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(57) ABSTRACT

A screw element (100) for an extrusion machine is provided.
The screw element (100) includes a first section (200) and a
second section. The first section (200 has a first core (212)
with a plurality of facets (214) connected to each other along
splines (216). The facets (214) and splines (216) extend
longitudinally along the screw element (100). The facets
(214) and splines (216) can be helically-shaped. The first
core (212) increases in diameter in a continuous manner
along the direction of flow of material. The first and second
sections (200, 300) include one or more helically-shaped
flights (218,219) wrapped around the longitudinal axis of the
screw element (100).
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EXTRUDER SCREW ELEMENT

FIELD OF THE INVENTION

[0001] The subject matter of the present disclosure relates
generally to a screw element of an extrusion machine.

BACKGROUND OF THE INVENTION

[0002] An extrusion machine or extruder typically
includes a screw element received within a cylindrical
sleeve or barrel. The screw element includes one or more
flights or threads arranged along the length of the element.
The screw element is rotated within the sleeve while mate-
rial such as e.g., one or more rubbers or plastics are fed into
one end of the sleeve. Rotation of the screw element
masticates and heats the material while pushing the material
through the sleeve. A die plate positioned at the exit of the
extruder can be used to impart a particular shape to the
material as it passes through one or more openings in the die
plate due to the substantial pressure created by rotation of
the screw element.

[0003] By way of example, in modern processes for the
manufacture of tires, the extruder may be used to create a
layer of rubber for the tread portion of the tire. The layer of
rubber is commonly created from a complex mix of mate-
rials fed into the extruder that can include various elasto-
mers, resins, carbon black fillers, non-carbon black fillers,
and/or other substances. The extruder functions to process
the materials under heat and pressure for use as tread while
the die plate provides the desired profile for the extruded
tread portion.

[0004] One conventional construction for an extruder
screw can include one or more flights uniformly spaced
along a cylindrical core or screw root. Either a constant or
variable pitch is maintained between the flights, and the core
maintains a constant or variable diameter of a circular profile
along its length. The cylindrical sleeve into which the
extruder screw is received may be featureless or may include
one or more flutes.

[0005] Unfortunately, such conventional extruder screw
constructions do not provide the level of processing needed
for modern rubber formulations at the rate of flow or
throughput of material desired. Difficulties can be encoun-
tered in properly masticating, heating, and flowing some
rubber formulations within the extruder in a manner that
allows the material to be properly shaped with a typical
extrusion die at the rate of throughput needed for economi-
cal manufacturing. Instead, for example, the overall rate of
throughput must typically be slowed substantially in order to
obtain the required amount of heat, homogenization, and
mastication. A lower rate of throughput is undesirable as it
slows the manufacturing process thereby increasing costs.
[0006] Accordingly, an extruder having improved perfor-
mance capabilities would be useful. More particularly, an
extruder screw capable of providing the desired level of
material processing at an acceptable rate of throughput of
the material would be beneficial. Such an extruder screw that
can perform with modern rubber formulations would also be
particularly useful.

SUMMARY OF THE INVENTION

[0007] The present invention relates to an extrusion
machine and, more particularly, to a screw element used in
an extrusion machine. The screw element includes a first
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section and a second section. The first section has a first core
with a plurality of facets connected to each other along
splines. The facets and splines extend longitudinally along
the screw element. The facets and splines can be helically-
shaped. The first core increases in diameter along the
direction of flow of material. The first and second sections
include one or more helically-shaped flights wrapped around
the longitudinal axis of the screw element.

[0008] The facets and splines provide a polygonal cross-
sectional shape for the first section that, during rotation of
the screw element, creates a rapid, successive series of
compression and decompression cycles of material pro-
cessed by the extrusion machine. As such, the present
invention provides an extruder screw that can advanta-
geously provide the desired level of processing, including
heating, homogenization, and mastication of the material, at
higher rates of throughput as compared to certain conven-
tional extrusion machines. Furthermore, such advantageous
processing can be achieved by retrofitting an existing extru-
sion machine with the inventive screw element rather than
replacing the entire machine with higher-cost, alternate
extrusion technology known to those skilled in the art.
Additional objects and advantages of the invention will be
set forth in part in the following description, or may be
apparent from the description, or may be learned through
practice of the invention.

