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Summary
In one aspect, the present disclosure provides an improved contact nip roll that
includes a shaft having an axis, a first compliant material in annular contact with the shaft,
20 and a plurality of stacked annular rings. Each annular ring of the plurality of stacked
annular rings includes an inner edge at least partially in contact with the first compliant
material, and an outer edge concentric with the axis.
In another aspect, the present disclosure provides a method for assembling an
improved contact nip roll that includes forming a first compliant material in annular
25 contact on a shaft having an axis, and stacking a plurality of annular rings on the first
compliant material. Each annular ring of the plurality of annular rings includes an inner
edge at least partially in contact with the first compliant material, and an outer edge. The
method for assembling an improved contact nip roll further includes applying pressure to
compress the stack longitudinally, securing end plates to the shaft to maintain pressure on
30 the stack and removing material from the outer edge of each of the plurality of annular

rings, such that the outer edge becomes concentric with the axis.
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di scl osure provides a systemfor nipping a web that includes a nip roll,
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The nip roll includes a shaft having an axis, a first conpliant material in
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axis. The second roll includes an outer surface displaced a uniform distance from the axis
at the nip line, wherein the web radially displaces the outer edge of at least one of the
20 plurality of stacked annular rings in the nip roll at the nip line.
The above summary is not intended to describe each disclosed embodiment or
every implementation of the present disclosure. The figures and the detailed description

below more particularly exemplify illustrative embodiments.

25 Brief Description of the Drawings
Throughout the specification reference is made to the appended drawings, where

like reference numerals designate like elements, and wherein:

FIG. 1A is a perspective schematic view of a web line;
30 FIG. 1B is a cross-sectional schematic of nip point;
FIG. 1C is a cross-sectional schematic of nip point;

FIG. 2 is a cross-sectional schematic of a nip;
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FI GS. 3A-3C are perspective schematics of a portion of an inproved contact

nip roll; FIG 4A is a schematic perspective view of an annular ring; FIGS.
4B- 4D ar ewechemassss top vi ews of an annul ar ring; 5F GSPCTASBHISRIINE a
perspective fabrication schematic of an inproved contact nip roll; and FIG

6 shows a graph of Measured Contact Wdth versus Web Caliper. The figures
are not necessaril¥ to scale. Like nunbers used in the figures refer to
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conponent "1h another figure |labeled with the sane nunber. Detail ed
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essentially uniformregardl ess of any variation in caliper, or any defect
present in web material. In one particular enbodi nent, the inproved contact
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first conpbdlahvithreieesa@inundee a second conpliant material, for exanple, a
har der urethane skin having a duroneter of about 80-90. The i nproved
contact nip roll 30can be flexible and conpliant, allow ng pressure between

the two rolls in a nip torenMrbaMde%mﬂnmn

15 This application describes an improved contact nip roll that can provide an
improved contact area between the improved contact nip roll and a contact roll in a nip.
The improved contact nip roll can overcome the challenges associated with managing web
caliper variations by providing a compensating, compliant nip surface. The improved
contact nip roll integrates an inner softer core that can provide compliancy to web caliper

20 variations, while rigid annular rings and a harder outer skin can maintain a uniform
contact area.

The improved contact area can be essentially uniform regardless of any variation in
caliper, or any defect present in web material. In one particular embodiment, the
improved contact nip roll design includes an inner shaft, such as a metallic shaft, for

25 example, aluminum or steel. The inner shaft is covered with a first compliant material, for
example, a soft urethane material having a durometer of about 20. A plurality of annular
rings, for example, stacked aluminum rings approximately 3/16 inches (4.76 mm)wide are
disposed on the first compliant material, and a second compliant material, for example, a
harder urethane skin having a durometer of about 80-90. The improved contact nip roll

30 can be flexible and compliant, allowing pressure between the two rolls in a nip to remain

approximately equal along the nip line of the rolls.



approximately equal along the nip line of the rolls. WO
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fromthe web 110 on the other side of the nip 120, where the web is fed
|ntH)the(HﬂﬁﬁfQQﬁQ?U§0¢6ﬁéﬁaﬂVrst tension Ti, for exanple, from an extruder
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one case, shown~in rst and second nip ro s 13 140 can be
made fr orwlame thefwaxis iiddeinmathe mipal 20sat@Howsy, fifsotenaxaivp) for emarﬁﬂae&cah anln this
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110p@t t r.if?p nRe 5@l The@s@%e%ﬁﬁ%ﬁ G f@?@w&g%&%éé together along the nip line
150, creating a nip pressure “P” on web 110 to prevent slippage through the nip line 150,
thereby allowing the tension difference. The uniformity of web 110 can be affected by the
uniformity of the nip pressure P along nip line 150.
FIG. 1B is a cross-sectional schematic of nip point 120, along section A-A’ of FIG.
25 1A, according to one aspect of the disclosure. In FIG. 1B, first nip roll 130 is separated
from second nip roll 140 by a nominal web thickness “t” of web 110 and a defect 115
having a height “d” on the web 110. The presence of defect 115 can reduce the uniformity
of the nip pressure P along the nip line 150. In one case, shown in FIG. 1B, both first and
second nip rolls 130, 140 can be made from an inflexible material such as, for example, a
30 metal. In this case, a region of web 110 without defect 115 could slip past the nip line 150

unless the nip pressure P were sufficient to prevent slippage of web 110 at the nominal



web thickness "t". Such a pressure P would conpress defect 115 as it passed
through the nip line 150, creating a distortion or non-uniformty in the
web 110. WO 2011/(H6885 1C i s a cross-sectional schenmatic ofCmiys2@oiost21320,
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disclosure. In FIG 1C a first nip roll 130" is nmade 5froma conpliant
material that can deformsufficiently to acconmmpdate the defect 115 w t hout
undul y i nesbethioknepsthie SHicp aprressuigfowpuldicomgrashdetapipl I5ianét peseed thmpagh the

def ormat i chan h tact width Walong the
nip line 71%28% 1% C§e3gP%Q d élljgﬂ&g?n I}'?[g@&% qgtl{[q‘gi@gﬂ can al so change the
surface speed HG. 1 0&s & brost- séﬂtibndil@bﬂlemz&icrtﬁfﬁllﬁp(flhﬂ’ B10, kiddp vectiva A bheld. r st
nip roll 130" is decreased to a second radius R1. Thi s 10change in surface
speed canl/bageudngdnarrthorgspest ebthedlislosyendn d1€d! G fingenipirel ﬂ]gQ yis Bradglef ect
115,5cre f FIG 2
IS a cr ogﬁédﬁls?gcg51 mgh%{[t%att%%t %tg%EeMHh S%%éﬁgwaécgﬁﬁi& teltil[ P%%Ctl]’slg of FIG
1A, acconwlittivgit h@dmmoa@pmgtth@ﬁlptﬂﬂ@sﬂieaﬂmgmle m;Nupa P30 Thmieﬁdﬁﬁmam of npr oved
contact nip roll 230 having a center shaft 232 having a _first |ongitudinal

axi s 234. 1mtrf1pfr<§i 1%%9?%@1%%@?%%2%%0@%@?Iaarhlapdéo,c&rhﬁact with the
shaft 23 t 8 Al at has a
ol at i vel o o ar LAl RN, O Rl Bange¥ie SIS EIOMRL BE Ao bl

r ubber Orsnftfehﬁreﬂ’ladlmspr&f&ﬁ&h@ﬂrﬁp@olhb}m@deo(r&@&lvﬁo 4 seobet radaus R | rIthwe such
as 5| | i cone rubber; ol ymer such as styrene butadiene styrene (SBS)

bl otk copdryeRsp sBrfacs syf:@ﬁ@ntf@tl%@‘oﬁ disaring fﬂ}?eetﬁé’eﬁe??féﬁé in Sepayingy ggefect

copol ymer;;<a e particul ar enbodi nent,
the fi rstllgocrrlg?[Télr;la[&}ér"laaﬁe%ﬁflOlrei{agéé1 canﬁgégﬁh%%aeﬁlgﬁ. nclude a plurality of

voi ds 238, sucH‘IGaS iBa plosy-gdctibyal 6Ehdmuidiolof a nfip20tealong theinip tihe 130 ¢fSEIGConpl i ant

material 236. In sone cases, the plurality of voids 238 can |instead be
channel s ¥haecaiwgdaene gwpeiaddhe disdesure N0 aplugdess mprowdirepFSEPf or med
in the fiygt i r erence
to Fias SACILNTRnE S ey PR R S8 e s ORI ER 48 ST R i
reath | y trhaoridll286compininalat coratice miithl the sleaf2320 ihedattecoppdasumnesriali3osad on

the first conpliant material p lity of annular rings 260
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20 In one particular embodiment, the first compliant material 236 can optionally

include a plurality of voids 238, such as a plurality of bubbles formed within the first
compliant material 236. In some cases, the plurality of voids 238 can instead be channels
that are cut, drilled, laser etched, ablated, or otherwise formed in the first compliant
material 236, as described elsewhere with reference to FIGS. 3A-3C. Generally, the

