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SPEEDS | N PLASTI C SHEET EXTRUSI ON BACKGROUND OF THE | NVENTI ON Thi s

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

wi th such systens xtrusion system plastic
resin is extruded C%C{kr{:ﬁﬂ Béﬁﬁ’%@@&%&e@wi%ﬁ?gm% H&t3REEReet . 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

drlven by sep tors are conmmonly used) via
t wo- st age mr%’ggg?wléré%gﬂ@%@g‘y speed fluctuations between the
rolls typically cause ripples, or gear marks, to appear on an extruded

plastic sheet. Thedaisr iipeheon asidteyeaneriyk s 1436 brusibi Sy ks C ity
of the sheet. Qther factors .that may cause r?Jpp les in theygﬁeest%q%g ide

di fferences i RALHEIAHY I @FE‘E“@)&?W@ Aad rigples on piastip shaet pykydedrwittt yyok 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 denS|t|es -e.g., due to tenperature
di f ferences bet weel? Bbtleast 9n¢ Jmosnaplastico lentrpsion syssérn.s plastido resim pe ektridzd! |V,

the notoss dr teughl sdré’&rékﬁude} *E&fcﬁﬁltd ﬁﬂ%stf@éhle?t al‘he%k%&édﬁ{lgﬁtsgsﬁfﬁf ;Pualgefje .

exanple, the first nlﬁ I's driven a surface sSpee
than the surPhadulipe @néfifaﬂﬁ?eursiecmsbum betmebi a ffiest hiciolli dndtaesepeid fipirsly one

surface of th T u s .driven at_a surface
speed even sl ?&%5’?‘\’/% l£ %gdq‘%;tﬁﬁlt rl sgscc’gr{a%emgt?o}fefe‘&ﬁsf g’@e"‘%ﬁéé&“ﬁe@ﬁuse

t he cool ed pl a@cpmdsmeednmyaepmgdaenotdﬁr(ﬁc MectfiO fidiors B@ el Shaplidr awn
t hrough the f{a‘gsgtaand secongI 8{_} |1s. The notor speeds typically are
wel | regul ate P est &ap 'ﬁf‘P'i’Fg each roll at a desired speed. Despite
regul ati ng the notor speeds, the active rolls for plastic sheet extruders

25 sometldnes experRelicspesd dlndubliorst betiveenshe TRRSSpRARE bahde! GpPRL 1 § Fear
typically ar em%rks, to appear on an extruded plastic 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



12 August 2003 caused by gear transm ssion errors between the respective
motors and rolls. For exanple, wormgear tooth profile errxAugust2003
manuf acturing errors, and deflections under |oad prevent a snooth

transm ssi on of power between the wormteeth and the worm threads in each
t wo- st age m.gear _fransm.ssion. As a.resul.t, there is fluctuatiqQn in

t he nor mal %8“3’3%88%& ﬁalﬁsr?lg?gtéser@{s {RBVeEN, e TesOPaYe ROfPrs Al f‘ﬁ'é- Sill
speeds, orexampid,agensgeadsethl profileuatars, mhanufectudey efrars, rmd kdefloctiopk agidee
sheets, pregi m gear.i I n..connection wth. the notors is, sonetines
ised. Honeoah ProwShh A diioth Bdesmissias Bf @oupr Brieat thy elarioety ¢ FRPEE wor m
geari ng. Thezaebadn eachatvichsiagdhwonpiges tngnsihtissiear. @6l $ resalt othesois @ eIEtog in may
reduce the,occurrence . of r. marks,.. transmssion errors still occur. These
Lransmi ssi B TPBF 8nd tangeBlidorces B the BSIISER Posho 18 1 SHESE. Ot her
known appaswadags speeds; Behivdteg gear mar ks incl ude planetary gearing, fluid
contact type tra cont ac ransm ssi onﬁq%These

q‘??é;ac%g on el egﬁnt S z%nd He o{ I er t t .
apparatus are eoAl e 8I"r%?s 'GrS"EF Smpﬁeﬁﬁenﬂ?m? FREPEL I EPYIFENS si on
errors to witdtheenotors islsometimbe uség Haveevet, twormugeshr beotll peifilcadirerstexist Bpsrove
th lity. K th i .ppl ' truded pl asti
shoet. 1t MEBReEE TR SRy TR R BLOR lre GuBE ihereBsBY o HHn B o
when t r ansmag Seducee theoosciomenoe afugeargmards! uienomissShVAieY f dtdurl MyENTI ON
A t [ t rudir | asti heet i ncl ud I d |
Specd contiIPIFRAG ARt AU PRR ST SrEREpSIE S Sne active
extruder roll. Uther kadvasegbdratap fm'peétabirmgagearohalkyﬁ’icmdetmmaﬁylgeadﬁgrmdicffas a
| d . |, | |l d . The ro
peed” soncat b e Carkiscipane ol QR P bbisrta e AP R har
coupl ed t carsadicechst at eeducingy der elinthatinga iteEmremi trimsanisdiore &froys to nedwasbng
radi us con%qmﬁ%tgﬁ;@blle% coupled to said roll shaft; a first |aser configured
a las e

to projec amto said cylinder; and a second | aser configured to
proj ect a | aserlt woekinbe desiablk twaimprdveethe ajualitypereidredacd gead mwarkissand other

i j . . I d il h I
Commnt o2t ok ia GHBLESplrd Uiodi o ity 1BORRRENE bl 25y Wit
transmt syahtysivgnathen dranbmeissiohlerrdrs aceur @RINgFEXPESGRI PTI ON OF THE DRAW NGS 2

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



12 August 2003 WD 00/50218 PCT/ US00/ 02444 Figure 1 is al12dtmuat2093
illustration of an extrusion system Figure 2 is a front view of a worm
gear transm ssion. Figure 3 is a side view of the worm gear transm ssion
shown in FiYQO%5&18 Figure 4 is a schematic bl ock di agram i | PCRUStatzen Of
an extruder system 5 Figure 5 is a schematic block diagramof a closed

| oop cont rol Syst eiguee il ederhicAlluskalibi 8 A4{HARN ALk, |1 accor dance wi th
one enbodi nent of the present invention. Figure 6 a Schematic

illustration of a ext#ua n system i ncl udi ng three cl osed | oop contr ol
systems and an aut ¥ "I“’é&id’ farreorrogesn frepsammissieyst em i n - accor dance
wi t h anot her enbodi ment of the present invention. 10 Figure 7 is a

schermatic il ustr &gduess @fa SEMI@VUB%WO?mr%LII tr%%ﬂu%% %@%;‘f,%&ﬁ?@ esy5t em

and nip rolls shown |n Figure 6. Figures a cam
and | aser arrangege jncluding a timng diagram for measuring roll
speed. Figure 9 i res‘f:ﬁérf'ﬁ‘f‘i“&at'iclbll%&di%ﬁmHll@framn effarr axsiuder system

including three 15 closed |oop control systens and a ripple sheet

measur efent and CBigleod 1s$)éaﬁé¥ﬁaticfbl cﬁ(&&a%%ﬂﬁ @ t enbo '”E”t
of the present i nvention. Figure X isa scﬁer?‘:gt\&tsllsél;lal6 Icﬂspgf?ys ! GPE

ri ppl e sheet ch"i’é’a@ﬂ?’%??ﬁﬂ{defa}'ﬁﬂ in é‘@ﬁtdﬁme with vaeremhotimentoffthg preser) mw@EtTeH LED
DESCRI PTI ON The present invention provides an extrusion systemfor

