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i nvention r¢yGbgspenerally to plastic extrusion systens and, C%)‘E
particularly, to reducing gear marks and ripples on plastic s?hee S(a%/%“?'hded

wi th such systens | n | xtrusion system plastic
resin is extruded C%%BQ@Z&?@&E\Q&QW%EﬁPng&ﬁaﬁHQ REEheet. The
extruded plastic sheet is pulled by appugUs®N and drawn under pressure

between a first nip roll and a second nip roll. The nip rolls and the pul
roll, also referred to herein as the active rolls, are independently

driven by sep [ I ' tors are conmmonly used) via

t wo- st age mr%%@g?méré@{g@WQﬁl speed fluctuations between the
rolls typically cause ripples, or gear narks, to appear on an extruded

pl astic sheet. Thedtiy iipeheen asidtegemnermyk o q;ilmi@ie%&usiwesyetﬁh{scmd gl ty
of the sheet. Qther factors.that may cause ripples in the sheet i nclude

di fferences i RALHEIAHY I AuGing, gearawarks pad rigples onplastip shaer aytrudedrwith yypa and
the anount ofystdthy,i cants. Ripples also are caused by differences in sheet
flowrates at the 15 nip rolls and the pull roll, differences in roll
speeds, and differences in the plastic densities, e.g., due to tenperature
di fferences betweet! Bbt!€45t (PR JNo¥WnaRlgsic [entrpsion syssem.s plasti resirs pe ekfridzdl | v,
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example, the first nip roll is driven a surface spee
than the surPyuaeullpedandmrawmeunser pressund petmobi a fiest hipciolli dndtaesebeld mpirglg one

surface of th t.h ull roll is.driven at, a surface
speed even sl ?]é%%?%%éf%@?d‘!‘ﬁgﬁﬁ‘t F'oell,sagscog 8%35"% ¥ JiereiR Ast g’@e"‘%ﬁéé&“ﬁe@ﬁuse

t he cool ed pl wdependsitiedriveasdysepirgleaiotda (A MectfiO fidiors B@ el Shaplidr awn
t hrough the f{a‘gggtéaend secongI niﬂg. rolls. The notor speeds typically are
vel | regul ated to 3acriTest & PIPSHPHy each roll at a desired speed. Despite
regul ati ng the notor speeds, the active rolls for plastic sheet extruders

25 sonmetlPes experRelicspesd dlctublionst betiveen the T&%S%rpﬁﬁﬂ?ci:_aﬁiélﬁﬁ;y@g,i &ﬂg ar
typically are_1 12t August 2003 cgused by gear_transmssion eftors b Fheen
the respect i VBt '8APPEH P12 sxirudeeplastic’sheet. These ripples and gear marks diminish

| the optical quality of the sheet. Other factors that may cause ripples in the sheet
include differences in the nip force between the rolls, the bearings, and type and the
amount of lubricants. Ripples also are caused by differences in sheet flow rates at the

15 nip rolls and the pull roll, differences in roll speeds, and differences in the plastic

densities, e.g., due to temperature differences between hot nip rolls and cold pull rolls.

More specifically, the motors drive, or rotate, the active rolls at different
speeds. For example, the first nip roll is driven at a surface speed slightly faster than
the surface speed of the second nip roll to facilitate polishing one surface of the

20 extruded sheet. The pull roll is driven at‘a surface speed even slightly slower than the
second nip roll surface speed because the cooled plastic sheet has a higher density
then. the heated sheet drawn through the first and sec¢ond nip rolls. The motor speeds

typically are well regulated to facilitate rotating each roll at a desired speed.

| Despite regulating the motor speeds, the active rolls for plastic sheet exiruders
25 sometimes experience speed fluctuations. These speed fluctuations typically are
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exanpl e, worm gear tooth profile errors, manufacturing errors, and
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SPece | S Rk ARTIRAE: (S A b S B A s
PCT/ US00/ Op4diyy even gdnee transpisaion @versaddear duringsbdrasionn of an ext rusi on
system Figure 2 is a front view of a worm gear transm ssion.
SUMMARY OF THE INVENTION
An extrusion system for extruding plastic sheet includes a closed loop
speed control system communicatively coupled to at least one active extruder roll. The
closed loop speed control system typically comprises a roll speed sensor, a roll speed
controller, and a roll drive. The roll speed sensor comprises: a cylinder concentrically
coupled to a roll shaft coupled to said active extruder roll; a cam with a linearly
increasing radius concentrically coupled to said roll shaft; a first laser configured to
project a laser beam to said cylinder; and a second laser configured to project a laser
beam to said cam. The roll speed controller is communicatively coupled to the roll speed
sensor and utilizes the actual roll speed and desired roll speed to generate a command
signal and transmit such signal to the roll drive.

BRIEF DESCRIPTION OF THE DRAWINGS



Figure 3 is a side view of the worm gear transni ssion shdlfugusiR2apsre 2.
Figure 4 is a schematic block diagramillustration of an extruder system 5
Figure 5 is a schematic block diagram of a closed | oop control system

coupl ed toVPVHEve extruder roll in accordance with one eRfHU$MMAL440f
the present invention. Figure 6 is a schematic illustration of an extrusion

system i ncl udi ng fFigueel s eh@fatlANRuGADE bPAin SYALRIS,GRY an automatic rol |
gap and neasurement systemin accordance wth anot fer “embodi ment of the

present invention.. 10 Figure 7.is a schematic illustration of the automatic
rol | gap and rmeas&iSfe fsiaé‘if’éf’@l‘f'i(ﬁﬁd“?mbg%w%sr@!mm in Figure 6. Figures
8A, 8B, and 8C illustrate a camand |l aser arrangenent, including a timng

di agram for neas®@igufd3 fsQl sideSREREF thE @& edr irshs is%?cﬁ’les%wncx iFl'l usyration of
an extrusion systemincluding three 15 close oop contro é%}gft' ms and a

ri ppl e sheet rreask_lrerre{gt and control systemin accordance with yet another
enbodi ment of t he’ FFEBIE SPhRmaticibingk diEggam dlustratien of acdxemmies sysiehd, ust r at i on
of the ripple sheet nmeasurenent and control system shown in Figure 9.
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extruding plastic sheet 20 that has aclose o0p spee em
General |y, clo¥RAFIVOBHNEsciol ig agpprdanes withene pmbedithedt dfithe pesentinieatgnt i on
reduce speed fluctuations in the active extruder roll of the extruder, and

thus reduce gear PRukS ima%ﬁéxﬂﬂr%dulﬂét?aﬁohgoéél?%&rr%siéf?We%éjgﬁﬁm&éﬁ} cal ly

al so provi de sheet product having I nproved i nage “§ear
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Figure | is e N an_extrusi on system 10 including a
hopper 12 angccgﬁdagﬁlhrgae,{r&%gé&@,@g& ogjﬁhes?/rﬁ%’i‘@“f‘?fbl udes a die 16. A

plastic resin is_extruded through die 16 to forma plastic sheet 18.
Ext rusitBn syst em Higure fris heehematic ilistratiotho 2ehe antometic eyl @H;]Slﬁﬁd bfehdusergddd: 20D,
pu

and 20c and }ql d Sl Fihaskic 5 sheet 18 is | ed by active
roll, or pul Iﬁreg%, %ﬁg‘a"?’gg“ [ smﬁ%‘ﬂ\'ﬁ%mder pressure between active roll,
or first nip roll, 20b and active roll, or second nip roll, 20c,
respectively. MirigupaBaj 8B) and §C ihwstiaveca @il ardORsdUWrtdePnadst bRishge] 18
bet ween actit\{rﬁ- r%a'g?zn%%r and 'ZOC’II under idler 22b, and between active roll
20a and idl er g , 10T measuring roll speed.
Figure 9 is a schematic illustration of an extrusion system including three
s closed loop control systems and a ripple sheet measurement and control system in

accordance with yet another embodiment of the present invention.

