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TURRET ASSEMBLY 10 FI ELD OF THE I NVENTION This invention is related to an
apparatus for winding web nmaterial such as 15 ti ssue paper or paper
toweling into individual logs. More particularly, the invention is rel ated-
to a turret winder for winding web material into individual |ogs.
BACKGROUND OF Tiirodiashég\NT! ON 20 Turret winders are well ky@ysosdralidre
art. Conventional turret winders conprise a rotating turret assenbly which
supports a plurality of mandrels for rotation about a turret axis. The
mandrels travel in a circular path at a fixed distance fromthe turret
axi s. The mandrgl s engage hol |l ow cores upon which a paper web .can be wound.
Typi cal ly, the paper web is unwound froma parent roll 25 in a continuous
fashiqn, and the turret wi nder rew nds the paper web onto the cores
supported on ‘the mandrels to provide individual, relatively small dianeter
| ogs. Wil e conventional turret w nder or w nding of the web
mat eris=al on mandrel s as the mandrel s gﬁgﬁgngﬁgghggE%t the axis of a turret
30 assenbly, rotation of the turret assenbly is indexed in a stop and
start manner tgoprovide for core |oading and | og unl oading while the
mandrel s are stationary. _

FIELD OF THE INVENTION
This invention is related to an apparatus for winding web material such as
15 tissue paper or paper toweling into individual logs. More particularly, the
invention is related to a turret winder for winding web material into individual
logs. -

BACKGROUND OF THE INVENTION
20 Turret winders are well known in the art. Conventional turret winders
comprise a rotating turret assembly which supports a plurality of mandrels for
rotation about a turret axis. The mandrels travel in a circular path at a fixed
distance from the turret axis. The mandrels engage hollow cores upon which a
paper web can be wound. Typically, the paper web is unwound from a parent roll
25 in a continuous fashion, and the turret winder rewinds the paper web onto the
cores supported on the mandrels to provide individual, relatively small diameter
logs.
While conventional turret winders may provide for winding of the web
material on mandrels as the mandrels are carried about the axis of a turret
30 assembly, rotation of the turret assembly is indexed in a stop and start manner to
provide for core loading and log unloading while the mandrels are stationary.
Turret winders are disclosed in the following U.S. Patents: 2,769,600 issued
November 6, 1956 to Kwitek et al; U.S. Patent 3,179,348 issued September 17,
1962 to Nystrand et al.; U.S. Patent 3,552,670 issued June 12, 1968 to Herman; -

- - 35 and U.S. Patent 4,687,153 issued August 18, 1987 to McNeil. Indexing turret

' assemblies are commercially available on Series 150, 200, and 250 rewinders

. manufactured by the Paper Converting Machine Cnmpuw'of Green Bay,
Wisconsin.

ThelhpurCUmmmh@;h&whhe(kmunnylhmuhuumLGmdctﬂmng=250
40  Series Rewinder Training Manual discloses a web winding system having five
servo controlled axes. The axes are odd metered winding, even metered winding,
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nmechani sns for secur VAous censtructions rfandeare heldersi ninglvding (mandsal: locking
Pat ent 10  mechanisms for securing a core to a mandrel, are known in the art. U.S. Patent
4,635,871 issued Jan. 13, 1987 to Johnson et al. discloses a rewinder mandrel
having pivoting core locking lugs. U.S. Patent 4,033,521 issued July 5, 1977 to
Dee discloses a rubber or other resilient expansible sleeve which can be expanded
by compressed air so that projections grip a core on which a web is wound. Other
15 mandrel and core holder constructions are shown in U.S. Patents 3,459,388;
4,230, 286; and 4,174,077.

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

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

Accordingly, it is an object of the present invention to provide an apparatus
for winding a continuous web of material into individual logs.

Anotherobjectofthepresentmvenhonmtopravxdeaunretassemblyfor

25 carrying mandrels in a non-circular closed path.

Another object of the present invention is provide a turret winder capable of
rotaﬁngconﬁnuouslyatagenerallyeonstantanguhrvelocity.

Another object of the present invention is to provide a turret assembly
having a rotating mandrel support, wherein each mandrel is supported for

30 translation relative to the mandrel support and for rotation ahout a mandrel axis.

Another object of the present invention is to provide a turret assembly

comprising replaceable sectors for changing the shape of a closed mandrel path.

SUMMARY OF THE INVENTION
35 The present invention comprises a web winding apparatus for winding a
continuous web of material into individual logs. In one embodiment of the
present invention, the web winding apparatus comprises a turret winder having a
rotatably driven turret assembly ‘supported on a frame for rotation about a turret
assembly central axis. The turret assembly supports a plurality of rotatably driven
40 mandrels for engaging cores upon which a paper web is wound. Each mandrel
extends from a first mandrel end to a sccond mandrel end and has a mandrel axis



4,635,871 issued Jan. 13, 1997 to Johnson et al. discloses a rew nder
mandr el having pivoting core |ocking lugs. U S. Patent 4,033,521 issued
July 5, 1977 to Dee discloses a rubber or other resilient expansible sleeve
whi ch can be expanded by conpressed air so that projections grip a core on
which a web is wound. Other 15 mandrel and core hol der constructions are

shown in U. 33 Pg%@g{ls 3,459, 388; 4,230, 286; and 4,174, 077. p&ivesesiormsof the
turret asse P§ ndesi rabl e because of the resulting inertia forces and’

vi bration caused by accel erati ng and decel%rating a rotating turret
assenbly. In addition, it is desirable to speed up converting operati ons,
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Anot her obj ect fiandreEpgtliesent i'nvention is to prOV|de a turret assenbly -
cONpr Sing.epl 26 ik Sk a1 bl R eShpnt 1680
bat ' the mandrels. Each mandrel is supported for translation relative to the rotating

15 mandrel support, and each mandrel is supported for rotation of the mandrel about
its mandrel axis. In one embodiment, the mandrels are slidably supported for
translation relative to the rotating mandrel support along a path having a radial
‘component and a tangential component . relative to the turret assembly central
axis.

20 The web winding apparatus can further include a stationary mandrel guide
for positioning the mandrels along the closed path. Each mandrel can be supported
for rotation about its mandrel axis on a mandrel bearing support assembly, with
each mandrel bearing support assembly slidably engaging the rotating mandrel
support. The mandrel guide can have a cam surface corresponding to the closed

25 mandrel path. A cam follower is associated with each mandrel bearing support.
As the mandrel bearing supports are carried about the turret assembly central axis
on the rotating mandrel support, the cam follower associated with each mandrel
bearing support engages the cam surface of the mandrel guide. Engagement of a
cam follower with the cam surface positions the associated mandrel radially and

30 tangentially with respect to the turret assembly central axis, thereby providing a
non-circular closed mandret path.

In one embodiment, the mandrel guide comprises replaceable sectors.
Fach replaceable sector can include a portion of the full cam surface.  Sectors
wﬂhdﬁﬁmmﬂy:qud,qmmqmmﬁm;smnmmiofﬂwfmlammmnﬁwecmxbe

" 35 interchanged to vary the shape of the closed mandrel path.



SUMVARY OF THE | NVENTI ON 35 The present invention conprises a web

w ndi ng apparatus for wi nding a continuous web of material into individual

| ogs. I n one enbodi ment of the present invention, the web w nding appar at us
conprises a turret winder having a rotatably driven turret assenbly :
supported on a frame for rotation about a turret assenbly central axis. The
turret assenubggégﬁgprts a plurality of rotatably driven 40 geysdoghfad OF
engagi ng cores upon which a paper web is und. Each mandrel extends from a
first mandrel end to a second mandrel end and has a nandrel axis WO

96/ 38364 ' PCT/ US96/ 07443 3 5

generally payallel to the t (ﬁ? ggch mandrel is
supported on the t t asseiﬁ! ‘ or |gﬁpep d r ot at Re of t he mangrel
about its mandrel aXt¥® | path
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mandrel and t heaccompanyingdrawisgyinwhiehial axis varies as a function of the
posi tion ofyd he marEigate Bi@ﬂ@eﬁb&nﬁévﬁﬁdoﬂmﬂkﬁﬁaﬁﬁdﬁr core guide apparatus,

and core loading apparatus of the preseat invention.
Flgurezlsapamallycutawayfmntvxewofthemrretmnderofthe

present invention.
F:gure3A1samdev1ewshawmgtheposmonofﬂxeclosedmandrelpath

15 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.
Figure 4 is an enlarged front view of the rotatably driven turret assembly

20 shown in Figure 2.

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

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

Figure 7 is a sectional view taken along lines 7-7 in Figure 6 and showing a

25 mandrel extended relative to a rotating mandrel support plate.

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

FIngmanmlargedmewofthemandrelcuppmgassemblyshownm
Figure 2.

30 Figure 10 is a side view taken along lines 10-10 in Figure 9 and showing a
cupping arm extended relative to a rotating cupping arm support
plate.

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

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

uncupped position of the cupping arm shown in phantom. |

Figure 13 is a perspective view showing positioning of cupping arms
provided by stationary cupping arm closing, opening, hold open, and
hold closed cam surfaces.

40 Figmel4xsavxewofamuonarymandrelpos1uomnggmdecompnsmg
separable plate segments.



The turret assenbly can include a rotating nmandrel support for supporting
the mandrels. Each mandrel is supported for translation relative to the
rotating 15 mandr el support, and each mandrel is supported for rotation
of the mandrel about its mandrel axis. In one enbodnent, the mandrels are
slidably supported for translation relative to the rotating mandrel support

al ong a pat hyha, %a radi al conmponent and a tangential conpepRRésgrgdsati ve
to the turret assenbly central axis. 20 3 The web wi ndi ng appar at us

can further include a stationary mandrel guide for postioning the mandrels
al ong the cl osed path Each mandrel can be supported for rotation about its
mandrel axi sgon a

beari ng support asse Sl,| enga t he rotaty ndrei su%lgio?t
The_mandrel gui de can h%djé‘gﬂ%&ﬁﬁﬁ%e gﬁ?mdﬂﬂdlrﬁj “the cl osed 25
mandr el pat h. Acanﬁgﬁébﬁuamﬁa&m@m@dﬂwﬂﬁﬁmmlﬁirel bearing
support. As the mn@:ﬁ-!remsratﬁan@ﬂw%ra ﬁtﬁ t Bedibly! et
[
g3 B,

assenbly central ax|s on he rot e cam foll oner
associ ated with eacKEHER4S L ‘cam surface of the
nmandrel gui de. Engaﬁfgmwiia ﬁmﬁguwlﬂ surface positions

t he associ ated mand Mﬁﬁ@%ﬁm he
turret assenbly central axi ere o | |ng a non circular ose
mandrel path. In one enﬁ?&ﬂi‘bh’lh" gui de conprises repl aceabl e

sectors. Each repl aMdﬂBentmmdeaﬂewotImeapimmgrasemiﬂthuilme
surface. Sectors 20A.
15 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
Figure 23 is a schematic side view shown partially in cross-section of the
20 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 arempvnewsshumngawebwoundcorebemg
stripped from a mandrel by the core stripping apparatus. _ :
25  Figure 26 is a schematic side view of a mandrel shown partially in cross-
Figure 27 is a partial schematic side view of the mandrel shown partially in
cross-section, a cupping arm assembly shown engaging the mandrel
nosepiece to displace the nosepiece toward the mandrel body, thereby
30 compressing the mandrel deformable ring.
Figure 28 is an enlarged schematic side view of the second end of the
mandrel of Figure 26 showing a cupping arm assembly engaging the
“mandrel nosepiece to displace the nosepiece toward the mandrel body.
Figure 29 is an enlarged schematic side view of the second end of the

. 35 mandrel of Figure 26 showing the nosepiece biased away from the
mandrel body.
. ~ Figure 30 is a cross-sectional view of a mandrel deformabie ring.

Figure 31 is a schematic diagram showing a programmable drive control
symforeontromngmemdependenﬂydnvecomponentsoftheweb
40 winding apparatus.



with differently shaped, correspondi ng segnents of the full cam surface can
be 35 interchanged to vary the shape of the cl osed nandrel path. WO
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5 BRI EF DESCRI PTI ON OF THE DRAW NGS Wi | e t he speci fication
concl udes with clains particularly pointing out and distinctly claimng the
present invegid it is believed the present invention w | pbchRshihiar
under st ood from the foI | ow ng descri pti onFén conjunction with the
acconpanyi ng draw ngs in which: 10 Igure 1 is a perspective view of
the turret wi nder, core guide apparatus, and core | oading appar atus of the

present inveption. ﬁi%w ?ﬁ wsﬁm,mg éx‘aﬂﬂﬂag #W'e
turret WlndeJ'F1 of th resen |nven§|on ur e g%s a sl de view show ng

the position of the cl oSenirohsystemfor cantrolling man drive mOIORS. randrel drive
systemof the turret winder of the preset invention relative to an upstream
conventional rew nder assenbly. Figure 3B is a partial front view of the
mandrel drive systemshown in Figure 3A taken along lines 3B-3B in Figure
3A _

v



Figure 4 is an enlarged front view of the rotatably driven turret assenbly
20 : shown in Figure 2. Figure 5 is schematic view taken al ong
lines 5-5 in Figure 4. Figure 6 is a schematic illustration of a mandrel
beari ng support slidably supported on rotating nandrel support plates. -
Figure 7 is a sectional view taken along lines 7-7 in Figure 6 and show ng
a 25 saiRpdrel extended relative to a rotating mapgdyRisosiosRaaOr t

pl at e: F|gure g 'S a viewsimlar to that pf Figure 7 show ng the mandre
retracted relative to the rotating nandrel support plate. Figure 9 is an
enl arged view of the mandrel cupping assenbly shown in Figure 2. 30

Figure 10 i a side vi ewggigr b DESCRIPEION OFPHE INVENTION and shovw ng a

cuppi ng arm ext end rela.tlvetoarotatln n rt re 11
is aviewsimlar t m&gﬁgﬁﬁﬁ&w

relative to théommm&qmtmmmﬁﬂmt ‘&iﬂdmgm Wﬂz is
a view taken algpgt wWindes 1607 agﬁg%eymt lﬁéo?@

position of the n ar.m sho fom 4 El gur a p ectlve
vi ew showi ng p(ﬁ\%tqp&ﬁ?% @BWFW@ ¥ ?b‘e%l’t‘s’é%% P? Behg arm
cl osing, opni ngindémlQP. ofignre Jixia jpattidl sitle visw ofthe turrdt wigdsr U0 taken alosg gur e
14 is a view Offriag 3LHin Fipare)?, SROWIE'a méziubﬂﬂ'ﬁbﬁﬁ%ﬁerﬁﬁéﬁﬂyﬁip@ﬁam 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 S 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



separabl e plate segnents. WO 96/ 38364

PCT/ US96/ 07443 5 Figure 15 is a side view show ng the posi tion of
core drive rollers and a nandrel 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 assenbly. Figure 18 is

a view taken_al g@%l nes 18-18 in Figure 17. 10 Fi gur pct/Bsdemrqas vi ew

t aken al ong Vo 9 in Figure 17. Figgre 20A is an enl arged perspective
vi ew of the adhesive application assenbly shown in Figure 1. Figure 20B is
a side view of a core spinni ng assenbly shown in Fi gure 20A. 15

Fioure 1. B u,l’"ﬁ%‘z. WMWW WEAL
crgss SEC'[IO% POTHR ‘kﬁip mvﬁﬁg ﬁ%FPgﬁ’i"ey re 23 is
a schematic si Wmmmmﬁmm|mtmmgmmm
core gui de assqEhly i ink BisEnbé'béwéen the two points (10 inches).
In one embodiment of the present invention, thecoreloadmgsegment322
10 and the core stripping segment 326 can each comprise a straight line portion
having a maximum normal deviation of less than about 5.0 percent. By way of
example, the core loading segment 322 can comprise a straight line portion having
a maximum deviation of about 0.15-0.25 percent, and the core stripping segment
can comprise a straight line portion having a maximum deviation of about 0.5-5.0
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 segment
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 particular mandrel 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



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 stripped froma mandrel by the core stipping apparatus. 25

Figure 26 is a schematic side view of a mandrel shown partially in cross-
section. Fi gure 27 is a partial schematic side view of the mandrel shown

partially in {’é’%t on, a cupping arm assenbly shown engagipggokbsnrads
mandr el nosepl ece di spl ace the nosepiecegtoward the mandrel body,
t hereby 30 conpressing the mandrel deformable ring. Figure 28

i s an enl arged schematlc side view of the second end of the mandrel of

Fi gure 26 sho wfg @@“@5@ t
di spl ace the nosepl gc 0 rgﬂﬁ g%?e 29°1's an en&daged

schematic side vic@Heg Pty he 35 mandr el of
Fi gure 26 show ng thmmxbmwMMWMmmm3Mewe
30 is a cross- Se%ﬂnﬂ?& ' DY, §ved 5058 ftﬂéEBiPszo ﬁéﬂyﬂ&rg\}mhér

schemati c di agram sho brogra rrve con
controlling the %8R mewinder assembly

wi ndi ng appar1atu5015showanxgme3 andmcludesfeedmﬂsSZformngthewebSOtoa
perforator roll 54, a web slitter bed roll 56, and a chopper roll 58 and bedroll 59.

