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FI ELD OF THE | NVENTI ON This invention is related to an apparatus
for winding web material such as tissue paper or paper toweling into

i ndi vidual |logs. More particularly, the invention is related to a turret
wi nder for w Rglhsgseiigd material into individual | ogs. PCT/US96/08879
BACKGROUND OF THE | NVENTI ON : Turret winders are well known 1n the

art. Conventional turret w nders conprise a rotating turret assenbly
whi ch supports a plurality of mandrels for rotation about a turret axis.
The mandrels travel in a circular path at a fi xed distance fromthe
turret axis. The nandrel s engage hol |l ow cores upon whi ch a paper web can
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. FIELD OF THE INVENTION
This invention is related to an apparatus for winding web material such
as tissue paper or paper toweling into individual logs.- More particularly, the
invention is related to a turret winder for winding web material into individual

logs.

BACKGROUND OF THE INVENTION

Turret winders are well known in the art. Conventional turret winders
comprise a rotating turret assembly which supports a plurality of mandrels
for rotation 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 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
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. Turmret winders are disclosed in the following U.S. Patents:
2,769,600 issued November 8, 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; 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, Wisconsin.

The Paper Converting Machine Company Pushbutton Grade Change
250 Series Rewinder Training Manual discloses a web winding system
having five servo controlled axes. The axes are odd metered winding, even
metered winding, coreload conveyor, roll strip conveyor, and turret indexing.
Product changes, such as sheet count per log, are said to be made by the
operator via a terminal interface. The system is said to eliminate the
mechanical cams, count change gears or pulley and conveyor sprockets.
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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 rewinding, especially where rewinding is a bottleneck in
the converting operation.
Accordingly, it is an object of the present invention to provide an
apparatus for winding a continuous web of material into individual logs.
Another object of the present invention is to provide a turret assembly
for carrying mandrels in a non-circular closed path.

- Another object of the present invention is provide a mandrel cupping
assembly for releasably engaging ends of mandrels supported on a rotating
turret assembly.

Another object of the present invention is to provide a mandrel
cupping assembly which releasably engages the ends of mandrels carried in
a non-circular closed path.

SUMMARY OF THE INVENTION

The present invention comprises a web winding apparatus for
winding a continuous web of material into individual logs. In one
embodiment of the present invention, the web winding apparatus comprises
a mandrel cupping assembly for releasably engaging the ends of a plurality
of mandrels supported on a web winding turret assembly. The mandrel
cupping assembly comprises a cupping arm associated with each
mandrel. Each cupping arm has a mandrel cup for releasably engaging the
end of a mandrel. The mandrel cupping assembly aiso comprises a rotating
cupping arm support. ' _

Each mandrel is carried on the rotating cupping arm support in a
closed path about a turret assembly central axis. Each cupping arm is



WO 96/ 38366

PCT/ US96/ 08879 2 Vari ous
constructions for core holders, including mandrel | ocking mechani sns for
securing a core to a nandrel, are known in the art. U S Pat ent 4, 635, 871

i ssued Jan. 13, 1987 to Johnson et al. discloses a - rew nder nandrel

havi-ng pivoti ocking lugs. U S. Patent 4,033,521 is ,
1977 to Dee ding(?l(\ggég?’sska rubber or other resilient expansible sﬂ]eeve whi ch

can be expanded by conpressed air so that pmojections grip a core on
which a web is wound. O her nandrel and core hol der constructions are

Ishgwn_ in U]; Si hPaEsapgaa?&: Wﬁ%ﬁ?ﬁt@tﬂng?& piﬁé@gnﬁagpponfhtdm?\ﬂ:t?é-rotaﬁon of the
ndexi ng o e turret ass i s undesiTrabl e .necaus MY
nert Lot or ces. afiPB AT SR a3 pRBL Al Tioh B Tt cubbie PEBHAG 0%
rotating turret &ecendlupcupped@ositionn, The distancesbetwsen the eipping apn pivot
g 0 mar ti nE. _ope [ ﬁwm trﬁaltlt_euheaasémlv%naal @ﬁ@@ﬁg@é by aWi]ﬁel‘:ﬁbrf @r\tfth_acbdsﬁidns a
ottl eneck in converting operatiqQn. ccardingly, it is an
obj ect of the pré’ mﬁCVW%FﬁBﬁBPU%Fgma%m%B%M@ or winding a
continuous web of mat dniose embodiment,iheurptatinggeupping am suppdsicompfises aof
the present |nvepbiafiig! plate aighditle génbhilly°herbehditblar 1o/ He tdiét 8dombly
mandr el s manon-ctr ul.ar Fcllots pat.h. nqt her Oséniit of, the. present
nvention i's protPAEaLAYSAaddPiahiK AFiven Bbow: e urek assembly somtAl A% Sl
ends of mandrel sasphmd_ityenf cupping aimat support mernshteras s&hé|gupping arm supporther
obj ect of the pres&hbelsha@ bipported diPtH Qxafwg gnd@!’w MlovernbRitelstivaSioCthiel Y
whi ch rel easably enﬂa esl {hefn?_'s of .mandrel. s carried Jn )

. rota ng plate. Each cupping arm is pivotably joined to a cupping arm
support member to permit rotation of the cupping arm relative to the cupping
arm support member about a cupping arm pivot axis. Each cupping arm
support member can be slidably supported on the rotating plate for
translation relative to the rotating plate along a path having a radial
component and a tangential component relative to the turret assembly
central axis. a

The mandrel cupping assembly can further comprise a pivot axis
positioning guide for varying the distance between the cupping arm pivot
axis and the turret assembly central axis, wherein the rotating cupping arm
support is rotatable relative to the pivot axis positioning guide. The pivot
axis positioning guide can be stationary, and can include a cam surface.
Each cupping arm support member can have an associated cam follower for
engagement with the cam surface of the pivot axis positioning guide
mandrel guide. :

BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pointing out
- and distinctly claiming the present invention, it is believed the present
invention will be better understood from the foliowing description in

. conjunction with the accompanying drawings in which:
Figure 1 is a perspective view of the turret winder, core guide
. apparatus, and core loading apparatus of the present invention.

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
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The present invention conprises a web w nding apparatus for wnding a
continuous web of material into individual logs. |In one enbodinment of the
present invention, the web w nding apparatus conprises a mandrel cupping
assenbly for releasably engaging the ends of a plurality of mandrels
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has a mandrel cup for releasably engagi ng the end of a mandrel. The
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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 5 is schematic view taken along lines 5-5 in Figure 4.

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 relative to a rotating mandrel
support plate.

Figure 8 is a view similar to that of Figure 7 showing the mandrel
retracted relative to the rotating mandrel support plate.

' Figure 9 is an enlarged view of the mandrel cupping assembly shown
in 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.

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
provided by stationary cupping arm closing, opening, hold open,
and hold closed cam surfaces.

Figure 14 is a view of a stationary mandrel positioning guide
comprising separable plate segments.

Figure 15 is a side view showing the position of core drive rollers and
a mandrel support relative to the closed mandrel path.

Figure 16 is a view taken along lines 16-16 in Figure 15.

Figure 17 is a front view of a cupping assist mandrel support
assembly. .

Figure 18 is a view taken along lines 18-18 in Figure 17.

Figure 19 is a view taken along lines 19-19 in Figure 17.

Figure 20A is an enlarged perspective view of the adhesive application
assembly shown in Figure 1.



supported by the rotating cupping arm support to provide rotation of the
cuppi ng arm about a cupping arm pivot axis froma first cupped position to
a second uncupped position. The distance between the cuppi ng arm pi vot
axis and the turret assenbly central axis varies as a function of the
position of the cupping arm about the turret assenbly central axis.

I n one enbodi ?e rotating cupping arm support conpri se$ctusosdsgioat i ng
pl at e extendlﬁg’%&gﬁ}g ally perpendicular to the turret assenbly central
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DESCRI PTI ON OF THE DRA 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 nosepiece to displace the nosepiece
toward the mandrel body, thereby compressing the mandrel
deformabile 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.

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 mandret body.

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

Figure 31 is a schematic diagram showing a programmable drive
control system for controlling the independently drive
components of the web winding apparatus.

Figure 32 is a schematic diagram- showing a programmable mandrel
drive control system for controlling mandre! drive motors.

DETAILED DESCRIPTION OF THE INVENTION
Figure 1 is a perspective view showing the front of a web winding
apparatus 90 according to the present invention. The web winding
apparatus 90 comprises a turret winder 100 having a stationary frame 110,
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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 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 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 mandrels 300. A turret winder 100 supporting at least 10
mandrels 300 can have a rotatably driven turret assembly 200 which is
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 intermitiently 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 a 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 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 percent, and in
one embodiment is no more than about 5 percent. The maximum normal
deviation of the portion of the closed mandrel path extending between the
two points is calculated by: constructing an imaginary line between the two
points; determining the maximum distance from the imaginary straight line to
the portion of the closed mandrel path between the two points, as measured
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lines 5-5 in Figure 4. Figure 6 is a schematic illustration of a
mandr el bearing support slidably supported on rotating

mandr el support plates. - Figure 7 is a sectional view taken al ong
lines 7-7 in Figure 6 and showi ng a mandrel extended relative
to a rotating _mandrel support plate. Fi S a
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support 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 mandreis 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 particular 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 windin'g segment 324 of the closed mandrel path 320. Intermediate the
core loading segment 322 and the web winding segment 324, a web



assenbl y. Figure 18 is a view taken along lines 18-18 in Figure
17. Figure 19 is a view taken along lines 19-19 in Figure 17.
Figure 20A is an enl arged perspective view of the adhesive application
assenbly shown in Figure 1. WO 96/ 38366
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As the core 302 is carried along the web winding segment 324 of the
closed mandrel path 320, a web 50 is directed to the core 302 by a
conventional rewinder assembly 60 disposed upstream of the turret winder
100. The rewinder assembly 60 is shown in Figure 3, and includes feed
rolls 52 for carrying the web 50 to a perforator roll 54, a web slitter bed roll

~ 56, and a chopper roll 58 and bedroll 59.

The perforator roll 54 provides lines of perforations extending along
the width of the web 50. Adjacent lines of perforations are spaced aparta
predetermined distance along the length of the web 50 to provide individual
sheets joined together at the perforations. The sheet length of the individual
sheets is the distance between adjacent lines of perforations.

The chopper roll 58 and bedroll 52 severe the web 50 at the end of
one log 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, is well known in the art. The
bedroll 59 can have piural radially moveable members having radially
outwardly extending fences and pins, and radially moveable booties, as is
known in the art. The chopper roll 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 generally disclosing the operation of the bedroll and 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
moveable members. The solenocid 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 fo 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



Figures 25A, B, and C are top views showi ng a web wound core
being stripped froma nmandrel by the core stripping apparatus.
Figure 26 is a schematic sideview of a mandrel shown partially in

cross-section. Figure 27 is a partial schematic side view of the
mandr el shown partially in cross-section, a cupping arm
assenbl y showwygo g6r3s366 engagi ng the mandrel nosepi ece t ecinmpesm t he
nosepi ece toward the mandrel body, thereby conpressing the
mandr el def ormabl e ring. g Figure 28 is an enl arged
schematic side view of the second end of the mandr el of
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vi ew showi ng t he"’»aorprmlldes centeriwingdingi of the pap@pmbasanypom the: corasi {tbat he

present inventi qg. by EBAnE&N Whéq‘hﬂﬁdrel wiﬂ\oa%fr%%hlaﬂ r6REBY tHeS Pahdel 300

wi nder 100 havi rler(iaout stzs%txks g‘ﬂ yso {haﬁwe 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 the web is pushed, by
friction, onto the mandrel.

The center winding mandrel drive apparatus 330 can comprise a pair
of mandrei 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 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 altemate mandrels 300. In Figure 3A, motor 332A, belt
334A, and pulleys 336A are in front of motor 3328, beit 3348, and pulleys
336B, respectively.

In Figures 3A/B, a mandrel 300A (an "even" mandrel) supporting a
core 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 3028 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 rate of rotation of the mandrel 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 beits 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 332B
can be controlled according to a mandrel winding speed schedule, which
provides the desired rotational speed of a mandrel 300 as a function of the
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apparatus 1000, and a core stripping apparatus 2000. Figure 21is 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, showi ng a

conventional web rew nder assenbly upstream of the turret w soehss70
Description of W65 adi ng, Wnding, and Stri pping eferring to
Figure 1, 2 and 3A/B, the turret wi nder 10ggsupports a plurality of
mandrel s 300. The mandrel s 300 engage cores 302 upon which a paper web

i s wound. The neasurhspediforfbEtuiiet wesernbly200. OAecbrdiaglyr the spegbdfvolitibrabout

Pandr e axi s 3148 §3‘g€a’f4m@§£%ﬁ i RS ARG Wifdipd B2 log RREABNZRANiT |
202, froma fi rsthermgﬂl@ﬂ p@ﬂpmbthednan@r@boam ﬁartbeéurrehasssmbiy 200 THEIS

mandr el s 300 ar e es tdaﬂtrat tﬁé&stéuénal sheed & ﬁéﬁdms Withoa atiidlrel shideden
turret assenbly 2Q0., The mandrel s 'gire rel easably supported at their

second ends 312 PRNeQuiRinfonveRtinng &bl y 400. The turret wi nder
Each mandrel 300 has a toothed mandrel drive pulley 338 and a

smooth 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
puliey 338 and idler pulley 339 aiternate on every other mandrel 300, so that
alternate mandrels 300 are driven by mandrel drive belts 334A and 334B,
respectively. For instance, when mandrel drive belt 334A engages the
mandrel drive pulley 338 on mandrel 300A, the mandrel drive beit 334B
rides over the smooth surface of the idler pulley 339 on that same mandrel
300A, so that only drive motor 332A provides rotation of that mandrel 300A
about its axis 314. Similarly, when the mandrel drive belt 334B engages the
mandrel drive pulley 338 on an adjacent mandrel 300B, the mandrel drive
belt 334A rides over the smooth surface of the idler pulley 339 on that
mandrel 300B, so that only drive motor 332B provides rotation of the
mandrel 300B about its axis 314. Accordingly, each drive pulley on a
mandrel 300 engages one of the belts 334A/334B to transfer torque to the
mandrel 300, and the idler pulley 339 engages the -other of the beits
334A/334B, but does 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 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 beit 2010
which is continuously driven around pulleys 2012. The conveyor beit 2010
carries a plurality of flights 2014 spaced apart on the conveyor 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 fine portion
of the core stripping segment 326 of the closed mandrel path, such that the



100 preferably supports at |east three mandrels 300, nore preferably at
| east 6 mandrels 300, and in one enbodinent the turret w nder 100
supports ten mandrels 300. A turret w nder 100 supporting at |east 10
mandrel s 300 can have a rotatably driven turret assenbly 200 which is
rotated at a relatively | ow angular velocity to reduce vibration and

I nertia | osydsagaddes! € provi ding i ncreased throughput rel at ipeanisosees79
i ndexi ng turret wi nder which is intermttently rotated at hi gher angul ar
vel ocities. As shown in Figure 3A44he closed mandrel path 320 can
be non- circular, and can include a core |oading segnent 322, a web

wi ndi ng seglights32614 angage cach Iog S1pwitha amm-@%mmnt:geﬁemstdi ng

segnent 322t pan%n%h% th8 diartr {e!ﬂ?é W@Qﬁc‘ﬁ’g éi@é‘aﬁﬁﬁi‘%mé?ﬁ

generally | l'1 ne por 38
line portion" ipafalel to thesiraightine;p Q’hﬁﬁtt %P‘){Q@tf@PWe%Per @ 320

i ncl udes two pocm’esstnpplng dpparatus 2000 e ddsaribedainmorshdetail belowe Glnbeltﬁét

i ne .di stance b [ S rein
t he nmaxi num nor %V\g‘g&vgﬂﬁpgd ff'd@ﬁ t$8 rﬁ:lr Iogsczéd thgﬂ'ﬁ%rgirgl gpﬁri%;?rerﬁg

bet ween t he twothesslesed maodf%\pethtm@ﬁtcore loading spamen &@arnoemean eboi nt s
IS no nore thanc@’ecaoz 10 percent, and in one enbodiment is no nore than

about 5 percent. [ atl of .t ortion

cl osed mandr el pat hﬁgmﬁé Wﬁ%@{%@,{ozﬁ Fn%pg'g'gc%ﬁrlﬁﬁ? [!’t JE by
constructi ng anindividyiah glements of the W@brWlDﬁlBQtaWafatup@Drﬂrﬂ theistfanctionisiwill t he
maxi num di st ancgow beddsefibedwpde@any straight line to the portion of the

cl osed mandrel path between the two points, as neasured
~ Turret Winder: Mandrel Support

Referring to Figures 1-4, the rotatably driven turret assembly 200 is
supported on the stationary frame 110 for rotation about the turret assembly
central axis 202. The frame 110 is preferably separate from the rewinder
assembly frame 61 to isolate the turret assembly 200 from vibrations caused
by the rewinder assembly 60. The rotatably driven turret assembly 200
supports each 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 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 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 turret hub 220 through a belt or chain 224 and a sheeve or
sprocket 226 to rotatably drive the turret hub 220 about the turre
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7 perpendicular to the inmaginary straight |ine; and dividing the

maxi num di stance by the straight |ine distance between the two points
(10 inches). I n one enbodi nent of the present invention, the
core | oading segnent 322 and the core stripping segnent 326 can each
conprise a wobédssdst |1 ne portion having a maxi mum nor mal  geMiribéexareof

| ess than about .0 percent. By way of exanple, the core |oading segnment
322 can conprise a straight line portiofA2having a nmaxi mum devi ati on of

about 0. 15- 0. 25 percent,_ and the core_stripping segnent can conprise a
straight line abRuttitsoaxisQf Fiatiomeandnanfunstion of #n @ccumylated numbey of

percent. Strai ghtevblutions of pthiet bedmIlWegh dIncarticutaryLined pusitibn aofs thee turret

cores to be accu, | ! | | e ANg
core | oading, an%%tpegg{rbrYx ?661 cag tﬁgﬁ%&a‘gw E%ey t%}ﬂégi‘#éﬂ@oﬂﬂg{en%&ggﬁg?a S
in the event thawithiap log wind eygle, asi descrbedgoreiflifbglame of the cores. In
contrast, for a conviaineQdbodiment)d witfetthub220 dan\be drivencdontiHLidusly; liwaed

T DAL O B BB B, o' B8 i S, SRRy SR8 Bl o
the circul ar marchnéinugushyy By "sofetes comtinuousiy'st isomeant that the turreh asseroblyd
ends 312 of the 260'WaRés méRipiél el RVohfidAS aBouthis axis 202 withBat $tbpsingUTRET t ed
by, the nandrel farefhily2 chrqgleydrid\'lgg at laogneq'ne}aqﬁ constant angular velocity, so that
the turret assembly 200 rotates at a generally constant angular velocity. By
"driven at a generally constant angular velocity” it is meant that the turret
assembly 200 is driven to rotate continuously, and that the rotational speed
of the turret assembly 200 varies less than about 5 percent, and preferably
less than about 1 percent, from a baseline value. The turret assembly 200
can support 10 mandrels 300, and the turret hub 220 can be driven at a
baseline angular velocity of between about 2-4 RPM, for winding between
about 2040 logs 51 per minute. For instance, the turret hub 220 can be
driven at a baseline angular velocity of about 4 RPM for winding about 40
logs per minute, with the angular velocity of the turret assembly varying less
than about 0.04 RPM. -