Figure 10 is a schematic illustration of the ripple sheet measurement and
control system shown in Figure 9.

DETAILED DESCRIPTION

The present invention provides an extrusion system for extruding plastic sheet

20 that has a closed loop speed control system. Generally, closed loop systems of the
type- provided by present invention reduce speed fluctuations in the active extruder

roll of the extruder, and thus reduce gear marks in extruded plastic sﬁeet. Such

systems typically also provide sheet product having improved image quality even
when gear transmission errors occur.



Each active roll 20a, 20b, and 20c is driven by separ at e 1@rAungustR@enent s
(not 10 shown in Figure 1) such as, for exanple, pulse w dth nodul ated
(PWW or silicon controlled rectifier (SCR) drives coupled to electric
notors and WOH58¥&r transmnissions (not shown in Figure 1). PEIYH80I444 at e
pol i shing extruded sheet 18, a first electric notor drives active roil 20b

at a surface speedFigte 10jsla sgirathticsiliughitoy off 85 RfusidiaBysters DeSlcRbin 'Ch a
second el ectrl c notor glrl ves active roll 20c. Athird 15 electric no
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several wor m vheehddraelep 23 ahBBbrvet 6@ oI 2028nd RIgFR3M, Wi th thread 32 of
t hreaded shaft 28. 25 W)rmgear transm ssion 24 sonetinmes fails to provide

a snooth transni ssj of power between,’ for exanple, the first electric
notor and active r P‘Fh 3e3tye rolh 0y 41t g1, 2 Oce’vélﬁ“’ﬁﬂ‘léﬁ sepagate idriyingeslements @ohot or

is regulgted Loyl inVEigRRd '1)’§hc'h°is| 08k atiple %ul%gr\ﬁﬁﬂl”ﬂloaﬁ’lﬁf‘eq (IPWR) of 51 eed

of active roll 20a sometines fluctuates. Simlarly, the
active rolls 2oprodled peosifiet (SCRAt drizesersowpled tph@les@@ombtarsd andi worm ' gﬁ@r

el ectric noto S b and
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Such roll speﬁdstfelacnimatommrdnws agdse rolbatb abm\sarfactesspcad,esn raibipeed, wmghtly
typically cause | es ear marks e X ded, pJastic
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wheel teeth 30f mvleéme@rcalquﬁ‘gselﬁi‘a@#eda Gebad) tYQ\E‘ﬁ]ch srighigher dengien tvhar imnd
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q
instant such tooth 30 engages worm thread 52 untt |
Active rolls 20b and 20c operate at temperatures between about 200° Fahrenhext and

about 250° Fahrenheit, and are cooled by heat exchangers {not shown).

20 Figure 2 and Figure 3 are front and side views, respectively, of a worm gear
transmission 24 utilized in driving any one of active rolls 20a, 20b and 20c. Worm
gear transmission 24 includes a worm wheel 26 and a threaded shaft 28. Worm wheel
26 includes several worm wheel teeth 30 that are configured to mesh with thread 32
of threaded shaft 28.

25 Worm gear transmission 24 sometimes fails to provide a smooth transmission
of power between, for example, the first electric motor and active roll 20a.
Accordingly, even when the first electric motor is régulated to drive active roll 20a at
a constant speed, the roll speed of active roll 20a sometimes fluctuates, Similarly, the
roll speeds of active rolls 20b and 20c fluctuate even when the second and third

30 electric motors, respectively, are regulated to drive active rolls 20b and 20c at



such tooth 30 di sengages fromthread 32. Because this is tepeqisedod®dr every

tooth 30, there is a fluctuation in transmtted torque and speed that

corresponds to the gear 10 neshing frequency (worm wheel 26 speed x nunber

of teeth 30WO 0049218 speed) and its harnonics. Variations bePeaarso0/02444

I ndi vi dual ones of teeth 30 are reflected by |lower frequency fluctuations

that correspond to the worm wheel and harno |cs active r%“s
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meshing 15 freq ncy an rimary gear meshing frequency. In accordance
wi th one enbodi nent. of the present invention, roll speed is maintali
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refers to ar uctuati‘on that has a standard deviati on of about
1% or less in mehmfafcneqlg@mmys gobpdefiectians ofwast wheel tagt Fowhide opesatingrunder | t

has been found ¢t hat co tor 7
reasonably wel? 10%‘3 %%‘ag B‘Se\{:/l ‘Jgka?é"‘?f"o Qet&’g&t %%P HPWE&E&B?@%CI
wor m gear t raﬂﬁﬁh@ Ky Oﬁry&’fdxﬂth'e 1ﬁﬂmﬂ¢b/toomﬁﬂl dngagesmfmim ﬂdua@;ﬁéunmlahd: ms;aaed

devi ati ons, havi a stand dev n of abaut 1.

The present syig?*éFﬂOB} ﬂgiila%@a&esc HF‘“@?‘}S lg?ﬁaf‘ﬁ:a 15&85‘?p§§t§%§)rteﬁs géﬁ
fluctuations ifireqduchshubiionB tdrdmRrddSotdque fidrspesd itibt 2e8edponds fthHef'@afth or
speed variations, and provides substantially constant roll speed For

exanpl e, 1& cormeshingdrequengyelvamm wheeh2¢ speed 3 CUBRATON taeth 3B|"d9P‘&éHeeal Pedilit ed
rol | speed fl 3&5&{%@9“ x)agi\égglgs Berw 3 HAViBhall QS 0F auPB0 AROHhed B lobe

active roll I's operated 1 n connection with a respective
30 cl osed | oopfreymenyy ﬂxmﬂtatmhsﬁyﬁstmspﬁatbh the oo Wirspsnspdend bamoniss. 395t em

Feopuctivel'y, e aphy ale "B Sof 2 Rl B5igs B Rass o o BRRaP BT 1
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The -foll ow ng | scu55| on ecifical |l étgtdl_?scrl bes various enbodi nents of
closed | bdp cERAUEREY g arylgﬁardgcﬁl} WPt h respect to exenplary

active roll 20a; S|mlar systens are typically inplemented with active

roll 20b and acti velnr fcbrddfée whthFir@WbollirmentcofSthbeiredehtcinbbmioi, dd)lhgpe&rhis
illustration of an extruder si&stem 38. %steg 38..i ncl udes ext rﬁjdfz 6 d
having di e 16 mpintairedoswbpigntially sonstantdgspit Qfyejegror iIn worm wheet 26 an

other gear transmission errors. As used herein, “substantially constant” refers to a roll

speed fluctuation that has a standard deviation of about 1% or less in the frequency
20 band for which the controller is tuned. It has been found that common motor
controllers can control motor speed reasonably well (providing standard deviation of
speed of about 0.3%), the worm gear transmission errors commonly result in much
higher roll speed deviations, e.g. having a standard deviation of about 1.75% or
greater. The present system provides a control system that addresses the speed
25 fluctuations introduced by the transmission errors in addition to the motor speed
variations, and provides substantially constant roll speeds. For example, a controlier
tuned at a 10 rad/sec bandwidth provided a reduced roll speed fluctuation having a

standard deviation of about 0.97%.

