ABSTRACT

To precisely calculate the rubber index of a tire. '

A rubber index calculating device (12) measures, by a frictional energy measuring
device (14), frictional energies of a tire in plural tire input conditions applied to the tire on the
basis of the shear force and the slippage of a tire contact patch, measures, by the frictional
energy measuring device (14), frictional energies of a sample of the same material as the tire
in sample input conditions that have been set on the basis of the frictional energies of the tire
in the tire input conditions that were measured, and sets a measurement conditions for
measuring amounts of wear of the sample on the basis of the frictional energies of the tire in
the tire input conditions that were measured and the frictional energies of the sample in the
tire input conditions that were measured, measures, by an amount of wear measuring device
(16), the amounts of wear of the sample in the measurement conditions that were set, and
calculates the rubber index of the tire on the basis of the frictional energies and the amounts of

wear of the sample that were measured.
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CLAIMS
1. A tire rubber index calculating method comprising:

a tire frictional energy measuring step of measuring, by a frictional energy measuring
device, tire frictional energies of a tire in plural tire input conditions applied to the tire on the
basis of the shear force and the slippage of a tire contact patch;

a setting step of obtaining sample frictional energies of a sample of the same material
as the tire in sample input conditions that have been set on the basis of the tire frictional
energies in the tire input conditions that were measured, and setting measurement conditions
for measuring sample amounts of wear of the sample on the basis of the tire frictional
energies in the tire input conditions that were measured and the sample frictional energies that
were obtained for the sample input conditions;

a sample amount of wear measuring step of measuring, by an amount of wear
measuring device, the sample amounts of wear of the sample in the measurement conditions
that were set; and

a rubber index calculating step of calculating a rubber index of the tire on the basis of

the sample frictional energies and the sample amounts of wear that were measured.

2. The tire rubber index calculating method according to claim 1, wherein
the setting step includes

a step of calculating, per type of the tire input conditions, frictional energy
functions representing the correspondence relationships between the tire input conditions and
the tire frictional energies,

a step of calculating expected values of the tire frictional energies on the basis
of frequency data representing the relationships between tire inputs that were measured in
actual vehicle travel using the tire and the frequencies of the tire inputs and the frictional
energy functions per type of the tire input conditions,

a sample input condition setting step of setting a sample input condition
applied to the sample for measuring, by the frictional energy measuring device, the sample
frictional energy of the sample,

a sample frictional energy measuring step of measuring the sample frictional
energy of the sample in the sample input condition that was set and measuring the sample
frictional energy while changing the sample input condition until the sample frictional energy
that has been measured matches the expected value of the tire frictional energy, and

a sample amount of wear measurement condition setting step of setting, as a

measurement condition for measuring the sample amount of wear, the sample input condition
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in which the sample frictional energy that was measured matches the expected value of the
tire frictional energy, wherein

the sample amount of wear measuring step comprises measuring the sample amount of
wear of the sample in the measurement condition that was set in the sample amount of wear

measurement condition setting step.

3. The tire rubber index calculating method according to claim 1, wherein
the setting step includes

in regard to each of the plural tire input conditions,

a sample input condition setting step of setting a sample input condition
applied to the sample for measuring, by the frictional energy measuring device, the sample
frictional energy of the sample,

a sample frictional energy measuring step of measuring the sample frictional
energy of the sample in the sample input condition that was set and measuring the sample
frictional energy while changing the sample input condition until the sample frictional energy
that has been measured matches the tire frictional energy that was measured in the
corresponding tire input condition, and

a sample amount of wear measurement condition setting step of setting, as a
measurement condition for measuring the sample amount of wear, the sample input condition
in which the sample frictional energy that was measured matches the tire frictional energy that
was measured in the corresponding tire input condition, wherein

the sample amount of wear measuring step comprises measuring the sample amounts
of wear of the sample in the measurement conditions that were set in the sample amount of
wear measurement condition setting step in regard to each of the plural tire input conditions,
and

the rubber index calculating step includes

a step of calculating rubber indexes on the basis of the frictional energies and
the sample amounts of wear in regard to each of the plural tire input conditions,

a step of calculating, per type of the tire input conditions, rubber index
functions representing the correspondence relationships between the tire input conditions and
the rubber indexes of the tire on the basis of the rubber indexes that were calculated in regard
to each of the plural tire input conditions, and

a step of calculating expected values of the rubber indexes on the basis of
frequency data representing the relationships between tire inputs that were measured in actual

vehicle travel using the tire and the frequencies of those tire inputs and the rubber index
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functions per type of the tire input conditions.

4, The tire rubber index calculating method according to claim 1, wherein
the setting step includes

a step of calculating, per type of the tire input conditions, frictional energy
functions representing the correspondence relationships between the tire input conditions and
the tire frictional energies,

a step of calculating expected values of the tire frictional energies on the basis
of frequency data representing the relationships between tire inputs that were measured in
actual vehicle travel using the tire and the frequencies of those tire inputs and the frictional
energy functions per type of the tire input conditions,

a sample input condition setting step of setting a sample input condition
applied to the sample for computing the sample frictional energy of the sample on the basis of
a sample model of the sample,

a sample frictional energy computing step of computing the sample frictional
energy of the sample in the sample input condition that was set and computing the sample
frictional energy while changing the sample input condition until the sample frictional energy
that has been computed matches the expected value of the tire frictional energy, and

a sample amount of wear measurement condition setting step of setting, as a
measurement condition for measuring the sample amount of wear, the sample input condition
in which the sample frictional energy that was computed matches the expected value of the
tire frictional energy, wherein

the sample amount of wear measuring step comprises measuring the sample amount of
wear of the sample in the measurement condition that was set in the sample amount of wear

measurement condition setting step.

5. The tire rubber index calculating method according to claim 1, wherein
the setting step includes

in regard to each of the plural tire input conditions,

a sample input condition setting step of setting a sample input condition
applied to the sample for computing the sample frictional energy of the sample on the basis of
a sample model of the sample,

a sample frictional energy computing step of computing the sample frictional
energy of the sample in the sample input condition that was set and computing the sample

frictional energy while changing the sample input condition until the sample frictional energy
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that has been computed matches the tire frictional energy that was measured in the
corresponding tire input condition, and

a sample amount of wear measurement condition setting step of setting, as a
measurement condition for measuring the sample amount of wear, the sample input condition
in which the sample frictional energy that was computed matches the tire frictional energy
that was measured in the corresponding tire input condition, wherein,

the sample amount of wear measuring step comprises measuring the sample amounts
of wear of the sample in the measurement conditions that were set in the sample amount of
wear measurement condition setting step in regard to each of the plural tire input conditions,
and

the rubber index calculating step includes

a step of calculating rubber indexes on the basis of the frictional energies and
the sample amounts of wear in regard to each of the plural tire input conditions,

a step of calculating, per type of the tire input conditions, rubber index
functions representing the correspondence relationships between the tire input conditions and
the rubber indexes of the tire on the basis of the rubber indexes that were calculated in regard
to each of the plural tire input conditions, and

a step of calculating expected values of the rubber indexes on the basis of
frequency data representing the relationships between tire inputs that were measured in actual
vehicle travel using the tire and the frequencies of those tire inputs and the rubber index

functions per type of the tire input conditions.

