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Lug type extruder screw.

An extruder screw that enables mixing of viscous materials, such as rubber mixtures and thermoplastic
materials, is disclosed. The screw includes a core extending from a sealing end to a nose cone end. At
least one flight extends radially from the core in a quasi-helical pattern, wherein flights adjacent one
another form channels therebetween. A plurality of elongate lugs extend radially from the core and are
disposed in the channels. The shape as well as the number of lugs can be varied to ensure the
requirements for a thorough and turbulent deflection and mixing of the material stream.

® G

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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LUG TYPE EXTRUDER SCREW

TECHNICAL FIBLD

The invention relates to a method and apparatus for the
processing or mixing of highly viscous materials such as rubber
mixtures in a single screw extruder. Morve particularly, the
present invention relates to an extruder screw which has a
thread flight with a mixing region that includes a plurality of

mixing lugs that have varied angles and heights with respsct to

fiights of the extruder scraw.

BACKGRODND ART

seessing or mizing highly

,\

It is known in the art of pr
viscous materials, such as rubber, to subiject the material to a
kneading and klending in an extruder having a screw rotating

inside a heousing section. The screw can have a single flight or
2 plurality cof flights of the screw thread., The piltch or lead of
any flight as well as the depth of the screw channel betwesn the
flights can be constant or wvariabl In the method, different
mixing means are used Lo achieve & satisfactory blending of the
material during its feed along the screw.

It is for instance known toe change the lead or pitch of the
screw flights at periodic or wvariable intervals or to
interpolate reversibly dirvected flights of the screw threads or
to interrupt the thread of the screw by gaps. As the screw
rotatesz, the material is directed inte rtex-like patierns that

bring abcut a blending of the various and irregular flow paths

Although prior art extruder screws have used pins or ramps
between screw flights te facilitate wmixing, these anmbodiments
have still been found to be somewhat limited in thelr ability to

fully mix the rubber material. Accordingly, thers is a need in
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the art to provide an extruder screw with lugs that permit
mixving of rubber or other polymeric material while still
allowing the material to fiow easily through the housing section
without adversely affecting the material’s flow rate or the
molecular structure of the material.

SUMMARY OF THE INVENTION

In light of the foregoing, it is a first aspect of the

present inventicon Lo provide a lug type extruder 3Crev.
It is the object of the inventicn te achieve a satisfactory
mixing and homogenizing =ffect of the material in the processing

1}

of highly wiscous materials with a high wmaterial flow rate
through the extruder. According to the invention the material
fiow is subkstantially in a forward-directed movement through the
eztruder. The extruder comprises of a single screw rotating
inside a housing section with a plurality of cbstaclies, zsuch as
shaped lugs, which are attached to a root area bstwesn the screw
threads. The thickness, shape and number of theze lugs can be
varied according to the materials subjected to mizing and the
degree of mixing desired.

The flow path of the material through the extrudsr and
along the screw iz therefore gsubiect to local vortex formations
of the material. At the interface between the material and the
housing section and the sorew thread, respectively, there i1s a
continuous change in the surfaces within the material which
comes in contact, bringing about an intensive exchange of
material and heat.

Furthermore, in cooperaticon with the screw, there is
elevation, to a large extent, in the shearing flow within the
material as a result of high pressure gradients. In addition a

high material flow rate is possible accomplished by an opbimum

mechanical and thermal homogeneity of the extruded product.

The lugs are selectively arranged along the root channel of the

[@)

screw, The shape of all or any of the lugs can be provided with
a desired shape c¢r the iike to increase or decrease flow

resistance.
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ABnother aspect of the egsent invention is to provide an

I

extruder screw adapted for eceip' in a barrel of an extruder
comprising a core extending from a sealing 2nd to a nose coneg
end, at least one flight extending radially from the cors in a

5 quasi~helical pattern, wherein {lights adjacent one ancther form
channesls thersbetween, and a plurality of elongate iugs

extending radially from the core and are disposed in the

channels.