Each active roll 20a, 20b, and 20c is operated in connection with a respective
30 closed loop speed control system. Each closed loop speed control system analyzes
the actual roll speed of one of active rolls 20a, 20b, and 20c, respectively, and drives
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positioned in series with extruder 14 for receiving and pedswssi 2 3out put
from extruder 14 Extruder 14 is controlled by a screw speed and die
openi ng congral Rol | -belt system 44 is controlled by, for exa a
cool i ng sys gnolo‘fs%ﬁer ature 10 control 48, a roll gap control P‘.‘;'@fUSPn&““ﬂrl ve
control 52, and roll speed synchronization control 54. Various feedback
units, such afhedog@siAdARADT! AbBE ESmEMesH HENBIIL spebd bulstantiald canddidf i Tie
measurenent unit 58 are utilized to measure characteristics of the sheet
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characteristi LIz StoC UL h [ e
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controls are pystnschee ttpdadiy implgmented whids aggveerodll 20baipfl ectivemil@Oct he contr ol
systemis to reduce speed fluctuations in the active extruder rolls, and
t hus reduce gear I ¥ of g
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i nvention. 20 C1,ose ] oop. cont 60 comm rises a s eed sensor a
speed control P%‘?UW alfig St Ssb’@é(:?xm‘g %] or &REtd “%@Héo?m SINgc PR ﬁQ“'hl gh
resol ution eng@ggler $£C le&ddérOMIlBeomaateH\b@ d Qréw @p&d%afdxguP@ﬂng orfiRdl @B ne
an actual roll speed of the roll. Speed sensor 62 may.include a shiel ded
hi gh resol ut i 8elldlovstenhddi ﬁgcoaﬁoléqslcbneforoﬁxgwpl%@ne%m& BEITY 1EBRsTEEhed
W th respect Tc?nt?cpgfﬁ,aﬂ'dll’g Cd' Qnkrot S, S B ENEQHR] 5§,%fdtroﬂ§¥eé2§s)%§hrﬁﬂﬁ%&g to
the active rolT wtha pr&cision transmssion. Alternatively,” speed sensor
62 may i ncl udeomral$#i Veheiops fesdiagk uhm sekbsasa ga@eem ﬂwme&smmemmen@kmy%

| ed f f th nf
coun 4 10, 2, 5IELkfil oAkl 8 Lm0 SRR e

conmmuni cat i veloytpapbplsgsteinod4 ahd s1gﬂﬁede;ﬁmﬁmnv62)f B meashred cba:racftemlrcemré 0
transmt 4 speed c nd signal to s d drive 66. Controller or
el e 1 nol gt B BF vano S GnES 5 BEEes Gy vagerasiog AtV Sg i ong! °6
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Rol| speed controller 64 utilizes the actual )eed. and a set speed,
e.g., a desir oHiecdve okfhecgnirelsysiemds 40 edupe swéefhw&@ i thgjaghyg extruder
Particul arly, tual roll speed to
the desired r&ﬁ' Lréﬂglgggeo%ggé{agHgﬁéﬁ@@g@?ﬁ%«%@@ﬁ%ﬁ?@ﬁ used to nodify the
current command 5 signal for roll drive 66. Roll drive 66 may be a

preci si on servo drifigre Iﬁasastlwmatle)dma@n ¢fzmsclgseddaen mntmhsxﬁterrl 6fichuplod

counts per r %S larl1J gc'tgrré X er Folt alcggrdgu?ée with one embodiment of the present invention.

20 Closed loop control system 60 comprises a speed sensor 62, a speed controller 64 and
a speed drive 66. Speed sensor 62 inciudes a high resolution encoder secured to the
active roll and configured to determine an actual roll speed of the roll. Speed sensor
62 may include a shielded high resolution encoder having an encoder disk
concentrically positioned with respect to the active roll, or the encoder shaft may be

25 coupled to the active roll with a precisibn ransmission. Alternatively, speed sensor
62 may include a cylinder, as further described below, concentricaily coupled to a
shaft of the active extruder roll and a laser configured to project a laser beam to the

cylinder.

Roll speed controlier 64 is communicatively coupled to roll speed sensor 62
30 and is configured to transmit 3 speed command signal to speed drive 66. Controiler
64 may, for example, include a digital signal processor (DSP) and be configured to

p _



Control system 60 maintains the roll speed of the active ToMgustBantial |y
constant even when transm ssion errors occur, i.e., closed |oop control
system 60 overcones, or rejects, periodic fluctuations in roll speed. As.
descri bed akavenscey 10 stage worm gear transm ssions typi calploragabesig ol |
speed fluctuations to occur at both secondary and primary gear neshing
frequenci es and har n| c To re ch fl uctuations, control
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di st ur bances. [ t |near | or a
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an i nternal nodel @ repetltlve g f q [j .di%\%{ﬁrbances of known
periods or fré&gteR t Bas aTFsolugion of gt 5’&(’3?‘? DR &Y %l{"é?ﬂ P &S ¥fnfi gured to
reject disturbances at primary and secondary gear neshing frequencies and
their harnonics. UGdnirzi sgtenh 60 i mainmin thewokIspeed of it ective mﬂleaﬂﬂta&imrybance
wth zero steadg state -error is. rebected and, an |%nif rat or step

Lapl ace t r ansfOPSHRISFD vEen JEANSRRISHON FTIoR: O Whnt§-o FLo§ cqf@fo Festemstleady

~state error Woﬁr@rc%hﬁkﬁ:ﬁ’ir?aﬂ:ts Pesibdic FRRAAtoNs! 9 r3fi spesd. CARABHrHEd BBY A GGo0-
transform Is incorporated in the control system Simlarly, to reject a

peri odi c!%i st &Fqsammvae%mms'@%waﬂy spuse gl speedifiustuaipnseiopaseul atdoth

Lapl ace tran ( t riQd t he
di st ur bance) ?E&rﬂ%@( 1.?41 e!ns)rﬁ ﬁo dcsﬁ?séthgrr‘iiﬂ mgﬁlmr)l?lggna re(a 3

principle as &pgh ﬂg@uqt@ns sommé@yaﬂqn 66 |tsdqargbad1§mf§- baadWrdﬂmtalsdmg bejpmt:llthe ve
control syste p ngr systemJds typically
adjusted to rgbéuﬁgaﬁé%ps%swlgr glé‘ﬁ"%f‘ ‘?}?)r?ng’qw g&ats?t gqrgw%bcis.r 0 ’b@#‘g nce
for periodic dostrol bysteme$0 Wpﬂcallﬁugurﬁs:gﬁéwfby\/\mmﬂﬁ@%iﬁerﬁﬁﬁhbm Q Rol |

drive 66,is C ni catiyvely. coupl ed between rol |l eed, control ler 6 and
fhe seti U e tramHes b Teaing R B 7 groetans, FRRIERGet ROdBREPRSES. cBiand

signal to dr lrh’sﬁllﬁﬂgec@ﬁ?dn\éﬁoﬁéﬁﬁrﬂﬂﬁ{mé’soh|hrIeQr PR SHt ﬁ'lﬂgﬁercgﬂﬁ' ad”&n eﬁéator
speed. Particul arl drive 66 is conmunicatively coupled between roll
speed contr ol I@Fe%‘VSWdCIQS%H?QR cqggro) system §0 g@a/rbeofésslgned\hmt@anag igoas erioes
active extr Ud% pEHb:!hc dgﬂlri)an‘éés' AMfd Lﬁﬁ!z 'z{ﬁ ifteRtal hibae D @ etxt%réo%ﬂ%)l RS re}e@te
current command, by mani pul ating tage across term nal

disturbances of known penods or frequencies. In one configuration, system 60 is

20 configured to reject disturbances at primary and secondary gear meshing frequencies

and their harmonics.