The perforator roll 54 provides lines of perforations extending along the
width of the web 50. Adjacent lines of perforations are spaced 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 50 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 manufumredbythePaperConvm;MachmeCompanyofGremBay
‘Wisconsin as a Series 150 rewinder system.

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

0 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
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6 5 Figure 32 is a schematic di agram show ng a proganmabl e mandr el
drive control systemfor controlling mandrel drive notors. WO 96/ 38364 -
PCT/ US96/ 07443 7 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON.

Figure 1 is a perspective view showi ng the front of a web w ndi ng appar at us

90 accor di NowpdskedRe Present invention. The web w ndi ng appapefisectfaas
conprises a turret w nder 100 having a stggionary frame 110, a core |oading

apparatus 1000, and a core stripping apparatus 2000. Figure 2 is a partlal
front view of the turret 10 W|nder 100 Flgure 3 is a partial side view of

the turret ndﬂgmﬂrgp
convent i onaY! web re aﬁg%‘&ﬁ SS I stream o%e turre%%é%la%ve
Descri ption of W@wﬁ’ MPM the Web180 upon theegase 3% t o

Figure 1, 2 anmwmmmwmm&msvwmmmmnmmdmm
core 302 (a web wound core). The mandrel drive apparatus 330 provides center
winding of the paper web 50 upon the cores 302 (that is, by connecting the

10  mandrel with a drive which rotates the mandrel 300 about its axis 314, so that the
webis-pulledontothecore),asopposedtosurfacewindi:igwhereinaporﬁonof
the outer surface on the log 51 is contacted by a rotating winding drum such that
the web is pushed, by friction, onto the mandrel,

'I‘hecenterwmdmgmandreldnveappmtus330¢ancompnseapmrof'

15 mandre] drive motors 332A and 332B, a pair of mandrel drive belts 334A and
334B, and idler pulleys 336A and 336B. Referring to Figures 3A/B and 4, the
first and second mandrel drive motors 332A and 332B drive first and second
mandrel drive belts 334A and 334B, respectively around idler pulleys 336A and .
"336B. The first and second drive belts 334A and 334B transfer torque to 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 rall 59 is driven by mandrel drive
belt 334A, and an adjacent mandrel 300B (an "odd* mandrel) supporting a core

25 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 so that the rate of rotation of one mandrel can be coatrolled independently

- of the rate of rotation of an adjacent mandrel. The mandrel drive motors 332A
and 332B can be controlled according to a mandrel winding speed schedule, which
provides the desired rotational speed of a mandrel 300 as a function of the 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



plurality of mandrels 300. The nmandrels 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 assenbly central axis 202. Each mandrel 300 extends
along a mandrel axis 314 generally parallel to the turret assenbly central
axis 202, fron1a 20 first mandrel end 310 to a second nmandrel end 312. The

mandrel s 300 ?%gggorted at their first ends 310 by a rot atgdyyseghiisyen
turret assenbly The mandrels 300 are rgl easably supported at their

second ends 312 by a mandrel cupping assenbly 400. The turret w nder 100
. preferably supports at Ieast three nandrels 300, nore preferably at |east 6

mandrel s 300, gange 1&3& 2t hepd gbﬁﬁsm%pﬁgrdﬂ%ﬁwggg gt en
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15 OOBaboutxtsaxxsa Accordingly, each drive pulley on a
mandrel300engagesoneofﬂ1ebelt8334A/3343wuansfetmtquetothemandrel |
300, and the idler pulley 339 engagestheotherofﬂlebelts334u3343 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
20 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
25  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.
30 The flighted conveyor belt 2010 can be angled with respect to mandrel axes
314 as the mandrels are carried along a generally straight line portion of the core
stripping segment 326 of the closed mandrel path, such that the flights 2014
engage each log 51 with a first velocity component generally parallel to the
' mandrel axis 314, and a second velocity compornent generally parallel to the
- 35 straight line portion of the core stripping segment 326. The core stripping
: apparatus 2000 is described in more detail below. Once the log 51 is stripped
from the mandrel 300, the mandrel 300 is carried along the closed mandrel path to
the core loading segment 322 to receive another core 302.
Having described core loading, winding and stripping generally, the
40 mdmdualelementsofﬂwwebmdmgappamﬂu%andthurﬁmeﬂonswﬂlnow
be described in detail. :



normal devi ation of the closed nmandrel path extendi ng between the two
points froma straight line drawn between the two points is no nore than
about 10 percent, and in one enbodinent is no nore than about 5 percent.
The maxi num 40 nornmal deviation of the portion of the closed mandrel path
ext endi ng between the two points is calculated by: constructing an

| magi nary i %%%gmen the two WO 96/ 38364 PCT/US96/07443

PCT/ US96/ 074 poi-nts; determ ning th® maxi mum di stance fromthe

i magi nary straight line to the portion of the closed nandrel path between
the two points, as neasured perpendicular to the imaginary straight |ine;
and di vi di ng 5t he maxi mum di st ance by the strai ght l'ine d| stance between the
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supported on the rotatably driven turret assembly 200 for independent rotation of
the mandrel 300 about its mandrel axis 314, and each mandrel is carried on the
15  rotatably driven turret assembly along the closed mandrel path 320. Preferably, at
ledst a portion of the mandrel path 320 is non-circular, and the distance between
the mandrel axis 314 and the turret assembly central axis 202 varies as a function
of position of the mandrel 300 along the closed mandrel path 320.
. Referring to Figure 2, and 4, the turret winder stationary frame 110
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 serve 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 furret 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




permt stripping of enpty cores fromnoving 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 nmandrel 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 mandre
path is about_13.4 percent, The second ends 312 of the nandr glcg3bkh7adse not
engaged by, oo se supported by, the;ymandrel cupping assenbly 400

al ong the core | oading segnent 322. The core | oadi ng apparatus 1000
conprises one or nore driven core |oading 25 conponents for conveying the
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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
andexmdsalonganelongatedslotontheﬁrstandsecondmtaungmandrel
-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
gmdeplate142canbesupportedbyfmmeendl32andﬂlesecondmandrelgmde
30 plate 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.



302 | oaded onto mandrels 300 are carried to the web wi ndi ng segnment 324 of
the cl osed nandrel path 320. Internedi ate the core.|loadi ng segnent 322 and
the web 40 wi ndi ng segnent 324, a web securing adhesive can be applied to
- the core 302 by WO 96/ 38364

PCT/ US96/ 07443 9 5 an adhesive application appar at us 800 as the core and

its associ at%gggﬁggel are carried along the closed mandrel pgahitvsntfst he
core 302 is carried along the web w ndi ng ygegment 324 of the closed nmandrel

path 320, a web 50 is directed to the core 302 by a conventional rew nder
assenbly 60 di sposed upstream of the turret w nder 100. The rew nder
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bet ween adj menbwmgboumg mdxﬂrmcmdsbeaﬁhghmm rigidly jGifledtvck manidrel | 59
severe the web gfiedflatk M6 "Hach maiirel dfdle plate 356 is slidably supported on a cross

member 234 for translation relative to the cross member 234 along a path having

a radial component relative to the axis 202 and a tangential component relative to

the axis 202. Figures 7 and 8 show translation of the mandrel slide plate 356

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 mandrel slide plate

can be slidably supported on a cross member 234 by a plurality of commercially

available linear bearing slide 358 and rail 359 assemblies. Accordingly, each

"mandrel 300 is supported on. the rotating mandrel support plates 230 for

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 mandret 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
hpModelHRZOOOsexvomomrmanufacmredbytthelmnceElecMcCompany
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



wi nd cycle, when web wi nding on one core 302 is conplete. The bedroll 59
al so provides transfer of the free end of the web 50 to the next core 302
advancing 20 along the closed mandrel path 320. Such a rew nder assenbly
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

bedrol | 59 canwg mugi ural radially noveabl e menbers havi ng r pgiraisbeior443
outwardly extendi'ng 1ences and pins, and ragially noveable booties, as is

known in the art. The chopper roll can have™25 a radially outwardly
extendi ng bl ade and cushi on, as is known in the art. U S. Patent 4,687,153
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15 differentplatesecmrhavmgadlﬁ'exenﬂyshapedsegmentoftheummface
groove, one segment of the closed mandrel path 320 having a particular shape can
be replaced by another segment having a different shape.
Suchmterchangeableplatesectorscanehmmatepmblemsencounwredwhen
winding logs 51 having different diameters and/or sheet counts. For a given’
20 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
25  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
30 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
- 35 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
40 plate sector having a differently shaped segment of the cam surface.



| og. 40 : A mandrel drive apparatus 330 provides rotation of each
mandrel 300 and its associated core 302 about the mandrel axis 314 during
novenent of the WD 96/ 38364

PCT/ US96/ 07443 10 5 nandrel and core along the web w ndi ng segnent 324.
The mandrel drive apparatus 330 thereby provides w nding of the web 50 upon
the core 302 giched on the mandrel 300 to forma log 51 gerNe&imkeri al
wound around the core 302 (a web wound corg). The nandrel drive apparatus
330 provides center wi nding of the paper web 50 upon the cores 302 (that
is, by connecting the 10 nandrel with a drive which rotates the nandrel
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log 51 is cont amssznwn 343A ishewmim jFable, iB listsgoordinatescforiascapushed, .
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Referring to Fitrplacingasegmentd43B when mm@uzmw@mnmm l9gs.veThmt or s
332A and 3338 dedotdinites afe fchsireg OR6m the central axis 202. Suitable cam groove

segments are not limited to those listed in Tables 1A-C, and it will be understood
that the cam groove segments can be modified as needed to define any desired
mandrel path 320. Tables 2A Iists the coordinates of the mandrel path 320
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, and supports the

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 thé mandrel cup 454 is disengaged from the
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 mandrel cup 454 can track



mandrel drive belts 334A and 334B, respectively around idler pulleys 336A
and 336B. The frst and second drive belts 334A and 334B transfer torque to
alternate 20 nmandrels 300. In Figure 3A, notor 332A, belt 334A, and

pul | eys 336A are in front of notor 332B, belt 334B, and pul | eys 336B,
resectively. In Figures 3A/B, a mandrel 300A (an "even" mandrel) supporting

a core 302 jus to receiving the web fromthe bed roll Sﬁall ogfotads N
by mandr el drl&gp#@%% 334A and an adj acent jgandrel 300B (an " éésmanlérel)
supporting a core 25 302B upon which winding is nearly conplete is driven
by mandrel drive belt 334B. A mandrel 300 is driven about its axis 314
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function of an accumulated number of revolutions of the bedroll 59. In particular,
the position of the support 410 can be phased with respect to the position of the
bedroll 59 within a log wind cycle, thereby synchronizing rotation of the cupping
‘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 zbout
30 the pivot axis 451.

Referring to Figures 10 and 11, eachcnppmgarmsupportmember4601s
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 a tangential component relative to thé 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 enpages 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.



conventional rew nders. 40 Each mandrel 300 has a toothed mandrel
drive pulley 338 and a snooth surfaced, free wheeling idler pulley 339,
bot h di sposed near the first end 310 of WD 96/ 38364

PCT/ US96/ 07443 11 5 the mandrel, as shown in Figure 2. The positions of the
drive pulley 338 and idler pulley 339 alternate on every other nmandrel 300,

so that alterngf ﬁWel s 300 are driven by mandrel drive beljdérassgtvaasd
334B, respective or instance, when mandrgl drive belt 334A engages the

mandrel drive pul I ey 338 on mandrel 300A, the mandrel drive belt 334B rides
over the snooth surface of the idler 10 pull ey 339 on that sanme mandr el

300A, so that gnly dripgg fatvams s, gﬁm ot! ad§O0A
about its axis 314 Sl Iardé ﬁéﬁ"ghe nan re ri \(gk be 4EB§W aeé t he
mandrel drive pul P@sf for pesitioning the, CHPPINE agmREVOLaRes s
belt 334A rides opesititring snﬂetﬂouﬁwsfmteupﬁmg hﬂmpﬂotraxw#ﬂe;om the) distante
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334A/ 334B, but dOggide plate 442. The pivot axis positioning guide plate 442 extends generally
perpendicular to the axis 202 and is positioned adjacent to the rotating cupping
arm support plate 430 along the axis 202. The positioning plate 442 can be -

rigidly joined to the support 120, such that the rotating cupping arm support plate

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



not transfer torque fromthe drive belt to the mandrel. The web wound cores
are carried along the closed mandrel path 320 to the 20 core stri pping
segnent 326 of the closed mandrel path 320. Internediate the web w nding
segnent 324 and the core stripping segnent 326, a portion of the mandrel
cuppi ng assenbly 400 di sengages fromthe second end 312 of the mandrel 300
to permt sSifodégiseg of the log 51 fromthe mandrel 300. ThercEws®6®T443 ppi ng
apparatus 2000 is positioned along the cdPe stripping segnent- 326. The 25
core stripping apparatus 2000 conprises a driven core stripping conmponent,

such as an endl ess conveyor belt 2010 which is continuously driven around
pul | eys 2082. m&a&muﬁsm@o@@mﬂy perpendicular-toi eachy fother ifrgm thein 14
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to the core I@M@s@mﬁtﬂl&mdm cup:éi&eﬁeotﬂxefnllmme4mm4743are
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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Turret Wnder: Mandrel Spot Referring to Figures 1-4,

t he

rotatably driven turret assenbly 200 is supported on the stationary frane
ﬁﬁ@#ﬁ the turret assenbly central axis 202. PagkscnpsllO

110 for rotati
is preferably sep

arate fromthe rewi nder 10zgssenbly frane 61 to isolate
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open cam member 484 having a hold open cam surface 485 (Figure 9), a closing
cam member 486 comprising a closing cam surface 487, and a hold closed cam
member 488 comprising a hold closed cam surface 489. Cam surfaces 485 and
489 can be generally planar, parallel surfaces which extend perpendicular to axis
202. Cam surfaces 483 and 487 are generally three dimensional cam surfaces.

The cam members 482, 484, 486, and 488 are preferably stationary, and can be

supported ( supports not shown) on any rigid foundation including but not limited

to frame 110.

s

As the rotating plate 430 carries the cupping arms 450 around the axis 202,
the cam follower 474A engages the three dimensional opening cam surface 483
prior to the core stripping segment 326, thereby rotating the cupping arms 450
(e.g. cupping arm 450C in Figure 13) from the cupped position to the uncupped
position so that the web wound core can be stripped from the mandrels 300 by the
core stripping apparatus 2000. The cam follower 476 on the rotated cupping arm
450 (e.g., cupping arm 450D in Figure 13) then engages the cam surface 485 to
hold the cupping arm in the uncupped position until an empty core 302 can be
loaded onto the mandrel 300 along the segment 322 by the core loading apparatus
1000. Upstream of the web winding segment 324, the cam follower 474A on the
cupping arm (e.g. cupping arm 450A in Figure 13) engages the closing cam
surface 487 to rotate the cupping arm 450 from the uncupped to the cupped
position. The cam followers 474A and 474B on the cupping arm (e.g. cupping
arm 450B in Figure 13) then engage the cam surface 489 to hold the cupping arm
450 in the cupped position during web winding.

