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PLASTI Cl ZNG SCREW BACKGROUND 1. Fi eI ent| on 5 TMsOctokRRR2002
relates to the field of screws that lj"mwmm r exanple, to nelt or
soften polymer, such as in a nachln on nol di ng polyner or a
machi ne for extrudi ng polymer. 2. DeschGﬁ?OP%n of the Related Art The use of
screws to |"Yﬁ%"65t5?36n mol d or extrude polyner is well knowPCTUSNBGi ng to
Figure 1, there is shown a conventional or standard screw 11 for use in

i njection nolding which includes three zones: a feeding zone 13, a
conpression or transition zone 15 @pen@ziBiserwd zone 17. Screw 11 is
housed in a hollow cylindrical barrel 19 having a constant inner dianeter
and preferably a snooth inner surface. Polyner resin, which nay be in any
formsuch as pellets, granules, 15ghlckeroynpowder, is fed through an
opening 21 in bﬁx:r1 ]59 into feed| ng zone 13 where screw 11 tons to pack
and then push t & %8” SE'&V"’PWE“O conpression zone i 5. The pellets are nelted
i n conpressi on zondhisSnenton telatese Steditld of smetve thahgre nowte fot Exasge,¢o0 t he nol t en
material is homEpagRb olﬁlfxéreJu\é@'ééjﬁ R TBGRRE IR InSBink pbfnfek bET

i njection nol ded, or _proce further. 20 Screw 11 has a screw shaft 23
havi ng a threa‘l‘f’cg’ﬁ‘es‘gef‘gﬁl g ?J%ﬁ“f‘i oned about shaft 23 to formflights 25.
Flights 25 aré. mﬂanmepfﬂmedlemedtmew depth, which is the height of flight

25 above shaft 23 qrasiueyoftsé}ewg tonhfealfbn mHebe*taxdwayhePgwlﬁ’meémthe di stance
bet ween two a acent g 'ﬁge us one fl.i The o tside di aneter
1

t
oD of a sdfew i‘T“ﬁ‘%ﬁ?l Wn8f°°ﬁvelnf‘?‘%|ﬂ?”2@ 8%(?9 b‘éﬁeéﬁ’m shaft 25
23, wher eas t Ingeatioomaldingrwhizh isiidef thseer znest 1 feezimgmndlb,rmiompr-hon; haft 23

onfy. Wi thout o Rihind [Eulehes bk 191 ,gvgus;qm@emggagw flights 25

in a screw 11 have the sarge eac diing zone conpr essi on
zone 15 and n&Y'drisg beg §1n5&t°°m"§‘eb Hameterag d’é“pf?‘ﬁ lyasmosine to zone.
Speci fi cal |y, irfnei ginfaSe ZIfDlhﬁMﬁ'csin chicH rasy badidphi formi sicH aadiies, gzam&s,ls a

decr eas ng® e gefesp pETAdRs Hia BbEERE ekt 18 vitel 10 BRESRAHE IS Y
char act er i zed“i??‘”etsﬁ’@i""r“éBWﬁF‘eE‘@}‘éﬂd V“é’t‘ Psh thepeligtsiingo sompressipry 298¢ 13-s used to
quantify the ahepelletsdemsltedivconprsdasamedt asdther peshed foandterhigizondhe concept

behi nd t he Cogﬁ’%gé'tﬂé‘ bR xﬁ?tbﬁal?ﬁohoqx;nﬁﬁeﬂﬁe# h/?ﬁe‘f&lu‘d?ﬁue%m@ {n!liegmeét' n the 35

feed section ¢ Vol he netering I on ut the
act ual standaFSCF“PPFa.‘PJCF%OQE@ée‘i%TPaWﬁ fatheed et hod based on the follow ng

equation: 20 15 Ocsé:rb@rllaeé)asdfmﬂraﬁszslmnmgatth@adasckpmllry pdsitfonéddtoui n f eedi ng
zone depth of fI |gt}t gorg‘nﬁxghtgrgngﬁﬁge%;rr@cﬁarg&gpmggﬂh%d\%@;] ‘\%l&s ¢ eferred to

as the depth 8 ression’ scre are

usual Iy used ﬂ'@rhelﬁh}/%ﬁfbghtl 2jabpye Sé‘é%‘ﬁ é-\“%x Heir piteh, iaich s B dength Roof as
pol ymers, hav ﬁle(iﬁ’é@fce&ém@éh ot ddpRef flighte29 Slus brdealigithadeth. Pacoutsieandar d

COMDY ©551 0N SHLER B 6% ALS, HEHBLkY to8dul s AIRBIGNE JBbaLLAkE have

conpression r af

Vari ous prébl edewherean theirget W’@P&?f%ibﬁéhq menmr@fswe%m,. ng 10
caused by CO”M@S&h@dludxﬁg’iﬂleUSpth epﬂighghsouhﬁenumptmgitd Zin a'sbreirdigi Ng"

whi ch i s vvhenhg Ol edntrcP V\%]a}:hh{"gséfl%zone 1t3 (?on%p‘r’ésglong&%ﬁs got pushed

forward; and screw gg ressi on and met ering
zones. These memmgmqwnbmhamamgmﬁﬁ fr@mmmtmeﬁ Speeifigallind by

Conglequence t ifighed 35 have @ Corktnt &dp ﬂﬂmxﬂgé%h zdnB 13k ddhétaitdep th@l@VﬁFC]?nEht hese
probl ens ers _sw ar ‘!’5 th of the
flight i n%?he"}?gelngglzﬂ'be é’c‘ﬁ*&fﬂ ysf‘%?rgﬁ &#&6&2 ﬂﬁ{)o gi ve good
mel t honobgenekepprassitmzone b condl t| ons especially wth cryst alline

materials. Many at Saews &e%&@cm&&n@&@y their bém;s@ssﬂmtrma PRchas m\*f\sge ﬁf
Vi Cg | C

screws. US Pa ent Qfé%%ﬁ}? oses an extr 0
i ncl udes a sc ?ﬂ tﬁdﬁl @H%“‘a‘ﬁaf"éewmﬂi’?%ﬁs %sq"m' qhef '§ed zone that
const ant |y i nTheewespttbahind gfte campression ratio is to divide the volume of a ﬂlght in the

35  feed section by the volume of a flight in the metering section, but the actual

standard that is used is a simp!lified method based on the following equation:

I
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transition zone to a helix angle F in the netering zone. The feed zone has
a constant flight height G the netering zone has a const ans Cdtolggrt2002 and
the transition zone B has a constantly decreasing flight height fromfeed
zone flight height Gto netering zone flight height |I. This screw design
suffers from problens 25 of overfeeding of the material to be extruded, and
requires a grooved barrel in order to prevent buildup of excessive pressure

.gradi ents al ongctmnleressg1 ?(XUOWE_ Efthio?ﬂp%?gxefge l’é Egongf ore, is a screw which wll
produce a honobgeneous ne associated with screws

having a high conpression 30 raet;itlmofﬂighﬂmﬂx\étﬁg“iﬁ& | NVENTI ON The present

i nvention rel at to a screw.for use.in, fo an..in tion nolding
machi ne or an ejﬁ%a@}’res%{‘e‘*‘% S v\fé ﬁ%*oadéhse %p e resﬂ%ﬂmﬂaggﬁ‘g a thread
spirally pesmpﬂemimtkc&mmmtﬂnﬁeamadwusddabt cry€aliifie tbmzefnbtmwlhﬁé urality 35 of
flights which a{se df] d |n o three zones; a feedltgg?ég a conpression
zone and a"HE@ 3 FSEmgLpsEipn Tatipg ofgre Y he depth, width
and pitch gtanbitie c&hp@m(ﬁl scfeutsh\ehlaeaélumnm@ﬁ fof smélphdud npRttnRsed upon the
bul k density of the material to be used in the screw and the depth, width
and pitch 8fvamePrastighiaios of ffamabant bBithePorbhé. mpe camBPBN - based upon the
mel t density of vaRGudpbiihlid figh SottBRthidd bcldIR iRl Vovithediingl O Provide an
actual volumetric flow of material and theoretical volunetric drag flow of
mat eri 4P i gaushdby eemrmlozmﬂelsaﬁmlnahoaewwmrvwdaﬁhdgrrrg”,fwlmh sf material and
t heoretica ﬁ’h{ d LR Dntd one such that
t he dlffertlgvr%]gﬂlé eprrnaﬁ?%n{)f t es%rg?hag it ngtrfl%ng%{lgd\%]vhg ‘r;}aterlal to

t he t heor edemnait Wmhthnédwmn@rea@gnfpmvmmﬁndm@temmonﬁm Thege freldetnng zone and
the ratio c oretical

