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Description

Title of Invention: A SEALING DEVICE FOR A ROTOR SHAFT
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OF A KNEADER
Technical Field

The field of the invention is that of a sealing device for a rotor shaft of a kneader.
Background

A kneader(s) for mixing a material(s) has been provided with a rotor shaft(s), and the
kneader(s) has been additionally equipped with a sealing device(s) in order to prevent

leak of material(s) to outside of a mixing chamber(s) of the kneader(s).
Citation List

Patent Literature
PTL 1: US5413475A

The patent literature 1 discloses a screw is inserted within a cylinder of an extruder,
and in a base portion of the screw is formed a cooling bore, and between the base
portion of the screw and the cylinder is disposed a first visco seal sleeve having
multiple-start square threads on its inner circumference.

A constant objective of manufacturers using kneaders is to reduce the above leak.
Summary of Invention

Technical Problem

During the research, the inventors have discovered a specific sealing device (123) for
a rotor shaft of a kneader, which allows an unexpectedly improved reduction of leak of
mixing material.
Solution to Problem

The solution is a sealing device (123) for a rotor shaft (1) of a kneader, and the

sealing device (123) provided with a first visco seal (2) and a second visco seal (3).

Advantageous Effects of Invention

The specific sealing device (123) for a rotor shaft of a kneader allows an unex-
pectedly improved reduction of leak of mixing material.
Brief Description of Drawings
[Fig.1]Fig. 1 shows a schematic view of a part (especially, a sealing device (123)) of a
kneader cross sectional view according to this invention;
[Fig.2]Fig. 2 shows a schematic view of a sealing device (123) (especially, a first visco
seal rotary portion (22)) cross sectional view according to this invention;
[Fig.3]Fig. 3 shows a schematic view of a sealing device (123) (especially, a second

visco seal (3) provided with a second visco seal stationary portion (31) and a second
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visco seal rotary portion (32)) cross sectional view according to this invention;
[Fig.4]Fig. 4 shows a schematic view of a sealing device (123) (especially, a second
visco seal rotary portion (32)) cross sectional view according to this invention;
Description of Embodiments

Each of the below aspect(s), the embodiment(s), the instantiation(s), and the
variant(s) including each of the preferred range(s), matter(s) or both may be applied to
any one of the other aspect(s), the other embodiment(s), the other instantiation(s) and
the other variant(s) of the invention unless expressly stated otherwise.

Any interval of values denoted by the expression “between a and b” represents the
range of values of more than “a” and of less than “b” (i.e. the limits a and b excluded)
whereas any interval of values denoted by the expression “from a to b” means the
range of values going from “a” to “b” (i.e. including the strict limits a and b).

Figs.1, 2, 3 and 4 show a first aspect of the invention that is a sealing device (123)
for a rotor shaft (1) of a kneader; the rotor shaft (1) having a rotor shaft diameter (1D)
and a rotation axis (1C); the sealing device (123) provided with a first visco seal (2)
and a second visco seal (3) arranged closer to a discharge side end (5) of the rotor shaft
(1) than the first visco seal (2); the first visco seal (2) provided with a first visco seal
stationary portion (21), a first visco seal rotary portion (22) rotating with the rotor shaft
(1), and at least one first visco seal clearance (2122C) that is at least one distance from
the first visco seal stationary portion (21) to the first visco seal rotary portion (22); the
first visco seal rotary portion (22) having at least one first visco seal rotary portion
helical groove (221) and at least one first visco seal rotary portion thread (222) formed
on a radially outer circumferential surface of the first visco seal rotary portion (22); the
first visco seal rotary portion helical groove (221) helically extending around the
rotation axis (1C) of the rotor shaft (1); the first visco seal rotary portion thread (222)
delimited via the first visco seal rotary portion helical groove (221); the second visco
seal (3) provided with a second visco seal stationary portion (31), at least one second
visco seal rotary portion (32) rotating with the rotor shaft (1), and at least one second
visco seal clearance (3132C, 31243214C, 31243224C, 31143224C, 312453224C,
3124532145C, 312453225C, 31153225C, 31253225C, 31253215C) that is at least one
distance from the second visco seal stationary portion (31) to the second visco seal
rotary portion (32); the second visco seal rotary portion (32) having at least one second
visco seal rotary portion helical groove (32241, 32251) and at least one second visco
seal rotary portion thread (32242, 32252) formed on the radially outermost circum-
ferential surface of the second visco seal rotary portion (32);

- the second visco seal rotary portion helical groove (32241, 32251) helically

extending around the rotation axis (1C) of the rotor shaft (1); and
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- the second visco seal rotary portion thread (32242, 32252) delimited via the second
visco seal rotary portion helical groove (32241, 32251).

According to a preferred embodiment of the invention, wherein the kneader is an
equipment for kneading at least one of a plastic, a rubber or a combination thereof, or
an agent and at least one of a plastic, a rubber or a combination thereof by a blade (1B)
fixed with the rotor shaft of the kneader, preferably the agent is at least one of a filler
agent, a coupling agent, a plasticizing agent, an antiaging agent, an antioxidant agent, a
crosslinking agent or a combination thereof.

According to a preferred embodiment of the invention, wherein the first visco seal
stationary portion (21) is fixed with a housing (7) of the kneader, the second visco seal
stationary portion (31) or both.

According to a preferred embodiment of the invention, wherein the second visco seal
stationary portion (31) is fixed with at least one of the housing (7) of the kneader, the
first visco seal stationary portion (21) or both.

According to a preferred embodiment of the invention, wherein the first visco seal
rotary portion (22) is fixed with the rotor shaft (1), the second visco seal rotary portion
(32) or both.

According to a preferred embodiment of the invention, wherein the second visco seal
rotary portion (32) is fixed with the rotor shaft (1), the first visco seal rotary portion
(22) or both.

The “radially” means “in a radial direction”, and the radial direction is a direction
perpendicular to an axial direction that is a direction to parallel to the rotation axis (1C)
of the rotor shaft (1).

According to a preferred embodiment of the invention, wherein the second visco seal
rotary portion convex part is a radially convex part in the second visco seal rotary
portion (32).

