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A system for predicting tire casing life remaining for a casing
in a tire, the system including: a tire condition measurement
unit that measures one characteristic value including tire
internal pressure information indicating at least one of a tire
condition and a vehicle running condition; a temperature
history estimation unit that estimates a temperature history of
at least one location in at least one casing structural member
based on the characteristic value; a member physical property
calculation unit that calculates at least one current physical
property value of the at least one casing structural member
that degrades due to tire internal air temperature based on at
least the tire internal pressure information and the tempera-
ture history; and a remaining drivable distance prediction unit
that predicts a drivable distance of the tire until the current
physical property value reaches a physical property value
limit set in advance.
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SYSTEM FOR PREDICTING TIRE CASING
LIFE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on an application No.
2012-193142 filed in Japan on Sep. 3, 2012, the contents of
which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] Thepresent invention relates to a system for predict-
ing tire casing life remaining for a casing in a tire provided
with tread rubber and with the casing, the casing positioned
inwards from the tread rubber in the tire radial direction and
including at least a carcass ply.

BACKGROUND ART

[0003] A retreaded tire that is manufactured by first attach-
ing vulcanized tread rubber or unvulcanized tread material to
a tire casing and then bonding by vulcanization has been
proposed for a tire casing that has been used for a certain
period of time and can be used repeatedly (for example, see
JP2012-096762A (PTL 1)). By using such a retreaded tire,
the casing can be used for an extended period of time, and the
cost to the tire user can be effectively reduced.

CITATION LIST

Patent Literature

[0004] PTL 1: JP2012-096762A
SUMMARY OF INVENTION
[0005] The casing life of a retreaded tire varies greatly

depending on the conditions of use of the tire (for example,
the driving conditions of the vehicle on which the tire is
mounted). Furthermore, it is difficult to ascertain the condi-
tion of the casing by inspection or the like. Therefore, pre-
dicting the remaining life of the tire casing in a retreaded tire
is difficult. The user of the retreaded tire is thus unable to
select a tread rubber appropriately in accordance with the
remaining life of the casing, and even if the replaced tread
rubber is still usable, the casing might reach the end of its life
first, causing the tread rubber to go to waste. The present
invention has been conceived in light of the above problems
and provides a system for predicting the remaining life of the
tire casing.

[0006] A system according to the present invention for
predicting tire casing life remaining for a casing in a tire
provided with tread rubber and with the casing, the casing
positioned inwards from the tread rubber in a tire radial direc-
tion and including at least a carcass ply, includes: a tire
condition measurement unit configured to measure at least
one characteristic value including tire internal pressure infor-
mation indicating at least one of a tire condition and a vehicle
running condition; a temperature history estimation unit con-
figured to estimate a temperature history of at least one loca-
tion in at least one casing structural member based on the
characteristic value measured by the tire condition measure-
ment unit; a member physical property calculation unit con-
figured to calculate at least one current physical property
value of the at least one casing structural member that
degrades due to tire internal air temperature based on at least
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the tire internal pressure information and the temperature
history for the at least one casing structural member estimated
by the temperature history estimation unit and on physical
property value information, acquired in advance by testing
and stored in a database, including tire internal pressure,
temperature history information for the at least one casing
structural member, and a physical property value of the at
least one casing structural member; and a remaining drivable
distance prediction unit configured to predict a drivable dis-
tance of the tire until the current physical property value
calculated by the member physical property calculation unit
reaches a physical property value limit, set in advance, based
on a difference between the current physical property value
and the physical property value limit. According to this sys-
tem for predicting tire casing life, the remaining life of the tire
casing in a retreaded tire or the like can be predicted.

[0007] The “remaining tire casing life” in the present
description and in the claims refers to the drivable distance of
the tire from the time at which the remaining tire casing life is
being predicted (hereinafter “the present”) until the tire cas-
ing fails. The “characteristic value indicating at least one of a
tire condition and a vehicle running condition” refers to a
characteristic value for the temperature inside the tire or on
the tire surface; the tire internal pressure; speed, driving dis-
tance, or position of the vehicle; engine speed; idling time;
conditions of sudden acceleration/deceleration; and the like.
The “casing structural member” refers to a structural member
such as a belt, a bead, a carcass, or the like, and a “physical
property value of a casing structural member” refers to a
physical property value of each structural member related to
failure of the casing. Furthermore, the “temperature history”
does not necessarily indicate the history of temperature for
every time period from the past until the present (continual
change in temperature over time), but rather indicates that the
temperature is not measured only at one point in time. For
example, the temperature history may be the temperature of at
least a plurality of points in time from the past until the
present. Additionally, the “physical property value limit”
refers to the physical property value of the casing structural
member at the time at which the system for predicting tire
casing life according to the present invention determines that
the casing has reached the end of its life. For example, the
physical property value limit may be the physical property
value of the casing structural member at the point at which the
tire casing fails and may additionally include a certain safety
margin.

