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Abstract

The present invention relates to a worm shaft for a mixing and kneading machine
particularly for continual processing having a shaft bar, on the circumferential surface
of which blade elements are arranged to be spaced apart from one another extending
outwards from the circumferential surface of the shaft bar, wherein the blade elements
are arranged on the circumferential surface of the shaft bar, at least in one section
extending in the axial direction of the worm shaft, in two rows extending in the axial

direction of the worm shaft.
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DOUBLE-BLADED WORM SHAFT FOR A MIXING AND KNEADING MACHINE

The present invention relates to a worm shaft for a mixing and kneading machine
particularly for continual processing, a corresponding worm shaft section, a housing
comprising such a worm shaft or such a worm shaft section and a mixing and

kneading machine for continual processing comprising such a housing.

Such mixing and kneading machines with such worm shafts are used particularly
for the preparation of malleable and/or paste-like masses. For example, they are
used for the preparation of viscoplastic masses, for the homogenisation and
plasticisation of plastics, rubber, and the like, the incorporating of filling and
reinforcing materials, and the manufacture of raw materials for the food industry.
The worm shaft hereby forms the working element, which transports or conveys the
material to be processed forwards in the axial direction and thereby mixes the

components of the material together.

Such mixing and kneading machines are particularly suitable for the manufacture of
polymer granulate, polymer extrusion profiles, polymer moulded parts, and the like.
In the mixing and kneading machine, a homogeneous polymer melt is thereby
produced, which is then for example conveyed into a delivery device and from this

to, for example, a granulating device, a shaft, a conveyor belt or the like.

Such mixing and kneading machines are for example known from CH 278 575 A
and CH 464 656.

In these mixing and kneading machines, the worm shaft preferably does not only
perform a rotary movement, but also moves at the same time in the axial direction,
i.e., in the longitudinal direction of the worm shaft, translationally back and forth. The

movement sequence is therefore characterised preferably in that the worm shaft —
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as seen in the axial direction — performs an oscillating movement being
superimposed over the rotation. This movement sequence enables the introduction
of fittings, namely kneading elements, such as kneading bolts, or kneading cogs,
into the housing of the mixing and kneading machine. Due to the presence of the
kneading elements, the worm being arranged on the main shaft, what is termed the
shaft bar, does not — as seen in the cross-section of the shaft bar — run continuously,
but is subdivided into a multitude of individual blade elements which extend
respectively over a calculated angular section of the cross-sectional circumference
of the shaft bar. Neighbouring blade elements are spaced apart from one another
both in the axial direction and in the outer peripheral direction of the shaft bar, i.e.,
a gap is provided respectively in both the axial direction and in the outer peripheral
direction of the shaft bar between neighbouring blade elements. If, for example, the
entire shaft bar of the worm shaft or an axial section of the shaft bar of the worm
shaft, as seen in the cross-section of the shaft bar, comprises three blade elements
which each extend over an angular section of, for example, 100° of the cross-
sectional circumference of the shaft bar, this is described as a three-bladed worm
shaft or a three-bladed worm shaft section if this blade element arrangement does
not extend over the entire axial length of the shaft bar but rather only over a section
thereof. The rotation and the translatory movement of the worm shaft in the axial
direction are controlled such that the individual blade elements during the rotation
and translatory movement come close with the flanks thereof to the corresponding
kneading elements in order to condense the material being mixed and kneaded, and
to exert a shearing action thereon in order to facilitate the mixing and/or kneading
process without the kneading elements colliding with the blade elements.
Furthermore, because they get close to the flanks of the blade elements during the
rotation and translatory movement of the worm shaft, the kneading elements prevent
the deposition of components of the mixture forming on the flanks of the blade
elements such that the kneading elements also effect a cleaning of the blade
elements as a result. The number and geometry of the blade elements must

naturally be adapted to the number of kneading elements. Usually, the individual
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kneading elements are arranged on the inner peripheral surface of the housing of
the mixing and kneading machine — in the axial direction — in several rows of axially
spaced kneading elements, said rows being coordinated to the geometry and
number of the blade elements and extending over at least one axial section of the
inner peripheral surface of the housing. If, for example, four axially extending rows
of kneading elements are arranged on the inner peripheral surface of the housing,
the worm shaft can have on the outer peripheral surface thereof, for example — as
seen in the cross-section — four blade elements, between which a sufficiently wide
distance is respectively provided so that the kneading elements can move through

these gaps during the rotation and axial movement of the worm shaft.

The described mixing and kneading machines are frequently subdivided into various
process segments in the axial direction, wherein each process segment is occupied
with a corresponding number or geometry of blade elements and kneading elements
depending on the task allocated thereto during operation. For example, depending
on the material to be mixed, a mixing and kneading machine comprises in the axial
direction a feed-in section positioned at the upstream end in which the components
being mixed or kneaded are introduced into the machine, a melting section being
connected downstream therefrom in which the components are melted, a mixing
and dispersing section in which any aggregate of the components of the material
are crushed and mixed as homogeneously as possible with one another, and a
degassing section in which the mixture is degassed. It has already been proposed
that a different number of kneading elements and thereto adapted other blade
elements be provided in individual process sections of the mixing and kneading
machine than in other sections, in order to adjust the conditions in the individual
process sections to the requirements of the different process sections. For example,
it is known to arrange the worm shaft of a mixing and kneading machine in some
sections with three blades and in some sections with four blades, and to accordingly
equip the corresponding process sections of the housing interior wall of the mixing
and kneading machine with three or four rows of kneading elements. This can be

realised in that the housing is subdivided into several housing shells of which some
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have three rows of kneading elements and others have four rows of kneading

elements.

