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DEVICE FOR MEASURING THRUST LOAD
ACTING ON ROTOR OF SEALED
KNEADING APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to a device for mea-
suring a thrust load generated on a rotor when a kneading
material is kneaded in a hermetically sealed kneader.

BACKGROUND ART

[0002] There is an apparatus disclosed in Patent Document
1 as a conventional hermetically sealed kneader which
kneads a kneading material such as rubber, plastics, or the
like. The hermetically sealed kneader of Patent Document 1
is configured so that the kneading material such as rubber,
plastics, or the like injected into a kneading chamber is
kneaded by two rotors arranged in the kneading chamber
and so that the kneading material turned into a desired
kneaded state is taken out to the outside. These two rotors
are each configured so that both ends of a shaft are rotatably
supported by bearings. The end of each rotor at the drive side
is an input shaft projected to the outside. An output shaft of
a drive unit adjacently arranged and the input shaft are
coupled to each other via a coupling device such as a gear
coupling.

[0003] In the hermetically sealed kneader of Patent Docu-
ment 1, the kneading material such as rubber, plastics, or the
like is inputted with various types of additives from a slot at
the upper side into a hopper by a predetermined volume.
This kneading material is injected into the sealed kneading
chamber by a push-in action of a floating weight. The
kneading material injected into the kneading chamber in this
manner is kneaded by the rotors rotating in directions
different from each other. A driving force (rotation) of a
motor is transmitted via a speed reducer to the respective
rotors. The respective rotors rotate so as to wipe an inner
wall of the kneading chamber and rotate in the different
directions from each other. Thus, a resin material (the
kneading material) injected into the kneading chamber is
kneaded with the various types of additives; thereafter, the
kneading material turned into the desired kneaded state is
taken out to the outside.

[0004] Further, a blade (kneading blade) is arranged on an
outer circumferential surface of the rotor. In the hermetically
sealed kneader of Patent Document 1, this blade is config-
ured to be twisted in a spiral shape with respect to an axis
line of the rotor. The kneading material such as rubber,
plastics, or the like is injected in the axial direction by an
action of this twisted blade; therefore, a flow to feed the
kneading material in the axial direction is generated. Fur-
thermore, the two rotors are configured so that the blades are
respectively twisted so as to generate flows in directions
different from each other with respect to the axial direction,
thereby allowing the kneading material to be fed so that the
material is circulated in the chamber. Thus, the kneading
material may be effectively kneaded.

[0005] In addition, in the hermetically sealed kneader
disclosed in Patent Document 1, that is, in a general her-
metically sealed kneader, the kneading material is fed in the
axial direction by the blade that is formed on the rotor to be
twisted in a spiral shape; therefore, its reaction generates a
reaction force (thrust load) acting in the axial direction. Such
thrust load significantly affects a life span of the bearing that
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supports the rotor. Therefore, in order to determine the life
span of the bearing, it is necessary that a thrust load is
accurately measured. Further, in a case where a thrust load
cannot be accurately perceived, a problem that a thrust load
greater than a designed load is applied to the bearing; on the
contrary, a bearing over the specification is utilized, may be
caused. Accordingly, in a case where the aforementioned
type of bearing is applied, preferably, a means which can
accurately measure a load in a thrust direction, acting on the
rotor, is provided.

[0006] For example, Patent Document 2 discloses a
method in which a load sensor is provided between a bearing
body and a casing to thereby measure a load which acts on
a bearing.

CITATION LIST

[0007] Patent Document
[0008] Patent Document 1; JP H10-44145A
[0009] Patent Document 2: JP 2001-277236A
SUMMARY OF THE INVENTION
Problems to be Solved by the Invention
[0010] The aforementioned method of Patent Document 2

is to measure a radial load (to be precise, a load generated
when rolls radially separate from each other), and the
method seems to be sufficiently applicable to a case where
a thrust load is measured. However, a measuring device
applied in this method has a complicated configuration, and
the measuring device requires a relatively large space for
installation and the installation space is limited; therefore, it
may be difficult to install the measuring device. Further, in
a case where the measuring device is additionally attached
to the existing kneading equipment, a casing of a kneader
may need to be significantly modified; therefore, it is diffi-
cult to install the measuring device in the existing equip-
ment.

[0011] The present invention is made in view of the
aforementioned problems. It is an object of the present
invention to provide a device for measuring a thrust load
acting on a rotor of a hermetically sealed kneader, the device
being simply configured, and the device being able to be
additionally installed in the existing equipment and able to
highly accurately measure the thrust load acting on the rotor.

