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(54) Method of estimating life of gear pump and rubber extrusion apparatus

(57) A method of estimating a life of a gear pump
includes detecting the number of rotations of a gear and
a discharge amount of rubber being extruded from the
gear pump; calculating, based on the number of rotations
and the discharge amount of the rubber which are de-
tected, a discharge efficiency η (= T1/T) that is a ratio of

a measured value Tl of a discharge amount of the rubber
that is extruded from the gear pump per one rotation of
the gear to a theoretical value T; and estimating the life
of the gear pump based on the calculated discharge ef-
ficiency η.
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Description

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0001] The present invention relates to a method of estimating the life of a gear pump and a rubber extrusion apparatus.

BACKGROUND ART

[0002] There is a method in which a rubber member is molded by winding a ribbon-like rubber strip around a rotating
molding drum. The ribbon-like rubber strip is molded by kneading rubber in an extruder and extruding the kneaded
rubber to the outside from a die.
[0003] In the molding of the rubber strip, since a uniform cross-sectional shape of the rubber strip is obtained by
constantly discharging the rubber that is extruded from the die, a rubber extrusion apparatus is used in which a gear
pump is provided between the extruder and the die.
[0004] When the gear pump is used over a long period of time, a gear contained in a casing is worn out, a constant
amount of the rubber is not supplied to the die, and a discharge amount of the rubber being extruded from the die
changes. In particular, the gear pump is likely to fluctuate a discharge amount of the rubber being extruded when the
gear is in an acceleration state, for example, immediately after the rubber extrusion apparatus starts molding the rubber
strip from a stationary state.
[0005] When a desired performance is not obtained, the gear pump is replaced with a new one or is repaired, but it
is necessary to adjust a production plan for the time of the replacement or the repair of the gear pump, or to procure a
replacement part of the gear pump at a proper time so that production efficiency of the rubber extrusion apparatus is
improved. Accordingly, it is desirable to estimate the life of the gear pump and a time of a replacement of the gear pump.
[0006] In a kneading extruder that includes a supply unit, a kneading unit and a metering unit, JP-A-8-216230 discloses
a method of detecting vibrations occurring in the supply unit, the kneading unit and the metering unit, of monitoring an
operation state of the kneading extruder by an analysis of waveforms of the vibrations, and of estimating an occurrence
of a malfunction.
[0007] However, the document discloses the fact that an occurrence of a malfunction is estimated based on vibrations
occurring when the kneading extruder is operated, but in the document, an amount of the rubber being discharged from
the gear pump is not described. The vibration-based estimation is appropriate for estimation of a fatigue fracture such
as a crack occurring in the kneading extruder, but is not appropriate for estimation of a slowly progressing malfunction
such as wear of the gear pump.
[0008] JP-UM-A-4-73526, JP-B-6-26710 and Japanese Patent No. 4,103,036 disclose the fact that the number of
rotations of the gear pump and a discharge amount of rubber being extruded from the gear pump are detected. The
documents describe the fact that a rotational speed of the gear is adjusted to obtain a constant amount of the rubber
being discharged from the gear pump, but do not suggest a technology in which the life of the gear pump is estimated.