However, the previously known mixing and kneading machines of the
aforementioned type in which is provided, for example, a three-bladed worm shaft,
a four-bladed worm shaft or a worm shaft which is designed in some sections as
three-bladed and in some sections as four-bladed, has the disadvantage that these
require one or more of what are termed retaining rings in order to ensure an effective
plasticisation of the conveyed material in the conveying direction of the worm shaft.
This is because unplasticised material can otherwise pass through the mixing and
kneading machine in the case of materials that are difficult to plasticise. A retaining
ring is a sinusoidal projection on the inner peripheral surface of the housing which
leads to a narrowing in some sections of the hollow interior being formed by the
housing interior wall. Consequently, a retaining ring is a chicane extending from the
inner peripheral surface of the housing through a small axial section, radially into
the hollow interior, which in the hollow interior sets up a suitable backlog until the
material is plasticised far enough to be able to pass the chicane. However, no blade
elements and no kneading elements can be arranged at the location of the retaining
rings, as these would collide there, which is why at these locations, deposits gather
easily which can only be removed with difficulty from the mixing and kneading

machine due to the lack of self-cleaning.

For this reason, the object of the present invention is to overcome the
aforementioned disadvantages and to provide a worm shaft for a mixing and
kneading machine, which makes it possible to avoid the requirement of wear-prone

retaining rings in the housing of the mixing and kneading machine.

According to the invention, this object is achieved by a worm shaft for a mixing and
kneading machine particularly for continual processing having a shaft bar, on the
circumferential surface of which blade elements are arranged to be spaced apart

from one another extending outwards from the circumferential surface of the shaft
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bar, wherein the blade elements are arranged on the circumferential surface of the
shaft bar at least in one section extending in the axial direction of the worm shaft in
two rows extending in the axial direction of the worm shaft.

This solution is based on the knowledge that both the wear resistance of the blade
elements and the quantity of mixture being conveyable in the longitudinal direction
— per time unit and in relation to the worm shaft diameter — can be increased, if the
worm shaft is designed to be two-bladed at least in some sections in place of the
retaining rings. This is because with a two-bladed worm shaft section the forwards
transport is achieved by means of the stroke of the mixing and kneading machine,
whereas a retaining ring always causes a backlog, i.e., the conveying effect is
practically zero. Due to the width of the blade elements, these are less wear-prone
than a retaining ring or blade elements of three-bladed or four-bladed worm shaft
sections. Finally, two-bladed worm shaft sections with the relevant blade element
design make it possible to avoid the use of retaining rings on the inner peripheral
surface of the housing, because the correspondingly designed blade elements
perform the plasticisation of the mixture in conjunction with the kneading elements
attached in the housing, and are also considerably gentler for the mixture than

retaining rings.

According to the invention, the worm shaft has outwardly extending blade elements
on the circumferential surface of the shaft bar, which are arranged on the
circumferential surface of the shaft bar, at least in one section extending in the axial
direction of the worm shaft, in two rows extending in the axial direction of the worm
shaft. Consequently, the present invention relates to a worm shaft, which is
designed to be two-bladed at least in some sections, i.e., a worm shaft, the
circumferential surface of which, i.e., the shell surface thereof, as seen in the cross-
section of the shaft bar, comprises two blade elements, wherein in the axial direction
of the worm shaft neighbouring, spaced apart blade elements each form a row. This
two-bladed section comprises — apart from the blade elements being arranged in

the two rows — no further blade elements, i.e., no individual blade elements being
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arranged between these rows. Thus, by a row of kneading elements extending in
the axial direction of the worm shaft over at least one section of the (outer)
circumferential surface of the shaft bar, it is understood in the sense of the present
invention that a connecting line being positioned over the centre points of the blade
elements of a row, said blade elements being spaced apart from one another in the
axial direction, is at least substantially a straight line, wherein the maximum
deviation of the connecting line from a straight line is less than 10°, preferably less
than 5° and further preferably less than 2°. Centre point of a blade element is
thereby understood to mean the point which is positioned in the centre of the length
of the blade element, wherein the length is the longest extension or longitudinal
extension of the outer peripheral surface of the blade element, i.e., the longest
possible straight line between two different points on the outer peripheral surface of

the blade element.

As stated above, the blade elements are arranged in two rows on the circumferential
surface of the shaft bar at least in one section extending in the axial direction of the
worm shaft. The other axial sections of the worm shaft can be designed differently,
namely for example to be three-bladed, four-bladed, or alternately three-bladed and
four-bladed. The worm shaft according to the present invention can also comprise
two, three or a number of two-bladed sections which are each separated from one
another by one or a number of other sections, wherein this one or a number of other
sections can in turn be designed to be three-bladed, four-bladed, or alternately
three-bladed and four-bladed.

As is usual in terms of the mixing and kneading machines in question, the shaft bar
of the worm shaft according to the invention preferably has a circular cross-section,
wherein the individual blade elements extend radially outwards from the
circumferential surface of the shaft bar.

The present invention is thereby not limited to the type of production of the worm

shaft. For example, the worm shaft can be produced by means of milling a metallic

Date Recgue/Date Received 2020-04-17



10

15

20

25

CA 03084408 2020-04-17

cylinder to form the blade elements or by means of welding the blade elements onto
a shaft bar. In practical terms, the worm shaft however is produced by attaching
individual worm shaft sections onto a base rod, wherein each worm shaft section
comprises, for example, two rows made respectively of 1 to 4 neighbouring blade

elements.

Preferably, the blade elements of the two rows extending in the radial direction of
the worm shaft are positioned opposite the blade elements on the circumferential
surface of the shaft bar — as seen in the cross-section of the shaft bar. By positioned
opposite, it is hereby understood that the centre points of the two neighbouring blade
elements in the circumferential direction of the shaft bar are offset on the
circumferential surface of the shaft bar by 180°. In addition, the opposing blade

elements, as shown below, are preferably also offset in the axial direction.

