view of the adhesive application

assenbly shown i rblEde@%fﬂdﬂeiEﬂtﬁ 320. Intefrhédfbicthé QBrel Bading® sépeneit 327 4l the &eb ©
spi nni ng assenbly shown in re
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schemati c side viperfosdtoraroliehdla slebslitterbed aoll 56,/ ang aichoppen sall 58 and bedroll 59.
et O shoun, par T Bl o si b SAIRSUrgll e kb
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showi ng a cuppi nglisiinee hetesn pdjacent;lings of perforations.
The chopper roll 58 and bedroll 59 severe the web 50 at the end of one log
20 wind cycle, when web winding on one core 302 is complete. The bedroll 59 also
provides transfer of the free end of the web 50 to the next core 302 advancing
along the closed mandrel path 320. Such a rewinder assembly 60, including the
-feed rolls 52, perforator roll 54, web slitter bed roll 56, and chopper roll and
bedroll 58 and 59, i$ well known in the art. The bedroll 59 can have plural
25 radiaily moveable members having radially outwardly extending fences and pins,
and radially moveable booties, as is known in the art. The chopper roli can have a
radially outwardly extending blade and cushion, as is known in the art. U.S.
Patent 4,687,153 issued August 18, 1987 to McNeil is incorporated herein by
reference for the purpose of genenally disclosing the operation of the bedroll and
30  chopper roll in providing web transfer. A suitable rewinder assembly 60 including
- rolls 52, 54, 56, 58 and 59 can be supported on a frame 61 and is manufactured
by the Paper Converting Machine Company of Green Bay Wisconsin as a Series
150 rewinder system. '
+ The bedroll can include a chopoff solenoid for activating the radial
35 moveable members. The solenoid activates the radial moveable members to sever
the web at the end of a log wind cycle, so that the web can be transferred for
winding on a new, empty core. The solenoid activation timing can be varied to
change the length interval at which the web is severed by the bedroll and chopper
roll. Accordingly, if a change in sheet count per log is desired, the solenoid
40  activation timing can be varied to change the length of the material wound on a
- log.
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Figure 29 is an enlarged schematic side view of the second end of the
mandrel of Figure 26 show ng the nosepi ece bi-ased away fromthe
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def ormabl e ri ng. Figure 31 is a schematic diagramshow ng a
programmabl e drive control 40 system for contr 16$h 1

i ndependent | y WP R85 monent s of the web 0i'éf‘illt ng

appar at us. WO 96/ 38363
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Figure 32 is g schengii ﬁgeaq@ss@ ROVRNS 26HE0H 6 B tisidred 1306 Sind
control syst em fqr cont ro | dri ge not Qr%

DETAI LED DESCRI PHSCRISesiated-coten 3tk ebest axig-i334  dpripg; moyement of the; | o

vi ew showi ng t he mhandrél #nd ébrweibng (317 wgbapindingtsegméﬂ 320 a’ﬂmmmmlgl tdmvehe

\F/)Vlr ﬁg:pt 1I()8Vﬁ2f/: ﬁ&pgﬂé@at [ onary #ngm@fb%o a goreﬁfé Sﬁf ara us 1

and a-core stri ppupRperedeaths o & log 310 aWﬁB anpp f
the turret 10 VdorsIS02 OEeb %nﬁwcbré) mmﬂmmmammemmpmﬁes tamtar et

winder 100 taken v"v’iln&iﬁg of the baper web 50 upon the cores 302 (that is, by connecting the -
mandrel with a drive which rotates the mandrel 300 about its axis 314, so that the
web is pulled onto the core), as opposed to surface winding wherein a portion of
the outer surface on the log 51 is contacted by a rotating winding drum such that
15  the web is pushed, by friction, onto the mandrel.

The center winding mandrel drive apparatus 330 can comprise a pair of
mandrel drive motors 332A and 332B, a pair of mandrel drive belts 334A and
334B, and idler pulleys 336A and 336B. Referring to Figures 3A/B and 4, the
first and second mandrel drive motors 332A and 332B drive first and .second

20 mandrel drive belts 334A and 334B, respectively around idler pulleys 336A and
336B. The first and second drive belts 334A and 334B transfer torque to alternate
mandrels 300. In Figure 3A, motor 3324, belt 334A, and pulleys 336A are in

. front of motor 332B, belt 334B, and pulleys 336B, respectively.

In Figures 3A/B, a mandrel 300A (an "even" mandrel) supporting a core

25 302 just prior to receiving the web from the bed roll 59 is driven by mandrel drive
belt 334A, and an adjacent mandrel 300B (an "odd" mandrel) supporting a core
302B upon which winding is nearly complete is driven by mandrel drive belt
334B. A mandrel 300 is driven about its axis 314 relatively rapidly just prior to
and during initial transfer of the web 50 to the mandrel's associated core. The

30 rate of rotation of the mandre} provided by the mandrel drive apparatus 330 slows
as the diameter of the web wound on the mandrel's core increases. Accordingly,
adjacent mandrels 300A and 330B are driven by alternate drive belts 334A and
334B so that the rate of rotation of one mandrel can be controlled independently of
the rate of rotation of an adjacent mandrel. The mandrel drive motors 332A and

35  332B can be controlled according to a mandrel winding speed schedule, which
pmvidesthedesiredromionalspeedofama_ndrelSOOasafunctionoftheangular
position of turret assembly 200. Accordingly, the speed of rotation of the
mandrels about their axes during winding of a log is synchronized with the angular
position of the mandrels 300 on the turret assembly 200. It is known to control

40 the rotational speed of mandrels with a mandrel speed schedule in conventional
rewinders. .




lines 3-3 in Figure 2, showi ng a conventional web rew nder assenbly

upstreamof 15 the turret w nder 100. Descri ption of
Core Loading, Wnding, and Stri pping Referring to Figure 1, 2
and 3A/B, the turret w nder 100 supports a plurality of mandrels 300.
The mandrel s 300 engage cores 302 upon which a 20 paper web is wound. The
mandrel s 300 are driven in a closed nandrel path 320 abOL{;C_r turret
assenbly cent r ¥ 03¥88%502  Each nmandrel 300 extends al ong a %ﬁm%54§

axis 314 generally parallel to the turret asgenbly central axis 202, froma
first mandrel end 310 to a second nandrel end 312. The mandrels 300 are

supported at their fi sty aiAddre  tbethail aiahotref Ve pulley' 538 a4 Rfiokot
200. The 25 mandrel s 300 ar SLIAP at ei s, 312
by a nandr el @f&?ﬁ&n%%g’gﬁkﬂg ﬁéﬁ'}’ég g?‘}‘é&mn‘ﬂd@‘ %‘%ef@b‘?
supports at | east thehmamirel, asshmmlmel?guﬂ(m The positieriscofahe vrive phllnys?¢386and
mandrel s 300, and; t aﬂ&fﬁ

ten mandrel s 300. ﬂ&@iﬁ%t nder % °"§‘[¥ 6tH€r$£Hfdi-éi 300\/\%"?6ﬁfeast manﬁ?sZI S
300 can have a r o amsidpiven PY/@H‘“@'G’r b&ﬁgg 9‘9"2@35‘ B, {pspectvely s For instance,y at
a relatively lhow shenimndrebdnivs beit 334Ar eguges: the hlandrebdmmrphlleytass on amdte]

wnich bs ”?niérm’t@%d'f’%*‘“”‘?*‘@‘%f ?5‘? “’?é@%ﬁangu e fhchab oF e e

As shown in Fi gur BuligX 33%en firiy-mater 3324 qupvides
and can include arctstioch dforhal ﬂﬂnﬁdmmaﬁﬂ?nsmduESMW Sitiiladly s ehem tie martireland

a 35 core strippj e jcore
stripping hive ?@?@%fﬁ%o&cﬁﬁggﬁwwwﬂ# @cﬁﬂdﬂ“%
portion. By tH& pav%etheamndrel dzive chelf) 334As rides gyer the ﬁé“’ﬁ@rim of {the Klgfeant
- that a segnment of pilley 330@matatThdidiet B00B, so thatidhlyddve iM6lor 3328 prowidesotitipnOn

1 o ose8 e’y ok Gt i . e, Sl
devi ation of the maa%@b’a‘%mmsoaa tbemmwsm tRcteansien torquido s m@nﬁml
froma straight | 300 saaaksidiatptiey 339 engapss the othief of thebalts1534A/834B) babdods 10
20  not transfer torque from the drive belt to the mandrel.
The web wound cores are carried along the closed mandrel path 320 to the
core stripping segment 326 of the closed mandrel path 320. Intermediate the web
- winding segment 324 and the core stripping segment 326, a portion of the mandrel
cupping assembly 400 disengages from the second end 312 of the mandrel 300 to.
25  permit stripping of the log 51 from the mandrel 300. The core stripping apparatus
2000 is positioned along the core stripping segment 326. The core stripping
apparatus 2000 comprises a driven core stripping component, such as an endless
conveyor belt 2010 which is continuously driven around pulleys 2012. The
conveyor belt 2010 carries a plurality of flights 2014 spaced apart on the conveyor
30  belt 2010. Each flight 2014 engages the end of a log 51 supported on a mandrel
300 as the mandrel moves along the core stripping segment 326.
The flighted conveyor belt 2010 can be angled with respect to mandrel axes
314 as the mandrels are carried along a generally straight line portion of the core
stripping segment 326 of the closed mandrel path, such that the flighty 2014
35 engage each log 51 with a first velocity component generally paralle] to the
mandrel axis 314, and a second velocity component generally parallel to the
straight line portion of the core stripping segment 326.- The core stripping
apparatus 2000 is described in more detail below. Once the log 51 is stripped
from the mandrel 300, the mandrel 300 is carried along the closed mandrel path to
40 the core loading segment 322 to receive another core 302.
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and in one enbodiment is no nore than about 5 percent. The maximm

normal deviation.of the portion of the closed mandrel path extending

bet ween t he two points is calculated by: constructing an i magi nary
| i ne between tﬂ f&%‘ﬁm nts; determ ning the maxi mum di Shbepos t he
| magi nary str &r? e to the portion of the closed mandre pat

between the two points, as neasured perpendjjcular to 10 the inmaginary
straight line; and di vi di ng the maxi mum di stance by the straight |ine

di st ance bet ween the ment
of the prese\rltvtg |nvd§ éuag the co réoaﬁ d mpplhgaéﬁgnﬂgocore
stripping segment@2 Siemegtspf, é 9Q?‘H’e |f'E'}°B?Psw n9¥4vi ng

a maxi«rum nor mal beldesceibedin detail. ess t han about 5.0 percent. By way of 15
~exanple, the core |oading segnment 322 can conprise a straight |ine portion

havi ng a maxi mum devi ati on of about 0. 15-0. 25 percent, and the core
strippi ng segnent " can corrprl d‘ﬂi“dFé tion having a

nmaxi mum devi abi on of Refertihg GoSFigufes. 1-4 thaermmubly Sriven ghtret] 'assanﬂgrm&)ris
with such maxi mug, dd opé fﬁgﬁlgs rotauon L Gilnét iy
aligned with rmV| mandr e uring cor ng, ermt str pi ng
of enpty cores f 15 40%andhe | Eﬂe‘seﬂ‘@fﬂ’b@hm E is

not wound onto oassemblytmanset &sisolae th@mhememﬁlpaoafmnnﬁbnhomhsed by the

rewinder assembly 60. The rotatably driven turret assembly 200 supports each

15  mandrel 300 adjacent the first end 310 of the mandrel 300. Each mandrel 300 is

supported on the rotatably driven turret assembly 200 for independent rotation of

the mandrel 300 about its mandrel axis 314, and each mandrel is carried on the

rotatably driven turret assembly along the closed mandrel path 320. Preferably, at

least a portion of the mandrel path 320 is non-circular, and the distance between

20 the mandrel axis 314 and the turret assembly central axis 202 varies as a function
of position of the mandrel 300 along the closed mandrel path 320.

Referring to Figure 2, and 4, the turret winder stationary frame 110

.comprises a horizontally extending stationary support 120 extending intermediate

~ upstanding frame ends 132 and 134. The rotatably driven turret assembly 200

25 comprises a turret hub 220 which is rotatably supported on the support 120

adjacent the upstanding frame end 132 by bearings 221. Portions of the assembly

are shown cut away in Figures 2 and 4 for clarity. A turret hub drive servo motor

222 mounted on the frame 110 delivers torque to the tirret hub 220 through a belt

or chain 224 and a sheeve or sprocket 226 to rotatably drive the turret hub 220

30  about the turret assembly central axis 202. The servo motor 222 is controlled to

phase the rotational position of the turret assembly 200 with respect to a position

reference. The position reference can be a function of the angular position of the

bedroll 59 about its axis of rotation, and a function of an accumulated number of

4 revolutions of the bedroll 59. In particular, the position of the turret assembly 200

35 can be phased with respect to the position of the bedroll 59 within a log wind

cycle, as described more fully below. |

In one embodiment, the turret hub 220 can be driven continuously, in a non-

stop, non-indexing fashion, so that the turret assembly 200 rotates continuously.

By “rotates continuously” it is meant that the turret assembly 200 makes muitiple,

40 full revolutions about its axis 202 without stopping. The turret hub 220 can be

driven at a generally constant angular velocity, so that the turret assembly 200



I ndexi ng turret having a circular closed mandrel path with a radius of

about 10 i nches, the normal deviation of the circular closed mandrel
path froma 10 i nch | ong straight chord of the circular mandrel path
I $ about 13.4 percent, 25 The second ends 312 of the mandrels 300
are not engaged by, or otherw se supported by, the mandrel cupping
assenbly 400 al ong the core | oadi ng segnent 322. The corﬁgkﬁ%%hgﬁ
apparatus 1000 WO %¢es one or nore driven core | oadi ng ts
for conveying the cores 302 at |east part onto the mandrels 300

during novenent of the mandrels 300 along t e core | oading segnent 322. A

pair 30 of rgta
sides of the gorgﬁﬁ{dafj{g&%“ %ﬁﬂgﬁw&weg%gger%&&e to reg%l ve gecore from
the core | oadi ng 3agHar Xelgeity" i 15]!%9‘ the, et assembly 200 isrdrivea teovotates 02

onto the mandrel cdffihuofely Siiiithal the rotatiodal gpeed of the tuarét agiembly D00 vasiee 16392

onto a mandrel 3 | 3
| oadi ng of anot hgﬁanc%br gpgwepreﬁ%gﬁg %Fha%ﬂtw?ﬁsp%ﬂg?l }i%'gn%fet ed.
Accordingly, the valeayThertrerassembly 260 eans suppors d0-mandrels 300, and the tywgt

st op i ndexi ngigof nowrbélcmaﬁ af A biseline SxpRliR veRRBity of Bbtwebd @boat 2-4 RPM, for

cUppi ng. assenbl y Mg e Sl 2Caf ey’ i‘#'apéiﬂz 6 sl SRR 2 |
mandrel noves frmbﬁdntm@dhmdinﬁgﬂmcmmab@tﬂmr windingnaboudfhent

40 324, thGFEbYI diete SWith Bielan, gﬂm‘ CoT1the Ripét Bskembly vhryingRSCtha
300. Cores - ??@Wnto mandrel s 300 are carried tg t he web wi ndi ng

segnent 324 of t WO 96/ 38363
PCT/ US96/ 07468 Referring to Figures 2, 4, §, 6, 7, and 8, a rotating mandrel support extends
from the turret hub 220. In the embodiment shown, the rotating mandrel support
comprises first and second rotating mandrel support plates 230 rigidly joined to
the hub for rotation with the hub about the axis 202. The rotating mandrel support
plates 230 are spaced one from the other along the axis 202. Each rotating
20 mandrel support plate 230 can have a plurality of elongated slots 232 (Figure 5)
extending there through. Each slot 232 extends along a path having a radial and a
tangential component relative to the axis 202. A plurality of cross members 234
(Figures 4 and 6-8) extend intermediate and are rigidly joined to the rotating
mandrel support plates 230.. Each cross member 234 is associated with and
25 extends along an elongated slot on the first and- second rotating mandrel support
plates 230.

The first and second rotating mandrel support plates 230 are disposed
intermediate first and second stationary mandrel guide plates 142 and 144. The
first and second mandrel guide plates 142 and 144 are joined to a portion of the
30 frame 110, such as the frame end 132 or the support 120, or alternatively, can be
supported independently of the frame 110. In the embodiment shown, mandrel
guide plate 142 can be supported by frame end 132 and the second mandrel guide

plate 144 can be supported on the support 120.
_ The first mandrel guide plate 142 comprises a first cam surface, such as a
35 cam surface groove 143, and the second mandrel guide platc 144 comprises a
second cam surface, such as a cam surface groove 145. The first and second cam
surface grooves 143 and 145 are disposed on oppositely facing surfaces of the first
and second mandrel guide plates 142 and 144, and are spaced apart from one
another along the axis 202. Each of the grooves 143 and 145 define a ciosed path
40  around the turret assembly central axis 202. The cam surface grooves 143 and
145 can, but need not be, mirror images of one another. In the embodiment



57 closed mandrel path 320. Internediate the core |oadi ng segnent 322 and
the web w ndi ng segnent 324, a web securing adhesive can be applied
to the core 302 by an adhesi ve application apparatus 800 as the core
and its associ ated mandrel are carried along the closed nandrel path.
As the core 302 is carried along the web wi ndi ng segnent 324 of the cl osed
10 mandrel p a web 50 is directed to the core 302 by

conventi onal a@%’?@%ﬁ"’ assenbly 60 di sposed upstream of tﬁ%rm 61

wi nder 100. The rew nder assenbly 60 i g shown in Figure 3, and

I ncludes feed rolls 52 for carrying the web 50 to a perforator rol

54, a web sli terP(P&g | {l4a5

The perforat otrs 159%;%1{}:% es i negm?apﬁgf%@aﬁbﬁ%ﬁg%@ngl ng atﬁ {he
15 width of the bc%s“ éeehm’smcamsséa%fwmrs“ssﬂe spaced apart a
pr edeter m ned di st an@he aandee! ghide pRars 142 aiid 14kacoada ofandel puidy fot positiching dual

heet

isngfvisdual sjhgle??ﬂ"l'isﬁﬁé@gbowﬂﬁance %e&%aﬁacengﬁﬁhﬁéﬁﬂma#e
per f orations. the rotating mapdreh sypport plates 230. aﬁﬂctbm 89 is syppogted Hfer web
50 at the endygof r&&ﬁ)ﬂﬂﬁm?ﬁts niindfel Gxis |34 ohhE thani@ie] bBbaiihg N R436mb19r350302

is conmpl ete. The.bed | s tr fer 0 e fr end of
Lhe weh 20 1ot ndR batdtel DRariles Shppon anBrity S50 clyf QiR 2 fest Bk Honsias

path 320. Such a 352andasecond besring havsing i3 mullmg)madéoamandme;adernluIe§5§2
perforator roll Echhﬁhdfellsﬁa@ plaitc 356 & dlidably sd Tgpbreh%p@rcrdseldluﬁuézm for

25 rai al 1y movEamAolo et ﬁrﬂm H‘sﬁﬁé%w 5 e o ot Jrea BBl
and pins, 15 ammatdlquvnmm Zﬂﬂcmdastangmtnlscokmomnt irelativiedto he aJusl'he
ChOIrC])IC)er roll CaE ZU@V%g"ures 7 anél 3%Kndi trangld fafldfe) Slie) M@SR rbive to
T6. 1087 to MNoHR ﬁrgssmﬁ%%’ée%wm it @fﬂdfélrre‘és SO e pose
of generally di sassemblygcentrel axis262.i oln ofie embodmﬁltothe mmﬂﬂmMQMcanul in
olls 55 54, E%""“‘%’ (supfl iy bel ddis 234 7 W ¥lkiplty U cofieSalivailable
manuf act ur ed 2 ﬂ’gﬁ%%w&?'ﬁ% ﬁlF"ﬁe é&fﬁgﬁ?&? ?‘%"@W’Bﬁ@
W sconsin as a S@rsupported on the rotating mandrel support plates 230 for translation relative to
the rotating mandrel support plates along a path having a radial component and a
-tangeatial component relative to the turret assembly central axis 202. Suitable
slides 358 and mating rails 359 are ACCUGLIDE CARRIAGES manufactured by
25 Thomson Incorporated of Port Washington, N.Y.
Each mandrel slide plate 356 has first and second cylindrical cam followers
360 and 362. The first and second cam followers 360 and 362 engage the cam
surface grooves 143 and 145, respectively, through the grooves 232 in the first
and second rotating mandre] support plates 230. As the mandrel bearing support
30 assembiies 350 are carried around the axis 202 on the rotating mandrel support
- plates 230, the cam foliowers 360 and 362 follow the grooves 143 and 145 on the
mandrel guide plates, thereby positioning the mandreis 300 along the closed
mandrel path 320.
The servo motor 222 can drive the rotatably driven turret assembly 200
35 continuously about the central axis 202 at a generally constant angular velocity.
Accordingly, the rotating mandrel support plates 230 provide continuous motion
of the mandrels 300 about the closed mandrel path 320. The lineal speed of the
mandrels 300 about the closed path 320 will increase as the distance of the
mandre] axis 314 from the axis 202 increases. A suitable servo motor 222 is a 4
40  hp Model HR2000 servo motor manufactured by the Reliance Electric Company
of Cleveland, Ohio.