CEVE 9 Pt RS 1 SO Mt 5, O RS g

General ly, closed [oop systens o e type. provi
reduce speedckoﬁfiﬁlclpﬁ%ucmiﬁ& sysiemp@nchen |aumnwtmrmﬂegap argll measfurédi@;t%ﬁtéddqﬁr and

thus reduce gQ&afd et Such systens typically
al so provide sheg?&{om%@ %@“ﬁﬁ‘gg‘?}@ﬁoﬁ %BFCF Jegtigh-i ty even when gear

transm ssion errors occur. 3 12 August 2003 WO 00/50218 PCT/ US00/ 02444
Figurel? is a scHégeei%ds alsthestatiailustratidn afthexatifonsitie Rols B8 dﬁﬁﬁaﬂx{&aéu%}ﬁé}&“ ng a
e .

hopper 12 ané}'séﬂlﬁﬁ%’iﬁ%‘ﬂgsﬂoﬁn%ﬁlé&%kon system 10 includes a die

pl astlc resi

Figures 8A, 8B, and 8C illustrate a2 cam and laser arrangement, including a
timing diagram, for 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 sheet. Such

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



I's extruded through die 16 to forma plastic sheet 18. BExrAguet2@)ast em 10
further includes three active extruder rolls 20a, 20b, and 20c and idlers
22a and 22b. Plastic 5 sheet 18 is pulled by active roll, or pull roll, 20a
and is dranYUNERH3pressure between active roll, or first nifSTeR0p/024agp
and active roll, or second nip roll, 20c, respectively. Mre particularly,

active roil 20a pUFigﬁrdDhaﬁtd scieheel lgstrionesgameituston 9ystén A0DindRding 20C.
under idler 22b, and between active roll 20a and.idler 22a. Each actrve

rol | 20a, 20bhopnss !268d A8 exfrpdeed4pyExbrapian sxsiem P inchsles it hé.s A(iastic resm
shown in Figue 0 J i gt (

silicon cont r?)sf?%%uc{%g?io?%gfe( %cg ?d(]ﬂ ggisagééﬂoﬁkgﬁegégt I(;E gﬁg%ﬁygtg%f%hg{]d
wor m gear tr aiudes tiremact{(veextradenmils 20Fi2§rand 20c atd idlaxsi A2ataat @2poPlastii ng

ext ruded sheet, 1 fii .ect i I | ves. ive roi|l 20b at a
surface sspeed%hec??wrglﬁuulse%%gé?éls lltogljlhﬁ f g‘m %gs?eararf ‘5?9“‘3”%%%‘%8%??5%?’%%%
second el ect r ketivenrblly odfifsy eip @i 0k andbétivaQoll, o deboridinipok] BRY, tdspediivbigr
drives active,roll 2.0a]é1t a surfﬁ‘éﬁ spﬁed SlOV@I’ wgn the surface_speed of
active rol | 20t°ThBFLGEETEX#FHYALA Shapulls Blagymshesy [ Oeieen apfivprslls detand y
when in cont agd, unidridRE D2, @né BEiwedRActiVtadll 2h£8nd [lgQRhact with active
rolls 20b and 20c. Active rolls 20b and 20c operate at tenperatures

bet ween about 200' _Fahrenheit and.___about 250' Fahrenheit, and are cool ed by
heat exchangers (nBechsaifroll 35a.R0uped 20GiA¢riven by senprae drivimgrlerasngs @etle
vi ews, rgspec 1 e LS | vl ng
any one l?fs actgl:ld\fg{ &o?%wgojz;@kgb%’ gé\_rde}zzaOC. '{%Ir%ﬁqMa%hgﬁlogélgteg?wgﬁpg%%rp
i ncl udes a worontghied| rezgfighd SER) hdusere doupled tto2 glectisr mathese land 6womic | gedes

sever al vvormwgggl- - eot fha fi 0 h wih thread 32 of
t hr eaded shaft .lséﬁg\/@ro ?ngkbear Er% ?gﬁ’gér;nqgs :Tg#&ggtageoﬂgﬁﬁﬁ%e’#%dfeg Sﬁetfg 6?’0% de
a snoot h trandinit efkctic mutorpdrives dotivevealh 206 ar a exefigd speetther foll giced;| tightly C
not or and acti.v i.,rst electric potor

roll 20a., _Accordingly, ,even when,the f .
is regul ated lfadsa&tﬂ?a\?ea SRR ‘YﬁB&f a?ﬁgorételecén%m‘?&raqﬂv%68%\56, rothelcr of Ithlé‘gle)ed
of active rol kled@ia HOUE UHvESactivel 61 2081 a Surfick 3ptad siéWer tha® e saPBEISpead
active rolls 20b and 20c fluctuate even when the second and third "NO

el ectric not oPsactvgdiglcdleRacguse gxdrudad shest &8 tyrically Ras abighetedensity svhemin and
20c at 4 12 Adgiisd: with3icM@ OM 2921Ban when in contact with active rolls 20b and 20c.

Active rolls 20b and 20c operate at temperatures between about 200° Fahrenheit 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
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descri bed above, is undesirable and typically causes ripples, or gear
marks, to be visible in extruded plastic sheet 18. Mre specifically, and
referring t@&awwsmtpear transm ssion 24, worm wheel 26 typi ca@diyusosoiudges a
tooth profile error which may be caused, for exanple, by 5 manufacturing
errors or by deflections of worm wheel  teeth.30 Il e, operatin nder . a
| oad. Accor di S§RSFant el 5eseds-alSugh & ?ﬂeﬁ%hu’f’%?‘é@s a\é\gﬁﬁé@f‘fpé}?&vﬁ’ Bn L‘118"Imrﬂtb15@et h

30 and threa 4R ¥atde® FobIRE, dr Bdraiirks ¥ be ViaRidinIRreNdqgasic wheshi g hr ead
32 until the :gﬁgt rllété 5’53053 tﬁggth ég di sengages fromthread 32. Because this

Is repeated for every tooth 30, there is a fluctuatigon in transmtted

torque and speed t herespeoiBenblynens refmingdo WM 26T HFRRSEISHPTT 4% HOERAPEE WS m

wheel 26 spee c{ll{m}fgiuﬁ 4 6t pifaE LPRUIWhRRCREY BNCaustd R AEMARPIE Sy
en-in On€es o I d by I