To produce a good conveying of the mixture to be conveyed in the conveying
direction, it is also preferable that each of the blade elements of the at least one two-
bladed section extending in the axial direction of the worm shaft has a longitudinal
extension, which extends at least substantially perpendicularly to the longitudinal
direction of the worm shaft, i.e., parallel to the circumferential direction of the worm
shaft. An at least substantially perpendicular extension in the longitudinal direction
of the worm shaft is taken to mean that the longitudinal extensions of the blade
elements extend at an angle of 45° to 135°, preferably 60° to 120°, particularly
preferably 80° to 100°, very particularly preferably from 85° to 95° and most

preferably of about 90° to the axial direction of the worm shaft.

In view of the achieved conveying output of the mixture to be conveyed — per time
unit and in relation to the worm shaft diameter —, the wear resistance of the blade
elements, and the achievement of a desired plasticisation, it is proposed in a further
development of the inventive concept that each of the blade elements of the at least
one two-bladed section extending in the axial direction of the worm shaft has an

outer peripheral surface being elliptical, oval, or biconvex in the top view. Preferably,
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in this embodiment of the present invention, the at least one two-bladed section of
the worm shaft extends over at least 0.2 D (i.e., at least over a distance
corresponding to 20% of the diameter), preferably at least 0.5 D (i.e., at least over
a distance corresponding to 50% of the diameter), particularly preferably at least 1
D (i.e., at least over a distance corresponding to the diameter) and very particularly
preferably at least 10 D (i.e., at least over a distance corresponding to 10 times the
diameter) of the length of the worm shaft. Particularly in this embodiment of the
present invention, it is preferable that the longitudinal extensions of the blade
elements extend at least substantially perpendicularly to the longitudinal direction of
the worm shaft, wherein substantially perpendicularly is as defined above.
Alternatively thereto, even when less preferable, not all, but at least 50%, preferably
at least 80% and further preferably at least 90% of all blade elements can have an

outer peripheral surface thus formed.

Preferably, the worm shaft according to the present invention is designed
symmetrically in relation to the blade elements. By this, it is understood that the
blade elements of the two rows of blade elements extending in the axial direction of
the worm shaft are positioned opposite one another and also the blade elements
are at least substantially identical in terms of their geometry and dimensions, i.e.,
that their dimensions differ by a maximum of 10%, preferably by a maximum of 5%,
particularly preferably by a maximum of 2%, more particularly preferably by a
maximum of 1%, very particularly preferably by a maximum of 0.5% and most
preferably not at all. Therefore, it is preferable that each of the blade elements of
the at least one two-bladed section of the worm shaft has the same elliptical, oval
or biconvex outer peripheral surface. Alternatively thereto, even when less
preferable, not all, but at least 50%, preferably at least 80% and further preferably

at least 90% of all blade elements can be designed symmetrically.

Good results are achieved particularly if each of the blade elements of the at least
one two-bladed section of the worm shaft has a biconvex outer peripheral surface,

wherein the biconvex outer peripheral surface particularly preferably has a ratio of

Date Regue/Date Received 2020-04-17



10

15

20

25

CA 03084408 2020-04-17

length L to width B of 3 to 11. Thereby, the length L of the outer peripheral surface
of a blade element in this context, as shown above, is the longest straight extension
of the outer peripheral surface of the blade element. In addition, the width B of the
outer peripheral surface of a blade element in this context is the longest straight
extension of the outer peripheral surface of the blade element, which extends
perpendicularly to the length of the blade element. In a further development of the
inventive concept, it is proposed that the ratio of length L to width B of the outer
peripheral surface of the blade elements of the at least one two-bladed section of
the worm shaft is 4 to 10, particularly preferably 5 to 9, very particularly preferably
6 to 8 and most preferably 7 to 7.5. Alternatively thereto, even when less preferable,
not all, but at least 50%, preferably at least 80%, and further preferably at least 90%

of all blade elements can have the aforementioned geometry.

In principle, the present invention is not limited in terms of the design of the flanks
of the blade elements of the at least one two-bladed section of the worm shaft. The
lateral flanks of the blade elements can therefore extend perpendicularly upwards
from the circumferential direction of the shaft bar to the outer peripheral surface of
the blade elements. However, in view of an improved conveying capacity - per time
unit and in relation to the worm shaft diameter - in terms of the quantity of mixture
conveyed in the longitudinal direction, it is preferable that the lateral flanks of the
blade elements do not extend perpendicularly upwards from the circumferential
direction of the shaft bar to the outer peripheral surface of the blade elements, but
rather are angled. According to a particularly preferable embodiment of the present
invention, it is therefore provided that the lateral flanks of each of the blade elements
of the at least one two-bladed section of the worm shaft extend upwards to the outer
peripheral surface of the blade elements at an angle a of 1° to 60°, preferably of 2°
to 40°, particularly preferably of 3° to 20°, and very particularly preferably of 4° to
10° in relation to the cross-sectional plane of the shaft bar. Alternatively thereto,
even when less preferable, not all, but at least 50%, preferably at least 80% and

further preferably at least 90% of all blade elements can have flanks, which extend
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upwards from the circumferential surface of the shaft bar at the aforementioned

angle.

Both in terms of the wear resistance of the blade elements and in view of the
conveying capacity, it is proposed in a further development of the inventive concept
that the ratio of the axial distance A of two neighbouring blade elements of a row to
the width B of a blade elementis 0.5 to 7. The width B of the blade element is thereby
defined as above and the axial distance A of two axially neighbouring blade
elements is the distance between the centre points of the outer peripheral surfaces
of the axially neighbouring blade elements, wherein the centre point of the outer
peripheral surface of a blade element is defined as above. Preferably, the ratio of
the axial distance B of two neighbouring blade elements of a row to the width B of a
blade element is 0.75 to 3, particularly preferably 1.0 to 2.0, very particularly
preferably 1.25 to 1.75, and most preferably 1.4 to 1.6. Alternatively thereto, even
when less preferable, not all, but at least 50%, preferably at least 90%, and further

preferably at least 80% of all blade elements can have the aforementioned ratio.

