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5 METHOD OF W NDI NG LOGS W TH DI FFERENT SHEET COUNTS FI ELD OF THE | NVENTI ON
10 This invention is related to a nmethod for wi nding web nmateri al
sueh as tissue paper or paper toweling into individual |ogs. More .
particularly, the invention is related to a method for w nding different

| engt hs of thepWabsdses €rial onto hollow cores. 1s PCT/US96/07456
BACKGROUND OF THE | NVENTI ON Turret wi nders are well known in the art.
Conventional turret w nders .conprise a rotating turret assenbly which
supports a plurality of mandrels for rotation about a turret axis. The
mandr el s traveg Iin acircular path at a fixed distance fromthe turret
axis. The mandrel s engage holl ow cores upon which a 20 paper web can be
wound, Typically, the paper web is unwound froma parent roll in a
conti-nuous fashi on, METHOP CRWINDING'IBGS WITH DEFRERENPSHEETIOUNTS t he

cores supported on the-mandrels to provide individual, relatively snall

di aneter | ogs. Wile conventional turret wi nders may provide for wi nding of
the web 25 material on nandrels as -QEWWEN?YQ&H ed about the axis
of a turret assenbly, Thistintention G§ rélined ttoira’ method Feraindings web dfixesali sick a§t OP

mandrel s are ot at e aterrEr pifer RN b Al s MGHL RS 87 o
Patents: 2,769, 606“'&@5%’%&%%@'@94 1#95 windingdifferent lengths of e vebpmatesial
3,179, 348 i ssued &mpthelkdwecords., 30 1962 to Nystrand et al.; U S. Patent
3,552,670 issued June 12, 1968 to Hernan;
15 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
20  paper web can be wound. Typically, the paper web is unwound from a parent roll
in a continuous fashion, and the turret winder rewinds the paper web onto the
cores supported on the mandrels to provide individual, relatively small diameter
logs.
While conventional turret winders may provide for winding of the web
25 material on mandrels as the mandrels are carried about the axis of a turret
- assembly, rotation of the turret assembly is indexed in a stop and start manner to
provide for core loading and log unloading while the mandrels are stationary.
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,
30 1962 to Nystrand et al.; U.S. Patent 3,552,670 issued June 12, 1968 to Herman;
and U.S. Patent 4,687,153 issued August 18, 1987 to McNeil. Indexing turret
assemblies are commercially available on Series 150, 200, and 250 rewinders
manufactured by the Paper Converting Machine Company of Green Bay,
Wisconsin, . '
35 The Paper Converting Machine Company Pushbutton Grade Change 250
Series Rewinder Training Manual discloses a web winding system having five
~ servo controlled axes. The axes are odd metered winding, even metered winding,
coreload conveyor, roll strip conveyor, and turret indexing. Product changes,
such as sheet count per log, are said to be made by the operator via a terminal
40 interface. The system is said to eliminate the mechanical cams, count change
gears or pulley and conveyor sprockets.
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Indexing of the turret assembly is undesirable because of the resulting
inertia forces and vibration caused by accelerating and decelerating a rotating
15  turret assembly. In addition, it is desirable to speed up converting operations,
such as rewinding, especially where rewinding is a bottleneck in the converting
operation.
Accordingly, it is an object of the present invention to provide an improved
method of winding a web material onto individual hollow cores.
20 Another object of the present invention is to provide a method for changmg
the length of material wound onto cores while rotating a turret assembly.

SUMMARY OF THE INVENTION

The present invention comprises a method of winding a continuous web of

25 material onto hollow cores to form individual logs, the logs having different
lengths of the material wound thereon. In one'embodiment, the method comprises

the steps of: providing a rotatably driven turret assembly supporting a plurality of
rotatably driven mandrels for winding the web of material onto cores supported on
the mandrels; providing a rotatably driven bedroll for transferring the web of

30 material to the rotatably driven turret assembly; rotating the bedroll; rotating the
turret assembly to carry the mandrels in a closed path; winding the material onto
cores supporied on the mandrels to form logs having a first predetermined length

of the material; and changing the length of the material wound onto the cores
while rotating the turret assembly to form logs having a second predetermined

35 length of the material, wherein the first length is different from the second length.
The method can comprise the steps of continuously rotating the turret

assembly before the step of changing the length of material wound onto the cores
is initiated, and continuously rotating the turret assembly after the step of
changing the length of material wound onto the cores is completed. For example,

40 the method can comprise continuously rotating the turret assembly at a first
generally constant angular velocity while forming logs having the first



I ndexi ng of the turret assenbly is undesirable because of the resulting

i nertia forces and vibration caused by accel erating and decel erating a
rotating 15 turret assenbly. In addition, it is desirable to speed up
converting operations, such as rew nding, especially where rewinding is .a
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| ength of materi ﬁiespndruf rotation of the bedrelt while rotating the turret assembly, and winding

' a second length of material onto cores supported on the mandrels to form logs
having the second length of material, wherein the second length is different from

the first length.

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

25 accompanying drawings in which:

Figure 1 is a perspective view of the turret winder, core guide apparatus,
and core loading apparatus of the present invention.

Figure 2 is a partially cut away front view of the turret winder of the
present invention.

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

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

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

shown in Figure 2.

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

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

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



Is.initiated, and continuously rotating the turret assenbly after the step
of changing the Iength of material wound onto the cores is conpleted. For
exanple, 40 the nethod can conprise continuously rotating the turret
assenbly at a first generally constant angular velocity while form ng | ogs
havi ng the first WD 96/ 38362

PCT/ US96/ 07456 determ ned I ength of the material, and mﬁ?gjggyyﬂﬁsl y
rotating the t&’?’r%{sp%gsenbl y at a second generally constant angul ar

velocity while form ng |ogs having the secoftd predeternined |l ength of the
material. In one enbodi ment of the present invention, the nmethod conprises
the steps of: providi a Jptatably driven tyrret _assenbly supporting a
plurality of rgt at abl 532{9*{%‘(}% sﬁ'ﬁﬁﬂ%ﬁ? 9@'&8% ﬁ(ﬂ‘ﬂﬁ“‘gﬂg‘ fe‘ffeﬁ%‘g@i al
onto cores supported on trelativetotthe katatingrmandosl suppert ptateit abl y dri ven bedrol |
for transferring the ,-{?‘ hia fﬂedt\/?ev; RE HeOfnatRh! Iy V. EEI%‘ skdwn i
assenbly; rotating thggggééro '%rot ating the turrdgél %‘gg@hbﬂ%y ﬁgarrymt he
mandrels in a cl osed pat ,‘3Wr?ai ng a first length of the material onto
cores supported on t hEiguenidriersideviéw taken algag livesi 10610 incFifure St arldeshgtvingls  of
the material; ighangi ng t hqupsiae efmdbxtetied ! fefdive fto tah fothttte’ ggg,‘%s ls‘ﬂpgu
relative to the speed of rp?lggi on of the bedroll \/\/nilegrgllti tlngmti)he l?rret
assenbly; and winding a 'nd | ength of material onto cores supported on
the mandrels to formFigue Hasianvjew similardo thatof Figure 30 showingithe cuppingr &rimn t he

second length is differerfetrhciételaive id the rothtfiig Tupping arm support plate.
Figure 12 is a view taken along lines 12-12 in Figure 10, with the open,
15 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
20 separable plate segments.

Figure 15 is a side view showing the position of core drive rollers and a
mandrel support relative to the closed mandrel path.
Figure 16 is a view taken along lines 16-16 in Figure 15.
Figure 17 is a front view of a cupping assist mandrel support assembly.
25 Figure 18 is a view taken along lines 18-18 in Figure 17.
Figure 19 is a view taken along lines 19-19 in Figure 17.
Figure 20A is an enlarged perspective view of the adhesive application
assembly shown in Figure 1.
Figure 20B is a side view of a core spinning assembly shown in Figure
30 20A.
Figure 21 is a rear perspective view of the core loading apparatus in Figure
1.
Figure 22 is a schematic side view shown partially in cross-section of the
core loading apparatus shown in Figure 1
35 Figure 23 is a schematic side view shown partially in cross-section of the
_ core guide assembly shown in Figure 1.
Figure 24 is a front perspective view of the core stripping apparatus in
Figure 1. '
- Figures 25A, B, and C are top views showing a web wound core being
40 stripped from a mandrel by the core stripping apparatus.



20, BRI EF DESCRI PTI ON OF THE DRAW NGS Wi |l e the specification concludes with
clains particularly pointing out and distinctly claimng the present
invention, it is believed the present invention will be better understood
fromthe follow ng description in conjunction with the 25 acconpanying.
drawings in which: Figure 1 is a perspective view of the turret w nder,

core guide ap and core | oading apparatus of the pres | | on.
Figure 2 is ap%é%#g‘ley cut away front view of the turret w E@g,rdsgﬁi&?#e
present invention. Figure 3A is a%ide view showi ng the position
of the closed mandrel path and mandrel drive systemof the turret w nder of
the present invention relative to an upstream conventional rew nder
assenbly. Fighe 3B i Figure26iis alschiematic side ariewoof a imandeeh shawn gartiaily nycxossn
shown in Figure 3A takensainaﬂg lines 3B-3B in Figure 3A. 3s Figure 4

Fgure 5. Fogure o) Bz lnd BEoabAaRE Kok ekl ol bl e@%ﬁwﬁ@e LA
Figure 6 is a schematic m&#ﬁm.uwﬁumnzmmmblmémm @mnqo@stmmdrdabl y
supported on rotating rrandsepiecswrmmdoem’tﬁdiepmcé(ioward the MiafidreEbody| ﬁxe?ebr

oxtended rel i ve to Z' r Sfmpie néﬁm febdieldclBpld g? Snov o @ mencre
Figure 28 is an enlarged schemauc side view of the second end of the
mandrel of Figure 26 showing a cupping arm assembly engaging the
mandrel nosepiece to displace the nosepiece toward the mandret body.
Figure 29 is an enlarged schematic side view of the second end of the
15 mandrel of Figure 26 showing the nosepiece biased away from the
mandre] body.
Figure 30 is a cross-sectional view of a mandrel deformable ring.
Figure 31 is a schematic diagram showing a2 programmable drive control
system for controlling the independently drive eomponents of the web
20 winding apparatus.
- Figure 32 is a schematic diagram showing a programmable mandrel drive
control system for controlling mandrel drive motors.
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5 Figure 8 is a viewsimlar to that of Figure 7 show ng the mandrel
retracted relative to the rotating nandrel support plate. Figure 9 is an
enlarged view of the mandrel cupping assenbly shown in Figure 2. Figure.10
Is a side view taken along lines 10-10 in Figure 9 and showi ng a 10

cupping arm %%Qﬂﬁg relative to a rotating cupping arm supRusslevass
Figure 11 iis a viewsimlar to that of Figure 10 showi ng the cupping arm

retracted relative to the rotating cuppi ng éarm support plate. Figure 12 is
a view takem along lines 12-12 in Figure 10, with the open, 15
uncupped position of the cupping armshown in phantom Figure 13 is a

perspective visew show ng pWMHMMWWﬂNVM@M by stationary

cuppi ng  arm cl osi ng, R ?&#Qn sﬁt{m

Figure 14 is a view olﬁaﬁestat onary mandr é35|t|on| ng gu?@%é@rl sing 20
separabl e plate SOAGERIIDE tg-thg presentinveation. sT‘EfeW WiRding ARP#ats AR comprises an  of
core drive roll ertarretmﬁnebrrﬁ@ﬂdvaﬁgamtﬂmnﬁryrfdm&ﬂﬂeatm lvading appatatis 1000;!

path. Figure 16 ighad obhealt 32000 " Fputb2 1 bl %%& of e Birét 17
is a front V|ewo ;@@ a |st o[re n&g‘ﬁ ass
Figure 18 is "Eﬂﬁlﬁ‘ égclﬁ?l fide yiew ofithe preet I"f“def 100 taken along
lines 3-3 in Figure 2, showmg a conventional web rewinder assembly upstream of
the turret winder 100. '

Description of Core Loading, Winding, and Stripping
15 " Referring to Figure 1, 2 and 3A/B, the turret winder 100 supports a
plurality of mandrels 300. The mandrels 300 engage cores 302 upon which a
paper web is wound. The mandrels 300 are driven in a closed mandrel path 320
about a turret assembly central axis 202. Each mandrel 300 extends along a
mandrel axis 314 generally parallel to the turret assembly central axis 202, from a
20 first mandrel end 310 to a second mandrel end 312. The mandrels 300 are
supported at their first ends 310 by a rotatably driven turret assembly 200. The
mandrels 300 are releasably supported at their second ends 312 by a mandrel
cupping assembly 400. The turret winder 100 preferably supports at least three
mandrels 300, more preferably at least 6 mandrels 300, and in one embodiment
25  the turret winder 100 supports ten mandrels 300. A turret winder 100 supporting
at least 10 mandrels 300 can have a rotatably driven turret assembly 200 which is
rotated at a relatively low angular velocity to reduce vibration and inertia loads,
while providing increased throughput relative to a indexing turret winder which is
intermittently rotated at higher angular velocities. '
30 As shown in Figure 3A, the closed mandrel path 320 can be non-circular,
and can include a core loading segment 322, a web winding segment 324, and a
core stripping segment 326. The core loading segment 322 and the core stripping
segment 326 can each comprise a generally straight line portion. By the phrase "a
generally straight line portion” it is meant that a segment of the closed mandrel
35 path 320 includes two points on the closed mandrel path, wherein the straight line
distance between the two points is at least 10 inches, and wherein the maximum
normal deviation of the closed mandrel path extending between the two points
from a straight line drawn between the two points is no more than about 10
percent, and in one embodiment is no more than about 5 percent, The maximum
40 normal deviation of the portion of the closed mandrel path extending between the
two points is calculated by: constructing an imaginary line between the two



Figure 19 is a view taken along lines 19-19 in Figure 17. Figure 20A is an
enl arged perspective view of the adhesive application assenbly shown in
Figure 1. Figure 20B is a side view of a core spinning assenbly shown in
Figure 30 20A. Figure 21 is a rear perspective view of the core
| oadi ng apparatus in Figure 1. Figure 22 is a schematic side view shown

partially in %&g@:&?&c" i on of the core | oadi ng apparatus showgriusodio7assr € 1
35 Fi gure 'S a schematic side vieyw shown partially in
cross-section of the core guide assenbly shown in Figure 1. Figure 24 is a
front perspective view of the core stripping apparatus in Figure 1. Figures
25A, B, and C are.top, Vviews showing a web wound coye bpeing 40 ..

stripped from aPHH&tH%E’&“’BWS °E‘5¥lg'“§} w%?r&%ﬁﬁmw s%mg?bhg%f%ggm
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toward the mandrel bdunipne embodiment of the present invention, the core loading segment 322
' 10 and the core stripping segment 326 can each comprise a straight line portion
having 2 maximum normal deviation of less than about 5.0 percent. By way of
example, the core loading segment 322 can comprise a straight line portion having
a maximum deviation of about 0.15-0.25 percent, and the core stripping segment
can comprise a straight line portion having a maximum deviation of about 0.5-5.0
15 percent. Straight line portions with such maximum deviations permit cores to be
accurately and easily aligned with moving mandrels during core loading, and
permit stripping of empty cores from moving mandrels in the event that web
material is not wound onto one of the cores. In contrast, for a conventional
indexing turret having a circular closed mandrel path with a radius of about 10
20 inches, the normal deviation of the circular closed mandrel path from a 10 inch
long straight chord of the circular mandrel path is about 13.4 percent,
The second ends 312 of the mandrels 300 are not engaged by, or otherwise
supported by, the mandrel cupping assembly 400 along the core loading segmeat
322. The core loading apparatus 1000 comprises one or more driven core loading
25 components for conveying the cores 302 at least part way onto the mandrels 300
during movement of the mandrels 300 along the core loading segment 322. A
pair of rotatably driven core drive rollers 505 disposed on opposite sides of the
core loading segment 322 cooperate to receive a core from the core loading
apparatus 1000 and complete driving of the core 302 onto the mandrel 300. As
30 shown in Figure 1, loading of one core 302 onto a mandrel 300 is initiated at the
second mandrel end 312 before loading of another core on the preceding adjacent
mandrel is completed._ Accordingly, the delay and inertia forces associated with
start and stop indexing of conventional turret assemblies is eliminated.
Once core loading is-complete on a particulér mandre]l 300, the mandrel
35 cupping assembly 400 engages the second end 312 of the mandrel 300 as the
mandrel moves from the core loading segment 322 to the web winding segment
324, thereby providing support to the second end 312 of the mandrel 300. Cores
302 loaded onto mandrels 300 are carried to the web winding segment 324 of the
closed mandrel path 320. Intermediate the core loading segment 322 and the web
40 winding segment 324, a web securing adhesive can be applied to the core 302 by



10. conpressing the mandrel deformable ring. Figure 28 is an

enl arged schematic side view of the second end of the mandrel of Figure 26
showi ng a cuppi ng arm assenbly engagi ng the mandrel nosepi ece to displ ace

t he nosepi ece toward the mandrel body. Figure 29 is an enlarged schemati.c

side view of the second end of the 15 mandrel of Figure 26

show ng the no%\ﬁ)\'}iﬁ@&ﬁzbi ased away fromthe mandrel body. Fi guseEreBsnhfasé
cross-sectional” vView of a mandrel deformable ring. Figure 31 is a schematic

di agram showi ng a programmuabl e drive cont rof system for controlling the
I ndependent |y drive conmponents of the web 20 wi ndi ng appar at us.
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the turret w nder 200 5Aofi’4h Y2l stitter bed roll 56, and a chopper roll 58 and bedroll 59,

' The. perforator roll 54 provides lines of perforations extending along the
width of the web 50. Adjacent lines of perforations are .spaced apart a
predetermined distance along the length of the web 50 to provide individual sheets

15 joined together at the perforations. The sheet length of the individual sheets is the
distance between adjacent lines of perforations.

The chopper roll 58 and bedroll 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 SO to the next core 302 advancing

20 along the closed mandrel path 320. Such a rewinder assembly 60, including the
feed rolls 52, perforator roll 54, web slitter bed roll 56, and chopper roll and
bedroll 58 and 59, is well known in the art. The bedroll 59 can have plural
radially moveable members having radially outwardly extending fences and pins,
and radially moveable booties, as is known in the art. The chopper roll can have

25  a radially outwardly extending blade and cushion, as is known in the art. U.S.
Patent 4,687,153 issued August 18, 1987 to McNeil is incorporated herein by
reference for the purpose of generally disclosing the operation of the bedroll and
chopper roll in providing web transfer. A suitable rewinder assembly 60
including rolls 52, 54, 56, 58 and 59 can be supported on a frame 61 and is

30 manufactured by the Paper Converting Machine Company of Green Bay
Wisconsin as a Series 150 rewinder system.

The bedroll can include a chopoff solenoid for activating the radial
moveable members. The 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

35 winding on a new, empty core. The solenoid activation timing can be varied to
change the length interval at which the web is severed by the bedroll and chopper
roll. Accordingly, if a change in sheet count per log is desired, the solenoid
activation timing can be varied to change the length of the material wound on a
log.