Utilizing the intemal model principle, a step disturbance with zero steady state
error is rejected, and an integrator (step’s Laplace transfofm 1/s} is included in the
control system. For zero steady state error with sinusoidal disturbance, its

25 corresponding Laplace transform is incorporated in the control sysfem. Similarly, to
reject a periodic disturbance with zero steady state error, its corresponding Laplace
transform ((1/(1-exp(-Ls)) where L is the temporal period of the disturbance) is
incorporated in the control system. The internal model principle as applied to
sinusoidal disturbances is known as a repetitive control system. For stability purposes,

30 the control system is typically adjusted to result in a small reduction in steady state

error performance for periodic disturbances.
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motor 70 with its controllers and power electronics. Ui ll2Auggst2{93speed
error signal, roll speed controller 64 nodifies, i.e., increases or
decr eases, WB% gig ent command signal for roll drive 66, whi urn,
nodi fi es the VO }Igt age across the termnals of 10 notor 68 to qﬁ#&?’%%"f‘he
roll speed of the active extruder roll substantially constant, at the
desired roll speed Rofll driver b€ ismooromubBaieripreosgsd beweenxalipipeed aorddcligeor or

brushl ess not qr .altern n ction tor Gear b ,7
Tnei ude tr ans g dRastt ERBRREROIE il ko TpbiBH T P B e S5 s

gears, spur gekvs theaacting etrdiiet tslPdo h&ivilin 2 dorkstant edil ﬁfee@ hthﬁ‘lcuﬁrI? hail '&nv@r
harm)nl c drive gears. Speed drive 66 may, for exa I con

control | ed redfilf FRRMpRieRijvely, eRup W‘]"%"é‘ 1o} spegsAog OWYCQ%D%@D@F €8 agdoyw)
Lype of dfivegehbdst WhRh drivedt fofleidiubl AN, il BAYS 86 m%s s GRURLEF 1O

drive 66 to coIIect and store data relating to operatlon
Such data can cHEenisiedthef gurente gompiaad, by mampulating tiqgevczltagemcmsstthmmais |06us

controls. 20 C .S heli ed to substantial
reduce speed ucfoua ?gtﬁs&ﬁ%%e%ﬁ %?gyeep?]eﬁmm tg‘ﬁ ﬁgfeélnetrfoélslgya
reduce any comoll ispaedi aontrbifert 6ve moﬂnﬂels VEee.l tickeakes ﬁmeecedae@‘, itkpgn cmi-er@ aimmand ks

on the extruded_ s . | ai.ned. above, 0sS contr systens

i dentical to S} Q 66”?3?’ & W n'i”E’ht‘f‘?/‘@k ?@Ee pEross s t5Eningle of
extruder]g ol | n?cﬁ@r 62 Qomaitetn 2RCrolll peaner A2 a@ﬁb@é‘hﬂﬁl@? rolﬁﬂﬁ:@ﬁnﬁﬁq QRishS, Or
desired speeds, for respectlve active extruder rolls 20b and 20c are

i ndependent f @bhetdagiredgpl l8pe8d of active extruder roll 20a. I|nplenmenting
additional closed | oop control systens 60 in connection with all the

active rol | s subst ENcidd hifeo SHULATrBE FBPRARIANADE mAIBAb: BREH S ot Uded

pl astic sheet, regardl ess of the occurrence of transmssion errors in
ext rusi on systal*ﬁ‘ini@"eil%ﬂ Alciodugtiog motoy sgeastbox| 7§ gray include transmissios glements 60

i mproves the [ u

ba Os00) 09g4 3B Ebred R’g‘h‘téée{?‘?%wg h@a@et%rsr %‘l%g%'ﬁg%t% iiving g dBtiga] boyel .
optical H st orrohlemhalandcltdmsx hgrmasc gnw gearngBpapdalrive 6 masg fondxempRebe a
transm ssion efLrQrs._oc n th anoth odi nent o he
present i nventhsRR cf"htéc‘geﬁ‘ 88“@%@%3%%0 grve,of A\ %x‘f’%*aémugﬂfqu&m)
20b, and 20c ay \dRvEr dadditon, @ da@OuRRistMSIyE%mDTd b bl 3biRes odriviich (s heet
18. Particularly, an,actual tenperature of sheet 18 adjacent active .

extruder rol| P& aa%atoa%d%{etrﬂaqm& Onersrationy of systemlot Such dan sebr usds fove

extruder 0l letaRih, 8Railfle oBefhrith bt readriblls kAN ne a densi ty fluctuation
in plastic sheet 18.

.20 Closed loop control system 60 is believed to substantially reduce speed
fluctuations in the active roll, and thus substantially reduce any contribution by the

active roll to the creation of gear marks on the extruded sheet.

As explained above, closed loop control systems identical to system 60 may
be communicatively coupled to each active extruder roll 20a, 20b, and 20c. In one
25 embodiment, speed set points, or desired speeds, for respective active extruder rolls

* 20b and 20c are independent from the set speed of active extruder roll 20a.

Implementing additional closed loop control systems 60 in connection with all
the active rolls substantially reduces the appearance of gear marks on extruded plastic
sheet, regardless of the occurrence of transmission errors in extrusion system 10.

30 Accordingly, use of closed loop control systems 60 improves the optical quality of the

8



The density fluctuation and set speeds of extruder rolls 1208/0AE®Gc,
respectively, are then utilized to determ ne an appropriate set speed for
active extrwdebsfs! 20a. 10 Cosed | oop control system 60 cgﬁ%g catively
coupled to active extruder roll 20a operates to drive extru (®4430a at
the appropriate set speed. The above-described closed | oop control system
60 nmay be uti ¢xituded sheet ¢ogpnpmviding whdeh timt dees mee tchadsopicaldéiebRRS: AL Shget

ripples. For e | &,. FL gur s a., schematic illustration of an extrusion

system 80 i nc&ﬁ%"é’ﬁtl%bg@ﬁ%\tﬁ EYPR WheP Bear F30smistion BTers 9 es pect i vel y, an

active pull roll 84, and two idler rolls 86a and 86b, respectively. One

closed | oop contr oln systiamesddrh amthgrambediimdoﬂtﬁ@gre@@fttiﬁ@miw%ﬁeﬂiﬂe@@set! S

o aut omat | cPURF IR E SRTG TefSebimigb 14 Mookt o gt deisity

active nisp r oficuarBaowanth $i38 10 PRGBS A il AIRELEXSIRL: DELAGER, NI P
sha

rolls 82a and 82b. 20 Particularly, active nip ro 82a includes ft
92a ext endi ng?E¥agxEHdey rolk 2ay endharbaryenl semperdturstof abesd | 8 ndiEtapuiawive extruder