According to a further very particularly preferable embodiment of the present
invention, it is provided that each of the blade elements of the at least one two-
bladed section of the worm shaft — as seen in the cross-section of the shaft bar —
extends over an angular distance of at least 160° of the circumferential surface of
the shaft bar. Particularly preferably, each of the blade elements extends over an
angular distance of at least 170°, particularly preferably of at least 175°, even further
preferably of at least or more than 180°, even further preferably of more than 180°
to 270°, even further preferably of 185° to 230°, particularly preferably of 185° to
210°, very particularly preferably of 190° to 200°, and most preferably of 192° to
197°, such as particularly of about 195°, of the circumferential surface of the shaft
bar. Preferably, in this embodiment of the present invention, the at least one two-
bladed section of the worm shaft extends over at least 0.2 D, preferably at least 0.5
D, particularly preferably at least 1 D, and very particularly preferably at least 10 D

of the length of the worm shaft. Also in this embodiment of the present invention, it

Date Regue/Date Received 2020-04-17



10

15

20

25

30

CA 03084408 2020-04-17

11

is particularly preferable that the longitudinal extensions of the blade elements
extend substantially perpendicularly to the longitudinal direction of the worm shaft,
wherein substantially perpendicularly is as defined above. Altermnatively thereto,
even when less preferable, not all, but at least 50%, preferably at least 80%, and
further preferably at least 90% of all blade elements can extend over the

aforementioned angular distance of the shaft bar.

In the above embodiment, it is very particularly preferably that all blade elements
extend over at least substantially the same angular section of the circumferential
surface of the shaft bar, and preferably the blade elements of the rows extending in
the radial direction of the worm shaft are positioned opposite on the circumferential
surface of the shaft bar — as seen in the cross-section of the shaft bar. By at least
substantially identical angular section, it is understood in this context that all angular
sections differ by a maximum of 10%, preferably by a maximum of 5%, particularly
preferably by a maximum of 2%, more particularly preferably by a maximum of 1%,
very particularly preferably by a maximum of 0.5%, and most preferably not at all.
In this embodiment, the ends of the blade elements neighbouring in the
circumferential direction of the shaft bar thus preferably overlap. For this reason, it
is particularly preferable in this embodiment that the two blade elements seen in the
cross-section of the shaft bar as being neighbouring in the circumferential direction
of the shaft bar are slightly displaced with respect to one another in the axial
direction, and preferably such that the two ends of the blade elements being
positioned in the circumferential direction are axially offset, but areas of these two
blade elements, such as the right third of the one blade element and the left third of
the other blade element, overlap, as seen in the circumferential direction of the shaft
bar. Preferably, the two blade elements being neighbouring in the circumferential
direction of the shaft bar as seen in the cross-section of the shaft bar are axially
offset to one another such that the ratio of the axial distance A of the two blade
elements being neighbouring in the circumferential direction of the shaft bar to the
width B of a blade element is 0.25 to 3.5, preferably 0.375 to 1.5, particularly
preferably 0.5 to 1.0, very particularly preferably 0.625 to 0.875, and most preferably
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0.7 to 0.8. Alternatively thereto, even when less preferable, not all, but at least 50%,
preferably at least 90%, and further preferably at least 80% of all blade elements
can have the aforementioned ratio. Thereby, in that the blade elements extend over
the same angular section of the circumferential surface of the shaft bar and that the
blade elements of the two rows of blade elements extending in the axial direction of
the worm shaft are opposite one another and overlap, not only is an excellent
conveying capacity achieved in relation to the quantity of conveyed mixture in the
conveying direction - per time unit and in relation to the worm shaft diameter —, but
also a backflow of part of the mixture being conveyed against the conveying
direction is particularly reliably avoided or at least drastically reduced. Thereby, in
the interior of the housing in which the worm shaft is arranged, a suitable
plasticisation is adjusted such that retaining rings can be omitted on the inner
peripheral surface of the housing, as is necessary in the prior art, without any
undesirable deposits gathering on the worm shaft or on the retaining ring and

particularly on the leeside of the retaining ring.

Alternatively to the aforementioned embodiment, even when less preferable
according to the present invention as the aforementioned advantages are at least
not achieved in this scope, it is however also possible that each of the blade
elements of the at least one two-bladed section of the worm shaft — as seen in the
cross-section of the shaft bar — extends over an angular distance of 20° to 160° of
the circumferential surface of the shaft bar. Alternatively thereto, the blade elements
can also extend over an angular distance of 45° to 135°, of 60° to 120°, of 70° to
110°, of 80° to 100°, or of 85° to 95°, such as for example about 90°. Also in this
embodiment, the at least one two-bladed section of the worm shaft extends over at
least 0.2 D, preferably at least 0.5 D, particularly preferably at least 1 D, and very
particularly preferably at least 10 D of the length of the worm shaft. Also in this
embodiment of the present invention, it is particularly preferable that the longitudinal
extensions of the blade elements extend substantially perpendicularly to the
longitudinal direction of the worm shaft, wherein substantially perpendicularly is as

defined above.
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A further object of the present invention is a section for a worm shaft or a worm shaft
section with a shaft bar having a preferably circular cross-section, wherein elements
extending outwardly from the circumferential surface of the shaft bar are arranged
to be spaced apart from one another on the circumferential surface of the shaft bar
blade, wherein the blade elements on the shaft bar are arranged in at least two rows
extending in the axial direction of the worm shaft over at least one section of the
circumferential surface of the shaft bar, wherein each row comprises preferably one,
two, three, or four blade elements arranged axially to be spaced apart from one
another. The characteristics described as preferable above in relation to the worm

shaft are also preferable for the worm shaft section.