Means to Solve the Problems

[0012] A device for measuring a thrust load acting on a
rotor of a hermetically sealed kneader of the present inven-
tion takes the following technical measures in order to solve
the aforementioned problems. That is, the device for mea-
suring a thrust load acting on a rotor of a hermetically sealed
kneader, which is provided with the device, of the present
invention includes a pair of rotors which are arranged
adjacent to each other at a predetermined interval so that
axes are in parallel with each other and which rotate in
directions different from each other, wherein bearings are
provided at both ends of each of the pair of rotors, the
bearings supporting a load in a radial direction, which acts
on each rotor, and a load in a thrust direction, which acts on
the rotor is supported by one of the bearings, which is at one
end of the both ends, wherein at least one or more displace-
ment sensors are arranged on an outer ring fixing member
for fixing an outer ring of the bearing at the one end or on
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a casing to which the outer ring fixing member is attached,
wherein the displacement sensor can measure a relative
displacement in an axial direction between the outer ring
fixing member or the casing and an inner ring fixing member
for fixing an inner ring of the bearing at the one end or the
rotor to which the inner ring fixing member is attached, and
wherein a load calculating unit is provided, the load calcu-
lating unit calculating the thrust load acting on the rotor, by
multiplying the relative displacement measured by the dis-
placement sensor by a conversion coeflicient.

[0013] Further, preferably, a blade twisted in a spiral shape
with respect to an axis line of the rotor is formed on the rotor,
and the thrust load acting on the bearing at the one end is
applied in one direction along the axial direction.

[0014] Furthermore, preferably, the displacement sensor
includes a plurality of displacement sensors which are
arranged at an equal distance from the axis of the rotor and
circumferentially at equal intervals, and the load calculating
unit obtains a representative relative displacement by aver-
aging measurement values measured by the plurality of the
displacement sensors and calculates the thrust load acting on
the rotor from the obtained representative relative displace-
ment.

[0015] In addition, preferably, the device is provided with
a rotation sensor for detecting a rotation of the rotor, wherein
the displacement sensor measures in one rotation of the
rotor, which is detected by the rotation sensor, a waveform
of a relative displacement in a state where a kneading
material is not inputted and a waveform of a measured
relative displacement in a state where the kneading material
is inputted, and wherein the load calculating unit calculates
the thrust load acting on the rotor by using a difference
waveform between the measured waveform of the relative
displacement in a state where the kneading material is not
inputted and the measured waveform of the relative dis-
placement in a state where the kneading material is inputted.

Advantageous Effect of the Invention

[0016] According to a device for measuring a thrust load
acting on a rotor of a hermetically sealed kneader of the
present invention, the device is simply configured, and the
device can be additionally installed in the existing equip-
ment and can highly accurately measure the thrust load
acting on the rotor.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG. 1 is a cross-sectional view of an inside of a
hermetically sealed kneader in which a thrust load measur-
ing device of a first embodiment is provided.

[0018] FIG. 2 is a diagram of a kneading portion of the
hermetically sealed kneader and the measuring device of the
first embodiment.

[0019] FIG. 3 is a schematic view of the kneading portion
of the hermetically sealed kneader and the measuring device
of the first embodiment.

[0020] FIG. 4A is a schematic view of the measuring
device of a second embodiment.

[0021] FIG. 4B is a cross-sectional view of the measuring
device of the second embodiment.

[0022] FIG. 5A is a diagram of a measured waveform of
a relative displacement.

[0023] FIG. 5B is a diagram of a modified waveform of a
relative displacement in which an adjustment is made.
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DESCRIPTION OF EMBODIMENTS