Referring to Figures 2, 4, 5, 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 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 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 framg 110, such as the frame end 132 or the support 120, or



| oadi ng segnent 322. The core | oadi ng apparatus 1000 conpri ses one or

nore driven core | oading conponents for conveying the cores 302 at
part way onto the mandrels 300 during novenent of .the mandrels 300

the core | oadi ng segnent 322. A pair of rotatably driven core drive
rollers 505 di sposed on opposite sides of the core | oading segnent 322

cooperate to rvemednsssea core fromthe core | oadi ng apparatus 1PGfusyeniss7o

| east
al ong

conplete driving of the core 302 onto the mandrel 300. As shown in Figure

1, loading of one core 302 onto a mandr el
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324, a web

first and second cam surface grooves 143 and 145 are disposed on
oppositely facing surfaces of the first and second mandre! 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 closed path 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 shown, the cam
surfaces are grooves 143 and 145, but it will be understood that other 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 300 along the closed mandrel path 320 as the
mandrels are carried on the rotating mandrel support plates 230. Each
mandrel 300 is supported for rotation about its mandre! axis 314 on a
mandrel bearing support assembly 350. The mandrel bearing support

-assembly 350 can comprise a first bearing housing 352 and a second

bearing housing 354 rigidly joined to a mandrel slide plate 356. Each
mandrel slide plate 356 is slidably supported on a cross member 234 for
translation relative to the cross member 234 along a path having a radial
component relative to the axis 202 and a tangential component relative to
the axis 202. Figures 7 and 8 show translation of the mandrel slide plate
356 relative to the cross member 234 to vary the distance from the mandrel

axis 314 to the turret assembly central axis 202. In one embodiment, the

mandrel slide plate can be slidably supported on a cross member 234 by a
plurality of commercially available linear bearing slide 358 and rail 359
assemblies. Accordingly, each mandrel 300 is supported on the rotating
mandrel support plates 230 for translation relative to the rotating mandrel
support platés along a path having a radial component and a tangential
component relative to the turret assembly central axis 202. Suitable slides
358 and mating rails 359 are ACCUGLIDE CARRIAGES manufactured by
Thomson Incorporated of Port Washington, N.Y.
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adhesi ve can be applied to the core 302 by an adhesive application
apparatus 800 as the core and its associated nandrel are carried al ong
t he cl osed mandrel path. As the core 302 is carried along the web

wi ndi ng segrren%,ogglgss% t he cl osed mandrel path 320, a web pBrisosrbegoct ed
to the core 302 by a conventional rew nder assenbly 60 di sposed upstream

of the turret w nder 100. The rew nder aggenbly 60 is shown in Figure 3,
and includes feed rolls 52 for carrying the web 50 to a perforator roll
54, a web slitter bedEacH mandréiGslidenplate G56phas firsil and>8ecomti byihddtal &am

The per forat or 1 qblowidePid o Ssd "¥fie Brsthiid 868Uk 8m Wi ASH B0 362
the width of the we . Adjacent lines of perforations are ace part a
predet er mi ned di 8NG6E WecsRMsiEface GPaves 133\@'\9&%@0@8‘*9#&&@’@9&&9@&
Shg?t 'deu g : ned gﬁ@bbﬁs 232 it TRt Arideéecond rotking a’ﬂgﬂi'ellsfappbﬂ plaited DBO. As
et or o rons, " b efid 3phod USRS A0 e daried sbburc e e o
at the end of 202c0n the wetating mandrel\supporipiates 230 thexrans fellowers 360 2nds
cogpl58t ?b tTEg . :{ezdfaubw the :i%baee@nnsiaﬁam% ﬁﬁ%ﬁérméﬂdréﬂ'@.ﬂ&é %tgf}dhg{er?yggo
gﬁch a rew nder $°sgi§§@ﬁﬁ? &@%ﬁ@ﬁﬁ@hﬁ?ﬁ"ﬁhﬁ%@%@%r f oPat or -
roll 54, web slitter Twiservor motors222 gan drivepiber rotatably drivencyrret assamblyd -
ovebi £ ey Trodmalsl st ne SaPbje S0z el Sonlaicutinidy
and radially rmvé’e?gchygocf?ch ,i"ég' 3@0%%ﬁ%vﬁaﬁéfefnﬁé'lpﬁaft. e'gf?gsgﬁ@pﬂg&ﬂ%ol I
can have a radi aldopntiuousmdition of then tiangrels 300 aboutithe clossd mandeed path 32bwn
inthe art. U S i filkal spédd 1oritheS mtifdrels 3060'abbutl the ished! patdCB20! wills
I ncor por at ed her%é}eggeraesf gngigtafn&ra :t:P the mandrel axis 314 from the axis 202
increases. A suitable servo motor 222 is a 4 hp Model HR2000 servo motor
manufactured by the Reliance Electric Company of Cleveland, Ohio.

The shape of the first and second cam surface grooves 143 and 145
can be varied to vary the closed mandrel path 320. In ohe embodiment, the
first and second cam surface grooves 143 and 145 can comprise
interchangeable, replaceable sectors, such that the closed mandrel path
320 comprises replaceable segments. Referring to Figure 5, the cam
surface grooves 143 and 145 can encircle the axis 202 along a path that
comprises non-circular segments. In one embodiment, each of the mandrel
guide plates 142 and 144 can comprise a 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 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.

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 comresponding change in the position of the tangent



pur pose of generally disclosing the operation of the bedroll and chopper
roll in providing web transfer. A suitable rew nder assenbly 60
including rolls 52, 54, 56, 58 and 59 can be supported on a frane 61 and
i s manuf act ured by the Paper Converting Machi ne Conpany of G een Bay

W sconsin as a Series 150 rew nder system The bedroll can
I ncl ude a chapebdssed enoid for activating the radi al OV cRLA/ BS9SRI S .
The sol enoid activates the radial noveabl e nenbers to sever the web at
the end of a log wind cycle, so that the &b can be transferred for
wi ndi ng on a new, enpty core. The solenoid activation timng can be

varied to changointit wisithe webcleaues the ardiall sustacaas winding, isreampipted ¢ he
bedrol | and chagipgicofed! i a Mandrerbataladaptdd for trge Warhétef logstis assd to wirid | 09
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wound onto the preceding core, and can result in premature 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 bedroll 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 boited together plate sectors, a
portion of the closed mandrel path, such as the web winding segment, can
be changed by unbolting one plate sector and inserting a different piate
sector having a differently shaped segment of the cam surface. -

By way of illustrative example, Table 1A lists coordinates for a cam
surface groove segment 143A shown in Figure 14, Table 1B lists
coordinates for a cam surface groove segment 143B suitable for use in
winding relatively large diameter jogs, and Table 1C lists coordinates for a
cam surface groove segment suitable for replacing segment 143B when
winding relatively small diameter logs. The coordinates are measured from
the central axis 202. Suitable cam groove segments are not limited to those
listed in Tables 1A-C, and it will be understood that the cam groove
segments can be modified as needed to define any desired mandrel path
320. Tables 2A lists the coordinates of the mandrel path 320 corresponding
to the cam groove segments 143A and 143B described by the coordinates
in Tables 1A and 1B. When Table 1C is substituted for Table 1B, the
resulting changes in the coordinates of the mandrel path 320 are listed in
Table 2B.



the mandrel and core along the web w ndi ng segnent 324. The mandrel drive
appar atus 330 thereby provides wi nding of the web 50 upon the core 302
supported on the mandrel 300 to forma log 51 of web material wound

around the core 302 (a web wound core). The mandrel drive apparatus 330
provi des center wi nding of the paper web 50 upon the cores 302 (that IS,
by connecti ng ' rel with a drive which rotates the mandperusdsessro

about its axis 314, so that the web is pulled onto the core), as opposed to

surface w nding wherein a portion of the oujg
contacted by a rotating w nding drum such that the web is pushed, by

friction, onto the mandrel-. The center wi nding mandrel drive

apparatus 330 can conprise a

r surface on the log 51 is

332A and 332B,
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rotation of the mandrel 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 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 8. Each cupping arm 450
is supported on the rotating cupping arm support in a path about the turret
assembly central axis 202 wherein the 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 202. Accordingly,
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 turret assembly 200.

The rotating cupping amm support 410 comprises a cupping arm
support hub 420 which is rotatably supported on the support 120 adjacent
the upstanding frame end 134 by bearings 221. Portions of the assembly
are shown cut away in Figures 2 and 9 for clarity. A servo motor 422
mounted on or adjacent to the upstanding frame end 134 delivers torque to
the hub 420 through a belt or chain 424 and a pulley or sprocket 426 to

rotatably drive the hub 420 about the turret assembly central axis 202. The

servo motor 422 is controlled to phase the rotational position of the rotating
cupping arm support 410 with respect to a reference that is a function of the
angular position of the bedroll 53 about its axis of rotation, and a function of



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 i ndependently of the rate of
rotation of an adjacent nmandrel. The mandrel drive notors 332A and 332B
can be controlled according to a mandrel w ndi ng speed schedul e, which

provi des the gﬁr,ﬁg“rot ational speed of a mandrel 300 as a fruwibdosmssyd t he
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of turret assenbly 200. Accordingly, the speed of rotation of the
mandr el s about tariaccametated numpeniof devojutisinsaofl the bexirell, B8 hriorparticulal, the
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preventing twisting of the mandrels 300. _

The rotating cupping arm support 410 further comprises a rotating
cupping 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 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 support member
460 is slidably supported on a portion of the plate 430, such as a bracket
432 boited to the rotating plate 430, for transiation relative to the rotating
plate 430 along a path 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 slide 358 and a rail 359 can be
fixed (such as by bolting) to each of the bracket 432 and the support
member 460, so that a slide 358 fixed to the bracket 432 slidably engages a
rail 359 fixed to the support member 460, and a slide 358 fixed to the
support member 460 slidably engages a rail 359 fixed to the bracket 432.

The mandrel cupping assembly 400 further comprises a pivot axis
positioning guide for positioning the cupping arm pivot axes 451. The pivot
axis positioning guide positions the cupping arm pivot axes 451 to vary the
distance between each pivot axis 451 and the axis 202 as a function of
position of the cupping arm 450 about the axis 202. " In the embodiment
shown in Figures 2 and 9-12, the pivot axis positioning guide comprises a
stationary pivot axis positioning guide plate 442. The pivot axis positioning
guide plate 442 extends generally perpendicular to the axis 202 and is
positioned adjacent to the rotating cupping arm support plate 430 along the



respectively. For instance, when nmandrel drive belt 334A engages the
mandrel drive pulley 338 on mandrel 300A, the mandrel drive belt 334B

ri des over the snooth surface of the idler pulley 339 on that sane mandrel
300A, so that only drive notor 332A provides rotation of that mandrel 300A
about its axis 314. Simlarly, when the nmandrel drive belt 334B engages the
mandrel drive wsssgis338 on an adj acent mandrel 300B, the nampdraisscissre
belt 334A rides over the snooth surface of the idler pulley 339 on that
mandrel 300B, so that only drive notor 33288 ovi des rotation of the

mandr el 300B about. s _314. .Acc each, dri.ve pulle
mandrel 300 enga§&e %%eaﬁ? e poRitigning Eﬁéﬂ%f‘éﬁg et q’\'éﬂﬁ%ﬂa& B°’lt329he-
mandrel 300, andsuttethalitke retating gupsiog anasyppottipiatet 430 mtatesrreldme ts the

334A/ 334B, but dggstibihg piateakgr torque fromthe drive belt to the mandrel.
The web wound cores. %e arrie osed nmn ath 320 to the

the c r el
core stripping segme 'BF"nBK@a %gél?srﬂa aae%i%cmdﬁemtaméwm ate
t he web vv:cnd|hng platd80. K éamsurfdee, sucteas campsurfabesgroowe 443 is didposed in |
ortion of the n
Brd 392 of the mifuifacs i Qads W“%‘ "ﬁ%&"’ﬁbﬁ?&?%ﬁr %‘%‘?’ﬁ‘&ﬁ‘{ﬂi’w
mandrel 300. The2@Qrpport mAmberad Qrﬁ@%@"Z@ﬁ@OG'%teﬂogﬁml lower| 462y which
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driven i 0
whi ohi o cont i nuBod 4RSI roRlho ieolaGtaies ihe WRKh Reiriner 4
carries a plural ?W"thhﬁl RYist 302 0a0d §berebn Rasitiansothe; BupRing \riyelr atiel451010.
Each flight 20l4relatveqesthelaxieR020ThHe §roeve 443Uinbé %ﬁased wmﬁr%céﬁp

11 ghteq conveyclepardPS & e arbBies, s A n” S8 ok e268 cppinepm 51l o
314 as the mandra$sociated sandrelcup 48%can trackthe secondrendyB12 bf its respectiven
of the core strimandgkl 300" the3Rlndrel ishariéd BRAINGRAE 'fdseldhBndel pithid the

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 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 having
coordinates listed in Tables 1A and 1B. Similarly, 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 followers supported on the cupping amm engage
stationary cam surfaces to provide rotation of the cupping arm 450 between
the cupped and uncupped positions. Referring to Figures 9-12, each
cupping arm 450 comprises a first cupping arm extension 453 and a second
cupping arm extension 455. The cupping arm extensions 453 and 455
extend generally perpendicular to each other from their proximal ends at the
cupping arm pivot axis 451 to their distal ends. The cupping arm 450 has a
clevis construction for attachment to the support member 460 at the location
of the pivot axis 451. The cupping arm extension 453 and 455 rotate as a
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engage each log 51-with a first velocity conponent generally parallel to
the mandrel axis 314, and a second vel ocity componént generally par al | el
to the straight line portion of the core stripping segnent 326. The core
strippi ng appycdsesee000 is described in nore detail bel ow. @uraspséess7e | og
51 is stripped fromthe mandrel 300, the nmandrel 300 is carried al ong t he
cl osed mandrel path to the core |oading seg®ent 322 to. receive anot her

core 302. Havi ng descri bed core | oading, wnding and strippin
general ly, the rigiddhadydaladutehe rpivat saxist 45he Thebmandrsl ngpaﬁéaisaunpoaeg ahd

their functions I\g‘k:' Jhsﬁal %ﬂ&’&?‘ih@%ifehhf&ﬁ%d ﬂ?fe%hi one cam follower is suRported

Turret W nder: ur es

rotatably drivenophe&axt %fg@hﬂﬁ? apd ﬂtéeasetgfgri?ggﬁ "8%!95 I'n\asgﬁ%megnﬁ? e e

110 for rotationegtension4ds.turret assenbly central axis 202. The frane
110 is preferably seppfid 8mbblifdrdtshowf iNdEiGures 10-12, a pair of cyiindrical cam
followers 474A and 474B are supported on the extension 453 intermediate
the pivot axis 451 and the mandrel cup 454. The cam followers 474A and
474B are pivotable about pivot axis 451 with extension 453. The cam
- followers 474A, B are supported on the extension 453 for rotation about
axes 475A and 475B, which are paraliel to one another. The axes 475A
and 475B are paraliel to the direction along which the cupping arm support
member 460 slides relative to the rotating cupping arm support plate 430
when the mandrel cup is in the cupped position (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).

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 rotate. The axis 477 is parallel to the direction along
which the cupping arm support member 460 slides relative to the rotating
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 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 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 450C is shown pivoting from
a cupped position to an uncupped position; and cupping arm 450D is shown
in an uncupped position. Figure 13 shows the cam follower members
which provide pivoting of the cupping arms 450 as the cam follower 462 on



assenbly frane 61 to isolate the turret assenbly 200 from vi brati ons caused
by the rewi nder assenbly 60. The rotatably driven turret assenbly 200
supports each nmandrel 300 adjacent the first end 310 of the nandrel 300.
Each mandrel 300 is supported on the rotatably driven turret assenbly 200
for independent rotation of the mandrel 300 about its mandrel axis 314, and

each mandrel iv?o %‘{sg‘gd on the rotatably driven turret assenbpgrroeseengs? he
cl osed mandrel "pa 0. Preferably, at least a portion of the mandrel path

320 is non-circular, and the distance betwegp the nandrel axis 314 and the
turret assenbly central axis 202 varies as a function of position of the
gandr gl 300hal ongeadhecuﬂpgsgadmmnﬂp@t membier 2ABD. tracks the gradver443np positishingr e

, and 4, the tur | t.al ks is G i [ |1
ext endi ng stati onéligfe %%’pgﬁ‘éf%lggtageux’alz’ﬁ?ﬂeilﬁ?%rlsnedi at%qm?:éér}glé n?ﬁﬁrrey
ends 132 and 134.Cla¥. r ot at ably driven turret assenbly 200 conprises a
turret hub 220 whi ch Referdigtciigures @and 18.dthe mantiel cappipg @ssdfibly 490xannt

are Shoun cur s S A pbfibe 5 eyt ) oty

servo motor 222 ndbakdepemcamdmempar484 bavingia beld OPSDCEG@QU%FQ Uguee

hub 220 through ag)aldiosiig cami remBér 488! comptisinga closing Sanpsurtiice 237, and a

rotatably drive thgathidsd cﬁﬂt}ngﬁmﬁe?%ﬂtco‘vﬁﬁisw 5%old 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 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 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 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 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 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 Series 150 Turret Winder,
requires a linkage system to cup and uncup mandrels, and does not



WO 96/ 38366

PCT/ US96/ 08879 : 12 about its axis
of rotation, and a function of an accunul ated nunber of revol uti ons of
the bedroll 59. In particular, the position of the turret assenbly 200
can be phased with respect to the position of the bedroll 59 W thin a

| og Wi nd cychgg ogasgiescri bed nmore fully bel ow. | N onPCEUSYGUsITRNt ,
the turret hub 220 can be driven continuously, in.a non- st op,

non-indexi ng fashion, so that the turret &@dsenmbly 200 rotates

continuously. By "rotates continuously" it is peant that the turret.
assenbl y 200 2feBRodale; CYRRINg AIMms t%/%‘@t 2 pivot axis whose distancefloma ¢ hout

stoppi ng. The turtetaxist202Lib vadgbkean be driven at a generally constant
angul ar velocity, so that the turret assenbly 200 rotates at a generally

constant angul ar vel ocity. By "driven at a _generally constant angul ar
velocity" it is meantCeredpriveRolierAssembly anddviandrebssistAsgamiliest o rotate

continuously, and tRefertifg tootRigiesall amdeds-19, othe heeth winginga sppakdtus 200

borcent. -from aagaddb 13 B8] fE8en: AUEHICInELags % core, Be BBRRRTHb0. 5 |
mandrel s 300, afm@ndrl logding: assist aasembly 004 r andr@ amapdrel eupping rAssishgul ar
vel ocity of betgesmibtpTo0. ZFie E6i¥ driverapidanatiis G0b s poskioned fdrdivingOcotls | 09s

baself ne. angu aEB%ednﬁoii*f%?ﬁ%mk%%éoﬁzr%W%ﬁ%ﬁsﬁfs%sw%@%”aﬁg@ per
mnute, wth thareapgsitiened, farosupppriing and positioningathecwntuppedr mandrels: 300
than about 0. 044#g core icading 3Rt Thandiel duppiiggures 2, 4, 5, 6, 7, and 8, a
rotating nandrel sumort . exttmaGVrfrC\is I?EH'?Q? tche ur r"e)ﬁ ?éb 220. In t t&e
enbodi nent shown, t hATPOYIRALER having 8 single g’@d{WFt &Jr/GF AUVIRg A Gare onfop
second r ot at i ngmande ewhileu th turret i etationasere welldkgowniinctivet artt hSuthub f or
rotation with tBgahgdinéhts Protide afrip betiéen the mandrel and the single drive rolier

to drive the core onto the stationary mandrel. The drive apparatus 500 of

the present invention comprises 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 505A, is disposed

outside the closed mandrel path 320, and the other of the core drive rollers,

505B, is disposed within the closed mandrel path 320, so that the mandrels

300 are carried intermediate the core drive rollers 505A and 505B. The core

drive rollers 505 cooperate to engage a core driven at least partially onto the

mandre! 300 by the core loading apparatus 1000. The core drive rollers 505

complete driving of the core 302 onto the mandrei 300.