The cam follower and cam surface arrangement shown in*Figures 9 and 13
provides the advantage that the cupping arm 450 can be rotated to cupped and
uncupped positions as the radial position of the cupping arm pivot axis 451 moves
relative to the axis 202, A typical barrel cam arrangement for cupping and
uncupping mandrels, such as that shown on page 1 of PCMC Manual Number 01-
012-ST003 and page 3 of PCMC Manual Number 01-013-STO11 for the PCMC
Series 150 Turret Winder, requires a linkage system to cup and uncup mandrels,

f&&éﬂﬂgggéﬁgﬁéﬁgﬁpﬁgﬁg%@%Of tggﬁkpﬁhe

and



Referring to Figure 2, and 4, the turret winder stationary frane 110 20
conprises a horizontally extending stationary support 120 extendi ng

i nternedi ate upstanding frame 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 frame end 132 by bearings 221. Portions

of the assenblﬁm%ﬁsﬁpovm cut away in Figures 2 and 4 for cl apicirysodiorads r et
hub drive serv

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 assenly central

202. The servg

or 25 222 nounted on thg frame 110 delivers torque to
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turret assenbly
"driven at a

Turret winders having a single core drive roller for driving a core oanto a
mandrel while the turret is stationary are well known in the art. Such
anaﬂgementsprdvideanipbenveenthemandrelandﬂlesingledﬂverollerto
drive the core onto the stationary mandrel. The drive apparatus 500 of the present

‘invention comprises a pair of core drive rollers 505. The core drive rollers 505

are disposed on opposite sides of the core loading segment 322 of the closed
mandrel path 320 along a generally straight line portion of the segment 322. One
of the core drive rollers, roller 505A, is disposed outside the closed mandrel path
320, and the other of the core drive rollers, 505B, is disposed within the closed
mandrel path 320, so that the mandrels 300 are carried intermediate the core drive
rollers 505A and 505B. The core drive rollers 505 cooperate to engage a core
driven at least partially onto the 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.
The core drive roller 505A and its associated servo motor 510 are supported from
a frame extension 515. The core drive roller 505B and its associated servo motor
511 (shown in Figure 17) are supported from an extension of the support 120.
The core drive rollers 505 can be supported for rotation about axes that are:
inclined with respect to the mandrel axes 314 and the core loading segment 322 of
the mandrel path 320. Referring to Figures 16 and 17, the core drive rollers 505
anshmﬁnedtodﬁmeatxmeSOZvﬁﬂlakanuycampmumtgamuaﬂy;nnﬂkﬂtoa
mandrel axis and a velocity component generally parallel to at least a portion of
the core loading segment. For instance, core drive roller SO5A is supported for
rotation about axis 615 which is inclined with respect to the mandrel axes 314 and
the core loading segment 322, as shown in Figures 15 and 16. Accordingly, the

axi s



40 generally constant angular velocity" it is meant that the turret
assenbly 200 is driven to rotate continuously, and that the rotational
speed of the turret assenbly WD 96/ 38364

PCT/ US96/ 07443 13 5 200 varies | ess than about 5 percent, and preferably

| ess than about 1 percent, froma baseline value. The turret assenbly 200
can support o P,&mgl{el s 300, and the turret hub 220 can be gfpy®&oals
basel i ne angul'ar velocity of between aboyy 2- 4 RPM for winding between
about 20-40 logs 51 per minute. For instance, the turret hub 220 can be
driven at a baseline angular velocity of about 4 RPMfor 10 w ndi ng about

Varyi ng FZLS”I%%%OUW%%W ‘%‘FZ‘?‘%F‘%’S‘HO fp‘."‘f% ity SROCHE

a rotating ma b 220. In the

enbodi ment sgown _ lmguraarlarehd 6 pthe t mamdrelr assiss dssentbly aﬁm fecond
rotating mandr

rotation with w%&%‘ at tﬁé%%@ﬁ%ﬁ%ﬁa |%gﬂémr?héugl port

pl ates 230 ar cunsypRedd e at i ng
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(Fiure S) et bl ifernb)§dbo'cbbulii-a fobibiy e a1 et
for supporting an uncupped mandrel 300 along at least a portion of the core
loading segment 322 of the closed mandrel path 320. The mandrel support 610
stabilizes the mandrel 300 and reduces vibration of the uncupped mandrel 300.

15 The mandrel support 610 thereby aligns the mandrel 300 with the core 302 being
driven onto the second end 312 of the mandrel from the core loading apparatus
1000.

The mandrel support 610 is supported for rotation about the axis 615, which
is inclined with respect to the mandrel axes 314 and the core loading segment 322.

20 The mandrel support 610 comprises a generally helical mandrel support surface

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

25 radius of the helical support surface 620 decreases. Conventional mandrel
supports used in conventional indexing turret assemblies support mandrels which
are stationary during core loading. The variable pitch and radius of the support
surface620pmm1tsthempportsurface620hooomactandsupportamovmg
mandrel 300 along a non-linear path.

30 Because the mandrel support 610 is supported for rotation about the axis
615, the mandrel support 610 can be driven off the same motor used to drive the
core drive roller S0SA. In Figure 16, the mandrel support 610 is rotatably
driven through a drive train 630 by the same servo motor 510 which rotatably

» drives core drive roller 505A. A shaft 530 driven by motor 510 is joined to and

35 extends through roller 505A. The mandrel support 610 is rotatably supported on
the shaft 530 by bearings 540 so as not to be driven by the shaft 530. The shaft
SSOmmdsthmughﬂxemandrelsnpportﬂowthednveuamGSO 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 SO5A.




radial and a tangential conponent relative to the axis 202. A plurality of
cross 20 menbers 234 (Figures 4 and 6-8) extend internedi ate and are
rigidly joined to the rotating nandrel support plates 230. Each cross
menber 234 is associated with and extends al ong an el ongated sl ot on the-
first and second rotating mandrel support plates 230. The first and-second

rotating mndrgbf%%rt pl ates 230 are disposed 25 i nternedipgy@sisorsts and

second station

rel guide plates 142 #8d 144. The first and second

mandrel guide plates 142 and 144 are joined to a portion of the frame 110,

such as the frane end 132 or the support 120, or alternatively,
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supportesh insider of the elpsed mandrels nend1 isspositioned : to\Juppork
uncuppedmandrelsBOOandahgnthemandrelmdsSlwaﬂlthemandrelcups
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

35

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 -
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
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
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
engagestlwcamwr&eeg:mveﬂlmtherotaﬁngumplaﬁeﬂo thereby
periodically pivoting the arm 730 about the axis 717. Pivoting of the arm 730 and



40 other cam surfaces, such as external cam surfaces, could be used.
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5 The mandrel guide plates 142 and 144 act as a nandrel guide for

positioning the mandrels 300 al ong the cl osed mandrel path 320 as the
mandrel s are carried on the rotating nmandrel support plates 230. Each
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pulley 754, which is connected to a pulley 756 by a shaft 755. Pulley 756, in

turn, dnvesserpenhnebelt757aboutpulleys762 764, and idler pulley 766.
Rotation of pulley 762 drives continuous rotation of the cam plate 740. Rotation
of pulley 764 drives rotation of mandrel support 710 about its axis 715.

While the rotating cam plate 740 shown in the Figures has a cam surface
groove, in an alternative embodiment the rotating cam plate 740 could have an
external cam surface for providing pivoting of the arm 730. ‘In the embodiment
shown, the servo motor 711 provides rotation of the cam plate 740, thereby
providing periodic pivoting of the mandrel support 710 about the axis 717. The
servo motor 711 is controlled to phase the rotation of the mandrel support 710 and
the periodic pivoting of the mandrel support 710 with respect to a reference that is

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

35

function of an accumulated number of revolutions of the bedroll 59. In particular,
the pivoting of the mandrel support 710 and the rotation of the mandrel support
710 can be phased with respect to the position of the bedroll 59 within a log wind
cycle. The rotational position of the mandrel support 710 and the pivot position
of the mandrel support 710 can thereby be synchronized with the rotation of the
turret assembly 200. Alternatively, one of the servo motors 222 or 422 could be
used to drive rotation of the cam plate 740 through a timing chain or other
suitable gearing arrangement.

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
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

CoxeAdhuiveA;iplieaﬁonAppmma-



20 translation relative to the rotating nmandrel support plates along a-
path having a radial conponent and a tangential conponent relative to the
turret assenbly central axis 202. Suitable sides 358 and mating rails 359
are ACCUGLI DE CARRI AGES manuf actured by Thonson | ncorporated of Port '
Washi ngton, N. Y. Each mandrel 'slide plate 356 has first and second

cylindrical c éﬁi‘fé wers 25 360 and 362. The first and secp@fusssivids
foll oners 360 engage the cam surfac& grooves 143 and 145,
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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 828 is parallel to the turret assembly

20 central axis 202. ThegluenozzlemckSZOhasanammmrryingacyﬁndﬁml
cam follower.

'I‘heactuatorassemblyMOforpwoungthegluenozzlemckeompnma
continuously rotating disk. 842 and a servo motor 822, both of which can be.
supported from the frame cross member 133. The cam follower carried on the

25 arm 830 engages an eccentric cam follower surface groove 844 disposed in the
continuously rotating disk 842 of the actuator assembly 840. The disk 842 is -
. continuously rotated by the servo motor 822. The actuator assembly 840 provides
periodic pivoting of the glue nozzle rack 820 about the axis 828 such that the glue
nozzles 810 track the motion of 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 nozzies 810 engage the core 302, thereby providing distribution of

35  adhesive around the core 302. The core spinning assembly 860 comprises a servo

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

4 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



varied to vary the closed mandrel path 320. In one enbodi nent, the first
and WD 96/ 38364

PCT/ US96/ 07443 15 5 second cam surface grooves 143 and 145 can conpri se

i nt erchangeabl e, repl aceabl e secters, such that the closed mandrel path 320
conpr.i ses replaceabl e segnents. Referring to Figure 5, the camsurface

grooves 143 ag& %Man encircle the axis 202 along a path tpefmSssmpidsses
non-circul ar g° I n one enbodi ment, pgach of the mandrel guide plates

142 and 144 can conprise a 10 plurality of bolted together plate sectors.
Each pl ate sector can have a segnent of the conplete cam fol |l ower surface

groove 143 (por fEy§ 958 aid' spihlifie FRAMER|300's U Phitdr@ls 142
1434 and a se dmavé@@mge«is "i‘nbn 20 ke e oo BprtesC Rl
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having differenf,figat @58 b r@pect 6% réitidhbe’ that & a2fubléticaof the angular
position of the bedroll 59 about its axis of rotation, and a function of an
accumulated number of revolutions of the bedroll §9. In particular, the pivot
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 giue on the gravure roll surface. The axis of the rotation of the gravure roll
could be generally parallel to the axis 202. The closed mandrel path 320 could
30 include a circular arc segment intermediate the core loading segment 322 and the
" web winding segment 324. The circular arc segment of the closed mandrel path
could be concentric with the surface of the gravure roll, such that the mandrels
300 carry their associated cores 302 to be in rolling contact with an arcuate
portion of the glue coated surface of the gravure roll. The glue coated cores 302
35 would then be carried from the surface of the gravure roll to the web winding
segment 324 of the closed mandrel path. Alternatively,  an offset gravure
arrangement can be provided. The offset gravure arrangement can include a first
~ pickup roll at least partially submerged in a glue bath, and one or more transfer
rolls for transferring the glue from the first pickup roll to the cores 302.

Core Loading Apparatus



20 closed mandrel path, a change in the diameter of the logs 51 wll
result in a corresponding change in the position of the tangent point at
which the web | eaves the bedroll surface as winding is conpleted on a core.
If a mandrel path adapted for large dianeter 1ogs is used to wind small -
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of the cam surface®
15 Referring to Figures 1 and 21-23, the core loading carrousel 1100

comprises a stationary frame 1110. The stationary frame can include vertically
upstanding frame ends 1132 and 1134, and a frame cross support 1136 extending
horizontally intermediate the frame ends 1132 and 1134, Alternatively, the core
loading carrousel 1100 could be supported at one end in a cantilevered fashion.
20 In the embodiment shown, an endless belt 1200 is driven around a plurality
of pulleys 1202 adjacent the frame end 1132, Likewise, an endless belt 1210 is
driven around a plurality of pulleys 1212 adjacent the frame end 1134. The belts
are driven around their respective pulleys by a servo motor 1222, A plurality of
support rods 1230 pivotably connect core trays 1240 to lugs 1232 attached to the
25  belts 1200 and 1210. In one embodiment, a support rod 1230 can extend from
each end of a core tray 1240. In an alternative embodiment, the support rods
1230 can extend in parallel rung fashion between 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 5§9. In particular, the position of the core trayscan 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
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5 By way of illustrative exanple, Table 1A lists coordinates for a
cam surface groove segment 143A shown in Figure 14, Table 1B |ists

coordi nates for .a cam surface groove segnent 143B suitable for use in

wi nding rel ati veI y large diameter |ogs, and Table 1C |ists coordi nates for
a cam surfacgy & segnent suitable for replacing segnent gc4pdkodybRins

wi ndi ng rel atlve y srrall diameter |ogs.  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 gr oove

t bem 320.
Tabl o5 2A | i%5ts Hﬁ’g E”d%ﬁ%‘?ﬁégﬁd-"‘?ﬁ?"%n “% orse Bonﬁf‘%'“

t he cam groove
Tabl es 1A and lﬁggéd‘thelt Wtel@ed in plabsbftthet d&tédowhéEHJtoepxi:B uptileoreemd t| ng

changes in the nd
Turrgt W nder , %rﬁ(ﬁzﬁg&%%léwﬁy %gﬁdcu
assenmbly 400 r POSiions the come,HRIBIO TereIve - enre fromythe slofted, 93900
i nt er medi at © t hieays pass beneath nige slosdewheels? F0200 dThécores0302 supported in the core

trays 1240 are carried around the closed core tray path 1241,

Referring to Figure 22, the cores 302 are carried in the trays 1240 along at
least a portion of the closed tray path 1241 which is aligned with core loading
segment 322 of the closed mandrel path 320. A core loading conveyor 1300 is

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

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

25 The endless belt 1310 is inclined such that the elements 1314 engage the
cores 302 held in the core trays 1240 with a velocity component generally parallel
to a mandrel axis and a velocity component generally parallel to at least a portion
of the core loading segment 322 of the closed mandrel path 320. In the
embodiment shown, the core trays 1240 carry the cores 302 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 controlied 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 4ccumulated number of revolutions

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

The core guide assembly 1500 disposed intermediate the core loading

40 carrousel 1100 and the turret winder 100 comprises a plurality of core guides
1510. The core guides position the cores 302 with respect to the second ends 312
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At least a portion of the closed core guide path 1541 is aligned with a
portion of the closed core tray path 1241 and a portion of the core loading

segment 322 of the closed mandrel path 320. Each core guide 1510 comprises a

core guide channel 1550 which extends from a first end of the core guide 1510
adjacent the core loading carrousel 1100 to a second end of the core guide 1510
adjacent the turret winder 100. The core guide channel 1550 converges as it

- extends from the first end of the core guide 1510 to the second end of the core

guide. Convergence of the core guide channel 1550 helps to center the cores 302
with respect to the second ends 312 of the mandrels 300. In Figure 1, the core
guide channels 1550 at the first ends of the core guides 1510 adjacent the core
loading ‘carrousel are flared to accommodate some misalignment of cores 302
pushed from the core trays 1240. :

Core Stripping Apparatus

Figures 1, 24 and 25A-C illustrate the core stripping apparatus 2000 for
removing logs 51 from uncupped mandrels 300. The core stripping apparatus
2000 comprises an endless conveyor belt 2010 and servo drive motor 2022
supported on a 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
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 contralled to phase the position of the flights 2014

with respect to a reference that is a function of the angular position of the bedroll

59 about its axis of rotation, and a function of an accumulated number of
revolutions of the bedroll 59. In particular, the position of the flights 2014 can be

(3
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5 the second end 312 of its respective nmandrel 300 as the nmandrel is
carried around the closed mandrel path 320 by the rotating turret assenbly
200. The rotating cupping-arm support 410 conpri ses a cuppi ng arm support
hub 420 which is rotatably supported on the support 120 adjacent the
upstanding frane, Eg4134 by bearings 221. Portions of the aspgfibobnddss

shown cut away I'n Frgures 10 2 and 9 for gJarity. A servo notor 422
nount ed on or adjacent to the upstanding frane end 134 delivers torque to
the hub 420 through a belt or chain 424 and a pulley or sprocket 426 to

rotably dl’iV}
227
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parallel to the mandrel axis 314 to push the logs off the mandrels 300, and a
15  second velocity component V2 generally parallet 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
conveyor beit 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 X2. 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 downstream of the
core stripping apparatus 2000 for receiving logs 51 from the core stripping
apparatus 2000. A pair of drive rollers 2098A and 2098B engage the logs 51
leaving the mandrels 300, and propel the logs 51 to the 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



The rotating cupping arm support 410 further conprises a rotating cupping
arm support plate 430 rigidly joined to the hub 420 and extendi ng generally
25 perpendicular to the turret assembly central axis 202. The rotatlng
plate 430 is rotatably driven about the axis 202 on the hub 420. A
plurality of cupplng arm support nenbers 460 are supported on the rotating
plate 430 fo ggnt relative to the rotating plate 430. Eeefu®eppasng arm
450 is pivota jOIned to a cupping arm gppport menber 460 to permt
rotation of the cupping arm 450 about 30 the pivot axis 451. Referring to
Figures 10 and 11, each cupping arm support nenber 460 is slidably
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In some instances, it is desirable to direct one or more logs 51 to a second,
15  reject station, such as a disposal bin or recycle bin. For instance, one or more
defective logs 51 may be produced during startup of the web winding apparatus
90, or alternatively, a Jog defect sensing device can be used to detect defective
lIogs 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, ﬂleothetsetofarms4035Aor40353mmposmm

25  to engage the next defective log.