6. A tire rubber index calculating device comprising:

tire frictional energy measuring that measures, by a frictional energy measuring device,
tire frictional energies in plural tire input conditions applied to the tire on the basis of the
shear force and the slippage of a tire contact patch;

setting unit that obtains sample frictional energies of a sample of the same material as
the tire in sample input conditions that have been set on the basis of the tire frictional energies
in the tire input conditions that were measured, and setting measurement conditions for
measuring sample amounts of wear of the sample on the basis of the tire frictional energies in
the tire input conditions that were measured and the sample frictional energies that were
obtained in the sample input conditions;

sample amount of wear measuring unit that measures, by an amount of wear
measuring device, the sample amounts of wear of the sample in the measurement conditions

that were set; and
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rubber index calculating unit that calculates a rubber index of the tire on the basis of

the sample frictional energies and the sample amounts of wear that were measured.

7. A tire rubber index calculating program for causing a computer to execute processing
comprising:

a tire frictional energy measuring step of measuring, by a frictional energy measuring
device, tire frictional energies of a tire in plural tire input conditions applied to the tire on the
basis of the shear force and the slippage of a tire contact patch;

a setting step of obtaining sample frictional energies of a sample of the same material
as the tire in sample input conditions that have been set on the basis of the tire frictional
energies in the tire input conditions that were measured, and setting measurement conditions
for measuring sample amounts of wear of the sample on the basis of the tire frictional
energies in the tire input conditions that were measured and the sample frictional energies that
were obtained in the sample input conditions;

a sample amount of wear measuring step of measuring, by an amount of wear
measuring device, the sample amounts of wear of the sample in the measurement conditions
that were set; and

a rubber index calculating step of calculating a rubber index of the tire on the basis of

the sample frictional energies and the sample amounts of wear that were measured.
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DESCRIPTION

TIRE RUBBER INDEX CALCULATING METHOD, DEVICE, AND PROGRAM

Technical Field

[0001] The present invention pertains to a tire rubber index calculating method, device, and
program, and particularly relates to a rubber index calculating method, device, and program
that calculate the rubber index of a tire such as a pneumatic tire used in automobiles and so
forth.

Background Art

[0002] Conventionally, as a method of predicting the wear of a tire such as a pneumatic tire
used in automobiles and so forth, in Japanese Patent No. 3,277,155 for example, there is
disclosed a technology that measures the amount of wear and the frictional energy of a tire
and predicts the wear of the tire with a rubber index that is determined on the basis of these.
[0003] Further, as a device that measures frictional energy, in Japanese Patent No. 3,277,155
and Japanese Patent No. 3,406,643 for example, there are disclosed contact portion measuring
devices for tire contact patches that apply a marking to a tire, image the tire contact patch with
a camera, measure the shear force and the slippage of the tire contact patch on the basis of the
image, and measure the frictional energy.

[0004] Further, in Japanese Patent No. 3,277,155 and Japanese Patent Application Laid-Open
(JP-A) No. 2006-242697, there are disclosed Lambourne testing devices that measure, with
the so-called Lambourne test, the wear of a sample (test piece) of rubber used in a tread
portion of a tire.

[0005] Further, in JP-A No. 2003-50190, there is disclosed a device that measures the amount

of wear of a tire with a drum wear test.

DISCLOSURE OF INVENTION
Technical Problem
[0006] In order to measure the wear of a tire, precisely finding the rubber index determined
from the amount of wear and the frictional energy of the tire becomes important, but the
Lambourne test measures the amount of wear of a sample by pushing a sample of a tire
against a grinding drum and causing it to rotate, and the Lambourne test cannot measure
frictional energy. For this reason, in the case of calculating frictional energy, frictional energy
has been calculated as a frictional energy that has been averaged on the basis of the axial force

applied to the sample and the slippage. The axial force in this case is, as shown in FIGS. 7



and 8, found by the sum of the total sum of the force (driving force) on the contact front end
and the total sum of the force (braking force) on the contact rear end, but the direction in
which the driving force is generated and the direction in which the braking force is generated
are opposite directions, so in a case where the absolute value of the total sum of the driving
force and the absolute value of the total sum of the braking force are the same, the sum of the
total sum of the driving force and the total sum of the braking force becomes zero, and there
are cases where the axial force ends up becoming zero. Because of this, there are cases where
the frictional energy ends up becoming zero.

[0007] However, in actuality, as shown in FIG. 9, in the neighborhood of the contact rear end
of the tire, there exists a region in which the tire wears, and particularly in a region where the
frictional energy is low, if the frictional energy is calculated on the basis of the axial force, an
averaged frictional energy ends up being calculated, so the frictional energy cannot be
precisely found. Consequently, it is necessary to find the frictional energy on the basis of the
shear force rather than finding the frictional energy on the basis of the axial force.

[0008] Devices that measure the frictional energy on the basis of the shear force are described
in Japanese Patent No. 3,277,155 and Japanese Patent No. 3,406,643 as mentioned above, and
a method that uses these devices to measure the frictional energy and uses the drum wear
testing device described in JP-A No. 2003-50190 to measure the amount of wear of the tire
and calculate the rubber index is also conceivable, but these devices measure the shear force
and the slippage of the tire contact patch of an actual tire rather than a sample and measure the
frictional energy and measure the amount of wear. For this reason, they have excellent
measurement precision, but they have had the problem that they require a long time for
measurement preparation and actual measurement and costs become higher. In order to solve
this problem, a method of making and measuring a miniature-sized tire is also conceivable but
is not realistic because manufacturing a miniature-sized tire also requires high manufacturing
precision.

[0009] In consideration of the above-described circumstances, it is an object of the present
invention to obtain a tire rubber index calculating method, device, and program that can
precisely calculate the rubber index of a tire such as a pneumatic tire used in automobiles and
so forth.