The core drive rollers 505 are supported for rotation about paraliel
axes, and are rotatably driven by servo motors through belt and pulley
arrangements. The core drive roller 505A and its associated servo motor
510 are supported from a frame extension 515. The core drive roller 505B
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 inclined with respect to the
mandrel 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 paraliel to a mandrel
axis and a velocity component generally parallel to at least a portion of the
core loading segment. For instance, core drive rolier 505A is supported for



The rotating mandrel support plates 230 are spaced one fromthe other
along the axis 202. Each rotating mandrel support plate 230 can have a
plurality of elongated slots 232 (Figure 5) extending there through. Each
sl ot 232 extends along a path having a radial and a tangential conponent
relative to the axis 202. A plurality of cross nenbers 234 (Figures 4 and

6- 8) exteRglobdHssdsedi ate and are rigidly joined to the rREVUSHYOSSENr el
support pl ates 230. Each cross nenber 234 is associated with and extends
al ong an el ongated slot on the first and22econd rotating mandrel support
pl at es 230. The first and second rotating nmandrel support plates
230 are di sposed rotatipntahowt @xis: 815 whiph igaclinedowith sespech e, ihe mandrel axgsi de
plates 142 and 1444 and the coré fda end3zangs showniifcFiglietets add 181d

144 are ] oi ned t%%o@n&?.rtﬁgncgrfﬁér@/ gs&%ocansﬂﬁ\'ﬂe e ok fsbfrg?\tg r}ﬂg132

or the support 1 )
PCT/ US96/ 08879 mandrel 300 during movement of mandrel along the core lpadingrsegmenty
can be supportedggdependently of the franme 110. In the enbodi nment

shown, mandrel guide ﬁ)elfg}nel'lglf‘ézFfé%Pesb$ 5 Sallj'lp‘fg,ttﬁg %Xnéé?ggsist assembly 600 is
supported outside of the closed mandrel path 320 and is positioned to
support uncupped mandrels 300 intermediate the first and second mandrel
ends 310 and 312. The mandrel assist assembly 600 is not shown in Figure
1. The mandrel assist assembly 600 comprises a rotatably driven mandrel
support 610 positioned for supporting an uncupped mandrel 300 along at
least a portion of the core loading segment 322 of the closed mandrel path
320. The mandrel support 610 stabilizes the mandrel 300 and reduces
vibration of the uncupped mandrel 300. The mandrel support 610 thereby
aligns the mandrel 300 with the core 302 being driven onto the second end
312 of the mandret 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. 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 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.

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 505A. 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 505A. A shaft 530 driven by motor
510 is joined to and 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



end 132 and the second nmandrel guide plate 144 can be supported on the
support 120. The first mandrel guide plate 142 conprises a first cam
surface, such as a cam surface groove 143, and the second mandrel guide

pl ate 144 conpri ses a second cam surface, such as a cam surface groove
145. The first and second cam surface grooves 143 and 145 are di sposed on

oppositely fa 'Bga%d%g aces of the first and second nmandrel gupggugicate® 142
and 144, and are’spaced apart from one another along the axis 202. Each

of the grooves 143 and 145 define a closed gg@th around the turret assenbly
central axis 202. The cam surface grooves 143 and 145 can, but need not
be, mirror inage®$10ftothe deve tiadr 630.n Tha drieairaiti 620 inciudesrpuliey €34 iniven by

surfaces are gr O%V&ﬁ'te%ﬁzﬁngbé‘kﬁgt?ﬁ'%%‘é isahd\ég;)éﬁ%g%mgﬁt%!@@%qﬁ hcam

surfaces, such as ‘externa bhe dr el
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' Referring to Figures 17-19, the mandrel cupping assist assembly 700
is 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 as the mandrels are being cupped. The mandrel cupping
assist assembly 700 comprises a rotatably driven mandrel 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 mandre! path intermediate the core loading
segment 322 and the web winding segment 324 of the closed mandrel 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 -1 9.

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 suppdrted on a pivot arm 730 having a clevised first
end 732 and a second end 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.



plurality of commercially available |linear bearing slide 358 and rail 359
assenblies. Accordingly, each mandrel 300 is supported on the rotating
mandrel support plates 230 for translation relative'to the rotating mandrel
support plates along a path having a radi al conponent and a tangenti al
conponent relative to the turret assenbly central axis 202. Suitable slides
358 and mati nowbakbsse@59 are ACCUGLI DE CARRI AGES manuf act ur edpdprosecbeyason
| ncor porated of Port Washington, N.Y. WO 96/38366
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posi tioning the REehyperictcally fflingthe GhASA0 dBuH Hid aﬁ@%?B%mng of the
arm 730 and the rotating support 710 about the -axis 717 causes the
mandrel support surface 720 of the rotating support 710 to periodically
engage a mandrel 300 as the mandrel is carried along a predetermined
portion of the closed mandrel path 320. The mandrel support surface 720
thereby positions the unsupported second end 312 of the mandrel 300 for
cupping.

Rotation of the mandrel support 710 and the rotating cam plate 740 is
provided by the servo motor 711. The servo motor 711 drives a belt 752
about a pulley 754, which is connected to a pulley 756 by a shaft 755.
Pulley 756, in turn, drives serpenfine belt 757 about pulleys 762, 764, and
idler pulley 766. Rotation of pulley 762 drives continuous rotation of the
cam plate 740. Rotation of pulley 764 drives rotation of mandrel support
710 about its axis 715.
While the rotating cam plate 740 shown in the Figures has a cam

surface groove, in an alternative embodiment the rotating cam plate 740
could have an external cam surface for providing pivoting of the arm 730. In
the embodiment shown, the servo motor 711 provides rotation of the cam
plate 740, thereby providing periodic pivoting of the mandrel support 710
about the axis 717. The servo motor 711 is controlled to phase the rotation
of the mandrel support 710 and the periodic pivoting of the mandrel 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 §9. In particular, the pivoting of the
mandrel support 710 and the rotation of the mandrel support 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 gearing arrangement.



The servo notor 222 can drive the rotatably driven turret assenbly 200
continuously about the central axis 202 at a generally constant angul ar

vel ocity. Accordingly, the rotating mandrel support plates 230 provide
continuous notion of the mandrels 300 about the. cl osed mandrel path 320.
The lineal speed of the mandrels 300 about the closed path 320 w ||

I ncrease as t lypodé/ssbggnce of the mandrel axis 314 fromthe axipgcE®sdenss?o

i ncreases. A suitable servo notor 222 is a 4 hp Model HR2000 servo notor
manuf actured by the Reliance Electric Conpa2f of d evel and, Ohio.

The shape of the fir and second cam surface grooves 143 and 145 can be

t 4 - »
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Intermediate the core loading segment 322 and the web winding segment
324, an adhesive application apparatus 800 applies an adhesive to the core
302 supported on the moving mandrel 300. The adhesive application
apparatus 800 comprises a plurality of glue application nozzles 810
supported on a glue nozzle rack 820. 'Each nozzle 810 is in communication
with a pressurized source of liquid adhesive (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 surface of a core 302.

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 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 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 each
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distribution of adheslve 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. Pulley 867 drives pulleys
836A and 836B, which in turn drive belts 834A and 834B about pulieys
868A and 868B, respectively. The belts 834A and 834B engage the
mandrel drive pulleys 338 and spin the mandrels 300 as the mandrels 300
move along the closed mandrel path 320 beneath the glue nozzies 810.
Accordingly, each mandrel and its associated core 302 are translating along
the closed mandrel path 320 and rotating about the mandrel axis 314 as the
core 302 engages the glue nozzies 810.

The serve motor 822 is controlled to phase the periodic pivoting of the
glue nozzle rack 820 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 revoiutions of the bedroll 59. In particular, the
pivot position of the glue nozzle rack 820 can be phased with respect to the
position of the bedroll 59 within a log wind cycle. The periodic pivoting of
the glue nozzie rack 820 is thereby synchronized with rotation of the turret
assembly 200. The pivoting of the glue nozzle rack 820 is synchronized
with the rotation of the turret assembly 200 such that the glue nozzle rack
820 pivots about axis 828 as each mandrel passes beneath the giue
nozzles 810. The glue nozzles 810 thereby track motion of each mandrel
along a portion of the closed mandrel path 320. 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 by a rotating gravure roll positioned inside the closed mandrel 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

ngrthe dlosgdimandrel path\d29. as
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approaches the bedroll. The present invention provides the advantage that
wi nding of different dianeter | ogs can be accommodated by repl acing
segnents of the closed mandrel path (and thereby varying the mandr el

path), rather than by deflecting the web. By providing nandrel guide plates
142 and 144 which conprise two or nore bolted together plate sectors, a

portion of thewolb&ssges nandrel path, such as the web w ndi ng seOIvBsH6/0887an
- be changed by unbolting one plate sector and inserting a different plate
sector having a differently shaped segnent @7 the cam surface. - -By
way of illustrative exanple, Table 1A lists coordinates for a cam surface
groove segment 148sedsimeantrol thedbickness ofTths| glue BN thet gravursomiicsurtaces The a
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| i sted Tabl 1A- d, t [ der st ood 0
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320. Tabl es 2A |icarey their nssmciahedtmesf:imhm bandm:llhrqgabdmtﬁélﬂwnbrareammatb ng

to the cam groove thﬂ]é@ in
Tabl es 1A and 1B. péﬁg%ﬁ %Iﬁé%o .subst ?t*\‘@t edb%@ﬁré?)’%l 9% @bﬁ't%hec%res
resul ting changes gil%'r gf shIfasecof the: gravure 'a“émthgtw. n
Tabl e 2B. wmdmg 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

The core loading apparatus 1000 for conveying cores 302 onto moving
mandreis 300 is shown in Figures 1 and 21-23. The core loading apparatus
comprises a core hopper 1010, a core loading carrousel 1100, and a core
guide assembly 1500 disposed intermediate the turret winder 100 and the
core loading carrousel 1100. Figure 21 is a perspective view of the rear of
the core ioading apparatus 1000. Figure 21 aiso shows a portion of the core
stripping apparatus 2000. Figure 22 is an end view of the core loading
apparatus 1000 shown partially cut away and viewed parallel to the turret
assembly central axis 202. Figure 23 is an end view of the core guide
assembly 1500 shown partially cut away.

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.

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 piurality of support rods 1230 pivotably connect core trays 1240 to
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Turret Wnder, Mandrel Cupping Assenbly . The mandrel cupping
assenbly 400 rel easably engages the second ends 312 of the mandrels 300
I nternmedi ate the core | oadi ng segnent 322 and the core stripping segnent

326 of the cl gapebgsgedrel path 320 as the mandrel s are dr PCEFUSHWET t he
turret assenbly central axis 202 by the rotating turret assenbly 200.
Referring to Figures 2 and 9-12, the nmandr&8 cuppi ng assenbly 400
conprises a plurality of cupping arns 450 supported on arqtatin :
cuppi ng arm supplugs 7232 -attachedfo the:belippi209 andid2480 Wa@n%emb‘?ﬁ’élﬁﬁgbla cup

300, The mandr o SCERSIETR B30 e e R o T oo 1 15
: . S r,

on bearings 456.2 aﬁ%&%o\ém?[‘&;g ?@@i?{#ﬁ%gﬂﬁgﬁﬁﬁg i pas’:ae"cegﬁ@.'%nd
312 of a mandr el faihion betwesn(ipgs 1232 attachaditeethedsmits 1200 and 3210.i and each he
mandr el about i t 3oaxi-S 334 can be hung B GPH e dlipBofTecs 3280 OTRYlcsre
supported on the_rotating cuppin _arrH‘su Prt 4 ,#% per otafion of
the cupping arm ¥8ys d860exe jate e@%%qsﬁcpﬁ s’i‘“ﬂgg@'aa%{@? i on
wherei n the mandeafriedun a‘ddsathcorgdmyapath 124 diyethe &ndless belis 3200 and 1230pped
posi tion wher ei Ny e i by ??‘%2 fPéontrolied £ pRAAHRIMbliGHof Bife EBRMraYs 300.

The first cupped position and e . ) -
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 bedrolt 59. in particular, the position of the core
trays can be phased with respect to the position of the bedroll 52 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 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 1222, deliver a core 302 to each core tray 1240.
be used in place of the slotted wheels 1020 to deliver a core to each core
tray 1240. Alternatively, a lugged belt could be used in place of the slotted
wheels to pick up a core and place a core in each core tray. A core tray
support surface 1250 (Figure 22) positions the core trays to receive a core
from the slotted wheels 1020 as the core trays pass beneath the slotted
wheels 1020. The cores 302 supported in the core trays 1240 are carried
around the closed core tray path 1241.

Referring to Figure 22, the cores 302 are carried in the trays 1240
along at least a portion of the closed tray path 1241 which is aligned with
core loading segment 322 of the closed mandrel path 320. A core loading
conveyor 1300 is 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 beit 1310 has a piurality 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 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 fiight elements 1314 need not



second uncupped position are shown in Figures 9. Each cupping arm 450 S
supported on the rotating cupping arm support in a path about the turret
assenbly central axis 202 wherein the distance between the cupping arm

pi vot axis 451 and the turret assenbly central axis 202 varies as a
function of the position of the cupping arm 450 about the axis 202.
Accordi ngly, wo9ee3g3bs cuppi ng arm and associ ated mandrel cup. BEWUSIENSET® ack

t he second end 312 of its respective mandrel 300 as the nmandrel is
carried around the cl osed nmandrel path 280 by the rotating turret
assenbly 200. - The rotating cupping arm support 410 conprises a

cupping arm  sBEgbthe sore 308 completelysovtoefthenirgy J@4Rcandeanten apdiebor t

120 adj acent 806, butsémiy fan @nbugiisueh dhdtSthebaoree302 iYengaded Byrthé Wase of
t he assenbly afﬁerﬂﬁg)@ g4t away in Figures 2 and 9 for clarity. A servo
not or 422 nount ed_on 05? adj acent to the upstanding franme end 134

delivers torque to Theeadiess beitol316yis inpliined such that the glements 1314 engage | ey
or sprocket 426 te cordsoBoRakeM @Y the dohe thiye 4240 afitiita haRcity édhipctenendl y

orat i onal postt PRICTENY prbdilel e randrel i, S & Keloly, sPrPRORR, ERerA pecy

to a reference tpamlliektozatileast a portisin ofthe core fnpding segment 322 of thenclosedir ol |

59 about its axi maptrel phii B20. IftHé émbsdifrien?Bh&in, the core trays 1240 carry the
cores 302 vertically, and the 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 of the
bedroll §9. 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
carrousel 1100 and the turret winder 100 comprises a plurality of core
guides 1510. The core guides position the cores 302 with respect fo the
second ends 312 of the mandrels 300 as the cores 302 are driven from the
core trays 1240 by the core loading conveyor 1300. The core guides 1510
are supported on endless beit conveyors 1512 driven around pulleys 1514.
The belt conveyors 1512 are driven by the servo motor 1222, through a
shaft and coupling arrangement (not shown). The core guides 1510 thereby
maintain registration with the core trays 1240. The core guides 1510 extend
in parallel rung fashion intermediate the belt conveyors 1512, and are
carried around a closed core guide path 1541 by the conveyors 15612.

At least a portion of the closed core guide path 1541 is aligned with a
portion of the closed core tray path 1241 and a portion of the core loading
segment 322 of the closed mandret path 320. Each core guide 1510
comprises a.core guide channel 1550 which extends from a first end of the
core guide 1510 adjacent the core loading carrousel 1100 to a second end
of the core guide 1510 adjacent the turret winder 100. The core guide
channel 1550 converges as it extends from the first end of the core guide
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nunber of revol utions of the: bedroII 59. In particilar, the position of
the support 410 can. be phased with respect to the position of the

bedroll 59 within a log wnd cycle, thereby synchronizing rotation of the
cuppi ng arm supe9dssél0 With rotation of the turret assenbly stfipsodissre
servo notors 222 and 422 are each equi pped with a brake. The brakes
prevént relative rotation of the turret asSenbly 200 and the cupping arm
support 410 when the wi nding apparatus 90 is not running, to thereby
preventing twi st131 toftheisecand eéndlof theGore guide. Corveegenceafithg cotpguidg ar m
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for novenent relative t? e rotating pla cuppi ng arm 450 S
pi votably joi nef¥trg ‘ng arm support rrenber 460 to permt rotation
of the cupping arm450 about the pivot axis 451. ' Referring to

Figures 10 and 11, each cupping ar rﬁﬁg 460 is slidably
supported on a porti of the pl atgbﬁ gnié{ng a %racket 432 boI ted to
the rotating plate Jgfi@”eﬁd‘r %ﬁﬂglzg’ﬁ'%d ysiiate the-cerg strppingappafus 2000 5t e
430 al ong a pat Hohaemodng logsisl fronmanogppedantandrelsir3pent Thk corecstrppingnt

relative 10 the doarhe 3086 UniprEs drbndkde odeyor bBn9R0 and"gli98 g,

the sliding cuppl arm_sup ggorted on
a bracket 432 bymaomzma quptar#edcm@r frame 2082.ai The eoquyearbelt Wris ng

slide 358 and r gidsitidhed aestivally ibemeath thel closstbfandrbl patinialljadefit athebsore
stripping segment 326. The endless conveyor beit 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 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 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 phased with respect to the position of the bedroll 59
within a log wind cycle. Accordingly, the motion of the flights 2014 can be
synchronized with the rotation of the turret assembly 200.