[0008] Another system according to the present invention
for predicting tire casing life remaining for a casing in a tire
provided with tread rubber and with the casing, the casing
positioned inwards from the tread rubber in a tire radial direc-
tion and including at least a carcass ply, includes: a tire
condition measurement unit configured to measure at least
tire internal pressure information and temperature history of
tire internal air temperature at one or more locations indicat-
ing at least one of a tire condition and a vehicle running
condition; a member physical property calculation unit con-
figured to calculate at least one current physical property
value of at least one casing structural member that degrades
due to tire internal air temperature based on at least the tire
internal pressure information and the temperature history of
tire internal air temperature measured by the tire condition
measurement unit and on physical property value informa-
tion, acquired in advance by testing and stored in a database,
including tire internal pressure, temperature history informa-
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tion of tire internal air temperature, and a physical property
value of at least one casing structural member; and a remain-
ing drivable distance prediction unit configured to predict a
drivable distance of the tire until the current physical property
value calculated by the member physical property calculation
unit reaches a physical property value limit, set in advance,
based on a difference between the current physical property
value and the physical property value limit. According to this
system for predicting tire casing life, the remaining life of the
tire casing in a retreaded tire or the like can be predicted
accurately.

[0009] In the system for predicting tire casing life, the tire
internal pressure information preferably includes at least tire
internal pressure application time indicating an amount of
time internal pressure is applied to the tire, and the member
physical property calculation unit preferably calculates the at
least one current physical property value of the at least one
casing structural member based on the tire internal pressure
information and on the temperature history. In this case, the
remaining life of the tire casing can be predicted more accu-
rately by measuring the tire internal pressure application time
directly and calculating the degradation of the casing struc-
tural member.

[0010] The system for predicting tire casing life preferably
further includes a drivable distance adjustment unit config-
ured to adjust the drivable distance based on tire usage con-
dition information. In this case, the remaining life of the tire
casing can be predicted more accurately by adjusting the
drivable distance in accordance with a variety of conditions
under which the tire is used. For example, for a curve, such as
in FIG. 3, that indicates the relationship between the tire
driving distance and the member degradation index of the belt
coating rubber in the tire when a predetermined amount of
heat is continually applied, the drivable distance predicted by
the curve is adjusted by changing the slope of the curve in
accordance with the tire usage condition information. The
“tire usage condition information” in the present description
and in the claims refers to information indicating usage con-
ditions of the tire mounted on the vehicle. For example, such
information is the type of vehicle, the mounting location of
the tire (front/rear wheel, left/right, and the like), the movable
load of the vehicle, and conditions of the road on which the
vehicle is driven, as well as the average driving speed and
driving time of the vehicle which can be calculated by the tire
condition measurement unit or the like.

[0011] In the system for predicting tire casing life, the tire
condition measurement unit preferably measures at least one
characteristic value consecutively, and the temperature his-
tory estimation unit preferably estimates the temperature his-
tory consecutively based on the at least one characteristic
value consecutively measured by the tire condition measure-
ment unit. In this case, the physical property value can be
more accurately calculated by estimating the temperature
history consecutively.

[0012] According to the system for predicting tire casing
life of the present invention, the remaining life of the tire
casing can be predicted.

BRIEF DESCRIPTION OF DRAWINGS

[0013] The present invention will be further described
below with reference to the accompanying drawings,
wherein:

[0014] FIG. 1 illustrates a system for predicting tire casing
life according to an embodiment of the present invention;
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[0015] FIG. 2 is a functional block diagram illustrating the
control structure of the system in FIG. 1;

[0016] FIG. 3 illustrates the relationship between tire driv-
ing distance and the member degradation index of the belt
coating rubber; and

[0017] FIG. 4 is a flowchart of operations when the user
predicts the remaining life of the tire casing.

DESCRIPTION OF EMBODIMENTS

[0018] With reference to the drawings, the following
describes an embodiment of the present invention.