Sinilarly, ackiyeopiafd?ek sl - endi ng. coaxial | y
t her et hr ough. Autorr_gtic rgfl géiﬁag‘hz’%ﬁeﬂg‘ﬁf‘%@é‘tﬁ}wgl?%@" gbplf"%bcﬁ?‘&%ts WO
measur i ng menbrdensitaflaciatipandaatispeadsoaftentruder 1oBs 20 asi20c) gspdttndleyar®4a i s

coupl ed to act] £} | |l and neasuring menbher 94b is coupled to 25
et ve nip rorrY Gylled B8 erefiner i sBpRPYH: o Bbera orr WAt g el e
cooper atl@ t o Cldsideloop renwverdysien] 60redbinammicati@ly cbiifted & hctBaRxtrRder tEGRBSL 1 Ve
nip rolls 82a ang 82%.. Ne%i‘%ri r]g%{genber 94a may, for exanple, include a
cylinder, a CHN2"S 'POPYE SXEAEF 1o at fheapprpgalesgespeedhe cyli nder and the
cam are each concentrically coupled to nip roll shaft 92a. The first |aser

projects a laser bRrRMbsvetdeecribdd eEd 160 chftpolS8aRRd dirsel 80 u?i'iﬁﬁe? S a

| aser beamto the - cam.so that vertical displacenent, as welfl as ro speed,

of 9 12 AugusPnBREen Fegrapshedsidecrsatingdwatsinples. \kor axample| Higge 4 ismy be
det I ned. ' e Ve : .1 N r 94a.
eternined. NoR&mdticOusRERRbf %@xﬁ&x&%%eégﬂ mhclhﬁmgggﬁgy%e @Bﬁﬁg‘i? 81141 4ap

Actuator 96 ig configured to receive si'gnals corre i
from méasur i wepasavelygemactivg peliisold 84, anditivoidlestadls 86k gndiB6b, respeaiveRul at e

the nip forc ' | I a_and_ acgtive ni ol |l 82h and

t hus contr ol q%%egﬁg%q%bgg%ﬁ%@t %}g’?& (SIJri(§ 5 srréIy,agfcg?se xf:?ﬂBlcé’,ngB SEERIY Br a
hydraul i ¢ actegsmumicaGuellyr cdupiegs tee er@0 adtivesrolie82d,r82b, tahe 840! lin GdditioRNSh
mani pul ates t > f(gr Ceu bet ween, rolls §2a and 82b, Ehrou?h an, appropriate
actuator, to matic. Toll gap contrp .a/éﬁerq 8 15 communicatively coupled to active nip rolls

82a and 82b to regulate a nip force exerted between nip rolls 82a and 82b.

20 Particularly, active nip roll 82a includes a shaft 92a extending coaxially
therethrough as illustrated in Figure 7. Similarly, active nip roll 82b includes a shaft
92b extending coaxially therethrough. Automatic roll gap .and measurement system
90 includes two measuring members 94a and 94b, and an actuator 96. Measuring
member 94a is coupled to active nip roll 82a and measuring member 94b is coupled to

25 active nip roll 82b. Measuring members 94a and 94b are configured to cooperate to
determine vertical motion, e.g., the roll gap, of respective nip rolls 82a and 82b.
Me'asuring member 94a may, for example, include a cylinder, a cam, a first laser, and
a second laser. The cylinder and the cam are each concentrically coupled to nip roll
shaft 92a. The first laser projects a laser beam to the cylinder, and the second laser

30 projects a laser beam to the cam so that vertical displacement, as well as roll speed, of



a desired set point. Roll gap control system 90 not only @¥igdust2@ieet
gauge 10 (thickness) control but also reduces the ripples arising fromroll
gap vari at i\gﬂ%oglﬁﬁst o roll eccentricities, vertical force fluctuations
from gear nesh and bearings. Automatic roll gap control systeRUSep02444
cooperates wth closed | oop control systens 88 to reduce speed

fluctuations agivaciip \teH §2al hsy 32ajersdinedndv@4suringSeabdrveltyis aqiivdiangduce
the |likelihood of, ripples, 15 Figures 8A and 8B illustrate a cam 100 and

| aser 102 ar r%@%‘ﬁ@&f",e”}mﬂgﬁ-gure SCillustrates a timng diagram for
measuring roll speed. As shown in Figures 8A and 8B, cam 100 and a

circul ar shaped di gkni@dogs : | : nd
4RA 98 LR {eg?xlaes ﬁgﬁcﬂﬂ]el%eg?&{(ﬁl@%'}ggmu %%0@3

are secured to one of the active nip Is. ] K , a i nder
106 are conceMepsuEingmembesstacand: Wbiand utibire sushasignalsfo fmaniguldte skey niprfotce 108,

conprisifag a g iva clar..di d Lrcul.ar di sk
104 and a seco%gle?rggglr unFtar OH%% ?r%@%’éﬁg E"ég%’ %ﬁ%ﬁ‘@?‘é"é‘fﬁ"ﬁé‘& rollﬂgap.

refl ect ed beafstutioofé diaykfot Oxarapiel, beamotdOr alnelradicsenatotni t 108 generates a
signal representative of only vertical notion, and unit 110 generates a

signal representat; f d variatjhon and vertical. nption., 25 O
course, nany vari aﬁ{tglﬁog i)g[%mgﬁ@g% g‘r?g{“rFs{k‘%s‘i"?uﬁ%raé‘dd‘“é‘éfEPﬁ“BE-‘a tgﬁcff?@eare
possi bl e. Forbaweaepiols S2asib32H, taoughi anciphpristeapadtod, 16 knalfidin the F8il pdvaser
unit 108 may ?F‘ngl be aligrlﬁcglwith c%linder 6. Since cylinder % 6 is
concentric wt e”é%é%tp(flﬂt' ¢l g (contals tysteph @0r oY Ry etnables nsheetc BawReom
cylindet0106 mhidkibsHeongsr Bgeloabdess Ot rippRs atisimk iRt tMNgf variBohOhlesh 10
12 August 2003 WO 00/50218 PCT/ US00/ 02444{) Figure 8C is an exerrp?ary si gnal

gener at ed by Tolsepeniigities; yertigakfarcs fysuntiong from sear nashi and beasings.c Automaticon
bei ng sensed. ' : fr en of
Che o1 gnal . o TR BpEBIYARAR00 LRSI bolRP [00F Mol o el S Fiee
the roll has snegd Viuetupdens impadtive rollh82p 88k andl §4 gespeetively, untd wesedvar the 5

Cl osed | oop s ) . al so be inplenented in connection with still
ot her net hodsmgérll@ggdpggrrlé@%sé for decreasing sheet ripples. For exanple,

closed | oop systens 60 may be utilized in connection with sheet ripple
control 1systens. Friguree 83 ands8Eailksthaeratam 100 nd tasat §0Qrrahgafe XandUR bere

S e 120, |l 0 A AP S0, B ol SRS "
and 8B, cam 100 and a ci;'cular shaped disk 104 are coupled by a cylinder, or a shaft,
106 and are secured to one of the active nip rolls. Cam 100, disk 104, and cylinder
106 are concentric with respect to the roll shaft. A first laser-unit 108, comprising a
20 laser and a detector directs a beam towards circular disk 104 and a second laser unit
110 directs a beam towards cam 100. The reflected beams from disk 104 and cam
100 are sensed. Unit 108 generates a signal representative of only vertical motion,

and unit 110 generates a signal representative of both speed variation and vertical
motion.