40 '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



lines 3-3 in Figure 2, showi ng a conventional web rew nder assenbly
upstream of the turret w nder 100. Description of Core Loading, W nding,
and Stripping 15 Referring to Figure 1, 2 and 3A/B, the turret w nder
100 supports a plurality of mandrels 300. The nmandrels 300 engage cores.302
upon which a paper web is wound. The mandrels 300 are driven in a cl osed
mandr el path 8‘5 a turret assenbly central axis 202. Epghusseaiss! 300
ext ends along a nan axis 314 generally paraIIeI to the turret assenbly -
central axis 202, froma 20 first mandrel ®end 310 to a second mandrel end
312. The nandrels 300 are supported at their first ends 310 by a rotatably

dri'ven turret assenbly 200. The mandrels 300 are rel easably supported at
their second ®ndmandrel and eorgealense thec wehiwinding segmeny 3¥do. The “‘F’L‘Fﬁ?‘efm\ﬁ nder
100 preferably sapparaniss330t tHepebyt piohidee ‘winding alfsth8 Odeb 150 epgw efec catel JO2t

| east” 6 mandr el Sg t -

supports ten mnd’?@%@%gh Wr et £‘Io %?u‘g&o{“ﬁ‘ﬁﬁ ﬁag%s%ﬁ%e
mandrel s 300 cantOfade? @ weh weund ‘ip"ﬂr ‘55&%‘3?‘?%260"%&?”@’
rotated at a relwindingl gf thevpapugwbhrsoxlmponcﬂxbycm 302d(that is; by adonnecting cthe

inertia | oadg drelRbih terwwme&t&paéfme%gfwwwugir@?,ys Aosoathprtﬂém ng

turret w nder otate 14 ties.
30 As shom)ﬁeqﬁﬂﬁng‘g m efhp‘ﬂgm v ot

non-ci rcul ar, antieoater surfdcelde the loerﬁd lka:oniamgl ls;egmmﬁng&@mdm drein snchnthahg
segnent 324, ancng weB'i€pushéd, B |fﬂa,°$,egﬂgrﬂ‘,e dehe core | oading segnent 322
e portion. By Pﬁ'eﬂ%nfeg&?“ 18 O AL AZpesRs el cpornge % Bt 8F 7o
that a segnemt aomandrel dﬂwswmﬂmblancmzma Ipaid 26 mandi'elmlayetbahs Wmm on
the cl osed mandrgigp0ahd i BiRYN3IEE and B5¢HI N Referfify to Figures 3A/B and 4, the
first and second mandrel drive motors 332A and 332B drive first and second
mandrel drive belts 334A and 334B, respectively around idler pulleys 336A and
336B. The first and second drive belts 334A and 334B transfer torque to alternate
20 mandrels 300. In Figure 3A, motor 332A, belt 334A, and pulleys 336A are in
front of motor 332B, belt 334B, and pulleys 336B, respectively.
In Figures 3A/B, a mandrel 300A (an "even" mandrel) supporting a core
302 just prior to receiving the web from the bed roll 59 is driven by mandrel drive
belt 334A, and an adjacent mandrel 300B (an "odd® mandrel) supporting a core
2s 302B upon which winding is nearly complete is driven by mandrel drive belt
334B. A mandrel 300 is driven about its axis 314 relatively rapidly just prior to
and during initial transfer of the web 50 to the mandrel's associated core. The
rate of rotation of the mandrel provided by the mandrel drive apparatus 330 slows
as the diameter of the web wound on the mandrel's core increases. Accordingly,
30  adjacent mandrels 300A and 330B are driven by alternate drive belts 334A and
334B 30 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 2 mandrel winding speed schedule, which
provides the desired rotational speed of a mandrel 300 as a function of the angular
. 35 position of turret assembly 200. Accordingly, the speed of rotation of the
mandrels about their axes during winding of a log is synchronized with the
angular position of the mandrels 300 on the turret assembly 200. It is known to
control the rotational speed of mandrels with a mandrel speed schedule in
conventional rewinders.
40 Each mandrel 300 has a toothed mandrel drive pulley 338 and a smooth
surfaced, free wheeling idler pulley 339, both disposed near the first end 310 of
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pulley 339 on that mandrel 300B, so that only drive motor 332B provides rotation
of the mandrel 300B about its axis 314. Accordingly, each drive pulley on a
mandrel 300 engages one of the belts 334A/334B to transfer torque to the mandrel
300, and the idler pulley 339 engages the other of the belts 334A/334B, but does
not transfer torque from the drive belt to the mandrel.

The web wound cores are carried along the closed mandrel path 320 to the
core stripping segment 326 of the closed mandrel path 320. Intermediate the web
winding segment 324 and the core stripping segment 326, a portion of the
mandrel cupping assembly 400 disengages from the second end 312 of the
mandrel 300 to permit stripping of the log 51 from the mandrel 300. The core
stripping apparatus 2000 is positioned along the core stripping segment 326. The
core stripping apparatus 2000 comprises a driven core stripping component, such
as an endless conveyor belt 2010 which is continuously driven around pulleys
2012. The conveyor 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.

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 parallet to the
mandrel axis 314, and a second velocity component generally parallel to the
straight line portion of the core stripping segment 326. The core stripping
apparatus 2000 is described in more detail below. Once the log 51 is stripped
from the mandre! 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 elements of the web winding apparatus 90 and their functions will now
be described in detail.



material is not wound onto one of the cores. In contrast, for a
conventional indexing turret having a circular closed mandrel path with a
radi us of about 10 20 inches, the normal deviation of the circular closed
mandrel path froma 10 inch | ong straight chord of the circular nmandrel -
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the mandre] axis 314 and the turret assembly central axis 202 varies as a function
of position of the mandrel 300 along the closed mandrel path 320.
Referring to Figure 2, and 4, the turret winder stationary frame 110
20 comprises a horizontally extending stationary support 120 extending intermediate
upstanding frame ends 132 and 134. The rotatably driven turret assembly 200
comprises a turret hub 220 which is rotatably supported on the support 120
adjacent the upstanding frame end 132 by bearings 221. Portions of the assembly
are shown cut away in Figures 2 and 4 for clarity. A turret hub drive servo motor
25 222 mounted on the frame 110 delivers torque to the turret hub 220 through a belt
or chain 224 and a sheeve or sprocket 226 to rotatably drive the turret hub 220
about the 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
30 bedroll 59 about its axis of rotation, and a function of an accumulated number of
revolutions of the bedroll 59. In particular, the position of the 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
. 35 non-stop, non-indexing fashion, so that the turret assembly 200 rotates
continuously. By “rotates continuously” it is meant that the turret assembly 200
makes 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
40 generally constant angular velocity” it is meant that the turret assembly 200 is
driven to rotate continuously, and that the rotational speed of the turret assembly
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an adhesi ve application apparatus 800 as the core and its associ ated
mandrel are carried along the closed nmandrel path. As the core 302 is
carried along the web w nding segnment 324 of the closed nandrel path 320, a
web 50 is directed to the core 302 by a conventional rew nder assenbly 60

di sposed upstrgﬁga yhe turret winder 100. The rew nder assegdinysodrasd0 | S
shown in Figure ,Gﬁgsri‘ i ncludes feed rolls 52 for carrying the web 50 to a

perforator roll 54, a web slitter bed roll 86, and a chopper roll 58 and
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15 the hub for rotation with the hub about the axis 202. The rotating mandrel
support plates 230 are spaced one from the other along the axis 202. Each
rotating mandrel support plate 230 can have a plurality of elongated slots 232
(Figure 5) extending there through. Each slot 232 extends along a path having a
‘radial and a tangential component relative to the axis 202. A plurality of cross
20 members 234 (Figures 4 and 6-8) extend intermediate and are rigidly joined to the
rotating mandrel support plates 230. Each cross member 234 is associated with
and extends along an elongated slot on the first and second rotating mandrel
support plates 230.
The first and second rotating mandrel support plates 230 are disposed
25 intermediate first and second stationary mandrel guide plates 142 and 144. The
first and second mandrel guide plates 142 and 144 are joined to a portion of the
frame 110, such as the frame end 132 or the support 120, or alternatively, can be
supported independently of the frame 110. In the embodiment shown, mandrel
guide plate 142 can be supported by frame end 132 and the second mandrel guide
30 pilate 144 can be supported on the support 120.
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 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
35 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 need not be, mirror images of one another. In the embodiment
shown, the cam surfaces are grooves 143 and 145, but it will be understood that
40 other cam surfaces, such as external cam surfaces, could be used.




Pat ent 4,687,153 issued August 18, 1987 to McNeil is incorporated herein by
reference for the purpose of generally disclosing the operation of the
bedrol | and chopper roll in providing web transfer. A suitable rew nder
assenbly 60 including rolls 52, 54, 56, 58 and 59 can be supported on a.
franme 61 and is 30 manufactured by to Paper Converting Machi ne Conpany of
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i nclude a chopoff solenoid for activating the radial noveabl e nenbers. The -
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wound around t henember 234 for translation relative to the cross member 234 along a path having
a radial component relative to the axis 202 and a tangential component relative to
the axis 202. Figures 7 and 8 show translation of the mandrel slide plate 356
15  relative to the cross member 234 to vary the distance from the mandrel axis 314 to
the turret assembly central axis 202. In one embodiment, the mandre! slide plate
can be slidably supported on a cross member 234 by a plurality of commercially
available linear bearing slide 358 and rail 359 assemblies. Accordingly, each
mandrel 300 is supported on the rotating mandrel support plates 230 for
20  translation relative to the rotating mandrel support plates along a path having a
radial component and a tangential component relative to the turret assembly
central axis 202. Suitable slides 358 and mating rails 359 are ACCUGLIDE
CARRIAGES manufactured by Thomson Incorporated of Port Washington, N.Y.
Each mandrel slide plate 356 has first and second cylindrical cam followers
25 360 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
plates 230, the cam followers 360 and 362 follow the grooves 143 and 145 on the
30 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.
Accordingly, the rotating mandrel support plates 230 provide continuous motion
. 35 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, Ohio.
40 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



cote 302 (a web wound core). The mandrel drive apparatus 330 provides
center wi nding of the paper web 50 upon the cores 302 (that is, by
connecting the 10 nmandrel with a drive which rotates the nandrel 300

its axis 314, so

that the web is pulled onto the core), as opposed to

about

surface wi nding wherein a portion of the outer surface on the log 51 is
contacted by awd¥sRbisdd W nding drum such that the web is pushegiysobyrase
friction, onto the nmandrel. The center w nding nandrel drive apparatus
can conprise a pair of mandrel drive notorg4332A and 332B, a pair of
mandrel drive belts 334A and 334B, and idler pulleys 336A and 336B.
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be replaced by another segment having a different shape.
Such interchangeable plate sectors can eliminate problems encountered when

“'winding logs 51 having different diameters and/or sheet counts. For a given

closed mandrel path, a change in the diameter of the logs 51 will result in a
corresponding change in the position of the tangent point at which the web leaves
the bedroll surface as winding is completed on a core. If a mandrel path adapted
for large diameter logs is used to wind small diameter logs, the web will leave the
bedroll at a tangent point which is higher on the bedroll than the desired tangent
point for providing proper web transfer to the next core. This shifting of the web
to bedroll tangent point can result in an incoming core "running into” the web as
the web.is being wound onto the preceding core, and can result in premature
transfer of the web to the incoming core.

" Prior art winders having circular mandrel paths can have air blast systems
or mechanical snubbers to prevent such premature transfer when small diameter
logs are being wound. The air blast systems and snubbers intermittently deflect
the web intermediate the bedroll and the preceding core to shift the web to bedroll
tangent point as an incoming core approaches the bedroll. The present invention
provides the advantage that winding of different diameter logs can be
accommodated by replacing segments of the closed mandrel path (and thereby
varying the mandrel path), rather than by deflecting the web. By providing
mandrel guide plates 142 and 144 which comprise two or more bolted together
plate sectors, a portion of the closed mandrel path, such as the web winding
segment, can be changed by unbolting one plate sector and inserting a different
plate sector having a differently shaped segment of the cam surface.

an be
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of .the rate of rotation of an adjacent mandrel. The nmandrel drive notors
332A and 332B can be controlled according to a mandrel w nding speed
schedul e, which provides the desired rotational speed of a mandrel 300 as a
function of the angular 35 position of turret assembly 200. Accordingly,
the speed of rotation of the mandrels about their axes during wi nding of a

log is synchrqgp th the angular position of the mandrel g,&ﬁg,g@‘,gﬁhe
turret assenbly ég%x% is known to control the rotational speed of

mandrels with a mandrel speed schedule in tonventional rew nders. 40

Each mandrel 300 has a toothed mandrel drive pulley 338 and a snooth
surfaced, free wheeling idler pulley 339, both disposed near the first end
310 of VO 86/ 3836§y way of illustrative example, Table 1A lists coordinates for a cam surface
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corresponding to the cam groove segments 143A and 143B described by the

15  coordinates in Tables 1A and 1B. When Table 1C is substituted for Table 1B, the
resulting changes in the coordinates of the mandrel path 320 are listed in Table
2B. ' '

Turret Winder, Mandrel Cupping Assembly

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

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



pull ey 339 on that mandrel 300B, so that only drive notor 332B provides
rotation 15 of the mandrel 300B about its axis 314. Accordingly, each
drive pulley on a mandrel 300 engages one of the belts 334A/334B to
transfer torque to the mandrel 300, and the idler pulley 339 engages the
ot her of the belts 334A/334B, but does not transfer torque fromthe drive
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mandrel path 3%6t0 qhe 20 core stripping segnent 326 of the ¢ rrandrel
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the position of the support 410 can be phased with respect to the position of the
bedroll 59 within a log wind cycle, thereby synchronizing rotation of the cupping
‘arm support 410 with rotation of the turret assembly 200. The servo motors 222
20  and 422 are each equipped with a brake. The brakes prevent relative rotation of
the turret assembly 200 and the cupping arm support 410 when the winding
apparatus 90 is not running, to thereby preventing twisting of the mandrels 300.

The rotating cupping arm support 410 further comprises a rotating cupping

arm support plate 430 rigidly joined to the hub 420 and extending generally
25  perpendicular to the turret assembly central axis 202. The rotating plate 430 is
rotatably driven about the axis 202 on the hub 420. A plurality of cupping arm
support members 460 are supported on the rotating plate 430 for movement
relative to the rotating plate 430. Each cupping arm 450 is pivotably joined to a
" cupping arm support member 460 to permit rotation of the cupping arm 450 about

. 30 the pivot axis 451.

Referring to Figures 10 and 11, each cupping arm support member 460 is
slidably supported on a portion of the plate 430, such as a bracket 432 bolted to
the rotating plate 430, for translation relative to the rotating plate 430 along a path
having a radial component and 2 tangential component relative to the turret

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

40  engages a rail 359 fixed to the support member 460, and a slide 358 fixed to the
support member 460 slidably engages a rail 359 fixed to the bracket 432,



the core | oading segnent 322 to receive another core 302. Having descri bed
core | oading, winding and stripping generally, the 40 individual elenents
of the web w nding apparatus 90 and their functions will now be descri bed
in:detail. WD 96/ 38362 .
PCT/ US96/ 07456 5 Turret Wnder: Mandrel Support Referring to Figures 1-4,
the rotatably wbbgasdt Urret assenbly 200 is supported on the pghaisbEérage
frame 110 for rotation about the turret assenbly central axis 202. The
frame 110 is preferably separate fromthe Ifewi nder 10 assenbly frame 61 to
isolate the turret assenbly 200 fromvibrations caused by the rew nder
assenbly 60. The rotatably driven turret assenbly 200 supports each mandrel
300 adj acent sthe fi rEe enaid@l Gupping hassemblgr 400 FfherEgomprisen da epivaD Qaxiss

supported on th%o&i%ﬁh?ﬁhﬁﬂ %ﬂ?iﬁﬂoﬂm il c %Bbi\%g%és%ﬂ "ﬂ%@ﬁ@&
rotation of the nmndr.e 308 ahqut t% mar‘llg 'eF axi's and each_mandrel is
carried on the [POPLPLIAS BUIgeiROsIHONS the cyPRiRg; am, pivol axXss AL HE \ary, theydistance: o|
path 320. Pref ebetvegn each pivat axis 48band dhe axis 202 aswnflmetionpaf positich of the

non-circul ar. aRdpgifigafth 5085 R'MARTN! R R BbGimEnt sowil fy Pirdsarlg ' 1 ot

assenbl y ce%r a|9_%liﬁ 2.0 vasrllﬁgg as auiaunct | on of pOStl on . el
300 al ong t e clPo¥ad™HeNehas fining guide:cPmprises, g stagonary pivat axis posiponng; o
turret w nder sigtidecplate\d42; ake pivot axis positipning guide piate 442 rextends/ generaltydi ng
stationary supp@etpeddiCul@ioctheiatid 202t Md8 PoitiGned 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
15 430 rotates relative to the positioning plate 442,
The positioning plate 442 has a surface 444 facing the rotating support plate
430. A cam surface, such as cam surface groove 443 is disposed in the surface
444 to face the rotating support plate 430. Each sliding cupping arm support
member 460 has an associated cam follower 462 which engages the cam surface
20 pgroove 443. The cam follower 462 follows the groove 443 as the rotating plate
430 carries the support member 460 around the axis 202, and thereby positions
the cupping pivot axis 451 relative to the axis 202. The groove 443 can be shaped
with reference to the shape of the grooves 143 and 145, so that each cupping arm
and associated mandrel cup 454 can track the second end 312 of its respective
25  mandrel 300 as the mandrel is carried around the closed mandrel path 320 by the
rotating mandrel support 200. In one embodiment, the groove 443 can have
substantially the same shape as that of the groove 145 in mandrel guide plate 144
along that portion of the closed mandrel path where the mandrel ends 312 are
cupped. The groove 443 can have a circular arc shape (or other suitable shape)
30 along that portion of the closed mandrel path where the mandrel ends 312 are
uncupped. By way of illustration, Tables 3A and 3B, together, list coordinates
for a groove 443 which is suitable for use with cam follower grooves 143A and
143B having coordinates listed in Tables 1A and 1B. Similarly, Tables 3A and
3C, together, list coordinates for a groove 443 which is suitable for use with cam
35 follower grooves 143A and 143C having coordinates listed in Tables 1A and 1C.
Each cupping arm 450 comprises a plurality of cam followers supported on
the cupping arm and pivotable about the cupping arm pivot axis 451. The cam
followers supported on the cupping arm engage stationary cam surfaces to provide
rotation of the cupping arm 450 between the cupped and uncupped positions.
40  Referring to Figures 9-12, each cupping arm 450 comprises a first cupping arm
extension 453 and a second cupping arm extension 455. The cupping arm



upstandi ng frane ends 132 and 134. The rotatably driven turret assenbly 200
conprises a turret hub 220 which is rotatably supported on the support 120
adj acent the upstanding frane end 132 by bearings 221. Portions of the
assenbly are shown cut away in Figures 2 and 4 for clarity. Aturret hub
drive servo notor 25 222 mounted on the franme 110 delivers torque to the
turret hub 220wgvsBsgh a belt or chain 224 -and a sheave or sSpsEgudbna8d t 0
rotatably drive the turret hub 220 about the turret assenbly central axis
202. The servo notor 222 is controlled to Phase the rotational position of
the turret assenbly 200 with respect to a position reference. The position
reference can be a function of the angular position of the 30 bedroll 59

about its axi § ofxteesionsi4da and 455 sxtend genemally JreTRendigular i pachcthes fere
revol utions of t iproximiends at® cuppingar pivot &iis 431me theis distaDendsf WE%&FH
enpo

theix
g et
nbly 200 A i 1] f 59
Sthin 3 fog w nd SRBAS elERRGH tor blaciiEndiBihe bidpodt et Mfdsshe
the turret hub 2jegakonpfithe pivotaxis 4%Int The GYRPINg, arm extension 453 and 435 rotate as
non-i ndexi ng fashirigid body dboat the ipivot uxis d51.aThe miindre? G0p W54 i suppereadidtthous| y.