vol unetri c%&lgﬁg??f%%g}sc@%r@ g{l %peeé %lﬁ%}péotn ge%lilgr[ce?%noe%lug Iré(gslts}gt han 0.2. An
exanpl e of nmtam} dwat Iammmatsowtelnmnweh@sp qadnbl:hnfsfsemmms smtchl@starmhrdo of the
actual yolunetric to the theo etlc volunetric drag fl ow
o at 41 ar e e SR hOTE el Rl Bk ol S SRR ROl et r Cc 11 ow
of materi allnghoo phe gbdﬂhﬁé]ehmﬁ@gen@l@'lunﬁﬁtsbm coiidigior’s) s3pecidilywdtheri al in the
nmetering zon 13 a scr win which the pitch of at |east a portion of the
flights in fyﬁté' REMBIRG zone i s greater than the pitch of at |east a
portion of the Mangbtt@nptahive®ectreasticty impoes the perfgrinatdt oFkcrads.[1@Rst a portion
of the fli ht5|nt edi zone is |less than .the outside dianmeter of the
screw, the Eﬁc’f“%" 5f1g§’?g$ {E’g%? 2P GFEISHR %}“CFWQ‘ Indyes 2 S5y At eri ng zone
i s greaper ahBmhardghtor@ittis DAR tidifedtiRboré theff condtentBGh&vised tiduph 4ch of at least a

portion of the flights incre ses t hrough the conmpression zone; and the
depth of af®Pe gwr‘nhasﬁn f Fihibe mefeging 2onfe chhe mi%eégomaéagh t he

conpr essi oaoﬂsmeﬂfgﬁwagnGrmmrﬁb@@mg&oﬁmSaeeﬁkkﬁgﬂ?gﬁmaﬁd}haearer the nmetering
zone. 3 15 Qctober_ 2002 The invention further relates to a nethod of

desi gni ng F28EH@FoPDP haseconitantly deerrging fishthaight Fomdzed 298¢ Bighhi ch screw
conpri ses aefgﬁtrewaaaﬁﬁ DAY At Rei H?Heﬁﬁ%s%w&éslgﬁsﬂﬁé&hbﬁ Reshi@out the screw
shaft so astoformataﬁ urallt 0 i ghts sai d screw having a feeding
zone, &ScorpresErding ofghematsHaldo hes@fuidﬁg ap FrguITes SrEPaved hyrel Meord¥eps of

sel ecting her-pmk ﬁﬁlhﬁb of@xc@&d&%‘?égsdr@gltaﬁﬁnﬁgfoﬁ heS€l ecting a mass flowrate
of material, calculating a volunetric flowrate of material in the feeding
zone, cal c§¢f8W1 ng a volunetric flowrate of material in the netering zone,
selecting the d i edi ng zone and
the depth, w dt ﬁﬂ{apgn\glé#g%ha?grﬁ?kta%&e%w%b?ﬁlt rgl@l!irr% aehrlarlntﬁ ze%lﬁe so as to
provi de an na@d;ttvuﬁiouvbt pueblems assbéiated with serews havingenhdgh ¢reapressiosal vol unetric

drag flq Jrterial in the feeding zone and an actual volunetric flow of
naterla and‘theoretlc | volumetric drag flow of nmaterial in the netering
zone such that the differ @M‘ RYI@ET@MMIIOM act ual volunetric flow of

material to the#}heore}% Vol utrrettrl c dr :%) rralFeri al in the feeding
zone and the ratioPsf® H‘é“é%?f’ﬁ?i?%SP&ﬁ‘éﬁ SFlub TSFBE al to the

t heor et i calinjetiot MdldingCmeshig: d‘rlaﬁﬂktﬁfdemeﬁdrai' irichudédescri aftng zone is | ess

t han 0. 2. ghe |n ent.i ve 13’ rew al Iagws a hi r screw_ rotatio speed has a
hi gher thr ﬁﬂﬁp‘b ead spirflyPriancd 2Py the Bﬁs?rﬁtﬂl‘?fﬁ”’di}ﬁrﬁ time conpared
to congent beﬂ@htssﬂﬁ@vm dibfde& mtdmeeRbith Neding Zéie, bMWNGon Ebrgure 1 is a
side view i n el evation of a standard screw, and Fi gure 2 is a side viewin
el evation 8P4 amEEPBAZMEde i n accor darfg_[e with this invention. DETAILED
DESCRI PTI ON The present invention reldtes to a screw for use in, for

exanpl e, an injection nol di ng maoAVENDRED kKT ruder. The screw includes a
screw shaft having a thread spirally positioned about the screw shaft so as
to forma plurality of flights. The screw has three zones: a feeding zone,
a corrpre55| on zone and a rret er| ng zone, and |n use |s rmunt ed |n a hoI I ow

Y o,



15 October 2002 WD 991 56937 PCTNS99/ 09866 As used herein, the term"feeding
zone" refers to that zone of the screw where the naterlal has not been
conpressed. In the case of polymer pellets, for exanple 20025 are
present in their unnelted bulk form The term™ metering zone" refers to

t hat zone of the screw where the material has been fully 5 conpressed. In
the case of resin pellets, for exanple, the pellets are present in a
conpletely nolten form The term "conpression zone" refers to that zone of
the screw where the material is conpressed. In the case of polyner pellets,

for exanpl e, ets are present ih a.mxe tate bet en t heir bul k
form and nol t er:rr?1 » Widgh and Plfcg‘tﬁfthesh’(ghﬁ'rl%l%eeﬁgie‘;%%l ZW gre deggsdh, which is
defined a dht's W dth,
and by |t§a%@$?gﬁugh&ﬂ Hmkﬂ F,ngﬂ&gggﬁ ?Sﬁgﬁfgﬂg ﬁ&13$2¥gnce betmeen
two adj acevidthtandpitoli of the ﬂﬁghtghttho metdrmgsoneareglesigngd lpﬂsaé umrethfc et wi dt h.
If the fI| t. h t.c f 25pm . it neans | hat S |s r ot at ed
once, the g‘%ﬁ t;/,ﬁﬁ?hq pate @%%Fé’ﬁ?msth%“tf@ﬁ Sa%% IW‘”\F% ag ﬁﬂﬁugln i% SCrew.
The preseffow dTBAEHAAnH $hddAiREl WlurhBigic B HCRMR bY makddal infthé RRdFRSge of the
nights is based upon the volunme of the material to be present in the

flights thedanpguayolimestc Jovcfemateriatiand tlaomtlgaiefoltgmt@wdragt%nw oh speed, a
hi gher thro t decrea I i me conpared
to conventm Qﬁﬂl %F%pe(zer ZORS &of dth?tﬂpé ?if?e%ltc in le%egte n?f tli;‘%\%éethl #ion the dept h,

w dt h and v@lutxfdm@ﬂowt&ntaltérgatnt&thethetot*alcalc\vmahe d&@ﬂl@neﬁnﬁ&s@ﬁmﬁ@n t he
material to be used in the screw so that the absolute difference in the

rati o of #erdinggongprnd theiatieof the actyaloyadymetsic flomaef mateiplde thethesrptigal i n t he
f eedi ng Z‘%p% flod A RAEridihe aR Crfaét@hn%é;dg%ftﬁéthﬁnbhzeom“ca' drag flow

of materia terln zone is less preferably 25 |l ess than
0.1, and nore predxanpid of d Rsmtﬁaahaﬂhé)ﬂesifwidﬁffdemiegn theaatid bftheracmakcr ew
whi ch has a bal anced mass fl ow, d t hu constant sure. ai n along the
screw w t Nelmsiedew of material fo thy t ’é?P‘ZY‘ﬁ ﬂr‘g Fﬁ@“rag g Cof the

actual fl qudigy AdA8 ahfRRGES Sﬁihe%@gl \Fdlﬁtﬂétﬁf:ﬂm&@ﬁmﬁhrmlﬁoftﬁkﬂthw’é‘ﬁl&dpg zone
and the ratio of the actual flow to the theoretical drag | ow of materi al

in the netvehmaguzdme flosv GOnatenzhiatheuneterigg renelis eschen he gittloef may be

cal cul at ed er LS | flow
of rat or 1 41 55id 1R idbs g R mERE 2o B e iR piESE REH G Sone
and the n'@tpﬁﬁidiﬁ)ﬂﬁélﬁlgfh[ﬁndﬁé &emngesneashépttchMt 1e3§i a ot o fine ﬂfghwv of
material in the netering zone is determined b ghing the out put of

nmateri al fiit hafeedingzoneiis lpsethan thy qusidpdiameter 9¥ th@uSﬁ@W thei pitchwd 8t kepgw r at e

oot ober 200508 $b BR0A Y Bl TREBM sk aR AT P B MR E IR TR of

t he mat er Iseﬂewt,lthe(bltlch of heleast hportidayof theflightbdnatasg$ thrsugiﬁheltombﬁssiemSI ty of

J;n;et ggt er Izgrllé; an the cﬁeptlpgtje%/?%st)a Ilnjosrtelgn Iopthe thhstscaeecvrveavs\gset oug E l!;rat erial has been

compression zone moving from nearer the feeding zone to nearer the metering zone.