The flighted conveyor belt 2010 is angled with respect to mandrel axes
314 as the mandrels 300 are carried along a straight line portion of the core
stripping segment 326 of the closed mandrel path. For a given mandre}
speed along the core stripping segment 326 and a given conveyor flight
speed V, the included angle A between the conveyor 2010 and the mandrel
axes 314 is selected such that the flights 2014 engage each log 51 with a
first velocity component V1 generally parallel to the mandrel axis 314 to
push the logs off the mandrels 300, and a second velocity component V2
generally paraliel to the straight line portion of the core stripping segment
326. in one embodiment, the angle A can be about 4-7 degrees.



fixed (such as by boling) to each of the bracket 432 and the support
menber 460, so that a slide 358 fixed to the bracket 432 slidably engages a
rail 359 fixed to the support nmenber 460, and a slide 358 fixed to the '
support nenber 460 slidably engages a rail 359 fixed to the bracket 432.
The mandrel cupping assenbly 400 further conprises a pivot axis. _
positioni ng Owo9gsdagy: Positioning the cupping arm pivot axespéivisosibBeropi vot
axis positioning guide positions the cupping arm pivot axes 451 to vary the
di stance between each pivot axis 451 and t3fe axis 202 as a function of

osition of the cupping arm 450 about the axis 202. In the enbodi nent
ghown in Figures 2 A ?PWI'Z'" Rigrep i290:C cthe flights 2014 are: gngled avithoespedtdes a

stationary pi votheeaorweyosbélt 2010 Bavels Iay érigaghi’ facéiehish Vd?ﬁlséﬁﬁ ificluded
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posi tioni ng pl aflesed reI path to the core loading segment 322 to receive another
core 302._ in some instances it may be 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 flights 2014
contact both the core 302 and the web wound on the core 302, and have
the ability to strip empty cores (i.e. core on which no web is wound) from the
mandrels.

Log Reject Apparatus

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 mandtels 300, and propel the logs 51 to the log
reject apparatus 4000. The log reject apparatus 4000 includes a servo
motor 4022 and a selectively 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 oppositely extending log
engaging arms 40358 (three arms 4035A and three arms 4035B shown in
Figure 21).

During normal operation, the logs 51 received by the log reject
apparatus 4000 are carried by continuously driven rollers 4050 to a first
acceptance station, such as a storage bin or other suitable storage
receptacle. The rollers 4050 can be driven by the servo motor 2022
through a gear train or pulley arrangement to have a surface speed a fixed
percentage higher than that of the flights 2014. The rollers 4050 can
thereby engage the logs 51, and carry the logs 51 at a speed higher than
that at which the logs are propelled by the flights 2014.



The. positioning plate 442 has a surface 444 facing the rotating support

pl ate 430. A cam surface, such as cam surface groove 443 is disposed in
the surface 444 to face the rotating support plate 430. Each sliding

cuppi ng arm support nenber 460 has an associ ated cam foll ower 462 which
engages the cam surface groove 443. The cam foll ower 462 follows the
groove 443 axyobbssseot ating plate 430 carries the support nePORAUSGEEBTS
around the axis 202, and thereby positions the cupping pivot axis 451
relative to the axis 202. The groove 44332an be shaped with reference to

t he shape of the grooves 143 and_ 145, so that each cupping arm and
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.Mandrel Description

Figure 26 is a partial cross-sectional view of a mandrel 300 according
to the present invention. The mandrel 300 extends from the first end 310 to
the second end 312 along the mandrel longitudinal axis 314. Each mandre!
includes a mandrel body 3000, a deformable core engaging member 3100
supported on the mandrel 300, and a mandre! 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-metaliic composite
mandrel tube 3030 extending intermediate the 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 mandrel 300, 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. The mandrel nosepiece is displaceable
relative to the mandrel body 3000 by a mandrel cup 454,

The deformable core engaging member 3100 can comprise one or
more elastically deformable polymeric rings 3110 (Figure 30) radially
supported on the steel endpiece 3040. By "elastically deformable” it is
meant that the member 3100 deforms from the first shape to the second -
shape under a load, and that upon release of the load the member 3100




the cupped and uncupped positions. Referring to Figures 9-12, each

cuppl ng arm 450 conprises a first cuppl ng arm extensi on 453 and a second
cuppi ng arm ext ensi on 455. The cuppi ng arm ext ensi-ons 453 and 455 ext end
general |y perpendicular to each other fromtheir proximal ends at the
cupping armpivot axis 451 to their distal ends. The cupping arm 450 has a
clevis construeosasdeer attachnment to the support nenber 460 FCThUS96/08879

| ocati on of the pivot axis 451. The cuppi ng arm extensi on 453 and 455
rotate as a WD 96/ 38366 33

PCT/ US96/ 08879 | i gi d body
about the pivot i8tHEns,substantialiydaqthe first shapa. |§hguppmrebmoaepleoetm best al

end of the extendlsplaoéa?.elaﬂﬂetcem&ter?ﬁedéamimid SOpressS tHe MGy S€fb, ther@Byt he

extension 453, apg,ahg kﬁ?ﬁkg;ﬁ@ﬁ’o& %@Wﬁg«ﬁe Ortﬁggu@@f?@ dicection . o

ext ensi on 455
cylindrical cam to WPQEV@PS'"&@QAd@ﬁ!FtWQBtheeccu'epiﬂﬁtecFlguret BZ Wusteateson

453 i nt er nedi at edeforibatiomiof the Aefsmydble 2Bfk &R a@iﬁgdﬁ&hb&lméé‘l FfI;h?esCQQ“
]:aglt Lg‘é"legf] jgg‘A Tﬁﬂd 29 ; afé BnitliGed NS RES %‘8&.0n Bt Hdt ngéégiecg ]32\% showing
motlon 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 mandrel 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 rotafably 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 286, 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 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.

Thc_e steel tube 3010 has a reduced diameter end 3012 (Figure 26)
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 by adhesive bonding. The composite mandrel
tube 3030 can comprise a carbon composite construction. Referring to
Figures 26 and 30, a second end 3034 of the composite mandre! tube 3030
is joined to the steel endpiece 3040. The endpiece 3040 has a first end



followers 474A, B are supported on the extension 453 for rotation about
axes 475A and 475B, which are parallel to one another. The axes 475A and
475B are parallel to the direction along which the cupping arm support
menber 460 slides relative to the rotating cupping arm support plate 430
when the mandrel cup is in the cupped position (upper cupping armin

Figure 9). Thaves@sssés/5A and 475B are parallel to axis 202 WRGT/US96/08879
mandrel cup is in the uncupped position (lower cupping armin Figure 9).
Each cupping arm 450 al so conprises a thir84cylindrical camfollower 476
supported on the distal end of the cupping arm extensi on 455. The cam

fol | ower 476 is J42andasespndendidfdds. Thesfiraband\ 3042 of theendpieces8040rfils

third cam fol | oviRgidé df, aRd %! jomEd RYthaNsédbhdednd BOBA bf 48 cbMpbSité htardpsiut an
axi s 477 which ;ﬁﬂggbggndl cular to the axes 475A and 475B about which

foll owers 474A tate. The axis 477 is parallel to the direction
al ong whi ch t he clhspideforenables gpieoengaging gnember 3108ecis spacedi alongdthene

incupped  pout iRIer &S SiAThlerfedks (HE slblite SF20TARG LR nosspitds 8204, ¢
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of the cupping o f5le §N9a0ing premper, @]\F@P extend; axialty; DEWERR-A ( he
cupped and uncupshedides 8041 anthe zndpiece 3640 andea shoulden 3205 an thediddepiecehe
Foit o “The Cungeet SEMCHIEGHNS 2 Len e cho et Prom
an uncupped t Opg cgpﬂ'@d £ o O%Erg&fgg'v H]a%tr?n 344%51?"&@'?31 ﬁi"&u'%ﬁ%ﬁ'éﬁ?"g
posi tion; cuppi regntinuouts8Grfase oo vadiailyy ehgaging ravrcore. aAcsyitabl: posfirivows t o
an uncupped posigyfate cAiCoé ProNidst By A Ang Shiaped Mdfber 3100. A substantially
circumferentially continuous surface for radially engaging a core provides
the advantage that the forces constraining the core to the mandrel are
distributed, rather than concentrated. Concentrated forces, such as those
provided by conventional core locking lugs, can cause tearing or piercing of
the core. By "substantially 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



in an uncupped position. Figure 13 shows the cam fol |l ower nenbers whi ch
provi de pivoting of the cupping arns 450 as the camfoll ower 462 on _
WD 96/ 38366 o PCT/ US96/ 08879
20 each cuppi ng arm support nenber 460 tracks the groove 443 in

posi tioni ng pl ate 442. The rotating support plate 430 is omtted from

Figure 13 forwgegagdsérity. Referring to Figures 9 apdriSysstre
mandr el cupping assenbly 400 can conpri se an openi ng cam nmenber 482
havi ng an openi ng cam surface 483, a h3 d open cam nember 484 having a

hol d open cam suyrface 485 (Figure_ . 9), a clqsing cam nenber 486
conprising a cl dusyicsohCGleyeland Qhio. %G“ £°sep'e%g%°élf%@§ﬂa€%ﬁv?mﬁﬁ@? 488
conpri sing a holaisc3 stowacd thes endipiece 3040, the defrmable tarecangtiifingamemb®® can

axi 3 202, Cam s Paz ConfiroSie YRR T Holigery SUI°Rll SR0RCELEHG M0,

surfaces. The caiRgssihes and3A10Bdg bugkie radially outwasdly. as shown jnphantgm in
stati.onary, andFigurel30. supported ( supports not shown) on any rigid

foundation i ncludi ngy it &l bf el fiflsdifledd 3580 téitive to the endpiece 3040 is
limited by a threaded fastener 3060, as shown in Figures 28 and 29. The
fastener 3060 has a head 3062 and a threaded shank 3064. The threaded
shank 3064 extends through an axially extending bore 3245 in the
nosepiece 3200, and threads into a tapped hole 3045 disposed in the
second end 3044 of the endpiece 3040. The head 3062 is enlarged relative
to the diameter of the bore 3245, thereby limiting the axial displacement of
the nosepiece 3200 relative to the endpiece 3040. A coil spring 3070 is
disposed intermediate the end 3044 of the endpiece 3040 and the
nosepiece 3200 for biasing the mandrel nosepiece from the mandrel body.

Once a core is loaded onto the mandrel 300, the mandrel cupping
assembly provides the actuation force for compressing the rings 3110A and
3110B. As shown in Figure 28, a mandrel cup 454 engages the nosepiece
3200, thereby compressing the spring 3070 and causing the nosepiece to
slide axially along mandrel 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 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, generally cylindrical undeformed shape. The core can then be
removed from the mandrel by the core stripping apparatus.

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 intc 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 against the threaded fastener 3060 to
prevent the fastener 30680 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



As the rotating plate 430 carries the cupping arns 450 around the axis
202, the cam follower 474A engages the three dinensional opening cam
surface 483 prior to the core stripping segnent 326, thereby rotating the
cupping arnms 450 (e.g. cupping arm450C in Figure 13) fromthe cupped
position to the uncupped position so that the web wound core can be
stripped frordoesgs@gndrel s 300 by the core stripping appar atreasodidsroThe
cam foll ower 476 on the rotated cupping arm 450 (e.g., cupping arm 450D in
Figure 13) then engages the camsurface 48% to hold the cupping armin the
uncupped position until an enpty core 302 can be | gaded onto the mandrel

300 al ong the shapepiece33200 yelative 4o the | enspiass 3Q4his@gsornmadated,by (tham
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mandrel.

- Servo Motor Control System

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
components. By "independently driven" it is meant that the positions of the
components are not mechanically coupled, such as by mechanical gear
trains, mechanical pulley arrangements, mechanical linkages, mechanicat
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 components, such
as by the use of electronic gear ratios or electronic cams.

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 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 bedroll revolution, and one log cycle will be
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cuppi ng arnms that have a pivot axis whose distance'froma turret axis
202 is variabl e. Core Drive Roller Assenbly and Mandrel Assi st
Assenbl i es Referring to Figures 1 and 15-19, the web w ndi ng

appar at us AVQ@9NI366 to the present invention includes a coPEI/H$N6{HEs7e
apparatus 500, a mandr el | oadi ng assi st assenbly 600, and a mandrel
cuppi ng assi st assenbly 700. The core did?ve apparatus 500 is positioned

for driving cores onto the ndrels rel | S
assenbl i e39600 a?ﬂ"?@??"z(%legﬁasw §eund); °Eﬁ$‘§b§§ |rﬁ‘§°q S;fﬁ*#&ﬂrq{'g t he
uncupped nmandr el Ac&irtlingly, deaomgemltutmri oﬁ(ﬂ'lagbedlmmﬁﬁldwdil corogspond. to 22.5

Turret w nders | 'd’egﬁé& grel l er for driving a core onto a
mandrel while t@q%@ g’fﬁgw |on gr IeWeII known in EHde art. Such
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drive rollers 50
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line portion of servo motor 510 (the roller 505A and the mandrel support 610 are
mechanically coupled); the mandrel cupping support 710 driven by motor
711 (e.g. a 2 HP servo motor); the glue nozzie rack actuator assembly 840
driven by motor 822 {e.g. a 2 HP servo motor); the core carrousel 1100 and
core guide assembly 1500 driven by a 2 HP servo motor 1222 (rotation of
the core carrousel 1100 and ‘the core guide assembly 1500 are
mechanically coupled); the core loading conveyor 1300 driven by motor
1322 (e.g. a 2 HP servo motor); and the core stripping conveyor 2010 driven
by motor 2022 (e.g. a 4 HP servo motor). Other components, such as core
drive roller 505B/motor 511 and core giue spinning assembly 860/motor
862, can be independently driven, but do not require phasing with the
bedroll 59. Independently driven components and their associated drive
motors are shown schematlcally with a programmable control system 5000
in Figure 31.

The bedroll 59 has an associated proximity switch. The proximity
switch makes contact once for each revolution of the bedroll 59, at a given
bedroll angular position. The progrémmable control system 5000 can count
and store the number of times the bedroll 59 has completed a revolution
(the number of times the bedroli proximity switch has made contact) since
the completion of winding of 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 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 position of a component relative to the rotational
position of the bedroli within the log wind cycle; calculating the desired



t he segnent 322. One of the core drive rollers, roller 505A, is disposed
outside the closed mandrel path 320, and the other of the core drive

rollers, 505B, is disposed within the closed nandrel path 320, so that
the mandrel s 300 are carried internediate the core drive rollers 505A
and 505B. The core drive rollers 505 cooperate to engage a core driven

at | east par wodelzgseent o t he mandrel 300 by the core | oadipcguspgmssat us
1000. The core drive rollers 505 conplete driving of the core 302 onto
t he mandrel 300. The core drive r&lers 505 are supported for
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For instance, ¢ptfe Beliteh Wit 'rEipett 16 the 164" WASd Licle '@ be calculated based
upon information stored in the random access memory of the programmable
control system 5000. In addition, when the proximity switch associated with
the bedroll first makes contact on start up, the actual position of each
component relative to the rotational position of the bedroll within the log
cycle is determined by a suitable transducer, such as an encoder associated
with the motor driving the component. The desired position of the
component relative to the rotational position of the bedroll within the log
wind cycle can be calculated using an electronic gear ratio for each
component stored in the random access memory of the programmable
control system 5000. _
When the bedroll proximity switch first makes contact at the start up.of .
the winding apparatus 90, the accumulated number of rotations of the
bedroli since completion of the last log wind cycle, the sheet count per log,
the sheet length, and the bedroli 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 fuil
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 bosition of the bedroll in the log wind cycle is calculated
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axi s 615 which is inclined with respect to the mandrel axes 314 and the
core | oadi ng segnent 322, as shown in Figures 15 and 16. Accordi ngly,
the core drive rollers 505 can drive the core 302 onto the mandrel 300
during novenenyoeéasdssndrel along the core | oading segnent = PGEBASY6/08879

Referring to Figures 15 and 16, the mandrel assist assenbly 600 is
supported outside of the closed nmandrel paBB 320 and is positioned to
support uncupped mandrel s 300 internediate the first and second mandr el
ends 310 and 312baspieuprimthecslecisonic geak mtieor thab gomponent ard e pesitionyel e
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support surface 620 ﬁlo

r¥xample en the proximi sw;t

first makes contact at start up, the desired angular position of the rotating
turret assembly 200 with respect to the position of the bedroll in the log wind
cycle can 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 bedroll, and the electronic gear ratio stored
for the turret assembly 200. The actual angular position of the turret
assembly 200 is measured using a suitabie transducer. Referring to Figure
31, a suitable transducer is an encoder 5222 associated with the servo
motor 222. The difference between the actual position of the turret
assembly 200 and its desired position relative to the position of the bedroll
within the log wind cycle is then used to control the speed of the motor 222,
such as with a motor controller 5030B, and thereby drive the position error
of the turret assembly 200 to zero.

The position -of the mandrel cupping arm support 410 can be
controlled in a similar manner, so that rotation of the support 410 is
synchronized with rotation of the turret assembly 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 controlier 5030A, to drive the position error
of the support 410 to zero. By phasing the angular 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 iog 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.

i cal



path. I n one enbodi nent, the pitch can increase as the radius of the

hel i cal support surface 620 decreases. Conventional mandrel supports
used in conventional indexing turret assenblies support mandrels which
are stationary during core | oading. The variable pitch and radius of the
support surface 620 permts the support surface 620 to contact and
support a moving mandrel 300 al ong a non-1linear path. PCT/US ause

t he mandr el ?Hﬁ 610 is supported for rotation about the axl's 615,

t he mandrel support 610 can be driven off drmesane notor used to drive

the core drive roller 505A. In Figure 16, the mandrel support 610 |s
rotatably drivaRefr2fiosiyPia ﬂédéuﬁb%frﬁém&&nas ﬂ,ha ¢

which rotatably, driyes. core drive rpoller 505A. af t r n m)tor
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i s rotatably swithinra log windidyeleshaft 530 by bearings 540 so as not to be
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dri ve trai n 63€ompobrent! | neorie embodifient,theuvkise pﬂlhepoﬁﬁéh drrorisnused to
determine whether the 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 positibn of the component is "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.

_ Normally, the position of 2 component in log wind cycie degrees
should correspond to the position: of the bedroll in log cycle degrees (e.g.,
the position of a:component in log wind cycle degrees should be zero when -
the position of the bedroll in log wind cycle degrees is zero.) For instance,
when the bedroll proximity switch makes contact at the beginning of a wind
cycle (zero wind cycle degrees), the motor 222 and the turret assembly 200
should be at an angular position such that the actual position of the turret
assembly 200 as measured by the encoder 5222 corresponds to a
calculated, desired position of zero wind cycle degrees. However, if the belt
224 driving the turret assembly 200 should slip, or if the axis of the motor
222 should otherwise move relative to the turret assembly 200, the encoder
will no longer provide the correct actual position of the turret asserribly 200.