First Embodiment

[0024] Hereinafter, a thrust load measuring device 1 of a
first embodiment will be described in detail on the basis of
the drawings. First, prior to explanation of the thrust load
measuring device 1, a hermetically sealed kneader 2 in
which the measuring device 1 of the first embodiment is
provided will be explained. FIG. 1 schematically illustrates
the hermetically sealed kneader 2 of the first embodiment.
[0025] As shown in FIG. 1 and FIG. 2, the hermetically
sealed kneader 2 of the first embodiment is provided with a
housing 4, the inside of which is a kneading chamber 3 and
with a pair of rotors 5, 5 which are arranged in the housing
4. In addition, the hermetically sealed kneader 2 is config-
ured so that a kneading material such as rubber, plastics, or
the like injected into the kneading chamber 3 is kneaded by
the pair of rotors 5, 5 and so that the kneading material
turned into a desired kneaded state is taken out to the
outside. Both ends of each of the pair of rotors 5, 5 in the
axial direction thereof are rotatably supported by bearings 6,
7. Moreover, one end (a non-drive side) of the rotor 5 in the
axial direction is not projected to the outside of the housing
4 while the other end (a drive side) of the rotor 5 in the axial
direction is projected to the outside of the housing 4. A
coupling device such as a gear coupling is coupled to the
other end of the rotor 5, which is projected, and a drive force
generated in a drive unit is inputted via the coupling device.
[0026] Further, in the description below, the left side on
the sheet of FIG. 2 will be referred to as “non-drive side” or
“one end” for explanation of the measuring device, and the
right side on the sheet will be referred to as “drive side” or
“the other end” for explanation of the measuring device.
Furthermore, the upper side on the sheet of FIG. 1 will be
referred to as “upper side” for explanation of the measuring
device, and the lower side on the sheet will be referred to as
“lower side” for explanation of the measuring device. As
shown in FIG. 1, an opening 8 opened upward is formed at
an upper portion of the kneading chamber 3. A material
introduction passage 9 for guiding (introducing) the knead-
ing material such as rubber, plastics, or the like in an up to
down direction is formed at the upper side of the opening 8.
In addition, a hopper 10 pivoted downward to be openable
is formed at an upper portion of the material introduction
passage 9. The kneading material in which additives or the
like are combined into a base material such as rubber,
plastics, or the like is inputted from the hopper 10. More-
over, a floating weight 11 is provided in the material
introduction passage 9 so as to move in a direction in which
the material introduction passage 9 is formed (in the up to
down direction). The floating weight 11 is moved down-
ward; thereby, the kneading material inputted in the material
introduction passage 9 can be pushed downward into the
kneading chamber 3.

[0027] The kneading chamber 3 is formed in a shape (in a
shape of eyeglasses holes in cross section along a direction
perpendicular to the axial direction) where two tubular voids
are arranged at the right and left sides so that their outer
circumferential surfaces are partially overlapped with each
other. The aforementioned pair of rotors 5, 5 is arranged
within the kneading chamber 3. Axes of this pair of rotors 5,
5 are substantially identical to the centers of the two tubular
voids of the kneading chamber 3. As shown in FIG. 2, a
blade 12 for kneading the kneading material is formed on an
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outer circumferential surface of each rotor 5. This blade 12
formed on the outer circumferential surface of the rotor 5 is
configured to be twisted with respect to the axial direction
(axis line) of either rotor 5, and the rotor 5 at the right side
and the rotor 5 at the left side are formed so as to generate
flows in the kneading material, which are in opposite direc-
tions from each other with respect to the axial direction.
[0028] Bearings 6, 7 which support the rotor 5 so that this
rotor 5 is rotatable are provided respectively at the both ends
of each rotor 5. Bearings each of which can support a load
in a thrust direction as well as a load in a radial direction are
applied to these bearings 6, 7 at the both ends. Conical roller
bearings each having plural rows or self-aligning ball bear-
ings are applied to such bearings 6, 7. In addition, the
bearing 7 at the other end of the rotor 5 is configured so as
to slide in the thrust direction in order to absorb thermal
elongation of the rotor 5.

[0029] Further, a speed reducer which reduces a rotational
driving force (rotation) generated in the drive unit such as a
motor to transmit the driving force is arranged at the other
end of the rotor 5 in the axial direction. This rotational
driving force reduced by the speed reducer is inputted via the
aforementioned coupling device (the gear coupling which
can allow deviation between the axis of the speed reducer
and the axis of the rotor 5 and allow the rotor 5 to move in
the axial direction) to each rotor 5; thereby, the rotors 5
rotate in directions different from each other. Furthermore,
one end of the rotor 5 in the axial direction is formed in a
tapered shape toward the distal end. An inner ring 13 of the
bearing 6 is attached to a portion of this taper shape.
[0030] In other words, in the aforementioned hermetically
sealed kneader 2, the rotor 5 rotates so that the blade 12
wipes an inner wall of the kneading chamber 3, and the
kneading material injected into the kneading chamber 3 is
kneaded with the various additives by the blade 12 that is
formed on the rotor 5. At this time, the blades 12 of the
respective rotors 5 are twisted in the same direction and the
rotors 5 rotate in directions opposite from each other.
Therefore, on the rotor 5 shown at the upper side in FIG. 3,
a thrust load acting from the other end (the drive side) to one
end (the non-drive side) in the axial direction is generated;
meanwhile, on the rotor 5 shown at the lower side in FIG.
3, a thrust load acting from one end (the non-drive side) to
the other end (the drive side) in the axial direction is
generated. Here, the thrust loads generated on the rotor 5
shown at the upper side and the rotor 5 shown at the lower
side in FIG. 3 are both supported by the bearings 6 at one
end.