The mass flow rate of material in the screwis assunmed to be constant, and
5 the actual volunetric flow of material in the feeding zone is determ ned
by taking the mass flow rate of material fromthe meterl@ stoher

dividing that nmass flow rate by the bulk density of the material used in
the screw. By "bulk density" is nmeant the nmass of the material, such as
pol ymer part | chigs iffenBbRMUHHESreldSEd o HethOf oPEAFAiAY YIAIEH sk e Lot al

vol ume of the s d particles or granu es an e S to or open spaces
bet ween t mgectldﬁyn&drrgg)rfekau\ﬂmn whmhamtewt doenpiriseos Mrewahafwhh\urrghltliread | ow of

mat eri al results fro her tive verre the screw and t he
i nt er nal §HW§IE§' RosEioned abayt ¢ ? Sotaﬁé? (?rglaP 53 m hehtsy ?“Bﬁ?ab‘f mat eri al
due to thgcler Hh'vﬂ% aotfeechH%z&?é h%éiln Fe%&@MVzMEﬁJaJ Rétefing E&%f 8&{16[1&1% tHeOr War d

and through the barrel ow is proportional he product of the
aver age r steps pﬂﬁlecehgdwtlyat@ﬂaltthee mdemthﬂ scaew, setestichanmes flowasts-ofect i onal

area of the cyli reIt n_ot e rdﬁ, ﬁqg&%{.a flowis the

vol unet ri &3 ’Bﬁ@lv B HHCY R IO ga & e dss @/gg%(ﬁ’l tul ated on a

vol une percaﬁchfiﬁn@@SIbﬁlme@i@ﬂmfv|r£ﬂé\/0fﬁ1até@§ﬁﬁ1 tﬁenetemg%he fsect@igstheel ated to

the screw including the pitch, depth, wdth and ang e of the flights, and
¢

20 the spdeplthowmtthuen&mcéwf tichlighitsdy thd fsedingiaprsranidgheldenshi width andepiteht he
tlet d of th
out ot el B L e L RSy RGO Bt Ec o F

t heoret i caxhateﬁagnd tlemtetlsalo.@lmétﬁé efhgurdvmgfmedehalkimhmfee@mg\teﬁﬁ arﬁmi formul ae
such as shown in Gerhard Schenkel "Kunst st of f Extrudertechnik,” 25

publ i shed asvakquvm%lﬁéw Janpigral apd theoreticabgalymetsig dragBow o maigsial in

theor et oate feRang LN £ ol fasbiBhod Hond BRYHRIB UHbinchf, G ypL o0 by 2
correction ftactor ate to the geonetry o flights 1n that zone and

t he mat er insdtenied eudthe mhetolnﬁxcabvdumeffimchag:ﬂowmf matarial m:tlhe feadsngwone asdthe because
of the bul k, naﬁHre of t?e rla 5)3? 1(11 8{ gne1 and, t e'hnfluence of
the fl ankgatsoktheadfalpjo tgmtec Hgwepfimaterial fueyhecietihEvelumgicagion o 0. os,
nore typi %Hﬂeriaplﬁﬂﬁgn{e@é?ﬁlgzgheglgssttHalpﬁ) 95. The correction factor may be
obt ai ned usi ng known net ho such as shown on page 123 of Schenkel where
there is preseﬂilledn\ecngvame\mfalloWea hahbbsmwmth@tm speed, dias athighket i ght | engt h
to correc Oﬂ fa tan 'I;he (S:ﬁjor.ectti.onm St det er gzg b%%,t atki ng t he
ratio of tHeUgHs &ﬁp HEFTERES 15 TPORCR Mt mPes r%%“h‘/ e&“?é%‘&??{ﬁ 35 AppFopri at e
correctioncfetgt or fromthe chart. Wile theoretically the cal cul ati on of
the theoretical drag flowin the net ering zone aI SO0 _needs to be adjusted by
a correction factor, iBREGEDESCRIPTIONOBTHEDRAWINGS 99/ 56937

PCTJUS99/ 09866 P?%Iré?%é% st e IbBUFLYa GhA%Ed Lol Shdecause Tn the
netering zone the materral I's no and us this’ correction factor is
appr oxi mat ed agigur®?2 isa side eiwvhinalevgtidmef a sdrewsnadiedn acdoedhnadonth thias a
relatively constant, pressure gain per pitch along the screw, |If pressure
peaks occur in!aVeaf Pgw stress 5 will be applied to the material in the
screw which will result in sprReXIISIYPESENPAGNCr ease in the nmechani cal
properties of the material. ere 1s no rimrtation on the type of nmaterial
t hat may be us diheipresehleingention, reltesHoggerewi dorsesedn frasxbeple, fa@mmjdctm be
especi al | fu n_injec moldi ng and extrudin WIerS.

exanpl e ofymoLia‘?1 mac‘h{r}? (PJ%I éXtIfuﬁgr dleg? Feq Wd‘ln?l%'u é?se%g%w%n&?‘he a?”zi’lg i 0 o?a t he
actual fl gpirdlty pbstiédedaiboli @Rl scdvaghift @w Bftonfdtmard Fluralﬂy tofelifedi T zone
and the ratio of the actual flow to the theoretical drag flow of materi al
in the neteiennpsAbie zpresyadeqding Fanewhicemprassien ﬁPB‘thﬂCb? nmterl@a@meaarwor t i on

of the fli. t al h
| east a polgri]{%% Eé)rllé 0 Otup %enqi 8%1?&” zcgﬁlt?%ﬁca Iglan%{vi ﬂ??i’%ratb!}f" £ 1Bh&%f mg I east a
porti on ofcylifdridal wglht;\&nahhllolm thesdéw o ooate withid mesxollharbatrhle out si de

di anmeter of the screw, the pitch of at |east a portion of the flights in
the metering zone is greater

3a



than the outside dianeter of the screw; 20 the pitch of at |east a portion
of the flights increases through the conpression zone;, and 15h@ctdppi Pogd at
| east a portion of the flights decreases through the conpression zone
nmovi ng from nearer the feeding zone to nearer the nmetering zone. 25 In a
preferred aﬁhgg% nt, the geonetry of the flights is such that the pitch of
the flights 1'n e netering zone is greater than the pitgﬁT6§NWH@“flights
in the feeding zone, the pitch of the flights in the feeding zone is |ess

metering zone 15 gPeacaperehh el cleidha oSy Ml Boopfel be ST e oitch
of the fli ght %heraédheanaterial bas not beanompressado A thesased palymer peltets, fne dept h of
the flights deaaphsas felléwuaprisha if GRRMAERIQTDIRRRMITPNG R F hRfagar er the

feeding zone fo nearer th tering zone. used .her ei t he term "outside
di ameter of tRE's eratéV\/to ﬁ’%gznoggtoﬁ{é‘?agﬁ‘ﬁ’e“f are tﬁi’“ﬁ%&gﬂ’r"éhe gq'q]’hcl ude the screw
shaft and i hecafensessedfInttheecape piynsin pelisise forerarnple.dbe palletssiea proseshiafat . 35 The

conpr essi on r éngletely rol&A Ferv. TH& R icSmplebiford Rnet fef&s ByMAYondofihE EW
conpresses a resin

and is based on the cancept of dividing.the volune of a
FTohe it ek B e hiegd W iortieel dR R S ot Roer RIS ruc er i ng zone.
An 6 15 Cct enaswple depeits a8 |p56e@ in PEIXISoY 9866 theipbwlk formtandn t hat is
normal |y usedmgfied dgnconpression ratio is the ratio of the depth of the
flights in the feeding zone to.t depth, of the flLights in. the netering
zone. Thu® the usgﬂgﬁﬁmc*ﬁ?cggﬁ’féﬁgfﬂb"E’]Pféhﬁdiﬁ%’i‘%saéiﬂ&*‘q P%ggf a screw
has 5 been t oflightatgee thhecrdwphift, bf its Imddth, dand iy sts ipitcht, hichaésdefimgd and net eri ng
zones. Since fi3f: id6Hh (hOhistah& Hebhddlltwo bdjaCRMURRF 8R331igR Oh @iSschesy CONStant in
t he feeding z%ﬁ glnd cofﬂstant I hw&gl n zggse t,%e congreigl on ratio
of the screw YBHH Rfupens Hightyudhy %’é)‘e f ﬁ%‘ghf’ Bt Redts BHSNEN | ghts i n
t he feedi ng zthmecrewis metademse, e pdameatapthe fhight ismodediagiatlyg 12 Aminhia theet er i ng
zone, or doing hoth. However, if the t o conpression ratio of the screwis
too high i1t leads to the problens discussed above, panely, bridging and the

build up of undesisErEHdBYenten Sdaseg oathe discersy dehEdng desierREtSr esent
invention is ilightwds sed Wppndhesebdure §f thermbtefialao dbapresdnt i the fliphtshierefsi t s of a