System Structure

[0019] FIG. 1 illustrates the structure of a system for pre-
dicting tire casing life according to an embodiment of the
present invention. A system 1 for predicting remaining tire
casing life is a suitable system for predicting the remaining
life of a casing in a tire, such as a retreaded tire, provided with
tread rubber and with the casing, the casing positioned
inwards from the tread rubber in a tire radial direction and
including at least a carcass ply. Note that in the description of
the system for predicting tire casing life in the present
embodiment, the “user” refers to the person who operates a
terminal to confirm the remaining life of the tire casing, such
as a driver, transportation company, retreader, or tire vendor.
The system 1 for predicting remaining tire casing life is
formed by a plurality of vehicles 2, a server 3, and at least one
terminal 4. The server 3 is connected to and can communicate
with each of the vehicles 2 and terminal 4 via anetwork 5. The
vehicles 2 transmit each characteristic value described below
to the server 3. Examples of the network connecting the
vehicles 2 and the server 3 include a radio link, a satellite
channel, and the like. Based on each characteristic value
received from the vehicles 2, the server 3 predicts the remain-
ing life of the tire casing and causes the terminal 4 to display
the result. The terminal 4 receives and displays the remaining
life of the tire casing predicted by the server 3. As examples of
the terminal 4, a variety of devices can be used, such as a PC,
PDA, cellular phone, and the like. The server 3 and the ter-
minal 4 may also be integrated. The interface between the
server 3 and the terminal 4 may, for example, be achieved by
establishing a Web server on the server 3, providing the ter-
minal 4 with a Web browser, and communicating viaHTTP or
HTTPS.

Vehicle Structure

[0020] The vehicle 2 measures at least one characteristic
value including tire internal pressure information indicating a
tire condition, a vehicle running condition, or both, and trans-
mits each measured characteristic value to the server 3. As
illustrated in FIGS. 1 and 2, each vehicle 2 includes a tire
condition measurement unit and an information communica-
tion unit 24. The tire condition measurement unit includes a
TPMS 21, an operation recording gauge 22, a GPS 23, and the
like. These devices are merely examples, and the vehicle may
be provided with other devices serving as the tire condition
measurement unit. The TPMS 21 is attached to a wheel or the
like on the vehicle 2 and measures the internal pressure infor-
mation and temperature information for the tire, the tire inter-
nal pressure application time, and the like. The information
measured by the TPMS 21 is transmitted to the information
communication unit 24 of the vehicle 2 by radio once per
minute, for example. The operation recording gauge 22 mea-
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sures the driving distance/speed, engine speed, idling time,
vehicle acceleration, and the like for the vehicle 2. The GPS
23 measures the position of the vehicle 2. These pieces of
information as well are transmitted to the information com-
munication unit 24 regularly. The information communica-
tion unit 24 of the vehicle 2 communicates with the server 3
via the network 5.

Server Structure

[0021] As illustrated in FIG. 2, the server 3 includes a
database 31, a temperature history estimation unit 32, a mem-
ber physical property calculation unit 33, a remaining driv-
able distance prediction unit 34, a drivable distance adjust-
ment unit 35, a weather information acquisition unit 36, a
display unit 37, and an information communication unit 38.
The database 31 stores various information necessary for
predicting the remaining life of the tire casing based on each
characteristic value measured by the vehicle 2. The informa-
tion stored in the database 31 is described below. The tem-
perature history estimation unit 32 estimates the temperature
history of at least one location in the tire casing based on each
characteristic value measured by the vehicle 2 and, as neces-
sary, the information stored in the database 31. The member
physical property calculation unit 33 calculates the current
physical property value of a casing structural member that can
degrade dueto the tire internal air temperature. The remaining
drivable distance prediction unit 34 predicts the drivable dis-
tance of the tire until the physical property value of the casing
structural member reaches a physical property value limit set
in advance. The drivable distance adjustment unit 35 adjusts
the drivable distance of the tire based on tire usage condition
information. The weather information acquisition unit 36
acquires weather information such as the outside tempera-
ture, humidity, wind speed, and the like. The weather infor-
mation acquisition unit 36 can receive weather information
provided by a distributor and can also acquire weather infor-
mation directly with a sensor provided in the weather infor-
mation acquisition unit 36. The display unit 37 causes the
terminal 4 to display the drivable distance predicted by the
remaining drivable distance prediction unit 34. The member
physical property calculation unit 33 can also cause the ter-
minal 4 to display the calculated physical property value. The
information communication unit 38 of the server 3 commu-
nicates with the vehicles 2 and the terminal 4 via the Internet.