Solution to Problem

[0010] In order to achieve the above-described object, a tire rubber index calculating method
pertaining to claim 1 includes: a tire frictional energy measuring step of measuring, by a
frictional energy measuring device, tire frictional energies of a tire in plural tire input

conditions applied to the tire on the basis of the shear force and the slippage of a tire contact
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patch; a setting step of obtaining sample frictional energies of a sample of the same material
as the tire in sample input conditions that have been set on the basis of the tire frictional
energies in the tire input conditions that were measured, and setting measurement conditions
for measuring sample amounts of wear of the sample on the basis of the tire frictional
energies in the tire input conditions that were measured and the sample frictional energies that
were obtained for the sample input conditions; a sample amount of wear measuring step of
measuring, by an amount of wear measuring device, the sample amounts of wear of the
sample in the measurement conditions that were set; and a rubber index calculating step of
calculating a rubber index of the tire on the basis of the sample frictional energies and the
sample amounts of wear that were measured.

[0011] According to this invention, the tire rubber index calculating method measures, by the
frictional energy measuring device that measures the frictional energy of the sample on the
basis of the shear force and the slippage of the tire contact patch, the amount of wear of the
sample in the measurement conditioned that has been set on the basis of the frictional energy
of the sample that was measured and the frictional energy of the tire, and calculates the rubber
index. For this reason, compared to the case of calculating a frictional energy that has been
averaged on the basis of the axial force like conventionally, the frictional energy can be
measured precisely and the rubber index can be calculated precisely.

[0012] As described in claim 2, the tire rubber index calculating method may be configured in
such a way that the setting step includes, a step of calculating, per type of the tire input
conditions, frictional energy functions representing the correspondence relationships between
the tire input conditions and the tire frictional energies, a step of calculating expected values
of the tire frictional energies on the basis of frequency data representing the relationships
between tire inputs that were measured in actual vehicle travel using the tire and the
frequencies of the tire inputs and the frictional energy functions per type of the tire input
conditions, a sample input condition setting step of setting a sample input condition applied to
the sample for measuring, by the frictional energy measuring device, the sample frictional
energy of the sample, a sample frictional energy measuring step of measuring the sample
frictional energy of the sample in the sample input condition that was set and measuring the
sample frictional energy while changing the sample input condition until the sample frictional
energy that has been measured matches the expected value of the tire frictional energy, and a
sample amount of wear measurement condition setting step of setting, as a measurement
condition for measuring the sample amount of wear, the sample input condition in which the
sample frictional energy that was measured matches the expected value of the tire frictional

energy, wherein the sample amount of wear measuring step includes measuring the sample



amount of wear of the sample in the measurement condition that was set in the sample amount
of wear measurement condition setting step.

[0013] Further, as described in claim 3, the tire rubber index calculating method may be
configured in such a way that the setting step includes in regard to each of the plural tire input
conditions, a sample input condition setting step of setting a sample input condition applied to
the sample for measuring, by the frictional energy measuring device, the sample frictional
energy of the sample, a sample frictional energy measuring step of measuring the sample
frictional energy of the sample in the sample input condition that was set and measuring the
sample frictional energy while changing the sample input condition until the sample frictional
energy that has been measured matches the tire frictional energy that was measured in the
corresponding tire input condition, and a sample amount of wear measurement condition
setting step of setting, as a measurement condition for measuring the sample amount of wear,
the sample input condition in which the sample frictional energy that was measured matches
the tire frictional energy that was measured in the corresponding tire input condition, wherein
the sample amount of wear measuring step comprises measuring the sample amounts of wear
of the sample in the measurement conditions that were set in the sample amount of wear
measurement condition setting step in regard to each of the plural tire input conditions, and
the rubber index calculating step includes a step of calculating rubber indexes on the basis of
the frictional energies and the sample amounts of wear in regard to each of the plural tire
input conditions, a step of calculating, per type of the tire input conditions, rubber index
functions representing the correspondence relationships between the tire input conditions and
the rubber indexes of the tire on the basis of the rubber indexes that were calculated in regard
to each of the plural tire input conditions, and a step of calculating expected values of the
rubber indexes on the basis of frequency data representing the relationships between tire
inputs that were measured in actual vehicle travel using the tire and the frequencies of those
tire inputs and the rubber index functions per type of the tire input conditions.

[0014] Further, as described in claim 4, the tire rubber index calculating method may be
configured in such a way that the setting step includes the setting step includes a step of
calculating, per type of the tire input conditions, frictional energy functions representing the
correspondence relationships between the tire input conditions and the tire frictional energies,
a step of calculating expected values of the tire frictional energies on the basis of frequency
data representing the relationships between tire inputs that were measured in actual vehicle
travel using the tire and the frequencies of those tire inputs and the frictional energy functions
per type of the tire input conditions, a sample input condition setting step of setting a sample

input condition applied to the sample for computing the sample frictional energy of the
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sample on the basis of a sample model of the sample, a sample frictional energy computing
step of computing the sample frictional energy of the sample in the sample input condition
that was set and computing the sample frictional energy while changing the sample input
condition until the sample frictional energy that has been computed matches the expected
value of the tire frictional energy, and a sample amount of wear measurement condition
setting step of setting, as a measurement condition for measuring the sample amount of wear,
the sample input condition in which the sample frictional energy that was computed matches
the expected value of the tire frictional energy, wherein the sample amount of wear measuring
step includes measuring the sample amount of wear of the sample in the measurement
condition that was set in the sample amount of wear measurement condition setting step.
[0015] Further, as described in claim 5, the tire rubber index calculating method may be
configured in such a way that the setting step includes the setting step includes in regard to
each of the plural tire input conditions, a sample input condition setting step of setting a
sample input condition applied to the sample for computing the sample frictional energy of
the sample on the basis of a sample model of the sample, a sample frictional energy
computing step of computing the sample frictional energy of the sample in the sample input
condition that was set and computing the sample frictional energy while changing the sample
input condition until the sample frictional energy that has been computed matches the tire
frictional energy that was measured in the corresponding tire input condition, and a sample
amount of wear measurement condition setting step of setting, as a measurement condition for
measuring the sample amount of wear, the sample input condition in which the sample
frictional energy that was computed matches the tire frictional energy that was measured in
the corresponding tire input condition, wherein the sample amount of wear measuring step
includes measuring the sample amounts of wear of the sample in the measurement conditions
that were set in the sample amount of wear measurement condition setting step in regard to
each of the plural tire input conditions, and the rubber index calculating step includes a step of
calculating rubber indexes on the basis of the frictional energies and the sample amounts of
wear in regard to each of the plural tire input conditions, a step of calculating, per type of the
tire input conditions, rubber index functions representing the correspondence relationships
between the tire input conditions and the rubber indexes of the tire on the basis of the rubber
indexes that were calculated in regard to each of the plural tire input conditions, and a step of
calculating expected values of the rubber indexes on the basis of frequency data representing
the relationships between tire inputs that were measured in actual vehicle travel using the tire
and the frequencies of those tire inputs and the rubber index functions per type of the tire

input conditions.