[0031] A drop door 15 of a discharge port 14 which is
formed at the lower side of the kneading chamber 3 is
opened; thereby, the kneading material kneaded by the
rotation of the rotors 5 as just described is taken out from the
discharge port 14 to the outside of the kneading chamber 3.
In addition, after the kneading material is taken out, the drop
door 15 is pivoted back to the upper side to thereby close the
discharge port 14 of the kneading chamber 3, and a subse-
quent batch of the kneading material is pushed from a slot
into the kneading chamber 3 by using the floating weight 11.
Such batch kneading cycle is repeated; thereby, kneading is
performed in the aforementioned hermetically sealed
kneader 2.

[0032] In addition, the thrust load generated on the rotor 5
along with kneading of the kneading material significantly
affects a life span of a bearing (thrust bearing) which
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supports the rotor 5. Therefore, in order to determine the life
span of the bearing, it is necessary that the thrust load is
accurately measured. In a case where such thrust load is
applied, a displacement (relative displacement) between an
outer ring 16 and the inner ring 13 is generated on a bearing
which can support both a radial load and a thrust load. The
inventors of the present invention have focused attention on
this relative displacement and have come to obtain knowl-
edge about the technique to calculate the thrust load from the
relative displacement.

[0033] In other words, the hermetically sealed kneader 2
of the present invention is provided with the measuring
device 1 for measuring a thrust load from a relative dis-
placement generated on the bearing 6 that can support the
thrust load. Specifically, in the measuring device 1, at least
one or more displacement sensors 19 are arranged at an outer
ring fixing member 17 (bearing restraint) for fixing the outer
ring 16 of the bearing 6 that supports a thrust load or at a
casing 18 to which the outer ring fixing member 17 is
attached. The displacement sensor 19 is configured so as to
measure a position of an inner ring fixing member 20 for
fixing the inner ring 13 of the bearing 6 at one end or a
position of the rotor 5 to which the inner ring fixing member
20 is attached. That is, the displacement sensor 19 is
configured so as to measure a relative displacement of the
inner ring 13 to the outer ring 16 in the axial direction. In
addition, the measuring device 1 is provided with a load
calculating unit (not shown) which multiplies the relative
displacement measured by the displacement sensor 19 by a
conversion coefficient to thereby calculate a thrust load
acting on the rotor 5.

[0034] Next, the displacement sensor 19 and the load
calculating unit that configure the measuring device 1 of the
present invention will be described in detail. Among the
bearings 6, 7 arranged in the axial direction, the displace-
ment sensor 19 is provided at the bearing 6 at one end on
which the thrust load acts. The displacement sensor 19 is
configured to measure this displacement which is generated
between the outer ring 16 and the inner ring 13 of the bearing
6 in the axial direction.

[0035] Specifically, the displacement sensor 19 is attached
to a member at the outer ring 16 of the bearing 6 and is
configured to measure the relative displacement (an amount
of axial displacement of the inner ring 13 of the bearing 6
relative to the outer ring 16 of the bearing 6) on the basis of
a distance from the outer ring 16 to a member at the inner
ring 13 of the bearing 6. In a case where the outer ring 16
cannot be seen from the outside, a member which is fixed in
the same way as the outer ring 16, for example, the outer ring
fixing member 17 for fixing the outer ring 16, the casing 18
at which the outer ring fixing member 17 is provided, or the
like is adopted as “the member at the outer ring 16 of the
bearing 6” to which the displacement sensor 19 is attached.
Meanwhile, in a case where the inner ring 13 cannot be seen
from the outside, a member which is movable in the axial
direction along with the inner ring 13 (a member which
makes the same movement as the inner ring 13), for
example, the inner ring fixing member 20 for fixing the inner
ring 13, the rotor 5 to which the inner ring fixing member 20
is attached, or the like is adopted as “the member at the inner
ring 13 of the bearing 6” of which the displacement is
measured by the displacement sensor 19.