hi gh conpr ess| ! | i i in 15 the
f eedi ng zone Aab(refgnr ef{%ﬁ“?/%%&gﬂrrlgﬁ&éée}%‘%'x&%)t?onf%%ahggglﬁ'% t@{?géﬂr#g? rea%?%g zone
wi t hout the oie§iasedn inigrdion molding exclatims amparedto RORVSPHABLSTTON- screw, by

provi di ngzea screw Awvidirgly in the pedseiit invdhiidnathe depgh, ividthland pisdhi of tf t he act ual

flowto the t i r f A LI j e and the
atio of t he TAEfs g RbretaRtuchsft Blod WoRlth Ayl 16 LEFH BP:GROP BT L0
met eri ng zonesojthat|thesabsqlytg difference i the éﬁ*’&bﬁfﬂ‘%mﬁg@@” torths thgoreticah dag or e
preferably | efiew bhatefial @dthelfeeditfgfzoa¢ andaharagb pfthe etugliflovhtoalnd t he dept h of

the. screw of blseddV &L RO o AHEFE ARHAROLR, 1| W3R dAl5raagy eos! o

ratio of the sSCrew s renpves theérdl sadvant ages
associ at e2f wiless than). hiand s rreterably lessithan Q5 elhis designpesulising CTe¥e t he screw
of | the i {‘VGRFWﬁf’h Ras\b 'a%&emasfstﬂ_laez, hﬁi‘tﬁﬁddé‘on&ﬁn@ﬁéﬁlﬂﬂ'é giiﬁldldﬁ'gm the
relatively hi e r tering zone
11 ght " dept he et SRR skl A plRBle S 3 BRSlyle i i ot ol e QUllE

conpr essi on ri2aw & thethgpstical dragfloat afanasrial inthefgeding zonstand thsfratiaef f eedi ng
zone vol une tt@e h&tﬁal(ﬂafmbG&&hﬁﬂetﬁ@t&ia%/ﬁé\uﬁﬁhaﬂeﬁalﬁ@thesﬁdmh@ Zofle @EAsSUr e when
both the gitc orgﬁgou B%g Fbth of the flights of the screw change. One reason
30 is that the'c angl d Slt:ch causes a variation in the angle of the
flights al ong the Bhenboyesatigsimay he calgulated on agase paF &imePT AIYAIUMERET conpr essi on
rati o vol unme fmé baisscr ew havi ng a changing flight pitches and changi ng

flight depths may .he roxi nmat ed. ki.ng t.he .ratd o the t density
to the bulk densit gl oy g‘?}’f‘ﬁe}%“ﬁ%ﬂ%‘%ﬁ8‘°§_‘§L§8§\R{aﬁﬁi°twh‘g"§%?"ea&v." 5 The ratio
of the nelt deeding 3oneand the niptgringdomresire getemrinedeas Jolloisyner materials is

appr oxi megsel y equathe abtud- fow eifatéribil fn thé kié@riaf zdne3s determingdiymum for t he

g(r)gp;]gts S |7on rv%i'gf?mé) Ihetontei\)u§ of nei\avyériﬁ%lognvyhg scrrg\;/ Iow(/)ergfgiv]éh %G:ri(;[cp 5t ti?r%l. i 9' anul es

mass flow rate may be converted into a volumetric flow rate by dividing the mass
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15 Gctober 2002 WO 99156937 PCT/ US99109866 conpressed enough to push
‘entrapped air out of the polyner during the injection nol di5"Qctober@8@2 Wth
the present invention, inproved results have been obtained with a screw
havi ng very | ow conpression ratio, i.e., equivalent to the lower limt of
1.3 5 or Ri@G&éeeput |ower than the conpression ratio of achugdvetsepression
screw. The discovery that a screw could be made and used successfully

desi gned upon a smal | difference inthe ratio of the actual flowto the

t heoreti cal ra hefe and the ratio of the
actual flow ﬁ‘é'ﬁ‘éo‘%‘%‘ nﬁ'l gétg "‘FCQW%FC?WBLF%?‘? eqyn‘l’ ?’r’é‘(tgrl ng zone,
and with di fisen@ant tfpﬂ?@ﬁﬁé@ﬁhﬁ maieria (suﬂ'e@dlohgnandedrmttbcsqngﬂwdlmme and a
changi ng pit giatdridl ARBe&ORBPERQSSI ON zone, was unexpected in view of the
conventional teachjing that the _screw designed, based on the volu

material in the fﬂeg‘ﬂ?sssq‘g’nvomg%ma&rﬁﬁ\?ég%%ﬁeé” siastmef fo becapstant, F‘E f eedi ng,
conpr essi on Hedcwel elungrie §neof nibtesial i shafeedingtont hedetamined bl takieg pr esent

i nvention al bRuhdd BowGhe W fdteRaMPor (eIt ing %B@X}idrd%a{n %tﬁfasseﬁbwa hi gher
15 throughput, ti.mg .conpared to

in di n
conventional ¥ %‘%?Jé&)&%“%"?lwgmﬁ 'B*H“Jl“’g “F"Idl’ﬁﬁcrsﬁfe&dgiyn% gﬂSP%‘-‘/z iShere there
i s shown a suoreeny the/mhss\of g matéred duciyaszolyend partiales ongramdess, osedimthe 31 and a

met ering Zon§cr§s§dw§§€d tegtowvmma%ﬁmwowd lélevxr%yanh deAfab vhRsrel 35
havi ng a substanti al 3/ cons;’stglElﬂ I nner lameter.” Pol ymer resin, which may

be in any? coRVRRFASAIcES B as pel I ets gr anul es, fl akes or povvder is
fed through openi Bg“3dagiflowids meant Bt thmraxchbﬁﬂilIﬁq:xzﬂDWOIﬁmavdmrwhmhrew 27

turns to packesen&d&&ngerraum& R betlvSen'th %}&g&@%@i’tﬁéﬁh&ﬁhl%&?&a%iﬂ as with a

conventi onal screw. as a screw s a.thread 41 spirally

posi tioned aB§gereyagplythat isghe foryerd Homeeidnaterial dugstorths Yrning ofghe conpr essi on
zone fli ght shdfzabseebwiwhieh forcesaigaatktial gorinardiand tHloagtpiht 6hrredf megdl ng zone

flight 4 i
e ol BT B SRR By M gl 1,

appr oxi mat el W@éﬁl&hamqﬂ?@sﬁﬁ%@ﬁn@fﬁfﬁ%@f @Clcﬁbﬂ%ﬁ’é’aﬂﬂ gmtgerzmr sthear ger than
the 30 outsi dﬁgdﬂomuﬂrvonﬁneswmp?ﬂg capidity df faterial, eﬁ@rsmexﬁhn@nbodl nment) the

Lo o ChchulafFOFE RN Db AR AINGRER 00,
metering zonkelated igkesscrep mﬂb‘ ing tfsermm enthrigith @ndzangkenétlgébglﬁs,@p conpr essi on
zone fli ght sthdspedadur!scgwdThe frag Asw/Nich G diteotsd PRAEEhe beksdiengozone 29

Lover ds et el 18e 60N TR idheasd¥] B Mt G0l SARPLSSRLRN0ART® 1] 9NCs 45

gradual |y i nCreases s metering
zone 33. Theméwaﬁg@theﬁeﬂbﬁfweéhgf&ﬁfﬁhﬁe%ﬁ%n zone flights 45 i s obtained

because in conpr epgd tﬁéertiBﬁBdng’LﬂSWﬁﬁéﬁlo&latedhﬁu@&ﬁ@lh@xbwﬂ%ﬁv&h@ﬁil 39 has the

shape of a t red c V\hllet e » flights 45
decr eases m?“?‘é‘ %ﬁsuc lﬁeg?rgardﬁggﬁkﬁ guﬁ@tgﬁg&g#%ﬁﬁ%’t ering zone
33, it i85 nopublisheskhy %Yl ngrYﬁbngpmnhﬂ%éhm 123d@éssi ve conpression zone
flight 45 be smal ’rleerthéd}aibatmeg A6 \¢hloul5te@ Fit theFebdih@Fdn¥ mushbd jdsted pi tch of 5

conpr essi on one fI ASEs f r.f e 29 towards
meteri ng zon® 35°T9° ,9,? taCW&?elAn%cgtg ageonﬁ%g}’ @‘ﬁg %t %Ehag%&%aaéﬁla}succes& ve
conpr essi on mesrakysedinthe spsevoérhu%gogreqatlmtfmomheeopa?sev bseansppbthe Yk i nventi ve

screw may benitsRedf ki nidlerial irfhié feedingRbrd 400 tiFFRMdNCs ofthe flihks of the

30 flights, and is normally in the range of 0.7 to 0.95, more typically in the range of
0.8 to 0.95. The correction factor may be obtained using known methods, such as
shown on page 123 of Schenkel where there is presented a graph of the ratio of
flight height to flight length to correction factor. The correction factor is
determined by taking the ratio of the flight height to flight length and reading an

35  appropriate correction factor from the chart.