[0016] The tire rubber index calculating method can be easily realized by the following
device. Specifically, a tire rubber index calculating device according to claim 6 includes: tire
frictional energy measuring unit that measures, by a frictional energy measuring device, tire
frictional energies in plural tire input conditions applied to the tire on the basis of the shear
force and the slippage of a tire contact patch; setting unit that obtains sample frictional
energies of a sample of the same material as the tire in sample input conditions that have been
set on the basis of the tire frictional energies in the tire input conditions that were measured,
and setting measurement conditions for measuring sample amounts of wear of the sample on
the basis of the tire frictional energies in the tire input conditions that were measured and the
sample frictional energies that were obtained in the sample input conditions; sample amount
of wear measuring unit that measures, by an amount of wear measuring device, the sample
amounts of wear of the sample in the measurement conditions that were set; and rubber index
calculating unit that calculates a rubber index of the tire on the basis of the sample frictional
energies and the sample amounts of wear that were measured.

[0017] Further, in the case of calculating the rubber index of a tire with a computer, as
described in claim 7, the computer may be caused to execute a tire rubber index calculating
process including: a tire frictional energy measuring step of measuring, by a frictional energy
measuring device, tire frictional energies of a tire in plural tire input conditions applied to the
tire on the basis of the shear force and the slippage of a tire contact patch; a setting step of
obtaining sample frictional energies of a sample of the same material as the tire in sample
input conditions that have been set on the basis of the tire frictional energies in the tire input
conditions that were measured, and setting measurement conditions for measuring sample
amounts of wear of the sample on the basis of the tire frictional energies in the tire input
conditions that were measured and the sample frictional energies that were obtained in the
sample input conditions; a sample amount of wear measuring step of measuring, by an
amount of wear measuring device, the sample amounts of wear of the sample in the
measurement conditions that were set; and a rubber index calculating step of calculating a
rubber index of the tire on the basis of the sample frictional energies and the sample amounts
of wear that were measured.

Advantageous Effects of Invention

[0018] As described above, according to the present invention, the present invention has the
effect that it can precisely calculate the rubber index of a tire such as a pneumatic tire used in

automobiles and so forth.
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[0019] FIG. 1 is a schematic configuration diagram of a rubber index calculating system;

FIG. 2A is a perspective view showing an example of a sample;

FIG. 2B is a diagram showing the characteristic of a shear force of the sample;

FIG. 3 is a flowchart showing a flow of rubber index calculation processing that is
executed by a rubber index calculating device pertaining to a first embodiment;

FIG. 4 is a flowchart showing a flow of rubber index calculation processing that is
executed by the rubber index calculating device pertaining to a second embodiment;

FIG. 5 is a flowchart showing a flow of rubber index calculation processing that is
executed by the rubber index calculating device pertaining to a third embodiment;

FIG. 6 is a flowchart showing a flow of rubber index calculation processing that is
executed by the rubber index calculating device pertaining to a fourth embodiment;

FIG. 7 is a diagram showing the relationship between a driving force and a braking
force that are inputted from a contact front end to a contact rear end of a tire;

FIG. 8 is a conceptual diagram for describing the axial force of the tire;

FIG. 9 is a diagram for describing a region in which the tire wears between the contact
front end and the contact rear end of the tire;

FIG. 10 is a graph showing the relationship between an indoor wear evaluation index,
which are evaluation values relating to tire wear that were found from the results of a
simulation described in the first embodiment and the results of a conventional simulation, and
an actual vehicle wear test index, which are evaluation values relating to tire wear that were
found from the amounts of wear and so forth of tires measured after traveling on an actual
vehicle;

FIG. 11 is a graph showing the relationship between an indoor wear evaluation index,
which are evaluation values relating to tire wear that were found from the results of a
simulation described in the second embodiment and the results of a conventional simulation,
and an actual vehicle wear test index, which are evaluation values relating to tire wear that
were found from the amount of wear and so forth of tires measured after traveling on an
actual vehicle;

FIG. 12 is a graph showing the relationship between an indoor wear evaluation index,
which are evaluation values relating to tire wear that were found from the results of a
simulation described in the third embodiment and the results of a conventional simulation,
and an actual vehicle wear test index, which are evaluation values relating to tire wear that
were found from the amounts of wear and so forth of tires measured after traveling on an
actual vehicle; and

FIG. 13 is a graph showing the relationship between an indoor wear evaluation index,



which are evaluation values relating to tire wear that were found from the results of a
simulation described in the fourth embodiment and the results of a conventional simulation,
and an actual vehicle wear test index, which are evaluation values relating to tire wear that
were found from the amounts of wear and so forth of tires measured after traveling on an

actual vehicle.

BEST MODES FOR CARRYING OUT THE INVENTION
[0020] (First Embodiment)

FIG. 1 shows a tire rubber index calculating system 10 pertaining to the present
embodiment. As shown in the same figure, the tire rubber index calculating system 10 is
configured to include a tire rubber index calculating device 12, a frictional energy measuring
device 14, and an amount of wear measuring device 16.

[0021] The tire rubber index calculating device 12 is, as shown in FIG. 1, configured to
include a computer 30 in which a CPU (Central Processing Unit) 18, a ROM (Read Only
Memory) 20, a RAM (Random Access Memory) 22, a nonvolatile memory 24, and an
input/output interface (I/O) 26 are interconnected via a bus 28.

[0022] A monitor 32 configured by a liquid crystal display or the like, an operation unit 34
configured by a keyboard and a mouse or the like, a hard disk 36, and a communication
interface (I/F) 38 are connected to the I/O 26. The frictional energy measuring device 14 and
the amount of wear measuring device 16 are connected to the communication I/F 38.

[0023] The frictional energy measuring device 14 measures the frictional energy of a contact
patch of, for example, a disc-shaped sample of the same material as the tread portion of a tire
whose rubber index is to be calculated, for example. As this device, for example, the contact
portion measuring devices for tire contact patches described in Japanese Patent No. 3,277,155
and Japanese Patent No. 3,406,643 mentioned above can be used. In the present embodiment,
the frictional energy measuring device 14 measures the frictional energy of the contact patch
of the sample, whose size is significantly smaller than that of the tire, and not the tire itself, so
it is preferred that the resolution of the camera that images the contact patch of the sample and
the sampling rate of the imaging be made higher than in the case of measuring the frictional
energy of the contact patch of the tire.