Vari ations bet I'Vi-dual ~ teeth 30 are reflecte | ower
frequencys f | uchamaficammgtematrs coby defleotianstod womm wegehieghel) whileperaiing under

har moni cs. For . active rolls 20a,..20b ' N -

wor m gear tr ar"i’slﬁ?‘gs fq8ﬁ°§fimgbf’ 6@%@“4%‘? &3l §%§l§%su¥@{gg&e%b t?gégf Es_ér%g“e?(s %gjeat

?ot h a SeCOPd&hﬁéaQQEWaﬂyﬁ‘fdm: F‘F’]t in&&tfst;gma_amcs)ﬂtmg?gahvmmm ad gkgnnlrthf ristagt |
requency. |n accordance with ope 0 0 e present inventi ro

speed is mai flgh Wé’g‘ &J&?%ﬁ’%&?‘?%ﬁ?@éﬁe%&% S F@S?tﬁd E‘Fc?f" F’iygo [35& in

wor m wheel 26 gid is Gt fi§iuAARAS int ARMTtedStoRiedndOfpeed Afat 4aRekpoadLtdthe gear

"substantially constant” refers to a roll speed f]uct ugti_on t hat ha‘i)'rﬁ-"ra
st andar dl@evi an¢sbingdtequpran (Woymovheeb2tsspepd K RETPERef festh 0 Zonput$aeqdd ndss ch
the controller,i unedz, L ; £ UL B0 AR Aflecte@ Uy RWeE! S
can control m‘l@%‘%ﬁe?@é&ggg tﬁ’s&p\/\}é{dﬁq@%}tg@%?ng standard c?gvi arHt.yironeof

speed of aboutfréqusady, fludastivos thayearesperthionthe sioom whecbsnsed andrbarmpniassdior i n

much higher rol.l speed.deyiati l.ng., a Al i f
about 1.75% orac{lﬁ? égﬁsegpa’%deb i patngg@ﬁt %g?/csht g[?rl]ﬂﬁr %\’/c?%%éeagg @%Sﬁergglwagédggg?n&f hat
addr esses t he rgigadnpicalll usdcuntonoaaridad rshektc Rl abybotihe tecamdany geanmeshingr s
In addition to the notor speed variati and provi des substantially

t1ons
const ant 13 ol | E3MeREy and s Pramary,gegr mes H’cgnt?‘?qé)‘le'i‘cgr tuned at a 10 rad/sec

bandwi dt h provi ded a reduced roll speed fluctuation having a standard

devi ati on of about . 2&dedahes vidChieventiodither O, th2 Moeseanitvaition| solbppeedtied i n
connection with a respective 30 cl osed loo&gﬁpee control syste gac(ril
cl osed | oop spaaiatainng: substagyallyesansisat g%agett Reetilg jermop i WOPB JYhest 206,384 of

active rolls 2Qger g%Qﬂrax%ﬂﬂss%’&?errcfrﬁSRE%eid\iﬁ}é{m, ‘At Sonstant” 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 (providiﬁg 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

' 5



5 12 August 2003 WD 00/50218 PCT/ US00/ 02444 the correspoddiAguBiCidst or to
mai ntain the roll speed substantially constant. The follow ng discussion
speci fi cal I% q@ﬁ%gbes vari ous enbodi ments of closed |oop control systens,
in connecti®By respect to exenplary active roll 20a; sinfFaUSIYYdddns
are typically inplenmented with active roll 20b and active roll 20c. 5
Figure 4 is apacha@®idnding DCknétoR Mlinkdih U folll {REd GhbstdntiaNY rcuﬁlﬁimsysﬂeem
38. System 38 |ncI udes €extruder_ 14 having die 16 at its output.

rol | -bel t sysfadlewing idiscugsien spesifisally rﬂeﬁfé?heésvamovh ekodiments 10f Fl@sedr deasi vi ng
and processin o} t [ o}

screw speed ag%ﬁ%%lﬁ gy%tf)%l%llgmgcog%%n?gﬁhﬁ%%s;p% I{O %&{t"}@si&éﬁ%@ﬁnl isdaggsrﬁl'lta?% | ed
by, for exanpkwtens areoipicadlysyplementeéd mithraative wlllbaodacwve 8 ,20a. rol | gap
control 50, roll drive control 52, and roll $peed synchronization control
54. Variqus feedbagk unjt. . - nit
56 and profile u% eﬁ% S? l!i'e%r%n? %@kgﬁgﬁg?ﬁﬂﬂ%@g%bg&?@a%ﬁﬁw m 38.
characteri sti gsteth 3Bhaclaliesdéxtrudert dutiaving diy d6amid dugpnd & gillslbedt system 44 is
representative qQf the. neasured chargﬁﬁ_t g4ifstics.are g‘ti lized bx t he .vari ous
controls to fBPTHUIES] WpFEaS BRR AR Q1 L¢eEAR anA RFOEFSSING| SHBIGEFOH | s
regardi ng thec¥aidePys. ERRLES & BeontiiIRYi a0V epéedAai die opdiing EtitFarl46.
objective of the control systemis to reduce speed fluctuations in the
active extrud&oli-bel ss@terraﬁd sHgstrpllsdu by BEfxapRIN G FoPlingesysian G%IBEFfﬁ‘IUﬁ%t ic
sheet ijgur e 3 L stem
60 coup::leog t(gé’g{ﬁd?gg’t?\%lﬁg@ bi édﬂ?w ailll{r’]@goclg%rl g‘é’?\dcng%\?mqth on enb :atrlr%t of
t he present mmﬁnﬂ i54n Vamuﬁe@élmk ity seakvrsracgaugy andofiztaess cagapuricmeat unitheed
sensor 62, a ntroller

hel udes s i G exoteranERed dal afRER oty RarsRAGR- 150 tndke

configured to od@hﬁbmspaemnmeﬁdmgnzimIréprsqmmdvenfofttllmemeaédred &m&deﬁz&msmre 62
may include a s h resol uti

i el de n.encoder aving an encader
concentrical | yt‘B%tlY ﬁé{G %‘St‘ﬁ“ﬁr%l§ &bg't“h%“'mﬁ%"%?ﬁer%} ISVSte‘B%(g H:é{jdlé
shaft nays be %étaﬁmgéa@dmgomtehearﬁ,ﬁﬁ | 06RtrbR! dre Whrblided niewvsn Qlgain, ARS f’geﬁéta‘l)n
Al ternatively, speed sensor 62 may include a cylinder, as further

descri bed bel @Mec@we%ihprqoeaoll sy stewuip 1@ seduge épeeérfmcfuaapn& Hethg @ctiveexrudender
roll and a | asgf; GRHLYWdde e BlafilsGf theext A& plBGRIREQ. the  cylinder.

