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(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) upan which a paper web (50) is wonnd, Bach mandrel (300) is driven in a closed mandrel path
(320), which can be non-circular. The core loading apparatus (1000) conveys cores (302) onto the mandrels (300) during movement of the
mandrels (300) along the core Joading segment (322) of the closed mandrel path (320), and the core stripping apparatus (2000) removes
each web wound core (302, 51) from its respective mandrel (300) during movement of the mandrel (200) along the core 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). :




25 be wound. Typically, the paper web is unwound froma parent roll in a

conti nuous fashion, and the turret w nder rew nds the paper web
onto the cores supported on the mandrels to provide individual,
relatively small dianeter |ogs. Whi e conventional turret

w nders may provide for w nding of the web material on mandrels as

the mandrel s ag@ogsséd €d about the axis of a turret assenbly, pcrossnraso
rotation of the turret assenbly is indexed in a stop and start manner to

provi de for core |l oading and | og unloading while the mandrels are
stationary. Turret w nders are di sclosed in the following U S
Patents: 2,769,600 i ssued Novenber 6, 1956 to Kwtek et al U S

Pat ent 3,179, 348 issued Septenber 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
35 issued August 18, 1987 to McNeil. Indexing turret assenblies are
commercial ly avail abl e oﬂwgéﬁﬂgpnﬂigkghkﬁfﬂﬁd 250 rew nders
manuf act ured by the Paper Converi ng Machi ne Conpany of Geen Bay,
W sconsi n. The Paper Converting Machi ne Conpany Pushbutton
G ade ChangeIQSO Series Rewi nder Training Manual discloses a web
w ndi ng system having five servo 40 controlled axes. The axes are odd
nmet ered wi ndi ng, even netered w nding coreload conveyor, rol

strip conveyor, and turret indexing. Product changes, such as sheet
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per log, are gaid to be nmade by t hFEDDORTER INVENTION N nal interface. The
This invention is related to a web winding 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.

20 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
25 be wound. Typically, the paper web is unwound from a parent roll in 2 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,
30 rotation of the turret assembly is indexed in a stop and start manner to provide for
core loading and log unloading while the mandrels are stationary. Turret winders are
disclosed in the following U.S. Patents: 2,769,600 issued November 6, 1956 to
Kwitek et al; U.S. Patent 3,179,348 issued September 17, 1962 to Nystrand et al.;
U.S. Patent 3,552,670 issued June 12, 1968 to Herman; and U.S. Patent 4,687,153
35 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
40 controlled axes. The axes are odd metered winding, even metered winding, coreload
conveyor, roll strip conveyor, and turret indexing. Product changes, such as sheet



systemis said to elimnate the nechanical cans, count change gears or
pul l ey and conveyor sprockets. Various constructions for
core hol ders, including mandrel |ocking nechanisns for securing a
core to a mandrel, are known in the art U S. Patent 4,635,871 issued 10
Jan. 13, 1987 to Johnson et aL discloses a rew nder mandrel having pivoting

core Iock"tﬂg,‘};w. U S. Patent 4,033,521 issued July 5, }8fdsdsr4s6¢

di scl oses a rubber or other resilient gxpansible sleeve which can be
expanded by conpressed air so that projections grip a core on which a
web is wound. O her mandrel and core hol der constructions are shown in
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It is also an object of the present invention to provide an improved turret
winder.
Another object of the present invention is to provide a web winding apparatus
having a turret winder that can be operated in a continuous manner, wherein core
25 loading, core gluing, web winding, and core stripping can occur as the mandrels
move in a closed path.
Another object of the present invention is to provide a turret winder which
carries a plurality of mandrels in a non-circular path. '
Yet another object of the present invention is to provide 2 rotatably driven
30  turret assembly for supporting a plurality of mandrels carried in a path about a turret
axis, wherein the distance between the mandrels and the furret axis varies as a
function of the position of the mandrels about the axis.
Yet another object of the present invention is to provide a method for winding
a continuous web of material into individual logs. '
35
SUMMARY OF THE INVENTION
The present invention comprises a method of winding a continous web of
material onto a plurality of separate cores. In one embodiment, the method
comprises the steps of: providing a rotatably driven turret assembly; supporting a
40 plurality of rotatably driven mandrels on the rotatably driven turret assembly;
rotating the rotatably driven tirret assembly to carry the mandrels in a closed path;



The present invention conprises a nethod of wi nding a continous web of
material onto a plurality of separate cores. In one enbodi nent, the nethod
conprises the steps of: providing a rotatably driven turret assenbly;
support a 40 plurality of rotatably driven mandrels on the rotatably

driven turret assenbly; rotating the rotatably driven turret assenbly
to carry the ngwiseerdsseési N a cl osed path; WO 96/ 38365 PCTUS96/07450
PCT/ US96/ 07450 3 3 5 providing

a supply of cores; loading the cores onto the mandrel s during novenent of
the mandrel s al ong a predeterm ned core | oading segnent of the closed

mandr el P$it Nproviding o iphly Of ¥sies; mngmicoeatmd 1he niandrels datify@ovement of

redet erm ned web_w cl

Permw ng each \Aebﬂ\ﬁotﬁﬂd&&gso?l@n?? &Bm%d &?{%@? %ﬁmd‘{ﬁ? %Bﬂgﬂd

predet ernined copathiswindipgithe wel mmalmnto e eqressalong @ predetermined

The step of rendviggtemPéithéRibsedmastirel FembvingT84té veb wam%w&bﬁmred
g

Seqmogt of o} s W e L3 AR el ok 4. Sy

rotating the Mt amamfﬂpm dr| ven turret assenbly conprises continuously

_rl_ﬁt at i ng tlhe turret wwpgemwmey
e mandrel s can ﬁ garEl eﬂ :é}"ﬁ‘f non?&%&gtﬁﬁ §§ﬁ§ gf 4 3?5 of
EPESd'OPE Pf)adu ng ;ﬂ:ecnl @sed moandrel path. In o:e the step of rotating the rotatably

_ dnvenmuetassemblyeompmesconum:ouslyromngthemtretassemblyata

15  generally constant angular velocity.

The mandrels can be carried in a non-circular closed path. In one embodiment,
the step of loading a core onto a mandrel comprises the step of loading a core onto a
mandrel while carrying the mandrel along a generally straight line portion of the
closed mandref path.

20 The present invention also comprises a web winding apparatus for the method
described above comprising a turret winder, a core loading apparatus, and a core
stripping apparatus. The turret winder has a rotatably driven turret assembly which
rotates about a turret assembly central axis. The turret assembly supports a plurality
of rotatably driven mandrels for engaging hollow cores upon which a paper web is to

25 be wound. Each mandrel extends from a first mandret end to a second mandrel end,
and has a mandrel axis generally parallel to the turret assembly central axis. The first
mandrel end can be permanently supported, and the second mandrel end can be
releasably supported. Each mandrel is driven in a closed mandrel path about the
turret assembly central axis.

30 The closed mandrel path includes a core loading segment along which cores
are loaded onto the mandrels, a web winding segment along which a paper web is
wound upon the cores supported on the mandrels, and a core stripping segment
along which the web wound cores are stripped from their respective mandrels. A
mandrel drive apparatus provides rotation of each mandrel and its associated core

35  about the mandrel axis during movement of the mandrel and core along the web

. winding segment of the closed mandrel path.
The core loading apparatus conveys cores onto the mandrels during movement
. of the mandreis along the core loading segment of the closed mandrel path, and the

core stripping apparatus removes each web wound core from its respective mandrel
40  during movement of the mandrel along the core stripping segment of the closed
mandrel path. Accordingly, the web winding apparatus can operate continuously



mandrel while carrying the mandrel along a generally straight |line portion
of the cl osed mandrel path. 20 The present invention al so
conprises a web w ndi ng apparatus for the nethod descri bed above
conprising a turret winder, a core |oading apparatus, and a core
stripping apparatus. The turret winder has a rotatably driven turret
assenbl y whi chywoegmsisgt at es about a turret assenbly central apcsusscvesso

turret assenmbly supports a plurality of rotatably driven mandrels for
engagi ng hol | ow cores upon which a paper web is to 25 be wound. Each
mandrel extends froma first mandrel end to a second mandr el end, and
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generally paraliel to a straight line portion of the closed mandrel path.

20 The core loading apparatus can comprise a core loading carrousel having a
plurality of core trays carried in a closed tray path, each core tray for holding a core
along a portion of the closed tray path. A segment of the closed tray path is aligned
with a portion of the closed mandrel path, The core loading apparatus also
comprises a core loading conveyor which engages the cores held in the core tray

25  along the portion of the core tray path aligned with a portion of the closed mandrel
path. The web winding apparatus can comprise a pair of rotatably driven core drive
rollers which cooperate to receive a core from the core loading apparatus and drive
the core onto a mandrel. The core drive rollers are inclined to drive a core with a
velocity component generally parallel to a mandrel axis and a- velocity component

30  generally parallel to at least a portion of the core loading segment of the closed
mandrel path.

The web winding apparatus can also comprise an adhesive application
apparatus for applying adhesive to a core as the core is moving along the closed
mandrel path intermediate the core loading segment and the web winding segment.

35  The adhesive application apparatus can comprise a movable adhesive applicator for
tracking motion of the core along at least a portion of the closed mandrel path. In
one embodiment, the movable adhesive applicator is pivotable about an axis parallel
to the turret assembly central axis.

The core stripping apparatus is positioned adjacent to the core stripping

40  segment of the closed mandrel path for removing each web wound core from its
respective mandrel while the mandrel moves along the core stripping segment of the
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on-the-fly core loading and stripping, thereby eimnating the need for
start and stop indexing of the turret winder to | oad cores onto the
mandrel s and unl oad web wound cores fromthe mandrels. In
one enbodi nent, the di stance between a mandrel and the central axis of the
turret assenblywovesgses as a function of position of the nandr ecrmasssngssohe
cl osed path. 10 At |east a portion of the gl osed mandrel path can be
non-circul ar, and can conprise at | east one generally straight line
portion. The core Ioading segnent of the closed mandr el path can
conprise a geger g
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mandrel . The coreoﬁbs(weomldnmlﬁdakewmwmﬁd)ﬁmdkmdﬂhcore with a
vel ocity conponent generally parallel to a mandrel axis and a velocity
conponent



30 generally parallel to at |least a portion of the core |oading segnent of

the cl osed mandr el pat h. The web wi ndi ng apparatus can al so
conpri se an adhesive application apparatus for applying adhesive to a
core as the core is noving along the cl osed mandrel path internediate

the core | oading segnent and the web wi nding segnent. 35 The adhesive
application apfyoiggsscan conpri se a-novabl e adhesi ve appl i caporniaseraso
tracking notion of the core along at | east @ portion of the closed nandrel
path. In one enbodi nent, the novabl e adhesive applicator is pivotable
about an axis parallel to the turret assenbly central axis.
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Figure 3A is a side view showing the position of the closed mandrel path and
15 mandrel drive system of the turret winder of the present invention

relative to an upstream conventional rewinder assembly.

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

Figure 4 is an enlarged front view of the rotatably driven turret assembly

20 shown in Figure 2. ' '

Figure 5 is schemaﬂcwewtakenalonghnesS-SmFgure4

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

25 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.

30 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,

35 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

40 separable plate segments.



straight line portion of the core stripping segnent. The flighted conveyor

can be angled with respect to nmandrel axes as the nmandrel axes are
carried along the core stripping segnent of the closed mandrel path,
such that the flights have a first vel ocity conmponent generally

parallel to the mandrel axes, and a second velocity 15 conponent generally

paral l el to thgodksgseght |ine portion of the core stripping pcrssgyygset .
The flights can each have a rubber tip for glidably engaging the nmandrel as

t he web wound core is pushed fromthe mandrel. Accordingly, the flights
cont act both the core and the web wound on the core, and have the

fhe mandrels. > ¢ o Figure 1%&8@%&%@ sy B PR ookl Bk ol it 47O
PCT/ US96/ 07450 mandrel support relative to the closed mandrel path. 6 5

BRI EF, DESCRI PTI ON OFFigufe {838\i/viéattaken along lines lG—WﬂnlI&gﬂrbeSspem fication .
concl udes with cl ai lgﬁﬁf I m{!ﬁ!i;'?‘ a&&uﬂ!@t |y
claimng the presen{rir einj[lﬁgnﬂ%%w%rgﬁl eve he preséent invention wll
be . better undeFiEuBOIBsagiev kenalongdinesB-1R 0diBwed%n i n conj unction
with the 10 acconﬂg&yemmdwiwmawhg\hwm-wﬂﬂ'gmel? Figure 1 is a

Cor o | oad ng appar at TRt 2PACH =pr b itfued Pipertle” e BF 1 Whesli spplicaion
partially cut away front aggemblyshown in Kigiwe 8¢ i nder of the present
Figure 20B is a side view of a core spinning assembly shown in Figure 20A.
Figure 21 is a rear perspective view of the core loading apparatus in Figure 1.
15 Figure 22 is a schematic side view shown partially in cross-section of the core
loading apparatus shown in Figure 1
Figure 23 is a schematic side view shown partially in cross-section of the core
guide assembly shown in Figure 1.
Fxgure%maMperspecnvewewofﬂxecorestnppmgapparamamFxgme
20 1.
Figures 25A, B, and C are top views showing a web wound core being
stripped from a mandrel by the core stripping apparatus.
Figure 26 is a schematic side view of a mandrel shown partially in cross-

section. :
25 | Figure27isaparﬁalschemaﬁcsideviewofthemandrelshownpmiauyin

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

Figure 28 is an enlarged schematic side view of the second end of the mandrel

30 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 mandrel body.

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

35 Figure 31 is a schematic diagram showing a programmable drive control

i 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 mandret drive motors.



Figure 3A is a side view showi ng the position of the closed mandrel path

and 15 mandrel drive systemof the turret w nder of the
present invention relative to an upstream conventiona
rewi nder assenbly. Figure 3B is a partial front view of the
mandrel drive system shown.in Figure 3A taken along lines
3B- 3B i n Fi gur ¢yoxlnssses ' Figure 4 is an enl arged frontpcmmgmmakothe
rotatably driven turret assenbly 20 8 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 ot ating mndmrmmﬁsmgNOmevmnﬁmure 7 is a
sectional view takeng alo lines £-7 . n ur and ¥
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separabl e plate Se%ggpteentml 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
20 310 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
25 300. A turret winder 100 supporting at least 10 mandreis 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 intermittently rotated at higher angular velocities.
As shown in Figure 3A, the closed mandrel path 320 can be non-circular, and
30 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
35  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
40  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
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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 wolEbgss§g assi st mandrel support assenbly. PCT/USY6/074SpUT €
18 is a view taken along lines 18-18 in Figure 17. 10 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
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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
20 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

25  during movement of the mandrels 300 along the core Ioading segment 322. A pair of
rotatably driven core drive rollers 505 disposed on opposite sides of the core loading
segment 322 cooperate to receive 2 core from the core loading apparatus 1000 and
complete driving of the core 302 onto the mandrel 300. As shown in Figure 1,
‘ Joading of one core 302 onto a mandrel 300 is initiated at the second mandrel end

30 312 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 particutar mandrel 300, the mandrel
cupping assembly 400 engages the second end 312 of the mandrel 300 as the

35  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
{oaded onto mandrels 300 are carried to the web winding segment 324 of the closed
* mandrel path 320. Intermediate the core loading segment 322 and the web winding

segment 324, a web securing adhesive can be applied to the core 302 by an adhesive
40 application apparatus 800 as the core and its associated mandrel are carried along the
closed mandrel path.



nosepi ece to displace the nosepi ece toward the mandrel body, thereby
conpressing the mandrel defornmable ring. Figure 28 is an

enl arged schematic side view of the second end of the nmandrel 30

of Figure 26 showi ng a cupping arm assenbly engagi ng the mandrel

nosepi ece to di splace the nosepi ece toward the mandrel body.

Figure 29 is awodghkssged schematic side view of the second engcptbsdsiosse

mandrel - of Figure 26 showjsg the nosepi ece biased away
fromthe mandrel body. Figure 30 is a cross-sectional view of a
mandr el. deformable ring. 35 Figure 31 is a schematic diagram show ng
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at the perforations. The sheet length of the individual sheets is the distance between
adjacent lines of perforations.

15 The chopper roll 58 and bedroll 59 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,

20  is well known in the art. The bedroll 59 can have plural radially moveable members
bhaving 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

25  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

30 members. The solenoid activates the radial moveable members to sever the web at
the end of a log wind cycle, so that the web can be transferred for winding on 8 new,
empty core. The solenoid activation timing can be varied to change the length
interval at which the web is severed by the bedroll and chopper roll. Accordingly, if
a change in sheet count per log is desired, the solenoid activation timing can be

35  varied to change the length of the material wound on a log.

A mandrel drive apparatus 330 provides rotation of each mandrel 300 and its
associated core 302 about the mandrel axis 314 during movement of the mandrel and
core along the web winding segment 324. The mandrel drive apparatus 330 thereby
provides winding of the web 50 upon the core 302 supported on the mandrel 300 to

40 form a log 51 of web material wound around the core 302 (a web wound core).
The mandrel drive apparatus 330 provides center winding of the paper web 50 upon



a core stripping apparatus 2000. Figure 2is a partial front view of the
turret w nder 10 100. Figure 3 is a partial side view of the turret

w nder 100 taken along lines 3-3 in Figure 2, showing a convent i onal
web rew nder assenbly upstream of the turret . wi nder 100.
Description of Core Loading, Wnding, and Stripping 15 Referring to

Figure 1, 2 angodisfeest he turret wi nder 100 supports a pl ural igetrmosesne74s0 Of
mandrel s 300. The mandrel s 300 engage cores;p302 upon which a paper web is
wound. The mandrels 300 are driven in a closed mandrel path 320 about a

turret assenbly central axi s 202. Each mandrel 300 extends along a

mandrel axis 314the cores 302 Qnmmrewmlmmal
axis 202, froma_fi en 20 ndr end 3
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extending betweeq provided by the mandrel drive apperatus 330 slows as the diameter of
25 the web wound on the mandrel's core increases. Accordingly, adjacent mandrels
300A and 330B are driven by alternate drive belts 334A and 334B so that the rate of
rotation of one mandrel can be controlled independently of the rate of rotation of an
adjacent mandrel. The mandrel drive motors 332A and 332B can be controlled
according to a mandrel winding speed schedule, which provides the desired
30 rotational speed of a mandrel 300 as a function of the angular position of turret
assembly 200. Accordingly, the speed of rotation of the mandrels about their axes
during winding of a log is synchronized with the angular position of the mandreis
300 on the turret assembly 200. It is known to control the rotational speed of
mandrels with a mandrel speed schedule in conventional rewinders.

35 Each mandrel 300 has a toothed mandrel drive pulley 338 and a smooth

y 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 pulley 338 and idler

y pulley 339 alternate on every other mandrel 300, so that alternate mandrels 300 are

driven by mandrel drive belts 334A and 334B, respectively. For instance, when
40 mandrel drive belt 334A engages the mandrel drive pulley 338 on mandrel 3004, the
mandrel drive beit 334B rides over the smooth surface of the idler pulley 339 on that



40 cal culated by: constructing an imaginay |line between the two points;

determ ning the maxi mum di stance fromthe imaginary straight line to
the portion of the closed WO 96/ 38365
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path between the two points, as neasured perpendicular to the inmaginary

strai ght |ine; payvéaeEsyi di Ng the maxi mum di st ance by- t he str ai glotokosnesso
di stance bet ween the two points (10 i nghes). I n one

enbodi nent of the present invention, the core |oading segnent 322 and
the core stripping segnent 326 can each conprise a straight line portion

having a 10 s MxuébhindrelG00RA] soithat dily dirive Aiotdr333A iphvides potatiobofthat iapidrel . By

e hortron ﬁav?ﬁg‘*a"?mf’%iﬁac&*@@vﬁﬁ%ﬂ*’@é&%ﬁ?ﬂﬁ@r@%&g@* s
and the core st rimapirehdrivepulley 338%0n woediscentanandrel 300B; the:mandrel drive belt:334A0n
having a maxi mumgdey bvk i snidoti Bitkte Of fhe MI& gafiér ﬁﬁenﬁafﬁhﬁﬂi&lsom 50 fhie

basi |y 15 "l | gndi 4R TR 525 Brmike soaen m%rg&‘e”es e, Bl a‘ﬁ%ﬁ”d
stri ppi ng of MWnptAccordinglys ceach dnvenw!by ony anmantirell 300 ranstsssemvnpf el b
Conventi onal i ndass R ulir torque to e okl SO0, aid ¥ tler ey :
W tha radus of Wt ofdhetenn A, %af&mWﬂwﬁﬁh&m@ﬁ%
cl osed mandrel pdbé¢mdndesh a 10 i nch | ong straight chord of the circular
mandrel path is 20 g heb wodhd réaSitb carried along the closed mandrel path 320 to the
15 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
20  apparatus 2000 comprises a driven core stripping component, such as an endless
conveyor belt 2010 which is continuously driven around pulleys 2012. The canveyor
belt 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,
25 The flighted conveyor belt 2010 can be angled with respect to mandrel axes
314 as the mandrels are carried along a generally straight line portion of the core
stripping segment 326 of the closed mandrel path, such that the flights 2014 engage
each log 51 with a first velocity component generally parallel to the mandrel axis
314, and a second velocity component generally parallel to the straight line portion
30 of'the core stripping segment 326. The core stripping apparatus 2000 is described in
more detail below. Once the log 51 is stripped from the mandrel 300, the mandrel
300 is carried along the closed mandrel path to the core loading segment 322 to
receive another core 302. .
Having described core loading, winding and stripping generally, the individual
35  elements of the web winding apparatus 90 and their functions will now be described
in detail.