[0024] As the sample, a sample 40 such as shown in FIG. 2A, for example, is used. In this
case, it is preferred that its width W be equal to or greater than 5 mm, its diameter 2R be less
than 80 mm, and its thickness (from the outer diameter to the inner diameter of the sample 40)
D be equal to or greater than S mm. Further, as shown in FIG. 2B, it is preferred that a sample

in which the slope K of the shear force becomes negative be used.



[0025] The amount of wear measuring device 16 measures the amount of wear of the tire
whose rubber index is to be calculated. As this device, the amount of wear testing devices
that measure the amount of wear of a tire with the so-called Lambourne test described in
Japanese Patent No. 3,277,155 and JP-A No. 2006-242697 can be used.

[0026] Next, processing that is executed by the CPU 18 of the tire rubber index calculating
device 12 will be described with reference to the flowchart shown in FIG. 3. A program of the
processing routine shown in FIG. 3 is stored beforehand in the hard disk 36, for example, and
is executed as a result of the CPU 18 reading out the program from the hard disk 36.

[0027] First, in step 100 shown in FIG. 3, the rubber index calculating device 12 instructs the
frictional energy measuring device 14, in which a tire whose rubber index is to be calculated
has been set, to measure, in plural tire input conditions, the frictional energies of the tire
whose rubber index is to be calculated. Examples of types of tire inputs include the drive
force (front-and-rear force), the lateral force (left-and-right force), and the braking force that
act on the tire, so the rubber index calculating device 12 sets plural tire input conditions in
regard to each of these types of tire inputs, for example. In order to keep the description
simple, a case where the drive force and the lateral force have been set as tire input conditions
will be described below.

[0028] When the frictional energy measuring device 14 is instructed to measure by the rubber
index calculating device 12, the frictional energy measuring device 14 measures the frictional
energies of the tire in regard to each of the plural tire input conditions that have been
instructed. Because of this, for example, frictional energies when plural different drive forces
have been applied to the tire and frictional energies when plural different lateral forces have
been applied to the tire are respectively measured by the frictional energy measuring device
14. The frictional energies that have been measured are outputted to the rubber index
calculating device 12.

[0029] In step 102, the rubber index calculating device 12 calculates, per type of the tire input
conditions, frictional energy functions representing the correspondence relationships between
the tire inputs and the frictional energies. That is, the rubber index calculating device 12
calculates a frictional energy function f1 representing the correspondence relationship
between the drive forces and the frictional energies on the basis of the frictional energies that
were measured by applying the different plural drive forces to the tire. These frictional
energy functions can be found using the method of least squares, for example. Likewise, the
rubber index calculating device 12 calculates a frictional energy function f2 representing the
correspondence relationship between the lateral forces and the frictional energies.

[0030] In step 104, the rubber index calculating device 12 calculates expected values of the
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frictional energies per type of the tire inputs on the basis of the frictional energy functions that
were found in step 102 and frequency data representing the relationships between tire inputs
that were measured when a vehicle equipped with the tire whose rubber index is to be
calculated actually traveled a predetermined traveling course and their frequencies.

[0031] The frequency data are obtained as follows, for example. First, sensors that measure
the drive force and the lateral force inputted to the tire are attached to the vehicle, the vehicle
travels the above-described traveling course, and the sensors measure the drive force and the
lateral force during travel. Then, on the basis of the data of the drive force and the lateral
force that have been measured, the rubber index calculating device 12 determines the
frequency of each input. Because of this, the frequency data representing that relationship
between the drive force and lateral force that have been measured in an actual vehicle and the
frequencies (%) of these are obtained. The frequency data that have been obtained are, for
example, stored in the hard disk 36 beforehand.

[0032] Additionally, the rubber index calculating device 12 calculates, with the frictional
energy function f1, each of the frictional energies corresponding to the data, of the frequency
data, of the drive forces when the frictional energies of the tire were measured, multiplies
each of the corresponding frequencies by the frictional energies that have been calculated, and
adds these all together. Because of this, an expected value Ewd of the frictional energies of
the drive forces is calculated. For example, in a case supposing that Ewd;, Ewd,, ... Ewd,
(where n is the number of types of the frictional energies of the drive forces) represent the
types of the frictional energies of the drive forces that have been measured and hy, hy, ... h,
(where n is the number of types of the frictional energies of the drive forces) represent their
frequencies, the expected value Ewd of the frictional energies of the drive forces is calculated
by the following expression.

Ewd =Ewd; x h; + Ewd, x h, +, ... Ewd, x hy < (1)

Likewise in regard to the lateral forces also, the rubber index calculating device 12
finds the frictional energies Ewc. That is, in a case supposing that Ewc;, Ewc;, ... Ewc,
(where n is the number of types of the frictional energies of the lateral forces) represent the
types of the frictional energies of the lateral forces that have been measured and hy, hy, ... hy
(where n is the number of types of the frictional energies of the lateral forces) represent their
frequencies, the expected value Ewc of the frictional energies of the lateral forces is
calculated by the following expression.

Ewc =Ewc; x h; + Ewcy x hy +, ... Ewe, X hy = (2)
In step 106, the rubber index calculating device 12 calculates an expected value Ew of

the total frictional energy by adding together the expected value Ewd of the frictional energies

10



of the drive forces and the expected value Ewc of the frictional energies of the lateral forces
that were found in step 104.

[0033] In step 108, the rubber index calculating device 12 establishes, on the basis of the
expected value Ew of the frictional energy that was found in step 106, a measurement
condition for measuring the frictional energy of the disc-shaped sample of the same material
as the tread portion of the tire whose rubber index is to be calculated. In a case where the
rubber index calculating device 12 has initially executed this step, the rubber index
calculating device 12 uses the frictional energy functions f1 and f2 to find each of the drive
force corresponding to the expected value Ewd of the frictional energies of the drive forces
and the lateral force corresponding to the expected value Ewc of the frictional energies Ewc
of the lateral forces that were found in step 106 and sets the drive force and lateral force that
have been found as a measurement condition (sample input condition) for measuring the
frictional energy of the sample.

[0034] In step 110, the rubber index calculating device 12 instructs the frictional energy
measuring device 14 in which the sample has been set to measure the frictional energy of the
sample in the measurement condition that was set in step 108. Because of this, the frictional
energy measuring device 14 measures the frictional energy of the sample in the measurement
condition that has been instructed by the rubber index calculating device 12. The
measurement of the frictional energy of the sample is performed by measuring the shear force
applied to the contact patch of the sample and the slippage and finding the frictional energy
on the basis of these. The frictional energy that has been measured is outputted to the rubber
index calculating device 12.