[0009] In one exemplary embodiment, the present inven-
tion provides an extrusion machine that includes a screw
element. The screw element defines longitudinal, circum-
ferential, and radial directions wherein the longitudinal
direction is defined along the axial length of the screw
element. The screw element includes a first section and a
second section positioned sequentially along the longitudi-
nal direction.

[0010] The first section includes a first core having a
plurality of facets positioned adjacent to each along the
circumferential direction. Each facet extends longitudinally
over the first section. Each facet is joined to an adjacent facet
along splines extending longitudinally over the first section.
The first core has a diameter that increases continuously
along the longitudinal direction towards the second section.
[0011] A first helically-shaped flight is wrapped around the
first core of the screw element. The first helically-shaped
flight extends longitudinally over the first section and proj-
ects radially outward of the plurality of facets.

[0012] The second section includes a second core extend-
ing along the longitudinal direction and having a cylindri-
cally-shaped surface. A second helically-shaped screw flight
is wrapped around the second core of the screw element. The
second helically-shaped flight extends longitudinally over
the second section and projects radially outward from the
second core.

[0013] These and other features, aspects, and advantages
of the present invention will become better understood with
reference to the following description and appended claims.
The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate embodiments
of the invention and, together with the description, serve to
explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A full and enabling disclosure of the present inven-
tion, including the best mode thereof, directed to one of
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ordinary skill in the art, is set forth in the specification,
which makes reference to the appended figures, in which:
[0015] FIG. 1 illustrates a perspective view of an exem-
plary embodiment of a screw element or extruder screw of
the present invention.

[0016] FIG. 2 is an exploded view of the exemplary screw
element of FIG. 1.

[0017] FIG. 3 is a side view of a portion of the exemplary
screw element of FIG. 1, including an exemplary first
section.

[0018] FIG. 4 is a side view of a portion of the exemplary
screw element of FIG. 1, including an exemplary second
section.

[0019] FIG. 5 is a side view of an exemplary exit cone for
the exemplary screw element of FIG. 1.

[0020] FIG. 6 is a close-up view of the exemplary first
section shown in FIGS. 1 and 3.

[0021] FIG. 7 is a cross-sectional view of the exemplary
first section taken along line 7-7 of FIG. 2.

DETAILED DESCRIPTION

[0022] For purposes of describing the invention, reference
now will be made in detail to embodiments of the invention,
one or more examples of which are illustrated in the draw-
ings. Each example is provided by way of explanation of the
invention, not limitation of the invention. In fact, it will be
apparent to those skilled in the art that various modifications
and variations can be made in the present invention without
departing from the scope or spirit of the invention. For
instance, features illustrated or described as part of one
embodiment, can be used with another embodiment to yield
a still further embodiment. Thus, it is intended that the
present invention covers such modifications and variations
as come within the scope of the appended claims and their
equivalents.

[0023] FIG. 1 provides a perspective view of an exem-
plary screw element 100 of an extrusion machine while FIG.
2 provides an exploded view of the same. Screw element
100 defines a longitudinal direction L. and a radial direction
R, which is orthogonal to longitudinal direction L. Screw
element 100 also defines a circumferential direction C,
which encircles longitudinal axis A-A about which screw
element 100 rotates during use. More particularly, screw
element 100 is rotated about axis A-A within an extruder
barrel or cylinder (not shown) of an extrusion machine. The
rotation of screw element 100 causes an overall movement
of material in the direction of arrow F, which is parallel to
longitudinal direction L. and longitudinal axis A-A.

[0024] Screw element 100 includes a first section 200 and
a second section 300. In terms of the extrusion process
direction F, which represents the overall flow of material
along element 100, first section 200 and second section 300
are positioned adjacent to each other with second section
300 sequentially following (or e.g., downstream of) the first
section 200. Sections 200 and 300 are located between an
in-feed end 102 and an out-feed end 104. Material to be
processed by screw element 100 is introduced near the
in-feed end 102 and, after processing by screw element 100,
the material exits near out-feed end 104.