Turret Winder: Mandrel Support
Referring to Figures 1-4, the rotatably driven turret assembly 200 is supported
40  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 second ends 312 of the mandrels 300 are not engaged by, or otherw se
supported by, the mandrel cupping assenbly 400 al ong the core | oading
segnent 322. The core | oadi ng apparatus 1000 conpri ses one or nore
driven core | oading conponents for conveying the cores 302 at | east
part way onto the mandrels 300 25 during novenent ofthe mandrels 300 al ong
the core | oadigigo&agent 322. A pair of rotatably drivenpegosvsdrisee
rollers 505 di sposed on opposite sides of tikhe core | oading segnent 322
cooperate to receive a core fromthe core | oadi ng apparatus 1000 and
conplete driving of the core 302 onto the mandrel 300. As shown in Fi gure
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PCT/ US96/ 07450 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

20 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 turret
assembly central axis 202. The servo motor 222 is controlled to phase the rotational
position of the turret assembly 200 with respect to a position reference. The position
 reference can be a function of the angular position of the bedroll 59 about its axis of
25 rotation, and a function of an accumulated number of revolutions of the bedroll 59.
In particular, the position of the turret assembly 200 can be phased with respect to

the position of the bedroll 59 within a log wind cycle, as described more fully below.

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

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

30 "rotates continuously” it is meant that the turret assembly 200 makes multiple, full
revolutions about its axis 202 without stopping. The turret hub 220 can be driven at

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

35 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 20-40 logs

51 per minute. For instance, the turret hub 220 can be driven at a baseline angular
40 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.



10 5 As the core 302 is carried along the web w ndi ng segnent 324
of the cl osed mandrel path 320, a web 50 is directed to the core 302
by a conventional rew nder assenbly 60 di sposed upstream of the turret
wi nder 100. The rew nder assenbly 60 i-s shown in Figure 3, and

I ncludes feed rols 52 for carrying the web 50 to a perforator roll 54,

a web slitter W‘fﬂ“ 56, and a chopper roll 58 and bedrol | Yerukdsor4so
ro

The perforator 54 provides |ines of pegforations extending al ong the
wi dt h of the web 50. Adjacent lines of perforations are spaced apart a
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"'The first mandrel guide plate 142 comprises a first cam surface, such as a cam
surface groove 143, and the second mandrel guide plate 144 comprises a second cam
25 surface, such as a cam surface groove 145. The first and second cam surface
grooves 143 and 145 are disposed on oppositely facing surfaces of the first and
second mandrel guide plates 142 and 144, and are spaced apart from one another
along the axis 202. Each of the grooves 143 and 145 define a closed path around the
turret assembly central axis 202. The cam surface grooves 143 and 145 can, but
30 mneed 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
35  the rotating mandrel support plates 230. Each mandrel 300 is supported for rotation
about its mandrel 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
40 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



interval at which the web is severed by the bedroll and chopper roll.

Accordingly, if a change in sheet count per log is desired, the

sol enoid activation timng can be 35 varied to change the length of the
material wound on a | og. A mandrel drive apparatus 330 provides
rotation of each mandrel 300 and its associ ated core 302 about the
mandrel axis 3y diseicdd novenent of the mandrel and COor e pTUsYeréiase Web
wi ndi ng segnent 324. The mandrel drive appagsatus 330 thereby provi des

wi ndi ng of the web 50 upon the core 302 supported on the nmandrel 300 to 40
forma log 51 of web material wound around the core 302 (a web wound core).
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mandrel drive Washington, N.Y.
15 Each mandrel slide plate 356 has first and second cylindrical cam followers

360 and 362. The first and second cam followers 360 and 362 engage the cam
surface grooves 143 and 145, respectively, through the grooves 232 in the first and
second rotating mandrel support plates 230. As the mandrel bearing support
assemblies 350 are carried around the axis 202 on the rotating mandrel support
20 plates 230, the cam followers 360 and 362 follow the grooves 143 and 145 on the
mandrel guide plates, thereby positioning the mandrels 300 along the closed mandrel
path 320,
The servo motor 222 can drive the rotatably driven turret assembly 200
continuously about the central axis 202 at a generally constant angular velocity.
25 Accordingly, the rotating mandrel support plates 230 provide continuous motion of
the mandrels 300 about the closed mandrel path 320. The lineal speed of the
mandrels 300 about the closed path 320 will increase as the distance of the 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,
30  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 one 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
a5 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
40 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



bel ts 334A and 334B, respectively around idler pulleys 336A and 336B. The
first 15 and second drive belts 334A and 334B transfer torque to alternate
mandrel s 300. In Figure 3A, notor 3324, belt 334A, and pul |l eys 336A
are in front of notor 332B, belt 334B, and pull eys 336B, respectively.
In Figures 3A/B, a mandrel 300A (an "even" mandrel) supporting a core 302

just prior to Wﬁgg the web fromthe bad roll 59 is drivepchyssErnistse!
a

drive belt 20 nd an adj acent nandrel 3300B (an "odd" mandrel)

supporting a core 302B upon which wnding is nearly conplete is driven
by nmandrel drive belt 334B. A mandrel 300 is driven about its axis 314
relatively rapgi dlplaté setor Rhd Bisertifly @ dilfefbu | MSector iy tal differdntl ?fiﬁi web

50 to the rrandrel associ ted core The r o

mandr el provi ded“@hﬁ M%F a&a’ﬁ glo ?ﬁ'@'ﬁg %3%%Waﬁmt er
of 25 the web wmmmmamwm«mmmmwm adj acent
mandr el s 300A argm? sa%foﬁ YeénsOGkdimterad &

334B so that the rate g’s% 1 on o onemgan re?igaﬁls controll e

i ndependent |y of W’ﬁ'&"& Sbméﬁm mﬂ'ﬁ ﬁ&r%‘f‘m“lm@i
mandr el dri velonotmandreB fal amgemmmmagslseowm resultéca@bd"espgndug a

Spoed of o mandr Sadgs i 407 #‘ﬁ%c%’*?%'%“"?é% ang#?ﬁ‘“m. o

t t
assenbl y 200. AcéBﬁf%ﬁ‘rfdl ONy § COKe; %m@ éﬁg‘?ﬁ‘
t heir axes mmmwmmmmumm«nma&qmm

position of the r&% Mt wlnchggcﬁ{éﬁ@r Toﬁ 5&8? ﬂm ?&ﬁ%ﬁ
Schedul ¢ i n cliny GHERURG ProRRLPS ca ot Joe ;fﬁedr%t hed

mandrel drive pulthggnt%tacadresukrmahlhcomng cotef'mmndg irfto"cthe webfnahemgbml er

Eﬁl)l/\gyl ﬁ3|9:I gg(r)tehfq*“?he pos&?&onw%ﬁl Ve pu eyhgm |

pul | ey 339 al t er HebIOghe INGABEDG AMer nandrel 300, so that alternate mandrels
300 are dr| ven mmmmmmmmaammbmqmw For

| nst ance, &ﬁ%p R | ey
33 on rrandrel 30 &nuﬂﬁ ww@ﬁ%%ﬁﬂw rides Oveti tm‘e:swgooth
surface of the |%99 WeHade, The; gir intermittently deflect

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
25 replacing segments of the closed mandrel path (and thereby varying the mandrel

path), rather than by deflecting the web. By providing mandrel guide plates 142 and

144 which comprise two or more bolted together plate sectors, a postion of the

closed mandrel path, such as the web winding segment, can be changed by unbolting

one plate sector and inserting a different plate sector having a differently shaped
30  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 & cam
surface groove segment 143B suitable for use in winding relatively large diameter
logs, and Table 1C lists coordinates for a cam surface groove segment suitable for

35  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

40 groove segments 143A and 143B described by the coordinates in Tables 1A and 1B.
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mandrel 300A, so that only drive notor 332A provides rotation of that

mandr el 300A about its axis 314. Simlarly, when the nandrel drive
belt 334B engages the mandrel drive pulley 338 on an adj acent mandr el
300B, the mandygbesizksre belt 334A rides over the snooth pgfismrasd t he
idler pulley 339 on that mandrel 300B, so tjhat only drive notor 332B
provi des rotation of the mandrel 300B about its aixs 314. 10 Accordingly,
each drive pulley on a mandrel 300 engages one of the belts 334A/ 334B

the other of 1 LEW??@@?E@%% ;%%;%E@ek‘%ﬁé% Bhip ' 16 (GRS

drive belt to . #Be web wound cores are carried
along the closed mandrel path 320 to the 15 core stripping segment 326 of

the cl osed mandrel path 320. Wwﬁﬁ% ndi ng segnent 324
and the core stripping segnment ortron o e mandr el cuppi ng
assenbly 400 di sengaa'g% @Pﬂn&&?ﬂh&’ relepsahly; engpges the secend endy 3 g
permt strippe ngmfmummmwmmg sépfient 322ambthe cdie stiipping

appar at us 2 The
core stripping 2 appara us %S%Wlpé@?a %rl ven co?g&séw
conponent, such tirehassemblycentral mmrwetyerotsmammmf tousl y
driven around puFigais 2 @dd 9-12) ¢he- Maivdt¥iOEupping askadbly 400 Gomprises & plardlityiof i ty

2014 ;ﬁSLZeioiﬁeﬁﬁﬁﬁﬁdﬁrﬂ“& sr?@f‘@%a%" %i%ﬂéﬁblgﬁ%ﬁ%‘l%msﬁoﬁgs%%'wt
nmandr el noveds al SippingharmsA9 basr mandeel sup bly 452 fox releasablyTengaging dhe ed
conveyor belt ZOS&onlmzwehﬁddwsdo f'ﬂﬁﬁﬂﬁﬁrel&nfﬁﬁﬂﬂﬁ@@&tablymppom
a mandrel cup 454 on bearings 456. The mandrel cup 454 releasably engages the
second end 312 of a mandrel 300, and supports the mandrel 300 for rotation of the
mandrel about its axis 314.
20 Each cupping anm 450 is pivotably supported on the rotating cupping arm
support 410 to permit rotation of the cupping arm 450 about 3 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
25  in Figures 9. Each cupping arm 450 is supported on the rotating cupping arm
support in a path about the turret assembly central axis 202 wherein the 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 sbout the axis 202.
Accordingly, each cupping arm and associated mandrel cup 454 can track the second
30 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 arm 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
35 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
40  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



314 as the mandrels are carried along a generally straight line portion of
the core stripping segnent 326 of the closed nmandrel path, such that
the flights 2014 engage each log 51 with a first velocity conponent
generally parallel to the mandrel axis 314, and a second veloity
conponent generally parallel to the straight line portion 30 of the core

stripping segmyociagfss The core stripping apparatus 2000 is degg/osésiadon
nore detail below. Once the log 51 is stripped fromthe mandrel 300, the

mandr el 300 is carried along the closed nandrel path to the core
| oadi ng segnent 322 to recei ve anot her core 302. Havi ng

erent o ik '“““WW‘“’% Behafed vittivefiibo %th"“ "“"t"f‘“"““d'f 30 it 95
elenents O e I N at u an elr unctlL,ons w e
descri bed l’"é\‘frad B, Ry Syichroniing rotstiba of the' 43 PPt AL0.

Mandr el Support mthmmonofmfmmlaymbbm%umwmomtmlmuchven
turret assenbly

ottt o st e g T B” '

WO 96/ 38365 10 totherebypreventxngthshngofthemandrelsSOO

rglr LeJtsgglsggfrtS)Py 200 po v c‘g’gmﬁs cd%‘%‘ by ?ﬁ rﬁesr mmt The

rotatably driven®ESpeRor, She, %yn °'§§‘3§

the first and perpendlculartothemrretassemblycenh'alms202 The rotating plate 430 is
rotatably driven about the axis 202 on the hub 420. A plurality of cupping arm

15 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

20 shdablysupportedonapomonoftheplate430 such as a bracket 432 bolted to the

rotating plate 430, ﬁm-umMMMQntehmyetothetunmmgxmme430:ﬂnngalpuh
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

25  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.

30 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

35 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
axis 202. The positioning plate 442 can be rigidly joined to the support 120, such
that the rotating cupping arm support plate 430 rotates relative to the positioning

40 plate 442, '



310 of the mandrel 300. Each mandrel 300 is supported on the rotatably
driven turret assenbly 200 for independent rotation of the mandrel 300
about its mandrel axi s 314, and each nmandrel is carried on the
rotatably driven turret assenbly along 10 the closed mandrel path 320.
Preferably, at least a portion ofthe mandrel path 320 is non-circul ar,
~and the di st aRggobggzgeen the mandrel axis 314 and the turret pgpREsHI450
central axis 202 varies as a function of pogition of the mandrel 300 al ong
t he cl osed mandr el path 320. Referring to Figure 2, and 4,
the turret w nder stationary frame 110 conprises 15 a horizontally

ext endi ng stationary ' ' i . i
frame ends 13 and 1? a abI %?\%%@g %B%?Bﬁses
a turret Fi‘&fi

adj acent the upswmmmmngfsuppmleNZ Mhﬁding ogppinddrm ﬁppbntamnhaf t he

assenbly are sho %@&ma 443" et
hub drive servo “e?or a? untcm(? on ra %‘3@4 | VErs torqu3
the turret hub 27be camdellpwen Jotating plate-430-carrigs

sprocket 226160 mﬂpaitahémbedmmh& mmnomwmmmom&etmppmg pwot

Cotational me s %Wﬁ'ﬁﬁ“% %, asseﬁéﬁ 40 4k tsﬁ“ﬁéspec?ﬁ?gﬁ

position referen G&@B&PM%
angul ar positi onnﬂhdt‘ehﬂprﬁdrcahh-aaeﬂamldnd 322 iofite

function of an a E?aﬁ%d lﬂhkﬂ‘lg In
particular, the positi on&g? urret ass Wﬁl %S%Q%y Qnandﬁl
respect to 15 SuRpopcRi0; i kmons embodiment, the gropye SBEF%M'PW tho same 5

described nore f uialphbﬂiawt‘thegmove 145 mnﬁ:mra@mde@hwhmm; thitepdrticn 6ftthé1ub

fashi on, S0 1 Lé?%%ﬁ@?@%&%ﬁ%@#%%&%m#?ﬁ%&% oan

. "rotates conti nubt¥si g cirquiariaze Mh(oﬁmm
[rul ti {)I eh Lul I 0 mandret lwitiereothe mdidrdl ala§3m<h§.§ﬁ@pp¢ut Wﬂﬁisﬁ&oﬁhe
urre u n
vel ocity, so mﬁ{‘%\éﬁ g&%‘ﬁ%l"‘t W@tk@&g%ﬁ%ﬂ%ﬁ@%&h?
constant angul ar usee F@ly coordinates: i
vel ?CIty :t i's mamlﬁh nmm lestﬁooﬁ‘dmmoi'ﬁ
conti nuous S 0
varies | essyt han%gcg i’ %ﬁ l? F%%ﬂp% fPXE’P% Pess #ﬁaﬁ%
percent, froma mhﬁﬁdméﬁb‘?ﬁ&tﬂ!}ﬂ& assenbl y 200 ‘can support

10 mandrel s 30, and Eabcipgingeim 450 caaprises s phfligdfeai followrrdMppirtedoon the
cupping arm and pivotable about the cupping arm pivot axis 451. The cam followers
supported on the cupping arm 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

30 a second cupping arm exiension 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 rigid body about the

35  pivot axis 451. The mandrel cup 454 is supported at the distal end of the extension
453. At least one cam follower is supported on the extension 453, and at least one
cam follower is supported on the extension 455.

In the embodiment shown in Figures 10-12, a pair of cylindrical cam followers
474A and 474B are supported on the extension 453 intermediate the pivot axis 451

40  and the mandrel cup 454. The cam foliowers 474A and 474B are pivotable about

pivot axis 451 with extension 453. The cam followers 474A, B are supported on the



angul ar velocity of between about 2-4 RPM for w nding between about 20-40

| ogs 51 per mnute. For instance, the turret hub 220 can be driven at
a basel i ne angul ar 40 vel ocity of about 4 RPM for w nding about 40 | ogs
per mnute, with the angul ar velocity ofthe turret assenbly varying
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Referring to Figures 2, 4, 5, 6, 7, and 8, 5 rotating mandrel support

ext ends fromthe turret hub 220. In the enbodi nent shown, the rotating
mandrel support . conprises first and second rotating mandrel support

plates 230 i gi dlgkahb'$5h i‘d}l:gﬁonabout% §PSA G AYSEVtl elaRn) ghaoU

the axis 202. The r tat ME@SQQIFMQ‘ aﬁ}gsl 3 are %mone
a r ate

fromthe other a

230 can have a phwpﬂgﬁmmbpmtnagbﬁrmm:ﬂaﬂlewmmmh\grm@pon

Egﬁggn: .h;f)ugh' E?%?rbbo enﬁﬁewwt'ﬁe axi ﬁ%% lﬂall cross

menbers 234 (Fi gifigste9). Jhg axes 47 Zﬂ’t!‘ﬁ@
joined to thaoroﬁmhenngpﬁiposm ¢uppingtana in Figure 9R0. Each cross rrenber

234 i s associ ated vm ”ﬂﬂk%ﬁm%h I rst
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15 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.

20 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

25 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 a8 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

30 provide pivoting of the cupping arms 450 as the cam follower 462 on each cupping
arm support member 460 tracks the groove 443 in positioning plate 442. The
rotating support plate 430 is omitted from Figure 13 for clarity.

Referring to Figures 9 and 13, the mandrel cupping assembly 400 can
comprise an opening cam member 482 having an opening cam surface 483, a hold

35  open cam member 484 having a hold open cam surface 485 (Figure 9), a closing cam
member 486 comprising a closing cam surface 487, and a hold closed cam member
488 comprising a hold closed cam surface 489. Cam surfaces 485 and 489 can be
generally planar, parallel surfaces which extend perpendicular to axis 202. Cam
surfaces 483 and 437 are generally three dimensional cam surfaces. The cam

40 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.



110, such as the frane end 132 or the support 120, or alternaively, can be
supported 20 i ndependently of the frame 110. In the enbodi nent shown,
mandrel gui de plate 142 can be supported by frane end 132 and the
second mandrel guide plate 144 can be supported on the support 120.
The first mandrel guide plate 142 conprises a first camsurface, such as a
cam sur f agp oghsgye 143, and the second mandrel guide pl aperiddsnisso
conprises a second cam 25 surface, such ag a cam surface groove 145. The
first and second cam surface grooves 143 and 145 are di sposed on
oppositely facing surfaces of the first and second mandr el guide

pl ates 142 a 144, %@q:ﬁ lﬁE
axis 202. Each of the ooves and%ggg‘g;&% osed patg aroun ’the

turret assenbly thecamgplloser 47 83 pHorc an,
but 30 need not tdothe mrsarppmgmgﬁmoaz M@ofohah mhﬂduﬂe (/X3
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coul d. be used. 8o that mound cerecsanche stapped lydhe;fgrea
mandr el gui deo f ogtripgif pmumzooo Mmﬁﬂﬂﬁ&ﬂﬁ&@ﬂﬁm

Bppiigogrii450
mandrel path 320 t el
support plate 23@%@%“@3‘3@% F?%ﬁ% rota |or?bg%m%
its mandrel axi scuppifgAsmdn the, ﬂ?@"ﬁ@ndr el
beari ng support fhesmadirsl Mdbﬁg thoripgmac mfggsﬁe baer am@.sSﬂWJand a

a

356, Each mandr of PATHALF e bl fgheid 1247

Su porteﬁ on C#P%?S
nmenber 234 f&% tm@&tmmmﬁﬁ%mm%l mgam) %memg
path having a ragttste tﬁ@&ﬁ;pﬁgﬁmfﬁoaﬁom&hémﬁn Bedoto the positiofd 'Ehecam

tangential conpopgnl.efsGah ! ag 4748 bl thedtipping A ({4 Whitg beBngﬁBWe 13)

then engage the cam surface 439 to hold the cupping arm 450 in the cupped position

20 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-

25 012-ST003 and page 3 of PCMC Marnual Number 01-013-STO11 for the PCMC

Series 150 Turret Winder, requires a linkage system to cup and uncup mandrels, and

does not accommodate cupping arms that have a pivot axis whose distance from a
turret axis 202 is variable.