Furthermore, the present invention relates to a housing of a mixing and kneading
machine for continual processing, wherein in the housing a hollow interior is
designed in which a previously described worm shaft or one or more previously
described worm shaft sections extend in the axial direction at least in some sections,
and wherein in the housing a number of kneading elements is provided which extend
from the inner peripheral surface of the housing into the hollow interior of the
housing, wherein the kneading elements are arranged in at least two rows extending
in the axial direction over at least one section of the inner peripheral surface of the
housing. The section of the housing in which the kneading elements are arranged
in at least two rows extending in the axial direction corresponds preferably to the

section in which the blade elements are arranged in two rows on the worm shaft.

In addition, the present invention relates to a mixing and kneading machine for
continual processing, such as for the production of polymer granulate, polymer
extrusion profiles, or polymer moulded parts, having a feed-in and mixing device
and preferably having a discharge device, wherein the feed-in and mixing device
comprises a previously described housing.

The housing of the mixing and kneading machine preferably has on the inner

peripheral surface thereof at least in some sections two rows of kneading elements
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which are opposite one another, as seen in the cross-section of the housing, i.e.,

offset by an angle of 180°.

Below, the present invention is described in more detail with reference to the

drawing, in which:

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1a

1b

2a

2b

2c

shows a schematic longitudinal section of a mixing and kneading

machine according to the invention;

shows a perspective view of the housing of the mixing and kneading

machine shown in Fig. 1a;

shows a perspective view of an axial section of a worm shaft according

to an embodiment of the present invention;

shows a top view of the axial section of the worm shaft shown in Fig.
2a;

shows the flat projection of the shell surface of the shaft bar of the axial
section of the worm shaft shown in Fig. 2a with the blade elements

disposed thereon;

shows the flat projection of the shell surface of the shaft bar of an axial
section of a worm shaft with the blade elements disposed thereon and
kneading elements protruding into a gap between the blade elements

according to another embodiment of the present invention;

shows the flat projection of the shell surface of the shaft bar of an axial
section of a worm shaft with the blade elements disposed thereon and
kneading elements protruding into a gap between the blade elements
according to another embodiment of the present invention;

shows the flat projection of the shell surface of the shaft bar of an axial

section of a worm shaft with the blade elements disposed thereon and
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kneading elements protruding into a gap between the blade elements

according to another embodiment of the present invention; and,

Fig. 6 shows the flat projection of the shell surface of the shaft bar of an axial
section of a worm shaft with the blade elements disposed thereon and
kneading elements protruding into a gap between the blade elements

according to another embodiment of the present invention.

The mixing and kneading machine shown in Figures 1a and 1b and labelled with
100 throughout comprises a housing 10 and a worm shaft 12 arranged in the
housing 10. The housing 10 comprises two housing halves 14, 14’ which are clad
inside with what is termed a housing shell 16. In the present patent application, the
housing shell 16 is deemed to be a component of the housing 10. When the two
housing halves 14, 14’ are closed, the inner peripheral surface of the housing 10
limits a cylindrically hollow interior 18, i.e., an interior 18 with a circular cross-section.
The worm shaft 12 comprises a shaft bar 20, on the circumferential surface of which
blade elements 22 are arranged, which extend radially outwards to the
circumferential surface of the shaft bar 20, wherein the individual blade elements 22
are arranged to be spaced apart from one another. In the two housing halves 14,
14’, receptacles 28 are provided for kneading element 24, i.e., for kneading bolts,
kneading cogs, and the like. Thus, each of the receptacles 28 is a bore 28 which
extends from the inner peripheral surface of the housing shell 16 through the
housing wall. The lower, radially inward end of each receptacle 28 can, for example,
be designed to be square in the cross-section. Each kneading bolt 24 can then, for
example, have on the lower end thereof an end fitting exactly into the square, radially
inward ends of the receptacles 28 and is thereby fixed non-rotatably into the
receptacle 28 in the used state. The kneading bolt 24 is connected on the end
thereof positioned in the receptacle 28 with a fixing element (not shown) used in the
overlying end of the receptacle 28 by means of screwing. Alternatively, the kneading
bolt 24 can also have an internal thread for a screw and be fixed with a screw instead

of using the fixing element and the nut.
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As can be seen particularly from Figure 1b, the mutually evenly spaced apart
receptacles 28 for the kneading bolts 24 extend into each of the two housing halves
14, 14’, as seen in the axial direction, in the form of three rows 29, 29°, 29“. The total
number of rows of receptacles 29, 29, 29" of the housing is therefore six. In the
sense of the present invention, row is taken to mean that a connecting line
positioned over the axially spaced receptacles 28 of a row 29, 29°, 29" is a straight
line. As is shown in Figures 1a and 1b, the mixing and kneading machine 100 is
subdivided in the axial direction into several process sections 34, 34‘, 34“, wherein
each process section 34, 34, 34" is adapted to the function of the individual process
sections 34, 34°, 34 in terms of the number of the kneading bolts 24 and the number
and extension of the blade elements 22 on the shaft bar 20. As is shown in Figure
1b, of the three rows 29, 29, 29“ of receptacles 28 for kneading bolts 24 in the left
section 34 and in the right section 34“ of the upper housing half 14, two rows, namely
the upper row 29 and the lower row 29“, are equipped with kneading bolts 24,
whereas the middle row 29° is not equipped with kneading bolts 24. In contrast to
this, of the three rows 29, 29°, 29“ of receptacles 28 for kneading bolts 24 in the
centre section 34‘ of the upper housing half 14, one row, namely the centre row 29°,
is equipped with kneading bolts 24, whereas the upper row 29 and the lower row
29" are not equipped with kneading bolts 24. Also in the middle section 34° of the
lower housing half 14‘, only the middle row is equipped with kneading bolts such
that the middle section 34‘ of the housing 10 has a total of two rows of opposing
kneading bolts 24, i.e., the angle between the two rows of kneading bolts 24 on the
inner peripheral surface of the housing 10 is 180°. The raw material to be mixed is
added to the mixing and kneading machine 100 by means of the feed hopper 36,
then guided through the process sections 34, 34‘, 34“, and finally discharged
through the outlet opening 38. Instead of the depicted process sections 34, 34°, 34,
the mixing and kneading machine 100 according to the invention can also have
more process sections, for example particularly four process sections, or fewer