[0025] For this exemplary embodiment, screw element
100 can be assembled by sliding second section 300 onto
spindle 114 and securing it into place by keys 118 received
in slots 116. Screw element 100 includes a connecting hub
106 with notches 108 for connection with a motor or drive
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shaft for rotating screw element 100. Out-feed end 104
includes an exit cone 110 with a frustoconical surface 112.
As shown in FIGS. 2 and 5, exit cone 110 includes a boss
124 with threads 120 that are matingly received into an
opening 122 in spindle 114 near out-feed end 104. Grooves
126 on boss 124 receive seals such as e.g., O-rings to prevent
migration of cooling water out of the internal chamber 128
(FIG. 3) of screw element 100 into the extrusion process
volume formed in the space between the screw and the
surrounding barrel sleeve.

[0026] The present invention is not limited to a multi-
piece design for screw element 100 as shown in FIG. 2. For
example, screw element 100 may be constructed of a single
piece or element that includes all sections as well as the exit
cone. Other configurations may be used as well.

[0027] Referring now to the side view provided in FIG. 3,
along the direction of flow F, first section 200 sequentially
includes a preliminary core section 202, a faceted first core
section 204, and a spacer core section 206. Sections 202,
204, and 206 each extend along longitudinal direction I and
are positioned adjacent to each other along longitudinal
direction L.

[0028] In terms of the direction of overall flow F of
material, preliminary core section 202 precedes first core
section 204. Preliminary core section 202 includes a pre-
liminary core 208 having a frustoconical surface 210. The
diameter D, of preliminary core 208 decreases in the direc-
tion of flow F towards first core section 204.

[0029] Next, first core section 204 includes a first core 212
having a plurality of facets 214. As shown in FIGS. 1, 2, and
3, facets 214 are positioned adjacent to each other about the
circumferential direction C (identified in FIG. 1). Each facet
214 is joined to adjacent facets 214 along splines 216, which
also extend along longitudinal direction L. For this exem-
plary embodiment, each facet 214 and spline 216 extends
along longitudinal direction L. for a length that provides over
half of the overall length of first section 200 along longitu-
dinal direction L.

[0030] FIG. 7 provides a schematic cross-sectional view,
taken along line 7-7 of FIG. 2, of screw element 100. For
purposes of additional clarity, helically-shaped screw flights
218 and 219 are not shown. As depicted in FIG. 7, the
cross-sectional shape of screw element 100 (as viewed along
a cross-section that is orthogonal to the longitudinal direc-
tion) is polygonal. Although shown in FIG. 7 as formed from
a polygon having six flat sides 214 formed by facets 214,
other polygons may be used as well. For example, polygons
having 5, 6, 7, or 8 sides 214 formed from facets 214 may
be used and are believed to optimize the processing provided
by screw element 100. With less than 5 sides, the mechanical
strength of the first section can be insufficient while more
than 8 sides can unacceptably decrease pulsating effect of
the facets.

[0031] As best viewed in FIG. 3, first core 212 has a
diameter D, that increases in a continuous manner along
longitudinal direction [ so as to provide for increased
compression of material as it flows along direction F. As
used herein, “continuous” means that diameter D, changes
along longitudinal direction L. but without sudden or step-
wise changes in diameter. Diameter D, refers to the diameter
of'the core 212 and does not include the flights. The amount
of increase, which can be quantified using a “compression
ratio,” allows the present invention to advantageously pro-
vide for the selective control of the degree of rubber com-
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pression by first section 200. In one exemplary embodiment
of the invention, the increasing diameter D, provides the
faceted first core section 204 with a compression ratio in the
range of about 18 percent to 25 percent. In another exem-
plary embodiment of the invention, increasing diameter D,
provides the faceted first core section 204 with a compres-
sion ratio of about 22 percent. Other compression ratios may
be used as well depending upon e.g., the identity of the
material extruded and the level of processing desired. As
used herein, compression ratio means the percent increase in
diameter D, along longitudinal direction L, which can be
calculated from the following equation that is well known in
the art:

Compression Ratio=Channel Volume of Second Sec-

tion 300+Channel Volume of First Section 200 Equation 1:
[0032] where
[0033] Channel Volume of Second Section 300=the

volume enclosed between core 306, flights 306, flights
307, flights 308, and the extruder shell in section 300
[0034] Channel Volume of First Section 200=the vol-
ume enclosed between core 214, flights 218, flights 219
and the extruder shell in section 200
[0035] Continuing with FIG. 3, first section 200 can
include a space core section 206, which follows faceted first
core section 204 along flow direction F. Spacer core section
206 includes a spacer core 220 having a frustoconical
surface 222. For this exemplary embodiment, the diameter
D; of spacer core 220 decreases in the direction of flow F
towards second section 300.
[0036] In other exemplary embodiments of the present
invention, spacer core section 206 and/or preliminary core
section 202 may not be included as such are not necessarily
required to obtain the improved performance characteristics
of the present invention. However, spacer core section 206
and/or preliminary core section 202 may be useful in retro-
fitting an existing extrusion machine with an exemplary
screw element of the present invention.
[0037] First section 200 also includes a first helically-
shaped screw flight 218 that is wrapped around first core 212
and longitudinal axis L. of screw element 100. For this
exemplary embodiment, flight 218 extends longitudinally
over the entirety of first section 200 including preliminary
core section 202, faceted first core section 204, and spacer
core section 206. Flight 218 forms a helical shape as shown
and extends along radial direction R outward from the
plurality of facets 214. As such, the space enclosed between
flight 218, core 212, and the surrounding extruder barrel (not
shown) creates a pathway or channel for fostering the
movement of material through the extrusion machine along
screw element 100. Although not required, first section 200
can also include a supplemental first helically-shaped flight
219 that is also wrapped around first core 212 and extends
along longitudinal axis [ of screw element 100. For this
exemplary embodiment, portions of flights 218 and 219 are
parallel to each other over the length of first section 200.
[0038] Splines 216 in first section 200 provide additional
structural reinforcement—particularly torsional strength—
for first core 212 as compared to a conventional, circular
core. Additionally, splines 216 provide additional mechani-
cal support to flights 218 and 219. This is advantageous over
conventional screw designs having a circular core because in
cold-fed rubber extruders, the flights are susceptible to
fatigue failure.
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[0039] FIG. 4 provides a side view of the second section
300 of screw element 100. Second section 300 includes a
second core 302 extending along longitudinal direction L.
and having a cylindrically-shaped surface 304. For this
exemplary embodiment, second core 302 has a diameter D,
that is substantially uniform over the length of core 302
along longitudinal axis A-A. By way of example, the length
of section 300 is at least twice the size of the nominal screw
diameter D for certain embodiments.

[0040] A second helically-shaped flight 306 is wrapped
around second core 302 and longitudinal axis A-A, and
extends longitudinally over second section 300. Flight 306
extends radially outward from second core 302. The second
helically shaped flights 306 may have a different pitch along
longitudinal direction L, than flights 218 and 219—as illus-
trated in FIG. 1.

[0041] For the exemplary embodiment shown in the fig-
ures, flights 218 and 300 are discrete elements of first section
200 and second section 300. In other exemplary embodi-
ments of the invention, first helically-shaped flight 218 and
second helically shaped flight 306 are joined or integrally
formed over the length of first section 200 and second
section 300 along longitudinal direction L so as to form a
continuous flight.

[0042] Similar to section 200, second section 300 may
also include a supplemental second helically-shaped flight
307 that is wrapped around second core 302 and longitudinal
axis A-A, and extends longitudinally over second section
300. Supplemental flight 306 extends radially outward from
second core 302. For this exemplary embodiment, portions
of flights 306 and 307 are parallel to each other over the
length of second section 300.

[0043] For this exemplary embodiment, second section
300 also includes a third helically-shaped flight 308. As with
flights 306 and 307, third helically-shaped flights 308 are
wrapped around second core 302 and longitudinal axis A-A,
and extend along the longitudinal direction L. Flight 308 is
divided into segments by flights 306 and 307, and is located
between flights 306 and 307 along longitudinal direction L.
As compared to flights 306 and 307, flight 308 has a slight
difference in height along radial direction R. More particu-
larly, flights 306 and 307 are taller—i.e. extend further
outward along radial direction R than third helically—
shaped flight 308. In one exemplary embodiment, flights 306
and 308 have a difference in height along radial direction R
in the range of about 0.5 mm to 3 mm.