30 Core Drive Roller Assembly and Mandrel Assist Assemblies

Referring to Figures 1 and 15-19, the web winding apparatus according to the
present invention includes a core drive apparatus 500, a mandrel loading assist
assembly 600, and a mandrel cupping assist assembly 700. The core drive apparatus
500 is positioned for driving cores 302 onto the mandrels 300. The mandrel assist

35  assemblies 600 and 700 are positioned for supporting and positioning the uncupped
mandrels 300 during core loading and mandrel cupping.

Turret winders having a single core drive roller for driving a core onto a
mandrel while the turret is stationary are well known in the art. Such arrangements
provide 2 nip between the mandrel and the single drive roller to drive the core onto

40  the stationary mandrel. The drive apparatus 500 of the present invention comprises a
pair of core drive rollers 505. The core drive roliers 505 are disposed on opposite
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transl ation of the nmandrel slide plate 356 relative to the cross menber 234
to vary the distance fromthe mandrel axis 314 to the turret assenbly
central axis 202. In one enbodi nent, the mandrel slide plate can be

sl i dably supposicrsgsasssa Cr oss menber 234 by a plurality etrnwssenrase
commercially available linear bearing slide 358 and rail 359
assenbl i es. According, each mandrel 300 is supported on the rotating
mandrel 10 support plates 230 for translation relative to the rotating

mandr el supporst pides of the coreclbmiing segatent) 32210f 1k dlosedomaddrelopady 320 talong

Sui tabl e Si dos o4y EgHt Bod rﬁnﬁfg&aﬁe@*ﬁ%@ﬁ% BEC%M& 202

manuf act ured by ralies$084, isidisppsed ontside mandrel paghs320, gnchthe qther of the
ggghamngggl ?L'e‘*?ff"'“”% e SOSB, i$ Hispdsed W%wﬁmﬁbzowmlm@\ggns
surface grooves f@@%&‘ﬁ% Wﬁﬁ'gfﬁy‘ 8@95@ ﬁﬁ?

first and 10 saemdpﬂmﬁgsmmt%mupm
beai ng support maounm iwreaunﬁe 86]1&:@505 he

rotating mandrel r! g |l owers 360 and 362
follow the gr oové‘gm%% I@‘%ﬁ%s?{é $&gw de pl ates, thereby
posi tioni ng t he mandrResosodiveiroliess 50fcare| summtedﬁomuhon about paxaliel mand
The servo notor géerofitdbly! dri%ﬁ Séve Rbfdr#througbely

\(;glnélcmjguslzﬁ bo th §B§§ %(l s 20 ?F&ﬂ%r enecho@& E a I arI de
gggf i fll'ﬁguisl g;: omMsmn SlSt mwmmmuo ﬁﬂmdtmqﬂgmm ptk h
202 i nor cages. t“ef&mgéie b, el e s St %”%ﬁééaaﬁkem
mot or manuf act ur eekpem)tottlmnWrdm3E and the cotkolopding seginedll 322:6f:thel masdrel
Chi o. 20 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 parallel to a mandrel axis and a
velocity component generally parallel to at least a portion of the core loading
segment. For instance, core drive roller SO5A is supported. for rotation about axis
615 which is inclined with respect to the mandrel axes 314 and the core loading
25 segment 322, as shown in Figures 15 and 16. Accordingly, the core drive rollers
505 can drive the core 302 onto the mandrel 300 during movement of mandrel along
the core loading segment 322.
Referring to Figures 1S and 16, the mandrel assist assembly 600 is supported
outside of the closed mandrel path 320 and is positioned to support uncupped
30 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
35  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 mandrel from the core loading apparatus 1000.
The mandrel support 610 is supported for rotation about the axis 615, which is
inclined with respect to the mandrel axes 314 and the core loading segment 322.
40  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



The shape of the first and second cam surface grooves 143 and 145 can be
varied to vary the closed nandrel path 320. In one enbodi nent, the first
and second cam surface grooves 143 and 145 can conpri se

i nt erchangeabl e, repl aceabl e sectors, such that the cl osed mandre
path 320 conprises repl aceabl e segnents. Referring to 35 Figure 5, the cam
surface groovegobdésksesnd 145 can encircle the axis 202 al ong apoBUsp6n74so
that conprises non-circular segnents. |In ong enbodi nent, each of the

mandr el gui de plates 142 and 144 can conprise a plurality of bolted
toget her plate sectors. Each plate sector can have a segnent of the
conpl ete cam 5ol sp8\Rhd Avakas r&i‘x&h%i&sx:red &uldr tb’the mR%ﬁSr "The PittlPadd OUT €
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sector and mSGfW"&W%MlM@M%WM%%}% ate

segnent 10f bﬁmhﬂmgsﬁﬁeama@epﬂelemdméusoﬁﬂsrﬂppdﬁﬂh&ceﬁ%p I
path 320 having gupp tdze%e&m&'@w a&ﬁﬁ Bﬁ&ﬁ‘ﬁén-wm
having a di fferent shape. |nter ngea ate sectors can
el i mi nate probl ef®®encountered when wi nding | ogs 51 haV| ng different

di ameters and/ or shBeMﬂnMnMWﬁwumbmdfdﬁomMﬂm&ﬁé,

change in the di geh&lidedd fmtitﬁ mﬂ@ﬂ Q:oFle
Eggpglel in the poih‘t,é 90?1@950 &grﬁent %m t at support mluegb\i}gs e
thmughadnvetrmn630bythesameservomotor510whtchroutablydnvescore
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

20 the mandrel support 610 to the drive train 630. The drive train 630 includes pulley
634 driven by a pulley 632 through belt 631, and a pulley 638 driven by pulley 636
through belt 633. The diameters of pulleys 632, 634, 636 and 638 are selected to
reduce the rotational speed of the mandrel support 610 to about half that of the core
drive roller S0SA.

28 The servo motor 510 is controlled to phase the rotational position of the
mandrel support 610 with respect to a reference that is a function of the angular
position of the bedsoll 59 about its axis of rotation, and a function of an accumulated
number of revolutions of the bedroll 59. In particular, the rotational position of the
support 610 can be phased with respect to the position of the bedroll 59 within a log

30 wind cycle, thereby synchronizing the rotational position of the support 160 with the
rotational position of the turret assembly 200.

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

35 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 mandrel path

' 40  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



surface as winding is conpleted on a core. If a mandrel path adapted for

| ar ge dianeter logs is used to wind snall dianmeter |ogs, the web wll

| eave the bedroll at a tangent point which is higher on the bedroll
than the desired tangent point for 15 providing proper web transfer to the
next core This shifting of the web to bedroll tangent point can result
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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
25  camried 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
30  pulley 754, which is connected to a pulley 756 by a shaft 755. Pulley 756, in tum,
drives serpentine 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
35 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 mandre!l support 710 about the axis 717. The
servo motor 711 is controlled to phase the rotation of the mandrel support 710 and
40 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
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Table 1C is substituted for Table 1B, the resulting changes in the
coor di nat es of the mandrel path 320 are listed in Table 2B.

Turret Wnder, Mndrel Cupping Assenbly The mandrel cupping

assenbly 400 MI y engages the second ends 312 of 10 t IRCIES6IOHSE 300
i ntermedi ate The core | oadi ng segnent 322 a%d the core stripping

segnent 326 of the closed mandrel path 320 as the mandrels are driven
around the turret assenbly central axis 202 by the rotating turret
assermbl y 200.s Refadtionr ah@ccumulated gumises of revolistiond af thetbedroll 59 dh partjsulang

assenbly 400 co F%{ﬁyﬁg@? 0 o dFiheé'mahdel heﬂoon a-
o i Uty il

a mandrel 300. TR rodidnal dﬁd&n&f&hﬂw oﬁallatinﬁthemttpaslnon of the

Cecond JS%&‘?%@%&&W@@%M}?@W@% n;*%aﬁ* F‘%' % i atiéﬂe
of the caseambiy) 200. Altgmatively, onen¢ momowrs S W50 i s

pi votably suppordri@ r@ﬁnbﬂefﬂﬁtoiﬁﬂp’lﬂeﬂwﬂmmmmaxnwpﬂm smume gearinger mi t
rotation of the cuy arm 450 about a pivot axis 451 froma first
cupped position "ﬁg t he mandr el cup 454 eng es a. mandrel 300, to a

second uncupped posiknithe enhedisent shawn, 357 frives;both the zofation of, { he
mandrel 300. Thqnéhﬁﬁbwma&nsmoﬁﬂﬁmmmmwummmn are

shown 15 yet another embodiment, the serpentine belt 757 could be replaced by two separate
belts. For instance, a first'belt could provide rotation of the cam plate 740 , and a
second belt could provide rotation of the mandrel support 710 about its axis 715.
The second belt could be driven by the first belt through a pulley arrangement, or
alternatively, each belt could be driven by the servo motor 722 through separate
20 pulley arrangements.

Core Adhesive Application Apparatus
Once a mandrel 300 is engaged by a mandrel cup 454, the mandrel is carried
along the closed mandrel path toward the web winding segment 324. Intermediate
25- 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)
30 through a supply conduit 812. The glue nozzles have a check valve ball tip which
releases an outfiow of adhesive from the tip when the tip compressively engages a
surface, such as the surface of a core 302.
The glue nozzie 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.
35  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
gluenozzlerack820hasanarm830carryingacylindricalcmfollower.
The actuator assembly 840 for pivoting the glue nozzle rack comprises a
40 conﬁmouslyrotaﬁngdisk842andaservomotor822,bothofwhichcanbe
supported from the frame cross member 133. The cam follower carried on the arm



25 in Figures 9. Each cupping arm 450 is supported on the rotating cupping
arm support in a path about the turret assenbly central axis 202
wherein the distance bet ween the cuppi ng arm pivot 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, each cupping
arm and associ ggdtseR8drel cup 454 can track the second 30 epdr@isbnadsei t s
respective mandrel 300 as the mandrel is cagried around the cl osed

mandre path 320 by the rotating turret assenbly 200. The
rotating cupping arm support 410 corrpri ses a cuppi ng arm support hub
420 which is 10t 338béngaged disposedU s N di ng
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rotation, and a fm | an accunu P nunper of revol utions of .
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PCT/ US96/-07450 Each mandrel 300 is rotated about its axis 314 by a core spirfhing aséemblyf t he

suppor t 410 can lagy HgARE hoshibd 816 e the b3 Thirkt pbidliy BEbich o
15 adhesive around the core 302. The core spinning assembly 860 comprises a servo
motor 862 which provide continuous motion of two mandrel spinning belts 834A

and 834B. Referring to Figures 4, 20A, and 20B, the core spinning assembly 860

ccan 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

20 drives pulleys 836A and 836B, which in tun drive belts 834A and 834B about
pulleys 868A and 868B, respectively. The beits 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 nozzles 810. Accordingly, each mandrel

and its associated core 302 are translating along the closed mandrel path 320 and

25 rotating about the mandrel axis 314 as the core 302 engages the glue nozzles 810.
. The servo 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 revolutions of the bedroll 59. In particular, the pivot position of the glue nozzle

30  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 nozzle 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

35 the glue 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

40 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



a log wind cycle, thereby synchronizing rotation of the cupping arm support
410 with rotation of the turret assenbly 200. The servo notors 222 and
422 are each equi pped with a brake. The brakes prevent relative
rotation of the turret assenbly 200 and the cupping arm support 410
when the wi nding apparatus 90 is not 10 to thereby preventing tw sting of
the mandrel s 3@/ 96138365 The rotating cuppi ng arm support pctifsedidtadener
conprises a rotating cupping armsuppgrt plate 430 rigidly joined to
the hub 420 and extending generally perpendi cular to the turret
assenbly central axis 202. The rotating plate 430 is rotatably driven

about the axiy 24gna gy 2%::& Bihal auee;egquma ma&ms(fmp”
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to the rotating §H‘§t° avure r;b" a
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. Ea?hl 59 fixed to the bracket 432. 30 The
mandr el cuppi ng LEES 3811%0 ur% er conprises a pivot axis positioning
gui de for positioning the cupping arm pivot axes 451. The pivot axis

posi tioni ng gui de positions theCereRoadigg F?pimuyot axes 451 to vary the
di st ance en ea 4 S f | on
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carrousel 1100. Figure 21 is a perspective view of the rear of the core loading
25  apparstus 1000. Figure 21 also 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. Figure23 isan
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
30 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. Altematively, 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
35 pulleys 1202 adjacent the frame end 1132. Likewise, an endless belt 1210 is driven
around a plurality of pulleys 1212 adjacent the frame end 1134. The belts are driven
around their respective pulleys by a servo motor 1222. A plurality of support rods
1230 pivotably connect core trays 1240 to lugs 1232 attached to the belts 1200 and
1210. In one embodiment, a support rod 1230 can extend from each end of a core
40 tray 1240. In an alternative embodiment, the support rods 1230 can extend in
parallel rung fashion between lugs 1232 attached to the belts 1200 and 1210, and



and is positioned adjacent to the rotating cupping arm support plate 430
al-ong the axis 202. The positioning plate 442 can be rigidly joined to
t he support 120, such that the rotating cupping arm support plate 430
rotates relative to the positioning 40 plate 442. WO 96/ 38365
PCT/ US96/ 07450 19 S

The positioni ngodglzadee 442 has a surface 444 facing the rotat pogusesarssot

pl ate 430. A cam surface, such as camaurface groove 443 is disposed
in the surface 444 to face the rotating support plate 430. Each
sliding cupping arm support mnenber 460 has an associ ated cam fol | ower
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can have a GtaN% rotation of thesurretassemblie200s ui t abl e shape) al ong t hat .
portion of the cl osecfhe core hopper 1010 is supported vertically above the core carrousel 1100

15  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

20 could be used in place of the slotted wheels to pick up a core and place a core in
eachcbretray. 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.

25 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

30  belt 1310.driven about pulleys 1312 by a servo motor 1322. The endless belt 1310
has a plurality of flight elements 1314 for engaging the cores 302 held in the trays
1240. The flight element 1314 engages a core 302 held in a tray 1240 and pushes
the core 302 at least part of the way out of the tray 1240 such that the core 302 at
least partially engages a mandrel 300. The flight elements 1314 need not push the

35 core 302 completely out of the tray 1240 and onto the mandrel 300, but only far
enough such that the core 302 is engaged by the core drive rollers 50S.

The endless belt 1310 is inclined such that the elements 1314 engage the cores
302 held in the core trays 1240 with a velocity component generally parallel to a
mandrel axis and a velocity component generally parallel to at least a portion of the

40 core loading segment 322 of the closed mandrel path 320. In the embodiment
shown, the core trays 1240 carry the cores 302 vertically, and the flight elements



mandrel path where the mandrel ends 312 are uncupped. By way of
illustration, 20 Tables 3A and 3B, together, list coordinates for a groove
443 which is suitable for use with cam foll ower grooves 143A and 143B
havi ng coordinates listed in Tables 1A and 1B. Simlarly, Tables 3A
and 3C, together, list coordinates for a groove 443 which is suitable
for use w th gpguésesspwer grooves 143A and 143C having C POT/USI AL 550
listed in Tables 1A and 1C. 25 Each @appi ng arm 450 conprises a
plurality of camfollowers supported on the cuppi ng arm and pi vot abl e
about the cupping arm pivot axi s 451 The camfol | ower s supported on

the cupping a m p3WAEthéEce Riadin el%?éélvﬁﬂ:iﬁrﬁédl

t he cuppi ng arm4 b We he c ped and u

Figures 9-12, ea r}c"%‘t ﬁg%ﬂgl
453 and 30 a secantroll qumhgsealhmmmmsﬂfoﬁezﬁdﬁ efernents, 3514, uithy respesk to i i ons
453 and 455 reforérit dhal W fimction oThesigilaf bﬁiodamarmmmefr

e clippi ng. ar m THens s fedon, of arﬁ‘c@aﬁ@‘fq i o pyplaBha. of e npl 39
support nenbdy 4BOpasticulascthe positionoef the ﬂ%ﬁhteelpmm 1314 m&glmmmml ng
351, The mandr e s Bealibiof t Bedfolf 39 wilthils fog 40 & t“‘*“”‘@ﬁ'é* e e
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i (I’)lt er nedi at e} he B"gqééq %‘Kﬁ#%ﬁﬁ%%ﬁ @53%43‘(]4“"*@?&‘510
fol | owers 474A aTbe date Buides positiont the ceres 302 with respesito she sscond enisis 312tof the
extension 453. TRgndrag 300! dsANE Sorkd 402 2R BfifenSHo Ahé SoreOFays 1240 by the core
loading conveyor 1300. The core guides 1510 are supported on endless belt
conveyors 1512 driven around pulleys 1514. The belt conveyors 1512 are driven by
20 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 1512.
At least a portion of the closed core guide path 1541 is aligned with & portion
25 of the closed core tray path 1241 and a portion of the core loading segment 322 of
the closed mandrel 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
30 core guide 1510 to the second end of the core guide. Convergence of the core guide
channel 1550 helps to center the cores 302 with respect to the second ends 312 of
the mandrels 300. In Figure 1, the core guide channels 1550 at the first ends of the
core guides 1510 adjacent the core loading carrousel are flared to accommodate
some misalignment of cores 302 pushed from the core trays 1240,
35
Core Stripping Apparatus
Figures 1, 24 and 25A-C illustrate the core stripping apparatus 2000 for
removing logs 51 from uncupped mandrels 300. The core stripping apparatus 2000
comprises an endless conveyor belt 2010 and servo drive motor 2022 supported on a
40 frame 2002. The conveyor belt 2010 is positioned vertically beneath the closed
mandrel path adjacent to the core stripping segment 326. The endless conveyor belt
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extension 453 for rotation about axes 475A and 475B, which are parallel to
one anot her. The axes 475A and 475B are parallel to the direction .

al ong which the cuppi ng arm support nenber 460 slides relative to the
rotating cuppi Qi RBEBssUPPOrt plate 430 when the mandrel egpukss/o7asot he
cupped position (upper cupping armin i gure 9). The axes 475A and
475B are parallel to axis 202 when the mandrel cup is in the uncupped
position (lower cupping amin Fi gure 9). . Each cuppi ng am 450
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vi ew show ng fou mocuppl ng ans 450A-D. Cupping arm 450A i s shown

B upped posi 1 on 1o EiRdHed mESBEoa2010 i fRGied il Shapei i SRR AKS TAMe
position to an uthnjppndtelpdtﬂbtmmddlompmlmgghrmmﬁon of the core/strippign an
rovi e bt vatt ngs h?iﬁéﬁ“%%??s R o, AT
provi de pi Vot ng b Beghbl s34 i3 el s Dy, U e Sieh
betweentheconveyorzoloandthenmndrelmsnhsselectedsuchthattheﬂxghm
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
25 component V2 generally parallel to the straight line portion of the core stripping
segment 326. In one embodiment, the angle A can be about 4-7 degrees.

As shovm in Figures 25A-C, the flights 2014 are angled with respect to the
conveyor belt 2010 to have a log engaging face which forms an included angle equal
to A with the centerline of the belt 2010. The angled log engaging face.of the flight

30 2014 is generally perpendicular to the mandrel axes 314 to thereby squarely engage
the ends of the logs 51. Once the log 51 is stripped from the mandrel 300, the
mandrel 300 is carried along the closed mandrel path to the core loading segment
322 to receive another core 302. In some instances it may be desirable to strip an
empty core 302 from a mandrel. For instance, it may be desirable to strip an empty

35  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.

40  core on which no web is wound) from the mandrels.



arm support nenber 460 tracks the groove 443 in positioning plate 442. The
rotating support plate 430 is omtted fromFigure 13 for clarity.

Referring to Figures 9 and 13, the nmandrel cupping assenbly 400 can

conpri se an openi ng cam nenber 482 havi ng an openi ng cam surface 483, a
hold 35 open cam nenber 484 having a hold open cam surface 485 (Figure 9),
a closing camyygegagREber 486 conprising a closing cam surfaperASdenrasd a

hol d cl osed cam nenber 488 conprising s hold closed cam surface 489.
Cam surfaces 485 and 489 can be general ly planar, parallel surfaces
whi ch .extend perpendicular to axis 202. Cam surfaces 483 and 487 are

generally thr';e di mensi onal cam surf g Me‘é’{] A0 nmenbers 482, 484,
cdn

486, and 488 are pref rabli/ statlfnar suppm& d (
degmstreasn of dbe

supports not shown)

frame 110. coreMppmgapparamsZOOOforrecuvmglogs 51 ﬁ-omthecorestnppmgaﬂiammﬁ

As the rotating Qé(g)te 4 ﬁﬁﬁﬂéé l¢fie 202,
the cam fol |l ower 473 Ae ﬁmgﬁﬁzedgu%%gzs%na o%eﬁlling&d &he e 483
prior. to th Fﬂsa Aogs:S1stasthe log rejert Sﬁ)l ng
arns 450 (egio mmmamgmam)z afnd@melehhrelyupmam@mjyctl on

}?oﬁnhfhgmr:r;ﬁg?gl g% by tﬁu core ES‘ ﬁ%l pp| ng ap%us%w cam

fol | ower 476 on Supports @ity Aaad p seoonh setofopROSIRED | 1
Figure 13) theneaagigs og bmgﬁmﬁm {49858 4flives 8rni304085A&nd three arms 4035B

shown in Figure 21).