150 rew nder system The bedroll can include a chopoff sol enoi d for
activating the radial 35 noveable nenbers. The sol enoid activates the

radi al noveabl e nenbers to sever the web at the end of a | og -w nd
cycle, so that the web can be transferred for wi ndi ng on a new, enpty
core. The solenoid activation timng can be varied to change the

|l ength interval at which the web is severed by the bedroll a 1
rol . Accordi nWPYSB%6 5 change in sheet count per log is desi reg, tﬁe

solenoid 40 activation timng can be varigd to change the |Iength of the
material wound on a | og. WO 96/ 38363
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its associated c %zmab@atclqwéwﬁ'&f é‘gﬁs anedﬁ‘PF‘?FBm v &¥¥e t he
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e e B U sl 1 b4 1
plurality of bolted together plate sectors. Each plate sector can have a segment of
the complete cam follower surface groove 143 (or 145). Referring to Figure 14,
the mandrel guide plate 142 can comprise a first plate sector 142A having a cam

15 surface groove segment 143A, and a second plate sector 142B having a cam

_surface groove segment 143B. By unbolting one plate sector and inserting a

. different plate sector having a differently shaped segment of the cam surface

groove, one segment of the closed mandrel path 320 having a particular shape can
be replaced by another segment having a different shape.

20 Such interchangeable plate sectors can eliminate problems encountered when
winding logs 51 having different diameters and/or sheet counts. For a given
closed mandrel path, a change in the diameter of the logs 51 will result in a
corresponding change in the position of the tangent point at which the web leaves
the bedroll surface as winding is completed .on a core. If a mandrel path adapted

25  for large diameter logs is used to wind small diameter logs, the web will leave the
bedroll at a tangent point which is higher on the bedroil than the desired tangent
point for providing proper web transfer to the next core. This shifting of the web
to bedroll tangent point can result in an incoming core "running into" the web as
the web is being wound onto the preceding core, and can result in premature

30 transfer of the web to the incoming core.

Prior art winders having circular mandrel paths can have air blast systems or
mechanical snubbers to prevent such premature transfer when small diameter logs
are being wound. The air blast systems and snubbers intermittently deflect the
web intermediate the bedroll and the preceding core to shift the web to bédroll

35  tangent point as an incoming core approaches the bedroll. The present invention
provides the advantage that winding of different diameter logs can be
accommodated by replacing segments of the closed mandrel path (and thereby
varying the mandrel path), rather than by deflecting the web. By providing
mandrel guide plates 142 and 144 which comprise two or more bolted together

40 plate sectors, a portion of the closed mandrel path, such as the web winding



web is pulled onto the core), as opposed to surface w nding wherein a
portion of the outer surface on the log 51 is contacted by a rotating
wi ndi ng drum such that 15 the web is pushed, by friction, onto the

mandr el . - The center w nding mandrel drive apparatus 330 can
conprise a pair of mandrel drive nmotors 332A and 332B, a pair of

mandrel drive I 334A and 334B, and idler pulleys 336 .
Referring to Iﬁéa%é?égA/B and 4, the first and second mﬁgﬁ@g’@?‘fq@e
motors 332A and 332B drive first and second ;20 mandrel drive belts 334A
and 334B, respectively around idler pulleys 336A and 336B. The first

and second driye Qg{ng t “%.omﬂ {nmé
mandr el s 300. In FI urew'ﬁeﬁoﬂt&g’égﬁ ﬁxfbﬁgﬁ %5%9 an eys SGdAffare in
front of notor 332 %PE‘A‘%B'SB Frp segmeny of, f?é‘gﬁ

In Figures 3A/B, a rmBylmy of fifbdtrdtive ékamph TabledAelis)s cbumhutéslfogamcsﬂﬁ'a&S

302 just prior to Y,
mandrel drive %ﬁgﬁ%ﬁ? ﬂgfgéen eﬂ‘b{ Oh* %@W%g cam
mandrel ) supporti diamateret e
lts dri venglﬁ malndrb ﬁalmmetml ﬁstscoordﬁitéﬁfor/e\mme d&gﬂbﬂt\/ﬁltalﬂlbmﬁ
its axis re Fi ia
transfer of the %hﬁgibg %@% %%j%r%elf&as ass @ 313(\2%%%&%%4 at eThef
rotation of the neQenlieates, ar, measyred, from the reptal axis ap SCAYR (BTYP® s
aAs thg_ di ?rreter Osfegiéxbﬁs\a@&momnﬁdwtﬁdgeAhmmwhmesm@mweﬂsw;mdmd '
ccordingly, cent e ter.nat e
drive belts 334A tg%td{h%&&ﬁ%déeﬁé hl%n?:gﬁig%grﬁ §?£F|t§n&g‘$¥ mandr el
can be control edmanirelopattici?0) y Tables 2A hsﬁéhemteﬁd!fatheowamm'anﬂtboﬁ?&cent
mandrel . The nmanddofespbinditg @WOR" Sans v%ngég&'éntsSﬂaR atl) 1838 Cdesdribed | d

desired ot at ?oﬁﬁ”diﬁ%%‘“ i el TR, 25 (fhon Taplf 18 %%"M'ﬁsﬁiﬁa&#afhe
position of turr emdﬂmmeﬁwhemmgfyhe magdrshpath 320 are fisted an Tablet he

mandrel s about thgs,r axes during winding of a log is synchronized with the

angul ar %oleon of the mandrels 300 on the turret assenbly 200. It is
known to conttol 40 the rotational speed of mandrels with a nandrel speed
schedul e in conventi onal Tuziet Njoder, Mandrel Cupping Assembly

The mandrel cupping assembly 400 releasably engages the second ends 312
- of the mandrels 300 intermediate the core loading segment 322 and the core
stripping segment 326 of the closed mandrel path 320 as the mandrels are driven
25 around the turret assembly central axis 202 by the rotating turret assembly 200.
Referring to Figures 2 and 9-12, the mandrel cupping assembly 400 comprises a
plurality of cupping arms 450 supported on a rotating cupping arm support 410.
Each of the cupping arms 450 has a mandrel cup assembly 452 for releasably
engaging the second end 312 of a mandrel 300. The mandrel cup assembly 452
30 rotatably supports a mandrel cup 454 on bearings 456. The mandrel cup 454
releasably engages the second end 312 of a mandrel 300, and supports the mandrel

300 for rotation of the mandre] about its axis 314.
Each cupping arm 450 is pivotably supported on the rotating cupping arm
support 410 to permit rotation of the cupping arm 450 about a pivot axis 451 from
35 a first cupped position wherein the mandrel cup 454 engages a mandrel 300, to a
second uncupped position wherein the mandrel cup 454 is disengaged from the
mandrel 300. The first cupped position and the second uncupped position are
shown in Figures 9. Each cupping arm 450 is supported on the rotating cupping
arm support in a path about the turret assembly central axis 202 wherein the
40 distance between the cupping arm pivot axis 451 and the turret assembly central
axis 202 varies as a function of the position of the cupping arm 450 about the axis



WD 96/ 38363

PCT/ US96/ 07461 10 5

Each mandrel 300 has a toothed nmandrel drive pulley 338 and a snooth
surfaced, free wheeling idler pulley 339, both disposed near the first end

310 of the mandrel, as shown in Figure 2. The positions of the drive
pul I ey 338 and | dler pulley 339 alternate on every other mandrel 300,
so that alter nXPFEMdr el s 300 are driven by nandrel dr PGHURE(07461 3340

and 334B, respectively. For instance, 10 g/nen mandrel drive belt 334A
engages the nandrel drive pulley 338 on nan 300A, the mandrel

on that sare. fanfs) Aoynels, Rl Bt fCafortin? ssbliElcop a9g o bk 27

rotation of that WICHQ@OAC)&%@MSG MQWBZQD asghmaaﬂneyls oagried around

mandr el drtué@&ggd nadSrdBpdth IZWBEthe fret assémbig 20011 [ ey 338 on an
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15  position of the rotating cupping arm support 410 with respect to a reference that is

. a function of the angular position of the bedroll 59 about its axis of rotation, and a

function of an accumulated number of revolutions of the bedroll 59. In particular,

the position of the support 410 can be phased with respect to the position of the

bedroll 59 within a log wind cycle, thereby synchronizing rotation of the cupping

20 arm support 410 with rotation of the turret assembly 200. The servo motors 222

and 422 are each equipped with a brake. The brakes prevent relative rotation of

the turret assembly 200 and the cupping arm support 410 when the winding
apparatus 90 is not running, to thereby preventing twisting of the mandrels 300.

The rotating cupping arm support 410 further comprises a rotating cupping

25 arm support plate 430 rigidly joined to the hub 420 and extending generally

perpendicular to the turret assembly central axis 202. The rotating plate 430 is

rotatably driven about the axis 202 on the hub 420. A plurality of cupping arm

support members 460 are supported on the rotating plate 430 for movement

relative to the rotating plate 430. Each cupping arm 450 is pivotably joined to a

30 cupping arm support member 460 to permit rotation of the cupping arm 450 about

the pivot axis 451.

Referring to Figures 10 and 11, each cupping arm supportmember4601s
slidably supported on a portion of the plate 430, such as a bracket 432 bolted to
the rotating plate 430, for translation relative to the rotating plate 430 along'a path

35 having a radial component and a tangential component relative to the. turret
assembly central axis 202. In one embodiment, the sliding cupping arm support
member 460 can be slidably supported on a bracket 432 by a plurality of
commercially available linear bearing slide 358 and rail 359 assemblies. A shde
358 and a rail 359 can be fixed (such as by bolting) to each of the bracket 432 and

40  the support member 460, so that a slide 358 fixed to the bracket 432 slidably




w ndi ng segnent 324 and the core stripping segnent 326, a portion of the
mandr el cuppi ng assenbly 400 di sengages fromthe second end 312 of
the mandrel 300 to 25 permt stripping of the log 51 fromthe mandrel 300.
The core stripping apparatus 2000 is positioned along the core
stripping segnent 326. The core stepping apparatus 2000 conprises a

driven core stripping conponent, such as an endl ess CONYSiYNosRkL
2010 whi ch is‘@%ﬁ%‘ﬁ%ousl y driven around pull eys 2012. The conveyor

belt 2010 carries a plurality of flights 2QG34 spaced apart on the conveyor
30 belt 2010. Each flight 2014 engages the end of a log 51 supported on a
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core | oadi ng segfdl tl@gﬁvmmwsnomngggﬂn@mpmagggonary prOt axis positigning
96/ 38363 guide plate 442. The pivot axis positioning guide plate 442 extends generally
PCT/ US96/ 07461 perpendicular to the axis 202 and is positioned adjacent to the rotating cupping
15  arm support plate 430 along the axis 202. The positioning plate 442 can be rigidly
joined to the support 120, such that the rotating cupping arm support plate 430
rotates relative to the positioning plate 442.
The positioning plate 442 has a surface 444 facing the rotating support plate
430. A cam surface, such aqcammrfaoegrooveMS is disposed in the surface
20 444 to face the rotating support plate 430. Each sliding cupping arm support
member 460 has an associated cam follower 462 which engages the cam surface
groove 443. The cam follower 462 follows the groove 443 as the rotating plate
430 carries the support member 460 around the axis 202, and thereby positions the
cupping pivot axis 451 relative to the axis 202. The groove 443 can be shaped
25  with reference to the shape of the grooves 143 and 145, so that each cupping arm
and associated mandrel cup 454 can track the second end 312 of its respective
mandrel 300 as the mandrel is carried around the closed mandrel path 320 by the
rotating mandrel support 200. In one embodiment, the groove 443 can have
substantially the same shape as that of the groove 145 in mandrel guide plate 144
30 along that portion of the closed mandrel path where the mandrel ends 312 are
cupped.  The groove 443 can have a circular arc shape (or other suitable shape)
along that portion of the closed mandrel path where the mandrel ends 312 are
uncupped. By way of illustration, Tables 3A and 3B, together, list coordinates for
a groove 443 which is suitable for use with cam follower grooves 143A and 143B
35  having coordinates listed in Tables 1A and 1B. Similarty, Tables 3A and 3C,
together, list coordinates for a groove 443 which is suitable for use with cam
follower grooves 143A and 143C having coordinates listed in Tables 1A and 1C.
Each cupping arm 450 comprises a plurality of cam followers supported on
the cupping arm and pivotable about the cupping arm pivot axis 451. The cam
40 followers supported on the cupping arm engage stationary cam surfaces to provide
rotation of the cupping arm 450 between the cupped and uncupped positions.



5° Havi ng descri bed core | oading, wi nding and stripping generally, the
I ndi vi dual el enents of the web wi nding apparatus 90 and their functions
Wil now be described in detail. Turret
W nder: Mandrel Support 10 Referring to Figures 14, the rotatably
driven turret assenbly 200 is - supported on the stationary frame 110
for rotation t turret assenbly central axis 202. 110
is preferabl yag’g’;’ﬁg#g fromthe rew nder assenbly frane %%Bﬁoa{ozigfate
the turret assenbly 200 fromvibrations cauged by the rew nder
assenbly 60. The rotatably driven turret assenbly 200 supports each 15
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cupping arm support plate when the mandrel cup is m posn on

(upper cupping arm in Figure 9). The axes 475A and 475B are parallel to axis
202 when the mandrel cup is in the uncupped position (lower cupping arm in
Figure 9).
25 Each cupping arm 450 also comprises a third cylindrical cam follower 476
supported on the distal end of the cupping arm extension 455. The cam follower
476 is pivotable about pivot axis 451 with extension 455. The third cam follower
476 is supported on the extension 455 to rotate about an axis 477 which is
perpendicular to the axes 475A and-475B about which followers 474A and B
30 rotate. The axis 477 is parallel to the direction along which the cupping arm
support member 460 slides relative to the rofating cupping arm support plate 430
when the mandrel cup is in the uncupped position, and the axis 477 is parallel to
axis 202 when the mandrel cup is in the cupped position.
The mandrel cupping assembly 400 further comprises a plurality of cam
35 follower members having cam follower surfaces. Each cam follower surface is
engageable by at least one of the cam followers 474A, 474B and 476 to provide
rotation of the cupping arm 450 about the cupping arm pivot axis 451 between the
cupped and uncupped positions, and to hold the cupping arm 450 in the cupped
and uncupped positions. Figure 13 is an isometric view showing four of the
40 cupping arms 450A-D. Cupping arm 450A is shown pivoting from an uncupped
to a cupped position; cupping arm 450B is in a cupped position; cupping arm



revol utions of the bedroll 59. In particular, the position of the turret
assenbly 200 35 can be phased with respect to the position of the bedrol
59 within a |l og wind cycle, as described nore fully bel ow

| A one enbodi nent, the turret hub 220 can be driven continuously, in a non-
stop, non-indexing fashion, so that the turret assenbly 200 rotates

conti nuously. r?ﬁ?@g”ﬁ%/ﬁ rotates continuously” it is neant thatP ] ?B’Q”‘?t

assenbly 200 iple, 40 full revolutions about its axi

wi t hout stopping. The turret hub 220 can beyg driven at a generally
constant angul ar velocity, so that the turret assenbly 200 WO
96/ 38363
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can be driven at comprisecin; opening gar amember 482 hyving am ppening/camrsvrface 483, adiold)
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assenbly varyi ngmn(]a Sn?exﬁb@m% comprising a closing cam surface 487, and a hold closed cam

15  member 488 comprising a hold closed cam surface 489. Cam surfaces 485 and
489 can be generally planar, parallel surfaces which extend perpendicular to axis
202. Cam surfaces 483 and 487 are generally three dimensional cam surfaces.
The cam members 482, 484, 486, and 488 are preferably stationary, and can be
supported ( supports not shown) on any rigid foundation including but not limited

20 to frame 110.

As the rotating plate 430 carries the cupping arms 450 around the axis 202,
the cam follower 474A engages the three dimensional opening cam surface 483
prior to the core stripping segment 326, thereby. rotating the cupping arms 450
(e.g. cupping arm 450C in Figure 13) from the cupped position to the uncupped

25  position so that the web wound core can be stripped from the mandrels 300 by the
core stripping apparatus 2000. The cam follower 476 on the rotated cupping arm
450 (e.g., cupping arm 450D in Figure 13) then engages the cam surface 485 to
hold the cupping arm in the uncupped position until an empty core 302 can be
loaded onto the mandrel 300 along the segment 322 by the core loading apparatus

30 1000. Upstream of the web winding segment 324, the cam follower 474A on the
cupping arm (e.g. cupping arm 450A in Figure 13) engages the closing cam
surface 487 to rotate the cupping arm 450 from the uncupped to the cupped
position. The cam followers 474A and 474B on the cupping arm (e.g. cupping
arm 450B in Figure 13):then engage the cam surface 489 to hold the cupping arm

35 450 in the cupped position during web winding. :

The cam follower and cam surface arrangement shown in Figures 9 and 13
provides the advantage that the cupping arm 450 can be rotated to cupped and
uncupped positions as the radial position of the cupping arm pivot axis 451 moves
relative to the axis 202. A typical barrel cam arrangement for cupping and

40 uncupping mandrels, such as that shown on page 1 of PCMC Manual Number 01-
012-ST003 and page 3 of PCMC Manual Number 01-013-ST011 for the PCMC



about 0.04 RPM 15 Referring to Figures 2, 4, 5 6, 7, and 8, a

rotati ng mandrel support extends fromthe turret hub 220. In the
enbodi ment shown, the rotating mandrel support conprises first and
second rotating mandr el support plates 230 rigidly joined to t he hub

for rotation with the hub about the axis 202. The rotating mandrel support
pl ates 230 are_spaced one fromthe other along the axis 202. I ng
20 mandrel suﬁ'ﬁgw”ﬁf?ate 230 can have a plurality of el ongat E%F’G?Jﬁ&&% :
(Figure 5) extendi ng there through. Eggh slot 232 extends along a path
having a radial and a tangenti al conponent rel ative to the axis 202. A

plurality of grogg; eflﬁneﬁ | wdl ate
and are rigidly ne§b to the ro a{eqﬁﬁbﬁk'hﬁfaﬁan su ortﬁﬂﬁgtn%:
Each cross membefnddoes;not &W%fa@d" PH“&W&%W& e gat ed

sl ot on the fir sfroacmfrecadgi2020 Fhdidble. mandr el support pl ates 230.
The first and second rotating mandrel support plates 230 are di sposed
intermediate first and second stationary mandrel gU| de plates 142 and 144.