25 plurality of voids 238 can deform more readily than the compliant material, to
accommodate pressures imposed on the first compliant material 236.

A plurality of annular rings 260 are stacked together along surfaces 266. Each
annular ring 260 includes an inner edge 262 at least partially in contact with the first
compliant material 236 and an outer edge 264 concentric with the first longitudinal axis

30 234. Representative geometries of each annular ring 260 are described elsewhere with

reference to FIGS. 4A-4D.



Each annul ar ring 260 has a nodulus that is greater than the nodul us of the
first conpliant material 236. In one particul ar enbodi nent, each annul ar
ring 260 warobe4bssbri cated froma netal such as al um numrCorUsgt1em5221a net al
al l oy such as copper or brass; an engineering plastic or arigid plastic
such as acrylonitrile butadiene styrene (ABS), 5polycarbonate, Teflon(r),
or DelrinO; or conposite materials such as fiber reinforced plastic (FRP);
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261, respectively, In some cases, the first and second. end (gl ate 280, 280
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270 can have a npdul us th is greater than_the nodulus of the first
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| b
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a thin coating, for exanple ess than 4 rrm nmthlck,
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GEneraIIy, e second conpl 270 jncl udes an inproved cagntact
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surface 27 e particu I ment second conpliant materi al
270 can form aA 3@oadtompbus neoatal 3G0 oviercontaet withithaloutey edge 2inefl cach of ngs

EFSr it iﬁ SRR 260 njge S Fo ﬁ%mrgfaetéﬁl ?@C%Zboq%%g%age TGt RRat 1 or ce
pr oyg ded r@ﬁéﬁ%]? 1&W h?otduﬁl@,dmél%aﬁl%gfo? @gaﬂ%l@} 88 s#RO matBis used for first compliant
material 236. In one particular embodiment, the second compliant material 270 can have a
modulus that is greater than the modulus of the first compliant material. In one particular
embodiment, the second compliant material 270 can be polyurethane. The second
compliant material 270 can be a thin coating, for example, less than 4 mm thick, less than
25 3 mm thick, less than 2 mm thick, less than 1 mm thick, or less than 500 microns thick.
Generally, the second compliant material 270 includes an improved contact nip roll outer
surface 275 that has a coefficient sufficient to reduce slippage of a web 210 in contact with
the improved contact nip roll outer surface 275.
In one particular embodiment, the second compliant material 270 can form a
30 continuous coating over the plurality of annular rings 260. In this case, the second
compliant material 270 can be coated on the plurality of annular rings 260 after

application of the longitudinal force provided by the first and second end plates 280, 280°.
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WO 2011/ 046885PCT/ US2010/ 052213 I n one particul ar enbodi nent, the second
conpliant material 270 can be coated individually on the outer edge 264 of
each annuwerori/oagss260, as descri bed el sewhere. Retrarnisaquotos2is G 2,
nip 200 further includes a second nip roll 240 having a second shaft 242, a
second | ongi tudi nal axis 244 generally parallel to the first |ongitudinal
axis 5234, and second nip roll outer surface 245. The web 210 having a

def ect 218 ong paitisplar chbediBeht. theescronsk wwmpdiasonetgael Horapdricoded er surface
275 and t. n ip.roll f 45, i N El , the
Getcar 2 1BEREERNG Rl ctgER Lo A LBERa AR R Sl AR 2 108

relative to t eetfiinir§ito IRIGOD il RO@Fureét frcRidds a SURd @5Sioll @40 Mavihi astcond
conpliant material 236. A first and a second pressure Pl,‘PZ‘%ouLside of
the di splshekdddopseendiangibrinal ax 244 pneral ppaalkiel e thepgstlangitidinal peis

di spl ace ortj ) t I I [ 36
hr Sugh: cha S AParRiip b oSSR 25 e k310 RATRL) AP hh ™y ¢ ne

web 210. bEbecehahatmpevebssmmnhipablloher sifdde @75 ahd gfe 266hdaiip relbowpeessi on of
the first conpliant material 236 within the displaced portion 267 can
reduce a SWERF@RItoms Hopmanfiles?. thadefesid 15 gaescs Ridisplaseeitiprdoppf thop  p3,

thereby r I . SEL 0 r iggt.ortion
or non urt Nkl 29 G INFERGAOGAEL AR bt AR R0 BB R A e <.
FI GS. 3A-G3@piinet peesfassi va fiahadatst@mdpiressuRoP i, iPo (ouddideadr thepispleed cont act

nip roll 300 having a plurality of voids 338A-338Cin first conpliant

mat & i al P9EEON HO G antglrfi dregpedradithisthe disglased porEon264) is §xsreed bPHES por t i on
of the i 1Y 0} NG jr i ant terial
336 1 s r i SANRAEHrR ey A bRlap EhLEER I BT A & s
334. matbtial PI7Gto 88, web DI0ur Bhd tcyatiot nicvdaht dfahe snidB8Aings @60 andred in first

conpliant materjal 336. In one ParthuIar enbodi ment, each of the plurality
of radi alSORBIEsIonDs cchit gpapiagt patssal Socvithyn thadisplacsd nogiosp’sHape

includin r : . i r I ang, pa i : any
randon1s%g%%%a8%%g&@% tP%Q%#ﬁ%h?ﬁ%?@%@M@ﬁg&%wﬁggkﬁﬁyP%P§$%Qf§@Qﬁl es 338A
canlbhe unitreayrar defeut 2mdrendrebh esduky adht diktortbont @chohhmdfoghoy tasbéby prist art
conpliant materia 236.Hﬁ$ch of the plurality of radial holes 338A can be
formed byMB}Isk ciibedieiseHtiers nel udi ng, for exanple, drilling, |aser

dr I Tas PngeseuLs e RGN Aot By PHLEL PO L e 01
conpl i antroll 300 having a plurality of voids 338 A-338C in first compliant material 336, according
to different aspects of the disclosure. The portion of the improved contact nip roll 300
20 includes first compliant material 336 in annular contact with a shaft 332 having a first
longitudinal axis 334.
In FIG. 3A, a plurality of radial holes 338A are formed in first compliant material
336. In one particular embodiment, each of the plurality of radial holes 338A can have a
cross-section that can be any shape including, for example, a circle, an oval, a square, a
25 triangular, any random shape, or a combination thereof. The plurality of radial holes
338A can be uniformly or non-uniformly distributed throughout the first compliant
material 236. Each of the plurality of radial holes 338A can be formed by any known
technique including, for example, drilling, laser drilling, plunge cutting, machining,
ablating, molding, and the like.
30 In FIG. 3B, a plurality of longitudinal holes 338B are formed in first compliant

material 336. In one particular embodiment, each of the plurality of longitudinal holes

338B can have a cross-section that can be any shape including, for example, a circle, an
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material 336. In one particular enbodi ment, each of the plurality of

| ongi tudi nal hol es 338B can have a cross-section that can be any shape

i ncl udi ngyof2or/messsapl e, a circle, an WD 2011/ 046885PCTPUSABAH052213 oval ,
a square, a triangular, any random shape, or a conbi nation thereof The
plurality of |ongitudinal holes 338B can be uniformy or non-uniformy

di stributed throughout the first con‘EI iant material 236. Each of the

pl ur al i t yovek alsawiptaiaiengylan anemnndagshene, ohe cembipsiipiical Kiroblhralibeeini que

i ncludin 0. ridqli ril.ti plAn in
sachi ni 1o BG S} S Syuf iyl Oab B S nfihtol B a SRR bl e
of | ongi tosdiphiaht miane3s. 338CoAthe ﬁi@ﬁlﬁf?@fildhgithdiﬁﬁl Mo 3i8Bdan e eal by336.