15 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

20 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.

In some instances, it is desirable to direct one or more logs 51 to a second,
reject station, such as a disposal bin or recycle bin. For instance, one or more
defective logs 51 may be produced during startup of the web winding apparatus 90,

25 or alternatively, a log defect sensing device can be used to detect defective logs 51 at
any time during operation of the apparatus 90. The servo motor 4022 can be
controlled manually or automatically to intermittently rotate the element 4030 in
increments of about 180 degrees. Each time the element 4030 is rotated 180
degrees, one of the sets of log engaging arms 4035A or 4035B engages the log 51

30  supported on the rollers 4050 at that instant. The log is lifted from the rollers 4050,
and directed to the reject station. At the end of the incremental rotation of the
element 4030, ﬂxeothersetofarms4035Aor403531;mposmanto engage the
next defective log.

35 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 mandrel includes & mandrel
body 3000, a deformable core engaging member 3100 supported on the mandrel
40 300, and a mandrel nosepiece 3200 disposed at the second end 312 of the mandrel.
The mandrel body 3000 can include a steel tube 3010, a steel endpiece 3040, and a



cupping armin the uncupped position until an enpty core 302 can be | oaded
onto the mandrel 300 al ong the segnent 322 by the core | oading
apparat us 1000. Upstream of the web wi ndi ng segnent 324, the cam

foll ower 474A on the cupping 15 arm (e g. cupping arm450A in Figure 13)
engages the closing cam surface 487 to rotate the cuppi.-ng arm 450 from

the uncupped tg,ddRsdspped position. The cam fol | owers 4péfussenr4k64B
on the cupping arm(e.g. cupping arm 450B is Fi gure 13) t hen engage

the cam surface 489 to hold the cupping arm 450 in the cupped position
during web w nding. 20 The cam foll ower and cam surface arrangenent

shown in Figures fnahdalllcd composits indfte tube30380daidmg cinteRiédidt® the” 5tod i tiBe ar M
450 can be rot atg@ &E%ad uncupped positions as the radial
position of the béf"'ﬁﬁ * 451 noves relative to the axis
202. A typical barreIAtdmtapomgoﬁﬁanmmmeahwomdefombh

mandrel s, such a 0

012- STO03 and page '3 fa PCIVC

Series 150 Turr et ‘
mandrel s and 10  mandes} meepxmmmhtb alﬂdﬁplmgpm&mxt tlmtmlmdrd 300p|anims axi s
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s ol e F gf%“wﬁf@%m&&?mw iy

the pr esent nosepmaisd)sp manﬁ'cl\hed)a:iqmrbwnmnﬂal)cupeﬁ#andrel

| oadi ng assi st %5%,‘;5? o Hoky/
700. The core driye.a %rqg,tus Wcoré g %I one%@fgr IVI ores 302
onto the mand¥el s‘Y@B‘?}% ’WEMEIP@‘Y“‘&@%PQ’ 13‘ &ap on

positioned for sugesberdpiege 3040, pBygi damaﬂygﬂefdmahlefbﬂm&mthatthemmbeesmoo

during core | oadifg, ng a
R sy okt oot g ot

provide a nip betWthMﬂWWmGMW&MM%WSMﬁ t he
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core drive rol | ert@engagesh
thedeformableeoreengagmgmembeﬂloo F’;gures28md29areenhrgedews

of a portion of the nosepiece 3200 showing motion of the nosepiece 3200 relative to
steel endpiece 3040.

25 Referring to the components of the mandre] 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

30 tube 3010, and the idler pulley 339 can be rotatably supported on an extension of the
bearing housing 352 by idler pulley bearing 339A, such that the idler pulley 339 free
wheels relative to the steel tube 3010.

The steel tube 3010 includes a shoulder 3020 for engaging the end of a core
302 driven onto the mandrel 300. The shoulder 3020 is preferably frustum shaped,

35  as shown in Figure 26, and can have a textured surface to restrict rotation of the core
302 relative to the mandrel body 3000. The surface of the frustum shaped shoulder
3020 can be textured by a plurality of axially and radially extending splines 3022.
The splines 3022 can be uniformly spaced about the circumference of the shoulder
3020. The splines can be tapered as they extend axially from left to right in figure

40 26, and each spline 3022 can have a generally triangular cross-section at any given
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the core | oading segnment 322 of the closed nandrel path 320 al ong a
generally straight line portion of the segnment 322. One of the core drive

rollers, roller 505A, is disposed outside the closed nandrel path 320,
and the other vah oéfi96s core drive rollers, 505B, is di sposgdriokdshbdset he
cl osed mandrel path 320, so that the Rgndrel s 300 are carried

intermediate the core drive rollers 505A and 505B. The 10 «core drive
rollers 505 cooperate to egage a core driven at |east partially onto the
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The deformable core engaging member 3100 is spaced along the mandrel axis
314 intermediate the shoulder 3020 and the nosepiece 3200. The deformable core
engaging member 3100 can comprise an annular ring baving an inner diameter
20 greater than the outer diameter of a portion of the endpiece 3040, and can be radially
supported on the endpiece 3040. The deformable core engaging member 3100 can
extend axially between a shoulder 3041 on the endpiece 3040 and a shoulder 3205
on the nosepiece 3200, as shown in Figure 30.

The member 3100 preferably has a substantially circumferentially continuous
25 surface for radially engaging a core. A suitable continuous surface can be provided
by a ring shaped member 3100. A substantially circumferentially continuous surface
for radially engaging a core provides the advantage that the 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
30  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
35  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
v surface 3112 for engaging a core. The rings 3130 and 3140 can have Z-sbaped
cross-sections for engaging the shoulders 3041 and 3205, respectively. The ring
40 3150 can have a generally T-shaped cross-section. Ring 3110A extends between and



615 which is inclined with respect to the mandrel axes 314 and the core

| oading 25 segnent 322, as shown in Figures 15 and 16. Accordingly, the
core drive rollers 505 can drive the core 302 onto the nmandrel 300
during novenent of nandrel al ong t he core | oadi ng segnent 322
Referring to Figures 15 and 16, the mandrel assist assenbly 600 is
supported ' of the closed mandrel path 320 and is poBuUidsrsd t O
support uncupped 30 mandrels 300 internedisde the first and second mandr el
ends 310 and 312. The mandr el assist assenbly 600 is not shown in
Figure 1. The mandrel assist assenbly 600 conprises a rotatably driven

mandr el supporg G&jbmao ofapd 3 F50p 3110BaRtends betwébn apd sJoiiietd W ridigs 300
al ong at | east aﬂh@&g the core | oading segnent 322 of t he cl osed
mandrel path 320 h rel support 610 stabilizes the mandrel 300 35

and reduces vi br at i onThe nosepiecen3200is dlidably supporgdon tushings: 3300:to parmisoaxial 610

thereby aligns t I %Q,(Wﬁ mg“g,ﬁ?
secondyend ? L of t&'ﬁ;fgw;;gim%%% bﬂp%g&g;agys 1000.
The mandrel supp PRI ¢
i s i ncl i Wwed Such bushingsaos mamfichwed by UEMPCEkindustries of Cleveland, Qhic Vﬂumlng
Tandr ol support SUERAcR G50 i SRNEES shng (PTG AR kel Ve Acpied 0N e
vari abl e pi toh mAriaRe Sare smgaging pehes 310 i beieh i 8aden S04
PCT/ US96/ 07450 and 3205, causing the rings 3110A and 3110B to buckle radiglly outwardly, as
shown in phantom in Figure 30.
15 - Axial motion of the nosepiece 3200 relat:vetotheendpxeeeSMOtshnntedby
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
20 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
25 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
30 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
35  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 into a tapped hole which is perpendicular to and intersects the tapped
40 hole 3045 in the end 3044 of the endpiece 3040. The set screw 3800 abuts against -
the threaded fastener 3060 to prevent the fastener 3060 from coming loose from the



5 615, and a variable radi us neasured perpendicular to the axis 615. The

pitch and radi us of the helical support surface 620 vary to support
the mandrel al ong the cl osed mandrel path. In 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 asenbl iwweoghgyeert mandrel s which are stationary dui ng PeT/USSH0450

| oading The variable pitch and radius of t38e support surface 620 permts
the support surface 620 to contact and support a noving mandrel 300

al ong a non-1linear pat h. Because the mandrel support 610 is
supported fors rowsmmumumﬂmmmmmsmﬁmw Can
be drive off thes M Kial :
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accunul at ed tl-ﬁlm&fel.of revol utlons of the bedroll 59. In partlcul ar,

the rotational position of the support 610 can be phased with respect

to the position ofthe bedroll 59 within a |og 30 wnd cycle, thereby
synchroni zing the rotational posi t Sesmo Moten{ContrgbSustem 160 with t he
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454 35 as the mmhm@maﬂlwammmmmpoﬁummnmam
assenbly 700 driven* it is meant that the positions of the components are not mechanically
25 ‘coupled, such as by mechanical gear trains, mechanical pulley arrangements,
mechanical linkages, mechanical cam mechanisms, or other mechanical means. In
one embodiment, the position of each of the independently driven components can be
electronically phased with respect to one or more other components, such as by the

use of electronic gear ratios or electronic cams.

30 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
dnvencomponentscanbephasedmthrespecttotheposmonofthebedro1159

35 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

40  bedroll revolution, and one log cycle will be completed (one Jog 51 will be wound)



conprises a rotatably driven mandrel support 710. The rotatably driven

mandr el support 710 is positioned for supporting an uncupped mandr el
300 intermedi ate the first and second ends 310 and 312 of the nandrel.

The mandrel .support 710 supports the mandrel 300 along at |east a
portion of the closed mandrel path 40 I nternmedi ate the core | oading
segment 322 angolodBsaggb W ndi ng segnent 324 of the cl osedrosssmnasd
path 320. The rotatably driven nmandrel suppsgst 710 can be driven by
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nmotor 711. The nefoflesth 1SUerolitibng of tietbedsotlc nidcordiiply, eadhCrlevsliticth éfthe BEdoR €
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The rotatably driven 'l'he dppen compoments cam inghidesr the (tyrretcassanbly 200 dr el
support surface e H'WW Y&W%
support 10 surface 72 S e r oSl 1,0NS fo
engagement by t hé®® ’ri&fﬂ?‘ggy W‘%&} &W)% Wég and
support 710 i® raumdaéllsypmmdrmbya2mmworédm(ﬂﬁaomoﬁéadthe
clevised first engamfad ﬁﬁpﬁg ing/skPpdrt 710
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second end ‘15 73asseimbly 840 duvembyanmr 832 {eg.ta&rii?yerhmmmqrmthe mwrmel
spaced fromthe aﬁ'oﬁazééotegmdea&&ﬁbl QSOGB%%}'ati‘HP
as the pivot ﬁr m:égo VW&@Q &"ém
a cam fol | owe fore &pt
coupled); the core loading conveyor 1300 dnven 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 glue spinning assembly 860/motor 862, can be independently driven, but do not
20 require phasing with the bedroll 59. Independently driven components and their
associated drive motors are shown schematically 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

25  position. The programmable contro] system 5000 can count and store the number of

times the bedroll 59 has completed a revolution (the number of times the bedroll
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.

30 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

35 of the bedroll within a log wind cycle, determining the actual position of a
component relative to the rotational position of the bedroll within the log wind cycle;
calculating the desired position of the component relative to the rotational position
of the bedroll within the log wind cycle; calculating 8 position error for the
component from the actual and desired positions of the component relative to the

40 rotational position of the bedroll within the log wind cycle; and reducing the
calculated position error of the component.
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pivot arminternmediate the first and second ends 732 and 734. A
rotating cam plate 740 having an eccentric cam surface groove 741 is 20
rotatably driven about a stationary horizontal axis 742. The cam fol | ower
731 engages the cam surface groove 741 in the rotating cam pl ate 740,

t her eby periodically pivoting the arm 730 about the axis 717 Pivoting
of the arm 730Cwavgmesses the rotating support 710 about the axipeTHAEd/eras0ses
t he mandrel support surface 720 of therotating support 710 to
periodically engage a mandrel 300 as the mandrel is 25 carried along a
predeterm ned portion ofthe closed nandrel path 320. The nandrel

support surfase 720 menehnbmmmambﬁmmuapewchedmmdmwcﬂ&ﬂmd t he

mandrel 300 for %EJEE"S‘ and
the rotating cam %%%“m ag%&%gmﬂ he’ servo orﬂ%Mﬁg
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periodic pivoti ngrosrmaahh ol systlem00. 710 with respect to a reference

that is a funct mn%b&&ompmﬁmymtmma&sbmwmmﬁ%pa&m& its
axis of rOtatlonwﬂ%ngapparatus 90, the accumulated number of rotations of the bedroll since
completion of the last log wind cycle, the sheet count per log, the sheet length, and

20 the bedroll circumference can be read from the random access memory of the
programmable control system 5000. For example, assume the bedroll had completed
seven rotations into a log wind cycle when the winding apparatus 90 was stopped
(e.g. shutdown for maintenance). When the bedroll proximity switch first makes
contact upon re-starting the winding apparatus 90, the bedroll completes its eighth

25  full rotation since the last log wind cycle was completed. Accordingly, the bedroll at
that instant is at the 130 degree (halfway) position of the log wind cycle, because for
the given sheet count, sheet length and bedroll circumference, each rotation of the
bedrollcorrespondsto4sheetsofthe643heetlog,nnd16revolntxonsofthebedmll
are required to wind one complete log.

30 When contact is first made by the bedroll proximity switch at start up, the
desired position of each of the independently driven components with respect to the
position of the bedroll in the log wind cycle is calculated based upon the electronic
gear ratio for that component and the position of the bedroll within the wind cycle.
The calculated, desired position of each independently driven component with

35  respect to the log wind cycle can then be compared to the actual position of the
component measured by a transducer, such as an encoder associated with the motor
driving the component. The calculated, desired position of the component with
respect to the bedroll position in the log wind cycle is compared to the actual
position of the component with respect to the bedroll position in the log wind cycle

40 to provide a component position error. The motor driving the component can then
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bedroll 59. 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 | og wind cycle. The rotational

position of thgowRgss! support 710 and the pivot position of ptivessewrsse
mandr el support 710 can thereby be synchrongged with the rotation of the
turret 10 assenbly 200. Alternatively, one of the servo notors 222 or 422
could be used to drive rotation of the camplate 740 through a tim'ng
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the rotation of WM its axis 715. In 15 yet
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separate 20 pulley r
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a mandrel cup 454ositior dtamérairretsasseablyl 200 is mea&hredlglsinbeadnw transticer]

path toward the I ng
segnent 322 and w _g&/se mnw,ksjgﬁhﬁ&ge@n appﬁdggﬁgon
appar at us 80015ap|@ﬁ"@§n%$ﬁfa%ﬂae @ﬂsﬂ% ezastual posifinn; of ghetyrret gssembly
nmovi ng mandr el Smom&sdeﬁreapd@nmﬂhnmbl WMWWMEQW
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rack 820. Each no In co I catl on ressurize
source of |iquid contellar @308, and thesehy m@egnﬂargﬁtbmwgmlrz@qp The

gl ue nozzl es havewefo.check vaI ve bal | t| p which

20 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
25 servo motor 422 can be varied, such as with a motor controller 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 8 common reference, such as
the position of the bedroll 59 within the log wind cycle, the rotation of the mandrel
cupping arm support 410 is synchronized with that of the turret assembly 200, and
30 twisting of the mandrels 300 is avoided. Alternatively, the position of the
independently driven components could be phased with respect to a reference other

than the position of the bedroll within a log wind cycle.
The position error of an independently driven component can be reduced to
zero by controlling the speed of the motor driving that particular component. In one
35 embodiment, the value of the position error is used 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
40 position error is negative (the actual position of the component is "behind” the
desired position of the component), the drive motor speed is increased. In one



rel eases an outflow of adhesive fromthe tip when the tip conpressively
engages a surface, such as the surface of a core 302. The
gl ue nozzle rack 820 is pivotably supported at the ends of a pair of
support arns 825. The support arns 825 extend froma frane cross nenber

133. 35 The cross nenber 133 extends horizontally between the upstanding

frame nmenbers 2 and 134. The gl ue nozzle rack 820 is
about an axis ?ﬁ%? y an actuat or assefgpbly 840. The axis 828 Is
parallel to the turret assenbly central axis 202. The gl ue nozzl e

rack 820 has an arm 830 carrying a cylindrical camfoll owers.
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15  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 assembly 200.

20 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
posnonofﬂw:mmmomunnmmﬂwsﬂuuksuutcﬂaﬂmzdpomhonofﬂmcmnmomnu

25 modlﬁedbytheoﬁ'set,thecomponentnsconsxderedtobemphasemthmpectto
thepomnoncﬁ%hehahouuxﬂwlongndcyde Such an offset capability allows
continued operation of the winder apparatus 90 until mechanical adjustments can be
made.

In one embodiment, a suitable programmable control system 5000 for phasing

30 the position of the independently driven components comprises a programmable
electronic drive control system having programmable random access memory, such
as an AUTOMAX programmable drive control system manufactured by the Reliance
Electric Company of Cleveland, Ohio. The AUTOMAX programmable drive system
can be operated using the following manuals, all of which are incorporated herein by

35 reference; AUTOMAX System Operation Manual Version 3.0 J2-3005;
AUTOMAX Programming Reference Manual J-3636; and AUTOMAX Hardware
Reference Manual J-3656,3658. It will be understood, however, that in other
embodiments of the present invention, other control systems, such as those available
ﬁnmnEnwmonImwuomchnmuw;Cm&meamlstu,amiﬂm(hmmmlﬁknum

40 Company could also be used.



the cl osed path 320. Each mandrel 300 is rotated about its axis
314 by a core spinning asenbly 860 as the nozzles 810 engage the core
302, thereby providing distribution of 15 adhesive around the core 302.
The core spinning assenbly 860 conprises a servo not or 862 whi ch
provi de continuous notion of two mandrel spinning belts 834A and 834B.
Referring to RygWgsgesd, 20A, and 20B, the core spinning assenktyussanraso '
can be supported on an extension 133A of tH#8 frane cross nenber 133. The
servo not or 862 continuously drives a belt 864 around pulleys 865 and
867. Pulley 867 20 drives pulleys 836A and 836B, which in turn drive belts
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300 300
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nozzl es 810. %e&fﬁe IE@ se:rgoI m)eﬁor @25 j con%roptﬁt gﬁnﬂi\l
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periodi ¢ pi vd®i ninpEYoutpRE cardacS gh’c
ref erence that |symﬂmhnhdeﬂplndamymﬁmﬂdmnm0mmmw5mm-mem | 59

about its axis o of
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bedroll 59 withi mmthsgnblyzoovm nd cycle. ' The periodic pivoting of the gI ue

nozzl e rack Oist Qﬁmurm %Ewrﬁﬂ P%&P“ ﬂ’i‘ﬁ'@%ﬁ nn&:%
assenbl y 200%§The .pivoting O fE § Q 0zzl e rac 'S sync nlzed
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the rotating ca gamponents gf the

servo notors zﬁZZpﬁrgrﬂﬁam&hom system 5000i mdnﬂ prhg-mnableahhﬂrelsdﬁveahheol
gearing arrangnme

applied to the nt core agﬂ%‘s o?&tl nenﬂgrwl? 05|t| ﬁrﬁlngl 3?
t he cl osed rrandrl‘ld“’b‘gﬂﬁmﬂ‘? drive SOmRONENYS. o 1Be “&Bﬁ its
axi s such that immmmmmammmwwmmmmemme '
cards 5018. The resolver input modules 5020 convert the angular displacement of
25 the resolvers 5200 and 5400 (discussed below) into digital data. The general
input/output cards 5022 'provide a path for data exchange among different
components of the control system 5000. The VAC digital output card 5024 provides
output to brakes 5224 and 5424 associated with motors 222 and 422, respectively.
In one embodiment, the mandrel drive motors 332A and 332B are controlied
30 by a programmable mandrel drive control system 6000, shown schematically in
Figure 32. The motors 332A and 332B can be 30 HP, 460 Volt AC motors. The
pmg'ammablemandreldﬁveoontrolsystemGOOOcanincludeanAUTOMAx
system including a power supply 6010, a common memory module 6012 having
random access memory, two central processing units 6014, a network
35 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 also include AC motor
controllers 6030A. and 6030B, each having current feedback 6032 and speed
40 regulator 6034 inputs. Resolver input cards 6020A and 6020B receive inputs from
resolvers 6200A and 62008, which provide a signal related to the rotary position of
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the glue, and a doctor blade could be used to control the thickness of the
glue on the gravure roll surface. The axis of the rotation of thegravure
roll could be generally parallel to the axs 202. The cl osed mandrel
path 320 coul dyigwghssde a circular arc segnent interned atperiu’ssyasoe

| oadi ng segnment 322 and the web wi ndi ng 41 segnent 324. The circular are
segnent of the closed mandrel path could be 10 concentric with the surface
of the gravure roll, such that the mandrels 300 carry t heir associ at ed

cores 302 to ke il maidrel dgvicmbtors3324 dnd 332Bfespertively OResobver Siiput Eidd 8020C

carried o trofebe B %L’{"ﬁ‘lg%’?gwr Wﬂ% é%ﬁ%‘ %&?#ﬁd e

segment 324 of t pesiionpfdhe rotating yrret asembly 200,
or avur e arrangewmmszwmgmﬁhmaﬁieoaémmum avard can
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first pil@ k p angalar position-of the bedsolb3)
Core Loadi ng Appar atm&&atonnmﬁce?ham oihidh! 638 itide aTkeyboakd