Database Structure

[0022] The database 31 stores a variety of information nec-
essary for estimating the temperature history of at least one
location in the tire casing based on each characteristic value
measured by the tire condition measurement unit. The data-
base 31 also stores a variety of information necessary for
calculating the at least one current physical property value of
at least one casing structural member that can degrade due to
the tire internal air temperature. The database 31 preferably
stores the above information for each of a variety of tires.
Furthermore, even if the acceleration of the vehicle is con-
stant, the change in tire internal air temperature increases as
the load on the vehicle grows larger. The database 31 can store
information indicating the change in tire internal air tempera-
ture for a variety of loads. The temperature of the tire is not
uniform, however, but rather varies by location on the tire.
After measuring or estimating the tire internal air temperature
with a TPMS or the like, the temperature of the core failure
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part is estimated based on the relationship between the tire
internal air temperature and the temperature of the core fail-
ure part. It is thus possible to calculate the temperature of the
core failure part, which is difficult to measure directly but
which greatly affects failure of the tire casing. The term “core
failure part” refers to a part that suffers great deformation or
heat degradation, such as a belt end or ply end, and that can
become the initial core failure in a tire. The database 31 can
also store information indicating the change in temperature of
the core failure part, for example, of the tire when mounted on
each of the steering wheel, the drive wheel, and the idler
wheel of the vehicle 2, and indicating the change in tire
internal air temperature when the tire is mounted on the each
of the front wheels and rear wheels of the vehicle 2 (i.e. the
change in tire internal air temperature due to the mounting
location of'the tire). Additionally, the database can store infor-
mation indicating the change in tire internal air temperature
for different tire sizes or outside temperatures.

Various Types of Information for Estimating the Current
Physical Property Value of the Casing Structural Member

[0023] FIG. 3 illustrates the relationship between tire driv-
ing distance and the member degradation index of the belt
coating rubber. In general, a casing structural member
degrades due to the oxygen in the tire and to the tire driving
distance. Furthermore, the degree of degradation at a certain
point in time can be expressed by a physical property value,
such as the member degradation index or the like at that point
in time. Since the degree of degradation is greatly affected by
heat, a variety of information indicating changes in physical
property values when a casing structural member is continu-
ally exposed to different amounts of heat (when the casing
structural member is maintained at a variety of temperatures)
is preferably acquired in advance by testing and stored in the
database 31. Such information for calculating the current
physical property value of the casing structural member
(hereinafter referred to as “physical property value informa-
tion”) is stored in the database 31. The system for predicting
tire casing life according to the present invention can predict
the remaining life of the tire casing by calculating the current
physical property value of the casing structural member based
on the physical property value information. Note that the
degree of degradation of the casing structural member is also
affected by the magnitude of the tire internal pressure and by
the presence or absence of oxygen in the tire. Therefore,
physical property value information related to different tire
internal pressures, to the presence or absence of oxygen in the
tire, and the like may also be stored in the database 31 and
used to predict the remaining life of the tire casing.

Physical Property Value Limit

[0024] Before predicting the remaining life of the tire cas-
ing, a physical property value limit for the casing structural
member is set in the database 31. As described above, this
physical property value limit can be set to the physical prop-
erty value at the point at which the tire casing fails, and a
certain safety margin may be added to this physical property
value. The physical property value limit may, for example, be
calculated by testing. Note that storing information for adjust-
ing the drivable distance based on the below-described tire
usage condition information in the database 31 is preferable
since doing so allows for more accurate prediction of the
remaining life of a variety of tire casings.
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Tire Usage Condition Information

[0025] The database 31 can store tire usage condition infor-
mation. As described above, the tire usage condition infor-
mation refers to information indicating usage conditions of
the tire mounted on the vehicle. For example, such informa-
tion includes the type of vehicle, the mounting location of the
tire (front/rear wheel, left/right, and the like), the movable
load of the vehicle, and conditions of the road on which the
vehicle is driven, as well as the average driving speed and
driving time of the vehicle which can be calculated by the tire
condition measurement unit or the like. This tire usage con-
dition information is input by the driver, the mechanic, or the
like of the vehicle 2.