Figure 5 is a schematic illustration of a closed loop control system 60 coupled

to an active extruder roll in accordance 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 _



Rol | speed controller 64 is communicatively coupled to r dl2 Agpetd0densor 62
30 and is configured to transmt 4 speed command signal to speed drive 66.
Controll er 64 may, for exanple, include a digital signal processor (DSP)
and be conf mguomsb2iso 6 12 August 2003 WO 00/ 50218 PCT/ USO0/ @24Askopgisipr m
advanced control schenes. Roll speed control I er 64 utilizes the actual roll
speed and a set fsggreag lg sired ﬁ” eed, to generate the speed
command si gndi®ri© T36f F‘P‘VOIF emesp & FRItfodler 63 ualigssatheseciuabrallt ual
roll speed to ates| ld oS I n sed
to nodify the SEétgﬁarent ngﬁsm!bfé@ %gsﬁ%g’rec?y ! %‘gc?ela ??lgéfe&%% the S?‘?&d?‘%r{l/%é%dé

be a precisi orﬁ?l@@}V(B’a@ﬁcuiady,tIlﬁPHtSPeffﬂgﬁOﬂt@Jdarhﬁ% gomparss dhe e@mlultqlbspeoﬂ td the

mllion count f t syste

i nt ai ne. 1 he oA toBBepd pinlspbeieri sl & eed o ROLE e WL otbm e
when transmi 5§:gnal domr milsdmcﬁﬁ qulednva:lﬁé)seay Ibecqopmomanokers@'s:trﬂzm thex, for
over cones, ‘15' g% per g ﬁituat ' ‘EE descri bed
above, two 10 eé? 5 AFRA lrOn OF AEHOLSPY §WVSY%‘3‘?‘§/° ! ﬁg‘én‘fe(ﬂop speed
fluctuations to occur at both - secondary and primary gear mneshing
frequenci es and t hélmtrbhsysem 68. méﬁﬂtarrﬁdheeollspeéﬁ bf tet saivieonsl susahtidly
system 60 is de3|gned for. a bandw dth extendi n %’é%g the secondary gear

neshi ng frequé LoRYeR (den JrAgmispign ﬁ‘é‘i"ﬁ%ﬂ?‘i’g IRoPecontrel system 60 st em

- 60 typically '&eﬁ@ﬁ'ﬂegﬂﬁdeﬁbts Lﬁehbdlalfnemﬁ&vsemtfonrs@éed ORP deskbe@%bbve, two-
techni ques and treating gear errors at_gear neshing frequencies as

di st ur baltes. stage W%ﬁﬁwm@eﬁﬁewsﬁaﬂv caysg rebk spes éhlcaxanowe@rocpur asrboth
hi gher order coup@RSALRM nma%t aﬁﬁfebm&%mg&é&gﬁdan %&:ﬁ@%&ﬁcss %{Eh?o ey

be designed by treatlng gear rors ro i sturbances and i zi ng
an internal msteh ﬂmtuatepetcpmtmiey&t@mﬁﬂcﬂ dqsxgnﬁefmrcatbandlwslﬂuextanrmag begfonki migawn

periods or {1 SQUENGSBear ecliS BONILRQYLAL! A" AUFLE 0220 oM LML e Lo

rej ect disturbances-a ndary gear © and
t hei r har noni esntrel system r69 typmalljntlerdmignemdgl uphzmglqmlneentﬁnst apord Isﬁép;ﬁéoance

with zerp steady state . error is rejecte n integrator ste
Lapl ace ansftfif%mqi‘f%?"q Leating ggpdéarojrshattg%r mﬁgﬁ‘ﬂg %Fq‘?%‘?gﬁﬁ FBF %‘@F% E@eeady
state error Wréﬁﬁlt&ié"déxﬁpd@étoﬁlaﬁﬂrﬂm%?&ea lide8r 23 &OLIIE l%}néédég ?rgJeﬁ‘ﬁf‘or

transformis mcorporated int control system Sim arI , e] ect a
periodi c di st ytiERRtvel; elgseadpep eanitod sysiana 68 mayr by designgd @Mrtreégpmaarmgmrs

Lapl ace as periodic disturbances and utilizing an internal model or repetitive control to reject

disturbances of known periods 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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transform ((11(1-exp(-Ls)) where L is the tenporal period2dfugunie2003
di sturbance) is incorporated in the control system The internal nodel

principle 3§o3pREJied to sinusoidal disturbances is known as a.r eéﬁi tjive
control system For stability purposes, 30 the control syster%%ﬁ‘éj%ﬁgf 4‘?;“ally

adjusted to result in a small reduction in steady state error performance
for periodic distuRelndrise 64 isl 2oAmgoEtiROP Iovided BL&R:2H FoRGPE&SCEAHAGM 44 Rol |

drive 66 is cq ni catively, coupl ed. bet ween .rol l..speed controller 64 and
the active extagggberagﬁzﬁ F’,a“é’ﬁ&“ilfg a ﬁfcloﬁﬁg'éradf%ut&ﬁeltﬁ%‘é“rf% CREERG Figea ferand
signal to dridieetiiteactiot bxteudex tdll@ahaintid a bonstat AfiPdpeed PaRRURAY, b ldkive
speed. Particularly, roll drive 66 is communicatively coupled between roll

speed control %S BOMmHRLCAivVeht Eﬁ“P&i behveea mollgeend aepirolier Gihangte mpiop 68 apvba
active exyrudelar @y 70 Balch dfvieUBe Qﬁid@éx:?ﬁabﬂ%lﬂ NEoIMBEOL 66 %ﬁiét@%% tl]ie?rna{m%f 20

current conmand, by manipulating the voltage across termn
with its cont ceiteeir® thaccussnk comimaodr byimanipulting thenypltage spesedeminals of

signal, roll t.r.0 if] I .e., hhcreases or, decreases,
the current céﬁ rﬁargﬁﬁ) &g?d{nsa‘%&‘ﬁ é%l?r?gﬁ?%ayfggre%%?m% idélrlllzmgat?‘ﬁ FRECAIHHT £1288L t he
vol t age acr ossoli peetieronirnBérs6bmotitfiespt.ar iftBeakes oradatkaises, the ciiddnt ceparad of
the active extrud f roﬂél Su tasltéi al Iaé const. nti at the desired roll
speed. El ectrisgg"ﬁﬁ o FOlg SIriY P8y R iny W, dnadifps the Volieesaeross g ruiaHs o6 s
motor, of0 al testoesd Mehintiin AR doldiwedd ONtHETIATe etRier RAK stftaBly Srkule
transm ssion el ﬁ@rrent_s such as precision warm gears, planetary dgears, Sspur

gears havi ng &t degisad rellgesed. o 15 roller chain, a chain, or harnonic drive
gears. Speed drive 66 may, for exanple, be a silicon controlled rectifier