[0036] Further, a contactless displacement gauge or the
like utilizing a laser, an eddy current, or the like can be
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appropriately applied to such displacement sensor 19 while
a contact displacement gauge or the like may be also
applied. Further, the displacement sensor 19 of the embodi-
ment is configured in such a way that a laser displacement
gauge is provided at a distal end of an attaching member 22
which is attached on an outer surface of the outer ring fixing
member 17 so as to protrude therefrom to the non-drive side.
Furthermore, the displacement sensor 19 is configured to
measure an axial position of an end surface of the rotor 5 (a
cap 23 of the rotor 5) with a laser, thereby measuring the
relative displacement between the outer ring 16 and the
inner ring 13 in the axial direction.

[0037] The load calculating unit (illustration thereof is
omitted) is configured to calculate the thrust load acting on
the bearing 6 at one end from the relative displacement that
is measured by the aforementioned displacement sensor 19.
Specifically, in the load calculating unit, the relative dis-
placement measured by the displacement sensor 19 is mul-
tiplied by a conversion coefficient and thereby the thrust load
acting on the bearing 6 at one end, i.e., the thrust load
generated on the rotor 5 is calculated. This conversion
coeflicient is a spring constant obtained from the fact that the
load elastically changes as a spring with respect to the
relative displacement. An already-known thrust load (for
example, a load generated by pressing via a load cell with a
hydraulic cylinder) is applied to the axis of the rotor 5 and
the relative displacement is calibrated while being measured
in a state where the rotor 5 is brought in a rotating mode;
thereby, a value of the conversion coefficient can be calcu-
lated.

[0038] In other words, if, preliminarily, the value of the
conversion coeflicient is acquired and the conversion coef-
ficient is inputted to the load calculating unit, the relative
displacement measured by the displacement sensor 19 is
multiplied by this conversion coefficient and therefore the
thrust load can be calculated. In addition, a personal com-
puter or the like which performs a calculation by loading
measurement results of the displacement sensor 19 with a
data logger, a memory, or the like is applied to an actual load
calculating unit. Next, a method for measuring a thrust load
by using the aforementioned measuring device 1, i.e., a
thrust load measuring method of the present invention will
be described.

[0039] As shown in FIG. 2, when the aforementioned rotor
5 is rotated, the blade 12 twisted along the axial direction in
a spiral shape kneads the kneading material. Along with such
kneading, a thrust load is generated on the rotor 5. The thrust
load generated in this manner is supported by the bearing 6
provided at one end of the rotor 5. Specifically, on the rotor
5 at the upper side in FIG. 2, the inner ring 13 in the bearing
6 at one end horizontally slides toward one end with respect
to the outer ring 16 that is fixed by the application of the
thrust load. The amount of slide of the inner ring 13 with
respect to the outer ring 16 varies in accordance with the size
of' the thrust load. Therefore, in the measuring method of the
present invention, a relative displacement is measured by the
aforementioned displacement sensor 19 and the measured
relative displacement is multiplied by the conversion coef-
ficient; thereby, the thrust load is calculated.

[0040] In other words, in the measuring device 1 of the
present invention, the displacement sensor 19 is attached to
the aforementioned outer ring fixing member 17 that fixes
the outer ring 16 of the bearing 6, and an axial position of
the inner ring fixing member 20 that fixes the inner ring 13
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of the bearing 6 is measured by using this displacement
sensor 19. Thus, a clearance between the outer ring 16 and
the inner ring 13 of the bearing 6, i.e., the relative displace-
ment generated between the outer ring 16 and the inner ring
13 of the bearing 6 in the axial direction can be measured.
[0041] A result of the relative displacement measured by
the displacement sensor 19 in this manner is sent to the load
calculating unit. In the load calculating unit, the result of the
relative displacement is multiplied by the already-known
conversion coefficient, thereby calculating the thrust load.
The aforementioned measuring device 1 is configured only
by the plural displacement sensors 19 that are attached to the
bearings 6 of the rotors 5 of the hermetically sealed kneader
2 and the load calculating unit that processes measurement
results of the plural displacement sensors 19. Therefore, the
device itself is configured very simply; nevertheless, it can
highly accurately measure the thrust load acting on the rotor
5 from the relative displacement generated between the
outer ring 16 and the inner ring 13 of the bearing 6.
[0042] Further, in a case where the displacement sensor 19
is only attached to the rotor 5, the measuring device 1 can
be additionally provided at the existing equipment while not
being significantly modified, therefore being superior in
convenience. Furthermore, a relative displacement is regu-
larly measured by the aforementioned measuring device 1
and the relative displacement is monitored so as not to
deviate from a management value; thereby, abnormality
such as wear of the bearing 6 can be observed. This is
because as wear of the bearing 6 progresses, a clearance
(backlash) in the bearing 6 increases and the relative dis-
placement increases. Therefore, an increase of the relative
displacement is observed; thereby, an appropriate timing for
replacement of the bearing 6 can be determined.