A second aspect of the invention is the sealing device (123) according to the first
aspect, wherein the first visco seal rotary portion (22) has a first visco seal rotary
portion diameter (22D) that is twice as long as a distance from the radially outermost
of the first visco seal rotary portion (22) to the rotation axis (1C) of the rotor shaft (1),
and wherein the second visco seal rotary portion (32) has a second visco seal rotary
portion diameter (32D) that is twice as long as a distance from the radially outermost
of the second visco seal rotary portion (32) to the rotation axis (1C) of the rotor shaft
(1), preferably wherein the second visco seal rotary portion diameter (32D) is longer
than the first visco seal rotary portion diameter (22D), more preferably wherein a ratio
of the second visco seal rotary portion diameter (32D) to the first visco seal rotary
portion diameter (22D) is between 100.0% and 150.0%, still more preferably between
105.0% and 140.0%, particularly between 110.0% and 130.0%. The ratio is 118.5% in
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the present example shown in the Figs. That can make the sealing performance of the
second visco seal (3) more efficient.

According to a preferred embodiment of the second aspect, wherein a ratio of the
first visco seal rotary portion diameter (22D) to the rotor shaft diameter (1D) is
between 100.0% and 150.0%, preferably between 100.0% and 140.0%, more
preferably between 105.0% and 135.0%, still more preferably between 110.0% and
130.0%. That is for compromise between efficient sealing and prevention of over-
heating. The ratio of the first visco seal rotary portion diameter (22D) to the rotor shaft
diameter (1D) is 119.4% in the present example shown in the Figs.

According to a preferred embodiment of the second aspect, wherein a ratio of the
second visco seal rotary portion diameter (32D) to the rotor shaft diameter (1D) is
between 100% and 200.0%, preferably between 110.0% and 170.0%, more preferably
between 120.0% and 160.0%, still more preferably between 130.0% and 150.0%. That
is for compromise between efficient sealing and prevention of over-heating. The ratio
of the second visco seal rotary portion diameter (32D) to the rotor shaft diameter (1D)
is 142.0% in the present example shown in the Figs.

A third aspect of the invention is the sealing device (123) according to the first or the
second aspect, wherein the first visco seal rotary portion (22) has a first visco seal
rotary portion width (22W) in a direction parallel to the rotation axis (1C) of the rotor
shaft (1), and wherein the second visco seal rotary portion (32) has a second visco seal
rotary portion width (3224W, 3225W) in a direction parallel to the rotation axis (1C)
of the rotor shaft (1), preferably wherein the second visco seal rotary portion width
(3224W, 3225W) is shorter than the first visco seal rotary portion width (22W) (for
prevention of over-heating), preferably wherein a ratio of the second visco seal rotary
portion width (3224W, 3225W) to the first visco seal rotary portion width (22W) is
between 5.0% and 20.0%, more preferably between 10.0% and 15.0%. That is for
compromise between efficient sealing and prevention of over-heating. The ratio of the
second visco seal rotary portion width (3224W, 3225W) to the first visco seal rotary
portion width (22W) is 11.9% in the present example shown in the Figs.

According to a preferred embodiment of the third aspect, wherein a ratio of the first
visco seal rotary portion width (22W) to the rotor shaft diameter (1D) is between
50.0% and 100.0%, preferably between 55.0% and 95.0%, more preferably between
60.0% and 90.0%, still more preferably between 65.0 and 85.0%, particularly between
70.0% and 75.0%. That is for compromise between efficient sealing and prevention of
over-heating. The ratio of the first visco seal rotary portion width (22W) to the rotor
shaft diameter (1D) is 74.3% in the present example shown in the Figs.

According to a preferred embodiment of the third aspect, wherein a ratio of the
second visco seal rotary portion width (3224W, 3225W) to the rotor shaft diameter
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(1D) is between 4.0% and 20.0%, preferably between 5.0% and 13.0%, more
preferably between 6.0% and 12.0%, still more preferably between 7.0% and 11.0%.
That is for compromise between efficient sealing and prevention of over-heating. The
ratio of the second visco seal rotary portion width (3224W, 3225W) to the rotor shaft
diameter (1D) is 8.8% in the present example shown in the Figs.

A fourth aspect of the invention is the sealing device (123) according to any one of
the first to the third aspect, wherein the first visco seal rotary portion thread (222) has a
first visco seal rotary portion thread height (222H) in a direction perpendicular to the
rotation axis (1C) of the rotor shaft (1), and wherein the second visco seal rotary
portion thread (32242, 32252) has a second visco seal rotary portion thread height
(32242H, 32252H) in a direction perpendicular to the rotation axis (1C) of the rotor
shaft (1), preferably wherein the second visco seal rotary portion thread height
(32242H, 32252H) is shorter than the first visco seal rotary portion thread height
(222H) (for prevention of over-heating), more preferably a ratio of the second visco
seal rotary portion thread height (32242H, 32252H) to the first visco seal rotary portion
thread height (222H) is between 60% and 100%, still more preferably between 65%
and 95%, particularly between 70% and 90%, more particularly between 75% and
85%. That is for compromise between efficient sealing and prevention of over-heating.
The ratio of the second visco seal rotary portion thread height (32242H, 32252H) to
the first visco seal rotary portion thread height (222H) is 80.0% in the present example
shown in the Figs.

According to a preferred embodiment of the fourth aspect, wherein a ratio of the first
visco seal rotary portion thread height (222H) to the rotor shaft diameter (1D) is
between 1.0% and 10.0%, preferably between 1.0% and 8.0%, more preferably
between 1.0% and 6.0%, still more preferably between 2.0% and 4.0%. That is for
compromise between efficient sealing and prevention of over-heating. The ratio of the
first visco seal rotary portion thread height (222H) to the rotor shaft diameter (1D) is
3.3% in the present example shown in the Figs.