By "rotat ti £ Hal arkeSici t
mﬁl t irgl 2, efsul nrg{\}o ﬁ‘* éfr.lglea (k)%'flml??gﬁ'am s%gﬁ?m%{)u{b@?gwg%%ﬁet

hub 220 can be dexteasipnA53gand-atdsash qne cam follower issyupportad opdhe extension43S: hat t he
turret assenbly 200 Imtie embatimentgshoenainl FigoessiOal®, apgit! off cylindeicdlt¢am By

e oty S D 8 w6 U i 18 bt
rotational speedPdPtPHY 55%@%@9&%@95? 454. The cam followers 474A and 474B are
15 pivotable about pivot axis 451 with extension 453. The cam followers 474A, B
are supported on the extension 453 for rotation about axes 475A and 475B, which
are parallel to one another. The axes 475A and 475B are 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 cupped position
20 (upper cupping arm in Figure 9). The axes 475A and 475B are parallel to axis
202 when the mandrel cup is in the uncupped position (lower cupping arm in
Figure 9).

Each cupping arm 450 also comprises a third cylindrical cam follower 476

supported on the distal end of the cupping arm extension 455. The cam follower

25 476 is pivotable about pivot axis 451 with extension 455. The third cam follower
476 is supported on the extension 455 to rotate about an axis 477 which is
perpendicular to the axes 475A and 475B about which followers 474A and B
rotate. The axis 477 is parallel to the direction along which the cupping arm
support member 460 slides relative to the rotating cupping arm support plate 430

30  when the mandrel cup is in the uncupped position, and the axis 477 is parallel to
axis 202 when the mandrel cup is in the cupped position.

The mandrel cupping assembly 400 further comprises a plurality of cam
follower members having cam follower surfaces. Each cam follower surface is
engageable by at least one of the cam followers 474A, 474B and 476 to provide

35 rotation of the cupping arm 450 about the cupping arm pivot axis 451 between the
cupped and uncupped positions, and to hold the cupping arm 450 in the cupped
and uncupped positions. Figure 13 is an isometric view showing four of the
cupping arms 450A-D. Cupping arm 450A is shown pivoting from an uncupped
to a cupped position; cupping arm 450B is in a cupped position; cupping arm

40 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
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12 5 200 varies less than about 5 percent, and preferably | ess than about
1 percent, froma baseline value. The turret assenbly 200 can support 10
mandrel s 300, and the turret hub 220 can be driven at a baseline angul ar.
velocity of between about 2- 4 RPM for wi nding between about 20-40 |ogs 51
per mnute. F%ob@?ia ce, the turret hub 220 can be driven atpcgniRe&@lasee
angul ar velocity o out 4 RPMfor 10 w nding about 40 | ogs per m nute,
with the angul ar velocity of the turret aégerrbly varying | ess than about
0.04 RPM Referring to Figures 2, 4, 5, 6, 7, and 8, a rotating nmandrel
support extends fromthe turret hub 220. In the enbodi nent shown, the
rotating mandr elfollQyssdnrembesswhich Psovide pivotiag: of the waping tazms 450 rasrthe gam

support plates Follower 362 lox cach cupging ArrhSupporembmiberf450 treke theProavel 443tine hub

from the of her %ﬁmﬁ“ﬁgﬁai%'%f%' ki @Qﬁ%ﬁ@r@(ﬁmﬁwﬁ?@?d 230

can have a plur Y5 el ongated slots 232 (Figure 5) extendi ng t here
t hrough. Each sl ot x&&rﬂugmﬁiguaésomgnd 18at kthehmandael @ppﬁglakem

t angenti al np
nmenber s 234Cl(gF| gﬁ@gﬁs{lﬁ ?&"Q"%& endﬁ%ﬁgﬁeﬂ%&&dﬂé%g‘\{‘z&?|4§?ﬁ$§°lﬁ0| ned
to the rotating F“;ﬁé haying;a-holg gpen eam: purface 485 (Eigwre 9)2a slasing

associ ated wit hmdnmbeerﬁﬁ cainpngngm chdsinggaire shirfab® 487) randhe hold reldsed ie@ims econd

rotating mandr eh.eawass othgsiy £ fiftd J&k@a%@%ﬁ&%@ece&ﬂ oRaak! 448 dfgndr e
support plates arsﬁdl spQse ZP“E%F Me TSt “and secon
stationary mand L ch extend perpendicuias do axisdr el
gui de pl at e51514202mcCamsmiaees #33 amti48D are gemetallpithred dinemsional cam surfaces.
. The cam members 482, 484, 486, and 488 are preferably stationary, and can be
supported ( supports not shown) on any rigid foundation including but not limited
to frame 110.
" As the rotating plate 430 carries the cupping arms 450 around the axis 202,
20 the cam follower 474A engages the three dimensional opening cam surface 483
prior to the core stripping segment 326, thereby rotating the cupping arms 450
~ {e.g. cupping arm 450C in Figure 13) from the cupped position to the uncupped
position so that the web wound core can be stripped from the mandrels 300 by the
core stripping apparatus 2000. The cam follower 476 on the rotated cupping arm
25 450 (e.g., cupping arm 450D in Figure 13) then engages the cam surface 485 to
hold the cupping arm in the uncupped position until an empty core 302 can be
loaded onto the mandrel 300 along the segment 322 by the core loading apparatus
1000. Upstream of the web winding segment 324, the cam follower 474A on the
cupping arm (e.g. cupping arm 450A in Figure 13) engages the closing cam
30 surface 487 to rotate the cupping arm 450 from the uncupped to the cupped
- position. The cam followers 474A and 474B on the cupping arm (e.g. cupping
arm 450B in Figure 13) then engage the cam surface 489 to hold the cupping arm
450 in the cupped position during web winding.
The cam follower and cam surface arrangement shown in Figures 9 and 13
. 35 provides the advantage that the cupping arm 450 can be rotated to cupped and
' uncupped positions as the radial position of the cupping arm pivot axis 451 moves
relative to the axis 202. A typical barrel cam arrangement for cupping and
uncupping mandrels, such as that shown on page 1 of PCMC Manual Number 01- .
012-ST003 and page 3 of PCMC Manual Number 01-013-STO011 for the PCMC
40  Series 150 Turret Winder, requires a linkage system to cup and uncup mandrels,



frame 110, such as the frane end 132 or the support 120, or alternatively,
can be supported independently of the frame 110. In the enbodi nent shown,
mandrel guide plate 142 can be supported by frame end 132 and the second

mandrel guide 30 plow 144 can be supported on the support 120. The first
mandrel guide plate 142 conprises a first camsurface, such as a cam

surface groove_ 14 d the second nmandrel guide plate 144 cqmt}r'
second cam sur‘fv§@g'?832 ch as a cam surface groove 145. The firs ’dasghﬁ&ggscond

cam surface grooves 143 and 145 are di spos¥®d on oppositely facing surfaces
of the first 35 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 defin® aand doesnop acqommadate ¢upping army that haveempivpt axisiwhase distance202.

The cam surface fomAaretlakds 202ds veHaplean, but need not be, mirror inmages of .
one another. In the enbodi nrent shown, the cam surfaces are grooves 143 and

145, but it wll be understogd that 40 other cam surfaces, s:uch as
external cam surfaces, €ongiRfivecRalierdssembly\mmdbBlagdrelAssist Assemblies

Tandr ol QUi deg f o« nem o a0 S| B T8 1O1CE e Mindig ol deoSingo
pat h 3209as ?%e %W§%€&c§&§?ﬁr}%ﬁe #‘i’@ ?g?%{“gggo’rﬁmdéﬁﬁﬁ%# | at es
230. Each mandr e3sseshly | 6005 @pgh & mandreloguppingaassish assembly 700 nEheicote drives 314
on a mandrel beadppaGnEB00dS tpositiorediToy dribidg cofte 308 vhte thebmaridrély 360.0 PPHe
assembly 350 canngo bt %skdoiblibs 600 and 700 are positioned for supporting and
positioning the uncupped mandrels 300 during core loading and mandrel cupping.
15 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 a nip between the mandrel and the single drive rolier to
drive the core onto the stationary mandrel. The drive apparatus 500 of the present
invention comprises a pair of core drive rollers 505. The core drive rollers 505
20 are disposed on opposite sides of the core loading segment 322 of the closed
mandrel path 320 along a generally straight line portion of the segment 322. One
of the core drive rollers, roller 505A, is disposed outside the closed mandrel path
320, and the other of the core drive rollers, SO5B, is disposed within the closed
mandrel path 320, so that the mandrels 300 are carried intermediate the core drive
25 rollers S05A and 505B. The core drive rollers 505 cooperate to engage a core
driven at least partially onto the mandrel 300 by the core loading apparatus 1000.
The core drive rollers 505 complete driving of the core 302 onto the mandrel 300.
The core drive rollers 505 are supported for rotation about parallel axes,
and are rotatably driven by servo motors through belt and pulley arrangements.
30 The core drive roller S505A and its associated servo motor 510 are supported from
a frame extension 515. The core drive rolier 505B and its associated servo motor
511 (shown in Figure 17) are supported from an extension of the support 120.
The core drive rollers 505 can be supported for rotation about axes that are
inclined with respect to the mandrel axes 314 and the core loading segment 322 of
35 the mandrel path 320. Referring to Figures 16 and 17, the core drive rollers 505
are inclined to drive a core 302 with a velocity component generally parallel to a
mandrel axis and a velocity component generally parallel to at least a2 portion of
the core loading segment. For instance, core drive roller S05A is supported for
rotation about axis 615 which is inclined with respect to the mandrel axes 314 and
40 the core loading segment 322, as shown in Figures 15 and 16. Accordingly, the



10. bearing housing 352 and a second bearing housing 354 rigidly joined to
a mandrel slide plate 356. Each nmandrel slide plate 356 is slidably
supported on a cross nenber 234 for translation relative to the cross
menber 234 along a path having a radial conponent relative to the axis 202
and a tangential conponent relative to the axis 202. Figures 7 and 8 show
transl ation ofywébgsgs@ndrel slide plate 356 15 relative to tRerRisegFasEnber
234 to vary the distance fromthe mandrel axis 314 to the turret assenbly
central axis 202. In one enbodi ment, the n¥ndrel slide plate can be
slidably supported on a cross nenber 234 by a plurality of commercially
avail abl e I'inear bearing slide 358 and rail 359 assenblies. ‘Accordingly,
each mandrel 300cdre dsivppoilersdS05ncanhdrivetiet corg 302ndntel the uparairel 3002 dering? 30

for 20 transl atin@ﬁb:ﬁdﬂiéﬂn!ﬁdr&l%l qhggg,@tdagqg g?grﬁgynggzzsupport plates along a
[.a
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cylindri caI rs 25 36.0 and The rst .a ong, c

T ot o 3685" 560 é@l By 500 1. o g 0 s 1 The mand
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mandrel gui de pl %abilizes the mandrel)300) andorednees tviksatinmnof t!*—sﬂltemedlnm@rdmcl osed
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The mandrel support 610 is supported for rotation about the axis 615, which
is inclined with respect to the mandrel axes 314 and the core loading segment 322.

20 The mandrel. support 610 comprises a generally helical mandrel support surface
620. The mandrel support surface 620 has a variable pitch measured parallel to
the axis 615, and a variable radius measured perpendicular to the axis 615. The
pitch and radius of the helical support surface 620 vary to support the mandrel
along the closed mandrel path. In one embodiment, the pitch can increase as the

25 radius of the helical support surface 620 decreases. Conventional mandrel
supports used in conventional indexing turret assemblies support mandrels which
are stationary during core loading. The variable pitch and radius of the support
surface 620 permits the support surface 620 to contact and support a moving
mandrel 300 along a non-linear path.

30 Because the mandre! support 610 is supported for rotation about the axis
615, the mandrel support 610 can be driven off the same motor used to drive the
core drive roller S0SA. In Figure 16, the mandrel support 610 is rotatably
driven through 2 drive train 630 by the same servo motor 510 which rotatably
drives core drive roller 505A. A shaft 530 driven by motor 510 is joined fo and

- 35 extends through roller 505A. The mandrel support 610 is rotatably supported on
the shaft 530 by bearings 540 so as not to be driven by the shaft 530. The shaft
530 extends through the mandrel support 610 to the drive train 630. The drive
train 630 includes pulley 634 driven by a pulley 632 through belt 631, and a
pulley 638 driven by pulley 636 through belt 633. The diameters of pulleys 632,

40 634, 636 and 638 are selected to reduce the rotational speed of the mandrel

support 610 to about half that of the core drive roller S05A.



Accordingly, the rotating mandrel support plates 230 provide continuous
notion 35 of the nmandrels 300 about the cl osed nandrel path 320. The

| i neal speed of the mandrels 300 about the closed path 320 will increase as
t he di stance of the mandrel axis 314 fromthe axis 202 increases. A
suitabl e servo motor 222 is a 4 hp Mdel HR2000 servo notor nanufactured by
the Reliance E%ﬁ; didsssaCompany of Cevel and, Chio. 40 ThectosdRIfRE t he
first and secon can1surface grooves 143 aﬂp 145 can be varied to vary the -
cl osed mandrel path 320. In one enbodi ment,” the first and WD 96/ 38362
PCT/ US96/ 07456 14 5 second cam surface grooves 143 and 145 can conpri se

|nterchangeab , rep t th ed na rel th 320
conpri ses rep aceabl ﬁg%ﬁ%ﬂ"z r@ﬁ#@% tgFﬁhaffrtgl %Pfgﬁ"'
grooves 143 and mrelasupmm;wshtmxog referenge tl'nngea fnm:mrt qememm ses
non-circul ar segpgsitich. of theOB&IrsINHO0hbBYLtits DA of Ootakibe, aﬁmctr fincion &F 41 ates

e Dl at e soor cRuad e at3olionk t s o8 8, IR 35kl o il oco

groove 143 (or 1pditionref @prsmg:rt 610:%#’9 phasedtwith mespest 40 the pdsitien af dhel 42

1938 and o secommr o VML IVEOVing EHe, M shchie a‘?;‘S‘*e"“"‘g oo
143B. By unboltléﬂhgk‘?pgfﬁgg%‘éé% R%Eé‘ﬁgﬁpﬁg!ﬁl?ﬂg] Igate
sector having a d| ff fém"gyms el§rthe mandeeh cupping wﬁtmmbly

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
15 454 as the mandrels are being cupped. The mandrel cupping assist assembly 700
comprises a rotatably driven mandrel support 710. The rotatably driven mandrel
support 710 is positioned for supporting an uncupped mandrel 300 intermediate
the first and second ends 310 and 312 of the mandrel. The mandrel support 710
supports the mandrel 300 along at least a portion of the closed mandrel path
20 . intermediate the core loading segment 322 and the web winding segment 324 of
- the closed mandrel path 320. The rotatably driven mandrel support 710 can be
_driven by a servo motor 711. The mandrel cupping assist assembly 700,
including the mandrel support 710 and the servo motor 711, can be supported
from the horizontally extending stationary support 120, as shown in Figures 17 -
23 19. . ' _
- The rotatably driven mandrel support 710 has a generally helical mandrel
support surface 720 having a variable radius and a variable pitch. The support
surface 720 engages the mandrels 300 and positions them for engagement by the
mandrel cups 454. The rotatably driven mandrel support 710 is rotatably
30 supported on a pivot arm 730 having a clevised first end 732 and a second end
734. The support 710 is supported for rotation about a horizontal axis 715
adjacent the first end 732 of the arm 730. The pivot arm 730 is pivotably
supported at its second end 734 for rotation about a stationary horizontal axis 717
spaced from the axis 715. The position of the axis 715 moves in an arc as the
35 pivot arm 730 pivots about axis 717. The pivot arm 730 includes a cam follower
731 extending from a surface of the pivot arm intermediate the first and second
- ends 732 and 734. :
A rotating cam plate 740 having an eccentric cam surface groove 741 is
rotatably driven about a stationary horizontal axis 742. The cam follower 731
40 engages the cam surface groove 741 in the rotating cam plate 740, thereby
periodically pivoting the arm 730 about the axis 717. Pivoting of the arm 730 and



groove, one segnent of the closed nmandrel path 320 having a particul ar
shape can be replaced by anot her segnent having a different shape. Such

i nterchangeabl e plate sectors can eliminate problenms encountered when .

wi ndi ng | ogs 51 having different dianeters and/or sheet counts. For a gi.ven
20 closed mandrel path, a change in the diameter of the logs 51 wll

result in ac I ng change in the position of the tange '

whi ch the web gg@%g&% he bedroll surface as winding is conpl erytcg (b)an&a core.
If a mandrel path adapted for large dianetsx logs is used to wind snal

di aneter logs, the web will leave the bedroll at a tangent point which is
hi gher on the bedroll than the desired tangent 25 point for providing

proper web trans{herotating skPpdte 710 sbOhtthe Akik 717 Bduvkds' the mahdrélNRppér sirfack 720 Ol |
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prevent such pr e&?%gdgﬁlﬁ&ggpg‘@en smal | dianmeter | ogs are bei ng wound.
stens and snubber
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i nt er nedi at el he bedRefation; gfj the, mandrel. suppay T and thesrtating 1 g3 iate (740 Hs.ar ol |
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By providing nanRetationjof pidlep 762 drives/contimmus detation afl the cam iplatec 7400 Rotatiomr e
S {50 el AR TSmOl SR P
and inserting a diff pthe rotating cam plate “740 shown in the Figures has a cam surface
' groove, in an alternative embodiment the rotating cam plate 740 could have an
external cam surface for providing pivoting of the arm 730. In the embodiment
shown, the servo motor 711 provides rotation of the cam plate 740, thereby
20 providing periodic pivoting of the mandrel support 710 about the axis 717. The
' servo motor 711 is controlled to phase the rotation of the mandrel support 710 and
the periodic pivoting of the mandrel support 710 with respect to a reference that is
a function of the angular position of the bedroll 59 about its axis of rotation, and a
function of an accumulated number of revolutions of the bedroll 59. In particular,
25  the pivoting of the mandrel support 710 and the rotation of the mandrel support
710 can be phased with respect to the position of the bedroll 59 within a log wind
cycle. The rotational position of the mandrel support 710 and the pivot position
of the mandrel support 710 can thereby be synchronized with the rotation of the
turret assembly 200. Alternatively, one of the servo motors 222 or 422 could be
30 used to drive rotation of the cam plate 740 through a timing chain or other
suitable gearing arrangement.
In the embodiment shown, the serpentine belt 757 drives both the rotation
of the cam plate 740 and the rotation of the mandrel support 710 about its axis
715. In yet another embodiment, the serpentine belt 757 could be replaced by
35 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 pulley arrangements.

Core Adhesive Application Apparatus



40. plate sector having a dlfferently shaped segnent of the cam surface.
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15 5 By way of illustrative exanple, Table 1A lists coordinates for a
cam surface groove segnent 143A shown in Figure 14, Table 1B lists
coordinates for a cam surface groove segnent 143B suitable for use in

wi ndi ng rel atlwwﬂge di aneter logs, and Table IClists ¢ %‘@s for
a cam surface groove segnent suitable for replacing segnment ' en
winding relatively small dianmeter logs. Thg 10 coordinates are neasured
fromthe central axis 202. Suitable cam groove segnents are not limted to
those listed in Tables 1A-C, and it will be understood that the cam groove
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ball tip which releases an outflow of adhesive from the tip when the up
compressively engages a surface, such as the surface of a core 302.