Terminal Structure

[0026] As illustrated in FIG. 2, the terminal 4 includes an
information communication unit 41, a display screen 42, and
a printing unit 43. The information communication unit 41
has the function of sending and receiving information to and
from the server 3 via the network 5. The information com-
munication unit may, for example, use a Web browser that can
be connected to the Internet. The remaining drivable distance
predicted by the server 3 is displayed on the display screen 42.
The printing unit 43 can print information such as the infor-
mation displayed on the display screen 42.

Description of System Function

[0027] With reference to FIGS. 1 and 2, the following
describes the system function to predict the remaining life of
atire casing. Note that before performing the following func-
tion, it is assumed that the tire condition measurement unit is
attached to the vehicle 2 and that the above-described variety
of information and the like is stored in the database 31 of the
server 3.

Measurement of Characteristic Value

[0028] (1) Thetire condition measurement unit measures at
least one characteristic value indicating a tire condition, a
vehicle running condition, or both. For example, the TPMS
21 measures the tire internal pressure and the tire internal air
temperature, the operation recording gauge 22 measures the
driving distance/speed, engine speed, idling time, and vehicle
acceleration of the vehicle 2, and the GPS 23 measures the
position of the vehicle 2.

[0029] (2) The information communication unit 24 of the
vehicle 2 transmits each characteristic value measured by the
TPMS 21, operation recording gauge 22, GPS 23, and the like
of the tire condition measurement unit to the server 3. Note
that along with each characteristic value, the information
communication unit 24 can also transmit the time at which
each characteristic value was measured, information identi-
fying the vehicle 2, information identifying the tire measured
by the tire condition measurement unit, and the like.

Estimation of Temperature History in Tire Casing

[0030] Once the information communication unit 38 of the
server 3 receives each characteristic value, the temperature
history estimation unit 32 calculates the tire internal air tem-
perature and estimates the temperature history in the tire
casing based on each received characteristic value and, for
example, on information stored in the database 31 indicating
the relationship between the speed or acceleration of the
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vehicle and the tire internal air temperature. The following
provides an example of detailed steps for this estimation.
[0031] (1) First, the acceleration of the vehicle 2 is calcu-
lated based on the speed of the vehicle 2 measured by the
operation recording gauge 22. As necessary, position infor-
mation on the vehicle measured by the GPS 23 is used. Based
on the calculated speed and acceleration of the vehicle 2 and
on the information stored in the database 31, the tire internal
air temperature is estimated. Note that only in the case when
the TPMS 21 cannot be used, the operation recording gauge
22 can be used to estimate the speed history of the vehicle and
calculate the tire internal air temperature.

[0032] (2) Based on the tire internal air temperature mea-
sured by the TPMS 21 or the like and on the information
stored in the database 31 indicating the relationship with the
temperature at various locations of the tire, the temperature
history at various locations of the tire casing can be estimated.
For example, the TPMS 21 can measure the tire internal air
temperature, and using the relationship between the tire inter-
nal air temperature and the temperature of the core failure
part, the temperature history of the core failure part can be
estimated. The weather information acquisition unit 36
acquires weather information such as the outside tempera-
ture, humidity, and the like and can estimate the temperature
history based on the weather information. Furthermore, when
the tire usage condition information is stored in the database
31, the tire usage condition information can be used for esti-
mation of the temperature history. For example, from the
movable load of the vehicle, the load on the tire can be
calculated, and the tire internal air temperature can then be
estimated based on the relationship between the tire internal
air temperature and the speed and acceleration of the vehicle
for the calculated load, thereby allowing for estimation of the
temperature history.

[0033] (3) Note that when the TPMS 21 is attached only to
aportion of the tires of the vehicle 2, information stored in the
database 31 indicating the change in the tire internal air tem-
perature due to the mounting location of the tire can be used
to estimate the tire internal air temperature where the TPMS
is not attached.

[0034] (4) As necessary, the information communication
unit 38 of the server 3 can create a consecutive temperature
history (temperature profile) of at least one structural member
of the casing (here, the core failure part) by consecutively
receiving characteristic values measured by the tire condition
measurement unit of the vehicle and estimating the tempera-
ture between each point of reception.

Estimation of the Current Physical Property Value of the
Casing Structural Member

[0035] (1) Based on the temperature history (including the
temperature profile) of at least one structural member of the
casing (such as the core failure part) estimated by the tem-
perature history estimation unit 32 of the server 3, the heat
applied to the at least one structural member of the casing (the
temperature of the structural member) is calculated.