SUMMARY OF THE INVENTION

[0009] The present invention is made in consideration of the above points, and an object of the present invention is
to provide a method of estimating the life of a gear pump, in which the life of the gear pump can be estimated, and a
rubber extrusion apparatus.
[0010] According to an aspect of the present invention, there is provided a method of estimating a life of a gear pump.
The method includes detecting the number of rotations of a pair of gears that rotate in a state where the gears mesh
with each other, and a discharge amount of rubber that is extruded from the gear pump; calculating, based on the number
of rotations and the discharge amount of the rubber which are detected, a ratio (T1/T) of a measured value T1 of the
discharge amount of the rubber that is extruded from the gear pump per one rotation of the gear to a theoretical value
T of the discharge amount of the rubber that is extruded from the gear pump per one rotation of the gear; and estimating
the life of the gear pump based on the calculated ratio (T1/T).
[0011] According to an aspect of the present invention, there is provided a rubber extrusion apparatus that includes
a gear pump having a pair of gears that rotate in a state where the gears mesh with each other, an extruder which
supplies rubber to the gear pump, and a die from which the rubber extruded from the gear pump is discharged to the
outside, and the apparatus includes a number-of-rotations detection unit that detects the number of rotations of the gear;
a discharge amount detection unit that detects a discharge amount of the rubber being extruded from the gear pump;
a calculation unit that, based on a value detected by the number-of-rotations detection unit and a value detected by the
discharge amount detection unit, calculates a ratio (T1/T) of a measured value T1 of the discharge amount of the rubber
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that is extruded from the gear pump per one rotation of the gear to a theoretical value T of the discharge amount of the
rubber that is extruded from the gear pump per one rotation of the gear; and an estimation unit that estimates a life of
the gear pump based on the ratio (T1/T) calculated by the calculation unit.
[0012] In a preferred aspect of the present invention, the method of estimating the life of the gear pump may include
storing the ratio (T1/T) and an operation amount in a state where the ratio (T1/T) correlates with the operation amount,
in which the ratio (T1/T) is a ratio calculated from when an operation of the gear pump starts to a present time, and the
operation amount is an amount at a time when the ratio (T1/T) is calculated; calculating an approximate function that
indicates a relationship between the stored ratio (T1/T) and the operation amount; and estimating the life of the gear
pump based on the calculated approximate function.
[0013] In another aspect, the method of estimating the life of the gear pump may include calculating the number of
rotations of the gear from an integral value obtained by integrating a rotational speed of the gear with a rotational time
of the gear. In still another aspect, the method of estimating the life of the gear pump may include detecting a pressure
of the rubber being supplied to the gear pump; and detecting, when the detected pressure of the rubber is greater than
a reference value, the number of rotations of the gear and a discharge amount of the rubber being extruded from the
gear pump.
[0014] According to the aspects of the present invention, it is possible to estimate the life of the gear pump. It is possible
to adjust a production plan for a time of a replacement or a repair of the gear pump, or to procure a replacement part of
the gear pump at a proper time. It is possible to improve production efficiency of the rubber extrusion apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a schematic view illustrating a rubber extrusion apparatus according to a first embodiment.
Fig. 2 is a block diagram illustrating a control unit of the rubber extrusion apparatus in Fig. 1.
Fig. 3 is a view illustrating a pressure on a side of an outlet of a gear pump and a rotational speed of a gear
immediately after an operation of the rubber extrusion apparatus in Fig. 1 starts.
Fig. 4 is a flow chart illustrating a sequence of estimating the life of the gear pump.
Fig. 5 is a view illustrating a relationship between an operation amount of the gear pump and a discharge efficiency η.
Fig. 6 is a schematic view illustrating a rubber extrusion apparatus according to a second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