In one particul ar enbodi nent, each of the plurality of |ongitudinal
channel s @3&oowakcdhaifae ncdyding fereample, dRlinge lsersbilings pbHge suitingl udi ng, for

exang)l e, ﬁa&?ﬂi%%ﬁlaﬁh ,ra]m@i%ﬁen%qu%é&}fal , a square, a triangular, any random

shape, or a co at’i Oplurality of |ongitudinal channels
338C can be unhfRIGNE, Oplurkdiny oflohgitudinal dhaineisBdREdiré formud hofiist tdiapifdnt St
conpliant material 236. Each of the plurali channel s 338C

ty of | ongitudinal
can be f dr#edlByY6ahy ORRARACH dcHphaginachtneach @f ﬁ@,plwéhtyéafdml@shw ¢hanpely,
| aser driqqki Ut L el l.atit ng L ng like.
The. par t160F AP SR5 B R e ORES, M R Bl ror SR L0, S0P |
15i ncl usidreleptin b, ¥ equasd, ¥ tiédnguhe, gplyua@lon yhapt, orai @danbadBioh liledrecfaThbe
created in first conpliant material 236. Faor exanpl any conbj nation of

nmpl i e, .
hol 8% andlerbyiilengedir] granelpd9eC cambyanifpray onronyapiforidy digtiibyiader
cont enpl i i i i er | I: i irals,
o ot o oup oends MY ANt Alan ERERLANT L B of M FRHE dfond BRLUPLIRNER, |
|'i ke. 20R36C chA bk Soancgldiyamgtkinowpesdipeut induding ooéxaatpl@anlligg lasemg 460,
according to an aspect. of the disclosure. In FIG 4A, the annular ring 460
i ncl udes URngREMEE qYdingepachipigeaingengldingsand therlikest face 466 bet ween

the inner and ﬂ{é%;ﬁhic%ﬁiﬂ%rxgaﬁsﬁgmen@ﬁ%gn%ﬂ@I%g.sj%-@@aré ﬁ&tﬁné‘&@t&@&ﬁﬁi te the

first face 466. e annu roing 4 can rabricated using any suitable
t echii quanclusiet offihagariétgof éxgriplabty dtvandsi23§.thdtasebe orcated dinfirse compliang,

nol di ng, 25casting,_and the |ike, dependi.ng on e type of material used
for the dRHENa3p T £BYTPIENHY @MbREHgn 56Okl pRchehanpils degeidedabye el edge

465 bet wagn, & ,Zag é\%flléla%g?y ioﬂf%?Eorﬁ?ﬂplQ’céH%ch‘ﬁ s Fo%??eg}riﬁggé)i’ds AL ndfigiaf 1 rst and

second faces one particul a I ment, each of the
cor ner edgdsdidgspicas shes,wetsesiethcostradtans suchdspgraneduael oiindespand thely burrs
f or nmed dLﬂkie.ng the fabrication process. In sone
20 FIG. 4A is a schematic perspective view of an annular ring 460, according to an
aspect of the disclosure. In FIG. 4A, the annular ring 460 includes an inner edge 462, and
outer edge 464, a first face 466 between the inner and outer edge (462, 464), and a second
face 468 opposite the first face 466. The annular ring 460 can be fabricated using any
suitable technique, including, for example, stamping, laser or machine cutting, molding,
25 casting, and the like, depending on the type of material used for the annular ring 460.
Annular ring 460 further includes a corner edge 465 between each of the inner and outer
edge (462, 464), and the first and second faces (466, 468).
In one particular embodiment, each of the corner edges 465 can be beveled or
chamfered to reduce or remove any burrs formed during the fabrication process. In some
30 cases, a surface coating can be applied to at least one of the first face 466 and second face
468. The surface coating, if applied, can be used to control the sliding friction between

adjacent annular rings 260, as described for the improved contact nip roll 230 of FIG. 2.
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30cases, a surface coating can be applied to at |east one of the first face
466 and second face 468. The surface coating, if applied, can be used to
control twe2eli/dbssg friction between adjacent annul ar riPOGAIS2@0/052233
described for the inproved contact nip roll 230 of FIG 2. WO

2011/ 046885PCT/ US2010/ 052213 I n sone cases, the surface coating can be
PTFE, boron nitride, alumnumnitride, nlckel or the like, or

conbi nat ilBromAspssfthe surface cpatme @R bed TEEs bﬁ@ﬁﬁlﬂﬁf@e,t%'ﬁnmuéwlb’fdeahlchﬁnuI ar
ring 460 | c t he di scl osure. Each of the elenents

460- 468 éﬁ?&QHg: g?%%aﬁyﬁﬁhéggfgnd to |like-nunbered 5el enents 460-468

shown in FI G H6, 4Bhi ¢ bcanetic kgevices an hh@dahigvdugbyrdidptinc@xpdtpbethet he
description of inner edge 462 in FIG 4A corresponds to the description of

i nner edghschearg. Eachaf ﬂw@lera@ms 40P-608 shownap EIG4#3 celﬁ@Sppa%}lﬂéﬁ‘d@énlmgd has an
| nneg radélé%ﬁ s'%ékﬁ%éih%v%ggjﬁﬁ e&'ﬁ ﬁ%ﬂp@@f%e%ﬂfdg ﬁ%g@ngl%ﬁh{ measur ed

froma Iongl di nal nal axis 234

shown i n dxbhfdple2)he d@sﬁr@iﬁoh@ﬂhﬂﬁr édagel4$32c1@ RO@MA kcorrdspondstth thdéest@mipintafdi nal
axi s 434, as described el sewhere, fornlngBa circle, In _sone cases, inner
radi us r 1neERdes 462 B 160 ABettd o0 K 1EhEBY R gincuedasA024%p an Hmar radiiss ome

cases, 'Ir}n%d h%%h&? %e %%uie"r P& 411% 4&&%{1{% FRIMR fon &nQP 10834

concentr ng|tu inal axis escr|be ere. In one
par ti cul asineihibadihodint, loddi@dihiaf f-as 23 chown G 2)di Outer Rdiusir) isiconeentréd at i vel y
smal| fraction of the outer radius r2, for exanple, (r2-ri)/r2 can be |ess
15t Han abwith the longitudinebaxinddd. ap dercribedelseyhass f@lﬁ%}ﬁgawe{e én %1 FS§S t han

about 0. 10 er%dlhseﬁscz%gﬁg b@98 englcoxéﬁh the lon C%lﬁldﬁal 4}&5 Ss%%%géééc ap vi ew

of an annu ren accordi ng one aspe |sc osure of the
el ement s rd&ids 468n s/bgmﬁnomm dric@ar dape candampda doﬁoenﬂrnc Ivatmuhatb@fgetﬂdmhmmmt S

460- 468 shown in EI G whi ch have been descri bed reV|ous Far
20exanpl &34 Hedcgerdhad; %%ewélﬁreofln Pﬁﬁ@?mé@‘@%ef%fzdlmﬁnﬁ;ﬂ’& fzf%rewm Hé2t o the

descriptig gls er%lhig\g/rbq% fglg?raélt% dnELFer ég%xzfil ordkafiBle L -r5}r2 an dlgenner edge