525" The core PGS} appé*’%ﬂmd*m?b ?@&?@ﬁﬁ#&éﬁﬂ%@g T ore
| oadi ng carrouseﬂmkmmé cinterface i<t XHCGQM1 Seyes 000 dndugtrial
internediate t hewmnmmﬁan&myqadmw@d@ausm Michigan. Suitable
15  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
20  position, velocity, and current associated with each drive motor is built into (hard
wired into) the dual axis programmable cards 5018. The position, velocity, and
current associated with each drive motor is measured and compared with associated
position, velocity and current limits, respectively. The programmable control system
5000 halts operation of all the drive motors if any of the position, velocity, or current
25 limits are exceeded.
In Figure 2, the rotatably driven turret assembly 200 and the rotating cupping
arm support plate 430 are rotatably driven by separate servo motors 222 and 422,
respectively. The motors 222 and 422 can continuously rotate the turret assembly
200 and the rotating cupping arm support plate 430 about the central axis 202, at a
30 generally constant angular velocity. The angular position of the turret assembly 200
and the angular position of the cupping arm support plate 430 are monitored by
position resolvers 5200 and 5400, respectively, shown schematically in Figure 31.
The programmable drive system S000 halts operation of all the drive motors if the
angular position the turret assembly 200 changes more than a predetermined number
35  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
40  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



carrousel 1100. Figure 21 is a perspective view of the rear of the core

| oadi ng 25 apparatus 1000. Figure 21 also shows a portion of the core

stri ppi ng appar at us 2000. Figure 22 is an end view of the core |oading
apparatus 1000 shown partially cut away and viewed parallel to the
turret assenbly central axis 202. Figure 23 is an end view of the core

- gui de assenbl ygaof;&g_, s$g30WN partially cut away. Ref e rpiorRfsodisr4so
Figures 1 and 21 , the core |oading carrogygel 1100 conprises a 30

stationay frane 1110. The stationary frame can include vertically upstandig
frame ends 1132 and 1134, and a frame cross support 1136 extending
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support rods 10 méchanicdt y\/mwp}xngm&ﬂleauuetawmemdﬂysmpmm
attached to the % g&ﬁ@‘ 1210. In one enbodi nent, a support rod
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bet ween | ugs 123mmmmmmmmmmmhmmydmuplemuﬁm
?,24?3382, 07450  Cfthe turret assembly 200 from rotation of the bedrall 59, thereby isglating the turret
15  assembly 200 from vibrations caused by the upstream winding eqmpment Driving
the rotating turret assembly 200 separately from the bedroll 59 also allows the ratio
of revolutions of the turret assembly 200 to revolutions of the bedroll 59 to be
changed electronically, rather than by changing mechanical gear trains.
Changing the ratio of turret assembly rotations to bedroll rotations can be used
20 to change the length of the web wound on each core, and therefore change the
mmb&ofpaforatedsheetsofthewebwbicharewound 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
25  changed while the tixrret 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
30 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 correspond to a different size log
(different sheet count per log). Each mandrel speed curve can provide the mandrel
35  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:
40 1) storing at least two mandrel speed curves in addressable memory, such as
random access memory accessible to the programmable control system 5000;



5 each core tray 1240 can be hung from one of the support rods 1230. The
core trays 1240 extend internedi ate the endl ess belts 1200 and 1210,
and are carried in a closed core tray path 1241 by the endl ess belts
1200 and 1210. The servo notor 1222 is controlled to phase the notion
of the core trays with respect to a reference that is a function of
the angul ar pogplk f the bedroll 59 about its axis of rotapcgosesnssea 10
function of an accunul ated nunber of revol ugi ons of the bedroll 59. In
parti cul ar, the position of the core trays can be phased with respect
to the position of the bedroll 59 within a log wind cycle, thereby
synchroni zi nge the %ﬁﬁmé’ Je%ﬁed Qafige the' $h@df Scoltht dri}6r
turret assenbfy 200n§y e core ﬁlopp aal‘OlO | e gg%*?%aﬁ
vertical |y abovel®®®ore carrousel 1100 15 and hol ds a supply of cores
302. The cores 302 i A) isélecting g mandréll §peed curyedvorh ymémory, based upomthel desired t y
of rotating sl ot gﬁ%ﬁm Wh%oned above the closed core tray

path. The slotte ee G‘Eﬁ an,b roIatl% clrla%en g?/‘{ft Be Servo
not or , 1222, del |4)/ 8#@"%@3 ’a%

pl ace of theisl oaSsexdbly 200 mﬂdﬁd maﬂﬂﬁﬂ@upphgiadsemhiy 400 dotle mnemtlspedrd‘thc ay
1240. Al ternati Vgddee Lot g Qb £l t he
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of
slotted wheels to p|§?9 cor a asﬁpforetray A
core tray support su 5@8‘1&‘!’5@; ' ﬂ‘FHEW}ng

receive a core fmsmmwmm@wm&ommmmemam

t he sl ot t ed gubés %Hh’!!’ thétl
1240 are carried q;Yzlroun core tray ZMHa by d
Referring to i g8t% the °°’E°n€m598 tl§Q° gﬁ?}‘sbylﬂ‘ﬂ@‘%ng
at | east a mm,mbwéldahagebm lsoay!npatlsyﬂ:%ilm thﬂ&wkegﬂnﬂnw th

FS;SI lngagi)ﬂgeyorl‘qégﬁmlE p&%ne@%ﬁtﬁ%%or%on oft&%e cl} osed

tray path 1241 wA? ana function PeEMogy segment 322. The
core | oadi ng conveyos) hﬁﬁ@ngomrelmma fdtion sof Ale tinedt! asicadly 200 \and thbout

pul I eys 1312 y Qgﬁ Eﬁ
plurality of i W&%%%or en%%ﬁ%ﬁpge coresﬁ‘ﬁfgerhml %e
trays 1240. Tatioeof the gotational spaeds mandgel icHpping r ay
1240 and pushes gassemb! hgowﬂﬁraﬁaoﬁ]sﬂmmeu&omﬁ-t he way out of the tray

1240 such that the c
- The fight elenments 1315% %hetelsﬁgoﬁzﬁ: ﬁ&'ﬁ&“g %W@Mut of
the tray 1240 an&espentio thededsoll $9dn omlgoto changeshe gpeeds of the components relati
: 25  the bedroll 59: the core drive rolier 50SA 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
30 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
35 within a log wind cycle by: determining an updated log wind cycle based upon the
desired change in the sheet count per log; determining the rotational position of the
bedroll within the updated log wind cycle; determining the actual position of a
component relative to the rotational position of the bedroll within the updated log
wind cycle; calculating the desired position of the component relative to the
40 rotational position of the bedroll within the updated log wind cycle; calculating a
position error for the component from the actual and desired positions of the



enough such that the core 302 is engaged bythe core drive rollers 505.
The endl ess belt 1310 is inclined such that the el enents 1314 engage the

cores 302 held in the core trays 1240 with a velocity conponent
generally parallel to a mandrel axis and a velocity conponent
generally parallel to at |east a portion of the 40 core |oading segnment
322 of the cl oged rel path 320. In the enbodi nent Sherbseslotuse cor e
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to Awith the centerline of the belt 2010. The angl ed | og engagi ng face of
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During nornmal operation,

| og engagi ng arns 4035A and a second set of
extending | og engagi ng arns 4035B (three arns 4035A and
15

el ement 4030 supported on a frame 4010. The rotatable reject el ement 4030
shown in Figure 21).

supports a first set of

oppositely
three arns 4035B

2 +—
— ba o oo

>C O %) _ () ) -0 od oo

o] 0 (@) - - ° © N o C — N C AN O

= %) - % o m — m m — o F o™ c O Mmm .

o g 5 < e Tietssi- ] oaiy [viey E..M| ¥ 1 - [zziv Jssisi-_|ero9z_| osv [iwzci-Jescoer | scv fzuiey Isecer ] oty

.nm = fisove dress eirj sBV | 1zae k) Pezgel: | (0 Rik ~ v |sestsi- |zs6c | e8v |sszocl-feseel | L5V lesoow lizeril } sev

= & O >+ Kaco P heens §1-4 1V [BopreP [BILEVE | esiv 1986RE1O|ebsex- | oziv [sesrsi- _ Jemze | o8V [vBuszi-[ezecl | OSV |SLOLE: JESPELL ] WOV

SHBL O Hoek Tuash o IV [vowel HoRtiE E sV tberstoligsos- | ou1v [swsrsi-  [covsc | cav [vossei-soorei | sov lesore levoces | v

o M4m o = Jreas -4 g1¥ |suezi= oot Lonvolsssisiclansy | sy [sseisi-  [sose | 98V isvezi- |6666°€L .“« §..M Hﬂn_ |m«l

— B naoc WBEE IscR- ¥ |togezl TOESEExs VIumstsir-leesty- | Luiv [eseisi-  JIshiy | S8V 19SOLZL-jSezvl | ¢ . .

G .— = = <=0 @@ |uePeE Lol DRIV sssrsiofoscty- | 91tV [sssisi- _ fsvsvy | b8V leeswil-1e6eryl | IOV He68YT- JEESTLY | OTV
RS (7: ] ZRCH)- 1 mﬁx PVR0'El- $861 812 "4 suv [sssisi- Jieoy | esv [8909°11-leohopl [ ISV JEISIT J€909LL § 6LV
== _ © Bt [168s - 809 Liss o Jsorsei- $ onv [sestgtoferctd ity [essisi-  [1680' | 2ev leoseli-isuvl | OSV JSu¥l- [€669L) | SIV
“orce [ XI5 %m&m&. ze6sel- | sHvjsuotsn: m.mm.m tiiv [sssii- fovivs | 1gv l6s0ul- 196005t | 60V R21951 |viiLil } LIV
O © O facop [t v T [svecov O mav [asersis [ssiee- | eniv [sseisi-  |uves | osv_jeizwol-leszzst | Spv j2oeTi- oSLil } 9LV

8e22:s? = |168s%1-g] BV Wmmﬂ ool zi— T en 2| saefsis | bosee_| 101V [emsisi- [66809 | 6LV J1155°01-1€900'61 | LWV 60~ 196igLl | Siv

ook o fig@sst-o] v v 306411~ § Zrivs|esersi= 6697 <] 01tV |ssstsi-  [oreys [ szv [svezol-liscsst | ovv J61190- l6eesel | WV

Y a5 T st mm_m RV s $2ehs U T AvIv-|gsetsis [xeve 1 o1V eversi-— [osar9 | eiv 19666~ JOVELSI | oV 1SBITO- {SVEGLL | TV

0 O U OO degrs DD aiv bLere [sez1i- 1 ovivolseetst: [€EL1T | 801V [sseisi-  [sevie | oLv [stire: Jossssl | wov L6800 |sie6el | ZIV

2 95 P8 Ll Ligs i iy [Pl L 6tV R161-_coiv_[ssstsi- __|o6ise | sev_[cveve fveeoon | eV [96sc0 [iosomi | NV

T c.Z friene Jiesssi-d oLty jorael Jessool- b sel m_lz.m 29T o1 o0IV_|886151-  |L66aL | WLV 6 156181 | 0 ﬂ

5o B e +§a -9 v [sely o Picl 1S [R6®—] soIv_[sseisi-_ |weses | €LV mizst | 6

S0 &5 o dmwe leserch SV 'S il -.EW T GR wWIV_|98Lisi- Jeoe9s | v 506281 _| 8V

=9 3o S Jpissi-q P fereash fe1ore -+ selv 886 fotv_[isers)- |sivoe | uy nocs |ty
M o L= fL9sssi- | 99tV 'S 196 & VIV B0 zolv_[suost- «Sm.o M"« H«o"““ "«

5 < Fon 25 dnorcsi-] so1¥ hemdgst- fssves il y 101V_[168601- | v6L6 9961’8

O C O~ Od Lq > - L.

O _ o o feme [seZsn- | o [assiss- [9eese: ch 261 is1 001V _lvoeapi-__ |vesool | sov 6I8s81 | ¥V

OO PR e gouy, [iaei s . 1l Fsio |nsvo-—] esv_lzoLcvi-  [ssvor | eov ZiLe_| &V

-~ 6o Ximew _Jrureid 9 [ssebss [t b oriV | #els 0" ]_86V_|zetovi-|sscior | o L0£8'81 m«

S AN (1152 1T . © Y6zt 31- 16V |zeosvi-_lezsuil | sov sonsl

= = S =R L S Xo | patplc & 1oqe1 A X | X __1 I

— < O O O d — H OO 1 I e) R () R e o ] ) — (@) H1vd TNQ

—_— e O Q.Q.Cc oo o A d.o i0 "-=3 Tt -
esbmaTa - 000 < 0 . £ o viigavi
—_ O = . e (N T —~ — — N ~ . g, = .

—_— O ST WO C (@2 <SR )] =0 - N O - 0O O.—_M _C OO

~N_S>0d -0 OT8>S0EHO o < —- ©TO Q9

O 0 n — o wm cC C —_— Y— — C T C © 5

© 0 O QO bmocetunoot —_> 0 o O R

Z>E C g= AT IR [YYY vy r7rv Osopiore JEmsgoid]  pOllisys heiL il g %)

(] I% +— (@) e o (0 0.5 z L0, " . ﬂ'.u “ﬂ@ﬂ.ﬂl g&-.—-

o= F==dee Jo Hsseolemsiolo SSITIEEoL Sov a

(0] dw g S~ = = v — o . ©C O T S C

“_ 0 e >2 0D -0 .> =T 0TS0~ ©paaujiucd - I 1AV
> - O0O0.-. 00 VO — (@] (&) DO wnw oL C

- __ C = 0 = T 0 =0 — VDV N = 0O 0OO0O - 0O

V.. cccoa O ©0nNTLEe ] OO0 CO DO

n O 0 L — > 5 5. C —_ -0 >N n ™M T —

DC O =@ - DNV OO DDDT V- DO e 0n C

hO._LrrhloeUepspunoono.[he.lhomm.la



shape

32"
| east a portion

At
300 by the core

of a hol | oRCTHSSFTAE

tgae mandr el
nosepi ece 3200 can be slidably

tube 3030 extending internmedi ate the steel
mandr el

endpi ece 3040.
3 100 is deformable froma first

nmenber

engagi ng the inner surface

2 is positioned on

W°3§?%’2%o

3010 and the steel
| oadi ng apparatus 1000. The 10

WD 96/ 38365

PCT/ US96/ 07450

nonmetal | i c conposite nandre
t ube

of the core engaging

to a second shap

after the

(D)
- O —
Lo . c
SEaT . UL |Be6o1 | 8viv |Teeel |usete | oiev [siie91 _ leeco | vizv |vacest Jeseew | csev [toces [evssei- | euzv
~|0 w% ST EO Oluosolession | vev [sasvel fesors | siev 120081 |9vis0 | £z 9Li'§E_1S6L0'6" | ISTV 199108 LIVLSSI- } 61TV
ol,eal 0o D o1 gl £691 | ovev [vezoel leiees | vigy [isieon  [iecz0 | 282V |6110°s) [s6€v6 | OSTV |PEILL Juigssi- | BITV
~IPTT0  — PO e 91 | svev_[oescel 199698 | ciev [9soc9r  [sivoo- | iszv [escosi l€s6L'6- | 6vev JLZIvL 18€ssSi- ] LITV )
of= — o b £0'01_| vrev |ess6'€l |sssv's | zitv fisicor  |1szc0- | oszv 6zve'vl Jezyiol-| 8yTv fesit' Ysosssi- | 9tzv
12 orr=-B29 %E Ls) | eoev |ozzivl_Jeizes | ncv 1869991 J1809°0 | eLzv esewvt 1£18v01-| Lbzv 66189 |26855h- | SITV
o b _—: Lt cléea8olbzess) | ey |sistyt (1861 | oiev |p02091 _ J6£88'0- | 8TV [v€iL 'yl 1911801~ | VTV [06IS9 |l68561- | ¥ITV
SO OO T [eaove’|thors) | wviv_|zzovwt Joseet | eoev [tuesor Jessii- [ uev [sucsw Jveerni-| vev foores Teewssi- | ficy
o] oo} eovess  [oLio'st | ovev liveowt livsve | soev [cizsor  JoLwy'l- | 9LV [98Tyel JLcwvil-] WZV Isos6s  [Z68SSI- | ZITV
== U [zc6 = [Foorl | esev lecogwi |zeves | coev |ezeoor  feczrn- | seav jeorvi |esveii-| evev [socos Yeesssi- | izv
of =] O b lee6y6 [6tzswt | seev lies6vt [91669 | so0ev |szze9)  [¢8002- | vzv Joceovt [LE0TN- | ZYTV 1CGBEE JT6RESL- ”._.m«
—_— ()0 10 —_— g S o, v, = o - ., Eh.ﬁ-l
ro| BN 4 o lovoge Bzl | cesv |sosust fzsveo | soev fzezeor  [ioszz- | eezv [€806°ct JoRieTi- | 1vzv [osoLs .
clo o © o b © —|oveoor|iicovr | ocsv |1ovE'st |868v9 | voev [veze9l  [vzisz- | Tezv JETILEd Je68SZi-| ovev (STe8h |Z6BSSL- ) 80TV
SIE T E=C 1 © Zlferot] .mh.w_ secv foizest |uiezo | cocy [veczor  [essge- | iezv J6sos'En [96vBZI- | 6€TV {8966y |T68SSI- | 0TV
sloFolE o>bh _ cleotors]essser | veev [e9oLst 6896 | 2otv Jefezor  |eovi'e- | oczv s68zel J660°€E1- ) SETV |SI8TV JT68S6N- | 902V
Sle e~ F c —[sdnor]et feev_|zeom'st lezocs | tocv |sceion  |eozve- | 69zv [€v90°€) |ZLEE€i-] LEZV |L8000 |Z6BSSI- | SOTV
0 0 — © & — ojczorol |ossoel | zeev [1eso9t |seeh's | ooev Jizeior  Jeeise- | 89tV J2068T) |2yos€i-§ 9EZV EBELE JT68S'SI | WLV
S mwmu..m,. - e |71 i | 1eev forzor_ [vest's | 66tV 1112091 _ feco0r- [ L9tV 18286°Z) [96LL'EL-| SEZV L99v'E JT6BESI- 1 €OV
eSSl o F O |nom _lieigzs 1 ocev eeeyor [eesy | 86zv jioio9n  [8vezd- f 99TV JLLEETI [SER6EN-} PELV HLL6IE ZoRs'sI- | zozv
o [ Jsm.: oZv_|614991 Jesesy | c6tv Jeeoe's) _|sessy- | socv |sosozi Jsscivi-| €ETV JEBT6T |Z6RSSL- | LOTV
¥ 09¢ 1+J99sFei_| seev |vwesot fesoey | 9eTv Jistes)  [Lossy- | 9TV |L9i1g1L [Sssehl- | TECY |II99T ITI6ESSI- | 00TV
£90b . [osbRl | stV IEBISSI ko J292618 | L2EV JLivoss Jeoioy | 6Ty eom'si sesi's- | toev |Lovs il [seeswi-| €2V J2e6€T 268551 | 661V
Ity S |1sésey 1 ase 't CheeePi | ozev [sesizt Jeriee | veiv scows)  Jesers- | o5ev JZILEIL |€6L9DI- | OCZV JSOTIT JZ6ESSI- } B6IV
qaes © loscegD | coev  Jervkil [Lovl | szev |eeczel Jsuive 1 g6z |9se's £o6Ls- | 19zv [o066'01 [sezevi-| ezzv [use'l  |zedssi | L61V
O lyogs — fRisenl PRtV |Etob s beepit | veev |eoret  [viine | seev |stocsi Jiee09- | ootv [ysoiol Tesewi- | stzv |soect |zeassl- | 961V
© |ones © fwoizen | seev [eroterofeo0 st | ceev jzeorel Jseawz | iezv Joovost  [s01v9- | 65Zv |191v'0t [82L0°61- | LeV |SIZEN L168S61- | S6IV
sy - gy . oSty sl | zzev |ziezer [reise | osev |soesst  |esere- | sstv [veziol JieLisi-] oezv jecsol |168si- | VIV
o o9 0 Desevolesereroltscor | 1zev leeorer |istze | 682V levesst  |vevoe | asev [siza6 Jeezsi- | seav [ss8L'o 168sSl- | 6LV
SEsT 5 POV |0 _ [oezesi- | oo1v Jsseu'st- |evzoe- | sziv fessusi- Ticeso | 96V Iocsevi-jssets | vov j6I09- LWETE691 | CTEV
10 [owspse | 16y _oveee-— leszosi- | esiv [ss61°1- |9oeee- | LZ1Y [8860S1-  €59T'1 | S6V 16061 b1 |Teo0tl | EOV ._.nm M“M"N" ._.“«
— J L) - » . ) - *C- ¥
o FHD T [Zedvs | os1V | (ue€01- (Youpst- | ssiv |assi'si- [reco- | oriv fensi'si- _[coes't | w6V lezowi- 1L€v6'1) | 29V L1815, .
= | 10060 [Z680 v_{zvet- pi- | esiv [seerst- jzseo- | saiv [ssebsi- [soiws | eov lavwel- lesceai | 19y leonzs- [9SGOLL | 6LV
cles g SE I - |_osiv_[sest'si- [viove- | vaiv [es6i'si-  |esc0T | 6V Iyoeorgi-jzoszi | oov |vcied- fsceiel )| 8iv
E Lsoss: s Prarv I W= | ssIv 8s6isi- Isssio- | czav |ssersi- s | tev_leosvel-seoezt | 6sv [oziow- |iL8iel § Lzv |}
O o0 _MNMT.—>+- 0 :
PO.— OO0V Cuw— oD panuyjuo) - VII 314Vl
O« 0O — D = B C o DO .
— ™M — OO0 - 0 © ©C SO S
eb|d8nm e —
C >C ®©QO T VO WV.—— .
Odtemy maerd.lo
(@) (&) —_ o S © o
SO E T — 0T O >N~d
(<) O—_-0® (<5} (D) — AN ™M
“w Q4 N O.- 0 COCO o O Y
O —_— 0 = C 4rr|emre
O TOT N4 += OS5 Q > .m
Uml nc _ccCccCco.-.Cc S m
NEMNM VOS> T~O0L