[0035] In step 112, the rubber index calculating device 12 judges whether or not the expected
value Ew of the frictional energy of the tire that was found in step 106 and the frictional
energy of the sample that was measured by the frictional energy measuring device 14 in step
110 match, and in a case where they do not match, the rubber index calculating device 12
returns to step 108, changes the measurement condition, and repeats the same processing as
described above. Additionally, in a case where the expected value Ew of the frictional energy
of the tire and the frictional energy of the sample match, the rubber index calculating device
12 moves to step 114. In this way, the rubber index calculating device 12 changes the
measurement condition and repeats the processing in which it measures the frictional energy
of the sample until the expected value Ew of the frictional energy of the tire and the frictional
energy of the sample match.

[0036] In step 114, the rubber index calculating device 12 sets, as a measurement condition

for measuring the amount of wear of the sample, the measurement condition in which the
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expected value Ew of the frictional energy of the tire and the frictional energy of the sample
match.

[0037] In step 116, the rubber index calculating device 12 instructs the amount of wear
measuring device 16 to measure the amount of wear in the measurement condition that was
set in step 114—that is, the measurement condition (drive force and lateral force) in which the
expected value Ew of the frictional energy of the tire and the frictional energy of the sample
matched. Because of this, the amount of wear measuring device 16 measures an amount of
wear m of the sample in the measurement condition that has been instructed by the rubber
index calculating device 12. The amount of wear that has been measured is outputted to the
rubber index calculating device 12.

[0038] In step 118, the rubber index calculating device 12 calculates a rubber index G on the
basis of the expected value Ew of the frictional energy of the sample and the amount of wear
m that have been found, outputs the calculation result to the monitor 32 and the hard disk 36,
for example, and causes the calculation result to be displayed on the monitor 32 and stored in
the hard disk 36. The rubber index G is found by the following expression.

G=m/Ew - (3)

In this way, in the present embodiment, the rubber index calculating device 12
measures with the frictional energy measuring device 14 that measures the frictional energy of
the sample on the basis of the shear force and the slippage of the tire contact patch, tailors the
measurement condition of the sample in such a way that the frictional energy of the sample
that has been measured matches the frictional energy of the tire, and calculates the rubber
index on the basis of the amount of wear of the sample that has been measured in this
measurement condition and the frictional energy of the sample. For this reason, compared to
the case of calculating a frictional energy that has been averaged on the basis of the axial
force like conventionally, the frictional energy can be measured precisely and the rubber index
can be calculated precisely.

[0039] (Second Embodiment)

Next, a second embodiment of the present invention will be described. The same
reference signs will be given to portions that are the same as those in the first embodiment,
and detailed description thereof will be omitted.

[0040] In the first embodiment, the rubber index calculating device 12 calculated the rubber
index after finding the frictional energy functions per type of the tire input conditions and
finding the expected value of the total tire frictional energy, but in the present embodiment, a
case where the rubber index calculating device 12 calculates rubber indexes in regard to each

of the tire input conditions and calculates an expected value of the rubber index from these
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rubber indexes.

[0041] The rubber index calculating device pertaining to the present embodiment is the same
as in the first embodiment, so description will be omitted.

[0042] Next, processing that is executed by the CPU 18 of the tire rubber index calculating
device 12 will be described with reference to the flowchart shown in FIG. 4. A program of the
processing routine shown in FIG. 4 is stored beforehand in the hard disk 36, for example, and
is executed as a result of the CPU 18 reading out the program from the hard disk 36.

[0043] First, in step 200 shown in FIG. 4, like in step 100 of FIG. 3, the rubber index
calculating device 12 instructs the frictional energy measuring device 14, in which a tire
whose rubber index is to be calculated has been set, to measure, in plural tire input conditions,
the frictional energies of the tire whose rubber index is to be calculated.

[0044] Because of this, the frictional energy measuring device 14 measures the frictional
energies of the tire in regard to each of the plural tire input conditions that have been
instructed by the rubber index calculating device 12. Because of this, for example, frictional
energies when plural different drive forces have been applied to the tire and frictional energies
when plural different lateral forces have been applied to the tire are respectively measured by
the frictional energy measuring device 14. The frictional energies that have been measured
are outputted to the rubber index calculating device 12.

[0045] In step 202, the rubber index calculating device 12 sets, as a measurement condition
for measuring the frictional energy of the sample, any of the tire input conditions of the plural
tire input conditions in which the frictional energies were found in step 200.

[0046] In step 204, the rubber index calculating device 12 instructs the frictional energy
measuring device 14 in which the sample has been set to measure the frictional energy of the
sample in the measurement condition that was set in step 202. Because of this, the frictional
energy measuring device 14 measures the frictional energy of the sample in the measurement
condition that has been instructed by the rubber index calculating device 12. The frictional
energy that has been measured is outputted to the rubber index calculating device 12.

[0047] In step 206, the rubber index calculating device 12 judges whether or not the frictional
energy of the tire that was found in step 200 and the frictional energy of the sample that was
measured by the frictional energy measuring device 14 in step 204 match, and in a case where
they do not match, the rubber index calculating device 12 returns to step 202, changes the
measurement condition, and repeats the same processing as described above. Additionally, in
a case where the frictional energy of the tire and the frictional energy of the sample match, the
rubber index calculating device 12 moves to step 208 and stores that measurement condition

in the hard disk 36. In this way, the rubber index calculating device 12 changes the

13



measurement condition and repeats the processing in which it measures the frictional energy
of the sample until the frictional energy of the tire and the frictional energy of the sample
match.

[0048] In step 210, the rubber index calculating device 12 judges whether or not it has
executed the above-described processing of steps 202 to 208 in regard to all of the tire input
conditions that were measured in step 200; in a case where the rubber index calculating device
12 has executed the processing, the rubber index calculating device 12 moves to step 212, and
in a case where there is a tire input condition that the rubber index calculating device 12 has
not yet executed, the rubber index calculating device 12 returns to step 202 and repeats the
same processing as described above. Because of this, measurement conditions for measuring
amounts of wear of the sample corresponding to each of the plural tire input conditions that
were measured in step 200 are each set.

[0049] In step 212, the rubber index measuring device 12 instructs the amount of wear
measuring device 16 to measure, in regard to each of the tire input conditions, each of the
amounts of wear in the measurement conditions (drive force and lateral force) when the
frictional energy of the tire and the frictional energy of the sample matched. Because of this,
the amount of wear measuring device 16 measures each of the amounts of wear of the sample
in each of the measurement conditions that have been instructed by the rubber index
calculating device 12. The amounts of wear that have been measured are outputted to the
rubber index calculating device 12.