15 The glue nozzle rack 820 is pivotably supported at the ends of a pair of
support arms 825. The support arms 825 extend from a frame cross member 133.
The cross member 133 extends horizontally between the upstanding frame
members 132 and 134. The glue nozzle rack 820 is pivotable about an axis 828
by an actuator assembly 840. The axis 328 is parallel to the turret assembly

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

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

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

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

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

35  adhesive around the core 302. The core spinning assembly 860 comprises a servo
motor 862 which provide continucus motion of two mandrel spinning beits 834A
and 834B. Referring to Figures 4, 20A, and 20B, the core spinning assembly 860

- can be supported on an extension 133A of the frame cross member 133. The
servo motor 862 continuously drives a belt 864 around pulleys 865 and 867.

40 Pulley 867 drives pulleys 836A and 836B, which in turn drive belts 834A and

834B about pulleys 868A and 868B, respectively. The belts 834A and 834B




Referring to Figures 2 and 9-12, the mandrel cupping assenbly 400 conpri ses
a 25 plurality of cupping arns 450 supported on a rotating cupping arm
support 410. Each of the cuppi-ng arnms 450 has a mandrel cup assenbly 452
for releasably engaging the second end 312 of a mandrel 300. The mandrel.
cup assenbly 452 rotatably supports a mandrel cup 454 on bearings 456. The

mandrel cup 45¢obgisRasably engages the second end 312 of a rERFssRko7ASEH.
and supports the 30 nandrel 300 for rotation of the mandrel about its axis’

314. Each cupping arm 450 is pivotably supﬁbrted on the rotating cupping
arm support 410 to permit rotation of the cupping arm 450 about a pivot
axis 451 froma first cupped position wherein the mandrel cup 454 engages a
mandrel 300, #o enERge thecmandesl drivel pulinys 338 andvspin dienmaridzels 300l ag thecmandteld | s
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position of the glue nozzle rack 820 can be phased with respect to the position of
15 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 the glue nozzles 810. The glue nozzles 810 thereby track
20 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
25 by a rotating gravure roll positioned inside the closed mandrel path. The gravure
roll could be rotated about its axis such that its surface is periodically submerged
in a bath of the glue, and a doctor blade could be used to control the thickness of
the glue on the gravure roll surface. The axis of the rotation of the gravure roll
could be generally parallel to the axis 202. The closed mandrel path 320 could
30 include a circular arc segment intermediate the core loading segment 322 and the
web winding segment 324. The circular arc segment of the closed mandrel path
could be concentric with the surface of the gravure roll, such that the mandrels
300 carry their associated cores 302 to be in rolling contact with an arcuate
- portion of the glue coated surface of the gravure roll. The glue coated cores 302
35 would then be carried from the surface of the gravure roll to the web winding
~segment 324 of the closed mandrel path. Alternatively, an offset gravure
arrangement can be provided. The offset gravure arrangement can include a first
pickup roll at least partially submerged in a glue bath, and one or more transfer
rolls for transferring the glue from the first pickup roli to the cores 302.

Core .Load_ing Apparatus



The rotating cupping arm support 410 conprises 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 assenbly are shown cut away
in-Figures 10 2 and 9 for clarity. A servo notor 422 nounted on or

adj acent to the upstanding frame end 134 delivers torque to the hub 420

t hrough a beI'twggﬁﬁ,ﬁa n 424 and a pulley or sprocket 426 to rpeiraisdddnisedri ve
the hub 420 about the turret assenbly central axi's 202. The servo notor
422 is controlled to phase the rotational 3osition of the rotating cupping
arm support 410 with respect to a reference that is 15 a function of the
angul ar position of the bedroll 59 about its axis of rotation, and a
function of ah accunTheaterd loading: appafatuse J0u far conveyfing he'ebémdnho Rfovingn
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pstanding frame ends 1132 and 1134, and a frame cross support 1136 extending
honzontally intermediate the frame ends 1132 and 1134. Alternatively, the core
loading carrousel 1100 could be supported at one end in a cantilevered fashion.

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

25  belts 1200 and 1210. In one embodiment, a support rod 1230 can extend from
each end of a core tray 1240. In an alternative embodiment, the support rods

~ 1230 can extend in parallel rung fashion between lugs 1232 attached to the belts
1200 and 1210, and each core tray 1240 can be hung from one of the support rods
1230. The core trays 1240 extend intermediate the endless belts 1200 and 1210,

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

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

The core hopper 1010 is supported vertically above the core carrousel 1100
and holds a supply of cores 302. The cores 302 in the hopper 1010 are gravity

40 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




Referring to Figures 10 and 11, each cuppi ng arm support menber 460 is
slidably supported on a portion of the plate 430, such as a bracket 432
bolted to the rotating plate 430, for translation relative to the rotating
pl ate 430 along a path having a radi al conponent and a tangential conponent
relative to the turret 35 assenbly central axis 202. In one enbodi nent,
the sliding cu gaﬁmﬁ£n1support menber 460 can be slidably sup@gg a
bracket 432 bng plurality of commercially available |inear bear |§r?glﬁl7s4lg&i]de
358 and rail 359 assenblies. A slide 358 gpd a rail 359 can be fixed (such
as by bolting) to each of the bracket 432 and the support nenber 460, so
that a slide 358 fixed to the bracket 432 slidably 40 engages a rail 359
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and i s positi ondesstaalpartiontoft the closed tray pathgl24 Liwhichgis aligned with core loading -
segment 322 of the closed mandrel path 320. A core loading conveyor 1300 is

15 positioned adjacent the portion of the closed tray path 1241 which is aligned with
the core loading segment 322. The core loading conveyor 1300 comprises an
endless beit 1310 driven about pulleys 1312 by a servo motor 1322. The endiess
belt 1310 has a plurality of flight elements 1314 for engaging the cores 302 held
in the trays 1240. The flight element 1314 engages a core 302 held in a tray 1240

20 and pushes the core 302 at least part of the way out of the tray 1240 such that the
core 302 at least partially engages-a mandrel 300. The flight eiements 1314 need
not push the core 302 completely out of the tray 1240 and onto the mandrel 300,
but only far enough such that the core 302 is engaged by the core drive rollers
50s.

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

30 flight elements 1314 of the core loading conveyor 1300 engage the cores with a

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

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

The core guide assembly 1500 disposed intermediate the core loading

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

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



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 15 430 rotates relative to the positioning plate 442. The
positioning plate 442 has a surface 444 facing the rotating support plate
430. A camsurface, such as cam surface groove 443 is disposed in the .
surface 444 togfhfsRsdshe rotating support plate 430. Each sli dpeusdapnseg
arm support nenber 460 has an associ ated cam fol | ower 462 whi ch engages the
cam surface 20 groove 443. The cam fol |l owsr 462 follows the groove 443 as
the rotating plate 430 carries the support nenmber 460 around the axis 202,
and thereby positions the cupping pivot axis 451 relative to the axis 202.
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adjacent the core loadmg carrousel 1100 to a second end of the core guide 1510
adjacent the turret winder 100. The core guide channel 1550 converges as it
extends from the first end of the core guide 1510 to the second end of the core
20 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.

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
30 supported on a frame 2002. The conveyor belt 2010 is positioned vertically
beneath the closed mandrel path adjacent to the core stripping segment 326. The
endless conveyor belt 2010 is continuously driven around pulleys 2012 by a drive
belt 2034 and servo motor 2022. The conveyor belt 2010 carries a plurality of
flights 2014 spaced apart at equal intervals on the conveyor belt 2010 (two flights
35 2014 in Figure 24). The flights 2014 move with a linear velocity V (Figure
25A). Each flight 2014 engages the end of a log 51 supported on a mandrel 300

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



t he cuppi ng arm and pivotabl e about the cupping arm pivot axis 451. The cam
foll owers supported on the cuppi ng arm engage stationary cam surfaces to
provi de rotation of the cupping arm 450 between the cupped and uncupped
positions. 40 Referring to Figures 9-12, each cupping arm 450 conprises a
first cupping arm extension 453 and a second cuppi ng arm extensi on 455. The
cupping arm ;38362 PCT/US96/07456
PCT/U896/O7458v exten5|ons 453 and 455 extend general Iy perpendicul ar
to each other fromtheir proximl ends at 2bhe cupping arm pivot axis 451 to
their distal ends. The cupping arm 450 has a clevis construction for
attachnent to the support menber 460 at the | ocation of the pivot axis 451.
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relative to the theflights 2014 engage each log 51 wntha rst velocxty component

. parallel to the mandrel axis 314 to push the logs off the mandrels 300, and a
15 second velocity component V2 generally parallel to the straight line portion of the
core stripping segment 326. In one embodiment, the angle A can be about 4-7
degrees.

" As shown in Figures 25A-C, the flights 2014 are angled with respect to the
éonveyor belt 2010 to have a log engaging face which forms an included angle
20 equal to A with the centerline of the belt 2010. The angled log engaging face of
the flight 2014 is generally perpendicular to the mandrel axes 314 to thereby
squarely engage the ends of the logs 51. Once the log 51 is stripped from the
mandrel 300, the mandrel 300 is carried along the closed mandrel path to the core
loading segment 322 to receive another core 302. In some instances it may be
25  desirable to strip an empty core 302 from a mandrel. For instance, it may be
desirable to strip an empty core 302 from a mandrel during startup of the turret
winder, or if no web material is wound onto a particular core 302. Accordingly,
the flights 2014 can each have a deformable rubber tip 2015 for slidably engaging
the mandrel as the web wound core is pushed from the mandrel. Accordingly, the
30 flights 2014 contact both the core 302 and the web wound on the core 302, and
have the ability to strip empty cores (i.e. core on which no web is wound) from

the mandrels.

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



cuppi ng arm support plate 430 when the mandrel cup is in the cupped:
position 20 (upper cupping armin Figure 9). The axes 475A and 475B are
parallel to axis 202 when the mandrel cup is in the uncupped position
(lewer cupping armin Figure 9). Each cupping arm 450 al so conprises a .
third cylindrical camfollower 476 supported on the distal end of the
cuppi ng ar m ex{Rybgkez 455. The cam follower 25 476 is pivot ahfusssiuds
pivot axis 451 with extension 455. The third camfollower 476 is supported
on the extension 455 to rotate -about an a®0s 477 which is perpendicular to
the axes 475A and 475B about which followers 474A and B rotate. The axis
477 is parallel to the direction along which the cuppin rm support nenber
460 slides rél atappesitely exteodinp dog ¢ngaging prms4935B mmmmsﬂgﬂﬁaw the® apDs when
the mandrel cup 40358 ShownSn Figid® p d p03|t|on and the axis 477 is parallel
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Figure 13 shs rejegt statigh, 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, 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
20 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 supported on the rollers 4050 at that instant. The log is lifted from the
rollers 4050, and directed to the reject station. At the end of the incremental
rotation of the element 4030, the other set of arms 4035A or 4035B is in position
25  to engage the next defective log.

Mandrel Description

Figure 26 is a partial cross-sectional view of a mandret 300 accordmg to the
present invention. The mandrel 300 extends from the first end 310 to the second
30. end 312 along the mandrel longitudinal axis 314. Each mandrel includes a
mandrel body 3000, a deformable core engaging member 3100 supported on the
mandrel 300, and a mandrel nosepiece 3200 disposed at the second end 312 of the
mandrel. The mandrel body 3000 can include a steel tube 3010, a steel endpiece
3040, and a non-metallic composite mandrel tube 3030 extending intermediate the

35 steel tube 3010 and the steel endpiece 3040.
At least a portion of the core engaging member 3100 is deformable from a
first shape to a second shape for engaging the inner surface of a hollow core 302
after the core 302 is positioned on the mandrel 300 by the core loading apparatus
1000. The mandrel nosepiece 3200 can be slidably supported on the mandrel 300,
40 and is displaceable relative to the mandrel body 3000 for deforming the
deformable core engaging member 3100 from the first shape to the second shape.
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the camfoll ower 462 on each cupping 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
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outwardly direction to engage the inside diameter of the core 302. Figure 27
illustrates deformation of the deformable core engaging member 3100. Fipures
28 and 29 are enlarged views of a portion of the nosepiece 3200 showing motion

- of the nosepiece 3200 relative to steel endpiece 3040.

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

The steel tube 3010 includes a shoulder 3020 for engaging the end of a core

-302 driven onto the mandrel 300. The shoulder 3020 is preferably frustum

35

shaped, as shown in Figure 26, and can have a textured surface to restrict rotation
of the core 302 relative to the mandrel body 3000. The surface of the frustum
shaped shoulder 3020 can be textured by a plurality of axially and radially
extending splines 3022. The splines 3022 can be uniformly spaced about the
circumference of the shoulder 3020. The splines can be tapered as they extend
axially from left to right in figure 26, and each spline 3022 can have a generally
triangular cross-section at any given location along its length, with a relatively
broad base attachment to the shoulder 3020 and a relatively narrow apex for
engaging the ends of the cores.

The steel tube 3010 has a reduced diameter end 3012 (Figure 26) which
extends from the shoulder 3020. The composite mandrel tube 3030 extends from
a first end 3032 to a second end 3034. The first end 3032 extends over the
reduced diameter end 3012 of the steel tube 3010, The first end 3032 of the
composite mandrel tube 3030 is joined to the reduced diameter end 3012, such as



25. 450 (e.g., cupping arm450D in Figure 13) then engages the cam surface
485 to hold the cupping armin the uncupped position until an enpty core
302 can be | oaded onto the nandrel 300 al ong the segnent 322 by.the core

| oadi ng apparatus 1000. Upstream of the web w nding segnent 324, the cam
foll ower 474A on the cupping arm (erg. cupping arm450A in Figure 13)

engages the cl ggj d%ﬂ £3m 30 surface 487 to rotate the cuppi NopcniBodmflsé F oM
the uncupped to the cupped position. The camfollowers 474A and 474B on the

cupping arm (e.g. cupping arm450B in Figuf® 13) then engage the cam
surface 489 to hoI d the cupp| ng arm 450 in the cupped position during web

wi ndi ng. The ower a surface arr.angene shown in Figures 9
and 13 35 pr sad{' quﬁ'm?ﬁé“ﬂgb‘gq -ﬁa&%@o@ﬂﬂ%%ted
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Rol l er Assembly &8 3ihinermediaesheshoplder-3020iand the nosepiece 3200 The deformable
core engaging member 3100 can comprise an annular ring having an inner
diameter greater than the outer diameter of a portion of the endpiece 3040, and

15 can be radially supported on the endpiece 3040. The deformable core engaging
member 3100 can extend axially between a shoulder 3041 on the endpiece 3040
and a shoulder 3205 on the nosepiece 3200, as shown in Figure 30.
The member 3100 preferably has a substantially circumferentially
continuous surface for radially engaging a core. A suitable continuous surface can
20 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 piercing of the core. By *substantiaily
25  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
30 deformable rings 3110A and 3110B formed of 40 durometer A" urethane, and
three rings 3130, 3140, and 3150 formed of a relatively harder 60 durometer D"
urethane._ The rings 3110A and 3110B each have an unbroken, circumferentially
continuous surface 3112 for engaging a core. The rings 3130 and 3140 can have
Z-shaped cross-sections for engaging the shoulders 3041 and 3205, respectively.
35 The ring 3150 can have a generally T-shaped cross-section. Ring 3110A extends
between and is joined to rings 3130 and 3150. Ring 3110B extends between and
is joined to rings 3150 and 3140.
The nosepiece 3200 is slidably supported on bushmgs 3300 to permit axial
displacement of the nosepiece 3200 relative to the endpiece 3040. Suitable
40  bushings 3300 comprise a LEMPCOLOY base material with a LEMPCOAT 15
coating. Such bushings are manufactured by LEMPCO industries of Cleveland,



Referring to Figures 1 and 15-19, the web w ndi ng apparatus according to 10
the present invention includes a core drive apparatus 500, a mandrel

| oadi ng assi st assenbly 600, and a nandrel cupping assist assenbly 700. The
care drive apparatus 500 is positioned for driving cores 302 onto the
mandrel s 300. The nmandrel assist assenblies 600 and 700 are positioned for
supporting angud@skiek ONi Ng the uncupped nmandrel s 300 during eormesdsnaass ng
and mandrel cupping. 15 Turret wi nders 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 arrangenents provide a nip between the nandrel
and the single drive_roller to drive the core onto the stationary pmandrel.
The drive appar Ships When sosepicse 3200sis displager-alongothe @sispis Jaward theyetdpisce cor e
drive rollers 586040, the deforfalilé i Iclm énpaging entber 3000 ds eonipressed chibtweencthposi t e

sides of the co ct}aa@ﬂléal ong
a generally strzgallﬁ‘t’glgl |dr%2;?8 gﬁgﬁﬁ{ ﬂ%@%!}?ﬁg&g'ﬁ‘% o?mLe core drive
rol lers, roll er ouyandly,ags @s@ﬁmsﬁ‘t‘gl e 3 cl osed mandrel path 320, and
the other of the cor\mablmoﬂenbf)tlieeios:pxd&SBEODrdandém)tlmeeﬂdpbcmmmtxhhmubd)sed

mandrel patfj32y o ﬁ&éd?ﬂg;%ﬁr Pighiret 284 30 ”i'ﬁét%&
core drive rs 8&: rive rofllers coQ erate
to engage a cor 3 ﬂF‘!ﬂ'ﬁ e core
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Once a core is loaded ontoﬂlemandrel 300, the mandrel cuppxng assembly
provides the actuation force for compressing the rings 3110A and 3110B. As
20 shown in Figure 28, a mandrel cup 454 engages the nosepiece 3200, thereby
compressing the spring 3070 and causing the nosepiece to slide axially along
mandrel axis 314 toward the end 3044. This motion of the nosepiece 3200
relative to the endpiece 3040 compresses the rings 3110A and 3110B, causing
them to deform radially outwardly to have generally convex surfaces 3112 for
25 engaging a core on the mandrel. Once winding of the web on the core is
complete and the mandrel cup 454 is retracted, the spring 3070 urges the
nosepiece 3200 axially away from the endpiece 3040, thereby returning the rings
3110A and 3110B to their original, generally cylindrical undeformed shape. The

core can then be removed from the mandre] by the core stripping apparatus.
30 The mandrel 300 also comprises an antirotation member for restricting
' rotation of the mandrel nosepiece 3200 about the axis 314, relative to the mandrel
body 3000. The antirotation member can comprise a set screw 3800. The set
~ screw 3800 threads into a tapped hole which is perpendicular to and intersects the
tapped hole 3045 in the end 3044 of the endpiece 3040. The set screw 3800 abuts
35  against the threaded fastener 3060 to prevent the fastener 3060 from coming loose
from the endpiece 3040. The set screw 3800 extends from the endpiece 3040, and
is received in an axially extending slot 3850 in the nosepiece 3200. Axial sliding
of the nosepiece 3200 relative to the endpiece 3040 is accommodated by the
elongated slot 3850, while rotation of the nosepiece 3200 relative to the endpiece
40 3040 is prevented by engagement of the set screw 3800 with the sides of the siot

3850.



The core drive rollers 505 can be supported for rotation about axes that
are inclined with respect to the mandrel axes 314 and the core | oading -
segnent 322 of 35 the nandrel path 320. Referring to Figures 16 and 17,
the core drive rollers 505 are inclined to drive a core 302 with a velocity
conponent generally parallel to a mandrel axis and a vel ocity conponent
general ly par %é%&s at least a portion of the core |oadi ng pegfiEoéM7486F0"

i nstance, core drirve roller 505A is supportszd for rotation about axis 615
which is inclined with respect to the nmandr axes 314 and 40 the core
Io?di ng segnment 322, as shown in Figures 15 and 16. Accordingly, the WO
96/ 38362 US96/ 07456 21 5
core drive rolﬁers 50%%%%“"51?'1 1e|f|erm3%lreec°?03'g8$ﬂ)%"teﬂlge%§ i il ng
noverrent of mandr@etabeemponens eﬂ%@r elastigally; deformsjnaradizliy ourard ldrrmtgmt such
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stabi |l izes the ndiP8FRIgce andsel. uncupped mandr el
300. is The nandrel support 610 thereby aI [ gns the mandrel 300 with the
core 302 being Servo Motor Control System

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

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

20 mechanically coupled, such as by mechanical gear trains, mechanical puiley
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.