462 is repl ace Irst 1 nner edge 4 a second I’nner e 462B
tha15fornhalﬂmmunés46@ﬁkmndmnmGQOemgahéﬁﬂmnEDQSan&u%amabmﬂ@l@ﬁﬁrRhnmn in
FIG 4C can he u for exanple, with the first conpliant material 236 of
FIG 2, tt mhﬂ%@%ﬁﬁﬁe first conpliant material 236 to conpress without

25i ncl udi ng thgcompki; Q@éheﬁﬁ'ﬂg ﬁgwoifﬁn?ﬁ@ﬂwlgw &E?@WSH@%@C*L oftrﬁg?,f' rst

i nner edge 462A can e I n cont conp rna
and the abmﬁmm&sﬂﬁmhbﬁ&m<ﬂ@ﬁmﬁ$$6ﬁéﬁﬁmhmw¢ehéﬁﬁ>¢@nonammeduhhkdnmmbmed

7ol T ovi nefGBr $10-+ Aot §36; 4. BhBbLare o derdoeh iR e 8 00d ¢ hat { he

Cont el At 0 e e e TR R K BT

exanpl e: ianavadye 467 wdilGr dCsashsoas. dndilGedGavegr cdgs 62 ssehcaddgd frst or

I rregul arlmﬁ) etd;géj 22520Anasm al1J geréorai 1 n(;c)lrS é ge é{&g thattfléI an Il)l(lanse 462C on inner edge 462.
The annular ring 460 shown in FIG. 4C can be used, for example, with the first compliant
material 236 of FIG. 2, to allow the first compliant material 236 to compress without

25 including the optional voids 238. In one particular embodiment, the first inner edge 462A

can be in contact with the first compliant material 236, and the compression that results
from a defect can cause the first compliant material 236 to “ooze” into the space between
the splines 462C, relieving some of the compressive pressure. It is to be understood that
the spline configuration shown in FIG. 4C is merely representative of many contemplated

30 variations of the inner edge 462, which can include, for example: a wavy structure such as

a sine wave; a series of regular or irregular protrusions such as posts, rods, triangles,



WO 2011/ 046885PCT/ US2010/ 052213 trapezoi ds, or pyram ds; or any other
structure which can provide partial contact of the inner edge 462 wth the
first comupbDi2anto4nssseri al . FIG 4D is a schematic rop/us2@wosf2iian
annul ar ring 460 accordi ng one aspect of the disclosure. Each of the

el ements 460-468 shown in FIG 4D correspond to |ike-nunbered 5el enents
460- 468 shown in FIG 4B, which have been described previously. For

exanpl e, [TAPEZQISS OF PYEMASS: OF anyneiber sugarashich sarpRVidsRasin! cesigaimishe o t he

descripti. ﬁ&r%fié Q%&ltﬁ%eﬁéﬁgoﬂ%lan}%atef’% and so on. In one particular

enbodi men ring 460 having a second conpliant

material 470 lHIGCQD'[@@EchMﬂaJﬁCTt(b’lﬁvﬁwtcﬁ‘l’an@dﬁﬁaﬁr% P60 QicotdindeRaRpldt BOthche
plurality of annular rings 260 shown in FIG 2. In FIG 4D, the inner edge

10462 hasdl%ﬁlpﬁurﬁweﬁacwé m@selment% HeD-defkt 810“@0!9@1@6411) [saECwang (1 bke-puabered r 2,
and £ he ?&Rﬁi’s E&i;gég sgngkkw TRESG! A5, i Qée %n%E&c%jfg%S%gmﬁqZ@a‘r@o Qxa?wggrface

radits r3 rom a I ongi tudl nal "axr's first

| ongi t udithaticsaxptor2Sinsdiadge H62 Il IGG. 2B. cotddbinds adihbdedcZiption 6DMaENddgec Wi th
the | ongitudinal axis 434, as described el sewhere, formng a circle, In

sone case¥2 in hHardlpgad e ong I ape pargen peerabadaments FIG - D howndhs Swgiar taenal
axi s 434.,46h3],0;, g%fg%c&ﬁ%?xwhta teﬁéﬁwjl co &MY E§ L?L{eggh%es C{I?}E&J 36 shape,

and not be concéntric w ong axl s
el sewher exssembling théplartitypaf drinaldr aihge pEdshowanh FIGh2. dh FI@r Adake inhet bdper adi |
(r2-ri) is arelatively small fraction of the outer radius r2, for exanple,

(r21Qi)/ 92dap albélmeégaémtsﬁaﬁhea%@ﬁ cdge 464 hﬁ%@hoqtﬁarﬁd%}%u9n<bth2c§ecqnéss t han
about 0. ]C%méJ n]%ﬁtéh&t@ﬁﬁ zﬁ@%ﬂg 8:? Pl‘}ter edie Aﬁ%ﬂ{f@ﬁﬂf e}fi?us £ uloe'aq‘r&ﬁ’ a

parti cul ar nment, the remce int era t he
t hi cknesdotiditudafal bhie 434 Csamdarctonind ﬁantongﬁmchnala&ls%@ shl)Wn&n FKB éZt)J (Dakey smal |
fraction of the difference in the radji 2-ri). For (1.342)/
(r241) cdpdigeryissQncenis ybblE 1@%2@@%@%8 f‘%‘aﬁs Q%ubecbelwh%sfgmﬁ&ﬁ about

0.15, | esc?rcieh qE s@llﬂg \:léseg 191 T I‘Q&lué Flsca? taﬂa 'B_e %Bf?&gntrg: \Qéh tﬂél l% él%ﬁlaﬁ aEm? Q?

perspective fabrication schematic of an inproved contact nip ro 530
accbf di ngntsomorescasipeatradifis t;hvan dasclras aroirculbastapofanidmet bt esreniitsic 3dth 580
shown inv9E|GS 5A-5E ¢ L{resp nd.to |ike-nunbered el enents 230-280 shown in
FIG 2, nsiadisalgest i detcdosmdbedslswbsivs| y. For exanple, the description

of shaft 232 i lgﬁég’a iul%ﬁ Eﬁlﬁécﬂﬁl%ﬁts %ﬁquffgr%ﬁgeeﬁictﬁé R Rﬂ-l‘?j( is r}@lfaflvéi gmhfl FI G

5A, and so on. ows a s aving a ongl tu I na I's 534 and
a shaft (futcdonsﬁﬁﬂem&rm&h, ﬂét Gsan!ﬁﬁe s(memﬁrza;aﬁbeﬂa&tss dtamabmatr&zﬁm&selthaal 536

T e e b0 5 O e T A T S 55 £, Pgosed, 1,
be g s po%ﬁﬁiéuﬁ‘ar%%toaﬁﬁenw thd ditffé?en%g"ﬁ{ the leﬁ(rg-ﬁl)',rtflﬁ(iﬁ tRSRidkNe @M of the
second compliant material 470, is a relatively small fraction of the difference in the radii
(rp-11). For example, (r3-r2)/ (r2-11) can be less than about 0.25, less than about 0.20, less
than about 0.15, less than about 0.10, or less than about 0.05.
FIGS. 5A-5E shows a perspective fabrication schematic of an improved contact
25 nip roll 530, according to one aspect of the disclosure. Each of the elements 530-580
shown in FIGS. 5A-5E correspond to like-numbered elements 230-280 shown in FIG. 2,
which have been described previously. For example, the description of shaft 232 in FIG. 2
corresponds to the description of shaft 532 in FIG. 5A, and so on.
FIG. 5A shows a shaft 532 having a longitudinal axis 534 and a shaft outer surface
30 533. FIG. 5B shows a first compliant material 536 having an end 539 and a first
compliant material surface 537 disposed in contact with the shaft outer surface 533. The

first compliant material can be disposed in contact with the shaft outer surface 533 by any
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WO 2011/ 046885PCT/ US2010/ 052213 known rol | - maki ng techni que, including, for
exanpl e, nolding, and the first conpliant material surface 537 can be nade
concent r iwowntin46886 | ongi t udi nal axis 534 by known techmCgasgononsi2uzi ng
grinding. A plurality of voids (not shown) can be forned in first conpliant
material 536 as described el sewhere. 5FIG 5C shows a first outer annul ar
ring 561 of a plurality of annular rings 560, stacked in at |east partial
contact wvinowniral-naking teelrigng. eluding. dorj erampls moidipg, agfl thaharshenmupliant r i ngs