[0050] In step 214, the rubber index calculating device 12 calculates, in regard to each of the
tire input conditions, each of the rubber indexes on the basis of the frictional energies of the
sample and the amounts of wear.

[0051] In step 216, the rubber index calculating device 12 calculates, per type of the tire input
conditions, rubber index functions representing the correspondence relationships between the
tire inputs and the rubber indexes on the basis of the rubber indexes per tire input condition
that were found in step 214. That is, the rubber index calculating device 12 calculates a
rubber index function f3 representing the correspondence relationship between the drive
forces and the rubber indexes on the basis of the rubber indexes that were calculated in regard
to the plural drive force tire input conditions. This rubber index function f3 can be found
using the method of least squares, for example. Likewise, the rubber index calculating device
12 calculates a rubber index function f4 representing the correspondence relationship between
the lateral forces and the rubber indexes. These rubber index functions can be found using the
method of least squares, for example.

[0052] In step 218, the rubber index calculating device 12 calculates, per type of tire input
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condition, expected values of the rubber indexes on the basis of the rubber index functions per
type of tire input condition that were found in step 216 and frequency data representing the
relationships between tire inputs that were measured when a vehicle equipped with the tire
whose rubber index is to be calculated actually traveled a predetermined traveling course and
their frequencies.

[0053] That is, the rubber index calculating device 12 calculates, with the rubber index
function f3, each of the rubber indexes corresponding to the data, of the frequency data, of the
drive forces when the frictional energies of the tire were measured, multiplies the
corresponding frequencies by the rubber indexes that have been calculated, and adds these all
together. Because of this, an expected value Gd of the rubber indexes of the drive forces is
calculated. For example, in a case supposing that Gd;, Gd,, ... Gd, (where n is the number of
types of the rubber indexes of the drive forces) represent the types of the rubber indexes of the
drive forces and hy, hy, ... hy (where n is the number of types of the rubber indexes of the
drive forces) represent their frequencies, the expected value Gd of the rubber indexes of the
drive forces is calculated by the following expression.

Gd=Gd; xh; +Gdy xhy +, ... Gdy xh, - (4)

Likewise in regard to the lateral forces also, the rubber index calculating device 12
finds the rubber indexes Gc. That is, in a case supposing that Gcy, Gea, ... G, (where n is the
number of types of the rubber indexes of the lateral forces) represent the types of the rubber
indexes of the lateral forces and hy, hy, ... h, (where n is the number of types of the rubber
indexes of the lateral forces) represent the frequencies thereof, the expected value Gc of the
rubber indexes of the lateral forces is calculated by the following expression.

Gec=Gcy xh; +Gey xhy +, ... Gey x hy = (5)

In step 220, the rubber index calculating device 12 calculates an expected value G of
the total rubber index by adding together the expected value Gd of the rubber indexes of the
drive forces and the expected value Gc of the rubber indexes of the lateral forces that were
found in step 218.

[0054] In this way, in the present embodiment, the rubber index calculating device 12
measures with the frictional energy measuring device 14 that measures the frictional energy of
the sample on the basis of the shear force and the slippage of the tire contact patch, tailors the
measurement condition of the sample in such a way that the frictional energy of the sample
that has been measured matches the frictional energy of the tire, and calculates the rubber
index on the basis of the amount of wear of the sample that has been measured in this
measurement condition and the frictional energy of the sample. For this reason, compared to

the case of calculating a frictional energy that have been averaged on the basis of the axial
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force like conventionally, the frictional energy can be measured precisely and the rubber index
can be calculated precisely.
[0055] (Third Embodiment)

Next, a third embodiment of the present invention will be described. The same
reference signs will be given to portions that are the same as those in the first embodiment,
and detailed description thereof will be omitted.

[0056] In the first embodiment, the rubber index calculating device 12 measured the frictional
energy of the sample with the frictional energy measuring device 14, but in the present
embodiment, a case where the rubber index calculating device 12 uses a sample model in
which the sample is divided into plural elements and finds the frictional energy of the contact
patch of the sample by a simulation using the finite element method (FEM) will be described.
[0057] The rubber index calculating device pertaining to the present embodiment is the same
as in the first embodiment, so description will be omitted.

[0058] Next, processing that is executed by the CPU 18 of the tire rubber index calculating
device 12 will be described with reference to the flowchart shown in FIG. 5. A program of the
processing routine shown in FIG. 5 is stored beforehand in the hard disk 36, for example, and
is executed as a result of the CPU 18 reading out the program from the hard disk 36. Further,
an “A” will be added to reference signs of steps of processing differing from the flowchart
shown in FIG. 3, and in regard to the same processing, the same reference signs will be added
thereto and detailed description thereof will be omitted.

[0059] Steps 100 to 106 are the same as the processing shown in FIG. 3, so description will be
omitted.

[0060] In step 108 A, the rubber index calculating device 12 finds, on the basis of the expected
value Ew of the frictional energy that was found in step 106, a simulation condition for
simulating the frictional energy of the disc-shaped sample of the same material as the tread
portion of the tire whose rubber index is to be calculated. In a case where the rubber index
calculating device 12 has initially executed this step, the rubber index calculating device 12
uses the frictional energy functions f1 and f2 to find each of the drive force corresponding to
the expected value Ewd of the frictional energies of the drive forces and the lateral force
corresponding to the expected value Ewc of the frictional energies Ewc of the lateral forces
that were found in step 106 and sets the drive force and the lateral force that were found as a
simulation conditions (sample input condition) for simulating the frictional energy of the
sample.

[0061] In step 110A, the rubber index calculating device 12 simulates the frictional energy of

the sample in the simulation condition that was set in step 106. For example, the rubber index

16



calculating device 12 creates a sample model in which the sample has been mesh-divided into
plural elements and rolls and analyzes, with a publicly known technique using the finite
element method, the sample model in the simulation condition that was set in step 106 to
thereby find the shear force and the slippage of the contact patch of the sample. Additionally,
the rubber index calculating device 12 calculates the frictional energy of the sample on the
basis of the shear force and the slippage that were found.

[0062] Steps 112 to 118 are the same as the processing shown in FIG. 3 except that the
frictional energies of the tire used in the processing are the frictional energies that were
calculated by simulation, so description will be omitted.

[0063] In this way, in the present embodiment, the rubber index calculating device 12
calculates the frictional energy of the sample on the basis of the shear force and the slippage
of the tire contact patch that were found by simulation, tailors the simulation condition of the
sample in such a way that the frictional energy of the sample that has been calculated matches
the frictional energy of the tire, and calculates the rubber index on the basis of the amount of
wear of the sample that has been measured in this condition and the frictional energy of the
sample. For this reason, compared to the case of calculating a frictional energy that has been
averaged on the basis of the axial force like conventionally, the frictional energy can be
measured precisely and the rubber index can be calculated precisely.