25 In one embodiment, the positions of the independently driven components is
phased with respect to a common reference that is a function of the angular
position of the bedroll 59 about its axis of rotation, and a function of an
accumulated number of revolutions of the bedroil §9. In particular, the positions
of the independently driven components can be phased with respect to the position

30 of the bedroll 59 within a log wind cycle.

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

: if the circumference of the bedroll is 45 inches, then four sheets will be wound

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

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

40  support 410 driven by the motor 422 (e.g. a 4 HP Servo motor); the roller S05A
and mandrel support 610 driven by a 2 HP servo motor 510 (the rolier 505A and
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633. The di anet esontrol sysieh 5000 i Biure 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
anguiar position. The programmable control 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 aiso have a
proximity switch for defining a home position of the component.

The phasing of the position of the independently driven components with
respect to a common reference, such as the position of the bedroll within a log
wind cycle, can be accomplished in a closed loop fashion. The phasing of the
position of the independently driven components with respect to the position of the
bedroll within a log wind cycle can include the steps of: determining the
rotational position of the bedroll within a log wind cycle, determining the actual
position of a component relative to the rotational position of the bedroll within the
log wind cycle; calculating the desired position of the component relative to the
rotational position of the bedroll within the log wind cycle; calculating a position
error for the component from the actual and desired positions of the component
relative to the rotational position of the bedroll within the log wind cycle; and
reducing the calculated position error of the component.

In one embodiment, the position error of each component can be calculated
once at the start up of the web winding apparatus 90. When contact is first made
by the bedroll proximity switch at start up, the position of the bedroll with respect
to the log wind cycle can be calculated based upon information stored in the
random access memory of the programmable control system $000. In addition,
when the proximity switch associated with the bedroll first makes contact on start



40. 634, 636 and 638 are selected to reduce the rotational speed of the
mandrel support 610 to about half that of the core drive roller 505A WO
96/ 38362 PCT/ US96/ 07456 22 5
The servo notor 510 is controlled to phase the rotational position of the
mandrel support 610 with respect to a reference that is a function of the
angul ar posi ti @iy dahsesie bedroll 59 about its axis of rotati onpcrusdsevdse
function of an accurnul ated nunber of revolutions of the bedroll 59. In
particular, the rotational position of the 3§upport 610 can be phased with
respect to the pos’ition of the 10 bedroll 59 within a |og w nd cycle,
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support 710 can and the bedroll circumference can be read from the random access memory of the
15 programmable control system 5000. For example, assume the bedroll had
completed seven rotations into a log wind cycle when the winding apparatus 90
was stopped (e.g. shutdown for maintenance). When the bedroll proximity switch
first makes contact upon re-starting the winding apparatus 90, the bedroll
‘completes its eighth full rotation since the last log wind cycle was completed.
20 Accordingly, the bedroll at that instant is at the 180 degree (halfway) position of
the log wind cycle, because for the given sheet count, sheet length and bedroll
circumference, each rotation of the bedroll corresponds to 4 sheets of the 64 sheet
log, and 16 revolutions of the bedroll are required to wind one complete log.

When contact is first made by the bedroll proximity switch at start up, the

25  desired position of each of the independently driven components with respect to
the position of the bedroll in the log wind cycle is calculated based upon the
electronic gear ratio for that component and the position of the bedroll within the
wind cycle. The calculated, desired position of each independently driven
component with respect to the log wind cycle can then be compared to the actual

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

~ position in the log wind cycle to provide a component position error. The motor

35  driving the component can then be adjusted, such as by adjusting the motors speed
with a motor controller, to drive the position error of the component to zero.

For example, when the proximity switch associated with the bedroll first
makes contact at start up, the desired angular position of the rotating turret
assembly 200 with respect to the position of the bedroll in the log wind cycle can

40 be calculated based upon the number of revolutions the bedroll has made during
the current log wind cycle, the sheet count, the sheet length, the circumference of




driven by a servo notor 711. The mandrel cupping assist assenbly 700,

I ncludi ng the mandrel support 710 and the servo notor 711, can be supported
fromthe horizontally extending stationary support 120, as shown in Figures
17 - 25 19. The rotatably driven mandrel support 710 has a generally
hel i cal mandrel support surface 720 having a variable radius and a variable
pitch. The suRpRfshssy! face 720 engages the mandrels 300 and pepuidsanset hem
for engagenent by the mandrel cups 454. The rotatably driven mandrel

support 710 is rotatably 30 supported on3& pivot arm 730 having a cl evised
first end 732 and a second end 734. The support 710 is supported for
rotati on about a horizontal axis 715 adjacent the first end 732 of the arm
730. The pivét asheberipall,iand the.electronig geammatio istogedafor ithestugretcassembiy 200.3 Theor
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PCT/ US96/ 07456 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 -
15 of the turret assembly 200. An encoder 5422 associated with the motor 422
driving the mandrel cupping assembly 400 can be used to measure the actual
position of the support 410 relative to the bedroll position in the log wind cycle.
The speed of the servo motor 422 can be varied, such as with a motor controller
5030A, to drive the position error of the support 410 to zero. By phasing the
20 angular positions of both the turret assembly 200 and the support 410 relative to a
common reference, such as the position of the bedroll 59 within the log wind
cycle, the rotation of the mandrel cupping arm support 410 is synchronized with
that of the turret assembly 200, and twisting of the mandrels 300 is avoided.
Alternatively, the position of the independently driven components could be
25  phased thlnespecttoareferenceotherthantheposmonofthebedroll 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 embodiment, the value of the position error is used to determine whether the

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

35 “"behind® the desired position of the component), the drive motor speed is
increased. In one embodiment, the position error is calculated for each
component when the bedroll proximity switch first makes contact at start up, and
2 linear variation in the speed of the associated drive motor is determined to drive

- the position error to zero over the remaining portion of the log wind cycle.

40 Normally, the position of a component in log wind cycle degrees should

correspond to the position of the bedroll in log cycle degrees (e.g., the position of



23.s the rotating support 710 about the axis 717 causes the mandrel

support surface 720 of the rotating support 710 to periodically engage a
mandrel 300 as the mandrel is carried along a predeternined portion of the
cl esed mandrel path 320. The mandrel support surface 720 thereby positions
t he unsupported second end 312 of the.mandrel 300 for cupping. 10

Rotation of thgggpgie!l support 710 and the rotating cam pl atgcrrdddsntuss
provi ded by the servo notor 711. The servo sgot or 711 drives a belt 752
about a pulley 754, which is connected to a pull ey 756 by a shaft 755.

Pul ey 756, in turn, drives serpentine belt 757 about pulleys 762, 764, and
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of rotation, andZBthhetenwdarwillao latgeﬂptdvhteaﬂe Bummlhcmil mimhldfltﬁtﬂﬁm%i t he
bedroll 59. In p ﬁ 290 the pivoting of the nmandrel support 710 and
the rotation of g?n el sypport 710 can be phased with respect to the

position of tlfie bedr hodimeny, the programmable sontrol systese canheprogrammed de i ¢ | on
of the nmandrel saigwan opératonnel provideanvoffsetofos itliat Particular component. The offset

can be entered into the random access memory of the programmable control
system in increments of about 1/10 of a log wind cycle degree. Accordingly,
when the actual position of the component matches the desired, calculated position
20 of the component modified by the offset, the component is considered to be in
phase with respect to the position of the bedroll in the log wind cycle. Such an
offset capability allows continued operation of the winder apparatus 90 until
mechanical adjustments can be made.
In one embodiment, a suitable programmable control system 5000 for
25 phasing the position of the independently driven 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
30 manuals, all of which are incorporated herein by reference: AUTOMAX System
Operation Manual Version 3.0 J2-3005; AUTOMAX Programming Reference
Manual J-3686; and AUTOMAX Hardware Reference Manual J-3656,3658. It
will be understood, however, that in other embodiments of the present invention,
other control systems, such as those available from Emerson Electronic Company,
35 Giddings and Lewis, and the General Electric Company could also be used.
Referring to Figure 31, the AUTOMAX programmable drive control system
includes one or more power supplies 5010, 2a common memory module 5012, two
Model 7010 microprocessors 5014, a network connection module 5016, a
plurality of dual axis programmable cards 5018 (each axis corresponding to a
40 motor driving one of the independently driven components), resolver input
modules 5020, general input/output cards 5022, and a VAC digital output card



of. the mandrel support 710 can thereby be synchronized with the rotation of
the turret assenbly 200. Alternatively, one of the servo notors 222 or 422
could be 30 wusedto drive rotation of the camplate 740 through a tim ng
chain or other suitable gearing arrangenent. In the enbodi nent shown, the
serpentine belt 757 drives both the rotation of the camplate 740 and t he
rotation of tReysguaskee! support 710 about its axis 715. |n yebrassioiss
enbodi ment, the serpentine belt 757 could be replaced by 35 two separate
belts. For instance, a first belt could pr¥vide rotation of the camplate
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

t hrough a pul § ey3%4: sHsAEROMAX systera glsa dnoludes/a plusality o€ modelJER2009ametet ven
by the servo not cintréRéts 5030A+KD Esdhanetor cotitlolleryis Aksodiated withi & partiduled Gfive

AN S‘QEEBCZ‘E’“'@? i ‘*"‘S&”‘? m°‘°ma‘%f‘§*8$@33 s associated with the seryg motor

454, the mandrel 232 "%Yrﬂﬂoe path toward the web
wi ndi ng segrrent 324, mmmdmamarytinedmsele mﬁdmxﬁw betiie Bifdltiple Web

wi ndi ng seg ﬁfé%p,g%g@@es WO 6B'B|’|
adhesive to cor suppg?‘ on ‘tq%tia m)V| n nare he esi ve

appl i cati on appaP'&F@E‘% ipdependently driven components. The networ
connection module 5016 transmits control and status data between an operator

interface and other components of the programmable control system 5000, as well
as between the programmable control system 5000 and a programmable mandrel
1s  drive control system 6000 discussed below. The dual axis programmable cards
5018 provide individuat control of each of the independently driven components.
The signal from the bedroll proximity switch is hardwired into each of the dual
axis programmable cards 5018. The resolver input modules 5020 convert the
angular displacement of the resolvers 5200 and 5400 (discussed below) into digital
20 data. The general input/output cards 5022 provide a path for data exchange
among different components of the control system 5000. The VAC digital output
card 5024 provides output to brakes 5224 and 5424 associated with motors 222

and 422, respectively.
In one embodiment, the mandrel drive motors 332A and 332B are
25 controlled by a programmable mandrel drive control system 6000, shown
schematically in Figure 32. The motors 332A and 332B can be 30 HP, 460 Volt
AC motors. The programmable mandrel drive control system 6000 can include an
AUTOMAX system including a power supply 6010, a common memory module
6012 having random access memory, two central processing units 6014, a
30 = network communication card 6016 for providing communication between the
programmable mandrel control system 6000 and the programmable control system
5000, resolver input cards 6020A-6020D, and Serial Dual Port cards 6022A and
6022B. The programmable mandrel drive control system 6000 can aiso include
AC motor controllers 6030A and 6030B, each having current feedback 6032 and
35 speed regulator 6034 inputs. Resolver input cards 6020A and 6020B receive
inputs from resolvers 6200A and 6200B, which provide a signal related to the
rotary position of the mandrel drive motors 332A and 332B, respectively.
Resolver input card 6020C receives input from a resolver 6200C, which provides
a signal related to the angular position of the rotating turret assembly 200. In one
40 embodiment, the resolver 6200C and the resolver 5200 in Figure 31 can be one



plurality of glue application nozzles 810 supported on a glue nozzle
rack- 820. Each nozzle 810 is in communication with a pressurized source of

| i qui d adhesi ve (not shown) through a supply conduit.-812. The gl ue nozzl es
have a check valve ball tip which releases an outfl ow of adhesive from t-he
tip when the tip conpressively engages a surface, such as the surface of a
core 302. 15 woognddge 9l ue nozzle rack 820 is pivotably suppariesdsodssd he
ends of a pair of support arns 825. The support arns 825 extend froma
frame cross menber 133. The cross nmenber 13% extends horizontal |y between
the upstanding frame nenbers 132 and 134. The glue nozzle rack 820 is

pi vot abl e about an,axis 828 by an actuator assenbly 840. The axis 828 is
paral lel to tfe @f¢ &FB‘?IWZUW €859 §020D J5cetves tnput fram @M@Vﬁo@mgarack

820 has an arm 8mmmmmemmmmﬁmwmeb&mmuat or

Torating disk 842 and s REp morr@éé sy, i Bl gl “y@é

fromthe frame c Y n$Resa; cambe yted 104 ARtPG 9R13 i0f0, caidy dispiay rdata, &r m
830 engages an epagrammable drivé systenvS00G: urA suicabler ommﬁmkrﬂlceps)a@dYCﬂ)M he

conti nuousl y jpot kg 842
| nuous! Y 190t Seid0psloSHhafifeial Worgidif hnaifadurds B mf‘ﬁor Corpératl rrg:?p&

or ovi des per i ot Sty SLE Ay SRRl per s sqbam o s 520

828
such that the gl §m§%mmmnamkmmcmsmmoamaﬂa ﬁremdthel Cafiputes t he

ndr el % I I
e opt ' oA S e R G g
st oppi ng noti on dividually g tage %W@Bﬁpﬁ% #&ndr el
300 is rotatd8 abddition,the apdratoSdan type in adesredrnffsen, agdessnmbpve, from the

keyboard. The ability to monitor the 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,
20  respectively. The programmable control system 5000 haits operation of all the
drive motors if any of the position, velocity, or current limits are exceeded.
In Figure 2, the rotatably driven turret assembly 200 and the rotating
cupping arm support plate 430 are rotatably driven by separate servo motors 222
and 422, respectively. The motors 222 and 422 can continuously rotate the turret
25 assembly 200 and the rotating cupping arm support plate 430 about the central
axis 202, at a generally constant angular velocity. The angular position of the
turret assembly 200 and the angular position of the cupping arm support plate 430
are monitored by position resolvers 5200 and 5400, respectively, shown
schematically in Figure 31. The programmable drive system 5000 halts operation
30 of all the drive motors if the angular position the turret assembly 200 changes
more than a predetermined number of angular degrees with respect to the angular
position of the support plate 430, as measured by the position resolvers 5200 and
5400.
In an alternative embodiment, the rotatably driven turret assembly 200 and
35 the cupping arm support plate 430 could be mounted on a common hub and be
driven by a single drive motor. Such an arrangement has the disadvantage that
torsion of the common hub interconnecting the rotating turret and cupping arm
support assemblies can result in vibration or mispositioning of the mandrel cups
with respect to the mandrel ends if the connecting hub is not made sufficiently
40 massive and stiff. The web winding apparatus of the present invention drives the
independently supported rotating turret assembly 200 and rotating cupping arm




860 as the nozzles 810 engage the core 302, thereby providing distribution
of 35 adhesive around the core 302. The core spinning assenbly 860
conprises a servo notor 862 which provide continuous notion of two nandrel
spi nning belts 834A and 834B. Referring to Figures 4, 20A, and 20B, the.
core spinning assenbly 860 can be supported on an extension 133A of the
frame cross nygRhssks3. The servo notor 862 continuously drigefuseclhedss 864
around pul |l eys 865 and 867. 40 Pulley 867 drives pulleys 836A and 836B,
which in turn drive belts 834A and 834B aBbut pul |l eys 868A and 868B,
respectively. The belts 834A and 834B WO 96/ 38362

PCT/U896/07456 25 5 engage the nmandrel drive pulleys 338 and spin the
mandr el s 3005 as SYRPATY nﬁlﬂﬂrg?os“@bosem@ ¢i'vsh grotars ‘E‘l‘o%!‘écmnﬁﬁéﬂdel" [FpdHain 2 0
beneat h t he gl upositional plashigf the wevet asserbly 200cind the) thandrelocuppingsaris #30i at ed

;g(r)ﬁt B?ﬁeagnéigﬁﬁ;‘gﬁggﬁm&gﬂﬁe Cmgﬁ%&%&?ﬁf@h@% nozz?%lo 10

The servo not or 3B |CURRING ArM)) SUppErt P i odi ¢ pivoting of the
gl ue nozzl e rack 82in tiet¢émbodingent tescribedd, thé ewtorairivirigathe ibedrollf SOnist separate§ t he

ot on”of "2 ol ik Rulifivig e 'ff'ﬂ“"m iy ons?o@&ﬁ%‘gh%@w afgufle
particul ar, theTRRR% O €8§? fyresh “5* JE"“I‘Id??F%“ of the pedroll 39, thepgby s e 4
with res pect t oisolating thei turretrasseimbly>200 fremeibiratibns cafisedibiythe) upstteany windimgcycl e.
The periodic pi ¥giihméntO DiiVig Hle'¥dtaliRg firfet assembly 200 separately from the bedroll
59 also allows the ratio of revolutions of the turret assembly 200 to revolutions of
15 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 to change the length of the web wound on each core, and therefore change
the number of perforated sheets of the web which are wound on each core. For

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

25  while turret assembly 200 is rotating.

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

30 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 2
different size log (different sheet count per log). Each mandrel speed curve can
provide the mandrel winding speed as a function of the angular position of the
. turret assembly 200 for a particular sheet count per log. The web can be severed
35 as a function of the desired sheet count per log by changing the timing of the
activation of the chopoff solenoid.