(SCR) type of drive|Qkridmptr¥8 d@nﬂﬁﬁeméﬁhﬁ@e,(anOtByelebﬁfshlg%g'}fﬁor, P
addition, a data acquisition system 72 may be coupled to drive to

col'l ect and st¥e@aivpivnar ACainfveiionaneiper Gedrdexd mapsinelude CanBuissionleitmenan be

used, for ex : | t vari.ous,: t i

Cl osed | oop ngﬁ 0 pggglsstﬁ)\e‘%l{g‘gﬁ ggé}g’gél?]téé\}gﬂ %)%rsé E@gt ra;ksl a?svllr?)é)?l el{fﬁléag bgf)eg’eﬁ

fl uct uat lons ireilarishainca thasn,roplharmaemic dtike geasibSperdtdrive 166 mBd focexamyple, be a

contribution hy.the active roll the creation of gear, marks o

ext ruded sheets.}ilcﬂg % @Lﬁdnrgaufg%g)@g%‘)ﬁ B% 8E%P5%Br Ecﬂ’l‘tlﬁgo‘tv‘d_é@é‘i%ﬁkﬁqqoéwma:al

t2 0 sys B em aodrrgg,e oﬂﬂiﬁ?ive.o TATBdUiGed, ia\itaya el eckybemeACRaR 6k Yol diie 661! |

a, , an C. one . ‘ , ‘

coﬁect anE store data relating to operation of system 60. Such data can be used, for

example, to evaluate operation of the various controls.

.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
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25 enmbodi nent, speed set points, or desired speeds, for rl@dpEesi2W3active
extruder rolls 20b and 20c are independent fromthe set speed of active
extruder raolbedRfkig! NPl enenting additional closed | oop cont rgé”f—‘ﬁ tens 60
in connection with all the active rolls substantially reduc /02444
appearance of gear marks on extruded plastic sheet, regardl ess of the
occurrence of extrudad shess (op, provadisg isheee dtar dsésarvt Sysdeesptitl didorides andimg! V.
use of closed_| 00 ol systens 60 inproves the optical quality of -the
8 12 August 2%18% %@@%@%‘f@@ﬁ?@gg‘ﬁ? geﬁargngg(lfg%%g@w@g{r. (e.g., providing
sheet that does not cause optical distortions and thus gives good inmage
qual i ty) even wheningeesrdircarvairti sriitis? eRibbRRNOGRHE presBIafRARGRREEspsbd Lt

anot her enbodi ment, of the present [nvention, the speed set points for
Geti Ve ext r udtPR b 2etiyg extidss Tolls, 402 G0 7 20 ResPeERIRee oo Fedoe e t
5 fluct uati onSuctidiidh® wetheeshedS: 8. Paérkib@bhhﬁrahﬁcnﬁﬂte%ﬁk%ret FIRSE 35 Y9t

2 a 1 St emperarite o

sheet 18 adjacent active extruder roll 20a, and actua

sheet 18 adj &N exrudey Eollb3lay arfbin agtvnl rempeoaiurg of skxdt | 8 ndiacent hdtve extrunder
determ ne a dgushby ah Yet Uad | | | o The. densi t
fluctuation and set—_asgeedgl?% tﬁ%}(ﬁ??aﬁ%ﬁgﬁ%liﬁ@gﬁy %‘2‘8“%%‘3 ’ngg%@c%e?}ellsy, are
then utilizedThedeneity fustmasioarandspt speedsafexgedersple?0l and 202 fegpectivdly uder

roll 20a. 10 trol _system.60 conmuni catively coupled to

ot ve oxt rud e Efipt R0 ERBAIG, of WPhRS S0 TR ER' 3 ortrad ol

appr oprilat e s@lbsaipleepl coflinel sysere60l esmiriubRativPEahItD AP aGRR kR ¥l 9F) 60
may be utilized in annecti on VYL%@:@ ot her nmet hods of decreasing sheet

rippl es. For GXHY5I'Q aripe 5’6&@"-_61‘9 at e ADREAPFIate; et spsedat i on of an extrusion
system 80 including two active nip rolls 82a and 15 82b, respectively, an
active pull roll 8he absletdescrisdeeios@l lSopBGanmasdsydin e"oe%f%.?%é Ufiflibed 1C

cl osed | oop control svéélte 88, such as cl osed | oop control "system %% S
communi cat i velPPnEHAp VAt Qlacranethodsqtidsereasing shestaipriss, Fosexarsple, Higuradds 4 i on,

an automati Gch&hdticdBlsta96h bOhn SXFiSdR eﬁ%ﬁﬁm?@i Q%ia\éﬁ@/nié?cﬂglts\%g 8%8 i p

active nip rolls 82a and 82b to regulate a nip ce exerte
rol I's 824 and?Borsspertvedysan astivamuyl rol 8¢i and twiopdlentdlls®Ba and 86y despeqiveaf t

92a extendin Ly | t as, lJ Lustrated in Figure 7. )
Sinmlarly, a?ﬁgf&h@p 1‘?%‘1 F%ﬁ %gﬁ%ggbess%géhs ﬁ§f°?°s"'32 °Bx“t°8ﬁ8¢lﬁb“%a€9> afly
t her et hr ough.commwneativelyr cdupiegiam aach meiveuolngly, 825 taad 8490 [h RAHMWEESad WO

measuring nﬁerg?l?orﬁatf?ﬂr%llaggg c%ﬁgbl %ggerr? BO ?SC goutgélgéicz?c%elnggtfplljgdl trc])gactive nip rolls

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

f

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



menber 94a is coupled to active nip roll 82a and neasuri i@ Awgust2O®4b i s
coupled to 25 active nip roll 82b. Measuring nenbers 94a and 94b are
configured rate to determne vertical notion, e.g., the roll gap,
of respect i%goﬁggﬂf?ol | s 82a and 82b. Measuring menber 94a nEyT/UPYY02444
exanple, include a cylinder, a cam a first laser, and a second |aser. The

cyl i nder and adivecamrell B32aanhy Genetiniiedal Vivasketp! Bembe MuPist Bddivaishiabt

92a. The first |laser prqjects a |aser beamto the cylinder, and the second
| aser 30 proj EERYIIES i r§ mto the camso that vertical displacement, as
well as roll speed, of 9 12 August 2003 WO 00/50218 PCT/ US00/ 02444 active

nip roll 82a may bﬁca%epmmﬁsﬁ@awewge HEH€ EorPéhBod @@%@ggﬁg@@ f:8m

measuring menber 94a. Actuator 96 is configlred to receiy

cor r espondi ngMessuFing megtiery3da anddidb ane agilizg sughraigrisbsrte neaipwatd tigihipancte
utilize guch gi | te it [ n.active nip roll
82a and acti veét%?%l ?%Hé @g[)}'o gt\% t‘ﬁlgsﬂ@gﬁk ir%)ofoq{ Egb ?gﬁ’ﬁ%ﬁﬁt{mwﬁé%gqlgggm
may, for exanpkeatob86 maypfooexample Heydnatut ora BetraidicactuaGent rol syst em 90
t hus nmeasures the roll gap, and nmanipul ates the force between rolls 82a