25 Of course, many variations to the cam and disk structure described above are
possible. For example, rather than circular shaped disk 104, first laser unit 108 may

- simply be aligned with cylinder 106. Since cylinder 106 is concentric with respect to

the roll shaft, the reflected beam back from cylinder 106 would be representative of

vertical motion of the roller.
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10 126b, respectively. One closed | oop control system 12331,2%%"%%0% osed
| oop control system 60, is coupled to each active roll 122a, 122b, and

124. 1In addg\;cwtgs 2& sheet ripple neasurenent and control system 130 is
coupled to ac 228511 124. Additional sheet ri ppl e nmeasur e REATUSHPHE2444

control systens 130 may be communi catively coupled to active rolls 122a

and 122b, respecti Viguye 8C5s Retxnig] W behefit .1 ppl e
. pldty sAU peéne %)ela%&urﬁ??ﬁf vﬁthm 130

measur enent a rol system 130, includes a ri'pple estinator ,
a ripple masgﬁﬁeﬁéﬂ‘?@w@%ﬁmuw% SRse As e Ramepeatkbinbrenseh 36 detleasel €
esti mat or nentierfreb@endyso QRS R ithe I .active rogll 124 and is
confi gur ed togeéti té\-fsosheet' ripple ﬁ%l%éle?g#ﬁgb%g‘ﬁéegcst‘@éﬁp i SRBNESS |Alsgpeed,
whi ch nay be HéPeOHiN38any Vestica metiohahe psakavoitadd magriade sRpSAFy. Such as roll
20 speed sensor 62. Ripple estimator nmenber 132 may include,” for exanple, a
conput er 5 confi gurers¢d 1G4pP! I f tial, equations .t.o the actual active
rol| speed to determ ne @f{bheyx tgglts |dtn§{ngg al%e%et ﬂP‘?‘S‘BF‘éted@FFﬁPBe%as‘Wh il
menber 134 i sP@shiPgodeand epparasss foe decasmting| shedt pippes. im)r%ﬂaﬁﬁk{:@ _ggg% ﬁjlaset
ppl €

and to deterninp I AR Ba | i and dom nant , frequency.

measuri ng rrenbygrm%?g? i E? H@fzggz" E%&F&B?a‘ﬁ@f eeLriphle Senteel fystams.s Figmé Pgur ed

to generate visdetshemstic Hseationuded etrasbn @?Eﬂetﬁqm&ilﬁﬁhg\f%byac ouRledto a

frame grabberlggaarng 162? a cor‘r.Bgter configured to analyze ripple i rli)té’rqgi ty

and dorlnénant Fequency’ "RPPPIVEYctmarie rihindl 128 andt twa idder molle 164 iarat ed

sheet rilppl e 1Z6hdrespeetiaelylDnelcddRBd BobbERSI n Lhant, frequency to
T Rk i R e

control the rgQll speed of active extruder
rippl e measur'dnemt Y 45 Geurled 9 sagh aative rafldl22e, (AMbated D6 dntaiamibR, SRR Of

the rippl e estgpi@medsur@RdRk ' yoR! e estimator s continually

used in the s péiéﬁé. Gont 1 of sagqs%&ﬂ%%ﬁ%j%u%f‘p 6(5%“‘?&530"9)15]@518“‘11“0%1

PCTI US00/ 024 £AC<FAEPEyBeRsutRatsor pitseebnnt systhats E0ShayTbe 3odmuBlaQsy coupled
e g., e

substanti al | >foﬁ@tFUéCrSUsSPfﬁ%aﬁbtﬁ&#ﬁ%é&@@ui n the active rolls,
rolls,

pull roll and the nip. and bstantially reduce any
contribﬂi%on of such rolls to the creation of gear marks on extruded

sheet s. reover, R§fﬂ§1’iﬂ§mwu@F@m@&(&kb&ﬁdﬁﬂbﬂﬁ@bm}eh@ﬁc 4ridl dOn&B?égte?rt lid'ue 5
siron errors

respective agidyg suhst anti al | y..constant even if transm
occur. From ?ﬁe prsggiedg?en%m 13%“5??8 Eﬁe{))n/az’oﬁ PRI BeASUER® swmbeni 34, and airipphy esent
i nvention, i cohtsolgnérmieert 136hRipple @s@RABE hienfter § 52 id AWERLLRD: A& AL Lai ned.
Al t hough theactii‘;’évgpt ?gn Qas been descr.i bed alﬁd.i IlI ust r%@%ﬂeﬁy §oyBle it s
to be clearly e sl &< is contigured to estimate sheet ripple utilizing an actual active roll

speed, which may be determined, for example, by a roll speed sensbr such as roll

_20 speed sensor 62. Ripple estimator member 132 may include, for example, a cdmputer
configured to apply differential equations to the actual active rol} speed to determine
the estimated sheet ripple. Ripple measuring member 134 is conﬂgured to measure
actual ripples in an extruded sheet and to determine a ripple intensity and dominant
frequency. Ripple measuring member 134 may include, for example, a video camera

25 configured to generate videos of the extruded sheet and communicatively coupled to a

' frame grabber board and a computer configured to analyze ripple intensity and
dominant frequency. Ripple control member 136 utilizes the estimated sheet ripple
and the actual ripple intensity and domix;ant frequency to control the roll speed of
active extruder roll 124. The actual sheet ripple measurement is used to improve and

30 update the estimate model of the ripple estimator member, while the ripple estimator
is continually used in the speed control system. '

1



that the sane is intended by way of illustration and exanj? August208hd is
not to be 10 taken by way of limtation. Accordingly, the spirit and scope
of the invention are to be limted only by the terns of the appended
claims. 12 WOUKHBI&t 2003 CLAIMS: 1 An extrusion system for EKEAISAVoRId4)
sheet, said systemconprising: at |east one active extruder roll; and at

| east one cl osed | Dopatosatesohibed sttamet Opn@tadOmedbek &6k der roll
and confi gurﬁ‘gcﬁttéagiadri.ve sai d. active extruder roll at a s% sl%@'?cglspvd

constant roll ns J0; e FGWE grollso -ooHier BRIl siplit erd dberprip siotls): amd thus
respective rodubstsREAN kS nyCyRthiaN; t ' an .actual speed of
said at | east one ac]'?i ve ext ?uderd%:bﬁ?)fasgﬁfgg%g:ﬁ [\Bg PP Oh S5t E‘S‘%ﬁr‘@l | er
coupl ed to sai*Xufes phestie eMoseaysn rsuch mitrasiore speei \neaitain! thellrbN &pE& of me