In one embodiment the programmable control system can be
programmed to allow an operator to provide an offset for that particular
component. The offset can be entered into the random access memory of
the programmable control system in increments of about 1/10 of a log wind
cycle degree. Accordingly, when the actual position of the component
matches the desired, calculated position of the component modified by the
offset, the component is considered to be in phase with respect to the
position of the bedroll in the log wind cycle. Such an offset capability allows



a pulley 632 through belt 631, and a pulley 638 driven by pulley 636
t hr ough belt 633. The dianeters of pulleys 632, 634, 636 and 638 are

selected to reduce the rotational speed of the mandrel support 610 to
about hal f that of the core drive roller 505A. The servo notor
510 is controlled to phase the rotational position of t he mandr el
support 610 V\A%J%) ct to a reference that is a function of Ptcti‘ﬁl

angul ar’ posi ti Jé&#ﬁe bedrol |l 59 about its axis of rotation, an %msw
function of an accunul at ed nunber of revghutions of the bedr ol | 59 I n
particul ar, the rotational position of the support 610 can be phased

with [) espect hto tdmtmue@oabédaﬂcnofoftItwelbemmérl dbaa:gu'tmélhi 802 urif m’leggaﬁitédhe,
t her eby synchroni onal position of the support W t

t he rotational pogsd’@%‘%n%fcﬂnhgé){'ﬁhrbet assenbly 200. Referring
to Figures 17-19, thdnaassarabodimest.asuitahle programmable goutrol system §9R0 fered

i nsi de of the cl qﬁﬁdmgaﬂhérpﬂsntmibf ﬁfé.olndédeh@erﬁ Sdﬁvbﬂrkﬁﬁnbéhents %bﬁfﬂﬁ&és a

|
e 1o re! DBl lebohla i Shritor §iam Hibind drboiHipavie BEGHE)
assenbly 700 com@cressmemasy,auchi3s an A@M%p@gmmpbhdmommwstem
rotatably driven méﬁhréﬂlﬁpﬂ"ié Rﬂlﬁnbé ENéGté ICUMshryObf CIevBRING! mhlém The

of the mandrel . ARTOMA bRBHmAREple Sivs g1 %ﬁ@é‘é’ra%sfwggw o
at | east a porti énamfals,rall of@dmh mdmnrppmed iherain rmdra‘eertclee AUTOMAXdi ng
gggrm% 322t a?db@y%'(cjeeﬁto PErafor MARBIErsiBA%3. OfJ ?émdﬁrs rsagﬁwlgng
motor 711 The miSRITERGE MR Ji@%ﬁﬁé@%ﬂe&% éa%#maanua
mandrel support 36563688t hwill bennderstood 7lldwevemthlalalnsmtbpoembddihle)m ofithe
horizontal 'y ext ppeieM ibértion) Bther ¢BRGSE s Qmsa%uéﬁo thﬁs{'ﬂéléﬁelﬁomlg
The rotatably dr ‘Emerson ré(i]ec?rom uggmpanzl i mgs an%elf]e%g ar¥d the éeneral 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 one of the independently driven
components), resolver input modules 5020, general input/output cards 5022,
and a VAC digital output card 5024. The AUTOMAX system also includes a
plurality of model HR2000 motor controliers 5030A-K. Each motor controller
is associated with a particular drive motor. For instance, motor controller
5030B is associated with the servo motor 222, which drives rotation of the
turret assembly 200.

. The common memory module 5012 provides an interface between
multiple microprocessors. The two Model 7010 microprocessors execute
software programs which control 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 drive control system 6000 discussed
below. The dual 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



mandr el support surface 720 having a variable radius and a variable pitch.
The support surface 720 engages the mandrels 300 and positions themfor
engagenent by the mandrel cups 454. The:.rotatably driven nmandrel

support 710 is rotatably supported on a pivot arm 730 having a devi sed

first end 732 and a second end 734. The support 710 is supported for
rotation wB9ktssgs horizontal axis 715 adjacent the first RCRIUSPEES8EY t he
arm 730. The pivot arm 730 is pivotably supported at its second end 734
for rotation about a stationary horizO0ftal axis 717 spaced fromthe

axis 715. The pgsition of th ' .15 i aLc. e Phyot arm
730 pivots abouﬁ'eafﬁsgﬂ'ﬂ%.szm ang %@%‘f'{?ggé?eb&) o &@'tgﬁdgg' "ne
PCT/ US96/ 08879 general input/output cards 5022 provide a path for data exchapnge @mafg ar m
730 includes a I ' rf iai utv ot
arm i nt er medi atg tf I"‘Pfcibr ﬁt.ngﬁgloﬁfﬁeﬁwht% s&é@g‘i S008. ﬁﬁeVAt dlgl.télh%n? bt/ati n
camplate 740 h f I

S R024, PrEvicieR OLIRULIG hrakee 3224 agi stk ssppoiated with sittpfh. ™\ | "
driven about a 2P2tndHdaRyrespecthedyt.al axis 742. The cam fol | ower 731

th hg '
IO s ST MG 0 e ot g e v,

t he arm 730 GPRIF t?‘b?ak'i"ﬁ?@'@grb{;r mandee %ﬁ?&ﬂe\qgflé%égﬁqgéwt he
schematically in Figure 32. The motors 332A and 332B can be 30 HP, 460
Voit 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 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 60308, each having current feedback 6032 and 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. Resoiver
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 embodiment, the resolver 6200C and the resolver 5200 in Figure 31
can be one and the same. Resolver input card 6020D receives input from a
resolver 6200D, which provides a signal related to the angular position of

~ the bedroll 59. _
An operator interface (not shown), which can include a keyboard and
display screen, can be used to enter data into, and display data from the

programmable drive system 5000. A suitable operator interface is a '
XYCOM Series- 8000 Industrial Workstation manufactured by the Xycom
Corporation of Saline, Michigan. Suitable operator interface software for
use with the XYCOM Series 8000 workstation is Interact Software available
from the Computer Technology Corporation of Milford, Ohio. The
individually driven components can be jogged forward or reverse,
individually or together by the operator. In addition, the operator can type in
a desired offset, as described above, from the keyboard. The ability to
monitor the position, velocity, and current associated with each drive motor



mandr el support surface 720 of the rotating support 710 to periodically
engage a mandrel 300 as the mandrel is carried along a predeterm ned
portion of the closed mandrel path 320. The mandrel support surface 720

t hereby positions the unsupported second end 312 of*the nandrel 300 for
cuppi ng. Rotation of the mandrel support 710 and the rotating cam
plate 740 i swo96p836&i ded by the servo notor 711. The servo ROTAIS6RBE79dr i ves
a belt 752 about a pulley 754, which is connected to a pulley 756 by a

shaft 755. - Pulley 756, in turn, drive#Xserpentine belt 757 about pulleys
762, 764, and . . idler pulley 766. Rotation of pulley 762 drives continuous
rotation of this buiktinig, @PH‘ !éa/r?qmmkm%f’\‘ﬂrﬁ%‘-’r PRaraapie; cads\3018: o¥he on of

mandr el supﬁor position, Meladity, and tarrént assotiated wittf1 each \dfivé enctircisméadureg cam
pl ate 740 sho s N | FQE . 0 v . .
alternative e\r,‘:%rc')%i ﬁéﬁ?a dg‘\&@fa | né:%é%% ?%ﬁ%“’?%ﬁo&goﬁi‘g ﬁg'[\;%@;nm%x er nal

cam surf ace f ofespestively-ndhgirregrapynableigaatral system 5000 haltsieperation pfalt

shown, the serthe mitiver moidrs pif cariydes thet pbsition,0veloity,Camcurienfitiimits Gire
t her eby providéﬂgmgg i odic pivoting of the mandrel support 710  about the
axis 717. The Servo notor 711 is controlled to phase the rotation of the

mandrel support 710 Bigyre e the:rotalably diven tusigt @ssemblyn200iand thesplating 710
the. bedr ol 1 o0 e R e e e at ed
nurerbere of revoﬁ?&gn?gf q%ﬁe ﬂ?gdr@%%’%é@?ew'na@gr tm%fsar#ﬁph%"‘i)i i f@"of the
mandr el supporgontingousiy rotate the duirehassembiy 206hand (the wptating cuppingaarnbe
Cycio. " The rogdiriiats K5 SRS thé Boftalaits S0 st o peribrlty cbpetaht ahguit 10
Sggi te i on of ?é‘léé'héngbgloa cﬂ"’tsg)"?i'oor}‘gtﬁ'ﬁmtluffgf @ﬁ?'g@y ﬂ'?%i'i’% A9 h t he
rotation of  positienof dhe ouppingl arm2 Guppoitt platead 39 «rg, monitored biyhposition o
motors 222 or geddlvers 5200 and 5400, respectively, shown schematically in Figure 31.

The programmable drive system 5000 halts operation of all the 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 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 independently supported
rotating turret assembly 200 and rotating cupping arm support plate 430 with
separate drive motors that are controlled to maintain positional phasing of
the turret assembly 200 and the mandrel ci.npping arms 450 with a common
reference, thereby mechanically decoupling rotation of the turret assembly
200 and the cupping arm support plate 430.

In the embodiment described, the motor driving the bedroll §9 is
separate from the motor driving the rotating turret assembly 200 to
mechanically decouple rotation of the turret assembly 200 from rotation of
the bedroll 59, thereby isolating the turret assembly 200 from vibrations
caused by the upstream winding equipment. Driving the rotating turret




could be used to drive rotation of the camplate 740 through a timng ch
or other suitable gearing arrangenent. WO 96/ 38366

- PCT/ US96/ 08879 25 I'n the
enbodi ment shown, the serpentine belt 757 drives both the rotation o
the camplate 740 and the rotation of the mandrel support 710 about
axis 715. In yebosungidger enbodi nent, the serpentine belt 757 pcrrssessyob

repl aced by two separate belts. For instance, a first belt could

provi de rotation of the camplate 740 , and44 second belt coul d provide
rotation of the mandrel port 710 about its axis 715. The second belt
coul d be driven bysﬁqmblhz&t spparatelyir froghthe pedrally 59r alsagaliawn theratio of

altern ?t I ve: Iy eafdvoliftibhs P theltupRt dsserfibly RO loerevslutiONSTOf trreht?ad&on 5oGo de
separate pulley ar,an €Sl
Apgl I cati 8n Ap)p/)ar *ﬁrs@%%”?eé‘mm%%e'aﬁ‘eﬁmac%tﬂ'"%mgﬁbi@&% !'%ma?ndr el

cup 454, the nmandrel Changing the rati¢ ofitumet assembly stationsrtorheadrolhratations-gamn

ain

f
its
e

t he

web wi ndi ng segmegé uged o 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 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.

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 mandrel speed curves stored in the
random access memory can cofrespond 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
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 mandre! speed curves in addressable memory,
such as random access memory accessible to the programmable control
system 5000;

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

3) selecting a mandrel speed curve from memory, based upon the
desired change in the sheet count per iog;

4) calculating a desired change in the ratio of the rotational speeds of
the turret assembly 200 and the mandrel cupping assembly 400 to the



I nternedi ate the core | oading segnent 322 and the web w ndi ng segnent

324, an adhesive application apparatus 800 applies an adhesive to the core
302 supported on the noving mandrel 300. The adhesive application
apparatus 800 conprises a plurality of glue application nozzles 810
supported on a glue nozzle rack 820. Each nozzle 810 is in comunication

W th a pressuriwgeesasy ce of |iquid adhesive (not shown) througdressessrby
conduit 812. The glue nozzles have a check valve ball tip which rel eases an
~outflow of adhesive fromthe tip when the té4p conpressively engages a

. surface, such as the surface of a core 302. . The glue nozzle rack
820 is pivotably otatippat speed ofi the bedmil 9 as apfunction obih dichange i e
The support arns mtgﬁﬁﬁ%rﬂdgm a frane cross menber 133. The cross

' menber, 133 extends ho etvve n_the ups and fr 132
e e S ra” oo Gilitinels BEHEF ndiie n pDSHELE B3 SnedPR 03'5@332
act uat or assenbl wrwwoltanﬁoﬁmed srpdrel supppd 640 drivendytmetor 610:theapa
central axis 202. sﬁ@ﬂgﬂ"l{?dﬂ%ﬁ by mhétek 7849 the gﬂx’iﬁnéiklé‘ﬁﬂ%l@ﬁ&uﬁﬁfrréﬁséﬁl
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. the glue nozzle r
. servo notor 822, 150hdrivennby dive owdor 1222; tbemmeﬂmﬂlmg convéyer 11380udrivenshy

' menber 133. The GRGicl A320Vahd 3Ré robﬁ‘éist 8‘}%%? rafu® 356 anaéws? rABtof 20221 ' C

cam fol |l ower surfa e JF contln rotatln

o o e a5 e otk spsd of ‘HP 959878 Funcign o R deFied

rot at gd by t h'?i ﬁmh;?gemti'reﬂiHEtcﬁhMparﬂomt or assenbl y 840 provi des

R SR e i
change the ratio of the rotational speeds of the turret assembly 200 and the
mandrel cupping assembly 400 to the rotational speed of the bedroli 59;

7) changing the electronic gear ratios of the following components with
respect to the bedrolt 59 in order to change the speeds of the components
relative to the bedroll 59: the core drive roller 505A 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
cycie; determining the actual position of a component relative to the
rotational position of the bedroll within the updated log wind cycle;.
calculating the desired position of the component relative to the rotational
position of the bedroll within the updated log wind cycle; calculating a
position efror for the component from the actual and desired positions of the
component relative to the rotational position of the bedroll within the updated
log.wind cycle; and reducing the caiculated position error of the component.
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t he mandrel 300 noves al ong the closed nmandrel path 320. Accordi ngly,
gl ue can be applied to the cores 302 supported on the mandrel s 300

Wi t hout stopping notion of the mandrels 300 al ong the cl osed pat h 320.
Each mandr el v%ggs,'?]édot ated about its axis 314 by a core spi patiishenssTe
assenbly 860 as the nozzles 810 engage the core 302, thereby providing

di stribution of adhesive around the core 382 The core spinning assenbly
860 conprises a servo notor 862 which provide continuous notion of two
mandrel spinning belts 834A and 834B. Referring to F| gures 4 20A, and
20B, the core spinni ass I 0 can be ensi,on
T35 of the frape Atk Tatfigde eabodiRenscet e Fresens spvalin hadk,depn
drives a belt 8liustmte':d1addp:ldsbnbed aa&fioas ch@hges and Imgdn&ﬁallodsmaasbqomaldeys
836A and 836B, | tt g%?ez&qg ut

868A and 868B, M@L&@glﬁ mgﬁgﬁl agt %gﬂ@rﬂﬁg Fcﬂqhétsxnandrel
drive pull eys E‘ ';lb% fra axis i50 %"t?i@eﬁﬁimg@ izontdlly in theye
al ong the cl oseﬁgmcﬁmm willte dAderstovdhiat tHeettmiemssanblyemﬁmz and the

Accor di ngl Ao t |

The i osad’ randnapdrel sy B ohirted 17 Minct difechiBe, indaumb ot it b8 2 Pao

core 302 engage@ﬂmyvgl de lﬁdﬂtﬂnéls gl cover, in the appended claims, all such
modifications and intended uses.



In

59.

and a

is a function of the

rotation,

59 within a pogusscodsmycl e.

820 pivots about axis 828 as

with the rotation of the turret

assenbly 200. The pivoting of

its axis of

revol uti ons of the bedrol

d

&F

of

59 about

t he glue nozzle rack 820 is thereby

position of the bedrol

pi vot position of the glue nozzle rack 820 can be phased

an accunul at ed nunber

t he

o
-
(e}
g LOY9'0 __ }166v6'6- SBIVITSEI'L- |¥6S9°01-] €SIVITET6 [|8L66 - 1T1V]9¥08'6- |92£°0 68V
- 995’0 59866 YBIVIFTSEL- |9LSS01~| TSIV)6ITT6- |SLISY- 0TIV E1S86 -|SHTC0 88V
A ¥69C0  I8¥C001-] €81V|8S9S°L- [96b4°01-] ISIV]|LEITG6 |$659'P 611V]9668°6- |9LTL0 LY
q 88L0°0 _ |8¢90°01-] TBIVIS99L'L- |L62E'01-| OSIV|ZLOT6 |EE6V'b 81IV]S6¥66- |85€6°0 98V
§S11°0- 19901°01-) 181V ]Z6¥6'L- |S61°01- 6¢1V1920T'6-_|62EY LIIVii000t- jE6ki‘t 344
LEIEO-  1661°01-] OBIVISII'S- [96v0'01-] 8riVi8661'6- |¥991v- | 911V]1#S0'01- [£89€1 v
19160~ 16¥61°01-] 6L1V]V08TS- 6686 LYIV 88616~ 12500~ SIIV|L801°01- JLE6S'] £8V
1€CL°0- _[91vT01-] SLIVISOVY'S- | €9VL'6~ IWIVIL6616- | TSHB'E- HIV]SOt0I- o8l (414
- 6vL6'0-  |668201-1 LLIV|TH6S8- |988S°6 SPIViveoT6- |T989°€- E11V]LETT01- | 6€90°C 18V
GISII-  186£€0l-]1 9LIV|EELS- |ITZV6- iV ]69076- |8TS€- IV Z82°01- |L60ET 08V
g PpLe 1~ JEI6E01-| SLIV]PESS'S- 1bSHT6- EVIVIZEIT6 |90LE S 111V L2PEOL- | ££95°C 6LV
o L2091~ [vbPbOl-| $LIV]|9096'8- 192906 rIVIpIcT 6~ |SEITE- OlIv]sorol- 1seee 8LV
y ELE8')- |166¥01-| €ELIVIPC90'6- |BLS'S- IPIV]EIET6 | BISOE- 601V L8901~ | LS60'E LLY|
98L0°Z- |£sss01-| ZTLIV]IZ91'6- |£€69°8- orIviierce- [1006T 801V | BEES0I- |9SLEE 9Ly
69z£'C-  1£19'01- ILIV]LTST6~ |#505°8" GEIV]LIST6~ |EEPL T L01V | $009°01- | $599°¢ SLyY
LCBS'T- | €TL901-| OLIV]ISTE'G- |601E'8- SEIVICILT G- | E98ST- 901V | 89901~ | 6596C 1 /A4
99p8T- |IEEL°01-| 69IVi6bLEG~ [601'8- LEIV]Y68C6- |L8TH'C SOIV | LLELOL- JOLLTY £LY
IilE- |S68L°01-] 8IIV|bbIV'6- 14S06'L- 9E1V | bBOE6~ | SOLT T YOIV | 188L°01- | £C8S°Y iy
898€€- 1L1¢801-| LIIV]ELSH'6- |8SOL'L- SEIVIT6LE6- [T £01V[8918°01- | £9L8°Y 1A
£99°¢- S168°01-] 991V |8681'6- {8¥05°'L FEIVBISEG- |TI166°)- 201V | 7928°01- | 4091°S oLV
11s6°¢- {11v601-] SIIVISE6Y6~ |IL6TL- EEIVITOLE6- 1L68L°1- | 101VILBISOl- | LSEV'S 69V
ILyTy- 1826601~ #IIV|T6- |1T80°L- eIV bT0b'6- | 89291~ 001V ]6S6L°01- | 920L'S 89V
e 69¢Sh-  1E8VOLI-| €91V TeEr'G |TTLRD- IEIV]coeb'6- | TToV'1- 66V | ¥6SL'01- {8196°C L9v
Ny £98'p- v680°11-1  O91V]IPOV'6- [2L99'9- OEIV|9¥'6: 95621~ 86V | £01L°01- |BEIT9 99V
9 L8P1°S-  |T660°10-] 191V ]6LLEG- |899F'9- 6CIvivi6r6- |Lel'l- L6V | 66¥9°01- | 8859 9V
OLIV'S- |LEBONI-] 09IV bESE'6~ |LOLT'O- 8TIVIopes'6- |1956°0- 96V | 68LS01- | TLED | #A4
89°¢- 6vS0'tl-] 651V|90EE6- 98L0°9 LTIV ]$655°6- |STBLO S6V | £86¥°01- | 76269 £9V
; Pry6's-  fLICO'I~| 8S1V]L60E6- |4068'S- 91V 19656 |T909°0 6V L800°01- | ISSI'L (444
acm..mlv 9 _681v]180T'9- |¢I8601-1 LSIV]906T6- |LSOLS- $CIVISvED6- 169CH0- €6V |819¢°01- 19¥C0°L 919v
- 19v'9- SST60I-] 9SIV|TELT 6 |EVTS'S- yeiv]srioe6- 1ThkC'0- 6V |801€01- [SLEL 19v
A X INIOd] A X ANIOd A X JINIOd A X INIOd
V-98¢+08-0
— ANI0Ud NVO
=0 V1418Vl