10 BRIEE DESCRIPTION OQF THE DRAWINGS

AL

For a complete understanding of the cobijects, technigues and
structure of the invention, reference zhould be made to the
following detailed descoription and accompanying drawings,
wherein:

15 Fig. 1 shows an elevational view of an extruder screw in

cordance with the concepts of the present invention, wherein

:Cu

the screw comprises at least a drive end, a ccllecting section,
a mixing saction, a changeable extrusion section and a
changeable noge cone end;
20 Figs. 1A-1C show detailed views of the extruder screw in
accordance with the concepts of the present invention, wherein
Pig. 1A shows a detalled view of the collection sectlion, Fig. 1B
shows a detailed view of the mixing section: and Fig. 10 shows &
detalisd view of the changeable extrusion sectilon:;

25 Fig. 2 shows an elevatlonal view of the changeable

‘D

extrusion section without lugs according to the concepts of the
rezsent invention;

Fig. 3 shows an eisvational view of the changeable
extrusicn section with lugs according te the concepts of the
30 prezent invention:

Fig. 4 shows an glevational view of the changeable nose end
of the single screw according to the concepts of the present
invention; and

Pigs,. 5A and BB show perspective viewzs of the extruder

screw made in accordance with the concepts of the present

[N
on

invention.
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BEST MODE FOR CARRYING OUT THE INVENTION

Y
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Referring now tce ail of the drawings and, in particular t
Fig. 1, it can be sesn that an extruder screw 1s designated
generally by the numeral 10, The screw 10 is maintailned in 3
housing or barrel section of an extruder which is typicalily

heated and/or cooled during operation. As polymeric material

3

such as rubber, enters the hcousing, the material ia heated and

o

fiows through the barrel secticn as the screw is rotated,
Material exits the barrel szection and is forced through a
tip/die configuration or into a mold to take on a desired final
or intermediate shape.

The extruder screw 10 has a number of sections.
Specifically, the screw includes a drive end 12 coupled to a
drive mechanism of an extruder system. Typically the dris

system or drive mechanism iz powered by an electiric motor,
mechanical gearing and/or hydraunlic systems. Extending from the
drive end 12 1s a ssaling section 14 which separates the drive
end 12 from the remainder of the extruder screw. The sesaling
section 14 prevents polymeric material from entering the drive
mechanism., A collecting section 16 extends from the sealing
section and receives polymeric material which 1ls typically in

rip, slab or other form through a hopper opening in the barrel
which holds the extruder screw. A mixing section 18 extends from
the collecting section 16 and furthesr mixes the polymeric
matarial into a desired consistency. Based on the
heating/cooling applied to the barrel that holds the screw and

configuration of the desgired flow properties

of the polymeric nad. The mixing section 18

may inciude a changeable extrusion section 20 which may be

ghown in Fig. Z or

&
%]

provided egither with a lug-free section 22

24 as shown in Fig. 3. Extending {from the extrusion

o
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tion 20 is a changeable nosze cone 26, The nose cone 29

o)
interfits with the appropriate extrusicn tip/die or mold
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configuration. 2kilied artisans will zppreciate that the screw
20 may be provided as a single integral piece or that the
various sections may be configured to be secured to one another.
This is clearly evident in Figs. 2-4 wherein the extrusion

& secticn 20 has a threaded extenszion end that is receivable in an
appropriate threaded receptacle of the mixing section 18,
Likewise, the coneg 26 is provided with a threaded fitting so as
to be received in an appropriate end of the mixing secticn 1.