560 can %atgrllgl%grfg&: {Mthgg) :rﬁng oggegﬂf’ckw{tl:l %hqufrf’ 1J[u%hr{5ﬂwa @BJP gﬁgﬁl(?wrti he

annular ring is positione ar enbodi nent, a

cor ner edg@nﬁﬁés i‘@ﬂhdﬂﬁg Béveh e dA plurglhe s ebrd (ﬁ(ﬁ sp6WN) @@ ba fB\fedin Fastng
contact between rings In the stack. 10FIG 5D shows a first end plate 580
adj acent coBipat mitedel Boree descrbed glsewhaig 561, the plurality of stacked

a””“ﬁf ””gsspggiosgasﬂgwé‘a %ﬂ%ﬁﬁqﬂﬁj ﬂ’f._ge%% pﬂ%j‘] ed}‘anhl‘ﬂa}ﬁf? O”d outer

annu rng ongl I na orce to corrpre

pl ural it wtaekedinull@ist lﬁarﬁg&‘coﬁﬁe‘c Wly etchakt, co&ir[}ﬂhahﬁﬁat%ﬁﬁll JH6atBagh af ﬂ‘leSGCUI' ed to
the shaft 532 al ong contact |ine 582. The shaft 532 can be secured al ong
t he cont @#@pular Fag ) bamize sedirhaiiatertennge fitighhig magpingd anfiicannalagcr ew, a

setscr ety A el o AR EO Bhe pAI0LADSnbidienAD SHLEL(RA8 R0, of ¢ e

plurality rings can made concenfric WI the ongi t udi nal
axi s 534 mitled of biemlifblragSO pfcﬁalmmmmbla&ﬁigtcog@tﬂmwe@m@@yn krRowekt echni que,
i ncl udi ng, for_exanpl e, i ndi n mlling, and the like. FIG  5E shows an

i nptdved cont 426 ﬁP@hP‘dﬁrlﬁs%@nﬁ@La& a%%im@nbtﬁéh%éﬁéewemnm% ripgditd cthesur e.

In FIG t I

coat i ng SPRyeTSHRte ARl Tk: SREhTH i Rl P SRR ORI, he
second campdriaantlacong 56&3 Aaclsnghmdmppifolrml? 1saa@ﬂh@chm doenpnesd ehecdnedint off ¢ Wi t h
the | ongitudinal axis any known techni que, as described el sewhere.

25 Exanpla@8ulek HAgy %601t0getli%rbmdcf§? B p@f@S&FP $eﬁ1&€6\?‘éﬁlec58ﬁﬁt aét aleng cpypgt
I nto each 201 Rk 54 Ui By, h TR %‘ért er of 3.50
i nches (811%55% S%l an leé;\%]%es 1rame\toe éMBa 0 inc e@ ggﬁc wer e
machd ned 1bﬂaaimg,gfobexaﬁpla(h Lréo2 6 senaihes, a(xﬁelﬂ?zﬂclamp odllamnretdethe bike 0 AdDOEeri nches
(1.111 cm, de r bearing that w || ept a 1.50 inc 3.81 cm
G et er HBRFEY ohfhe p_ﬁmlétmé pdiiatng 360 chbe DU CHSTHECHITER ¢ o be _
concent rii6, Whidthai B8 595 LG AL ARRL &L Ohpfl&dI6A A IbPH A owh BURBMIL Y Of Si X
including, for example, grinding, milling, and the like.
FIG. 5E shows an improved contact nip roll 530 according to one aspect of the
20 disclosure. In FIG. 5E, a second compliant coating 570 having a second compliant
coating surface 575, is disposed on the plurality of annular rings 560. The second
compliant coating can be applied, and can be made concentric with the longitudinal axis

534 by any known technique, as described elsewhere.

25
Examples
Example 1 - Fabrication of an improved contact nip roll
Into each end of a 24” long aluminum tube with an outside diameter of 3.50 inches
(8.89 cm) and an inside diameter of 2.00 inches (5.08 ¢cm) were machined bearing bores
30 2.626 inches (6.670 cm) diameter by 0.4375 inches (1.111 cm) deep for a bearing that
will accept a 1.50 inch (3.81 cm) diameter shaft. The outside diameter of the tube was

machined to be concentric with the inside diameter of the bearing bores. A quantity of six
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WO 2011/ 046885PCT/ US2010/ 052213 #10-32 tapped hol es equal ly spaced on a
3.125 inch (7.937 cm) dianeter bolt circle were added to each end of the

t ube. WO 201146885 conpl i ant | ayer was coated on the t @o®/USTHO/0FI213t
compliant material was an el astoneric coating 0.75 inch (1.91 cm thick of
30 duroneter neoprene rubber applied by 5S. 1. Industries, Inc., Blaine, M\,

to the outside of the tube. A pl uralit¥ of annular rings (simlar to those
shown i n A0S tapped4m)estequalhigsrancd erse dd 28 inehet 887 6m) Yigmpsdidltcirglewers) and

an out si dagd%@rg%ﬁrﬁ%&ég%tgez&%hes (15.24 cm were |laser cut from sheets of

al um num inc cm) thick. The edges of the annular rings were

deburred by handirysom@ligitei)tr Papesaténen thedahurTHe st @@dpliabninbderialnyagemi r of
st acked ri n(f:]s slid snmoot hly 10agai nst. one anot her. Each annul ar ring was

t hen coatctamperis @atred Pda mthﬂrl&grfat)é@wmf 4@ duromeHs dicopape (WRBRN anpHCHhY Twi n
G ty: Pl atd eapolk, o RN a10)s t hei - riglhty. The
nside diin %‘er]‘sf{égf ﬁ?h?lai%%t% troitﬁ%é‘%m}éifg\é?tphregﬁeg é@h@%&%ﬁ%&?&ghﬁgﬁ he

el ast oner(signio&d thoge M@dsyngh GUOS. 40WR) dting ah haidedisiheter 6if Riehar(10f7 dnf)e
el astonmer coated_ 15al um num tube was 0.001 inch (0.0254 mm) greater than
t he insi d@d@nuisiderdjapeter ofcd ehes @p-2ricHy sverplager eyt Fam sbeets of aluBrimsn was t hen

drilled i : i ' Ayl ' G 3A).
The. hol oo ey 551027 SRR SR s SEEb Ly fheh SREASIEME BB 50" e
(1. 27 cmusaadiiery papdiand b deburtieg ol ditil diny pai bOyackad ridgSEid smedotifly. 27 cm
apart in the axial direction. The holes were drilled to a depth of 0.62

i nch0 (1. srpaipeicqpe.another. Egqhganpighiiastyag 4158 caged Wity T dlendrregnaédeh end of
the tUbe’haﬁcﬂ:g?t ﬁl%ﬁizﬁ?go(&B@ge{dg% ?@in%ﬁ@ﬁPﬂﬁgg!ﬁﬂﬁh oh@,%?dl), %ﬁméﬁ% tRdir t he

coated ann rings. was nmachi ned”in t cente ach end cap for
t he shaf tmixealrlubgcigl. ear ance. C earance hol es were nmachined into each end
cap such that the pattern of these holes matched the pattern of the #10-32

25t apped hol estisrigvflotdemptorpeiinaeertehiipsy wecorgscor meterdupd thene end cap
was att a%%rﬁ&icoc;éﬁtsiﬁgﬁxlaggrohﬁg dB%P %ntilatﬂg oﬁfs{dy&faﬁ&%ﬁﬁ? glgétglglela k&P ! ately

t hreaded screws. nount of soapy water was app as a lubricant
to the suldmmenoiibt tvas 8108 e 0i0254 ot ) greptécthan theassdéndibmeteldef thoat ed

annul ar rings were urged onto _the el astoner-coated tube. The slightly 30
| ar ger oI HEN B b 2R PBRETD RE Nalcn Sito e e WA g0 thasdastQmsrfai8lng o t he

e e LA Bl IR GORE0 SN CSUORLIN G MR,
cane in fankilware)sﬁaaed 0D titcht (H € 7aomm)udpart 1w thegircmstatitad dbeftoneand 0.50 inch
(1.27 cm) apart in the axial direction. The holes were drilled to a depth of 0.62 inch (1.57
20 cm).