The first and secoﬁarerﬁnm@ﬂﬂgmw ond Mangrel Wl&sﬁe!a\ﬂ@sj oined to a
portion of the 30 lﬁmgmmmtlbam; it Wels Kandise rtb 120

or alternativel y can '

t he enbodi nent s “’ﬂdﬂ%ﬁ"&?“ Rﬁ%ﬁ??fgdggggéﬁﬁ%%@hg a_%}%?ﬁg&

frame end 132 an@ss@mldys@%rmdnﬁrmérelwpﬁeg assist gysembly 1700 epeore fskver t ed
on the support Ilgparatus 500 is positibiéd fdrrcﬁivm‘gaasiésebomh@emelmﬂremmorml ses

a first camsurface uch as a e on
mandr el gui de plmd“i @f’s 600" ad Z@grﬁg %‘Wkﬁ%ﬂw&ﬂsﬁg cam
surface groove MIHM¢¢WMMCONM&E®@MGM and
145 are di sposed on p@R&@Swinféry hati ACsifgl Eﬁ@&ﬁw@froll&eftfrldiﬁ&ngacoreamb gecond

Aot her al'ong ¢ hEREpL Wy8" g'eiﬁﬁ%?”? r M%ﬁeﬁdﬁe 1 Mt oMt e 390, oseq
path 40 around armagemenisprovideoaistiy between the mandrebaml thphaingle: drive rollee do
grooves 143 and dnve th&é&e(‘oilfb mb&hnélﬁ?ﬂm&ﬁrelberhéﬁﬂ\fe%pd:ﬁﬁggﬁo 6ff th® pfesent
another. In %‘e %on compnses a pair of core drive rollers 505. The core drive rollers 505
are disposed on opposite sides of the core loading segment 322 of the closed
mandrel path 320 along a generally straight line portion of the segment 322. One
of the core drive rollers, roller 5054, is disposed outside the closed mandrel path
320, and the other of the core drive rollers, 505B, is disposed within the closed
25 mandrel path 320, so that the mandrels 300 are carried intermediate the core drive
rollers S05A and 505B. The core drive rollers 505 cooperate to engage a core
driven at least partially onto the mandrel 300 by the core loading apparatus 1000.
The core drive rollers 505 complete driving of the core 302 onto the mandrel 300.
The core drive roliers S05 are supported for rotation about parallel axes, and
30  are rotatably driven by servo motors through belt and pulley arrangements. The
core drive roller SOSA and its associated servo motor 510 are supported from a
frame extension 515. The core drive roller SOSB and its associated servo motor
511 (shown in Figure 17) are supported from an extension of the support 120.
The core drive rollers 505 can be supported for rotation about axes that are
35 inclined with respect to the mandre] axes 314 and the core loading segment 322 of
the mandrel path 320. Referring to Figures 16 and 17, the core drive rollers 505
are inclined to drive a core 302 with a velocity component generally paralle]l to a
mandrel axis and a velocity component generally parallel to at least a portion of
the core loading segment. For instance, core drive roller 505A is supported for
40  rotation about axis 615 which is inclined with respect to the mandrel axes 314 and
the core loading segment 322, as shown in Figures 15 and 16. Accordingly, the



WO 96/ 38363

PCT/ US96/ 07461 13 5 shown,
the cam surfaces are grooves 143 and 145, but it will be understood that

ot her cam surfaces, such as external cam surfaces, could be used. _
The mandrel guide plates 142 and 144 act as a mandrel guide for positioning
the mandrels 3 4§ the cl osed mandrel path 320 as the nangkgh%?

carried on t'he™rotating mandrel support plates 230. Each rel éOO
I's supported for 10 rotation about its mangrel axis 314 on a mandrel
beari ng support assenbly 350. The mandrel bearing support assenbly 350
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felative to | B M@é“@wi@?ﬁ@hat isedinie 0k G5 A Speopd el
axis 314 to the Bli?f dhe mandreh assistiaksembiyn 60 ks notishowd in Figurede 'Eh:bmdndrdnt
tzgi Bandr e: sl : dgssfat ﬁ&s@mﬁ 'Bobecolm prisesSa rGtatably (%H&Pﬂ{ah&‘ll Qibibp% b 358
and rai1 550 assufcPRUTnEan PR, hanare 30, Aepeat dogk & port “%Liim $Fed on
t he rotating nmanibading segment (329 |ofi ithes clogal mmdmlrlmﬂsﬁzil.i d'herm:mel\sapnon 610
;23 rotating mangawilizes the fahdfdl 306 Snd' redifted vibiiion [ the Gncupped infindfeP 3BENENt
15 The mandrel support 610 thereby aligns the mandrel 300 with the core 302 being
driven onto the second end 312 of the mandrel from the core loading apparatus
1000.
The mandrel support 610 is supported for rotation about the axis 615, which
is inclined with respect to the mandrel axes 314 and the core loading segment 322.
20 The mandrel support 610 comprises a generally helical mandrel support surface
620. The mandrel support surface 620 has a variable pitch measured parallel to
the axis 615, and a variable radius measured perpendicular to the axis 615. The
pitch and radius of the helical support surface 620 vary to support the mandrel
along the closed mandrel path. In one embodiment, the pitch can increase as the
25 radius of the helical support surface 620 decreases. Conventional mandrel
supports used in conventional indexing turret assemblies support mandrels which
are stationary during core loading. The variable pitch and radius of the support
surface 620 permits the support surface 620 to contact and support a moving
mandrel] 300 along a non-linear path.
30 Because the mandrel support 610 is supported for rotation about the axis
. 615, the mandrel support 610 can be driven off the same motor used to drive the
core drive roller S0SA. In Figure 16, the mandrel support 610 is rotatably
driven through a drive train 630 by the same servo motor 510 which rotatably
: drives core drive roller S05A. A shaft 530 driven by motor 510 is joined to and
35 extends through roller 505A. The mandrel support 610 is rotatably supported on
the shaft 530 by bearings 540 so as not to be driven by the shaft 530. The shaft
530 extends through the mandrel support 610 to the drive train 630. The drive
train 630 includes pulley 634 driven by a pulley 632 through belt 631, and a
- pulley 638 driven by pulley 636 through belt 633. The diameters of pulleys 632,
40 634, 636 and 638 are selected to reduce the rotational speed of the mandrel
support 610 to about half that of the core drive roller 505A.



tdngential conponent relative to the turret assenbly central axis 202.

Sui tabl e slides 358 and mating rails 359 are ACCUG.I DE CARRI AGES

manuf actured by 25 Thonson I ncorporated of Port Washi ngton, N.Y.

Each mandrel slide plate 356 has first and second cylindrical camfollowers
360 and 362. The first and second camfollowers 360 and 362 engage the cam
surface groove 4 d 145, respectively, through the groove

first and%g% rotating nmandrel support plates 230. A5§Fﬁ@%%gn
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Ohi o. VOReferrigs g Figures 17-19, the mandrel cupping assist assembly 700 is

PCT/ US96/ 07461  supported inside of the closed .mandrel path 320 and is positioned to support
uncupped mandrels 300 and align the mandrel ends 312 with the mandrel cups 454

15 as the mandrels are being cupped. The mandrel cupping assist assembly 700
comprises a rotatably driven mandre] support 710. .The rotatably driven mandrel
support 710 is positioned for supporting an uncupped mandrel 300 intermediate
the first and second ends 310 and 312 of the mandrel. The mandrel support 710
supports the mandrel 300 along at least a portion of the closed mandrel path

20 intermediate the core loading segment 322 and the web winding segment 324 of
the closed mandre] path 320. The rotatably driven mandrel support 710 can be
driven by a servo motor 711. The mandrel cupping assist assembly 700, including
the mandrel support 710 and the servo motor 711, can be supported from the
horizontally extending stationary support 120, as shown in Figures 17 -19.

25 The rotatably driven mandrel support 710 has a generally helical mandrel
support surface 720 having a variable radius and a variable pitch. The support
surface 720 engages the mandrels 300 and positions them for engagement by the
mandrel cups 454. The rotatably driven mandrel support 710 is rotatably
supported on a pivot arm 730 having a clevised first end 732 and a second end

30 734. The support 710 is supported for rotation about a horizontal axis 715
adjacent the first end 732 of the arm 730. The pivot arm 730 is pivotably
supported at its second end 734 for rotation about a stationary horizontal axis 717
spaced from the axis 715. The position of the axis 715 moves in an arc as the

«  pivot arm 730 pivots about axis 717. The pivot arm 730 includes a cém follower

35 731 extending from a surface of the pivot arm intermediate the first and second
ends 732 and 734.

A rotating cam plate 740 liaving an eccentric cam surface groove 741 is
rotatably driven about a stationary horizontal axis 742. The cam follower 731
engages the cam surface groove 741 in the rotating cam plate 740, thereby

40 periodically pivoting the arm 730 about the axis 717. Pivoting of the arm 730 and
the rotating support 710 about the axis 717 causes the mandrel support surface 720



14 5 ~The shape of the first and second cam surface grooves 143 and

145 can be varied to vary the closed mandrel path 320. In one

enbodi nent, the first and second cam surface grooves 143 and 145 can
conpri se interchangeabl e, repl aceabl e sectors, such that the closed
mandrel path 320 conprises repl aceabl e segnents. Referring to Figure
5, the can1su§%g§§3 ooves 143 and 145 can 10 encircle the aspdrpysséeragdl ong
a path that c non-circul ar segnments. In one enbodi ment, each
of the mandrel guide plates 142 and 144 cagsconprise a plurality of

bolted together plate sectors. Each pl ate sector can have a segnent of
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mandrel path 320 ha ndt her
segment havi ng ﬁvﬁé&bﬁﬂiesemotoiall Thes&ucmotort'l:ldodrmgebbltaﬂ)ma
sectors can eli m“a@g,e,gg c? 1rt a squswgliu gfﬁé l;;aw ng
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di fferent di amet® oun g gge
path, a change mm.r@mm@in%belt ﬁé IaBQﬁ I!S‘lle%'? :r-é@ulaf‘d cgpulley
correspondi ng chreason ﬁﬁ;ﬂﬁrmwddves‘lc(ﬁﬁnﬁ&lﬁ rbaﬁ@eoftuea:antplab 740 Rotativa web

| eaves t he dr.0l G re If a
mandrel path ada?) &1%?6? Ve%lrgtraggngt rShﬁpo?s I'S

| ]
di ameter |og#s the whihilgthe mt@ummélate te 740 S@&’PdplthﬁtF’@'?saﬁfb‘e?u n%f"'wni ch
is higher ont he?ba@k Gh lant difefative efdodinedt thenorting cam platei 740 doold have\endi ng

proper web trans 0 thc—i QEE Gid m: t f2ah h

bedrol | tangent ﬁ?’rﬂél% F?P%Erilan .m‘i&%?’eﬂ%nﬁ‘?\%p mige web
as t he web $howneitag) sewyo IoERt/d 1 tRFev r in
premature 30 trpvidile periotiecpivétin tathbmanmpsﬂppqrtmomut the axis 717. Frtieor

ﬁ\rezzh\gningglr SSR bb® CI : uhglgnﬁog ﬁ%‘u‘ o errat ure @énsw en EB%ﬁ i amrat er
| ogs the penodlc pivoting of th emandrel support 710 with respect to a reference that is
a function of the angular position of the bedroll 59 about its axis of rotation, and a
function of an accumulated number of revolutions of the bedroll 59. In particular,
the pivoting of the mandrel support 710 and the rotation of the mandrel support
25 710 can be phased with respect to the position of the bedroll 59 within a log wind
cycle. The rotational position of the mandrel support 710 and the pivot position of
the mandrel support 710 can thereby be synchronized with the rotation of the
turret assembly 200. Alternatively, one of the servo motors 222 or 422 could be
used to drive rotation of the cam plate 740 through a timing chain or other suitable
30 gearing arrangement.
In the embodiment shown, the serpentme belt 757 drives both the rotation of
the cam plate 740 and the rotation of the mandrel support 710 about its axis 715.
In yet another embodiment, the serpentine belt 757 could be replaced by two
separate belts. For instance, a first belt could provide rotation of the cam plate
35 740 , and a second belt could provide rotation of the mandrel support 710 about its
axis 715. The second belt could be driven by the first belt through a pulley
arrangement, or alternatively, each belt could be driven by the servo motor 722

through separate pulley arrangements.

40 Core Adhesive Application Apparatus



are being wound. The air blast systens and snubbers intermttently defl ect

t he web intnediate the bedroll and the preceding core to shift the web
to bedroll 35 tangent point as an incom ng core approaches the bedroll

The present invention provi des the advantage that w nding of different
di aneter | ogs can be accomodat ed by repl aci ng segnents of the closed

mandrel path ( eby varyi ng the mandrel path), rat%e.r y
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whi ch conprise two or nore bolted together,40 plate sectors, a portion of
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(not shown) through a supply conduit 812, The glue nozzles have a check valve
ball tip which releases an outflow of adhesive from the tip when the tip
compressively engages a surface, such as the surfaee of a core 302.

15 The glue nozzle rack 820 is pivotably supported at the ends of a pair of
support arms 825. The support arms 825 extend from a frame cross member 133.
The cross member 133 extends horizontally between the upstanding frame
members 132 and 134. The glue nozzle rack 820 is pivotable about an axis 828
by an actuator assembly 840. The axis 828 is parallel to the turret assembly

20 central axis 202. The glue nozzle rack 820 has an arm 830 carrying a cylindrical
cam follower.

The actuator assembly 840 for pivoting the glue nozzle rack comprises a
continuously rotating disk 842 and a servo motor 822, both of which can be
supported from the frame cross member 133. The cam follower carried on the

25 arm 830 engages an eccentric cam follower surface groove 844 disposed in the
continuously rotating disk 842 of the actuator assembly 840. The disk 842 is
continuously rotated by the servo motor 822. The actuator assembly 840 provides
periodic pivoting of the glue nozzle rack 820 about the axis 828 such that the glue
nozzles 810 track the motion of cach mandrel 300 as the mandrel 300 moves along

30 the closed mandrel path 320. Accordingly, glue can be applied to the cores 302
supported on the mandrels 300 without stopping motion of the mandrels 300 along
the closed path 320.

Each mandrel 300 is rotated about its axis 314 by a core spinning assembly
860 as the nozzies 810 engage the core 302, thereby providing distribution of

35  adhesive around the core 302. The core spinning assembly 860 comprises a servo
motor 862 which provide continuous motion of two mandrel spinning belts 834A
and 834B. Referring to Figures 4, 20A, and 20B, the core spinning assembly 860
can be supported on an extension 133A of the frame cross member 133. The
servo motor 862 continuously drives a belt 864 around pulleys 865 and 867.

40  Pulley 867 drives pulleys 836A and 836B, which in tum drive belts 834A and
834B about pulleys 868A and 868B, respectively. The belts 834A and 834B



segnents are not limted to those listed in Tables 1A-C, and it will be
under st ood that the cam groove segnents can be nodified as needed to
define any desired 15 nandrel path 320. Tables 2A lists the coordi nates of
the mandrel path 320 . corresponding to the cam groove segnents 143A and
143B descri bed by the coordinates in Tables 1A and 1B. Wen Table 1C
IS substituted for Table 1B, the resul ting changes in thgcpg tes
of the mandrelWRAHM3ES0 are listed in Table 2B. 20 Sabrddf
Turret Wnder, Mandrel Cupping Assenbly 25 The mandrel cupping
assenbly 400 rel easably engages the second ends 312 of the mandrels
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Alternatively, the rotating cam plate 844 could be driven indirectly by one of the
servo motors 222 or 422 through a timing chain or other suitable gearing
- .arrangement. .
In yet another embodiment, the glue could be applied to the moving cores
25 by a rotating gravure roll positioned inside the closed mandre! path. The gravure
roll could be rotated about its axis such that its surface is periodically submerged
in a bath of the glue, and a doctor blade could be used to control the thickness of
the glue on the gravure roll surface. The axis of the rotation of the gravure roll
could be generally parallel to the axis 202. The closed mandrel path 320 could
30 include a circular arc segment intermediate the core loading segment 322 and the
web winding segment 324, The circular arc segment of the closed mandrel path
could be concentric with the surface of the gravure roll, such that the mandrels
300 carry their associated cores 302 to be in rolling contact with an arcuate
portion of the glue coated surface of the gravure roll. The glue coated cores’302 -
35  would then be carried from the surface of the gravure roll to the web winding
segment 324 of the closed mandrel path. Alternatively, an offset gravure
arrangement can be provided. The offset gravure arrangement can include a first
pickup roll at least partially submerged in a glue bath, and one or more transfer
rolls for transferring the glue from the first pickup roll to the cores 302.

Core Loading Apparatus
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Accordi ngly, each cupping arm and associ ated mandrel cup 454 can track

the second end 312 of its respective mandrel 300 as the mandrel is carried
ar ound the closed mandrel path 320 by the rotating turret assenbly
200. The rotating cupplng arm support 410 conpris H@ﬂk g
arm support hUB096/3836320 which is rotatably supported on the support QZO
adj acent the upstanding frame 10 end 134 by bearings 221. Portions of the
assenbly are shown cut away in Figures 2 and 9 for clarity. A servo

not or 422 m)u ted on t movih
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pul | ey or sprockaandmels 300 i shomamping elt RB"‘F’@‘E

assenbly Ce%ﬁ. tised dl Sore Bgpper T0ED,SE Eore lﬁﬂﬁﬁgc&z’iﬁsdlsllﬂmrmdd card gutdephase

espect 1o a ref aseﬁx@ 19 b sl B e RS Srlg?lg i %%fé i %d%“
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rotation of the mqallmgutzewaﬁmd yiewedr tonithenturrgt assehly osentraloaxis 2
assembly 200. The;ame ¥9 jSahUnd Ve of the céCpuide’asiérfibip AS00 QRisD partially ua: a
brake. The brake% yevent relative rotation of

15 Referring to Figures 1 and 21-23, the core loading carrousel 1100 comprises
a stationary frame 1110. The stationary frame can include vertically upstanding
frame ends 1132 and 1134, and a frame cross support 1136 extending horizontally
intermediate the frame ends 1132 and 1134. Alternatively, the core loading
carrousel 1100 could be supported at one end in a cantilevered fashion.

20 In the embodiment shown, an endless belt 1200 is driven around a plurality
of pulleys 1202 adjacent the frame end 1132. Likewise, an endless belt 1210 is
driven around a plurality of pulleys 1212 adjacent the frame end 1134. The belts
are driven around their respective pulleys by a servo motor 1222. A plurality of
support rods 1230 pivotably connect core trays. 1240 to lugs 1232 attached to the

25  belts 1200 and 1210. In one embodiment, a support rod 1230 can extend from
each end of a core tray 1240. In an alternative embodiment, the support rods
1230 can extend in parallel rung fashion between Iugs 1232 attached to the belts
1200 and 1210, and each core tray 1240 can be hung from one of the support rods
1230. The core trays 1240 extend intermediate the endless belts 1200 and 1210,

30  and are carried in a closed core tray path 1241 by the endless belts 1200 and 1210.
The servo motor 1222 is controlled to phase the motion of the core trays with
respect to a reference that is a function of the angular position of the bedroll 59
about its axis of rotation, and a function of an accumulated number of revolutions
of the bedroll 59. In particular, the position of the core trays can be phased with

35 respect to the position of the bedroll 59 within a log wind cycle, thereby
synchronizing the movement of the core trays with rotation of the turret assembly
200.

The core hopper 1010 is supported vertically above the core carrousel 1100

and holds a supply of cores 302. The cores 302 in the hopper 1010 are gravity fed

40 to a plurality of rotating slotted wheels 1020 positioned above the closed core tray
path. The slotted wheels 1020, which can be rotatably driven by the servo motor



the turret assenbly 200 and the cupping arm support 410 when the w nding
apparatus 90 is not running, to thereby preventing tw sting of the nmandrels
300. The rotating cupping arm support 410 further conprises a
rotating cupping 25 armsupport plate 430 rigidly joined to the hub 420
and extendi ng generally perpendi cular to the turret assembly central
axis 202. The rotating plate 430 is rotatably driven abW

202 on the huBvYOE836& n| urality of cupping arm suppor t ers
supported on the rotating plate 430 for noyenent relative to the
rotating plate 430. Each cupping arm 450 is pivotably joined to a 30
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a slide 358 fixqghst # poltorboRtedloséd Zray! palifD241 which is alignédOwvit/coft3oading

PCT/US96/ 07461 < ooment 322 of the closed mandrel path 320. A core loading conveyor 1300 is
15  positioned adjacent the portion of the closed tray path 1241 which is aligned with

the core loading segment 322. The core loading conveyor 1300 comprises an

endless belt 1310 driven about pulleys 1312 by a servo motor 1322. The endless

belt 1310 has a plurality of flight elements 1314 for engaging the cores 302 held in

the trays 1240. The flight element 1314 engages a core 302 held in a tray 1240

20 and pushes the core 302 at least part of the way out of the tray 1240 such that the
core 302 at least partially engages a mandrel 300. The flight elements 1314 need
not push the core 302 completely out of the tray 1240 and onto the mandrel 300,
but only far enough such that the core 302 is engaged by the core drive rollers
505. - '

25 The endless belt 1310 is inclined such that the elements 1314 engage the
cores 302 held in the core trays 1240 with a velocity component generally parallel
to a mandrel axis and a velocity component generally parallel to at least a portion
of the core loading segment 322 of the closed mandrel path 320. In the
embodiment shown, the core trays 1240 carry the cores 302 verticaily, and the

30 flight elements 1314 of the core loading conveyor 1300 engage the cores with a
vertical component of velocity and a horizontal component of velocity. The servo
motor 1322 is controlled to phase the position of the flight elements 1314 with
respect to a reference that is a function of the angular position of the bedroll 59
about its axis of rotation, and a function of an accumulated number of revolutions

35  of the bedroll 59. In particular, the position of the flight elements 1314 can be
phased with respect to the position of the bedroll 59 within a log wind cycle. The
motion of the flight elements 1314 can thereby be synchronized with the position
of the core trays 1240 and with the rotational position of the turret assembly 200.

The core guide assembly 1500 disposed intermediate the core loading

40 carrousel 1100 and the turret winder 100 comprises a plurality of core guides

1510. The core guides position the cores 302 with respect to the second ends 312



17 5 engages a rail 359 fixed to the support nenber 460, and a slide 358

fixed to the support nenber 460 slidably engages a rail 359 fixed to

t he bracket 432. The mandrel cupping assenbly 400 further
conprises a pivot axis posi tioning guide for positioning the cupping
arm pi vot axes 451. The pivot axis posi tioning guide positions the
cuppi ng arm pi vot es 451 to vary the distance 10 between egchud axi-s
451 and the ax?"é”f% gs a function of position of the cuppl ng arrr%450
about the axis 202. In the enbodi ment showggin Figures 2 and 9-12, the

pi vot axis positioning guide conprlses a stationary pivot axis p05|t|on|ng
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mandrel path \Ahewhtmspectemdhesecemisn@@ﬂaﬂfethe the core
guide channels 1550 at the first ends of the core gmdes 1510 adjacent the core.
loading carrousel are flared to accommodate some misalignment of cores 302

pushed from the core trays 1240.