Throughout all of the sectlions of the extruder a root or

10 core, designated generally by the numeral 30, extends from the

iing end 14 to the nose cone 26. The root 30 varies in

5 &8

@:
,U

diameter through the various sections so as to facilitate the
miwing of the polymeric material., The rveoot 30 inciudes a center
line 32 which ig the rotational axis of the extruder screw as it
is is rotated by the drive mechanism, It will be appreciated that
appropriate bearings and support are provided to the extruder
screw so that it rotates in a proper manner within the housing
oy barrel section of the extruder.
Extending radially from the root 30 is at least ons flight
20 esignated generally by the numeral 34. Indeed, the f[light ox
flights extend from the core in a guasi-helical pattern. In the
embodiment shown, two flights are provided and designated by the
numerals 34a and 34b. The flights have the same outer diameter
and are sirzed to be slightly smallisr than the barrel inner

"ruder screw within the

iameter to allow for rotation of the

[
[$4]
CL

barrei. It will be appreciated that the it between the ocuter
diameter of the flights and the inner diazmeter of the barrel is
of such a clcese Fit so as to ensure that the moliten polymeric

material ig pusghed out of the screw in a predetermined rate. In

30 the embodiment shown, the filights are spaced about 180 degress

to provide for uniform mizing. It

93]
|03}

apart from one another zc
will further be appreciated that a single flight or more than

one flight may be used by the ertruder screw. Bach flight 3

o

includes a flight ridge 386 which ls in close gproximity to
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may be provided with notches 38 30 as to

The ridge or rid
allow for a back flow of polymeric material as the screw 1is
rotated. EBach flight forces the material forward toward the nose

cong 26, however the notches allow some material to back track

{i l}
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for additional mixing with other material. Channels
formed between each £1light ridge 36,

A plurality of lugs 50 radially extend from the root 30 and
are disposed betwesn the flights 34. In other words, =ach lug 53¢
extends upwardly from the root 30 and into the channels 40, The
lugs %0 are provided in the mixing region adiacent the
collecting sectilon and may extend toe the nose cons. As shown in
the drawings, the Llugs are posgitioned at 90 degree radial
intervals apout the reoot. ¢f couvrse, the radial intervals can ba

varied as needed.

o]

Each fiight 34 has an angular orientation that faclliitates
the mixing of the polymeric material. Specificaily, a flight

angle 52 1s associated with each flicht 24. The fiight angle 52
4 # . o

ig determined by extending a line along the slope of each ridge
and intersecting that line with the center line 32, In the
embodiment shown, the flight angle wvaries from the sealing end
te the nose cone depending upcen the particular section and the
mixing parameters desired. As shown in Figs. 18 and 1B, the
filight angle may range anywhere from about 120° proximal the
sealing end to about 100° proximal the nose cone and.

Bach lug 50 ilsa provided with an elongate section 60 which
is formed from cpposed sides 62 that ars connected by opposed
ends 64. The sides 62 and ends €4 are terminated with a crown
66 which forms the top of =ach lug 30. The dimensions of the lug
features vary depending on their position along the length of
the screw and are based on compound evaluations Lo ensure
adequate mixing of the compound. A lug angle 54 1z aszsociabted
with each lug 50 and is determined by extending a iins along the
slope or angular directicon of sach crown and intersecting that

)

line with the center line 32. As best seen in Fig. 18, the Iugs

are provided with lug angles 54 whi
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° starting at the end of the collecting section to about a

-

. As can be seen from Fig. 1,

[

" angle at the sxtrusion sec

the lug angles 54 are slightly different from the flight angles

57

7

of the flights that are immediately adjacent the lugs. It

will further be appreciated that a mid-point of the lugs along

e

re
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the elongate section €0 may be aligned with the notches 38§.

o
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» discussed, each elongate lug 50 has a lug angle 54 with
spect to the center iine such that the lug angles are

ogressively increased from the sealing end te the nose cone

¢. Altnough the lug angles can vary as needad, in most

embodiments the lug angles range from 257 to 17537 with respect

to
DI

may

i
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a I's
be

an

the center line 32. In & similar manner, the {light angles

sgressively decrease from the sealing end to the nose cone end

<

-

vary and can range anywhere from 95° to about 175°. It will

riher be appreclated that the flight angle is configured such
at each lug angle is greater than the flight angles of

jacent flights. In other words, each lug angle disposed

tween flights has an angle that is greater than the f£iilght
gies te which they are closest to. It wiil further be

ppreciated that the eslongate sides of the lugs are

bstantially angularly aligned with the flights adjacent
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distance measured betwean the crown 96 and the outer diameter of

2reto. Specifically, the elongaste sides and the adjacent

spect to the center line.