Aluminum end caps were fabricated for each end of the tube, each end cap having
an outside diameter equal to that of the coated annular rings. A hole was machined in the
center of each end cap for the shaft bearing clearance. Clearance holes were machined
into each end cap such that the pattern of these holes matched the pattern of the #10-32

25 tapped holes previously machined into the ends of the tube. One end cap was attached to
one end of the tube, and firmly secured using appropriately threaded screws. A small
amount of soapy water was applied as a lubricant to the surface of the elastomeric coating
to aid assembly.

The coated annular rings were urged onto the elastomer-coated tube. The slightly

30 larger outside diameter of the elastomer-coated tube, compared to the inside diameter of
the coated annular rings, resulted in a snug interference fit. Each annular ring was urged

onto the coated tube until it came in full contact with the annular ring installed before it.
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WO 2011/ 046885PCT/ US2010/ 052213 The | ast of the annul ar rings applied was
machi ned down so as to be flush with the end of the al um num tube. The
second emdocap/messst hen attached to that end of the tubecTarsdoseszmed with
appropriately threaded screws. The outside surface of the assenbled roll
was then ground snooth, taking care to 5ensure that the outside dianeter
was concentric with the bearing bores. The resulting partially conpleted
ni p rol | Yhedest@dthegnonler pnmmp%@@/vv@ﬁ maakigedAown pyas tohe fish maththe prd gfecond

conpl i antthgl;%tﬂl r1+1ﬁn)tub\é’a$]l“t§el @ &I?C{ end bb)&?as tk?él?]{a!tt% é 0[8 tﬁagég&rg hl%é‘i%é I n FIG

5D. This p conp etad w A

second cqgahb@amhabpﬁmaagh;@m&ﬁygyx@&s80 duroneter urethane was then
applied 10 to the partial roll (by S.1. Industries, Inc., Blaine, MN) at a
t hi ckness of Of @smm%sue@%s%théﬁfsembletdrfelldtﬂs(ﬂiwnsgrpv%@mﬁthtthlémag%rérﬁ%l ed

ol 15 The g elilang GOakefiahld: RS INGHALAMRY ORI, MRkE L fiigooth and

bring the" ness o e seco conpl1an e Iayer 125 inch

(0.318 crﬁartﬁdmycﬂ@ﬁmed hipkbMgincladmgtthaplutdiiey otdmiuthe ridabetveithol@theaoameint ri c
wi th the bearing bores. The beari n%s and shaft were then added to the

i mproved C@awﬂlaettmqtsmlﬂ)W%wnllaaﬁmthé %hﬁfa%@l schegatiephovauaddGe 8Dt Hdishaft to
keep theﬁhﬂdﬂ &éd9¢qgﬂgﬁmkgﬁﬁﬁﬂ bE 2 - Simulation of inproved

cont act S|nu |nprove act nip roll was shown to

mnimze the amsmhdoémphﬂﬁ@laaﬁbw&lmdw aﬁgo dindnfetcd uisdthancwedsithdn appslsle@aused
by a change in web ca Several different mP pressures and we

cal 1her s tQdhcepariad el (bya§ré‘ Taghesiiosh Eic- EHaing. R Nd ooy thickmessat (WSmel%)(q 6%35r oduced
| ess cont tto A& @Jhéltasrtﬂrf%é e asselalbleé Q. 1%ﬁ hﬁﬁﬁng Qoeﬁ% glﬁm til?ﬂ g:l%nﬁg'eet of

80 dur onet uret hane was w apped around the partia corrp I'p roll
of Exanpl @aﬂn tb anakic in@doeh m&lamgmle dﬁﬁlﬁiesﬁ@tttha Sevahé complianatastogneri€ hayer

sinmul ated i nproved contact njp was set in fixed bearing housings, and
a pi voti ri§ 0425 deeh (@1%8@)6#%1&8&&@9@% CHE (At MFRUTIES AigMetehaes §eR5aIEd by two

3. 25 1 nch; Ifth%'%%&d@ptrﬁggsrs ﬁ%ﬂﬁé %g%hfé %ge% eié QdﬁeQip[tBXhe'?mﬁJr@VJdocroﬁﬁcpet ween

the two ro ase 0 st polyethyl ene
t er épht halipitel, eRESlamphalinngvac eddddpe thomhift o keapi teelrdlr HomG1i0BQ onrthdr (0. 762
nm to 0.062 inch (1.575 my), was 30inserted between the two rolls. The

al um numHity rol |l was actuated using air pressures of

Example 2 - Simulation of improved contact nip roll
A simulated improved contact nip roll was shown to minimize the amount of cross
20 web contact and pressure variations caused by a change in web caliper. Several different
nip pressures and web calipers were tested, and show that the improved contact nip roll
produced less contact area variation.
A 0.125 inch (0.3175 cm) thick sheet of 80 durometer urethane was wrapped
around the partially completed nip roll of Example 1 to simulate a second compliant
25 material coating. This simulated improved contact nip roll was set in fixed bearing
housings, and a pivoting 4 inch (10.16 cm) diameter aluminum nip roll was actuated by
two 3.25 inch (8.255 cm) bore pneumatic cylinders to apply a nip force between the two
rolls. The pressure was released, and a sheet of cast polyethylene terephthalate (PET),
having a caliper which varied from 0.030 inch (0.762 mm) to 0.062 inch (1.575 mm), was
30 inserted between the two rolls. The aluminum nip roll was actuated using air pressures of

50 psi in the pneumatic cylinders.
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50 psi in the pneumatic cylinders. WD 2011/046885PCT/ US2010/ 052213

FIG 6 shows a graph of Measured Contact Wdth versus Wb Caliper for both
a sinmul atwo 20npe886d contact nip roll and a conventi onalPCmigs2010l05221A P- Ni p
Sensor (avail able from Sensor Products, Inc. Madison, NJ) was used to
measure the length (that is, the Measured Contact Wdth shown in FIG 6) in
the circunferential direction of nip 5contact for the systemof the two

rolI's with polKlEspehows ¢ aapbohdagsyrae rontpieWedth yesundébrigalpdr 10s beihfx er ent
iti . al : £l i tion. having.. |iper, sh
DS LA PR HU R ASIF RO AR BRARR RO MBS GRbEPer L shovn

pr ocedur gawdkblcifadm SefaPasiuds] Ing. Magiaow,exl) waRk akedtol meRulc ks kagthhadi anet er
nip roll in place of the sinulated inproved contact nip roll. 10The

Measur ed i6dh¢ NMeaswpdiEantgelr Widh veayvrow ke p) dxthg gircugnferengigl dirpcan ofaip
d f i ' : ' | | |
bl coffpct B R GUER Sl TRY S S titer R Heicn i Vs BB 80, "V