Figure 26 is a partial cross-sectional view of a mandrel 300 according to the
present invention. The mandrel 300 extends from the first end 310 to the second
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.
Atleastaporuonofthecoreengagmgmember31001sdeformablefroma
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 mandrel cupping assenbly 400 further conprises a pivot axis positoning
guide for positioning the cupping arm pivot axes 451. The pivot axis
positioning guide positions the cupping arm pivot axes 451 to vary the -

di stance between each pivot axis 451 and the axis 202 as a function of
p05|t|on of tldsRissng arm 450 about the axis 202. In the ewbousysITe43shown
in Figures 2 and 10 9-12, the pivot axis 30sitioning guide conprises a
stationary pivot axis positioning gui de plate 442. °The pivot axis _
positioning guide plate 442 extends general |y perpendicular to the axis 202

and is positisondtie angndest nosépiedehis displadieableg relativei toothe rmamirgd (body 300ty a0 30
al ong the axis Wpﬁfﬁwltlom ng plate 442 can be rigidly joined to the
support 120, suc rotati ng cuppi ng armsupport plate 15 430
rotates relative to I leoeare gngagingemember 3 M%P@W@%%MM
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shaped with ref 8nghddld,othereby soausing dhe rings 100 e slaticallynenckle each
cuppi ng arm outwardlydlrechontoengagethemsldedmmeteroftheeorem F1gure27
15 illustrates deformation of the deformable core engaging member 3100. Figures
28 and 29 are enlarged views of a portion of the nosepiece 3200 showing motion
of the nosepiece 3200 relative to steel endpiece 3040.
Referring to the components of the mandrel 300 in more detail, the first
and second bearing housings 352 and 354 have bearings 352A and 354A for
20 rotatably supporting the steel tube 3010 about the mandrel axis 314. The mandrel
drive pulley 338 and the idler pulley 339 are positioned on the steel tube 3010
intermediate the bearing housings 352 and 354. The mandrel drive pulley 338 is
fixed to the steel tube 3010, and the idler pulley 339 can be rotatably supported on
anutenmonoftlmbannghwmngﬁZbyﬂlerpulleybeanngS%A suchthat
2s the idler pulley 339 free wheels relative to the steel tube 3010.
The steel tube 3010 includes a shoulder 3020 for engaging the end of a core
302 driven onto the mandrel 300. The shoulder 3020 is preferably frustum
shaped, as shown in Figure 26, and can have a textured surface to restrict rotation
of the core 302 relative to the mandrel body 3000. The surface of the frustum
30 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
35 broad base attachment to the shoulder 3020 and a rélatively 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
40 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



and associ ated mandrel cup 454 can track the second end 312 of its
respective 25 mandrel 300 as the mandrel is carried around the cl osed
mandrel path 320 by the rotating nandrel support 200. In one enbodi nent,
the groove 443 can have substantially the sanme shape as that of the groove
145 in mandrel guide plate 144 along that portion of the closed mandrel
pat h where t Reo dgMsskse! ends 312 are cupped. The groove 443 GRErb\d¥6rads
circular arc shape (or other suitable shage) 30 along that portion of the
cl osed mandrel path where the mandrel ends 312 are uncupped. By way of

Il lustration, Tables 3A and 3B, together, I ist coordi nat es for a groove 443
which is sustaby edmivetb%ﬁdmgtfu‘lwﬂ Eﬁ,& i ng
coordi nates i d 1 Si m rI TabI es. 3
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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 "substantially
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
ptefaablyamundatleastabmuﬁpercmt,andmostprefemblyaroundatleast
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 stidably supported on bushings 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,
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.extensions 453 and 455 extend generally perpendicular to each other from

their proximl ends at the cupping armpivot axis 451 to thHeir distal ends.
The cupping arm 450 has a clevis construction for attachnment to the support
menber 460 at the location of the pivot axis 451. The cuppi ng arm extensi on

453 and 455 r%@t‘%ﬁ a rigid body about the pivot axis 451. pdpRssrngie!
cup 454 is supported at the 10 distal endypf the extension 453. At |east

one camfollower is supported on the extension 453, and at |east one cam
follower is supported on the exten5|on 455. In the enbodlnent shown in
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15 the axial displacement of the nosepiece 3200 relative to the endpiece 3040. A coil
spring 3070 is disposed intermediate the end 3044 of the endpiece 3040 and the
nosepiece 3200 for biasing the mandrel nosepiece from the mandrel body.

Once a core is loaded onto the mandrel 300, the mandrel cupping assembly
‘provides the actuation force for compressing the rings 3110A and 3110B. As

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 mandrel by the core stripping apparatus.

30 The mandrel 300 also comprises an antirotation member for restricting
rotation of the mandrel nosepiece 3200 about the axis 314, relative to the mandrel
body 3000. The antirotation member can comprise a set screw 3800. The set
screw 3800 threads into a tapped hole which is perpendicular to and intersects the
tapped hole 3045 in the end 3044 of the endpiece 3040. The set screw 3800 abuts

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

40 3040 is prevented by engagement of the set screw 3800 with the sides of the slot
3850.



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-
cuppi ng arm support menber 460 slides relative to the rotating cupping arm
support pl at eqfhIgssdgs When the mandrel cup is in the uncuppescpossdorssa, and
the axis 477 1s parallel to axis 20 when tg8e mandrel cup is in the cupped
position. -The mandrel cupping assenbly 400 further conprises a plurality of
cam fol |l oner nenbers having camfoll ower surfaces. Each cam foI | ower
surface is e gageab %‘f &4‘%{; and
476 to provi de ot atlon ar ut the g
oo s A bl s e b

cuppi ng arm 450as bytdhsnclenklilgandhunmmMosFm instance;i therdefdrthable core

i sonetric view WOQIW%U e .::E 4,50&0& &Eﬁpl aw OA is
shown pivoting n yncupped,to a osi t1,0n cuppl m 45 S
in a cupped pos ﬁg"ﬁﬁ‘m 3E Webéﬂgp’fl%'( Mﬂpped

58
posi tion toian spacedoppait poxions ofi;a dngl intermediate eachn piid Of adjasetnt slots defarm

uncupped posi i Adian! Shacdy SHAYInE Hng® WM compllabedd O didflon of the stiding
nosepiece during cupping of the second end of the mandrel. |

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

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

30 of the bedroll 59 within a log wind cycle. _

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

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 §9 will correspond to 22.5 degrees of a 360 degree log wind cycle.

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

40  support 410 driven by the motor 422 (e.g. a 4 HP Servo motor); the roller 505A
and mandrel support 610 driven by a 2 HP servo motor 510 (the roller S05A and



20 5 follower nmenbers which provide pivoting of the cupping arnms 450 as
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 -
mandrel cupping assenbly 400 can 10 conprise an opening cam nenber 482

havi ng an opeg r;g,sﬁg{n surface 483, a hold open cam nenber 48dctrBsstuas hol d
open cam surface 485 (Figure 9), a closinggcam nmenber 486 conprising a

cl osing cam surface 487, and a hold cl osed cam nenber 488 conprising a hold
cl osed cam surface 489. Cam surfaces 485 and 489 can be generally pl anar,

463 ana 487 4 ¢ ener"ﬁ bR 51038 AR iaicaty wﬁ%%%ﬁ@%%%é?i

482, 484, 486, él%’ﬂér@tﬂ-f’eﬂ&t%ﬂw-a
supports not shwewmmmydmbmmwgnaarmmagnm ﬂateokemoacblto

ngngxilgoéoé,s tzgﬁpge cam %Mﬁiﬁengagegq?e twn@f‘%\z‘nm g‘_ﬁ%ﬁg}\md

openi ng cam sur f0f mqmsngnb\x are mpchanically by
rotating themcumbuﬂed)ﬁmc&s momrFlmr(e R 2fEPM t he

CtPTpped 1 LEWPM“@*@%%MM@M’@W M@#&?@@é@scf >e
cam fol | oner 476 BR seive maten): ¢ roller 505B/motor 511
amlanegmesmmmmgmwamﬂySﬂwmwMISGZtanbenﬂqxnmmﬂydnwm,mu
do not require phasing with the bedroll 59. Independently driven componeats and
15 their associated drive motors are shown schematically with a programmable
control system 5000 in Figure 31.

The bedroll 59 has an associated proximity switch. The proximity switch
makes contact once for each revolution of the bedroll 59, at a given bedroll
“angular position. The programmable control system 5000 can count and store the

20 number of times the bedroll 59 has completed a revolution (the number of times
the bedroll proximity switch has made contact) since the completion of winding of
the last log 51. Each of the independently driven components can also have a
proximity switch for defining a home position of the component.

The phasing of the position of the independently driven components with

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

.35  reducing the calculated position error of the component.

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

40 random access memory of the programmable control system 5000. In addition,
when the proximity switch associated with the bedroll first makes contact on start



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 wi ndi ng segnment 324, the cam
foll ower 474A on the cupping arm (e.g. cupping arm450A in Figure 13)

engages the C|@%PB(§ 3§%m 30 surface 487 to rotate the cupping @ %g%’"‘{

t he uncupped t pped position. The camfollowers 474A an

cupping arm (e.g. cupping arm450B in Fi gur"’@ 13) then engage the cam
surface 489 to hol'd the cupping arm 450 in the cupped position during web
wi ndi ng. The cam fol | ower, and cam surface arrangenent shown jn Fjgures 9

and 13 35 proVi ded %m@m@m&tmmn%wﬂw to,ths motational postion pffhe ¢ o
cupped and uncupbetiolp edithin dieslogscytlecis dettrminefl s 4 isnitabld uhﬁsdmppuolgwam

pi vot axis 451
arr angement for%ﬁ%ﬁﬁcup ,né@m#%s%ﬁ%ﬁhﬁ on gage
1 of PCMC Manual thRGampenest relative tatigeal pasjtion of the bedpoll \ithia

01-013-ST011 for MWmmmemﬂmwmhmmmMﬁkage

system Lo cupy, angle il JRAM edeiory of i Progtaritftt contrl system 5000.

‘When the bedroll proximity switch first makes contact at the start up of the
winding apparatus 90, the accumulated number of rotations of the bedroll since
completion of the last log wind cycle, the sheet count per log, the sheet length,
and the bedroll circumference can be read from the random access memory of the

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
pbsition 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



5 and does not accommobdate cupping arns that have a pivot axis whose
distance froma turret axis 202 is variable. Core Drive Roller Assenbly and
Mandr el Assist Assenblies 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 nandrel | oadi ng assi st assenbly 600, and a mandrel cupping
assi st assembyy, 64 1N€ core drive apparatus 500 is positiopgfusssforsssi Vi ng
cores 302 onto t nandrels 300. The mandrgg assi st assenblies 600 and 700
are positioned for supporting and positioning the uncupped nmandrels 300
during core |oading and mandrel cupping. 15 Turret w nders having a

single core dyi Vtﬁeb&irbﬂ a&domfé!eo&uns &rqeﬁ@s@mdoroam&éﬂsse&m 200.herpeur r et

is stationary are hnovvn Ln T Sle enent s I‘QVI de p
bet ween t he mand'FEﬁ\gia aﬁ\% @@q&ﬁ'ﬂ“?‘ﬁ a% t he
stationary rrandrﬂnsdm &efmnamaﬁ'mméﬁmwhbhhmmdmm anmmodercﬁiﬂ

conprises a pai ras@cisidd differeAte bdwbenthe At position
are di sposed on gppo |te Si re Ioad ment, 322,0f t

cl osed mandr el d’%t éﬂ?ﬁ@i 8@% 3?'@{' F‘bﬂ?'é?tﬁ"@ {]ﬁ'@
segnent 322. lwnebedfolltwnhmdhelogm c)uldnnhqnusoﬂltemﬂﬂﬂkhespedldphﬁm
out'si de t e cl opd, G ao)iuPd obnd Bl 03ABORP hefbhy e 9 fosiioh eroe
rollers, 505B, @ié;s 0 ed w@?ﬁbﬂ the cl osed mandr el ath 32 so t hat the
mandrel s 300 ar 10,20 he core drive 25 rollers 505A and
505B. The core dri veThegidsition of Glie manivel capping arm suppoet 410a@an be dontralled dn al east

partially onto tgigirmainkt, s fatdotdtioh of Wesuppart 410 i BRhinired WilOrotation

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 coatroller

. '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.

Altemnatively, the position of the independently driven components could be

25 phuaiwuhnﬂpuxuhanmuuwecﬂmrﬂmnﬂw;mmnmmofmwbammlwnMna
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
a linear variation in the speed of the associated drive motor is determined to drive
the position error to zero over the remaining portion of the log wind cycle.

40 Normally, the position of a componeat in log wind cycle degrees should
correspond to the position of the bedroll in log cycle degrees (e.g., the position of



The core drive rollers 505 conplete driving of the core 302 onto the
mandrel 300. The core drive rollers 505 are supported for rotation about
paral | el axes, and are rotatably driven by servo notors through belt and
pul I ey arrangenments. 30 The core drive roller 505A and its associated -
servo notor 510 are supported froma frame exension 515. The core drive
roll er 505B ddsseadsSsoci ated servo motor 511 (shown in Fi gpidrpushédraas e )
supported froman extension of the supportyl20. 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 Ioading segnent 322 of 35 the mandrel

path 320. Referg %xéessﬂbweé Berd Wbidh (18 loiitn W e ©
inclined to dr| Ve cor.e veloglt one | el
to a mandrel 'i"%d“g)r1€|“ &Ml@?ﬂ @‘Tﬁ?ﬁﬁ he é’FI’?rLB'?# e"ﬁ‘ F’é &%“f ast a
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PCT/ US96/ 074013 the eﬁcodeoiﬁlbormpmﬂh ltee & salotlated adesited pesitidreof zere wifidcyole o t he
mandrel 300 dur 4daged0 YRiedbr, O midbefl 224 diivizant Hitret A8RmbRPS00 Shonfaktp! br 322
if the axis of the motor 222 should otherwise move relative to the turret assembly
200, the encoder will no longer provide the correct actual position of the turret
assembly 200.

15 In one embodiment the programmable control system can be programmed to
allow an operator to provide an offset for that particular component. The offset
can be entered into the random access memory of the programmable control
system in increments of about 1/10 of a log wind cycle degree. Accordingly,
when the actual position of the component matches the desired, calculated position

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 S000 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,
sother control systems, such as those available from Emerson Electronic Company,

35 Giddings and Lewis, and the General Electric Company could also be used.

Referring to Figure 31, the AUTOMAX programmable drive control system
includes one or more power supplies 5010, a common memory module 5012, two
Model 7010 microprocessors 5014, a network connection module 5016, a
plumhtyofdualamsprogtammablemdssms (eachanscorrespondmgtoa

40 motordnwngoneofthemdependendydnmcompmts),mlvumput
modules 5020, general input/output cards 5022, and a VAC digital output card



Referring to Figures 15 and 16, the mandrel assist assenbly 600 is
supported outside of the closed mandrel pa ?- ] is positioned to
support uncupped mandrels 300 int ¢ A |S“Eg1tﬂl’§ p and second mandr el
ends 310 and 10 312. The mandrel Sk P@ﬁﬁ&ﬁal 640 is not shown in

Figure 1. The mandrel assist assenpl s—€OTIPT | Ses a rotata '

mandr el suppor¥O8%¥3¢bsi ti oned for supporting an uncupped m%ﬁ%ﬂl ong .
at least a portion of the core |oading segnent 322 of the closed mandrel
path 320. The nandr el support 610 stabilize® the mandrel” 300 and reduces

bration of the u rel. 300, e _mandr.el eb
\z;: | gnsI the man drﬁ?&gﬁégW't M '8‘:3'5!’2[5“"‘ st\).gp]ut?iﬁqggtth%o?\;eg %ﬁgﬁéné
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Wi th respect to the man s .3 and t he cor.e | oa se 2 20
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surface 620. Theprogrammibls dripesystemrifi0e A2Githble (memmrlmhi’facqolsta:maMJred
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| oadi ng. The var Fambbe jogsed forvard praevesepindividually nrdpgether by the operator. In
15 addiuon, the operator can type in a desired offset, as described -above, from the
keyboard. The ability to monitor the position, velocity, and current associated
with each drive motor 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 halts 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 schematicaity
in Figure 31. The programmable drive system 5000 halts operation of all the
30 drive motors if the angular position the turret assembly 200 changes more than a
predetermined number of angular degrees with respect to the angular position of
the support plate 430, as measured by the position resolvers 5200 and 5400.
In an aiternative embodiment, the rotatably driven turret assembly 200 and
the cupping arm support plate 430 could be mounted on a common hub and be
35 driven by a single drive motor. Such an arrangement has the disadvantage that
torsion of the common hub interconnecting the rotating turret and cupping arm
support assemblies can result in vibration or mispositioning of the mandrel cups
with respect to the mandrel ends if the connecting hub is not made sufficiently
massive and stiff. The web winding apparatus of the present invention drives the
40  independently supported rotating turret assembly 200 and rotatmg cupping arm
support plate 430 with separate drive motors that are controlled to maintain
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surface 620 permts the support surface 620 to contact and support a noving
mandrel 300 along a non-line path. 30 Because the nmandrel support 610
is supported for rotation about the axis 615, the mandrel support 610 can
be driven off the same nmotor used to drive the core drive roller 505A. 'In
Figure 16, the mandrel support 610 is rotatably driven through a drive
train 630 by te same servo notor 510 which rotatably drivespcwnwsssn7iase

rol | er 505A WR%ASE 530 driven by notor 580 is joined to and 35 extends
through roller 505A. The mandrel support 610 is rotatably supported on the
shaft 30 by bearings 540 so as not to be driven by the shaft 530. The shaft
530 extends shrmustmnmmmpnmsmmmmmwmmme

drive train 630 iakt%l’ ugh bel t
631, and a pulley %g ﬁrlve ge d|a ters
of pulleys 632, 40 'e\Y ‘PB onal
speed of the madtdph}' mnpr&nGHd)uml abcumerhddﬁ mbatandfdisﬂeyahmﬁbmvte

rol | .er 505A. P@Wﬁﬁg t&q;%.ﬁgg

The servo not or L S contrqlsy“ﬁnto ase tﬁ% r h on % i on oyt he
mandrel suppbr t SEES $00Industrial W é‘l‘ﬂ“é‘?m % the H“’thhe
angul ar posi ti oSalire, Miehigsrr Glﬂtab!ﬁ@opehwt intérface software fox)nsetmdnﬂlemceM

function of" an gerjes 8000 workstation is Interact Software available from the Computer