and 82b, through : p | ctu , al0 intain the roll gap.to a
desired set point a@ﬂgﬁ? %g%mcggﬁ P'(?)ﬁ %ggéu?%n%hﬁﬁoﬁggapoﬁ" @MB’]‘Iégesslﬂﬁngrcﬁauge
10 ('t hi cknessbhetwent motls 8Raitnd8 2o threubhemmphiopriniephatr,ab infdingin the FIN & togap
vari ations dueB}&o. roll ecce%rd cities, lvert i c%l force fluctuations from
gear mesh and® BESFIE. PHAE orivdll 2P CBRTFOl SHSteRb M0y BY Sijxt wablss isepssugees
with closed | @Rilowss)idofitrobhis aittredRed Me YIS ArismBeRAL FILEd Ak RS |
active- rolls 82a, 82h and 84, respectively, grsldeto redtlé‘cég thél Bﬁ‘?(%ltf)hood

of ripples. 1%lmcEnmditionn vemigaldpree flugiptiopsdrom eeanmesh aatbearimger Auggnatic
arrangenent, amd-5i JHES ol bb Usd Wy i I suring
roll speed. As g%?gwn irr_] B gures SE’E?%%ZWQE,HO(%%QT@@%@%S%%PCSEFt rre%lf?ﬁped
di sk 104 are snsepifetuptions wmysdtivdaplls 822, B2 emiit 84, réQectavedy, amd merdnedtteo one
of the active;n _ m 100, disk 104, and cylinder 106 are
concéentric w 11%@1@8é%é¢:1?p;{1%t he roll shaft. A first laser unit 108,
conprising a 20 laser and a detector directs a beamtowards circul ar disk
104 andl& second |Eigeres 8Ai and 8B Diustrate e tam d 00 eadridsevid2dsran gemdOandHigure

reflected be g di sk 104..and cam 100.are sensed. Unit 108 generates a
si gnal repres tlgtes%e ] &tuBmgydie%'Frpi_ 5|m%lfr?rlgnr,ollsspee£ As SPIOVVH n %1gures 8A
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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and unit 110 generates a signal representative of both sﬁ@é@%??oﬂq on and
vertical notion. 25 OF course, nmany variations to the cam and di sk

structure d&%@@?& above are possible. For exanple, rather than circular
shaped di sk ) rst laser unit 108 may sinply be ali gnedPwiltUsoe244nder
106. Since cylinder 106 is concentric with respect to the roll shaft, the

refl ected beam bacKigureo8Cdyhi exketpld® GionalbsheRe=d P ative.ef . vertical
noti on of theS e%!:llaﬁé' 10 12 Au usﬁ%gol(ggg@ 80/ 50%?%6&5%%&3f4%'§1@we
8Cis an exenp# A1y s P YA CgRaon Reingyspnseds eks thiacem speediintieases onidberesBes s peed
and no verti cdle fraquery dfehdgase i ncreases or

decr eases, ti}ethf?rzglg?gncy of grfaﬁ;b?g?egﬂ ?&gﬁeﬁ?%ﬁzsgélghpﬁkﬁe&@%%eﬂs%i gnal

peaks, change as any vertieal msttion Hhe peakryvoitaget e triagVary. Ne peak
vol tage magnitude may vary. 5 Closed | oop systens 60 may al so be

| npl ementsed i N conpRGéd PehpMd td er, et hods and apparatus_ for
decreasi ng sheet ripples. ngﬁﬁgadrgp{ngy%Haoéeean?l%lﬁme@ygtcé’ﬁﬁecél@ﬂrfﬁljh tstill

utilized in cORFERetheds apd tppatabistor d@pdasingcshe&teippﬁéﬁstm&xa,ﬁbgyggsgd oS @

schematic il ustahRtdo . extrusion. system 12Q including two active nip
rolls 122a aﬁﬁ 122bf}ﬂ?}gé%g@£z§§§e §?rm logc‘f”id?/g}eﬁh’l'lﬂ’lﬂ?Gquth!Ll251§t°@ﬁdFﬁgAme pdl er

roil's 126a an@ 21Ghandis ilhespatdhmel arudoe spdias 90 !iAABAiGE b Yeri5d HlPME 25
such as closefh Ia%gﬁ lc‘#ﬁtrol .system 60, is coupled to eac achvepr%’lf
122a, 1iéb’ ared 195 'é?fa?‘-‘t“i"éﬁ’, an, actfyggpull Fqlbg?de and asvor ernollai@6g @ag r ol
system 180 i sl26bupbmdtivelyaCrie\eost®ld ol sheet r.ipple -
nmeasur enment and copt r.ol é;éstems 5130?53%56%%1%?%%%%2?%% |R§°S€8d§$%aom%
active rol|s 7258 %hdS $98ied foeeagh @ctiveeioll. 1208, R9bernd 134.n Gy akiditich 04 sReel O,
sheet rippl e fpAsHESURSHherR Y SRL 130 .includes a ripple.
estimator memper 132, a i ggclle rreg%{’ﬁﬁgﬁﬁgn%&ﬁeﬁﬁFCtét"r?oFOQ 1rzi“pp{)‘lfht“@nﬂhtroI
member 136. ROPPIPPlswpasramentembemiroBeystemsciorimy sabbm&luﬁicﬁﬁ?lﬁ %Igw;lgd

active roll 134ctmqojlssIQ%%\'[}\%?%qe‘gﬁégctﬁgltyi mat e sheet ripple ut g an

actual active roll spee determ ned, for exanple, by a roll
speed Sfﬂsor such as roll 20 speed sensor 62. R pple estinmator nenber 132

may i ncflude, for &efvpngnow tobmore H, shee0 Fippig WicasureMerPdYedlirb] §/s&R] 1 &)

eauati ons. O iadiictSpte ARHRUR clter PRS00 JELETM NE

a ripple measuring member 134, and a ripple
‘control member 136. Ripple estimator member 132 s communicatively coupled to

active roll 124 gnd is configured to estimate sheet ripple utilizing an actual active roil