Cal i per ahovwad,to AdferanthoSifiopsilonyathefitmsichchdsitionthaeingarknewhni WelaCalipdp, r ol |

and was plotted as lines Bl, B2, and B3, respectively. The data show t hat
the vari @bPoA I 1@ HY vdulstthe systeanipnmpingd under eans@phpepBatic fressse Teetion with

cal I per irﬁ?(gegﬁ'{e{_l\%s #tln gehleat% ﬁﬁﬁﬁglﬁg&}\%ﬁi?ﬁﬁq iﬁéﬂ‘@bﬁ%ec%)i &3@88?1912{ ct nip

roll tha e conventi ona Nl ess ‘ot herw s I cat ed,
al | nunmbgiisceafphicesmungedfiegpiromed cdhaesnip astbunt s, and physi cal properties used
in the specification and clains are to _be understood as being nodified by

t hel@ er m " aboukthoMpgsterddionsrey Widt essusiWeh Cakirad at 80-t00eardbit PAMAS t he
20nUET | GfasRRNATENE LindBtd [REb0ed Qe ¥oRYRL DA BREGHLL BAL AT A0dng
at pen tHe desired

attached clains are approxi nations t an vary i ng upon

properti es3,seypgtrivelyn Dac dbdasuneé Cobtact Wadtk veisus Meddh Calipehat 5, 60,uind190zishg t he
t eachi ngs di scl osed herein. . Al references and publications cited
herei n ar¥SdREAsWSE 9T tha sonvsatianad dimetlaind v platted re faes Bh Bhend Béntirety

into thi Se .e§ﬁ:\|7é?§.ur e dG%GARY tﬁﬁ tﬂ@@arﬁﬁ)ﬁ Eﬁ th%?gﬂtﬁmégn%h 'it?ﬁltelc?‘rcgrﬁfe%}{t%f‘di ct

this disclosure.” Although specific enbodi nents have been il lustrated and
dest§ i bedliteetien withichlipr lid sniwelcapipal Epiessued fbytht Bosdatod imp@vedicontadtinid rolln t he
art that vari ety of alternate and/ or equival ent inplementations can be
substi t utt %P%éﬁhetWé‘V%‘ﬁ@é‘P]ﬂi“E 1“‘élﬁ‘oodi nments shown and descri bed without

departing fromyfing i e%diEeﬁ@d,%ﬂ%ﬁ{ﬂersqéx?Fésﬁﬁg T%t%rggfzg%gg{ggﬂf%%ﬂdon I's

intended to cover any adaptations or variations o

enbodi menthysidalgcossec used i the sf¢vefi@tion end chimsare ¢ bodedbritbat ast virg

discl os urnelocﬁged by the term “about.” Accordingly, unless indicated to the contrary, the

20 numerical parameters set forth in the foregoing specification and attached claims are
approximations that can vary depending upon the desired properties sought to be obtained
by those skilled in the art utilizing the teachings disclosed herein.

All references and publications cited herein are expressly incorporated herein by

reference in their entirety into this disclosure, except to the extent they may directly

25 contradict this disclosure. Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary skill in the art that a variety of
alternate and/or equivalent implementations can be substituted for the specific
embodiments shown and described without departing from the scope of the present
disclosure. This application is intended to cover any adaptations or variations of the

30 specific embodiments discussed herein. Therefore, it is intended that this disclosure be

limited only by the claims and the equivalents thereof.
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limted only by the clains and the equival ents thereof WO

2011/ 046885PCT/ US2010/ 052213 What is clainmed is: 1. An inproved contact nip
roll, cormpoi2eimgessa shaft having an axis; a first conpl ipamtUuSawb@sizat in
annul ar contact with the shaft; 5a plurality of stacked annular rings, each
annular ring conprising: an inner edge at least partially in contact with
the first conpliant material; and an outer edge concentric with the axis.
102. The i act nip roll of claim1, further conprising a second

1
conpliant, matetfial ipn . W 1. h .outer edge of each of the plurality
of stackeld ann%llh‘ g?pljroyen(gés)ogﬁ%?Elur?\(,a}dolh’r‘r%oﬁnlc;rb\?les?%c‘ont act nip roll of claim2,
wher ei n the nodul us, whfithaeing@aard; conpliant material is greater than the
nodul us of the first _conpliant material. 15 4. The inproved contact nip

roll of claimil, welisteprmHanseasndl Benprlineantssvehithe shadt:a cont i nuous
coati ng contacting e . . i ved. contact nip
rolléof claim1l, mﬁlrg%#%Lﬁéﬁgkgs%%@%ﬁp %%ﬁ?CQ%?ggﬁgkgg%ﬁﬁfﬁﬁlf conprises a
plurality of voids. an inner edge at least partially in contact with the first compliant

material; and

an outer edge concentric with the axis.

10 2. The improved contact nip roll of claim 1, further comprising a second compliant

material in contact with the outer edge of cach of the plurality of stacked annular rings.

3. The improved contact nip roll of claim 2, wherein the modulus of the second
compliant material is greater than the modulus of the first compliant material.

15
4. The improved contact nip roll of claim 1, wherein the second compliant material is

a continuous coating contacting cach of the outer edges.

5. The improved contact nip roll of claim 1, wherein the first compliant material

20 further comprises a plurality of voids.

6. The improved contact nip roll of claim 5, wherein the plurality of voids comprise a

plurality of radial voids, longitudinal voids, internal voids, or a combination thereof.

25 7. The improved contact nip roll of claim 5, wherein the plurality of voids comprise

cylindrical voids.

8. The improved contact nip roll of claim 5, wherein at least a portion of the plurality
of voids intersect an outer surface of the first compliant material.

30
9. The improved contact nip roll of claim 1, wherein at least a portion of the inner

edge is concentric with the axis.
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6. The inproved contact nip roll of claim5, wherein the plurality of voids
conprise a plurality of radial voids, |ongitudinal voids, internal voids,
or a conbwoavilgaessher eof . 257. The i nproved contact nip Polriusedtomb2iM 5,
wherein the plurality of voids conprise cylindrical voids. 8. The inproved
contact nip roll of claim5, wherein at |least a portion of the plurality of
voi ds intersect an outer surface of the first conpliant material. 30 9.
The inproved contact nip roll of claiml, wherein at |least a portion of the
i nner ed IS &0, r ] . 1S 1/,04 CI, 213

10. The ?l(r%r)pr onghg qglg)gcivaegt% Oﬁaéﬂlrl% P?eh gﬁd%@am%?&%%r@?%?@h%ﬁSga[%%g%%%q@%of
stacked aipylcampfibd@first OURF hiifilak rinigladfacontite b fRsrul g[até,iaﬁ@ adcjondentert 0 a
first end plate, and a second outer annular ring adjacent to a second end
pl ate, ed@RulsF ripgadipeqnsto eamoafé@wa@n@mb|0£ﬁk@sﬁr§%@wsfr8é@p15&e@dmﬁ9ée%&¢awd 11.
The gnprqg%gzﬁﬁﬂtact nip roll of claim210, wherein each of the first and
second outer annular rings are in contact with the first and second end

pl ates, respectively. 1012. The inproved contact nip roll of claim 11,
wherein the first and second end plates maintain a_|ongitudinal force on
the plurality B @maz;weé&oaﬁ%mlarolf?frrd@m 10y avhengia cagh sheebrse gt weenchi p r ol |
of claim i t . of J r edge is
chanfered&ﬂmwmgﬁﬁfﬁh§%#éﬁﬁ%ﬁyﬁggggéﬁg@%%?gg%a%?gggéﬁ?g%#gﬁfggkﬁa, wherein
each of the plurality of stacked annular rings conprise a first face

bet ween the inner. and outer edges, and a second face opposite the first

facH) whelei n Hidmparvoriseninptip relhef derbhl whees therfgsisindorsrd add@diebur red.
15. The THRRaKEAIGORARL D18 ohhd pibfaft 8 fcdda ahilidfifesCOMPI i Sing a sur face

coating on eac rst an eco aces. i nproved cont act
nip roll of claim1, further conprising a polyneric material 25disposed
bet ween each of the plurality of anpular rings. )
13. The improved contact'nip roll of claim 1, whetein at least one of the inner edge
and the outer edge is chamfered.
15
14.  The improved contact nip roll of claim 1, wherein each of the plurality of stacked
annular rings comprise a first face between the inner and outer edges, and a second face
opposite the first face, wherein each of the first and second faces are smoothed and
deburred.
20

15.  The improved contact nip roll of claim 14, further comprising a surface coating on

each of the first and second faces.