[0043] In addition, if a clearance (backlash) exists in the
bearing 6 when the aforementioned measuring device 1
measures a displacement between the outer ring 16 and the
inner ring 13 to calculate a load, the accuracy may decrease.
This is because in a case where there is a clearance (back-
lash) in the bearing 6 in a direction in which a thrust load is
applied, a large relative displacement may be measured even
under a small load and therefore the load calculating unit
may determine by mistake that a large load is generated and
may have difficulty accurately calculating the thrust load.
[0044] However, in the hermetically sealed kneader 2 to
which the measuring device 1 of the present invention is
applied, no backlash is generated in the bearing 6 during
kneading. This is because the rotors 5 are configured to have
the blades 12 twisted in the same direction and to rotate in
the different directions from each other and therefore a thrust
load acting from the other end (the drive side) to one end (the
non-drive side) in the axial direction is generated on the
rotor 5 shown at the upper side in FIG. 3 while a thrust load
acing from one end (the non-drive side) to the other end (the
drive side) is generated on the rotor 5 shown at the lower
side in FIG. 3. That is, during kneading, the thrust load
acting in one direction along the axial direction is generated
on each rotor 5. Accordingly, on the rotor 5 shown at the
upper side in FIG. 3, the inner ring 13 of the bearing 6 is
pushed toward one end (the non-drive side) while on the
rotor 5 shown at the lower side in FIG. 3, the inner ring 13
of the bearing 6 is pushed toward the other end (the drive
side). Therefore, in spite of the fact that the bearing 6 has a
clearance, no backlash is generated in the bearing 6 during
kneading. As a result, a linear relation is established between



US 2016/0297102 Al

the relative displacement and the thrust load and the thrust
load can be accurately calculated.

[0045] In addition, the relative displacement measured by
the aforementioned displacement sensor 19 may include
rotational components of the rotor 5 (undulation compo-
nents) as an accidental error. If the error is not eliminated, a
thrust load may not be accurately calculated. For example,
as shown in FIG. 4B, a radial load acting radially outward
is generated on the rotor 5 that is rotating. Therefore, the
rotor 5 is rotating in a state where a midway point of the
rotor 5 in the axial direction is deflected downward by the
radial load. Accordingly, such deflection causes the rotor 5
to be inclined relative to the horizontal direction and there-
fore the end surface (a measurement surface) of the rotor 5
does not align along the vertical direction. As a result,
rotational components in synchronization with a rotational
period of the rotor 5 are generated in a measured waveform.
[0046] In other words, measurement values measured in a
case where the displacement sensor 19 is arranged on the
end surface of the rotor 5 at the upper side and in a case
where the displacement sensor 19 is arranged on the end
surface of the rotor 5 at the lower side may be different from
each other. Accordingly, it is difficult that an accurate
relative displacement is measured. If the displacement can
be measured in the center of the end surface of the rotor 5,
rotational components are not included in the measurement
value. However, generally, a connection or the like of a
coolant supply pipe to the rotor 5 is provided in the center
of the end surface. Therefore, it is often difficult to provide
the displacement sensor 19 in the center of the end surface
of the rotor 5.

[0047] In such case, an adjustment means (a first adjust-
ment means) as below which eliminates (adjusts) the effect
of rotational components of the rotor 5 as an accidental error
from a relative displacement is preferably provided. In other
words, the first adjustment means includes the plural (two or
more) displacement sensors 19 provided circumferentially at
equal intervals, thereby eliminating the effect of the rota-
tional components of the rotor 5 by using a mean of
measurement values measured by the plural displacement
sensors 19.