The servo notor 822 is controlled to phase the periodic pivoting of the
p

gl ue nozzle rack 820 with respect to a reference that

assenbly 200 such that the glue nozzl e rack

each mandr
t heteby t

synchroni zed with rotation of the turret
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t he gl ue nozzle rack 820 is synchron

angul ar position of the bedrol

wi th respectwbosisies

The periodic pivoting of

particul ar,
charn or

enmbodi nen
gravure r
coul d be
subnerged|in p

function of
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axi s

to the axis

path 320 could include a circular arc segnent

used to
i nternedi at e tWwo RBERe! 0adi ng segnent 322 and t he web wi ndi ngPEBYRWHEBTS

The
The gl ue coated

27
surf ace.

could be generally parallel
path coul d be

such that the mandrel s 300

rolling contact with an arcuate

48

t he thickness of the glue on the gravure rol
portion of the glue coated surface of the gravure roll

324. The circular arc segnent of the closed mandrel
concentric with the surface of the gravure roll,

carry their associated cores 302 to be

202. The cl osed nandr el

PCT/ US96/ 08879
of the rotation of the gravure rol
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| ugs 1232 attached to the belts 1200 and 1210. In one enbodi nent,

support rod 1230 can extend from each end of a ¢ tray
0ds 1230 can extend

al ternative enbodi nent, _
fashi on between lugs 1232 attach
core tray 1240 can be hung from
trays 1240 ext gipgloddsbgyr nedi ate th

carried in a closed core tray pat
1222 is controlled to phase the notion of the core trays

The servo notor
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path 320. A core |oading

1300 i s positioned adjacemt the portion—of—the closed tray path

| east a portion of the closed ffay path 1241 which is aligned with

core | oadi ng segnent 322 of the closed mandrel

al ong at
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the core trays 1240
conponent

axis and a velocity conmponent generally
and the flight elements 1314 of the

conponent of velocity. The SeIIVES96/0RSTY

t hat

In the enbodi ment shown,
phase the position of the flight elenents 1314

1300 engage the cores with a vertical

hori zont al

to a mandrel
| east a portion of the core | oading segnent 322 of the

mandr el

pat h 320.

conveyor
to

oo

with respect to a reference

8366

cores 302 vertically,

to at

general ly parallel
paral |l e

cl osed

carry the

core | oading

of velocity a
1322 is contr

posi tion

of the angul ar

i Sg function
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Log Rej ect Apparatus

Figure 21 shows a | og reject appar at us 4000

positi oned downstream of the core stripping apparatus 20 "f‘
ﬂls”sat*ét

2095 and 20088 engage ¢ he +oge| AN ﬂlﬁ@ll!ﬁnﬁ?'e{ s Boo,
e

| og rej ect appar at us

the logs 51 to the
4000 i ncl udes

el enent 4030 supported on a

éftN_.

| og rej ect appar &t us -4000G
not or 4022 and a sel ectively rotat abl pcrresoesdsre

supports a first set of |og engagi ng ar r® 4035A and a second set of

oppositely extending | og

frame 4010. The rotatable reject el ement 4030

engagi ng arns 4035B (three arns 4035A and-t hr ee

arns 4035B shown in Figure 21). During normal operation, the |ogs

51 received by the | og reject

apparatus 4000 are carried by continuously

driven rol |l ers 4050Atroardrel cupping assepibiynfor releasably, ergaging dhey epdyofde bi n
or other suitable shgfafififof m%ﬁﬂ@iﬁ apportetén é%ékﬂnﬁndiﬁéﬂ:r?e’trasbémérl weh by

the servo notor 20
surface speed a fi

2014.

arrangenent

det agreraidy g&murgﬁé?‘wﬂ@mfmpﬁ@s ekERdRdraed s © °
The rollers 4050 cam turrehass&rgblyrwal aixis anddriven inml clasedymahndrel path 51 at
a speed hi gher tha”abo&'ﬁ?étﬁet%sﬁﬂﬂlﬁ‘ﬁeﬁt%%xﬁr %é’h%él%pﬁhgt%eﬁ'lﬂlﬂht S

comprising:

a cupping arm associated with each mandrel, the cupping arm having
a mandrel cup for releasably engaging the end of a mandrel; and

a rotating cupping arm suppbrt. each cupping arm carried in a path
about the turret assembly central axis on the rotating cupping arm
support, each cupping arm supported by the rotating cupping arm
support to permit rotation of the cupping arm relative to the
rotating cupping arm support about a cupping arm pivot axis from
a first cupped position to a second uncupped position, and
wherein the distance between the cupping arm pivot axis and the
turret assembly central axis varies as a function of the position of -
the cupping arm about the turret assembly central axis.

The mandrel cupping assembly of Claim 1 wherein the rotating

cupping arm support comprises.

a rotating plate extending generally perpendicular to the turret
assembly central axis and rotatably driven about the turret
assembly central axis; and

a plurality of cupping arm support members supported on the rotating
plate for movement reiative to the rotating plate, wherein each
cupping arm is pivotably joined to a cupping arm support member
to permit rotation of the cupping arm relative to the cupping arm
support member about a cupping arm pivot axis;

wherein each cupping arm support member is preferably slidably

supported on the rotating plate for translation relative to the
rotating plate along a path having a radial component relative to
the turret assembly central axis; and

wherein each cupping arm support is preferably slidably supported on
the rotating plate for translation relative to the rotating plate along
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instances, it is desi rabl e to di rect one s .51 toja SREBIAGED
reject station, such as a di sposal waﬂﬁ n.i For ilnst-anrees ofre
or nore defectlve | ogs 51 may be pr & «artup of the web

w ndi ng appar atwigedHasseor al ternati vel y a 1 og defect sensing OREESI6O887 be
used to detect defective logs 51 at any tine during operation of the
apparatus 90. The servo notor 4022 can be&7ontrolled manual | y- or

automatically to internmittently rotate the el ement 4030 in increments of
about 180 degrees. Each & ipath th?émlg andangeniab comnopent Jelatiye tndhectumet e

of the sets of |og engagiss@mbiyGentfdBaxisor 4035B engages the |og 51
supported on the rollers 4050 at that instant. The log is lifted fromthe

rollers 4050, and dlrected to the reject station. At the end of the
i ncrenent al r o8at | the prangdrel cuppingnasseothly of Gdaimsnib o -further SomprismgsA or

4035B is in positigivott axi ﬁ;mmoé‘ d\idé foefveryiny ethbodistance between the

Mandrel Descri.ption %%ﬁﬁjﬁogﬁ{'ﬁ%@és%iaégﬁ%‘ 8@8{)‘”“"’ of a

mandrel 300 accordin plqgoa
fromthe first end 3he rotating chppingcanm support iprotatehle tekativeateuthe pivot ax|s
| ongi tudi nal axis 3lgbsit el i ncl udes a rrandrel body 3000, a

def ormabl e core enga n% '3100 0 on 00, and a

mandr el nosepi ece 32‘8'165%"5%58?@@"5?"3 p‘ﬁ‘fb‘”@&%’!’f em#%bgesqg%og\ ndrel . The

mandr el body 3000 cawhenein thecpivot axds positioning gmrle)preietab&ehasmre@rfaoao

and a non-netal lic corm%ﬂﬁ&modwd{eebwé@% AllaRets the tiriét dsdbmibEciréa? t he

steel tube 3010 and the steel

axis; and

wherein each cupping arm support member preferably has an

associated cam follower for engagement with the cam surface of

the pivot axis positioning guide.

4. The mandrel cupping assembly of Claims 1, 2, or 3 further comprising:
at least one cam follower supported on each cupping arm and
pivotable about the cupping arm pivot axis; and
at least one cam surface engageable by the cam foliower supported on
the cupping arm for providing rotation of the cupping arm about
the cupping arm pivot axls

5. The mandrel cupping assembly of Claims 1, 2, 3, or 4 wherein each-
cupping arm comprises at least tiwo cam followers supported on the
cupping arm and pivotabie about the cupping arm pivot axis;
wherein the mandrel cupping assembly preferably comprises at least
two stationary cam surfaces; '

wherein one cam surface is preferably engageable by one of the cam
followers supported on the cupping arm to hold the cupping arm
in the first cupped position; and

wherein the other cam surface is preferably engageabile by the other
one of the cam followers supported on the cupping arm to hold
the cupping arm in the second uncupped position.

6. A mandrel cupping assembly for releasably engaging the ends of a.
plurality of mandrels supported on a web winding turret assembly, the

This Sheet Has. Beén Rei]aced
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endpi ece 3040. At least a portion of the core engaging nenber 3100 _
is deformable froma first sha for e qﬂgs SHEETFAS'BEEN |

surface of a hol | ow core 302 after s positjoned
mandrel 300 by the core | oadi ng m@mmu he mand RE?’L?\bED
3200 can be slidably supported o and is displaceable

relative to tywe ogBs¥gE €! body 3000 for def or m ng the def or npbt/esesesss
engagi ng nmenber 3100 from the first shape to the second shape. The
mandr el nosepi ece i s displ aceabl e rel at%&e to the-fmandrel body 3000 by a

mandr el cup 454. The defornable core agi ng nenper,. 3100
conpri se olrcl)e or maéFﬁ@Pg/c‘iﬂnﬂﬂﬂsmﬂ‘%Pﬁﬁﬁ’F Is extending %aﬂ@gi?‘?i gure

30) radially  supaciutret assembly céntral apdsd pnd adriveJin. a Ryjosed mandrsll path

deformable” it is poRARE { f shape
to the second shgge un%er ?‘H@gﬁ{’ﬂ dptgﬁ I'*r?é ase%@ﬁsg%’ég t he
menber 3100 compyising; 38366

PCT/ US96/ 08879 a cupping arm associated with each mandrel,38ach cuppingnarm

substantially to the fyfghg Sé‘%ﬂ&ndrlﬁ%uﬁ%?réﬁeé&&ﬁﬁpbﬁﬁﬁguﬁ&f}hé end of a
mandrel;

a rotating cupping arm support, each cupping arm carried in a path
about the turret assembly central axis on the rotating cupping arm
support, each cupping arm supported by the rotating cupping am
support to permit rotation of the cupping arm relative to the
rotating cupping arm support about a cupping arm pivot axis from
a first cupped position wherein the mandrel cup engages a
mandrel end to a second uncupped position;

at least one cam follower supported on each cupping arm and
pivotable about the cupping arm pivot axis; and

at least one stationary cam surface engageable by the cam follower
supported on the cupping arm for providing rotation of the
cupping arm about the cupping arm pivot axis.

7. The mandrel cupping assembly of Claim 6 wherein each cupping arm
comprises at least two cam followers supported on the cupping arm
and pivotable about the cupping arm pivot axis; |
wherein the mandrel cupping assembly preferably comprises at least

two stationary cam surfaces; '
wherein one cam surface is preferably engageable by one of the cam
followers supported on the cupping arm to hold the cupping arm
in the first cupped position; and
wherein the other cam surface is preferably engageable by the other
one of the cam followers supporied on the cupping arm to hold
the cupping arm in the second uncupped position.

8. A mandrel cupping assembly for releasably engaging the ends of a
piurality of mandrels supported on a web winding turret assembly, the
turret assembly comprising a plurality of mandrels driven in a closed
mandrel path, the mandrel cupping assembly comprising:

Thls Sheet Has Been Replaced

W III




di spl aced relative to the endpiece 3040 to conpress the rings 3110, thereby

causing the rings 3100 to elastic

Fally
di rection to engage the inside dianeter re 302. %ME'I?HAS BEEN |
i|lustrates def or mati on of the d?ﬂ“‘tﬂﬂ“ lﬂ F\m agi ng Irrber RERLACED

Fi gures 28 and 29 are enlarged vi ron of the nosepiece 3200
show ng Dt ivpd odMgadgne NOSepi ece 3200 reI ative to steel end

Referring to the conmponents of the nmandrel 300 in nore detail, the first
and second bearing housi ngs 352 and 354 ha§§ beari ngs 352A and 354A for

rotatably supporting the steel tube 3010 about the mandrel axis 314. The
mandrel drive pulley 33gp daﬁh%éé&b%"ted)%hﬂéaéﬁgnﬁhﬁréi'oéh&h Qﬂ@%mg afmt he

steel tube 3010 interne e the b arl si.n 52 and. 35
mandre| drive pulley 33% aving; ., ogn E?‘t‘ﬂ‘g E‘fe@qle%ﬂ?zv ﬁ??@g'"gnﬁ'et ﬁBg of &
pulley 339 can be rot maridrel; supported on an extension of the bearing

housing 352 by 'd|aefotﬂl!éb|yebln\;§fifdt%%§9@mn%% Siiort R rdtatig Rupbiy 339

free wheel s relative to eel

S
i ncl udes a shoul der 3028™MGUPRAY RMRISIPRL '69 platg ap '§@§%f|°\989'"8nto
the mandrel 300. The shanhdsupml‘ROmmheremed ohr dbe urotatingo qplte aforshown

n Figure 26, and can hiiehndrtrbiige té%&%%ﬁn@ platéSWhéiein eabRdupping! the

core 302 relative to the mandr el surface o

shaped shoul der 3020 cafi™Be!St BY %I%P&’PPW a"st%Wétl W“'!Q?tﬁ
radi al |y extendi ng spli pemm}a&noﬁhﬂ thpl cupping3@pd redativecto thencdpping wnmmpaced

about the circunference gﬁpéﬁﬁ}mldé’%bhé%ﬂp'{'g epl\i&ldx%es can be tapered

as they extend axially From t to ri and each spline
3022 can have a generally triangular cross- sectlon at any gi ven | ocation
along its |engtB. wThe mandichtuppihy assemblylof Olaint 8 adiereintthe closeé manginelul der
3020 and a rel ativelp\éﬂpgr,{d?%im.for engagi ng the ends of the cores.

10. The mandrel cupping assembly of Ciaims 8 or 9 further comprising a
pivot axis positioning guide for positioning the pivot axis of each
cupping arm; '
wherein the pivot axis positioning guide is preferably stationary;
wherein the pivot axis positioning guide preferably has a cam surface -
for positioning the pivot axis of each cupping arms; and

wherein each cupping amm support member preferably has an
associated cam follower for engagement with the cam surface of
the pivot axis positioning guide.
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The steel tube 3010 has a reduced di anmeter end 3012 (Figure 26) whi ch
extends fromthe shoul der 3020. The conposite mandrel tube 3030 ext ends
froma first end 3032 to a second end 3034. The first end 3032 ext ends
over the reduced dianmeter end 3012 of the steel tube 3010. The first end
3032 of the conposite mandrel tube 3030 is joined to the reduced di anet er
end 3012, suchyiseda¥ssgdhesi ve bonding. The conposite mandrel

can conprise a carbon conposite construction. Referring to Figures 26 and

30, a second end 3034 of the conposite mandrel zef 3030 is joined to the
steel endpi ece 3040. The endpi ece 3040 has a f| WD 96/ 38366
PCT/ US96/ 08879 3042 and a second

end 3044. The first end 3042 of the. endpiece 3040 flts inside of, and is
joined.to the second end 3034 of the conpo%gte mandr@| t ube 3030.

The deformabl e core engagi ng nmber 3Q00 i spaced ong the mandrel axis
314 internedi ate the shoul der 63020 aMﬂtr1 nosepi ede 3200

1134:

4 "*:yefflw

A \“\'\'i'\;‘f\“‘*\\‘\ v ed B
8 Rpsde 8 5
—-""' ‘:-;i;'- N Jd’

822




The deformabl e core engagi ng nmenber 3100 can conprise an annul ar ring
havi ng an inner dianeter greater than the outer dianeter of a portion of

t he endpi ece 3040, and can be radially supported on the endpi ece 3040.
The def ormabl e core engagi ng nenber 3100 can extend axially between a
shoul der 3041 on-the endpi ece 3040 and a shoul der 3205 on the nosepi ece
3200, as showedsRsdss gure 30. The nmenber 3100 pr ef er alpCyubssnssr
substantially circunferentially continuous surface for radially engagi ng
a core. A suitable continuous surface c%n/aa provided by a ring shaped
menber 3100. A substantially ci rcunf er ent’i y continuous surface for
radi ally engagﬁhg a re provides t he advantage that the forces
constraining tde forgf to t&e Gair e di st2i butedg rat her than
concentrated. O at edX dPc &, csuc as tho p;pnided by conventi onal

core | ocking | ug cauSe Je By
"substantially d} CE arentﬁdll copt ifnuods” /it i s neant |t hat e surface
of the nenber 31 ges tNe gfe of thelcofe around at |east
about 51 percentj fergprl d at angt abput |75 percent, and

nost preferably Jarou at | east t
t he core. The or e
el astically defdrmabl e rin n

Il p &End of thelcircunference of
'r1LF§ﬁber B10¢ can conprise two

of Tor™ed pf 40 duroneter "A"

urethane, and tHree fying , 0 B nefl oﬁ arelatively
harder 60 durongter | D E} . 110A an{l 3310B each have an
unbr oken, circurffereptia nt urfpge 3112 for jengagi ng a core.