of a portion of the nosepiece 3200 showi ng notion of the nosepiece 3200
Referring to the
second

relative to

st eel
conponent s of t he mandr el

endpi ece 3040. 25
300 in nore detail,

the first and

beari ng housings 352 and 354 have bearings 352A and 354A for

supporting the steel

Wossasss

drive pulley
tube 3010 int

e the

beai ng hoggi ngs

drive pulley 338 is fixed to the steel

339 can be rotatably supported on an extension of the

30

tube 3010 about the mandrel

and the idler pulley 339 are positi oneBCHHS26/2458t ce|
352 and 354. The mandrel

rotatably

axi s 314. The nmandr el

tube 3010, and the idler pulley
beari ng housi ng

352 by idler pulley aring 339A such that the idler pulley 339 free
wheel s relative |tp|thg ste¢ IS 213[8 The steel tube 3010
i ncl udes a shoul{dpr] Bd2QLorl> g"E‘ HAUNE|of a core - 302 driven
onto the mandrel]l Bdo{ [The shollidET" B LIS rpge ®| 35
as shown in Figyrg |2p nd| qai&ig % RIS |,/ |B$R 1 |St= ,E,tion
of the core 3d21 rlef at { e |23 S Die: |58 o | =3 4 Vg t he
frust um shaped dhpyl fidr BCZD'EE ¢k éx " —
axially, and raualr/eltml_lghg_t% EA shl ! n be
uni formy spaceq hHolit| {he| d&i%QIE Az Y (b ] b |#The
splines can be tiapgeed fs {h £ At i gh fijgur e
40 26, and eachlbyiEiR]e] 3027 (SR |HiafEs 5 5 oW B :rosl; skdti on
at_any given RIS obiiSEieRle it SR zlslelsleials
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end
t ube 3030

mandr el
a second end 3034 of the
endpi ece 3040. The

such as by adhesive

onposite

51

tube 3030 can conprise a carbon conposite

first end 3032 to a second end 3034.
Referring to Figures 26 and 30,

with a relatively broad base attachnent to
tube 3010 has a reduced di aneter

3020 and a relatively narrow apex for engagi ng the ends
extends fromthe shoul der 3020. The conposite

The st eel
tube 3030 is joined to the steel

mandr el

tube 3030 extends from a
tube 3010. The first end 3032 of the

| ocation along its |ength,

t he shoul der

of the cores.
The first end woddmgssé ends over the reduced 10 dianeter end p@dmsstioridse

st eel
endpi ece 3040 has a 15 first end 3042 and a second end 3044. The first end

is joined to the reduced dianmeter end 3012,

bondi ng. The conposite mandr el

constructi on.

3012 (Figure 26) which
conposite

S
mandr el
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rings 3130, 3140, and 3150 formed of a relatively harder 60 duroneter "D

ur et hane. The rings 3110A and 3110B each have an unbroken,
circunferentially continuous surface 3112 for engaging a core. The
rings 3130 and 3140 can have Z-shaped cross-sections for engaging the

shoul ders 3041 and 3205, respectively. The ring 40 3150 can have a
general ly T-shgaegsgs®ss-section. Ring 3110A extends between a@flusesnrsso

WD 96/ 38365 52
PCT/ US96/ 07450 34 5 is
joined to rings 3130 and 3150. Ring 3110B extends between and is joined to
rings 3150 and 3140. The nosepi ece 320 Lidabl
supported on bushi ngs 3300 to pernmt axial di spl adefrgn |8 g 3
nosepi ece 3200 relative to the endpi ece 3040. Suitabl e |bligh 5?3555&300
conprise a LEMP i lb NP 15 qoftl O '19deh
bushi ngs are ma r y} LEEMPEQ i npgdsyr ds]| df vgl hnd C3) &n
nosepi ece 3200 1Ys| ong| tih Ni $ 814 toL rqd tthe le <le ' San0,
t he def or L& _Ldr gadi mal nepber] B1OJ {9 ¢ rgsped! e t he
shoul ders 3041 [g|€faprid| J295] [cqupiing L Hefry NGF |3 nf {3[L10 ugkl e
radi al |y outwar|d|$]|2as Hoywn] in pgeni mji h |F{ gufe }|3P. b %l al
noti on of the nNo$EPTlege} J290; rle itve g ehqp - 3010 j=s= 8i by
a threaded fastEewer BP0 = 29. hel;a' £| 3060
has a headsi@E] anf |a{threfded fhark 4 {Thg fhiepdep-(SiF E gp4
ext ends t hr ougH<i@|<
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axi ally extendi ng bore 3245 in the nosepi ece 3200, and threads into a

t apped hol e 3045 di sposed in the second end 3044 of the endpi ece 3040.
The head 3062 is 20 enlarged relative to the dianmeter of the bore 3245,
thereby limting the axial di spl acenent of the nosepiece 3200
relative to the endpi ece 3040. A coil spring 3070 is disposed

i ntermedi ate éﬁ%#§044 of the endpiece 3040 and the nosepigs@usssn74s6200
for biasing the mandrel nosepiece fromthe ndrel body. Once a
core is |oaded onto the mandrel 300, the mandrel cupping assenbly 25

providesthe actuation force for conpressing the rings 3110A and 3110B. As
shown in Fi @&ire |28, mandrel cup 454 e b S
t her eby conpressi3iol he spring 3070 and {cqusi § ::§¢ of slide
axial 1y along mafdrel} i § 314 toward tHefend™¢@xiZ|S (S8 s o pf the
nosepi ece 3200 r@glafijve t he endpi ece 3 opur €965’ it L0 3110A
and 3110B, causi tlhemh fo deformradially 30| lofit E%ﬁ ahave oénfal Iy
convex surfaces BA1p |f pr| ¢ngagi ng a core on tk i IR IAr R |<| On¢ el W hdi ng
of the web on t hETeprieT s conpl ete and the ndngiclel ichy 454 il s
retracted, the spripd B479 urges the nosepi ege] 3200 Fallly Jayaly [Tl t he
endpi ece 3040, t}¥rehy]rjefurning the rings 3410A d.3L10Bi<lo theil
original, g Eost=tyl i ndri cal undef or MO0 aﬂale ¢ then be
removed from t helSiBIgigRfel by the core strijppi R IR RRRARAR
The mandrel 300 PSP [EHPLi ses an antirotatidn RO |18 ¥
rotation of the el—mpsepi ece 3200 about {t gE e oK t he
mandr el bodig h:ﬁg]e antirotation menigel 2] 31 f ew
3800. The set sclPqae|«®|el6B300 t hreads into aft , ,#_é RRIE =
per pendi cul ar t Lhilet sects the tapped 4( i 1l W 115 ot 44 of
t he endpi ece 3040, e} 4ef screw 3800 abuts 4dg
fast ener 3060 t Ol ONRI 2 he fastener 3060 frjo '_[ obd friomit he
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WO 96/ 38365

E%{)ngg/lﬂmﬁmumnuu ”m:rew 3800 extends fromthe endpi ece3go40 5and S

received * ¢ itn &n &xi®ally extending slot 3850 in the nosepiece 3200.

Axi al sliding of the nosepi ece 3200 relative to the endpiece 3040 is
accommodat ed byyd QBesdsongat ed sl ot 3850, while rotation griuResm7ase
nosepi ece 3200 relative to the endpiece 304Q is prevent ed by

engagenent of the set screw 3800 with the sides of the slot 3850. 10

Al ternatively, the deformable core engagi ng nenber 3100 can conprise a
nmet al conponent which elastically deforns in a radially outward direction,
such as by WHAAIISCLAIMEDES: g, when corrpressed. For instance, the

def ormabl e cqre gn ﬁﬁ%ﬂli r {}%Ea
ri ngs havi nquI r?ﬂﬁ:?ﬁbﬂq{flw sp ce apa &lgo ;E[au :i”ityrggxstg%n n
sl ot s. Clrcunferm ©fions of aring 15 I nternmedi ate
each pair of adjg asemblyout wardly when the ring is

conpressed by no g g: Cl r| n cond
end of t he #ﬂ’%gf%g& %Mﬁ?% &ﬁg% %ﬁﬁ"ﬁntrol
System 20 Thessembly;ni ndi ng apparatus 90 can conprise a control
system for phasi ftatinglhe mwmwfwywwmmwﬂw i ven

conponents with r { position reference, sot t he
position of one gg’%’% c%‘ﬁgﬁﬁgwcan be synchroni zed with the
position of one dading the sores onte thromardrels duging mevement cif the ymandrels gleng,an" i t
is meant that the po m}&ﬁwtofﬂﬂ@ﬁw hagh; cal |y 25

coupl ed, such as_Ryv. neghani h ni

mechani caI i nka&’é’gdmﬁwgigh ﬁﬁ@ﬁ?‘gﬁm ng %ﬁ?&f&‘ﬂ’éﬁm mans
I'n one enbodi nemwtbﬁ)@mmmmfbfthe i ndependent |y driven
conponents can bgemoving QLR Web Wouhid bbré SN S Fbspdciive makd?siGlongQ Fiedet@mined" ©

glt ggirg(r)]irrgoggprtsts, suwm%p%tsgﬁnmofﬁgagugml%ﬁm C gear ratios or
2.  The method of Claim 1 wherein the step of removing each web wound core from its
respective mandrel comprises removing the web wound core during movement of -
the mandrel along the predetermined core stripping segment of the closed mandrel
path; -
wheremthestepofrotatmgtherotatablydnvenmrretassemblypreﬁably
comprises continnously rotating the turret assembly;
wherein the step of rotating the rotatably driven turret assembly to camy the
mandrels in a closed path preferably comprises carrying the mandrels in 2 non-
circular closed path; and
wherein the method of rotating the turret assembly preferably comprises rotating the
turret assembly at a generally constant angular velocity.
3. The method of Claims 1 or 2 comprising the steps of:
rotating the turret assembly about a turret assembly central axis; and
varying the distance between a mandrel and the turret assembly central axis as a
function of the position of the mandrel along the closed mandrel path.
4. The method of Claims 1, 2, or 3 comprising:
providing the closed mandrel path with at least one generally straight line portion;
. and
carrying the mandrels along the generafly straight fine partion of the closed mandrel
path;



the positions of the independently driven
corrponents l Ml ﬂUj gmﬂh respect to a conmon reference that is a
functlono ition ofthe bedroll 59 about its axis of

rotation, and a functlon of an accumul at ed nunber of revolutions of
the bedrol | In particular, the positions of the independently

driven conpon ¢hfyes e phased with respect to the position g5g" ol |
59 35 within a l'og wnd cycl e. 5 ach revol ution of e bedrol

59 corresponds to a fraction of a |og w nd cycle. Alog mnnd cycle
can be defined as equaling 360 degree increnents For I nstance, if
there are sixty-four 11 1/4 inch sheets on each web wound | og 51, and | f

the circunference,of.the bedrpll.is 45 i nches, ,then_fqur sheets w
wound per 40 bed?”cbﬁemr'g% Egﬁd‘“ﬁ @QPGQ“’W@T Wgﬂ% ‘bﬁe

log 51 will be mound)oadmgacoreom&)ﬁhﬁdesbﬂecmymgthemandrdalongagenmuy
PCT/ US96/ 07450

each 16 revol utlo S 0 %hﬁe bgén th?Axccor I N ea revol utlon of for
bedr ol | bereln. e, waﬁgw‘ﬂlaé Srom, s Fetmestiva BgadiRg
cycle Thepnefu%beminpﬂsbyﬂﬂrmnfmpm&umeﬁomw mdndreltvmale

turret assenbly 200 cafﬂmgdﬂ'lb R t he
rotating mandrel cupg gla support 410 drlbgenl%lb< he m)tor gfg%ed(

a 4 HP Servo notor); er 505A and 10 mandr el support 610 driven by
a2 HP servoSrmtd‘heﬁ'(eﬂlo@bﬁﬁlalmt B2, 3p&r4 funtliert domprises therstepl of thanging thetshépkeO ar e

mechani cal | y CO“%%&WMW%& 710
wherein the step of changing the shape of at least a segment of the closed mandrel
path preferably comprises the step of changing the shape of the web winding
segment of the closed mandrel path.
6.  The method of Claims 1, 2, 3, 4, or 5 wherein the step of loading a core onto a
mandrel comprises engaging a core with a first velocity component generally parallel
t0 an axis of the mandrel and a second velocity component generally parallel to at
least a portion of the core loading segment of the closed mandrel path.
7.  The method of Claims 1, 2, 3, 4, 5, or 6 wherein the step of removing a8 web wound
core from its respective mandrel comprises the step of engaging the web wound
core with a first component of velocity parallel to an axis of the mandrel and a
second component of velocity parallel to at least 2 portion of the core stripping
segment of the closed mandrel path.
8.  The method of Claims 1, 2, 3, 4, 5, 6, or 7 further comprising the step of applying
an adhesive to a care as the core is moving along the closed mandrel path
intermediate the core loading segment and the web winding segment.
9. - A method of winding a continuous web of material into individual logs, the method
comprising the steps of:
providing a rotatably driven turret assembly, the turret assembly supporting a
plurality of rotatably driven mandrels for winding the continuous web of
material into the individual logs;

rotating the rotatably driven turret assembly to carry the mandrels in a closed path;

winding the web material into individual logs along a predetermined web winding
segment of the closed mandrel path; and

removing each wound log from its respective mandrel along a predetermined
segment of the closed mandrel path while rotating the turret assembly.

10. The method of Claim 9 wherein the step of rotating the rotatably driven turret
assembly comprises continuously rotating the turret assembly;



driven by 2 HP servo notor); the glue nozzle rack

act uat or ”m“H gm lﬂlﬁH!’Idrlven by notor 822 (e.g. a 2 HP servo notor);
the core carrous 0 and core gui de assenbly 1500 driven by a 2 HP
servo notor 1222 (rotation of 15 the core carrousel 1100 and the core

gui de assenbly 1500 are nechanically coupl ed); the core | oading
conveyor 1300\965 Py motor 1322 (e.g a 2 HP servo NOtFCTYSIeDTESe he
core stripping conveyor 2010 driven by notsg 2022 (e.g a 4 HP servo

notor). O her conponents, such as core drive roller 505B/ npotor 511 and
core glue spinning assenbly 860/ notor 862, can be independently driven, but
do not 20 require phasing wth the bedroll 59. Independently driven

conponents and Wﬁe stepsTrofating fhié ttifret/ Sxséibly prefirilly obmprizes cotatingt theal | y

wi th a progranma contr em 5000 1. The
bedrol | 59 has an a%&t ?ﬁ?@ymﬁl&/"?ﬁﬁ gm%h@%%ty swi tch

makes cont act onﬁaeﬁnhemﬁbdpﬁmﬂmpmlympmm . at a given
bedrol | angul ar dx@: affity st em 5000 can

count and store er of time a
revol ution (the"‘mﬁ'ﬂﬁ H&B&‘Sf &w&% hgs made
contact) since the ﬁmﬂnmfthﬁp@owﬁﬂﬁﬂynwm%dﬂleﬂ patk1  Each of

the indepdeqj! y Admbth&d Qtofitiridls Web of Mhatéfaldantd isdividial ogswhé aethod  f or

defining a honme positiopn of conmponent. 30 The phasi ng of the
position of themﬁ%m’s)&grl ven corrponents W th respect to a
conmon teferencpmvﬂxnﬂtaamﬂﬂlﬂyﬂummdsﬁnw merret agsambly, supposting\Bnd.
cyle, can be accormg iRdfelsS for Ofindifg thed BartinBBusd iweb NoF

I n Piﬁton ent,

position of ;oven conponents w th respect to the
position of the bed #og wi nd cycle can include the steps
of deternining tdtatingthe rotatably doven wiretiass&mbly &f carfyshe sdndsels inig elnsed, Bon-og
wi nd cycl e, determ ??ﬁ[act ual position of a conponent relative to

t he rotati onal he .Qedr ql he | og.w nd gycl
cal cul ati ng the g‘&%ﬁ“ﬁ‘ﬂﬁ M?ﬂﬁ?m Wowﬁm

rotational positi onsegmentoﬂthcbleseﬂmin(hlelpni,tahdn the | og vm nd cycl e;

| gg!sictj_legt :oggi ?i gWﬁhco re’ﬁ' tiv q'%he 40 rot at |°gﬁg1r&p§%?r?| on
of the bedroll W|th W%ﬂm@mgﬁhp ducing the cal cul at ed
position erlRor A
amnetwmdercompnmngamtatablydnvenmrretassemblysupponedformtahon

about a turret assembly central axis, the turret assembly supporting a plurality

of rotatably driven mandrels for engaging cores upon which a paper web is

wound, each mandrel extending from a first mandrel end to a second mandrel

end and having a mandrel axis generally parallel to the turret assembly central

axis, each mandrel supported on the turret assembly for independent rotation

of the mandrel about its mandrel axis, and each mandrel driven in a closed

mandrel path about the turret assembly central axis, the closed mandrel path

having a predetermined core loading segment, a predetermined web winding

segment, and a predetermined core stripping segment;
awreloadmgapparmﬁorcomeyinseoresonmthemandrelsduﬁngmovementof

themandrelulongtheeoreloadmgsegmentoftheclosedmandrelpath,
amandrddmeapparaﬂsprowdmgmtauonofeachmmdrelandanassocmtedcore

about the mandrel axis during movement of the mandrel and core along the

predetmxﬁxedwebwindinssegmeMofthedosedpath,whereinwebmateﬁal

is wound onto the core during movement of the core and mandrel along the

web winding segment of the closed mandrel path; and
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rn one. orATRATILANN 144 be cal <

|t|on error of each conponent can be cal cul ated
once at the Statt tlp df the web wi nding apparatus 90. Wien contact is first
the bedroll proximty switch at start up, the position of the

made by

bedroll wth rweegsdses 0 t he

upon information stored in the random accegp menory of the
programuabl e control system 5000. In addition, when the proxmty 10 switch
associated with the bedroll first nakes contact on start up, the actual

|l og wi nd cycle can be cal cul ptetssisasss

position of each corrponent reI at ive to the rotational position of the
bedroll within tg virlg Gall Wrel Yvoting \éhfetdomh ifs radpadiivec’

such as an encoder assg; tor driving the comp nent The
desired position of o‘?;gb t‘?‘?ﬂ?‘gg’”gh@ preJetqgglng? FPBYs:  on

of the bedro

of the

vmthlugmhltdt‘dlgduudjmm;drblepaﬂan be cal cul ated using an 15

of the o BFooTE b %gﬁﬁt%@ste%tgmw%@mqﬁ&ﬁﬁm

proximty SW t ¢ heqntipug

appar at us 90,

conpl etion of the |

| engt h, and
access nenor

when t he wi ndi N3

B@ﬂﬂﬁ{ @#ﬁﬂf j{,&)ped (e.g. shutdown for
V\hen pro |mty switch first_ makes

mai nt enance)

- eye o!l cwcunfB{,gEce ﬁfn b !j ad fé&)g}the andom

assune the bedrohhnﬁddnddmﬁmﬂ&ahsemblycaﬂtabmv&nﬂsmmm oitlopaﬁmcbfcycl e

16.