[0044] Referring now to FIGS. 1, 2, and 3, the present
invention provides additional advantages over conventional
devices, some of which can be further described with
reference to exemplary extruder screw 100. For example, as
previously described, the faceted first core section 204 lacks
the conventional round or circular cross-section of a con-
ventional extruder screw. Instead, the polygonal shape cre-
ated by facets 214 and joined at splines 216 forces the
process material against the wall of the surrounding barrel
(not shown) in a shearing movement as the screw rotates
relative to the stationary barrel. The mastication of the
process material therefore occurs in a pulsating manner,
which can be described as rapid compression and decom-
pression of open volume between the screw flights and the
barrel as each spline 216 of the polygonal shape from a facet
to the adjacent one 214 rotates with respect to the stationary
barrel.
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[0045] For a rubber material, such pulsating pressurization
and shear experience provides desirable molecular chain
scission of the material. Typically, high compression is not
desirable near the in-feed end of an extruder screw because
it could risk to overheat the material. Where such material is
e.g., a rubber formulation, such overheating can lead to
premature thermally induced chemical cross-linking known
to those skilled in the art as curing. By performing high
compression in a pulsating manner as provided by the
present invention, the rubber material will undergo sudden
shear and scission followed by rapid decompression, which
allows the rubber material to relax and dissipate heat. Such
heat dissipation is advantageous to avoiding premature
curing of the rubber while also allowing for increased rates
of flow or throughput for the extruder machine. Additionally,
while not wishing to be bound by any particular theory, it is
believed that the ability of the rubber material to flow
through second section 300 is substantially improved by the
pulsing mastication behavior that occurs in first section 200
using the faceted design for first core 212.

[0046] For the exemplary embodiment depicted in the
figures, facets 214 and splines 216 are helically-shaped
along the longitudinal direction L. of screw element 100.
Stated alternatively, first core section 204 includes a helical
twist along the longitudinal axis A-A. In another advantage
of the present invention, the amount of twist—i.e. the angle
of splines 216 relative to the longitudinal direction [.—can
be used to selectively promote or retard the flow F of
material along longitudinal direction L. as the material is
driven along by flights 218.

[0047] Referring now to FIG. 6, angle a represents the
angle of a spine 216 relative to longitudinal axis A-A. Where
angle o is a positive number as illustrated in FIG. 6 between
zero and +90 degrees, the polygonal shape of first core 212
will help flights 218 retard the material forward flow while
masticating the material relative to flight 218 which pro-
motes flow in the extrusion process direction F. Conversely,
where angle a is a negative number between zero and -90
degrees, the polygonal shape of first core 212 will promote
forward movement of the material in the extrusion process
direction F supplementing the flow behavior generated by
flights 218.

[0048] Accordingly, angle a allows the design extruder
screw element 100 to be tuned for a particular material such
as a rubber mix having a particular rheology. In one exem-
plary embodiment, angle o has a value in the range of zero
degrees to +25 degrees or, in another exemplary embodi-
ment, angle o is about +15 degrees. In another exemplary
embodiment, angle o has a value in the range of zero
degrees to -25 degrees or, in another exemplary embodi-
ment, angle o is about -15 degrees.

[0049] Continuing with FIG. 6, for any point M along a
radially outermost edge of flight 218, angle 6 represents the
angle between the tangent to screw flight 218 at point M and
a plane P normal to the longitudinal direction L or axis A-A
at point M. Angle 0, known to those skilled in the art as the
helix angle, provides another variable for controlling the
level of material processing and throughput rate through first
section 200. In one particular embodiment, angle 6 has a
value in the range of 55 degrees to 65 degrees. In another
exemplary embodiment, angle 6 has a value of about 60
degrees.

[0050] Another advantage of the present invention is that
the inventive screw element can be readily used for retro-
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fitting existing extrusion machines rather than replacing the
entire machine. More particularly, performance improve-
ments can be obtained by replacing a conventional screw
element with the inventive screw element described and
claimed herein. By way of example, an exemplary embodi-
ment of the inventive screw element was used to retrofit an
existing extruder having a 200 mm outside diameter and a
5.5 length to diameter ratio. Trials of the inventive screw
element, wherein compared to a conventional screw element
for the same rubber mix and screw speed, resulted in
extrudate temperatures that were 20° C. to 44° C. higher
without causing premature curing. It was also observed that
the rubber extrudate material had improved geometric shape
conformity as well as improved flowability through the
extrusion die. Additionally, the inventive screw element is
able to provide improved results over a wider range of
rubber formulations (i.e. differing amounts and types of
fillers, plasticizers, elastomer molecular weights, and resins)
than experienced with conventional designs.