Core Stripping Apparatus

Figures 1, 24 and 25A-C illustrate the core stripping apparatus 2000 for
removing logs 51 from uncupped mandrels 300. The core stripping apparatus
2000 comprises an endless conveyor beit 2010 and servo drive motor 2022
30 supported on a frame 2002. The conveyor belt 2010 is positioned vertically
beneath the closed mandrel path adjacent to the core stripping segment 326. The
endless conveyor belt 2010 is continuously driven around pulleys 2012 by a drive
belt 2034 and servo motor 2022. The conveyor belt 2010 carries a plurality of
flights 2014 spaced apart at equal intervals on the conveyor belt 2010 (two flights
35 2014 in Figure 24). The flights 2014 move with a linear velocity V (Figure 25A).
Each flight 2014 engages the end of a log 51 supported on a mandrel 300 as the

mandrel moves along the core stripping segment 326.
The servo motor 2022 is controlled to phase the position of the flights 2014
with respect to a reference that is a function of the angular position of the bedroll
40 59 about its axis of rotation, and a function of an accumulated number of
revolutions of the bedroll 59. In particular, the position of the flights 2014 can be



uncupped. By way of illustration, Tables 3A and 3B, together, |ist

coordi nates for a groove 443 which is suitable for use with cam

fol |l ower grooves 143A and 143B 35 having coordinates listed in Tables 1A
and 1B. Simlarly, Tables 3A and 3C together, list coordinates for a
groove 443 which is suitable for use with cam fol |l ower grooves 143A
and 143C having coordinates listed in Tables 1A and 1C aﬁﬁﬁh
cuppi ng arm 49Q%@#¢Pi ses a plurality of camfollowers supporfmg

t he cuppi ng arm and pivot abl e about the Cligpl ng arm pi vot axis 451. The cam
40 followers supported on the cupping arn engage stationary cam surfaces

to provide rofatrton of the c j b nd
uncﬁpped st el VitnCRsgior b g Rftion o2t beafbi®SY Wi 5 i6g SHRP Y18
PCT/ US96/ 07461 Accordingly, the motion of the flights 2014 can be synchronized with the rotation | ; ng
to Figures 9- lzﬂfmaghralagyah,ﬂ 200m 450 conprises a first cupping arm
extension 453 and a,segond cu fens 5
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parallel to the mandrel axis 314 to push the logs off the mandrels 300, and a

15 second velocity component V2 generally parallel to the straight line portion of the

_ core stripping segment 326. In one embodiment, the angle A can be about 4-7

degrees.

As shown in F:gures 25A-C, the flights 2014 are angled with respect to the

conveyor belt 2010 to have a log engaging face which forms an included angle

20 equal to A with the centerline of the belt 2010. The angled log engaging face of

the flight 2014 is generally perpendicular to the mandrel axes 314 to thereby

squarely engage the ends of the logs 51. Once the log 51 is stripped from the

mandrel 300, the mandrel 300 is carried along the closed mandrel path to the core

loading segment 322 to receive another core 302. In some instances it may be

25  desirable to strip an empty core 302 from a mandrel. For instance, it may be

desirable to strip an empty core 302 from a mandrel during startup of the turret

winder, or if no web material is wound onto a particular core 302. Accordingly,

the flights 2014 can each have a deformable rubber tip 2015 for slidably engaging

the mandrel as the web wound core is pushed from the mandrel. Accordingly, the

30 flights 2014 contact both the core 302 and the web wound on the core 302, and

have the ability to strip empty cores (1 e. core on which no web is wound) from

the mandrels.
* Log Reject Apparatus

35 Figure 21 shows a log reject apparatus 4000 positioned downstream of the
core stripping apparatus 2000 for receiving logs 51 from the core stripping
apparatus 2000. A pair of drive rollers 2098A and 2098B engage the logs 51
leaving the mandrels 300, and propel the logs 51 to the Jog reject apparatus 4000.
The log reject apparatus 4000 includes a servo motor 4022 and a selectively
40 rotatable reject element 4030 supported on a frame 4010. The rotatable reject
element 4030 supports a first set of log engaging arms 4035A and a second set of



extension 453, and at |east one camfollower is supported on the extension
455. In the enbodi nent shown in Figures 10-12, a pair of
cylindrical cam 15 followers 474A and 474B are supported on the extension
453 internedi ate the pi vot axis 451 and the mandrel cup 454. The cam
foll owers 474A and 474B are pi vot abl e about pivot axis 451 with
extensi on 453. The camfollowers 474A, B are -supported OPC:IIIQ@ .61
ext ensi on 453 W&26B#6At i on about axes 475A and 475B, which 807
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direction 20 along which the cupping arm sUpport member 460 slides
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relative to the o éh%;wgwgpgﬂﬂ ﬁfé’ib%&*ﬁ?gfohe ¢ fiknts 20141hen the

mandrel cup is in e uncuppe p03|t| t e axls 477 |ss?arallel to
axi s 202 when the nafasene dqgances A9 diyess soe of gipre i

mandr el cuppi 13y as;earwﬁon%ﬁbhfasri Uisposabbiprorsesyc&e hhurﬁdm inytame omrsmore

fol |l oner nenbers %y f Rl dﬁff% ‘f;&% ?4@;
engageabl e by at wﬁ{&o%e of t*w@fo I S 4§4A 4

provi de rot 30 aBFmP‘Fn‘@llblﬁ) B isgtcap he 'Pﬁ‘g H%eé ot
axis 451 between lbis@l atanytmmadiﬂ'ugr@enﬁmlpmhd appmmls Bﬁhs ’I‘hmstrm)mmtéolzqe

cupping arm 450 i Uhe efeten an
| sonetric view sf@mtbgg ?‘our oﬂ%ﬂy}g uppl ng ar ma 43&6\- Dy OJ‘R’B{)J 450A
i s shown pi vold ng0BQ mingrements gfbgut 180 ﬁg)m%éna '
450B is in a cupigd degrees,i ong; of ki pits of mgnengagmg arms 4035A or 4035B engages the

log 51 supported on the rollers 4050 at that instant. The log is lifted from the

-rollers 4050, and directed to the reject station. At the end of the incremental

rotation of the element 4030, the other set of arms 4035A or 4035B is in position
25  to engage the next defective log.

Mandrel Description

Figure 26 is a partial cross-sectional view ofamandxelBOOaccordmgto the

present invention. The mandrel 300 extends from the first end 310 to the second

30 end 312 along the mandrel longitudinal axis 314. Each mandrel includes a
. mandrel body 3000, a deformable core engaging member 3100 supported on the
mandrel 300, and a mandrel nosepiece 3200 disposed at the second end 312 of the
mandrel. The mandrel body 3000 can include a steel tube 3010, a steel endpiece
3040, and a non-metallic composite mandrel tube 3030 extending intermediate the

35 steel tube 3010 and the steel endpiece 3040.

At least a portion of the core engaging member 3100 is deformable from a

first shape to a second shape for engaging the inner surface of a hollow core 302
after the core 302 is positioned on the mandrel 300 by the core loading apparatus
1000, The mandrel nosepiece 3200 can be slidably supported on the mandret 300,

40 and is displaceable relative to the mandrel body 3000 for deforming the
deformable core engaging member 3100 from the first shape to the second shape. -
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Riepse of thedoad the mermbsr oy substanEials o fhe firs shapey The
mandrel nosepiece can be dlsplaced relative to the endpiece 3040 to compress the

rings 3110, thereby causing the rings 3100 to elastically buckle in a radially
outwardly direction to engage the inside diameter of the core 302. Figure 27
illustrates deformation of the deformable core engaging member 3100. Figures 28
and 29 are enlarged views of a portion of the nosepiece 3200 showing motion of
the nosepiece 3200 relative to steel endpiece 3040.

Referring to the components of the mandrel 300 in more detail, the first
and second bearing housings 352 and 354 have bearings 352A and 354A for
rotatably supporting the steel tube 3010 about the mandre] axis 314. The mandrel
drive pulley 338 and the idler pulley 339 are positioned on the steel tube 3010
intermediate the bearing housings 352 and 354. The mandrel drive pulley 338 is
fixed to the steel tube 3010, and the idler pulley 339 can be rotatably supported on
an extension of the bearing housing 352 by idler pulley bearing 339A, such that
the idler pulley 339 free wheels relative to the steel tube 3010.

The steel tube 3010 includes a shoulder 3020 for engaging the end of a core
302 driven onto the mandrel 300. The shoulder 3020 is preferably frustum
shaped, as shown in Figure 26, and can have a textured surface to restrict rotation
of the core 302 relative to the mandrel body 3000. The surface of the frustum
shaped shoulder 3020 can be textured by. a plurality of axially and radially

_extending splines 3022. The splines 3022 can be uniformly spaced about the

35

circumference of the shoulder 3020. The splines can be tapered as they extend
axially from left to right in figure 26, and each spline 3022 can have a generally
triangular cross-section at any given location along its length, with a relatively
broad base attachment to the shoulder 3020 and a relatively narrow apex for
engaging the ends of the cores. )

The steel tube 3010 has a reduced diameter end 3012 (Flgure26) which
extends from the shoulder 3020. The composite mandrel tube 3030 extends from
a first end 3032 to a second end 3034. The first end 3032 extends over the
reduced diameter end 3012 of the steel tube 3010. The first end 3032 of the
composite mandrel tube 3030 is joined to the reduced diameter end 3012, such as

489

cam
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-concentrated. Concentrated forces, such as those provided by conventional core.

30

35

greutgr tll:':aCInVEe outer diameter of a portion of the endpicce 3040, and
can be radially supported on the endpiece 3040. The deformable core engaging
member 3100 can extend axially between a shoulder 3041 on the endpiece 3040
and a shoulder 3205 on the nosepiece 3200, as shown in Figure 30.

The member 3100 preferably has a substantially circumferentially
continuous surface for radially engaging a core. A suitable continuous surface can
be provided by a ring shaped member 3100. A substantially circumferentially
continuous surface for radially engaging a core provides the advantage that the
bms constraining the core to the mandrel are distributed, rather than

locking lugs, can cause tearing or piercing of the core. By "substantially

B %ad 30 o 80

I ng
I ng
am

Number O1- 013- S%gifaﬁgﬁlgﬁeheﬂﬁer 3100 .chi ZompRS:3 aft EhnlRP Ging Bdvik b Magual

circumferentially continuous” it is meant that the surface of the member 3100

engages the inside surface of the core around at least about 51 percent, more
preferably around at least about 75 percent, and most preferably around at least
about 90 percent of the circumference of the core.

The deformable core engaging member 3100 can comprise two elastically
deformable rings 3110A and 3110B formed of 40 durometer "A" urethane, and
three rings 3130, 3140, and 3150 formed of a relatively harder 60 durometer "D"
urethane.  The rings 3110A and 3110B each have an unbroken, circumferentially.
continuous surface 3112 for engaging a core. The rings 3130 and 3140 can have
Z-shaped cross-sections for engaging the shoulders 3041 and 3205, respectively.
The ring 3150 can have a generally T-shaped cross-section. Ring 3110A extends
between and is joined to rings 3130 and 3150. Ring 3110B extends between and
is joined to rings 3150 and 3140.

The nosepiece 3200 is slidably supported on bushings 3300 to permit axial
displacement of the nosepiece 3200 relative to the endpiece 3040. Suitable
bushings 3300 comprise a LEMPCOLOY base material with a LEMPCOAT 15
coating. Such bushings are manufactured by LEMPCO industries of Cleveland,
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150 Turret Wnder, requires a |linkage systemto cup and uncup nandrels,

and does not accommodate cupping arns that have a pivot axis whose distance

froma turret axis 202 is variable. Core Drive Roller
Assenbly and W 363Assi st Assenblies 10 Referring tol,&mll and
15-19, the web wnding apparatus according to the present I nvention

i ncludes a core drive apparatus 500, a manglyel |oading assi st assenbly
600, and a. nandrel cuppi ng assi st assenbly 700. The core drive .
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stationary are we Qwn | n ar rangenent s proyi de a nip.
bet weén the mandrel A%l metioncof the Bosgpiecs: 3300 nelative fp the end) W"BH dipited ont o
t he stati onawy rbgrxiuhﬁadedFMtedm 30504 pp sitoninLin Figireo 28 iahd 291 cHenfastéiier 3060

L(r;?/fag';lsogogorrprlh§§§ gﬁ&g’g%se on_oppo sﬁ?ngmd(?es O?Q@ﬁaed-ggopﬁﬁ{oa% ng segment

322 of the cl osdifough an axially extending, 4} hthe nogepieee 32 threadp intq e
portion of the memmxeaaasd@awmmmhmmmduumapmm Tiel Head

505A, is disposg her
of the core dri ve ro ?&zﬂ?e&?%g@e |sposedpfptﬂ%h| n éﬁem@‘ﬂ?{gﬂg tRrr‘ir’andrel
path 320, sd5t haxiat displacamant of tlyoeosapleoecmol@buvw%memdmeeeﬁ -cd¥ 80l j ve
rollers 505A andprdgb3070Tisdisposed itermediite itheeermd 5044 6f0thpendpiees 3040 md ke 2

[ ondi ng appar a1 (2APEE6 5200 ¢ blggle e %u@%%@@%%%b@;am g of

the core 302 onto t Kmcerarcereis iouied onto the mandrel 300Q; the mandrel qupping| assembly 05

are supported f gfovides ahé abmatis ford fr écdiprésiing  thé Hags 31164 Qnd B1BD! Xs

driven by sgpVvo ﬁE’Dt orsPt.hro%h bel tdrgpcuﬂj%l%x arr%‘quorrs%gllege 3;&? thereby
compressing the spring 3070 and causing the nosepiece to slide axially along
mandre} axis 314 toward the end 3044. This motion of the nosepiece 3200
relative to the endpiece 3040 compresses the rings 3110A and 3110B, causing
them to deform radially outwardly to have generally convex surfaces 3112 for

25 engaging a core on the mandrel. Once winding of the web on the core is complete
and the mandrel cup 454 is retracted, the spring 3070 urges the nosepiece 3200
axially away from the endpiece 3040, thereby returning the rings 3110A and
3110B to their original, gemerally cylindrical undeformed shape. The core can
then be removed from the mandrel by the core stripping apparatus.

30 The mandrel 300 also comprises an antirotation member for restricting
rotation of the mandrel nosepiece 3200 about the axis 314, relative to the mandrel
body 3000. The antirotation member can comprise a set screw 3800. The set
screw 3800 threads into a tapped hole which is perpendicular to and intersects the

. tapped hole 3045 in the end 3044 of the endpiece 3040. The set screw"3800 abuts

35  against the threaded fastener 3060 to prevent the fastener 3060 from coming loose
from the endpiece 3040. The set screw 3800 extends from the endpiece 3040, and
is received in an axially extending slot 3850 in the nosepiece 3200. Axial sliding
of the nosepiece 3200 relative to the endpiece 3040 is accommodated by the
elongated slot 3850, while rotation of the nosepiece 3200 relative to the endpiece

20 3040 is prevented by engagement of the set screw 3800 with the sides of the slot
3850.



core drive roller 505A and its associ ated servo notor 510 are supported
froma frame extension 515. The core drive roller 505B and its

associ ated servo notor 511 (shown in Figure 17) axe supported from an
ext ensi on of the .support 120. The core drive rollers 505 can be
supported for rotation about axes that are 35 inclined with respect to
the mandrel axgs 314 and the core | oadi ng segnent 322 of t he mandr el
pat h 320. Ref e?vﬂgﬁﬂs‘ﬁ’) Figures 16 and 17, the core drive rol | BEEUSH6R7461
are inclined to drive a core 302 with a véé?city conponent generally

parallel to a mandrel axis and a veloCity conponent generally parallel
to at |east a portion,of . h ore.l oadi ng segnent. | NSt ance, core
drive roller 505A i s%ﬂb"ﬂyedﬁq g?t%%aeoh? 8?r§tqngargm§gw‘a%§@bﬁ5 SAMPEEF # s

inclined with rempiabeomponentovhichelasticallyxdeforsdn amailially outward direction| sutiiang
Sglggggg 3322, as By QiMatié "bubkithy! SRhekd combredld. AGRR" Hitkitey - thé Ndeformable core VO
PCT/ US96/ 07461 engaging member 3100 can comprist one or more meg!L ring begp%

drive roll ers 50&rcnmfercutially spaeedc apart 36@ axiully dxdtemdimgnsions! Jircuohficremizlly
novenent of nd%%edaépéﬂ C | f‘ﬁﬁg 3 .
Referring to Figdres m&:ﬁé’i’%ﬁfﬁ‘g as%pgéégr%ﬂacmé tslgeform
support ed out si ceediafly ; rtwandlys stheny g, B08 is; Fompressed, by, moioq; of thy Slidias
support uncaggsiecentirthgaiupping of thetsecomddnd b the nmanfitel.st and second
mandrel ends 310 and 10 312. The nmandrel assist assenbly 600 is not shown
in Figure 1. The mandrel assi st assenbly 600 conprises a rotatably
driven nmandrel support 610 positi &§8t Motor Control System

15 The web winding apparatus 90 can comprise a control system for phasing

the position of a number of -independently driven components with respect to a
common position reference, so that the position of one of the components can be
synchronized with the position of one or more other compoments. By
"independently driven” it is meant that the positions of the components are not

20 mechanically coupled, such as by mechanical gear trains, mechanical pulley
arrangements, mechanical linkages, mechanical cam mechanisms, or other
mechanical means. In one embodiment, the position of each of the independently
driven components can be electronically phased with respect to one or more other
componeats, such as by the use of electronic gear ratios or electronic cams..

25 In one embodiment, the positions of the independently driven components is
phased with respect to a common reference that is a function of the angular
position of the bedroll 59 about its axis of rotation, and a function of an
accumulated number of revolutions of the bedroll 59. In particular, the positions
of the independently driven components can be phased with respect to the position

30 of the bedroll 59 within a log wind cycle.

Each revolution of the bedroll 59 corresponds to a fraction of a log wind
cycle. A log wind cycle can be defined as equaling 360 degree increments. For
instance, if there are sixty-four 11 1/4 inch sheets on each web wound log 51, and
if the circumference of the bedroll is 45 inches, then four sheets will be wound per

35 bedroll revolution, and one log cycle will be completed (one log 51 will be
wound) for each 16 revolutions of the bedroll. Accordingly, each revolution of
the bedroll 59 will correspond to 22.5 degrees of a 360 degree log wind cycle.

The independently driven components can include: the turret assembly 200
driven by motor 222 (e.g. a 4HP servo motor); the rotating mandrel cupping arm

40  support 410 driven by the motor 422 (e.g. a 4 HP Servo motor); the roller 505A
and mandrel support 610 driven by a 2 HP servo motor 510 (the roller 505A and



f'or supporting an uncupped nandrel 300 along at |east a portion of the core
| oadi ng segnent 322 of the closed mandrel path 320. The mandrel support 610
stabilizes the mandrel 300 and reduces vibration of the uncupped mandr el
300. 15 The mandrel support 610 thereby aligns the mandrel 300 with the
core 302 being driven onto the second end 312 of the nmandrel fromthe

core | oadi ng apparat us 1000. - The mandrel sup
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respect to the mandrel axes 314 and the cogg | oadi ng segnent 322. 20 The

mandrel support 610 conprises a generally helical mandrel support surface
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S05A. the last log 51. Each of the independently driven components can also have a
proximity switch for defining a home position of the component.

The phasing of the position of the independently driven components with

25 respect to a common reference, such as the position of the bedroll within a log
wind cycle, can be accomplished in a closed loop fashion. The phasing of the
position of the independently driven components with respect to the position of the
bedroll within a log wind cycle can include the steps of: determining the
rotational position of the bedroll within a log wind cycle, determining the actual

30 position of a component relative to the rotational position of the bedroll within the

- log wind cycle; calculating the desired position of the component relative to the
rotational position of the bedroll within the log wind cycle; calculating a position
error for the component from the actual and desired positions of the component

. relative to the rotational position of the bedroll within the log wiﬂ'd cycle; and

35 reducing the calculated position error of the component.

In one embodiment, the position error of each component can be calculated
once at the start up of the web winding apparatus 90. When contact is first made
by the bedroll proximity switch at start up, the position of the bedroll with respect
to the log wind cycle can be calculated based upon information stored in the

40 random access memory of the programmable control system 5000. In addition,
when the proximity switch associated with the bedroll first makes contact on start
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completion of the last log wind.cycle, the sheet count per log, the sheet length,

and the bedroll circumference can be read from the random access memory of the

programmable control system 5000. For example, assume the bedroll had
completed seven rotations into a log wind cycle when the winding apparatus 90
was stopped (e.g. shutdown for maintenance). When the bedroll proximity switch
first makes contact upon re-starting the winding apparatus 90, the bedroll
completes its eighth full rotation since the last log wind cycle was completed.
Accordingly, the bedroll at that instant is at the 180 degree (halfway) position of
the log wind cycle, because for the given sheet count, sheet length and bedroll
circumference, each rotation of the bedroll corresponds to 4 sheets of the 64 sheet
log, and 16 revolutions of the bedroll are required to wind one complete log.