While theoretically the calculation of the theoretical drag flow in the

metering zone also needs to be adjusted by a correction factor, in fact the
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extruder, or it nmay be used as the nmelting section of a larger screw. 1 o
Vhil e the invention has been illustrated as having one fli o8 @cfshet 20850WN
to those skilled in the art, the scope of the present invention includes a
screw having nore than one flight. EXAMPLES EXAMPLE 1 AND COVPARATI VE
EXAMPLE 2 15 In Exanple 1 a screw according to the invention was made and
I n Conpar aWa®/%sanpl e 2 a conventional screw was nmade. Trearnsoyeissal

di mensi ons of the screws are set forth in Table 1 below. Delrin 500 P, a
pol yacetal resin available fromE. |I. du Pont de Nenours and Conpany
(DuPont), wascdrreptimt factnr iswkxyedosesé hQ bbaiube MakEmbteridgfone @5 Matbdd i2 20 ratio

of nelt densi [ . 1. =.1. ) e results are

sumari zed i n&}ég%fgmlmg?gvﬁ%"%%@é&%éﬁig‘izﬁr?)g%la §r?f:1|a_'lra.at ive Exam |l e 2Screw
di amet er, MmB030DeA 3reY aViRg thejratigsidesoribediabpve barea relativgly ponstant of f1i hts in
t]tlef }‘ eeﬂi Ng zpresurergathdo biech dlorgyf thé bdrew s Ifipleskiire peakt 0&dun inZDsteaw, BEs 32. 2Pi t ch
0 i hts.in .er | . 50~ 125Screw ou ut
P8125C0 ki oytiE PEHEL ook a0y TR LR BhEr kAN S € aefdsithd

li t ers/ hr 7229F&ssase indhronedhapicapronsrtics of thematesial-or 0. 81Feedi n zone

tEeoret i ca: gr f:cFPhel‘d' i&a&ﬁhﬁmﬁ&ﬁ&&b@&hﬁ&ﬁd{ tﬂatZﬂH}ﬂal lea@émlmé | ow to
t heoretica ra flonwd. 930 i n ct . .t ersl.nr5422Met eri n
zone theoretisccgﬁ“'f3$%°¥B§lﬁ,_szﬁ%§§f£nré§&£ﬁaeiegpaeg h?"rg eﬁ}lil?lmieé:hcem actual flow
to theoreti camolding anf gyudigIpobBersf erence in ratio of actual flow to

tS EECI% rT eti cl: gd Ogr ag fA:gmghmeLcﬁQ@mwzmmlagxﬂﬁ dBlﬁfeﬁ?ﬁﬁbr&QBﬁl e %ioQ);fﬁf% 9 AMENDED
the rati o of A9 et (abe AtGieRed PiedtorabBeruls MR Tedmb iy of B er i al i n
the feedi ng zeteobthe actiyd flowttp thegheareticabdrag Apwiof mwaterial in e méteringet i cal drag
fl ow of materjioab isd dsctemeinlid:i Nng zone
the pitch of at least a portion of the flights in the metering zone is greater
15  than the pitch of at least a portion of the flights in the feeding zone;
the pitch of at least a portion of the flights in the feeding zone is less than
the outside diameter of the screw;
the pitch of at least a portion of the flights in the metering zone is greater
than the outside diameter of the screw;
20 the pitch of at least a portion of the flights increases through the
compression zone; and
the depth of at least a portion of the flights decreases through the
compression zone moving from nearer the feeding zone to nearer the metering
zone.
25 In a preferred embodiment, the geometry of the flights is such that the
pitch of the flights in the metering zone is greater than the pitch of the flights in
the feeding zone, the pitch of the flights in the feeding zone is less than the
outside diameter of the screw, the pitch of the flights in the metering zone is
greater than the outside diameter of the screw, the pitch of the flights increases
30 through the compression zone, and the depth of the flights decreases through the
compression zone moving from nearer the feeding zone to nearer the metering
zone. As used herein, the term “ outside diameter of the screw” means the
diameter as measured to include the screw shaft and the depth of the flight above
and below the screw shaft.
35 The compression ratio of a screw quantifies the relative amount a screw
compresses a resin, and is based on the concept of dividing the volume of a flight
in the feeding zone by the volume of a flight in the metering zone. An
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conpared to the screw of Conparative Exanple 2. Thus, the screw of Exanple
1 5 produced a honbgenous nelt, a nore consistent screw rets Octohmr 2002 and
all owed a higher RPM that is, a higher output of resin that the screw of
Conparative Exanple 2 without creating screw deposit, splays, bridging, or
ot her def enom9sddd7 EXAMPLE 3 AND COVPARATI VE EXANMPLE 4 ZytREITGRIYGEOG- a

nyl on resin avail able from DuPont, was also injection nolded as in the
previous Exanples. In Exanple 3, the resin was injection nolded using a

SCcrew accor d'a okithatiBf tHa @BIhAY REFad tﬂe sf?)n4at1ot1|§' Fher5d %Y\‘@S 15

I nj ection nD [ e ccordin pri.or ar e results are
summari zed i # gl??(j.‘ gﬁ%?’(%f‘ gﬁ%fl&z@eéﬁ %‘ @ ights inthe meering e 4Scr ew

di aneter, m@@82De th of fli is in the feedm zone, M85 9Pitch of fli is in
t he feedm zone, I [Wg 12. 1Pitch
of fli hts in th%@fgﬁﬁsgﬁﬁfthod fbr%%@h%th%@%@%&s?&d#%gg%ﬁ: crew ou ut

r 5040Com f es SFFHOChNES “%FcﬂeHM hpetighis inle feeding andipetgapg zonsg, Since

| i t ers/ hr594@keadegihrof2ienttights in ddnowntionilrsexeivs dstohstat o tDm&ébEl&@(hoﬁe aahe

theoreti cal sestap %un%mé?é&l&@% sﬁén.faf?&gnpfow h“;aﬁf flowto

t heoreti cal crin z ne_ actua ters rda235Meterin
zone t heor et ARCETases by inFraasing the depth ofthe flightadn th fesdingeronsion deseAsingct ual 1 ow
to theoreti cale dépth dfitaflightsth ﬁsaefe‘rmgemeeoxtdbmgaﬁdﬂo Béwawet,ipdhef | ow to

theor et i g3l _dp gLk @ialiflof £E%i 0, 5485 43RS ERELEIE BrARAR fiudd The screw of

Exampl e 0 20 the
theoretlcal abais: namenly, &ndﬁaseﬂmpbu#um@ﬁmémamhz@rbéll@nmandrmr%t|o of the
actual flow Wepdsite theoretical drag flow of materi al | n the nmetering zone
conpared to a dif en 1 for,th Crew o ti.ve Exanple 4.
Thus, the screw o ﬁrﬁ&% lgveon%ogésatiféeddmaﬁﬁgﬁ%og‘fgﬁob%t OH% &ém?rﬁ}ee consi st ent
screw ret racbmﬁtqquéngmqmsosmew hav%a(%@tb’bb’rhlmﬂmfdhmﬁ wwed a hi gher
RPM thatsis the&‘céﬂl@%e ant Rlkivell shes uepﬂa Bﬁ‘hght@ﬁh e E&V&r@é Z6R Wit | ve

E)é? gglt g 4w Ehh Oc*" sad ?aagtesl ngocwﬁéae w1t1(1jeBJ % cofnpregsmx}/ sCiew, rbly% vxcghg g gcrg\;[vher

having an absolute difference in the ratio of the actual flow to the theoretical drag

flow of material in the feeding zone and the ratio of the actual flow to the

theoretical drag flow of material in the metering zone is less than 0.2, preferably
20 less than 0.1, and more preferably less than 0.05.

In effect, changing the pitch and the depth of the screw of the invention, as
described above, lowers the compression ratio of the screw substantially, and
thereby removes the disadvantages associated with a high compression ratio
screw. At the same time the screw of the invention provides all the benefits

25  associated with the relatively high feeding zone flight depths and relatively low
metering zone flight depths associated with a high compression ratio screw.

The compression ratio volume, calculated by taking the ratio of the
feeding zone volume to the compression zone volume, is not simple to measure
when both the pitch and the depth of the flights of the screw change. One reason

30 is that the changing pitch causes a variation in the angle of the flights along the
screw shaft. It has been discovered that the compression ratio volume for a screw
having a changing flight pitches and changing flight depths may be approximated
by taking the ratio of the melt density to the bulk density for the polymer to be
used with the screw.