[0051] While the present subject matter has been
described in detail with respect to specific exemplary
embodiments and methods thereof, it will be appreciated
that those skilled in the art, upon attaining an understanding
of the foregoing may readily produce alterations to, varia-
tions of, and equivalents to such embodiments. Accordingly,
the scope of the present disclosure is by way of example
rather than by way of limitation, and the subject disclosure
does not preclude inclusion of such modifications, variations
and/or additions to the present subject matter as would be
readily apparent to one of ordinary skill in the art using the
teachings disclosed herein.

What is claimed is:

1. An extrusion machine, comprising:

a screw clement defining longitudinal, circumferential,
and radial directions, the screw element comprising a
first section and a second section positioned sequen-
tially along the longitudinal direction;
the first section comprising

a first core including a plurality of facets positioned
adjacent to each other in the circumferential direc-
tion, each facet extending in the longitudinal
direction over the first section, each facet joined to
an adjacent facet along non-intersecting splines
extending longitudinally over the first section,
wherein the first core has a diameter that increases
in a continuous manner along the longitudinal
direction towards the second section;

a first helically-shaped screw flight wrapped around
the first core of the screw element, the first heli-
cally-shaped flight extending longitudinally over
the first section and projecting radially outward of
the plurality of facets;

the second section comprising

a second core extending along the longitudinal direc-
tion and having a cylindrically-shaped surface;
and

a second helically-shaped screw flight wrapped
around the second core of the screw element, the
second helically-shaped flight extending longitu-
dinally over the second section and projecting
radially outward from the second core.

2. The extrusion machine of claim 1, wherein the first

section further comprises a preliminary core positioned
before the first core, the preliminary core extending along
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the longitudinal direction and forming a frustoconical sur-
face that decreases in diameter towards the first core.

3. The extrusion machine of claim 2, wherein the screw
element defines a functional length along the longitudinal
direction that consists of the first section and the second
section, wherein preliminary core and the first core have an
overall length that is about 4 of the functional length of the
screw element.

4. The extrusion machine as in claim 1, wherein the first
section further comprises a spacer core positioned between
the first core and the second core, the spacer core extending
along the longitudinal direction and forming a frustoconical
surface that decreases in diameter towards the second core.

5. The extrusion machine as in claim 1, wherein the
second section further comprises a third helically-shaped
flight wrapped around the longitudinal axis and extending
along the longitudinal direction, the third helically-shaped
flight divided into segments positioned between the second
helically-shaped flight, wherein the second helically-shaped
flight extends further outward along the radial direction than
the third helically-shaped flight.

6. The extrusion machine as in claim 1, wherein the first
core has a cross-section orthogonal to the longitudinal
direction that is shaped as a polygon having 5, 6, 7, or 8
sides.
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7. The extrusion machine as in claim 1, wherein the first
section has a compression ratio in the range of 18 percent to
25 percent.

8. The extrusion machine as in claim 7, wherein the first
section has a compression ratio of about 22 percent.

9. The extrusion machine as in claim 1, wherein the first
helically-shaped screw flight forms an angle 6 from the
radial direction in the range of 55 degrees to 65 degrees.

10. The extrusion machine as in claim 1, wherein the
second core has a diameter that is substantially uniform
along the longitudinal axis.

11. The extrusion machine as in claim 1, wherein the
splines and facets are helically-shaped along the longitudinal
direction of the screw element.

12. The extrusion machine of claim 11, wherein the
splines form an angle o from the longitudinal direction that
is in the range of 0 degrees to +25 degrees.

13. The extrusion machine of claim 11, wherein the
splines form an angle o from the longitudinal direction that
is in the range of 0 degrees to —25 degrees.

14. The extrusion machine of claim 11, wherein the
splines form an angle o from the longitudinal direction of
+15 degrees.

15. The extrusion machine of claim 11, wherein the
splines form an angle o from the longitudinal direction of
-15 degrees.