The rings 3130 gnd 3140 ca ve %—éh ped cfpss-sect|ong for engaging t he
shoul ders 3041 gnd 3R05, r (ngbeuy. The ng 3150]cap have a generally
T- shaped cross-iection. Ri n ?§1TGA qxtends tween apd ifs joined to rings
3130 and 3150. ﬁng 3110B ends b%t en a I's joihed '
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to rings 3150 and 3140. The nosepi ece 3200 is slidably supported on
bushi ngs 3300 to permt axi al displacenent of the nosepiece 3200 rel ative
to the endpi ece 3040. Sui t abl e bushi ngs 3300 conprise a LEMPCOLOY base
material with a LEMPCOAT 15 coating. Such bushings are manufactured by
LEMPCO WD 96/ 38366 ,

PCT/ US96/ 08879 WO 96/38366 35 I NduPCTUSS6/03879

Cl evel and, Onhi o. When nosepi ece 3200 is displaced al ong the axis 314
toward the endpi ece 3040, the deformabl e coreZfMR@gi ng nenber 3100 is
conpressed between the shoul ders 3041 and 3205, causing the rings 3110A
and 3110B to buckle radially outwardly, qggshomn I n phantomin Fi gure

30. Axi al notion of the nosepiec 200 relative to the endpiece
3040 i s limted by a threaded fastepér 3060, as shown in Figures 28 and
29. The fastener 3060 has a head 3062 and a threadgQ yshank 3064. The
t hr eaded shank 3064 extends t 63/ |y extgrnding bore 3245 in
t he nosepi ece v _ W, d hol e: 3045 di sposed in the

second end 3044 o§0




to the dianeter of the bore 3245, thereby limting the axial displacenent
of t he nosepi ece 3200 relative to the endpi ece 3040. A coil spring 3070
i's di sposed internedi ate the end 3044 of the endpiece 3040 and the
nosepi ece 3200 for biasing the mandrel nosepiece fromthe mandrel body.
Once a core is |loaded onto the mandrel 300, the mandrel cupping assenbly
provi des the fefddasispn force for conmpressing the rings 3110ApeTarsdsossrs10B.
As shown in Figure 28, a mandrel cup 454 engages the nosepiece 3200,

t her eby conpressing the spring 3070 and ngﬁéégbthe nosepi ece to slide
axially along mandrel axis 314 toward the 44. This notion of t he
nosepi ece 3200 relative to the endpi ece 3040 conpresses the rings 3110A
and 3110B, causing themto deformradially outwardly to have general ly
convex surfaces 3112 for engaging a core on the mandrel. Once wi ndi ng of
the web on the core is conplete and the mandrel cup 454 is retracted,
the spring 3070 urges the nosepi ece 3200 axially away fromthe endpi ece
3040,, thereby returning the rings 3110A and to their original,
general ly cylindrical undefornmed shape. re can then be renoved
fromthe mandrel by the core strigptm "=~ The nandrel 300
al so conprises an antirot at3e® gyl Syricting % rotation of the
nmandrel nosepi ece 3200 about the axi 14, relative to_ﬁhg S%Qandrel body
3000. The antirotation nenggg /Coffili se a $et screw / éé . The set
screw 3800 threads into a tapped W ich i$ perpendiéular to and

I ntersects the tapped hol e 3045 in 4 of _the éndpiece 3040.
The set screw 3800 abuts agai nst EZB tlr eaded} {8368ner 3060 to pr event
the fastener 3060 from com ng Iog fir ndpi ece 3040. The set
screw 3800 extends fron1ﬁ2§ ggd I ec 0 n Fg eceived in an axially
extending slot 3850 int ﬂ' epl %'3@319 of the
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WD 96/ 38366

PCT/ US96/ 08879 . 36 nosepi ece 3200
relative to the endpi ece 3040 I s accommodat ed by t he el ongat ed sl ot

3850, while rotation of the nosepiece 3200 relative to the endpi ece 3040
I's prevented by engagenent of the set screw 3800 with the sides of the
sl ot 3850. WO 96RB366r nat i vel y, the defornabl e core engagi ngpoemwessossys00
can conprise a metal conponent which elastically deforns in a radially
out war d direction, such as by elastic buckliqgéfggen conpressed. For

I nstance, the def ormabl e core engagi ng nenber can conprise one or
nore net al rings having circunferentially spaced apart and axially

ext endi ng sl ots. Circunferentially spaced apart portions of a ring

i ntermedi ate each pair of adj acent slots deformradially outwardly when
the ring is conpressed by notion of the sliding nosepiece during cupping
of the second end of the mandr el . Servo Motor
Control* System The web wi ndi ng apparatus 90 can conprise a control
system for phasi ng the position of a nunber of independently driven
.conponents with

145
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362
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326 320
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respect to a conmon position reference, so that the position of one of the
conponents can be synchroni zed with the position of one or nore other
conmponents. By "independently driven" it is meant that the positions of the
conmponents are not nechanically coupl ed, such as by mechani cal gear
trai ns, nechanical pulley arrangenents, nechanical |inkages, nechanica
cam mechani sgk, o6Rk3ept Ner mechani cal neans. I n one enbodi MeENPCTAR/8879
position of each of the independently driven conponents can be
el ectronically phased with respect to oneﬁizaégwe ot her conponents, such

C

as by the use of electronic gear ratios o troni c cans. I n one
enbodi nent, the positions of the independently driven conponents is
phased with respect to a conmon reference that is a function of the

angul ar position of the bedroll 59 about its axis of rotation, and a
function of an accunul ated nunber of revolutions of the bedroll 59. In
particul ar, the positions of the independently driven conponents can be
phased with respect to the position of the bedroll 59 within a | og w nd

cycl e. Each revolution of the bedroll 59 corresponds to a fraction
of alog - wind cycle. Alog wind cycle can be defined as equaling 360
degree increnents. For instance, if there are sixty-four 11 1/4 inch
sheets on each web wound | og 51, and if the circunference of the bedrol

is 45 inches, then four s w1l be wound per bedroll revolution, and
one log cycle will be
339
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WD 96/ 38366 PCT/ US96/ 08879
37 conpleted (one log 51 will be wound) for each 16 revol utions of the
bedrol I . Accordingly, each revolution of the bedroll 59 will correspond
. to 22.5 degrees of a 360 degree log wind cycle. The

i ndependently driven conponents can include: the turret assenbly 200
~driven by not okyg’esssds- - @ 4HP servo notor); the rotating PCIYIIN96/08879

. cuppi ng arm support 410 driven by the notor éﬁz gf.g. a 4 HP Servo '
“notor); the roller 505A and nmand support 028 i ven by a 2 HP servo

nmotor 510 (the roller 50% 'pd’f nggﬁ support 610 are mechani cal |y
coupl ed); the naggﬁpl F o) ’ driven by notor 711 (e.g. a 2
HP servo notor); e q; g%%e rack actuator assenbly 840 driven by
motor 822 (e.g. a 2 HP._gelWo  fiotor); the core carrousel 1100 and core
gui de assenbly 1500 dritwre xR 2 HP servo notor 1222 (rotation of t he
core carrousel 1100 aJ e gui de assenbly 1500 are mechani cal |y
coupl ed); the core | oadi 3896 1300 driven by notor . 1322 (e.g. a 2
HP servo notor); and the jg& stppiggioconveyor 2010 driven by not or
2022 (e.g. a 4 HxgeLVo. A pr). O her conponents, such as core drive
rol | er 505B/ not or ¢gore glue spinning assenbly 860/ notor 862, can
be i ndependently dfiven, Hutdo Mo qui re phasing with the bedrol | 59.
| ndependent |y driven nts an eir associated drive notors are
shown schenatical | y-W tred | e control system 5000 in Figure
31. The Ezﬂroll 1 3%/, sociated proximty switch. The
proximty ] oA

A Y

\ |
220\

359




swi tch makes contact once for each revolution of the bedroll 59, at a given
bedrol | angul ar position. The programuabl e control system 5000 can count
and store the nunber of tinmes the bedroll 59 has conpleted a revolution
(the nunber of tinmes the bedroll proximty switch has made contact) since
the conpletion of winding of the last |og 51. Each of the independently
driven conpowevsssssan al so have a proximty switch for defi RCTUySEs/dssne

posi tion of the conponent. The phasing of the position of the

i ndependent |y driven conponents with rgfp cl to a common reference, such
as the position of the bedroll w thin /gﬁémdnd cycle, can be
acconplished in a closed | oop fashion. The phasi ng of the position of

t he i ndependently driven conponents with respect to the position of the
bedroll within a log wind cycle can include the steps of: det er mi ni ng

the rotational position of the bedroll wthin a log wind cycle,

determ ning the actual position of a conponent relative to the rotational
position of the bedroll within the I og wind cycle; calculating the desired
WD 96/ 38366

PCT/ US96/ 08879 position of the
conponent relative to the rotational F5|f 8% of t e bedr 24
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within the log wind cycle; calculating a position error for the conponent
from  the actual and desired positions of the conponent relative to the
rot ati onal position of the bedroll within the log wind cycle; and
reduci ng the cal cul at ed position error of the conponent. I n one
enbodi ment, the position error of each conponent can be cal cul at ed once
at the start upvadesassss web w ndi ng apparatus 90. \Wen cont a®CIVES96/088%%
made by the bedroll proximty switch at start up, the position of the

bedroll with t'to e log wind cyclen§$p2§$ cal cul ated based upon

i nformation sqore i REF ac S ne t he progranmabl e

control syste a tdoo ™ the proximty switch associated with
t he bedroll f|4§agpa a53N1sa gi up, the actual position of each
conmponent relativ 0 tatlo § ition of the bedroll within the |og
cycle is determn ?%?psducer such as an encoder associ ated
with the notor_drilviin - r % The desired position of the

conmponent rel o rof at TofdP Aosition of the bedroll within the |og
wi nd cycle can be ' sing an electronic gear ratio for each
conponent stored i n.ag@gxs nmenory of the programmable  control
syst em 5000. e e bedroll proximty switch'first nakes contact
at the start up 359 Wi ﬁ@ apparatus 90, the accumul ated nunber of
rotations of the bedriqht™ si nce etion of the last log wind cycle, the
sheet count p&58 e sheey |l endgth, and the bedroll circunference can
be read fron1§§ ccels 430f the programmabl e control system
5000. For e; © bgdroll had conpl eted seven rotations into

alog wind cydl

for - maintenande)
upon re-startijng
ei ghth full

he/wi ndijpg apparatus 90 was stopped (e.g. shutdown
e bedrofl proximty switch first nmakes contact
ndi ng appay atus 90, the bedroll conpletes its
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rotation since the last Iog wnd cycle was conpl eted. Accordingly, the
bedroll at that instant is at the 180 degree (halfway) position of the |og
wi nd cycl e, because for the given sheet count, sheet |ength and bedroll
circunference, each rotation of the bedroll corresponds to 4 sheets of the
64 sheet |1 og, and 16 revolutions of the bedroll are required to wi nd one
conplete | 0g. woogmsssphen contact is first made by the bedrol IPQIESL6E88TIY
switch at start up, t he desired position of each of the independently
driven conmponents with respect to the posig’b})és)f the bedroll in the |og
wi nd cycle is calcul ated WD 96/ 3836 _
PCT/ US96/ 08879 39 based upon the
el ectronic gear ratio for that conponent and the position of t he bedrol |
within ,the wind cycle. The cal cul ated, desired position of each
i ndependently driven corrponent with respect to tigg20g wind cycle can then
- be conpared to the actual position of the corrwﬁent nmeasured by a
: transducer, such as an encode AR -the—pntor driving the
"AOI/ﬁt 4R4conponent . with respect
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to the bedroll position in the log wind cycle is conpared to the actual
position of the conmponent with respect to the bedroll position in the |og
wi nd cycle to provide a conponent position error. The notor driving the
conponent can then be adjusted, such as by adjusting the notors speed
with a notor controller, to drive the position error of the conponent to

zero. Rob obs3ger! €, when the proximty switch associ at ERCHPSIFOESH:
bedrol | first makes contact at start up, the desired angul ar position of
the rotating turret assenbly 200 with reﬁﬁfg%to the position of the
bedroll in the | og w nd cycle can be cal d based upon the nunber of
revol utions the bedroll has nmade during theqggmgent og wind cycle, the
sheet count, the sheeggQAl ength, the ci rcunZérence of the bedroll, and the
el ectronic gear ratip stored for3igpe turnet assenbl y3920..The act ual

2003 Q0 eest $Nng a suitable
An Fhsdueer—1 s an encoder

angul ar position of §he tn3Q® __Lasseml
transducer. Referridg ' ‘ﬂs
5222 associ at ed "\‘\\ 2 ot oF
actual position (@ 2%
relative to the ps OF

t hen used to control DS
control l er 5030B, and -1: o3Py

and it46@esired position
Che | ind cycle is
) c%g%\£V\ﬁthanotor

PhH3the turret
cuppi ng arm

assenbly 200 to ﬁ'@ 0

support 410 can Xoht rol | ¢
the support 410 fi86 W hchron
200. An encoder 5422 Whssocid
cuppi ng assenbly 400 2




turret assenbly 200 and the support 410 relative to a common reference,
such as the position of the bedroll 59 within the log wnd cycle, the
rotation of the mandrel cupping arm support 410 is synchronized with
that of the turret assenbly 200, and twi sting of the mandrels 300 is
avoi ded. WD 96/ 38366

PCT/ US96/ 08848 oeras3ss ' 40 POTERINESSIY el v,
the position o tﬁ% i ndependently driven conponents coul d be phased with
respect to a reference other than the poEgyng of the bedroll within a

|l og wi nd cycl e. The position err an i ndependently driven
conponent can he reduced to zero by controlling the speed of the notor
driving that particular conponent I n one enbodi nent, the value of the
position error is used to det ermi ne whet her the conponent  can be brought
into phase with the bedroll nore quickly by increasing the drive notor
speed, or by decreasing the notor speed.  If the value of the position
error is positive (the actual position of the conponent is "ahead" of the
desired position of the conponent), the drive notor speed is decreased.

I f the value of the position




error is negative (the actual position of the conponent is "behind" the
desired position of the conponent), the drive notor speed is increased. In
one enbodi nent, the position error is calculated for. each conponent when
the bedroll proximty switch first makes contact at start up, and a linear
variation in the speed of the associated drive notor is determned to drive
the position erwereshgssger o over the remai ning portion of the | BOTAIBYW8879

cycl e. Norrmal Iy, the position of a conmponent in |og wi nd cycle

degr ees shoul d correspond to the position E$é? ‘bedroll in log cycle
degrees (e.g., the position of a conponent 0og wi nd cycl e degrees
shoul d be zero when the position of the bedroll in log wind cycle degrees
is zero.) For instance, when the bedroll proximty switch nmakes contact
at the.beginning of a w nd cycle (zero wind cycle degrees), the notor 222
and the turret asserfsty 266 Shg be an angul ar posijti on such that
the actual positionjof fhe turret asse ed by the encoder
5222 corresponds toja {calculatgd, desirjed position of zqgfo wi nd cycle
degrees. However, iﬁ t hp—trett drivijhg the turretjasgenbly 200 shoul d
slip, or if the axi¢ off the notor houl d ot her erelative to
the turret asspply]200, the encod Wil no | onger| prov|jde the correct
actual position of §he furret assenbly} 200. : Ijn one] enbodi ment the
programmabl e controlf sylstem can be programmed to alj ow ah operator to

of fpet can be
bl £ control system

provi de an offset f@r that particuliar Tsccinponent. Th
entered into the rafpdonh access nempr !

in increnments of abgut [1/1Q I cycle Accordi ngly, when
t he actual position}of confjone mat ches t he desi cal cul ated
position of the conpon e of fset;—the ¢ onent is
considered to be inj{ph he position o e bedroll in
the log wind cycle.{Su ffis ca il [T !
s e N %0

505A .

5058
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615—

Fig. 15
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41 continued operation of the w nder apparatus 90 until mechani cal

adj ust rents can be nmade. e I n one enbodi nent, a suitable programuable
control system 5000 for phasi ng the position of the independently driven
conponents conprises a programmuabl e el ectronic drive control system
havi ng pr ogr anwadléssssendom access nenory, such as an AUTOVB¢tusosnss7o
programuabl e drive control system manuf actured by the Reliance Electric
Conmpany of C evel and, Ghio. The AUTOVAX jax anmabl e drive system can be
operated using the followng . manuals, all of which are incorporated
herein by reference: AUTOVAX System Qperati on Manual Version 3.0
J2-3005; AUTQOVAX Progranm ng Ref erence Manual J-3686; and AUTOVAX

Har dwar e Ref erence Manual J- 3656, 3658. It will be understood, however,
that in other enbodi nents of the present invention, other control
systens, such as those available from Emer son El ectroni ¢ Conpany,
G ddi ngs and Lewis, and the General Electric Conpany coul d al so _be used.
Referring to Figure 31, -the AUTOVAX pro ' optt ol /sﬁdﬂsm
I ncl udes one or nore power prres 5010 3ﬂj 1
o o
| ° -
O5A .
SOSA\ oI - =
530 —~
N 8
!
540 —




nodul e 5012, two Model 7010 m croprocessors 5014, a network connection
nodul e 5016, a plurality of dual axis programmabl e cards 5018 (each axis
corresponding to a notor driyving one of the independently driven
conponents), resolver input nodul es 5020, general input/output cards 5022,
and a VAC digital output card 5024. The AUTOMAX system al so includes a
plurality of noglebss¥3800 notor controll ers 5030A- K. Each not apCT/USSGHE37Y er
is associated with a particular drive notor. For instance, notor controller
5030B i s associated with the servo notor 222[5y/2i6h drives rotation of the
turret assenbly 200. The common nenory” modul e 5012 provides an