[0036] (2) With reference to the physical property value
information, as in FIG. 3, stored in the database 31, the
current physical property value of the casing structural mem-
ber after driving a predetermined tire driving distance can be
calculated based on the heat applied to the casing structural
member, the tire internal pressure information received from
the vehicle 2, and the tire driving distance measured or cal-
culated based on other characteristic values. The tire internal
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pressure information preferably includes the tire internal
pressure application time, i.e. the tire internal pressure appli-
cation time is preferably directly measured so as to allow for
more accurate calculation of the current physical property
value of the casing structural member. Alternatively, the tire
internal pressure application time may be calculated by, for
example, consecutively acquiring the tire internal pressure
information. The current physical property value of the cas-
ing structural member is preferably adjusted based on the
magnitude of the tire internal pressure and the presence or
absence of oxygen in the tire.

Prediction of Drivable Distance

[0037] (1) The physical property value limit of the casing
structural member is stored in the database 31.

[0038] (2) Based on the physical property value of the
casing structural member calculated by the member physical
property calculation unit 33, the difference is calculated
between the tire driving distance up to the present and the tire
driving distance until the physical property value such as the
member degradation index reaches the physical property
value limit set in advance (i.e. the drivable distance is calcu-
lated), for example as shown in FIG. 3. As necessary, the
drivable distance adjustment unit 35 can adjust the drivable
distance based on the tire usage condition information. For
example, for a curve, such as in FIG. 3, that indicates the
relationship between the tire driving distance and the member
degradation index of the belt coating rubber in the tire, the
drivable distance predicted by the curve is adjusted by chang-
ing the slope of the curve in accordance with the tire usage
condition information.

Flow of Operations when Predicting Remaining Life of Tire
Casing

[0039] With reference to the flowchart in FIG. 4, the fol-
lowing explains the flow of operations when the user predicts
the remaining life of the tire casing. In step S101, weighting,
statistical processing, and the like are performed on data
resulting from a drum test, or a vehicle driving test on a
circuit, carried out by the tire developer or the like, and/or on
data measured by a TPMS or the like attached to the vehicle
by the user. A variety of information necessary for estimating
the temperature history of at least one location in the tire
casing is thus acquired, such as the change in tire internal air
temperature when the vehicle 2 is accelerated or decelerated,
the relationship between the tire internal air temperature and
the temperature of the core failure part, and the relationship
between the tire driving distance and the member degradation
index of the belt coating rubber in the tire as illustrated in FIG.
3. A variety of information necessary for calculating at least
one current physical property value of at least one casing
structural member that can degrade due to the tire internal air
temperature is also acquired. The database 31 is created from
the above information. In step S201, the tire condition mea-
surement unit including the TPMS 21, operation recording
gauge 22, GPS 23, and the like is attached to at least one
vehicle 2, and at least one characteristic value including the
tire internal pressure information is measured. The informa-
tion communication unit 24 transmits each measured charac-
teristic value to the server 3. Note that instead of transmitting
each characteristic value, the tire condition measurement unit
can also store each measured characteristic value in a storage
medium and cause the server 3 to read from the storage
medium. In step S301, the server 3 estimates the temperature
history of at least one structural member of the tire casing
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based on each characteristic value received from at least one
vehicle, calculates the current physical property value of a
casing structural member that can degrade due to the tire
internal air temperature based on the temperature history and
on the tire internal pressure information received from each
vehicle 2, and predicts the remaining drivable distance until
the physical property value reaches the physical property
value limit. Note that when the temperature history at one or
more locations in the casing is directly measured in step S201,
the current physical property value of a casing structural
member that can degrade due to the tire internal air tempera-
ture can be calculated based on the measured temperature
history and on the tire internal pressure information received
from each vehicle 2. In step S401, the user operates the
terminal 4 to cause the drivable distance predicted by the
server 3 to be displayed on the display screen of the terminal
4. After the user confirms the drivable distance (i.e. the
remaining life of the tire casing), the user can, for example,
select a tread rubber to attach to the casing such that the life of
the tread rubber, calculated in advance, nearly matches the
predicted remaining life of the tire casing. When the predicted
remaining life of the tire casing is short, the user can also
choose not to retread the tire. By thus using the remaining life
of'the tire casing as predicted by the system for predicting tire
casing life, the user can reduce costs and lessen the burden on
the environment, while also predicting failure of the tire cas-
ing in advance.