Technology Corporation of Milford, Ohio. The individually driven components

can be jogged forward or reverse, individually or together by the operator. In

15 addition, the operator can type in a desired offset, as described above, from the

keyboard. The ability to monitor the position, velocity, and current associated

with each drive motor 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 curreat limits,

20 respectively. The programmable control system 5000 halts 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 rofating

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



accunul at ed nunber of revolutions of the bedroll 59. In particular, the
rotational position of the support 610 can be phased with respect to the
position of the 10 bedroll 59 within a log wind cycle, thereby

synchroni zing the rotational position of the support 160 with the
rotational position of the turret assembly 200. Referring to Figures 17-19,
t he mandr el c‘gg ssi st assenbly 700 is supported inside gérbddgoapsed
mandrel path and is positioned to supg?rt uncupped nmandrels 300 and
align the mandrel, ends 312 with the nmandr cups 15 454 as the mandrels are
bei ng cupped. The mandr el cupping assi st assenbly 700 conprises a rotatably

driven mandrgl ﬂaﬁg n.gﬂgo tnp?ﬂlﬁn
posi ti oned for sﬁg tin an khqcu pe a&li%dg%g*% nte laje t eotTSbrSt

and second end

supports the newith slcoﬁﬁfbnadeﬁetgwa,t tﬂwytmahmmuydecmiphthmtaﬁascﬁthamutttel

path 20 inter n@%mﬂﬁ w s@@gﬁ@% and the web w ndi ng
segnent 324 of cfose%‘d:nan r h?‘g e T Ot at abl a drlven mandr el

R

support 710 can be Iarthe desoribeds the metor driving W ispePfaEssi st
assenbly 70 Imahmmot&fmmrtﬂémmﬁétasieﬁhlﬁWOWmeem 1611,
can.be support p 20, as
shown in Fi gurw 2@@ Iilgfe{ é%{nrﬁita aﬁowg'bﬂg%fntogﬂ ;ﬁf’%élﬁg%oﬁ’[&eﬁo has
a general |y helislatingthe trest windiagi us

and a vari abl e WTmerﬁmmambmm fromdihe bedréfl0 and
positions them ggohSRARIRE Mo of rbdtiutions of the turret assembly 200 to revolutions of
15 the bedroll 59 to be changed electronically, rather than by changing mechanical

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
muoofthemrretassemblymtanonalspeedtoﬂxemnoofbedmnmtanonalspeed

25  while turret assembly 200 is rotating.

In one embodiment according to the present inveation, 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 a
different size log (different sheet count per log). Each mandrel speed curve can
provide the mandrel winding speed as a function of the angular position of the
turret assembly 200 for a particular sheet count per log. The web can be severed

35 asafunchonofthedmredsheetcountperlogbychangmgmeummgofﬂle
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;
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35

gfthy'!%dronﬁasaﬁmcuonofthedmedchangemthesheetcoumwlog,

5) calculating a desired change in the ratios of the speeds of 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
ﬂﬂpmmgampuwmuzom)dﬂwulbynmmmﬂxnz;nmnhenaﬂwﬁouﬁnmnapxﬂ:ﬁ
the bedroll 59 as a function of the desired change in the sheet count per log;
' 6) changing the electronic gear ratios of the turret assembly 200 and the
mandrel cupping assembly 400 with respect to the bedroll 59 in order to change
the ratio of the rotational 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 speéds of the componeats relative
to the bedroll 59: the core drive roller S0SA and mandrel support 610 driven by
motor 510; the mandrel support 710 driven by motor 711; the glue nozzle rack
actuator assembly 840 driven by motor 822; the core carrousel 1100 and core
guide assembly 1500 driven by the motor 1222; the core loading conveyor 1300
driven by motor 1322; and the core stripping apparatus 2000 driven by motor
2022 relative to the rotational speed of the bedroll 59; and

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

Each time the sheet count per log is changed, the position of the
independently driven components can be re-phased with respect to the position of
the bedroll within a log wind cycle by: determining an updated log wind cycle
based upon the desired change in the sheet count per log; determining the
rotational position of the bedroll within the updated log wind cycle; determining
the actual position of a component relative to the rotational position of the bedroll
within the updated log wind cycle; calculating the desired position of the
component relative to the rotational position of the bedroll within the updated log
wﬂulcydé;cﬂcmaﬁqgatpoﬁﬁon¢xnn'ﬁn'ﬂm=amnpmmmtfhnnlhe:WMEmand
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300. The adhesive application apparatus 800

conprises a 10 plurality of glue application nozzles 810 supported on a
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cl osed mandrel path 320 and rotating about the mandrel axis 314 as the core
302 engages the gl ue nozzles 810. 1O The servo notor 822 isS
controlled to phase the periodic pivoting of 'ﬂ-ﬁSGSHEETﬂWBEEN iIck 820 with
respect to a reference that is a function of Rep Lﬁqm)osmlon of the
bedrol|l 59 about its axis of rotation, and a fuacilon ar-—-aceunul at ed
nunmber of rewgl,y 43S of the bedroll 59. In particular, thep@iysnf@asi tion
of the glue nozzle rack 820 can be phaseggwith respect to the position of -
15 the bedroll 59 Wi tmls@hétﬂ{éggem@ giageycl €. The periodic pivoting of the

gl ue nozzle rack 820 is ronized with rotation of the turret
assenbly 200. The pi votl mugﬂ e nozzl e rack 836phsreyiehi-onired wth
the rotation of the tur 00 such that thg pliu iﬁgﬁ@%_\g ck 820
pi vots about axis 828 as each mandrel passes beneath |t he [ e |ierziees 810.
The gl ue nozz S At SV AT aWat ch MHicH a
portion of th Ggged dfel {p th 32(. et rlati vdl |, he§§t:§i g cam
pl at e 844 coulrde~ipe} dr d|r qtt vl Byl dne pf} 4 he fsqrid eS| or 422
t hrough a tiningjchadi h qul tlali b lgeafijn dr 4nga Liniyie
anot her enboc%,g, th Iﬁe‘ I e jappl ijep |t e [npyi Q&E ories 2% by a
rotating gravi@®lzolll | dogi filogel li h i del the Flloge ngndr el lpatds | IlEe -
gravure rol |l [TO{™ el rlottal ¢ qui i gs ifs} qughf tfhat Litt 2IEIRE] S
peri odi'cal | y [Syogryet T U ge dok4 of Ei:’;ﬂld be
used to cont rigl=igle tniclnaqs the ¢! hg onf tihe praquf ¢ Potfs|sEi@e. The
axis of the ri@gjdlon bfi {he lg gr g ir ¢l
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to the turret

100 and the core

ew of the coperadcifigs

Referring to Figures 1. and
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1100 conprises a stationary frame 1110.
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1100. Figure 21 is a perspective view of the rear of the

Wo 9osksse 202. Figure 23 is an end vi

assenbly 1500 shown partially cut away. 15

the core | oading carrousel
The stationary frame can include vertically upstanding frame ends 1132 and

core |l oading 10 apparatus 1000. Figure 21 also shows a portion of the core
stripping apparatus 2000. Figure 22 is an end view of the core | oading

assenbly 1500 di sposed internediate the turret w nder
apparatus 1000 shown partially cut away and vi ewed parall el

| oadi ng carrousel

assenbly centr
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by the servo notor 1222, through a shaft and coupling arrangenent (not

sh ( | des 1510thereby malntaln registration with the core
trﬂlmmmmmi][ﬁ“ core guides ; & gpeRdral l el rung fashion -

I nterreditat ® t he belt conveyor st BZSH A% & Carlri ed around a cl osed core
gui de path 1541 by the conveyorg 15128EPM\C "- @ portion of the closed
core.gui de pa I s al i gnediest a portion of the cl osedpepioshhs¥ Path
1241 and a portion of the core |oading 15 sgegnment 322 of the cl osed
mandrel path 320. Each core guide 1510 conprises a core guide channel 1550
whi ch extends froma first end of the core guide 1510 adj acent the core

| oadi ng carrousel 1100 to a second end of the core guide 1510 adjacent the
turret w nder 1QmATllsmmuusI;e channel 1550 converges as it extends from

the first end of1 thx second end of the core 20
gui de. Conver geice of UI nn 1550 hel ps to_center the cores
302 with respect tcﬁtﬂﬂ(’ﬁts hayiag %WIYtW%MIMU sypported, for 1,

tge core glﬁl de chamnﬁm@mmgmmt Mneomﬂuydﬁppolﬁig)
i Sal | gnrent Sﬁrﬁor@ﬂ%@% us%%ﬁ?i %Mfi’? R i
Stri ppi ng" Appar at usPapegweb és @ﬁﬁémfél gldr%l ng
apparatus 2000 for Wmd@@ﬁd%dfmﬁgwww aitisngknetally Jfeallell e theor e
Stripping apparat "Sturret assembly cenualans,eachmandrelsuppomdonthemnetassembly
for independent rotation of the mandrel about its mandrel axis, and each
mandrel driven in a closed mandrel path about the turret assembly central
axis, the closed mandrel path having a predetermined core loading segment,
a predetermined web winding segment, and a predetermined core stripping
sggment;
wherein the distance between a mandrel and the turret assembly central axis
varies as a function of the position of the mandrel along the closed mandrel
path.
2. The web winding apparatus of Claim 1 wherein the rotatable turret assembly
comprises a rotating mandrel support for supporting the plurality of
mandrels, each mandrel supported on the rotating mandrel support for
translation relative to the rotating mandrel support, and each mandrel
supportedonﬂxemandrelsuppo:tforromnmofﬂxemandrdaboutns
mandrel axis;
whmmhmandrellsprefexablysupportedonﬂxemtaungmandrel
support for translation relative to the rotating mandrel support along a
pmhlmmmga:mhﬂ‘mmmmumtnﬁuweu:mcunﬂtasmMﬁycanuu
axis; and

whauneachmandmlxsprefemblysupportedonﬂwmtahngmandrel
support for translation relative to the rotating mandrel support along a
path having a tangential component niﬂww-k»ﬂu:hnnt:uumﬂﬂy
central axis.

3. ThewebwmdmgapparamsofClaimlorzfurﬂmcompﬁxingamandrel
guide for positioning the mandrels along the closed path, wherein the
rotating mandrel support preferably rotates relative to the mandrel guide;
wherein the mandrel guide is preferably stationary;
whezein each mandrel is preferably supported for rotation about its mandrel

axis on a mandrel bearing support assembly; and

This Sheet Has Been R
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2000 conprises an endl ess conveyor bel t rvo drive notor 2022 30
supported on a frame 2002. The conveyor |oEHIS SHEEQHES ?Eé i oned vertically

beneath the cl osed mandrel path adjacent] to thEP pi ng segnment 326.
The endl ess conveyor belt 2010 is contiH

by a drive belt 2034‘ana Servo notor 2022. The conveyor belt 2010 carries a

o¥nd pul | eys 2012
plurality of e bérbés at- equm i nterval s onp¢1Tess6O™M4BY Or
belt 2010 (two fllgh4 gEEﬂ“ ugﬁﬂlure The flights 2014 nove with a
| inear velocity V (Fi ght 2014 engages the end of a | og

51 supported on a nandrel 300 as the mandrel noves along the core stripping

segnent 326. The sgp %&mma{ 5‘%1?% i f6kal ?Pé&?b] of
the flights 2014 with respect to Q@ﬁﬁe thasﬂy gctlon of
.angul ar position of thé“%gﬁﬁ 8%PHout its axis of rotation, and a
function of aMacCIhu.weuwiixdmgrdppmmofehnmnwhummhe hasMn

particul ar, thle pow‘,&%&w ‘ﬁ?éﬁ %W%Qﬁ WD 96/ 38364
PCT/ US96/ 07443 30 s phase respe Sitio t he bedro | 59
within a |og w nd cyherein eagh: gf {'@ﬂﬂs an be
synchroni zed with the rcamafolbwwfforthgagmtwmsﬂmm sifface of the mandrel
guide; and
wmammxﬂwcmMImnﬁmeofﬂu:nmm&mlgmdepmﬁﬂﬂﬂycmnmmms:um-
circular segments. '

5. The web winding apparatus of Claims 3 or 4 wherein the mandrel guide
comprises first and second cam surfaces spaced apart from one another
along the turret assembly central axis, each of the first and second cam
surfaces defining a closed path around the turret assembly central axis;
vﬂwmmnthe:ouhngnunm:lmqmunxsdquﬁnJmuxmuthtM=ﬁnuand

second cam surfaces; and

- wherein each mandrel bearing support assembly preferably has a first cam
follower for engaging the first cam surface and a second cam follower
for engaging the second cam surface,

6. The web winding apparatus of Claims 3, 4, or 5 wherein the mandrel guide
comprises oppositely facing cam surfaces spaced apart from one another
along the turret assembly central axis; and |
wherein the rotating mandrel support is disposed intermediate the oppositely

facing cam surfaces of the mandrel guide.

7. 'mewehmndmgappatamsofcmms:i 4, 5, or 6 wherein:
the mandrel gmdeﬁmumnms first and second stationary mandrel gmde
plates, each of the mandrel guide plates extending generally perpendicular to
the turret assembly central axis, the first and second mandrel guide plates
spaced one from the other on the turret assembly central axis, and the first
mandrel guide plate having a first cam surface groove defining a closed path
about the turret assembly central axis and the second mandrel guide plate
having an opposing second cam surface groove defining a closed path about
the turret assembly central axis;
wherein the rotating mandrel support comprises first and second rotating

mandrel support plates, the first and second rotating mandrel support
This Sheet Has Been RTI plates extending generally perpendicular to the turret assembly central

HIIII MR g o e e e o




The ‘flighted conveyor belt 2016—+s—angled-with respect to mandrel axes 314

as the mandrels 300 are carrle straight |line
stipping 10 segnent 326 of th wﬂll muﬂ"path
speed al ong the core Strlpplng a givery Y
speed V, the incl uded angl e A between the conveyor 2010 and the nandrel
axes 314 is seLg6 uch that the flights 2014 engage each |germbetMaid? @
first velocity conponent V1 generally par a%sel to the mandrel axis 314 to

push the | ogs off the mandrels 300, and a second vel ocity conponent V2
generally parallel to the straight |ine portion of the core stripping.

Shown i n?’E?Igu'r 23°2§A?”:Wﬁti?tg%i@ %@g&%@ﬁlf%@%’#& ?@&3@%@?%“3
2010 @econd ppert cplaies baving,a plurelity of clongated
gggrgy% quaI to }onm ts[bg e mmu ;ange belt 2010. The angled | og

engagi ng face of the 2014 Wrel
axes 314 to thereby %WW&%@?&&&%@Q

51 is stripped fromthemm(bmdonowue

cl osed mandrel path to esjopaﬁl hqgr core

EShmJﬁmnepﬁ%ng?ﬁslt"tﬁ ¥ f él,gs bI e t& strlg an e@ﬁ %‘H‘gorelg)
a |s|woﬂ”m

duri rayubtakw thmgemdranvioliqwcr

materl d onto CAlb i Ceh St reaﬁﬂgdmﬂﬂi:a sﬁﬂiﬁﬁf blawﬂfsr 2014
can each have a deformabl e rubbFr ;hqhezow for sli 9& y enga%nnﬁe i

, mandrel guide plate,

8. Thcwebwmdmgapparah1sofClmms3,4,5,6,or7wherunthemandrel
guide comprises replaceable sectors for varying the shape of the closed
mandrel path.