When contact is first made by the bedroll proximity switch at start up, the
desired position of each of the independently driven components with respect to
the position of the bedroll in the log wind cycle is calculated based upon the
electronic gear ratio for that component and the position of the bedroll within the
wind cycle. The calculated, desired position of each independently driven
component with respect to the log wind cycle can then be compared to the actual
position of the component measured by .a transducer, such as an encoder
associated with the motor driving the component. The calculated, desired position
of the component with respect to the bedroll position in the log wind cycle is
compared to the actual position of the component with respect to the bedroll
position in the log wind cycle to provide a component position error. The motor
driving the component can then be adjusted, such as by adjusting the motors speed
with a motor controller, to drive the position error of the component to zero.

For example, when the proximity switch associated with the bedroll first
makes contact at start up, the desired angular position of the rotating turret
assemblyZOOwithrespecttotheposiﬁonofthebedrollinthelogwindcyclecan
be calculated based upon the number of revolutions the bedroll has made during
the current log wind cycle, the sheet count, the sheet length, the circumference of



the cl osed mandrel path 320. The rotatably driven mandrel support 710 can

be driven by a servo notor 711. The mandrel cupping assist assenbly
700, including t he mandrel support 710 and the servo notor 711, can be
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ot ati g can ol SediOl WHMAF hoA0F WARS Xl is then P10 OB the Spded of the motor
rotatably dri vegﬁgtﬁ'}ﬁ‘? 8w, &?‘8&’5 'H@'H?@%@ aﬂaﬁf@a"ﬂ@q‘“‘rﬁs POSHPR §TPB e r
731 engageef&h@mﬂmsnblya&tgme 741 in the rot ating cam pl ate 740,

thereby 40 periodi g tEBnVé'i{ cﬂf( OOZI nedinvPt | NY
of the arm 730 an the tatl ngo? su t il%msg?nlé s 717 o{auses

t he mandrel sup
15 the turret assembl_y 200 An encoder 5422 associated with the motor 422 driving

the mandrel cupping assembly 400 can be used to measure the actual position of
the support 410 relative to the bedroll position in the log wind cycle. The speed
of the servo motor 422 can be varied, such as with a motor controller S030A, to
drive the position error of the support 410 to zero. By phasing the angular

20 positions of both the turret assembly 200 and the support 410 relative to a
common reference, such as the position of the bedroll 59 within the log wind
cycle, the rotation of the mandrel cupping arm support 410 is synchronized with
that of the turret assembly 200, and twisting of the mandrels 300 is avoided.
Alternatively, the position of the independently driven components could be

25 phased with respect to a reference other than the position of the bedroll within a
log wind cycle.

The position error of an independently driven component can be reduced to
zero by controlling the speed of the motor driving that particular component. In
onc embodiment, the value of the position error is used to determine whether the

30 component can be brought into phase with the bedroll more quickly by increasing
‘the drive motor speed, or by decreasing the motor speed. If the value of the
position error is positive (the actual position of the component is "ahead" of the
desired position of the component), the drive motor speed is decreased. If the

. value of the position error is negative (the actual position of the component is

35 "behind" the desired position of the component), the drive motor speed is
increased. In one embodiment, the position error is calculated for each component
when the bedroll proximity switch first makes contact at start up, and a linear
variation in the speed of the associated drive motor is determined to drive the
position error to zero over the remaining portion of the log wind cycle.

40 Normally, the position of a component in log wind cycle degrees should
correspond to the position of the bedroll in log cycle degrees (e.g., the position of
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rotating support 710 to periodically engage a nandrel 300 as the mandrel is
carried along a predeterm ned portion of the closed mandrel path 320. The
mandr el support surface 720 thereby positions the unsupported second end

312 of | 300 for cupping. Rot ati on Wdrel
support 710 aﬁogﬁggfgt ating camplate 740 is 10 provided byﬁ%rﬁéega@%rvo

notor 711. The servo notor 711 drives a be # 752 about a pul | ey 754,
which is connected to a puIIey 756 by a shart 755. Pulley 756, in

turn, drives serpentine 727 ab 762, 76 | |l ey
766. Rot%tl fomgpo 1ne 8780 6¥6 gg&ﬁ%%ﬁ%ﬁ@o‘ffsi%t j‘F’Pg‘fFB‘? °He°ct§

pl ate 740. Rot atbedroll in log)qu)d:lcydy dbsmedm\zem)roﬂ’at iinstancs, whend thel bsh‘plport
710 about its axhSyi ot wart RyleAéro 4

t he Figures hasm a(%akescm&ﬂrﬁiotegﬁel n a bﬂﬂ@gﬁﬂ%@iy en‘glgdl% nt the
rotating cam pl lﬂ@rhzo&?e the turie, Iy g @ g0

provi di ng pi vot i pogitioh suélethalrthemmmmﬁtherhmetammbly 200 as imeasureditiycthe er vo
motor 711 prgyi dgeo “ggpohgke @B&redt Ye wihd ey&le NY
peri odi c pi vgll n o‘?&t Etftbe gg@{&ﬁ?lo about %&fﬂzgogzeﬂ7 ;[lpedb
servo notor 711 ‘??“'t‘?&n Bﬁ %‘“36‘!%‘!’%“57“ h a%éh%‘}de s Shpor t
710 and thafmera:mjoﬁxhpmmmm shéuld lothermaisel move selative to thigitOrreti askembly pect
L0y cherence 1400l theencoder il ) fohkel peligk e 85104 bl ko br The b

bedrol |l 59 about 11{s aé@i rotati
accunul at ed nunifssemply olutions of the bedroll 59. In particular,
t he pivoti ngisof the Imeondreabodimepthe proptammmable bmuwswtdnncancﬁeprbgammedml

support 25 710 34, o&?ﬁﬁ %Mn?? oI I
59 within a |l og vmnd c§%l erotatloﬁh&?&o tion o he mandr e
support 710 and S@RePepFutsRed ofpngqm access ; mem B‘H&E‘H‘ ble, gontry h

t hereby be synchystemzmdinmﬁienﬁshf aboital /10 rof of ldghwmd cycletdugreel Ascordingly, 200.

Al ternatively, C%?fen %Q é&%ﬁp o]
drive rotation ecamﬁgp& t u t|mn char or {Hﬁﬁoﬁ
sui t abl e 30 2gefithe campensgt modified by the o set he oomponent is considered to be

phase with respect to the position of the bedroll in the log wind cycle. Such an

offset capability allows continued operation of the winder apparatus 90 until -
mechanical adjustments can be made.
In one embodiment, a suitable programmable control system 5000 for
25 phasing the position of the independently driven componments comprises a -
programmable electronic drive control system having programmable random
access memory, such as an AUTOMAX programmable drive control system
manufactured by the Reliance Electric Company of Cleveland, Ohio. The
AUTOMAX programmable drive system can be operated using the following
30 manuals, all of which are incorporated herein by reference: AUTOMAX System
Operation Manual Version 3.0 J2-3005; AUTOMAX Programming Reference
Manual J-3686; and AUTOMAX Hardware Reference Manual J-3656,3658. It
will be understood, however, that in other embodiments of the present invention,
other control systems, such as those available from Emerson Electronic Company,
35 Giddings and Lewis, and the General Electric Company could also be used. -
Referring to Figure 31, the AUTOMAX programmable drive control system
includes one or more power supplies 5010, a common memory module 5012, two
Model 7010 microprocessors 5014, a network connection module 5016, a plurality
of dual axis programmable cards 5018 (each axis corresponding to a motor driving
40 one of the independently driven components), resolver input modules 5020,
general input/output cards 5022, and a VAC digital output card 5024. The




I h the enbodi nent shown, the serpentine belt 757 drives both the rotation

of the camplate 740 and the rotation of the mandrel support 710 about
its axis 715. In yet anot her enbodi nent, the serpentine belt 757 could
be repl aced by two separate belts. For instance, a first belt could
provide rotation of the camplate 35 740 , and a second belt could provide
rotation of the mandrel support 710 about its axis 715. The second
belt could be‘ﬁ??%ﬁ“by the first belt through a pulley % t,

or alternatively, each belt could be drlveﬂ by the servo notor 722
t hrough separate pulley arrangerrents Core

Adhesi ve Lic aratu
PCT/ US96/ 8\9281 %&}M m also includes a plurality o% od%lo’giZOOO mojor cogtrouers

Once a mandrel 3030A-K. cBaphgnetohgonsrotiemidasiociated wilvia particulamdriivechotoss For
carried al ong t hfanbdSRGkoFeBtFdter BO3AB | soﬂ@(g%é&it"'he \r08 infiilors SR lich3 2 4-

| nternedi ate the .core | oadtﬂl% se rrent vm ndi ng segment 324,
.an adhesi v &WFP&? -applies an adhesive to the core
302 supported. d‘hebhmmmmmmwﬂxﬂd 5®20proviides ainterface beywebn amitipten

coper et v S8, ShSan 10 TR U bl T idplobltis Gl A
programs which contml the independently driven components. The network
connection module 5016 transmits control and status data between an operator
interface and other components of the programmable control system 5000, as well
as between the programmable control system 5000 and a programmable mandrel

15 drive control system 6000 discussed below. The dval axis programmable cards
5018 provide individual control of each of the independently driven components.
The signal from the bedroll proximity switch is hardwired into each of the dual
axis programmable cards 5018. The resolver input modules 5020 convert the
angular displacement of the resolvers 5200 and 5400 (discussed below) into digital
20 data. The general input/output cards 5022 provide a path for data exchange
among different components of the control system 5000. The VAC digital output
card 5024 provides output to brakes 5224 and 5424 associated with motors 222
and 422, respectively. ’
In one embodiment, the mandrel drive motors 332A and 332B are controlled -
25 by a programmable mandrel drive control system 6000, shown schematically in
Figure 32. The motors 332A and 332B can be 30 HP, 460 Volt AC motors. The
programmable mandrel drive control system 6000 can include an AUTOMAX
system including a power supply 6010, a common memory module 6012 having
random access memory, two central processing units 6014, a network
30 communication card 6016 for providing communication between the
programmable mandrel control system 6000 and the programmable control system
5000, resolver input cards 6020A-6020D, and Serial Dual Port cards 6022A and
6022B. The programmable mandrel drive control system 6000 can aiso include
AC motor controllers 6030A and 6030B, each having current feedback 6032 and
35 speed regulator 6034 inputs. Resolver input cards 6020A and 6020B receive
inputs from resolvers 6200A and 6200B, which provide a signal related to the
rotary position of the mandrel drive motors 332A and 332B, respectively.
Resolver input card 6020C receives input from a resolver 6200C, which provides -
a signal related to the angular position of the rotating turret assembly 200. In one
40 embodiment, the resolver 6200C and the resolver 5200 in Figure 31 can be one



Each nozzle 810 is in conmmunication with a pressurized source of liquid
adhesi ve (not shown) through a supply conduit 812. The gl ue nozzl es
have a check val ve ball tip which releases an outfl ow of adhesive from
the tip when the tip conpressively engages a surface, such as the
surface of a core 302. 15 The gl ue nozzle rack 820 is pivotably
supported at the ends of a pair of support arns 825. The support arns
825 extend froMQI¥83e cross nmenber 133. The cross nmenb&-TP8%/03461 cnds
hori zontal |l y between the upstanding frame menbers 132 and 134. The

gl ue nozzle rack 820 is pivotable about an*xi s 828 by an actuator

assenbly 840. The s 828_1s ar aI e turret se ent r al
axi s 202. The gladlgatﬁ%faﬂ‘ee a@z@ﬁm%s B'aP'ffwa eal
cam f ol | ower. whzchpromdei’helgaaitrdatedtto &x&saagﬂhyp@uﬁnbﬁtherhedmﬂlﬂg the gl ue

nozzl e rack conprisegy %ﬁiﬁb@ Shown! ¥nicROcat flE1dd %a AR Gboard Ghd O
not or 822, both qgf .whic Igg’r{ Hbstlsj or t.ed J‘rocnglqt ha)égﬁg ql@cross%{ﬂnber

133. The cam fol r SCIEeTh | & ‘l’FFe tg center, data ciatp cam
f ol | ower surfacq:rggmmmbm\dl syptenemoﬂn tAsuitable opemml moys aoXHCONg di sk

842 of the agy ?9&? | 'ﬁﬁﬁ[ ¥ oPt at ed
by the servo mta%e‘ri‘feg ﬁ?ﬂxac ua? -or ggs%?% Bbg_eow afyrl od| C
pi voting of the $pline Michigap. Syitpble speraiog interface 52'8“%‘%“?11? EM g ue
nozzl es 810 tr acSeriele8000t woﬂ:saﬁonaashlnnemtlr Sbfnaﬂe aailible fromdthel Coffpuepves

along 30 the cl v@u!@r ﬁflﬂe Led to.
the cores 302 'Péﬁﬁ’ol%ﬁé{:@hraﬂ%%ﬁéﬂﬁfaﬁ(gfg S w%d"[ ou opp!l ng noti on of
the mandrel s 30028 henigeeed forward qr rewqrse, Jndividaslly or together n@ el
300 is rotatsd addﬂiﬂon;tmmr?chﬂ:ﬁ)eha:demmm; agdmﬁmbibpve, from3h® as

t he nozzl es 810 e coreﬂgoﬁﬁhg tg%o &go%ﬂb@gly 5 M@é 35

adhesi ve around he core s asse corrprl seles a

servo not orWidls cachifirive mater,isdwile agmﬁrdmpbwecﬁu s
spi nni ng belts &3adds 5018. ThePokitidis. veRgity,r andh¢prient dsspistes with eadl driventotdd) B,

of the frane or oS S0RREEEaiq iipared wihhackilt B °‘*e%§§ Rine 'ﬁi“y’ tr i ves
a belt 864 a?oour\‘EsPﬁetl‘{"‘Bys The programmable coptrol-sysiem, 5G9 -halts MPEB“%Pf dhgg36A
and 836B, which dﬂvetnmmdranye)fhﬁdm:tﬂﬂwel&id or current limits are exceeded.
In Figure 2, the rotatably driven turret assembly 200 and the rotating
cupping arm support plate 430 are rotatably driven by separate servo motors 222
and 422, respectively. The motors 222 and 422 can continuously rotate the turret
25. assembly 200 and the rotating cupping arm support plate 430 about the central axis
202, at a generally constant angular velocity. The angular position of the turret
assembly 200 and the angular position of the cupping arm support plate 430 are
monitored by position resolvers 5200 and 5400, respectively, shown schematically
in Figure 31. The programmable drive system 5000 halts operation of all the
30 drive motors if the angular position the turret assembly 200 changes more than a
predetermined number of angular degrees with respect to the angular position of
the support plate 430, as measured by the position resolvers 5200 and 5400.
In an alternative embodiment, the rotatably driven turret assembly 200 and
the cupping arm support plate 430 could be mounted on a common hub and be
35 driven by a single drive motor. Such an arrangement has the disadvantage that
torsion of the common hub interconnecting the rotating turret and cupping arm
support assemblies can result in vibration or mispositioning of the mandrel cups
with respect to the mandrel ends if the connecting hub is not made sufficiently
massive and stiff. The web winding apparatus of the present invention drives the
4 independently supported rotating turret assembly 200 and rotating cupping arm
support plate 430 with separate drive motors that are controlled to maintain

U




834B about pul | eys 868A and 868B, respectively. The belts 834A and 834B
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nandrel drive pulleys 338 and spin the mandrels 300 as the mandrel s

300 nove al ong the closed mandrel path 320 beneath the gl ue nozzles 810.

Accordingly, drel and its associated core 302 are tr%ﬂﬁl k@ggqlong
t he cl os el path 320 and rotating about the mandre "%%ls 4 as
the core 302 - engages the glue nozzl eg; 810. 10 The servo notor
822 is controlled to phase the periodic pivoting of the glue nozzl e

rack 820 wi ts [ r
e tion of the bﬁ%iri%llrflﬁslgg bf t @ReCadsbinbly| 2003mf AL afidreP Eupp ngaﬂﬁuiso

sceurul at ed nurﬂS’é‘Fad’PW bout |ts ams%& dggzypﬂtlg]nﬁgmgﬂqﬂgt'o of an

pi vot - posMssmblptZOﬂhgltgemppmgzmtesuppmkphﬁOﬂﬁan be phased with respect

bi Vot ng of the al u‘i‘S‘r‘t%tz"QtMﬁ‘%phés" ‘w*“%% ggg"“gq’ﬁ%’? is sfarhlf | Ol ©
rotation of thdTomthemolor deivingthe Y’GFP ﬁ zzl e

rack 820 i sicsynotationi ofethe veutrit hksemblyt 200 (fronnfroiatmn toﬁrthetbedroll sa,smmwy 200

vandr ol passes ROk e ?E"“F*m%?rﬁz‘%‘t ﬁ‘é”t%‘“m; M“E;efg“ 1Y AR ooy

track 20 noti RAuipmeahc Drivingthe | path
320. 59 also allows the ratio of revolunons of the turret assembly 200 to revolutions of
the bedroll 59 to be changed electronically, rather than by changing mechanical
15  gear trains.

Changing the ratio of turret assembly rotations to bedroll rotations can be
used to change the length of the web wound on each core, and therefore change
the number of perforated sheets of the web which are wound on each core. For
instance, if the ratio of the turret assembly rotations to bedroll rotations is

20 increased, fewer sheets of a given length will be wound on each core, while if the
ratio is decreased, more sheets will be wound on each core. The sheet count per
log can be changed while the turret assembly 200 is rotating, by changing the ratio
of the turret assembly rotational speed to the ratio of bedroll rotational speed while
turret assembly 200 is rotating. '

25 In one embodiment according to the present invention, two or more mandrel
winding speed schedules, or mandrel speed curves, can be stored in random access
memory which is accessible to the programmable control system 5000. For
instance, two or more mandrel speed curves can be stored in the common memory
6012 of the programmable mandrel drive control system 6000. Each of the

30 mandrel speed curves stored in the random access memory can correspond to a
different size log (different sheet count per log). Each mandrel speed curve can
provide the mandrel winding speed as a function of the angular position of the
turret assembly 200 for a particular sheet count per log. The web can be severed

. as a function of the desired sheet count per log by changing the timing of the

35  activation of the chopoff solenoid.

In one embodiment, the sheet count per log can be changed while the turret
assembly 200 is rotating by:

1) storing at least two mandrel speed curves in addressable memory, such as
random access memory accessible to the programmable control system 5000;

40 2) providing a desired change in the sheet count per log via the operator
intexface;



Afternatively,

of the

sui t abl e gearing arrangenent .

servo notors 222 or 422 through a timng chain or other

the rotating camplate 844 could be driven indirectly by one

In yet anot her enbodi nent,

t he glue could be applied to the noving cores 25 by a rotating gravure
roll positioned inside the closed mandrel path. The gravure roll could

be rotated abo ' Xi's such that its surface is periodical ed
Hio dsishs RS

in a bath of t

and a doctor bl ade could be used to con
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15

30

35

motor 1222; the core loading conveyorCB00 deives! b tnof$iPBR2! A& the core
stripping apparatus 2000 driven by motor 2022; relative to the rotational speed of
the bedroll 59 as a function of the desired change in the sheet count per log;

6) changing the electronic gear ratios of the turret assembly 200 and the
mandrel cupping assembly 400 with respect to the bedroll 59 in order to change
the ratio of the rotational specds of the turret assembly 200 and the mandrel
cupping assembly 400 to the rotational speed of the bedroll 59;

7) changing the electronic gear ratios of the following components with
respect to the bedroll 59 in order to change the speeds of the components relative
to the bedroll 59: the core drive roller SOSA and mandrel support 610 driven by

. motor 510; the mandrel support 710 driven by motor 711; the glue nozzle rack

actuator assembly 840 driven by motor 822; the core carrousel 1100 and core
guide assembly 1500 driven by the motor 1222; the core loading conveyor 1300
driven by motor 1322; and the core stripping apparatus 2000 driven by motor
2022 relative to the rotational speed of the bedroll 59; and

8) severing the web as a function of the desired change in the sheet count
per log, such as by varying the chopoff solenoid activation timing.