[0048] In other words, these plural displacement sensors
19 are arranged at an equal distance from the axis of each
rotor 5 with respect to one another and respectively circum-
ferentially at equal intervals. For example, in an example
shown at the upper side in FIG. 4A, the displacement sensors
19 are provided respectively at “a measurement point 1” and
“a measurement point 2 at the upper and lower sides on the
end surface of the rotor 5, i.e., the two displacement sensors
19 are provided at the single rotor 5 so as to be circumfer-
entially spaced with a phase difference of 180 degrees.
Further, in an example shown at the lower side in FIG. 4A,
the displacement sensors 19 are provided respectively at “a
measurement point 1” at the upper side on the end surface
of the rotor 5 and at “a measurement point 2” and “a
measurement point 3” at the lower side on the end surface
of the rotor 5, i.e., the three displacement sensors 19 are
provided at the single rotor 5 so as to be circumferentially
spaced with a phase difference of 120 degrees.

[0049] As described above, the plural displacement sen-
sors 19 are arranged to be circumferentially spaced with an
equal distance (phase difference); thereby, measurement
results of relative displacements measured by the displace-
ment sensors 19, respectively are measured with an equal
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phase difference. Therefore, the sum of the measurement
results of all of the displacement sensors 19 is calculated;
thereby, the effect of rotational components included in the
measurement values, respectively can be canceled together
to be eliminated. That is, a representative relative displace-
ment is obtained by averaging the measurement values
measured by the plural displacement sensors 19; thereby, the
effect of the rotational components of the rotor 5, which are
respectively included in the measurement results, is can-
celed. Therefore, the obtained representative relative dis-
placement does not include the effect of the rotational
components of the rotor 5. As a result, the effect of the
rotational components of the rotor 5 can be eliminated
without a complicated arithmetic processing.

[0050] Meanwhile, in a case where an end portion (the
measurement surface to be measured by the displacement
sensor 19) of the rotor 5 is not flat and is non-smooth and
uneven, its effect may appear in a measurement result of a
relative displacement. In order to eliminate such effect, an
adjustment means (a second adjustment means) as below is
preferably provided. As shown in FIG. 2, the second adjust-
ment means is configured so that an indicator 24 (a respond-
ing portion) or the like for sensing a rotating state of the rotor
5 is attached on the outer circumferential surface of the rotor
5 and so that a rotation sensor 25 for detecting the indicator
24 is provided radially outward from the outer circumfer-
ential surface of the rotor 5. In addition, every time the
indicator 24 is detected by the rotation sensor 25, the
rotation sensor 25 determines that the rotor 5 has made one
rotation, and the displacement sensor 19 measures a relative
displacement corresponding to one rotation of the rotor 5,
which is determined by the rotation sensor 25.

[0051] Next, the displacement sensor 19 measures a wave-
form of a relative displacement in a state where the kneading
material is not inputted and a waveform of a relative
displacement in a state where the kneading material is
inputted. Then, by using a difference waveform between the
measured waveform of the relative displacement in a state
where the kneading material is not inputted and the mea-
sured waveform of the relative displacement in a state where
the kneading material is inputted, a thrust load acting on the
rotor 5 is calculated by the load calculating unit. This
calculation of the difference waveform is performed every
time data of one rotation (one pulse) is measured, and a
waveform of the calculation result is outputted as a mea-
surement value after adjustment.

[0052] In such difference waveform obtained by using the
second adjustment means, the effect of the rotational com-
ponents of the rotor 5 is eliminated. Therefore, it is judged
that the thrust load can be highly accurately measured even
in a case where such difference waveform is used. For
example, in a measured waveform of a relative displacement
shown in FIG. 5A, as clear as seen from a portion at the time
before the material is inputted, the measured waveform
periodically varies and includes the effect of the rotational
components of the rotor 5. Meanwhile, in a modified wave-
form where an adjustment is made by the aforementioned
adjustment means (see FIG. 5B), it is clear that the measured
waveform does not periodically vary and the effect of the
rotational components of the rotor 5 is eliminated from the
measured waveform.

[0053] The aforementioned first and second adjustment
means are particularly useful in a case where a thrust load is
measured in the hermetically sealed kneader 2, the length of
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which is long in the axial direction and in which deflection
along with rotation is likely to occur. Moreover, in the
aforementioned measuring device 1, the displacement sen-
sor 19 is mounted within a hub construction (the displace-
ment sensor 19 is mounted radially inward from the bearing
6 having a hub construction); therefore, the effect of deflec-
tion can be further reduced.