A further feature of the extruder screw 10 is that the
ight of the lugs are offset from the flights a predetermined
stance. In particular, 1t can be seen in Fig. 1B that an
feet value 70 iz assogiated with each lug and the flights

= .

jacent theretc. In particular, the flight offset value is the

<l

the flight ridge 36. The cffset value distance becomas
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ssively smaller along the length of the extruder screw as
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e material flows toward the nose cone. In particular, it can
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seen that the offset value 70 at the initial position closest
¢ collecting secticon 1s much greater than the offset value of

e Jugs provided in the lug section 2Z.
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fed into the mixing

1]

In operaticon, the polymeric material i
section 16 where it is pushed forward by the flights 34, Where
notches 38 are provided in the flights 34, a small portion of
the compound flows back intoe a wider cor earlier flight section
for further mixing with the polymeric material that is more
recentliy received from the hopper. As the material is pushed

forward by the flights, it enters the mixing section 18 and the

,

lugs 50. As will be appreciated, the sngular dispozition ¢f the
fugs is somewhat parallel toe the flights but not exactly. This

slight angle differential zsllows for further nixing of the

material as the extruder screw rotates. It will further be
appreciated that the heights of the lugs ave initially such that

g8, but gradually increases as the lugs

the interference is

3 to further mlx the material that comes

a

increase in height so
haetween the crown and the inner diameter of the barvel. The
angular orientation of the iags also changes as the material
travels from the collecting section toward the nose cone end 3Z.
This further mixing facilitates the properties of the polymeric
material as it exits the nose cong end. It will further be
appreciated that the core diameter may alse vary with the

-

nanging configuration of the lugs toe further facilitate mixing.
If desired in some embodiments, it wiil be appreciated that
the Ilugs may be replaceable such that different angular
cenfigurations of the lugs may be utilized. This can be dons so0
as to determine the beneficial or adverse effects of the lugs on
the polymeric material flowing through the screw. Once a desgired
onfiguration is cobitained, it will be appreciated that in some
empodiments the lugs will be integral with the extruder screw.
Likewise, it will be appreciated that a lug-free section 22 may

e

be used in place of a lug section 24 in the mixing section 1B as
deemad appropriate,

Based on the forsgoeing the advantages ¢f the pressnt
invention are readily apparent. By selectively controlling and
adiusting the angular and offset parameters of the lugs, a
degived mixing of a polymeric material by the screw can be

obtained. It has been found that use of lugs in such a
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configuration allow for the screw toe be shortened in length in
comparison to prior art screws. Morsover, the disclosed sorew
configuration is adaptable for cold feed screw deszigns. A cold
feed extruder is one that accepis room temperaturs congound
dirvectly into the hopper/screw area of the extruder. & hot fead
extruder 1is one that reguires the compcund te be heated by other

r. As a resulit, this

o
(L‘-

means prior to entering the extrud
configuration allows the compound to reach its optimum extrusicon
condition in much less time than prior art configurations. This
is considered to be advantageous in that particular heat-
sengitive compounds are being used. Skilled artisans will
appreciate that 1f a polymeric material ig wmaintained at an
elevated temperature for an extended period of time that its
molecular structure and sultabllity for a particular end use may
pe diminished., Accordingly, the present configuration allows for
the polymeric materizl to guickly move through the extruder
nousing with minimal heat damage. It is also believed that the
present configuraticon requires less power to operate inasmuch as
the material flows more easily through the screw barrel.