Each time the sheet count per log' is changed, the position of the
independently driven components can be re-phased with respect to the position of
the bedroll within a log wind cycle by: determining an updated log wind cycle
based upon the desired change in the sheet count per log; determining the
rotational position of the bedroll within the updated log wind cycle; determining
the actual position of a component relative to the rotational position of the bedroll
within the updated log wind cycle; caiculating the desired position of the
component relative to the rotational position of the bedroll within the updated log
wind cycle; calculating a position error for the component from the actual and
desired positions of the component relative to the rotational position of the bedroll
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core | oadi ng apparatus 1000 for conveying cores 302 onto noving

mandrel s 300 is shown in Figures 1 and 21-23. The core | oadi ng apparatus
conprises a core hopper 1010, a core |oading carrousel 1100, and a core

gui de assenb 1500 di sposed internediate the turret w

the core | oadi 363 carrousel 1100. Fi gure 21 is a perspec&q%&’sé%

the rear of the core loading 10 apparatug 1000. Figure 21 also shows a
portion of the core stripping apparatus 2000. Figure 22 is an end view
of the coreg | o HR%E@B | vi ewed
parallel to thg‘mfh thgt assen%qy cer?ﬁkgngﬁe%uc?’%aﬁlg C%CJ‘]X'IE&S;O ngn end
view of the cothe ¢mRBEHsSenbl y 1500 shown partial ly cut away. 15

Referring to Figures 1 and 21-23, the core | oading canousel 1100 conpri ses

a stationary frame 0 U

upst andi ng M;%&wﬁ%%@ﬁ%jigﬁ%&&&%ﬁs%p gH 136
extendi ng hori escr Variops¢nangeas traodificationsaepn withous

Al ternativaby, fiohf tifeokpiri isévgpe of the GAventibs.c| Rorlidstascey lthe hﬁmwafbﬁiﬁbed at

one end in a cantl ever h an
endl ess belt 1 ﬁ/esh&gqil e&%&dﬁ@ Ponzornaw in' the g@‘gﬂwﬁm 1?%’”]»

adj acent the fﬂ&#ﬂﬂ@whﬂEQQ@ﬂnﬁﬁwwmﬂﬂy 1s could bepriented igjr j ven
around a pl ur abitey ditéctions Inﬁaﬁmﬂg?m ok iR to mﬂcényarm;ﬁaénm covéig el t's
are driven aronp t he %”Pg éh 8@#%@{ ﬁ o motor 1222. A
plurality of Mr‘: v} °§5F§d PReor e trays 1240 to

| ugs 1232 4a8tached to the 25 belts 1200 and 1210. In one enbodi nent, a
support rod 1230 can extend from each end of a core tray 1240. In an
alternative enbodi nent, the support rods 1230 can extend in parallel
rung fashi on between |ugs 1232 attached to the belts 1200 and 1210,
and each core tray 1240 can be hung from one of the support rods 1230.
The core trays 1240 extend internedi ate the endl ess belts 1200 and 1210, 30

and are carried in a closed core tray path 1241 by the endl ess belts 1200
and 1210.
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deliver a core 302 to each core tray 1240. be used in place of the slotted
coul@

wheel s 1020 to deliver a core to each core tray 1240. Alternatively,

core and place a cope P2
1250 (Figure 22) position
sl otted wheel s-1020
1020. The cores 302
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ecarried around the closed core tray path 1241. Referring to
Figure 22, the cores 302 are carried in the trays 1240 al ong at | east
~a portion of the closed tray path 1241 which is aligned with core | oading
segnment 322 of the closed nmandrel path 320. A core | oading conveyor 1300 is
15 positioned adjacent the portion of the closed tray path 1241 which is

aligned with the core | oading segment 322. The core | oag %ﬂﬁ yor
1300 conpri seWOJ4R8863  onl ess bel't 1339 driven about pull eysbigi bé/ﬁa
servo notor 1322. The endl ess bel t” 1310 has a plurality of flight

el ements 1314 for engaging the cores 302 held in the trays 1240. The

flight elenment 1314 engages a core 302 held in a tray 1240 20 and pushes
the core 302 at |east part of the way out of the tray 1240 such that the
core 302 at |east partially engages a mandrel 300. The flight el enents 1314
need . not push the core 302 conpletely out of the tray 1240 and onto

t he mandrel 300, but only far enough such that the core 302 is engaged
by the core drive rollers 505. 25. The endl ess belt 1310 is

i nclined such that the el enents 1314 engage the cores 302 held in the
core trays 1240 with veIOC|t gponent general ly parallel to a
mandrel axis and @2a~w éﬁggdg t generally parallel to at |east a
portion of t’he«t«eﬁ-enlvoﬁ(ﬁﬂg-&eagnent 322 of the closed mandrel path
320. In the enbodlnent shown, the core trays 1240 carry the cores 302
vertically, and th& FTHRAEZ @&@nts 1314 of the core |oading conveyor
1300 engage the Coriehd \mxma sWertical conponent of velocity and a
hori zontal conponent™ of 0 ."The servo motor 1322 is controlled
to phase the posigioqn_of the flight elements 1314 with respect to a

reference that i S8m i%“ “g% angul ar position of the bedroII 59

about ‘its axis of ojgi;;:é s Q,ncgf an, gerunl ate er

revol utions 35 of g e TR B 899408y @@@Nﬂnﬁ@aswv he
[ &1

flight elenments 1384 €airbeeo v v @dowviﬁ‘"respec w o tHe *poFiti on of the

bedroll 59 within & d Q6 i = Bfe | el enent s
1314 can thereby ,pa%“&mﬁrfoglgg mélg%ggwgtg & F§?§§h$gg)re trays

-------

1240 and with the Fétaf ofaP $HB T’l on “o‘? N hE "tﬂr-‘-’r%t—- %@s%ﬁiﬁy' 200
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mandrel s 300 as the cores 302 are driven fromthe core trays 1240 by the

1510. The core guides position the cores 302 with respect to the second

ends 312
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are flared to

1550 hel ps to center the

gui de channel s 1550 at the first ends of the core
| oadi ng carrousel

wWth respect to the second ends 312 of the mandrels 300.

Conver gence of the core guide channel

()
—
(@]
(&)
(&)
=
+—
+—
c
oo
- O
O ®
O.—
©
L ®©

e
+— O
—
ON -LO
T O

Y 5]

> (OIN7)}
[@) N7 IR b}
L 5T
— O).—
O o0._'S
N ol D

pushed fromthe core trays

Core Stripping Appar
re stripping apparat

accommodat e sone m sal i gnnent of cores 302

1240. 25

Petismmsy,

3

removi ng | ogs 51 from uncupped nmandrel s"'300. The core stripping apparatus

36%,&?Cillustrate t he

24 B9

Figures 1,

2000 conprises an endl ess conveyor belt 2010 and servo drive notor 2022 30

2022
wi th respect
40

EN Bthe bedrol |
of

belt 2010

interval s on

2 &he flights

1
%8H§$i ght 2014

th

CEL

ound pul | eys
rvo notor
the flights

yeyor

LZe st
SZT Sl
~I1911°¢C1-
= CBL66" Pl
Y, Um@w.,.“-
8 — AP A § ¥1-

"s1- w”:«.o ﬁn&-sﬁ ¥l

Ie.a"t ed nunber

3
&

&3 98
LELp

ri ppi ng segnent 326.

Cgprv

L

g

ézi%

m
G

Emﬁ%ﬁ

belt 2010 is positioned vertically

=G

nt to the core st

jace
V
o~

ath agé
=]
.- .2&‘)@’43%%8 3

39F

.

PR

m 2 68551 TISIV D26 @1-+-9655 €1
ot

w Sy - TEOPRZI-

I3 l nn ng oniv TS 907t

c (&ss'¥1-cgTeT 11-

i - B meor

w..m P (i

SsSE oy o, sag1 S-prece-

"S1- OOS8IVON 1206°11-SH6TE p1-
f96'€l-
URr  268S°SI: + TBIV.C BLLOZI-CEBLL'EI-
ms_:. wigl- lieesk-
6LIV,_ &ne_ FPBOEl-
Dau m_-
L Iuﬁ% -
0y <688 N@h Q..nn zl-
6
d 5 BHOCHI-—506L 11~
© gzsy- s -
&gs
r=a< O v0SLH-  £6v6°01-
- S8y ) 6EI0°SI- 8650°01-
LIV O S0TI-OXINL'6
SPIS'SE  $OLV.C 8861'CI-_96ES'R-
800951~ Otorv+— aa_ﬁ Csoes°8-
TIEEID 191V ) 8861°S1- ABTL6 L
O cC®© o — QO

—lﬂ@g
# s

G
g
gra

gon
to a reference that

carries a plurality
t he conveyor belt 2

2014 nove with a |i
»®

its axis’o

revol uti ons of the

2014 can be

supported on a franme 2002. The conveyor
endl ess

beneath the cl osed mandrel
2012 by a drive

engages the end o

noves along the ¢

is controlled to

59 about

The

09ty
6SIv
L34 4
sv
9siv
SSiv
¥SIv
1394 4
(4434
144/
oKy
124
sy
248
oty
Shiv
wiv
348
v
144
aiv
6E1V
SEIV
LEv
%IV
SEIY
4484
EEIV
eV
1134
114 4
1144 4
T

9v1

8861°61-
8861°51-
8861°51-
8861°51-
8861°51-
8861°S1-
8861°51-
8861°51-
se6l sl
8861'SI-
8861°¢1-
8861°51-
g861's1-
s861°¢I-
8861'S1-
8861°61-
8861°¢1-
8861°51-
8861°s1-
8861'S1-
8861°51-
8861°'S1-
8861°51-
8861°¢1-
8861°61-
8861°S1-
s861°s1-
8861°S1-
8861°¢1-
8861°S1-
8861°'S1-
8861°51-

A

6¥T9'L-
90€EE'L-
LoE0°L-
owsL9-
bLoV'9-
sS8I'e-
£906°S-
S679°¢-
6¥5E°S-
¥T80°s-
81is't-
6TYS'
9SLT -
9600°-
6¥bL €
Tisk'e
s81T'e-
¥956°C-
§69°C
PEP'T
EELI'T-
L6’
59’1
[ALIN Y
e
(A3 41
8509°0-
STre'o-
8LO°0-
¥L81°0
£vs'o
szl

X

8TV 9961°51-
v se6Is-
ouv 8861’
STV 8861°51-
vZTIV  8861°S1-
€IV 8861°SI-
v 886l'si-
12V 8861°51-
oIV 8861'1-
sty  8861's1-
SIIV  8861'SI-
LIV 8861°S1-
IV  8861'SI-
SHV 836051
PIIV  8861'S1-
£V 8961°Sl-
ZIv  ss6l'sl-
1V 8361'SH-
OIY. 8861°SI-
60iv  8861'SI-
solv  8861°l-
LoV 8361°S1-
901V  8861°S)-
SOV  8861°'SI-
WLV  98LI'SH-
01V  ISEI'SI-
0V SILOSI-
W01V 1686'%1-
001V  $068°b1-
66V LOLL'HI-
86V T6H9HI-
L6V T60S'bI-
1
q94vl A
Vil 3714Vl

1£66'0
€59T°1
LG5
SOl
6560°C
18LET
$£99°2
6T
we
€0VS°E
SOp8°€
3340
S¥sp'y
16oL'v
1680°S
6hiv's
IieL's
6580°9
61£p°9
9S8L™9
SLpi’lL
9615°L
L66%°L
868C'8
£0L9°8
81¥0°6
668°6
ve¥L'6
¥880°01
$81#°01
86eL°01
6250'11

X

99V
S9v

138v1

$LSEYT-
6¥61'v1-
£~
Wa'el-
pero'€l-
€osy'el-
W el
8620'€1-
$808°Z1-
yo8S'TI-
SYE'TI-
9sor°z1-
p658°11-
8909°11-
60S€°11-
680°11-
£178'03-
1iss'ot-
syLTol-
966'6-
stiL6
wire
SYEI'6-
[38 % o
£EHS'8-
144 3
STh6'L-
68¢9'L-
8eee’L-
€80°'L-
EETL'Y
€0Ty'9-

X

BSE'NI
T589°11
LEVG'TL
6stT'zl
05°¢
S69L°C1
8820°€1
8Tl
8zs°¢l
899L°¢€1
£666°E1
sl
£6E¥°¢1
£6¢9°p1
(334
9E¥0°S1
667T°S1
£90¥°S1
LSLEST
GPEL'ST
958851

reo9n

1851°91
WLT9E
668£°'91
689°91

WSl
1159°91
LEIL'9
699L'91
£918'91
90L8°91

X

v

19V

138V

6119

818°S-

1815°¢-
TS
14102
1432 o
[4334 of
L600'%-
SLoL'e-
650b°E-
Loot g~
896L°C
£684°C-
£I81°Z-
87L8°1-
<198°1-
(422
80€6°0-
6119°0-
$88T°0-
L6£0'0
965¢°0

680L°0
pis0l

bL6E' |

WLl

Loor'e
Wor'c
65£8'C
LyeT'e

6VE9'E

9L00'¥

A

yZee9l TV
LE66'91 16V
LOSO'Ll  OEV
YSO'LE 6TV
BEU'Ll 8V
usry v
8cz'Ll 9TV
16TL S
ESPELL WV
L96ELl €2V
sebrLl v
s i
gessLl 0TV
€90Ll  6IV
E659LL  BIV
LA BT
yooLLL 91V
96ISLI  SIV
eusLl  pIv
BE6Ll €IV
SL6Lt TV
L[908l 1V
L3181 oIV
WIZ8L 6V
S067'81 gV
¥196'81 v
828l oV
996¥°81 v
6185°81 .
il v
LoE8'81 A7
§99'81 v
X  Tagv1
HLVd THIANVIN



speed al ong the

RGIATSAg07e!

29 5 phased

59 within a log wind cycle.
as the mandrel s

The flighted conveyor

axes 314
For a gi ven mandrel

ight line pggtion of the core st
pat h.

|l ed with respect to mandrel

300 are carri e“gaf’a’ﬁ& a stra

the.motion of the flights 2014 can be synchroni zed with the
segnent 326 of the cl osed mandrel

of the turret assenbly 200.

with respect to the position of the bedrol

Atcordi ngly,

rotation
belt 2010 is an
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30 flights 2014 contact both the core 302 and the web wound on the core

302, and have the ability to strip enpty cores (i.e. core on which no
web is wound) from t he mandrel s.

Log Reject Apparatus 35 Figure 21 shows a | og reject apparatus 4000
~posi tioned downstream of the core stripping apparatus 2000 for
receiving logs 51 fromthe core stripping appar at us 200, @

drive rol | er sWSb¥863nd 2098B engage th | ogs 51 IeaV|ngc? e nanérels
300, and propel the logs 51 to the |log teject apparatus 4000. The | og

rej ect apparatus 4og®m§i§e$@§servo notor 4022 and a selectively 40
rot at abl e reject eLe @ suRported on a frame 4010. The rotatable
rej ect el ement “4080 "supports a first set of |og engagi ng arns 4035A

and a second set ofg5g3§; s 2496/ 38363

PCT/ US96/ 07461  xoSSB3H3ITEESR 30 5

opposi tely extendi ng :f'og 9aging arns 4035B (three arns 4035A and three

ar s 4035B shgwn in F_i__gurﬁgl) During normal operation,
the 1 ogs 51 recei vggnﬂ)'&m%%-: @ej ect appar at us 4000 are carried by
continuously dri veﬁnrmoJ‘Lgr"s 4000.,to a first acceptance station, such
as a storage bin or §& §|§§§' Née storage receptacle. The rollers 4050 can
be »sggg==ZdTd

- et owd ot omi ot vt o= G SvE

A49

8132 A48

1034

3865 AS0
AS2
AS3

LABEL
A4S
A46
A47

<7.169
-9.218

Y
-6.8479

9.4904 AS4
-9,7606 AS55

7
7
-8
-8
-8
-8

X

176
7.5623
7.5244
7.4689
12117
70591
6.8487
6.6406
6.4343
6.2311
6.0244

A42
Ad4

LABEL
A34
A36
A37
A38

57199 A4l
2106 A43
5285

2652  A40
8939

9497 A9

-3.697 A3S
0101

TABLE IIB
-4

-3.3837
3231
-4.6378

Y
4
4
-5
-5
-5

6

17.97

8965 4

8591

8229

7856

7487
17.712

9333

X
18.0068
176149 -6
17.6375

17
17
17
17
17
17

LABEL
A23
A27
4874 A28
A32

S196  A25

1371

1925 A24

8442  A26
-3.0699 A33

2.4402 A3l

-2.1555

-1.8064 A29
2.124 A3

0
0
0

18.4202

18.3815

18.3431
18305 0

18.2671
18.2295

18.192
18.1547
18.1176
18.0806
18.0437

1.144  A20
0.8051 A2l
04695 AX

1.4866 Al9

X

MANDREL PATH



10 driven by the servo notor 2022 through a gear train or pulley

have a surface speed a fixed percentage higher than

that of the flights 2014. The

arrangenent. to
51,

roll ers 4050 can thereby engage the |ogs

and carry the logs 51 at a speed

hi gher than that at which the

| ogs are propelled by the flights 2014.

desirable to

it is
one (r)<raj %&Lwﬂn’

In sone instances,

nore |l ogs 51 to a second,
I'n or recycle bin. sfor instance,

15

e or

Qe

nore

Y
po

such as a dis

defective logs 51 may be produced during stanp of the web w ndi ng apparat us

a |l og defect sensing device can be used to detect

or alternatively,

90,

|l ogs 51 at any tinme during operation of the apparatus 90.

def ecti ve

one of the
| og 51 supported

‘can be controlled nmanually or automatically to
180 degrees,

The servo notor 4022

intermttently rotate the element 20 4030 in increnents of about 180
Each tine the el ement 4030 is rotated
| og engagi ng arns 4035A or 4035B engages the

degr ees.
sets of
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5 The

31
body 3000 by a

The deformabl e core engagi ng ne

el astically

body 3000 for deform ng the

def or mabl e core engagi ng nenber 3100 fromthe first shape to the second

shape.

WD 96/ 38363
nosepi ece is di spl aceabl e relative to the mandrel

40 and is displaceable relative to the mandrel
cup 454.

PCT/ US96/ 07461

mandr el

P

endpi ece 3040. By
3100 10 defornms from

and that upon

rel ease of the | oad tthe nenber 3100 returns substantially to the first

shape.

mabl e pol ymeric

st eel

5qef or

is meant that the nenber

it

radi ally supported on the

O WHEWS
(Fi gure 30)
"elastically deformable”

mandr el
conpri se one

Referring

and 29 are

sepi ece 3200 show ng notion of
the first

illustrates deformati on of

outwardly direction to engage the

i nsi de diameter of the core 302. Figure 27 15

the deformabl e core

enl arged views of a

t hereby causing the rings. 3100 to

; endpi ece 3040.

\\D
[=]
| 300 in nore detail,

menber 3100. Figures 28

e

&

nosepi ece can be displaced relative to the endpi ece
rings 3110,

mandr el

the first shape to the second shape under a | oad,
The

elastically buckle in a radially

3040 to conpress the
t he nosepi ece 3200
to the conmponents o
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adhesi ve bondi ng. The conposi te Hﬂ‘u’"uuuﬂm I&u 0 can conprise a carbon
conposite construction. Referri ‘and 30, a second end 3034
of the conposite nmandrel tube 3030 is joinéd to the steel endpiece

3040. The endg 3040 has a first end 3042 and a seco Q:'r
83 ﬁﬂ&kﬁ
The first end 30 g? t he endpi ece 3040 fits inside of, [} ?il ned

to the second end 3034 of the conposite 40 nandrel tube 3030
The deformabl e core engagi ng nenber 3100 is spaced al ong the mandrel
axis 314 mteWshoul der 3020 and the nosepi ece 3200. The

def or mabl e cqre ng,.menber 3100 can_conprise an annular ring
havi ng an i nnér A “S?‘gﬂg é‘%‘@ﬁ%&?@%““ﬂ'ﬁaﬂe‘! plematgtial intn individual logs.the,or t i on

of the endpi ece 3réthod zomiprifing terstépe of:adi al | y supported on the endpi ece

3040. The defornma %}ﬂa n 0

between a shoul depbggﬁr%r Qn g g‘ﬁ‘."’e“cé" %"%@émﬁ} &Hﬁ&éﬁng ﬁl er 3%5 on

t he nosepi ece 3200, o=tasahixdriyen mandsels forgvinding thelogs, The nenber 3100
preferably has apnmhﬁ!iﬁltomhﬁly driven beufbnmrpmﬁhing transfer@ﬂtﬁeidﬁuﬁmﬁ)wurface

for radially engagin RUOL ce can 20 be
provi ded by a ring Sﬂgﬁb%ﬁﬂgﬁtﬁ%&ﬁ%@&%\‘e@ Lnflla b ‘cunferentially
conti nuous sur f acE®@ting thebrdse :y engagi ng a core provi des t he advant age t hat
t he forces crnstingahe rotgtablycdriven Quirét dskembiy, Whetkinaofitigh of ithd tiree,

rat her than conc se provided
by conventi onal coreﬁf lﬁ# W@"ﬁé@ﬂ“’fe@{}@m &}Beg?é“ﬁ er ci ng of
the core. By "subéqtermmagtbfassmlmsnmnféh@mmsmmm. nuous" it is neant
that the surface dteridifin mhﬁfed?pb%onofmeqaaﬁs@%ﬂvemﬁ&h&ems face of the

core around ot Voggt AHEDL sbel sl o o LB B o L |55
desired positions of the turret assembly ; and
reducing the position error of the turret assembly while rotating the rotatably
driven turret assembly.