17.

winding apparatus of Claims 12, 13, or l4wherematleastapornonofthe

closedmandrelpathunon-cxrculat;

wherein the closed mandrel path preferably comprises at least one generally straight
line portion; and

morepreferablywhmatlustoneofthecoreloadmgsegmentmdthecore
stripping segment of the closed mandrel path comprises a generally straight
line portion.

The web winding apparatus of Claims 12, 13, 14, or 15 wherein the closed mandrel

path comprises replaceable segments.

The web winding apparatus of Claims 12, 13, 14, 15, or 16 wherein the core loading

apparatus has an element for engaging a core with a velocity component generally

parallel to a mandrel axis and a velocity component generally parallel to at least a

portion of the core loading segment of the closed mandrel path;

wherein the core loading apparatus preferably drives the core at least partially onto
the mandrel; _

wherein the web winding apparatus preferably comprises a pair of rotatably driven
core drive rollers, the core drive rollers cooperating to engage a core driven
onto amandrelﬁomtheeoreloadmgappmtusbetweenﬂwroﬂersanddnve
the core onto a mandrel;

wherein the core drive rollers are preferably disposed on opposite sides of the core
loading segment of the closed mandrel path;

wherein the core drive rollers preferably drive the core onto the mandrel as the
mmdrel:scamedalongtheclosemandrelpathuumedxmthecorednve
" rollers; and

wheremthecoredﬁvemﬂersarepreferablymchnedwdnveacorewnhavelomy :

component generally parallel to a mandrel axis and a velocity component

i"é's contact at the start up of the wi ndi ng
t hwhereinutie | tatretd assemblyr preferablyt adtates st af gerderalliyeconstait as
a@o g wi nd cycle the sheet count per | og, the sheet



contact upon re-starting wi ndi ng apparatus 90, the bedroll conpletes

its ei ght unmﬂmrm" n since the last I og wind cycle was conpl et ed
Accordi ng "ﬁ,ﬂ"ﬁ that instant is at the 180 degree

(hal fway) posftibn ™f sthe | og wind cycle, because for t he given sheet
count, sheet length and bedroll circunference, each rotation of the

bedr ol | Correswvgnsis® 4 sheets of the 64 sheet |og, and 16 rpepiosdsossss of
t he bedrol | are required to wind one ggnplete log. 30 When
contact is first made by the bedroll proximty switch at start up, the
desired position of each of the indepedently driven conponents with respect

to the position of the bedroll in the log wind cycle is calcul ated
based upon the el eciy arallel 653 lehstld :heﬁ of fifd mrmﬂmq]segﬁm bfthe
‘f B cal cul ated, desired

position of the bedrgll he w nd cycl e. The , [

position of each mﬂ@ﬁ@n‘&@ﬁ#?‘ I ven conponent with 35 respect to the |og

wi nd cycle dsn mhmdbmmapmﬁwn Bhdbst 1§rrd? cbilpnsmgacore

conmponent neasuk y ﬂﬁﬂtﬁﬂ h the

not or dri \l/| ng e conponent calcaﬁ Sm.@@ I re 0S| te% t he
each oo ieclased tray a«ﬂﬁ

conmponent with | og Wi nd cycle
is conpared to Mtﬂ&apommﬂemkwwpmmmmu@m to
the bedrol| positiogeipd i de a conponent

gg/SIS'[BIS(ég error. whe n&eorga{ axmsng t”e on nt u&a,mltles men co Y\ge

PCT/ US96/ 07450 mchnqdeonyeyorhavmganelemanforengagmgthecoresheﬂﬁntbeﬁombe
adj usted, such as byrpgios thd orliiPof Bb a5 i ahEhettwith the BfeJbadify el bk
rve of the closed mandrel path; and

wherein the web winding apparatus preferably comprises a core guide assembly
disposed intermediate the turret winder and the core loading carrousel, the
core guide assembly comprising a plurality of core guides carried in a closed
core guide path, each core guide extending intermediate the core loading
carrousel and the turret winder; wherein at least a portion of the core guide
path is aligned with at least a portion of the core loading segment of the closed
mandrel path.

19. The web winding apparatus of Claims 12, 13, 14, 15, 16, 17, or 18 wherein the
second end of each mandrel is releasably supported along a portion of the closed
mandrel path;
wherein the second end of each mandrel is unsupported along at least a portion of

the closed mandrel path intermediate the core stripping segment and the web
winding segment;

wherein the web winding apparatus comprises at least one mandrel support for
releasably supporting a moving mandrel intermediate the first end and the
unsupported second end of the moving mandrel; -

‘wherein the web winding apparatus preferably comprises a first mandrel support
positioned for releasably supporting a moving mandrel intermediate the first
end and the unsupported second end of the mandrel along at least a portion of

" the core loading portion of the closed mandrel path;

wherein the web winding apparatus preferably comprises a second mandrel support
positioned for supporting a moving mandrel intermediate the first end and the
second unsupported end of the moving mandre! along the portion of the
closed mandrel path intermediate the core loading segment and the web
winding segment of the closed mandrel path;



t he p05|t nponent to zero. For exanpl e, when

t he proxi Mﬁm “h@H ated with the bedroll first makes cont act
at start ups gul ar position of the rotating turret assenbly
200 with respect to the position ofthe bedroll in the log wind cycle can be
cal cul ated 10 based upon the nunber of revolutions the bedroll has nade

during the curwpRkmgsed wi nd cycle, the sheet count, the sbemehssiozasgt h,
the circunference of the bedroll, and the el ectronic gear ratio
stored for the turret assenbly 200. The ac?ual angul ar position of the
turret assenbly 200 is nmeasured using a suitable transducer. Ref erring
to Figure 31, a suitale transducer is a encoder 5222 associated with the 15

assenbly 2230'6@%% K s S tibnds3 R SR 4 RO bl nfbont LY

bedrol | "wi thin the [FegHRg then used to control the speed of
the notor 222, Mmmﬂmemﬁn@nmﬂrdrmppmmmwlﬁﬂswwereby

The. posi & Eﬁ“o?'t dfef‘““ﬁ S gt PRl it s gl il |

sim | ar manner, ade support 410 is synchronized with

rotation of mmm&w&&m susfhceipreferabB’has a vartable piigh i t h

Ejggdn?t)oiregsure ‘Hﬁ@e ac%ng |on Wﬂ 13 fdJFiB' %Sgﬁgg}lrl)e%%o t he

bedrol | positi orff adheste Q@ axxgre §OT%d8 or
422 can be vari mmmmmmmwmmmmmwmm

position error o&? Mﬂ 410 to zero. By phasing the angul ar positions
of both he turret-assendly 200 and the support 410 relative to a

conmon referenc esxveappmtlpm cpmprisss B npyable adhesive he

|l og wi nd cycl e, the Qldmﬂafﬁhm oﬁ@%ﬁgﬁfﬁﬂnﬂ%&eﬂllo S
synchroni zed with t ] I F urret assenbly 200, and 3 tw sting of the
mandrel s 300 is avoi ’é'pnatlveilby, t he p03|t‘|'on of the rthe

i ndepndent | y dr i whesein thepasthesivesapplicator is preférably givotable aboutracaxis paraflel tofthe ence
ot her than the tixpaiakieftiblydehf?sl aR@dr ol | within a log wi nd cycle.

Joro by contFhi 1 Fieen Rdind Jn?@ﬁWﬁébﬁs’?'o VS?-.@?K%%E‘I {85 Jot JoSphbias' ©
conponent. | n ork emmmmtm|mm amp ofised
to determ ne wh bﬁh&ﬂdtowﬁma%@aﬂﬂh&hww cor@ iegppontéd) t he

bedrol I more qui gigys Rean “dotfbont! df Velocity parallel to at least a portion of the care

stripping segment of the closed mandrel path;

wherein the core stripping apparatus preferably comprises a flighted conveyor
angled with respect to the mandrel axes as the mandrels are carried along the
core stripping segment of the closed mandrel path;

wherein the core stripping apparatus preferably engages a web wound core with a
first component of velocity parallel to the mandrel axis upon which the web
wound core is supported, and a second component of velocity parallel to at
lenstapomonofthegmuallystmghthneporhonofthecorempmg
segment of the closed mandrel path; and

wherein the web winding apparatus preferably comprises a log reject apparatus
positioned downstream of the core stripping apparatus for receiving web

. wound cores from the core stripping apparatus, the log reject apparatus

operable for selectively directing web wound cores to one of a first acceptance
station and a second rejection station.



drive not ecreasing the notor speed. If the value of the
position ﬂillﬂfﬁﬂ&“lﬂwﬂﬁml tive (the actual position of the conponent is
"ahead of c wed s position of the conponent), the drive notor

speed is decreased. If the>val ue of the 40 position error is negative (the

actual position of the conponent is "behind the desired position of
the conponent)wdfdefRefeki Ve motor speed is increased. In one PCT/US96/07430

96/ 38365 60
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enbodi nent, the position error is calculated for each conponent when the
bedr ol | proximty switch first makes contact at start up, and a |inear

vari ati on |n2&he egmﬂEFQM¥nw&nﬁn@Eﬁﬂﬁﬁated drive nmotor is deternmned to
drive the pOS|t|on error ero over, t remgi.ni ng pertion “Ee | og
wind cycl e. Fssg‘ﬂbrﬂigﬂm "F@ﬂy

cycle degrees shoul d rdm&pmddran ﬁahenmtm ujont Wwhick adpspet web 09

Gtgr ces Shauld b ze %ﬂ@ﬂ‘ien e p%g‘?ﬂdmﬁgﬁﬁ&“%%%@?ﬂ*@ %ﬁ@“&‘nd

cycle degrees is zerend
makes contact at thefda andwtﬁi‘uﬂtnvwmecmideel(atewwmddmyﬁg dﬁgesehs)

:’)ggl {T?L(r)lrsuch tﬁgf ?ﬂ’&%@t%@ pos%@t%u#@?@@ﬁ%

measured by the encotfsmest apredstermined

position of zero win gftegt ees. However, if the belt 224 driving
the turret assenploye %&ﬁwmwwﬁfwﬁn@wﬁwbm%amw d
the mandrels along the core loading segment of the closed mandrel path; and
a core stripping apparatus for removing each web wound core from its respective
mandrel while the mandrel moves along the predetermined core stripping
segment of the closed mandrel path.
23. The web winding apparatus of Claim 22 wherein the turret assembly rotates -
continuously; and
wherein the turret assembly preferably rotates at a generally constant mummu
velocity.
24, Thcvwb*wmdmg:mWHMMsofcmmmsZZor23vdwumtﬂw«hﬁmmebﬁmmaxa
mandrel and the turret assembly central axis varies as a fimction of the position of
the mandrel along the closed path.



ot herw se he turret assenbly 200, the encoder wll no

| onger Hmmm@!!! mummect actual position of the turret assenbly 200.
20 onme enbwditrertt the progranmabl e control system can be
programed to al l ow an operator to provide an offset for that

particul ar conmponent The offset can be entered into the random access
menory of the woogsssssebl e control systemin I ncrenment s eiT/M896/a245d/ 10
of a log wind cycle degree Accordingly, whgn the actual position of

t he conponent matches the desired, cal cul ated position of the conponent 25
nodi fied by the offset the conponent is considered to be in phase with
respect to t he position of the bedroll in the log wind cycle. Such an

of fset capabjd,i t‘Dhe%H: QWifiding ap mmga%a&mde@Wt us

90 until mnechanical nt can one
enbgdl Iment M@I%ﬁéﬂw aﬂ?ﬂ %?@H?S‘S!ﬁgwmb %ing 30 the

posi tion of the whmmmmmfm mmdﬁmapmﬁmlmsat leagsracppridomob| e

el ectronic drive comerabseam GRS the' WP V.
such . as an AUT ogr a Ie drive control manuf actured by
the Reliance ?ggﬁﬁpany of O eveland, Chi o The AUTOVAX

programmabl e dr mlmrenysheemeh wmdmgmpﬂatnpeompmdsmsﬁmg otee mandréloseppart fenual s,

al | of which are i ngQidaguiate o@ﬁ%h gﬂem
Qper ati on Manual Version 7 7 Wogramﬂ ng Re erence
Manual J-3686; and AUTE Manual J- 3656, 3658. It
will be understmmmmmmnmmummummmsem

i nvention, other co ﬁiah&p ﬁfemedlaté HR B Er SON
El ectronic Oorrpany,%déc’fnaa ang @ EI 5 B g tr|c 40
Conpany coul d al so 6%43‘2‘%“"’“ edsecond o aportlo n of
the core loading portion of the closed mandrel path;
wherein the web winding apparatus comprises a second mandrel support positioned
for supporting a moving mandrel intermediate the first end and the second
unsupported end of the moving mandrel along the portion of the closed
mandrel path intermediate the core loading segment and the web winding
segment of the closed mandrel path;
wherein at least one madrel support comprises a rotating mandrel support having 2
rotating mandrel support surface, wherein the rotating mandrel support

surface preferably has a variable radius;
wherein the rotating mandrel support preferably comprises a generally helical
mandrel support surface; and

wherein the generally helical mandrel support surface preferably has a variable pitch.
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Referring to Figure 31, the AUTOVAX programrmabl e drive control system

i ncl udes one or nore power supplies 5010, a conmon nenory nodul e 5012, t.wo
Model 7010 mi croprocessors 5014, a network connection nodul e 5016, a
plurality wobedsgal axi s programmuabl e cards 5018 (each 2COTAISY6N7450
corresponding to a notor driving one of the independently driven
conponents), resolver input nodul es 5020, genﬁ;ﬁggio | nput / out put cards
5022, and a VAC digital output card 5024. The system al so

I ncl udes a plurality of nodel HR2000 notor controllers 5030A-K. Each

notor controller is associated with a particular drive notor. For instance,

not or controller 5030B is associated@ith theGQservo notor 222, which
drives rotation of the Aurret gsse 8/ 200. l: The common
menory nodul e 5012 provides @n int eli'ﬁac pet ween I tiple

m croprocessors. The tvvo o- 7010 i cPop-ecesserafExecut e software

progr.anms whi Clg=e " y— T yer conponents. The

net wor k connecti on w.w Ol and status data

bet ween an operat or \ ﬂ"!‘gf s of the progranmabl e

control system 50004 % 8or grrarmabl e control system

5000 and a programp R sy=st em 6000 di scussed

bel ow. The dual axi d l\\\ﬁ rS-{/l de I ndi vi dual

control of each of A &SRponents. The signal from

t he bedrol | proxm ' ach of the dualQaxis

pr ogr ammabl e \ dul es 5020/®onvert the

angul ar di spl acene 0 (dislussed bel ow)
ca 5022 provide a path

into digital data.
for data exchange arp R l.'x"Q AT df \he control system
1L .;Wm-,w—-—n----‘ to brakes 5224

5000. The VAC digita

and 5424 associ ated ‘, =t ”E‘M N w/ 'n one
enbodi nent, the mandrgl fy ﬂl.#',}_/_,/ m"f/“‘_ 1 M’rol led 30 by a
progranmabl e mar@rel Arf ¥ v\ -\.‘.m. Chgmatically in
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Figure 32. The nmotors 332A and 332B can be 30 HP, 460 Volt AC notors. The
programmabl e mandrel drive control system 6000 can include an AUTOVAX
system i ncl uding a power supply 6010, a common nenory nodul e 6012 havi ng
random access nenory, two central processing units 6014, a network 35
comuni cation card 6016 for providing conmuni cati on between the

progr ammabl e o oeags@Ndr el control system 6000 and the progr pEFRRbée7ERNt I O

syst em 5000, resolver i nput cards 6020A- 6020D, and Serial Dual Port
cards 6022A and 6022B. The pr ogr ammabl e ?2%6 drive control system
6000 can al so include AC notor controld?. 030A and 6030B, each
havi ng current QNee 6032 and speed 40 regul ator 6034 inputs. Resolver-
I nput cards 602(@ 20B e0@| g Lnpups from o resg vers 6200A and
6200B, which pro |gnag e toNt he rot pO/ on of
WO 96/ 38365
PCT/ US96/ 07450 _ l 41 5 the
mandrel drive notg 3 , ' ' card 6020C
recei,ves input frd —csot Rch rd'm signal related to
t he angul ar qo 0, r 'r/e!‘ ﬁsse | y} 200. In one
enbodi nent, the rgsol veg 6200C er 5200|in Figure 31 can
be one and the sare. Re@)l ve recei yes input froma
resol ver 6200D, wii ch provid t ant hel 10| angul ar position
of the bedroll 59. face (npt ghown), which can
I ncl ude a keyboard andj di s& )
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screen, can be used to enter data into, and display data fromthe
programmabl e drive system 5000. A suitable operator interface is a
XYCOM Seri es 8000 Industri al Wor kst ati on manufactured by the Xycom
Corporation of Saline, Mchigan. Suitable 15 operator interface software
for use with the XYCOM Seri es 8000 workstation is I nteract Software

avai |l abl e frorybbgsdsgymut er Technol ogy Corporation of MIfordecrmsesofdss 0.
The individually driven conmponents can be jogged forward or reverse,

i ndividually or together by the operator. | ition, the operator can
type in a desired offset, as described e, fromthe keyboard. The
ability to nonitor the 20 position, vel 06| and current associated with
each drive notor is built into (hard Wi red into) the dual axis

programbl e cards 5018. The positi on?AeI ocity, and current associ ated
with each drive motor is neasured and conpared w th_associ ated
position, velocity and current_lim ta$4 res ?cti vel yA¥The programmabl e

control system 5000 hal't ronsoP'al | thel drive nmotors if any of
the position, v ' re etxce¢ded In
Figure 2, the r t a4l V| tlff et asse 200 jand jthe rotating cupping
arm support pl at &2 are ro a't.agkﬂ % 813 epa e 'serve 3P2ors 222 and
422, respectivey. caiaﬁr' sly rotate the
turret assenbly 200 nd he ¥hg arm s cél-.pl ate 430
about the central axis 20 con§t ant & F@téty
The angul ar position &8The t rel as g%) and the a ar

4§ relrm‘m'tqred by

position of the cuppgi ng rt"b
o e

posi tion resol vers 5200 ely, sfo sc‘herratl o %n
Figure 31. The Jpr ogranmmaly¢e dri s &246000 0 ttan of all
the drive notors if an i |030§E\t r t’ asse 200
changes nore than ajp pned : Ul ar degreep with
respect "to the angulja T - t pl 0, ; sured
by the position resd vers 52 ; w 3 g'?fi%jrn @
enbodi nent the rotatjably d t Pes@ 0 cuppi ng
arm support plate 430 coufd nileN o D and SMen by
a single drive notor]. Sugh @ "t RHa 3@@ 6advant age that torsion
of the 40 comon hyb inger ec¥Alg {he rlofaAjBhg turret and cupping arm
support assenblies ca in \H\ gn or m sposi tioning of the
mandrel cups with rgspec 330

332 A,B

Fig.3A



42 5 mandrel ends if the connecting hub is not nmade sufficiently massive
and stiff. The web wi ndi ng apparatus of the present invention drives

t he i ndependent|y supported rotating turret assenbly 200 and
rotating cupping arm support plate 430 with separate drive notors that
are controlled to maintain posiional phasing of the turret assenbly
200 and the sRk368UPPI Ng arns 450 with a common ref er ence pcrhusssadrgsel0
mechani cal |y decoupling rotation of the turret assenbly 200 and the cupping
am support plate 430. In th %ﬂgodlnent descri bed, the
notor driving the bedroll 59 is separate fr 41 t he notor driving t he
rotating turret assenbly 200 to nmechanically decouple rotation of the
turret assenbly 200 fromrotation of the bedroll 59, thereby isolating the
turret 15 assenbly 200 fromvi brations caused by the upstream w ndi ng

equi pment. Driving the rotatng turret assenbly 200 separately fromthe
bedroll 59 also allows the ratio of revolutions of the turret assenbly
200 to revolutions of the bedroll 59 to be 8 nged el ectronically,
rat her than by changi ng nmechani cal gear ; Changi ng the
ratio of turret assenbly rotationsfTo" atrons-tan be used 20 to
change the length of the welB6H on e, and the‘zgfore change the
nunber of peforated sheets of the i ch arfe wound R%3gpre For
instance, if the ratio of tiggd4uls senbly rotatlon? edr ol
rotations is increased, H§B$\‘, ets of| a given Iength wll be
wound on each core, mhlle if the rall® - . 5
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decreased, nore sheets will be wound on each core. The sheet count per |g
can be 25 changed while the turret assenbly 200 is rotating, by

changing the ratio of the turret assenbly rotational speed to the
rati o of bedroll rotational speed while turret assenbly 200 is
rotating. I n one enbodi ent according to the present invention,

two or nore napgbeBsscs w ndi ng speed schedul es, or mandrel pCEOSH6OISES,
can be stored in random access 30 menory which is accessible to the
programabl e control system 5000. For instanc / two or nore mandrel
speed curves can be stored in the comon nenn?? é%@z of the

programabl e mandrel drive control system 6000. Each of the mandrel speed
curves stored in the random access nenory can correspond to a different
size | og (different sheet count per |og). Each nmandrel speed curve can
provide the mandrel 35 w nding speed as a function of the angul ar
position of the turret assenbly 200 for a particul ar sheet count per
| og. The web can be severed as a function of the desired sheet count
per log by changing the timng ofthe activation ofthe chopoff sol enoid.