16.  The improved contact nip roll of claim 1, further comprising a polymeric material

25 disposed between each of the plurality of annular rings.

17.  The improved contact nip roll of claim 16, wherein the polymeric material is

polytetrafluoroethylene.

30 18.  The improved contact nip roll of claim 15, wherein the surface coating comprises

polytetrafluoroethylene, boron nitride, aluminum nitride, nickel, or a combination thereof.
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17. The inproved contact nip roll of claim 16, wherein the polyneric
material is polytetrafluoroethylene. 3018. The inproved contact nip roll of
cl ai m 15, woherigi4nssshe surface coating conprises pol yt et pPaffiusesiossizys ene,
boron nitride, alum numnitride, nickel, or a conbination thereof WO
2011/ 046885PCT/ US2010/ 052213 19. The inproved contact nip roll of claim1,
wherein the first conpliant material conprises rubber, silicone,.

pol yur et H&ne, Bic impeviedicanterignp rolkbeleddeim bovhereia thaviyisbeasaplwohmateriahi p rol |
of claim io.e f th I | it f an rings conprise a
third nafépﬁﬁﬁgﬁibﬂﬁgﬁggﬁ%ﬁﬂﬁ gf%?ﬁ%?gF‘%ﬁ%%“?ﬁ@“#%%ﬁ?us of the second
material. 21. The inproved contact nip roll of claim1l, wherein each of
the plurality of annular rings conprise a netal. 10 22. The inproved

contact mlp rolhe igprevedicantaqt nipsrlt @f glainhb wherein cpeh ofithe hgphity of anadar,. 23,
il ar S SABHAES ufind i A8LioE o Ry POGLARE, BRSO Y

annu asse ng an
i nproved madtigict nip roll, conprising: formng a first conpliant materi al
in annul ar contact on a shaft having an axis; stacking a plurality

of annular rings on the first conpliant material, each 20annul ar ring
conpri si an 1al |y i t | t.1: i kst
compl { antrrat ol A Prteg Sathet FRRALBRNANEL, ol SO Aohe philicf BPalbd! |
st ack | ongigswdinpeikd yinectal.

10
22.  The improved contact nip roll of claim 21, wherein the metal is aluminum or steel.
23.  The improved contact nip roll of claim 1, wherein each of the plurality of annular
rings comprise a rigid plastic.
15
24. A method for assembling an improved contact nip roll, comprising:
forming a first compliant material in annular contact on a shaft having an
axis;
stacking a plurality of annular rings on the first compliant material, each
20 annular ring comprising an inner edge at least partially in contact
with the first compliant material, and an outer edge;
applying pressure to compress the stack longitudinally;
securing end plates to the shaft to maintain pressure on the stack;
removing material from the outer edge of each of the plurality of annular
25 rings, such that the outer edge becomes concentric with the axis.
25.  The method of claim 24, further comprising forming a second compliant material
in contact with the outer edge of each of the plurality of annular rings.
30 26.  The method of claim 25, wherein the modulus of the second compliant material is

greater than the modulus of the first compliant material.
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securing end plates to the shaft to maintain pressure on the stack;
renmoving material fromthe outer edge of each of the plurality of annular
25ri ngs, wochittdetsst he out er edge becones concentric w PRTIUSR01Q%0FR13 25.
The met hod of claim 24, further conprising form ng a second conpli ant
material in contact wwth the outer edge of each of the plurality of annul ar
rings. 3026. The net hod of claim?25, wherein the nodulus of the second

conpl i ant27mat eklicancthed gt daie?4. tprein harnpogie figs complisg materiyl cemppsdsant

naterialjnoMgﬁégéﬁﬁg?@?8@%@%@#%%?%QQQégﬁﬁi‘ 27. The nethod of clai m 24,

wherein form material " conprises nolding the first
conpliant material onto the shaft. 28. The nethod of claim 24, further
conprisig&tforning %%FIurali%% of voids in the first 5conpliant materi al
29. The r®t hodlhsimethed af deim Ythdwighe comprping fermungp phusality pf 5idy &1 the first

conpsi ses |- 1 1ing, drilling, grinding, ablating, or a conbination
ther%of.(fgg@g#ﬂgmﬁg?hod of claim 24, wherein each of the plurality of

annular rings forms an interference fit with the first conpliant nmaterial.
31. The nethod of claim 25, further conprising grinding an outer surface of
the secor’d- matEriasthedatdnitt 7o Wherdin forginmiietplurghty of yoida cepgtissh f or ni ppi ng

Coml§ ant g PR i, Bnain R, DO o FpERELy iBbRO & &xte: & Thrst

10 30.  The method of claim 24, wherein each of the plurality of annular rings forms an

interference fit with the first compliant material.

31. The method of claim 25, further comprising grinding an outer surface of the
second material concentric with the shaft.
15
32. A system for nipping a web, comprising:
a nip roll, comprising;:
a shaft having an axis;
a first compliant material in annular contact with the shaft;
20 a plurality of stacked annular rings, each annular ring comprising:
an inner edge at least partially in contact with the first
compliant material;
an outer edge concentric with the axis; and
a second roll disposed parallel to the nip roll and forming a nip line, the
25 second roll having an outer surface displaced a uniform distance
from the axis at the nip line, wherein a web contacting both the
second roll and the outer edge of the plurality of annular rings is
capable of radially displacing the outer edge of at least one of the
plurality of stacked annular rings at the nip line.
30
33.  The system of claim 31, further comprising a second compliant material in contact

with the outer edge of cach of the plurality of stacked annular rings, and wherein a web
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20a plurality of stacked annul ar rings, each annular ring conprising: an

i nner edge at least partially in contact with the first conpliant material;
an out er wogelgansséntric with the axis; and a second rolPCTdiSsposszipar al | el
tothe nip roll and formng a nip line, the 25 second roll having an outer
surface displaced a uniformdi stance fromthe axis at the nip line, wherein
a web contacting both the second roll and the outer edge of the plurality

of annul sentachggbgt thagsaendrodfand A secpyd ennapliaat matsriehis capable ol@dillpf  at
| east one;.0f. the,pl L f n in h i ne. 30
33 "The <y lasEpEHsP shdaor IbREE S8 MR S AER el tBleR sk R o
in contadinewm th the outer edge of each of the plurality of stacked annul ar

rings, and wherein a web contacting both the second roll and the second
conpliant material is capable of radially displacing the outer edge of at

| f apabl ¢ _ uter ed
534, he. Syat ern Broar i il SHECHERR AR oMo R cckioRl Rulchls

mat eri al dreat@rtai gk nidtalustdfehadatuboisplaht fagribi.r st conpliant naterial. 35.
The system of claim 32, wherein the web has a non-uniformthickness at the
nip line. 10 36. The systemof claim 35, wherein a pressure variation on

ot 1 east bne ol Rk SRR Rk AR G MR i o0 o

ni ppi ng dinseb, conprising: disposing a web between the nip roll and the
second roll of the systemof claim32; and appl ying pressure to nip
t hel®eb between the nip roll and the second roll, wherein the web radially

di spl acesq he ﬂ{éts%]te&d&%la% ﬁt, w'h&%ﬁht a ﬁf%%‘suf?é variidf Rl b L¥nQhipSitRGked
annul ar rings In e nproll’at the nip IIne.
decreased by displacement of the outer edge of at least one of the plurality of stacked

annular rings.

15 37. A method for nipping a web, comprising:
disposing a web between the nip roll and the second roll of the system of
claim 32; and
applying pressure to nip the web between the nip roll and the second roll,
wherein the web radially displaces the outer edge of at least one of

20 the plurality of stacked annular rings in the nip roll at the nip line.
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