2. The method of Claim 1 wherein the steps of determining the desired and
actual positions of the rotatably driven turret assembly comprise the steps of
providing a position reference while rotating the turret assembly;
determining the desired position of the rotatably driven turret assembly

* ’relative to the position reference while rotating the turret assembly;

and

determining the actual position of the turret assembly relative to the position
reference while rotating the turret assembly;

wherein the step of providing the position reference preferably comprises
calculating the position reference as a function of the angular position
of the bedroll;

wherein the step of providing the position reference preferably comprises
calculating the position reference as a function of an accumulated
number of revolutions of the bedrol; and |

wherein the step of providing the position reference preferably comprises
calculating the position reference as the position of the bedroll within a
log wind cycle.

3. The method of Claims 1 or 2 wherein the step of rotating the rotatably
driven turret assembly comprises the step of continuously rotating the turret
assembly after reducing the position error of the turret assembly; and |




about 90 percent of the circunference of the core. The

def or mabl e core engagi ng nenber nq MIH jlse two elastically 30

def ormabl e rings 3110A and 3114““ I‘mmﬁl mﬁrometer "A" urethane, and

three rings 3130, 3140, and 3150 fdrnméd &f % relatively harder 60 duromneter
"D . uret hane. The rings 3110A and 3110B each have an unbr oken,

circunferenti continuous surface 3112 for engagi ng Sﬁm;

rings 3130 angké%ﬁﬁﬁkan have Z- shaped cross-sections for engaglﬁgPthe

shoul ders 3041 and 3205, respectively. 35 The ring 3150 can have a
general ly T-shaped cross-section. Ring 3110A extends between and is

joined to rings 31 Rinl
joined to rings 31 ﬂ%% oﬁb&ﬁn%}ﬂ@ﬁ;%?%gpl ece%gﬂ %mfefa ngl y
supported on bushi ngs W%%F‘?PWa%ﬂmg “HF% sebhe 4 % gengrall

nosepi ece 3200 rel ati veoﬂsanuj:guaﬂdaoﬁqeawli-éuucﬁglthabbsmoﬁ(éndauﬁm@a-eBSOO
conpri se a LEMPCOLOY bﬁﬁng?terl al wth a LEMPCOAT 15 coating. Such

bushi ngs are manuf act ur LEMPCO i ndustri es_of C evel and, WO
96/ 38363 4. A method of winding a continuous web of material into mdwxdual Jogs, the

PCT/ US96/ 07461  method comprising the steps.of: 5 Onio.
3040, "the def or rabP® %ﬁﬁ%ﬁﬁnﬁwﬁﬁéﬁwﬁﬂ%@%@ﬁ&?ﬁﬁﬁe
shoul ders 3041 and 3209 vEa compgaeng being menhanicallyndecgup)
radially the positions of the other independently driven components, wherem at
least one of the independently driven components comprises a rotatably
driven turret assembly supporting a plurality of rotatably driven
mandrels for winding the logs:
driving each of the independently driven components;
providing a common position reference;

- determining the actual position of each independently driven component
relative to the common position reference while driving the
independently driven component;

determining the desired position of each independently driven component
relative to the common position reference while ‘driving the
independently driven component;

determining a position error for each  independently driven component as a
function of the actual and desired positions of the independently driven
component; and

reducing the position error of each independently driven component while
driving the component.

5. The method of Claim 4 wherein the step of providing at least two
independently driven components comprises the step of providing an
independently driven component for loading a core onto each of the
mandrels.

6. The method of Claims 4 or 5 wherein the step of providing at least two
independently driven components comprises the step of providing an
independently driven component for removing wound logs from the
mandrels.

7. The method of Claims 4, 5, or 6 further comprising the step of providing a
rotatably driven bedroll for providing transfer of the continuous web of
material to the rotatably driven turret assembly, and wherein the step of



N

outwardly, as shown in phantomin—Frgure 30 Axi al notion of the

nosepi ece 3200 relative to the limted 10 by a threaded

fastener 3060, as shown in Figd ' Iim he fast ener 3060 has a

head 3062 and a.threaded shank rea ed shank 3064 extends

t hrough an axiaIIy extendi ng bore 3245 in the nosepiece 3200, and threads

into a pe | e 3045 di sposed in the second end 3044

endpi ece 3040% B‘PF{S:‘Hi 3062 is enlarged relative to thg&fﬁ%&?@ of

the bore 3245, thereby limting the 15 %X|al di spl acenent of the nosepiece

3200 relative to the endpi ece 3040. A coi spring 3070 is disposed

I nternedi ate the end 044 of the endpi ece 3040 and. t he . epLece 3200
o fofere ting 1 b

for biasing the neRfqYidingfhe SpfmmER ROSIHOY PG CRMIRTISES, SO0y 06
core is | oaded ontmfarememadfnmhmobthemlﬂmwmn ouhsmed@llasmbrrbl y

g(r)ov'h des theFact ua&gégeinf@.e ef proVith Zﬁd e&nmﬁ tﬁﬁ'ﬁﬁ refetéhte ek 3?%81'5,08 As
shown in Figure a nan cu en es e nosepjece
t her eby conpr essiSOEPIHeS M Jﬁfﬂeﬁif t4e? n%‘ggfﬂ g 3 siide

axi alty al ong naradcmimlatedauﬂhﬂdfm\@hmmhef&nbedmlm Th| s rmt | on of t he
nosepi ece 3200 éﬁﬁh

3110A and 3110B, causi e def o0 . out vvardl to have
general |y convex Mggr'@1 sefg’ly@é@zig sé"%’ﬂ’ié’ e once
wi ndi ng of the webassemblyeandore is corrpl ete and the mandrel cup 454 is
retracted, the sprg 0 Yot dﬁ?éﬁomnet assénibi®! drifed from
t he endpi ece 3040, t ertca% Siééturnl n the yings 3110A 9ﬂ110W

their original, genereﬂ"FEP"é?)‘l g;'e at @&, gene

t hen be renoved from tdonmmdgﬂhim}odﬂyaﬁenrdumngmﬂgmammafﬂm.mﬂa
The mandrel 300 al so es an antirotation nmenber for restricting
rotation of the mandre ’pi ece 3200 about  the aX| S, 314, reI ative to the

nmandr el b®dy ‘SOBMI?E winding ¢ contimpus ovabeel material, apfpjhollow coges toc, oy
3800. The set fofrf [individial Qogsiuf elecimateridlp the mammmwismg\ma stépsiof:

per pendi cul ar to ers h i |':‘ieg &Q@@P i“t)?f gk 3044
of the endpiece 3 idjh;e sgcfﬁ@?:lie(\%'fgo Q’? I N H tfead
fast ener 3060 to prevénmbhednm@#wels@yowm%m g>f|%§el onto °°F‘|"som t he
endpi ece 3040. The setsuppored oaGbmandreleds from the endpi ece 3040, and

L5 Leceived Tn an gy} gl by difent bt 18 irkdirdlify BRED G oo A 2

the rotatably driven turret assembly;

providing a driven core loading - component for loading a core onto a
mandrel;

providing a driven log removing component for removing a wound log from
a mandrel;

rotating the bedroll;

rotating the turret assembly to carry the mandrels in a closed path, wherein
rotation of the turret assembly is mechanically decoupled from rotation
of the bedroll;

driving the core loading component to load a core onto a mandrel while the
mandrel is moving, wherein motion of the core loading component is
mechanically decoupled from rotation of the bedroll and the turret
assembly; :

transferring the web to the core;

rotating the mandrel to wind the web on the core to form a log supported on
the mandrel;

driving the log removing component to remove the log from the mandrel
while the mandrel is moving, wherein motion of the log removing



of* the nosepi ece 3200 relative to the endpleCE'du4U 1s accommopdat ed by the
el ongated slot 3850, while rotatio e 3200 relative to the
endpi ece 40 3040 is prevented by QIWH mﬂ set screw 3800 with the
si'des of the slot 3850.

PCT/ US96/ 07461

Al ternativel yﬁ% gﬁgornabl e core engagi ng nmenber 3100 can cpgplg 1%
nmet al conponen f3 el astically deforms in a radially outwa I'rection,
such as by el astic buckling, when congressed. For instance, the

def ormabl e core engagi ng nenber 3100 can conprise one or nore netal

ri ngs having circu s § 2l

sl ot s. rcunferentially spaced apart portions of a ring interned ate

| St oonf ”Eﬁ%ﬁ&h@ eé f ?{e&ﬂ%?rf’ ot JE XS BdrOIf

each pair of adjacent sfoitiong@f mmtassem%| ally outwardly when the ring is

conpressed by noti oprovidihg'£csmmbn Pasition refera@epi ece during cuppi ng of the
second end of the
Control System 15 nﬁ&g;"%hi?ﬁéh deﬁns\ndﬂ%sl'tﬁog appargft"&ganan ?@I |se a

control system for phas¢amponent, apgclogoEmoving eAmpenent H1siative fto; the cgeEpmRmt | v
driven conponents with pefisaGéfetedcéwhile rotating the turret assembly;

determining the actual position of each of the turret assembly, core loading
component, and log removing component relative to the common
position reference;

determining a position error for each of the turret assembly, core loading
component, and log removing component as a function of their
respective actual and desired positions; and

reducing the position error associated with each of the turret assembly, core

- loading component, and log removing component while rotating the

turret assembly.



common position reference, so that the position of one of the conponents
can be synchroni zed with the position of one or nore other conponents.
By "i ndependently driven" it is neant that the positions of the
conponents are not 20 mechani cal Iy coupl ed, such as by nechani cal gear
trains, nechanical pulley arrangenents, mnechani cal |inkage

mechani cal ca ‘hﬂ%ﬁ@ﬁisns, or ot her mechani cal neans. H%E
enbodi ment, the position of each of the independently drlven'
conponents can be electronically phased with ect to one or nore other
conponents, such as by the use of electron|c|6 ratios or electronic
cans. 25 I n one enbodi nent, the positions of the independently driven
conmponents is phased with respect to a conmmon reference that is a
function of the angul ar position othe bed@dl| 59 about its axis of
rotati-on, and a function oty an o acc@ul at ed fmunber of revol utions of
the bedroll 59. In particufgr, theupos tTons of the independently
driven conponents can be p hsed i h Pespes o—t-HE position 30 of the
bedrol’l 59 withi =g Rt iie revol ution of the
bedroll 59 corre ' """'5. cycle. Alog wnd
cycle can be defi hent s, For I nstance,
if there are sixt~‘
if the circunfere
wound per 35 bedrfo
log 51 will be
Accordi ngly, eac

461

nga seb wound l og 51, and

W] tRen four sheets will be
&ycle will be conpleted (one

i‘!IOHS of the bedrol

pl |- 59 will corCEspond to 22.5

The |nd2p dently driven
‘oo & drived by notor 222

‘ \
\\“ Al
w\'i
\‘h ) T Vh\. /--l—---(—-lr er Ol | er 505A and

"\ . |
—
- ',1

(e.g. a 4HP servo mo Wi cgppkng arm 40 support- 410
driven by the notd \ \\\i \“H“ : he roI | er 505A and
mandr el support 61%

i

822

o
NS
N

o
o
N
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nmandrel support 610 are nechanically coupled); the mandrel cupping support

710 driven by notor 711 (e.g. a 2 HP servo notor); - the glue nozzle rack

act uat or assenbly 840 driven by notor 822 (e.g. a 2 HP servo notor);
the core carr 1100 and core guide assenbly 1500 driven by a 2 HP
servo notor ggéﬁ%%o ation of the core carrousel 1100 aR§TUSAZé#ilc
gui de assenbly 1500 are nechanically 10 coupled); the core | oading
conveyor 1300 driven by motor 1322 (e.g. a 2/\#6 servo notor); and the
core stripping n 2010 driven by notor 2022 (e.g. a 4 HP servo
motor). Qther c enils, ore gslve rol kgr 505B/ notor 511 and
core glue spinni S nbly éﬁd&nﬁf 8 can b®i ndep ently driven, but
do not require ph th <the b&r« | . Indeﬁ%nde ¥ driven conponents
and 15 their assqgj gt r1TVvein ' rih a

pr ogr ammabl e ornt : 3% , Lhe bedrol
59 has an associ a ' —Fgt ' . e p ox: y gwi tch makes
contact once for ea ' ‘r?{ & at] a gi ven bedroll
angul ar position. |The |pgogra t y&ten}SOOC C count and store
the 20 nunber of |ti ngs\ he I c itgd 3 repolution (the
nunber of tines tﬁg'bedr [ it cheas |nmade contact) since
t he conpl etion of jw ndi ng 51. Eagh t he

I ndependently driyen qonp S/ C avdlla qroxi mty switch for
defining a honme pé¢sitijon of t c omnent . Theg phasi ng of the
position of the i%dependentl Q¥I h &ofponedlls with 45 respect to a
common reference, {sucl as thdlmos®| oh

bf t hqibedrol | |witthin a | og
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wi nd cycle, can be acconplished in a closed | oop fashion. The phasi ng of

t he position of the independently driven conponents with respect to
the position of the bedroll within a log wind cycle can include the
steps of: determ ning the rotational position of the bedroll within a
|l og wind cycle, determ ning the actual 30 position of a co nent relative
to the rotati ¥RIB3ition of the bedroll within the ISS%MU | e;
calculating the desired position of the conmponent relative to the ’
rotational position of the bedroll wthi |l og wind cycle; calculating a
position error for the conponent fromihe actual and desired positions
of the conponent relative to tfg rotational position of the bedroll
within the log wind cycle;” and 35 guci ng the cal cul ated position error
of the conponent. In orgf enbodi ment, the position error of each
conporent can be cal cul ated once at the star‘t‘ tp of the web wi ndi ng
appar atus 90. Wen contact g | [8ly My bedroll proximty
switch at start u t he posi== of the bedroII f/vltl‘l respect to the
| og wi'nd cycl atgdl based upggtinf ar math on stored in the 40
random access é? ; the pr pgr amma troll syS\tem 50 I n addi tion,
when t he proxi  swi t chi\a¥so fi makes cont act
on start “
PCT/ US96/ 07461 ' O / | \C3003% 5 _up, the
actual position o &8 Lve to t'he rot'atlonal @2 i on of
the 59 ‘/I\J ~300A ,‘ l
(1 .
Nl ( ', | $322
L 324 ; 300~
I 3008 3.~
a1 N 202-
V27 33N 300 35l 30:)%‘ 320
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bedroll within the log cycle is determ ned by a suitable transducer, such
as an encoder associated with the notor driving the conponent. The
desired position of. t he conponent relative to the rotational position
of the bedroll within the |l og w nd cycl e can ‘be cal cul ated using an
el ectronic gear ratio for each conmponent stored in 10 the random access
menory of the bl e control system 5000. When t he bedrol |
proximty swi tv&lwanakes contact at the start up of the PCTUSY{OIHFING
apparatus 90, the accumnul ated nunber of rotations of the bedroll since
conpletion of the last l.og wind cycle, the 426 count per | og, the sheet

| engt h, and the bedroll circunference can be read fromthe random
access nmenory of the 15 programmable control system 5000. For exanpl e,
assune the bedroll had conpl eted seven rotations into a log wind cycle
when the wi ndi ng apparatus 90 was stopped (e.g. shutdown for
mai nt enance). When the bedroll proximty switch . first nmakes contact
upon re-starting the w nding apparatus 90, the-gg@ ol | conpletes its
eighth full rotation since the |ast |og wi cycle was conpleted. 20
Accordingly, the bedroll at that ipst is’a e..’I.BQ_dPgree (hal f way)
position of the 1og w 1868 , be or the given sheet count,
sheet | ength and bedrol | circt nce, dach rot ati?}n of the bedroll
corresponds to 4 sheets of % 64 ¢h . 1llog, and TB7Teh®Ptions of the
bedroll are required to win ‘rﬁ nm. e | og. ( When contact is
first made by the bedroll prommty start up, \the 25 desired
position of each of the indpendent Iy ven c ith respect to
the position of the bedroll in ti&6 ' I's cal cul ated based upon
t he el ectronic gear ratio for t nent and the position of the
bedroll within the W ] I Bdeswed position of
each independently drj 33RNP Bo the |l og wind cycle
can then be conpared fo the agijal\3 : §§ conponent neasured
by a transducer, such] as Lﬁg r g#th the notor driving
t he conponent The calul afed, jdgsi aQOnponent with
respect to the bedrol}] pogitign | h W naj~ npared to
the actual posiBi thgg? n »
position in the |og Lycl e t { ent, gltion error. The
notor 35 driving thg conp Nt heB5& a . lyegs by adj usting
t he notors speed / _

A ' 33 | 36 120

220
21—~




with a notor controller, to drive the position error of the conponent to
zero. For exanple, when the proximty switch associated with the
bedrol | first makes contact at start up, the desired angul ar position
of the rotating turret assenbly 200 with respect to the position of
the bedroll in the log wind cycle can 40 be cal cul ated based upon the
nunber of rev | the bedroll has made during the c wi nd
cycle, the shgg?&%ﬁﬁﬁt, the sheet |l ength, the circunference 3¥ﬁﬁﬂ$w&Hﬁ

WD 96/ 38363 5/26
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bedroll, and the electronic gear ratio stored for the turret assenbly 200.
The actual angul ar position of the turret assenbly 200 is neasured
using a suitable transducer. Referring to Figure 31, a suitable
transducer is an encoder 5222 associated with the servo notor 222. The
di fference between the actual position of the turret assenbly 200 and
its desired position relative to the position of the 10 bedroll within the
|l og wi'nd cycle is then used to control the speed of the notor 222,
such as with a nmotor controller 5030B, and thereby drive the position error
of the turret assenbly 200 taq-zero. The position of the nmandre
cuppi ng arm support 410 can be controlled in a simlar manner, so that
rotation of the support 410 is synchronized with rotation of

322

324




15 the turret assenbly 200. An encoder 5422 associated with the notor 422
driving t he mandrel cupping assenbly 400 can be used to neasure the
actual pasition of t he support 410 relative to the bedroll position in
the log wind cycle. The speed of the servo notor 422 can be varied,
such as with a notor controller 5030A, to drive the position error of
t he support 4 0. By phasing the angular 20 positi onsp&iy t he
turret assenbﬁ&o%ﬁﬁégéd t he support 410 relative to a corr‘r‘ror?g@mh‘51

ref erence, such as the position of the bedr§:/r%§9 within the |l og wind
cycle, the rotation of the mandrel cupping upport 410 is synchroni zed
wth that of the turret assenbly 200, and twi sting of the nmandrels 300
is avoi ded. - Alternatively, the position of the idependently driven
conponents could be 25 phased with respect to a reference other than the
posi ti-on of the bedroll within a |l og wind cycle. The
position error of an independently driven conponent can be reduced to

zero by controlling the speed of the notor driving that particul ar

conporient. In one enbodi nent, the value of the position error is used
to determ ne whether the 30 conponent can be brought into phase with the
bedrol|l nore quickly by increasing the drive notor speed, or by
decreasing the notor speed. |If the vglue of the position error is
positive (the actual position dj:rﬂe conponent is "ahead" of the

desired position of the conponerngt), the drive notor _speed is decreased. |If
t he val ue of the positiqg %%ror Iy Negat i ve actual position of

t he conponent is 35 "behind" P 3 osi tifon of—~t B&&onponent), the
drive notor speed is i ncreased. ‘ nt, the position error

is calculated for each conponent
first nmakes contact at sta3BQp, amd
of the associated drive notor~w~a dghetninéd t th position
error to zero over the renaining pgqrtiomof—tte—togiw nd c?g% 40

1= prpximty switch
ariatyon in the speed

Normal |y, the position of _a conpone In lTog wnd gycl e degrees shoul d
correspond to the positi o PP dr ol l35’8 | og cMcle egreggz(e. g., the
position of 143 E— /.45
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conponent in |log wi nd cycle degrees should be zero-when the position of the
bedroll in log wind cycle degrees is zero.) For instance, when the bedrol
proximty switch nmakes contact at the beginning of a wind cycle (zero w nd
cycle de the notor 222 and the turret assenbly 2 %ﬁﬁﬁb be at
an angul ar p05|?|on such that the actual position of thgg?urrefgl
assenbly 200 as neasured by the 10 encoder %%8
cal cul ated, desired p05|t|o 3000 w nd cycl
the belt 224 driving thelru ‘;a
axi s of the notdi4 therw Se nove relative to the turret assenbly

38 5 a

corresponds to a
degrees. However, if

3541862 200 should slip, or if the

200, the encoder mﬁllfnﬁj %ber provi de the correct actual position of the
turret assenbl y, I n one enbodi ment the programmuabl e
control system can b,—p.ud dto all ow an operator to provide an

of fset for that particulldf ¢ nt. The of fset can be entered into

t he random access nenor y|pf ngﬁﬂgo ranmabl e control systemin
increnents of about 1/1 2 A cycl e degree. Accordingly, when
the actual posi3®8 - conponent matches the desired, calcul ated
position 20 of t C ent _oodifjed by the offset, the conponent is
considered to be in ase wt espect to the position of the bedrol
in the log wi 1d cyc R0 ffset capability allows continued

operation of t unti | mechani cal

be nade.