process sections, for example two or one process section.
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According to the invention, the worm shaft 12 for a mixing and kneading machine
according to the present invention is designed such that the blade elements 22 on
the circumferential surface of the shaft bar 20, are arranged at least in a section
extending in the axial direction of the worm shaft 12, as is the middle process section
34 shown in Figure 1b, in two rows extending in the axial direction of the worm shaft

12, i.e., the worm shaft 12 is designed in some sections to be two-bladed.

Figures 2a through 2¢ show such a two-bladed section of a worm shaft 12 according
to a preferred embodiment of the present invention. On the cylindrical shaft bar 20
of the worm shaft 12 are arranged blade elements 22, 22, 22“, 22 extending
radially outwards from the circumferential surface of the shaft bar 20. Thus, the
individual blade elements 22, 22°, 22, 22" are designed such that, in the top view,
they have biconvex outer peripheral surfaces, wherein the longitudinal extensions L
of the blade elements 22, 22°, 22 22’ extend perpendicularly to the longitudinal
extension of the worm shaft 12. Longitudinal extension L is understood to mean the
longest possible straight line between two different points on the outer peripheral
surface of a blade element 22, 22°, 22, 22°”, i.e., the length L in this case. All blade
elements 22, 22°, 22, 22" have the same form and the same dimensions. The ratio
of the length L to the width B of the individual blade elements 22, 22, 22, 22" is
about 7.25, wherein the width B is the longest straight extension of the outer
peripheral surface of the blade element 22, 22°, 22" 22 |, which extends
perpendicularly to the length L of the blade element 22, 22°, 22", 22"". As can be
seen particularly from Figures 2a and 2b, the lateral flanks 42 of the blade elements
22,22, 22", 22" do not extend from the circumferential surface of the shaft bar 20
to the outer peripheral surface of the blade elements 22, 22°, 22% 227
perpendicularly, but rather at an angle a of 2°. Neighbouring blade elements 22, 22°,
22%, 22 are arranged to be spaced apart from one another both in the

circumferential direction of the shaft bar 20 and in the axial direction.

Thereby, both the axially spaced apart blade elements 22, 22 are arranged in an

axially extending row 40, and the axially spaced apart blade elements 22, 22" are
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arranged in an axially extending row 40‘. According to the present invention, an
axially extending row 40, 40° of blade elements 22, 22°, 22*, 22" exists if — as in the
embodiment shown in Figures 2a, 2b, and 2¢ — a connecting line positioned over
the centre points M of the outer peripheral surface of blade elements 22, 22° or 22°,
22" being arranged to be spaced apart from one another in the axial direction is a
straight line. The centre point M of a blade element 22, 22°, 22“, 22 is thus the
point which is located in the middle of the length L of the blade element 22, 22°, 22,
22, The individual blade elements 22, 22° of the row 40 are located opposite the
blade elements 22“, 22" of the row 40° on the circumferential surface of the shaft
bar 20 — as seen in the cross-section of the shaft bar 20 —, i.e., the centre points M
of the outer peripheral surface of the blade elements 22, 22°, 22, 22’ of both rows
40, 40° are displaced from one another by 180° on the circumferential surface of the
shaft bar. The ratio of the axial distance A of the neighbouring blade elements 22,
22" of the row 40 and the neighbouring blade elements 22, 22" of the row 40 to
the width B of the blade elements 22, 22° is respectively about 1.5. The width B of
the blade element is thereby defined as above and the axial distance A of two axially
neighbouring blade elements 22, 22 or 22", 22** is the distance between the centre
points M of the outer peripheral surfaces of the axially neighbouring blade elements
22,22 or 22“, 22"

All lengths L of the blade elements 22, 22°, 22", 22" extend respectively over the
same angular section of 195° over the (outer) circumferential surface or shell
surface of the shaft bar 20. Because these angles are more than 180°, the ends of
the neighbouring blade elements 20, 20 or 20°, 20" in the circumferential direction
of the shaft bar 20 overlap in some parts. For this reason, the blade elements 20,
20" or 20, 20" as seen in the cross-section of the shaft bar 20 being neighbouring
in the circumferential direction of the shaft bar 20 are slightly displaced with respect
to one another in the axial direction, and such that the two ends of the blade
elements being positioned in the circumferential direction of the shaft bar 20 are
axially offset by about 60% of the width B of a blade element 22, 22°, 22, 22°”, such

that areas of these two blade elements, such as the right third of the one blade

Date Regue/Date Received 2020-04-17



10

15

20

25

CA 03084408 2020-04-17

19

element 22 and the left third of the other blade element 22", overlap, as seen in the
circumferential direction of the shaft bar 20 of the shaft bar. Through this
comparatively long extension of the blade elements 22, 22, 22", 22 and the
resulting partial overlapping of the blade elements 22, 22°, 22, 22°”, not only is an
excellent conveying capacity achieved in relation to the quantity of conveyed mixture
in the conveying direction - per time unit and in relation to the worm shaft diameter
— but also a backflow of part of the mixture being conveyed against the conveying
direction is particularly reliably avoided or at least drastically reduced. Thereby, in
the interior 18 of the housing 20 in which the worm shaft 12 is arranged, a suitable
plasticisation is set up such that retaining rings can be omitted on the inner
peripheral surface of the housing 10, as is necessary in the prior art, without any

undesirable deposits gathering on the worm shaft 12.