According to a preferred embodiment of the fourth aspect, wherein a ratio of the
second visco seal rotary portion thread height (32242H, 32252H) to the rotor shaft
diameter (1D) is between 1.0% and 10.0%, preferably between 1.0% and 7.0%, more
preferably between 1.0% and 6.0%, still more preferably between 1.0% and 5.0%. That
is for compromise between efficient sealing and prevention of over-heating. The ratio
of the second visco seal rotary portion thread height (32242H, 32252H) to the rotor
shaft diameter (1D) is 2.7% in the present example shown in the Figs.

A fifth aspect of the invention is the sealing device (123) according to any one of the
first to the fourth aspects, wherein the first visco seal rotary portion thread (222) has a

first visco seal rotary portion thread angle (222A) from a side of the first visco seal
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rotary portion thread (222) to another side of the first visco seal thread on a cross
section parallel to and including the rotation axis (1C) of the rotor shaft (1), and
wherein the second visco seal rotary portion thread (32242, 32252) has a second visco
seal rotary portion thread angle (32242A, 32252A) from a side of the second visco seal
rotary portion thread (32242, 32252) to another side of the second visco seal rotary
portion thread (32242, 32252) on a cross section parallel to and including the rotation
axis (1C) of the rotor shaft (1), preferably wherein the second visco seal rotary portion
thread angle (32242A, 32252A) is smaller than the first visco seal rotary portion thread
angle (222A) (for prevention of over-heating).

According to a preferred embodiment of the fifth aspect, wherein the first visco seal
rotary portion thread angle (222A) is between 5 and 50 degrees, preferably between 10
and 40 degrees, more preferably between 15 and 35 degrees, still more preferably
between 20 and 30 degrees, particularly between 21 and 25 degrees. That is for
compromise between efficient sealing and prevention of over-heating. The first visco
seal rotary portion thread angle (222A) is 24 degrees in the present example shown in
the Figs.

According to a preferred embodiment of the fifth aspect, wherein second visco seal
rotary portion thread angle (32242A, 32252A) is between 0 and 40 degrees, preferably
between 5 and 35 degrees, more preferably between 10 and 30 degrees, still more
preferably between 15 and 25 degrees, particularly between 16 and 24 degrees. That is
for compromise between efficient sealing and prevention of over-heating. The second
visco seal rotary portion thread angle (32242A, 33252A) is 21 degrees in the present
example shown in the Figs.

A sixth aspect of the invention is the sealing device (123) according to any one of the
first to the fifth aspects, wherein the first visco seal rotary portion thread (222) has a
first visco seal rotary portion thread helix angle (222HA) from a direction parallel to
the rotation axis (1C) of the rotor shaft (1) to a direction on which the first visco seal
rotary portion thread (222) extends, and wherein the second visco seal rotary portion
thread (32242, 32252) has a second visco seal rotary portion thread helix angle
(32242HA, 32252HA) from a direction parallel to the rotation axis (1C) of the rotor
shaft (1) to a direction on which the second visco seal rotary portion thread (32242,
32252) extends, preferably wherein the second visco seal rotary portion thread helix
angle (32242HA, 32252HA) is smaller than the first visco seal portion thread helix
angle (222HA) (for prevention of over-heating).

According to preferred embodiment of the sixth aspect, wherein the first visco seal
rotary portion thread helix angle (222HA) is between 50 and 90 degrees, preferably
between 55 and 85 degrees, more preferably between 60 and 80 degrees, still more

preferably between 65 and 75 degrees. That is for compromise between efficient
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sealing and prevention of over-heating. The first visco seal rotary portion thread helix
angle (222HA) is 70 degrees in the present example shown in the Figs.

According to preferred embodiment of the sixth aspect, wherein the second visco seal
rotary portion thread helix angle (32242HA, 32252HA) is between 30 and 70 degrees,
preferably between 35 and 65 degrees, more preferably between 40 and 60 degrees,
still more preferably between 45 and 55 degrees. That is for compromise between
efficient sealing and prevention of over-heating. The second visco seal rotary portion
thread helix angle (32242HA, 32252HA) is 51 degrees in the present example shown
in the Figs.

A seventh aspect of the invention is the sealing device (123) according to any one of
the first to the sixth aspects, wherein the first visco seal rotary portion thread (222) has
a first visco seal rotary portion thread development of helix (222DH), and wherein the
second visco seal rotary portion thread (32242, 32252) has a second visco seal rotary
portion thread development of helix (32242DH, 32252DH), preferably wherein the
second visco seal rotary portion thread development of helix (32242DH, 32252DH) is
shorter than the first visco seal rotary portion thread development of helix (222DH)
(for prevention of over-heating), more preferably wherein a ratio of the second visco
seal rotary portion thread development of helix (32242DH, 32252DH) to the first visco
seal rotary portion thread development of helix (222DH) is between 80.0% and
100.0%, still more preferably between 85.0% and 95.0%. That is for compromise
between efficient sealing and prevention of over-heating. The ratio of the second visco
seal rotary portion thread development of helix (32242DH, 32252DH) to the first visco
seal rotary portion thread development of helix (222DH) is 88.9% in the present
example shown in the Figs.

The first visco seal rotary portion thread development of helix (222DH) is a distance
of helix of the first visco seal rotary portion thread (222) during one complete turn
(360 degrees) of the rotor shaft (1), and the first visco seal rotary portion thread de-
velopment of helix (222DH) has the following relation: 222DH=22Dxrt/Sin(222HA).

The second visco seal rotary portion thread development of helix (32242DH,
32252DH) is a distance of helix of the second visco seal rotary portion thread (32242,
32252) during one complete turn (360 degrees) of the rotor shaft (1), and the second
visco seal rotary portion thread development of helix (32242DH, 32252DH) has the
following relation: 32242DH=32Dxnt/Sin(32242HA), 32252DH=32Dxzx /
Sin(32252HA) in case of that the radially outermost of the second visco seal rotary
portion (32) is the radially outermost of the second visco seal rotary portion (32242,
32252) as the present example shown in the Figs.

According to a preferred embodiment of the seventh aspect, wherein a ratio of the

first visco seal rotary portion thread development of helix (222DH) to the rotor shaft
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diameter (1D) is between 300.0% and 500.0%, preferably between 330.0% and
470.0%, preferably between 360.0% and 440.0%, more preferably between 390.0%
and 410.0%. That is for compromise between efficient sealing and prevention of over-
heating. The ratio of the first visco seal rotary portion thread development of helix
(222DH) to the rotor shaft diameter (1D) is 398.1% in the present example shown in
the Figs.