I nterface between mul tiple mcroprocessors. The two Mbdel 7010

m croprocessors execute @ software progranms which control the independently
driven, conponents. The network connection nodule 5016 transmits control
and status data bet ween an operator interface and ot her conponents of the
pr ogr ammabl e control system 5000, as well as between the programmbl e
control. system 5000 and a pkogra bl e mandrel drive control system 6000
di scussed bel ow. The dual £ax progr ammabl e cards 5018 provi i ndi vi dual
control of each of the in ent driven conponents. The siygnal from

t he bedroll proximty switchiijs ha=d@red into eagh of the du axi s
programmabl e cards 5018. \gThef resol vekri anE @dul%s %020 convert the
angul ar di spl acenent of = o ~ Ly ;
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o
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42 the resol vers 5200 and 5400 (discussed below) into digital data. The
general input/output cards 5022 provide a path for data exchange anong

di fferent. conponents of the control system 5000. The VAC digital output
card 5024 provides output to brakes 5224 and 5424 associated with notors
222 and 422, wosgsséd vel y. I n one enbodi nent, the nePCRES96/0887%
notors 332A and 332B are controlled by a programmabl e nmandrel drive
control system 6000, - shown schematically in Figure 32. The notors 332A
and 332B can be 30 HP, 460 Vol t AC rot ol€/2@e programmabl e mandre

drive control system 6000 can i ncl ude an AUTOMAX systemincluding a
power supply 6010, a conmon menory nodul e 6012 havi ng random access
menory, two central processing units 6014, a network conmuni cation card
6016 for providing communi cati on between the progranmabl e mandr el

control system 6000 and the progranmabl e control system 5000, resolver

i nput cards 6020A- 6020D, and Serial Dual Port cards 6022A and 6022B.
The progranmabl e mandrel drive control system 6000 can al so include AC
notor controllers 6030A and 6030B, each having current feedback 6032 and
speed regqgul ator 6034 inputs. Resolver input cards 6020A and 6020B
receive inputs from resol vers 6200A and 6200B, which provide a signal
related to the rotary position of the mandrel drive notors 332A and
332B, respectively. Resol ver iﬁﬁ@ﬁ)card 6020C receives input froma
resol ver 6200C, which provides a;b signal related to the angul ar position
0

of the rotating turret assenbly In
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one enbodi nent, the resolver 6200C and the resolver 5200 in Figure 31

can be one and the sane. Resol ver input card 6020D receives input froma
resol ver 6200D, which provides a signal related to the angul ar position of
t he bedroll 59. An operator interface (not shown), which can

i ncl ude a keyboard and di spl ay screen, can be used to enter data into,
and di spl ay vwebdsssgsom t he programmabl e drive system 500RCTUSAGI8STY)| o
operator interface is a XYCOM Seri es 8000 Industrial Wrkstation

manuf actured by the Xycom Cor por ati on of leézﬁ M chi gan. Suitable

operator interface software for use with COM Seri es 8000
wor kstation is Interact Software avail abl e fromthe Conputer Technol ogy
Corporation of MIford, Gnhio. The i ndi vidually driven conponents can be
jogged forward or reverse, i ndividually or together by the operator. In
addition, the operator can type in a desired offset, as described above,
fromthe keyboard. The ability to noni tor the position, velocity, and
curr.ent associated with each drive notor WD 96/ 38366
PCT/ US96/ 08879 43
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is built into (hard wired into) the dual axis programmabl e cards 5018. The
position, velocity, and current associated with each drive notor is

nmeasur ed and conpared with associated position, velocity and current
limts, respectively. The progranmabl e control- system 5000 halts
operation of all the drive notors if any of the position, velocity, or
current |im twomesssss exceeded. In Figure 2, the rot rCasyseds®ven
turret assenbly 200 and the rotating cuppi ng arm support plate 430 are
rotatably driven by separate servo nDtorég%aé and 422, respectively. The
nmotors 222 and 422 can conti nuously roti e turret assenbly 200 and
the rotating cupping arm support plate 430 about the central axis 202,

at a generally constant angul ar vel ocity. The angul ar position of the
turret assenbly 200 and the angul ar position of the cuygpye~arm support

plate 430 are nonitored by position resolvertsgibﬁéé d 54p
respectively, shown schematically in Figure 31. T 5
system 5000 halts operation of all the driv tors
position the turret assenbly 200 chang342--§%ﬂ?h.n
nunber of angul ar degrees with respect to t~e\hno
support plate 430, as neasured by the positio
In an alternative embodinent, the rotat@dfy ;‘
and the cupping arm support plate 430,69 i
and be driven by a single drive notor SO
di sadvant age t hat torsion of thq3g:‘pn’
turret and cupping arm SuppogRsSS gD
m sposi tioning of the mandr
connecting hub is not e su
L3R e

apparatus of the pres I

314
132 300
I

Fig.20A



rotating turret assenbly 200 and rotating cupping arm support plate 430
wth separate drive notors that are controlled to maintain positiona
phasi ng of the turret assenbly 200 and the nmandrel cupping arns 450 with
a common reference, thereby nmechanically decoupling rotation of the
turret assenbly 200 and the cupping arm support plate 430. In the
enbodi nent dewa¥dedgsss t he notor driving the bedroll 59 is PCWAISHG/08879r OM
the notor driving the rotating turret assenbly 200 to mechani cal |y
decouple rotation of the turret assenbly 20%%7? rotation of t he bedr ol
59, thereby isolating the turret assenbly 2 rom vi brations caused by

t he upstream w ndi ng equi pnent. Driving the rotating turret WO
96/ 38366 PCT/ US96/ 08879
44 . assenbly 200 separately fromthe bedroll 59 al so al B8\t he io of
revolutions of the turret assenblé 200 to revolutions of the b 0
be changed el ectronically, rat860Qthan by changi ng nechani ca ear
trains. "Changing the ratio ofN\turret assenbly rotationsjto bedrol
rotations can be used to change the ength of the web wound ¢n each
core, and therefore (
"
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change the number of perforated sheets of the web which are wound on
each core. For instance, if the ratio of the turret assenbly rotations to

bedroll rotations is increased, fewer sheets of a given length will be
wound on each core, while if the ratio is decreased, nore sheets wll be
wound on each core. The sheet count per |og can be changed while the
turret asseyoiagdly 1 s rotating, by changing the ratio of by
assenbly rotational speed to the ratio of bedroll rotational speed whi I e
turret assenbly 200 is rotating. I mﬁrrbodi ment according to
the present invention, two or nore mandr el 1Tig speed schedul es, or
mandr el speed curves, can be stored in random access nmenory which is
accessible to the programmabl e control system 5000. For instance, two or
nore mandrel speed curves can be stored in tde Konmon menory 6012 of the
programmabl e mandrel drive control system 6(&0 g‘:ach of th ndr el
speed curves stored in the random access ne ryOcan corregsp to a
different size log (different sheet_count p Y o g E ndfel speed
curve can provide the mandrel wiIndi ng speed as “funct\; of ft he angul ar
position of the turret assenbly O tor a pattigular sheet cgunt per
| og. The web can be severed as & 1 functd =ned shept count per
| og by changing the tim ng of t% act{ n of the choyoff fsol enoi d.
I n one enbodi nent, the sheet cou er | e]&phanged i1 ¢ the
turret assenbly 200 is rotati . tjoftng. at le t wogyandr el
speed curves in addressabl e r$A, ngom access noryQ
accessible to the prograrmeb e\co ol 00 2) p@)vi di ng
a desired change in th@sh%hc u pﬁg g\ Vv h e /erface
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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
mandr el cuppi ng assenbly 400 to the WO 96/ 38366

PCT/ US96/ 08879 45 rot ati onal
speed of the begpoidssr® as a function of the desired change i rpdyissosnsssdrcet
count "per | og; 5) calculating a desired change in the ratios of the
speeds of the core drive roller 505A and mandrel support 610 driven by
not or 510; the mandr el support 710 drive@ b§/26)tor 711; the glue nozzle
rack actuator assenbly 840 driven by notor 822; the core carrousel 1100

and core gui de assenbly 1500 drjven by the notor 1222; the;core |oading
conveyor 1300 driven by motor 1B22; and the core stripping,apparatus

2000 driven by notor 2022; regg ive to the rotgtional speeg of the
bedroll 59 as a function of the g i red change¥}? n the sheet count per
| og; - \j\ N 7
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6) changing the electronic gear ratios of the turret assenbly 200 and t he
mandr el cuppi ng assenbly 400 with respect to the bedroll 59 in order to
change the ratio of the rotational speeds of the turret assenbly 200 and

t he mandr el cupping assenbly 400 to the rotational speed of the bedrol

59; 7) changing the electronic gear ratios of the follow ng
conponent s v&éﬁ m“gespect to the bedroll 59 in order to chp@ggsdsiagsrspeeds
of the conpo 13 relative to the bedroll 59: the core drive roller 505A
and mandrel support 610 driven by notor 510; the nmandrel support 710
driven by notor 711; the gl ue nozzl e 2@¢2@ct uat or assenbly 840 driven
by nmotor 822; the core cggrousel 1100 and core gui de assenbl y@1500

driven by the notor 1222;) the ¢0 “eoadi ng conveyor 1300 dri@®n bylnﬁQQ
1322; and t cot-e s%r%pgkﬁg-- s—a980. dri ven by notor g022 uwo
relative to e _rolaljonal.speed o oS —ame———=—-
severing the web as a function of the desir count QD

I ndependently driven co
position of the bedroll ;
| og wi nd cycl e base i oY o e
determning the rotati i salpn the upo
wind cycle; determning the actual positioggof a nponen o =
t he rotational position of thg bedroll wti@n thelipfiaBed og win
cal cul ating theogesired positipn O S¥ent r "¥e to th
rotational pogtti on of the beekg ' ~ndated 1 og wi ndgycl e;
calculating a %é b g

desired position
t he bedroll withi N
cal cul ated posit
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rotation of the
di stance between the cupping

froma figjst cupped position to a second

armrelative to the rotating cupping arm support about a

supported by the rotating cupping arm support to permit

cuppi ng arm pi vot- axi s

cuppi ng
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wherein the rotating

axi s,
to the pivot axis positioning

The web wi ndi ng appar atus of

kg

p -

cuppi ng assenbly of claim5 wherein the pivot

cuppi ng assenbly of ciainfz further conprising a

‘turret assenbly central

Is stationary.

is rotatable relative

The nmandr el

positioning guide for varying the distance -between the cupping

The mandr el

6.

5.
axi's’ positioning guide

arm pivot axis and the
cuppi ng arm support

pi vot axis
gui de.
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| east one cam surface
for

at

and

| east one cam foll ower supported . on each cupping arm and pivotabl e about
arm pi vot axis;

t he cuppi ng

at

engageabl e by the cam follower supported on the cupping arm
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a

each cupping arm

g cupping arm support,

rel easably engaging the end of a nmandrel;
each cupping armcarried in a path about the

axis on_the rotatin

cup for

central

conprisihg: a cupping arm associ ated with each mandrel,
assenbl

rotating cupping arm support,

havi ng a mandr el

turret »
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foll owers supported on the cupping armto hold the c%
second uncupped position. 12. A.nandrel cupping asse
engaglng the ends of a plurality of mandrels support
turret "assenbly, the turret assenbly cggrising a pI r}m! ﬁ
0 ng:

driven in a closed mandrel path, the mandrel cupping a‘ssénbLy €
cuppi ng What ’didlfiledt €d Wi th each mandrel, each cupping arm having a nmandrel
cup for rel easably engaging the end of a mandrel; a rotatably driven

rotating cupp| gg arm support, the rotating cuppi ng arm support
conprisi ngla r ofdnandjel,eypnring,assembly forfeleagably e@ﬂg%‘ﬂﬂd“%ﬁﬁf’% @b gopluralitynefer s

supported ﬁﬁﬁn&r‘%ﬁs éuipited dnkd ﬁéﬁwfrﬂiqgmﬁﬁf’@ék’en’fﬂﬂ) M Wiret Qséé?ﬁolﬁ %lﬁhhé(lﬁg a

pl ate; where armis pivotably

cuppi ng arniuwtypdrmamrﬁbeemrwnpgspamﬂel to a turrebasaemhlv eenteah GXELﬁmdl driyenrimna
;i: 2t | ve t QoddfmEnireI Siih 2bSLt HHEPRIAEL adBBHIRR/ ceRiBHxic? the mandrEHRBPAG 2E&MBYyY O
comprising:
a cupping arm associated with each mandrel, the cupping atm having a mandrel
cup for releasably engaging the end of a mandrel; and
a rotating cupping arm support, each cupping arm carried in a path about the turret
assembiy central axis on the rotating cupping arm support, eacﬁ cupping arm
supported by the rotating cupping arm support to permit rotation of the cupping
arm relative to the rotating cupping arm support about a cupping arm pivot axis
from a first cupped position to a second uncupped position, and wherein the
distance between the cupping arm pivot axis and the turret assembly central axis

varies as a function of the position of the cupping arm about the turret assembly

central axis.
2. The mandrel cupping assembly of claim 1 wherein the rotating cupping arm support
comprises:

a rotating plate extending generally perpendicular to the turret assembly central axis and
rotatably driven about the turret assembly central axis; and]/a plurality of cupping
arm support members supported on the rotating plate for movement relative to the
rotating plate, wherein each cupping arm is pivotably joined to a cupping arm
support member to permit rotation of the cupping arm relative to the cupping arm
support member about a cupping arm pivot axis.

3. The mandrel cupping assembly of claim 2 wherein each cupping arm support
member is slidably supported on the rotating plate for translation relative to the rotating
plate along a path having a radial component relative to the turret assembly central axis.

4. The mandrel cupping assembly of claim 3 wherein each cupping arm support is
slidably supported on the rotating plate for translation relative to the rotating plate along
a path having a tangential component relative to the turret assembly central axis.
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13. The mandrel cupping assenbly—ef—claim 12 wherein t eREdeEUENirSHﬁET
path is non-circul drel cupping assembly[G

further conprisi nga,eulm“muﬂUmiﬂmt i oning guide for p¢s thj)f(“& p} vpt
axis of' each cuppi ng* arim mangyel cupping asgefbl cl L4
wherein the pivot axis positioning guide is stationary. . ‘

wi ndi ng apparatus of claim 14 wherein the pivot axi ﬁ po$i t| on| ng guide ha
a cam surface f n th cu e, and
wher ei n eagh cu(é%' pﬁ@?‘tﬁ? '\lﬂ‘B’% gﬁ%f%@}’ ‘?fégg %gg 13 |PiSkedXi$ or
engagenent pasitibning guidenios Nafymgef the}‘dlstbnciea b&mteeﬂnhé cnpﬁmg I ;ﬁlﬁot@hﬂléi anél thel 7.
The mandre ' sse of  cl ai urther conprisi east one
cam fol | omé‘f&g%%%ﬁk’g B{E‘H@gﬁh‘"ﬂﬁrﬁm tﬁlﬁ ﬂ‘lp@° Tﬂtat?hé relatiys ng
arm pi vot #oxthe pivotchds positiohingogside.am surface engageabl e by the cam foll ower

supported on the cupping arm for providing rot atlon of the cupping
arm about t-he cupping arm pivot axis.

6. The mandrel cupping assembly of claim 5§ wherein the pivot axis positioning guide
is stationary.

v/

7. The web winding apparatus of claim 6 wherein the pivot axis positioning guide has
a cam surface for positioning the pivot axis relative to the turret assembly central axis, and
wherein each cupping arm support member has an associated cam follower for
engagement with the cam surface of the pivot axis positioning guide.

8. The mandrel cupping assembly of claim 7 further comprising:

at least one cam follower supported on each cupping arm and pivotable about the cupping
arm pivot axis; and

at least one cam surface engageable by the cam follower supported on the cupping arm
for providing rotation of the cupping arm about the cupping arm pivot axis.

9. The mandrel cupping assembly of claim 8 wherein each cupping arm comprises
at least two cam followers supported on the cupping arm and pivotable about the cupping
arm pivot axis; and

-wherein the mandrel cupping assembly comprises at least two stationary cam surfaces, . .

wherein one cam surface is engageable by one of the cam followers supported on
the cupping arm to hold the cupping arm in the first cupped position and wherein
the other cam surface is engageable by the other one of the cam followers
supported on the cupping arm to hold the cupping am in the second uncupped
position.

10. A mandrel cupping assembly for releasably engaging the ends of a plurality of
mandrels supported on a web winding turret assembly, the turret assembly comprising a
plurality of mandrels extending parallel to a turret assembly central axis and driven in a
closed mandrel path about the turret assembly central axis, the mandrel cupping assembly



18. The mandrel _cupping assenbly of claim17 wherein |e g'
conprises at |least two camfollowers supported on the du map}aﬁgéﬁ]

pi vot abl e about th m t axis; and whereir tjhe mandrel cuppi
assently conpri ses(f mmmﬂmgmf. ong8y cam qurif a0 @sDEGHOPRI | ¢
cam-surface is engagea b1 e* by" orfe df the cam fol | owers supported jor
the cupping arm and wherein the other cam surface is gngageanl e H

=

t he ot her .of .t he cam foll owers supported on the cugpihg arm
cBAprisihg:

a cupping arm associated with each mandrel, each cupping arm having a mandrel
cup for releasably engaging the end of a mandrel;

a rotating cupping arm support, each cupping arm carried in a path about the turret
assembly central axis on the rotating cupping arm support, each cupping arm
supported by the fotating cubping arm support to permit rotation of the cupping
arm relative to the rotating cupping arm support about a cupping arm pivot axis
from a first cupped pdsition wherein the mandrel cup engages a mandrel end to
a second uncupped position; |

at least one cam follower supported on each cupping arm and pivotable about the
cupping arm pivot axis; and

at least one stationary cam surface engageable by the cam follower supported on
the cupping arm for providing rotation of the cupping arm about the cupping arm
pivot axis.

11.  The mandrel cupping assembly of claim 10 wherein each cupping arm comprises
at least two cam followers supported on the cupping arm and pivotable about the cupping
arm pivot axis; and wherein the mandrel cupping assembly comprises at least two
stationary cam surfaces, wherein one cam surface is engageable by one of the cam
followers supported on the cupping arm to hold the cupping am in the first cupped
position and wherein the other cam surface is engageable by the other one of the cam
followers supported on the cupping arm to hold the cupping arm in the second uncupped
position. -
12. A mandrel cupping assembly for releasably engaging the ends of a plurality of
mandrels supported on a web winding turret assembly, the turret assembly comprising a
plurality of mandrels driven in a closed mandrel path, the mandrel cupping assembly
comprising:
a cupping arm associated with each mandrel, each cupping arm having a mandrel
cup for releasably engaging the end of a mandrel; |
a rotatably driven rotating cupping arm support, the rotating cupping arm support
comprising a rotating plate and a plurality of cupping arm support members
supported on the rotating plate for movement relative to the rotating plate; wherein

ng
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each cupping arm i$ pivotably joined to a cupping 4rfi support member to permit
rotation of the cupping arm relative to the cupping arm support member about a
cupping arm pivot axis.

13. The mandrel cupping assembly of claim 12 wherein the closed mandrel path is
non-circular.

14. The mandrel cupping assembly of claim 13 further comprising a pivot axis
positioning guide for positioning the pivot axis of each cupping arm.

156.  The mandrel cupping assembly of claim 14 wherein the pivot axis positioning guide
is stationary.

16.  The web winding apparatus of claim 14 wherein the pivot axis positioning guide has

a cam surface for positioning the pivot axis of each cupping arms, and wherein each _
cupping arm support member has an associated cam follower for engagement with the
cam surface of the pivot axis positioning guide. |

17. The mandrel cupping assembly of claim 16 further comprising:

at least one cam follower supported oﬁ each cupping arm and pivotable about the cupping
arm pivot axis; and _

at least one cam surface engageable by the cam follower supported on the cupping arm
for providing rotation of the cupping arm about the cupping arm pivot axis.

18. ' The mandrel cupping assembly of claim 17 wherein each cupping arm comprises

at least two cam followers supported on the cupping arm and pivotable about the cupping

arm pivot axis; and

wherein the mandrel cupping assembly comprises at least two stationary cam
surfaces, wherein one cam surface is engageable by one of the cam followers
supported on the cupping arm, and wherein the other cam surface is engageable
by the other one of the cam followers supported on the cupping arm.
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(54) Title: TURRET WINDER MANDREL CUPPING ASSEMBLY
(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 & paper web (50) is wound.
Each mandrel (300) is driven in a closed mandrel
path (320), which can be non-circular, The core
loading apparatus (1000) conveys cores (302) onte
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
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movement of the mandrel (200) along the core
stripping 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). A 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
mendrel path (320) by means of a mandrel cup (454)
associated with each mandrel (300). The mandrel
cups (454) are supported on cupping arms (450)
pivotably supported on a cupping arm support (410)

rotating about the turret assembly central axis (202), The distance between the turret assembly central axis (202) and the respective cupping
arm pivot axis (451) varies as a function of the position of the cupping arm (450) about the turret assembly central axis (202).