receiving a c@ j f roll speed controller, saidro
drive coupl ed ?%Eﬂleea%rugggdélétsp\ﬁl)%érggalt“?\?g%éaﬂtFg‘?ﬁfb UABFRISHIEN ERrPEFOCYt d act i ve

extruder roll speed in correspondence with said respective roll speed
control ler receivifigm theepicesgingt daserigtinual wriduy eeriifddim&ie ek ﬁf‘engﬁ‘éie y

sai d respectij; 9l or; said ed sensor conpri sing: cyl'i nder
concentri cal Ilgfeélgg‘lf)’l 1(53?? ‘gg%rﬁﬁg%tl tﬁg r?§$“-‘1“%‘§ﬁ§FéHW“G°§érfaa%md/e pugidthe

roll; a cam wntentian hasbeml destribsdeas Nuskacd Ws de@NCANS B@'cie%rlg%ﬁkﬁgootgo.
said roll Shglfmét’thea first, Lﬂaae{i confi cp;éred to pr&:ect a | aser 'beam aid
cylinder: and 8 Set®Ry 'S Qeoded Xy pkdlussatipnpet examplasely aehin oy ts 2k d
cam 2. 10n exdken$iyonasySimiatidh. ALK HRNG M ki a] erein.said -
extrusi on syst em. ﬁ]orr}?}{i ses at | east '?gvxlg tél\g’![.-\k}gcdggts?blpgfe?f’&}%mvg?u%ﬁ& | osed
| oop control PEVENEMOPL iibe tergis @b theswgendededgimst i ve rol | speed sensor for
each of said active extruder rolls, said closed |oop control system being
coupled to each said active extruder rolls, such that the speed of each of
said active extruder rolls is adjusted in correspondence wth the
respective active roll speed of said active extruder roll sensed by said
respective roll speed sensor, 3. An extrusion systemin accordance wth
claim1l, wherein said speed sensor is a high resolution encoder.

12



13 12 August 2003 4. An extrusion systemin accordance with claiml,
wherein said closed | oop control system conprises a notor fhAuglst 2008y said
active extruder, and a plurality of transm ssion elenents, said

transm ssion el ements being coupled between said notor and said roll, each
transm ssi@amgnent conprising one of a worm gear transmnission, a

pl anetary —gear, a spur gear, a roller contact, and a chain. 5. An
extrusion systemin accordance with claim 1, where in said extruder system

conprises { hree i : gﬁ%ﬁ i i xtruder roll
bei ng coupT'ed t%@&&gt%{éﬁanﬁ%%ﬂﬁﬁf S%tgjd(':@rﬁro sé;‘ﬁs %%{teq%g%%\%%@i n said roll
speeds of sai d 3tdeastens edivasxiruder relktandder rolls are synchronized to

mai ntai n plasti I é‘ﬂ‘% i.al t. Welg
system for ext r%d?%?%ggg e8§ ?éo?al sg%génﬁgéﬁ%’%?%%l? acgfe ?@ghsdt%%(%grwej&gagt ive
ext ruder resnfigurgd t driversaishactive extdddr sapataositbstantiallysoestaoopspeed; 0 sai d

active extrudergfPlibeNdo F&HH %‘Sﬂﬁéﬁﬁﬁ%hge said active extruder roll at

a substantial constant roll speed; olls and a roll gap control
system conpri si ng a @ wspegiup rofespsed sapsnr corfigined tof determinesanm actgal®pgeghof

bet ween sai g gticlg%#ghégc@ggexﬂud&qwm or for applying vertical force on said

nip rolls; sal ose p control system conprising: a respective roll
speed sensor confi gua @gredive celesneed sonrolier conledsiocsait rofl spead sknatr; bedist one

active extruder rollg apbanRagh bk fbeaWiRed GRBL Sl irofPuBbath Loegiel

I
roll speed sensor; a reg_pectl ve ror 1o dry veﬁior recei g a control"Signa
from sai d qodfrpliespraidiroll dgike comnled to tharespeoiive attive extousiep Falido dove baid metiyeect i ve
active extdudgsr b j j T bl
correspondence rwi {P%;B%égﬂa@?}erg%g@ta %’chqr& Eﬂ él'la?qs Begg%&ggﬁ%"r %elgrcw@@%f ir/élkr?a’ "S he
respect i véh@raspastiveactupbagtiye|rolbsnasd seasrsbly $ajd respdctivesplbsneedsensdrt  speed

sensor; said rcga¥d Qﬁ@d%@ﬂ&ﬂ%oﬁﬁﬂﬁﬁ sing: a cylinder concentrically coupled
to said roll shaft; a camwt Inearly increasing radius concentrically

coupl ed to said rol |2 s&der cencentrisally geled ki rglrebefttapupled; te ciaich actieer
beam t o saixflugarbider; and a second |aser configured to project a |aser
beamto said cam 7. An extrusion systemin accordance with claim1 further
conprising a sheet rd ¢ &ithigelinsare israsingsradivg ceneanticatly cowrlsd toosaid eall t o
sai d acti wpafixtruder roll, said sheet '

a first laser configured to project a laser beam to said cylinder; and

a second laser configured to project a laser beam to said cam.

2. An exirusion system in accordance with claim 1, wherein said extrusion system
comprises at least two active extruder rolls, said closed loop control system further
comprises a respective roll speed sensor for each of said active extruder rolls, said
closed loop control system being coupled to each said active extruder rolls, such that
the speed of each of said active extruder rolls is adjusted in correspondence with the
respective active roll speed of said active extruder roll sensed by said respective roll
speed sensor,

3. An extrusion system in accordance with claim 1, wherein said speed sensor is a
high resolution encoder.
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14 12 August 2003 rippl e neasurenment system configured to determ ne the
ripple intensities and frequencies with respect to the exttudegusthe®3 and
configured to control a roll speed of said active extruder roll utilizing
said ripple intensities and frequencies. 8.  An extrusion system conprising
a closed Igop c ' I L.on sed
by geari ng4)| mr@g%&ﬁg}ﬂ%&%ﬁ% ﬁ.'gccg'%g%eo‘yrtﬁ glg i \ﬁ/’e\brée){ 'R% % éfé‘g de}é P &3" rog

ext rusion wmﬁ?m@'ﬁea aghotoetvr dodpg saidactite @@mﬂemndamuraﬁtmgf trmsnui;shors peed
sensor co e Xt r
ol T: a1 ol PenECedE LAk AR CIBerA bRy BBRES b8l RS ol Y e
sensor; arRfpcH traﬂsrmaﬂqmeiem@nt ceropiisingngne szerwwm gealg’mansrrilsmn %pt;hnetahI

speed con I Y% d to the active extruder roll to
drive sai Oﬁ%tteﬁ})ur?@%g%%ér co'qt%bt Smfg%ﬂéﬁ correspondence with the roll

speed controller receiving the actual active roll speed sensed by said
respectivesroll | vV I t es. at a
substantially c%r?lgtﬁg%{&‘s%é%? ﬁﬁaécg?& ?? “ﬁtha&%hsgr@{ erre\,"i'h 55% ex{r&éé’% S?’EISIH

a | i near | yonmpssea diree) activgi Q@‘Udelowﬂ%rﬂachcﬁlsmyl astivgp Eriduden rmlhbe:ng)bburaemna