According to a preferred embodiment of the seventh aspect, wherein a ratio of the de-
velopment of helix of the second visco seal rotary portion thread (32242DH,
32252DH) to the rotor shaft diameter (1D) is between 250.0% and 450.0%, preferably
between 280.0% and 420.0%, more preferably between 310.0% and 390.0%, still more
preferably between 340.0% and 360.0%. That is for compromise between efficient
sealing and prevention of over-heating. The ratio of the development of helix of the
second visco seal rotary portion thread (32242DH, 32252DH) to the rotor shaft
diameter (1D) is 354.0% in the present example in the Figs.

An eighth aspect of the invention is the sealing device (123) according to any one of
the first to the seventh aspects, wherein the first visco seal rotary portion thread (222)
has a first visco seal rotary portion thread lead (222L) in a direction parallel to the
rotation axis (1C) of the rotor shaft (1), and wherein the second visco seal rotary
portion thread (32242, 32252) has a second visco seal rotary portion thread lead
(322421, 32252L) in a direction perpendicular to the rotation axis (1C) of the rotor
shaft (1), preferably wherein the second visco seal rotary portion thread lead (32242L,,
32252L) is longer than the first visco seal rotary portion thread lead (222L) (for
prevention of over-heating), more preferably wherein a ratio of the second visco seal
rotary portion thread lead (32242L., 32252L) to the first visco seal rotary portion thread
lead (222L) is between 100.0% and 300.0%, still more preferably between 130.0% and
270.0%, particularly 160.0% and 240.0%, more particularly between 190.0% and
210.0%. That is for compromise between efficient sealing and prevention of over-
heating. The ratio of the second visco seal rotary portion thread lead (32242L, 32252L)
to the first visco seal rotary portion thread lead (222L) is 202.9% in the present
example shown in the Figs.

The first visco seal rotary portion thread lead (222L) is an advance of helix of the
first visco seal rotary portion thread (222) in a direction parallel to the rotation axis
(1C) of the rotor shaft (1) during one complete turn (360 degrees) of the rotor shaft (1),
and the first visco seal rotary portion thread lead (222L) has the following relation:
2221L.=22Dxn/Tan(222HA).

The second visco seal rotary portion thread lead (322421, 32252L) is an advance of
helix of the second visco seal rotary portion thread (32242, 32252) in a direction
parallel to the rotation axis (1C) of the rotor shaft (1) during one complete turn (360
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degrees) of the rotor shaft (1), and the second visco seal rotary portion thread lead
(32242L, 32252L) has the following relation: 322421.=32Dxx/Tan(32242HA),
322521L.=32Dxn/Tan(32252HA) in case of that the radially outermost of the second
visco seal rotary portion (32) is the radially outermost of the second visco seal rotary
portion (32242, 32252) as the present example shown in the Figs.

According to a preferred embodiment of the eighth aspect, wherein a ratio of the first
visco seal rotary portion thread lead (222L) to the rotor shaft diameter (1D) is between
100.0% and 160.0%, preferably between 105.0% and 155.0%, more preferably
between 110.0% and 150.0%, still more preferably between 115.0% and 145.0%, par-
ticularly between 120.0% and 140.0%. That is for compromise between efficient
sealing and prevention of over-heating. The ratio of the first visco seal rotary portion
thread lead (222L) to the rotor shaft diameter (1D) is 132.7% in the present example
shown in the Figs.

According to a preferred embodiment of the eighth aspect, wherein a ratio of the
second visco seal rotary portion thread lead (322421, 32252L) to the rotor shaft
diameter (1D) is between 200.0% and 340.0%, preferably between 220.0% and
320.0%, more preferably between 240.0% and 300.0%, still more preferably between
260.0% and 280.0%. That is for compromise between efficient sealing and prevention
of over-heating. The ratio of the second visco seal rotary portion thread lead (32242L,
32252L) to the rotor shaft diameter (1D) is 269.4% in the present example shown in
the Figs.

A ninth aspect of the invention is the sealing device (123) according to any one of the
first to the eighth aspects, wherein a number of the second visco seal rotary portion
threads (32242, 32252) on a cross section, perpendicular to the rotation axis (1C) of the
rotor shaft (1), of the second visco seal rotary portion (32) is larger than a number of
the first visco seal rotary portion threads (222) on a cross section, perpendicular to the
rotation axis (1C), of the first visco seal rotary portion (22). (for efficient sealing)

The number of the first visco seal rotary portion threads (222) on a cross section, per-
pendicular to the rotation axis (1C), of the first visco seal rotary portion (22) is same as
a number of flights (or starts) of the first visco seal rotary portion (22).

The number of the second visco seal rotary portion threads (32242, 32252) on a cross
section, perpendicular to the rotation axis (1C) of the rotor shaft (1), of the second
visco seal rotary portion (32) is same as a number of flights (or starts) of the second
visco seal rotary portion (32242, 32252).

According to a preferred embodiment of the ninth aspect, wherein the number of the
first visco seal rotary portion threads (222) on a cross section, perpendicular to the
rotation axis (1C) of the rotor shaft (1), of the first visco seal rotary portion (22) is

between 5 and 30, preferably between 6 and 28, more preferably between 7 and 26,
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still more preferably between 8 and 24, particularly between 9 and 22, more par-
ticularly between 10 and 20, still more particularly between 12 and 18. That is for
compromise between efficient sealing and prevention of over-heating. The number of
the first visco seal rotary portion threads (222) is 16 in the present example shown in
the Figs.

According to a preferred embodiment of the ninth aspect, wherein the number of the
second visco seal rotary portion threads (32242, 32252) on a cross section, per-
pendicular to the rotation axis (1C) of the rotor shaft (1), of the second visco seal
rotary portion (32) is between 30 and 90, preferably between 35 and 85, more
preferably between 40 and 80, still more preferably between 45 and 75, particularly
between 50 and 70. That is for compromise between efficient sealing and prevention of
over-heating. The number of the second visco seal rotary portion threads (32242,
32252) is 60 in the present example shown in the Figs.