[0064] (Fourth Embodiment)

Next, a fourth embodiment of the present invention will be described. The same
reference signs will be given to portions that are the same as those in the second embodiment,
and detailed description thereof will be omitted.

[0065] In the second embodiment, the rubber index calculating device 12 measured the
frictional energy of the sample with the frictional energy measuring device 14, but in the
present embodiment, a case where the rubber index calculating device 12 uses a sample model
in which the sample is divided into plural elements and finds the frictional energy of the
contact patch of the sample by a simulation using the finite element method will be described.
[0066] The rubber index calculating device pertaining to the present embodiment is the same
as in the first embodiment, so description will be omitted.

[0067] Next, processing that is executed by the CPU 18 of the tire rubber index calculating
device 12 will be described with reference to the flowchart shown in FIG. 6. A program of the
processing routine shown in FIG. 6 is stored beforehand in the hard disk 36, for example, and
is executed as a result of the CPU 18 reading out the program from the hard disk 36. Further,
an “A” will be added to reference signs of steps of processing differing from the flowchart

shown in FIG. 4, and in regard to the same processing, the same reference signs will be added
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thereto and detailed description thereof will be omitted.

[0068] Step 200 shown in FIG. 6 is the same as step 200 of FIG. 4, so description will be
omitted.

[0069] In step 202A, the rubber index calculating device 12 sets, as a simulation condition for
simulating the frictional energy of the sample, any of the tire input conditions of the plural tire
input conditions in which the frictional energies were found in step 200.

[0070] In step 204 A, like in step 108A of FIG. 5, the rubber index calculating device 12
calculates, by simulation, the frictional energy of the sample in the simulation condition that
was set in step 202.

[0071] In step 206, the rubber index calculating device 12 judges whether or not the frictional
energy of the tire that was found in step 200 and the frictional energy of the sample that was
calculated in step 204 match, and in a case where they do not match, the rubber index
calculating device 12 returns to step 202A, changes the measurement condition, and repeats
the same processing as described above. Additionally, in a case where the frictional energy of
the tire and the frictional energy of the sample match, the rubber index calculating device 12
moves to step 208A and stores that simulation condition in the hard disk 36. In this way, the
rubber index calculating device 12 changes the simulation condition and repeats the
processing in which it simulates the frictional energy of the sample until the frictional energy
of the tire and the frictional energy of the sample match.

[0072] In step 210, the rubber index calculating device 12 judges whether or not it has
executed the above-described processing of steps 202A to 208A in regard to all the tire input
conditions that were measured in step 200; in a case where the rubber index calculating device
12 has executed the processing, the rubber index calculating device 12 moves to step 212, and
in a case where there is a tire input condition that the rubber index calculating device 12 has
not yet executed, the rubber index calculating device 12 returns to step 202A and repeats the
same processing as described above. Because of this, measurement conditions for measuring
amounts of wear of the sample corresponding to each of the plural tire input conditions that
were measured in step 200 are each set.

[0073] Steps 212 to 220 are the same as the processing shown in FIG. 4 except that the
frictional energies of the tire used in the processing are the frictional energies that were
calculated by simulation, so description will be omitted.

[0074] In this way, in the present embodiment, the rubber index calculating system calculates
the frictional energy of the sample by simulation on the basis of the shear force and the
slippage of the tire contact patch, tailors the simulation condition of the sample in such a way

that the frictional energy of the sample that has been calculated matches the frictional energy
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of the tire, and calculates the rubber index on the basis of the amount of wear of the sample
that has been measured in this simulation condition and the frictional energy of the sample.
For this reason, compared to the case of calculating a frictional energy that has been averaged
on the basis of the axial force like conventionally, the frictional energy can be measured
precisely and the rubber index can be calculated precisely.

Examples

[0075] Next, examples of the present invention will be described.

[0076] FIG. 10 shows the relationship between an indoor wear evaluation index, which are
evaluation values relating to tire wear that were found from the results of the simulation
described in the first embodiment and the results of a conventional simulation, and an actual
vehicle wear test index, which are evaluation values relating to tire wear that were found from
the amounts of wear of tires measured after traveling on an actual vehicle.

[0077] The vehicle that was used in the traveling test by the actual vehicle was a truck whose
front wheels had one steering axle and whose rear wheels had two driving axles; the vehicle
traveled in conditions in which the tire size was 11R22.5, the internal pressure was 900 kPa,
the load was 25 kN, and the traveling speed was 0 to 100 km/h, and the amount of wear and
so forth were measured. The actual vehicle wear evaluation indexes were found from these
measurement results.

[0078] Each of the simulations was performed in the same conditions as those in the traveling
test by the actual vehicle and according to the conventional method and the method described
in the first embodiment, and on the basis of those results, the indoor wear evaluation indexes
relating to tire wear were each found. The simulation with the conventional method is a
method that finds the amount of wear and so forth while keeping the slip ratio of the tire
constant.

[0079] As indicated by the dashed line in FIG. 10, the ideal is for the indoor wear evaluation
index and the actual vehicle wear evaluation index to match, but in the conventional
simulation results, the slope is the opposite of the slope in the ideal case. In contrast, in the
simulation results pertaining to the first embodiment of the present invention, the slope is the
same as in the ideal case.

[0080] Likewise, FIG. 11 to FIG. 13 each show the relationship between an indoor wear
evaluation index, which are evaluation values relating to tire wear that were found from the
results of the simulations described in the second to fourth embodiments and the results of a
conventional simulation, and an actual vehicle wear test index, which are evaluation values
relating to tire wear that were found from the amounts of wear of tires after traveling on an

actual vehicle.
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[0081] As shown in FIG. 11 to FIG. 13, in regard to the simulation results pertaining to the
second to fourth embodiments also, the slope is the same as in the ideal case.

[0082] In this way, it was understood that, with the simulations pertaining to the first to fourth
embodiments of the present invention, the relationship between the indoor wear evaluation
index and the actual vehicle wear evaluation index can be brought closer to the ideal state and,

as a result, the rubber index can be precisely calculated.

REFERENCE NUMERALS
[0083]
10 Tire Rubber Index Calculating System
12 Tire Rubber Index Calculating Device
14 Frictional Energy Measuring Device
16 Amount of Wear Measuring Device
30 Computer

32 Monitor
34 Operation Unit
36 Hard Disk

38 Communication I/F
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