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

1) storing at least two mandrel speed curves in addressable memory, such as

40 random access memory accessible to the programmable control system 5000;



rack 820 is thereby synchronized with rotation of the turret assenbly 200.
The pivoting of the glue nozzle rack 820 is synchronized with the rotation
of the turret assenbly 200 such that the glue nozzle rack 820 pivots about
axi s 828 as each mandrel .passes beneath the gl ue nozzles 810. The glue -
nozzl es 810 thereby track 20 notion of each mandrel along a portion of the
cl osed mandr el wRaiksg20. Alternatively, the rotating cam pl atperfrdsrassl d be
driven indirectly by one of the servo not §s 222 or 422 through a timng
chain or other suitable gearing arrangement. In yet another enbodinent, the
gl ue could be applied to the noving cores 25 by a rotating gravure roI

positioned inside t cIo r I I
rot at ed aboutfl ts a tahn%?%‘fémg%rp' g}ﬂ?q cg‘\,{tﬂo%r lé)#l y @gb rged in a
bath of the gl uelnfem-a doct or bl ade coul d be used to control _the t hi ckness
of the glue on the mw&grpmm&wipas@cnﬁawmmfy tHased’ @pontth® desifedt he

e

gravure roll coul lel to the axis 202. The cl osed
mandrel path 32 q?os% ‘?“.@g{@k’cl rcul ar arc segnment internediate the

core | oadi ng segment4)Zakulating a Klesitedshapgedn the mtignefithe sotationsh speeds ofuthgr ar c
segnent of the qheeEserdi200 andhé mandibitupsing as6Mblyr400 twiitiid rotakional ypdedce of

the gravure roll tﬁe%r&l{?gc M{lﬁ%g%ﬁ'lsd 8_,8 porggymme%hg? %xafogd cores

302 to be in roI i ng con n arcua bat ed
surface of the gravu &alculating adesired ghange i the %m% ¢ goreifiliyepe

carried fromt h&onetrsosaemﬂfmiﬂueelgupponrelwﬁdentuy mbwor 560; the mitindel syportnt 324
can be provi ded. OrdciveR Bl Jporhh 761 18 L€ nkeid Bick aciitor BN BAGRRASEET, |
roll at |east parewnidd; %mﬁg@wﬁhl@owgsmaswe assembly, 4509 dmﬂeb)t thensf er
rolI's for transfmétor 1222t bR diré/Rading Corvegor§ 1300 idripert by inotar! 1322 paridnthe eorees
302. stripping apparatus 2000 driven by motor 2022; relative to the rotational speed of
the bedroll 59 as a function of the desired change in the sheet count per log;
6) changing the electronic gear ratios of the turret assembly 200 and the
20 mandrel cupping assembly 400 with respect to the bedroll 59 in order to change
the ratio of the rotational speeds of the turret assembly 200 and the mandrel
cupping assembly 400 to the rotational speed of the bedroll 59;
7) changing the electronic gear ratios of the following components with
respect to the bedroll 59 in order to change the speeds of the components relative
25 to the bedroll 59: the core drive roller 505A and mandrel support 610 driven by
motor 510; the mandrel support 710 driven by motor 711; the glue nozzle rack
actuator assembly 840 driven by motor 822; the core carrousel 1100 and core
guide assembly 1500 driven by the motor 1222; the core loading conveyor 1300
driven by motor 1322; and the core stripping apparatus 2000 driven by motor
30 2022 relative to the rotational speed of the bedroll 59; and
8) severing the web as a function of the desired change in the sheet count
per log, such as by varying the chopoff solenoid activation timing.
Each time the sheet count per log is changed, the position of the
independently driven components can be re-phased with respect to the position of .
35 the bedroll within a log wind cycle by: determining an updated log wind cycle
based upon the desired change in the sheet count per log; determining the
rotational position of the bedroll within the updated log wind cycle; determining
the actual position of a component relative to the rotational position of the bedroll
within the updated log wind cycle; calculating the desired position of the
40 component relative to the rotational position of the bedroll within the updated log
wind cycle; calculating a position error for the compbnent from the actval and



40- Cor e Loadi ng Apparat us WO 96/ 38362

PCT/ US96/ 07456 26 5 The core | oading apparatus 1000 for conveying
cores 302 onto noving mandrels 300 is shown in Figures 1 and 21-23. The
core | oadi ng apparatus conprises a core hopper 1010, a core | oading :
carrousel 1100, and a core guide assenbly 1500 di sposed internedi ate the
turret w nder w89es36 t he core | oading carrousel 1100. Fi gur ectisborass
perspective view of the rear of the core |oading 10 apparatus 1000. Figure
21 al so shows a portion of the core stri pp¥ng apparatus 2000. Figure 22 is
an_end view of the core |oading apparatus 1000 shown partially cut amay and
vi ewed parallel to the turret assenbly central axis 202. Figure 23 is an
end view of the de8ied ppsitigas afthe gemponentyelative,tarthe setationpl gosition of thebednoll
Referfing to Fi guithis the apidted log Hind Eyele; ané réduaing e calculated positidderrer08D! | ses
a stationary frape he stationary franme can. include vertically

upst andi ng frane ends 2 and 1134, and a franme cross support 1136
extendi ng horizontally internmediate the frane ends 1132 and 1134.

Al ternatively, the cWhﬂepa&dimg:muhmsaif thd pidsenoirlvention itave pedn illdstadtedone

end in a canjg | &ghﬁ@@ ﬁﬁg@ Egﬁ&%‘ﬁﬁﬁmp dl ess
belt 1200 i swdrl ven aroynd a TuraFg &g '*&ﬁ%ﬁo ;U acen W
end 1132. Li kewifem s@ﬁ‘&l“@%é"%l? fpvenion. Ior mstance,

central axis is shown extending horizontally in the figures, but it wxll be

understood that the turret assembly axis 202 and the mandrels could be oriented in
other directions, including but not limited to vertically. It is intended to cover, in
15 the appended claims, all such modifications and intended uses. '



1222. A

rods 1230 pivotably connect core trays 1240 to | ugs
a support
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and each core tray

In an alternative
rdfds 1230. The core trays 1240

30 and are carried in

I n one enbodi nment,
a tlosed core tray path 1241 by the endl ess belts 1200 and 1210. The servo

respective pulleys by a servo notor

rods 1230 can extend in parallel
ached to the belts 1200 and 1210,

rt

s

‘Mo

driven around a plurality of pulleys 1212 adjacent the frane end 1134. The
1240 can be hung from one of the support

rod 1230 can extend from each end of a core tray 1240.
extend internedi ate the endl ess belts 1200 and 1210,

belts are driven around their
plurality of support
1232 attached .to the 25 belts 1200 and 1210.

bet ween | ugs

enbodi nent ,
not or

59

1222 is controlled to phase the notion of the core trays with respect.
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the cores

trays pass beneat h POEOS$NTES6d
| east a portion of the closed

deliver a core 302 to each core tray 1240. be used in

pl ace of the slotted wheels 1020 to deliver a core to each core tray 1240.

Al ternatively,

a lugged belt could be used in place of the slotted wheels
e cores 302 supported in the core trays 1240 are carried

%&1,333612020 as the core 1Q

1222,
tray path 1241 which is aligned with.core | oadi ng segnent 322 of the cl osed
path 320. A core |oadi ng conveyor

to pick up a core and place a core in each core tray. A core tray support
mandr el

surface 1250 (Figure 22) positions the core trays to receive a core from

the slotted

wheel s 1020.
around the closed core tray path 1241. R erring to Figure 22,

302 are carried in the trays 1240 al ong at

27 5 notor
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of. the core | oadi ng segnent 322 of the closed mandrel path 320. In the
enbodi nent shown, the core trays 1240 carry the cores 302 .vertically, and
the 30 flight elenents 1314 of the core | oading conveyor 1300 engage the
cores with a vertical conponent of velocity and a hori zontal conponent of
vel ocity. The servo notor 1322 is controlled to phase the position of the
flight el ementfyologhdsswi th respect to a reference that is a fureti®sonsst he
angul ar position of the bedroll 59 about its axis of rotation, and a '
function of an accumul ated nunmber of revolétions 35 of the bedroll 59. In

particular, ,n“ia' el ements 1314 can be phased with
respect to thd pds e 59 within[ar 7o o Qaﬁ. e
nmotion of the [f|ilogfY= thereby b SR BEIZR|th |the
position of {Heldald Mth the rot gt ' FI9OT |of {t he
turret assenplly| 20D |8 agsenbly 150 BIHIBIAERTat e the
core | oadi ngj40 cE’rZ the turret win nnjs,ﬂjes a
plurality of|dof i ole guides p E4T s Bd2] wi th
respect to ths nd| ¢ O 96/ 32362
PCT/ US96/ 074p6 R 00 as the ﬁ re(diifved from
the core trays e adi hg conveyor 53.8%“ dep 1510
are supportef|o —Eé 2 : s 1512 dri RIEIE SiL4.
The belt conydy 5 [sdes |t he servo ;iﬁ&uﬁ%ﬁ_i shaf t
and couplingldrf nen The core gfi Fﬁrﬁy%a nt ai n
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path 320. Each core
1100 to a

1550 whi ch ext ends prigdenrids’ St

rung fashion internediate the belt

1510 adj acent the core | oading carrousel

segnent 322 of the cl osed mandrel

| east a portion of the closed core guide path 1541 is
a core gui de channel

de

and are carried around a closed core guide path 1541 by the

1550 converges as it extends fromthe first end of the core

Wb b

aligned with a portion of the closed core tray path 1241 and a portion of
end of the core gul

second end of the core guide 1510 adjacegy the turret w nder 100. The core

10 core guides 1510 extend in parallel

conveyors 1512,
conveyors 1512. At
the core | oading 15

gui de 1510 co
gui de channel
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and a function of an

I nterval s on the conveyor belt 2010 (two
rotation

Is a function of the angul aschedsires of

The flights 2014 nove with a |inear velocity
noves al ong the core stripping segnent 326. The

its axis of

erence t hat

Each flight 2014 engages the end of a |log 51 supported on a
out

R ths 2014 spaced apart at equal
300 as the mandrel
Riltics:

fl
/ flights 35 2014 in Figure 24).
servo notor 2022 is controlled to phase the position of the flights 2014

V (Figure 25A).
W th respect
t he bedrol |

mandr el
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core stripping segnent 326. In one enbodinent, the angle A can be about 4-7
degrees. As shown in Figures 25A-C, the flights 2014 are angled with
respect to the conveyor belt 2010 to have a | og engagi ng face which forns
an-included angle 20 equal to Awth the centerline of the belt 2010. The
angl ed | og engagi ng face of the flight 2014 is generally perpendicular to
the mandrel axweogighss 0 t hereby squarely engage the ends of tiﬁ?ﬁé*WWéé
Once the log 51 is stripped fromthe mandrel 300, the mandrel I'S
carried along the closed mandrel path to t4ge core |oading segnment 322 to

recei ve another core 302. In some instanceS it may be 25 desirable to
02 froma mandrel . For instance, it may be desirable

strip an enpty gQ
to strip an enpty [corfe 309 |f [Ri&)=H g]iEh Jing startup of the uet w nder,
or:if,no web orhi fl] s u?: ?§5§'E.§Iarcmre302 Accordingly, the
flights 2014 cdnldakd havp |al"defFer[ma{FE {r Lgber t OBl 3Ly
engagi ng the ngnfine| lap tne EpdSNEREIE = pughe rojg\ 5 413 .
Accordingly, tHe| 30| Jfli ghtps|=tDIBEIemETZE[2®E h the ¢of >R IARAZRIT Web
wound on the cq 203, anF hiay e~ { He| 4B T o sfrip _krply| qofgs (). core
on which no wely §$ wpund) 1IQHLL§§ Al Log} Rejjeft 153
Figure 21 showd fa]ljod | ejledd|<iiBi 2 Rjposi [ i ohel QEMRIRIIXIRIG| t he
core strippi ng FEEERRtUS [2PGREaTTE SR ogs] 51]ffa TS (DI} i ppi ng
appar at us 2000 {S[RiZjaf r] of| HIlSIRHA SISIRYA anfl 2 Hedlbgs 51
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set of arns 4035A or

At the end of the
to engage the next defective |og. Mandrel

and directed to the reject station.

rof |l ers 4050,

rotation of the el enent 4030, the other

4035B is in position 25

i ncr ement al

300

vi ew of a mandr el
300 extends fromthe first

cross-sectional
The nmandr el

i nventi on.

end 310 to the second 30 and 312 al on

Description Figure 26 is a parti al

| ongi tudi nal axis 314.
PERYARUILSS
nosepi ece 3200

a def ormabl e core
and a mandr el

g the mandr el

body 3000,

according to the present

WRISFRRZ 2 mandr el

menber 3100 supported on the mandrel

Each mandr el

body 3000 can

and a non-netallic

The nmandr el

300,

endpi ece 3040,

a steel

t ube 3010,

di sposed at the second end 312 of the nanduael .

i ncl ude a steel
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mandrel cup 454. The defornmabl e core engagi ng nenber 3100 can conpri se one
or nore elastically deformable polyneric rings 3110 (Figure 30) radially
supported on the steel endpiece 3040. By "elastically deformable"” it is
meant that the menber 10 3100 deforms fromthe first shape to the second
shape under a | oad, and that upon rel ease of the | oad the nmenber 3100
returns substantially to the first shape. The mandrel nosep

di spl aced rel X{Q%¥E8I t he endpi ece 3040 to conpress the ri nggég‘l%gl}h{gﬁereby
causing the rings 3100 to elastically buckle in a radially outwardly
direction to engage the inside dianmeter o§2the core 302. Figure 27 15

illustrates def f the deformabl e core _engagi ng nenber 3100.
Figures 28 and @9 fafef énj arged views of a {doftli ¢ §l_a1‘=§§ 5P| ¢Cp 13200
showi ng noti on t epi ece 3200 rel atijve [t p-1S43 gggig dck |3p4o0.
Referring to th ts of the mandrel {304 it por¢ [det|aj i, | tthe §first
and second bear g usipgs 352 and 354 ha\e e fr ieimys =and] 3584 for 20
rotatably suppofijng {t steel tube 3010 afofit| tHg|HEMIRE[ZRAi b [31L4. The
mandrel drive Hey~33¥3 and the idler pulliey {3 arje| posift | qnpq prj t he
steel tube 301 nt grimpch at e t he bearing hdqusi|n FZTant ISpA T INE mandr el
drive pulley 33&jfifs|f] to the steel tubgq 301 tiheali flllef fppl Iey 339
can be rotatablhn:ﬂ d on an extension fotf t 'gugr.g. bys| rg 52 by
idler pulley begi3|g §h , such that 25 tHel[T{oT G Y= [SRem @ ats Wheel s
rel ative to t hdefElef|ai€lbe 3010. The steel [t ibe L AFIDEITEITEHIE Siul der
3020 for engaglsht £ of a core 302 drijven onfF¢r® Wi g i i ks The
shoul der 3020 i @bl y frustum shaped,| &St =it oy rrepe and can
have a textured® ﬁ%ﬁ%ﬁ o restrict rotatidn Ef iggﬁﬁﬁﬁ@g%‘ﬁg ge to the
mandr el body 3000.] IThelslurface of the frustjum il =1 el il Al M A ""'
sieiaizinlg F .
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30 shaped shoul der 3020 can be textured by a plurality of axially and

radi ally ' ' 3022. The splines 3022 can be uniformy spaced
about themllmmnmlltmnm t he shoul der 3020. The splines can be tapered as
they extend aki &4 |y feontleft to right in figure 26, and each spline 3022
can have a generally triangular cross-section at any given |ocation al ong
its |l ength, a relatlvely 35 broad base attachment to t{epsddeldrMde’
3020 and a r§$§p narrow apex for engagi ng the ends of the corei. The
steel tube 3010 has a reduced di aneter end 3012 (Figure 26) which extends
fromthe shoul der 3020. The conposite neggirel tube 3030 extends froma
first end 3032 to a d end 3034 The first end 3032 extends over the 40
reduced di a aﬁ@g‘} eel tub 3010, Th ﬂ‘;lrSt e 3032 of the

Composi t e mindr 8 ging 3 SEnFENS e B it el el St BLARAm 015
such as WO gmﬂagimp logs, the logs having different lengths of the material wound

PCT/ US96/ 07456 {héredn bifie #itiRda cyMprisdipithe Gtepd 68 COnposi te mandrel tube 3030

30, & second ortfouRb SR bien Sk Eanil sebbiifh « 59989 oFroRABR [0 {ne
steel endpi ece 3040irivenmandrels for avinding theaweb, of materiak pato 3one W@dsecond
end 3044. The fi rsto,ﬁmdnﬁﬁdﬂ]sof t he endp| ece 3040 fits inside of, and is

et or mabl e cor PENL n‘%‘aﬁ%ﬁ%&eﬁt s il s P B 90 T
rofatably driven turret assembly;
rotating the bedroll;
rotating the turret assembly to carry the mandrels in a closed path;
winding the material onto cores supported on the mandrels to form logs
- having a first predetermined length of the material; and
changing the length of the material wound onto the cores while rotating the
turret assembly to form logs having a second predetermined length of
the material, wherein the first length is different from the second length.
2. The method of Claim 1 comprising the step of continuously rotating the turret
assembly;
wherein the step of continuously rotating the turret assembly preferably
comprises the step of continuously rotating the turret assembly after the
step of changing the length of material wound onto the cores is
completed; and
wherein the step of continuously rotating the turret assembly preferably
comprises the step of continuously rotating the turret assembly before
the step of changing the length of material wound onto the core is
3. The method of Claims 1 or 2 comprising the steps of:
continuously rotating the turret assembly at a first generally constant angular
velocity while forming logs having the first predetermined length of the
material; and .
continuously rotating the turret assembly at a second generally constant
angular velocity while forming logs having the second predetermined
length of the material.
4. A method of winding a continuous web of material onto hollow cores to form
individual logs, the logs having different lengths of the material wound
thereon, the method comprising the steps of:




axi s 3;4~rﬂr”rned|ate he shoul der 3020 and the nosepi ece 3200. The

deforna menber 3100 can conprise an annul ar ring having an
i nner mﬂgm\ han the outer dianeter of a portion of the endpiece
3040, & icaft be radlally supported on the endpi ece 3040. The )
def ormabl e core engagi ng nenber 3100 can extend axially between a shoul der
3041 on the e 3040 and a shoul der 3205 on the noseplece 3200, as
shown in Flgu?@B e menber 3100 preferably has a substantﬁﬁqﬁywm“

cont i nuous surface for radially engaginggg core. A suitable continuous
surf.ace can 20 be provided by a ring shaped nenber 3100. A substantially

e avant age 1BV R { T U it et BbbirBl A3Ay BesopEdL o °°°
di stributed, rather m@mm&rauwng@memofmmar ontoecoressupported t hose
provi ded by COI‘lventl(ﬁrtaénﬁﬁdgels ocki ng lugs, can cause tearing or piercing

meant that ihe sﬂ*%?éé‘é%*ﬂ?yﬂém@%d%%{%%é%ﬁ& Rl B of e

core around at | east™oRBB Iyt driyen turres @ssemblypr e preferably around at | east
about 75 percent, andtatigthebedolj ably around at | east about 90 percent of

t he circunf erenqatz&;15 f n menber 3100 can
conpri se tvvo el aSIIC Hé @8 a%genﬁ}? d%%&‘ﬁ?‘ﬁé@’égmelg%%%ﬁOB formed of 40
durometer "A" urWind hhnzmr@@qmarg@ﬂmmomlmppormcon@Gmmm of a

rel atively harder 6Goﬂuldg§hhﬁﬁgih@'ﬁmflaighf’6ﬁheﬁhﬁnﬁl ngs 3110A and 3110B each

CaVe DT OkeTgmiihg U GEA0H it 00 QLS F08H Sl S S0
the shoul ders 3041 Apfatiomefthe pedrpld while stgting 3he tumgtassemb]y3a®0 can have a
general |y T- shapeiiding assearriclength of iMatgiaBddt0 AoRY ls@jsbéted on the mandrels to
' form logs having the second length of material, wherein the second
length is different from the first length.
5. The method of Claim 4 wherein the steps of winding the material onto the
cores comprises:
varying a winding speed of the mandrels according to a first speed schedule
for winding the first length of the material onto cores; and
varying the winding speed of the mandrels according to a second speed
schedule for winding the second length of the material onto the cores,
wherein the first speed schedule is different from the second speed
schedule..
6. The method of Claims 4 or 5 wherein the step of changing the speed of
_rotation of the turret assembly relative to the speed of rotation of the bedroll
while rotating the turret assembly comprises the step of phasing the position of
the turret assembly with respect to the position of the bedroll within a log
wind cycle.
7.  The method of Claim 6 wherein the step of phasing the position of the turret
assembly with respect to the position of the bedroll within a log wind cycle
comprises the steps of: v
determining an updated log wind cycle as a function of the difference between
the first and second lengths;
determining the rotational position of the bedroll within the updated log wind
cycle; -
determining the actual position of the turret assembly relative to the rotational
position of the bedroll within the updated log wind cycle;



bet ween L Oi ned to rings 3130 and 3150. Ring 31 10B extends between
~and is Jﬂi Etnﬂ 50 and 3140. The nosepi ece 3200 is slidably
support 00 to permt axial displacenent of the nosepiece