A tenth aspect of the invention is the sealing device (123) according to any one of the
first to the ninth aspects, wherein the first visco seal rotary portion thread (222) has a
first visco seal rotary portion thread pitch (222P) in a direction parallel to the rotation
axis (1C) of the rotor shaft (1), and wherein the second visco seal rotary portion thread
(32242, 32252) has a second visco seal rotary portion thread pitch (32242P, 32252P) in
a direction perpendicular to the rotation axis (1C) of the rotor shaft (1), preferably
wherein the second visco seal rotary portion thread pitch (32242P, 32252P) is longer
than the first visco seal rotary portion thread pitch (222P) (for efficient sealing),
preferably wherein a ratio of the second visco seal rotary portion thread pitch (32242P,
32252P) to the first visco seal rotary portion thread pitch (222P) is between 10.0% and
100.0%, more between 20.0% and 90.0%, still more preferably between 30.0% and
80.0%, particularly 40.0% and 70.0%, more particularly between 50.0% and 60.0%.
That is for compromise between efficient sealing and prevention of over-heating. The
ratio of the second visco seal rotary portion thread pitch (32242P, 32252P) to the first
visco seal rotary portion thread pitch (222P) is 54.1% in the present example shown in
the Figs.

The first visco seal rotary portion thread pitch (222P) is a distance from a crest of the
first visco seal rotary portion thread (222) to the next crest in a direction parallel to the
rotation axis (1C) of the rotor shaft (1), and the first visco seal rotary portion thread
pitch (222P) has the following relation: 222P=22Dxz/Tan(222HA)/(the number of
flights (or starts) of the first visco seal rotary portion (22)).

The second visco seal rotary portion thread pitch (32242P, 32252P) is a distance
from a crest of the second visco seal rotary portion threads (32242, 32252) to the next
crest in a direction parallel to the rotation axis (1C) of the rotor shaft (1), and the
second visco seal rotary portion thread pitch (32242P, 32252P) has the following
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relation: 32242P =32Dxm/Tan(32242HA)/(the number of flights (or starts) of the
second visco seal rotary portion (32242)), 32252P=32Dxnt/Tan(32252HA)/(the
number of flights (or starts) of the second visco seal rotary portion (32252)) in case of
that the radially outermost of the second visco seal rotary portion (32) is the radially
outermost of the second visco seal rotary portion (32242, 32252) as the present
example shown in the Figs.

According to a preferred embodiment of the tenth aspect, wherein a ratio of the first
visco seal rotary portion thread pitch (222P) to the rotor shaft diameter (1D) is between
2.0% and 15.0%, preferably between 3.0% and 14.0%, more preferably between 4.0%
and 13.0%, still more preferably between 5.0% and 12.0%, particularly between 6.0%
and 11.0%. That is for compromise between efficient sealing and prevention of over-
heating. The ratio of the first visco seal rotary portion thread pitch to the rotor shaft
diameter (1D) is 8.3% in the present example shown in the Figs.

According to a preferred embodiment of the tenth aspect, wherein a ratio of the
second visco seal rotary portion thread pitch (32242P, 32252P) to the rotor shaft
diameter (1D) is between 1.0% and 8.0%, preferably between 2.0% and 7.0%, more
preferably between 3.0% and 8.0%, still more preferably between 4.0% and 5.0%. That
is for compromise between efficient sealing and prevention of over-heating. The ratio
of the second visco seal rotary portion thread pitch (32242P, 32252P) to the rotor shaft
diameter (1D) is 4.5% in the present example shown in the Figs.

An eleventh aspect of the invention is the sealing device (123) according to any one
of the first to the tenth aspects, wherein the second visco seal rotary portion (32) has a
circumferential surface coated with nitriding, preferably wherein the circumferential
surface of the second visco seal rotary portion (32) has a vickers hardness of between
600 and 1200 HV, more preferably between 700 and 1100 HV, still more preferably
between 800 and 1000 HV. That can keep improved leak performance for a long time.
The circumferential surface of the second visco seal rotary portion (32) is coated with
nitriding, and the vickers hardness is 900 HV (in accordance with ISO 6507-1:2005
and ISO 6507-4: 2005) in the present example shown in the Figs.

A twelfth aspect of the invention is the sealing device (123) according to any one of
the first to the eleventh aspects, wherein a ratio of the first visco seal clearance
(2122C) to the rotor shaft diameter (1D) is between 0.1% and 10.0%, preferably
between 0.2% and 8.0%, more preferably between 0.3% and 7.0%, still more
preferably between 0.4% and 6.0%, particularly between 0.5% and 5.0%. That is for
compromise between efficient sealing and prevention of over-heating. The ratio of the
first visco seal clearance (2122C) to the rotor shaft diameter (1D) is from 0.9 to 4.2%
in the present example shown in the Figs.

According to a preferred embodiment of the invention, wherein the second visco seal
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(3) is provided with a plural of second visco seal clearances (3132C, 31243214C,
31243224C, 31143224C, 312453224C, 3124532145C, 312453225C, 31153225C,
31253225C, 31253215C) that are distances from the second visco seal stationary
portion (31) to the second visco seal rotary portion (32).

A thirteenth aspect of the invention is the sealing device (123) according to any one
of the first to the twelfth aspects, wherein a ratio of the second visco seal clearance
(3132C, 31243214C, 31243224C, 31143224C, 312453224C, 3124532145C,
312453225C, 31153225C, 31253225C, 31253215C) to the rotor shaft diameter (1D) is
between 0.1% and 15.0%, preferably between 0.2% and 13.0%, more preferably
between 0.4% and 11.0%, still more preferably between 0.6% and 10.0%. That is for
compromise between efficient sealing and prevention of over-heating. The ratio of the
second visco seal clearance (3132C, 31243214C, 31243224C, 31143224C,
312453224C, 3124532145C, 312453225C, 31153225C, 31253225C, 31253215C) to
the rotor shaft diameter (1D) is from 0.9% to 9.7% in the present example shown in the
Figs.