INDUSTRIAL APPLICABILITY

[0040] While the flow of operations for predicting the cas-
ing life of a retreaded tire has been described, the system for
predicting tire casing life according to the present invention
can also be used for tires other than retreaded tires. For
example, the remaining life of a passenger vehicle tire can be
predicted and indicated to the driver. The above system is also
useful during tire research and development.

REFERENCE SIGNS LIST

[0041] 1: System for predicting tire casing life

[0042] 2: Vehicle

[0043] 3: Server

[0044] 4: Terminal

[0045] 5: Network

[0046] 21: TPMS (tire condition measurement unit)
[0047] 22: Operation recording gauge (tire condition

measurement unit)
[0048] 23: GPS (tire condition measurement unit)
[0049] 24: Information communication unit
[0050] 31: Database
[0051] 32: Temperature history estimation unit
[0052] 33: Member physical property calculation unit
[0053] 34: Remaining drivable distance prediction unit
[0054] 35: Drivable distance adjustment unit
[0055] 36: Weather information acquisition unit
[0056] 37: Display unit
[0057] 38: Information communication unit
[0058] 41: Information communication unit
[0059] 42: Display screen
[0060] 43: Printing unit

1. A system for predicting tire casing life remaining for a
casing in a tire provided with tread rubber and with the casing,
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the casing positioned inwards from the tread rubber in a tire
radial direction and including at least a carcass ply, the system
comprising:

atire condition measurement unit configured to measure at
least one characteristic value including tire internal pres-
sure information indicating at least one of a tire condi-
tion and a vehicle running condition;

a temperature history estimation unit configured to esti-
mate a temperature history of at least one location in at
least one casing structural member based on the charac-
teristic value measured by the tire condition measure-
ment unit;

a member physical property calculation unit configured to
calculate at least one current physical property value of
the at least one casing structural member that degrades
due to tire internal air temperature based on at least the
tire internal pressure information and the temperature
history for the at least one casing structural member
estimated by the temperature history estimation unit and
on physical property value information, acquired in
advance by testing and stored in a database, including
tire internal pressure, temperature history information
for the at least one casing structural member, and a
physical property value of the at least one casing struc-
tural member; and

aremaining drivable distance prediction unit configured to
predict a drivable distance of the tire until the current
physical property value calculated by the member physi-
cal property calculation unit reaches a physical property
value limit, set in advance, based on a difference
between the current physical property value and the
physical property value limit.

2. A system for predicting tire casing life remaining for a
casing in a tire provided with tread rubber and with the casing,
the casing positioned inwards from the tread rubber in a tire
radial direction and including at least a carcass ply, the system
comprising:

atire condition measurement unit configured to measure at
least tire internal pressure information and temperature
history of tire internal air temperature at one or more
locations indicating at least one of a tire condition and a
vehicle running condition;
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a member physical property calculation unit configured to
calculate at least one current physical property value of
at least one casing structural member that degrades due
to tire internal air temperature based on at least the tire
internal pressure information and the temperature his-
tory of tire internal air temperature measured by the tire
condition measurement unit and on physical property
value information, acquired in advance by testing and
stored in a database, including tire internal pressure,
temperature history information of tire internal air tem-
perature, and a physical property value of at least one
casing structural member; and

aremaining drivable distance prediction unit configured to
predict a drivable distance of the tire until the current
physical property value calculated by the member physi-
cal property calculation unit reaches a physical property
value limit, set in advance, based on a difference
between the current physical property value and the
physical property value limit.

3. The system for predicting tire casing life according to

claim 1, wherein

the tire internal pressure information includes at least tire
internal pressure application time indicating an amount
of time internal pressure is applied to the tire, and

the member physical property calculation unit calculates
the at least one current physical property value of the at
least one casing structural member based on the tire
internal pressure information and on the temperature
history.

4. The system for predicting tire casing life according to
claim 1, further comprising a drivable distance adjustment
unit configured to adjust the drivable distance based on tire
usage condition information.

5. The system for predicting tire casing life according to
claim 1, wherein

the tire condition measurement unit consecutively mea-
sures at least one characteristic value, and

the temperature history estimation unit estimates the tem-
perature history consecutively based on the at least one
characteristic value consecutively measured by the tire
condition measurement unit.

#* #* #* #* #*
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