9. 'AmrretassemblyforvnndmgaconUnuouswebofmaﬁenalmtomdmdual
logs, the turret assembly comprising:

a rotatably driven rotating mandrel support;

a plurality of mandrels supported on the rotating mandrel support and
carried in a closed mandrel path, each mandrel having a first end, a
second end, and a mandrel axis, and wherein each mandrel is slidably
. supported for translation relative to the rotating mandrel support, and
wherein each mandrel is rotatably supported forrotauonofthe
mandrel about its mandrel axis; and

a mandrel guide for positioning the mandrels along the closed mandrel path,
wherein the rotating mandrel support is rotatable relative to the
' mandre! guide,

10. The turret assembly of Claim 9 wherein each mandrel is rotatably supported
on a corresponding mandrel bearing support;
wheremeachmmdrelbeanngmpportuprefmblyshdablysuppomdon
wherein the mandrel guide preferably comprises a cam surface; and
wherein the turret assembly preferably comprises a cam follower associated

with each mandrel bearing support, each cam follower engaging the
path. |



the mandrel as the web wound core is pushed fromthe MW
the 30 flights 2014 contact both t he W§iTHI® ’
core 302, and have the ability tolmmmﬂﬂmymmms (i'.e.l cor%&pcﬁ%
web is wound) fromthe mandrels. Ldg Rej &ct™Apbaratus 35~ MgUnE 21
shows a | og reject apparatus 4000 positioned downstream of the core
strippi ng appayabéiesed000 for receiving logs 51 fromthe core IsBE)TALs
apparatus 2000. A pair of drive rollers 2098A and 2098B engage the 'l ogs 51
| eavi ng the mandrel s 300, and propel the Ié&s 51 to the log reject
apparatus 4000. The |l og reject apparatus 4000 includes a servo notor 4022
and a selectively,4 rotat abl e .rej.egt. el.e t 4030 supported.on a frame
4010. The rotat a%]r'e Wﬁ@ﬁt&%ﬂsbﬁ”ﬁﬁr ﬁ?%%&w
engagi ng arms 4035A lecseolons, sach gictor having 96 scgawatiof the full cam surface,
PCT/ US96/ 07443 31 5 andPWRéreinCitYless (s6meiof dhd Sebidtd @38 'be dnfckBngtd 3o Rraty lthee

arns 4035A and three,arns, 4035B sho in,Figure 21). During nhornal
operation, the |ogs %'_aLper%fc FM% rej ect apparatus 4000 are
carried by continuously driven rollers 4050 to a first acceptance station,

-Thijs Sheet Has Been Replaced
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such as a storage bin or other suitable storage receptacle. The rollers
4050 can be 10 driven by the servo notor 2022 through a gear train or

pul I ey arrangenment to have a .surface speed a'fixed percentage hi gher than
that of the flights 2014. The rollers 4050 can thereby engage the | ogs 51,
and carry th at a speed highs than that at which the | ogs are

pr opel | ed by%?hg&%a?‘éhts 2014. In sone instances, it is desi YGHPEHOUWY; r ect
one or nore logs 51 to a second, 15 reject station, such as a disposal bin
or recycle bin. For instance, one or nore dpf&®ive | ogs 51 nmay be produced
during startup of the web w nding apparatus 90, or alternatively, a |og

def ect sensing device can be used to detect defective logs 51 at any tine
during operation of the apparatus 90. THe servo tor 4022 can be .
controlled manual |y or auppmaticaghly t@intermglently rotate the el enent
20 4030 in increnents of &about 0 d¢gees. Eagh tinme the el enent 4030 is
rotated 180 degrees, one §f the sgts Jof | og endaghng arns 4035A or 4035B
engages the | og St rol fE—#AOSA—At that instant. The |og
is lifted fromt§{€ ro -JP;I f he reject station. At the
end of the incre} ' f [0, the other set of arns
4035A or 4035B i ¢ ‘ t defective |og. Mandrel
Description Figufel 26,4, ¥ RREITCH cg)nal «i ew of a mandrel 300
according to thg A S\ fgrdeel 300 extends fromthe first
end 310 to the feoe L Ra_nendrel |ongitudinal axis 314.
Each nandrel i -

v,,-—‘v',‘ \\:
LRIV Yo ap

F e 5




mandr el body 3000, a defornmable core engagi ng nenber 3100 supported on the
mandrel 300, and a mandrel nosepi ece 3200 di sposed at the second end 312 of
the mandrel. The nmandrel body 3000 can include a steel tube 3010, a steel
endpi ece 3040, and a non-netallic conposite mandrel tube 3030 extending-

I nternmedi ate the 35 steel tube 3010 and the steel endpiece 3040. ‘At | east
a portion of 695?5@ engagi ng member 3100 is deformabl e fromcgnsddigruasshape
to a second shape engagi ng the inner surface of a hollow core 302 after
the core 302 is positioned on the nandrel éHF he core | oadi ng appar at us
1000. The mandrel nosepi ece 3200 can be slid ? upported on the nmandre
300, 40 and is d&#p ble relative to the mandrel body 3000 for
deform ng the def@r npbl & core~pngagh ne)naﬁber 31OGDfron1tE§ first shape to
t he second shape. WOIPD6/ 388H4M

PCT/ US96/ 07443 32 § € ndF%I)nSEeﬁTeég IS dlgjaceabié relative to the
mandr el body 3000 K dr el p B54 e def grmabl e corelengadijng nenber
3100 can conprise d r re-e C ryabl e p0|ﬁner|c rrngs 3110
(Figure 30) radiall I endégqge 3040. {By "elastically
o Le it i P
deformable” it is nea tgrgtterre r __’/il_\r_r)
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10 3100 deforms fromthe first shape to the second shape under a | oad, and
t hat upon rel ease of the | oad the nenber 3100 returns substantially to the
first shape. The nmandrel nosepiece can be displaced relative to the

endpi ece 3040 to conpress the rings 3110, thereby causing the rings 3100 to
elasticaly buckle in a radially outwardly direction to engage_t he inside

di aneter of th¥OMP¥802. Figure 27 5 illustrates deformati oRCHPSS{43

def ormabl e core engagi ng nenber 3100. Figures 28 and 29 are enlarged views
of a portion of the nosepiece 3200 show n@ /@i on of the nosepi ece 3200
relative to steel endpiece 3040. Referring to the conmponents of the mandrel
300 in nore detail, the first and seqﬁﬁd beari ng housi ngs 352 and 354 have
beari ngs 352A and 354A for 20 rotat y supporting the steel tube 3010
about fhe mandrel axis 314. The mandrel drive puIIey 338 and the idler

pull ey 339 are postioned on the steel tube 3010 i nediate t he bearing
housi ng 352 and 354. The ma I dsigve pgljl ey 338 -s fixed to the steel
t ube 3010, and the i dl e 9 _caf be rotata,‘oly‘supported on an

ext ensi on of kp @@ pull ey lbearing 339A such
that 25 the | e fll g8Bat i Ve tq the 3‘5 t ube 3010.

The steel tube*S010 |nclud end of a core

338G, f 0
302 driven onto the mangre KBI4R .-30 rably frustum
shaped, as shown ijn Fig Y Q EoM'L h t 'xture ép’é e to restrict
[ 302 face of

rotation of the cqgr ’ R v—\\f /' ﬁhndre“ body:3
the frustum30 s ag)ed shoulf Vi Jaémtlfred >! a plu ity of
axially and radialjly 59 { -+~ , ! x5

[+
/ “ 34 5‘ ; 300
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extendi ng splines 3022. The splines 3022 can be uniformy spaced about the
ci cunference of the shoul der 3020. The splines can be tapered as they
extend axially fromleft to right in figure 26, and each spline 3022 can
have a generally triangular cross-section at any given |location along its

| ength, with a relatively 35 broad base attachnment to the shoul der 3020
and a rel at iyghopssiey row apex for engaging the ends of the wemewanihe steel
‘tube 3010 has a reduced di aneter end 3012 (Figure 26) which extends from

t he 'shoul der 3020. The conposite mandrel t ?ég?O'extends froma first end
3032 to a second end 3034. The first end 30 €Xt ends over the 40 reduced
di aneter end 3012 of the steel tube 3010. The first end 3032 of the
conposite mandrel tube 3030 is joined to the reduced di aneter and 3012,
such as WD 96/ 38364

PCT/ US96/ 07443 33 5 by adhesi ve bonding. The conposite nmandrel tube 3030
can conprise a carbon conposite construction. ngﬁgring to Figures 26 and
30, -a second end 3034 of the conposite nmandr 3030 is joined to the

steel endpi ece 3040. The endpi ece 3040 irst _end 3042 and a second
end 3044. The first end 3042 %thé_e'ﬁ ' 40 fits Tmside of, and is
joined to the second end 308 : | ‘»
' 864 / ~—133A
™ (
-\-“ | . \‘
867 836A
834 A 6B
— 338 8348
~\ 339
352 - 354 300
3so~\‘230
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10 mandrel tube 3030. The deformabl e core engagi ng nmenber 3100 is spaced
al ong the mandrel axis 314 internedi ate the shoul der 3020 and the nosepi ece
3200. The deformabl e core engagi ng nmenber 3100 can conprise an annul ar ring
having an i nner diameter greater than the outer dianeter of a portion of

t he endpi ece 3040, and 15 can be radially supported on the endpi ece 3040.
The def or mabl gygeyizazs@ngagi ng menber 3100 can extend axially behts6d07343
shoul der 3041 on the endpi ece 3040 and a shoul der 3205 on the nosepi ece
3200, as shown in Figure 30. The nenmber 3100 prmfepgbly has a substantially
cirunferentially continuous surface for radially engaging a core. A

sui tabl e continuous surface can 20 be provided by a ring shaped nenber
3100. A substantially circunferentially continuous surface for radially
engagi ng a core provides the advantage that the forces constraining the
core to the mandrel are distributed, rather than concentrated. Concentrated
forces, such as those provided by conventional core.locking |lugs, can cause
tearing or piercing of the core. By "substantially 25 circunferentially
continuous” it is nmeant that the surface of the nenber 3100 engages the

i nside surface of the core around at |east about 51 percent, nore
preferably around at | east about 75 percent, and nost preferably around at

| east about 90 percent of the circunference of the core. The defornable
core engagi ng nenber 3100 can conprise two elastically 30 deformable rings
3110A and 3110B fornmed of 40 duroneter ™A" urethane, and

145

322

324 144 _\

326 320



three rings 3130, 3140, and 3150 forned of a relatively harder 60 duoneter
"D'" urethane. The rings 3110A and 3110B each have an unbroken,
circunferentially continuous surface 3112 for engaging a core. The rings
3130 and 3140 can have Z-shaped cross-sections for engagi ng the shoul der.s
3041 and 3205, respectively. 35 - The ring 3150 can have a generally

T- shaped: cros n. Ring 3110A extends between and is jo ngs
3130 and 3150$v09§%%g$631108 extends between and is joined to r:'l,%s g‘ﬂ’%{s
3140. The nosepiece 3200 is slidably supporgg?agf bushi ngs 3300 to pernlt
axi al displ acenent of the nosepi ece 3200 red¥f to the endpi ece 3040.

Sui tabl e 40 bushi ngs 3300 conprise a LEMPCOLOY base material with a
LEMPCOAT 15 coating. Such bushings are manufactured by LEMPCO i ndustries of
Cl evel and, WD 96/ 38364

PCT/ US96/ 07443 34 5 Ohi o. \When nosepi ece 3200 is displaced along the axis
314 toward the endpi ece 3040, the deformabl e core engagi ng nenber 3100 is
conpreessed between the shoul ders 3041 and 3205, causing the rings 3110A and
3110B to buckle radially outwardly, as shown in phantomin Figure 30. Axial
notion of the nosepiece 3200 relative to the endpiece 3040 is linmted

—I—»?
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10 by a threaded fastener 3060, as shown in Figures 28 and 29. The
fastener 3060 has a head 3062 and a threaded shank 3064. The threaded shank
3064 extends through an axially extending bore 3245 in the nosepi ece 3200,
and threads into a tapped hole 3045 di sposed in the second end 3044 of the
endpi ece 3040. The head 3062 is enlarged relative to the dianeter of the
bore 3245, tiwoekysskd M ting 15 the axial diplacenment of theperesssioeas 3200
relative to the endpi ece 3040. A coil springgzgﬂg i's disposed internediate
t he end 3044 of t.he endpiece 304@ d the no ce 3200 for biasing the

mandr el nosepi ece fron1th¢s Qgg% Once a core is |oaded onto the
mandrel 300, thez|a ?@ provi des the actuation force for
conpressing the r|n95‘§i§$ d 3110B. As 20 shown in Figure 28, a nandrel
cup 454 engages the noggsepiece 3200, thereby conpressing the spring 3070 and
causi ng the nosepi ece] axially along mandrel axis 314 toward the
end 3044. This notion osepi ece 3200 relative to the endpece 3040
conpresses the rings 311 388)B, causing themto deformradially
outwardly to have genera Byepces 3112 for 25 engaging a core on
the mandrel. On3@88wdi f the web on the core is conplete and the
mandrel cup 454 is ed, the spring 3070 urges the nosepi ece 3200

3110B to their7origi , | i ndrical undefornmed shape. The core.
can then be renovegr frgl by the core stripping apparatus. 30
The mandr el 300<?fso cjo ntirotation nenber for restricting

\ / // \ /230
234 j( \
359

axially away frqafthe en Eﬁe 304 , Y hereby returning the rings 3110A and
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rotation of the mandrel nosepiece 3200 about the axis 314, relative to the
mandr el body 3000. The antirotation nenber can conprise 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 endpi ece 3040. The
set screw 3800 abuts 35 against the threaded fastener 3060 to prevent the
f ast ener 3060, Qaﬂbgpning | oose fromthe endpi ece 3040. The selussihfis 3800
extends fromthé endpi ece 3040, and is received in an axially extendi ng
sl ot 3850 in the nosepiece 3200. Axial indigP f. the nosepi ece 3200
relative to the endpiece 3040 i s accommodat e '6§€ihe el ongat ed sl ot 3850,
whil e rotation of the nosepiece 3200 relative to the endpiece 40 3040 is
prevent ed by engagenent of the set screw 3800 with the sides of the slot
3850, WD 96/ 38364 :

PCT/ US96/ 07443 35 5 Al tenatively, the deformabl e core engagi ng nmenber
3100 can conprise a netal conponent which elastically deforns in a radially
outward direction, such as by elastic buckling, when conpressed. For

i nstance, the deformabl e core engagi ng nenber 3100 can conpri se one or nore

metal rings having circunferentially spaged amart and @Q@Cnl | y extendi ng
slots. Crcunferentially I - ‘// 424
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10 spaced apart portions of a ring internedi ate each pair of adjacent
slots deformradially outwardly when the ring i s conpressed by notion of
t he sliding nosepiece during cupping of the second end of the mandrel.
Servo Mdtor Control System 15 The web wi ndi ng apparatus 90 can
conprise a control systemfor phasing the position of a nunber of

i ndependent | ywilf des884CONMPONENtS With respect to a conmon pos iplcrRRes07443
reference, so that the position of one of the conponents can be

synchroni zed w-=»j2he Ktlion of one or nor@/@@er conponents. By
"i ndependent | yfdrivenfft 484nt ghat the positions of the conponents are

not 20 nmechahi cal | C | ~——Such“as by nechanical gear ‘trains,
mechancal pul | @7 q hani | i nkages, mechani cal cam
mechani sms, or ot er) chapf cal nears. I'n one enbodi nent, the position of
each of the i ndendgfityy dr gygants can be el ectroni cal | y phased with
respect to one gpfg S, such as by the use of electronic
gear -rati os or ﬁ%ﬂr oni .2 h I n one enbodi nent, the positions
of the independentl i nponents is phased with respect to a common
reference that is af B2angul ar position of the bedroll 59
about its axis o ot B\ aa%q function of an accunul at ed nunber of
revol utions of t particul ar, the positions of the
i dependent |y déiﬁéen confmpp ents o e fphased with respect to the positon 30
of the bedroll 1 | og nd. gZycl e. Each revolution of the bedroll
59 correspond a a l
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cycle. Alog wnd cycle can be defined as equaling 360 degree increnents.
For instance, if there are sixty-four 11 1/4 inch sheets on each web wound
log 51, and if the circunference of the bedroll is 45 inches, then four
sheets will be wound 35 per bedroll revolution, and one |log cycle will be
conpleted (one log 51 wll be wound) for each 16 revol utions of the

bedrol | . Accqydlbérgses: €ach revolution of the bedroll 59 w | lpcapisbésrasnd to
22.5 degrees of a 360 degree |log wind cycle. The independently driven
conmponents can include: the turret asserrblylmeriven by notor 222 (e.g. a
4HP servo notor); the rotating mandrel cuppi arm 40 support 410 driven
by the notor 422 (e.g. a 4 HP Servo notor); the roller 505A and nandr el
support 610 driven by a 2 HP servo notor 510 (the roller 505A and WO