Yet another advantage of the extruder screw 20 is that
geometry and shape of the lugs can be changed to allow the user
to alter the working characteristic of the extruder (o match a
particular criteria or standard. Standards or criteria of
interest, for example, are the material temperature {to bhe
measzurad preferably at the end of the screw), the flow rate and
the gquality of the mixture (viscosity, degree of shrinkage and
homoganeity) .

While there has been described a preferred embodiment of
this inventicn, It will be obvious to those skilled in the art
that varicus changes and modifications may be made therein

without departing from the invention, and 1t is, therefore,

intended that such changes and modifications fall within the

scope of the invention as defined by the claims,
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CONCLUSIES

. Extruderschroel geschikt voor opname in een behulzing van

een exitruder, omvattende:
een kern die zich ultstrekt van een afdichtend uiteinde
tot een neuskegel-uitelinde:

~ tenminste &én schroefliint dat zich radiaal vanaf de
kern uitstrekt mel een guasi-spiraaivormige verloop,
waarbii tussen opesnvolgende schrosflintdelen kanalen
wordan gevormd;: 2n

-~ e=2n aantal langwerpige nokken die zich vanaf de kern
radiaal uitstrekken en die in de gencemds kanalen zijn

geplaatst.

5
J

. Extruderschroef volgens concliusie 1 waarkli de gencemde
kern een lengteas heeft en waarbll =1k van de genosmde
langwerpige nokken onder een nokhoelk staat ten opzichte
van de lengteas zodanlig dat de nokhoeken geleldeliilk
toenemen vanaf het afdichtende uiltsinds tot aan het

neuskegel-uiteinde.

3 Eztruderschroelf volgens conclusie 2 waarbii de genosmde

-
N
@

nokhoeken ten opzichte van de lengteas tussen 957 en 1

1

&

Gen .

4. Extruderschroef volgens conclusis 2, verdsr omvattende
easnn schreoeflintrug bid elk van de schroeflinten, waarbis

de schroeflintrug is veorzien van een aantal

uitsparingsn.

Extruderschroef veigens conclusie 4 waarpli elke nok sen

[

kruin heeft die in hoogte op sen afstand ligt van de

gencemde schroeflintrug, welke afstanden geleildeliik

afnemen in de richlting wvanaf het afdichitend uiteinde naar

het neuskegel-uiteinde.
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Extruderschroef volgens conclusie 5 waarpbii elke nok twee
tegenover elkaar staande lengtezijden omvat die met
elkaar zijn verbonden door tegenover elkaar staande
ulteinden, waarbii de hoekstand van de lengteziiden in
hoofdzaak is uitgeliind met de aangrenzende

achroafiintdelean.

Extruderschreef velgens conclusie 6 waarbld de genocemde
lengteziiden binnen een hoekbereil van ongeveer 25° ziin
uitgeliijnd met de hoek van de naastgelegen

schroeflintdelen ten opzichte van de gencemde lengteas.

truderschroef volgens conclusie 4 waarbid elke

FlJ

achreeflintrug onder een schroeflinthoek staat en waarbii
21lke nokhoek groter 1ls dan de schroeflinthoeken van

naastgelegen schreoeflintdelen,

Extruderaschroef volgens conclusie 4 verder omvattende:
een verzamelzone naast het afdichtende uiteinde; an
gen mengzons tussen de verzasmelzone en het neunskegel-

uiteinde.,

BEztruderschroaf volgens concliusie 9 waarbii in de
mengzone de nckken in de kanalen zidn geplaatst met
radiale tussenafstanden van ongeveer 90° vanaf een
uiteinde van de verzamelzone tob aan het gencenmde

neuskegel-ulteinds,

mztruderschroaef volgens conciusie 9 waarbii de mengzone
cen nokzone omvat naast de verzamelzone en ean
extrusiezone naast de nckzone, waarbld de extrusiezone de
nokken omval.