Figure 3 shows the flat projection of the shell surface of the shaft bar 20 of an axial
section of a worm shaft 12 with the blade elements 22, 22, 22, 22" disposed
thereon and kneading elements 24 protruding into a gap between the blade
elements 22, 22°, 22%, 22 according to another embodiment of the present
invention. When operating the mixing and kneading machine, the worm shaft 12
rotates and the worm shaft 12 moves at the same time back and forth in a translatory
movement once per revolution. The lateral flanks 42 of the blade elements 22, 22,

22", 22" thereby move along the kneading elements 24.

Figures 4 to 6 show alternative embodiments to that in Figure 3. With the
embodiment shown in Figure 4, the angular section over the blade elements 22, 22,
22%, 22" is less than in the embodiment of Figure 3. In addition, the housing inner
peripheral surface in this embodiment comprises three rows of kneading bolts 24.
With the embodiment shown in Figure 5, the housing inner peripheral surface
comprises 4 rows of kneading bolts 24, and 6 rows of kneading bolts 24 are in the
embodiment shown in Figure 6. In addition, the blade elements 22, 22°, 22, 22
shown in Figures 5 and 6 have a different geometry to that shown in Figures 3 and
4.
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List of reference symbols

Housing

Worm shaft

Housing half

Housing shell

Hollow interior

Shaft bar

Blade element

Kneading element/kneading bolt
Receptacle/bore for kneading element
(Axially extending) row of receptacles for kneading elements
Process section

Feed hopper

QOutlet opening

(Axially extending) row of blade elements
Lateral flank of a blade element

Mixing and kneading machine

Angle between the circumferential surface of the shaft bar and
the lateral flank of a blade element

Axial distance A of two neighbouring blade elements of one
row

Width (longest straight extension of the outer peripheral
surface of the blade element, which extends perpendicularly
to the length of the blade element)

Length (longest straight extension of the outer peripheral

surface of the blade element)
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M Centre point of the outer peripheral surface of a blade element
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Claims amended according to Article 34 PCT

A worm shaft (12) for a mixing and kneading machine (100) particularly for
continual processing having a shaft bar (20) having a circular cross-section,
on the circumferential surface of which blade elements (22, 22°, 22, 22™)
extending outwards from the circumferential surface of the shaft bar (20) are
arranged to be spaced apart from one another, wherein the blade elements
(22, 22°, 22“, 22’”) are arranged on the circumferential surface of the shaft bar
(20), at least in one section extending in the axial direction of the worm shaft
(12), in two rows (40, 40) extending in the axial direction of the worm shaft
(12), wherein this section extending in the axial direction of the worm shaft (12)
does not comprise any further blade elements except those arranged in the
two rows, wherein each of the blade elements (22, 22°, 22, 22"") of the at |least
one section extending in the axial direction of the worm shaft (12) — as seen in
the cross-section of the shaft bar (20) — extends over an angular distance of
20° to 160°, wherein the section of the worm shaft (12) extending in the axial
direction in which each of the blade elements (22, 22, 22“, 22’’) has the
aforementioned form of outer peripheral surface is at least 0.2 D of the length

of the worm shaft (12), wherein D is the diameter of the worm shaft (12).

The worm shaft (12) according to claim 1, characterised in that the blade
elements (22, 22°, 22", 22°) extend radially outwards from the circumferential
surface of the shaft bar (20).

The worm shaft (12) according to claim 1 or 2, characterised in that the blade
elements (22, 22', 22", 22”’) of the two rows (40, 40°) are positioned opposite
one another on the circumferential surface of the shaft bar (20) — as seen in

the cross-section of the shaft bar (20).
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The worm shaft (12) according to at least one of the previous claims,
characterised in that each of the blade elements (22, 22, 22", 22") of the at
least one section extending in the axial direction of the worm shaft (12) has
a longitudinal extension L, which extends at an angle of 45° to 135°,
preferably 60° to 120°, particularly preferably 80° to 100°, very particularly
preferably from 85° to 95°, and most preferably of about 90° to the axial

direction of the worm shaft (12).

The worm shaft (12) according to at least one of the previous claims,
characterised in that each of the blade elements (22, 22, 22", 22") of the at
least one section extending in the axial direction of the worm shaft (12) has
an elliptic, oval, or biconvex outer peripheral surface in the top view, wherein
preferably the section of the worm shaft (12) extending in the axial direction
in which each of the blade elements (22, 22', 22", 22”) has the
aforementioned form of outer peripheral surface is at least 0.2 D, preferably
at least 0.5 D, particularly preferably at least 1 D and very particularly
preferably at least 10 D of the length of the worm shaft (12).

The worm shaft (12) according to claim 5, characterised in that each of the
blade elements (22, 22°, 22*, 22”’) has the same elliptical, oval, or biconvex

outer peripheral surface.

The worm shaft (12) according to claim 5 or 6, characterised in that each of
the blade elements (22, 22°, 22, 22””’) has a biconvex outer peripheral surface
with a ratio of length L to width B of 3 to 11, preferably of 4 to 10, particularly
preferably of 5 to 9, very particularly preferably of 6 to 8, and most preferably
of 7 to 7.5, wherein the length L is the longest straight extension of the outer
peripheral surface of the blade element (22, 22°, 22", 22°”) and the width B is

the longest straight extension of the outer peripheral surface of the blade
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element (22, 22°, 22", 22””), which extends perpendicularly to the length L of
the blade element (22, 22, 22", 22').

The worm shaft (12) according to at least one of claims 5 through 7,
characterised in that the lateral flanks (42) of each of the blade elements (22,
22!, 22, 22’) extend perpendicularly upwards from the circumferential
direction of the shaft bar (20) to the outer peripheral surface (22, 22°, 22", 22)
of the blade elements (22, 22, 22% 22"), or at an angle a of 1° to 60°,
preferably of 2° to 40°, particularly preferably of 3° to 20°, and very particularly
preferably of 4° to 10° in relation to the cross-sectional plane of the shaft bar
(20).