First Embodiment

[0016] Hereinafter, a first embodiment of the present invention will be described with reference to the accompanying
drawings.
[0017] Fig. 1 is a schematic view illustrating a rubber extrusion apparatus 10 according to the embodiment. Fig. 2 is
a block diagram illustrating a configuration of controlling the rubber extrusion apparatus 10. The rubber extrusion appa-
ratus 10 is an apparatus that supplies a rubber strip S to a molding drum D which rotates, and molds a pneumatic tire
as a rubber member on an outer circumferential surface of the molding drum D. The rubber extrusion apparatus 10
includes an extruder 12; a gear pump 14; a die 16; a discharge amount detection unit 17; and a control unit 18. The
embodiment exemplifies a case where the rubber extrusion apparatus 10 molds a pneumatic tire, but the invention can
be used to mold various rubber members.
[0018] The extruder 12 has a cylindrical barrel 20; a hopper 22 that is connected to a supply port of the barrel 20; a
screw 24 that kneads rubber and sends the kneaded rubber to a proximal end side (that is, a side of the gear pump 14);
and a motor 26 that rotates the screw 24. When the motor 26 controlled by the control unit 18 rotates the screw 24, the
extruder 12 kneads the rubber supplied into the barrel 20 from the hopper 22, and supplies the kneaded rubber to a side
of an inlet of the gear pump 14.
[0019] The gear pump 14 is connected to a proximal end side of the extruder 12 in an extrusion direction, and the
gear pump 14 includes a pair of gears 28 that rotate in a state where the gears mesh with each other, and a casing 32
provided with a gear chamber 30 that contains the gears 28.
[0020] Each of the gears 28 is rotationally driven by a motor 34, and the number of rotations of each of the gears 28
is controlled by the control unit 18. For illustration purposes, the gears 28 are illustrated to form a row in a vertical direction
in Fig. 1, but in practicality, the gears 28 are arranged to form a row in an in-plane direction (the rotational shaft of the
gear 28 is directed to be vertical in Fig. 1)
[0021] The casing 32 is provided with an inlet chamber 36 between the gear chamber 30 and the extruder 12, and is
provided with an outlet chamber 38 between the gear chamber 30 and the die 16. When the gears 28 do not mesh with
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each other, in the gear pump 14, the rubber supplied to the inlet chamber 36 from the extruder 12 enters a tooth space
28a, and is sent to the outlet chamber 38 by a rotation of the gears 28.
[0022] A pressure sensor 40 is provided in the inlet chamber 36 of the gear pump 14 to detect a pressure in the inlet
chamber 36, that is, a pressure of the rubber supplied to the gear pump 14 from the extruder 12. The pressure sensor
40 outputs the detected pressure in the inlet chamber 36 to the control unit 18.
[0023] A pressure sensor 42 is provided in the outlet chamber 38 of the gear pump 14 to detect a pressure in the
outlet chamber 38, that is, a pressure of the rubber sent from the gear pump 14. The pressure sensor 42 outputs the
detected pressure in the outlet chamber 38 to the control unit 18.
[0024] The die 16 is provided with a discharge port 44 that has a shape conforming to a cross-sectional shape of the
rubber strip S. The die 16 discharges the rubber sent from the gear pump 14 to the outside via the discharge port 44,
and continuously extrusion-molds the ribbon-like rubber strip S.
[0025] The rubber strip S extruded from the die 16 can have various sizes depending on a rubber member that is
molded on the outer circumferential surface of the molding drum D. The cross-section of the rubber strip S is not limited
to a specific shape, and can have various and preferred shapes such as a triangular shape, a crescentic shape, a circular
shape or a rectangular shape, depending on a finished cross-sectional shape thereof.
[0026] When an inspection operation to be described later is carried out, the discharge amount detection unit 17 is
configured to have a scale that detects the weight of rubber (rubber strip St for inspection) extruded from the discharge