3200 relative to. the endpl ece 3040. Suitable 40 bushings 3300 conprise a
LEMPCOLOY base material with a LEMPCOAT 15 coating. Such bushings are

manuf act ur ed i ndustries of C evel and, WO 96/ 383permusoe6/07456
PCT/ US96/ 0745?63@5?98“ 0. When nosepi ece 3200 is displaced along the axis

314 toward the endpi ece 3040, the defornmable core engagi ng member 3100 is
conpressed between the shoul ders 3041 aP® 3205, causing the rings 3110A and

31t108 tof b;ur:]kl detepflining xhgotagmaﬁ sitichS of h@¥Nturet Qgéﬂﬂ)wnorilauﬁ mldrmefod %I al
notiron O € nosep e 1e e Imrte

by a threaded fastéh%& f?ﬁ&é’q&lﬁw "5’%2‘8&2%(1” 8 yé fe fastener
3060 has a heacpabgbgnamoammmdwthgm ammblyfromthmam@udém 3064

extends through anpﬁﬁh&id&tﬁéhﬂ%ﬂhﬁ&nmrﬁlaﬁ%ﬁ 1h8 rbtagonaD pesdticic 6f hé00, and
threads into a tap

econd end 3044 of the
endpi ece 3040. The g(ué' “‘%ﬁp‘g‘@%%@“dé&‘{:?@&e to the dianmeter of the
bore 3245, therwﬂmWFﬂﬁda%mW"&ﬂPapf@Pm@mw of the nosepiece 3200
rel ative t og.t herenagtharef Clainis 4, 5, 50¢;I7a¢mpmgm39;ep§oml sposed i nternedi ate

(D e 2044 bRl B A i by 898 Bk e Bl 0 "
velocity while forming logs havmg the first length of the material; and
continuously rotating the turret assembly at a second generally constant
angular velocity while forming logs having the second length of the
material.
9. A method of winding a continuous web of material onto hollow cores to form
individual logs, the logs having different lengths of the material wound
thereon, the method comprising the steps of:
providing at least two independently driven components, the position of each
independently driven component being mechanically decoupled from the
positions of the other independently driven components, wherein at least
one of the independently driven components comprises a rotatably
driven turret assembly supporting a plurality of rotatably driven
mandrels for winding the logs;

providing a rotatably driven bedroll for transferring the web of material to the
rotatably driven turret assembly, wherein the position of the bedroll is
mechanically decoupled from the positions of the independently driven
components;

providing a programmable control system for controlling the position of the
independently driven components;

providing memory accessible to the programmable control system;

providing a first mandrel winding speed schedule and a second mandrel
winding speed schedule in memory accessible to the programmable
control system, wherein the first mandrel winding speed schedule
corresponds to a log having a first length of the material, and wherein
the second mandrel winding speed schedule corresponds to a log having
a second length of the material;

rotating the bedroll;

driving the independently driven components, wherein the turret assembly is
rotated to carry the mandrels in a closed path;

v

I)




ﬂw,ﬂm onto the mandrel 300, the mandrel cupping assenbly
pI’OVI ”In m@ force for conpressing the rings 3110A and 3110B. As
20 shown® i rt FingUs a mandrel cup 454 engages the nosepi ece -3200,

t her eby conpressing the spring 3070 and causing the nosepiece to slide .
axially along nmandrel axis 314 toward the end 3044. This notion of the
nosepi ece 320 ye to t he endpi ece 3040 conpresses the [j A and
3110B, causing ?E&&%o deformradially outwardly to have gen%&r:gl §6?hé%)s(r%vex
surfaces 3112 for 25 engaging a core on the nmandrel. Once wi nding of the
web on the core is conplete and the nandggel cup 454 is retracted, the
spring 3070 urges the nosepiece 3200 axially avvay fromthe endpi ece 3040,

cyT1 ot cal " uncePBYHES HBUTS SReCE b2 MR, Aceselng ks Br RS rantr e
by the core stri ppi nyindingaspegduschedsi® for wmdlifgléomwngltheﬁﬂst&m obtheri ses an
antirotation nmenber ,fn%nﬂestrl cting rotation of the mandrel nosepiece 3200

about the axis 314, relativ t 3000. The anptirotation
nmenber can conpr @ Wé\ﬁfég%(ﬁ“rﬁavfa‘éﬁé ‘? TINER  COmPeRRIS felatvgqte st o a
tapped hol e which i sromwrswedtolfﬂlebbdroﬂrwhllerrotaumgathemrrdtasstmmednmol e 3045

in the end 3044 q,,;,,g ﬂf)the ‘ﬂﬁm?gg : engﬂ%gﬁgg B Smanire;2gai nst

the t hreaded f ast ener 0 to from com | oose
fromthe endpi ece 30%# %9'3‘8’@5‘“5 P%‘n@ﬁé’"*grg\?\ é&e 3040,

and is recived in armatzmllly extending slot 3850 in the nosepl ece 3200.

Axi al slidi ngoofﬁyqnmegr 38 Qbhekah dhd Rp! %ﬁ%ﬁi

accommodat ed byo“’HW&F ated sl ot 385 %V\hﬁf’e&rgﬁgﬁg%é e nosepl ece

3200 relative t “@ﬂ& 5%“%“%4’3 P ptation,efbededroll; { he

set screw 3800 veomprises: the¢ cstep of phasing| the ﬂisﬁibn of the individually driven
component with respect to the position of the bedroll within a log wind cycle.
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34 5 Alternatively, the deformble core engagi ng member 3100 can
conprise a netal conmponent which elastically deforns:in a radially outward
di rection, such as by el astic buckling, when conpressed. For instance, the
def ormabl e core engagi ng nenber 3100 can conprise one or nore nmetal rings
havi ng circunf ay@sdassdzl Yy spaced apart and axially extending spLa} 06/0745
Circunferentially 10 spaced apart portions of a ring interned ate eac
pair of adjacent slots deformradially outmardhyzﬁben the ring is
conpressed by notion of the sliding nosepiece during cupping of the second
end of the mandrel. Servo Mdttor Control System 15 The web wi ndi ng
apparatus 90 can conprise a control systerm/for phaiing the position of a

nurber- of independently driveg conpo, ents ith regfect to a common position
reference, so that the p05|tmon of ff=he conZ6hents can be
synchroni zed with the positi & of ore nor e ot her gonponents. By "

i ndepeéndent |y drivepi_it._ls oRant 1t % .'.m.,.. ojxs/ of the conponents are
llulvt'

not 20 nmechani call oUpT o\ df gear trains, nechanical
pul | ey arrangements, M‘E:J‘ ,,,.

i
( o SR SL am nechani sns, or
ot her nechani cal ne. s g1 = =

= n of each of the
.independently drive
to one or nore othe

phased with respect
T el ectronic gear
rati os or el ectroni
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25+ I n one enbodi nent, the positions of the independently driven
conponents is phased with respect to a conmon reference that is a function
of the angul ar position of the bedroll 59 about its axis of rotation, and a
function of an accumul ated nunmber of revolutions of the bedroll 59. In
particular, the positions of the independently driven conponents can be
phased with regag the position 30 of the bedroll 59 wt alo mnnd
cycle. Each revolu%f%% of the bedroll 59 corresponds to a frg%a' Iog
wind cycle. Alog wind cycle can be defined2ggqual ing 360 degree

i ncrements. For ogs , If there are sixty- four 11 1/4 inch sheets on
each web wound | 1, fland if the C|rcunference ¢ the bedroll is 45
i nches, then fourxsheetfs w | EE per b&lroll r®olution, and one
| og cycle will be ed Nbg 1Wll be ﬁbund),4UT each 16
revol uti ons of thelfpefr : edrol | 59
wi |l correspond toR2}5 _ G he
i ndependent |y dri v g ey d : sEurr agsenbly 200 driven
by notor 222 (e g. ; ‘. a; ndral cupping arm 40
support 410 driven| by not or q 0. HRMer vd nofor); the roller
505A and mandrel sjuppoftNn610 vdn Ry HP (Wg motorf510 (the roller
505A and WO 96/[3836p Y 5
PCT/ US96/ 07456 35 b the e mechgnicplly coupled); the
mandr el cuppi ng sﬁppor 71 e 1 r (e.g. l|a 2} HP servo notor);
the gl ue nozzle rgck abt uator { i
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assenbly 840 driven by notor 822 (e.g. a 2 HP servo notor); the core
carrousel 1100 and core gui de assenbly 1500 driven by a 2 HP servo .notor
1222 (rotation of the core carrousel 1100 and the core guide assenbly 1500
are nechanically 10 coupled); the core |oading conveyor 1300 driven by
notor 1322 (e.g. a 2 HP servo nmotor); and the core stripping conveyor 2010
driven by not ogwolissgssk €- a 4 HP servo notor). & her comonmg’gﬁ?&
core drive roller SOSB/nDtor 511 and core gl ue spinning asse tor
862, can be independently driven, but do no@A2Guire phasing with the
bedroll 59. Independently driven conponents and 15 their associated drive
notors are shown schematically with a pgQgrammabl e control system 5000 in
Figure 31. The bedroll 59 has an assocjated proximty switch. The proximty
swi-tch makes contact once for each regwolution of the bedroll 59, at a given
bedrol | angul ar position. The progranmabl e control ¥Qten15000 can count
and store the 20 nunber of tijneg t beghr 6H | 59 h "tonpleted a revol ution

(the nunber of t= = s tmde contact) since
the conpletion &0<di vhey4st log 5 ach of {he independent!y

dri ven conponent So hp%e a proxin tch'for‘deflnl a hone
position of the conppnent. Th |$§ 0 (gth)u dependent |y
driven conmponents wifh 25/ regpecf 't Bﬂjﬁg(ef renAé h as the

posi tion of the bedrpll hi i a{ , qan bej@gE@WPlished in a
cl osed | oop fashion.] B&p | @] g ition :pf the i ndepengedOR/
driven conponents wigh re 0’ eTIOR AF ; thel b%droll hin a | og
wi nd cycle can include th st ps of ., m ning #he rotational géition of
the bedroll within & |log w nd I", rgizBigng {t h actuwo 2 ion of
a conponent relativg he rot S 38880K;§te'be thin the

202
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|l og wi nd cycl e; )
to the rotational position of the bedroll wthi
calculating a position error for the conponent
posi tions of the conponent
bedroll within the log wind cycle; and 35
error of the Cﬁﬁﬂﬁﬁﬁﬁi- I n one enbodi nent, the
conponent can be cal cul a

start up, the position of the bedrol

calculating the desired position of the conponent

relative to the rotationa
reduci ng the cal cul ated position

relative
n.the log wi nd cycl e;
fromthe actual and desired
position of the

position err orp&fuRahiiss

ted once at the start up of the web w nding
apparatus 90. Wen contact is first nade bygh@gedroll
with respect to the log wind cycle

proximty switch at

can be cal cul at ed based upon information stored in the 40 random access

syst em 5000.
fi

menory of the progranmabl e control
proximty switch associated with the bedrol
WD 96/ 38362
36 5 wup, the actual
positicon of the bedroll within the | og cycle
transducer, such as an encoder associa
conponent. The desired positpﬁﬂ? fithe c

i .

position of each conponent
Y's

I n addi tion, when the
rst nakes contact on start
PCT/ US96/ 07456
Egg?ative to the rotational
eterm ned by a suitable
the_motor driving the
t relativé to the rotationa

position of the bedroll wth 2, tl e can be ‘¢al cul at ed usi ng
an electronic gear ratio for_each cp ent stéred in . 3IB3Mdom access
menory of the progranmabl e 'sygt|m 5000y When thesbedroll proximty
switch first nmakes contact at the up_of the mﬁndiﬁ% apparatus 90, the
accunul ated nunber of rotations of edrol | psg ﬁr———l '
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conpletion of the last log wind cycle, the sheet count per |og, the sheet

| ength, and the bedroll circunference can be read fromthe random access
menory of the 15 programmable control system 5000. For exanple, assune

t he bedroll had conpleted seven rotations into a log wind cycle when the
wi ndi ng apparatus 90 was stopped (e.g. shutdown for mai ntenance). \Wen the
bedrol | proxi ilooeaiies Ch first makes contact upon re-startin éﬁwg thdi ng
apparatus 90, the‘%e %oll conpletes its eighth full rotationqglncgm¢i¥¥l ast-
| og wind cycle was conpleted. 20 Accordingly, §hpgedroll at that instant
is at the 180 degree (halfway) position of the log wind cycle, because for
the given sheet count, sheet |ength and bedroll circunference, each
rotation of the bedroll corresponds to 4 sheets of the 64 sheet |og, and 16
revol utions of the bedroll are required to wind one conplete | og. Wen
contact is first made by the bedroll proximty switch at start up, the 25
desired position of each of the independently driven conponents with

respect to the position of the bedroll in the log wind cycle is calcul ated
based upon the el ectronic gear ratio for that conponent and the position of
the bedroll within the wind cycle. The cal cul ated, desired position of each
i ndependently driven conponent with respect to the log wind cycle can then
be conpared to the actual 30 position of the conponent neasured by a
transducer, such as an encoder associated with the notor driving the
conponent. The cal cul ated, desired position of the conmponent with respect
to the bedroll position in the log wind cycle is conpared to the actual
position of the conponent with respect to the bedroll position in the |og

wi nd cycle to provide a conponent position error. The notor 35 driving the
conponent can then be adjusted, such as by adjusting the notors speed with
a notor controller, to drive the position error of the conponent to zero.

324




For exanpl e, when the proximty switch associated with the bedroll first
makes contact at start up, the desired angular position of the rotating
turret assenbly 200 with respect to the position of the bedroll in the | og
wi nd cycle can 40 be calcul ated based upon the nunber of revolutions the
bedrol | has made during the current log wind cycle, the sheet count, the
sheet |ength, {va9esdsksunterence of WO 96/ 38362 PCT/US96/07

PCT/ US96/ 07456 37 s the bedroll, and the electronic gear ratio stored for
the turret assenbly 200. The actual angul aof26tion of the turret assenbly
20Q is nmeasured using a suitable transducer. Referring to Figure 31, a

sui tabl e transducer is an encoder 5222 associated with the servo notor 222.
The difference between the actual position of the turret assenbly 200 and
its desired position relative to the position of the 10 bedroll within the
|l og wind cycle is then used to control the speed of the notor 222, such as
with a notor controller 5030B, and thereby drive the position error of the
turret assenbly 200 to zero. The position of the mandrel cupping arm
support 410 can be controlled in a simlar manner, so that rotation of the
support 410 is synchronized with rotation 15 of the turret assenbly 200.
An encoder 5422 associated with the notor 422 driving the mandrel cupping
assenbly 400 can be used to ne 2 he actual position of the support 410
relative to the bedroll positiogp in the log wind cycle. The speed of the
servo notor 422 can be varied, such _as with a notogzgontroller
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5030A, to drive the position error of the support 410 to zero. By phasing
the 20 angul ar positions of both the turret assenbly 200 and t he support
410 relative to a common reference, such as the position of the bedroll 59
within the log wind cycle, the rotation of the mandrel cupping arm support
410 is synchronized with that of the turret assenbly 200, and tw sting of
the mandrel s ! voi ded. Alternatively, the position of
independently%??&\;%ﬁ&conponents could be 25 __phased with restﬁl)’g.gltus%sgnés‘
reference other than the positi %gg the bedfHBBwithin a | og wind cycle.
4

The position error of an,dng n ﬁggéiven conponent can be reduced to
zero by controllgng eeq #oT r driving that particular
conponent. | n onée enbo?% ;%fhe,value of the position error is used to
deter ;i ne whet her the_30 “1€odponent can be brought into phase with the

sing te drive notor speed, or by decreasing
of the position error is positive (the actual
B&®l' of the desired position of the
peed-iszgecreased. |f the value of the

e actual position of the conmponent is 35

on of the conponent), the drive notor speed is
sition error is calculated for each
switch first nakes contact at start

T 1 he
Froxini
: 339 ed of the associated drive notor is
ijy( i/ror to zero over the remai ning portion
; rmal |y, the position of a component in
‘ ~r\espondéo the position of the bedroll in
tl

v

bedrol | nore quickly fyrtthefes
the notor speed. If the
positkon of the conponen
conponent), the drive nojs}
position eror | SgeaQt LR
"behi nd" the desirees

increased. In gné enbod
conponent when/t he begrd
up, and a linear vagt a
determ ned to drjfe t
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38 5 a conponent in log wind cycle degrees should be zero when the
position of the bedroll in log wind cycle degrees is zero.) For instance,
when the bedroll proximty switch makes contact at the beginning of a wnd
cycle (zero wind cycle degrees), the notor 222 and the turret assenbly 200
shoul d be at ap _angul ar position such that the actual positi

turret assenbl?’ %% measur ed by 10 the encoder 5222 corresponds to a
cal cul ated, desired position of zero wind cmgiegrees However, if the
belt 224 dr|V|ng the turret assenbly 200 sh lip, or if the axis of the
motor 222 shoul d otherw se nove relative to the turret assenbly 200, the
encoder will no | onger provide the correct actual position of the turret
assenbl'y 200. 15 I n one enbodi nent the progranmabl e control system
can be programmed to allow an operator to provide an offset for that
particul ar conponent. The offset can be entered into the random access
menory of the programmable control systemin increnents of about 1/10 of a
| og wi nd cycle degree. Accordingly, when the actual position of the
conponent matches the desired, cal cul at Ot i on 2408 the conponent

nodi fied by the offset, the conponent is co&;&ered o0 be i,42%hase with
respect to the position of the bedroll i nd'gxﬁye. éynh an
of fset capability allows continued o atign he wi nfded’ appar atjus 90
unti| nechanical adj ust 30&s can be \_| i predt, 4 suijtabl e
progranmabl e control s - 489
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257 phasing the position of the independently driven conponents conprises a
programmabl e el ectronic drive control system having programmabl e random
access nmenory, such as an AUTOVAX progranmabl e drive control system
manuf actured by the Reliance Electric.Conpany of O evel and, Chio. The .
AUTOVAX programmabl e drive system can be operated using the follow ng 30
manual s, all ofobksgaks are incorporated herein by reference: AdifddgmmEst em
Qperati on Manual Version 3.0 J2-3005; chwég ogranm ng Reference Manual
J-3686; and _ § ference Man 3656, 3658. It will be
under st ood, hpwever, A4 A52bodi nents of the present invention,
ot her control s%/st eng as% hose avail abl e from Enerson El ectronic
Conpany, 35 ew's, an@b5@he General Electric Conpany coul d
al so be used. Ref gy guﬂe/?,l, t he AUTOVAX programmabl e drive
control systemin ; ~n9v4 Aower supplies 5010, a comon menory
nodul e 5012, “ﬁﬁ e+ gpeessors 5014, a network connection
nodul e 5016, a pl Uty ¥=dual axis programmabl e cards 5018 (each axis
corresponding to allab) big bk 1) r-ié:g one of the independently driven
conponents), resolv-il' » MDd 5020, general- input/output cards 5022,
and a VAC di gi t;g Ui arggQ WO 96/ 38362
PCT/ US96/ 07456 39 5 5pPP4.e~The AUT system al so includes a plurality of
nodel HR2000 3Pgar;—°” ol l ers /50304 K. Each notor controller is associated
ul ar
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motor. For instance, notor controller 5030B is associated with the servo
not or 222, which drives rotation of the turret assenbly 200. The comon
menory nodul e 5012 provides an interface between multiple 10

m croprocessors. The two Model 7010 nicroprocessors execute software .
prograns which control the independently driven conponents. The network
connecti on nMoGyhgemddP transmts control and status data betW@ﬂﬁdﬁkmﬁs
operator interface and other components of the programabl e control system
5000, as well as between the programmabl e COl'@/%B system 5000 and a
prqogrammabl e mandrel 15 drive control system 6000 di scussed bel ow. The
dual axis progranmmabl e cards 5018 provide individual control of each of the
i ndependently driven conponents. The signal fromthe bedroll proximty
swi-tch is hardwired into each of the dual axis programuabl e cards 5018. The
resol ver input nodul es 5020 convert the angul ar @58 acement of the

resol vers 5200 and 5400 (discussed j td(aigital 20 data. The

general input/output cards 5042 & Yata exchange anong

di fferent conponents of the controld he VAC digital output
card 5024 provides output to brakes ng 5424 associated with notors
222 and 422, respectively. In one € —the—meanerel drive notors 332A
and 332B are 25 controlled by & prog le map@SD drive control system
6000, shown schematically in 321 Jhe no 4% §§2A and 332B can be 30
HP, 460 Volt AC notors. The/ArogramuahE el dﬁ've control system 6000

can include an AUTOVAX sys¥em i ncl udi - powergsuppl ;- 3990, a4$ﬂgnnn
menmory nodul e 6012 havi ng/r D /A e raJﬁp*oce si ng
units 6014, a 30 networ ﬁrpmni catio E‘T)LO; i'din 462
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——

programmabl e mandrel control system 6000 and the programmabl e control
system 5000, resolver input cards 6020A-6020D, and Serial Dual Port cards
6022A and 6022B. The progranmabl e mandrel drive control system 6000 can
al so include AC notor controllers 6030A and 6030B, each having current
f eedback 6032 and 35 speed regul ator 6034 inputs. Resolver input cards
6020A and 602 lLve inputs fromresol vers 6200A and 6200 '
provi de a si g%g?% ed to the rotary position of the mandr?lcr H?/dg“sr‘rsotors'
332A and 332B, respectively. Resolver i npqtle,czgj 6020C receives input from
a resol ver 6200C, "which provides a signal related to the angul ar position
of 'the rotating turret assenbly 200. |In one AQ50®bodi nent resol ver 6200C
and the resol ver 5208480AFi gure 31 can be opfie WO 96/ 38362
PCT/ US96/ 07456 40 5} and the sanmg-30@sol verl igput cardd@26D receives input
froma resol ver 62Q0D, w0 pred+des h sigrdP Y 2lead he angul ar
position of the bedto & An P alg w sttOwn) , whi ch can
i ncl ude a keybos ﬁ\ CRf Shl J¢—Used to enter data into, .and
di splay data fr@md A) ar anmees.e ; ~<4.‘" PAB2 A suitabl e operat or
interface is a XXM -x..'!-.lww' sta%hz manuf act ured by