i()m nd ri>ys adj ust nents can
V7 44
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In one enbodi nent, a suitable programmble control system 5000 for 25
phasi ng the position of the independently driven conponents conprises a
programmabl e el ectronic drive control system having progranmmabl e random
access nmenory, such as an AUTOVAX progranmabl e drive control system
manuf actured by the Reliance El ectric Conpany of C eveland, Chio. The
AUTOVAX pr ogr auadodsssssdr i ve system can be operated using the follow ng 30
manual s, all of which are incorporated herein by reference: Gﬁﬁ%”%?sten1
Qperati on Manual Version 3.0 J2-3005; AUTCN§§ Ekggranning Ref er ence

Manual J-3686; and AUTOVAX Hardware Refere /fnual J- 3656, 3658. It

wi || be understood, however, that in other enbodi ments of the present
i nvention, ot her control systens, such as those avail able from Enmerson
El ectroni ¢ Conpany, 35 G ddings and Lewis, and the General Electric Conpany
coul d’ al so be used. Referring to Figure 31, the AUTOVAX
programmabl e drive control system i ncl udes one or nore power supplies
5010, .a common nenory nodul e 5012, two Model 7010 m croprcessors 5014,
a network connection nodule 5016, a plurality of dual axis
programmabl e cards 5018 (each axis corr s on ng to ageror driving 40 one
of the independently driven conponents), ver i nput nDd s 5020,
general input/output cards 5022, and a A 4£§Dtal utputh 5024. The
WD 96/ 38363 452 ] F«ﬁ~
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39 5 AUTOVAX system al so includes a plurality of nodel HR2000 not or

controllers 5030A- K. Each notor controller is associated with a .
particul ar drive notor. For i nstance, notor controller 5030B is
associated with the servo notor 222, which drives rotation of the
turret assenbly 200. The common menory nodul e 5012 provi des an
interface between nultiple 10 mcroprocessors. The two Modgermshbiarast
m cropr ocessoM™O W3t e sof t ware progranms which control the
i ndependent |y drj,ven conponents. The net \M%ZZO connecti on nodul e 5016
transmts coft an 35q§1ta bet ween %erat or interface and
ot her conpongnt s of {itthe og;_a-nm'aﬁﬁ control system 5000, as well as
bet ween the progra 58 sy %ém 5000 and a programrabl e mandrel 15
drive control‘rgg }3m di scui;ad‘i ow. The dual axis programuabl e cards
5018 provide i ndiyudigal ol ﬁ gach of the independently driven
conponents. he ki ghal; _ ‘h bedroll proximty switch is hardw red
into each of 47B8AAT 5~ 4¢ddk anmabl e cards 5018. The resol ver input
nodul es 5020 convqEAt angul ar di spl acenent of the resolvers 5200
and 5400 (discuss r—tntoagimital 20 data. The general. i nput/out put
cards 5022 provide af or data exchange anong di fferent conponents
of the control 3859 0. 46O VAC digital output card 5024 provides
out put to brakes 5224 § 5424 CPated with notors 222 and 422,
respectivel y.358 —|{! n one/enbodi nent, the nmandrel drive notors 332A
and 332B are cont ARl 25 a J30mabl e mandrel drive control system
6000, shown iltJ1B587 o Figure 32. The notors 332A and 332B can
be 30 HP, 460 Vpl bt op/'s. T programabl e mandrel drive control

- system 6000 can{i AUT ~systemincluding a power supply
6010, a conmon jengr ul e 6012 Yavi ng random access nenory, two
central process f?g s 6014, a network 30 comunication card 6016 for
provi di ng conmuni on between{ the programmabl e mandrel control
system 6000 andjt hqg jpf ogrammabl e chntrol system 5000, resol ver input
cards 6020A- 602D, {ainfl Seri al ort cards 6022A and
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6022B. The programmabl e mandrel drive control system 6000 can al so incl ude
AC nmotor controllers 6030A and 6030B, each having current feedback 6032 and
35 speed regulator 6034 inputs. Resolver input cards 6020A and 6020B

recei ve inputs fromresolvers 6200A and 6200B, which provide a signal
related to the rotary position of the mandrel drive notors 332A and
332B, respecti Resol ver input card 6020C receives i a
resol ver 6200@,/8%8%? provi des a signal related to the Xﬁgﬂ#%ﬁf";’w
position of the rotating turret assenbly 20? é{hone 40 enbodi nent, the
resol ver 6200C and the resol ver 5200 in Fi gu@é can be one

WD 96/ 38363

PCT/ US96/ 07461 ' ' _ 40 5 and the

sanme. Resol ver input card 6020D receives input froma resolver 6200D,

whi ch-provides a signal related to the angul ar ption of the bedroll 59.

An operator interface (not shown), which can jerclude a keyboard and

di spl ay screen, can be used gnt zat Q. _and display data fromthe

progr ammabl e drive system 5000 S ppadBgor interface is a XYCOM 10
- Series 8000 Industrial Wrkstation- pred—by the Xycom Cor poration of

Sal ine, M chigan. Suitable operagy ce_software for use with the

XYCOM Series 8000 workstat jon Li-yll nt ct Sqispare available fromthe

Conmput er
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Technol ogy Corporation of MIford, Chio. The individually driven conponents
can be jogged forward or reverse, individually or together by the operator.
In 15 addition, the operator can type in a desired offset, as descri bed
above, fromthe. keyboard. The ability to nmonitor the position,
velocity, and current associ ated wi th each drive nmotor is built into
(hard wired i dual axis progranmabl e cards 5018 i.tion,
vel ocity, and%‘gisp associated with each drive notor ?é&‘g% ?déd and
conpared with associated position, velocity and current limts, 20
respectively. The progranmabl e control sysitleffn?ﬁ)oo hal ts operation of all

t he drive notors if any of the position, gglﬁcity, or current limts
are exceeded. 450Al'n Figure 2, the r 4 y driven turret assenbly
200 and the rotati cuppi ng 651 suppght plate 4 DnAT e rotatably
driven by separateyslervo BeyPr s 7 and A&290 red e rvely. The notors
222 and 422 can coMti nug \ 8—25""% A200 and the,
rotating cuppi ngZaERNELP o—cefrtTal axis 202, at

a genérally congt Pyan = ition of the turret
assenbly 200 an§ e r?ggjgrm support plate 430
Qe 0 4ixspectively, shown

are noni t or eo-1h
schematical ly i ve system 5000 halts
X fi%n the turre

operation of all thg

assenbly 200 cHHhGEs bt e t ha 2]
degrees with resgge ‘- the 3

as neasured by the poqikion r
alternative enbodi nent, tLgao
t he cuppi ng plaf\\
35 driven by]la si g orivé ¥

<
y)
!

vi bration or
mandr el ends i
and stiff. The
i ndependently s
arm support
to maintain
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positional phasing of the turret assenbly 200 and the mandrel cupping arns
450 with a common reference, thereby nechanically decoupling rotati.on
of the turret assenbly 200 and the cupping arm support plate 430.

In the enbodi cribed, the notor driving the bedroll 59 ]| rate
fromthe mto;WQ%f'gsls%g the rotating turret assenbly 200 to n&’c@@@ f'y
decouple 10 rotation of the turret assen?éygﬁgo fromrotation of the
bedrol | 59, thereby isolating the tu é ssenbly 200 fromvibrations
caused by the upstream w ndi ng equi pnent. Driving the rotating turret
assenbly 200 separately fromthe bedroll 59 also allows the ratio of
revolutions of the turret assenbly 200 to revol utions of t he bedr ol

59 to:be changed electronically, rather than by changi ng nechani cal 15

gear trains. Changing the ratio of turret assenbly rotations to
bedrol |l rotations can be used to change the length of the web wound on
each core, and therefore change t he nunber of perforated sheets of the
web whi ch are wound on each core. For instance, if the ratio of the
turret assenbly rotations to bedroll rotations is 20 increased, fewer
sheets of a given length will be wound on each core, while if the

ratio is decreased, nore sheets will be wound on each core. The sheet count

per | og can be changed while the turret assenbly 200 is rotating, by
changing the ratio

143 A
(/3

/142

142A
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of the turret assenbly rotational speed to the ratio of bedroll rotational
speed while turret assenbly 200 is rotating. 25 In one

enbodi ment according to the present invention, two or nore mandrel

wr ndi ng speed schedul es, or mandrel speed curves, can be stored in random
access menory which is accessible to the programmabl e control system
5000. For ce, two or nore nmandrel speed curves ca din
t he conmon nems#?p%s& 6012 of the progranmabl e mandr el driv%@ﬁ%‘g’r
system 6000. Each of the 30 mandr el spe E%ﬁ%§¥es stored in the random

access menory can correspond to a di f size log (different sheet
count per log). Each mandrel speed curve can provi de the mandr el
wi ndi ng speed as a function of the angular position of the turret

assenbly 200 for a partlcular sheet count per 1 og. The web can be severed
as a frunction of the-ds AR angi ng the timng of
the 35 activatiof off the chop ' n one enbodi nent,

t he sheet count pe¢r llog can be assenbly 200
i's rotati ng by: = ; , lreI speed curves in
addr essabl e nenDr , gquch as ! =g essi ble to the

g a desired change

progr ammabl % oI system 5000 vid
erfdce;

in the sheet oun pgr log via the dperator [
WD 96/ 38363
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42 5 3) selecting a mandrel speed curve from nmenory, based upon the
desired change in the sheet count per |o0g; 4) cal cul ating
a desired change in the ratio of the rotational speeds of the turret
assenbly 200 and the nmandrel cupping assenbly 400 to the rotational speed
of the bedroll 59 as a function of the desired change in the sheet count

per |og; 10 al culating a desired change in the rati 9%ﬁ
speeds of thevgﬁﬁgkaﬁive roll er 505A and mandr el suppor?é%@% r?ven by

not or 510; the mandrel support 710 drizﬁg y nmotor 711; the glue
nozzl e rack actuator assenbly 840 driven dﬁ; notor 822; the core
carrousel 1100 and core gui de assenbly 1500 driven by the not or 1222;

the core | oading conveyor 1300 driven by notor 1322; and the core 15
stripping apparatus 2000 driven by notor 2022; relative to the rotational

speed:* of the bedroll 59 as a function of the desired change in the
sheet count per | og; 6) changing the electronic gear ratios of
the turret assenbly 200 and the mandrel cupping assenbly 400 w th
respect to the bedroll 59 injorder to chan the ratio of 810
rotational speeds of the an | 2 PP
assenbly 400 to the rotat} 7 ! 7)
changing the el ectronic r {r giosjof {t e fol | oMifng co nts with
respect to the bedroll 5 ) H to ¢hdnge the qpeeds of e conponents
rel ative to the bedr 9 hé cerg drive rglller 50 d mandrel
support 610 driven 2%35 o] 1Q; tthel®nm artven by
notor 711; the glue r daqk actly@yey ass i ven by notor
822; the core carrousel 1QO0{Hng jcor assenblly 1500 driven by
the notor 1222; thqsgey da d konvegpor 1300 drien by notor 1322;
and the core strippling ap S OOOiELiven b¥dnot or 2022 relative to
the rotational speed of the rpil 597 and 8) severing the web
as a function of the desir ahte in the sheet count 3P per log, such as
by varying the chopoff sol eho}s tivation timng. Each tine the
sheet count per |og 53¢y e file position of the i ndependent |y

driven conmponents can be‘ ith respect to the pdsition of

~s00—> _ 8 8




the bedroll within a log wind cycle by: determ ning an updated | og w nd
cycle based upon the desired change in the sheet count per |og;
determ ning the 35 rotational position of the bedroll within the updated
|l og wind cycle; determ ning t he actual position of a conmponent
relative to the rotational position of the bedroll wi thin the updated
| og wi nd cycl g | ati ng the desired position of the - _conponent
relative to tﬁgoﬁﬁ%g#ional position of the bedroll within t hEHFEREEL og
wi nd cycle; calculating a position error fﬂ$éégf conponent fromthe actua
and 40 desired positions of the conponent iIve to the rotational

position of the bedroll WD 96/ 38363

PCT/ US96/ 07461 43 5 wthin
t he updated | og wi nd cycle; and reducing the cal cul ated position error of

t he conponent . VWil e particul ar enbodi nents of the present

I nvention have been illustrated and descri bed, various changes and

i t hout departing 10 fromthe spirit and scope
, t rret assenbly ce | axis is
nthe figures, but it wll be

nodi fi cati ons can be made
of the invention. For ins@\a

shown ext endi ng hori zont af1
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understood that the turret assenbly axis 202 and the nmandrels could be

oriented in other directions, including but not limted to vertically.
It is intended to cover, in t he appended clains, all such
modi fi cati ons and intended uses. 15 _ WO 96/ 38363
PCT/ US96/ 07461 44 [err]
WO 96/38363 PCT/US96/07461
16/26

Fig.18
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PCT/ US96/ 07461 53 What is dained
is: 1. A nmet hod of wi nding a continuous web of material into individual
| ogs, the met hod conprising the steps of: - - providing a rotatably
driven turret assenbly supporting a plurality of rot at ably
driven mandrels for w nding the | ogs, providing a rota lyen
bedrol | for p?YR/?‘@P transfer of the continuous %)gx%@t’*d
material to the rotatably driven turret aiengg; rotating the
bedrol | ; rotating the rotatably dri 4 ret assenbly, wherein
rotation of the turret assenbly is nechanically decoupled from
rotation of the bedroll; determ ning the actual .positijon of the
turret assenbly; determ ni ﬁg a desired pogjition of the rotatably
driven turret assenbly; gstiermning a tur”et assenbly|position error
as a function of .the actual andV desi K&d position% of the turret
assenbly; and "l_\ N o

o) S; o /

Fig.23

‘\-302
Fig.22

memmeece e dee
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reduci ng the position error of the turret assenbly while rotating the
rot at ably driven turret assenbly. 2. The nmethod of Caiml
wherein the steps of determ ning the desired and actual positions of
the rotatably driven turret assenbly conprise the steps of provi di ng
a position reference while rotating the turret assenbly; det er m ni ng
the desired pQSLii of the rotatably driven turret assenbly

relative to tﬁ@bg%gﬂ?ion reference while rotating the turretggggﬁﬁﬁkﬁl
and determ ning the actual positgén the turret assenbly
relative to the position refe dg? ile rotating the turret
of providing the position referegge

assenbl y; wherei n th&astep
preferably conprises '
function of thEANGL —_—
the step of préw—ci-Ag—t-ho—pesiiion Lol Srme
calculating the position reference as a functhonofa
number of revolutions of the bedroll; arm ¥ wherein t
provi ding the position refgrencg=s pri ses & o
calculating the position rgfere I on of Qae bedrol IBw t hi
| og wi nd cycle. 3. Ther4é; =g Mreadn t he step’of
rotating the rotatabl [ -grTven—tT 2

continuously rotating the turret
error of the turret assenbly; and
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PCT/ US96/ 07461 54 wherein the
step of rotating the rotatably driven turret assenbly preferably

conprises the step of rotating the turret assenbly at a generally

constant angul ar velocity after reducing the position error of the turret
assenbly. 4. d of winding a continuous web of materi |

i ndi vi dual | ob@%%g nmet hod conprising the steps of: git"T’Iuggp‘s?bg‘{/‘il1di ng
at |east two independently driven conponents, the position of each

i ndependent | y driven conponent being mechad@d®26y decoupl ed from

the positions of the&trot I ndependent |y driven conponents, wherein at

| east one of the in tly driven conponents qopp(ises a rotatably
At agably driven

driven turret assenb iw1‘orting a plurality=e \

mandrel s for wi nding ’&fgﬂk ; driving gégf p{ fhe independently:

driven conponents; 55 3ﬁ I ding a common voskw'hﬂ ref erence;

determining the act yarfB34f i on of each indeﬁ-enkhiﬁldriven conponent
18

i @ ng the
L ¥ desired position of
fclaffi ve to the common

relative to the comgon
I ndependent |y drive !
each independently gy if

position reference warg I ving the “pendently driven
conmponent ; deuarfj M a position error fdf gih i ndependently driven
conponent as a Q 5 flunct i onQf t he aqg;ﬂ; # desired positions of
t he i ndependently égifp . .conponen®d; i ‘ reduci ng the
position error of eacHlli pendentl&bdriven% i towhi l e
driving the conpon tl; ’ x i <
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5% The nethod of Claim4 wherein the step of providing at |east two

i ndependently driven conponents conprises the step of providing an

i ndependently driven conponent for |oading a core onto each of the
mandrels. 6. The nethod of Clains 4 or 5 wherein the step of providing at
| east two i ndependently driven conponents conprises the step of
provi di ng an i ndependently driven conponent for renovin | Qgs
fromthe WRMWHEMs. 7. The method of Clainms 4, 5, or 6 ?’ﬁ*@ﬁg‘?‘"“?
conprising the step of providing a rotﬁia%! driven bedroll for

provi ding transfer of the continuous web o2&/ material to the rotatably
driven turret assenbly, and wherein the stop of WO 96/ 38363

PCT/ US96/ 07461 ' 55

provi di ng the conmon position reference conprises calculating the position
reference as a function of the angular position of the bedroll; and
wherein the step of providing the common position reference preferably
conprises calculating the position reference as a function of an
accunmil at ed nunber of ‘revol utions of the bedroll.
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" mandrel to win

& The nethod of Caim4 conprising the step of continuously rotating the
rotatably driven turret assenbly after reducing the position error of the

turret assenbly; and wherein the step of rotating the
rotatably driven turret assenbly preferably conprises the step
of rotating the turret assenbly at a generally const ant
angul ar velocity after reducing the position error of the t '
assenbly. 9.WORRE6hod of wi nding a continuous web of mat e%‘é‘?‘&%ﬂ%‘hm | ow
cores to formindividual |ogs of the material, the nmethod conprising
the steps of: e tven turret assenbly 25/26
supporting a plgred+ty—of rotatahlly driven mandrels for

wi ndi ng t he R ed—o R -o—60+E5 stpport ed ot

mandr el s; prf@ding a rorataply drive ol 1 [_transfferring the
web of materiajl{i{o theTor bty bn t u -1

provi ding a drjiMen dorle | oadi ng conponent forgl ling a core tro—&

mandr el ; pr oMijdi ng a dr|ven | og rgfnvi bponent f orQqr ¢revig a
wound*l og fro : hndr el ; o ing the bedgblfH=

rotating the t
wherein
decoupled fro
| oadi ng comnpon
mandrel is nov
mechanical ly d
assenbl y;

in a closed path
y i s mechani cgtd-
; dri vijag-the core

e 7 W — SN NN

bil e the
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while the mandrel is noving, wherein notion of the |og renoving
WD 96/ 38363

PCT/ US96/ 07461 56

conponent is nmechanically decoupled fromrotation of the bedroll and
rotation of the turret assenbly; provi ding a conmon position

r ef erence; ermning the desired position of each o }Sj et
assenbly, corév‘f’(fgg‘%hg - conponent, and | og rem)vikﬁjr M{fgnt
relative to the common position reference while rotating the
turret assenbly; deternining the a@QP@osition of each of the
turret assenbly, core |oading conponent, and | og renoving
conponent relative to the common position reference;

determning a position error for each of the turret assenbly, core |oading
conpoment, and | og renovi ng conponent as a function of their

respective actual and desired positions; and reduci ng the position
error ,associ ated with each of the turret assenbly, core | oadi ng
conponent, and | og renovi ng conponent while rotating the turret
assenbly. g
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(54) Title: METHOD OF CONTROLLING A TURRET WINDER
(57) Abstract

A web winding apparatus (90) and a method of
operating the apparatus are disclosed. The apparatus can
include a turret assembly (200), a core loading apparatus
(1000), and a core stripping apparatus (2000). The
turret assembly (200) supports rotatably driven mandrels
(300) for engaging hollow cores (302) upon which a
paper web (S0) is wound. Bach mandrel (300) is driven
in a closed mandrel path (320), which can bec non-
circular. 'The core loading apparatus (1000) conveys
cores (302) onto the mandrels (300) during movement
of the mandrels (300) along the core loading segment
(322) of the closed mandrel path (320), and the core
stripping apparatus (2000) removes each web wound
core (302, 51) from its respective mandrel (300) during
movement of the mandrel (200) along the core stri
segment (326) of the closed mandrel path (320). The
turret assembly (200) can be rotated continuously, and
the sheet count per wound log (51) can be changed as the

{ turret assembly (200) is rotating. The apparatus (90) can

also include a mandrel (300) having a deformable core
engaging member (3100). The web (50) is transferred
from a driven bedroll (59) to the turret assembly (200).
The turret assembly (200) is individually driven znd
mechanically decoupled from the bedroll (59). The core
loading apparatus (1000) and the core stripping apparatus
{2000) are both indiviudally driven and are mechanically
decoupled from the rotation of the bedroll (S9) and of the
turret assembly (200). A common position reference is
provided which can be a function of the angular position
of the bedroll (59) or a function of its accumulated

number of revolutions. nwposxﬁonofthemmtassembly(zom,themloadingappmms(lom and of the core stripping apparatus

(2000) is controlled in relation to the common position reference.
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