35 The ratio of the melt density to the bulk density for many polymer
materials is approximately equal to 1.3, and this value of 1.3 is a minimum for the
compression ratio of the screw. Below a ratio of 1.3, the polymer granules are not



EXAMPLE 5 AND COVPARATI VE EXAMPLE 6 5 Delrin 500 P is injection nolded as
in the previous Exanples using a screw having a di aneter of5 Qgtober 2002
Exanple 3, the resin is injection nolded using a screw according to the
invention and in Exanple 4, the resin is injection nolded using a screw
according to the 7pri or art. The results are summari zed ig g@%ﬁ’ﬁg“bel ow. 10
TABLE 3 BXARPY¥*ECom aranve Exam | e 6Screw di ameter, mb 6 p of fli hts
in the feedin zone, ml0?.8Pttch of fli is in the feedin zone, nmM065De th
of fli hts in the neterin zone, m®P.72.8Pitch of fli hts in the neterin
zone) mM7565SARRFsed saryel togusb ontapged sinowf the melymes Jurimeobe injestioni on rati o
(vol unel . 62nbidisgpracesene actual flow, hterslhr212l27Feedin zone dra flow

correction factorg;. ' . theoretical dra flow, lLiters/hr248279Rati o
of feedin zone ac%@‘lﬂtﬁfﬁrg%ﬁﬂ% i?)lgﬁlé%’rle‘.%v_ﬁfj "‘&P%&ﬁ%&ﬁﬁ"ﬁ%&%%ﬁhﬁ zone
actual fl ow, sqrew pengivers SOBRempreisionZetice i.e.hequivalent tal thelloavef limit,of 1.3
Plt e\rAB/ ggg?%%r_lf dr%u%w@?&%%h@céﬁ?ﬁsﬁ?ﬁdﬁ&ﬂdﬁ@?&&? t@ﬁﬁi’n%feﬁ?l ddra Cow |
ow0. . erence in ratio of actua ow to,theoretical, drag flow in
f eedi ng zone and m“téﬁ‘Pn@ryf%’ﬁésﬁFU? @%“‘?ﬁ%m\gﬁc‘fsgwwe%@ywwg@dhas a smal |
di fference i nparteesmalk differeficetin gheaatiaefithd dotnel flowththethrontisalidrag flavag f | ow of
material in bhRakRAdh B QAN ARadd 8e falibioPHRfactuliNAFloURS thEbeMed 0 t he
t heoreti cal gra%gf I qw ?f. gﬂttgrl al .in the t.ﬁ\rftﬁ%zzone canpared to a 15
di f f erence off381'8% qIAalgrKiaIngas Mgegpe ayt aLRiChesdn then s the screw
of Exanplie Sfesdiogandmetring rogeaods changing pitchrir the comyessioarrong orasw r et ract i on
Sorow of Conaiabecded il of itorkbitonbiieaching cbltlle sOUWEYgRd gl 1| 20 1
bri dgi ng, or"6t"A ed’éi“@é@ mtﬁ?\gﬂb‘ilﬁn F’ﬂ?Egﬂ‘aVi i glé'ﬁ“’afg@ﬁd'@LAl MB 1 A
screw (27) -cfesing,compreasien aelmatadfid zopdO Thé featuneg of thelseeadbftlelpresept r al | y
posi tioned ; f . : rality of flights,
said screw ?@%ﬁtﬁ%‘\% ﬂ@%@%@g@ﬂﬁ%@%ﬁx@%&g@@ré@%%%@g?ﬁ# efélone (31 ) and a
met er i ngl¥ ondrquebput, derrgass in Huectienmqldidg qrcls timecompaced tof the f1ights
(43) in the imeehtivpalzsaresvs{ 29) are desi gned based upon the bul k density of
the material to AP ) . e M and pitch of
the flights (47) blﬁ?’]e ﬁ_ﬁégmhg%se‘p‘l%r%&g%&%%%?%&gééggﬁe abs\(gl}st"gJ upon the nelt
density of thavingsh fepding zqns 28ca epinpression gere Hcand wnpeseringzenad3 t FT¢Y ovi de an
act ual vol unkt isihoudeld diva hbllovaédindaital barekl Bhaavigd 4 ambtanidllyreehdtirt ieng f | ow of
material ,i n . i ual lM[EﬁEr. | ow of
mat eri al ZAand&lpﬁg%ggﬁl%}%ﬁg%ﬁﬁ%é%rpﬂfﬁg%ﬂ? %&/g%%ﬁrfr‘%%{é)rs! a ip%ﬁ?t e netering
zone {33} sugmnyles,flakaser ppwdesyis frddhiongh ppening 37 dn barrel Rainte fegding vol unetric
fl ow of mat ezdnah9twhetdereil TR it€ pdck Ad the® plishGh&ipeigtslihto\vomprepdséer i al in the

f eedi ng zonez(}gllggl f’g\%f‘t&%g?‘{e?‘éb’%l §’Jre _he actual volunetric flow of materi al

to the theoretica rag |l ow of material in the netering zone
(33) is |ess tharSwevp27 has axscrephthal 3P and ¢ thrgad 4 spiraliypositiongdeabaiity t he
di ff er enge i$hatth3e t6 fdrindeding 2oRe Aightsod3, verhpesionizend flights 46 ahdre t heoreti cal

vol unetric d . . rial 1n the feeding zone (29) and the ratio of
t he act ual V%?%rﬁlé%%g%%%&fo the theoretical volunetric drag fl ow of

material in the nEediichgf feading paw)flighis 4%is smaliesthap the ogtgdediampisr afcr ew (27)
]9}‘ claim ﬁ Ww,r&pa,hﬁa@ie}‘fér&rdeeﬂm_ dihﬁnt,t}fﬁlﬁitas b?ea@lﬁ otﬂ&_@ciiﬁg:_tdi@ﬂigtﬂ# urrg_tri c
ow to the jheqretical .vol upetric, dr .OW 0 el eedi ng
rone (90) e E RSPl Pl el bAGeet R her STRICLT f lerkd helind PEC 19
vol urret r 3¢ dewgjde diemetse ofgrest 273 rnd, in a prefemmed embodimensthe pitch ofiegch efss t han

0.05. 25 4. ﬂibl@riﬁ%i&iélf(i@ﬁé 4fs afsb approdimatiieéqabl) FuftRer] fhk pRcloéf fedtingact ual
vol unetric f] owﬂ$ s(rjr%ajtiersi a{# ttoa?y);'ee i£°ﬂeghex£@i .caI0 vq{.ﬁgg&.;i c drag flow of
material in ¥HE& %‘é nt 5"6 é? RSB Eﬂgﬁ_ﬁ? & [.'0. 30 5. The screw
(27) of claim1, Awisshown infigurai the dépth plccomprassipn vanedlights 4 1 ow of
material to glgualipAeérBisksabyin rofftehref feediAg zdne QY 1R ardPrnetetifg zdn8 t he
et erl 9,4 Onﬁ,g&'} elpﬁcl?gft cvt\)l(ran%rr]esgbg z&réqligilﬁtso 45 %r%dléwyllzli\ln%%%sessl;{llzo%xng from

nearer feeding zone 29 towards metering zone 33. The change in depth of

compression zone flights 45 is obtained because in compression zone 31 screw

8



15 Cctober 2002 6. The screw (27) of claim1, wherein the pitch of at |east
a portion of the flights (47) in the nmetering zone (33) is1§yOetdlmer 2002n t he
pitch of at least a portion of the flights (43) in the feeding zone (29),
the pitch of at least a portion of the flights (43) in the feeding zone
(29) is less 5 than the outside dianmeter of the screw (27), the pitch of at
| east a poshdfiodd lok thelsbagel af g kepsre 431e. | Whildwhe derttieof cognpraossien ¢38) i s greater

. than the o%%i d‘ﬁ‘fi anet ejegof t he scree\éve&fq. tzhe ittch of iat. least a
portion of THENS 3 Gegrepsss VhLS moYiap SRIJIPatey fesiibe 201¢ 27 IOWAAS MEREAE s 0ne (31 ),
and 10 t he zewed3hited nddhedessanithat tixodepthost e@éh dubiesdive @hipsesiéh yortecr eases

t hrough the.co essi.on.zope (31 novi.ng from.nearer. the feeding zone (29)
to nearer %@t%@ymﬂ%r@%ﬁw@%gjqu)s?pe.ﬁgxggr(lx,g%}lf%pnﬂ Ogl aim 6, wherein the
pitch of t Bemprebsid Boné Aikhtsi48 indi@sd¥Et i héger Fedin@end BBbwhaisgr eat er than the
pitch of the flights (43) in the feeding zone (29). 8. The screw (27) of
clai m 6, WHSHSEINE 2p1e33pitdapt BcetsARY thtithrich ohsach syrcessye SRIMBRERSRY zone (33) i s
appr oxi mat by 1§ §h5b@ﬁr%%rth1@ﬁae%%vﬁiﬂs%e.(2_7) claim6, wherein the pitch of
the flights (43) in the Teeding zone (29) is less than the outside dianeter
of the screw (27The inventivijsees @pag e user)in gr inggcpivngldingyazcing, @ pitch of the
flights (4 ' ' | (YoNq |y equal. 25 11. The
screw (27) é%)?dd(%fté)lp% a?%gﬁggﬁ%?%ﬁ“%@ﬁg&ﬁ%?gﬁ%&%?’ in the netering zone
(33) idogreat er Whikrihe ingention bascheenillusheatesias bavinhenesfbighfyas(iSiownl 2. The screw