The worm shaft (12) according to at least one of the previous claims,
characterised in that the ratio of the axial distance A of two neighbouring blade
elements (22, 22°, 22", 22””) of a row (40, 40°) to the width B of a blade element
(22, 22°, 22, 22°) is 0.5 to 5, preferably 0.75 to 3, particularly preferably 1.0
to 2.0, very particularly preferably 1.25 to 1.75, and most preferably 1.4 to 1.6,
wherein the width B is the longest straight extension of the outer peripheral
surface of the blade element (22, 22, 22", 22’”), which extends perpendicularly
to the length L of the blade element (22, 22°, 22", 22’”), and the axial distance
A of two axially neighbouring blade elements (22, 22°, 22, 22*) is the distance
between the centre points M of the outer peripheral surfaces of the
neighbouring blade elements (22, 22°, 22*, 22*), wherein the centre point M
of a blade element (22, 22°, 22, 22"} is the point which is located in the middle
of the longest straight extension L of the outer peripheral surface of the blade
element (22, 22°, 22, 22").

The worm shaft (12) according to at least one of the previous claims,
characterised in that each of the blade elements (22, 22, 22", 22") of the at

least one section extending in the axial direction of the worm shaft (12) — as
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seen in the cross-section of the shaft bar (20) — extends over an angular
distance of at least 160°, preferably of at least 170°, further preferably of at
least 175°, even further preferably of more than 180°, even further preferably
of more than 180° to 270°, particularly preferably of 185° to 230°, particularly
preferably of 185° to 210°, very particularly preferably of 190° to 200°, and
most preferably of 192° to 197° of the circumferential surface of the shaft bar
(20), wherein preferably the section of the worm shaft (12) extending in the
axial direction in which each of the blade elements (22, 22°, 22", 22"”) extends
over the aforementioned angular distance of the circumferential surface of
the shaft bar (20), is at least 0.2 D, preferably at least 0.5 D, particularly
preferably at least 1 D, and very particularly preferably at least 10 D of the
length of the worm shaft (12).

The worm shaft (12) according to at least one of claims 1 through 9,
characterised in that each of the blade elements (22, 22, 22", 22°) of the at
least one section extending in the axial direction of the worm shaft (12) — as
seen in the cross-section of the shaft bar (20) — extends over an angular
distance of 45° to 135°, particularly preferably of 60° to 120°, further
preferably of 70° to 110°, very particularly preferably of 80° to 100°, and most
preferably of 85° to 95° of the circumferential surface of the shaft bar (20),
wherein preferably the section of the worm shaft (12) extending in the axial
direction in which each of the blade elements (22, 22°, 22", 22°”) extends over
the aforementioned angular distance of the circumferential surface of the
shaft bar (20), is at least 0.5 D, particularly preferably at least 1 D, and very
particularly preferably at least 10 D of the length of the worm shaft (12).

The worm shaft (12) according to at least one of the previous claims,
characterised in that each of the blade elements (22, 22, 22", 22°) of the at
least one section extending in the axial direction of the worm shaft (12) — as

seen in the cross-section of the shaft bar (20) — extends over the same
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angular distance of the circumferential surface of the shaft bar (20), wherein
preferably the section of the worm shaft (12) extending in the axial direction
in which each of the blade elements (22, 22, 22, 22’’) extends over the
same angular distance of the circumferential surface of the shaft bar (20) is
at least 0.2 D, preferably at least 0.5 D, particularly preferably at least 1 D,
and very particularly preferably at least 10 D of the length of the worm shaft
(12).

A section for a worm shaft (12) having a shaft bar (20) with a circular cross-
section, wherein on the circumferential surface of the shaft bar (20), blade
elements (22, 22°, 22", 22”’) extending outwards from the circumferential
surface of the shaft bar (20) are arranged to be spaced apart from one
another, wherein the blade elements (22, 22, 22", 22’) are arranged on the
shaft bar (20) in two rows (40, 40°) extending in the axial direction of the worm
shaft (12) over at least one section of the circumferential surface of the shaft
bar (20), wherein this section extending in the axial direction of the worm
shaft (12) does not comprise any further blade elements except those
arranged in the two rows, wherein each of the blade elements (22, 22°, 22“,
22”) of the at least one section extending in the axial direction of the worm
shaft (12) — as seen in the cross-section of the shaft bar (20) — extends over
an angular distance of 20° to 160°, wherein the section of the worm shaft (12)
extending in the axial direction in which each of the blade elements (22, 22,
22", 22"’) has the aforementioned form of outer peripheral surface is at least
0.2 D of the length of the worm shaft (12), wherein D is the diameter of the
worm shaft (12), and wherein each row (40, 40°) comprises one, two, three,
or four blade elements (22, 22°, 22, 22’”) arranged to be axially spaced apart

from one another.

A housing (10) of a mixing and kneading machine (100) for continual

processing, wherein in the housing (10) a hollow interior (18) is designed in
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which at least in some sections extend in the axial direction of a worm shaft
(12) according to at least one of the claims 1 through 12, or one or a number
of sections for one worm shaft (12) according to claim 13, and wherein is
provided in the housing (10) a number of kneading elements (24) which
extend to the inner peripheral surface of the housing (10) in the hollow interior
(18) of the housing (10), wherein the kneading elements (24) are arranged in
at least two rows extending in the axial direction over at least one section of

the inner peripheral surface of the housing (10).

15.  The mixing and kneading machine (100) for continual processing, such as for
the production of polymer granulate, polymer extrusion profiles, or polymer

moulded parts, comprising a housing according to claim 14.
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