port 44 of the die 16, and the discharge amount detection unit 17 outputs the detected weight (discharge amount) of the
rubber strip St for inspection to the control unit 18.
[0027] The control unit 18 is configured to have a micro computer and a memory. As illustrated in Fig. 2, a pressure
in the inlet chamber 36 input from the pressure sensor 40; a pressure in the outlet chamber 38 input from the pressure
sensor 42; a weight (discharge amount) Q of the rubber strip St for inspection detected by the discharge amount detection
unit 17; and a signal from an input unit 19 such as a keyboard are input into the control unit 18.
[0028] The control unit 18 also functions as an operation amount acquisition unit that acquires an operation amount
of the rubber extrusion apparatus 10; a number-of-rotations detection unit that detects the number of rotations of the
gear 28; a calculation unit that calculates a ratio η (= T1/T, and hereinafter, referred to as a discharge efficiency η) of a
measured value T1 to a theoretical value T of a discharge amount of the rubber that is extruded from the gear pump 14
per one rotation of the gear; and an estimation unit that estimates the life of the gear pump 14 based on the discharge
efficiency η.
[0029] Based on inputs from the pressure sensors 40 and 42 and the discharge amount detection unit 17, the control
unit 18 controls the motor 26 that rotationally drives the screw 24 and the motor 34 that rotationally drives the gears 28.
Accordingly, the control unit 18 executes a normal operation in which the rubber strip S is continuously molded and
supplied to the molding drum D, and an inspection operation in which the life of the gear pump 14 is estimated.
[0030] In the normal operation, the control unit 18 controls the motor 26 of the extruder 12 to rotate the screw 24.
When a pressure in the inlet chamber 36 detected by the pressure sensor 40 reaches a predetermined pressure or
greater, the control unit 18 controls the motor 34 to rotate the gear 28 in a stationary state. Accordingly, the gear pump
14 sends the rubber in the outlet chamber 38 to the die 16 and thus, the rubber strip S is continuously extruded from
the discharge port 44 and is molded. When a desirable length of the rubber strip S is extruded, the control unit 18 stops
the motor 34 to suspend the molding of the rubber strip S.
[0031] When the aforementioned normal operation is executed, the control unit 18 adds up the number of days for
which the rubber extrusion apparatus 10 is operated from when the gear pump 14 starts anew, and the control unit 18
stores an added-up value as an operation amount of the rubber extrusion apparatus 10. The control unit 18 adds up the
number of operation days of the rubber extrusion apparatus 10. In addition, for example, the control unit 18 may store,
as an operation amount, a value obtained by adding up an actual operation time of the rubber extrusion apparatus 10
from when an operation of the gear pump 14 starts to a present time; the number (a value obtained by adding up the
number of rotations of the gear 28 from when the operation of the gear pump 14 starts to the present time) of rotation
of the gear 28 of the gear pump 14; or the number of tires being produced.
[0032] As illustrated in Fig. 3, when the gear 28 is in an acceleration state immediately after the gear 28 starts to rotate
from a stationary state, a pressure in the outlet chamber 38 is likely to abruptly change and a load is likely to be applied
to the gear pump 14 or the die 16. Even when the gear 28 is in a deceleration state from a rotation state to a stop of the
gear 28, a pressure in the outlet chamber 38 is likely to abruptly change and a load is likely to be applied to the gear
pump 14 or the die 16. For this reason, when the gear 28 is in acceleration and deceleration states, the control unit 18
controls the motor 34 to adjust a rotational speed of the gear 28 in such a manner that a pressure in the outlet chamber
38 detected by the pressure sensor 42 satisfies a predetermined condition.