A fourteenth aspect of the invention is the sealing device (123) according to any one
of the first to the thirteenth aspects, wherein the second visco seal stationary portion
(31) comprises at least one second visco seal stationary portion concave (311, 3114,
3115) and at least one second visco seal stationary portion convex part (312, 3124,
31245, 3125) in a direction perpendicular to the rotation axis (1C) of the rotor shaft
(1); and wherein the second visco seal rotary portion (32) comprises at least one visco
seal rotary portion concave part (3214, 32145, 3215) and at least one visco seal rotary
portion convex part (322, 3224, 3225) in a direction to the visco seal stationary portion
(31).

According to a preferred embodiment of the fourteenth aspect, wherein the second
visco seal stationary portion (31) comprises a plural of second visco seal stationary
concave parts (311, 3114, 3115) and a plural of second visco seal stationary portion
convex parts (312, 3124, 31245, 3125) in a direction to the second visco seal rotary
portion (32), preferably wherein the second visco seal stationary portion convex parts
(312, 3124, 31245, 3125) have a distance (32143215D) from one of the second visco
seal stationary portion convex parts (312, 3124, 31245, 3125) to the next in a direction
to parallel to the rotation axis (1C) of the rotor shaft (1), and wherein a ratio of the
distance (32143215D) to the rotor shaft diameter (1D) is between 0.0% and 20.0%,
preferably between 1.0% and 19.0%, more preferably between 2.0% and 18.0%, still
more preferably between 3.0% and 17.0%, particularly between 4.0 and 16.0%, more
preferably from 5.0 to 15.0%. The ratio of the distance (32143215D) to the rotor shaft
diameter (1D) is 10.0% in the present example shown in the Figs.

According to a preferred embodiment of the fourteenth aspect, wherein the second
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visco seal rotary portion (32) comprises a plural of second visco seal rotary portion
concave parts (321, 3214, 32145, 3215) and a plural of second visco seal rotary portion
convex parts in a direction to the second visco seal stationary portion (31), and the
second visco seal rotary portion convex parts made of a plural of second visco seal
rotary portions (322, 3224, 3225).

According to a preferred embodiment of the fourteenth aspect, wherein the second
visco seal (3) is provided with a second visco seal stationary portion (31) and second
visco seal rotary portion (32) rotating with the rotor shaft (1), and a plural of second
visco seal clearances (3132C, 31243214C, 31243224C, 31143224C, 312453224C,
3124532145C, 312453225C, 31153225C, 31253225C, 31253215C) that are distances
from the second visco seal stationary portion (31) to the second visco seal rotary
portion (32); wherein the second visco seal stationary portion (31) comprises a plural
of second visco seal stationary concave parts (311, 3114, 3115) and a plural of second
visco seal stationary portion convex parts (312, 3124, 31245, 3125) in a direction to
the second visco seal rotary portion (32); wherein the second visco seal stationary
concave parts (311, 3114, 3115) comprise: a 1 second visco seal stationary concave
part (3114) farther from the discharge side end (5), that is, in the other side end (4)
opposite to the discharge side end (5); and a 2" second visco seal stationary concave
part (3115) closer to the discharge side end (5); wherein the second visco seal
stationary portion convex parts (312, 3124, 31245, 3125) comprise: a 1 second visco
seal stationary portion convex part (3124) farther from the discharge side end (5); a 2~
second visco seal stationary portion convex part (31245) in the next side; and a 3
second visco seal stationary portion convex part (3125) closer to the discharge side end
(5); wherein the second visco seal rotary portion (32) comprises a plural of second
visco seal rotary portion concave parts (321, 3214, 32145, 3215) and a plural of second
visco seal rotary portion convex parts, made of a plural of second visco seal rotary
portions (322, 3224, 3225), in a direction to the second visco seal stationary portion
(31); the second visco seal rotary portion concave parts (321, 3214, 32145, 3215)
comprise the second visco seal (3): a 1% second visco seal rotary portion concave part
(3214) farther from the discharge side end (5) of the rotor shaft (1); a 2 second visco
seal rotary portion concave part (32145) in the next side; and a 3« second visco seal
rotary portion concave part (3215) closer to the discharge side end (5) of the rotor shaft
(1); the second visco seal rotary portion convex parts (322, 3224, 3225) comprise the
second visco seal (3): a 1% second visco seal rotary portion convex part made of a 1%
second visco seal rotary portion (3224) farther from the discharge side end (5); and a 2
nd second visco seal rotary portion convex part made of a 2™ second visco seal rotary
portion (3225) closer to the discharge side end (5); wherein the second visco seal
clearances (3132C, 31243214C, 31243224C, 31143224C, 312453224C,
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3124532145C, 312453225C, 31153225C, 31253225C, 31253215C) comprise a 15
second visco seal clearance (31243214C) from the 1%t second visco seal stationary
portion convex part (3124) to the 1 second visco seal rotary portion concave part
(3214) a 2" second visco seal clearance (31243224C) from the 1* second visco seal
stationary portion convex part (3124) to the 1% second visco seal rotary portion convex
part (3224); a 3« second visco seal clearance (31143224C) from the 1* second visco
seal stationary concave part (3114) to the 1 second visco seal rotary portion convex
part (3224); a 4™ second visco seal clearance (312453224C) from the 1+ second visco
seal stationary portion convex part (3124) to the 1% second visco seal rotary portion
convex part (3224); a 5 second visco seal clearance (3124532145C) from the 1+
second visco seal stationary portion convex part (3124) to the 2" second visco seal
rotary portion concave part (32145); a 6% second visco seal clearance (312453225C)
from the 1%t second visco seal stationary portion convex part (3124) to the 2 second
visco seal rotary portion convex part (3225); a 7t second visco seal clearance
(31153225C) from the 27 second visco seal stationary concave part (3115) to the 2
second visco seal rotary portion convex part (3225); a 8" second visco seal clearance
(31253225C) from the 3 second visco seal stationary portion convex part (3125) to
the 27 second visco seal rotary portion convex part (3225); and a 9" second visco seal
clearance (31253215C) from the 3 second visco seal stationary portion convex part
(3125) to the 3 second visco seal rotary portion concave part (3215).