(27) of clai , el £11 ' he netering 30
zone (33) ?63&18%6%( }gﬁlﬁﬁrﬂ:@g?}y{gﬁ%ﬁé &1@; p%‘%gt lﬁs’léérng\t;vlti ?‘ﬁ%ﬁz%% gcg?v%i m 6, wherein

t he dept h aévibgmofd thghins fiighh) decreases through the conpression zone (31)
novi ng from nearer the feeding z%%égﬁ%sto nearer the nmetering zone (33).
35 13 AMENDED SHEET 15 Cctober - The screw (27) of claim6,
wherein the depth of EXAMPLE IghND (@PARATIVE EDEMPDE 2zone (29) is
approximately equal. 15 In a.screw (27). conprising.a.screw shaft (39)

ot o 8t T Eeiiie ) ey Pk s bR ST Bt ARG SRTEN Sonat ¢ (39) so
as to for mERappidRal dohyen@bnal bdr@hivas madd. drhs ph@idal idendionsi ofghea f eedi ng zone
{29), a congression z n.eT( 1) .apd a netering zone (33), wherein the pitch
of at | east SEHOLHEPYAOH inglR lefllqegﬁfs (47) in the metering zone (33) is
greater than theeRinees0oaf, a pblyhas tesih A8MdbicOFor@E. I Be Potidg Mefnold3) in the

f eedi ng zone é29), the pitch of at least a portion of the flights (43) in
the feedi ndidSpEPaydhubent), wasinjertion mpldediping hoth reype e resin had 2

20  ratio of melt density/bulk density of 1.16/0.87 = 1.33. The results are summarized
in Table 1 below.

TABLE 1
Example 1 Comparative Example 2

Screw diameter, mm 30 30
Depth of flights in the feeding zone, mm 8 7
Pitch of flights in the feeding zone, mm 28 30
Depth of fhights in the metering zone, mm 2.3 2.2
Pitch of flights in the metering zone, mm 50 30
Screw speed (rpmy) 250 - 125
Screw output (kg/hr) 61 25
Compression ratio (volume) 147 2.6
Feeding zone actual flow, hters/hr . 72 29
Feeding zone drag flow correction factor 0.81
Feeding zone theoretical drag flow, liters/hr 73 37
Ratio of feeding zone actual flow to theoretical drag flow 0.98 0.78
Metering zone actual flow, liters/hr 54 22
Metering zone theoretical drag flow, liters/hr 54 17
Ratio of metering zone actual flow to theoretical drag flow 1.00 1.25
Difference in ratio of actual flow to theoretical drag flow in
feeding zone and metering zone 0.02 0.47
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lo of the screw (27), the pitch of at least a portion of the flights (47)
in the netering zone (33) is greater than the outside di amts Octaliert2002scr ew
(27), the pitch of at least a portion of the flights (45) increases through
t he conpression zone (31), and the depth of at |east a portion of the
flights (45) decreases through the conpression zone (31) noving from nearer
t he feedi ng zon&hd 8w bfExaemicel hdadresnmilt dfferaapewthe r{tRf thelacat har act eri zed

P b e B 5

screw (27) thiandumklifwinphdthemttiiahd@p dofi of adatedial ihhl&lf’xétbl@ﬂ’gt@né 47) in the

netering zone (33) are base on t ns of e terial to be
used in théoﬁﬁgag“(@ffreé‘ ofa{g)rquraﬁy Bgf‘ﬂgﬁah ﬂﬁs &‘%ﬁmﬂ?ﬁ k1 ow of

mat eri af ap@dhdaan@ilogalony Mkt Hrhére Gosbisiéht Edr@wf@factmttw ald in the 20 feeding
zone (29) and an actual volunetric flow of material and_ theoretical

vol umet r i cal¥nveeg aringhgr BPMythabls; abighes opiput ofdesdd thaiths 8w ¢83) such that the

di ff erencech &%J%wlﬁwﬁmtaesﬁtﬁ,lscﬁewdemﬁépﬁafslm , ojaekial to the

t heoreti cal voI unetric drag flow of material In the fee ing zone (29) and
the ratio défegthe actual volumetric flow of material to the theoretical
volunetric drag flow of material in the netering zone (33) is |less than
0.2. 25 16. A nethod of designing a screw (27) for use in injection nolding
or exti@si on whi ch $ASMPERAPNR EOMPARATIWIERXAMEIFY having a thread (41)
spirally positioned about the screw shaft (39) so as to forma plurality of
flights, and said screw (27) having a feeding zone (29), a conpression zone
(31 ) and a net Ey&]@lm;an@BSréanaallmaﬁbm@uT@nﬂ; ves sl§eipectddn sel ecting the
material to ch% usedlnthe ?le elﬁtslinegamassflowrate of

mat eri al , 15867 g PerviPat BREPRIFS 17 ES0PPSCol F MR B ARSI t he f eodi ng
zone (29), m@&ie@uklabagtge\aamfdim@form&mfléxm% bd i BxkmpRUeihe 2dsid Wast he netering
zone (33),.14 AMENDED SHEET Qct ober 2002 sel ect i ng the depth, wi dth
and pitth H’ﬂe%‘ﬂ‘émﬂ%m%g*(%33“‘??%%@@&0&‘1?@3%%“6 % 3%nd the depth, width
and pitch efmmiveelldi s tddy. in the nmetering zone (33) so as to provide an
actual volunetric flow of material and_thegretical volunetric drag flow of
material in the feeding zone (29) and %Bg ual vol umetric flow of material
and theoretical vorunmetrrc dr ag fTow of maj eamats fn ctoiﬂ@ramats&hblag Zone (33)

such t hat tlmdﬁa. Sl ence Hr—the—+atro—of—the @:}tuc vot uuﬁuic f w of

material topHthe th calvolunetric drag flowof material in-the feeding
zZzone (20 alwlLDEL ¥ gﬂ‘gh_&"]tb‘qu mgiZ‘WE."lka ||g| V_elljlmf r8| e fi | W Of f\gaf nv‘l QL t 0 t he

e Pitch of flights in the feeding Zope, mm . 26 L 32 .
t heoreti cal PR LR bhts irthe Ge *ﬁnvl frat-erta hil tre—fret-et g—Zone (33) is

| ess than OJZuch étmie 32
. ASy. Af h, . ARSAR. speed@imAL %0 AS AL K h@ A3h, A@7@A AT, A3p@. AS.AF{YGR
y" "I #ME#CY %_ﬁﬂmed@ﬂli}@al calc”alcalc”alcalchlcal callcall cal4fal cal c”g] ca] ca] ca

] CAa] CaU] Ca] seding zonge a w, i " .9 ig
WZigﬁZ?%\&Heaiﬁgf ne gﬂowcomﬁ' an;cf%v S 0.80 T T T
| VIl caine Gl Iheorth aFarg Sovl RS Ol cathcal cabpal tatrcatogtalcatljcal] cal ca
] ca] ca] ca c#kas ﬂa«ﬁ"mawa Headill-Cadz 0] FalBa 17 0.64
@ @\CDDDEFJ., m@nmmzl T 42 35
\a\\\]n]]]} xMater Wdl&hﬂzal ca] cal oF:1 é&al calcal] calécal calcd]ca]calc
aU] ca] ca] ca-&are 10, theoretics Ave R G 11AXAnA95 — CataQaeabbec
[ cccl ddd7e”¢ ca] ca] ca] cal ga]ca]ca]c
gz %3

aU] ca] ca] c*dj (,a]-c dnj (.,d] T ol‘]= cdj cafcaicajcai caicaicatcaicai ot T
j ¥ij kf kgkxkkOl TI mmmm@GpJpRpTp\ p_pcpl pnppppss, s<sCs|vqgl gb\Vje [V]]]c”*al ca]
ca] ca] ca] ci’pcscae]vca]b&a]pw:] hzfda]odai]faréxm]cma]}w’rai]ocﬁ]lm’ba]uamm]oca] ca] ca] ca] cal] ca
Cot 7 ¢4 | DRSSPI NRRISAY Tiamsi ety Safingrons 0d AeAIog s %8P a) ca) ca) cal ca
] ca] ca]J]ca] ﬂaw]vma]heal]ecaz]nca]dm]ﬂba] efahdteria) hﬁ]]emkmﬁ]aga:]neabm{)a(réc{ 1]o~ao]zVZ] wr ]rmb] X] ] ]
ca] cal] ca c a alc caljcalcalcalca]ca]ca]c
a] ca] cal] cg?% e ‘]ca]clgig]@léﬁf Y 1Z:§ %PT% }ﬁlé‘éln(’%]“l %‘58 (0? I kul0% & ()-!
10%<<& () - Ex&iMiplel & pfodu&HQUmRiogdmoGd Helt Vi¥@bre consistent screw retraction time
*10%<<& () - @ 10%&' O)-"#"10%<& ()-'(T10% ()-!'1 1098&Y%<& ()-!" 10%&' () -
zodY: !'", 109%&' ()- 10< 10<
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10<"<10%<& ()-9!°
109& () -
T109& () - Jywxedy: !
(! (f 10%]& ()-
f310%e& ()-m!
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*10% & ()-@ *10%<& ()-@  *10% 7 7& ()-@ g}[odY:!!(f
('f 10%{& ()- (!'#f 10%k& ()- (!'f 109 ()- (gl0%S5 Ortober 2002
f310% ;& ()-mf 109Kk ()- (!#f 109% ()- (!,f 109& ()-
('f 10%& ()- (}oP:! f310%; 10%0&' ()- 10ee 10ee 10ee!
f 3109%& -m!f310%& ()-m E}ro\ =
and allowed a higher RPM, that is, a higher output of resin that the screw of

Comparative Example 4 without creating screw deposit, splays, bridging, or other

defects.