[0033] The control unit 18 carries out an inspection operation according to a sequence illustrated in Fig. 4. First, the
control unit 18 determines whether or not a pressure in the inlet chamber 36 detected by the pressure sensor 40 reaches
a predetermined pressure (reference value) or greater (step S1).
[0034] If the pressure detected by the pressure sensor 40 is smaller than the predetermined pressure, the control unit
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18 controls the motor 26 of the extruder 12 to rotate the screw 24, and the rubber in the barrel 20 is supplied to the inlet
chamber 36 of the gear pump 14. Thereafter, a process returns to step S1 (step S2).
[0035] If the pressure detected by the pressure sensor 40 is greater than the predetermined pressure, the control unit
18 controls the motor 34 to rotate the gear 28 of the gear pump 14, the rubber in the outlet chamber 38 is sent to the
die 16, and the rubber strip St for inspection is extruded from the discharge port 44 and is molded (step S3).
[0036] In step S3, it is possible to arbitrarily set a rotational speed of the gear 28 when the rubber strip St for inspection
is extrusion-molded, but the rotational speed of the gear 28 is preferably set to the same as that in the normal operation
in which the rubber strip S is molded. For example, it is possible to accelerate the gear 28 up to 50 rpm in 5 seconds
from a stationary state, and then to rotate the gear 28 at 50 rpm for 20 seconds and then to stop the gear 28 in 2 seconds
from 50 rpm.
[0037] The control unit 18 detects the number (the number of rotations) R by which the gear 28 of the gear pump 14
rotates during the inspection operation (that is, while the gear 28 rotates) (step S4). Specifically, the control unit 18
sequentially detects a rotational speed of the motor 34 every predetermined sampling time (for example, every 0.2
seconds), and, based on the detected result, detects the number R by which the gear 28 rotates during the inspection
operation. For example, an integral value may be calculated by integrating a rotational speed of the gear 28 with a
rotational time of the gear 28 using a sectional measurement of rotational speeds of the motor 34 which are detected
at every sampling time, and the number R of rotations of the gear 28 may be calculated based on the integral value.
[0038] The discharge amount detection unit 17 detects the weight of the rubber strip St for inspection which is extruded
from the discharge port 44 of the die 16 during the inspection operation, and the discharge amount detection unit 17
inputs the detected result to the control unit 18 as a discharge amount Q of the rubber that is extruded from the gear
pump 14 during the inspection operation (step S5).
[0039] When the discharge amount Q is input from the discharge amount detection unit 17, the control unit 18 calculates
the measured value T1 of a discharge amount of the rubber that is extruded from the gear pump 14 per one rotation of
the gear 28 using the following equation (1), the number R of rotation of the gear 28 during the inspection operation,
and the discharge amount Q during the inspection operation. The control unit 18 calculates the discharge efficiency η
(= T1/T) that is a ratio of the measured value T1 of the discharge amount to the theoretical value T of the discharge
amount of the rubber that is extruded from the gear pump 14 per one rotation of the gear 28.
[0040] When the gear has a capacity (volume) C determined by the gear 28 of the gear pump 14 and the shape of
the gear chamber 30, and a density of the rubber supplied to the gear pump 14 is p, it is possible to calculate the
theoretical value T of a discharge amount of the rubber that is extruded from the gear pump 14 per one rotation of the
gear 28, using the following equation (2). Accordingly, it is possible to calculate the discharge efficiency η using the
following equation (3), the discharge amount Q during the inspection operation, the gear capacity C, the number R of
rotation of the gear 28, and the rubber density ρ (step S6). It is possible to suitably set the gear capacity C and the rubber
density ρ via the input unit 19. 