\'wm\‘: operator interface
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can be jogged forward or reverse, individually or together by the operator.
In 15 addition, the operator can type in a desired offset, as described
above, fromthe keyboard. The ability to nonitor the position, velocity,
and current associated with each drive nmotor is built into (hard wred
into) the dual axis programmabl e cards 5018. The position, velocity, and
current associ it h each drive notor is neasured and congqﬁﬁ#

associ at ed posﬁ%ﬁgﬁﬁk%eIOC|ty and current limts, respective i#%
progranmmabl e control system 5000 halts opedﬁvﬁﬂﬁ of aII the drive notors if
any of the position, velocity, or current linmts are exceeded. In Figure 2,
the rotatably driven turret assenbly 200 and the rotating cupping arm
support plate 430 are rotatably driven by separate servo notors 222 and
422, respectively. The notors 222 and 422 can continuously rotate the
turret 25 assenbly 200 and the rotating cupping arm support plate 430
about the central axis 202, at a generally constant angular velocity. The
angul ar position of the turret assenbly 200 and the angul ar position of the
cuppi ng arm support plate 430 are nonitored by position resolvers 5200 and
5400, respectively, shown schematically in Figure 31. The programuabl e
drive system 5000 halts operation 30 of all the drive notors if the angular
position the turret assenbly 200 changes nore than a predeterm ned nunber
of angul ar degrees with respect to the angul ar position of the support

pl ate 430, as neasured by the position resolvers 5200 and 5400. In an
alternative enbodi nent, the rotatably driven turret assenbly 200 and 35

t he cuppi ng arm support plate 430 coul d be nﬁ d on a common hub and be
driven by a single drive notor. Such an ary8 t has the disadvant age
that torsion of the comon hub iMATErTONMEYLIOD—eXotating turret and

cupping arm 142
| s~
142A

b
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1428
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support assenblies can result in vibration or m spositioning of the nmandrel
cups with respect to the mandrel ends if the connecting hub is not nade
sufficiently 40 massive and stiff. The web w nding apparatus of the
present invention drives the independently supported rotating turret
assenbly 200 and rotating cupping arm WO 96/ 38362

PCT/ US96/ 07456 support plate 430 with separate drive are
controlled to rf'g(l}% 836 posi tional phasing of the turret assegg{rgﬁéélapggnd :
the mandrel cupping arns 450 with a conmon ﬁ%ﬁgepnce, t her eby nechanically
decoupling rotation of the turret assenbly 2 and the cuppi ng arm support
plate 430. In the enbodi nent described, the notor driving the bedroll 59 is
separate 10 fromthe nmotor driving the rotating turret assenbly 200 to
mechani cal |y decouple rotation of the turret assenbly 200 fromrotati on of
t he bedroll 59, thefe rsola the tufret assenbly 204 from vi brations
caused by the upstramiw ndi ng egui pnent A ting turret
assenbly 200 separafely fromthelpedroll e ratio of
revolutions of the turfet assenh revol utio 5 the bedroll 59
to be changed el ectjonfcally, ratfEer—igp by changi ni cal gear
trains. Chang&lf rptio of turrfger—hssenbly rotatijons tp bedrol

rotations can be uded fo change tHe | gngth of the wgb wouhd on each core,
and therefore change the nunber ofl pe[forated sheetd of the web which are

59 also allo

wound on each core.} For - 511
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20- instance, if the ratio of the turret assenbly rotations to bedrol
rotations is increased, fewer sheets of a given length will be wound on
each core, while if the ratio is decreased, nore sheets will be wound on
each core. The sheet count per | og can be changed while the turret assenbly
200 is rotating, by changing the ratio of the turret assenbly rotational
speed to the | bedroll rotational speed 25 while tu |y
200 is.rotatiﬁgﬁhgﬁg%ne enbodi ment according to the present ?ﬁ@gﬁﬁﬁ%ﬁgbtmo
or nore mandrel wi nding speed schedul es, or|gpp@ el speed curves, can be
stored in random access nenory which is accessible to the programmabl e
control system 5000. For instance, two or nore mandrel speed curves can be
stored in the common 30 menory 6012 of the progranmabl e mandrel drive
contrpl system 6000. Each of te nmandrel speed curves stored in the random
access nmenory can correspond to a different size log (different sheet count
per |og). Each mandrel speed curve can provide the nmandrel w nding speed as
a funetion of the angular position of the turret assenbly 200 for %%

yﬁ k@ on of

particul ar sheet count per |og¢. The we S a
t he desired sheet count: pe y chanaqj f agrtvati on o
the chopoff solenoid. In o T ment Fti eetqy t r{ ¥og can be
changed while the turret a o0 i g riBtating Hy: 1) ng at | east
two mandrel speed curves i ahl e |mepory, su as 40l| t kndom access
menory accessible to the pidg |l 4 cdntfpl syst Q

s0a| | =1
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5 2) providing a desired change in the sheet count per log via the
operator interface; 3) selecting a mandrel speed curve from nenory, based
upon the desired change in the sheet count per log; 4) calculating a
desired change in the ratio of the rotational speeds of the 10 turret
assenbly 200 ndrel cupping assenbly 400 to the rota}l ed
of the bedrol?aggkggwgafunction of the desired change in theq%hgggbgéﬁﬁt
per log; 5) calculating a desired change iné?ggsati os of the speeds of the
core drive roller 505A and mandrel support driven by notor 510; the
mandrel support 710 driven by notor 711; the glue nozzle rack actuator
assenbly 840 driven by 15 notor 822; the core carrousel 1100 and core
gui.de. assenbly 1500 driven by the notor 1222; the core | oadi ng conveyor
1300 driven by motor 1322; and the core stripping apparatus 2000 driven by
not or 2022; relative to the rotational speed of the bedroll 59 as a
functron of the desired chagge in the sheet count per |og; 6) cFanging t he

el ectronic gear ratios of tHe rret| assenbly 200 and the 20 dr el
cuppi ng assenbly 400 with respeg¢t td the bedroll 59 in order t® change the
ratio of the rotational speedp pf t Qurret assert®ly 200 and ®Be nandrel
cuppi ng assenbly 400 to the ry =tionaH\speeﬂ'§? tﬁa ﬁsdroll 59; 7) changing
the el ectronic gear ratiogof gl | oW ng cdrpdaen Wi th respect to the
bedroll 59 in order to chagge Frer-s—el ative 2s to
the bedroll 59: the corée dr\VE pport 610 driven
by notor 510; the nmandrel suppg 1; the glue nozzle
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actruat or assenbly 840 driven by notor 822; the core carrousel 1100 and core
gui de assenbly 1500 driven by the notor 1222; the core | oadi ng conveyor
1300 driven by notor 1322; and the core stripping apparatus 2000 driven by
notor 30 2022 relative to the rotational speed of the bedroll 59; and 8)
severing the web as a function of the desired change in the sheet count per
| og, such as b i ng the chopoff solenoid activation tim j me

t he sheet coun?"%@é&k%g i s changed, the position of the indeggﬁggﬁﬂ%gd
driven conponents can be re-phased with resES?gE%o the position of 35 the
bedroll wthin a log wind cycle by: determ fith n updated | og wi nd cycle
based upon the desired change in the sheet count per |og; determ ning the
rotational position of the bedroll within the updated | og w nd cycle;
det-erm ning the actual position of a conponent relative to the rotational
position of the bedroll within the updated | og wind cycle; calculating the
desired position of the 40 conponent relative to the rotational position
of the bedroll within the updated |og wind cycle; calculating a position
error for the conponent fromthe actual and WO 96/ 38362

PCT/ US96/ 07456 43 5 desired positions of the conponent relative to the
rotational position of the bedroll within the updated | og wi nd cycle; and
reduci ng the cal cul ated position error of the conponent. Wile particular
enbodi nents of the present inventigpdave been illustrated

\
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10- and descri bed, various changes and nodifications can be made w t hout
departing fromthe spirit and scope of the invention. For instance, the
turret assenbly central axis is shown extending horizontally in the
figures, but it will be understood that the turret assenbly axis 202 and
the mandrels could be oriented in other directions, including but not

limted to ver‘;v'bgglsdaxz It is intended to cover, in 15 the amggoﬁgeai ns,
cati :

all such nodifi ons and intended uses. WO 96/ 38362

PCT/ US96/ 07456 44 [err] WO 96138362 ,7/2"6

PCT/ US96/ 07456 45 [err] WO 96/ 38362 :

PCT/ US96107456 [err] . 46
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WD-96/ 38362

47 [err] WD 96/ 38362

PCT/ US96107456 48 [err] WO 96/ 38362
PCT/ US96/ 07456 49 [err] WD 96/ 38362
PCT/ US96/ 07456 50 [err]

WO 96/38362

PCT/ US96/ 07456

PCT/0S96/07456
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WD-96/ 38362 PCT/ US96/ 07456 51
[err] WD 96/ 38362 ' '
PCT/ US96/ 07456 52 [err] WD 96/ 38362
PCT/ US96/ 07456 53 CLAIMS: 1. A nethod of wi nding a continuous web of
material onto hollow cores to formindividual |ogs, the | ogs having
di fferent Ieng&ggdﬁu&he material wound thereon, the nmethod GRURbSi7AEE t he
steps of: providi'ng a rotatably driven turret assenbly supporting a
plurality of rotatably driven nmandrels for |B/@&g the web of material onto
cores supported on the nmandrels; providing a rotatably driven bedroll for
transferring the web of material to the

862\

860 A

Fig.20B



rotatably driven turret assenbly; rotating the bedroll; rotating the turret
assenbly to carry the mandrels in a closed path; winding the nmaterial onto
cores supported on the nandrels to formlogs having a first predeterm ned
|l ength of the material; and changing the I ength of the material wound onto
the cores while rotating the turret assenbly to formlogs having a second
predeterm ned length of the material, wherein the first |engthohRoddshdeer ent
fromthe secoﬁﬂopgﬂﬁ 2. The nmethod of Claim 1 conprising the step of
continuously rotating the turret assembly; whp(pigt he step of ‘cont i nuously
rotating the turret assenbly preferably conprises the step of continuously
rotating the turret assenbly after the step of changing the | ength of

mat erial wound onto the cores is conpleted; and wherein the step of
continuously rotating the turret assenbly pref@ apy conprisesghhe step of

continuously rotating the turret assenbly befo e step of ging the
length of material wound onto the core is |n|tg§t . 3. e tfhod of
Clainms 1 or 2 conprising the steps  ofi—cortirdousty—rotdt Mg tie turret
assenbly at a first generally constlant anqul ar Jveljocity Ile fprmng | ogs
having the first predetermned length of the nmateyial; and contfi nuously
rotating the turret assenbly at®™ $econd nt angul ar
velocity while form ng | ogs havﬁb t he 44l pr €ldet er m n
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| enagth of the material. 4. A nmethod of wi nding a continuous web of materi al
onto hollow cores to formindividual |ogs, the |ogs having different

| engt hs of the material wound thereon, the nmethod conprising the steps of:
WD-96/ 38362 .
PCT/ US96/ 07456 54 providing a rotatably driven turret assenbly supporting a
plurality of r W‘PF driven mandrels for w nding the web of&m% ' onto
cores supporte b%n % mandrel s; providing a rotatably driverf be rgo I for
transferring the web of material to the rofajAREy driven turret assenbly;
rotating the bedroll; rotating the turret assenbly to carry the nmandrels in
a closed path; winding a first lepgth of the material onto cores supported
on the mandrels to forml ogs havi$g the first length of the terial;
changj ng the speed of rotation the turret assghbly relatiye to the speed
of rotation of the bedroll whilgrotating the tugy et assenblr; and w ndi ng
a second length of material ont®dores sup@orted—'en the mandfels to form

| ogs having the second | ength of terial ovvhere&h t he secoﬁ length is
different fromthe first I®ngth. 5N\ The Method M C aim 4 #herein the
steps of wi nding the mat etPal_ont g=Rke .
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cores conprises: varying a wi nding speed of the mandrels according to a
first speed schedule for wnding the first length of the material onto
cores; and varying the w nding speed of the mandrels according to a second
speed schedul e for winding the second length of the material onto the
cores, wherein the first speed schedule is different fromthe second speed
schedule.. 6. _The nethod of Cains 4 or 5 wherein the step B%l‘l%?ﬁbg%gag t he
speed of rotatWBMRH6% he turret assenbly relative to the speed of rotation
of the bedroll while rotating the turret <20 v conprises the step of
phasi ng the positiion of the=turret assenbl’'y wth respect to the pgsition of
the bedroll within a |log wihd Cypies. /. wJhe nethod of Caimé6 Wn%ein t helQD
step of phasi ng..t.h.e-pos.i_t_i_n{n_ot- s

- T o the Tp]

position of ttEbetr orHt—wnrtht n—aToo—" ol
determ ning an Gpdated Tog W nad cycle on
~between the first and second | engths; determ )
of the bedroll within the updated |og w fd cy ; — h'-l
position of the turret assadbly ' t o rotatio§l positi§1 o) ef
bedrol | within the updatedd og ﬁ
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WD. 96/ 38362 PCT/ US96/ 07456
55 determning the desired position of the turret assenbly relative to the
rotational position of the bedroll within the updated | og wi nd cycle;
calculating a position error for the turret assenbly fromthe actual and
desired positions of the turret assenbly relative to the rotational
position of the bedroll within the updated | og wi nd cycle; a hiag the
cal cul at ed pos‘]VPPW3@rror of the turret assenbly. 8. The m?&‘g@@%?ﬁgaai ns
4, 5, 6, or 7 conprising the steps of: co t'/\gg;usly rotating the turret
assenbly at a first genegally constant angéa elocity while form ng | ogs

th %«;u the material; and contjnuously rotating the

Ayld general Iy constary angdT ¥ velocity while

forning | ogs having the/ifRkond |ength of the muk A aS 9. A nethod of
wi ndi ng a continuous g Material onto hall gf# ’i’. & to formindividual
| ogs, the | ogs havi ng lINGR#Ir ent | engt hs of t f‘\ wound t hereon, the
met hod conprising tife DBl of : providing atOgRskwo i ndependently driven
conponents, the pos¥tiff each independent'Py #n conponent being
mechani cal | y decou%e ‘ h t he positions of t fier independently driven
conponents, wher ei Matig it one of the indepe ity driven -conponents
conprises a rotatab #n turret assenbly siibpo
rotatably driven d

having the first le
turret assenmbly at g°§
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rotatably driven turret assenbly, wherein the position of the bedroll is
mechani cal | y decoupled fromthe positions of the independently driven
conponents; providing a programrabl e control systemfor controlling the
position of the independently driven conmponents; providing nmenory :
accessible to the programmable control system providing a first mandrel

w ndi ng speed schedul e and a second nmandrel w nding speed sc Hkﬁybﬂ%
menory accessi WPa64836% e programuabl e control system wherein the tirst
mandrel wi nding speed schedul e corresponds2gp/2g@og having a first length
of the material, and wherein the second mandrel w nding speed schedul e
corresponds to a log having a second length of the material; rotating the
bedrol |; driving the independently driven conponents, wherein the turret
assenbly is rotated to carry the mandrels in a closed path; WO 96/ 39362
PCT/ US96/ 07456 56 varying the w nding speed of the mandrels according to
the first mandrel w nding speed schedule for wi nding | ogs having the first
|l ength of the material; changing the speeds of the individually driven
conponents relative to the
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rotational speed of the bedroll while rotating the turret assenbly; ‘and
varying the wi nding speed of the mandrels according to the second mandrel

wi ndi ng speed schedul e for w nding | ogs having the second | ength of
material. 10. The nethod of Claim9 wherein the step of changing the speeds
of the individually driven conponents relative to the speed of rotation of
t he bedroll cogny the step of phasing the position of thepiPEdods 1y
driven conponent J\HQ’?% respect to t he pos?& éf t he bedrol | el\,/vlt |9ﬁha og
wi nd cycl e.
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_] of the mandrel (200) along the core stripping

] tinuously, and the sheet count per wound log

(54) Title: METHOD OF WINDING LOGS WITH DIFFERENT SHEET COUNTS

(87) Abstract

A web winding apparatus (90) and a
method of operating the apparatus are dis-
closed. The apparatus can include a turret as-
sembly (200), a core loading apparatus (1000),
and a core stripping apparatus (2000). The
turret assembly (200) supports rotatably driven
mandrels (300) for hollow cores (302)
upon which a paper web (50) is wound. Each
mandrel (300) is driven in a closed mandrel
path (320), which can be non-circular, The
core loading -apparatus (1000) conveys cores
(302) onto the mandrels (300) during move-
ment of the mandrels (300} along the core load-
ing 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

50/

segment (326) of the closed mandrel path (320). .
The turret assembly (200) can be rotated con-

(51) can be changed as the turret assembly
(200) is rotating, The apparatus (90) can also
include a mandrel (300) having a deformable
core engaging member (3100). The sheet count
or web length per wound log (51) can be var-

332A,B|

led by varying the rotational speed of the turret .
assembly (200) relative to the rotational speed
of the bedroll (59) from which the web (50) is
transferred to the turret assembly (200).