[0054] Inaddition, the embodiments disclosed here should
be regarded as illustrative in all respects and as non-
limitative. In particular, in the embodiments disclosed here,
items which are not expressly disclosed, for example, opera-
tion conditions/operational provisions, various types of
parameters, the size, weight, volume or the like of each
component, do not deviate from the scope generally carried
out by a person skilled in the art, and values that an ordinary
person skilled in the art can be easily assumed are adopted
to the items.

[0055] This application is based on Japanese Patent Appli-
cation No. 2013-263891 filed on Dec. 20, 2013, the content
of which is incorporated by reference herein.

EXPLANATION OF REFERENCE NUMERALS

[0056] 1: thrust load measuring device
[0057] 2: hermetically sealed kneader
[0058] 3: kneading chamber

[0059] 4: housing

[0060] 5: rotor

[0061] 6: bearing at one end

[0062] 7: bearing at the other end
[0063] 8: opening

[0064] 9: material introduction passage

[0065] 10: hopper
[0066] 11: floating weight
[0067] 12: blade
[0068] 13: inner ring
[0069] 14: discharge port
[0070] 15: drop door
[0071] 16: outer ring
[0072] 17: outer ring fixing member
[0073] 18: casing
[0074] 19: displacement sensor
[0075] 20: inner ring fixing member
[0076] 22: attaching member
[0077] 23: cap of rotor
[0078] 24: indicator (responding portion)
[0079] 25: rotation sensor
1. A device for measuring a thrust load acting on a rotor
of a hermetically sealed kneader which is provided with the
device, the device comprising:

a pair of rotors which are arranged adjacent to each other
at a predetermined interval so that axes are in parallel
with each other and which rotate in directions different
from each other,

wherein bearings are provided at both ends of each of the
pair of rotors, the bearings supporting a load in a radial
direction, which acts on each rotor, and a load in a
thrust direction, which acts on the rotor is supported by
one of the bearings, which is at one end of the both
ends,
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wherein at least one or more displacement sensors are
arranged on an outer ring fixing member for fixing an
outer ring of the bearing at the one end or on a casing
to which the outer ring fixing member is attached,

wherein the displacement sensor can measure a relative
displacement in an axial direction between the outer
ring fixing member or the casing and an inner ring
fixing member for fixing an inner ring of the bearing at
the one end or the rotor to which the inner ring fixing
member is attached, and

wherein a load calculating unit is provided, the load

calculating unit calculating the thrust load acting on the
rotor, by multiplying the relative displacement mea-
sured by the displacement sensor by a conversion
coeflicient.

2. The device for measuring a thrust load acting on a rotor
of a hermetically sealed kneader according to claim 1,
wherein a blade twisted in a spiral shape with respect to an
axis line of the rotor is formed on the rotor, and the thrust
load acting on the bearing at the one end is applied in one
direction along the axial direction.

3. The device for measuring a thrust load acting on a rotor
of a hermetically sealed kneader according to claim 1,
wherein the displacement sensor includes a plurality of
displacement sensors which are arranged at an equal dis-
tance from the axis of the rotor and circumferentially at
equal intervals, and wherein the load calculating unit obtains
a representative relative displacement by averaging mea-
surement values measured by the plurality of the displace-
ment sensors and calculates the thrust load acting on the
rotor from the obtained representative relative displacement.

4. The device for measuring a thrust load acting on a rotor
of a hermetically sealed kneader according to claim 1,
comprising a rotation sensor for detecting a rotation of the
rotor,

wherein the displacement sensor measures in one rotation

of the rotor, which is detected by the rotation sensor, a
waveform of a relative displacement in a state where a
kneading material is not inputted and a waveform of a
measured relative displacement in a state where the
kneading material is inputted, and

wherein the load calculating unit calculates the thrust load

acting on the rotor by using a difference waveform
between the measured waveform of the relative dis-
placement in a state where the kneading material is not
inputted and the measured waveform of the relative
displacement in a state where the kneading material is
inputted.

5. The device for measuring a thrust load acting on a rotor
of a hermetically sealed kneader according to claim 2,
wherein the displacement sensor includes a plurality of
displacement sensors which are arranged at an equal dis-
tance from the axis of the rotor and circumferentially at
equal intervals, and

wherein the load calculating unit obtains a representative

relative displacement by averaging measurement val-
ues measured by the plurality of the displacement
sensors and calculates the thrust load acting on the rotor
from the obtained representative relative displacement.
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