[0041] In a state where the calculated discharge efficiency η correlates with an operation amount of the gear pump
14 that the control unit 18 stores when the discharge efficiency η is calculated, the control unit 18 stores the calculated
discharge efficiency η and the operation amount of the gear pump 14 (step S7).
[0042] When the rubber extrusion apparatus 10 reaches a predetermined operation amount between when an operation
of the new gear pump 14 starts and when the gear pump 14 is replaced with a new one or is repaired, or when a
maintenance of equipment including the rubber extrusion apparatus 10 is carried out, a plurality of the aforementioned
inspection operations are carried out at arbitrary times during which the normal operation is not carried out.
[0043] As illustrated in Fig. 5, the control unit 18 calculates an approximate function F that indicates a relationship
between the discharge efficiency η, which is obtained in the inspection operation carried out up to a present time, and
the operation amount of the gear pump 14, and the control unit 18 calculates an operation amount of the gear pump 14
when the discharge efficiency η from the calculated approximate function reaches a predetermined reference value ηth



EP 2 778 420 A1

6

5

10

15

20

25

30

35

40

45

50

55

or less. When the discharge efficiency η reaches the predetermined reference value ηth or less, the operation amount
of the gear pump 14 is considered to reach a level at which it is necessary to replace the gear pump 14 with a new one
or to repair the gear pump 14. Accordingly, the control unit 18 estimates the life of the gear pump 14 (step S8).
[0044] The approximate function F indicates a relationship between the discharge efficiency η and the operation
amount of the gear pump 14, and the approximate function F may be either a linear function or a hyperbolic function. It
is possible to suitably set the reference value ηth for the discharge efficiency η via the input unit 19.
[0045] In the embodiment described above, based on the discharge efficiency η that is a ratio of the measured value
T1 of the discharge amount of the rubber that is extruded from the gear pump 14 per one rotation of the gear 28 to the
theoretical value T, the life of the gear pump 14 is estimated and thus, it is possible to accurately estimate the life of the
gear pump 14.
[0046] That is, due to the use of the gear pump 14, the gear 28 is worn out, and a gap between the gear 28 and the
gear chamber 30 of the casing 32 becomes large. Since the rubber increasingly flows back through the gear pump 14
as the gap becomes large and thus, the amount of rubber discharged from the gear pump 14 decreases, it is possible
to estimate a wear amount of the gear 28 from the discharge efficiency η and to accurately estimate the life of the gear
pump 14.
[0047] In the embodiment, since, from the discharge efficiency η used for estimating the life of the gear pump 14, a
discharge amount of the rubber being extruded from the gear pump 14 is converted into the discharge amount per one
rotation of the gear 28, it is possible to carry out the inspection operation even in a case where a rotation of the gear 28
is unstable, for example, like in a case where a rotational speed of the gear 28 is adjusted based on a pressure in the
outlet chamber 38.
[0048] For this reason, in a case where the life of the gear pump 14 is estimated based on the amount of the rubber
being extruded per unit time, until the gear 28 stably rotates, it is necessary to carry out an operation for estimating the
life of the gear pump 14 after the rubber is sent from the gear pump 14. However, in the embodiment, since the afore-
mentioned inspection operation is carried out, it is not necessary to stabilize the rotation of the gear 28, it is possible to
prevent the rubber from being wasted, and it is possible to carry out the inspection operation under arbitrary conditions.
In addition, since the inspection operation is carried out under the same conditions as in the normal operation in which
the rubber strip S is extrusion-molded, it is possible to estimate the life of the gear pump in a greatly reliable manner.
[0049] In the embodiment, since the inspection operations are carried out from when the operation of the new gear
pump 14 starts to a present time, and the life of the gear pump 14 is estimated based on the approximate function that
indicates a relationship between a plurality of discharge efficiency η and an operation amount of the gear pump 14, it is
possible to further improve reliability of estimation of the life of the gear pump.
[0050] In the embodiment, when a pressure in the inlet chamber 36 of the gear pump 14 is greater than a predetermined
pressure, the gear 28 of the gear pump 14 is driven to rotate, and the rubber strip St for inspection is extrusion-molded.
Accordingly, it is possible to prevent an inspection failure caused when the inlet chamber 36 is insufficiently filled with
the rubber.
[0051] The embodiment describes a case where the life of the gear pump 14 is estimated based on the discharge
efficiency η calculated during the inspection operation, but a rotational speed of the gear 28 during the normal operation
may be compensated for using the calculated discharge efficiency η. That is, when the discharge efficiency η decreases
due to the use of the gear pump 14, the amount of the rubber being extruded during the normal operation decreases.
Accordingly, the gear pump 14 may be set at a high rotational speed so as to compensate for decrease in the amount
of the rubber.