96/ 38364 PCT/ US96/ 07443 36 5
the mandrel support 610 are nechanically coupl ed4%2 he mandrel cupping
support 710 driven by motor 711 (eg. a 2 HP s@rVo motor); the glue nozzle
rack-actuator assenbly 840 diggg ""‘"""/"', $=2--e~g-—a-2 HP servo notor);
the core carousel 1100 and core Qui {ZZZ%EE by 3P%D0 driven by a 2 HP servo
notor 1222 (rotation of the core cakzesel 100 and the core guide assenbly

1500 are nechanically 10 couple); .l_oad.i_ng-.c.o.nyeyor 1300 driven by

notor 1322 (e.g. a 2 HP L7 450
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servo notor); and the core stripping conveyor 2010 driven by notor 2022
(e.g. a 4 HP servo notor). Other conponents, such as core drive roller
505B/ notor 511 and core glue spinning assenbly 860/ notor 862, can be
i ndependent|ly driven, but do not require phasing with the bedroll 59.
| ndependently driven conponents and 15 their associated drictrisowbmss are
shown schenmoesz8364 Wi th a programmabl e control system 5000 in Figure 31. -
The bedroll 59 has an associated proximty switch. The proximty sw tch
nmakes contact once for each revol utior jof2@e bedroll 59, at a given
bedrol | angul ar position. The progranmmabl e control system 5000 can count
and store the 20 nunber of tinmes the bedgblOB59 has conpleted a revol ution
(the nunber of theggathe bedrol | proxi ;/tdz swi tch has nade contact) since
09

t he conpl etion pf w ndi ng of 4%@2l ast Eagholad e i ndependently
driven corrponeit)s cap380s0_hb NP (h’.!-"wh- ning a hone

posi tion of W} phald A pds+10n of the independently
driven conpogery i th TESpae 3 gommon reference, such as the
posi‘ti on of {t \\:rs".‘w e _\4: i~y cyd éan be acconplished in a
cl osed | oop hj [ ~ .?}u‘f'- ok 4pe independently
driven conponent g \ I\ 6C the bedroll within a |log
wi nd cycle can i N S ed4Bat i onal position of
t he bedrol | wit Qi ‘

30~0siti on of
a conponent at ) o

|l og wi nd cy486,
to the




rotational position of the bedroll within the log wnd cycle; calculating a
position error for the conponent fromthe actual and desired positions of

t he conponent relative to the rotational position of the bedroll within the
|l og wind cycle; and 35 reducing the calculated position error of the
conponent. in one enbodi nent, the position error of each conponent can be
cal cul ated ongg e start up of the web w ndi ng appar at us pg@mussthedss
contact is first made by the bedroll proximty switch at start up, the
position of the bedroll with respect to th¢2Aw nd cycle can be
cal cul ated based upon information stored in the 40 random access nenory of
t he progranmmabl e control system 5000. In addition, when the proximty
switch associated with the bedroll first nakes contact on start WO

96/ 38364 PCT/ US96/ 07443 37 5
up, the actual position of each conponent relative to the rotational
position of the bedroll within the log cycle is detrmned by a suitable
transducer, such as an encoder associated with the notor driving the
conponent. The desired position of the conponent relative to the rotational
position of the bedroll within the I og wind cycle can be cal cul ated usi ng
an el ectonic gear ratio for each conponent stored in 10 the random access
menory of the programmabl e control system 5000.

A
'/- 143
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When the bedroll proximty swtch first makes contact at the start up of

t he wi ndi ng apparatus 90, the accunul ated nuber of rotations of the bedrol
since conpletion of the last 1og wind cycle, the sheet count per |og, the
sheet length, and the bedroll circunference can be read fromthe random
access nmenory of the 15 programable control system 5000. For exanple,
assume the beglsldssdiad conpleted seven rotations into a | og perfifkegiyRk®E When
t he wi ndi ng apparatus 90 was stopped (e.g. shutdown for nmintenance). Wen
the bedroll proximty switch first makes cqlgf'%s upon re-starting the

wi ndi ng apparatus 90, the bedroll conpletes tseighth full rotation since
the last log wnd cycle was conpleted. 20 Accordingly, the bedroll at that
instant is at the 180 degree (hal fway) position of the I og w nd cycle,
because for the given sheet count, sheet |ength and bedroll circunference,
each rotation of t espondg|to 4 sheets of tlhe 64 sheet | og,
and 16 revol utionsjof fhe bedrollll are rdgpeH ! e conplete | og.
When-contact is fifst de by tH4¢l bedrolll proximty smt at start up, the
25 desired positign e _inddpendently driyen jtonponents with
respect to the positi of the beg=eH—Hh the | og wiF—¥gll e is cal cul ated
based upon tigyglegtroni c gear ratd+e—for that conporjent aphd the position of
the bedroll withinfthg wind cyclef The calcul ated, |desirpd position of
each ‘i ndependent | y|drijven conponent wWth respect tofthe Ipg wind cycle can
t hen be conpared tp tHe actual 30§ po kﬁion of t-he conponﬁnt measured by a
transducer, such ap arf encoder asgopA 4 wi not or driving the

conponent. The cal gul gt ed |Geed+r eq Ttion \\\\W

500 —— I~ 120
505A :

5058

610 -620

615— 300 |

Fig. 15



T

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
bedrol| position in the log wind cycle to provide a conponent position
error. The notor 35 driving the conponent can then be adjusted, such as by
adj usting the nDtwHegspeed With a notor controller, to drive the position
error of the conponent to zero. For exanple, when the proximty switch
associated with the bedroll first nakes contact at start up, therahass
angul ar position of the rating turret assenbly éﬁﬁéﬁf th respect to the
position of the bedroll in the log wind cycle é be cal cul ated based
upon the nunber of revolutions the bedroll has made during the current |og
wi nd cyc¢le, the sheet count, the sheet length, the circunference of WO
96/ 38364 PCT/ US96/ 07443 38 5
the bedroll, and the electronic gear ratio stored for the turret assenbly
200. The actual angular position of the turret assenbly 200 is neasured
using a suitable transducer. Referring to Figure 31, a suitable transducer
is an encoder 5222 associ ated wiith the servo 1 Qr.222. The difference

bet ween the actual position tjhe turret assenbly 2Sa-s fS desi i0
position relative to the pos i (e ol -2 = ith-th .
cycle is then used to contr o sred of

5Cﬁi&\
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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
cuppi ng 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 cuppi Rgo aRsgaL! Y 400 can be used to neasure the act ugcraeddian of

t he support 410 relative to the bedroll position in the log wind cycle. The
speed of the servo notor 422 can be varied, pggpgs with a notor controller
5030A, to drive the position error of the support 410 to zero. By phasing
the 20 angular 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 assembly 200, and tw sting of
the mandrels 300 is avoided. Alternatively, the position of the

i ndependent|y driven conpon s could be 25 phased with respect to a
ref erence other than the pogt N of [the bedroll within a Iog‘mi;rd cycl e.
The position error of an in ent driven conponent can be rfeduced to
zero by controlling the speed fl t he or dr|V|ngCﬂhat partlcuﬂ%r

conponent. | n one enbodi , e val ués of hte 05| error is used to
det erm ne whether the 30 gf. be B o phase with the
bedrol | nore quickly by |n re |n t by decreasing
the notor speed. If the val of o #
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position error is positive (the actual position of the conmponent is "ahead"
of the desired position of the conponent), the drive notor speed is
decreased. If the value of the position error is negative (the actual
position of the conponent is 35 "behind" the desired position of the
conponent), the drive notor speed is increased. In one enbodi nent, the
position err " | cul ated for each conponent when the be imty
switch fi rstwr% esss‘%ont act at start up, and a |linear vari at ?’(E)%}lflsa%ﬁle? speed
of the associated drive notor is determned to drive the position error to

zero over the remmining portion of the |og lBAB&ycle. 40 Nor mal | y,
the position of a conponent in |log wind cycle degree should correspond to
the position of the bedroll in log cycle degrees (e.g., the position of -
WO 96/ 38364 ' PCT/ US96/ 07443

39 s a conmponent in log wnd cycle degrees should be zero when the position
of the bedroll in log wind cycle degrees is zero.) For instance, when the
bedrol|l proximty swi tch nakes contact at the beginning of a wind cycle
(zero wind cycle degrees), the notor 222 and the turret assenbly 200 shoul d
be at an angul ar position such that the actual position of the turret
assenbly 200 as neasured by 10 the encoder 5222 corresponds to a

cal cul ated, desired position of zero w nd cycle

700
710 -
715 S C\_\

L4 r 764 . ‘\

| SOSA; {720 762 - \

A
\ .7

740




degrees. However, if the belt 224 driving the turret assenbly 200 shoul d
slip, or if the axis of the notor 222 should otherw se nove relative to the
turret assenbly 200, the encoder will no | onger provide the correct actual
position of the turret assenbly 200. 15 I n one enbodi nent the
programmabl e control system can be programmed to allow an o

provi de an oMWQ&/3886@@r t hat particul ar conponent. The of fset "can be entered
into the random access nenory of the programmuable control systemin

i ncrenents of about 1/10 of a |log w nd cycl37n ee. Accordingly, when the
actual position of the conponent matches th red, cal cul ated position
20 . of the conponent nodified by the offset, the conponent is considered
to be in phase with respect to the position of the bedroll in the | og w nd
cycle. Such an offset capability allows continued operation of the w nder
apparatus 90 until nechanical adjustnents can be nade. In one enbodi nent, a
sui tabl e programmabl e control system 5000 for 25 phasing the position of

t he i ndependently driven conponents conprises a progranmabl e el ectronic
drive control system having progranmabl e random access nenory, such as an
AUTOVAX programmabl e drive control system manufactured by the Reliance

El ectric Conpany of Ceveland, Chio. The AUTOVAX programabl e drive system
can be operated using the followng 30 manuals, all of which are

i ncorporated herein by referece: AUTOVAX System Operation Manual Version
3.0 32-3005; AUTOVAX Progranm ng Reference




Manual 1-3686; and AUTOVAX Har dwar e Reference Manual 3-3656,3658. It wll
be understood, however, that in other enbodnents of the present invention,
ot her control systens, such as those avail able from Emerson Eectronic
Company, 35 G ddi ngs and Lewis, and the Ceneral El ectric Conpany coul d
al so be used. Referring to Figure 31, the AUTOVAX programuable drive
control systed es one or nore power supplies 5010, a c y
nodul e 5012, gkgaﬁk el 7010 m croprocessors 5014, a network gg%ﬂ%% |on£
nodul e 5016, a plurality of dual axis progammable cards 5018 (each axis
coresponding to a 40 ‘notor driving one of I8/&26nhdependently driven
conponents), resolver input nodul es 5020, general input/output cards 522,
and a VAC digital output card 40 5024. The AUTOVAX system al so incl udes
a plurality of nodel HR2000 notor controllers 5030A-K Ea DLQT

controller is associated with-a particular drive 822r. Fo agAce, notor
controller 5030B is associated with the servo notlor _22@,2 ﬁ/ﬂ’
7

rotation of the turret assenbly 200. The co enory pagul g 2 p
2O 167

'’

an interface between nultiple mcroprogggeQ s~
m croprocessors execute software prograns WNC
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transmts control and status data between an operator interface and ot her
conponents of the programmable control system 5000, as well as between the
programmbl e control system 5000 and a progranmabl e mandrel drive control
system 6000 di scussed bel ow. The dual axis progranmabl e cards 5018 provide
i ndi vi dual c 5@?%@” each of the independently driven conponents. The
signal fromthe bedroll proximty switch is hardwired into EISPOUAE dual
axi s progranmabl e cards 5018. The resol ver input nodul es 5020 convert the
angul ar di spl acenent of the resolvers 52 5400 (discussed below) into
digital data. The general input/output card 022 provide a path for data
exchange anong different conponents of the control system 5000. The VAC
digital output card 5024 provides output to brakes 5224 and 5424 associ at ed
W t h-notors 222 and 422, respectively. In one enbodi mnentggphe mandrel drive
notors 332A and 332B are controll ed by a programmabl e mandr trol
system 6000, shown schematical B6On FIG 32. The notors 332AYend 332B ¢an
be 30 HP. 460 Volt AC notors. The pwogrammabl e mandrel drive dontrol sy$tem
6000 can include an AUTOVAX system igcl udi ng a power supply 4010, a cofmon
menory include 6012 havi ng random access ne &£3ﬂmo central |processing
units .6014, a network conmuni cation card -LQL_QLQyiding gqomruni cat t on
bet ween the progranmabl e mandrel controlffsystem 6000 p

control system 5000, resolver input cargg 6020A-6020D
cards 6022A and 6022B. The programmabl e ndrel drive
can al so include AC notor controllers 6q$8A and 6030B
f eedback 6032 and speed regul ator

Fig.20B



6034 i nputs. Resolver input cards 6020A and 6020B receive inputs from
resol vers 6200A and 6200B, which provide a signal related to the rotary
position of the mandrel drive notors 332A and 332B, respectively. Resol ver
i nput card 6020C receives input froma resolver 6200C, which provides a .
signal rel at e¢ud Rkl angul ar position of the rotating turret assenbly 200.
I n one enbodi nent, the resolver 6200C and the resol ver 5200 PET/BKA783 can

be one PCT/ US96/ 07443 WO 96/ 38364 41 5 and the
sanme, Resol ver input card 6020D receives i §rom a resol ver 6200D, which -
provides a signal related to the angul ar p0si'tTon of the bedroll 59. An

operator interface (not shown), which can include a keyboard and di spl ay
screen, can be used to enter data into, and display data fromthe
programuabl e drive system 5000. A suitable eﬂator [ nterfa e is a XYCOM 10
Series 8000 Industrial Wrkstation manufact [
Saline, Mchigan. Suitable operator interfag : e Wth the
XYCOM Seri es 8000 workstation is-latecract S Y a5l e ffrom t he

Comput er Technol ogy Corporationfof MIford, {Ohijo. di vifual 'y driven
conponents can be jogged forwarfd or reversef |l1d| vidual Iy or toget her by
the operator. In 8
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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 wired
into) the dual axis programmbl e cards 5018. The position, velocity, and
current assog‘j&{&%wth each drive notor is neasured and cog?:;alt_red Wt h
associ ated position, velocity and current limts, 20 respe 'U%W?V”ﬁ%e _
programabl e control system 5000 halts operation of all the drive notors if
any of the positi.on, velocity, or currggh/zgfits are exceeded. In Figure 2,
the rotatably driven turret assenbly 2 the rotating cupping arm
support plate 430 are rotatally driven by separate servo notors 222 and
422, respectively. The nntorngZZ and 422 can continuousWy rotate the

turret 25 assenbly 200 and the rotating cuppt ng arm support plate 430
about the central axis 202, a generally c@gpstant angular veocity. The
angul ar position of-the turmet} assenb 200 apd the angufar position of the
cuppirng arm support plate 430fare non} ored position yesolvers 5200 and
5400, respectively, slk@wn scheyati cal in ure 31. TH{e progranmabl e
drive system 5000 hal & Qper aj 30 al | Jt he ivesSmotors if the
angul ar position the fﬁfgbg_ g than a predetern ned
nunber of angul ar degrees w t\T 1 - sition of the
support plate 430, as neasure tye HeS 5200 and 5400..1nN
an alternative enbodi nent, thé abljyy driver fur nmbly 200 agﬁ%SS
t he cuppi ng arm support platel 4 coul ed o CI0 n hub an e
' a0
9 } )
Y., Ry

Al

302
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driven by a single drive notor. Such an arangenent has the di sadvant age
that torsion of the common hub interconnecting the rotating turret and
cuppi ng arm support assenblies can result in vibration or m spositioning of
the mandrel cups with respect to the nmasndrel ends if the connecting hub is
not made sufficiently 40 massive and-stiff. The web w ndin GPRd of

t he present Wa9#HB%on drives the independently supported r%atl ngﬁ'{“ﬁret
assenbly 200 and rotating cupping arm WO 96/ 38364