| aser sourggy e S

ext rusi on sysgggn%dc%%?gggra s%tghI %dg‘d‘{e@ﬁ 3@%@ irﬂg é)ds e‘e’%alc%gg%%'(\)’?c?g ‘e with
claim 8, dudenTolnprg son:hrmyp@cétw rsainkdr plesimpna@e‘bwarate gibstapdiolyutdnetant.
encoder. 10. An extrusion system conprising a closed |oop control systemin
accordance with claim@8, further conprising a notor for driving the active
extruder réol | . Anextmsionsystesi fonextiusingn sheeprsad sygtem coroprsing:oop cont r ol
systemin accoréimpom b &ive ShiidBr 19y further conprising a plurality of
transm ssion el enents, sal 8 transm ssion elenents coupl ed between said

nmot or and the radll¢ast ope islosed dpoprcomtral systesm colipled tn sait @ictig exteJdef rall avar m
gear transighAgiredto Grive! BREAGY egt?@derr(ﬁla?%'“gubgfaaﬂf :iil c%nétghljrg sﬁ cﬁ and a
chain. 12. An extrusion system conprising: a system for an
extrusi on syst @l [afiglandiadgll a2p cedrf sysiem somprighg o, roli gdlremeemtrempo@ansaned to

enabl e a %ﬁﬁéé&nﬁg%eéa Hét\p@er?%‘élc?ﬂg%l@gﬁ Bethr fo?l Bﬁlglng%'eﬂgaﬁx&teedﬂ

conprising a rol asurement Sensor neasur tween said
ni p roll s saikthiarollsct uat or for appl ying vert | cal force on the nip rolls; and
15 said closed loop control system comprising:

a respective roll speed sensor configured to determine an actual speed of

said at least one active extruder roll;

a respective roll speed controller coupled to said roll speed sensor;

a respective roll drive for receiving a control signal from said roll speed
controlier, said roll drive coupled to the respective active extruder roll to drive said active
extruder roll speed in correspondence with said respective roll speed controller receiving
the respective actual active roll speed sensed by said respective roll speed sensor;

said roll gap sensor comprising:
a cylinder concentrically coupled to said roll shaft;

a cam with linearly increasing radius concentrically coupled to said roll

shaft;
a first laser configured to project a laser beam to said cylinder; and
a second laser configured to project a laser beam to said cam.
7. An extrusion system in accordance with claim 1 further comprising a sheet ripple

measurement system communicatively coupled to said active extruder roll, said sheet

14



12 August 2003 a closed | oop control systemcoupled to an active extruder
roll and configured to drive said active extruder roll at & Aubsdtaoosal ly
constant roll speed; said closed | oop control system conprising: a
respective roll speed sensor configured to determ ne an actual speed of

L | e ALK YLl Sonfiglrka B [RIARGL “Fe | bdie “PRTER"LAS! | o
coupled to saird ro S ee sensor a respec i've To dr Fva
recei vi ng faecwnclealmt!;urgmct for thmexdiided shdet ape ednfigrioett tootdnbrol a sall sbeledlolf

dri ve COURLfaliel BFuAS RGNS BRI fe FIHIE Lol Blbubidll Ve sald active

ext ruder speed 1 n correspdn Fespective rol | speed
controller receiving the respective actual active roII speed sensed by

sai d respegtive . .sai d | | S am
wth & riar |y SnSBPEraR ishonig ol 108 PR Mo P bt Padef
shaft and %peedrvgtlatimuss@bv gearingnifiipiraisieh indhe doyeeoft amactivasatruderaofier of sai d

cam 13, Ah ShH Rty ShATRAMA Loy GRBiAARt o system i

accordance Wt erei n sal r further conprises:
a cylinder conc@ﬁplﬂ ispaed ysepspptendigtiedsta detewlnesmmctuah speednd thasativaour ce
confi gur ed,iQqBf @uect a laser beamto said cylinder. 16

a roll speed controfler communicatively coupled to said roll speed sensor; and

a roll drive for receiving a control signal from said roll speed controller, said roll
drive coupled to the active extruder roll to drive said active extruder roll speed in
correspondence with the roll speed controller receiving the actual active roll speed

- sensed by said respective roll speed sensor so that said active drive roll rotates at a

substantially constant speed;

said roll speed sensor comprising a cam with a linearly increasing radius
concentrically coupled to the roll and a laser source configured to project a laser beam
to said cam.

8. An extrusion system comprising a closed loop control system in accordance with
claim 8, wherein said roll speed sensor comprises a high resolution encoder.

10.  An extrusion system comprising a closed loop control system in accordance with
claim 8, further comprising a motor for driving the active extruder roll.

11. An extrusion system comprising a closed loop control system in accordance with
claim 10, further comprising a plurality of transmission elements, said transmission
elements coupled between said motor and the roll, each said transmission element
being one of a worm gear transmission, a planetary gear, a spur gear, a roller contact,
and a chain.

12. An extrusion system comprising:

a roll gap control system for an extrusion system including at least two nip rolls,
the rolls positioned to enable a plastic sheet to be extended between the rolls, said
system comprising a roll gap measurement sensor for measuring a gap between said
nip rolls and an actuator for applying vertical force on the nip rolls; and
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Title: CLOSED LOOP CONTROL OF ROLL SPEEDS | N PLASTI C SHEET EXTRUSI ON
Abstract Cl osed | oop control apparatus and nmethods for redZcMv@yst2@d es in
an extruded plastic sheet include, for exanple, a closed | oop speed con-
trol system (38) having a roll speed sensor (62), a roll speed controller

(64)I 3nd a L Olécldged/bo()66t)trolE?ﬁeﬂh@ohpl&ﬂ&@dn%@th@éfxt#u&eﬁﬂﬂd I;Qﬁﬂhdéflﬁgdf@dlib
coupl ed to,the active ext configured to determne an
act ual ro|<i'f“’§§8@c?°8¥e Fﬁ@‘%&f‘ﬁ'\% Lstpéuh%éa:op%pnt roH|- &dpl | speed control | er
i s conmmuni cat i vsa@/cmﬁmb@;dcérﬁrdl Bﬁterﬁ@b&npﬁﬁﬁgd sensor and utilizes the ac-
tual roll speed and de5|r

@‘ eed to en%e)J ate a command signal and

transmt such signal@ Eeap? 'é‘el" ?peﬁ iSgasor copilowef o Qgteroung an QGH%?%P%%Pf vel y

coupl ed bedaiestieddions atfivesgxeaderaom- troller and the active extruder roll,
i1 n I gn to . drive the active, err] [err

and utilizes the CorgTr%sgec%ivg rc?l’ speed contrcﬁ!er coupled to said Jo(? ;ea[ sensor and ]

[err]

a respective roll drive for receiving a control signal from said roll speed
controller, said roll drive coupled to the respective active extruder roli to drive said active
extruder roll speed in correspondence with said respective roll speed controller receiving
the respective actual active roll speed sensed by said respective roll speed sensor;

said roll gap sensor comprising a cam with a linearly increasing radius
concentrically coupled to said roll shaft and a first laser source configured to project a

laser beam to said cam.

13. An extrusion system comprising a roll gap control system in accordance with
claim 12, wherein said roll gap sensor further comprises:

a cylinder concentrically coupled to said roll shaft:

a second laser source configured to project a laser beam to said cylinder.
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