EXAMPLE 5 AND COMPARATIVE EXAMPLE 6

Delrin® 500 P is injection molded as in the previous Examples using a

screw having a diameter of 65 mm. In Example 3, the resin is injection molded

using a screw according to the invention and in Example 4, the resin is injection

molded using a screw according to the prior art. The results are summarized in

Table 3 below.
TABLE 3
Example 5 Comparative Example 6
Screw diameter, mm 65 65
Depth of flights in the feeding zone, mm 10 7.8
Pitch of flights in the feeding zone, mm 40 65
Depth of flights in the metering zone, mm 2.7 2.8
Pitch of flights in the metering zone, mm 75 65
Screw speed (rpm) 180 140
Screw output (kg/hr) 185 110
Compression ratio (volume) 1.6 2.5
Feeding zone actual flow, hiters/hr 212 127
Feeding zone drag flow correction factor 0.84
Feeding zone theoretical drag flow, liters/hr 248 279
Ratio of feeding zone actual flow to theoretical drag flow 0.85 0.46
Metenng zone actual flow, liters/hr 159 95
Metering zone theoretical drag flow, iters/hr 170 12]
Ratio of metering zone actual flow to theoretical drag flow 0.93 0.79
Difference in ratio of actual flow to theoretical drag flow
in feeding zone and metering zone 0.08 0.33

The screw of Example 5 has a small difference in the ratio of the actual flow to

the theoretical drag flow of material in the feeding zone and the ratio of the actual

flow to the theoretical drag flow of material in the metering zone compared to a

difference 0f 0.33 for the screw of Comparative Example 6. Thus, the screw of

Example S produces a homogenous melt, a more consistent screw retraction time

and allowed a higher RPM, that is, a higher output of resin that the screw of

Comparative Example 6 without creating screw deposit, splays, bridging, or other

defects.
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& " 10%& ()- 10b 10b 10b; s10%& ()-s 10%& ()-'! @ 10%b& ()-! @

109%b& ()-1"" I # M #z[ <g\ =! f * 10%& () - #10%& ()-! #109& () - ! sz1510ehob@r POBsz
10%& () - 3! sz

10%<&' () - 3MH#CUFYAA %% % @ s! y10%@& () -1 Z10%@&' ()-" @ 0% ()- 10< 10<
10<; 10%<& () -! +

109%<& () - SU&& )) *WX6~_@ 110%19& () - 9LZIQUEE () - ! 10%F& ()--! P 10%PP& () -

C-P10%Y Y& () --! ylo%@i@i&' ()-*I,..a.m. 1310%@&' ()-110%@& () - Ol 10%a&
"() -/ 109 ()" (T10%h& ()-9!(° 10%’lh&' ()- 9 =/11/111]xnbC 13" 1098 ()- 10@
10@ A screw 27 com nsm a screw shaft (3 ) having a thread (41) spirally .
10@' SlO‘V@L (2 0% () Y4 :{g( é%’ /b002r345WU3an| 6" L109&' (

)- 1; L109@&Ppsitione @on{ 1(&)&1 qhal@} 048 t())fqrm urptigy,of Q-lg(h}s §q1@:rew

10%-Hg: N ! e R
T Lm%(g}  PRACES ching RT0S), b dolQBrfiokd 1) bkOProing ofe 59 @he@m

1 b@51 nbﬁzk@%w&ltl( degheﬂ@ﬂem ighe feding1pwea) ye degeneg based

10° S10% (
<<=>>672WX9 b@“ b5 SolsnsY SOPSTRATA 1o e R E RS ST COFEIRARE Y4 21 gopng ()
- 17 Z10YoR'atd pm%e@l@t@ﬂb@th#mtﬁﬁ@lzc&'e((}3)‘1!1‘6@@1@ Yayed upon the melt

100 ) QL AR S s O LR IR e
109 () - DIﬂBDEE‘GidtHﬁ@nlﬁ@dreuca] vbﬂ)j}ﬁt{tﬂc dr}:g frow NPmatefifl%i® the)feadig 40h€029)
&()- @1 l0<I 191;)1@‘ a.rg gc_tu@ vglg%qgmg: )ﬂowloq'@a%e%g ILh]eorel'[ 1ca oﬁgﬁbetﬁc drag flow of matenal
1n the metering zone (33) such that the difference in the ratio of the actual volumetric
flow of material to the theoretical volumetric drag flow of material in the feeding zone
(29) and the ratio of the actual volumetric flow of material to the theoretical volumetric
drag flow of material in the metering zone (33) is less than 0.2.
15
2. The screw (27) of claim 1, wherein the difference in the ratio of the actual
volumetric flow to the theoretical volumetric drag flow of material in the feeding zone
(29) and the ratio of the actual volumetric flow to the theoretical volumetric drag flow of
material in the metering zone (33) is less than 0.1.
20
3. The screw (27) of claimn 1, wherein the difference in the ratio of the actual
volumetric flow to the theoretical volumetric drag flow of material in the feeding zone
(29) and the ratio of the actual volumetric flow to the theoretical volumetric drag flow of
material in the metering zone (33) is less than 0.05.
25
4. The screw (27) of claim 1, wherein the ratio of the actual volumetric flow of
material to the theoretical volumetric drag flow of material in the feeding zone (29) is
between 0.8 and 1.0.

30 5. The screw (27) of claim 1, wherein the ratio of the actual volumetric flow of

material to the theoretical volumetric drag flow of material in the metering zone (33) is

between 0.8 and 1.0.
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10!;°°  10%c& ()-m+' 6" 109 ()-m+6 " 109& ()-m+ " 109& ()-m+l 6"
109 ()-m+! " 109 ()- m-MNOOOOOOWP{\: 10!!6sy 109& ()-|" @Sestober 2002 10
10@s10%' ()-16 "  10%&' ()-m#!; "  10% () - m-MPEQURTHTNUF VWU3{\ :
11°°9109& ()-!( 9109 ()-! sy 109& ()-! sy 109 ()-!1 sy 109& ()-! sy

109%& () -f XXY: : : . . .
oo % ) - &S 10@@1&8 (3ot C"%&&Wf’f e the pifeh,of af Least p portiop of the FghtS - 1 homag: (
) - & ZWZx ZZ@T) wf theriieteifgpak(33) i grestethgn) thy pik at Jea8 8000 of Jhe flights
109 ()-", 0% ()= 10 10 \\\]n]dEK: 10@s1109%& ()-L10%& ()-Y
109%& () - 0165 m(t&'g; feg ‘B%"’%)égio%&' ()-yn]]1] AXAAdEK:
the pitch of at least a portion of the flights (43) in the feeding zone (29) is less

5  than the outside diameter of the screw (27),

the pitch of at least a portion of the flights (47) in the metering zone (33) is
greater than the outside diameter of the screw (27),

the pitch of at least a portion of the flights (45) increases through the compression
zone (31), and

10 the depth of at least a portion of the flights (45) decreases through the

compression zone (31) moving from nearer the feeding zone (29) to nearer the metering
zone (33).

7. The screw (27) of claim 6, wherein the pitch of the flights (47) in the metering
15 zone (33) is greater than the pitch of the flights (43) in the feeding zone (29).

8. The screw (27) of claim 6, wherein the pitch of the flights (47) in the metering

zone (33) is approximately equal.

20 9. The screw of (27) claim 6, wherein the pitch of the flights (43) in the feeding

zone (29) is less than the outside diameter of the screw (27).

10. The screw (27) of claim 6, wherein the pitch of the flights (43) in the feeding
zone (29) is approximately equal.

25
11. The screw (27) of claim 6, the pitch of the flights (47) in the metering zone (33) is
greater than the outside diameter of the screw (27).

12. The screw (27) of claim 6, wherein the depth of the flights (47) in the metering

30  zone (33) is approximately equal.

13. The screw (27) of claim 6, wherein the depth of the flights (45) decreases through
the compression zone (31) moving from nearer the feeding zone (29) to nearer the
metering zone (33).
35
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selecting a mass flow rate of material,
calculating a volumetric flow rate of material in the feeding zone (29),

calculating a volumetric flow rate of material in the metering zone (33),
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