Second Embodiment

[0052] Fig. 6 is a schematic view illustrating a rubber extrusion apparatus 10A according to a second embodiment. In
the embodiment, rubber member manufacturing equipment is configured to have a plurality of the rubber extrusion
apparatuses 10A, and the control unit 18 of each of the rubber extrusion apparatuses 10A is connected to a database
100 and a terminal 102 via a communication network. Since the database 100 retains information such as the gear
capacity C, the rubber density p, the discharge efficiency η and an operation amount of the gear pump 14 obtained by
the control unit 18 of each of the rubber extrusion apparatuses 10A, it is possible to read the information via the terminal
102 in the communication network.
[0053] In the embodiment, it is possible to figure out the life of the gear pump 14 of each of the rubber extrusion
apparatuses 10A in an integrated manner, and it is easy to manage the entire rubber member manufacturing equipment.
In the second embodiment, other configurations and operation effects are the same as in the first embodiment, and a
description thereof will be omitted.
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Other Embodiment

[0054] The aforementioned embodiment describes the case where the life of the gear pump 14 is estimated based
on the approximate function that indicates a relationship between the discharge efficiency η obtained during the inspection
operations and an operation amount of the gear pump 14. However, the life of the gear pump 14 may be estimated
based on the discharge efficiency η obtained during only one inspection operation. For example, when the discharge
efficiency η obtained during the inspection operation is equal to or less than a predetermined value, it is determined that
it is necessary to replace the gear pump 14 with a new one or to repair the gear pump 14.
[0055] The embodiments of the present invention are described. However, the embodiments are proposed as exam-
ples, and are not intended to limit the scope of the invention. Other various embodiments can be put into practice, and
it is possible to make various omissions, replacements, and modifications to the embodiments without departing from
the spirit of the invention. Similarly to the fact that the embodiments and the modifications are included in the scope and
the spirit of the invention, the embodiments and the modifications are included in the invention described in the patent
claims and equivalent scopes.

Claims

1. A method of estimating a life of a gear pump having a pair of gears that rotate in a state where the gears mesh with
each other, the method comprising:

detecting the number of rotations of the gear and a discharge amount of rubber that is extruded from the gear
pump;
calculating, based on the number of rotations and the discharge amount of the rubber which are detected, a
ratio (T1/T) of a measured value T1 of the discharge amount of the rubber that is extruded from the gear pump
per one rotation of the gear to a theoretical value T of the discharge amount of the rubber that is extruded from
the gear pump per one rotation of the gear; and
estimating the life of the gear pump based on the calculated ratio (T1/T).

2. The method of estimating a life of a gear pump according to claim 1, further comprising:

storing the ratio (T1/T) and an operation amount in a state where the ratio (T1/T) correlates with the operation
amount, in which the ratio (T1/T) is a ratio calculated from when an operation of the gear pump starts to a
present time, and the operation amount is an amount at a time when the ratio (T1/T) is calculated;
calculating an approximate function that indicates a relationship between the stored ratio (T1/T) and the operation
amount; and
estimating the life of the gear pump based on the calculated approximate function.

3. The method of estimating a life of a gear pump according to claim 1, further comprising:

calculating the number of rotations of the gear from an integral value obtained by integrating a rotational speed
of the gear with a rotational time of the gear.

4. The method of estimating a life of a gear pump according to claim 1, further comprising:

detecting a pressure of the rubber being supplied to the gear pump; and
detecting, when the detected pressure of the rubber is greater than a reference value, the number of rotations
of the gear and a discharge amount of the rubber being extruded from the gear pump.

5. A rubber extrusion apparatus that includes a gear pump having a pair of gears that rotate in a state where the gears
mesh with each other, an extruder which supplies rubber to the gear pump, and a die from which the rubber extruded
from the gear pump is discharged to the outside, the apparatus comprising:

a number-of-rotations detection unit that detects the number of rotations of the gear;
a discharge amount detection unit that detects a discharge amount of the rubber being extruded from the gear
pump;
a calculation unit that, based on a value detected by the number-of-rotations detection unit and a value detected
by the discharge amount detection unit, calculates a ratio (T1/T) of a measured value T1 of the discharge amount
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of the rubber that is extruded from the gear pump per one rotation of the gear to a theoretical value T of the
discharge amount of the rubber that is extruded from the gear pump per one rotation of the gear; and
an estimation unit that estimates a life of the gear pump based on the ratio (T1/T) calculated by the calculation unit.
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