L Rate)

Extruderschroef volgens conclusie % waarbii de mengrone

2en nokzone omval nazast de verzamelzong an een
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extrusiezon

ity

naast de nokzone, waarbilj de extrusiezone

geen nokken bevat.
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De aanvraag heeft betrekking op meer dan &én uitvinding

Gemotiveerde verkiaring ten aanzien van nieuwheid, inventiviteit en industrigle
toepasbaarheid

Andere geciteerde documenten
Overige gebreken

Overige opmerkingen

De bevoegde ambtenaar:
Dr. MW. de Lange

NL Octrooicentrum

' Gedefinieerd volgens International Patent Classification (IPC).
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Onderdeel |  Basis van de schriftelijke opinie

Deze schriftelijke opinie is opgesteld op basis van de meest recente conclusies ingediend voor
aanvang van het onderzoek.

Onderdeel Il Voorrang

Deze schriftelijke opinie is opgesteld onder de aanname dat eventueel ingeroepen voorrang geldig
is, tenzij hieronder anders is aangegeven. Controleren van de voorrang maakt geen deel uit van het
reguliere onderzoek naar de stand van de techniek.

Onderdeel V Gemotiveerde verklaring ten aanzien van nieuwheid, inventiviteit en industriéle
toepasbaarheid

1. Verklaring
Nieuwheid Ja: Conclusies 2-12
Nee: Conclusies 1
Inventiviteit Ja: Conclusies
Nee: Conclusies 2-12
Industriéle toepasbaarheid Ja: Conclusies  1-12

Nee: Conclusies

2. Literatuur en toelichting

D1 = JP 55053543 A (MATSUSHITA ELECTRIC WORKS), 19 april 1980
D2 = JP 51121072 A (KAWAGUCHI TETSUKOU), 22 oktober 1976

D3 = JP 50126066 A (SUMITOMO ELECTRIC IND), 3 oktober 1975

D4 = JP 2113918 A (HITACHI CABLE), 26 april 1990

D5 = JP 48100479 A, 18 december 1973

Uit D1 is bekend een extruderschroef geschikt voor opname in een behuizing van een extruder,
omvattende:

- een kern die zich uitstrekt van een afdichtend uiteinde tot een neuskegel-uiteinde;

- tenminste éen schroeflint dat zich radiaal vanaf de kern uitstrekt met een quasi-spiraalvormig
verloop, waarbij tussen opeenvolgende schroeflintdelen kanalen worden gevormd; en

- een aantal langwerpige nokken (‘jetty-like projections’ 3) die zich vanaf de kern radiaal
uitstrekken en die in de genoemde kanalen Zijn geplaatst.

Zie PAJ abstract, figuren.

Conclusie 1 is niet nieuw in het licht van D1.
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De nokken bekend uit D1 staan onder een nokhoek (‘B’) ten opzichte van de lengte-as, en elke
nok omvat twee tegenover elkaar staande lengtezijden die met elkaar zijn verbonden door
tegenover elkaar staande uiteinden, waarbij de lengtezijden in hoofdzaak zijn uitgelijnd met de
aangrenzende schroeflintdelen. Gegeven deze informatie uit D1 en de algemene kennis van de
vakman op het gebied van extrusie van visceuze materialen met schroefinrichtingen is voor de
resterende volgconclusies geen inventieve vaardigheid vereist.

Verder is de extruderschroef volgens conclusie 1 ook bekend uit D2 (zie ‘projections’ 2a, 2¢) en
D3 (zie ‘projections’ 8).

Figuur 5(b) van D4 en figuur 4 van D5 lijken ook langwerpige nokken voor een extruderschroef te
tonen maar zonder een vertaling van de beschrijving kan daar niet met zekerheid een uitspraak
over worden gedaan.
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