PCT/ US96/ 07443 42 5 support plate 430 \%y2$epar ate drive notors that are
controlled to maintai n_positional phagi of the turret asse y 200 and

the mandrel cupping ar 450pmuil h aeCQmmon reference, thereby chanicﬂﬂy/
decoupling rotation of {the_t aaie 200 and the cuppi m suppdy t
pl ate 43 t-he ; hes-CLik otk ne—thecsegdesl | B i S

separate 1 n 200 t ogp
mechani cal | y decouple rotation of the turr '
t he bedroll 59, thereby isolating the
caused by the upstreamai ndi P tere-T

assenbly 200 separately fromthe bedro
revol utions of the - ETTOT Y

200 br atfi
rotati n@turre
i o of

assenbl
iving t

DTV Sl U
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15 the bedroll 59 to be changed el ectronically, rather than by changi ng
mechani cal gear trains. Changing the ratio of turret assenbly rotations to
bedrol| rotations can be used to change the | ength of the web wound on each
core, and therefore change the nunber of perforated sheets of the web which
are wound on each core. For 20 instance, if the ratio of the turret
assenbly rotations to bedroll rotations is increased, fewerprCTUSF44f a

gi ven | engt WaW4383¢de wound on each core, while if the ratio is decreased,
nore sheets will be wound on each core. ége éeet count per |og can be
changed while the turret assenbly 200 i 6?2 ing, by changing the ratio of
the turret assenbkly r@yimti onal speed to the ratio.of bedroll rotational
speed 25 while wré¢ ssenbly 200 is rota§ing N one enbodi ment
according to the 5¥-~mii invention, two or Wi

schedul es, or nandr;}yua;-d curves, can be AA

whi ch is accessible éﬁﬂ:ﬁ‘ programmabl e co R
two or nore mandr e} Hedadl curves can be St aDTHEH
6012 of the programfl handrel drive cont®o
mandrel speed curWesif d in the random acc}
different size lo i fif § w
curve can provide i+f fdr el wi ndi ng speed aj
position of the tgyri

¥bt em 5000. For instance,
Ml he conmmon 30 menory
ji em 6000. Each of the

~

Each mandrel speed
nction of the angul ar

!
i

| embly 200 for a pggm fhr sheet count per |og.
The web can be seGerig it as a ction oEgt}- gdbi red sheet count. per | og
by changing the tpmpg t he . ‘ '
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activation of the chopoff solenoid. In one enbodi nent, the sheet count per

| og can be changed while the turret assenbly 200 is rotating by 1) storing
at | east two mandrel speed curves in addressable nmenory, such as 40 random
access nmenory accessible to the progranmmabl e control system 5000, WO

96/ 38364 PCT/ US96/ 07443 43 5
2) providing Qﬁﬁg d change in the sheet count per |og Vi gpddigeePRLAL OF

i nterface; Sfﬁge ec%fng a mandrel speed curve from nenory, g;sed upon t he
desired change in the sheet count per log; 4) calculating a desired change
in the ratio of the rotational speeds of t RAY@6t urr et assenbly 200 and
the mandrel cupping assenbly 400 to the rotational speed of the bedroll 59
as a function of the desired change in the sheet count per |og; 5)
calculating a desired change in the ratios of the speeds of the core drive
roller 505A and nandrel support 610 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 carrosel 1100 and core gui de assenbly
1500 driven by the '

3041
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notor 1222; the core | oading conveyor 1300 driven by notor 1322; and the
core stripping apparatus 2000 driven by notor 2022; relative to the
rotational speed of the bedroll 59 as a function of the desired change in
the sheet count per log; 6) changing the electronic gear ratios of the -
turret assenbly 200 and the 20 mandrel cupping assenbly 400 with respect
to the bedrolﬁmﬁﬁ?gﬁﬁorder to change the ratio of the rotati gopigssspefss of
the turret asse y 200 and the mandrel cupping assenbly 400 to the :
rotational speed of the bedroll 59; 7) changing the electronic gear ratios
of the follow ' bedroll 59 in order P&/26 -
change t he spepggs—of—tireTompuments—retative—3%| to the bedroll 59: the

core drive rol || gr—505A—eart—rartret—stpport—6igNd+vrerr—by not or 5T01 he
mandr,el suppor}j|[{10 |gven—by—rptor—F1l—the Je-nozzlje _rack actoatpr
assenbly 840 djjfinen |y motor 8ZZ_1he Core C del 11 and c i de
assenbly 1500 jverfldy the nojor 1222; the cldnelllfoadi ng conveyor- D0
driven by motof}i{1323;| fand the ¢ore stripfing {dppHlat us 2000 diyviemr—by not or
30 2022 relat|jVié tgltjhe rotat{onal ‘spee@uof ¢{dedrol | 59; &%d'B,
severing the wgblas |4 [functionjof the desyre hHlge i n the sheef—eeynt per

n
!
h
é gﬁ c
| og, such as b ar yijng e cheppof f dd{iMation tim ng. L ti e
t he sheet counf{jper |l|ldg & chapged, thef& ilildnjaf the independEﬁﬁE;
driven conpone f hse 1t b Ledpegt the position pi3b the
bedroll w thin P bﬁ? e niang N updated | og wnd_gycle
based upon the n ghig fshe cpyit|ider log; deternining the
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rotational position of the bedroll within the updated | og w nd cycle;
determ ning the actual position of a conponent relative to the rotational
position of the bedroll within the updated | og wi nd cycle; calculating the
desired position of the 40 conponent relative to the rotational position
of the bedroll within the updated | og w nd cycle; calculating a position
error for theg&ﬂﬁg nt fromthe actual and WO 96/ 38364

PCT/ US96/ 0744 gﬁgdeired positions of the conponent relatrsgm?%m? g
rotational position of the bedroll wthin _the updated | og wind cycle; and
reduci ng the cal cul ated position error o2@/A&Gonponent. Wile particul ar
enbodi nents of the present invention have been illustrated 10 and

descri bed, various changes and nodifications can be nade w thout departing
fromithe spirit and scope of the invention. For instance, the turret
assenbly central axis is shown extending horizontally in the figures, but
it wll be understood that the turret assenbly axis.202 and the nmandrel s
coul ¢ be oriented in other directions, including but not limted to
vertically. It is intended to cover, in 15 the'aQEFnded clainms, all such
nodi fications and intended uses. o
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5024. The AUTOMAX system also includes a plurality of model HR2000 motor controllers
5030A-K. Each motor controller is associated with a particular drive motor. For instance,
motor controller 5030B is associated with the servo motor 222, which drives rotation of the
turret assembly 200.

The common memory module 5012 provides an interface between multiple
microprocessors. The fwo Model 7010 microprocessors execute software programs which
control the independently driven components. The network connection module 5016
transmits control and status data befween an operator interface and other components of

. the programmable control system 5000, as well as between the programmable control

system 5000 and a programmable mandrel drive control system 6000 discussed below.
The dual axis programmable cards 5018 provide individual control of each of the
independently driven components. The signal from the bedroll proximity switch is
hardwired into each of the dual axis programmable cards 5018. The resolver input
modules 5020 convert the angular displacement of the resolvers 5200 and 5400
(discussed below) into digital data. The general input/output cards 5022 provide a path
for data exchange among different components of the control system 5000. The VAC
digital output card 5024 provides output to brakes 5224 and 5424 associated with motors
222 and 422, respectively.

In one embodiment, the mandrel drive motors 332A and 332B are controiled by a
programmable mandrel drive control system 6000, shown schematically in FIG. 32. The
motors 332A and 332B can be 30 HP.460 Volit AC motors. The programmable mandrel
drive control system 6000 can include an AUTOMAX system including a power supply
6010, a common memory include 6012 having random access memory, two.central
processing units 6014, a network communication card 6016 for providing commimication
between the programmable mandrel control system 6000 and the programmable control
system 5000, resolver input cards 6020A-6020D, and Serial Dual Port cards 6022A and
6022B. The programmable mandrel drive control system 6000 can also include AC motor
controllers 6030A and 6030B, each having current feedback 6032 and speed 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 embodiment, the resolver 6200C and the resolver 5200 in
FIG. 31 can be one
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mandrel pat h, each mandrel having a first end, a second end, and a mandr el

erein eac Is rotatably supported on a corresponding
nandr along the entire cl osed mandr erein
each Jl[ﬁﬂﬂﬂ@mm port is slidably. supporte randr el
support# ta wNan gui de for positi ng the 2 ong t Re \cl osed
mandrel path, wherein the rotating mandrel supportli Eorg ative to

t he mandrel guide. 16. The turret assenbly of cl
di st ance bwhat®claimeandrel and the axis of rotatio
support vari.es as a function of the position of th 18r E 3
cl osed mandrel path. 17. The turret assenbly of cl +H—WHer ei n the
mandr el gufjde cArWéBmmg Wusbampnsmgtd wherein the turret assenbly

further conprises, a t

support , \Aﬁé‘t"é‘?tn"'ﬁa h%"éﬂﬂ ?J?ﬁ\gfﬁmy 3@%@;@@9??3%@;@%%%@%? 5@3‘;%’ 52 ng
the mandrel s al fimgt hbgerﬁlbmeﬁtrammrmb tewétrassdMbly supperting arp%ﬂraﬂss:émlalsablyf
claim 17 wherei n t he mandr el n(s:ﬁ%' ses repl,aceabl e Seetit ors ach

sector having ade¥giharandesls tf‘l’fee'fgﬁgf § (HPPa hich, 2 PRRRL, ek, Is, wopind, eachy, .

of the sectors gndRs} exithBingTAonYadirstanariirl M&omnahmlenummwel
path. 19. A turret assenbly for w ndin acontanLi b.of, mterial Into
i ndi vi dual | ogs@ "F#\'E"’?'lﬁ*!seﬂe%@ri’ﬂ eUSﬂBﬂ asse&“O‘? 5?%@5?6%'5&? Jpandre

rotating mandr ek, Sig¥ea’dn the tuthét'adérmbly fdr mwéheém rotafi6m ofths diatidrél aibonpits
first end and a second end, and each mandr el ted near rst end
on the rotati ngMandel @xissapheach Eﬁﬂd@&gﬂ‘i’%ﬂnl%cgged’ @@B@feﬁaﬂ%@ {Jgpﬁurret
wherein the di sLalghnPeeWi8Nas, the closed mandrel path having a predetermined core
loading segment, a predetermined web winding segment, and a predetermined

core stripping segment;
wherein the distance between a mandrel and the turret assembly central axis varies along
the core loading segment of the closed mandrel path.

2. The web winding appairatus of claim 1 wherein the rotatable turret assembly
comprises a rotating mandrel support for supporting the plurality of mandrels, each
mandrel supported on the rotating mandrel support for translation relative to the rotating
mandrel support, and each mandrel supported on the mandrel support for rotation of the
mandrel about its mandrel axis.

3. The web winding apparatus of claim 1 wherein the web.winding apparatus further
comprises a mandrel cupping assembly comprising a plurality of cupping arms supported
on a rotating cupping arm support, each of the cupping arms having a mandrel cup for
releasably engaging an end of a mandrel. "

4, The web winding apparatus of claim 3 wherein each cupping arm is supported by
the rotating cupping arm support to permit rotation of the cupping arm about a cupping
arm pivot axis from a first cupped position to a second uncupped position, and wherein
the distance between the cupping arm pivot axis and the turret assembly central axis
varies as a function of the position of the cupping arm about the turret assembly central

axis.



mandrel and an axis of rotation of the rotating WCEMENBSM es as a

function of the p ndrel al ong t he} cfosed nunarel pag h; and

a mandrel cuppi ngﬂmmmﬂll“&mnml ng a pluralityjo Sj,}gpgs S pported
th aV| n

on a rotating -cuppkngec arum SUPBOr & each e cupp ?
mandrel cup for releasably engagi ng t he second engl B.t_a...na-n-d-la-e-l-—

5. The web winding apparatus of claim 2 further coiﬁb’rising a mandrel guide for -
positioning the mandrels along the closed path, wherein the rotating mandrel support
rotates relative to the mandrel guide. '

6. The web winding apparatus of claim 5 wherein the mandrel guide is stationary.

7. The web winding apparatus of claim 5 wherein the mandrel guide comprises
replaceable sectors for varying the shape of the closed mandrel path.

8. The web winding apparatus of claim 2 wherein each mandrel is supported for
rotation about its mandrel axis on a mandrel bearing support assembly, wherein each
mandrel bearing support assembly slidably engages the rotating mandrel support, and
wherein each mandrel is supported for rotation by its associated mandrel bearing support
assembly along the entire closed mandrel path.

9. The web winding apparatus of claim 8 wherein the mandrel guide has a cam
surface corresponding to the closed mandrel path, and wherein each mandrel bearing
support assembly has an associated cam follower for engagement with the cam surface
of the mandrel guide.

10. The web winding apparatus of claim 9 wherein the cam surface of the mandrel
guide comprises non-circular segments.

11.  The web winding apparatus of claim 10 wherein the mandrel guide comprises first
and second cam surfaces spaced apart from one another along the turret assembly central
axis, each of the first and second cam surfaces defining a closed paih around the turret
assembly central axis; wherein the rotating mandrel support is disposed intermediate the
first and second cam surfaces, and wherein each mandrel bearing support assembly has
a first cam follower for engaging the first cam surface and a second cam follower for
engaging the second cam surface.

12. The web winding apparatus of claim 11 wherein the mandrel guide comprises
oppositely facing surfaces spaced apart from one another along the turret assembly
central axis, wherein the first and second cam surfaces comprise cam surface grooves
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disposed in the oppositely facing surfaces, and wherein the rotating mandrel support is
disposed intermediate the oppositely facing surfaces of the mandrel guide.

13.  The web winding apparatus of claim 8 wherein:

the mandrel guide comprises first and second stationary mandrel guide plates, each of the

mandrel guide plates extending generally perpendicular to the turret assembly central axis,

the first and second mandrel guide plates spaced one from the other on the turret

assembly central axis, and the first mandrel guide plate having a first cam surface groove

defining a closed path about the turret assembly central axis and the second mandrel

guide plate having an opposing second cam surface groove defining a closed path about

the turret assembly central axis;

wherein the rotating mandrel support comprises first and second rotating mandrel support
plates, the first and second rotating mandrel support plates extending generally
perpendicular to the turret assembly central axis and disposed intermediate the
first and second mandrel guide plates, the first and second rotating mandrel
support plates spaced one from the other on the turret assembly central axis, each
of the first and second rotating mandrel support plates having a plurality of
elongated slots extending there through; and

wherein each mandrel bearing support assembly has a first cam follower and a second
cam follower, the first cam follower extending through an elongated slot in the first
rotating mandrel support plate for engagement with the first cam surface groove
on the first mandrel guide plate, and the second cam follower extending through
an elongated slot in the second rotating mandrel support plate for engagement with
the second cam surface groove on the second mandre! guide plate.

14. The web winding apparatus of claim 13 wherein the rotating mandrel support
comprises a plurality of cross members extending intermediate, and joined to, the first and
second rotating mandrel support plates, each cross member associated with an elongated
slot in the first rotating mandrel support and an elongated slot in the second mandrel
support; and wherein each mandrel bearing support assembly comprises a mandrel slide
plate slidably supported on one of the cross members.

15.  Aturret assembly for winding a continuous web of material into individual logs, the
turret assembly comprising:
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a rotatably driven rotatihg"niandrel support; _

a plurality of mandrels supported on the rotating mandrel support and carried in a closed
mandrel path, each mandrel having a first end, a second end, and a mandre! axis,
wherein each mandrel is rotatably supported on a corresponding mandrel bearing
support along the entire closed mandrel path, and wherein each mandrel bearing
support is slidably supported on the rotating mandrel support; and
a mandrel guide for positioning the mandrels along the closed mandre!l path,
wherein the rotating mandrel support is rotatable relative to the mandrel guide.

16.  The turret assembly of claim 15 wherein the distance between a mandrel and the
axis of rotation of the rotating mandre!l support varies as a function of the position of the
mandrel along the closed mandrel path.

17.  The turret assembly of claim 16 wherein the mandrel guide comprises a cam
surface, and wherein the turret assembly further comprises a cam follower associated with
each mandrel bearing support, wherein each cam follower engages the cam surface for
positioning the mandrels along the closed mandrel path.

18.  The turret assembly of claim 17 wherein the mandrel guide comprises replaceable
sectors, each sector having a segment of the full cam surface, and wherein at least some
of the sectors can be interchanged to vary'the shape of the closed mandrel path.

19.  Aturret assembly for winding a continuous web of material into individual logs, the
turret assembly comprising: a rotatably driven rotating mandrel support;
a plurality of mandrels, each mandrel having a first end and a second end, and
each mandrel supported near its first end on the rotating mandrel support
and carried in a closed mandrel path, wherein the distance between a.
mandrel and an axis of rotation of the rotating mandrel support varies as
a function of the position of the mandrel along the closed mandrel path;
and
a mandrel cupping assembly comprising a plurality of cupping arms supported on
a rotating cupping arm support, each of the cupping arms having a mandrel
cup for releasably engaging the second end of a mandrel.
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(300) along the core loading
segment (322) of the closed
mandrel path (320), and
the core stripping apparatus
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wound core (302, 51) from
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1 its respective mandrel (300)
during movement of the mandrel (200) along the core stripping segment
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(326) of the closed mandrel path (320). The turret assembly

(200) can be rotated continuously, and the sheet count per wound log (51) can be changed as the turret assembly (200) is rotating. The
apparatus (90) can also include a mandrel (300) having a deformable core engaging member (3100). The turret assembly (200) can include
2 rotating mandrel support (230) for carrying the mandrels in a closed mandrel path (320), and further can include a mandrel guide (142,

-144) for positioning the mandrels (300) along the closed mandrel path (320).