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. '
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the estimated sheet ripple. Ripple nmeasuring nmenber 134 i % 8ugdstglodd to
nmeasure actual ripples in an extruded sheet and to determne a ripple
intensity and dom nant frequency. R pple neasuring nmenber 134 may i ncl ude,
for exanpl &YORYMHeo canera 25 configured to generate vi deosPER/ISH&02444
extruded sheet and conmunicatively coupled to a frane grabber board and a

conput er confi gur ethe aboandésgzibed extalder byRteamSidd/mandds B uency.
Ri ppl e cont ro}.l utilizes the estimated sheset EE?IE)%QQ ]jeél% SP?Fél

nenber .13
actual ripple THIE8F 1§ Lgﬁdaca'amw 8t eZclgeRbl ol ewhitholnip ells,obhd spaed of
active extrudabstamidlivldu i [ surenent is used to
i nprove and 30 updatg theceggl?i nnt%ﬁhrggggﬁ%g?ﬁ ![rzﬂ? ?’i_tggl%éea & Ohgee m r,
whil e the ri ppfadedshess oMorgoyer gurh ruaidign systeinb mdimeinse @6l GRREd 6f fhe
system bl 1Z./dghsd PCTI USO0/ 02444, The above descri bed
ext ruder systgsr%risié anf%g?&é%g“g%%ggﬁ%?gﬁ%ﬁ YR fengpissign emprsOce i ons i n
the active rolls, e.g., the pull roll and the nip rolls, and thus

substantial |y reddéemathe paedinguddsoriptioh sficvarionl | embdithéis CSre ald g&sg{t gear

mar ks- on  ext; S oyer,.suc xt.rusion systens maintain the
roll speed oflﬁ#ﬂggnfﬁﬁiéﬁpg%{y%%t Etolb*lfggr{h tﬁg BYRNICR 3§ ataigeds oAdthaugh theen i f

transm ssi on igventien has bemn. deScribed fial NueeRed MY JORECH Pk '
enbodi ment s %atttﬁ'ee 4)resen di%i%enti on, jt is evi d’eEtlpﬁgg Cﬁglélygg'{dgngogdof
the invention are stPairhiggn Notghok Hiustratinreand exaniple oblyeanddasmtitbed and
i | lustrifed itakeddlaidy of imitRidn® REcosdiBa. r L.the same is:

i nt ended by ﬁ?’%{ of iI}i ustration and eff,%s” ?ﬁg%gﬁﬁyﬁgﬁggqesétﬂg? V5N 3§ 0 aken
by way of i KEtiegen yﬁvﬂ?&mlﬁﬁhqme&ﬂwﬂaimnd scope of the invention
are to be limted only by the terns of the appended clains. 12 12 August
2003 CLAIMS: 1 An extrusion systemfor extruding g sheet, said system .
conprising: at |least one active extruder roll; and at |east one closed

| oop control system coupled to said active extruder roll and configured to
drive said active extruder roll at a substantially constant roll speed,

12



said closed | oop control systemconprising: a respective roll speed sensor
configured to determ ne an actual speed of said at |east offAamist 2803
extruder roll; a respective roll speed controller coupled to said roll
speed sensor; and a respective roll drive for receiving a control signal
fromsaid éQMM§.peed controller, said roll drive coupled to the respective
active extTuder roll to drive said active extruder roll speed in
correspondence with said respective roll speed controller receiving the
onbert ! Vo180 U eRflsloey b roP BRRRIRPISAC N sflrk BRAINLS [ OL 1 SPee
sensor; sald spee senso nprising er concen Al 1y coupled to
a roll shaft coﬁid#@ﬂoﬂ@a@a'ﬁ@xuuder\reﬂ @mlruder roll; a camwith a linearly

i ncreasing radiys : aser
configured to pr o?gesgpﬁg%%Eg?‘;dt%%oﬁﬁ%gg@gﬁrh%a@wdd %h lc}?efaIa)gred(::a(‘?‘ﬁc1‘;"sélsder
conf i gur ecPonfigyied fedivessaichadive satiuder solbatiassubatantialy chstant rolispert; syst em i n
accordance w t h¢{ abdn |on system conprises at | east
two active extr aﬁi q]if)oa\@@gﬁé oseaﬁ'?sf)'%'g ‘control system further
conprises a respect|W@Spmtwe$@bm§?e§§ﬁe@f0ﬁ>oﬂigmm dsfergiedamnattialepesd olider
rolls, saigiq&l9s89nd ystem being coupled to each said active
ext ruder roHs, suan QE(R’ Hé&]sroged of each of said active extruder rolls
is adjusted in corr@;@@n@élﬁeeolbﬁnehdtcnetrolheesmxm teesaitlooll speedoddnsepend of

sai d active extruder, fq lactﬁz@ FArity fo?q'bgei\yiﬁ%ge&H;ﬂﬁlesi%ﬂ! lfron?%ﬁng?g&se%‘r 3.
An extrusion systemin ccor ance wth ¢ speed sensor
is a higFonsslargaidrel aiive geypled B the respgotie 008 extrudan rahto divs emd sigtiteem i n
accor dancesy,bér gl %é@ﬁa cWhESRohBern@ Wt \gicslcéé?é F‘é%g!a&ﬂl@ r&P%Hereglcon?é/I%P %E'eﬁlﬂ@r | ses

a notor for driving said active extru ransnm ssi on
el ement s, tbﬁfﬁppﬁta’ﬁsﬂﬁ‘@éE@Weéolém?ﬂ!sebﬁd@l %ajdlrﬂsedctb@trwemeslaedsmot or and

said roll, ea%,#g&gg%ﬁﬁr(&%‘?hgﬁsnt conprising one of a worm gear
ea

transm ssi on anetary a spur gear, a roller contact, and a
chain. 5. An ext rusuaoﬁylwgft é@ﬁqeﬁtr@ausoa taniat ol Shaft raoupledier ssid activai d

extruder sy&h&Proll;

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.
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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conprises three active extruder rolls, each of said active extruder roll
being coupled to said closed | oop control system and whertd Augat doe®! |
speeds of said respective active extruder rolls are synchronized to

mai ntain plastic nmass fl ow rate substantially constant. 6. An extrusion
system forgextr [ on tive
ext ruder roI | ; M%)Figg.go ose%dﬁxééﬁi&% ﬁﬁ,\éﬁ%@l@nﬁaéﬂoﬂéﬁe%js?p co&;rog
active extsygteot CQI'DPHISG@mdmt@ofW dgwn@dald@cma axdruder, anaatplurahtpmf rarenissian | at
a subst anty n I tr.ol
ystem corgnefiay @ BaphissionaienE BEnd Bublal benflsl Bid Ricker 3R 2L

bet ween saﬁaﬁhrfr@srfuﬁsi® ainmeahcqmpmmg)pné of aapphy gegr Wansmissidn, foplaeeary said
niprolls [ r m conprising: a respective roll
speed sensgo%?c%rﬁd gés 8 wgsﬁg{ﬁr‘ng}ﬁ%g)aéﬁggct ual speed of said at |east one
active extruder roll; a respectlve roll speed controller coupled to said
rol | speed; sens | _GR A (o] nal
from sai ddsr ol | @f)gngjg(g‘(s) rol ?‘ﬁ?&%}dan é“}{ Ji%;h {/e 0(5% 'r{]gﬂg %8@#} Slyaf?fﬁgct ive
active extqoiisises giree agtl\@rewgdsranws aaachwé sald)ﬂdlmiextrwctelr Irolspeingl coupled to
correspondgie | o) VLN t he
respective ac?ﬁg%ot ?l%\bgtréiol F@@t gég “Fh%t‘ém §g§erg,; g?(gédrseég sg'c ,l'e%ég t'v %g‘beed
sensor; sahdfudemligyare Syeﬁygmlzﬁbmalsiangplaalwyassrfm ratmsmxstwmallyaddnytaubupl ed
to said rol | shaft; a camw th linearly increasing radius concentrically
coupled to said roII shaft; a first laser configured to project a |aser
beamto sd-d cyM aideisionaystenufos extauding aisheet, it $ygtene domprigingj ect a | aser
beam to sai d cafyeabt ohla@ib LYSHT rg¥Stem in accordance with claim1 further
corrprl sing a sheet rip ? measur enent system conmmuni catively coupled to