A fifteenth aspect of the invention is the sealing device (123) according to any one of
the first to the fourteenth aspects, wherein the second visco seal (3) comprises at least
one cooling jacket (33), preferably wherein the cooling jacket (33) is arranged in the
second visco seal stationary portion (31), more preferably wherein the cooling jacket
(33) is provided with at least one cooling line (34), still more preferably wherein the
cooling line (34) is connected with a cooling device for circulating a cooling medium
through the cooling line (34), particularly wherein the cooling medium is water.

According to a preferred embodiment of the invention, a kneader is provided with a
rotor shaft (1) and a sealing device (123) according to any one of the first to the
fifteenth aspects.

The invention is further illustrated by the following non-limiting examples.
Example

In order to confirm the effect of the invention, two sealing devices for rotor shafts of
kneaders, which are an example according to the invention and a reference, are
compared for the leak performance that is each measured leak volume of rubber com-
positions per day.

The example is a sealing device (123) for a rotor shaft of a kneader, the sealing

device (123) provided with a first visco seal (2) and a second visco seal (3) shown in
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the Figs, and the reference is another sealing device for a rotor shaft of a kneader
having a rotor shaft diameter and a rotation axis same as that of the example, the
sealing device provided without any second visco seal, but with a first visco seal same
as that of the example except a first visco seal rotary portion diameter (99% with
respect to 22D of the example), a first visco seal rotary portion width (95% with
respect to 22W of the example), a first visco seal rotary portion thread height (80%
with respect to 222H of the example), a first visco seal thread angle (25 degrees), a
first visco seal rotary portion thread helix angle (80 degrees), a first visco seal rotary
portion thread development of helix (96% with respect to 222DH of the example), a
first visco seal rotary portion thread lead (50% with respect to 222L of the example), a
number of flights (or starts) of the first visco seal rotary portion (the number of flights:
10), a first visco seal rotary portion thread pitch (80% with respect to 222P of the
example), a first visco seal clearance (1 to 4% with respect to 1D of the example).

The results (leak performance) are expressed in base 100, that is to say that the value
100 is assigned to the leak volume (Kg) of the reference machine per 1 day, and the
relative values of the leak volume (Kg) of the example machine with the sealing device
(123) per 1 day is 26. The lower the value is, the better the leak performance is.

The sealing device (123) for a rotor shaft of a kneader according to the invention

allows an unexpectedly improved reduction of leak of mixing material.
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Claims
A sealing device (123) for a rotor shaft (1) of a kneader; the rotor shaft

(1) having a rotor shaft diameter (1D) and a rotation axis (1C);

- the sealing device (123) provided with a first visco seal (2) and a
second visco seal (3) arranged closer to a discharge side end (5) of the
rotor shaft (1) than the first visco seal (2);

- the first visco seal (2) provided with a first visco seal stationary
portion (21), a first visco seal rotary portion (22) rotating with the rotor
shaft (1), and at least one first visco seal clearance (2122C) that is at
least one distance from the first visco seal stationary portion (21) to the
first visco seal rotary portion (22);

- the first visco seal rotary portion (22) having at least one first visco
seal rotary portion helical groove (221) and at least one first visco seal
rotary portion thread (222) formed on a radially outer circumferential
surface of the first visco seal rotary portion (22);

- the first visco seal rotary portion helical groove (221) helically
extending around the rotation axis (1C) of the rotor shaft (1);

- the first visco seal rotary portion thread (222) delimited via the first
visco seal rotary portion helical groove (221);

- the second visco seal (3) provided with a second visco seal stationary
portion (31), at least one second visco seal rotary portion (32) rotating
with the rotor shaft (1), and at least one second visco seal clearance
(3132C, 31243214C, 31243224C, 31143224C, 312453224C,
3124532145C, 312453225C, 31153225C, 31253225C, 31253215C)
that is at least one distance from the second visco seal stationary
portion (31) to the second visco seal rotary portion (32);

- the second visco seal rotary portion (32) having at least one second
visco seal rotary portion helical groove (32241, 32251) and at least one
second visco seal rotary portion thread (32242, 32252) formed on the
radially outermost circumferential surface of the second visco seal
rotary portion (32);

- the second visco seal rotary portion helical groove (32241, 32251)
helically extending around the rotation axis (1C) of the rotor shaft (1);
and

- the second visco seal rotary portion thread (32242, 32252) delimited
via the second visco seal rotary portion helical groove (32241, 32251).

The sealing device (123) according to Claim 1, wherein the first visco
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seal rotary portion (22) has a first visco seal rotary portion diameter
(22D) that is twice as long as a distance from the radially outermost of
the first visco seal rotary portion (22) to the rotation axis (1C) of the
rotor shaft (1), wherein the second visco seal rotary portion (32) has a
second visco seal rotary portion diameter (32D) that is twice as long as
a distance from the radially outermost of the second visco seal rotary
portion (32) to the rotation axis (1C) of the rotor shaft (1), and wherein
the second visco seal rotary portion diameter (32D) is longer than the
first visco seal rotary portion diameter (22D).

The sealing device (123) according to Claim 2 or Claim 3, wherein the
first visco seal rotary portion (22) has a first visco seal rotary portion
width (22W) in a direction parallel to the rotation axis (1C) of the rotor
shaft (1), wherein the second visco seal rotary portion (32) has a second
visco seal rotary portion width (3224W, 3225W) in a direction parallel
to the rotation axis (1C) of the rotor shaft (1), and wherein the second
visco seal rotary portion width (3224W, 3225W) is shorter than the first
visco seal rotary portion width (22W), preferably wherein a ratio of the
second visco seal rotary portion width (3224W, 3225W) to the first
visco seal rotary portion width (22W) is between 5.0% and 20.0%,
more preferably between 10.0% and 15.0%.