I n one enbodi nent, the sheet count per |og can be changed while the turret

assenbly 200 is rotating by: 40 1) storing at | east two nandrel
speed curves in addressable nenory, such as random access menory
accessible to the programmabl e control system 5000; WO 96/ 38365
PCT/ US96/ 07450 43

324




5 2) providing a desired change in the sheet count per log via the
oper at or i nterface; 3) selecting a mandrel speed curve from
menory, based upon the desired change in the sheet count per |ag;

4) calculating a desired change in the ratio ofthe rotational speeds of the
turret 10 assenbly 200 and the mandrel cupping assenbly 400 to the

rotati onal spewologisssshe bedroll 59 as a function of the Magsogohsshrange
in the sheet count per |og; 5) calculating a desired change in
the ratios of the speeds of the core drive / roll er 505A and nmandr el
support 610 driven by notor 510; the nandré$ gﬁ%port 710 driven by
notor 711; the glue nozzle rack actuator assenbly 840 driven by notor 15
822; the core carrousel 1100 and core guide assenbly 1500 driven by the

not or 1222; the core | oading conveyor 1300 driven by notor 1322; and
the core stripping apparatus 2000 driven by notor 2022; relative to
the rotational speed of the bedroll 59 as a function of the desired
change in the sheet count per |og; 6) changing the el ectronic
gear tatios of the turret assenbly 200 and the 20 mandrel cupping assenbly
400 with respect to the bedroll 59 in order to change the ratio of the
rotational speeds of the turret assenbly 200 and the nmandrel cupping
assenbly 400 to the rotational speed of the bedroll 59; 7)
changi ng the el ectronic gear raETUs of the follow ng conponents with
respect to the bedroll 59 in orfer to change the speeds.of the conponents
relative to 25 the bedroll g%'zthe e drive r 39 505A and nmandr el
support 610 driven by notor ; @54710 driven by
notor 711; the glue nozzle rack acfu bly 840 driven by notor
822; the core carousel 1100 and cq@re g — =7y 1500 driven by the
nmotor 1222; the core | oadB&Dconv [ y_notpr 1322; and
the core stripping apparatus 2&00 D22 egﬁj've to the 30
rotational speed ofthe bedroll 59, amd B) sev g the web as a
function of the desired ﬁgggpe in tjge sheet count{Jper | og, such as by
varyi ng the chopoff sole j

i on s’ : NQ tinme the
sheet count per log is ¢ ) ed osit of th¢m n y
driven conmponents can be re-p . ith respect t¢ ROS| n of the
bedroll 35 within a | oggpodTEy¢ by: det esmpet hnqupdd@e® | og wi nd
cycl e based upon the ®
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desired change in the sheet count per
bedr ol |

position of the
determ ning the actua
rotati onal

pos

rotational p
cal cuating a
desired positions of the
PCT/ US96/ 07450

i nvention have beeniiﬁégﬁﬁﬁﬁed
nodi fi cati ons can be]| rtthout departing 10

position of the bedrol
cal culating the desired position of the conponent
.tﬂiﬁhﬁf t he bedroll

| og;
within the updated | og
ition of a conponent
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e 300

wi thin the updated | og
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relative to the
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relative to the 40
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i 3@, PDRi ti on of the bedroll within the

conponent relatjve to jhd rotae
updat ed | og 314 C "hak and reducig the calcul ated position eror of
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ile particular enbodi mrents of the present

and descri bed,

of the invention. For ing
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[err] WD 96/ 38365

PCT/ US96/ 07450 54 WHAT IS
CLAMED I'S: 1. A nmethod of winding a continuous web of material onto a
plurality of separate cores, the nmethod conprising the steps of:
providing a rotatably driven turret assenbly; supporting a plurality
of rotatably wWO9eBB36hrandrels on the rotatably driven turret PCTUS96/07450
assenbl y; rotating the rotatably driven turret assenbly to carry the
mandrels in a cl osed path; provi di ng a1%?2 y of cores; | oadi ng
the cores onto the mandrel s during novenent tthe mandrel s along a
predeterm ned core | oading segnent of the closed nandrel path; wi ndi ng
the web naterial onto the cores along a predeterm ned web w ndi ng
segnent of the closed mandrel path; and removi ng each web wound core
fromijts respectivgmaprcret—at a predgterm ne core stripping
segnent of the cloged pandrel path. 2. im1 wherein the
step of renoving egch jeb wound J¢ore fropmits regpedyi ve nmandr el
conpri ses renoving |t he core dupi ng novenent | of t he mandre
al ong the predeterfm npd core st E=pEpRGsegnent of Posed mandr el
: - Si
|G- \
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pat h; wherein the step of rotating the rotatably driven turret

assenbly preferably conprises continuously rotating the turret
assenbl y; wherein the step of rotating the rotatably driven turret
assenbly to carry the mandrels in a closed path preferably
conprises carrying the mandrels in a non- . circular closed path;
and wherwiovsiagsegs et hod of rotating the turret assenbly PEBHUSACHIMNS)
conprises rotating the turret assenbly at a generally constant

angul ar velocity. 3. The nethod of d ai 8 4/P6 2 conprising the steps of:
rotating the turret assenbly about a turret "aSsenbly central axis; and
varyi ng the di stance between a mandrel and the turret assenbly central

axis, as a function of the position of the nandrel along the closed
mandrel path. 4. The nethod of Clainms 1, 2, or 3 conprising;

providing the closed mandrel path with at |east one generally straight |ine
portion; and carrying the mandrels along the generally straight

| ine portion of the closed mandrel pat h;

55 : /5|0
J




wherein the step of loang a core onto a mandrel preferably conprises the
step of | oading a core onto a mandrel while carrying the mandre
straight line portion of the closed nandrel
pat h; and wherein the step of renoving a web wound core fromits

al ong a generally

respective nmandr el
the core fromwbes/ssaexir e

| whi |

preferably conprises the step of stripping
e carryng the nmandr epCTAIS96/7450

generally straight line portion of the cl osed mandrel path 5.

The nethod of Clains 1,

2, 3,

or 4 further cippgses the step of changing

t he shape of at |least a segnent of the closed nmandrel path; and
wherein the step of changing the shape of at |east a segnent of the cl osed
mandr el path preferably conprises the step of changing the shape

of the web w ndi ng
nmethod of Cains 1, 2, 3

, 4, or 5 wherein the step of

segnent of the closed mandrel path. 6. The
| oading a core onto a

mandrel conprises engaging a core with a first velocity conponent generally

par al | el to an axis
generally parallel to at
of the closed mandrel pa
wherein the step of reno
mandrel conprises the st
conponent of velocity pa
conponent of velocity pa
segnent of the closed ma
6, or 7 further conprisi
as the core is noving al
core loading segnment a
wi ndi ng a conti nuous web
conprising the steps of
the turret assenbly sup
mandrel s for w nding the
i ndi vi dual | ogs; O
the mandrels in a clﬁéed
i ndi vidual | ogs along a

of
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segnment of the closed mandrel path; and renovi ng each wound | og from
its respective mandrel along a predeterm ned segnent of the

cl osed mandrel path while rotating the turret assenbly. 10. The method of
Claim9 wherein the step of rotating the rotatably driven turret

assenbly conprises continuously rotating the turret assenbly;

56 whewebessaése step of rotating the turret assenbly peeingsoabiaso
conprises rotating the turret assenbly at a generally constant
angul ar velocity, and wherein the nmethod of w nding preferably
conprises the steps of rotating the t ulo£2Gassenbl y about a turret
assenbly central axis; and varying the di stance between a mandrel and
the turret assenbly central axis as a function of the position
of the mandrel along the closed mandrel path. 11. A nethod of winding a
conti nuous web of material into individual |ogs, the nethod conpri sing
the steps of providing a rotatably driven turret assenbly, the turret
assenbly supporting a . plurality of rotatably driven mandrels for
wi ndi ng the continuous web of material into the individual |ogs;

rotating the rotably driven turret assenbly to carry the mandrels in a

cl osed, non-
x?OO
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circul ar path; wi nding the web material into individal |ogs along a
predeterm ned web w nding segnent of the closed mandrel path;
and renovi ng each wound log fromits respective nandrel along a
predet ermi ned core stripping segnent of the cosed mandrel path.
12. A web w ndi ng apparatus conpri si ng: a turret winder conprising a
rotably driveggloghgsgé assenbly supported for rotation PCT/USOGIHNASP a
turret assemy central axis, the turret assenbly supporting a plurality
of rotatably driven mandrels for engaging cores upon which a paper web is
wound, each mandrel extending from al?/n?% mandrel end to a second nmandr el
end and having a mandrel axis generally parallel to the turret assenbly

central axi s, each mandrel supported on the turret assenbly
for independent rotation of the mandrel about its mandrel axis,
and each mandrel driven in a closed mandr el path about the
turrét assenbly central axis, the closed nmandrel path havi ng a
predet erm ned core | oading segnment, a predeterm ned web w nding

segnment, and a predeterm ned core stripping segnent; a core | oading

apparatus for conveying cores onto the mandrel s during novenent of
the mandrels along the core | oadi ng segnent of the closed mandrel path.
a mandrel drive apparatus providing rotation of each mandrel and an

associ ated core about the mandrel axis during novenent of-the
mandrel and core along the predeterm ned web w nding segnent
of the closed path, wherein web materi al is wound onto the core
during novenent of _the core and mandrel along the web wi ndi ng

segnent ofthe clos
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WO 96/ 38365

PCT/ US96/ 07450 57 a
core stripping apparatus for renmoving each web wound core fromits
respective mandrel while the mandrel noves along the

predeterm ned core stripping segnent of the closed mandrel path.
13. The web w wdiggasagpparatus of Caim 12 wherein the turret peEBssshy4se

rot at es conti nously; and wherein the turret assenbly preferably

rotates at a generally constant angul ar velocity. 14. The web
wi ndi ng apparatus of Clainms 12 or 13 wherei 1842 st ance between a
mandrel and the turret assenbly central axis varies as a function of the
position of the mandrel along the closed path. 15. The web w ndi ng
apparatus of Clainms 12, 13, or 14 wherein at |east a porti of_t he

cl osed mandrel path is non-circular, wher ei n82% cl oseAranghel path
preferably conprises at | east one generally straiight 825 % ne
portion; and nmore preferably wherein at ] eas\ one g / ;sf
segnment and the core strippigg2 edfBht \of fd.@;‘- ‘n%
path conprises a generally straight | n p

wi ndi ng apparatus of Cains 12, 13, 14, or 15\ ; “ :

pat h conprises repl aceabl e segnents. 17.844e w \*@, ¢ f
A

Clainms 12, 13, 14, 15, or 16 wherein the copé
an el ement for engaging a core with a 80G
parallel to a mandrel axis and '
at least a portion ofth%
pat h; wherein the coredé)é\dl '
at least partially ont
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wherein the web w nding apparatus preferably conprises a pair of rotatably

driven core drive rollers, the core drive rollers cooperating
to engage a core driven onto a mandrel fromthe core | oading
apparatus between the rollers and drive the core onto a mandrel
wherein the core drive rollers are preferably di sposed on opposite sides of
the core wo 96383¢s0adi ng segnent ofthe closed nmandrel pat Rpermsesinrase
wherein the core drive rollers preferably drive the core onto the mandre
as the mandrel is carried al ong t@iéose mandrel path
intermedi ate the core drive rollé wherein the core

drive rollers are preferably inclined to drive a core with a velocity
conponent generally parallel to a nmandrel axis and a vel ocity component
WD 96/ 38365 : 8

PCT/ US96/ 07450 §§

generally parallel to at least a ggpion of the core |oading se nt of the

cl osed mandrel path 18. The web wi ndigg apparatus of Cainms 12, {3, 14, 15,

16, or 17 conprising a core Ioadﬁhgbcarrousel having a plurplity of

core trays carried around a closed tray path I1383¢h core tr hol di ng} a
st a

core along a portion of the closed tray pat A; wherein at |
Edr

portion of the tray path is preferably alig Th at Tgast a
of the core | oading segnent of the closed ng pat h;
y
O
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wherein the core | oadi ng apparatus preferably conprises an inclined

conveyor, the I nclined conveyor having an el enent for engagi ng
the cores held in the core tray along the portion of the tray
path aligned with the core | oadi ng segnent -~ of the closed nandre
pat h; and wherein the web wi ndi ng apparatus preferably conprises a
core gui de asgg di sposed i nternedi ate the turpel/osvsiorsse and
the core | oading carrousel, the core gui de assenbly conprising a
plurality of core guides carried in a closedz 2 core gui de path,

each core guide extending internediate the core loadi ng
carrousel and the turret w nder, wherein at |east a portion of the core

gui de path is aligned wth at |east a portion of the core
| oadi ng segnent of the cl osed mandr & &t h. 19. The b w ndi ng
apparatus of Caim212, 13, 14, 15, 16, 17, or erein the second
end of each nmandrel is releasably supported alﬁpgs porti oj~t}lhe cl osed
mandr el pat h; wherein the sec ] i 2 ungupport ed
along at |east a portion of t he cl oged path J nternedi ate
the core stripping segnent and thefweb wi ndi ng segngnt ;
wherein the web w ndi ng appar atas fonpri mandr ¢l support
for rel easabl y suppqat' g a ' mandrel i nt®ynedfate the
first end and the un or t eqiry rd of the I ng mandrel ;
wherein the web w nding apparatu efe Mses a fir mand®e
support posi tionedgfo | e poTtng a novigg narkr e
internmediate the first om owf—ih nd ergt of the
mandrel along at |east & mrg QAQ okaiiig pbrtion
of the closed nmandrel p&¥h;™ L i ndi pAar at
‘preferably conprises a gec p ogi tioned for
supporting a nov] | a) dff t ha he
second unsupport€ drjeld, & e ' t he
cl osed mandrel pat \ efl d\ S n web
w ndi ng segnent
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WO 96/ 38365

PCT/ US96/ 07450 59
wherein at | east' one mandrel support conprises a rotating mandrel support
havi ng a rotating mandrel support surface; wherein the

rotating mandrel support surface preferably has a variabl e radius;
wher ei n t he r owevsmsgssandrel support preferably conprises a gecEusvsioyso

hel i cal mandr el support surface; and wherein the generally
hel i cal mandrel support surface preferanyE@T vari able pitch. 20. The
web w ndi ng apparatus of Cainms 12, 13, 14, 6, 17, 18, or 19

conpri si ng an adhesi ve appligation apparatus for applying an adhesive
to a core as the core is noviing al ong t he cl osed nandre” pat h

i nternmedi ate the core | oading se nt and the — web w ndi ng segnent;

adhesi ve applicator fiegr}itrackng notiomof the corg al ong at
ndr el ®dat h; and wherein the
allel to the

of Clains 12,

wherein the adhesive applicaton \-iaratus prefer@ﬁly conprisqgs a novabl e

| east a portion of the cloged
adhesive applicator is preé%rably . votabhq abou
turret assenbly central axks 21. LI )
13, 14, 15, 16, 17, 18, 19T
engages a web wound core mﬁth af
to the mandr el

an axis p

F




wherein the core stripping apparatus preferably conprises a flighted

conveyor angled with respect to the mandrel axes as the mandrels
are carried along the core stripping segnent of the closed
mandr el pat h; wherein the core stripping apparatus preferably engages
a web wound c ' a first conponent of velocit arallel to
t he mandr el aggsa%%ﬁaﬁhich the web wound core is s%ﬁ%@*?@%ﬁ”and
a second conponent of velocity parallel to at | east a portion of
the generally straight Iine portion of tézféeahstri ppi ng

segnent of the closed mandrel path; and erein the web wiadi ng
apparatus preferably co I ses mml Qg gl ect apparatus Rpositior@
downst ream of the core stfippi s f or

wound COr €S TEett ¢ He i =i ; Hoe——tbo LoC Bppar at us L
oper apl e for Setrectrvery—drrectTg -neb—re iy ; :
accept ance station and a seco

96/ 38365 >
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PCT/ US96/ 07450 -

W ndi ng apparatus conpri s g: :
turret assenbly suppor e
mandrel s for engagi ng WA I

f orm web wound cores, each nmandrel extendi
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end to a second mandrel end, each mandrel supported on the turret assenbly
for independent rotation of the nandrel about its nmandrel axis, and each
mandrel driven in a closed mandrel path having a predeternm ned core | oading
segnent, a predeterm ned web w ndi ng segnment, and a predeterm ned core

stripping segnent; a core | oading apparatus for conveying cores onto
the mandrel s QH5h¥ﬁmﬁovenent of t he mandr el s al ongcusesieras
| oadi ng segnent of the closed mandrel path; and a core stripping

apparatus for renoving each web wound cor é&ggsits respective

mandrel while the mandrel, noves al ong the%% erm ned core stripping
segnent of the clossd ny el path. 23. The web w ndi ng apparatus of Claim
22 wherein the turr%; bl y rotates capt i jomsdy; and wher ei n

the turret assenbly pr¥iffAdAbly rotates at a gﬁygbr.lygponstant angul ar
HORg apparatus of C al pgiER wr 23 wherein the

el and the turréi HeHBib| y central axis varies
n of the nagst+>ANbng the cl osed path.

61 25. The web

PCT/ US96/ 07450 - i i
22, 23, or 24, wher# ihe second end of each

w ndi ng appar at us
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mandrel is releasably supported along a portion of the closed mandrel path
wherein the second end of each mandrel is unsupported along at |east a
portion of the cl osed mandrel path intenediate the core
stripping segnent and the web wi ndi ng segnent; wherein the
web wi ndi ng apparatus conprises at |east one mandrel support for

rel easably supp@eéigsgs a novi ng mandrel internediate the firsStpcaishogirfdss e
unsupported second end of the noving nandrel; wherein the web wi ndi ng
apparatus preferably conprises a first nandéﬁiﬁéxgport
positioned for rel easably supporting a novi rel internediate the
first end and the unsupported second end of the mandrel al ong at
| east a portion of t he"core 1oadi ng portion of the closed
mandr el pat h; wherein the web w ndi ng apparatus conprises a second
mandr el support positioned for 'supporting a noving mandre
internedate the first end and the second unsupported end of the
novi ng mandrel along the portion of the closed - mandrel path
_interymedi ate the core | oading segnent and the web wi ndi ng

segnent of the closed mandrel path; wherein at | east one nadrel
support conprises a rotating mandrel support having a rotating
mandr el support surfae, wherein the rotating mandrel support

surface preferably has a variabl e radi us; wherein the rotating mandrel
support preferably conprises a generaly helical mandr el support
surface; and wherein the generally helical mandrel support surface
preferably has a variable pitch.

304} .
3034 3040 3130 3150 3140
- 3205
3II0A 31108 3200
e T A R T 3040

e P 1
b § P
AT N
: \\\\\\\\\\\\\\\\\\\‘\\

///IIIII\ 3 b‘\\\'\\\\\*///Z‘&\\\\\\‘/ FONRN NN N NN NN
3034 / 3112 3205 3200




B EEa NN A

PCT/US96/07450

| ] O—om TS W LE BE RS R R | 7 Hl—l 7
. . g \ ~-0I05
205 2205” gc0s ] (1l —5i08
i »000S

25/26

—~80¢06
—~00€0S

? —
‘ﬁwﬂ } ﬂl# n‘\ﬁfnﬁqﬁmu .

‘WO 96/38365

€91




PCY/US96/07450

WO 96/38365

26/26

ﬂ V0209
V2209 q o
09\ \m_om omoo/ / owmcm 0209 _b109 .\o_ 9

N ] L { A
gze09” | | s, L 2109
i \ 4l
p£09 €09
.A.Nmoo 2s00
80809 YA /
L L
i bk
gzes~J; 8002 A& vooze booze ‘aoozs
B veee & w
goos—e¢  VOOf IS 0009

ze 91q