sai d active extatlerst Ol‘l@IGIOSE@éJO@ criniret sybter 2opied ta sal@Btive prifuelenealisandeent
system co 8 E(t@?d cies with
respect to%? eﬁi%&r uﬁ%ﬁ{élgpgg ce(rglrrl i|O$;gtEﬂré'edgrs‘{;aﬂﬁé(‘:'onﬁ ’Izm I Sé‘{q%qéﬁa;ed of
said active extr}imwélﬁ apdrIroligan coritiehsysdgnd comprisieg armolegan measurement sensor
frequenci gg mgasuﬁﬂ? AU rSYRE RIS R S Q&ué’toﬂo‘?§Sglyiln8%rtﬁ:g%l:c%| system

for controll
said n:p rolls;
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
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speed vari ation caused by gearing inprecision in the drive of an active
extruder roller of an extrusion system said closed | oop cohAuglst2p8sem
conprising: a roll speed sensor configured to determ ne an actual speed of
the active extruder roll; a roll speed controller comunicatively coupled

to said ro} p ; rjv L ecel Vi a. rol _sjgnal
fromsaid 'Ir’éﬁlf @%gsé%&@%ﬁ{ rsggﬁ%g]r ?coéﬁ#%‘egoh "t ran\'/rgae g%p"’%at @?%C}%}é'egc? ﬁ‘l\j/e
extruder rigquencieg withgespsictitoalbeiextiuded shatt and ebihfigtpebh dantroka raliespeedaénce
with the ral : r YA . tiye roll speed
sensed by %:lalflk 85‘3’%?%3@?%@@!8 [ngssggogngﬁﬂéé;ﬁng%n?ﬁgg H@% q'géiajlc‘c?\éact ive drive roll
rotates at a substantially constant speed; said roll speed sensor

conprisingga ca ' : ' VAR ' i ' |\ pl ed
o The ol and s ididh g ColpHong EAabED b3S s SRERTE baRidibaliH e
cam 9. Anspgedvagatiom causeehy geannd igiprerisiorcindbe drivepoparc active @ixtrgdestrelferiof
accor dance_ Gl al W{ ' ' or conprises a high
resol uti onali\%l%@l g)?lﬁ%%}rﬁ e S%HE?%#@;@?@%%E%%&% ) a closed | oop
control system & rokhcpeed sepeonceniigutsdatondsterhinet e ractushspesd nf the rastiee f or
driving thgsagki g extruder roll. 11. An extrusion system conprising a

cl osed | oop control systemin accordance with claim 10, further conprising
a plurality of ardmspeedstrirolier esremunicativelycoupleddeisidirahspeedesgpsarsarcbupl ed

e o aar s Pl GRA bRckRlrly 3 ERRM S8R A4 RGN BF BECLHTRIL:, B8 8P O
of a worm gear transmssion, a paf anetary gear, a spur gear, a ForTer:

cont act, iveé eoupled fp thep aclive extrudesirelh te yisive raaish mptivies extgaden rolblspeerhiin
control sy LN t | ' I ' S,
Cho 1ol 1 5 Snerpoilerd A e ok Bl 1Kkihg*he' 8054 2oife TP a8t T
rol I's, sai%enseydyeaaictaspestvengll speed bengop srghatusaidrantivesdniveoroll frotateseatsair i ng
a gap betwgga | ' .and an actuator for applying vertical force
on the nip roﬁﬁgr%ﬂacr?@h%gf%geihgust 2003 a cl osed | oop control system
coupled to an a¥td vell speedicrenseiocomaneing ehicagumétl a dinearly Vrcreasing aadiis e
ext ruder rﬁnheﬁ?ic%%ﬁé??fﬁg% tl tof rANSRBL sdifld coBELd 15 Préed!PRES AP

control systemco
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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a respective roll speed sensor configured to determ ne an actual speed of
said at | east one active extruder roll; a respective roll shPusba®idl | er
coupled to said roll speed sensor; and a respective roll drive for
receiving a control signal fromsaid roll speed controller, said rol

drive coupl ed t®clbbed bop Roftidl EpstaMmtdoviplettd bHEefivd SttfudbProliland&ofifiduledtd | Ve
extruder r I n | sai d respective roll speed

|| spee cojre ndepce w th
control | er ryvg(’sgf%l\ﬁcﬂ&e e’ftHE{eF % @tﬁuggaaﬁ'lﬁépnﬁﬁ?q@és &% speed sensed by
sai d respective;aicpd;]bseme@‘dcmmgys;terﬁ@bﬁhpﬁghg; gap sensor conprising a cam
with a linearly increasing. ra i’us concentrtlcal oupled to said roll
shaft and a first | a%@s%%'ﬁ%‘g %H?ﬁf’issﬂ"f"g(?oi‘dg%‘?%fé’e{qterg"nq aastupsrasd 8f sai d
cam 13. Anmicaticastiond ashietextrugentn;i sing a roll gap control systemin
accordance with claim12 . wh "ei n.said roll ?a(E sensor further conprises:

W5 L) ekl

a cylinder concent ritEePSt sRyef Gortgligr PoRIediaald rol seerdsRRSPRgBY sour ce
configured to projeci reapb&arrohaave fo» reedidng Wl dongter sigddd from said roll speed
Title: qc@)ﬁpqlll'e%ié:%w cﬁ% cgjzplmbl'thg I:?eEs%ch;tivlel\écﬁ\%éA glt#u%e?rHo%%- d|r5i\>1<t;r sR:.Hg lagi\\l/e
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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Closed loop control apparatus 94
and methods for reducing ripples in 82b b
an extruded plastic sheet include, for
example, 2 closed loop speed con-

trol system (38) having a roll speed - i 98
r_» | sensor (62), a roll speed controller 92b Measunng .
"1 (64), and a roll drive (66). The Member Y

roll speed sensor is communicatively

coupled to the active extruder rolt ’ 9 4 .
(20) and configured to determine an a Actuator
actual roll speed of the active ex-

truded roll. The roll speed controller 7 - ‘
is communicatively coupled to the Measunng ) \
roll speed sensor and utilizes the ac-

tual rolf speed and desired roll speed 92a Member

to generate a command signal and

transmit such signat to the roll drive.

The roll drive is communicatively 82a
coupled betwesn the roll speed con-

trotler and the active extruder roll,

and utilizes the command signal to drive the active.