The sealing device (123) according to any one of Claims 1 to 3,
wherein the first visco seal rotary portion thread (222) has a first visco
seal rotary portion thread height (222H) in a direction perpendicular to
the rotation axis (1C) of the rotor shaft (1), wherein the second visco
seal rotary portion thread (32242, 32252) has a second visco seal rotary
portion thread height (32242H, 32252H) in a direction perpendicular to
the rotation axis (1C) of the rotor shaft (1), and wherein the second
visco seal rotary portion thread height (32242H, 32252H) is shorter
than the first visco seal rotary portion thread height (222H), preferably
a ratio of the second visco seal rotary portion thread height (32242H,
32252H) to the first visco seal rotary portion thread height (222H) is
between 60% and 100%, more preferably between 65% and 95%, still
more preferably between 70% and 90%, particularly between 75% and
85%.

The sealing device (123) according to any one of Claims 1 to 4,
wherein the first visco seal rotary portion thread (222) has a first visco
seal rotary portion thread angle (222A) from a side of the first visco

seal rotary portion thread (222) to another side of the first visco seal
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thread on a cross section parallel to and including the rotation axis (1C)
of the rotor shaft (1), wherein the second visco seal rotary portion
thread (32242, 32252) has a second visco seal rotary portion thread
angle (32242A, 32252A) from a side of the second visco seal rotary
portion thread (32242, 32252) to another side of the second visco seal
rotary portion thread (32242, 32252) on a cross section parallel to and
including the rotation axis (1C) of the rotor shaft (1), and wherein the
second visco seal rotary portion thread angle (32242A, 32252A) is
smaller than the first visco seal rotary portion thread angle (222A).

The sealing device (123) according to any one of Claims 1 to 5,
wherein the first visco seal rotary portion thread (222) has a first visco
seal rotary portion thread helix angle (222HA) from a direction parallel
to the rotation axis (1C) of the rotor shaft (1) to a direction on which
the first visco seal rotary portion thread (222) extends, wherein the
second visco seal rotary portion thread (32242, 32252) has a second
visco seal rotary portion thread helix angle (32242HA, 32252HA) from
a direction parallel to the rotation axis (1C) of the rotor shaft (1) to a
direction on which the second visco seal rotary portion thread (32242,
32252) extends, and wherein the second visco seal rotary portion thread
helix angle (32242HA, 32252HA) is smaller than the first visco seal
portion thread helix angle (222HA).

The sealing device (123) according to any one of Claims 1 to 6,
wherein the first visco seal rotary portion thread (222) has a first visco
seal rotary portion thread development of helix (222DH), wherein the
second visco seal rotary portion thread (32242, 32252) has a second
visco seal rotary portion thread development of helix (32242DH,
32252DH), and wherein the second visco seal rotary portion thread de-
velopment of helix (32242DH, 32252DH) is shorter than the first visco
seal rotary portion thread development of helix (222DH).

The sealing device (123) according to any one of Claim 1 to Claim 7,
wherein the first visco seal rotary portion thread (222) has a first visco
seal rotary portion thread lead (222L) in a direction parallel to the
rotation axis (1C) of the rotor shaft (1), wherein the second visco seal
rotary portion thread (32242, 32252) has a second visco seal rotary
portion thread lead (322421, 32252L) in a direction perpendicular to
the rotation axis (1C) of the rotor shaft (1), and wherein the second
visco seal rotary portion thread lead (32242L, 32252L) is longer than
the first visco seal rotary portion thread lead (222L).
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The sealing device (123) according to any one of Claims 1 to 8,
wherein a number of the second visco seal rotary portion threads
(32242, 32252) on a cross section, perpendicular to the rotation axis
(1C) of the rotor shaft (1), of the second visco seal rotary portion (32) is
larger than a number of the first visco seal rotary portion threads (222)
on a cross section, perpendicular to the rotation axis (1C), of the first
visco seal rotary portion (22).

The sealing device (123) according to any one of Claims 1 to 9,
wherein the first visco seal rotary portion thread (222) has a first visco
seal rotary portion thread pitch (222P) in a direction parallel to the
rotation axis (1C) of the rotor shaft (1), wherein the second visco seal
rotary portion thread (32242, 32252) has a second visco seal rotary
portion thread pitch (32242P, 32252P) in a direction perpendicular to
the rotation axis (1C) of the rotor shaft (1), and wherein the second
visco seal rotary portion thread pitch (32242P, 32252P) is longer than
the first visco seal rotary portion thread pitch (222P).

The sealing device (123) according to any one of Claims 1 to 10,
wherein the second visco seal rotary portion (32) has a circumferential
surface coated with nitriding.

The sealing device (123) according to any one of Claims 1 to 11,
wherein a ratio of the first visco seal clearance (2122C) to the rotor
shaft diameter (1D) is between 0.1% and 10.0%.

The sealing device (123) according to any one of Claims 1 to 12,
wherein a ratio of the second visco seal clearance (3132C, 31243214C,
31243224C, 31143224C, 312453224C, 3124532145C, 312453225C,
31153225C, 31253225C, 31253215C) to the rotor shaft diameter (1D)
is between 0.1% and 15.0%, preferably between 0.2% and 13.0%, more
preferably between 0.4% and 11.0%, still more preferably between
0.6% and 10.0%.

The sealing device (123) according to any one of Claims 1 to 13,
wherein the second visco seal stationary portion (31) comprises at least
one second visco seal stationary portion concave (311, 3114, 3115) and
at least one second visco seal stationary portion convex part (312, 3124,
31245, 3125) in a direction perpendicular to the rotation axis (1C) of
the rotor shaft (1); and wherein the second visco seal rotary portion
(32) comprises at least one visco seal rotary portion concave part
(3214, 32145, 3215) and at least one visco seal rotary portion convex

part (322, 3224, 3225) in a direction to the visco seal stationary portion
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(31).

The sealing device (123) according to any one of Claims 1 to 14,
wherein the second visco seal (3) comprises at least one cooling jacket
(33), preferably wherein the cooling jacket (33) is arranged in the
second visco seal stationary portion (31), more preferably wherein the
cooling jacket (33) is provided with at least one cooling line (34), still
more preferably wherein the cooling line (34) is connected with a
cooling device for circulating a cooling medium through the cooling

line (34), particularly wherein the cooling medium is water.
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